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P-channel 
J FET 

N-channel 
J FET 

CMOS 
FE Ts 

P-channel 
MOS FET 

Since 1962, Siliconix has evolved FET technology and applied it to 
a complete range of singles, duals, arrays, and ICs. So what's new? 

Industrial Analog Switch: 
80~ Per Channel 

Now available: analog switches specially selected for industrial control service, 
at per-channel prices as low as 80c (DGSOlCJ) and 90c (DG172CJ) in 1000-unit quantities. 

' ' _____ J~-::::. 

DGl72CJ 

You can't go wrong with our epoxy 
analog switches if you're a designer of 
industrial control circuits. Choose from 
a variety of switch configurations 
and structures: 
1!1 PMOS monolithic-DG501CJ , 

8 channels, break-before-make switch 
action, ± 5 V analog signal range 

• PMOS/bipofar-DGl72, 4 channels , 
20 V peak-to-peak signal capability, 
PMOS FETs and bipolars on a 
single chip 

DGSOICJ 

All of these FET switch/driver 
combinations are off-the-shelf and at your 
nearest Siliconix di~tributor right now . 
They' re priced to compete with reed 
relays and other electromechanical 
devices-and they' switch 1000 times 
faster, last far longer, require less drive 
power and associated hardware, and 
operate directly from industrial 
computer logic . 

Our catalog line of FET analog switches will cover most applications. 
If your switching problems are unique-and whose aren't-

call our applications people. They're eager to help. For complete information 

write for data 
Applications Engineering ( 408) 24!>-8000, Ext. 501 

Silicon ix in corporq.te~ 
2201 Laurelwood Road, Santa Clara, California 95054 
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Dipinto 
Cinch D.1.R socketr 

You 'll fin the 14, 16 r 24 pin DIP socket you need 
in the Cinch line. Try it .. . you'll like it! 

Cinch sockets have a unique bowed pin contact 
that provides high contact forces but permits easy 
insertion and removal of the DIP. Broad contact 
surfaces give you maximum wiping action on two 
sides of the DIP terminal, be it flat, round or square. 

You can choose from high performance diallyl 
phthalate or economical GP black phenolic mono­
block insulators. The contacts are of beryllium 
·copper for the best _temperature stability, either 
gold or electro-tin plated . 

Sockets with Wire Wrap* terminals and closed entry, 
one-piece insulators are also available in a variety 
of insulations and terminal materials . . . in add ition 
to our DIP sockets with dip solder terminals. 

Many styles are available off-the-shelf from Cinch 
distributors nationwide. 

You can find out all about these sockets from 
your Cinch Distributor, Cinch Sales Office or by 
writ ing to Cinch Connectors, an Electronic Com­
ponents Division of TRW Inc., 1501 M.orse Avenue, 
Elk Grove Village, Ill inois 60007, (31 2) 439-8800. 
•rrade name Gardner-Denver CM-7303 

TRK! CINCH CONNECTORS 
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The Sorensen Modulars. 
A powerful line-up. 

Sorensen Modulars give you maximum choice. 
Plus dependability and efficiency. No matter what 
your power requirement, count on Sorensen. 
From the advanced switching-transistor STM series 
to the miniature encapsulated MMs, there's a 
Sorensen modular to meet your system specifica­
tions and your most rigid performance demands. 

Single Output 
STM Series-40 models. Switching-transistor 

modulars that provide twice the.· c_;;,,..__,_.,."C_ 

efficiency of series-pass ~-:;~ff:.~--- .· --
competitors in ha If the 
space- and eliminate 
need for external , •• , 

cooling. STMs feature • '1j.:'-Jfi'li 
built-in overvoltage pro- ' ' • 
tection; computer-optimized 
filtering; 0 .05% voltage regulation; output 
voltages range from 3.0 (min.) to 56 (max.) Vdc. 

PTM Series - 12 models. Al I sol id-state 
series-pass modulars that achieve state-of-the-art 
power density; deliver more power per cubic 
inch than comparable competitive units, at lower 
cost per watt. Features include 
built-in overvoltage protection; I - ___ _ 
highestqualitycomponents; s ~ 
adjustable automatic current 
limiting;0.05% + 5mV volt­
age regulation; low ripple 
and noise; six voltage levels 
to l 00 watts. 

Dual Output 
PTM DUALS Series -9 models. Dual output 

versions of PTM series, with the same advanced 
design and construction. Compact, solid-state 
series-pass modulars with built-in overvoltage 

_ -----=---::;~;;. . protection; feature ..... ~~~~~==.:t:--=--------.. _ . 
~~::: --- tracking accuracy -- . 

• to 0 .2%;voltage 
regulation - .02%; 
transient response 
- 50 µ,sec. Series 

includes +5, -12 volt 
model for CMOS applications. 

Miniature 
MM Series -MMS (single) MMD (dual) 

MMT (triple)- 15 models, 4 package sizes. 
Designed for maximum reliability 
in microminiature electronic ..... -r.::~• 
applications. All MM encap­
sulated modulars feature 
built-in overvoltage protec­
tion; excel lent voltage regu­
lation; single outputs from 
5 to 28 Vdc; duo I outputs of + 12 or+ 15 Vdc. 
Other dependable Sorensen power supplies 

QSA Series- 29 models. Modular, wide 
range, convection-cooled 
power supplies feature excel­
lent operating specifications 
plus a wide range of acces­

sories. Models provide outputs 
from 3-330 volts and up to 300 

watts.Top choice for multi-output systems. 
Lab/Systems Power Supplies 

SRL Series - 14 models. Low voltage, regu­
lated, solid-state DC power supplies. Rack-mount 
style featuring excellent stability, fast response 
time over the full load range, built-in overvoltage 
protection. Power ranges from 0-60 Vdc and 
lOOAmps. 

OCR Series - 37 models. High performance, 
all-solid-state power supplies featuring the 
lowest cost per watt on the market. l 0 voltage 
ranges from 20 Vdc to 30,000 Vdc; 7 power 
levels from 400 to 20,000 watts. Ideal combina­
tion of economy, reliability and performance. 

SORENSEN CATALOG/73 SORENSEN 
provides fully detailed specifica-
tions for oll models of Sorensen 
modular ond lab/ systems power 
supplies. Write for your copy . 
Sorensen Company, a unit of the 
Raytheon Company, 676 Island 
Pond Road, Manchester, N.H. 
03103. Tel. (603) 668-4500. 
Or TWX 7 10-220-1 339. 

rorensen 
JPOWER SUPPLIES 
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The new Potter & Brumfield socket 
system with screw terminals gives 
you a whole new world of relays to 
choose from. 

How? 
By convert ing octal and quick­

disconnect tab termination relays to 
screw terminals. 

Quickly. Simply. 
Our system comes complete 

with mounting channel. 
Brackets. Retainers. 
Spacers. And sockets 
made of virtually inde­
structible Lexan. 

Think of it! 
Now you can use newer, 

sophisticated relays. 

Just as compatible as the ones 
you 've been using. And every bit as 
reliable . 

But they cost less. And take up 
less space. 

(You probably can save as much 
as 75 percent of the space you're 
now using.) 

This is just part of what 's possible 
with P&B's new socket system. 

To find out more, write or call 
Potter & Brumfield Division, 

,-;- AMF Incorporated. Prince­
# ton, Indiana 47670, (812) 

' 385-5251. 
Or talk to your local P&B 

distributor or representative. 

A~F 
Potter & Brumfield 
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Beware i:he 
un-opporC:un-

Opportunity. You've read enough employment 
opportunity ads and listened to enough 

employment personnel by now to know that 
they all like to discuss opportunity. But, 

unfortunately, they would usually rather talk 
about opportunity than offer it. We at Fairchild 

believe that if you're going to talk about 
something, you'd better be able to back it up. 
And back it up we can . First, there's the 

Fairchild opportunity. A chance to build a 
career with a company that's headed in 

the right direction at the right speed. 
Second, there's the individual opportunity. 
A chance to use both your brains and your 

initiative in an environment that doesn 't let 
protocol stand in the way of a good idea. We at 
Fairchild believe that opportunity exists within the 
individual, not the system. If you feel that way too, 
we should get together. Call or send us your 
resume. Employment Opportunities, Fairchild 
Semiconductor Components Group, Dept.34 , 
465 National Avenue, Mountain View, 

California 94040. (415) 962-3401. 
An Equal Opportunity Employer M/ F 

F=AIRCHIL.CJ 

CAMERA AND INSTRUMENT 
c= c=> ~ ~ C=> F=I: ...,c... -r- IC=> ,......_, 
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(Actual photo, 9- inch Miratel display.) 

mJ 
Ml RATEL 

That's right. Miratel is the largest supplier of CRT 
data display units to computer terminal manufac­
turers. We take the headaches out of terminal 
building by supplementing your digital expertise 
with ou r display expertise. 

The Miratel display family includes 5, 9, 12 and 
15-inch monochrome CRTs, as well as the excit­
ing new 25-inch RGB color display. Miratel mono­
chrome displays are compact, packaged in a 
unique wire frame. This techn ique reduces size 

and weight, and simplifies incorporation into your 
terminal cabinet. 

Miratel displays give page-like reproduction of 
alpha-numeric as well as graphic data. Low distor­
tion and high contrast insure that the quality of 
your system is reflected in your terminal display_ 

Find out how to make your terminal business 
more profitable with Miratel data display monitors. 
Call or write for information. 

MIRATEL DIVISION 
BALL BROTHERS RESEARCH CORPORATION• 1633 TERRACE DRI VE, ST. PAUL, MINNESOTA 55113 • (612) 633-1742 

Circle No. 12 
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EDITORIAL 

Business is good . • . but 
In just about every segment of the electronics business today, it's a sell­
er's market. Not only can companies sell everything they produce, but 
many are under severe pressure from both customers and potential cus­
tomers to increase their output and shorten delivery times. As a result, 
capital expenditures for production equipment have soared , plant addi­
tions are occuring at a brisk rate and work forces are approaching the 
highs of the late 1960s. 

When you combine these things with the end of the war in Vietnam, 
which should mean more funding for military and aerospace electronics 
programs, as wel I as the expected penetration of electronics into mass 
markets like watches and automobiles, the outlook for our industry is 
rosy indeed. 

Lest we get carried away with optimism, though, it should be noted 
that when it comes to business and the economy, nothing is ever cer­
tain. Even now conditions and situations exist that could upset the eco­
nomic applecart as far as electronics is concerned . 

Ecology is far from a dead issue. And power and energy problems are 
just beginning to be felt. How these will effect the electronics industry 
can only be speculated on now. But affect it they will. 

Of even greater impact could be skilled labor shortages, particularly 
in production areas, and a reduction in product quality and support-an 
all too frequent occurrence in a boom market. Stiffer foreign competi­
tion , in spite of the recent dollar devaluations, and a still barely suffi­
cient level of R&D funding are other factors to be contended with . 

We raise these points not as a prophet of doom or a negative thinker, 
but more as a devil's advocate. People have a way in times of prosperity 
of developing peripheral vision concerning the economic facts of life. 
They forget the traditional up and down cycles of business, or the fact 
that good times for the industry do not necessarily mean good times for 
their particular company. 

What can individual engineers do, though? They can't spend their 
time speculating on and worrying about the future state of the economy. 
And as individuals they have little control over its course. But they can 
continually evaluate their own company and their position in it. Their 
future is tied to how well their own company is equipped to face the 
ever shifting and changing market. 

Does it have the foresight, the drive, the structure and the people 
needed not just to survive, but to prosper? Determining these things is 
not easy, and requires careful, objective evaluation. Should the evalua­
tion turn out negative, the men begin being separated from the boys. 

Jf~r-
Ed ito r 
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Low cost 
power 
supplies 
for IC's and other 

packaged circuits 
save engineering time, provide design 
flexibility, help reduce costs 

These economical , Burr-Brown power sup­
plies are designed to be soldered onto a 
PC board right along with the IC's and pack­
aged circuits for which they supply power. 
They were specifically developed to sup­
port the growing use of packaged circuits 
and to help reduce design time and total 
systems cost. 

STANDARD SERIES 
• small size 
• dual & single outputs 
• 50 to 400 Hz inputs 
• excellent stability 
• outputs current limited 
• 5V output logic supplies @ 250 mA, 

500 mA and 1 A 
• ±15 Voutput dual supplies @±25 mA, 

±50 mA, ±100 mA and ±200 mA 
• FROM $23.00 

DUAL PRIMARY SERIES 
• small size 
• 115 VAC or 230 VAC input 
• 47 to 1000 Hz input 
• ±15 Vdc @ ±50 mA, ±120 mA and 

±200 mA 
• dual 15 Vdc output 
• outputs current limited 
• excellent stability 
• FROM $39.00 

DC-DC CONVERTERS 
• regulated ±15 Vdc from 

unregulated DC input 
• fast transient response 
• high output currents 
• wide temperature operation 
• FROM $69.00 

For complete specifications on Burr-Brown 
Modular Power Supplies, use this publica­
tion 's reader service .card or contact Burr­
Brown. 1es 

rod cts 
!?~~~H-!!~~YX~ I BB I da"v ers International Airport Industrial Park • Tucson, Arizona 85706 . 
TEL, 602·294·1431 •TWX, 910·952·1111 • Cable. BBRCORP 
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The Kokollloans now 
give you Darlington 

Switching Power. 

Use a Darlington in place of an ordinary 
transistor, and you'll realize an additional mag­
nitude of gain plus increased switching power. 
Use a Delco silicon power Darlington (DTS-1010 
or DTS-1020) and you'll also realize a gain in 
dependability. 

application to reduce circuit size, weight, and 
cost. In addition, the Darlington space saving 
feature allows you more design flexibility. Unlike 
an ordinary transistor, it's only energy-limited, 
not beta-limited. You can exploit its full energy 
capability in your circuit. 

Delco's Darlingtons are triple diffused mesa 
units housed in copper T0204MA cases and built 
for ruggedness. The design gives them high ener­
gy capability-the ability to handle surges of 
current and voltage simultaneously. They are 
ideal for switching inductive loads in circuits 
subject to transients or fault conditions. 

Call your nearest Delco distributor. He 
has them in stock and he's got the data on 
high energy switching for small spaces. 

For details on the switching regulator circuit, 
ask for Application Note 49. 

Design a switching regulator circuit around 
a Delco Darlington or use it in any 60-100 volt 

E Delco Electronics 

Now available from these distributors 
DIVISION OF GENERAL MOTORS CORPORATION. 
KOKOMO, INDIANA 

in production quantities. 
ALA., BIRMINGHAM • Forbes Distributing 
Co., Inc. (205)-251-4104 
ARIZ., PHOENIX • Sterling Electronics (602)-
258-4531 
CAL., LOS ANGELES • Kierulff Electronics, 
Inc. (213)-685-5511 • Radio Products Sales, 
Inc. (213)-748-1271 
CAL., PALO ALTO • Kierulff Electronics, Inc. 
( 415 )-968-6292 
CAL., SAN DIEGO o Radio Products Sales, 
Inc. (714)-292-5611 
CAL., SAN DIEGO o Kierulff Electronics, Inc. 
(714)-278-2112 
CAL., SUNNYVALE• Cramer/San Francisco 
( 408)-739-3011 
COLO., DENVER • Cramer/Denver (303)-
758-2100 
CONN., NORWALK • Harvey/Connecticut 
(203)-853-1515 
FLA., MIAMI SPRINGS o Powell / Gulf Elec­
tronics (305)-885-8761 
FLA., ORLANDO • Powell/ Gulf Electronics 
(305)-859-1450 
ILL., ROSEMONT (Chicago) • Kierulff Elec­
tronics (312)-678-8560 
ILL. , SKOKIE (Chicago) • Bell Industries 
(312)-282-5400 
IND., INDIANAPOLIS• Graham Electronics 
Supply, Inc. (317)-634-8202 
MD., BALTIMORE • Radio Electric Service 
Co. (301)-823-0070 
MASS., NEEDHAM HEIGHTS o Kierulff 
Electronics, Inc. (617)-449-3600 

MASS., NEWTON • The Greene-Shaw Co. 
Inc. (617)-969-8900 

MICH., FARMINGTON • Harvey-Michigan 
(313)-477-1650 

MINN., MINNEAPOLIS• Stark Electronics 
Supply Co. (612)-332-1325 

MO., NO. KANSAS CITY • LCOMP-Kansas 
City, Inc. (816)-221-2400 
MO., ST. LOUIS o LCOMP-St. Louis, Inc. 
(314)-647-5505 
N.J., CLIFTON • Eastern Radio Corporation 
(201) -365-2600, (212)-244-8930 
N.Y., BINGHAMTON Harvey/ Federal 
(6(1"'-748-8211 
N.Y., EAST SYRACUSE • Cramer/Syracuse 
(315)-437-6671 
N.Y., ROCHESTER • Cramer/ Rochester 
(716)-275-0300 
N.Y., WOODBURY • Harvey/New York 
(516)-921-8700, (212)-582-2590 
OHIO, CINCINNATI • United Radio, Inc. 
(513)-761-4030 
OHIO, CLEVELAND• Pattison Supply (216)-
441-3000 
OHIO, DAYTON • Kierulff Electronics (513)-
278-9411 
PENN., PHILADELPHIA• Almo Electronics 
(215)-676-6000 
PENN., PITTSBURGH • RPC Electronics 
( 412)-782-3770 
S.C., COLUMBIA • Dixie Radio Supply Co., 
Inc. (803)-253-5333 
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TEXAS, DALLAS • Adleta Electronics Co. 
(214)-741-3151 

TEXAS, FORT WORTH • Adleta Electronics 
Co. (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 

VA., RICHMOND • Meridian Electronics, 
Inc., a Sterling Electronics Company (703)-
353-6648 

WASH., SEATTLE • Kierulff Electronics, Inc. 
(206)-763-1550 

CANADA, ONT., 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. 

Kokomoans' Regional 
Headquarters. 
Union, New Jersey 07083, 
Box 1018, Chestnut Station, 
(201) 687-3770. 
El Segundo, Calif. 90245, 
354 Coral Circle, (213) 
640-0443. 
Kokomo, Ind. 46901, 700 E. 
Firmin, (317) 459-2175 
(Home Office). 
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At last. 
A monolithic multiplier 
you don't have to trim. 

ADS32. Internally laser-trimmed 
by us. No problems for you. 
$16 in lOO's. 

The AD532 is the first totally self-contained monolithic 
multiplier/divider. Thin-film resistors are deposited 
directly on the chip and trimmed during production with 
a computer-monitored laser. 

The results? 
First of all , you don't have to mess around with the 

trimming yourself, which saves you time and money. 

Plus, you can take advantage of the inherently greater 
reliability of a monolithic IC. We've eliminated off-the-chip 
trim adjustments, so there are fewer connections and 
less possibility that something will go wrong. 

The PSRR is improved, too, because variations in the 
power supply have a minimal effect on trim. 

In addition, you get differential X and Y inputs, because 
the -X and -Y inputs are no longer needed for off-the-chip 
trimming. This gives you two instrumentation amplifier­
like inputs with 70dB of CMR. 

The AD532 is a plug-in replacement for our AD530, 
wh ich has been, until now, the industry standard for small 
size, low cost, high performance multipliers. 

Other features include a maximum error of less than 
1.0% and an output swing of±lOV. An output null 
term i na I perm its independent setting of the output 
offset. The AD532 multiplies in four quadrants with a 
transfer function of (X1-X2) (Y1-Y 2)/10, divides in two 
quadrants with a lOZ/(X i-X2) transfer function, and square 
roots in one quadrant with a transfer function of ±..JIOZ: 

All that for only $16 in lOO's. And if you'd like to see 
for yourself, we'll sell you five evaluation samples at the 
lOO's price. Just give us a call . 

We still make our high-accuracy AD530 multiplier, and 
you may also be interested in the AD531, the first 
programmable IC XY/Z multiplier. They're two more of 
the unique IC solutions we can offer to your design 
problems. Ask for complete specs. 

Analog Devices, Inc., Norwood, Massachusetts 02062. 

r.ANALOG 
~ 111111111111 DEVICES 

Call 617-329-4 700 
for everything you need to know about multipliers. 
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New Tool New Board 
New Method 

it's part of the TY-RAP® System 

Now tie quicker than ever before ••. 
Our new high speed tool does it all ... feeds a TY-RAP tie around 
bundle, cinches to a preset tension, locks securely and trims evenly ... 
all in o/io of a second. There is no tool adjustment needed regardless 
of bundle diameter from %2" to %". 
The.off-the-board harnessing method allows the tool optimum use. 
This technique utilizes our new harness board and harnessing 
aids. The board is reusable and reversible. It's modular too ... 
snaps together for larger work areas. It's constructed of poly­
ethene foam sandwiched between two metal screens - nails 
are pushed in by hand. It's all part of the TY-RAP System 
to lower your costs of harness fabrication. 

Write for new catalog, The Thomas & Betts Company, 
Elizabeth, New Jersey 07207 (201 ) 345-4321. In Canada, 
Thomas & Betts Ltd., P. Q. 

Sold Only Through Authorized T&B Distributors 



llasA HP's time-tested 745A AC Calibrator: 

-.. 

• Cuts AC calibration time in half if you're st ill using ex­
ternal thermocouples, nulling, and extra instruments . 

• Is simple to use. Dial your voltage, dial your frequenc y 
100µ.v to I IOV (to 1 IOOV with the 746A Amplifier), 
IOH z to I IOkHz. 

• ,. ' J ' l .... >> .... ~ •• j, ~"'.:.i.. .. ,..,;t_,.,,,,.,.,. t ~,.,4·,,,.. ... ·-~ 
• Makes direct error measurements , in percent , up to 3% 

(no paper and pencil calculating). 

20 

• • < 

4 3 9 l 9 9 mV 

•llllCl!•l•••I 
••1a 1ml ICllCCI • 

• Has mid-band basic accuracy of ±0.02%. 

• Sells for a new low price of $3995 (add the 746A capa-
bility for only $2270 more) . 

For detail s call your local HP field engineer, or write to 
Hewlett-Packard , Palo Alto, California 94304. In Europe: 
HPSA P.O . Box 85 , C H-1217 Meyrin 2, Geneva, Switzer­
land. In Japan : Yokogawa-Hewlett-Packard , 1-59-1, Yoyogi , 
Shibuya-Ku, Tokyo, 151. 

HEWLETT"' PACKARD 

WORKING STANDARDS 

Circle No. 80 

(add the 746A capability 
for only $2270 more.) 

093/41 
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Here's a dependable, quick-delivery source 
for Zero Defect 

High Voltage 
Silicon Rectifiers 
• MEETS STRINGENT ENVIRONMENTAL REQUIREMENTS. 

• HIGH TRANSIENT VOLTAGE RATINGS. 

• EXTREMELY LOW LEAKAGE. 

• WORKING VOLTAGE RANGE ... 2DOV. THROUGH 50kV. 

If you 're looking for on-time delivery of miniature and microminiature 
High Voltage Silicon Rectifiers. look no further than ERIE. You simply can't beat 
our zero defect rectifiers since these units were first designed for high reliability 
night vision. lunar and aerospace applications. Their small size makes ERI E 
rectifiers ideal for thick film substrates. miniature power supplies. airborne 
displays. CRT displays. color TV. microwave ovens and other industrial and 
commercial applications where small size. reliability and superior performance 
are critical. All ERIE High Voltage Silicon Rectifiers feature conservative volt 
ratings. fast recovery time. fast turn-on time . wide operating temperatu re ra 
high transient voltage ratings. low reverse leakage and unsurpassed reliabth 

ERIE also offers double sealed . miniature Full Wave Bridge Rectifiers 
perfect for P.C. use. with ratings up to 1000 volts per leg. So think ERi~ 
High Voltage Silicon Rectifiers. Write TODAY for our new 24-page cati 
High Voltage Components and Devices. 



DESIGN NEWS 

LSI in consumer applications, 
Round 2: clocks on a chip 
Large-scale integration became a 
co mmon word around mo st 
American offices with th e advent 
of the o ne-chip calculator . By 
the end of th is year MOS/LSI will 
have made major inroads into 
another market with so mu ch 
more potential that it boggles 
the imagination-clocks! 

To get a rough idea of th e 
magnitude of th e clock market 
we took a q uick survey of several 
o ffi ces in our Boston based 
publishin g company. The ques­
tion was " how many wri stwatch­
es (another area where LSI will 
eve ntuall y dominate), c lock s 
and calculators do you have in 
th e office and at home?" Th e 
proportions were : 1 calculator 
to 9 wristwatches to 24 clocks 
(numbers rounded off). There is 
littl e do ubt that ca lculators are 
presently the most des irabl e of 
the three co mmodities, and had 
the questio n been phrased as 
"wh ich do you plan to buy 
next?" , the res ults would have 

PROGRAMMABLE CLOCK CHIP, the 
MK501 7P, from Mostek is avail able in three 
standard versions or can be custom pro­
grammed. 
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been far different. But the point 
is that whether you want a 
ca lculator or not , you buy 
clocks, and lots of them . Small 
wonder then, that many MOS 
suppli e rs are d es igning and 
marketing LSI devices that can 
drive digital-readout clocks. 
One of the newest of these 
d evices is a clock/calendar 
ci rcuit , the CT7001, recently 
introduced by Cal-Tex Semicon­
du ctor . Packaged in a single 
28-pin DIP, the CT 7001 wil l drive 
4- or 6-digit , 7-segment displays . 

The chip contains all counting, 
decoding, and multipl ex in g 
functions. It uses th e 60-Hz 
power-lin e frequ ency as its tim e 
base, and th e OEM may also 
connect the c ircuit for 50-Hz 
lines. Other wiring options built 
in are for 12-hour clocks with 
AM and PM ind ication s or 
24-hour use; hours, minutes and 
seco nd s display or hours/ 
minutes only. It may be wired to 
show tim e for 8 seconds and 
date for 2 seconds or the time 
can be displayed continuously 
until a date switch commands 
the date to be displayed. 

As part of a clock-radio , th e 
CT7001 offers positive output for 
alarm, snooze alarm (14 minute 
snooze period) , auxiliary ap­
pliance timer and presettable 
clock-radio timer . 

The circuit also generates a 
1-Hz sq uare wave for flashing 
second pulses or other applica­
tions. It has an on-chip display 
oscillator and a back-up 50/60-
Hz oscillator-also on- chip-

which requires n o exte rnal 
components. 

Designed to be used with 
battery back-up (to keep it 
running eve n during power 
lo ss), it signal s low batte ry 
power by display ing all B's. 

The CT7001 is processed by 
p-channel depletion-mode MOS 
with ion-implantation at Cal­
Tex's Santa Clara plant. 

Circuits from o ther man ufac­
turers differ in details; some 
d o n 't have inte rnal standby 
clocks, some have longer or 
shorter snooze-alarm cycles and 
most can be wire-OR tied to 
share a display with calculator 
chips . 

Th e S1736 clock ch ip from 
Ameri can Micro-Systems is de­
signed for direct driving of 
I iqu id-crysta l readouts and can 
drive either 12-hour displays 
with AM/PM indication o r 24-
hour displays by merely chang­
ing three connection s at the 
display. In fact, a designer can 
arrange the pinouts of hi s 
display so that 12-hour and 
24-hour clocks can be produced , 
intermixed , on the same as­
sembly line. Or the clocks can 
be modi f ied from o ne type to 
the other by mere ly replacing 
the reado ut module. 

One of the first clock chips 
was the Mostek MK5017, now 
available in three standard 
versions. Between the three of 
them you can have any or all of 
the features discussed here. In 
addition, Mostek's MK5009 P is 
available to provide a 50-Hz 
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A mere handful of discrete components is all yo u need to put toget her a wa ll clock 
using Ameri can M icro-System 's clock ci rcui t. 

signal from a 1-MHz crystal for 
portable appli cations or where 
the line frequency doesn 't have 
suffi cient accuracy for tim ekeep­
ing. 

If yo u still don ' t believe the 
market for clock chips is real , 
take a look at National Semicon­
ductor's product offerin g. They 
have already introduced five 
standard clock circuits in their 
MM4311/5311 se ries. RCA has 

al so produced a custom CMOS 
c ircuit now b ein g use d in 
Chrysler Corp .'s di g ital 
automotive c lo c k. And th e 
appli cation s for c loc k chip s 
include a lot more than clocks. 

Oth e r appli cation s already 
being investi gated include: a 
compute r- sys te m tim e b ase; 
stopwatches; se qu ential co n­
trollers; darkroom tim ers and 
industrial timers. As pri ces beg in 

Want more information? 

American Micro-Systems, Inc. 
3800 Homestead Rd. 
Santa Clara, CA 95051 
Phone(408)246-0330 or 
circle 145 

Antex Industries 
1059 E. Meadow Circle 
Palo Alto, CA 94303 
Phone(415)326-2441 or 
circle 146 

Cal-Tex Semiconductor, Inc. 
3090 Alfred St. 
Santa Clara, CA 95050 
Phone(408)247-7660 or 
circle 147 

Mostek Corp. 
1215 West Crosby Rd. 
Carrollton, TX 75006 
Phone(214)242-0444 or 
circle 148 

(National Semiconductor 
Corp. will respond only to 
letterhead, phone or TWX 
inq u iries) 

to dip even lowe r, these ICs will 
bring precise timing to hundreds 
o f consumer areas where it was 
previou sly uneconomic. - BF o 

New, single-module, programmable computer 
has 2k memory . 
A lightweight , versatile, pro­
g rammabl e di g ital co mputer , 
des igned fo r automotive, pro -

A throw-away, palm sized computer? 
That may be a rea lity if the marketin g and 
pri ce pro jecti ons fo r this 16-bit machine 
come tru e. 

cess control , petrol eum and 
other industri es has been an­
no unced as a f irst of its kind by 
Teledyne Systems Co . 

It permits long life and reliable 
performan ce fo r any number of 
new indu strial and commercial 
applications. 

Each computer is contained 
within a 2.5- in . diameter, 0.10-
in . high, hermeti cally sealed 
package. Contained within the 
package is all the functional 
capability and memory capacity 
of a micro-computer: a 47-
i nstru ction reperto ire, 10-µsec 
ADD-in stru cti o n exec uti o n 
sp ee d and 2048 wo rd s of 

memo ry at 16 bits per word . The 
package we ighs approxi mately 
25 gram s, and di ss ipates 7W of 
power. 

The computer may be con­
sidered as disposable in that no 
calibration , adjustm ent, mainte­
nance or se rv ice equipment is 
required . If a malfun cti o n 
should occur the package is 
merely replaced by a spare. 

Thi s unique computer util izes 
packaging technology o ri ginally 
d eve loped fo r its ae ro space 
program s. 

It will be marketed mainly o n a 
" private label" O .E.M . basis. 
The unit can be used as a 
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front-end preprocesso r , a cen­
tral processo r or in groups, as 
distributed processors. 

A comprehensive set of pro­
gramming software support is 
also available . Teledyne Systems 

will provid e the operational 
program complete as an integral 
part of the single-modular com­
puter . 

Want more detailed informa­
tion? Contact, Th e Advan ce 

Magnetic-levitation train relies on 
cryogenics for high-speed transport 
The magneti c- levitation train is 
an advanced high-speed ground 
transport facility that is sure to 
make a substantial contribution 
to th e solution of transport 
problems . As a facility of 
tomorrow, the magn e ti c­
levitation train will be designed 
for average speeds of 300 - 450 
km/h (186-280 MPH) and a 
maximum speed of 550 km/h 
(343 MPH) , thus offering greater 
speed than prese nt-day short­
haul airliners. 

Japan ese e ngin ee rs are at 
present working on the project 
of a magneti c-levitation train 
with Sulzer (Switzerland) par­
ti cipating in the program. En­
gineering preliminari es are 
scheduled to be completed by 
the end of 1975. The novel 
transport facility is due to start 
operation in 1980 at the earli est. 

Havin g co n sidered all th e 
major factors involved , such as 

Laboratory model of the cold box for a 
helium liqui f ier that will be suppl ied for 
use in the preliminary research work 
in conjunction wi th a Japanese 
magnetic-field supported train project. 

capac ity , safe ty , geographical 
co ndition s, noi se, environ­
mental pollution, the Japanese 
experts have finally decided in 
favor of the supercondu ctin g 
magneti c- levi tation system. Thi s 

Systems Dept. , Teledyne Sys­
tems Co., 19601 Nordhoff St., 
Northridge, CA 91324. Phone 
(213)886-2211 ext. 2203. - BF o 

principle is highly suited for 
application in an advanced 
high- speed ground transport sys­
tem and is consequent ly capable 
of providing a major solution to 
modern transport problems . 

The system consists of a linear 
motor drive with the primary on 
the ground , superconducting 
magnetic suspension installed 
on the vehicle and loops or 
sheets of normal conductor on 
the track . One of the main 
prerequisites attached to this is , 
however , the further develop­
ment of more advanced super­
conductor magnets and cry­
ogenic apparatus . Sulzer is 
participating in this develop­
ment project by supplying a 
low-temperature plant. Cry­
ogenic technology and super­
conductors should consequent­
ly make a substantial contribu­
tion to the solution of modern 
transport problems- Rf o 

Canadian digital-data communications system 
offers users dramatic savings 
By using a backbone of micro­
wave links and sophisticated 
multiplexing equipment, the 
Trans-Canada Telephone System 
has been able to reduce user 
costs by as much as 90% . 

Service began this April in 
eleven major Canadian cities, 
with more to be added by the 
end of the year. Called Data­
route , the new service is said to 
be the world 's first nationwide 
digital-data system operating on 
a commercial basis . 

24 

Much of the equipment and 
networking expertise needed for 
the Dataroute operation has 
been provided by Computer 
Transmission Corp. (TRAN) , of 
Los Angeles, CA, through its 
wholly owned Canadian subsidi­
ary, TRAN Communications, Ltd . 
TRAN is the only American 
company involved in the Cana­
dian operation and has been 
involved in virtually all aspects of 
the planning and implementa­
tion of Dataroute. 

A major element of the 
Trans-Canada network is the 
master-clocking scheme which 
is essential to all synchronous, 
digital-communications sys­
tems . Called Synchtran, this 
proprietary master-clock syn­
chronizer and alarm system 
allows the network's manage­
ment center to monitor the 
entire nationwide network , and 
to continuously keep track of 
every channel of data. Function­
ing as a diagnostic alarm , 
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Synchtran automatically alarms 
the center when any network 
component or transmission line 
fails-frequently before the user 
is aware of the fact that a 
problem exists. 

Synchtran's principle role is to 
provide the synchronous clock­
ing hierarchy wh ich assures that 
the Dataroute will always have a 
national clock. 

Using TRAN hardware, Data­
route provides two means of 
entry to the user's premises and 
equipment. TRAN's Directran 
devices interface with sites 
operating at low and medium 
asynchronous speeds, up to 
2400 bps . Directran employs 
local loops (unloaded, unswitch­
ed telephone company circuits) 
to communicate between cus­
tomer install ations and Trans­
Canada Telephone System cen­
tral offices. 

For medium- and high-speed 
synchronous terminals, the net­
work incorporates TRAN's lnter­
tran packages. These are simi lar 
to data sets and are used for 
synchronous transmissions up 
to 50 kbps. 

At TCTS cent ral offices , 
TRAN 's Multitran, a time division 
mu ltiplexi ng/switchi ng device, 
multiplexes signals into 50 kbps 
packages that are then transmit­
ted over the network "spine," a 
series.of high-speed microwave 
links . 

In discussing the user benefits 
of the new Dataroute service, 
J.C. Carli le, president of Trans­
Canada Telephone System, ex­
plained : " The Dataroute will 
provide dramatic improvements 
in computer communications. 
There 's much more to Dataroute 
than lower customer cha rges. 
There 's improved accu racy , 
from the very nature of digital 
technology. There 's greater flex­
ibility because the equipment is 
modular and can be easi ly 
procured and installed as the 
demand grows. And there 's 
greater reliability ." 

The improved accuracy is 

partly attributable to the inher­
ent advantages of digital trans­
mission , as opposed to analog 
techniques. In an all-digita l 
system, the original signal is 
regenerated during transmis­
sion, rather than being amplified 
with the interference at each 
repeater point as in an analog 
sys tem . As a consequence , the re 
is less distortion. 

Reliability is stressed in all 
stages of the network . For 
example, a proprietary pulse­
mode modulation technique 
enhances the quality of local 
data distribution , where most of 
the error rate problems occur in 
analog systems. 

The new se rvice rates made 
possible by Dataroute are less 
dependent upon distance, mak­
ing the longhaul communica­
tions typical of Canadian ge­
ography more economicall y fea­
sible. The speed at which the 
data is transmitted and the time 
period of transmission are prime 
factors in determining the rates . 
However , because of th e nature 
of the new system , lower-speed , 
small-volume users are getting 
the best break. For example, 
using analog transmission , a 
single 300-bps line leased from 
Montreal to Vancouver previ­
ously cost $3515 per month. 
Now with the new digital 
technique, Dataroute offers the 
same service for $375 per month . 

The time-division multiplex­
ing/switching technology used 
enables the system to achieve 
more effic ient throu ghput, thus 
making highly effect ive use of 
th e bandwidth of the links 
comprising the netwo rk. 

The Trans-Canada Telephone 
System c ustomer is offered 
Dataroute service cover ing a 
complete range of speeds-from 
101 bps up to 50 ,000 bps. 
Multitran can accommodate any 
intermix of any data rates-low, 
m ed ium and hi g h speeds­
which makes the scope of this 
offering possible. 

One of the big advantages to 

low cost 
ceramic 
trimmer 
capacitors 

J 

These ceramic trimmer capacitors 
are designed for broadband appli­
cation, from audio to 500 MHz 
and afford an ideal low cost means 
of "trimming" circuitry such as 
crystal oscillators, CA TV ampli­
fiers and all varieties of communi­
cation and test equipment. 

FEATURES 

• Capacitance values from 
1 - 3 to 5 - 25 pf 
Low profile - .208 above board 
height 

• Low cost-
75c in 1000 quantities 

• Delivery from stock 
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the customer is that he now has 
fully end-to-end service . That is, 
the entire communi cations func­
tion is handled as one integrated 
system. He need only select hi s 
speed, his po int-to-point loca­
tions and whether he wants day, 
night or 24-hour service. He 

does not have to con cern 
himself with data communica­
tions equipments su c h as 
modems , nor does the data­
process ing manager have to be 
an expert in the field of 
communications.-A5 o 

High-density holographic 
system provides higll-quality 

memory 
• images 

For high-speed and high-density 
storage and processing of image 
information, holographic mem­
ory systems with Fourier­
transforming lenses are said to 
be tops . But they do suffer from 
one very important drawback: 
they contain low-quality image 
information and low diffraction 
efficiencies due to the self­
interference of the laser waves 
used to carry the information . 

Now , t hanks to a newl y 
developed technique called ran­
dom phase sampling (Fig. 1), 
Hitachi Ltd. , of Japan has 
developed a high-speed , high­
density holographic system 
without any of these deficien­
cies . The new system is reported 
to yield good-to-excellent quali­
ty images and can be used for 
analog, digital and hybrid in­
formation systems. 

This memory system (Fig. 2) 
has high access speeds ranging 
from 1 msec up to 1 µsec , can 
store approximately 106 bits of 
data per mm 2

, is random 
accessible and is not affected by 
scratches and dust. The simpli­
fied mechanism used for the 
readout is self reconstructing. 

The system is expected to find 
uses in high-density document 
files, image files , and informa­
tion-retrieval devices , and in 
computer output units. Its 
storage density is some ten 
times higher than that o f 
microfiche systems. 

Image information is divided 
into a large number of sampled 
portions (by a mesh patterned 
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OBJECT UGHT 

Fig. 1-Basic concept of the random -
phase sampling method used in the 
new ho lographic memory sys tem fo r 
high-density, high-speed image reco rd ­
ing. Th e concept is said to increase 
image quality. 

device , for example) so that 
large amounts of low-frequency 
components are spread over an 
area corresponding to th e 
diameter of the sampling ho le. 

When the sampling holes are 
arranged and spaced evenly , 
keen spectra of th e light energy 
from the laser appear on the 
ho logram plan e, d epending 
upon correlations among the 
different beams filtering through 
the holes . The random phase­
shifter method has proven to be 
quite successful in resolving 
these light spectra . 

During development , it was 
found that pitch size of each 
sampling hole had to be less 
than the resolvable limit of the 
human eye, or about 130 µm. It 
was then determined that the 
pitch size of the mesh and the 
random phase shifter was 100 
µm in an image information of a 
50 X 50-mm frame. Th e ho­
logram diameter was 1.8 mm and 
diffraction effi ciency was 15%. 
- RA o 

AMP 
International 
locations. 
ARGENTINA 
AMPS.A . Argentina 
4 de Febrero, 76, Villa Zagla-SAN MARTIN 
Buenos Aires. Argentina 
AUSTRIA 
AM P Austria 
Branch of AMP Deutsc hl and G. m.b.H. 
Markgraf·Ruedige r Str. 6-8 
I ISO Vienna. Phone: 9241 9 1/92 
A USTRALIA 
Australian AMP Ply. Limited 
155 Briens Road 
Nonhmead. N.S .W. 2152 Australia 
Mailing Address: 
P. O. Box J 94, Baulkham Hills, N.S. W . 

2153 Australia 
Phone: 630·7377 
BELGIUM 
AMP Belgium 
Branch of AMP-Holland N.V. 
Rue de Brabant 62-66 
Brussels, Phone: 19.36.07 
BRAZIL 
AMP do Brasil Ltda. 
Rua 7 de Abril 355 
Sao Paulo, Brasil, Phone : 335204 

CANADA 
AMP OF CANADA LT D. 
20 Esna Park Drive 
Markh am. Ontario 
Phone : 41 6-499-1 25 1 
FRANCE 
AMP de France 
29, Chaussee Jules-Cesa r 
Boite Posta le No. 39 
95301-Ponto ise (Val ct· Oise), France 
Phone: 464-92-20 

464-92-30 
GREAT BRITAIN 
AM P of G reat Britain Limited 
Terminal House 
Stanmore, Middlesex, England 
Phone : 0 1-954-2356 
GERMANY 
AMP Deutschland G. m.b.H. 
Amperestrasse 7- 11 
607-Lange n, B.FFM., 
West Germany, Phone: (06 103)709 1 
HOLLAND 
AMP Holl and N. V. 
Papierstraat 2 
·s-Hertogenbosch, Holland 
Phone:(04 100)2522 1 
SWEDEN 
AMP Scandinav ia AB 
Datavage n 5 
175 00 Jakobsberg, Sweden 
Mai ling Address: 
Fack 
S-175 20 JARFALLA I 
Sweden, Phone : 0758/ 104 00 
MEXICO 
AMP de Mex ico, S.A. 
Apartado Postal 179, Naucalpan de Juarez 
Edo. de Mexico 
Phone : Mexico City 576-4 1-55 
ITALY 
AMP It a lia S.p.A. 
Via Fratelli Cerv i 15 
10093-Coll egno (Torin o), Italy 
Phone: 785-656 
SPAIN 
AMP Espanola , S.A. 
Apartado 5294 
Pedro IV, 49 1, 495 
Barcelona 5, Spain 
Pho ne : 307-75-50 
JAPAN 
AMP (Japan ), Ltd . 
No. 15- 14, 7-Cho me, Roppongi 
Minato-Ku, Tokyo , Japan 
Phone: 404-7 171 
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Hdwto 
liable 

Use the new AMP Latch connector. It lets you 
terminate all leads on multiconductor flat cable 
simultaneously. Without prestripping or soldering. 

Inspection is simple, whether of individual 
contacts through special ports, or of the termination 
itself before the cover is applied. So you can see that 
each fork-type contact is locked into the cover, 
ensuring maximum pressure at point of contact. 

These foldover 
forks make contact 
with conductors 
at four points ­
not just two- to 
provide true 
redundancy. The 
cover also locks 
to both sides of 

more 
nnections 
.. fast. 

auxiliary plastic latches. AMP Latch connectors will 
not bow or warp. And, a strain-relief detent in the 
cover eliminates the need for accessory hardware in 
most applications. 

An inexpensive hand press lets you terminate 
AMP Latch connectors in seconds- to round­
conductor flat cable, ribbon cable, woven cable .. . 
even two discrete wires. You can interconnect to pc 

board spring sockets, DIP headers, 
or directly to the board itself .. . 
wherever you want to interface 
on high-density, .100-inch centers. 

See it for yourself. 
Try it for yourself. Ask your AMP 
representative for an in-plant 
demonstration. Or write for Latch 
connector literature to 

the connector 
housing with 

Dual camming and latching ears 
on AMP contacts provide 4-point 

contact and grip for each conductor. 

AMP Industrial Division, 
Harrisburg, Pa. 17105. 

AIVIP 
INCORPORATED 

AMP is a trademark of AMP Incorporated. 

Visit us at the SEMICON Show 
booths 202-301. 
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The Guardian Angel put us in the win­
ner's circle by offering you more types 
of solenoids .. . with more features . .. 
than anyone else in the world. Sole­

noids in every imaginable shape and size to meet any electromechanical requirement you can name. 
Solenoids with hefty 50 pound pull . .. or a fraction of an ounce. AC and DC. Intermittent or continuous 
duty. Pull or push or with switch attached. In more than a score of basic designs and 61 thousand variations! 
Plus specials to fit your specialized applications . 

. . . but what have we done for you lately? 

NOW: Virtually all Guardian Solenoids are recog­
nized under the component program of Under­
writers' Laboratories, Inc. 

NEW: Uni-Guard Molded Coil Covers are now 
standard on most Guardian laminated, box-frame 
and U-frame solenoids. 

MORE: The Tubular Solenoid line is expanded to 
include pull and push types from lifts of a fraction 
of an ounce to 10-pounds-plus. 

Box-Frame Solenoids in 
AC or DC for mechanical 
life of millions of cycles. 

Tubular Solenoids that 
mount with only one 
mounting hole. DC only. 

U-Frame Solenoids in 
AC or DC for minimum 
cost with high reliabil ity. 

Laminated Solenoids in AC only for 
more pull over a longer stroke than DC 
solenoids of the same size. 

GUARDIAN ELECTRIC MANUFACTURING CO. • 1550 West Carroll Ave., Chicago, Illinois 60607 

In a hurry? Call your Guardian Distributor. 



Guidelines for selecting 
linear solenoids 
Cost can be a prime factor when selecting a solenoid. Do you know which 
things effect cost and performance other than voltage and pull force? 

L. Richardson, O AK Indu stri es, In c. , Switch Div . 

So leno id s come in all sizes , shapes and voltages. 
Th ey have pull fo rces fro m a few grams to 
hundreds of po unds and some delive r a lin ear 
mot io n wh ile o th e rs deli ve r a rotary motio n . Ye t 
th ey all have o ne th ing in comm o n- th ey are 
elec tro magnetic devices , and th e refore, mu st 
confo rm to th e ph ys ical law s o f e lec tromagn eti cs. 

Some soleno ids conve rt th e solenoid 's normal 
mo ti o n into rotary mo ti o n and thu s become 
rotary soleno ids. O th ers are w o und on a bobbin 
such th at th e plun ger trave ls in a curved mo tion 
like an arc. Soleno ids o f thi s type are fo und quite 
freq uen tl y in di spl ays fo r retail sa les stores. Th ey 
are also fo und in some elec tro ni c o rgan s and in 
th e o lde r automo bil e clocks th at we re elec tri cally 
wou nd . 

Catalog data can be misleading 
M ost users o f soleno ids have o ne primary 

co nce rn and th at is to selec t a soleno id to do a 
ce rtain amo unt o f w o rk fo r th e least amount of 
m oney. In looki ng ove r th e ca talogs o f th e vari ous 
m anu fac turers, w e f ind many interestin g things. 
Fi rst, there are no standards fo r soleno ids and 
thu s each m anufacture r states hi s data in th e 
m ann er he th inks best. O ne w il l speci fy pull -

Solenoids come in many sizes, shapes and push/pull forces. 
They even provide ro tary motion if needed . 
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force curves at 149°F, another at room tempera ­
ture , and another at 11 0°C. One speci fi es an 8S°C 
heat ri se whil e o th ers do n' t specify any part icular 
heat ri se. 

For seemin gly identical soleno ids from differ­
ent manufacturers w e fi nd th e pull fo rce fo r a 
given stroke varyin g from a few o un ces to several 
oun ces. W e kn ow that th ere are vari o us ways of 
improvin g th e pull fo rce , b ut no t in th e o rder of 
magnitude th at their ca talogs state . Are th ey 
kidding th en ? No ! It is all in the mann er in whi ch 
they tes t th eir soleno ids and present th ei r data. 

Let the spring do the work 
Let us go back to th e use r- th e engin e(e r or 

design er wh o mu st selec t th e soleno id . Remem ­
ber, he w ants thi s soleno id at th e low est possibl e 
cost. He should have the solenoid in mind at th e 
ea rli es t poss ibl e stage o f concepti o n and lite rall y 
des ign eve rythin g as a package . The solenoid 
must do some w o rk. Bu t how w ill i t do thi s w o rk ? 

,,.,,. 

///"'\ INTERMITTENT DUTY 50% 
/ WATTAGE = 2 
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HEAT RISE OF A COIL - CONTINUOUS DUTY AND 50% 
INTERMI TT ENT DUTY 

Fig. 1- lypical heat ri se vs time for a continuous-ON solenoid . 
Th e do tt ed lin e shows when th e same solenoid has twi ce th e 
heat in put , but is run on a 50% duty cycl e. 
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Typical tubular solenoids-sometim es call ed cy lind ri ca l sole­
noids. Becau se their coil s are compl etely enclosed in steel, 
these units have the highest relative effi ciency fo r de 
operation. Relative cost-32. 

Will it be a push or pull solenoid? A push solenoid 
wi ll usually cost a little more money and be a littl e 
less efficient for a given package size. 

Will it be spring return or will the plunger be 
returned to rest position by the mechani sm of th e 
load? Sure the spring costs money, but you ' re 
going to be using a spring anyway so what is th e 
difference who furnishes it? If the solenoid 
m anu facturer designs the spring, he will match it 
to the force of the plunger. This will usuall y be a 
conical spring that has an increasing spring rate as 
it is compressed. Why not take advantage of thi s 
characteristic and let the spring do the actual 
work? We energize the solenoid , compress th e 
spring, and when th e so lenoid is de-en ergized , 
the spring return s th e plunger and moves th e 
load . This is done rath er often on ratchet 
mechanisms. Th us, the only work th e solenoid 
does is to compress the spring. 

Th e sprin g obviou sly is weakest at th e same 
tim e th e sol enoid has it s weakest pull (plun ger 
out) and is stro ngest wh en th e solenoid is 

C-frame solenoid-sometim es call ed U f rame o r open frame. 
Th e name is deri ved from the shape of th e magnetic-steel 
fram e enclosin g th e coil. Th ese are th e lowest-cost uni ts o f th e 
soleno id family. Relati ve cos t- 10. 

stro ngest. Thi s concept can be advantageous if 
th e sp rin g dri ves th e load . Wh en th e load is stati c, 
it will have its greates t coeffi cient o f fri cti o n, bu t 
th e sp rin g, w hen compressed , will at th e same 
tim e, have its greates t fo rce-a perfec t wo rk 
com b in at io n. A second bo nu s for thi s type of 
o peration is th at th e load o n th e soleno id w ill be 
nea rl y constant ove r a peri od of yea rs. 

Th ere is o ne las t plu s fo r th is type of operati o n . 
If th ere is a malfun cti o n in th e driven mechani sm 
in appli ca ti o ns w here th e solenoid dri ves it , 
rath er th an th e sprin g, an ac operated soleno id 
d raw s three o r fo ur tim es no rm al cu rrent and 
consequ entl y, th e coil heats up . If th e m alfun c­
t ion rem ain s, th e soleno id burn s up du e to th e 
hi gher cur rent drawn w hen th e plun ger is in th e 
o ut pos it ion . Thi s is not th e case w ith de operated 
soleno ids. 

Coupl ing method costs too 
Th ere are m any appli ca ti o ns wh ere th e sole­

no id p lun ge r mu st be coupl ed directl y to a 
l inkage mechani sm and th e sprin g concept 
cann o t be used . Fo r th ese appli ca ti ons, th e end o f 
th e plun ge r is usually slo tted w ith a cross ho le fo r 
a pin . Thi s is a rath er expensive process as th e slo t 
and cross ho les are usuall y two second ary opera­
tions and both c reate rath er large burrs, w hich 
are also expensive to rem ove. 

A less expensive meth od is to have a tapped 
ho le in th e end of the p lun ge r, or to have a 
groove cut nea r th e end and a stamped part with 
ea rs that fits into the recess . 

Th e va ri o us means of couplin g the plun ge r to 
th e load is almost in f inite, and th e designer mu st 
give ser io us th o ught to th is prob lem to keep th e 
ove rall cos t of th e pro jec t down. On e o th er 
conce rn w ith the plun ge r is to m aintain th e 
couplin g in the same p lane as th e mo tion of th e 
plun ge r. A littl e mi sa li gnm ent here can l imit th e 
soleno id 's mechanical li fe. 

Consider the mounting cost 
Alm ost all soleno ids use a steel fra me to 

suppo rt th e coil , and also to prov ide a means of 
mo untin g th e soleno id . Th e usual means o f 
mo unt ing is to provide tapped ho les in th e 
solenoid frame. Th e designer mu st be ca reful 
here to prevent a b l ind- assembly situ ati o n wh ere 
th e solenoid is o n o ne side of a panel and th e 
assembl er o n th e o th er, tryin g to lin e up th e 
mou ntin g ho les an arm 's length aw ay. 

A better meth od wo uld be to provi de ears on 
th e solenoid w ith th e mo untin g sc rew s o n th e 
same side as th e soleno id . Thi s is a natur al fo r th e 
"C" frame o r open- frame soleno id . Here too, 
th ere is a bonu s-if th e solenoid is mo unted o n a 
steel p late, th ere w ill be about a 10% improve­
ment in the pull fo rce as th e pl ate now actuall y 
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becomes part of th e magn etic circuit. 
Use of self-tapping or self-threading screws 

would be another sav ings that would appear in 
th e overall project. One parti cular large volume 
user of solenoids uses a singl e- point mounting 
with only one screw. Th e elimination of one 
screw, plu s th e operation of tightening that 
screw, resul ts in a fantastic savings over a year's 
tim e (poss ib ly $25,000). 

Select metal materials carefully 
Another savi ngs that is a little more deeply 

hidden is in th e material used in the plunger , stop 
and fram e. One of the least ex pen sive material s 
used for these part s is cold rolled steel for the 
fram e and A1S1 C1215 screw stock for the plunger 
and stop. Another popular material is ingot iron 
or elec tromagn eti c iron (commonly referred to as 
EMI). Any of these mate rial s, to give maximum 
magneti c properti es, must be given a heat­
treating anneal which cos ts anywhere from $0.19 
to $0.41 a pound. (Both cold rolled steel and EMI 
require hea t treatment for maximum pull and 
low residu al magnetism There are other higher­
permeability material s available, but machinabili­
ty and cos ts usuall y negate their use. Only in 
ex tremely unu sual applications would these be 
used.) 

By using a little larger solenoid it is possible th.a t 
th e heat treating can be eliminated at a substantial 
sav ings . Be careful at thi s point , though , as th e 
steel may have an aging effect , and consequentl y 
lose some of its pull force over a period of years. 
Also, th e residual magn etism in the nonh eat 
treated steel will be high er; thu s, a larger return 
spring is required to break thi s res idual magn et­
ism . Th e net result would be , in e ffec t, a lower 
pull-in force. It is best to consult with various 
manufacturers early in the design stage and get 
th eir recommendations. 

Molded coil bobbin saves $$ 
Th e coil itself is a large part of th e total cost of a 

solenoid- perhaps as high as 50%. Why? Becau se 
of th e relatively large amount of expensive 
copper-magn et wire used , th e number of hand 
operations necessa ry for fastening lead wires , 
e tc., and the cos t of the bobbin on which the coil 
is wound . 

It is tru e that there are coil-winding machines 
on th e market today that wind, tape the start lead , 
solder, finish wrap , etc., all automatically. Thes_e 
machin es are ex pensive and are used primarily on 
large-volume orders; so if you only use a few 
thou sand solenoids a year, chances are they will 
be wound in the same mann er and method that 
your gran d father knew, espec ially so if you ask 
for wire lead s. 

If a buyer goes to a di stributor , he will be able 
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Laminated solenoids are designed primaril y for ac operation 
because th eir laminated fram e and plunger redu ce eddy 
cu rrents and thus increases efficiency. Relative cost-23 . 

to find th e solenoid he needs that day. If he goes 
to the factory, he must wait to get scheduled for 
production. For a few thousand coils, most 
manufacturers will not se t up an automatic 
coi l-winding m achin e. The buyer should check 
with the distributor first and see what he can get 
in performance, and if what's available will meet 
his need s. If th e re is something a buyer cannot 
get from the di stributor , then he can come to the 
factory and it will be scheduled through normal 
production. A si mple change in the plunger such 
as adding a mounting hole in the frame will make 
the solenoid a "special." It's practical for "spe­
cials" when ordering 100,000 units or more, but 
the buyer ends up paying more for a small special 
order. 

Th e least expensive coil would use a plastic 
molded bobbin-nylon (glass filled or plain ), 
delrin , or some of the newer plastics like 
"Celanex. " Th ese are less expensive because they 
can incorpo rat e a start-lead slot (the start lead is 
the start of th e winding which must run up the 
flan ge of the bobbin to permit the attachment of 
the lead wire for elec tri ca l continuity) integral 
with the flange, and th ey also allow terminals of 
various designs to be inse rted. 

Box or 0-fraJlle solenoids are designed for medi um force_ and 
medium stroke. Because the steel frame encloses the cod on 
two sides, a better flux path is formed making th ese units 
more eff icient th an open-I ram e solenoids. Relative cos t-1 4. 
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These terminals allow for faster winding and 
finishing of th e co il s, and also res ult in a neat , 
smooth co il . The terminals eliminate a large 
percent'age of hand ope rat io ns and thu s remove 
the human element for a higher quality co il. 
Th ese terminals can be so lder terminals as w ell as 
quick-disconnect type . If you must have lead 
wires, it is well to look at so ldering th e leads 
directly to th e terminals rather than have th em 
embedded in the co il. 

Excessive heat-rise spells de rating 
How high a so leno id 's heat rises depends upon 

several factors: wattage or heat input, the amount 
of copper and iron in the so leno id , the thermal 
condu ctivity between th e copper and iron , the 
ambient temperature , th e size of the heat sink o n 
which the solenoid is mo unted , etc. The form ula 
fo r determinin g heat rise by change of res istan ce 
is: 

RI 
Wh ere, R1 

Rw 

R~0 (1 + A~0 (T - 20)) 
Res istance at any temperature 
Resistance at 20°e 

Aw Temperature coeff icient of 
copper at 20°e 

T Any temperature in degrees 
ce ntigrade 

Almost all manufacturers li st thi s formu la o r 
o ne related to it in th eir ca talogs, so there is littl e 
need to dwell on it. However, for convenience, 
Table 1 is g iven to fac ilitate the hea t rise 
ca lculati o n . Usually hot resistance and room­
temperature res istan ce is known . By dividing hot 
res istan ce by room-temperature res istance and 
enterin g th e resulting number o n the chart , a 
temperature is fo und . Wh en room temperature is 
subtracted from it , we obtain th e heat rise. 

Example: Assume hot res istance is 131.44D as 
measured by a wheatston e bridge. The res istance 
at 20°e (room temperature) is 100D. 

_1_3_1 _.44 __ = 1. 3144 
100 

Enter the table and find thi s number- to th e left 
read 100°C. 

100°e - 20°e = B0°e 
Therefore , this co il had an B0°e ri se. Since the 
size of the heat sink o n which th e so leno id is 
mounted affects its heat ri se, the o nly practi ca l 
way to tes t th e so lenoid is to mo unt it and test it 
exactly as it will be used . Any other way will g ive 
erroneous resu Its. 

When first se lectin g your solenoid from the 
various catalogs, check the size of the heat sink 
o n which th e data was co ll ected. A lso check the 
expected heat rise on that heat sink . If th e heat 
sink is large in compari so n to the o ne that you 

Rotary and flat-pack solenoids. Lik e th e tubular soleno ids , 
these have their coi ls totally enclosed in steel and thus are 
highl y efficient. Th eir rela tively short length and large 
diameter provide a large-d iamete r co re o r p lunger , th ereby 
providing more fo rce than tubul ar solenoids, but ove r a much 
shor ter stroke. The bal l races , whi ch conve rt linea r motion to 
ro tary, are shown at the upper right. Flat-pack solenoids are 
th e same as rotary solenoids excep t th at th ey don ' t have the 
ball races and th erefore provide l inear motion onl y. Relative 
cos t-48. 

have in actu al practi ce, you had better dera te th e 
catalog pull-force curve. 

If th e catalog states an expected heat rise of 
B5°e and you are o peratin g in a 60°e ambient , 
you 've got problem s. Any BS 0 e ri se plu s a 60°e 
ambient is equal to 145°C. (U. L. SOB all ows a 1os 0 e 
ri se for a 130°e sys tem .) Again , we would have to 
derate the pull-force curve . But how mu ch ? Since 
th e coi l is wound to a certain depth and thi s depth 
affects th e heat rise , we don ' t want to chan ge th at 
d imension . 

Now if w e change th e w ire size one size 
smaller, keeping the co il to th e same degree of 
fu llness , we wi ll change the resis tance by 1.6 
tim es (for an explanatio n of thi s see " Ro to rs -
Electro Magneti c Dev ices ," Jo hn Wil ey and So ns). 

Typical application for a tubular solenoid. When energized, 
th e soleno id releases th e ro tary-switch detent mechani sm to 
allow th e ro to r to return to th e neut ral posi tion. 
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t: 2 

Watts = - and if we keep th e voltage constant, a 
H I 

1.6 change in res istance changes the wattage by 
40% . Now this 40% change in wattage will affect 
the pull by app rox imately v'.40 or 63%. Thu s, we 
will e ither decrease the stroke by 63% fo r th e 
same pull , or decrease th e force fo r th e same 
st roke by 63% . Thi s is no t a true de rating, but will 
g ive ballpark f igures fo r compari so n purposes. 
Just remember, " When in doubt you better find 
o ut-call th e manufacturer." 

Aluminum wire balloons coil 
Th ere has been a lo t of literature published 

recently explo iting aluminum wire . Po und for 
pound aluminum is considerabl y less expensive 
than copper, so w hy no t use aluminum-magnet 
wire. True , it is less expe nsive-for larger-s ize 
wires (about #28AWG), and if you have a low­
voltage source of around 12V, you may be able to 
affect a savings by using aluminum wire . Of 
course, you would have to use mo re of it 
(because of the difference in condu ctivity be­
tween copper and aluminum to get the same pull 
character ist ics) , and thu s th e so leno id would be 
larger. But the possibility of usi ng aluminum 
where a smaller size wire is needed is practi ca lly 
nil , because the cos t goes up at a fantastic rate. 

As a rule of thumb , with aluminum wire you 
would have to use three wires sizes larger than 
copper to get the same co nductiv ity as copper. 

Don't mix duty cycles 
Cata log data from the various manufacturers o n 

intermittent-duty so lenoids is probably more 
confu si ng th an any other single aspect. It is pretty 
well ag reed that the duty cycle of a so leno id is 
eq ual to th e ON-t ime divided by th e ON-time + 
OFF-time. Thi s gives a fractional number which , 
when multiplied by 100, gives the res ult in 
percentage . 

_ ON-time x 
0 Duty Cyc le - ON-time + OFF-time 1 O 

Example: For a solenoid energi zed for one minute 
and de-energ ized fo r three minutes, 

1 1 
Duty Cyc le 1+3 = 4 or (0.25 x 100 = 25 % ) 

Thus, for thi s exampl e the duty cycle is 1/4, or 
25%, depending on th e manufacturer, w h ich 
seems si mple enough. But let's examine this a 
littl e closer. To understand th e whole concep t of 
duty cycle , w e mu st know something about th e 
hea t ri se and th e coo ling rate of th e co il as well as 
the type of insulation o n th e magnet wire. 

The magnet-wire in sulat io n is rated according 
to its abi lity to w ithstand temperature and is set 
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into classes . These classes are : 
Class 90 (a lso ca ll ed class D) 90°C 
Class 105 " " A) 105°C 
Class 130 " " B) 130°C 
Class 155 " " F) 155°C 
Class 180 " " H) 180°C 
Class 200 ) 200°c 
Class 220 " " C) 220°C 
Th e life of the wire is usually rated at 20,000 

hours at a temperature within the class stated 
above . 

There are other factors which can affect the life 
of the insulation , such as abrasion rece ived when 
winding the co il , thi ckn ess of th e coating , con­
centri c ity of th e coat ing relative to the wire 
diameter , po ros ity of the coatin g, etc. We are not 
concern ed with the actual life at thi s time, only 
the relative life; th erefo re, we will di sregard these 
o th er factors. 

The ASTM spec states that "many film insula­
tion s deteriorate in a manner such that the 
following equati o n applies": 

L = Ae Ii/,. 
Where , L = insulatio n life 

K = abso lute temperature, K0 

A, b = constants for each insulation 
e = base of natural logari thm s 

From thi s eq uati o n we ca n show that for every 
10°C increase in temperature, the life of th e 
insulatio n is decreased by approximately 50%. 
Therefo re, if w e take a co il that uses a wire rated 
at 130°C and energize it with a current so that the 
total temperature (ambient plu s co il ri se) will 
stabilize at 130°C, and thi s coil remai ns energized , 
we ca n expect it to have a life of X number of 
years . It matters not at the present tim e if thi s life 
is 20,000 hours or 10,000 hours. 

If we take thi s same coil and energize it o nly 
50% of the time, we have esse ntially doubled its 
life. Thi s co il is now a 50% duty- cycl e co il if we 
energ ize and de-energ ize it at regular interva ls. 
Since this co il has twi ce the life at a 50% duty 
cycle as at continuous duty, we could double that 

An open-frame solenoid is selected for this application 
because of its low cos t and short length. It provides an 
electr ically operated pushbutton- switch release. 
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TABLE 1 

Factors by which the resistance at 20"C must be multiplied to get resi stance at any temperature (based on the factor .003929 and rounded off to 4 decimals). 

Resistance Resistance Resistance I Resistance Resistance Resistance 
Temp., °C Factor Temp., ' C Factor Temp., ' C Factor Temp. , C Factor Tem p., c Factor Temp., c Factor 

1 0.9253 26 1.0236 51 1.1218 76 1.2200 101 1.3183 126 1.4165 
2 0.9293 27 1.0275 52 1.1257 77 1.2240 102 1.3222 127 1.4204 
3 0.9332 28 1.0314 53 1.1297 78 1.2279 103 1.3261 128 1.4243 
4 0.9371 29 1.0354 54 1.1336 79 1.2318 104 1.3300 129 1.4283 
5 0.941 1 30 1.0393 55 1.1375 80 1.2357 105 1.3340 130 1.4322 
6 0.9450 31 1.0432 56 1.141 4 81 1.2397 106 1.3379 131 1.4361 
7 0.9489 32 1.0471 57 1.1454 82 1.2436 107 1.3418 132 1.4400 
8 0.9529 33 1.0512 58 1.1493 83 1.2475 

I 
108 1.3458 133 1.4440 

9 0.9568 34 1.0550 59 1.1532 84 1.25 15 109 1.3497 134 1.4479 
10 0.9607 35 1.0589 60 1.1572 85 1.2554 110 1.3536 135 1.4518 
11 0.9646 36 1.0629 61 1.1611 86 1.2593 111 1.3575 136 1.4558 
12 0.9686 37 1.0668 62 1.1650 87 1.2632 11 2 1.3615 137 1.4597 
13 0.9725 38 1.0707 63 1.1689 88 1.2672 113 1.3654 138 1.4636 
14 0.9764 39 1.0747 64 1.1729 89 1.2711 114 1.3693 139 1.4676 
15 0.9804 40 1.0786 65 1.1768 90 1.2750 115 1.3733 140 1.4715 
16 0.9843 41 1.0825 66 1.1807 91 1.2790 116 1.3772 141 1.4754 
17 0.9882 42 1.0864 67 1.1847 92 1.2829 117 1.3811 142 1.4793 
18 0.9921 43 1.0904 68 1.1886 93 1.2868 118 1.3850 143 1.4833 
19 0.9961 44 1.0943 69 1.1925 94 1.2907 119 1.3890 144 1.4872 
20 1.0000 45 1.0982 70 1.1965 95 1.2947 120 1.3929 145 1.4911 
21 1.0039 46 1.1022 71 1.2004 96 1.2986 121 1.3968 146 1.4951 
22 1.0079 47 1.1061 72 1.2043 97 1.3025 122 1.4008 147 1.4990 
23 1.0118 48 1.1001 73 1.2082 98 1.3065 123 1.4047 148 1.5029 
24 1.0157 49 1.1139 74 1.2122 99 1.3104 124 1.4086 149 1.5068 
25 1.0196 50 1.1179 75 l 1.2161 100 1.3143 125 1.4125 150 1.51 08 

Given: Hot Resistance and Resist ance at 20 C: Hot Resistance Divided by Cold Resistance ; Factor 

Directly opposite factor is temperature 0
• Th is is total temperature subtract 20 to get temperature rise of coi l. 

heat input and reduce its life back to the 
continuo us duty leve l. But , if th e temperature is 
higher than 130°C, w e must th erefo re limit th e 
time the co il ca n be energ ized . 

Fig. 1 shows a typi ca l heat ri se vs tim e fo r a 
so leno id co il ON continuo usly . Th e do tted line 
shows the same co il with twi ce the wattage and 
thus twice the heat input , but the ON tim e eq ual 
to 6 minutes. It can be see n that the co il was 
de-energized at a tim e eq ual to what th e heat rise 
was fo r continuo us duty. Howeve r, the coo ling 
rate is essentially th e same, and thus does not 
come down to th e point from which the co il 
or ig inally sta rted . On the next energizat io n peri­
od , the temperature w ent still higher. After 
severa l cycles the temperature stabili zes with 
peak points and valleys that average th e same as 
the co ntinuous-duty temperature. It is the peak 
tem pera ture in which we are interested since the 
peak temperature determines the thermal l ife of 
the coil. 

To determine the actual tim e th e co il ca n be 
energ ized , the frequency of ope rati o n must be 
determined. The frequency mu st not be confused 
with duty cycle. The duty cycle rea lly spec ifi es th e 
wattage input . If we do uble the wattage, th en we 
double th e heat input. Conseq uently , w e will 
have the same li fe as a continuo us-duty co il if 
energized 1/2 the time. By frequency of ope rati o n 
we mean how many tim es thi s duty cycl e is ca ll ed 
upon to operate. 

If the co il is energized o nly a few tim es a day, 
therma l li fe sho uld be no p rob lem . Hence, we 
can have the peak temperature approach th e 
thermoplastic flow of the insulation . (For Nyso l 

130°C insulat io n made by REA Wire Co., thi s is 
240°C fo r #38 wire , heavy build.) If w e allow· a 
safe ty facto r of 25%, o r 60°C, to allow fo r hot 
spots in a co il and o the r continge ncies, w e co uld 
actually allow the peak heat to reach 180°C. Th e 
rated li fe of the co il at thi s temperature w o uld 
only be 312 hours, but sin ce it is energized for 
short periods (let us assume five minutes) and 
only a few tim es a day (assum e 4 times a day), the 
actual life of the coil would be 936 days o r 22,464 
hours. (Rated life expressed in hours (312) times 
60 = 18,720 minutes; 18,720 minutes (actual 
ON-time) divided by 20 minutes/day = 936 days . 
To convert b ack to hours, then, we have936 times 
24 = 22,464 hours.) Thi s is approxi m ately th e 
same life as if w e had limited th e total tempera­
ture to 130° for 20 ,000 hours. However , if th e coil 
is to be energized cycl ic for long periods, it is 
suggested that th e peak temperature not exceed 
10°C over th e ratin g of th e magnet wire. o 
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- a $950 

Miida Electronics 
2 Hammarskjold Plaza• New York, N. Y . 10017 • 
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UHF bandwidth with extreme 
sensitivity -this is what you need to 
calibrate both a transmitter and 
receiver. Only the 5108 provides you 
at this price with 10mVrms sensitivity 
from 100Hz to 550MHz (100mVrms 
from 10Hz to 100Hz). 
The 9-digit display is a gratifying 
necessity, when you use the 5108 's 
full resolution of 1Hz on a 16-second 
gate time. Your controls provide 4 
decades of resolution , down to a 
160-millisecond gate time for 0.1 kHz 
resolut ion . 
Time base aging rate is slower than a 
movie star 's: 5 x 10·• for the 
temperature-compensated crystal 
oscillator. 
More : 35dB auto-attenuation with 
automatic noise suppressor ; 20dB 
additional with manually switched 
attenuator. 

Service and parts-Never a problem ; 
HONEYWELL provides both . 
Throughout the USA. Quickly and 
efficiently. 
There are 19 essential specifications 
on the 5108 data sheet, most of them 
superior to those of any competing 
counter. You 've just read 5 of the 19. 
This is the best counter you can 
procure in this price range, and you 
can get all the details, plus the name 
of your local representative by 

(212) 973_7152 :t~mlaor calling Tom Williams 
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The smallest 5 amp 
general purpose relay 

MINl-T AND THE MINTED DOLLAR ... 
SMALL IN SIZE BUT SOLID IN VALUE 

Teledyne's new, heavy-duty 120 volt 
5 amp relay features a life expectancy 
of over 10 million dependable 
operations. The space-saving (.4 cu. in.) 
2PDT Mini-T with transparent dust 
cover has a full line of complementary 
sockets and hold down clips for P.C. 
board or chassis mounting. This 
Teledyne relay employs an unusual 
shaded pole design that permits direct 
AC operation without the need for 
rectifying diodes. Available with either 
AC or DC coils and demonstrating cost 
effectiveness that's hard to beat, the 
United States-manufactured Mini-Tis 
truly worth its one-half ounce weight. 
The Mini-T . . . another finely-crafted 
relay from Teledyne. Call our nearest 
distributor today. 
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The new 1-1/4-inch cermet trimmer 
that replaces all these ... 
55 215 
56 235 
58 272 
78 276 

140 450 
185 650 

949 
993 
995 

2855 
3011 
3012 

3051 
3052 
3059 
6011 
6022 

AB-MP 

AB-MH 
AB-NP 
AB-NX 
AB-RP 
AB-RH 
ET-12 

... with the most advanced features, too! 
• Improved wiper and unique slider block design 
• Excellent setability and stability 
• TEMPCO of 100 PPM/ °C 
• 1 W @85 °C 
• Five configurations 
• Conforms to MIL-R-22097. 

Send for data sheet and quantity price information, or contact 
your local Spectral representative or distributor. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation 11010 E. Gale Avenue , City of Industry, Calif. 91745, U.S.A.• (213) 964-6565 •TWX (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way , Swindon , Wiltshire , England •Swindon 21351 •TELEX : 44692 

ITALY SP Elettronlca spa Via Carlo Pisacane 7, 20016 Pero (Mil an ) Italy• 35 30 241 •TELEX : 32242 
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TM 

FOR BmER VOLTAGE TRANSIENT PROTECTION 
IN A POWER PACKAGE 

General Electric POWER-MOV™ varistors are the new­
est addition to our growing line of superior metal 
oxide suppressors which provide better breadth 
of protection than selenium, silicon carbide, 
zeners, spark gap, or other older technol­
ogies. This new chassis-mount package is 
ideal for applications requiring high power 
dissipation and added ruggedness. 

Forty-six models are being offered initially 
including the following: 

AVG. 
PWR. SUGGESTED RESALE PRICE 

DISSIP. MAX. VOLTAGE 1000-
MODEL (WATIS) AC DC 1-99 100-999 9999 

V130PA20A 15 130 170 4.90 3.31 2.94 
V250PA40A 13 250 330 7.36 4.97 4.42 
V480PA80A 10 480 625 12.10 8.17 7.26 
jv510PA80A 10 510 655 12.60 8.51 7.56 
jv550PA80A 9 550 755 13.16 8.88 7.90 

Other voltages available from 130V to 570V Rms, 170V to 780V DC 

TM 

Actual Size 

TYPICAL APPLICATIONS 
• Inverters • Electric Vehicles 
• Welding Equipment • Motor Controls 
• Reprographic Machines • Arc Suppression 

FEATURES 
• 15 WAITS DISSIPATION @ 70° C 

Tab Temp. 
• 2,000 Amps Peak Current 
• Low Clamping Ratio (1.7-1.9@ 10.0A) 
• Meets NEMA strike and creep distance 
• Quick disconnect termination 
For your POWER-MOV™ varistor DESIGN 

KIT, call your local authorized GE semi-
conductor distributor ... or write to General 
Electric Company, Semiconductor Products 
Department, Building 7, Mail Drop #49, 
Electronics Park, Syracuse, N.Y. 13201, U.S.A. 

VARISTORS . . . . . ASSURE YOUR EQUIPMENT WILL ENDURE 

GENERAL. ELECTRIC 
Circle No. 24 
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Designers Guide to: 
Instrumentation amplifiers 
The old adage that instrumentation-amplifier systems shall have only one 
ground point is no longer valid when using modern differential amplifiers. 

John W. Jaquay, Ectron Corp . 

M ost engineers and technic ians have at o ne time 
o r another connected vari o us combinatio ns o f 
equipment and found th at th e o utput contained 
excess ive 60-Hz interference. In these instances, 
the so lutio n has normally bee n to remove all 
grounds in the system except o ne and install an 
independent ground wire fro m each pi ece of 
equipment to thi s point. Thi s sometimes required 
the use of separate iso lati o n tran sfo rm ers fo r 
equipment that had excess ive coupling to the ac 
line. 

The use o f a single ground in many situatio ns is 
abso lutely proper and was the concept employed 
in low-level de signal-conditi o ning systems fo r 
many years. Thi s was befo re th e advent o f 
differential amplifi ers wh en o nly single ended 
units w ere available. 

Now that diffe rential ampli f iers are used almost 
exclusively in low-level systems, a new set of 
condition s exi st requirin g both the input- and the 
o utput-signal systems to be grounded at some 
point. If thi s is not do ne, it is actu ally poss ible to 
o btain w o rse results with a di ffe rential ampli f ier 
than with a single ended unit . 

Single ended amplifiers reviewed 
To make thi s point cl ear , w e will first revi ew the 

use of a single ended amplifi er system that has a 
commo n line between the signal source , the 
amplifi er, t he o utput devi ce and ground . A 
simplifi ed diag ram of a typical single ended 
system is shown in Fig. 1. 

In analyz ing Fig. 1, it is not impo rtant th at th e 
common-mode source (CMV) and leakage im­
pedance (Zr.) are in practice a complex netwo rk o f 
fi elds, stray capacitances , etc. The impo rtant 
point is that all o f these facto rs combine to 
produce a current throu gh loop B-C-0 -E-F-B . Th e 
resulting IR drop fro m point B to C appears as an 
input to the amplifi er which respo nds to the sum 
of the potential s between terminal s A and C. 

To reduce the IR drop fro m B to C, des igners 
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employed two techniques. The first was to redu ce 
the res istan ce between B and C by employin g 
heavy-gauge drain wires o r even large bu ss bars. 
This resulted in some imp rove ment, but unfo r­
tunately , with magneti cally indu ced CMV, the 
current increased as res istance dropped . 

The second technique was to low er th e current 
by rai sing th e impedance of Z 1,. Thi s was accom­
plished by iso lating all input lines fro m ground 
and by the extensive use o f shields. In strain-gage 
applicati o ns thi s technique led to th e deve lo p­
ment o f st rain-gage exci tati o n supplies whi ch had 
a high degree of iso lati o n between their o utputs, 
chass is ground and the pow er line. Internall y 
th ese devi ces employed elabo rate shields and 
pow er tran sfo rm ers which no rmall y had tripl e 
box shielding. Such supplies w ere costl y but 
necessary fo r reasonable system perfo rmance. 

Before di scuss ing di ffe rential techniques , sev­
eral facto rs sho uld be review ed in the single 
ended system : 
1. An IR drop from B to C of onl y a few millivolts 
(f ig. 1) could be di sastrou s. For example , if the 
system full- scal e input signal was 10 mV, a drop of 
onl y 3 mV represented 30% of full scale . 
2. Even in low-accuracy sys tem s, th e magnitude o f 
the IR drop could not be allowed to becom e too 
high or th e system would be totally in effec tive. 
3. All points in th e system ultimately have a fairly 
low-impedance path to ground ; th erefore, it is 
not poss ible to develop large potential s due to 
electrostati c coupling. Thi s is the most important 
point to bear in mind wh en changin g from a 
singl e ended to a differential system . 

To illu strate thi s point, Fig. 2 shows another 
simplified single ended system with a strain-gage 
excitation supply connected in the input system. 

Th e capar: itive leakage in Fig. 2 has intentionally 
been made large to prove a point. At 27 pF , its 
reactan ce at 60 Hz is 100 Mn. Even th o ugh thi s 
capacitan ce is coupled to th e 11 SV ac lin e, it 
cannot introduce a large voltage in th e ground 
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lines because their impedance cannot be more 
than a few ohms plus the strain-gage resistance. 

Now let us replace the single ended amplifier 
with a differential amplifier which has a com­
mon-mode impedance between its input lines 
and ground of 100 Mfl (Fig. 3) . Since this is the 
only impedance path to ground , it means that the 
input lines would attempt to assume a common­
mode potential equal to 1/2 the line voltage . No 
differential amplifier is perfect, thus a significant 
part of this common-mode potential will appear 
at the output terminals . In addition , the differen­
tial amplifier might not be capable of handling 
that much common-mode voltage . 

The actual effect in this example is impossible 

A 

LOAD 

c 
D 

CMV 

Fig. 1-Currenl in loop B-C-0-E-F-B results in an IR drop from 
B to C that adds to th e input signal. 

to predict without specific knowledge of the 
differential amplifier involved. But at the very 
best , some common-mode rectification is bound 
to occur and the resulting output error will be 
partially determined by the internal impedances 
and the energy content of the common-mode 
source. 

The substitution of a differential amplifier 
effectively broke the input ground return and left 
the system vulnerable to electrostatic interfer­
ence. In Fig. 3, the common-mode source 
impedance and the common-mode impedance of 
the amplifier were approximately equal resulting 
in a common-mode voltage equal to 1/2 the line 
voltage . 

It is interesting to note that if a better differen­
tial amplifier is substituted , it will have a higher 
common-mode impedance and superior com­
mon-mode rejection , but its higher impedance is 
somewhat self-defeating because it causes the 

induced common-mode potential to rise. For 
example, if the common-mode impedance of the 
amplifier were 100 Mfl , the common -mode po­
tential would be approximately 90% of the line 
voltage. This assumes that the amplifier is capable 
of operating normally with this common-mode 
voltage level. 

Proper grounding is essential 
The ironic part of the previous example is that it 

is totally unnecessary to operate with these high 
common-mode potentials . Even a modest im­
pedance to ground would relieve the electrostatic 
problem , and a good solid ground would be even 
better. This is normally accomplished by simply 
grounding the strain -gage excitation supply. 
When this is done, there is no longer a need for 
an excitation supply having superior isolation. 
Whether the supply is purchased or designed by 
the user, it no longer requires elaborate guarding 

27pF 

RECTIFI ER 
& 

REGULATOR 

Fig. 2- In a single ended system, low impedance lo ground 
prevents hi gh common-mode voltages from appearing at th e 
input. 

or a very expensive power transformer with triple 
box shields. 

Due to the hangover from single ended days, 
the user may be frightened by having both an 
input and output ground in his system. After all , 
there is almost certain to be a slight difference of 
potential between these two points. 

These individuals simply do not have faith in 
their differential amplifier. In a single ended 
system, if a ground loop existed which caused a 3 
mV potential in the input portion of the common 
line, the amplifier was incapable of seeing a 
difference between this potential and the desired 
signal. If the amplifier had a gain of 1000, it would 
simply produce an output error signal of 3V. 

In a differential system , a 3 mV common-mode 
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signal will cause virtually no effect. For example, 
if the amplifier's common-mode rejection is 120 
dB, the equivalent input effect would be only 3 nV 
and the output error signal would only be 3 µV . In 
real systems, grounding of the input and output 
will typically produce common-mode potential s 
considerably greater than 3 mV, but with proper 
guarding and a quality differential amplifier, 
excellent results can be obtained. Even if some 
error potential exists, the results are considerably 
better than with a system left unguarded and 
vulnerable to electrostatic pickup. 

If you attempt to make a mathematical analysis 
of the electrostatic problem, you may conclude 
that it is not as severe as inferred here. If so , this 
could be because you are considering only the 

27pF 

RECT IFI ER 
& 

REGULATOR 

Fig. 3---Simple substitution of a differential amplifier in the 
circuit of Fig. 2 effectively breaks the input ground return 
leaving the system vulnerable to electrostatic interference. 

fundamental power-line frequency . Thi s is an 
invalid assumption . 

If electrostatic problems do exist in a system, it 
will first be observed by spikes and other 
miscellaneous hash . These will have a 60 -Hz 
repetition rate, but their primary energy content 
will be in a much higher frequency spectrum . 
These spikes and hash are generated by such 
items as fluorescent lights, SCR control devices, 
brush motors, etc. 

The fact that the signals have high-frequency 
components is significant for two reasons . First, it 
requires far less capacitance to couple significant 
energy in to the input lines, and second , the 
common-mode rejection of an amplifier typically 
deteriorates at higher frequencies. 

Floating inputs are still practical 
There are always exceptions to the rule of 
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grounding at both the input and output of a 
differential-amplifier system . It is possible that 
applications exist where the input system must be 
floated. Even though this is a more difficult 
problem, adequate results may be achieved by 
careful analysis of the overall system. Fig. 4 shows 
a differential system operating with the input 
essential ly floating. In this system, the guard is 
connected to the common-mode source and is 
bypassed to ground at the amplifer . 

If the value of this bypass capacitor is not too 
large, it can provide electrostatic relief for the 
system without seriously degrading common­
mode rejection . The actual value that provides 
best results may be determined empirically in a 
particular system by simply adjusting the value 
until minimum interference is observed at the 
amplifier's output. 

This capacitance already exists in some instru-

EXCITATI ON 
SUPPL Y 

I 
Fig. 4-When the input must be floated, adequ ate result s 
m ight be ob tain ed by inserting capacitance between th e guard 
and ground . 

mentation amplifiers. In others, it may not exist 
and operational difficulties may be encountered 
when it is added. Thi s can occur with certain 
types of amplifiers that have active guard circuits. 
If it does, you may be able to break the guard 
connection close to the amplifier and insert the 
capacitance on the source side of the break . 
When th is is done, it may also be necessary to 
insert a resistor across the broken guard connec­
tion if the amplifier in question depends on a 
guard connection to return its pump-out cu rrent 
from the input terminals to ground . 

RF filtering may be necessary 
If the preceding has been accomplished and 

results are still unsatisfactory because of high­
frequency common-mode signals , it may be 
necessary to include RF filtering in the input lin es. 
Before attempting to do this , you should be aware 
of a fundamental conflict. 

To have good common-mode rejection , an 

EON MAY 5 , 1973 



amplifier must have extremely low capacitance 
between the input lines and output ground. 
However, RF filters consist of a series impedance 
and bypass capacitors to ground which means 
there is a direct conflict. It is still possible to 
achieve substantial RF filtering without seriously 
degrading common-mode rejection at power-line 
frequencies as shown in Fig. 5. 

In this filter , the RF bypass capacitors are not 
returned to ground , but to the input guard . The 
guard is, in turn , capacitively coupled to ground. 
In this configuration the capacitance between 
guard and ground must be sufficiently low so that 
the guard will not draw excessive current. If it 
does, the quality of the guard gradually deteri­
orates as it approaches the amplifier and com­
mon-mode rejection suffers. As indicated previ ­
ously , this value can be determined empirically 

EXCITAT ION 
SUPPL Y 

I 
Fig. 5--RF fi l tering of the input lines requires special 
consideration. Con necting RF bypass capacito rs to th e input 
guard, which is capacitively coupled to ground, will prevent 
significant degradation of CMR. 

before the bypass capacitors are installed . 
The value of the filter capac itors should be kept 

as small as possib le, since their return point does 
not represent the common-mode potential with 
perfect accuracy. In addition , the bandwidth of 
the system to normal-mode signals could be 
impaired if they are too large. In thi s respect , the 
series impedance must also be considered . Thi s 
should be kept low to avoid several undesirable 
consequences, e.g., a high impedance will de­
grade the noise and zero stability of the amplifier . 

The suggestions for RF filtering primarily apply 
to the use of very low-cost and/or modular 
amplifiers. A well designed general-purpose in ­
strumentation amplifier will normally have an 

input common-mode filter incorporating the 
preceding techniques and possibly more effec­
tive filters involving bi-filer or tri-filer chokes. 
However, since these amplifiers are designed for 
the best general-purpose situations, they may not 
necessarily be optimum for a specific application. 
In these instances, it is best to contact the 
manufacturer rather than attempt modification or 
the use of external filters. 

Many engineers discount the damage that 
high -f requency common-mode signals can 
cause. A typical example is where there is only 
interest in data from de to 10 Hz. If RF is present, 
it would seem that a passive filter between the 
amplifier and the output device could solve the 
probl em. This may be true if the common-mode 
potentials are small , but there is a greater 
possibility that the high-frequency signals are 
being rectified within the amplifier and a de error 
signal is produced which varies as a function of 
the level of common-mode potential s. 

This occurs directly at the input stage when the 
common-mode potential is high. It also occurs, to 
a lesser degree, with potentials that are within the 
dynamic range of the amplifier. All amplifiers 
have a limit in their ability to follow rapidly 
changing signals. This is referred to as the 
amplifier's maximum slewing rate. A given am­
plifier will amost invariably be able to slew faster 
in one direction than the other. When this 
happens, the effect is partial rectification with a 
resultant de error component. 

This discu ssion of some of the application 
problems of instrumentation amplifiers is, of 
course, an over simplification of any but the most 
elementary system. However, modern high­
performance differential-instrumentation am ­
plifiers can generally produce precise data signals 
in spite of high common-mode voltage levels and 
even RF interference. These amplifiers usually 
permit the use of grounded bridge-exci tation 
supplies and, in fact, can generally perform better 
with a ground point in the input signal system. o 
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This Ladybug® 
sits and switches, 

,.;.:~ 
~~ -_ 7. :. 

Some ladybugs just sit and munch. 

passively, with complete input-output 
isolation . Try one-free.* 

If our newest and lowest cost optical coupler up there 
reminds you more of a mean praying mantis than a friendly 
member of the order Coleoptera, take heart: Sigma Lady­
bugs combine enough economic and performance virtues 
to more than outweigh their somewhat lumpy appearance. 
Such as: 
Inputs AC or DC-2 to 150 V-with infinite isolation ... 
Outputs AC or DC-up to 250 V (we've made still higher) 
50¢ price tag in production quantities (for single input 
or single output) ... 
Passive input and passive output . . . 
Wide choice of lamp-photoresistor switching combina­
tions. 

Ladybug optical couplers contain one or more light 
sources, either incandescent, neon or LED, intimately 
situated with one or more Sigma-manufactured photo­
conductive cells. Input (control) current to the light causes 
smooth, rapid reduction of cell resistance from the order of 
107 to 500 ohms. No feedback , no bounce, no noise gen­
eration, no upset of audio, data processing or RC oscilla-

tor tuning circuits. In addition to one-light one-photo­
resistor types, Ladybugs can also be supplied with one 
light controlling several outputs , or multiple lights each 
capable of controlling one photoresistor. They offer ele­
gant simplicity for controlling SCR's, Triacs and such 
from low level IC circuits-with absolute isolation. Some 
combinations are particularly well-suited for firing di­
rectly from logic level signals and thus interface neatly 
with conventional TTL IC's. 

To see for yourself, check the bingo card. We'll send 
you free of charge a 6V incandescent Ladybug* capable 
of tum-on to IOK in 80 msec max., tum-off to IOOK in 
500 msec max. Thus we would hope to sufficiently in­
trigue you to call or write Jim Seppala to discuss your 
needs and our recommendations. Contact Sigma Instru­
ments, Inc., 170 Pearl St. , SIGM A 
Braintree, Mass. 02185 . /'~ 
Tel. (617) 843-5000. INSTRUMENTS INC 
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The first square deal in potentiome­
ters. Compact size solves the shrink­
ing panel space race. Modular design 
saves the extra charges and delays 
many manufacturers add for non­
standards. MOD POT offers a whole 
family of pre-engineered , pre-tested 
modules that combine to form mil­
l ions of single , dual , triple and 

Others cut 
time and costs 
with its versatili~ 

quadruple section controls. Cermet 
or hot-molded composition resistance 
elements, switch options and vernier 
drives with single or concentric 
shafts. Solder terminals or .100 grid 
pin terminals . Backed by the fast 
delivery of our distributor assembly 
MOD POT ACTION CENTERS. Ask 
for Publications 5217 and 5217S. At 

your Allen-Bradley electronics dis­
tributor, or write: Allen-Bradley Elec­
tronics Division , 1201 South Second 
Street, Milwaukee, Wisconsin 53204. 
Export : Bloomfield , New Jerse.y 
07003. Canada: Allen-Bradley Can­
ada Limited , Cambridge , Ontario. 
United Kingdom , Jarrow, County 
Durham NE32 3EN . 

Allen-Bradley 
Circle No. 27 

Milwaukee, Wisconsin 53204 
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Data-sheet dialogue 
Reader's responses to OPM data sheets: 
More details-less specsmanship! 

Wh en EDN asked fo r its readers' o pini o ns o n the 
" typi ca l" DPM data sheet that appea red in the 
January 20, 1973 iss ue , it didn ' t expect such a 
lo psided indictm ent of specsmanship. All of 
EDN 's readers w ere unanimo usly criti ca l in their 
comments over th e lack of in fo rm ati on contained 
in th e data sheet. 

Whil e a handful th o ught th at thi s represe nta­
tive data sheet w as thou ghtfully laid out and easy 
to read , (some fe lt th e l istin g of features was 
easier to fo ll ow than the descripti o n), th ey we re 
equally vehement in their objecti o ns to " incom­
plete specs" and " meaningless data" as th ey put 
it. Here is a sampling o f their comments: 
(itali cized statements are the o pinio ns of EDN 's 
editors). 

No pricing is all too common 
That in a nutshell was th e se ntiment expressed 

by every single reader . Th e " low cos t o f under 
$100 (for xx quantities)" stated in th e data sheet 
was simply not cl ear eno ugh fo r th e readers. 
" What is the exact cost in quantity?", " Wh at is th e 
single-unit cost ?", " Wh at is the cos t fo r additio nal 
o ptions?" w ere some of th e comments heard . 
One reader fe lt that pri cing sho uld be includ ­
ed for sample quantities as a very minimum. 

" It is better to include all prices fo r all 
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"Data-Sheet Dialogues" are a series of 
reports on what's wrong (or right) with data 
sheets as seen through the eyes of those 
who use them: the design engineers. Repre­
sentative data sheets will be chosen from 
specific product fields, and collective read­
ers ' opinions will be given in the next 

quantiti es o r no ne at all . Since pri ces vary fas ter 
than technical specs, I prefer a separately dated 
pri ce and availability sheet with th e name o f a 
nea rby di stributo r wh o will have them in stock fo r 
low-qu antity and/o r quick-ava il ability purchases" 
was th e w ay ano ther reader put it . 

In defense of the manufac turers, it should be 
p o inted out that p r ices do indeed vary fas ter than 
technica l sp ecs, particularly in the highly compet­
itive OPM f ield, and as a result, some manufac­
turers put out regularly revised and dated pricing 
sheets. But no t all do . A separate price sheet is of 
no use to a des igner who is ho lding only a 
nondated data sheet pulled out of a ca talog o r 
advertisem ent, so perhaps som e provision should 
be made fo r including complete and up-to -date 
pricing info rmatio n in every data sheet. 

Dimensions are lacking 
Readers w ere quick to spot th e mi ss ing dimen­

sional data fo r th e DPM's case. As for the number 
o f square inches given fo r the DPM's panel space, 
several fe lt that thi s w as meaningless, as th ere 
w as no w ay of knowin g wh at the specif ic panel 
width and height dimensio ns w ere. "Square 
inches mean no thing" w as o ne adamant reader's 
o pini o n . " Wh at is th e behind-the-panel depth ?", 
" I have no w ay of kn owin g wh at th e size o f my 

installment of "Data-Sheet Dialogue", when 
a different data sheet will also appear. So let 
us hear from you, the reader. Send your 
comments on the latest data sheet at the end 
of this section to: 
EDN Data-Sheet Dialogue Editor 
221 Columbus Avenue, Boston, MA 02116 
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"Anonymous Relays, Inc." 
MINIATURE GENERAL­
PURPOSE RELAYS 

General purpose miniature relays in plast ic dust cover-Interchangeable 
with other c rad le type re lays - Combination solder and plug-in term inals. 
UL-version listed under UL Recognition Fil 43203. 
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The XY miniature general-purpose, co mb-act uated relay can be used in 
a wide variety of applications such as compu ter systems, control and 
alarm systems, business machines and data processing eq uipment , etc. 

The field-proved, long life c haracte ristics of the relay, along wit h its 
unique plug-in design and integral dust cover, allow it to be used in 
transistorized systems where space req uirements and operational 
longevity are of prime consideration. The relay req uires less than one 
cubic inc h of space. When installed wit h the XY right-angle socket. its 
overall height is only :y. ". 

XY min iature re lays are available in all co ntact co nfig urations throug h 
6PDT. The contacts are capable of carrying loads up to 5 amps, as we ll 
as low-level signals. For low-level , high reliability switching, bifurcated 
contacts are available. 

All parts of the magnetic circ uit a re made from armco magnetic ingot 
iron and aged in the most modern hydrogen annealing equipment; a 
process which assures optimal stability of operati ng data during th e life 
of the re lay. All re lays are insu lated with th e highest quality pre-aged 
pheno lic obtai nable. 

The XY relays described in this brochure are all of the ro und-core 
type. Th is design feat ure provides a higher number of turns at the same 

' FEATURES 

• Internati onal Stand ard type 

• Combination plug in/ wi re or PC terminals 

• Low level bifurcated , 2 amp o r 5 amp contacts 

• Life expectancy more th an 100 mi llion operati ons 

• Form A, B, C and D contacts are available 

• Molded cradle eliminates phenolic dust inside the re lay 

• Balanced, spring-held armature allows depend able 
operation in any pos it ion 

• Round core and larger coi l vo lume provides more 
pull force. e:i minating expensive. sensit ive version. 

• Slim profile mount ing with rig ht-angle socket 

• Soc kets are of unbreakable fiberglass -fil led base 
and have un ique knife-type connectors fo r dependab le 
contact 

• Available from stock. 

coil resistance. resulting in greater mechanical force with less coil 
power. Only one adjustment is needed for any application. Standard 
and sensitive versions are thereby eliminated . 

The unique armature retentio n sp ring dissipates kinetic ene rgy of the 
armature resu lting in minimum bou nce . T he molded low-friction crad le 
results in further red uction of bounce and eliminates the problem of 
phenolic dust inside of the relay. 

Additional features of the XY747 include a new base and socke t 
design made of unbreakable fiberglass-fi ll ed polyurethane, with an in­
sulation resistance of 10 ohms. A unique kni fe-type co nnector provides 
a more secure connection and elimi nates fl ux contami nation of con tact 
surfaces during machine soldering. 

M ECHAN ICAL SPEC IFICATIONS 

DIMENSIONS (inches) 
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VIEW TOWARD TERMINALS 

.135 J - .040 J 
Tolerances 010 1.230 MAX 
Standard relays have gold plated terminals. 

_J__/ +-t~ L-i. VIEW 

.148 'J·-~- -,.; ' TE~~~~~~ 
\ .458 

.147 

Terminals 2 3 lor dual coil version , 
on single coil not inserted. 

ELECTRICAL SPECIFICATIONS 
Contact Rat ing - Noninductive load 

Light Du ty (Code L): Fine silver goldplated - low level to 2 amps 
@ 26 voe or 1 amp @ 11 5 VAC 

Heavy Duty (Code H): Silve r cad mium oxide - 5 amp @ 26 VOC or 
3 amp @ 11 5 VAC 

Other contact materi al avail able 
Life Expectancy - Mechanica l Opera tions: 10' 

Operation at Rated Load: 10' 
Contact Resistance - 50 mill iohms max. initi ally 

200 mi ll iohms at end of li fe 
Operate Time At two times " must operate " vo ltage or current : 

8ms 
Release Time At two time~ " must operate" voltage or current 

.;'. 3m• 
Weight - 23 to 35 grams (approx. 1 oz.) 

Dielectric Strength - 1000 V rms ; 500 V rms across contact gap 

Insulation Resistance - 10,000 megohms minimum @ 25°C, 100 VDC, 
50% RH 

Coil Temperature - Max 105 C (220 ' F) 
Ambient Temperature-

Operati ng: - 55 °c ( - 72 °F) to 80 °C (175 °F) @ nominal operating 
voltage 

Storage : - 55 C ( - 72 F) to 105 °C (220 ' F) 

Vibra tion -Operating: .062 DA @ 5-55 Hz; 10g @ 55-110 Hz 
Non-Operat ing: 1 o g @ 5-500 Hz 

Shock - Operati na : 20 Q @ 11 ms Non-Operating: 30 g @ 11 ms 
Contact Bounce - At 10 ma contact current : 

2 ms max. at operate, N.0 . contacts 
3 ms max . at release, N.C . co ntacts 
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panel cuto ut sho uld be", and " We need to know 
th e dimensions of the disp lay used " were com­
ments heard ove r and ove r . 

Th e "so-many square inches of p anel space" 
approach is often used by manufacturers in 
competitive advertising for claiming the world's 
smallest panel-space dimensions. Un fo rtunately, 
manufacturers tend to overemphasize the w ro ng 
things . They forget that their eng ineer custom ers 
are p rofess io nal designers who live by facts and 
f ig ures. 

On the subject of dimensions, it may no t be a 
bad idea if manufacturers attempted to put in 
both English and m etric dimensions, as the latter 
system of m easurem ent ga ins in worldwide 
popularity. 

Numbers tell the whole story 
" It goes without say ing, descriptions such as 

g reat noise rejec tion o r flutter-free readout are as 
good as worthless when no spec ifi c numbers are 
give n" was th e feeling of o ne reader . Others 
asked for mo re clarification of given specs . 

" What does overrange of 25% mean ?", "What 's 
the DPM's slew rate?", " What are th e time and 
temperature conditi o ns under which accuracy is 
specifi ed ?" many readers as ked . 

Several readers spo tted th e con fusing specs of 
10 readings/sec and a respo nse time of 1 sec in 
the DPM data sheet. Th ey fe lt that such confu sio n 
is typical with many o th er types of parameters and 
sho uld at least be clarified . 

O ne reader po inted o ut an obvio us lack of 
clar if icati o n . " Is the voltage range availabl e in ac 
o r de?" he wanted to kn ow . Nowh ere in the data 
sheet is there any explanati o n o n thi s, and th e 
reader is made to ass ume it is de volts. 

Some readers went beyond th e data sheet . One 
wanted to kn ow what happens o utside th e given 
ope ratin g temperature limits of 5°C to 45°C. 
Another needed to kn ow th e accuracy limits of 
the ope rating- temperature extremes, and th e 
max imum inputs permitted without damage to 
the meter . "Can input polarity reve rsal ca use 
damage?" he as ked . 

The practice of making product descriptio ns 
such as " top-value, hig h -grade compo nents 
used" and " high-speed, no ise-free readings" 
without supporting statistica l data is as o ld as 
electronics itself. So it is better for a manufacturer 
to supply actual MTBF (m ean-time between 
failure) figures (and what they are based upo n) 
that substantiate " hig h-reliability" claims than to 
merely ask an eng ineer to take his word for it. He 
just might be m ore believable in future dealings . 

What type of readout? 
Next to th e lack of pricing informatio n , readers 
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complained of the absence of a descriptio n of the 
type o f readout used in the DPM . Comments 
heard include, "We need some indication of the 
future maintenance requirements for the type of 
display used," " By knowin g th e type of readout 
used , w e ca n determine its li fe tim e, intensity and 
colo r; factors that are impo rtant when consider­
ing th e purchase of a DPM." 

Readers also indicated that their kn owledge of 
th e type of readout used helps them determ ine 
the propo rtio nal amo unt of power di ss ipated in 
th e display secti on (gas-discharge and fluores­
cent-di splay devices generally require m o re 
pow er th an liquid -crysta l and LED types) . 

On the subject of displays, nearly all manufac­
turers do no t g ive specific brightness f ig ures, 
although they might say som ething like " a bright 
and clear Nixie display" or " the LED readout we 
use can be seen easily from a distance of so many 
feet. " And it is no wonder why they do n ' t when 
o ne rea lizes the many terms being used for 
measuring luminous intensity. Hardly any stan­
dardiza tio n exists on measurem ent units to use. 

The connector can be a problem 
Th at ' s what two readers related. One com­

plained abo ut having to wait mo nths for a 
commo nly avai lable connecto r due to the lack of 
suffi c ie nt data-sheet in for mati o n , co mp ared 
aga inst th e sho rt delive ry tim e for th e DPM of 
o nly a few weeks. He suggested that data be g iven 
o n the type of connecto r used with the o ri g inal 
manufacture r 's no menclature . 

M os t readers felt that th ey could not accept 
statements abo ut BCD being available without 
know ing what kind it was, what drive capability it 
had and how isolated it was. 

Few DPM data sheets g ive detailed connector 
and BCD information. Most do no t even m ention 
the connecto r and might just say " BCD available" 
either as standard or as an optio n without going 
into any detail. 

Many o ther comments conce rn ed the lack of 
in fo rm atio n o n whether o r not the DPM was fi e ld 
ca libratab le and how the zero and full-scale 
ca l ibratio ns could be accomplished , if at all. 
Th ere were a few comments o n the need to know 
what kind of case was being used (fo r no isy 
environments), be it plast ic, metal , o r metal lined 
packages. 

"Equ ipment con tainin g TTL or MOS LSI is 
. important to know and sho uld be spelled o ut in 
the data sheet. Thi s is to keep th e DPM circuitry 
consistent with current logic des igns. A high­
quantity TTL designer w o uld prefe r a TTL DPM vs 
an MOS o ne to maintain the fi eld-se rvi ce capabil­
ity using TTL oriented perso nnel and equipment" 
sa id a reader. o 
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Microprogramming 
made simple 
The microprogramming Design Automation System 
you've always wished you had is here. Now. 
You know that complex hardware is much simpler to 
design and much less costly to implement with micropro­
gramming. Before now, though, there just haven't been any 
design aids available to you . Every step you took was 
time-consuming , laborious and frustrating . Thanks to a new 
and unique Design Automation System from SMS, the past 
problems of microprogramming are no more. 

Now, you can generate your own 
microprogramming software 
support system in less than a day! 

Up to now, one of the biggest hang-ups in micropro­
gramming was design support. Software development costs 
were extremely high. But today, the SMS Design Automation 
System offers you thousands of dollars in software -plus 
the hardware simulation aids and application notes you 
need-for considerably less than you would spend to 
develop your own . The SMS system allows micropro­
grammers to write their programs in assembly language 
(rather than binary) and reduces what was once a laborious 
months-long process to days. No matter what the design 
of your microprogrammed device, you can use the RAPID 
computer program to generate a cross assembler for your 
machine in just a few hours . You can write your microcode 
in a language and symbology meaningful to you . You select 
your own mnemonics and get symbolic addressing as well. 
The RAPID general purpose cross assembler will reduce 
the time required to generate and debug a microprogram 
by a factor of five! 

Now, you can generate a real-time 
hardware simulation system 
in just a few hours! 
RAPID generates input for your own hardware simulation 
system, built around the SMS -1 OOOA ROM Simulator. 
Once you 've written your microprogram, you debug it on 
your existing system hardware. The SMS Simulator connects 
to your hardware, and you enter your microprograms into it. 
The 140 nanosecond access time lets you run your hard­
ware at full system speed. Using the Simulator, you can 
conduct the hundreds of experiments necessary to locate 
errors quickly and easily. Your programs can then be simply 
updated using the assembler produced by RAPID. That's 
why the largest computer, calculator and peripherals 
manufacturers using the SMS system say they can't get 
along without it. Fill out and return the coupon below, and 
you 'll be well on your way to making your microprogramming 
a breeze, too. 

Find out why 80% of all the SMS Design 
Automation Systems sold go to customers 
who already own one! Fill out the coupon 
or write or call 

a subsidiary of Corning Glass Works 
520 Clyde Ave., Mountain View, Ca. 94040. Phone (415) 964-5700 

r:-------------------, Microprogramming can be much easier. Five application notes tell you how .. I 25,000 copies have already been requested. You can ask for yours. Here. Now. I 
I D~L~:~~~:~~ i::~~~~~:~:b~o;:s~e~~ 1 CAN'T WAIT FOR THE MAIL! PLEASE I 

Debugging Microprogrammed Systems 

I 
DB Economics of Microprog ramm able Systems D Phone me at 

1 Design of a General Purpose Microcontroller D Contact me to arrange a demonstration of the micropro-
Microprogramming Software Aids grammed Design Automation System. 

I INTEREST IN INFORMATION IS FOR Name I 
D Developing microprogram for microcomputer chip sets Title 

I 
D Developing microprogram for new microcontrolled system ----- - ------ - ------- I 

design . Type of system: Company _ _ ____________ _ __ _ 

Department Mail Stop ____ _ 

I Area Code Phone Number I 
Street ___ _______________ _ 

I D File copy for future reference City I 
HARDWARE REQUIREMENTS FOR MICROPROGRAMMED State Zip ____ _ 

I
. EQUIPMENT START I 

Mail to: 
D Within next 3 months 
D With in4to6months ~~ 

L° .::::s_ - - - - - ~.:~=d~M=::a.::=64: J 



Try any one for 10 days 

Your WESTON distributor 
is betting you'll never want to give it up. 

Weston, the leader in portable test equipment, 
is willing to bet that once you try one of our digital 
DMM's, you'll never want to give it up. 

So, during April, May and June, you can try 
any one of these compact, portable, almost 
indestructible multimeters for 10 days-FREE! 
Just pick the one that suits your needs best. 

Model 4440 Lowest cost, plus high 
performance. Full 31/2-digits. 17 ranges, 200 m V to 
lOOOV, 200 ohms to 2 megohms, plus AC/ DC 
current. Blinking overange indicator. Self-contained, 
re-chargeable battery gives more than 8 hours 
continuous operation. Or, use AC line converter. 

Model 4442 20 ranges, plus amazing accuracy. 
± .05% of reading ± one digit-guaranteed! 
All solid-state circuitry built around MOS!SLI chip. 
Automatic blanking of unused digits conserves 
power. Battery or AC line converter. 

Model 4443 Lowest price, most precise, 
DC-only DMM available. 13 ranges, 200 m V to lOOOV 

(100 u V res.), 200 ohms to 20 megohms (0.1 res.), 
plus current. ± .05% of reading ± one digit­
guaranteed! Battery operated. Comes complete 
with charger. 

Model 4444 The autoranging maximinimulti­
meter. Choose VAC, VDC, Ohms or DC current. 
The 4444 does the rest. Instant automatic range 
selection. Plus four full digit display including 
polarity. Ultimate accuracy in a portable, ± .02% of 
reading ± one digit. No other portable offers more, 
does more. 

So try one today. Just a note on your business 
letterhead will deliver a Weston Multimeter to you 
for a 10-day free trial. Weston Instruments, Inc., 
614 Frelinghuysen Avenue, Newark, N.J., 07114. 

We're either first or best. Or both. 
WES I ON® ._,a;; .. J 
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Raytheon Semiconductor 
is dominant in beam leads. 

No gimmicks. Just products. 
Raytheon Semiconductor's beam 
lead product line gives designers a 
choice like they've never had before. 
More than a hundred standard types 
in both military and commercial 
versions. 

Now you can appreciate the 
quality, reliability, high yield and 
related economy of Raytheon Semi­
conductor beam leads. And do away 
with costly, low yield chip-and-wire 
on your hybrid modules. 

We're adding to this list every 
week. 

Transistors 
8T918 NPN UHF Amp 
BT929 N~N Low-level Amp 
8T930 NPN Low-level Amp 
8T2221A NPN General Purpose Amp 
8T2222A NPN General Purpose Amp 
8T2369A NPN Hi-speed Switch 
8T2483 NPN Low-level Amp 
8T2484 NPN Low-level Amp 
BT2604 PNP Low-level Amp 
8T2605 PNP Low-level Amp 
8T2906A PNP General Purpose Amp 
BT2907 A PNP General Purpose Amp 
8T2946 PNP Chopper 
BT3906 PNP Hi-gain Amp 
BT4856 N-channel FET* 
BT4857 N-channel FET* 
8T4858 N-channel FET* 
8T5109 NPN UHF Power Amp 
*A vailable in second half of 1973 . 

80914 
820914 

803600 
8203600 

BZ752 
8Z758 

Diodes 
2 Anode, 2 Cathode Leads 
1 Anode & Cathode, 2 Open 
Leads 
2 Anode, 2 Cathode Leads 
1 Anode & Cathode, 2 Open 
Leads 
5.6V Zener 
lOV Zener 

BZ821T 
BZ969 

6.2V Temp Comp Zener 
22V Zener 

Lin ears 
RM101ABL Op Amp 
RM104BL Negative Voltage Regulator 
RMlOSBL Positive Voltage Regulator 
RM106BL Voltage Comparator 
RM709BL Hi-gain Op Amp 
RM710BL Hi-speed Differential 

Voltage Comparator 
RM711BL Dual Differential 

Voltage Comparator 
RM741BL Op Amp 
RM1741BL Op Amp 
RF9601BL Monostable Multi vibrator 
RF8601BL Monostable Multivibrator 
RC4131BL Hi-gain Op Amp 
RM4132BL Micropower Op Amp 

RF SO BL 
RF60BL 
RFIOOBL 

RF110BL 

RF200BL 
RF210BL 
RG40BL 
RGSOBL 

RGSOBL 
RG130BL 
RG140BL 
RG200BL 

RG220BL 
RG231BL 
RG240BL 
RG250BL 
RG310BL 

RG320BL 
RG380BL 
RLlOBL 

TTL 
J-K Flip-flop (AND Inputs) 
J-K Flip-flop (NOR Inputs) 
Dual J-K Flip-flop 
(Separate Clocks) 
Dual J-K Flip-flop 
(Common Clock) 
J-K Flip-flop (AND Inputs) 
J-K Flip-flop (OR Inputs) 
Dual 4-input NANO Gate 
AND-OR Inverter Quad 
2-input Gate 
Dual Pulse Shaper AND Gate 
Dual 4-input Line Driver 
Quad 2-input NANO Gate 
Expandable Single 8 NANO 
Gate 
Quad 2-input NANO Gate 
Quad 2-input AOl Gate 
Dual 4-input NANO Gate 
Expandable Quad 2 AOl Gate 
Expandable Dual Output 
2-input AOl Gate 
Triple 3-input NANO Gate 
Hex Inverter 
Fast Full Adder 

RL20BL 
RL30BL 

Dependent Carry Fast Adder 
Independent Carry Fast 
Adder 

RL60BL 4-bit Storage Register 
RL70BL 4-bit Storage Register 
RG3380BL Hex Inverter 
RG3390BL Dual 4-input AND Gate 

(Split Outputs) 
RG3410BL Quad 2-input NOR Gate 
RR5102BL 64-bit Bipolar RAM 

Arrays 
Universal 60-gate Arrays . Many MS! 
functions from registers to counters, 
both custom and standard functions. 

Don't compromise your next 
design. Be dominant with Raytheon 
Semiconductor beam lead products. 
Contact your local Raytheon Semi­
conductor sales office or clip the 
coupon for more information. 

r----------------, 
Raytheon Semiconductor 
350 Ellis Street 
Mountain View, CA 94040 
Phone ( 415) 968-9211 

D Send me a copy of your Beam 
Lead brochure. 

D Send me a mechanical sample. 

NAME 

TITLE 

COMPANY 

ADDRESS 

C ITY /ST ATE/ Z IP 

-------------~~-~ 
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Are you getting the most 
bandwidth from your design? 
Don't arbitrarily set individual gain in tandem connections. Proper 
adjustment of each closed-loop gain results in optimum bandwidth. 

Ronald Saracco, Norden Div., United Aircraft Corp. 

Gain-bandwidth has always been a troublesome 
problem in the design of analog-processing circuits. 
The designs that result usually maintain gain but sac­
rifice bandwidth. Although not much can be done to 
extend the gain-bandwidth product of one amp lifier, 
it is possible with two or more amplifiers in tandem 
to optimize both gain and bandwidth. 

Consider an example that frequently occurs in 
analog-data processing. Data is to be sent and re­
ceived from one circuit module to another using two 
amplifiers (Fig. 1 ). Amplifiers must be se lected that 
will meet the end-to-end gain and 3-dB bandwidth 
specifications. The designer is then faced with the 
prob lem of selecting from the infinite number of 
possible combinations that will satisfy gain the one 
combination that will also optimize bandwidth. By 
using the technique for gain-bandwidth optimization 
described in this article, such amplifier se lection can 
be made easily. 

Developing the technique 
Many of the approaches to optimization are sub­

ject to a gain constraint. However, that of Lagrange 
appears to be the most straightforward. To develop 
this technique, it will be assumed that the open-loop 
frequency characteristics of A 1 and A2 (Fig. 1) are 
identical. The closed- loop transfer functions and op­
timum bandwidth expressions can then be derived 
as follows : 
In the circuit of Fig. 1, 

5_1 

A = open -loop gain 
% = first dominant pole 
R1 = feedback resistor 
R

2 
= input resistor 

R3 = feedback resistor 
R4 = input resistor 

R1 / R2 = l-L1 

R3/R4 = l-L2 
'A = Lagrange's multiplier 

R, 

SECTION 1 SECTION 2 

Optimization of gain-bandwidth product of multiple-amplifier 
circuits is possible through proper adjustment of each amplifier's 
closed-loop gain . 

The voltage transfer function for section 1 and 2 are : 

Awo /J-1 

1 + /J-1 

jw + w,,( A + 1 + µ, 1 ) 

1 + /J-1 

jw + w0 (A + 1 + µ,2 ) 

1 + /J-2 

(1) 

(2) 

and the end-to-end gain is the product of 1 and 2, or 

(3) 

The de (zero frequency) gain of sections 1 and 2 are: 
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A practical example 

Using two LM 101 operational amplifiers ·con­
nected as shown in Fig. 1, determine the closed­
loop gain, the poles for optimum bandwidth 
and the ratios µ,1 and µ,2. 

Given: 
1. De end-to-end gain, K = 16 
2. A1 = A

2 
= 105 

3. w0 = 60 radians/sec 
4. R2 = R4 = 104 fl 

First, determine µ,1 and µ, 2 from Eq. 12 & 13. 

105 + 1 
J.l1 = 105 = 4.0002 '-'"' 4 

--1 
4 

G (O) = Aµ,2 
2 A+ + 1 J.l2 

The poles of 1 and 2 are: 

w 0 (A + 1 + µ,1 ) 

1 + J.l1 

w 0 (A + 1 + µ, .,) 
p2 = -

1 + J.l2 

And the end-to-end de gain is noted by K 

K = A2µ,1µ,2 
(A + 1 + µ,1)(A + 1 + µ,2 ) 

(4) 

(5) 

(6) 

(7) 

(8) 

Using Eq. 6, 7 and 8 in Lagrange's form, the func­
tion F is 

F = [w0 (A + 1 + µ,1 ) ][%(A + 1 + µ,2) ] + 
1 + J.l1 1 + J.l2 

.\ A2µ,1µ,2 
(A + 1 + µ,1) (A + 1 + µ,2) 

(9) 

Then , using the ca lculus, the poles of Eq. 9 will be 
optimized subject to the constraint K. The partial de­
rivatives of F with respect to µ,1 and µ,2 are: 

aF - wc/ A(A + 1 + µ,2 ) 

--------+ 
aµ,1 ( 1 + µ, y ( 1 + µ,

2
) 

.\ A2µ,2 (A + 1) 
(10) 

(A + 1 + µ,2 ) (A + 1 + µ, y 

105 + 1 
J.l2 = = 4.0002 '-'"' 4 

105 
4-1 

Second, determine P1 and P2 from Eq. 16 & 17. 

P = 60(l0
5 

+ 1) = 1.2 x 106 radian/sec 
I 5 

P = 
60(l0

5 
+ 1) = 1.2 x 106 radians/sec 

2 5 

The overall combined 3-dB bandwidth is 
therefore, 

w3 dB = 0.64P1 = 7.68 x 105 radians/sec 

aF - w
0

2A(A + 1 + µ, 1 ) 
~~~~~~~~+ 

a J.l2 ( 1 + J.l2 ) 2 ( 1 + J.l I ) 

.\ A2µ, 1 (A + 1) 
(11) 

A considerable amount of manipulation is involved 
in the simultaneous so lutions for µ,1 and µ,2' and for 
brevity, wi II not be shown here. However, the pro­
cedure for those who wish to work through the solu­
tion is as fo llows: First, set Eq. 10 and 11 to zero . 

A + 1 + µ, 1 
Multiply Eq. 10 by A + 

1 
and Eq. 11 by 

A + 1 + µ,2 ----. After multipl yi ng, add both equations 
A+l 

and solve for.\ . Substitute the so lution fo r A. back into 
Eq. 10 and 11 and simultaneously so lve for µ, 1 and 
µ, 2 • The results for µ, 1 and µ, 2 are: 

A+l 
J.l 1 = A 

--1 
Vi< 

A+l 
J.l2 = A 

-- 1 
vK 

(12) 

(13) 

Substitutin g Eq. 12 and 13 into Eq. 4 and 5 , respec­
tively , gives the de ga in in terms of K. 

Gl(O) = VK (14) 

G2(0) = VK (15) 

And the poles for maximum bandwidth are : 
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w0 (A + 1) 

1 + \ fK 
w0 (A + 1) 

p =-----
2 1 + \IK 

(16) 

(17) 

These results indicate that the c losed-loop ga in and 
bandwidth of sect ions 1 and 2 are equal for optimum 
bandwidth. 

In the above analysis it was assumed that each 
amplifier had one pole. However, all ampli fiers have 
more than a single pole, whi ch usually occurs after 
crossover, and often the phase contribution of ad­
di tional poles give ri se to overshoot in the step re­
sponse. Although the proof is not shown here, the 
result of Eq. 12 and 13 are equall y applicable for a 
number of poles. 

The transfer function of sections 1 or 2 ( 1 is shown) 
in terms of K is: 

w0VK(A + 1) 

. w0 (A + 1) 
Jw+~---

1 + K 

(18) 

And the perfectly general result for N ampli f iers in 
tandem is : 

A+l 
P.,; = 

A 
(19) 

---
(K) t/N 

pi 
w0 (A + 1) 

(K) t/N + 1 
(20) 

The example in the accompanying box shows how 
Eq. 12 throu gh 17 is used in an actual app lication . o 

Reference: 
Taylor, Angus E., Advanced Ca lculus, Gi nn and Company, 
pp. 198, 199. 
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RCA's new amplifier may turn you off! 
Actually, it may turn your system off. Or turn it on . Because terns (temperature, motor speed controls). alarm systems, 
the new CA3094 linear amplifier is also a very effective analog timers, long time ramp generators , high power 
Power Switch that can operate off a single power supply. ~lllD' single-ended class A amplifiers, automotive or process con-
That's right! ... a programmable Power Switch/ Amplifier all trol systems or even household appliances, the CA3094 
in one T0-5 package. And this makes it one of the most should be your top choice. 
flexible devices available to you today. Best of all, it's available in quantity right now in the fol-

For example, the CA3094 has high power capability (1 O lowing configurations: 
watts peak or 3 watts average), ideal for controlling thyris- ----------------------
tors, relays, lamps, etc. Yet it can be programmed to idle at 
microwatt power levels, a real plus in low duty cycle appli­
cations. 

And its programmable input impedance allows you to 
design economical timer circuits with delays in excess of 
four hours. 

Add to this, programmable strobing, gating , squelching 
a:nd AGC capabilities and an excellent THO (@ 0.6 W in 
class A operation of 1.4% typ). and you can see why appli­
cations for the CA3094 are almost endless. 

And variety of applications is where this device really 
shines. Whether you're designing error signal detector sys-

Voltage Voltage Output Current 
*Type Single Supply Gain Dual Supply Peak Average 

CA3094T 24V 100dB typ. '±12 300 ma 100 ma 
CA3094AT 36V 100dB typ. ±18 300 ma 100 ma 
CA3094BT 44V 100dB typ. ±22 300 ma 100 ma 

*These three types are also available in formed-lead T0-5 for dual-in-line socket 
configuration , as CA3094S , CA3094AS, and CA3094BS . 

Interested? Let us send you a Data Sheet and Application Note (ICAN-
6048). Write: RCA 
Solid State. Section, 
50E5 Box 3200 
Somerville, N.J. 
Phone: (201) 722-3200 RC" Solid 

State 
International: RCA, Sunbury-on-Thames, U.K. , or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, products that make products pay Off 
Toyko, Japan. In Canada: RCA Limited, Ste Anne de Bellevue 810, Canada. 

Circle No. 32 



Save ROMs in high-resolution 
dot-matrix displays and printers 
A technique called intermediate coding exploits the fact that column 
patterns tend to become highly redundant as matrix size increases. 

Dale Mrazek, National Semiconductor Corp. 

Conventionally, the number of bits in a digital char­
acter generator's read-only memory is proportional 
to the number of dots in the character matrix. That 
is, the ROM array ordinarily doubles and redoubles 
in size as one scales up the resolution or changes 
from an upper-case only to an upper-case/lower­
case font. 

Fortunately, such progressions are not always re­
quired. Reorganizing the ROMs to suit the specific 
application can often save thousands of bits and 
allow the designer to use smaller, faster and more 
economical monolithic ROMs. As a simple example, 
if you expand the array in 32-character subsets rather 
than the more conventional 64-character subsets, 

••• • •••• ••• •••• ••••• ••••• •••• • • • • • • • • • • • • • • • • • • • • • • • • •• • • • ••• • • • ••• ••• • •• • • • • •••• • • • • • • • • • .. • • • • • • • • • • • • • • ••• • • •••• ••• •••• • •••• • • ••• 
• • ••• • • • • • • • • :-··: • • • • • • • •• •• •• • • • • • • • • • • • • • • • • ••••• • • •• • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••• ••• • • ••••• • • • • ••••• 
•••• ••• •••• ••• ••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••• • • •••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • •• • • • ••• • ••• • • • 
• • • • ••••• • •• • ••• • • • • • • • • • ••• • • • • • • • • • • • • • • • • • • • • • •••• • • • • • • • • • • • • • • • • • • • • • ••••• • •• • ••• • 

• • • • • • •• • • •• • • • • • •••• •• • • • •• • • • •• •• • • • • • • • ••• • .. • •• •• • • • • • • • •••• • •• • • • • • • • •• •• • 
• • • • • • • • • •• • • • • • •••• • • : • ••• ••••• •• • •••• • • • • • • •• • • • • • •• • • • • •• • 

•• • ••• ••• • ••••• •• • •••• • • •• • • • • • • • • • • • • • • • • •••• • • • • • ••• •• • • • •••• • • • • • • ••••• • • • • • • • • • • • • • • • • •• ••• • •••• ••• • • •• ••• • 
••• ••• • • • • •• • • • • :: •• • • • • • • • • • ••••• • • ••• • ••• •• • • : • • • •• •• • • •••• • • • • •• • • • ••• •• • • • • 

(a) UPPER-CASE FONT 

you will enhance performance and save up to 25% 
of ROM capacity in typical upper-case/lower-case 
(UC/LC) applications . 

Savings much greater than 25 % are possible when 
the matrix size reaches the point where several 
monolithic ROMs are needed to store the font. In 
cases like these, a 2-stage, column-generation ap­
proach called " intermediate coding" has been found 
to be much more efficient than straightforward dot­
matrix generation. Intermediate coding exploits the 
probability that column patterns will become highly 
redundant as the matrix size increases. 

One version of this new technique automatically 
proportions character widths , as in letterpress print-

•• ••••• • • • • •• • • • • • • • • • • • • • • • • • • •• • • • • • • • • •••• • • •• • •••• • • • • • • • • • •• • • • • • • • • • • • • • •••• •• • • •••• ••••• ••••• • •• • 
••••• ••••• • •••• • • • • • • • • • • • • • • ••• ••• • • • • • • • • • • • •• • • •• ••••• • • • • • • • • • • ••• ••• • • • • • • • • • • • • • • • • • • • • • ••••• • • •••• • • • • 

• • • • • • • • • • ••• ••• • • • • • • ••• • •• • • • • • • • • • • • • •• •• • • • • • • ••••• • ••• ••• • ••• • • ••• • • • • • • • •••• • • • • • • • • • • • • •• • • • • • • • • • • • • • • ••• ••• • • ••• • •• • • • • • • • • 
• •••• ••••• ••••• ••••• ••••• ••••• • •••• • •••• • • • • • • • • • • • • • • • • • • • • •• •• • • • • • • • • • • • • • • • • • • • • • ••••• • • • ••••• • ••• ••• • . .. • • ••• •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••• ••••• ••••• ••••• ••••• ••••• • •••• • •••• 
• • • • • • • • • • • • • • • • • •• • •• •••• •• • • •• • • • • • •• • • • • • • • • •• • • • • • • • • • • ••• • • ••• • • • • • • • • • • •••• •••• •••• •••• • •• • • •• 

• • • • • • • • • •• • • • • • • • • • • • ••• •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • •• 
• •• • •• • •• • • • • • • • • • •• •••• • ••• • • • • • • • • • •• •• • • • • • • • • • •••• •• • • ••• • • • • • • • • • • • • • • • • • • • • • • • • • •••• •• •• • • • • 

• • • • • • • • • • • • • • • • • • • • •••• • • • • • • • • • •• • • • • •• • • • • •• • • • • • • • • • • • • • • • • • • • • • •• • •••• • • • • • 
(b) LOWER·CASE FONT 

Fig. 1 - The ASCII full set font consists of 154 5 x 7 characters and control symbols. 
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ing. This gives each character a more natural shape 
and eliminates the irregular spacings usually seen 
around " I" and other narrow characters. Yet, the 
control logic is simple, and the ROM savings ap­
proach 40% for typical font sizes. Such advantages 
are available immediately, without development of 
special ROMs. The designs can be implemented 
with standard MOS or bipolar ROMs current ly in 
production. In fact, intermediate coding broadens 
cost/performance options by allowing a combi nation 
of MOS and bipo lar ROMs to be used. 

Dot-character fonts come in many sizes 
Dot-character styles ranging in comp lexity from 5 

x 7 to 12 x 24 or more dots per character have 
been deve loped to meet the human-engineering 
standards of various industr ies using digita l displays 
and printers. Popu lar sizes are listed in Table 1. 

The 5 x 7 fonts (Fig. 1) are most widely used due 
to their cost attractiveness for low-cost data interface 
terminals (although some terminal manufacturers are 
going to larger sizes in response to complaints that 
5 x 7 presentations cause eyestrain). In other appli­
cations, a standard is often set by older print ing tech­
niques. To cite a few examples : busi ness-machine 
users are accustomed to typewriti ng; advertisers 
want characters with " sales appeal" on their bill ­
board disp lays; traffic-contro l signs must be read 
easily at a distance; and electronic printing systems 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
1 •••• • •• • •• • 
2 • • • •• • • • 
3 • • • • • • • 4 •••• • • • .. • 5 • • • ••• •••• 6 . • • • 7 . •• • • 

1234567 1234567 1234567 
1 ••••• 
2 • • 
3 • • • • •• • 
4 • • • •• 
5 • • • • • UC 6 ••••• • • • LC 7 . • • • a e • • • 
9 • •• ••••• 
10 • 
11 • 
12 • 

TABLE I - T YPICAL DOT-MATRI X CHARACTE R FONTS 

Size and Dots per Theoretical Design Practical 
scanning character character ROM effectiveness designs 

5X7 35 64 x 7 x 5 = 2 500 1.00 Fig. 3 
Horizontal 

7 x 5 35 64X5X7=2560 1.00 Fig. 3 
Vertical 

7X9 63 64 x 9 x 7 = 4032 0.67 Fig. 6&7 
Horizontal 

9X7 63 64 x 7 x 9 = 4032 1.00 Fig. 5& 8 
Vertical 

7X12&8X12 96 64X 12X8 = 6144 1.00 Fig. 6 & 7 
Horizontal 

12X7&12X8 96 64X8X 12 = 6144 1.00 Fig. 8 
Vertical 

12 x 16 192 64 x 16 x 12 = 12,288 1.50 for Fig. 9a Fig. 8 
Horizontal 

16 x 12 192 64 x 12 x 16 = 12,288 1.50 for Fig. 9a Fig.6&7 
Vertica l Fig. 9 

24 x 12 288 64 x 12 x 24 = 18,432 2.00 For Fig. 9b Fig. 6 & 7 
Vertical Fig. 9 

64 X 13 X 10 to 208 64 x 13 x 16 = 13,312 3.06 for Fig. 10 Fig. 10 
64X13X 16 
Variable font 
width 

may have to simulate several metal-type fonts. 
The matrix size is also frequently en larged to im­

prove lower-case character definition in upper­
case/ lower-case app li cations. A 5 x 7 font typica lly 
grows to 7 x 9 for UC and 7 x 12 for LC, as in Fig. 
2. Li kewise, 7 x 9 is expanded to 8 x 12 and 
12 x 16 to 12 x 24 for LC. 

1 2 3 4 5 1 2 3 4 5 

• • •• • • • • • • • • • • • •• • • • • • • •• • 

1234567 1234567 1 2 3 4 5 6 7 

• 1 

• 2 

••• • • • • 3 

• •• • • • • • 4 

• • • • •• • 5 

• • • • • • 6 CHARACTERS 

• • • •• • • 7 WI TH 

••••• ••• • • e B TA ILS 
• • • • 9 

• • • 10 

• • • 11 

• ••• 12 

Fig. 2 - Lower-case character definition is often improved by an increase in the dot matri x size . 
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CHARACTER 
CODE 

ROW 
ADDRESS 

CHARACTER 
CODE 

COLUMN 
ADDRESS 

A, 

A, 

A3 

A• 

As 

As 

RA 1 

RA
2 

RA3 

CE 

A , 0-----1 

A, ,,_ _ __, 

A3 0-----1 

A. 0-----1 

As o-----1 

As ,,,_ _ __, 

CA 1 0-----1 

CA2 o-----t 

CA3 o-----t 

CE 

MM5240 
64 X8 X5 

MM524 1 
64 X6 X8 

t--- --<J 2 

o--- -u 3 OUTPUTS 

1----U 4 

1--- -u 5 

USE 2 ROMS AND 
APPLY A 7 TO CE 

FOR 128 CHARACTERS 

OUTPUTS 

1 2 3 4 5 

••••• • •••• • • • • ••• 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

(a) 5 X 7 HORIZONTAL SCAN, 64 CHARACTERS 

2 

3 

4 
OUTPUTS 

5 

6 

7 

8 

USE 2 ROMS AND 
APP LY A

7 
TO CE 

FOR 128 CHARACTERS 

COLUMN ADDRESS 

0.--0.-0.-

00...-.-00 

0000.-.-

8 
••••• 7 

• 6 

• • 

• 5 
• 4 

• 3 
2 
1 

(b) 7 X 5 VERTICAL SCAN, 64 CHARACTERS 

ROW SCAN 
ADDRESS -

OUTPUTS SCAN 

l 

Fig. 3- Standard character-generator ROMs such as these can be adapted to a variety of font sizes. 

At 5 x 7, it is most economica l, as a rule, to pro­
gram a "full set" of 128 upper-case/ lower-case char­
acters in standard character-generator ROMs. The 
full set in Fig. 1, for examp le, is stored in two 64-
character MOS ROMs. Thi s provides a mass-pro­
duction base and equalizes access times. If the 32 
specia l symbo ls generated with the ASCII control 

INPUT 
CHARACTER 

DATA 

m/ n 

m X6 

1/n 1/6 

codes are not usable, they are simple blanked by 
disabling the lower-case ROM when the seventh 
ASCI I bit is " O". But if the font is sca led up to simu­
late typewriting, for example, this practice becomes 
wasteful since 96 characters would suffice. 

Another complication is that many specialized 
font sizes, such as 11 x 9, do not fit neat ly into stan-

CHARACTER 
GENERATOR ZAXIS 

MOD. 

OUTPUT REGI STER 

PARALLEL .---- - ---- -.--+--O ENABLE 

1/7 t------ ---o DOT RATE 
CLOCK 

LINE 
COUNTER 

LINE 
DIVIDER 

COLUMN 
COUNTER 

DOT/COLUMN 
DIVIDER 

Fig. 4 - Typical 7 x 5 vertical-scan character generator req uires support logic for its operation. 
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dard ROMs made in bui lding block sizes. In other 
words, one can not store the font in a minimum sized 
array without paying the extra costs of custom ROM 
development or specialized low-volume ROMS. 

Consequently, character-generator ROMs have 
been developed that adapt to a variety of font sizes. 
They may not exact ly fit the minimum matrix array 
at odd sizes, but that is easily offset by the economy 
of parts standardization. Two such MOS ROMs are 
outlined in Fig. 3 together with their addressing for 
5 x 7 hori zontal scanning and 7 x 5 vertical scan­
ning. The vertical-scan subsystem in Fig. 4 shows the 

CA 1 - CA3 

CE 

CE 

MM5240 
64 x 8 x 5 

No. 1 

No. 2 

amount of support logic typically required in that 
type of display. 

The MM5240 of Fig. 3a expands in a straightfor­
ward manner in 64-character increments to larger 
fonts , such as the 9 x 7 or 10 x 8 arrays shown in 
Fig. 5. An expansion, such as Fig. 5, would be used 
to provide a full set upper-case/ lower-case font. 
These expansions keep the character rate the same 
as at 5 x 7, whereas doubling the size of each 
monolithic ROM would not. 

A similar expansion of the MM5241 of Fig. 3b, as 
in Fig. 6, would provide 7 x 9 to 8 x 12 horizontal 

9X7 
FORMAT 

DM8590 

P/S 
REGISTER 

0-0-0-0- } 
00.-.-00.-.-

0000 .- .-.- ..... 

• • 1 

•• • 2 

• • • 3 

• • • 4 

• • • 5 

• •• 6 

• • 7 

• • 8 

• • 9 
10 

.. 
COLUMN OUTPUT 

CO LUMN ADDRESS 

ROM 
OUTPUTS 

SPACE 

(a) 9 X 7 or 8 X 10 VERTICAL- SCAN, 64 CHARACTERS 

,.;. / t-0 
~ 

) MM5240 

r.. 64 x 8 x 5 
~ '\,. 1-o 5 

CA, - CA3 

P/S 

""" J ...,-

/ -0 6 

/ 
MM5240 

~-10 

/ -0 

) MM5240 

'\,. -0' 
J 

5 

/ 
6 -0' 

) MM5240 

'\,.. -..., 

J 
10 

(b) 9 X 7 or 10 X 8 VERTICAL - SCAN , 128 CHARACTERS 

Fig. 5 - Larger fonts such as these are possible by ex panding the 5 x 7 MM5240 of Fig. 3a. 
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scan fonts. However, the direct 64-character expan­
sion places a ROM-enabling operation in the middle 
of the character. Such operations are common in 
large-font generator designs. 

A simple solution to this problem is to "steal " a 
character-address input, use it as a row-address in­
put, and then use a chip-enable input as a character 
input (Fig. 6). This provides a 32-character or 64-
character block enabled during the between-char­
acters spacing interval. A 32-character block would 
be the only ROM required in a system using only 
numbers and symbols. However, the chief attraction 
of this conversion is in upper-case/ lower-case appli­
cations. Fig. 7 shows how to use three ROMs to 
generate 96 7 x 9 to 8 x 12 horizontal-scan char-

A
1 

- A
6 

MM5241 
64 X6X8 

No. 1 

RA1 - RA3 

No. 2 

acters-a 25% savings compared with a "full-set" 
expansion. The chip-enable inputs are programmed 
to sense the sixth and seventh character-address bits. 
External decoders aren't needed. 

If each ROM in Fig. 7 is replaced with a parallel 
assembly of three ROMs (24 outputs), the result is a 
24 x 12, 96-character vertical-scan generator hav­
ing the same character rate as at 8 x 12. In other 
words, the 32-character approach maintains the 
benefits of parts standardization and performance up 
to a very high resolution. 

Other ROMs can be used in this fashion. In Fig. 8, 
the MM52 27 Tri-State and MM5228 256 x 12 
ROMs are shown in expansions that complement 
those of the MM5241 . These ROMs provide access 

OUTPUTS 

12345678 ROW ADDRESS 

• • 0 0 0 ? • • 0 0 1 

•• • 0 1 0 ROM 

• • • 0 1 1 \ No. 1 
8 x 10 • • • 1 0 0 

FORMAT • • • 1 0 1 

• • • 0 0 0 

• • • 0 0 1 

• • 0 1 0 ROM 

• • 0 1 1 No. 2 
1 0 0 
1 0 1 

1/ 2 CHARACTER 
CLOCK 

(a) 7 X 9 to 8 X 12 HOR IZON TAL · SCAN. 64 CHARACT ERS 

RA
1 

- RA
4 

As 

MM5241 
32 X12X8 

No. 1 

No. 2 

8 x 10 
FORMAT 

1 2 3 4 5 6 7 8 ROW ADDRESS 

• • 0 0 0 0 

•• • 0 0 0 1 

• • • 0 0 1 0 

• • • 0 0 1 1 

• • • 0 1 0 0 

• • • 0 1 0 1 

• • • 0 1 1 0 

• • 0 1 1 1 

• • 1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 

(b) 7 X 9 to 8 X 12 IMPROVED HOR IZONTAL- SCAN, 64 CHARACTERS 

Fig. 6- Conventional and improved expansions of the 7 x 5 MM5 241 of Fig. Jb are poss ible. 
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8 X 12 FORMAT I UPPER & LOWER CASE I 

OUTPUTS I EACH ROM I 

12345678 12345678 

• • 0 0 0 0 

•• •• 0 0 0 1 

• • • • 0 0 1 0 

• • • • • • 0 0 1 1 

• • • • 0 1 0 0 
• • • • 0 1 0 1 

• • • • • 0 1 1 0 
• • • ••• • 0 1 1 1 

• 1 0 0 0 

• 1 0 0 1 

• • 1 0 1 0 

•••• 1 0 1 1 

CE PROGRAM FOR ASCII 
ROM No. 1 A

6 
= 0, A7 = 0 (CAPITAL LETTERS) 

ROM No. 2 A6 = 1, A7 = 0 (NUMBERS, SYMBOLS) 

ROM No. 3 A6 = 1, A7 = 1 (LOWER - CASE LETTERS) 

MM5241 
32X 12X8 

No. 1 

No. 2 

No. 3 

ROW 
ADDRESS 

Fig. 7 - Three 32-character ROMs can be expanded to produce a 
7 x 1 2 or 8 x 1 2 96-character generator. 

times well under a microsecond. For rates in the 
nanosecond range, general-purpose bi polar ROMs 
having four or eight outputs, such as the DM8597 
256 x 4 and DM8575 512 x 8 can be worked into 
simi lar organizations. 

Intermediate coding saves bits 
Designs proportioned to the matrix size are not 

the most efficient at larger font sizes. It pays to ana­
lyze the actual character patterns to determine 
w hether other organizations can be used. For exam­
ple, the full-dot columns in such vertical-scan char­
acters as b, B, d, D, H, T, etc., are usually identical. 

An upper-case font typica lly contains only 60 
unique column patterns at 7 x 5, 110 at 9 x 7, 120 
at 11 x 9 and 122 at 16 x 12. Theoretically, they 
could all have been unique, since there is a possible 
pattern variation ranging from 128 to 65 ,536 (2 7 to 

216). Upper-case/ lower-case and horizontal-scan 
Jonts are more variable than upper-case vertical-scan 
fonts , but they are sti ll far from worst-case . 

The preceding analysis of full-dot columns led to 
the organization of Fig. 9. Instead of doubling the 
64 x 12 x 8 organization to produce fonts up to 
16 x 12, it adds only a 2k ROM. Up to 128 unique 
column patterns are stored in 8-bit, half-column 
segments in the MM52 3 l 256 x 8 ROM. These are 
accessed with 7-bit intermediate codes selected with 
the input array and a half-co lumn clock at a submul -

CODE 
ADDRESS 

A, 

CHIP ) CS, 
SELECT ~ CS 

(PROGRAM 2 

ENABLE) cs3 

(a) BASIC ROM 

CHARACTER A - A 
ADDRESS 1 5 

COLUMN CA - CA -.....---.. 
ADDRESS 

1 3 

AG - A1 --t-t--<-. 

1cs
1 

- cs21 

MM5227 
OR 

MM5228 
256 x 12 

CE 

ROM 
No. 1 

32 x 8 x 12 

CE 

No. 2 
32 x 8 x 12 

CE 

No. 3 
32 x 8 x 12 

CE 

(b) 9 X 7 to 12 X 8 VERTICAL - SCAN, 96 CHARACTERS 

12 

12 

12 

Fig. 8 - Other general-purpose ROMs can be expanded to very 
high resolutions. 
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tiple of the dot rate. The intermediate codes neces­
sary to form each character are simply listed in char­
acter-generator fashion in the input code converters . 
At 16 x 12, the reduced requirements fo r an upper­
case font are from 1 2k to 8k, or a reduction of 4 kilo­
b its (33%). 

Since the 8-bit outputs of the 256 x 8-bit ROMs 
actually allow 128 unique columns to be selected , 
the savings could grow rapidly through several ex­
pansion leve ls, even without further rearranging. If 
more than 128 unique co lumn codes are required, 

CA 1 - CA4 o---+-.-< 

MM5241 
32X12X8 

No.1 

As 0--t~-+-----~ 
o-......i-+-+-- -------' CE = As = O 

No.2 

CE= A
6 

= 1 

'--------------' 

the second ROM in the string can be changed to 
possibly a 512 x 8 ROM, thereby giv ing 256 unique 
co lumns which can be generated for the larger fonts 
and character group sets (96 or 128 characters). 

Assuming a 16 x 12, 96-character requirement, 
the 256 x 8 ROMs added as in Fig. 9 would provide 
192 unique co lumn patterns, and the savings would 
be at least l 8k - l 2k = 6k . It might be necessary 
at the 24 x 12 upper-case/ lower-case size to use 
two 256 x 12 ROMs in parallel , but this would still 
save 27k - l 5k = l 2k (or perhaps 36k - l 8k in a 

MM5231 
256 x 8 

COLUMN 

a: 
' w 

0 f­
f- a: 

, W 

GENERATOR 

__J > 
wZ 
__J 0 
__Ju 

< __J 

a: < 
< ­
"- a: 

1/ 2 COLUMN CLOCK 

1/ 2 COLUMN 
CLOCK = 1 

1/2 COLUMN 
CLOCK = 0 

w 
C/) 

123456789101112 

• • • • • • • • 1 
• • 2 

• • 3 
• 4 
• 5 
• 6 

• 7 
• • • • • • • • 8 

• 9 
• 10 
• 11 
• 12 
• 13 

• • 14 
• • 15 

CRT 

(a) 12 X 16 VERTICAL SCAN (UPPER CASE) • • • • • • • • 16 

A1 - A5 n---------< 
MM5241 

32 x 12 x 8 
No.1 

CA
1

- CA
4
0----._--+--< 

As n---,__-----~ CE 1 = A6 = O 
A7 O-+--+--+--+----~ CE2 = A7 = 0 

No. 2 

CE
1 

= A
6 

= 1 

--+----+-----~ CE 2 = A7 = 0 

No. 3 

CE 1 = A6 = 1 
...__ ________ ___. CE

2 
= A

7 
= 1 

INTERMEDIATE 
8 · BIT COLUMN 
SELECT CODE 

1/2 COLUMN 
CLOCK 

MM5241 
384 x 8 

COLUMN 
GENERATOR 

CE 

P/S 

(b) 16 X 12, 96 · CHARACTER GENERATOR (UPPER AND LOWER CASE) 

Fig. 9- Intermediate coding schemes such as these are devi sed by analyz ing the actual character patterns to be generated. They require 
cons iderably less ROM capacity than would conventiona l ROM expansion. 
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128-character application, using four input and two 
output ROMs). The efficiency grows with font size 
because the column patterns become redundant. 

At first glance, the organization appears to double 
the access time because there are two stages to be 
accessed in sequence. But since there is no feed­
back, the stages can operate in a ripple mode. Thus, 

CHARACTER~ 
DATA I N PUT~ 

(a) 

CHARACTER 
MEMORY 

CLOCK OUTPUT 

DM7488 
(2 

REG.I 

PE 

Note A: Repeat code group 

an 8-bit bipolar register can be inserted between the 
stages to temporarily store each intermediate code. 
Th is restores the over al I access ti me to that of the 
slowest ROM in the series (e.g., less than a microsec­
ond for MOS ROMs), and the character rate is es­
sentially the same as that achieved with conven­
tional ROM techniques. 

CLEAR 

c 
,__ __ o D 

ROM 
256 x 16 

2 
MM5203 

OR 
2 

MM5213 
OR 

DM8575 1---+-4 

EOC 

DM8281 

PE 

DM74L74 

D 

SPACE COD E 0000 0000 -\\..-------~)\----------~)\---------,\ 

(b) 

COUNTER OUTPUT 
(4 LSBI 

oo ------- -oo - -oooooo- - 00--00 -- 00000--ooooo - -ooo 
oooooooooooooo----aooo----0000 - --00--0000000-00 
00000000000000000000000000 - ------0000--------oo 

13 • 
12 • 
11 • 
10 • 
9 • 
8 • 
7 • 
6 • 
5 • 
4 • 
3 • 
2 • 
1 • 

CO LUMNS 

•••••••• •••••••• 
345678910 

REPEAT COD E 1 0 3 2 1 0 3 2 1 0 
(13 x 10) 

EOC CODE 0 0 0 0 0 0 1 1 1 1 

•• •• •• •• 

•• •• •• •• 
1 2 5 6 

1 0 1 0 1 0 

0 0 0 0 1 1 

• •• ••• • •• • • ••• ••• • ••• ••• • ••• •• • • • •• •• • • -· •• •• • • • • • ••• •• •••• • • •• • •••• • • • • • • •• •• • •• • • • •• •• • •• • • ••••• • •• •• • ••• 
2 3 4 5 6 7 8 9 10111213 1 2 5 6 7 8 9 10 

1000000000010 1010210000 

000000000001 1 0000000001 

Fig. 10- Repeat-pattern vertical-scan generator (a) holds the vertical column output static until it has to change. The design produces a 
variable-width matrix, which results in a very pleas ing character appearance (b). 
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Alternatively, the output ROM, the input ROM, or 
both may be bipolar to increase the rate. The 
DM8575 512 x 8 ROM fits most large-font geome­

tries quite well and costs less than subassemblies of 
1 k bipolar ROMs. Again , an intermediate register 
will maximize the rate. 

Repeat-pattern coding can be efficient 
Some character styles have bold "double dot" or 

similar patterns that result in a high probability of the 
same column pattern repeating sequentially in the 
same character. This characteristic is common in 
ticker-tape systems, large-panel and billboard dis­
plays , news bulletins broadcast to appear as a run­
ning line across a television picture and so forth . 

Typical fonts exhibit less than 256 actual changes 
of column patterns through a 64-character sequence, 
not the worst-case of 320 at 7 x 5, 640 at 10 x 8, 
and so forth . Therefore, an organization that holds 
the column output static until it has to change would 
be highly efficient. Fig. 10 is a practical design for 
upper-case fonts with 1 0 x 1 0 to 1 3 x 1 0 matrices. 
It saves nearly 40% of ROM capacity. Moreover, the 
matrix width varies with the character shape as can 
be seen in the example word LIMB. The characters 
look more natural and are evenly spaced. Column 
height is changed by programming the outputs to be 
used. 

Proportional spacing makes this organization an 
excellent choice for ink-dot spray printers and other 
" line-of-type" printing applications, as well as verti­
cal-scan displays. This technique does not lend itself 
directly to raster-scan displays since characters are 
scanned sequentially on one raster line rather than 
completing a character before starting a new charac­
ter. To use this technique on raster scan, an interme­
diate storage memory would be required as a line 
memory. 

Assuming a nominal matrix size of 13 x 10, the 
organization of Fig. 10 requires a 256 x 16 ROM 
array. Each 16-bit output word contains a 13-dot 
column pattern , a 2-bit repeat code and, in the last 
word of a character, an EOC bit (end-of-character 
" l " bit). Address location 0000 0000 is reserved for 
an all-zeroing spacing column. 

The first address of each character is listed in the 
small input ROM at locations where they will be 
accessed by the standard code. The intermediate 
code will then be the starting address and the next 
column-select codes for each character will be gen­
erated sequentially by the logic. 

Suppose, for example, that character@ through K 
occupy locations 0000 0001 through 0010 1111 in 
the main ROM. Then L's three words occupy loca­
tions 0011 0000 through 0011 0010, M starts at 
0011 0011 , and so forth . L takes three words at the 
13 x 10 size since the 2-dot bar pattern can be re­
peated only four times with a 2-bit repeat code. If 
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the co lumns were programmed 12 or less dots high, 
a 3-bit repeat code could be used. L would be gen­
erated with two words, and single-pattern characters 
like " dash" with one word . This solution uses only 
2 x 16 = 32 bits of storage for the character L, 
compared with the present technique of 
10 x 12 = 120 bits. 

The procedure for generating the word LIMB (fig. 
10b) is as follows: First, the standard code for L (e.g., 
001 100) is converted to 0011 0000, which sets the 
address counter. The address counter accesses that 
word in the main ROM, and the repeat code in the 
output sets the master counter to time out in two 
column scanning intervals. L' s first two columns are 
thus formed. 

At the master counter's terminal state, the address 
counter advances to 0011 0001 , the master counter 
is reset to time out in four column intervals, the ad­
dress counter advances again and word 0011 001 O 
is accessed during four intervals. This last word in­
cludes an EOC bit. When EOC and the time-out 
state of the master counter coincide, gate 1 clears 
the address counter. Now address 0000 0000 gener­
ates the space pattern in two spacing columns. 
When the master counter reaches its second state, 
gate 2 enables the address counter's parallel preset 
inputs. Finally, the input ROM sets the counter to the 
starting address for I and the process continues 
through I, M and B. 

Proportional spacing is inherent in thi s technique. 
So is high-speed, since the input ROM is a small 
bipolar array . The main ROM can be either MOS or 
bipolar general-purpose ROMs. This organization 
should also expand efficiently, since the repeat prob­
abi lity tends to rise with matrix width. 

In printing applications involving more complex 
characters, the operational advantages of the tech­
nique might be of more interest than ROM savings. 
For example, two 64 x 6 x 8 or 51 2 x 8 ROMs 
might be used as an upper-case/ lower-case genera­
tor, with the ninth address input used as a direct shift 
control. o 
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Choose the right analog multiplier 
by understanding its limitations 
A knowledge of performance limitations of major parameters can be 

helpful in assuring the proper choice of a monolithic-IC multiplier. 

Gilbert Marosi, lntech Inc. 

Analog multipliers, particularly the IC-transconduct­
ance types, have provided designers with a new di­
mension in versatility, much like the IC op amp of 
yesterday. They can be used to multiply, divide, 
square and take the square root of a wide range of 
signals. When combined with IC op amps, a large 
variety of functional-circuit applications can result. 

Getting the most usefulness out of analog multi­
pliers, however, requires a thorough understanding 
of how they work. Like many other ICs, the mono­
lithic-analog multiplier can catch a designer off 
guard if he relies on the data sheet alone. Limitations 
and unfortunate surprises not presented in the specs 
can be foreseen by a study of the ci rcuit itself. 

This article will demonstrate how a transconduct­
ance multiplier works and shows its intrinsic limita­
tions on accuracy, feedthrough, linearity and 
frequency response . Other surprises observed empiri­
cally, such as the long-term drift phenomenon, will 
be discussed and the results of successful solutions 
revealed. External circuits, effective in improving per­
formance of some major parameters, will also be 
covered in detail. This should give the engineer a 
better handle on effecting a better total-system 
design . 

Parameters of primary concern for improving IC­
multiplier performance are: 
• De accuracy which is specified with reference to 
the output-voltage swing, generally ± 1 OV. 
• Feedthrough, which takes on added importance 
when the multiplier is used in age app lications. 
• Linearity, a parameter essential for low-distortion 
appli cations. 

VO LTAGE - TO­
CURR ENT 

CONVER T ER 

LOGAR ITH MIC 
DI OD ES 

• Frequency response. The higher the response, the 
more app li cation a multiplier has in wideband­
analog functions. 

The basic multiplier circuit 
The transconductance multiplier (fig. 1) is made 

up of four basic circuit components: two voltage-to­
current converters which transform the two input 
vo ltages Ex and E,. into currents; a logarithmic-diode 
circuit which accepts one of these currents ; an anti­
logarithmic circuit whose output current is a function 
of the product and sign of the two inputs Ex and E~; 
and a turnaround circuit that acts as a buffer and level 
sh ifter to make the output " usable" for general­
purpose applications. 

The voltage-to-current converter (Fig. 2) is made 
up of 7 transistors. Transistors 0 6 and 0 7 are con­
stant-current sources which supply equal biasing to 
the 4 voltage-to-current converter transistors 0 11 

0 2, 0 3 and 0 4 • Summing voltage drops around 0 1, 

0 21 0 3 and 0 4 results in : 

I = E,. - Vtie 1 - V1ie2 + V1ie:1 + Vhc4. 

y R,, + r l"2 + r e:J I 

(1) 

given V be t = V h,.2 = V he:i = V '""' and r e i = r,.2 for the E, 
voltage-to-current converter, 

The above equation holds true for 1,, < 51 and I, 
< 51. Transistors 0 2 and 0:1 are operating in sma ll ­
signal conditons where r,.2 and r .. :i are the small-sig-

TU RNA ROUNO 
CIR CU IT AND 

BUFFER 

VOLTAGE 
1----.0 OUTPUT 

E0 = K3 Ex Ev 

VO LTAGE - TO­
CURR ENT 

CONVER TE R 

Iv -----i AN TILOGA RITHM IC 1-------- -.0 CURRENT OUTPUT 
TR ANSISTORS 10 = K 2 Ex Ev 

Fig. 1-The transconductance multiplier ca n be convenientl y 
broken up into four major circuit segments: a pair of voltage- to­
current converters, a logarithmic-diode c ircuit which accepts one 
of the two cu rrents, an antilogarithmic c ircuit whose output cur-
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rent is a function of the product and sign of the two inputs E, and 
E,, and a turnaround c ircuit that acts as a buffer and level shifter to 
make the output useable for general-purpose applications. 
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nal incremental-emitter res istances of 0 2 and 0 3 . 

The frequency response and slew rate of the multi ­
pli er is inherently dependent on the size of the 
voltage-to-current converter' s res istors Ry and R, as 
shown in Fig. 3. Each side of the res istors is shunted 
by the co llector-to-substrate capacitances of constant­
current transistors Ow Q, 5 , 0, 6 and 0, 7, as well as 
th e intrinsic capacitances of those sa me tran sistors. 

The output of the multipli er is a differential current 
out of the co llectors of 0 3 , 0 4 , 0 5 and 0 6 . The co l­
lectors must be set at no less than + 13V for proper 
operation at E, = + lOV. A turnaround c ircuit (Fig. 4) 
is necessa ry to convert the differential-current output 
of the multipl ier into a single ended current suitable 
fo r conversion into a vo ltage output by an op amp. 
The impedance level of thi s turn around c ircui t must 
be low enough to maintain high-frequency response. 

Improving drift 
The variou s drifts encountered in the multiplier are 

zero-offset drift, feedthrough drift and ga in dri ft. The 
zero drift is ca used by offset-vo ltage drift in all 
transistor-pair ampli fiers within the multipli er. Thi s 
is due to beta mismatch between the pairs. Since thi s 
beta mi smatch in monolithi c devi ces is small , 
(1 mV/° C at the output is typi ca l) it is not too signifi ­
ca nt. 

Feedthrough drift is ca used mostl y by offset-vo ltage 
drift in the voltage-to-current converter transistors 
and the six loga rithmi c and antiloga rithmi c tran­
sistors. Thi s drift ca uses a finite output for either E, or 
E, equal to zero. 

Ga in drift is caused primaril y by va ri ation s of cur­
rent from bi as ing the vo ltage-to-current converter of 
the multipli er. Gain is inverse ly proportional to the 
current. The V" drift of 0 ,8 accounts for a good por­
tion of the ga in change with temperature since it is in 
seri es with the res istor w hich sets l:i · 

The worst drift in a modified c ircuit is a negati ve 
sca le-fac tor temperature coeffic ient of 0.05 %/ 0 C. The 
ga in goes up as the temperature goes down and vice 
versa. The so luti on to the d rift prob lem is to se lec t 
the ga in-determining res istors R" R, and R3 in the 
vo ltage- to-curren t converter w ith a temperature 
coefficient w hich nulli fies the inherent negative 
temperature coeffic ient of the sca le factor. 

It w as found th at 1 /8W glass-composition res istors 
could be se lected with either positive or negative 
temperature coeffi c ients such that temperature com­
pensa ti on w as achieved with a resulting sca le-factor 
temperature coeffic ient of 0.01 %/°C. 

Logarithmic and antilogarithmic circuits 
The functi on of 0, and 0 2 in Fig. Sa is to take the 

loga rithm of both currents (I + I) and (I - ly), and 
appl y th e resulting loga rithmi c vo ltage to the anti­
loga rithmi c c ircuits Ql' 0 4 and 0 5 , 0 6 whose output 
is the product of both E, and E,. 

Fig. 2-A voltage-to-current converter ci rcuit conta ins a pair oi 
transistor constant-current sources (Q6 and Q 7) w hich supp ly equal 
biasing currents to transistors Q, through Q .. 

To analyze the c ircuit of Fig. Sa, break it down into 
a simpler c ircu it as in Fig. Sb. 

Summing voltage drops around 0 ,, 0 2 , O:i and 0 4 

results in the foll owing equati ons: 

KT I L1 KT I I, KT I 12 KT I 14 _ ( 2) - - n- - - n- + - n- + - n- - 0 
0 Is 0 Is 0 Is 0 Is 

Is is the reverse-sa turation current of the emitter 
d iodes. The above equati on reduces to: 

Si nce 11 + 12 = I, th en 

14 I, I . d 
I = !=I and so v ing fo r I, an 12 
3 I 

I 
I = --and 

I I 
_] + 1 
14 

I 
12 = -1--

.:! + 1 
13 

(3) 

(4) 

If both of these currents are added into equal res is-
tors, the d ifferentia I vo ltage is 

(S) 

Substituting Eq. 1 into Eq. S, 

(6) 

where E, and E, may be of either po larity. 
Eq. 6 show s that the ga in of the multipli er is in ­

verse ly proportional to the bi as ing current of the E,, 
vo ltage-to-current converter. 
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8 
( - ) 

Y INPUT 

4 

4K 

5 

Rv 4K 

6 

3 

500 500 500 

Fig. 3-A typical IC-multiplier circuit. Resistors R, and Rv, shunted 
by the co llector-to-substrate capaci tances of constant-cu rrent 

Improving accuracy 
Nonlinearities in the output of the multiplier arise 

because of ohmic- res istance components and offset 
mismatch in the 6 transistors of the logarithmic and 
antilogarithmic circuit of Fig. Sa. The major non­
linearity of IC multipli ers is offset mismatch in all 6 
transistors. To analyze the resulting nonlinearity in 
the 4-semiconductor circuit of Fig. Sb, 

KT I la KT I 11 KT I 12 KT I 14 _ -- n- - - n- + - n-+- n- - 0 (7) 
0 ls:i 0 ls1 0 ls2 0 ls4 

151 through 154 are the reverse-sa turation currents of 
the base-emitter diodes of Q1 through Q4, whi ch are 
now assumed to be different. Eq. 7 reduces to : 

_ KT In~ 154 _ KT In~ ls2 = O 
Q 14 ls3 Q 12 ls1 . 

The above equation may be rewritten as: 

- KT In~ - KT In~ - KT lnl s4 ls2 
Q 14 Q 12 0 ls3 ls1 

(8) 

(9) 

to show that different reverse-saturation currents 
cause an offset voltage of; 

- KT I ls4 ls2 V - - n- -
0 Q ls3 ls1 

Offset mismatch occurs beca use the areas of the 
base-emitter junctions are not exactly equal. Their 
reverse-saturation currents are different causing an 
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(- ) 14 

OUTPUT 
~-+------<---+----u 2 (KXY) 

(+ ) 

(+) 
9 

X INPUT 

12 

4K 

11 

4K Rx 

10 

13 

500 500 

transistors Q, 4 through Q17 as we ll as their intrinsic ca paci tances, 
con tro l the multipli er's frequency response and slew rate. 

offset vo ltage of p. 
Eq. 8 reduces to: 

14 11 p- =-
13 12 

I 
11 = I 

_4_ + 1 
pl3 

(10) 

(11) 

(12) 

The above equations determine the nonlinearities 
due to offset voltages in the input current of any of 
the antilogarithmic tran sistors. Referring back to Fig. 
Sa, 13 and its corresponding nonlinearity ca n be 
determined . Eq. 10 and Eq. 11 show that 

I I = E 

4 p(I - 1) + 1 
(I + ly) 

(13) 

where I , = I + I and p = 152 ~ and 
f, k x ls1 ls4 

14 - (I + ly) 

IE 1(1 + p) + ly(l - p) 
(14) 
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where IE= lk + Ix 
The previous equation may be written as follows 

for p = 1. 

(15) 

14 1 ly ly 
- = -+---(1 - p) 
IE 2 21 41 

1 ly ly ( ly) = - + - - (1 - p) - 1 + -
2 21 41 I 

The above equation may be written as 

l4 1 ly 
- = - + --D 
IE 2 21 A 

which shows the linear and the nonlinear terms 
where 

(16) 

DA is the distortion introduced by the offset voltage 
and is defined as the deviation from linearity refer­
enced to maximum output. 

I 
DA is a parabolic function off with a peak value of 

0.25 (1 - p). The percentage distortion (0 ) with 
I 

respect to the full-scale current 
2
y is 

DA ( ly) 1 D = - = 1 + -'-- (1 - p) -
~ I 2 

(17) 

21 

Eq. 17 shows nonlinearity as a function of the ratio 
of the signal current to the biasing current. The linear­
ity improves if this ratio is made as small as possible 
and still maintains a high-frequency response and 
stable operation with temperature. 

Accuracy can be improved from an inherent 1.5% 
to better than 1 % by reducing logarithmic and anti­
logarithmic transistor-bias currents from 1 mA to less 
than 0.8 mA and reducing the signal currents by 
40%. The effect is to operate in a more linear region . 
Out of four major multiplier manufacturers whose 
devices were se lected, only one met all the specifica­
tions necessary to produce a 1 % multiplier. 

Improving speed 
To improve the bandwidth of the multiplier, use a 

turnaround circuit to convert the differential current 
out of the multiplier into a single ended current, 
grounded and suitable for driving an op amp. Such a 
circuit is shown in Fig. 4. The turnaround circuit is 
made up of two matched pairs of transistors 0 1 and 
0 2 (matched betas within 10% and Vbe within 5 mV). 
Oia and Oib are a pair of common-base tran sistors 
whose emitter currents are made up of a standby of 
1.6 mA less the quiescent-multiplier current of 1 mA 

plus or minus the signal current which is approxi­
mately 0.2 mA. Resulting current of ±0.4 mA flows 
out of the collectors of Oi a and Oib· The collector 
current of Oia is turned around on a one-to-one basis 
by the pair of transistors 0 2a and 0 2b. 

The turnaround output is a current composed of the 
XY signal currents only. The standby currents from 
the common-base transistors Oia and 0 2 and the 
quiescent current of the multiplier cancel each other 
out. Since 0 1 and 0 2 are both parts of matched and 
encapsulated transistors, their contribution to either 
sca le factor or offset drift is minimal. 

The choice of the output-buffer amplifier is deter­
mined by the frequency response and slew rate 
required for the multiplier. For multipliers with a 
smal-signal output frequency of 5 MHz and a full­
power response of 1.4 MHz, the corresponding op 
amp should have a unity gain bandwidth of at least 5 
MHz, and a slew rate of at least 100 V/ µ,sec. 

Long-term drift 
A peculiarity of IC multipliers was observed after a 

run of 25 units was adjusted for minimum feed­
through and best accuracy, then tested at various 
temperatures starting at ambient room temperature. 
Between 10 and 20% of the multipliers were out of 
specification. The problem was traced to the lack of 
burning- in of each IC multiplier. 

A 48-hour burn-i n at+ l 50°C of all IC multipliers 
reduced this drift to a 2% rejection margin . Those 
unstabilized units were found to be contaminated, 
and thus useless. This problem of processing has yet 
to be so lved completely in manufacturing IC multi­
pliers with 1 % accuracy. 

lmA ±0.2mA -TO 
OUTPUT 

+15V 

! 1.6mA i 1.6mA 

OF 
MULTIPLIER -

/ ' 
I 0 Q \ 
\ 1 A 1-- ----f· 1 B I 

..... /~ 

/ 
( 

.-----

- 15V 

-
'":" 

\ 

R 

OUTPUT 

Fig. 4-To conver t the multip lier 's differential-output current to a 
usable vo ltage, this turnaround circuit is employed. It produces a 
single ended current suitab le for conversion into a vo ltage output 
by an op amp. 

69 



Fig. 4 shows the basic IC multiplier circuit. Fig. 6 
shows the added circuitry necessary to improve the 
device's operating characteristics. The physical 
choice of these additional components is a major 
factor in mu ltiplier performance improvement. 

Bringing it all together 
To summarize, each of the following parameters 

can be improved by the fo llowing sections of the total 
circuit. 

1. De Accuracy: logarithmic and anti logarithmic 
circuitry. Reduce bias-current level for optimum 
accu racy. This improves the inherent 1.5% accuracy 
to less than 1 % . 

2. Feedthrough: the voltage-to-current converter 
is the key to feedthrough drift. This is improved by 
external temperature-sensitive resistors. The feed­
through-linearity error is caused by the logarithmic/ 
antilogarithmic circuitry. An IC must be preselected 
to achieve true 1 % accuracy. Typically , these errors 
will limit overa ll accuracy to 2%. 

3. Linearity: gain drift is caused by the inherent 
negative temperature coefficient of the scale factor. 
An externa l resistor can be selected with a tempera­
ture coeffic ient that nullifies this effect. Dynamic 
nonlinearity is usually caused by mismatched tran­
sistors in the logarithmic and anti logarithmic circuits. 
The nonlinear function is parabolic in nature whose 
second-harmonic distortion is usually the common 
nonlinear term. This effect is minimized by reducing 

I + Iv 

Fig. 5-Logarithmic and antilogarithmic circui ts (a). Tram istors 
Q, and Q, take the logarithm of currents (l+ I,.) and (1- 1,,) and 
apply the resulting voltage to the antiloga rithmic circuit of tran­
sistors Q3 through Q6 whose output is the product of the multi ­
plier's Ex and E,. inputs. The simplified logarithmic/anti loga rithmi c 
circuit of (b) allows for simpler circuit analys is. 
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x l.C. 

y MULTI PLI ER 

TUR N­
AROUND 
CIRCU IT 

BU FFER 
AMPLI FIER OUTPUT 

Fig. 6-The improved IC multiplier. Additi onal circuit compo­
nents inc lude a turnaround circuit and a buffer amplifier. The 
physical choi ce of these added-on components can be a major 
factor in performance improvement. 

the ratio of internal signal current to biasing current. 
The trade-off is stab le temperature operation and 
frequency response. 

4. Frequency response: sma ll -signal response is 
limited by the IC circuit. It is usually in the 1 to 10-
MHz region , depending on optimization of other 
parameters. 

Full-power response is mainly limited by the 
choice of the turnaround circuit and the output-buffer 
amplifier. Slew rate is the key parameter for choosing 
the output-buffer amplifier. 

When a multiplier is designed into a system, an 
engineer has three general choices: 

1. He can use existing ICs and design in the exter­
nal circuit at a components cost in the range of $15 
for a 2 to 5%-accurate multiplier. Vendors of such 
devices include Motorola , Fairchild , Signetics and 
Silicon General. 

2. He can use existing modules obtained from the 
major op-amp companies such as lntech, Burr­
Brown, Analog Devices and Teledyne Philbrick. 
These save the cost of engineer ing time and add the 
advantage of special chip se lection , when necessary, 
due to the volume of business in this field . 

The device cost however will range from $30 to 
$200, depending on accuracy (0.1 % to 2%) and 
speed (10 kHz to 2 MHz for full-power response and 
100 kHz to 10 MHz for smal l-signal response) . 

3. Or he can design a multiplier circuit using dis­
crete devices. This approach is quite costly both in 
engi neering time and effort and should only be under­
taken where performance is required beyond the 
state-of-the-art. Other overal I system approaches 
should be reconsidered before taking on this task. o 

Author's biography 
Gilbert Marosi is a senior 
project engineer with lntech 
Inc., where he has been 
responsible for the design 
and development of high ­
speed A/D, DIA and non­
linear function modules. A 
year ago, Mr. Marosi was 
emp loyed by the Philco 
Ford Corp. He holds a BSEE 
degree from the Lawrence Institute of Technology 
and a MSEE degree from Santa Clara Univ. 
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Unitrode's UPT Power Switching Transistor series offers representative. For the one closest to you, dial (800) 
the optimum combinations of price and performance from 645-9200 toll free, or in N.Y. State (516) 294-0990 collect. 

0.5A to 20A, and up to 400V in 3 package types. Choose For immediate action on any specific problem, call Sales 
from 100 different transistor types for more efficient and Engineering collect at (617) 926-0404, Unitrode Corporation , 

simplified circuit design in power supplies, switching regu- Department 9Z , 580 Pleasant Street, Watertown, 
lators, inverters, converters, solenoids, stepper motors Massachusetts 02172. 

and other inductive load driving applications. They're avail- For specific data sheets contain ing full characterization 
able off-the-shelf from your local Unitrode distributor or of devices check the table/coupon below. ·----------------------· Unitrode Corporation Dept. 9 z , 580 Pleasant St., Watertown , Mass. 02172 I Please send data sheets on specific <J;-Line Power Switch ing Transistor series checked below. I 
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250ns 800ns 

250ns 550ns 

500ns 1200ns 

450ns 350ns 

300ns 600ns 

Zip: 

prices each 

$ .J.25 to 
2.72 
3.38 to 
5.43 
3.14 to 
5.05 
7 .67 to 

13.92 
3.69 to 
5.93 
4.52 to 
6.91 

I 
I 
I 
I 
I 
I 
I ·----------------------· O:W '" EEM S"U'" 481l0 '"' EBG Som;""'"'''" s"u'" foe moco """'''' pmdo•t ;;,1;•g 

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



§[Q)~ DESIGN AWARDS 

Compensated adjustable zener 

Ralph Tenny 
Texas Instruments Inc., Dallas, TX 

This circui t , when constructed with low-cost 
plastic transistors, has 10 or less dynamic im­
pedance from about 1 mA to the maximum 
allowable dissipation of 0 2 • Substitution of differ­
ent TIS98s for 0 2 has negligible effect on the 
output, and random substitution of 2N5447s for 
0 1 causes only a ±2% change in the output. All 
these features demonstrate the circuit's suitability 
in regulator service for battery powered MOS 
instruments, except for the circuit's linear 
- 0.4%/°C temperature coefficient (20% change 
0 - 50°C). 

By adding a thermistor (Gulton 35TF1) and R4 , 

the circuit is compensated to a maximum devia­
tion of ±0.5% over the 0 - 50°C range . Circuit 
values shown yield this compensation over the 
output range of 3.5 to 15.5V, with on ly R2 

changing to set output voltage. Dynamic temper­
ature compensation depends upon low thermal 
impedance between the thermistor and 0 1, 

o, 
TIS98 

2-transistor adjustable zener has only a 10 dynamic im­
pedance. Thermistor compensating network replaces R, for 
±0.5% stability from O - 50°C. 

otherwise the time constant of the compensation 
is equal to that of the thermistor . o 

To Vote For This Circuit 
Check 150 

Leakage testing of diode and JFETs 

David Dilatush 
National Camera, Englewood, CO 

A very sensitive circuit for testing diodes and FETs 
for leakage can be made using an FET, a capacitor 
and a resistor. 

The FET to be tested for leakage and a 22 kO 
resistor are connected as a source-follower, with a 
capacitor across the input from the gate to ground. 
The leakage of the FET charges the capacitor at a rate 
which is directly proportional to leakage and inverse­
ly proportional to the capacitance. The quantities 
are related mathematically as follows : 

. O (in coulombs), 
I (rn amperes) = T C d ) and 

in secon s 

72 

r- -------
1 

X 
I 

+15V 

.,.I -----+t---. FET (2N4220) 

22K 
VOM 

- 7V 

JFET leakage can be checked with a vo ltmeter and a stopwatch or 
timer in this simple test setup. 
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V (in volts) 
Q (in coulombs) 

C (in farads) 

A suitable value of C is 0.01 µF With this capacit­
ance, each vo lt of potential change across C indicates 
a stored charge of 10- 8 coulomb. This can be inter­
preted as current if the time for the voltage on the 
capacitor to rise 1 V is known. 

Example: C = 10-8 F, ddv = 
8 

lV 
t 3 .7 sec 

1 
= dQ = 10-s coul. 

dt 38.7 sec. 
2.58 x 10- 10 A = 0.258 nA. 

Diodes are tested in the same way, except that a 
"good" FET is used as a fol lower and the diode pro­
vides almost all of the charging current. o 

To Vote For This Circuit 
Circle 151 

IC time·r makes adjustable Schmitt trigger 

Don Hoven 
Ford Industries, Portland, OR 

The MC1455 lends itself for use as a low-cost versa­
tile Schmitt trigger. Both thresholds are adjustable 
by choosing resistors as shown with accompanying 
diagrams. The device will drive up to 6 TTL loads. Tr 
+ Tr == 100 nsec. Referring to the block diagram of 
the MC1455 shown in Fig. 1, it is evident that if 
pins 2 & 6 are connected and a gradually increasing 
voltage is applied to these pins, switching will occur 
(the output will go LOW) when the comparator input 
voltage just exceeds the reference voltage at pin 5 
( 2/J Vecl · Conversely, when the voltage gradually 
goes negative at pin 2, reversion of the output to the 
high state will occur at 1/J Vee· 

The hysteresis between these two points is adjust­
able by varying R, and R2 • More specifically, the 
hysteresis can be reduced to 1/N. (With pin 2 con­
nected to pin 6, the unit trips at 2/J Vee and resets at 

HIGH 
COMPARATOR 

LOW 
COMPARATOR 

S R 

FLIP- FLOP 0 
OUTPUT 
STAGE 

Fig. 1-Monolithic timers can be converted to Schmitt-tri gger 
operation w ith this simple 3-res istor network. 

VI N 

HIGH 
COMPARATOR 

LOW 
COMPARATOR 

OUTPUT 
STAGE 

Fig. 2-The addition of R, and R, permits adjustment of hysteresis 
between the trip points down to O.SV. 

1/J Vee for a hysteresis of 1.6V at Vee= 5V.) 
The lower trip point in Fig. 2 occurs when Vin 

(R~~ R
2

) = 1/J Vee· To allow for Vbe variations, Vin 

should never be below 1/J Vee + 0.2V. The upper 
trip point wi l l occur at 2/3 Vee· 

A further modification can be made to the hystere­
sis by lowering the voltage at pin 5 by placing a resis­
tor to ground. 

The upper trip point is then whatever the voltage 
is at pin 5. The lower trip point occurs when 

To Vote For This Circuit 
Ci rcle 152 
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2 gates make quartz oscillator 

Edward G. Olson 
Naval Air Development Center, Warminster, PA 

A type SN7400 IC quad-2 input NANO gate, a quartz 
crystal of the desired frequency, and a resistor may 
be arranged as shown to provide a square-wave out­
put of approximately 3.SV. One of the two remaining 
gates may be used to gate the generator output. 

Resistor R1 biases the emitters of this NANO such 
that the output terminal (lead 6) is approximately 
ha lfway between Vee and ground which in turn, 
biases the emitters of the upper NANO at a suitable 
point. The crystal provides a resonant path for feed­
back. With the crystal removed from its socket, the 
circuit will oscil late momentarily at a much higher 
frequency due to the capacitance between terminals 
of the crystal socket providing feedback. With the 
crystal insta l led, this momentary oscillation shocks 
the crystal into oscillation at its resonant frequency. 

The circuit has operated reliably at frequencies 
from 120 kHz to 4 MHz. The upper-frequency limit 
is not known although the output waveform is 
approaching a clipped sine wave around an operat­
ing frequency of 4 MHz. This waveshape triggers type 

2 

XTAL D 

4 
6 

5 

R1 1.Sk 

~~ -
~) UNUSED 

IC = SN7400 

V
00

. PIN 14 

GND : PIN 7 

Half a TTL package and a quartz crystal combine to make stable 
clock sources up to 4 MHz. 

SN7490 decade counters reliably. The output termin­
al (3) is capable of normal fan out. o 

To Vote Fo r This Circuit 
Ci rcle 153 

An analog multiplier/divider ci rcuit 

Arthur R. Kopp 
Optical Scanning Corp. , Newtown, PA 

':' R 

R, 
e, 

R, v 
' 

v" 
-- 1, 

-- 1, 
R, 

R 

':' 

':' 

IA 

v 
' 

1. 

A video signal from a photodiode array had to be 
controlled in amplitude over a 2 to 1 range. An in­
expensive analog divider was thus required with a 

R ':' 

R, 
e, 

=(e 1 - e2 ) IA 
eo 

1. 

R, 

R 

':' 

Fig. 1-Basic analog multiplier, using a perfect op amp, would deliver an output leve l in d irect relationship to the product of the values 
of e, and e2 . 
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'::' 10 
2740 
1% 

e, 

4320 
1% 

+15 

4320 
+15 1% 

20k 20k 

R, 

- 15 

10k '::' 
1% IN91 4 

5.l k 

- 15 

7.15k 
1% 

CA3046 

4990 
1% 

10 '::' 

10 

'::' 

+15 

7.5k 
20k 
R2 

- 15 

= (e , - •oFFSET) 10 
•o EB 

30pF 

2740 
1% 

Fig. 2-Analog divide r with 2-MHz bandwidth gives 2% accuracy and ca n be e mployed as a (XY) -;- z e leme nt. 

numerator bandwidth of 2 MHz minimum, 2% 
accuracy over the range and prov isions for bi as 
referencing the output. 

The exce llent Vbe matching and gain-bandwidth 
of a CA3046 array is combined with an LM3 l 8 
operational ampli f ier to provide the so lution. As a 
bonu s, the bas ic c ircuit derived may be employed as 
a full (XY) ..;- Z multiply-di v ide element with di ffe ren­
tial bipo lar signals on one numerator input. 

Fig. 1 illustrates the basic c ircuit, w hich may be 
analyzed to y ield the output shown to a first approxi­
mation . Startin g assumptions incl ude identi ca l tran­
sistors with large hre· An idea l op amp w ith matched 
res istors causes equal currents through each Re with 
zero-offset voltage. The hib of the transistors is 
assumed proportional to the reciproca l of co llector 
current. Thi s puts the negative feedback network of 
the op amp under control of IA and IB. 

Fig. 2 shows the circuit employed as a divider to 
meet my requi rements. The 30-pF capacitor stabi ­
li zes the c ircuit and gives a 3-dB bandwidth of 3 
MHz. Step response is free of overshoot w ith a ri se­
ti me of 100 nsec. 

One half of a 747 op amp is used to create the IB 
current source. The diode compensates fo r the base­
emitter characteri sti cs of the transisto rs makin g 
IB proportion·ate as EB. 

Potentiometer R1 is set for a constant output as 
EB is va ri ed. R2 is set so that the output is zero when 
e1 = - 1 Vin thi s appli cation. This provides the des ired 
leve l shi ft of the input signal , and the output swi ng is 
pos itive from zero. 

Co llector currents must be kept below about 1 mA 
with the CA3046 or accuracy deteriorates noti ceably. 
1 to 2% accuracy can be achieved, thi s is limited 
mainly by res istor matching to lerances. Bandwidth 
suffe rs at very low values of EB because of the tran­
sistors' F1 at low col lector currents. 

The other ha lf of the 747 cou ld be used identical ly 
on IA for another unipolar numerator input. Band­
width would be limited to 1 M Hz or less by the 
747. D 

To Vote For This Circuit 
Circle 154 
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The RCA line of RF devices is expand­
ing in all directions. New types, higher 
frequencies , broader bandwidths and 
new packages ... all aimed at improv­
ing your system performance. That's 
why we call them the RF performance 
expanders. 
Here are ten of the new types now avail­
able up to 3.5 GH z. They include such 
features as emitter ballasting ; multi-cell 
structure for low th ermal resistance 

and a microstrip package with partial 
input and output impedance matching. 

Type Freq . (MH z) Output Gain Supply 
Power (W) (db) I Volts) 

T A 7992/TA8778 3500 4.5/ 1.5 5 28 
TA8807/8/9 3000 1/3/5 5 28 
2N6390/1/2 2000 315110 7 28 
RCA2003/05/10 2000 3/5110 7 28 
TA8340 1700 0.5 Oscilla tor 20 
TA8695 1300 30 8 28 
R44M 10113/15 3904 40 10/13/ 15 20 12,5 

So if you want to design reliability and 
high performance into your system, de-

sign in RCA's RF performance expand­
ers. 
Want more information? Write RCA 
Solid State, Section 50E5 , Box 3200, 
Somervill e, N.J . 08876 . Or phone : 
(201) 722-3200 . 

RCJI Solid 
State 

RF performance expanders. 

Int ernational: RCA , Sunbury.-on-Thames , U .K. , or Fuji Building, 74 Kasumigasek i, 3-Chome, Ch iyoda-Ku , T oky o, Japan . In Canada: RCA Limited, te. Anne de Bellevue810, Canada . 

Circle No. 33 



PROGRESS IN PRODUCTS 

16-bit LSI minicomputer could open 
up new application areas 

PROGRESS IN 
COMPUTERS 

Original equipment manufac­
turers who use minicomputers 
or even microcomputers in their 
end products will be interested 
in a new full-scale 16-bit LSI 
minicomputer priced under 
$1000. 

Using MOS/LSI technology, 
Computer Automation has suc­
ceeded in putting the whole 
computer on a single card (Fig. 
1) that includes a 7-chip proces­
sor, 4k of memory and direct 
memory access (DMA) . Of equal 
importance to the cost and size 
reductions is the fact that the 
computer provides performance 
comparab le to other 16-bit minis 
costing twi ce as much. 

Called the Naked Mini/LSI, the 
computer is fully upward com­
patible with all previous Com­
puter Automat ion mini hardware 
and software, with full arithmet­
ic and byte processing power . In 
OEM quantities of 200, it sells for 
$990. 

The Alpha/LSI , also being 
introduced, is a Naked Mini/LS I 
plugged into a fully encased 
chassis that includes a power 
supply and a control console 
with a hexidecimal-data input 
keyboard and LED binary dis­
plays (Fig. 2). Price of the 
Alpha/LSI in single quantity is 
$1990. 

The 15 x 16-in. pc board­
wh ich is common to both 
machines-contains the 7 LSI 
chip s, memory-control logic, 
TIL 1/0 bus interface, a clock 
generator to furnish the 4-phase 
processo r clock and 4k of 

78 

memory. In addition, the sin­
gle-board configuration will ac­
commodate up to 8k of memory 
and accept a small "piggyback" 
option board that can contain 
any or all the following three 
options: real-time clock; tele­
type or CRT interface; or 
auto-loader . Board options in­
clude a power-failure detector 
and auto restart. 

P-channel saves space 
To achieve the low cost and 

small size , the mini uses 7 
P-channel silicon-gate devices 
that were designed by Computer 
Automation. The o nly apparent 
performance tradeoff made by 
taking this approach is in speed , 
with a processor cycle time of 
1.6 µsec. 

Two basic types of chips form 
the 7-chip CPU. Each of four 
identical processor ch ips is a 
4-bit sli ce of the 16-bit arithmetic 
logic unit and register file. 

The three control-unit chips 
are identical except for the 
masked contents of their in­
ternal control memories . Here, 
Computer Automation departed 
from conventional design and 
went to a programmed logic 
array (PLA), or associative ROM 
to implement the instruction set. 

The reason for this approach is 
twofold-speed and cost. Be­
cause MOS is a relatively 
slow-speed technique, very slow 
operation would result if the 
processor- working with a large 
instruction set-had to examine 
a large number of bits in the 
instruction word before decid­
ing what processing is specified 
by the instruction. In addition, it 

would require either a very large 
ROM , which is expensive, or a 
great deal of random logic ahead 
of the ROM to partially decode 
the instruction prior to execu­
tion by the microprogram. 

The PLA is a regular logic form 
that does not waste space by 
storing "don't-care" bits. Only 
needed product terms are built 
into the matrix. The resu It is that 
the PLA increases instruction 
speed by eliminating many 
instruction microcycles to 
jump to and return from 
microprogram subroutines. 

The disadvantage of this 
approach is that the user is not 
offered writable-control store. 
However, because this is a MOS 
machine with a processor-cycle 
time roughly equivalent to 
memory-cycle time, this will not 
be a particular disadvantage. 
This mini is not intended to be a 
user microprogrammable com­
puter, according to Computer 
Automation. It has a set of 162 
instructions, not counting all 
possible addressing variations, 
implemented by the PLA. 

The combination of a power­
ful instruction set and low cost 
may allow the computer to be 
used in applications previously 
handled by hard wiring or 

Fig. 1-A full-scale 16-bit minicomputer , 
the Naked Mini/LSI plugs into a single 
connector in an OEM system . 
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microcomputers, in addition to 
those requiring large f ull­
performance minicomputers. 

TIL logic is used to generate 
the 4-phase clocks , and to 
interface between the MOS 
voltage levels within the proces­
sor and the TIL/DTL levels used 
on the external bus . 

The standard " maxibus" (Fig. 
3) has five 1/0 systems. These 
systems provide 58 parallel lines 
for data , command , device­
address and status-control in­
formation . They include OMA 
(previously an option), high­
speed block 1/0 and conditional 
1/0 tests and transfers. 

Unique bussing scheme 
Of importance to the user is 

the fact that all memory modules 
and controllers look the same to 
the 1/0 bus . A proprietary 
arrangement makes the memory 
se lf-organizing so that memory 
modules of different sizes and 
types (core, MOS, RAMs, ROMs 
and others) can be mixed or 
rearranged on the bus. The 

CPU 
NAKED MINI/ LSI 

A LPHA/ LSI 

MEMORY 
1 k, 2k, 4k, Bk 
INCREMENTS 

UP TO 256k 
16- BIT WORDS 

computer will automatically as­
sign addresses without any 
reference to software. 

Software packages available 
with the new minis are the same 
as those offered with the Naked 
Mini 16 and Alpha 16 including 
Operating Systems, Real Time 
Executive, Conversational As­
sembler, BASIC and FORTRAN. 

MOS memory available 
The standard memory offered 

with the Naked Mini/LSI is 4k of 
core which is expandable to 8k 
on the single board. In addition, 
MOS memories are offered in 
1 k , 2k and 4k modules for users 
with smaller requirements . 

Extended memory capability 
of the Alpha version includes 
40k with four additional memory 
modules and another 40k with 
an optional control card and an 
expansion chassis . 

Using a banking structure, up 
to 32 8k/16-bit modules can be 
accommodated providing 256k 
16-bit words. This structure 
creates an overlay memory that 

MAXIBUS 

PROCESSOR­

MOUNTED OPTI ONS 

POWER FAIL DETECT 

& AUTO RESTART 

nv/ CRT 

Fig. 2-Add a power supply, a contro l 
console with a hexidecimal keyboard 
and a cabinet to the Naked Mini/LSI and 
you have an Alpha/LSI. 

is said to be especially efficient 
in most multi-user or multi-task 
environments. 

Direct memory access , which 
is a standard feature on both 
minis, operates essentially in­
dependent of the CPU and 
transfers on a cycle - stea lin g 
basis. Using a si ngle memory 
bank, the transfer rate is 625,000 
words/sec. If two banks are used 
alternate ly within each memory 
cycle , the rate can be doubled. 

Delivery of OEM quantities is 
being quoted in Dec. 1973. 

Computer Automation, Inc., 
18651 Von Karman, Irvine, CA 
92664. Phone (114) 833-8830. 140 

EXPANSION 

CHASSIS 

HI GH - SPEED 
DI RECT 

MEMORY 
ACCESS 

REAL- TIME 

CLOCK 

AUTO LOAD 

1/0 CONTROLLERS 
PROGRAMMED 1/0 

BLOCK 1/ 0 
AND DMCs 

MOVING HEAD DISC 

FIXED HEAD DISC 

OTHER CUSTOMER 
DESIGNED CONTROLLERS 

PAPER TAPE 

PUNCHED CARDS 

CASSETTES 

LINE PRINTERS 

COMMUNICATIONS 
CONTROLLERS 

MAG TAPE 

PLOTTERS 

TELETYPE 

CRT 

DIGITAL 1/0 MODULES 

RELAY 1/0 MODULES 

Fig. 3---System architecture is similar to o ther microprogrammed minicomputers; however, a Programmed Logic Array is used 
instead of ROMs fo r microprogramming. New 1/0 bussing stru cture simplifies memory expan sion and allows 1/0 controllers to 
communicate with each o ther as well as memory independent of the CPU. 
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Dia light 
sees a need • • (Need: The right switch for the right" price.) 

See Dialight. 
For the switch buyer, choice of function and esthetics, 
reliability, ease of mounting, and low cost are his prime 
concerns. He may need a pushbutton switch for panel, 
sub-panel or snap-in mounting. He may need a choice of 
bezels with or without barriers in black, gray, dark gray 
or white. He may need a legend that's positive, negative, 
or hidden until energized . .. one that 's white when "off" 
and red, green, amber, blue or light yellow when "on" . .. 
or colored both "on" and "off." He may need a highly 

reliable switch proven in thousands of installations ... 
available in momentary or alternate action ... N.0., N.C. 
or two circuit (one N.0., one N.C.) or for low level, low volt­
age and current applications ... that accommodates a 
T-l'A bulb with midget flanged base, incandescent, in 
voltages from 6 to 28 V. Matching indicators with same 
front-of-panel appearance are also availab le. These are 
some custom needs he may face , and these switches are 
some off-the-she lf answers from Dia light. 



Conservatively speaking, Dialight 
offers well over 1,879,698 switch pos­
sibilities. Dialight is a company that 
looks for needs ... and develops solu­
tions. That's how we developed the in­
dustry's broadest line of switches, in­
dicator lights and readouts . No other 
company offers you one-stop shop­
ping in these product areas. And no 
one has more experience in the visual 
display field . Dialight can help you do 
more with switches than anyone else 
because we have done more with 
them. Talk to the specialists at 
Dialight first. You won't have to talk 
to anyone else. 

Here are a few products in this 
family: 1 . Thumbwheel switches­
miniature and standard sizes 2. 
Contactless solid state switch 3 . 
Keyboard reed switch 4. Double pole, 
double throw snap action switch 5 . 
LED lighted momentary action switch 
6 . Matching indicators 7 . Momen­
tary snap, nonsnap, and alternate ac­
tion switches 8. Transistorized indi­
cator with momentary switch 9. 
Incandescent or neon lighted switch . 

Please send data on your switches. 

NAM E 

TITLE 

CO MPANY 

ADDRESS 

CITY STATE 

DIAL/GI-IT 
Oialight Corporation. A North American Phi lips Company 
60 Stewart Avenue, Brooklyn, N.Y. 11237 (212) 497-7600 

Circle No. 34 

Digital processing interface ties the 
scope to the computer 

PROGRESS IN 
INSTRUMENTATION 

Many parameters that once 
required indirect measurements 
followed by complex and time­
consuming calculations can now 
be displayed in seconds with the 
push of a few buttons on a 
scope, thanks to a new proces­
sor and operating-software 
plug-in for Tektronix's 7704A 
scope. 

The processor, which digitizes 
incoming analog waveforms, 
interfaces the scope to the 
PDP-11 minicomputer, stores 
digital data and converts it to 
analog information for the 
scope's display, allows the 7704A 
scope to differentiate wave­
forms, extracts signals buried 
deep in noise by signal averag­
ing, displays time as well as 
frequency spectra of signals by 
Fourier and inverse- Fourier 
transformations , and shows the 
convolution, deconvolution and 
correlation functions of th e 
input signals. 

As an example of the versa­
tility the new digital processor 
plug-in provides, an engineer 
can instantly determine th e 
instantaneous power dissipation 
in a transistor circuit by having 
the scope multiply the collector 
current by the collector-emitter 
voltage. In fact, the product of 
any two waveforms ca n be 
displayed at once, where al­
ternate means of using mental 
arithmetic calculations can take 
much longer. 

The new system uses BASIC 
language for the software and 
can be adapted to the Data 
General Nova minicomputer; 
however no software support 
will be provided here by 
Tektronix. 

Assuming that an engineer 

already has a 7704A scope and a 
PDP-11 minicomputer, the in­
terface will cost $5200 plus $650 
or $900 for either o ne of two 
BASIC software packages, and 
$1000 for a software interface . 

When one adds to this the 
cost of a decent terminal such as 
a Teletype or a CRT terminal, the 

Linking the scope to the minicomputer, 
a new digital processo r plug- in interface 
for Tektronix 's 7704A scope all ows it to 
extract signal s buried deep within noise 
by signal averaging, take the Fo urier and 
inverse-Fourier tran sfor m s, convo lu­
tion s, deconvolutio ns and co rrelatio n 
functions, and automati ca lly sca le th e 
displayed wavefo rm to a convenient 
form . The plug-in interfaces to a PDP-11 
minicomputer. 

system can cost upwards of 
$11,000. For those who don't 
have either the scope or the 
minicomputer , an additional 
$2400 is needed for the 7704A 
scope, and either $7795 (8k 
memory) or $12,130 (16k memo­
ry) for the PDP-11. 

Tektronix, In c., Box SODA, 
Beaverton, OR 97005. Phone 
(503) 644-0161. 141 
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E22-75HX 
5 grams LIGHT 
FORCE actuation 
Circle No. 35 for 
Free Sample 

I • 

I • ,. 

E22-55HX 
3.5 grams LIGHTER 
FORCE actuation 

Circle No. 84 for 
Free Sample 

Careful there . 

you re likely 

to start 
something. 

Just a 
"flutter" of pressure 

... and SNAP! 
Less than 2 grams of force actuates this Cherry 
snap-action miniature switch. Outside, the 
external aluminum actuator is purposely 2%" 
long to provide this unusually low operating 
force. Inside, an extra internal actuator further 
reduces operating force while maintaining solid 
contact mating pressure for reliable performance. 
The "flutter force" switch is only one of Cherry's 
E22 series of unique miniatures. All are rated 
3 amps, 125 VAC. All are also available in gold 
"crosspoint" configuration for low energy solid 
state circuits. 
A switch in your hand is worth two in the tree, 
so ... SNAP UP A FREE SNAP-ACTION 
SAMPLE. 

Just TWX 910-235-1572 ... or PHONE 
312/689-7704 and ask Frank to give you facts 
on miniature switches ... or circle appropriate 
reader service number. 

0 E22-85HX 
Less than 2 grams 
" FLUTTER 
FORCE" actuation 

Circle No. 85 for Free Sample 

CHERRY • . 
CHERRY ELECTRICAL PRODUCTS CORP. 
3600 Sunset Avenue, Waukegan, Illinois 60085 

4~~-~~@'lli,•• Cherry affiliates worldwide • Hirose Cherry Precision Co .. Ltd .. Tokyo • G. W. Engineering Pty. Ltd .. Sydney 
~ Cherry Electrical Products (U .K.) ltd .. St. Albans, Herts • Cherry M ikroschalter GmbH. Bayreuth. Germany 
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Sendforour 
brushup course on 

Brushless Synchros 
and Resolvers. 

-..tJ l i \ l iM\ \~;' , ""' 

SIZE 11 

Faced with applications where synchros and 
resolvers have to be driven at extremely high 
speeds? Or where brush wiping contact can 't be 
permitted? 

Kearfott Brushless Components provide 
system performance advantages. (Instead of 
standard brushes and slip rings, rotary transformers 
couple power into the synchro motor.) And extra­
wide bearings give you increased reliability and 
load-carrying capacity. 

Our Brushless Synchros offer you a number 
of other benefits, too. Longer life, since there's 
nothing to wear but the bearings. No spurious 
signals from high-speed brush bounce which 
Digital Computers can interpret as a command 
input. Elimination of brush friction for Indicators 
that require the ultimate in minimum loading . And 
an end to RFI noise. 

Kearfott Brushless Synchros and Resolvers 
also serve as excellent low cost Brushless 
Encoders when used in combination with Kearfott 
TRIGAC I S/D converter cards. 

Like to know more? Write for our 36-page 
brochure on Synchros and Resolvers. It's packed 
with facts and figures on Brushless Synchros for 

' w•' 
'"'' .... ~t· .~,' ... ~ 

SIZE 8 

limited and continuous rotation applications-plus 
our full line of Synchros and Resolvers. The Singer 
Company, Kearfott Division, 1150 McBride Avenue, 
Little Falls, New Jersey 07424. 

SINGER 
AEROSPACE & MARINE SYSTEMS 

r----------------, 
The Singer Company, Kearfott Division 
1150 McBride Avenue 
Little Falls, New Jersey 07424 

Gentlemen: 

0 I want to know more about Brushless Synchros. Rush 
me your 36-page booklet on Synchros and Resolvers. 

0 I have an application for Brushless Synchros. Have a 
company representative call . 

Tit le'- -----------------
Company _ ___________ ___ _ 

Address _____________ _ _ _ 

City _______ state _____ Zip, __ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L----------------~ 
Circle No. 75 
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EQUIPMENT 

Ac/de TRANSFER STANDARD IS FULLY 
AUTOMATIC. Model l 600A requires no 
manua l balancing or ca librati ons for stan­
dards traceab le to NBS references. The di­
rect-reading instrument offers manual bal­
ancing if needed. It automatica lly compares 
the heating effect of an internall y servoed de 
voltage w ith that of the ac input, and at bal­
ance, generates a de voltage w ith the same 
heating va lue as that of the ac input. De fre­
quency range is 5 Hz to 30 MHz (up to 1 
GHz w ith external converters). Twe lve de 
vo ltage ranges span 0.25 to 1 OOOV. Crest 
factor is 1.75 : 1 (ful l range) and 3.5: 1 (bot­
tom range). $3950. Ballantine Laboratories, 
Inc., Box 97, Boonton, NJ 07005. Phone 
(201 )335-0900. 203 

4-3/4-DIGIT MULTIMETER HAS 300% 
OVERRANGING. The 3400 offers measure­
ments up to a max imum di splay of 39999. It 
con tains 25 ranges: 5 de voltage ranges 
with 10-µ,V reso lution to l 500V full sca le 
and accuracy of ±0.01 % of reading ± 1 
count; 5 ac vo ltage ranges w ith 10-µ, V reso­
lution to lOOOV full sca le and accu racy of 
±0.2% of reading, ±0. 1% of full sca le 
(bandw idth of 30 Hz to 50 kH z); 5 ac and 
de current ranges with 10-nA reso lution 
each to 2A fu l l sca le and accurac ies of 
±0.03% and ±0. l % of reading, respect ive­
ly, ± 1 count; and 6 res istance ranges w ith 
10-m!l reso lution to 20-M!l full sca le and 
accuracy of ±0.05% of reading ±2 counts. 
$595. Hickok Electrica l Instrument Co., 
1OS 14 Dupont Ave., Cleve land, O H 441 08. 
Phone (2 16)54 1-8060. 204 

DMM PAIR FEATURES INCREASED RESO­
LUTION AND HIGH SPEED. The 4-digit 
Model DMM-40 offers 1-µ,V reso lution on 
signals up to 240 mV. The $695 autorang­
ing unit has 20 ranges: ac and de vo ltage 

84 

from 0. 1 to 1 OOOV full sca le, ac and de cur­
rent from 0.1 to 2A and res istance from 0.1 
k!l to 24 M!l. The $11 95 5-digit Model 
DMM-50 prov ides 20 readings/sec at 60 dB 
NMR. It has 20 ranges: 5 for de and 4 for ac 
vo ltage from 0. 1 to 1 OOOV (from 1 V fo r ac) 
ful l sca le, 6 fo r resistance from 0.1 n to 
12,000 k!l , and 5 for external de-de refer­
ences from 0. 1 : 1 to 1000: 1 ful l sca le. Cim­
ron Instruments, 714 N. Brookhurst St. , 
Anaheim, CA 92803. Phone (7 14)774-
1010. 205 

550-MHz FREQUENCY COUNTER HAS 
10-mV rms SENSITIVITY. The 9-digit 5108 
uhf counter features an attenuator dynamic 
range of 35 dB with auto-attenuation and 
automatic noise suppression and an addi ­
tional 20 dB w ith a manually switched at­
tenuato r. The temperature contro lled crystal 
oscill ator's aging rate is 5 x 10- 8/day. Four 
decades of resolution are provided, from 1 
kHz at 16 msec gate time to 1 Hz at 16 sec 
gate time. Service and parts are ava ilable 
throughout the USA from Honeywell. $950. 
Miida, 2 Hammarskjo ld Plaza, New York, 
NY 10017. Phone (2 12)973-7 152 . 206 

--ll!l 
1-----~r 

16-CHANNEL ANALOG Fil TER IS FULLY 
PROGRAMMABLE. System 816 provides 
indiv idual filter channels, each mounted on 
a plug- in boa rd. Cutoff frequencies from 10 
Hz to 150 kH z w ith 48-dB/octave ro lloff 
may be programmed remotely or loca ll y by 
front-panel switches. A standard Butter­
worth low-pass configuration may be al­
tered to high-pass, and thus by combining 2 
channels, band-pass and band-reject fi lters 
may also be produced. Stabi lity of cutoff 
frequency is ±200 ppm/°C and no ise level 
is 80 dB down . Remote programming is 
w ith TTL levels. $750 for the basic cabinet 
plus $650 per filter ca rd. Rockland Systems 
Corp., 230 W . Nyack Rd ., W. Nyack, NY 
10994. Phone (914)623-6666. 207 

3-CHANNEL RECORDER MEASURES 3-
5/8 x 9 x 8 IN. Model 301 fea tur~s an 
Astro-Tip heated inkless stylus that can be 
replaced, when necessa ry, in less than 10 

sec by untrained personnel. The recorder's 
ga lvanometer provides accurate perfor­
mance at frequencies beyond 125 Hz and 
sensitiv ity of 10 mV/mm (± 1 /4V full sca le), 
with a 1 M!l input impedance. Model 301 
features a channel w idth of 50 mm and au­
tomatic chart threading fo r quick loading in 
less than 5 sec. Astro-Med, D iv. of Atlan-To l 
Industries, Inc., Atl an-To l Industrial Park, 
W. W arw ick, RI 02893. Phone (401 )828-

7010. 208 

i! • · •• r;;;; • .• .• . ... . • ... .. :~ 
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SPECTRUM-ANALYZER RANGE EXTEN­
DER ACCOMMODATES 400 MHz. Model 
RE-7292 is a modular accessory to the Nel­
son-Ross Model CSA-290 system to provide 
10-Hz reso lution. It provides direct-reading 
quantitative signal ana lys is from 10 Hz to 
400 MHz at an accuracy of ±0. l % w ith its 
internal digita l-frequency counter. Incre­
mental fine-tuning accuracy is ± 10 Hz us­
ing the counter as a !lF contro l. Features in­
c lude intermodu lation-distortion dynamic 
range to 70 dB, preset scans with automatic 
optimum reso lution and self-checking fo r 
frequency, abso lute level and frequency­
scan ca librations. $2000. Nelson-Ross Elec­
tronics, 5 Delaware Dr., Lake Success, NY 
11040. Phone (5 16)328-11 00. 209 

DIGITIZER SYSTEM USES PROGRAMMA­
BLE CALCULATOR. The Gradicon/ HP9800 
is des igned for production drawi ngs, maps, 
x- rays, photographs and other graphic ma­
terial. In operation, the ca lculator keyboard 
and display provides a means of entering 
numeri cal data to be merged with coordi ­
nate data from the digitizer section fo r oper­
ations such as on-line coord inate transfor­
mation, area and vo lume ca lculations w ith 
2- or 3-axes coordinates. The data entered 
from the keyboard is veri fied in the ca lcula­
tor display before transmiss ion to the out­
put-data recorder. Digitiz ing and ca lculat­
ing functions can be operated independent­
ly without disconnecting or modi fy ing the 
system which frees the Hewlett-Packard 
9800 ca lculator fo r handling other mathe­
matica l programs. lnstronics, Inc., Suite 
204, Bridge Plaza, Ogdensburg, NY 13669. 
Phone (3 15)393-7550. 210 
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X-1284 is a pressure-sensitive polyester film tape 
that handles like " Scotch " 56. However, the color is 
red , and because of its outstanding self-extinguish­
ing characteristics , it can be used on radio and 
TV components and wiring involving fire or shock 
hazards. 

It passed the rigid test outlined in U/L Subject No. 
492, No. 510 and No. 94 with flying colors. ASTM 
D-635 was passed. Federal Highway 
Administration Safety Standard #302 . 
Passed. ASTM D-1000-?0a extinguishes 
in less than 3 seconds. Passed. 3M Cello 
Fusee extinguishes in less than 3 sec­
onds. Passed. 

The reason "Scotch" brand flame 
retardant X-1284 tape won't support com­
bustion is that the "Scotch par" polyester 

film backing and the unique adhesive system are 
both flame retardant. One of the key technological 
advantages, included in the " Scotchpar" Type 
7300 polyester film backing, is that the flame re­
tardant properties are built in directly. They cannot 
delaminate or flake off. 

X-1284 provides excellent tear resistance. It 's 
ideal for coil hold ing and coil covering appl ica­

tions, high temperature harness wraps, 
color TV flyback transformer insuiation 
and yoke coil assemblies . 

For more information write Dielectric 
Materials & Systems Division, 224-64, 
3M Company, 3M Center, St. Paul, Min ­
nesota 55101 . 
See our product data 
in EEM. 

Circle No. 36 



5 
Remarkable 
Little Ovens 

from 
Texas 

Instruments, 
$15. 

These self-regulating solid­
state component temperature 
stabilizers provide a low cost 
means of controlling the envi­
ronment of a wide variety of 
transistors, diodes, and !Cs. 
Application of these component 
ovens permits the use of less 
expensive semiconductor 
devices by improving their 
thermal characteristics as much 
as 30: 1. See how much less you 
get for your money. 
Less Bulk. Typically l/lOth the 
size of conventional ovens. 
Less Headaches. Solid state ovens 
have no moving parts-are more 
reliable-aren't handicapped by 
a limited cycle life. 
Less RFI. In fact, there's no RFI 
since the ovens eliminate the 
need for thermostats and SCR's 
which create undesirable radio 
frequency interference. 
Less Money. Costs $3 to $5 
instead of the $5 to $250 you're 
paying now. 

Send $15 for your 5-piece 
Oven Sampler to Commercial 
Controls Marketing, MS 12-33, 
Attleboro, Mass. 02703. Or write 
for the literature. 
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TEXAS INSTRUMENTS 
I NCORPORATED 

Circle No. 37 

EQUIPMENT 

DIGITAL TACHOMETER/COUNTERS ARE 
COMPACT IN DESIGN. Series 77 units are 
offered in miniaturi zed (S-3/16 x 3-
3/8 x S-9/16 in.) cases wi th nonblinking 
LED displays for "event-per-unit-time" (ta­
chometer) or "accumulation" (counter) 
appli cations. They operate from signals 
produced by magneti c analog or digital 
transducers located in proximity to shaft 
mounted gears, or from other signal sources 
such as proximity c losures and switch­
es, photo ce ll s and flow meters. Tachometer 
input signals are normalized to produce 
readouts in significant units such as rpm , 
fpm and gpm. Input sensitivity is SO mV rms 
max. Price for 4-digit models is $27S. Air­
pax Electronics/Controls Div., 6801 W . 
Sunrise Blvd ., Ft. Lauderda le, FL 33313. 
Phone(30S)S87-1100. 211 

FAULT LOCATOR SPOTS EARLY STAGE 
FAILURES. The K2007 is a device that rec ­
ognizes early stage contact-res istance var ia­
tions in switches, solder joints and pc 
board s. It operates over a 3-kHz to 10-MHz 
range to check telecommunica tions and 
components and can be used on production 
lines, in test rooms, and for bay and station 
wiring. It detects and reports via metered 
and audib le measurements, developing 
breaks, corrosion and weakening of contact 
pressures. Sudden var iations in res istance 
which alter the propagation constant by as 
little as 0.1 % can be readily recognized. 
$2000. Siemens Corp., 186 Wood Ave. S., 
lselin, NJ 08830. Phone (201)494-1000. 

212 

TESTER SPEEDS ANO SIMPLIFIES COMPO­
NENTS CHECKING, Used for measuring, 
matching and rejecting such components as 
resistors , capacitors and inductors, the E-2 
comparison bridge allows even unskilled 
operators to average about 0.1 % accuracy 
checks. Component testing can take place 
at a rate of up to 1000 components an hour. 
The E-2 is easi ly ca librated and has a sensi-

tivity of 1 part in 10,000. Test limits are: re­
sistance, 1 !1 to S M!1; capacitance, SOO pF 
to 2000 µ,F ; and inductance, 3 mH to 10,-
000H. Hathaway Industries, Box 4S381 , 
Southeast Stat ion, Tulsa, OK 7414S. Phone 
(918)663-011 0. 213 

POWER-SYSTEM PACKAGE INCLUDES 
DUAL TRANSDUCERS for voltage and cur­
rent monitoring. Each dual transducer con­
sists of 2 separate measuring circuits housed 
in a si ngle 2 x S-1 /2 x 6-1 /4-in. standard 
case. Two voltage, 2 current, or a voltage 
and current circuit may be ordered in a sin­
gle case. The field accu racy per circu it is 
0.5%. Current inputs are 1, 2, S and 10A. 
Voltage inputs are 100, 110, 120 and 1 SOV. 
All R-2000 transducers are avai lable for SO-, 
60- or 400-Hz operation. Outputs are 1 mA 
de into 0 to 10 k!1, SO mV de across 10 k!1 
and 1 OV de across 1 M!1. F. W . Bell , Inc., 
4949 Freeway Dr. E., Columbus, OH 
43229. Phone {614)888-7S01 . 214 

TEMPERATURE-INDICATING INSTRU­
MENT LINE covers up to 2S00°F. Available 
in 6 standard ranges from 0-300°F to 0-
250.00F, these panel -meter pyrometers fea­
ture basic· sensitivity of 10!1/mV and a de 
input accu racy of ± 1 % at room tempera­
ture. They incorporate Beede's Sh ielded-Bar 
taut-band movement in Certak panel meters 
with factory certified tracking accuracy. 
Cold-junction and copper-error compensa­
tion are provided. Pyrometers are availab le 
in S case styles and sizes, includi ng both 
front and behind-the-panel mounting. The 
standard design also includes an external 
adjustment for thermocouple lead resis­
tance from 0 to 1 on, and mirror sca les indi­
cating °F and 0C. Beede Electrical Instru ­
ment Co., Inc., Penacook, NH 03301. 
Phone (603)7S3-6362 . 215 

POWER SYSTEMS PROVIDE UNINTER­
RUPTIBLE OUTPUTS. These high-efficien­
cy power supplies are available with batter­
ies, inverters and automatic-switching cir­
cuits. They come in sizes from SOO VA to 10 
kVA. Each system includes a battery charger 
and a choice of a relay or solid-state swi tch 
with actuation time of as little as 4 msec. 
Operation is from power lines of 9S to 130V 
ac. Systems up to 2000 VA contain sealed, 
maintenance-free batteries. Prices of the 
systems range from $182S to $11 ,300. To­
paz Electroni cs, 385S Ruffin Rd., San Die­
go, CA 92123. Phone (714)279-0111. 216 
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Free Application Data 

TUTORIAL ON REAL-TIME ANALYZERS 
11 
QUESTIONS 
YOU SHOULD 
ASK WHEN 
BUYING A 
REAL-TIME 
SPECTRUM ANALYZER 

For application in the 
fields of 
VIBRATION-diagnose 
complex mach inery. 
NOISE-identify sources. 
UNDERWATER-detect 
faint signals. 

Federal's latest Tutorial 

'lllllB£~~~~ Brochure answers such 
Iii ~!-.~.~ meaningful 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 averag ing? 
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? 

Fed era I Scientific Corp. 
An affil. of Nicolet Instrument 
615 West 131st St. , New York, N.Y. 10027. (212) 286-4400 

Circle No. 69 

Compact ... reversible ... synchronous. 
These low-cost motors are real workhorses. 
When your constant speed applications ca ll for high torque, low 
power or reversibility, consider these miniature permanent mag­
net synchrono us motors. They not on ly conserve space but they'll 
save you money. Low rotor speeds and permanently lubricated 
bearings assure quiet operation and extended life, as well . 

To rqu e at the rotor shaft is .75 oz-in . @ 300 rpm for the 81300 
series (i n the hand). Input power is 1.5 watts nominal. Gearing 
gives a choice of 92 di fferent speed combinations to 1/360 rpm. 

Series 81400 gives you 2 oz-in . @ 300 rpm at the rotor shaft. 
Input power is 3 watts nominal. Gear trains avai lable to lower 
output speed to 1 rpm. 

Send for information now! 
A. W. HAYDON CO . PRODUCTS 

I NORTH AMERICAN PHILIPS CONTROLS CORP. 
A NORTH AMERICAN PHILIPS COMPANY 

Cheshire, Conn. 06410 • (2031 272-0301 

Circle No. 38 

(YOU CAN 'T BUY A SAFER ONE!) 

FRICTION-AIRE '"'' - the electric oven with no heating 
elements , no electrical controls - is now U.L. Listed for 
Class 1, Group D work and for operation in Class 1, Group 
D hazardous locations! 
Heat generated solely by moving air. You get + 1S0°C. 
(+ 302°F.) .. 100% proportional performance ... absolute 
safety . Chamber remains well below + 215°C. under any 
operating conditions , eliminating need for special overtem­
perature protection . 
U.L. Listed oven* has 25" W. x 20 " D. x 20" H. chamber and 
offers : Uniformity at + 100°C.: ± 0.5°C. ; Control Accuracy : 
± O.S°C.; Run-Up to + 1so°C.: 120 minutes ; Cool-Down to 
+ so°C.: 30 minutes. 
Write: Blue M Electric Company ; Corporate Headquarters : 
Blue Island, Illinois 60406. 
'Larger and smaller models submitted for U.L. Listing ; acceptance pend­

ing. Other -l- 260°C. (-l-S00° F.) models, to Class A and Class 1, Group 

D standards ..• --------------1®• I BLUE M 
Circle No. 39 

Here's our new top line of nine right angle molded printed 
circuit headers for use with 0.100" center wire wrapped plates . 
One 34-pin model , four 56-pins, one 70-pin and three 112-pins. Your 
National Connector salesman has all the details. 
New headers from .. . 

NATIONAL CONNECTOR 
5901 South County Road 18 • Minneapolis , Minnesota 55436 • (6 12) 935-0133 

DIVISION OF~ IFAGllilll~l"IEll( INC. 

Circle No. 40 
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CIRCUITS 

0.01 % 8-CHANNEL ANALOG MULTI­
PLEXER HAS INTERNAL ADDRESS DE­

CODER. Model MPM-8S is capable of ex­
pansion to 256 channels in multi -tiered ma­

trix confi gurations. It accepts ± 1 OV analog 
signals and binary coded TTL-compatibl e 
channel -address information and provides 
a time multi p lied output signal suitable 
for input to A/D converters, S/H amplifi ers 
and v/f converters. Throughput speeds of up 
to 250 kH z are poss ible. The MPM-8S set­
tles to 0.1 % in 3 µ.sec and to 0.01 % in 7 
µ.sec, with a 1 ooon source impedance. 

Crosstalk is - 115 dB with a 1000-Hz full 
sca le sinewave on all OFF channels. ON re­
sistance is 200f! and drift is only 1 %/°C 
from 0°C to + 70°C. The unit operates over 
-2s0 c to +85°C. $125. Burr-Brown Re­
search Corp., International Airport Indus­
trial Park, Tucson, AZ 85706. Phone 
(602 )294- 1431. 249 

DE-GLITCHED 13-BIT D/A CONVERTER 
HAS 50-nSEC SETTLING TIME. Model 
DDAC thick-film hybrid unit features low 
glitch of 150 mV-nsec at a 5-MHz word 
rate. The converter is ava ilable as a set of 3 
DIPs (from $485) or a complete pc-card 
assembly (from $550). It has programmab le 
±2.SV, ±SV or± 1 OV voltage outputs with 
100-mA, SOD coax drive, internal or ex ter­
nal references, MIL-STD-88 3 processing 
and short-ci rcuit protected outputs. The 3 
basic parts are a 13-bit D/A converter in a 
24-pin D IP, a track-a nd-hold deglitcher in a 
24-pin DIP and a coax driver amplifier in a 
T0-3 case. ILC Data Device Corp., 100 Tee 
St., Hicksvill e, NY 11801 . Phone (5 16)433-
5330. 250 

ULTRA-FAST D/A CONVERTERS SUPPLY 
HIGH OUTPUTS. The MDS/MDP Series of 
8 and 10-bit modular D/A units fea ture set­
tlin g times as low as 15 nsec for 8-bit accu­
racy and 20 nsec for 10-bit units. High out­
put current on the converters assures good 
drive capability even on low-impedance 
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loads, without sacrifi ci ng settling time. In 
the unipolar mode, the units will supp ly 
outputs of 15 mA or 1.SV; in the bipolar 
mode, they can supply ±7.5 mA at ± 1.lV. 
MOS 8-bit units range in price from $89 to 
$109 and 10-bit units from $109 to $129. 
MDP 8-bit units range from $109 to $129 
and 10-bit units from $129 to $149 .. Com­
puter Labs, 1109 S. Chapman St., Greens­
boro, NC 27403. Phone (9 19)292-6427 . 

251 

LED NUMERIC DISPLAY ASSEMBLIES 
FEATURE 0.8-IN.-HIGH CHARACTERS. 
The SLB-3 Series is presently avai lable with 
red numerics in standard 3 to 8-digit assem­
blies as well as customer design . Green anq 
yellow versions are to be avai lab le shortly. 
All extend only 0.6 in. behind the panel and 
are mounted on 0.8- in . cen ters. Design 
advantages include an easy push-on c lip for 
bezel mounting and plug-in use of OP­
COA's standard red SLA-3 and SLA-4 0.8-
in .-high numeric displays. OPCOA, Inc., 
330 Talmadge Rd ., Edison, NJ 0881 7. 
Phone (201 )287-0355. 252 

PULSE TONE ENCODER COMES IN A 
THICK-FILM NETWORK. This exceptional­
ly small tone encoder is for use in telemetry, 
remote control systems and radio communi­
cations. The AE-50 will produce a burst of 
tone on any frequency between 20 and 
3000 Hz. The burst or pulse duration ca n be 
varied from 100 msec to 15 sec, or can be 
strapped for a continuous encode. The min­
iature size of 1-1/4-in . long x 15/16-in. 
wide x 1 /2- in. high makes the unit espe­
c ially useful where space is at a prem ium. 
Temperature range is from -40°C to 
+ 100°C and power requirements are 4 mA 
at 12V de. Frequency stab ility is ± 0.5%. 
Alpha Electronic Services, Inc., 8431 Mon­
roe Ave., Staton, CA 90680. Phone 
(7 14)82 1-4400. 253 

TONE ENCODER/DECODER MOUNTS 
ON PLUG-IN CARD. Used in a wide vari­
ety of control and signaling applications, 
the unit operates from a nominal 12V de 
supply and has an encoder tone ±25 Hz 

from the nominal spec ified frequency. 
Once set, it will remain in frequency with a 
stab ility of ±5 Hz over a temperature range 
of 0°C to ± 50°C. The encoder is keyed OFF 
and ON by a ground connection capable of 
drawing 10 mA. The encoder is designated 
FL2605-2 and the decoder is designated 
FL2605-3. The latter responds to the encod­
er signal by c losing a relay with two Form C 
contacts. Ferritronics, Ltd ., 222 Newkirk 
Rd. , Richmond Hill , Ontario, Canada. 
Phone (415 )889-731 3. 254 

MOS DELAY LINE MEMORY HAS 20k BITS 
AT 0.5¢/BIT. Model 2269 is used to replace 
magneto-strictive delay lines and in CRT 
terminals, buffer memories, drum memo­
ries, sequential-access memories, line stor­
age and line printers. Delay length and stor­
age capacity can be tailored to exact cus­
tomer requirements. The card is 4-1 /2 x 6 
in. and is suitab le for either edge-finger ; r 
con nector mounting. It accepts standard 
TTL inputs and generates standard TTL out­
puts. Data and clock rates range from 500 
Hz to 4 MHz. Melear Electronics Corp., 
1750 New Highway, Farmingdale, NY 
11735. Phone (516)694-5570. 255 

HYBRID DECODER/DRIVER COSTS $1 7. 
Series 20673 24-pin DIP measures only 
0.762 x 1.277 in. It has drive ca pability of 
300 mA at 30V and operates from SV lines. 
The unit is designed to decode standard 
8421 BCD to 12 outputs or, if only 10 de­
coded outputs are requi red, the two remain­
ing may be connected as lamp buffers. The 
20673 is DTL/TTL compatib le, avai lable 
with or without memory, and features lamp 
blanking as standard. Industrial Electronic 
Engineers, Inc., 7720 Lemona Ave., Van 
Nuys, CA 91405. Phone (213)787-0311. 
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T-BAR 

Switch 
12·144 

circuits 
altogether 

with 
ONE 
Y.BAR 

Toggle Switch! 

Q. 
:I 
0 
u 
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T-Bar Toggle Switches are designed 
specifically for manually switching 
. many parallel l ines. 8 -144 pole 

T-Bar Togg le Switches are available 
in Form A and C contacts. For low 
level switching , specify Series 902 
T-Bars with bifurcated contacts for 

high reliability. 

Off-the-shelf from 
• CRAMER • NEWARK 
• ALLIED • HOLLYWOOD 

For information, write or phone T-Bar, 
refer to distributor catalog or eem. 

~--=-;SWilChlnu 
T·Bar como~~,1m! 

INCORPORATED 
SWITCHING TECHNOLOGY 

141 Danbury Road, Wilton, CT 06897 
Telephone : 203 / 762-8351 

Circle No. 83 

Put .0051. 
resolution in the 

palm of 
your hand 

Model 245 4Y. digit DMM offers 21 range 
versatility, 100% overrange, line and bat­

tery operation, (DC and AC volts, ohms, DC 
and AC amps) .005% resolution with ±.05% 

basic accuracy for only $295 including 
battery module, charger, input probes, 

carrying case and full documentation . 

Truly portable, pocket-size 
13/4" x31/2" x 5 1/2". 

Simple, fool -proof and protected operation. 

Data Precision Corporation 
Audubon Road, Wakefield, Mass. 01880 
~ (617) 246-1600 

\I-DATA PRECISION 
.. . years ahead 
Circle No. 41 

Distributed nationally . 

Call your local office 
for a demonstration . 

AL (205) 883-2530 
AZ (602) 946·7252 
CA N (415) 321 -7323 
CA s (714) 540-7160 
co (303) 449-5294 
CT (203) 527-1245 
FL s (305) 563-8056 
fl N (305) 241-4445 
GA (404) 457-7117 
IL (312) 286-6824 
IN (317) 253-2087 
MA (617) 273-0198 
MD. (301) 588-7790 
Ml (313) 482-1229 
MN (612) 781 -1611 
MOw (913) 236·6600 
MOE (314) 426·2331 
NC (919) 787·5818 
NJ (215) 925·8711 
NM (505) 265·6471 
NY N (315) 446·0220 
NYs (516) 482-3500 
OH N (216) 243-7430 
OHs (513) 298-3033 
TXN (214) 234-4137 
TX s (713) 461 -4487 
WA (206) 767·4330 

Monitor events-track time 
-conserve space! 

Mini events or time indicators for 
important billing or maintenance functions. 
Although they measure only 3~" square x 11/4' long, these pre­
cision indicators have a clea rl y visible 4-digit readout. They' re 
easy to see, yet occupy only a mini mum of space. They'.re non­
resettable and tamper-proof - the perfect way to monitor 
elapsed time or events in peripherals, business machines, pro­
duction machinery or sim ilar electrical/electronic equipment. 

The Elapsed Time Indica tor is furnished with either front or 
side readout, for surface or through-panel moun ting. Ava ilab le 
for SO or 60 Hz operation. 

The Events Counter comes with the fla nge-type moun t only. 
Coun t r~te is 1200 cpm. It can be supp lied for DC or SO, 60 
or 400 Hz operation at va rious vo ltages. Power consumption is 
2.S watts nominal. 

Send for information now! 
A. W. HAYDON CO. PRODUCTS 

I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
A NORTH AMERICAN PH ILIPS COMPANY 

Cheshire. Conn. 06410 • (203) 272-0301 

Circle No. 42 
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Now! All you need! 
GTS lllllllTUBI 
TTL GOllPITIBLI BYBBI 
Cll1'STIL OSCILLATORS 'I' I 

NEW CTS T0-8 crystal osci llators 
eliminate one of your biggest 
design headaches . .. size . .. 
they 're in a compact .07 cu . in. 
package. They feature a coldweld 
enclosure and reliable hybrid 
circuitry. Frequency range is 500 
KHz to 25 MHz. Available as 
complimentary, multiple binary 
related outputs capable of driving 
5TTL. Temperature stability : 
± 25 ppm 0°C to 70°C. 
(sine wave outputs optional) 

90 

(Optional :± 100 ppm - 55°C to 
125°C.) Excellent long term 
stability. 

Prototype units are immediately 
available with min imal start-up 
time for production quantities. And, 
these new oscillators are low in cost. 
Interested? Call or write : CTS 
Knights, Inc., 222 Reimann Ave., 
Sandwich, Illinois 60548. Phone : 
(815) 786-8411 . 

Circle No. 43 

CIRCUITS 

DIGITAL-IC POWER SUPPLIES DELIVER 
UP TO 35A. The UPM-5 fami ly of five 
modu lar power supplies features output 
current ratings of S .7 A ($ 11 9), 1 OA ($ 149), 
17 A ($ 199), 2SA ($299) and 3SA ($3S9) at 
+SV de. Al l supplies deliver ful l output at 
+ 40°C, w ith derating to + 70°C. Line and 
load regulation is 0.1 % or S mV, whi chever 
is greater. Ripple and noise is 2 mV rms and 
20 mV p-p and temperature coefficient is 
0.02%/°C max . over 0 to + 71 °C. Load tran­
sients over the range of fu ll to half load 
show a recovery to within regulation limits 
w ithin 50 µ.sec. Standard suppl ies are rated 
for 105 to l 2SV ac, 47 to 63 Hz operation. 
Datel Systems, Inc. , 1020 Turnpike St. , Can­
ton, MA 02021. Phone (6 l 7)828-639S. 25 7 

50-CONTACT CARD PROGRAMMABLE 
SWITCH COSTS $75 . Model SOB can be 
used to program a display, open a door or 
set up a machine. The card is 1-1 /2 x 3-3 /4 
in . and its materi al is either M ylar o r Vinyl. 
It contains a 5 x 10-ho le matrix on 1 /4- in . 
centers. With this matrix, the switch can 
be programmed by punching the card w ith 
a simple hand punch. The switch w i ll read 
cards 0.007 to 0.030- in . thi ck. The Model 
SOB w il l perform more th an 2S,OOO opera­
tions w hen switching 11 SV before contact 
cleaning is necessary. Hickok Electrica l 
Instrument Co. , 10Sl 4 Dupont Ave., Cleve­
land , O H 44108. Phone(2 l 6)S4 l -8060. 
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INDUSTRIAL-CONTROL LOGIC MOD­
ULES ADD VERSATILITY. A Seri es of Con­
tro lpac II sol id-state plug-in logi c modules 
consists of 30 modu les grouped in nine fam­
ilies to be fo rmally introduced over the next 
several months. The plug-in ca rds enable 
Controlpac II users to increase the system's 
capabi lities without alteri ng its basic wiring. 
Four connector kits for use with modul es 
when upgrad ing a system are also available. 
The nine functional families are: bas ic- log­
ic, input buffer, output buffer, load driver, 
timer/counter, programming, memory, 
power supp ly and misce ll aneous. Eagle 
Signal Industrial Control D iv., 73 6 Federal 
St. , Davenport, IA S2 803. Phone (3 19)326-
8111 . 259 
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The four mosl imr.orlanl words 
you wl I see all year. 

Miniolure lndudors Available Now. 
Specify fixed , variable and high frequency quality inductors. 

Now you can get them immediately from Pulse stock for 
as little as 25¢ for high frequency inductors. 

• High Q at RF Frequencies 
• Good temperature coefficient 
• Low External magnetic field 
• Small size 

l nduc - Test Self Res OCR 
Catalog lance Ml" Fre q Freq (oh ms 
Number (uhy) a (M HZ) (MHZ) max) 

SIOOO O.Ql so I SO 7SQ 0 .02 

51009 1.0 so so 120 0 .40 

51012 0.33 70 25 200 0. 11 

51019 10 60 7.9 25 2.6 

51025 100 45 2.5 9.7 

51054 1.0 60 25 100 0. 37 

51064 2.2 40 7.9 56 0 .50 

51068 22 30 2.5 17 10.0 

S301 0 1.83 148 .I S 

53100 28 .7 61 1.75 

For complete information send for Bulletin PE-61 
or contact any Pulse Engineering regional office. 

A Varian Subsidiary 

Pulse Engineering, Inc. 

P.O. Box 12235 • San Diego, Calif. 92112 
Phone 714-279-5900 • TWX 910-335-1527 

Circle No. 45 

HERE'S THE INSIDE STORY 
of ATOMICLAD® II 

Gibson Electric 's "Silver Saver" 
COMPOSITE CONT ACT RIVETS 

Full Contact Surface Area 
The proper 
thi ckness of 

Metallu rg ically 
bonded to 
preve nt separation 

for economy, 
heat d issipation 

outside co rners 

Avai lab le with 
"'----- flat or indented 

sha~k end 

The new, improved second generation of Gibson Electric 
ATOMICLAD II composite electrical contact rivets are avail­
able in standard and custom sizes and various materials 
to solve your contact problem economically without sac­
rificing dependable performance. 

SEND FOR FREE CATALOG 

AND SAMPLE Gibson 
OF ATOMICLAD ll 's ELECTRIC INC. 

A Subsidiary of GTE Sylvan ia 

DELMONT, PA. 15626 
Circle No. 44 

Reed Relays from dry circuit 
to1.5amps 

-· 
~·' 

Check into one of the broadest 
reed relay lines available. 
Yo u can meet v irtuall y any reed rel ay requirement from 
NAPCC's extensive se lec tion of dry and mercury w etted 
types. Sty les range fro m low cos t, ru gged open sty les to an 
excl usive, high density memo ry reed w ith six Fo rm A con­
tac ts that ca n save up to 45°/o o r mo re in mountin g space. 
Miniature types are ava il able to interface directly with RTL, 
NNIL, DTL o r TTL logic.s, compatibl e with 14- term inal dual 
in - line ICs. Yo u have a cho ice at NAPCC fro m a related 
fa mily of reeds, o ne of the broades t lines ava il abl e, and at 
compet iti ve pri ces o r below . 

Wri te fo r lite rature. Today. 
PRI CE ELECTRI C REL AYS 

NORTH AMERICAN PHIL-IP_S_C_O_NTROLS CORP I 
A NORTH AM ERI CAN PHILIPS COMPANY 

E. Church & 2nd St . · Frederick . Md. 2170 1 · (301) 663 - 5141 

Circle No. 46 
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INDUSTRIAL 
DC AMPLIFIER 

MULTI· PURPOSE 
SIGNAL CONDITIONER 

(680 SERIES) 

92 

INDUSTRIAL VERSATILITY 
• Strain Gage Conditi on ing 
• Thermocouple Condition ing 
• Multipurpose Ampl ifiers 
• Integral Bridge Excitation 

Supplies 
• Bridge Completion 
• Bipolar Bridge Calibration 

Switch 
• Bridge Balance Control 
• RTI Zero Suppression 
• Detachable Thermocouple 

Junctions 
• Combination Stra in Gage 

Thermocouple Amps 
• Thermocouple Linearization 
• Expanded Scale Operati.on 
• 12V de, 28V de, 115V ac, 

220V ac Operation 
• 6 or 16 Channel Enclosures 
• Portable or Rack Mounted 

LABORATORY PERFORMANCE 
• 0 .5 µV /°C Zero Stab ility 
• 0 .3 µV Peak Noise (10 Hz) 
• .01 % Linearity 
• .005 % /°C Gain Stab il ity 
• True Different ial Input 

AEROSPACE RELIABILITY 
• - 25 °C to + 71 °C operation 
• Thermal shock res istant 
• RFI res istant 
• 300V Common Mode 
• Transformer Isolation 

Amplifier Specialists In 
Airborne, Marine and 

Industrial Environments 

Ee Iron 
CORPORATION 

8133 ENGINEER ROAO 
SAN DIEGO, CALIFORNIA 92111 

TELEPHONE (714) 278-0600 
TWX (910) 335·1259 

Circle ·No. 47 

CIRCUITS 

TINY LAB SUPPLIES MEASURE 2.5 x 3.5 
x 1.25 IN. A line of pocket-size lab sup­
plies come complete w ith five-way binding 
posts, on-off switc hes and five-foot three­
conductor line cords. There are 6 standard 
models in the " L" Seri es, which provide 
vo ltages of S, ± 12 or ± 1 SV de at SOO or 
1000 mA (SV de) and 100 or 200 mA (± 12 
or ± l SV de). Line regulation (10S-12SV 
ac input) is O.OS% max. and load regu­
lation (0-100% load) is 0. 1 % max. TC is 
O.O l S%/°C, ripple and noise is O.S mV rms 
max.(± 1 SV) and 1 mV rms max. (SV). Out­
put-voltage to lerance is factory set at ± 1 % . 
Dual outputs track to within 0.02S%. $49 
and $69. National Products, Inc., Box 292, 
Haverhill , MA 01830. Phone (6 17)374-
0777. 260 

A/D CONVERTER LINE SPANS 8 TO 14 
BITS. Utilizing successive approximation, 
they feature conversion times from 80 µ,sec 
for 14 bits to 8 µ,sec for 8 bits with accuracy 
to 0.01% of full sca le range, and an overa ll 
temperature coefficient of 12 ppm over 0 to 
+ 70°(. Accuracy and temperatu re-coeffi­
cient specifi ca tions in the new 400 Series 
incl ude errors due to the analog swi tches, 
internal reference vo ltage generator, com­
parator offset, ga in error, non-linea rity, ca li­
bration resolution, resistor network track­
ing, quanti zing error and power-supp ly 
variations within ±S% tolerance. Single­
unit prices are $17S (8 bits); $2 1 S (10 bits); 
$260 (12 bits); $310 (13 bits); $34S (14 
bits). Phoenix Data, Inc ., 3384 W . Osborne 
Rd ., Phoeni x, AZ 8S017. Phone (602)278-
8S28. 261 

OEM SUPPLIES DRIVE OP AMPS AND ICs. 
The TR series supplies provide a single volt­
age output for driving IC logic and a dua l-

vo ltage output fo r drivi ng op amps and A/D 
converters. By co mbining these functions 
into a single compact package, the OEM 
ca n rea li ze a savings in cost, along with 
reduced size and weight. The supplies are 
ava il able with vo ltage outputs of SV/± 12V 
and SV/± 1 SV. Current ratings are SA or 
1 QA on the single output and 1 A on the dual 
(tracking) output. Overvoltage protection is 
bu ilt in to the single output and is opt iona l 
on the dual output. Regulation is 0.1 % . 
$109 for SA models and $129 for 1 QA mod­
els. ACDC Electroni cs, Inc. , Ocea nside In­
dustri al Center, Oceanside, CA 920S4. 
Phone(7 14)7S7- 1880. 262 

PRESELECTOR FILTERS COVER " C" 
BAND. The new line of tunab le-cavity units 
e~p loy a micrometer head for ca librated 
tuning over a SOO-MHz frequency range in 
C band. The micrometer tuning adjustment 
ca n be locked at any desired frequency. The 
bandwidth is controll ed to w ithin 20 and 30 
MHz and the insertion loss is 0.S dB . VSWR 
is 1.2: 1. These preselector fi lters measure 
1-1/2 x 1-1/2 x S in ., includ ing tuner, and 
weigh 8 oz. SMA connectors are standard. 
Pri ce is $12S ($7S each in large quantit ies). 
Texscan Corp., 2446 N. Shadeland Ave., 
Indianapol is, IN 46219. Phone (3 17)3S7-
8781. 263 

~ 
A " 

POWER SUPPLIES FOR PHOTOMULTl­
PLIERS FEATURE COMPACTNESS. The 
new PMS Seri es of photomu ltip lier-tube 
power supplies represent a fami ly of ex­
tremely compact de-to-de proportional 
converters. These devices cover various 
output voltage ranges from 300 to 1 O,OOOV. 
They are reported to have low output rippl e, 
reverse polarity and momentary flashover 
protection . Some models are also avai lable 
for battery power or ac- line input operation. 
Most units are ava ilable from stock or on a 
short-delivery basis. Pri ce on some models 
is under $30 in quantity. Del Electronics 
Corp., 2SO E. Sandford Blvd., M t. Vernon, 
NY 1 OSSO. Phone(9 14)0W9-2000. 264 
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Competition 
is .hot ... stay. cool 1~. 
!!!~ke~.'~:Vh e. '\ , 
off manufacturers 
who require special 
design neon lamps. 
Whether used as in­
dicators in electrical 
appliances . . . or 
industrial and com-
mercial equipment . . . 
Or as lnner-Vators .. . 
as arc suppressors, 
flashers, fuse indica­
tors, humidity sensors, 
oscillators, power line testers , relays and lots 
of other things ... Glowlite neon lamps give 
you the benefits of low cost, long life and 
reliability. Stay cool. Write for our catalog. 

Subsidiary of El -Tronics . Inc . 
Pauls Valley, Okla. 73075 • (405) 238-5541 

Circle No. 48 

COMPLETE GUIDE TO 

PROJECT 
MANAGEMENT 
by Dennis L. Lock 

Here is the perfect introduction to project management , the 
technique that was created to deal with the complex activities 
of modern industry-planning, costing , controlling and eval­
uating projects so they are completed on time and to specs 
and budget. 

With over 60 how-to-do-it illustrations and many practical 
examples , this book covers all the basics including defining 
the task , estimating costs , pricing , planning the time sca le, 
scheduling , materials control, maintaining the program , modi­
fications , build schedules , concessions and relating achieve­
ment to expenditures. CPM and PERT are also explained. 

Complete Guide to Project Management is essential reading 
for anyone, on either the technical or manageria l si de of 
industry , with any responsibility for projects . 224 pp. $10.95 

Order Today-15-0ay Free Trial-Satisfaction Guaranteed 
or Money Back-Send check and we pay shipping 

Cahners sooK 01v1s10N 
89 Franklin St., Boston, Ma. 02110 S58/M0809 

inasolidstateDIP 
Introducing another first from Grigsby-Barton. The 
SYNCHR0 % DIP;M A new synchronous, solid-state 
relay in a DIP package, using LED photo-isolation. 

The SYNCHR0%DIP features TTL compatible 
photo-isolation input and zero voltage switching 
capability to 280 VAC and 500 MA. 

With this relay you can design synchronous cir­
cuits without using discrete components. And 
that's a first for you. 

Send today for complete technical specifica­
tions on our new SYNCHR0%DIP. 

~ ~o~n·d~!~!:i~~~!9.6~: 
~ Phone (312) 392-5900 TWX 910-687-3789 

Circle No. 49 

Mini-sized 
to save 
valuable 
equipment 
space 

Record"run time"with these resettable 
microminiature elapsed time indicators. 
The only thing big about our Series LM49200 Microminiature 
Resettable Elapsed Time Indicator is the easily readable 
3-digit hourly display. All else has been miniaturized includ­
ing the precision hobbed gearing and the aspirin-sized syn­
chronous drive motor used to insure maximum accuracy and 
long life . Measuring a scant 37 / 64" sq . x 1-1 / 4" ,- the indi­
cator is as small as a resettable ETI could ever hope to be. It 
weighs a mere .75 oz. and takes less than .500 cu . in . of 
equipment space, leaving plenty of room for other needed 
components. Resetting? All you need is a standard Allen 
wrench . Operates on 115 V, 60 hz; 1.0 watt maximum power 
input. Accuracy is ± 1% or ± 1 hour, whichever is 
greater. Also avai I able with end readout and a variety of 
mounting configurations . 

Send for information now! 
A.W HAYDON CO . PRODUCTS 

NORTH AMERICAN PHILIPS CONTROLS CORP. I 
A NORTH AMERICAN PHILIPS COMPAN Y 

Cheshire . Conn . 06410 • (203) 272-0301 
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COMPONENTS/MATERIALS 

SHOCK-RESISTANT MINIATURE CRYS­
TALS PROVIDE HIGH Q FACTOR. Used in 
micropower-electron ic circuits, the quartz 
crystal typi call y requires onl y about 100 
nW of drive power. The crystals are 15 mm 
long x 5 mm wide x 3 mm high. The 
metal enc losed quartz crysta ls were ori gi­
nally developed to meet the stringent pack­
aging and performance requirements of 
prec ision quartz-crystal w atches. They are 
available at 32.0 kHz. $9.75 each in quanti ­
ti es of 100. Frequency & Time Systems, Inc., 
182 Conant St. , Danvers, M A 01923. 
Phone(6 l 7)777- l 255. 170 

HIGH-VOLTAGE CAPACITORS HAVE 20-
40% LESS VOLUME. The line of tubular 
hi gh-voltage capac itors range from 1-200 
kV de. Among the principle fea tures of the 
PHV Seri es are rigid phenoli c housing, o il 
impregnated and oil fill ed capacitors w hi ch 
are hermeti ca lly sealed and operate at 85°C 
without derating. The units are completely 
insulated by the housing and sea ling materi ­
al. They are also wax free and fea ture a 
lower power factor th at will no t exceed 
. 75% . $2.37 each in quantities of 100. The 
Elmag Corp., 54 Clark St., Newark, NJ 
07104. Phone(201)481-1600. 171 

BARE-WIRE THERMOCOUPLES ALLOW 
FAST AND ACCURATE MEASUREMENTS. 

These unsheathed, fine-gage thermocouples 
are available in chromel-alumel, iron-con­
stantan , chrbmel-constantan, copper-con­
stantan, platinum-platin um/ rhodium and 
tungsten-rhenium alloy combinations. Fine 
thermocouple w ire di ameters enable tem­
peratures to be measured without di sturbing 
the base temperature of the body in whi ch 
the installation is made. They are available 
in wire diameters ranging from 0.0005 to 
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0.032 in . Thermocouples are of the beaded­
junction type w ith the bead diameter about 
3 times the wire diameter. Omega Engineer­
ing, Inc., Box 4047, Springdale Station, 
Stamford , CT 06907 . Phone(2 03)359- 1660. 
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VHF COILS COVER 10- TO 450-MHz FRE­
QUENCY RANGES) The co il s are designed 

fo r use in mobile communications equip­
ment, co lor TV and FM receivers, and pro­
vide hi gh res istance to shock and vibration . 
Seri es 48A adjustab le coi ls wi th inductance 
va lues from 0.046 to 3.51 JLH cover the 
frequency range from 30 to 250 MHz. Se­
ri es 49A adjustable co ils wi th inductance 
va lues from 0.06 to 1.53 JLH cover the fre­
quency range from 10 to 250 MHz. Seri es 
75F fi xed co ils with inductance va lues from 
0.023 to 0.59 JLH cover the frequency ran ge 
from 50 to 450 MHz. Bell Industries, J. W. 
Miller Di v., 19070 Reyes Ave., Compton , 
CA 90224. Phone(2 13)537-5200. 173 

SEE-THROUGH SWITCH MATRIX EMBED­
DED IN PLASTIC. The "CUE-SWITCH " 
products are based on an ingenious sw itch 
element consisting of matri xed conductors 
embedded in transparent-pl asti c mem­
branes. Without mechani ca l linkages, 
springs or buttons, the switch elements are 
sea led from dirt and moisture. They offer 
exceptionally low mass and profile to de­
signers. By their transparent nature, the 
switch elements can be placed over any sur­
face and retain readability of printed, silk 
screened or projected data e.g., CRT faces, 
calculator keyboards, rear projected graph­
ics, etc. Industri al Electronic Engineers, Inc., 
7720 Lemona Ave., Van Nuys, CA 91405. 
Phone(2 l 3)787-03 1 l . 17 4 

MINIATURE TRANSDUCERS SENSE MO­
TION WITHOUT CONTACT. The PT Seri es 
of miniature proximity transducers are suit­
able for noncontacting measurement of 
both lateral and radial motion , whether stat-

ic or dynamic. These variable-reluctance 
units are precision electromagnetic devices 
that respond to the proximate presence of 
ferromagnetic objects and give electri ca l 
output approx. inverse ly proportional to the 
di stance between a fe rromagneti c surface 
and the sensiti ve face of the transducer 
w ithout phys ica l contact. Schaevitz Engi­
neering, Rt. 130 & U nion Ave., Pennsa u­
ken, NJ 08 11 0. Phone(609)662-8000. 
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MICROMINIATURE CERAMIC CAPACI­
TOR LINE EXPANDED. The Unicerams 
provide a minimum Q of 5000 at 1 M Hz. 
Typica l Q va lues are better than 10,000. 
VSWR and insertion loss are extremely low . 
The ratio of capacitance to unit volume is 
very high. Unicerams utili ze f ine sil ver 
threads bonded to the capacitor by an un­
usual so lderl ess process resulting in ultra­
low loss RF conductivity. Cerami c-dielec­
tri c layers are fused into a solid monolithic 
structure and then encapsulated in glass to 
insure total protection from surface contam­
ination, moisture and o ther environmental 
haza rds. Capac itance ranges from 0.5 to 

3000 pF. Under $1 in quantities of 1000 . 
JFD Electroni cs Corp., 1462 62hd St., 
Brooklyn, NY 11 219. Phone(2 l 2)33 l - 1000. 

176 

•• 
DIP DELAY AVAILABLE UP TO 1000 
NSEC. The unit incorporates 10 equal delay 
taps, w hich along w ith dual- in- line packag­
ing and low silhouette, make it compatible 
w ith semiconductor and other assemblies 
where circuit board height is restri cted. 
Units are ava il able with time delay to ri se 
time ratios of 5 : 1 and working voltage of 
SOV de. $2 0.00. Allen Avionics, Inc., 22 4 E. 
2nd St., Mineola, NY 11 501. 
Phone(S 16)248-8080. 177 
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MINIATURE LOAD CELL COMBINES 
ACCURACY WITH LOW COST. The stan­
dard miniature load ce ll features guaranteed 
spec ifications of ± 0.03% linea rity, ± 0.02 % 
hysteresis and ± 0.01 % nonrepeatability. 
Until now, the least expensive load ce lls of 
comparable performance were O EM priced 
between $200 and $300. The Min ibeam 
load ce ll is designed for contro lled environ­
ment electronic-weighing applications and 
fo rce measurements. Rated output of the 
Minibeam is 3 mV/V. Full scale deflection is 
just 0.005 in . Ava ilable in standard ranges 
of 0 to ± 50, 0 to ± 75 , 0 to ± 100 and O to 
± 150 lbs, the unit is idea l fo r lever type or 
fully electroni c sca les. $99. Interface, Inc. , 
72 10 E. Acoma Dr., Scottsdale, AZ 85254. 
Phone(602)948-5555 . 178 

ANALOG COUNTERS HANDLE HIGH­
SPEED FUNCTIONS. These analog coun­
ters are rugged, small , low-cost devices 
which occupy less than 1/10 of a cu. in ., 
weigh only 1 gram and have no moving 
parts. The counters are acti vated directly by 
any type of digital-logic signal or similar 
pulse. They require no independent power 
suppl y and consume only a few mW of 
power. No EMI shielding is necessary. Max­
imum counting rates are over 100,000/sec. 
They have storage ca pacities of 30,000 
counts and up, with infinite memory. Curtis 
Instruments, Inc. , 200 Ki sco Ave., Mt. Ki sco, 
NY 10549. Phone(914)666-297 1. 179 

ROTARY SWITCH PLUGS INTO pc 
BOARDS. The Seri es JMP 36 sub-micro­
miniature rotary switch is dimensionally 
compatible with discrete components nor­
mall y used on pc boards. The switch pin 
terminals are set to fit a standard T0-100 
grid pattern. It measures onl y 0.3-in. in 
diameter and 0.5-in. overall in length and 
weighs only 1-1 /2 grams. Its 36° angle of 
throw (10 positions), 1 or 2 poles in addition 
to bridging functions, is in a single-deck 
design. A screwdriver slotted shaft actuates 
the unit and the " positive-action" detent 
mechanism prevents accidental switch set­
tings. Voltage breakdown is SOOV ac mini ­
mum between mutually insulated parts. 
Electri ca l rating is 2A continuous. Janco 
Corp. , 2111 Winona Ave., Burbank, CA 
91504. Phone(2 13)845 -7473. 180 

the Oak 
Solenoid 
Shopping 
Center 

Take your pick from the broadest sole­
noid line in the industry. Compact, fast 
response rotary, tubular, and solid frame 
types backed by over 20 years of solenoid 
manufacturing experience. Rugged, reli­
able remote control for a wide variety of 
product applications. Immediate delivery 
on samples for prototype testing. 

ROTARY SOLENOIDS & STEPPING SWITCHES 
-Patented escapement and slide drive ratchet plus Oak­
pioneered positive indexing. Five basic sizes from 0.10 
in.fib. to 20 in .fibs. of torque. Largest solenoid is only 
2Y." diameter x 1 o/ie" long. Wide choice of stroke angles. 
Choice of ganged sections, switching positions, contact 
materials. 

TUBULAR SOLENOIDS-Powerful linear motion in the 
smallest possible package. Nine basic sizes offer thrust 
strengths ranging from 1 % oz. to 12 lbs. Holding for-:e 
from 7 oz. to 11 lbs. for D.C. continuous duty. Smallest 
diameter is only '/,•". All Oak tubular solenoids have a 
life expectancy of 10 
million cycles at rated 
load. 6, 12, 24 or 110 
VDC. 

SOLID FRAME SOLENOIDS-Five sizes from 1" x 1 %2" 
x 1 Y. " to 1•;, ... x 1271:i2' x 2%" . Forces from 60 in ./oz. to 160 
in./oz., D.C. continuous duty. Five D.C. voltage ratings, 
six AC voltage ratings. Stroke 
lengths from %" to Ya" . A larger 
laminated frame solenoid for n 
special applications is also 

available. lll•iiiiiliiJ 
Write for complete technical literature. 

OOdJD~ huh1~tri~~ h1L 
SWITCH DIVISION / CRYSTAL LAKE . ILLINOIS 6 0014 
TELEPHONE : 81 5 • 4 59 • 500 0 • TWX : 91 0 • 63 4 • 3353 • T EL E X 72 • 2 44 7 
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The only 
1c1i1to1 catalog 
with a built-in 
capcdito1. 

SKT electronics , inc. 
208 S. LaSalle Street 
Chicago, 111 inois 60604 
312 . 372-1465 

Circle No. 53 

WHY 15 THIS THE BEST 
PIEZOELECTRIC 

ACCELEROMETER EVER MADE 
FOR VIBRATION & SHOCK 
FROM .001G TO 20,000G's? 

Because the model 902 accelerometer is self generating and 

provides electrical output directly proportional to vibration or 

shock. Even in extremely rough environments with a stability 

and ease of operation like no other accelerometer can. The high 

capacitance of this unit permits readout directly from a scope or 

meter without auxiliary amplifiers. 

CO LUMBIA RESEARCH LABS ., INC. 
Call or Write : Woodlyn, Pennsylvan ia 19094 

Telephone: (2151 532-9464 
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COMPONENTS/MATERIALS 

LOW-CURRENT LAMP IS IC COMPATI­
BLE. The incandescent subminiature lamp 
draws on ly 40 mA at SV to make it suitable 
for di rect drive by many TTL buffer gates. 
Type H 540 has an industry standard Tl-3/4 
submidget flange-base configuration and is 
avai lab le in all popu lar socket-base sty les 
(wi re terminal, bi-pin, midget grooved, 
midget screw) . 1 k piece price is .2Sq:. Indus­
trial Electronic Engineers, Inc., 7720 Le­
mona Ave., Van Nuys, CA 91405. 
Phone(213)787-031 l. 181 

RELAYS PROVIDE SOLID-STATE SWITCH­
ING. A family of so lid-state relays featuring 
zero-vo ltage switching and optica l iso lation 
take an input of 4 to 30V whi le providing an 
output of up to 1 OA at 140V. Besides having 
l SOOV rms optoelectronic iso lation , both 
models also feature input to TTL and 30V de 
compatibility. Model GSRlOAUS is rated at 
SA, 120V or 700W output with a suggested 
resale price of $11 .70 in lots of 100. Model 
GSR 1OA10 is rated at lOA, 120V or 1400W 
output with a suggested resa le price of $13 
in lots of 100. GE Semiconductor Products 
Dept., Bldg. 7, M ail Drop 49, Electronics 
Pk. , Syracuse, NY 1320 1. Phone(315)456-
2021. 182 

IC SOCKETS HAVE LOW PROFILE. These 
28-and 40-pin low-profile dip-solder sock­
ets for high-density packaging of LSI devices 
featu re a 0. 150-in. overall height, plastic 
barriers to eliminate solder-wicki ng and a 
closed-entry insulator for easy device inser­
tion. Contacts are heat treated beryllium 
copper, go ld plated and housed in a glass 
fi lled nylon base. The 28-pin sockets 
(CSA320 1-28) sell for $1.07 each in quanti­
ties of 100 and the 40-pin sockets 
(CSA3201-40) cost $1.51 each in the same 
quantities. Stanford Applied Engineering, 
340 Martin Ave., Santa Clara, CA 95050. 
Phone(408)243-9200. 183 
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GaP LEDs OFFER 3 TO 5 TIMES EFFICIEN­
CY OF GaAsP. The XC524 has typica l 
brightness of 5 millicandela at If= 10 mA. 
GaAsP equi va lents offer 1.5 mil l icandela at 
If= 20 mA as typica l va lues for similar lens 
configurations. The higher effi ciency can be 
used to reduce the power consumption by 
up to 80%. The devices offer direct-drive 
compatibility with single gate TTL and 
MOS. $1.1 2; 1-99 quantities. 78¢, 100-999. 
69¢, 1000. Xc iton Corp., 5 Hemlock, La­
tham, NY 1211 0. Phone(518)783-7726. 
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1-IN. MINIATURE CRT HAS HIGH RESO­
LUTION. O perating over a 5 to 10 kV range 
at a mini mum of 850 lines, the CRT is cap­
able of 350 ft-lmbts (P-1 at 7 kV) output 
from a useful area of 6 x 6 in. All P- phos­
phors are ava ilable. Magneti c deflection 
enables high-reso lution applications and 
spot sizes to 0.6 mil s. A ll leads, including 
the anode lead, ex it from the base for 
streamlined design. The tube weighs only 
38 grams and is 5.5- in . long. The fl at face 
permits simpli fication of associated opti ca l 
systems. Hi-g shock resistant guns are em­
ployed. Sub screen, bl ack screen and fiber­
opt ic screens are ava ilable. Video Product> 
Inc., 7550 San Fernando Rd., Sun Valley, 
CA 91352 . Phone(2 13)767-0748. 185 

HEAT PIPE REPLACES ELECTRONIC HEAT 
SINKS. Primary appli cat ions of the Model 
1333 H are fo r coo ling semiconductbrs, ICs, 
transformers and electron tubes. The heat 
pipe, a more effi cient thermal conductor 
than metals such as copper, consists of a 
sea led container, a wi ck and working fluid . 
In operation, heat vaporizes the working 
fluid in the evaporator region; the vapor 
then moves to the condenser region where 
it gives up thermal energy as heat of con­
densation, and the condensed fluid then 
returns through the w ick by means of capi l­
lary action. It has a max imum load capabil ­
ity of 15W and a usable temperature range 
of - 60°C to +100°C. Hughes Electron Dy­
namics D iv., 3100 W. Lomita Blvd., Tor­
rance, CA 90509. Phone(213)534-2 121. 
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4 % digits + 300% o"erranging 
3 -yr. warranty= 3400 DMM 

It's all relati,1e i11 a 
lticlloll M11ltimeter ..• 

You get more than 4 digits in 
the Hickok 3400 Multimeter. 
You can also get 300% over­
ranging, so you can read to 
39999 on all 5 functions. This 
is for AC/DC voltage from 
10 µ.V to 1 kV, for resistance 
from 10 mQ to 40 MQ, and for 
AC/DC current from 10 nA to 
2 A. 

With the 300% option, you 
can read critical power supply 
outputs between 20 and 39 
volts to 5-digit resolution at 

HICKOK 
the value innovator 

4-digit DMM prices. 
In addition, Hickok backs up 

the reliability of the 3400 with 
a 3-year warranty. This devel­
oped from Hickok 's long ex­
perience as a pioneer in the 
use of LSI circu i t ry in test 
equiplneht. 

Price of the Hickok 3400 is 
$595. Send for the 3400 Series 
Data Sheet for complete speci­
fications on the 3400, as well 
as the Microvolt Multimeter 
and the Multimeter Counter. 

Instrumentation & Controls Division 
The Hickok Electrical Instrument Co. 
10514 Dupont Ave. • Cleveland, Ohio 44108 
(216) 541 -8060 • TWX: 810-421-8286 
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COMPUTER PRODUCTS 

SINGLE pc BOARD MICROCOMPUTER 
SELLS FOR $695. This parallel 4-bit gen­
eral-purpose self contained microcomputer 
features a stable crystal clock that cannot be 
false triggered by noise. The microcomputer 
is a complete operating system with cycle 
times of 11 .8 µsec. It consists of 5 basic 
functional elements: a CPU, a ROM for as­
sembled program storage, a RAM for data 
storage, an expandab le universal 1/0 bus 
and a computer clock. Important options 
incl ude: RAM data storage expansion in 
inc rements of 80-word RAM IC chips to a 
maximum of 1280 words, ROM assembled 
program storage expansion in increments of 
512-word preprogrammed ROM IC to a 
maximum of 8192 words. Applied Comput­
ing Technology, Inc., 17815 G Sky Park 
Circle, Irvine, CA 92707. Phone(714)5 49-
3123. 217 

PORTABLE TELETERM DESIGNED FOR 
"MULTICS" TIME-SHARING SYSTEM. The 
1030/MULTICS TELETERM weighs only 22 
lbs and fits under an airline seat. Connec­
tion to the MULTICS time-sharing system is 
via built- in acoustic coupler; data is trans­
mitted and received over voice-grade tel ­
ephone lines at up to 30 cps. Its thermal 
printer makes it nearly silent. An added 
standard feature is the ACK/NAK keyboard 
inhibit capabi lity, similar to the TTY-37 
terminal. Because of th is similarity, the 
1030/MULTICS simplifies operator training, 
making possib le fast, error-free computer 
use for anyone using MULTICS. $3350 pur­
chase or $97 per month. Computer De­
vices, Inc., 9 Ray Ave., Burlington , MA 
01803. Phone(6 l 7)273-1550. 218 

RJE SYSTEM OPERATES WITH DIGITAL 
PLOTTER. This remote job entry system 
operates with a high-speed flatbed digital 
plotter for automatic drafting. It uses a 
DATA 100 terminal which includes a 
punched-ca rd reader, a high-speed line 
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printer, an operator's keyboard console and 
a modem for connection to a phone line. A 
magnetic-tape unit for mass storage is op­
tional. The system operates over standard 
voice-grade telephone lines at a 2000 baud 
transmission rate. After processing, output 
data is received by the DATA 100 and di­
rected to the plotting system. Telephone use 
charges are minimized by the data com­
pacting and high-speed data transmitting 
and receiving capabilities of the DATA 100 
unit. Xynetics, Inc., 6710 Variel Ave., Cano­
ga Park, CA 91303. Phone(213)887-1022. 
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MINICOMPUTER IS DEDICATED TO 
COMMUNICATIONS. The Nova 840 is a 
compatible, expanded version of the Nova 
800 computer series. The computer has a 
bui lt-in memory management and protec­
tion unit that allows expansion of main 
memory to 128k 16-bit words, provides 
memory mapping in 1 k word blocks, incor­
porates 1/0 device protection and write and 
va lidity protection for main memories. Typi ­
ca l applications include handling front end, 
data concentrator, or message switching in 
the foreground, and supplemental data­
processing jobs in the background, or sup­
porting store-and-forward systems. Basic 
unit, $16,530. Average system prices, 
$40,000 to $70,000. Data Genera l Corp ., 
Southboro, MA 01722. Phone(6 l 7)485-
9100. 266 

DATA SCRAMBLERS FOIL DATA THIEVES. 
To meet the growing concern about stolen 
data, the Series 102 SECRE/DATA scram­
blers provide a high level of security to all 
data users. Inc luded in the series is a syn­
chronous version requiring no external tim­
in g. All model s contain the unique feature 
of automatic-cipher synchronization. There 
are over 200,000,000 code settings avail­
able for.scrami,ling the data. The synchro­
nous models can operate up to 1 M bps 
with external timing and up to 9600 boud if 

no external timing is available. The asyn­
chronous models can operate for any of the 
standard code fo rmats and speeds. 
Com/Tech Systems, Inc., 15 Williams St., 
New York, NY 10005. Phone(212)245-

0733. 267 

BOARDS INTERFACE READER TO COM­
PUTER. Interface boards extend direct plug­
in installation of any EECO photoelectric 
punched-tape reader or punch to PDP-8 
and -11 series minicomputers. EECO com­
puter interface boards are both hardware 
and software compatible to the computers. 
Cables are provided for direct connection 
between computer and reader or punch and 
a diagnostic software package is furn ished. 
Passive filtering and ant i-ambiguity logic 
are incorporated to guard aga inst fiberous 
tape, pin holes, tape jitter or cable noise. 
Electronic Engineering Co. of California , 
1441 E. Chestnut Ave. , Santa Ana, CA 
92701. Phone(714)5 47-5651. 268 

REMOTE-INTELLIGENT TERMINAL SYS­
TEM. Packaged in a 26-in. high pedestal , 
the System IV/40 features a 72k byte LSI 
processor with an integrated discette or 
cartridge disc drive and an integrated com­
munications control ler. The system can ac­
commodate 2 to 16 video terminals and 16 
printers. System IV-40 is communications 
compatible with IBM computers and with 
Four-Phase's larger System IV/70. When 
operated w ith the DAT A IV /70 source data 
entry program provided, System IV-40 
combines the functions of key entry, verifi­
cation and valida tion with the commu nica­
tions and output capab ilities of a remote­
batch terminal. Four-Phase Systems, Inc., 
10420 N. Tantau Ave., Cupertino, CA 
95014. Phone(408)255-0900. 269 
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DIGITAL CASSETTE SYSTEMS USED FOR 
DATA COMMUNICATION. The STR-LINK 
Seri es digital cassette systems provides an 
inexpensive, reliable method of data com­
munications through the use of digital 

cassette recorders. The STR-LINK units in ­
corporate both a standard RS-232 inter­
face and a 20 mA cu rrent-loop interface : 
on some models, an 8-bi t pa rallel inter­
face is also availab le. STR-LINK units that 
record data in blocks using the nonincre­
mental STR-200 drive can rece ive data at 
1200 baud. $890 for si ngle units. Dual 
drives, $1700 each. Electronic Processors. 
Inc., 5050 5. Federal Blvd ., Englewood, CO 
80110. Phbhe(303)798-910S 270 

Now there's a 
big name in miniatures. 

It's Raytheon. And you know 
with Raytheon on a mini­
ature switch you get 
quality, dependability 
and most important -
availability. Popular 
toggle, push-button, 
proximity, rotary and 
rocker-type designs 
carry the Rayswitch 
name and Raytheon's 
reputation for 
excellence in 
electronics. 

Whatever your application, 
from test equipment to 
computer peripherals, 

there's a Rayswitch for 
your panel. Switch to the 
big name in miniatures. 

Call your Raytheon 
representative. Or for a 

FREE copy of our 
Rayswitch catalog 

write Raytheon 
Company, Fourth 

A venue, Burlington, 
Mass. 01803. 

c:AYTHEO~ 
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PRECISION 
UPSET PINS 
IN VOLUME ... 

- It takes automatic equipment and 
know-how developed over many 
.years to turn out precision pins 
like these at a low cost. ART WIRE 
has both . 

And when we say precision that's 
just what we mean . We can control 
the head diameter of these upset 
pins to ± .003-the overall length 
± .005- and we can give you double 
upsets as close together as .025. 
In some cases we can even do 
better. 

What's more. ART WIRE can 
produce them in any workable 
metal or alloy . They can be formed 
of w ire as fine as .010 dia. up to 
.125 dia. 
Send us a sample or a blueprint of 
your requirements and we'll be glad 
to quote on it. You'll f ind that 
ART WIRE'S extra know-how 
doesn 't cost money. It saves it! 

Write For Free Bulletin 

ART WIRE I STAmPlnli comPADV 
122 WING DRIVE 

CEDAR KNOLLS, N.J. 07927 

Circle No. 57 

99 



THERE ARE BETTER WAYS 
TO PUTAIRTOWORK 

LAMB ELECTRIC KNOWS HOW! 
From experience with computers 

and business machines , vacuum 
cleaners, air moving systems for pro­
duction applications , and powering 
environmental control devices , the 
Lamb El ectric engineering staff has 
amassed air-moving know-how which 
can be put to work for you. 

Their product experience, which 
spans over 50 years, in­
cludes vacuum motors , 
blowers , fractional horse­
power motors, gear­
motors and actuators . 

NEW 
HIGH CAPACITY 
BLOWER 

One of Lamb 's cur­
rent developments is 

the new compact 7.5" WINDJAMMER®, 
wi th up to 130 cfm at 6 11 HzO or 60" 
H20 at sealed conditions, designed 
for a life of 20,000 hours. Applications 
for this versatile , quiet blower include 
vacuum holddown , document proc­
essing, particulate removal, aeration , 
and other working air systems. 

Lamb Electric can design and 
manufacture the right air­
movi ng or electro-me­
chanical system for your 

product. Lamb has th ree 
separate manufacturing 
facilities to assure de­
pendable volume pro­
duction. 

Send for your copy of the new WINDJAMMER 7.5" bulletin, and an 
inlorma1ive new folder, AIR MOVING SELECTION GUIDE. 

Write to AMETEK/Lamb Electric, Kent, Ohio 44240. 

.\METEK / Lamb Electric 
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COMPUTER PROD UCTS 

5 x 7 DOT-MATRIX PRINTER PRINTS AT 
50 cps. Designed for OEM use and capable 
of printing any character or symbol that can 
be created by a 5 x 7 dot matrix , the printer 
uses either conventional paper and ribbon 
or " d irect action" paper for which no ri b­
bon is req uired. Two "carbonless" copies 
may be produced along with the original. 
The printer uses electronic control to drive 
the needles which produce the 5 x 7 dot 
matrix . This method of printing provides a 
si mple, versatile system which can be 
changed electronically rather than mechan­
ically. Model 60SA/60HZ price is $216.75 
in lots of 100. Model 60SR/60HZ is priced 
at $255. Amperex Electronic Corp., Hicks-
ville Di v., Hicksv ille, NY 11802. 
Phone(5 16)93 1-6200. 271 

ROUND PLU NGER SWITCHES OFFER 
LOW PROFILE. The Phase 2 Bi-Pac-SC, a 
series of round plunger keyboard switches, 
consist of 2-piece solvent resistant/glass 
fil led nylon housings, 2-shot round keys and 
dual con ica l-spri ng con tacts mounted 1 in­
side the other. Switches mount on 3/4-in. 
centers with maxi mum length of 3.050 in . 
fo r the 4 unit module. Over-all height is 

0.80. in . The simple 4-part switches offer 
li ght touch (2.5 oz) and short 0.150-in. 
stroke (including 0.075-in. overtravel ). Life 
expectancy is over 10 million cyc les at lOV 
de and O.OSOA max. Initial contact bounce is 
2 msec with res istance less than 0.250!1. 
Temperature range is 0° to +65°C. Pri ce: 
21 ¢ per positi on fo r 1 mi llion pc. quantity. 
Control s Resea rch Corp. , 2100 S. Fai rview, 
Santa Ana, CA 92704. Phone(7 14)557-
7161. 272 

TDM INTERFACE OFFERED FOR MOST 
MINIS. A parallel interface for the ADS-670 
data-di stribution system, a time-division 
multiplexer, has resu lted in a lower-cost 
communica tions interface compatible with 
most minicomputers. The parallel interface 
eliminates normal character timing software 
by providing all 1/0 character interrupt tim­
ing. It allows data transfers to be made only 
when control changes or data requests are 
detected, eliminating continuous frame­
scan software, and it provides a 16-bit bi ­
directional bus interface. American Data 
Systems, 8851 Mason Ave., Canoga Park , 
CA 91306. Phone(2 13)882-0020. 273 
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DIGITIZER PUNCHES COORDINATE 
DATA ON TAPE. The orthograph digitizing 
unit links a basic drafting machine to com­
puters, numerically controlled machine 
tools and plotters. It is compatib le with any 
basic orthograph drafting machine 
equipped with a coordinate measuring unit. 
It converts graphic and pictoria l drafting 
information to digital data on punched tape. 
By proper positioning of the digitizing head 
and operation of the keyboard, the drafts­
man can automatically punch necessary 
coordinate data and instructions. The data is 
recorded on the punched tape in USASCll 
output format. EIA format may be added as 
an option. Dietzgen Corp. , 2425 N. Shef­
field Ave., Chicago, IL 60614. Phone(3 12) 
549-3300. 274 

CODE CONVERTER INTERFACES BAU­
DOT AND ASCII SYSTEMS. The Model CC 
1040/1005 code converter provides direct 
2-way interface between serial 5-level Bau­
dot systems and seria l 8- leve l ASCII sys­
tems. Unique 1/0 circuitry provides either 
constant-current or switch output. Speed 
difference when converting from ASCII to 
Baudot is handled by means of a standard 
EIA control line. The CC 1040/1005 is 
mounted in a 19-in. rack-mount cabinet. 
Nationwide Electronic Systems, Inc., 
7N662 Rt. 53, Itasca, IL 60143 . 
Phone(312)773-0370. 275 

CALCULATOR KIT OFFERS 1/2-IN. 8-
DIGIT DISPLAY. The IC-2108 is a complete 
4-funct ion desk-top calcu lator with both 
floating and fixed decimal. A constant key 
permits chai n ca lculations and a clear entry 
allows remova l of an entry from the display 
window without disturbing prior calcula­
tions. Negative-answer, entry and result­
overflow indicators are automatically dis­
played. The color coded keyboard elimi­
nates confusion. The keyboard slopes to the 
desk for comfortable arm positioning. 
$79.95 . Heath Co. , Benton Harbor, Ml 
49022 . Phone(616)983-3961. 276 

ins eet 
a better source for your thin gauge 
NICKEL/MDNEL® ALLOY 400/CDA 194 
When quality and uniformity are critical to the reliability factors of your 
semiconductors, connectors, lead fram·es, bases and cans, you can specify 
Th insheet with complete confidence. Our facilities , quality control , and 
reputation are the finest. Thinsheet now supplies Nickel 200, 233, 270, 
Monel Alloy 400, and CDA 194 in gauges from .025" to .001 ". Widths from 

'!." to 25". Thinsheet also supplies thin 
gauge copper, brass, phosphor bronze, 

nickel silver, stainless steels, aluminum 
and tin coated metals. Deliveries 

are prompt, in many areas direct 
with our own fleet of trailer trucks. 
Write for literature or phone 
(203) 756-7414 (in Newark, N.J. 
area direct line on 642-1624) . 
The Thinsheet Metals 
Company, Waterbury , 
Connecticut 06720. 

® Monel is a registered trademark of the International Nickel Company, Inc. 
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High 
VP.ltage 
Diffused 
Silicon 
Rectifiers 

Six series in a wide range of mini­
mum size packages with low leak­
age currents for commercial and 
industrial applications requiring 
high reliability at economical cost. 

These devices feature 1 kV to 40kV 
PRV with SmA to 2A, lo. All series 
available in fast recovery versions. 

Typical applications: CRT power 
supplies, RF transmitters, micro­
wave ovens, electrostatic copiers 
and precipitators. 

Series VG ; 20kV PRV.$1.49 (1000). 

Rectifiers for medical and industrial 
X-Ray equipment and high voltage 
multipliers also available from Varo . 

Write for free catalog. 

Design us in -
We'll stay there VARO 
VARO SEMICONDUCTOR, INC. 

P.O. BOX 676, 1000 NORTH SHILOH, 
GARLAND, TEXAS 75040 

(214) 272-4551 TWX 910-860-5178 

Distributed by: 
ALLIED ELECTRONICS, Chicago, Ill. 312/ 421·2400. 
THE ALTAIR CO. , Richardson , Tex. 214/ 231·5166. 
BELL ELECTRONICS, Menlo Park, Cal. 415/ 323·9431. 
BLUFF CITY DIST., Memphis, Tenn . 901 / 725-9500. 
BRIDGEFIELD SUPPLY, Twinsburg, Ohio , 216/ 425 -
4209. CRAMER ELECTRONICS, Nationwide; Newton, 
Mass. 617 / 969 -7700; Rochester, N. Y. 716/ 275 -0300. 
ELECTRONIC PARTS CO., Denver, Colo . 303 / 266-3755. 
FARWEST, INC. Bellevue, Wish . 206/ 747 -115. 
MERQUIP ELECTRONICS, Skokie , Ill. 312/ 965-7500. 
MERRILL ELECTRONICS, Chicago, Ill. 312 / 286·2525. 
MILGRAY ELECTRONICS, Freeport, N. Y. 516/ 546-
6000. WESTATES ELECTRONICS, Chatsworth , Cal if . 
21 3./341 ·4411. 

In Canada : 
ELECTRO SONIC, Toronto, Ont. 416/ 924 ·930 1. 
PRELCO ELECTRONICS, LTD, Montreal 357. P.Q. 
514 / 389·8051. R. A. E. IND. ELECTRONICS, Van · 
couver, B. C. 604/ 687 -2621. WESTERN RADIO 
SUPPLY, Hamilton , Ont. 416 / 528 -0151. 
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LOW COST 14-BIT DAC's- The new ZD300 Series include ten new models that offer excellent linearity, fast 
settling, current and voltage outputs, bipolar and unipolar coding, slaveable reference, and two quadrant multiplica­
tion. Prices range from $85 to $179 in single quantities. 

FAST SETILI NG TIMES ( 1 us)-Settling times as fast as 1 us for current output models and 2 us for 
voltage output DAC's makes the ZD300 Series useful in a variety of data conversion applications. 

UNIPOLAR, BIPOLAR OUTPUTS-Unipolar and bipolar operation is specified at 0 to ±lOV, and ±10V, 
respectively. Current output models are rated at ()..2 mA. Voltage output models also feature current output 
capability as well as two-quadrant multiplication-up to 100 kHz. 

LINEARITY 0.005o/o-High performance units feature linearity error of only 0.005% of full scale. Moreover, the 
extremely low linearity temperature coefficient of only 0.0005%/°C ensures high resolution accuracy. 

SMALLEST 14-BIT DAC's-The ZD300 Series modular DAC's measure only 1.96 x 1. 76 x 0.40 ihches high- less 
than 1.4 cubic inches in volume. Low profile, DIP pinning compatibility and interchangeability of models make 
the series highly desirable for OEM usage. 

APPLICATIONS-The versatility of the ZD300 Series makes them an excellent choice for use in process-control 
systems, automated test equipment, servo/synchro/resolver systems, and biomedical instrumentation. 

Multiplying capabilities further enhance their use for CRT character generationJ digital modulation, and 
polar-to-rectangular coordinate conversion. 

lzlel~~NC. LEADERS IN DATA CONVERSION TECHNOLOGY 

CALL or WRITE TODAY for detailed data on these and other ZELTEX Conversion cind Linear products. 
1000 CHALOMAR ROAD • CONCORD, CALIFORNIA 94518 • (415) 686-6660 TWX 910- 481-9477 
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SEMICONDUCTORS 

FIRST CC D IMAGE-S ENSOR ARR AY HITS 
MARKET. The device has a typical dynamic 
range of 1000 to 1, and combines this capa­
bility with high sensitivity, which is rated at 
15µ, footcandle seconds. The mono lithic n­
channel device includes a 500-element 
pho.tosensing strip sea led under an anti-re­
flective glass window, 2 charge-transfer 
gates, 2,250-element CCD analog-shift re­
gisters, a 2-element CCD selection register 
and an on-chip NMOS output device. Fai r­
child Semiconductor Components Group, 
464 Ellis St., Mt. View, CA 94040. Phone 
(4 15)962-38 16. 187 

4194 

VARIABLE DUAL-TRACKING REGULA­
TOR EASES DESIGN PROBLEMS. A vari­
able voltage regulator, designated 
RM/RC4194 , offers a 45V input and an out-. 
put r-ange of ±50 mV to ±42V. Only 1 ex­
ternal resistor to ground is required to set 
the desired output voltage. With 0.2% load 
regulation, the 4194 provides 200 mA at 
both outputs simultaneous ly; w ith external 
pass transistors it can supply up to 1 OA or 
greater. The regulator also provides ther­
mal-shutdown protection when tempera­
tures approach 175°C. Pr ices for 100-lot 
quantities begin at less than $2. Raytheon 
Semiconductor, 350 Ellis St., Mt. View, CA 
94040. Phone (415)968-9211. 188 

LINEAR ICS FOR CONSUMER APPLICA­
TIONS. The CA2 111 AE and the CA21 11 AQ 
contain FM-IF amplifier- li miters drivi ng a 
quadrature-type FM detector. Their pri nci­
ple use is as an FM-IF/detector in radios and 

as sound Ifs in TV receivers. The CA3120F 
is a TV signal processor incorporating a 
sync separator, noise inverter, AGC compa­
rator and RF AGC delay amplifier for use in 
TV receivers. The CA3120F represents 
RCA's first expedition into TV "jungle ci r­
cuits" -a term used by TV engineers to de­
scribe a circuit which is a "j ungle" of mis­
cellaneous c ircuit functions. RCA Solid 
State Div., Box 3200, Somerville, NJ 08876. 
Phone (201 )722-3200. 189 

SAMPLE OP AMPS OFFERED TO DESIGN­
ERS. The LM 141/142 fills the performance 
gap between the 7 41 - and 108-type op 
amps. Improved characteristi cs of the series 
inc lude slew rate of 2V/µ, sec, input bias 
current of 30 mA max and 5 mA input-offset 
current max. The LM 141 series is fully 
compensated and is compatible with exist­
ing designs utili zing the 741 , 107 and 1556. 
The uncompensated LM 142 series is a re­
placement for 101A, 748 and 777 applica­
tions and approaches the input performance 
of the 108 series. Teledyne Semiconductors 
w ill provide a free sample to qualified engi­
neers who respond on company letterhead 
with information on intended application. 
Te ledyne Semiconductor, 1300 Terra Bella 
Ave., Mt. View, CA 94040. Phone 
(415)968-9241. 190 
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QUAD LINE RECEIVERS OFFER IN­
CREASED HYSTERESIS. SG 1489J and 
SG 1489AJ offer built-in threshold hystere­
sis. A greater margin of hysteresis, more than 
double that of the SG 1489), is provided by 

the A version. Both types offer logic-thresh­
old shifting and input-noise filter ing capa­
bi lity. Input resistance is 3.0 to 7.0 k!l and 
input signal range is ±30V. The primary 
application for these devices is in interfac­
ing data terminals with data communica­
tions equipment meeting EIA Standard RS-
232C. Package sty le is 14-pin cerdip. Price: 
(100 pcs) SG1489J: $4; SG1489AJ: $4.50. 
Si licon General Inc. , 7382 Balsa Ave. , 
Westminster, CA 92683. Phone (714)892-
553 1. 191 

MSI, SS I LOGIC FUNCTIONS BUILD ECL 
10,000 SELECTION . The MECL 10,000 de­
vices are: the MC1014, quad AND gate; 
MC10114, triple-line receiver; MC10173, 
quad 2- input multiplexer/latch; and the 
MC10175 , a quint latch. Like other standard 
MECL 10,000 logic devices, these circuits 
offer efficient high-speed logic operation; 
2.0 nsec typical propagation delay/gate 
(shorter for MSI gates) with only 25-mW dis­
sipation/basic gate (less for gates in MSI cir­
cuits). All parts are specified for operation 
over the broad industrial temperature range: 
-30°C to ±85°C. Motoro la Inc. , Semicon­
ductor Products Div. , P.O. Box 20924. 
Phoenix, AZ 85036. Phone (602)244-3466 . 
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LOW-POWER SUCCESSIVE-APPROXIMA­
TION REGISTERS. These monolithic de­
vices can be used in successive approxi ma­
tion A/D converters replacing the 8- to 10-
gate and flip-flop packages normally re­

quired to perform this function. The devi ces 
dissipate 110 mW (12-bit version, 150 mW), 
and operate at typica l speeds of 5 MHz. The 
units are capab le of making a comparison 
in 9 clock periods (the 12-bit version re­
quires 13); have synchronous start ca pabil ­
ity and the capability for trunca tion. Ad­
va nced Micro Devices Inc., 901 Thompson 
Pl. , Sunnyvale, CA 94086. Phone (408) 
732-2400. 193 
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lntronics 
multiplies 
your design 
llexibility 
with low-cost high accuracy 
M530 IC multiplier/dividers 
lntronics IC multiplier/ 
dividers provide the ~ " 
packaging flexibility ..,.-4~ ~/ '-'-'i:a·~ 
you need when ~ 
space is at a 
premuim. These -<if "' 
low-cost, fully self­
contained, four-quadrant monolith ic 
devices are capable of 

multiplication ~6 , 

division 1oz 
Y ' 

. x2 squanng
10

, 

and square 

rooting v'10Z, 
and feature high accuracy to 

0.5% with excellent 
stability and a wide 
bandwidth of one 
megahertz. Prices 
start as low as $20. i­
Applications include : 
modulation and demodulation, phase 
detection and measurement, ratio 
measurement, power measurement, 

function generation 
and frequency 

discrimination. 
? i. Write for com-

~
1 plete applications 

..r<\information in our 
~ designer's guide, 
~ "Optimizing Analog 

Multiplier Performance." 

When you 're in a tight spot specify 
lntronics M530 IC multiplier/ dividers. 

57 Chapel Street , Newton, Massachusetts 02158 U.S.A. 
617-332-7350, TWX 710-335-6835 

Oversea s, calL 
Belgium 35.97.91 
Finland 11 -123 
France 270-2255 
Germany 524181 
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Israel 53459 
Italy 719-518 
Japan 279-0771 
Netherlands 678380 
United Kingd om Mai dstone 54224 

Circle No. 61 

For price, delivery, quality 

look to wabash 
For SSR modules 

look to wabash 
930 series semi-solid state on-off relay 
in low profile package. Provides 
complete isolation between low control 
power input, high power load. 
Exceptional switching reliability. TTL 
log ic-compatible. Use to switch 
inductive, capacitive, tungsten or 
resistive loads in wide range of 
equipment. For fast delivery, call today. 

SPECIFICATIONS Load Current 10 amps A.C. 
(maximum) 

Control Voltage (nominal) 5-48v D.C. Lile up to 500 X 10' Operat ion 
Load Voltage (maximum) 200 or 400v (peak) Size 2.63" L X 1.52" W x .850" H 

For all relay types 

look to wabash 
NPE/ New Product Engineering, Inc. 
a subsidi ary of Wabash Magnetics, Inc. 

First and Webster Streets , Wabash , Indiana 46992 
Phone 219/ 563-2191 TWX 810-290-2722 

•RF SWITCH IN G & MERCURY WETTED RELAYS • SU BM INIATURE REED SWITCHES 
• DIP REED RELAYS • SSR MODULES • STAN DARD & MIN IATURE REED RELAYS 

Circle No. 62 

Metal Core Circuit 
Boards handle circuits 

4 to 13 times too hot 

You can load a 
lot more hot com­
ponents on our new 
Met a l Core Circuit 
Boa rd s (MCCB) tha n 
G-10 because they conduct 
heat like meta l instead of epoxy. 
Here 's what you can expect over G-10 : 

Environment Power Density Increase 

Still air Fou r t imes 

Forced air Eigh t t imes 

Thermally grounded Thirteen times 
system 

forG-10 

MCCB's spread 
the heat around for 

efficient convecti on, 
eliminate hot spots and 

give you the heretofore 
miss ing therm a l l ink be ­

twe e n heat prod uci ng dev ice 
and the outside worl d. If your circuits are 
too hot to ha nd le, wr ite to IER C , a 
subsidia ry of D ynamics Co rporation o f 
America, 135 West Magnolia Boulevard, 
Burbank , California 9 1502. 

I IERC 1 ~ I ~rn8~s 
Circle No. 63 
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HORIZONTAL AND VERTICAL PROCES­
SOR FOR TELEVISION RECEIVERS. Thi s sil ­
icon monolith ic circuit combines 6 TV re­
ceiver functions and requires only half the 
number of external components needed in 
di screte design. Operating wi thout co il s or 
transformers, the TCA5 11 incorporates the 
fo llowing functions: hor izontal osc illator, 
horizontal APC and AFC circuits, pull -in 
range and no ise-bandwidth switch, verti ca l 
osc i ll ator and sawtooth generator. Features 
include the elimination of hori zontal-ho ld 
contro l, the ability to drive different types of 
output stages, and ease of ali gnment. $4.50 
for 1 -99 and $3 fo r 1 00-999. SGS-A TES 
Semiconductor Corp., 435 Newtonville 
Ave., Newtonville, MA 02 160. Phone 
(6 17)969-1610. 194 

COMPENSATED OP AMP FEATURES 
HIGH SLEW RATE, fast settling time and 
low cost. Sett ling to 0. 1 % _in 0.7 µ,sec slew 
rates are achieved in the mono O P-01 
through use of an internal feed-forwa rd fre­
quency compensation network; no external 
capacitors are required fo r stable, high­
speed performance. 250kHz power band­
w idth and 2.5MHz small -s ignal bandw idth 
are attained despite very low bi as currents 
of 20 nA and power consumption of 50 
mW. The mono OP-01 is completely pro­
tected at both input and output, is pin-com­
patible with standard 741 sockets and is 
eas ily offset nulled with a single 10 kO pot. 
Precision Monolithics Inc., 1500 Space Park 
Dr. , Sa nta Clara, CA 95050. Phone 
(408)246-9225. 195 

10 TO 250 KHz CRYS1AL-CLOCK OSCIL­
LATORS ARE LOW COST. A seri es of multi ­
pu rpose crystal contro lled low-frequency 
c lock oscil lators, featuring bipo lar des ign 
with buffered output, designated the SQX0-
2, inc lude the crystal oscillator and all re­
lated osc il lator c ircuit components housed 
in a T0-5 package. The quartz crystal, 
whi ch is photolithographi ca lly produced in 
a tuning-fork configuration, is then laser 
tuned to the prec ise se lected frequency. 
Power requirements are 0.2 to 2 mA at 5V, 
depending on frequency. Statek Corp., 
1233 Alva rez Ave., Orange, CA 92 668. 
Phone(7 14)639-78 10. 196 

INTRODUCING BIOMATION #1015 
WAVEFORM RECORDER: 

BETTER THAN YOUR LIGHT BEAM, 
FM RECORDER, OR STORAGE 
SCOPE. BETTER PERFORMANCE 
THAN ANY OTHER RECORDING 
TECHNIOUE. 

These specs 

introduce a whole new 

........... • • 
i 

era of frustration-free waveform recording 

4 Channels 

• 60 dB Dynamic Range and S/N Ratio 

• 25 kHz Bandwidth 
• X-Y Recording with equivalent slew rate 

of 2500 V/msec 
• Analog and Digital playback 

Instantaneous Start and Stop 

Whatever your discipline or app lication, the f igures above te ll 
it all. 

Now you can record you r wavefo rm events, see them, and 
play them back in the fo rm most convenient for you. 

No more noisy, clu msy equipment. Or miles of printout paper. 
Or poor chart traces. Or costly, frequent maintenance. Model 
1015 is the easier, f lexibl e way. It gives you auto start/stop with 
prior-event delay, li near reco rd with linear playback or XY play­
back, and much, much more. 

Cost per channel? About what you would pay for the old 
methods. 

There is no surer way to turn signals into records. 
For fu ll information call or write Biomation, 10411 Bubb Road, 

Cupertino, CA 95014. (408) 255-9500. 



25WATT 
DC·DC 
REGULATED 
CONVERTERS 
High power 
in a compact, low 
profile package 
FEATURES 

• 25 Watts output (greater t han 
1 watt/ cu . in.) 

• Triple, dual or single outputs 

• Short circuit protected by 
current limiting 

• Low output impedance by 
post regulation 

• High powered addition to the 
proven 9500 series 

SPECIFICATIONS 

• 28 VDC input, outputs 
available from 5 to 24 VDC 
in single, dual, or triple 
output models. 

• regulation : line, 0.1 % 
load, 0.2% 

• meet MIL-E-5400K 
specifications (selected ) 

• low profi le package 
(4 x 4 x 1.5 inches) 

• output impedance: 0. 02 
ohms, 0 to 10 kHz 

• EMI : Input filtering 
included 

• MTBF: Calculated per 
MIL-HDBK-217 

Prices: 
Single output, 
Dual output, 
Triple output, 

$240.00. 
$270.00. 
$330.00 

For immediate delivery call 
(303) 442-3837 

tecnetics, Inc. 
Box 910 
Boulder , Colorado 80302 

tecnetics 
Circl e No. 65 
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IC DECODES " SQ" 4-CHANNEL SOUND. 
The MCl 312 is intended fo r home-enter­
tainment equi pment and the MCl 313 fo r 
automoti ve appli cations. Both feature chan­
nel balance and vo ltage ga in of ± 1.0 dB. 
The M Cl 312 version can handle signals up 
to 2V (rms) and features a signal-to-noise 
ratio of 80 dB and total harmonic distortion 
(THO) of 0. 1 % at a signal leve l of 0.5V 
(rms). For high-performance " component­
type" systems, logic separation enhance­
ment may be added to the M Cl 313 . The 
MC1312 sell s for $2. 15 w hile the MC1313 
lists for $2.40, 100-up quantities. Motorol a 
Inc., Semiconductor Div., P.O. Box 209 12, 
Phoeni z, AZ 85036. Phone(602)244-3 466. 
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MOS/ LSI 9 x 64 DIGITAL FIFO STORAGE 
BUFFER. Thi s buffer is used as a lin k be­
tween 2 d igita l systems operating .at d if­
ferent data rates. Data is fed into the storage 
buffe r at a certai n rate and is made ava ilable 
upon demand at the output. The input and 
output data rates are completely indepen­
dent. The major components of the dev ice 
are a 9 x 64 dynamic RAM, 3 counters, 
and compari son and contro l logic. The 
TM54024 is offered in either a 28-pin plas­
ti c (NC suffix) or ceramic UC suffi x) DIP. In 
100-999-piece quanti ties, pri ce fo r the 
TM54024NC is $1 3.80 and $17.25 fo r the 
TM4024JC. Texas Instruments Inc. , P. O . 
Box 5012, Dallas, TX 75222. 
Phone(21 4)238-374 1. 198 

IC TRANSIENT SUPPRESSOR PROVIDES 
ZENER-TYPE PROTECTION fo r TTL, ECL, 
DTL, MOS ICs operating on either 5 or 15V 
power supplies. It permits safe, continued 
operation of circuits when vo ltage transients 
occur, and has also proven effecti ve in sup­
pressing transients_ developed by lightning. 
Rated fo r a peak pul se power of 1200W for 
1 msec at 25°C, the unit responds to ri sing 
transients in less than 5 nsec. It c lamps the 
line to a specified vo ltage while absorbing 

the energy of the transient. Available in 2 
models, the c lamp po int of the VZ6 is 6.5V 
de, and the VZl 6 is 16.5 V de, ±5% to ler­
ance. Peak pulse current for 1 msec is 20A. 
Transtector Systems, Div. of Konic Interna­
tional Corp., 532 Monterey Pass Rd ., Mon­
terey Pk., CA 91754. Phone(2 13)283-9278. 
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ANALOG MULTIPLIER PRICES CUT IN 
HALF. The 8013CC monolithic 4-quadrant 
multi plier, w ith ± 2% overall accuracy, now 
is se lling fo r $7.50 (100-999 pieces) and the 
8013BC ± 1 % mu lti plier is now priced at 
$11.25 (100-999 pieces). Both operate at 0° 
to - 70°c and are packaged in T0-99 cans. 
The 8013 contains almost all circuitry es­
sential to its operation, inc luding thin-film 
resistors and level-shi fting op amp. It han­
dles +1 V input and output signal, has a slew 
rate of 45 V/ µ, sec typica l and is avai I able in 
versions accurate to ± 0.5%. lntersil , 10900 
N. Tantau Ave., Cupertino, CA 95014. 
Phone(408)25 7-5450. 200 

TTL/MSI CIRCUIT DECODES AND DRIVES 
LED DISPLAYS. The 9368 inc ludes a high­
speed 4-bi t latch fo r stori ng input data, a 1-
of-16 decoder, a 7-segment encoder and 
output components that source 19 mA of 
current at 1.6V. Input loading is 10 µ,A ex­
cept when the latches are enabled. Decod­
ing fo rmat is hexadecimal, binary or BCD 
numbers 0 th rough 9 are displayed as nu­
merals, whi le numbers from 10 through 15 
are displ ayed as alphabetic characters A 
through F. The 9368 is supplied in a 16-pin 
ceramic DIP. Pri ce in 100-999 quanti ties is 
$2.90. Fairchi ld Semiconductor Compo­
nents Group, 464 Elli s St., Mt. Vi ew, CA 
94040. Phone(4 15)962-3816. 201 

ZERO-CROSSING SWITCH IS LED COU­
PLED. The SYNCH RO-DIP is a SPST ac so l­
id-state relay mounted in a modi fied T0-
11 6, 4- lead DIP plasti c package. It provides 
direct load dri ve and is designed to operate 
directly off an ac line. Input control termi ­
nals are LED coupled (photo isolated) from 
the output load terminals. Output is zero­
voltage switching (integral number of half 
cyc les) up to 240V ac. The LED coupled 
input is rated for 2.0 to 32V de and the out­
put is 400V ac at 500 mA. Gri gsby-Barton , 
Inc., 3800 Industri al Dr., Ro l ling Meadow s, 
IL 60008. Phone(3 12)392 -5900. 202 
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Thinking of add-itional memory 
for your mini-computer? 

The best idea is Fabri-Tek's add-on core. 
Fabri-Tek's add-on core memories are plug compatible and they' re available in BK word increments to any word 
size you desire . 

So, whatever your needs . . . HP-2100, 2114A/B, DEC-PDP8E, POPS 1, PDP8M, PDP11 , DG NOVA 1200 and others, 
think first of Fabri-Tek for off-the-shelf delivery . Another Fabri-Tek plus: on-site and factory service by a highly 
trained professional staff. 

For additional information, call or write : 

INC. 
5901 South County Road 18 Minneapolis, Minnesota 55436 

Leader in 
Memory Technology 

(612) 935-8811 For over a Decade 
REGIONAL Boston Chicago New Jersey Phoenix Long Beach Sunnyvale 
OFFICES: (61 7) 969-5077 (312) 437-4 11 6 (201) 964-4770 (602) 266-4448 (213)420-2493 (408) 739-4780 
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LITERATURE 

ALUMINUM ELECTROLYTIC CAPACI­
TORS. The 24-pg. techni cal paper, No. TP-
72-2A, describes the manufacture of alumi­
num electrolytic capaci tors and explains 
their areas of application . The paper was 
originally developed for use by Sprague 
application engineers and discusses the 
merits of aluminum electrolytic capacitors 
in ci rcuit design. Technical Literature Ser­
vice, Sprague Electric Co., Marshall St ., N. 
Adams, MA 0124 7. 277 

WIRE AND CABLE. This is a comprehensive 
compilation of wire and cable information. 
The 11 2-pg. technical manual and cata log 
conta ins 5 sections of valuable information. 
It includes a comprehensive catalog, a glos­
sary of wire and cable terminology and 
complete information on coax ial cable as 
well as compari son charts, general wire ta­
bles, charts and conversion factors. Stan­
dard Wire and Cable Co., 3400 Overland 
Ave., Los Angles, CA 90034. 278 

COMPUTER USER APPLICATION TOOLS. 
The hardware and software tools needed by 
computer users to match almost any re­
quirement in measurement, control , com­
munications and FORTRAN computing 
applications are detailed in this 4-book se­
ries. The series consists of a 12-pg. fa mil y 
brochure, a systems-design handbook, a 12-
pg. communicat ions brochure and a 90-pg. 
communications handbook. Modu lar Com­
puter Systems, 1 650 W. McNab Rd ., Ft. 
Lauderdale, FL 33309. 279 

LASER INTERFEROMETER Model 5900-R 
from Perkin-Elmer is described in an 8-pg. 
brochure. The instrument is idea ll y suited 
for applicat ions in metalworking, computer 
industries and in standards laboratori es, and 
incorporates a remote interferometer as an 
integral part of its design . Si nce it is remov­
ab le from the laser head , the remote inter­
ferometer isolates the heat of the laser from 
the measurement area and permits mea­
surements to be made in confined spaces. 
Perkin-Elmer Corp., Main Ave., Norwalk, 
CT 06856. 280 
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ELECTRONIC PACKAGING HARDWARE, 
A short-form 8-pg. catalog which briefl y 
describes Scanbe's total product line covers 
new socket cards, kit cards, socket panels, 
card files, sockets and strips, IC-packaging 
drawers and wiring. Scanbe Mfg. Corp., 
3445 Fletcher Ave., El Monte, CA 91731. 

281 

ILLUMINATED-PUSHBUTTON SWITCH­
ES, Thi s 8-pg. catalog, S 104, provides com­
plete mechanical and electrical specifica­
tions and ordering data (both military and 

commercial ) for 8 Marco-Oak PressliteTM 
i 11 uminated-pushbutton switches recentl y 
qualified under MIL-S-22885 and listed on 
QPL 22885 . The catalog tabulates both 
government designations and Marco-Oak 
part numbers. Marco Oak Inc., 207 S. Hel ­
ena St. , Anaheim, CA 92803. 282 

MODEM BROCHURE. The 24-pg. brochure 
describes a comp lete line of all-d igital­
modem packs for switched-voice networks 
and leased line applications. Featu rin g a 
performance ran ge from 300 through 2400 
bps, modem packs are all GSA and UL list­
ed and compatible with FTS networks. 
Specifications are listed for each Sanders 
modem series along with charts depicting 
the probability of error vs signal to noise ra­
tio for each modem. Sanders Associates, 
Inc., Mail Stop NCA 5-2146, Nashua, NH 
03060. 283 

IF YOU UNDERSTAND TIME-INTERVAL 
AVERAGING, you can, when measuring 
repet itive events, improve the resolution of 
time-interval measurements a thousa nd 
times, achieving resolution as fine as 100 
psec, and even measure interva ls as short as 
150 psec. That's what a new app li ca tion 
note shows you how to do. It resolves all 
mysteries surrounding the time-interval av­
eraging process, gives a ri gorous anal ys is of 
possib le errors and explains how to avoid 
them. Hewlett-Packard Co., 150 1 Page Mill 
Rd ., Palo Alto, CA 94304. 284 

MULTIPOINT MEASURING INDICATORS. 
Sixteen different multipoint measuring indi­
cator panels are described in this catalog. 
For each panel configuration, the catalog 
contai ns outline drawings, the number of 
points monit~red , the type of switching 
(pushbutton or toggle) employed, mounting, 
point-identification marking and over-all 
dimensions. A li sti ng of available thermo­
couple ranges and reso lution, and ca libra­
ted and over-all accuracy is also included. 
Howell Instruments, Inc., 3479 W . Vickery 
Blvd ., Fort Worth, TX 76 107. 285 

CONNECTOR DESIGN GUIDE. This 28-
pg. design-guide catalog describes plate­
connector and molded-connector products. 
It contains detailed information about 
design, custom-plate connector systems as 

well as describing the design and construc­
tion of components for wire wrapped plate 
systems. It illustrates a w ide var iety of plate­
connector and pc components. National 
Connector, 5901 S. County Rd. 18, Minne­
apo li s, MN 55436. 286 

ELECTRIC-MOTOR NOMOGRAPH. With 
it, one can visually determine unknown 
va lues of motor torque, speed, frequency, 
horsepower and stator poles. Part of the 
January/February issue of the Bod ine Elec­
tric Co.'s Motorgram (Vo l. 53, No. 1 ), the 
nomograph is accompanied by exampl es 
for finding motor speed when the frequency 
and number of stator poles are known , and 
for finding the correct torque value when 
the known factors are horsepower and 
speed. Bodine Electric Co., 2500 W . Brad­
ley Pl. , Chicago, IL 60618. 241 

MAGNETIC RECORDING HEADS , The 2nd 
edition of " Des ign Di gest for Digital Mag­
neti c Recording Heads" contains over 40 
pp. of techni ca l and applica tions informa­
tion . Magnetic heads discussed are fo r ap­
pli cations using 1 /2- in ., IBM-compatible 
tape formats. The digest inc ludes technica l 
and appli ca tions information , test pro­
cedures and descriptions of Nortronics' 
Lifetime Ceramic Coating, No Flux gate 
heads and 19 pp. of data on Nortroni cs 
heads for digital applications. Nortronics 
Co., Inc., 8101 Tenth Ave. N ., Minneapoli s, 
MN 55427. 242 
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If you've been looking for a miniature 
crystal-controlled clock oscillator 

SOLOK* TERMINALS 
CLIP ONTO SUBSTRATE. 

in a 14 pin DIP package to fit standard 
PC board sockets, stop looking and 
start ordering. Get details on model 
K109lA from Motorola Component 
Products Dept. 2553 No. Edgington 
Franklin Park, Ill. 60131 @ MOTOROLA 

THERE'S NO DRILLING ... NO BREAKAGE! 

Sf*ll'iuuoot 41020MHzr~.O.Ol'!i.11tbilily , tJr01ot'f~ 
11u ... rit1K .... ~ ... "" "" ...... _ del-v in 4 9152 MH:o, Qf 15.0, 10.0 OI 20.0 MHL 

These Ceramic Substrate Connectors clip-in-place on 
the substrate and mechanically hold their position 
until wave soldered for a permanent connection. No 
drilling is required. DIP-CLIP type mounts onto DIP 
packs; EDGE-CLIP is designed for edge mounting. 
Available in brass, phosphor bronze or steel. Supplied 
in strip form for manual operations or for Berg high­
speed application machines which assure higher 
assembly rates while lowering applied costs. Berg 
also offers fast turn around in designing special con­
nectors and application tools for large-volume 
applications. Write for Catalog 124, or call : 
' DuPont Trademark 

BERG 
ELECTRONICS 

01v1s1on. E I du Pont dfl Nemours & Co 

New Cumberland, Pa. 17070 Phone: (717) 938-6711 
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FACT-FILLED PUBLICATIONS YOU CAN USE 

DIRECTORY OF ENGINEERING 
SOCIETIES AND RELATED 
ORGANIZATIONS. 
252 pgs. Jan. 1970. EJC's compi­
lation of data on more than 300 
national, regional and internation­
al organizations concerned with 
engineering. 
101-70 $8.00 

ENGINEERS' SALARIES-SPECIAL 
INDUSTRY REPORT-1970. 
136 pgs. Jan. 1971. Detailed sal· 
ary curves and tables by industry, 
degree level, supervisory status, 
region, and size. Specially de­
signed for personnel administra· 
tors. 
301-70 $35.00 

THESAURUS OF ENGINEERING 
AND SCIENTIFIC TERMS. 
696 pgs. Dec. 1967. A standard­
ized vocabulary reference for use 
in information storage and re­
trieval systems. It is a major re· 
vision and expansion of the EJC 
hesaurus of Engineering Terms 

(1964). Over 23,000 main entries 
'"""----------+-------------! include 18,000 preferred terms 

ENGINEERS OF DISTINCTION LEARNING RESOURCES. and 5,000 cross-references. Three 
INCLUDING SCIENTISTS IN A directory for engineers, scien- indexes have been added to in· 
RELATED FIELDS. tists, managers and educators. crease usefulness. The new book 
457 pgs. Nov. 1970. Directory Contains descriptive information is the result of a cooperative ef-
lists 4,500 engineers and scien· about courses, seminars, confer· fort of EJC and the Dept. of De-
tists. Contains biographies and ences, workshops, and other con- tense. [Flexible covered out of 
tabulates and describes national tinuing education activities in the print.] 
awards by societies, with recipi- USA and Canada. Cross-indexed 5D7H 
ents. Lists officers and directors by subject, location and date for 
of 76 national engineering and easy reference. Updated and is-
scientific societies. sued 3 times a year. 
107F Flexible Cover $18.00 104 $50.00 Yearly Subscription 
107H Hardbound Cover $25.00 

Orders for less than $10 
MUST BE PREPAID 

Order by Number from Engineers Joint Council, Dep'tEDN345 East 47th Street New York, N.Y. 10017 

$25.00 

• 
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Design in Elmwood 's 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.SA and 
European listings. Many offer a 
choice of narrow or wide d ifferen­
tials to minimize cost. All are pre­
set, tamperproof , and 100% 
checked for years of trouble­
free periormance Phone, TWX, 
or write for prototypes, specs 
and prices. 
ELMWOOD SENSORS, INC. 

1663 Elmwood Ave . 
Cranston, R. I. 02907 , U.S.A. 

Phone C 401) 781-6500 
TWX 710-381 -64 13 
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LITERATURE 

NEON LAMPS FOR APPLIANCE PILOT 
LIGHTS. A 4-pg. illustrated data sheet de­
scribes the use of neon lamps as pilot li ghts 
in a wide variety of appli ances and portab le 
tools. The data sheet is keyed around func­
tional and visual design suggest ions fo r indi ­
cat ing several electrical conditions: when 
the app li ance is ca rrying electri city, when 
the battery is chargin g, when a pre-set tem­
perature has been reached, or when the 
appli ance or tool is plugged in. Spec ific ci r­
cui t diagrams are given to illustrate how the 
devices may be wired into the app li ance or 
tool circuitry. Signa lite, Inc., 1933 Heck 
Ave., Neptune, NJ 07753 . 243 

SLIDE POTS CONTROL MOTOR SPEED. 
Linear slide actuated potentiometers, initi al­
ly developed for the recording industry, are 
rapidly being appl ied to industrial con trol s. 
The key advantages of quick, accu rate ad­
justment and instant visual observation of 
settin gs have encouraged the use of these 
devices in electron ic speed control s for all 
sizes of universal electronic motors. Details 
are contained in Ser ies 220 and 300 bro­
chures avai lable from Duncan Electronics, 
Inc., 2865 Fairview Rd., Costa Mesa, CA 
92626. 244 

MICROWAVE COMPONENTS and calori ­
metric systems are illustrated in a 12-pg. 
gu ide. The publication gives detailed speci­
fications for ca lorimetri c measurement sys­
tems, waveguide and coax ial waterloads 
and power controls. Raytheon Co., Micro­
wave and Power Tube Div., 190 Willow St., 
Wa ltham, MA 02154. 245 

LINEAR IC PRODUCT GUIDE provides 
quick-reference information on ICs for con­
trol, communica tions, instrumentation and 
computer appl ica tions. This catalog, desig­
nated CDL-820E, inc ludes an easy-to-read 
format permitting ready access to sc hemat­
ics and block diagrams, quick-reference 
charts, general app li ca ti ons, features and 
comparison between types. The CDL-820E 
supersedes the CDL-820D and featu res: 
spec ial contents pages, quick-selection ap­
plications charts, data cha rts, schematics, 
block diagrams, industry cross-reference 

guide, app notes and technica l papers, di­
mensional outlines, IC ch ips, beam lead 
!Cs, high-reliability !Cs and MOSFETs. 
RCA/Solid State Div., Rt. 202, Somervill e, 
NJ 08876. 246 

TTL IC DATA BOOK AVAILABLE. Ca lled 
The TTL Data Book for Design Engineers, 
this 640-pg. hardback book prov ides com­
prehensive specifications on Tl's 5 fami lies 
of 54/74 TTL !Cs. Parameters are given for 
the standard Series 54/74, the high-speed 
Ser ies 54H/7 4H, the low-power Seri es 
54L/7 4L, the Schottky c lamped Seri es 
54S/74S and low-power Schottky Series 
54LS/74 LS. Also included are radiation 
hardened and beam-lead circuits and TTL 
high-Performance RAMs, as well as Seri es 
29000 and Series 29300/39300. The TTL 
Data Book is priced at $3.95 per copy in ­
side the US, F.O.B. destination, book rate. 
Texas Instruments, Inc., Box 5012, Dallas, 
TX 75222. 

2000VA ac-LINE REGULATOR, Varax C474, 
from Tele-Dynamics' , Wanlass Div. is de­
scribed in a 2-pg. data sheet. The regulator 
uses a vari ab le inductor as a seri es regulat­
ing element in a patented circu it w ith inher­
ent short-circuit, overvoltage and over-cur­
rent protection. It is specifical ly designed 
to cope with industrial plant-l ine voltage 
vari at ions caused by heavy load switching 
such as motor starting. The C474 operates 
from a 105 to 130V ac, single-phase, 60-Hz 
sou rce. Tele-Dynamics/Wanless, Div. of 
AMBAC Industries, Inc., 525 Virginia Dr., 
Fort Washington , PA 19034. 247 

SOLID-STATE STANDARD CELLS. A 12-pg. 
appl ica tion bulletin compares the accuracy 
and precision of Cod i Semiconductor's Cer­
ta -Ce ll (solid-s tate standard cell ) vs unsatu ­
rated standard cell s of the mercury-cadmi­
um type. The compari son report explains 
the significant improvements obtainable by 
using a solid-state standard cel l and clea rl y 
illustrates that the solid-s tate standard ce ll is 
fa r superior to the electro-chemica l ce ll 
when conditions encountered in normal 
laboratory use, such as temperature 
changes (recovery time and hysteresis ef­
fects ), mechanica l shock and vibration, and 
coulombi c transfer (charge and discharge) 
are considered . Cod i Semiconductor, Pollitt 
Dr. S., Fair Lawn, NJ 074 10. 248 
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NOW! 
A REAR-PROJECTION DISPLAY 

FOR UNDER $6 
IEE introduces the Series 1100 Readout, 
the first Rear-Projection display under $6. 
Series 1100 costs far less than equiva­
lent Rear-Projection models, yet packs 
all the similar features. We' re talking 
of a .611 character displaying bright, 
crisp messages, numerals, symbols or 
colors, easily read from 20 feet. The 
total plug-in package (12 po­
sitions per readout) offers quick 
front panel removal for lamp 
and film servicing. Series 1100 
accepts 5, 14 or 28 volt lamps 
compatible with DTL/TTL input 

with a light output of 100 ft-L. Equally 
inexpensive is the mating Driver De­
code r, the long life Series 7800. 
The Series 1100, low cost . . . high re­
liability . .. from the world leader in 
Rear-Projection displays. Give us a call . 
Industrial Electronic Engineers , Inc ., 
7740 Lemona Ave., Van Nuys, Ca. 91405, 

Telephone : (213) 787-0311 . 
TWX 910-495-1707. Our Euro­
pean Office : 6707 Schifferstadt, 
Eichendorff-Allee 19, Germany, 
Phone : 06235-662. 

' In quant ities of 1000 
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Hire a veteran. Hire experience. 

A veteran electrician, 
a veteran cook, 

a veteran construction worker, 
a veteran mechanic, 

a veteran administrator, 
a veteran medical specialist, 

a veteran programmer, 
a veteran policeman. 

Don't forget. Hire the vet. 

For help in hiring veterans, contact your local office of .!IIJEu7J .om•" ' ' •,.,.~ 
the State Employment Service; for on -the-job training in· , 
formation , see your local Veterans Administration office. fflfl,Z'//D ~o" " ~''r.) 

WHO MAKES 
THE WIDEST 

SELECTION OF 
PRECISION 

WIRE-WOUND 
RESISTORS AND 

RESISTIVE 
NETWORKS 

IN THE ELECTRONIC 
INDUSTRY TODAY? 

ULTRONIX. 
$< "' 4 

~ 116 .. ,,, 7 "'~ ,., ~ - '.,,. ' ~ 
,. " ~· , ,, "' 

ULTRONIX PROVIDES: 
• The widest selection of re-

sistors available. 

• Total product reliabil ity . 

• Competitive prices. 

• Fast delivery. 

• Immediate service through 
nation-wide representat ives. 

• New line of power resistors 
now available. 

Write or call today for complete 
information . 

ULTRONIXli,Nc. 

TECHNOLOGICAL LEADERSHIP IN 
PASSIVE COMPONENTS 

461 North 22nd St., Dept. EON 
Grand Junction, Colo . 81501 

(303) 242-0810 
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Brickbats and bouquets ... 

Our Jan. 20t h editorial by 
associate editor Bill Furlow 
caused so much response that 
we decided to devote this page 
to the reprinting of some of 
those letters. Overall response 
was more than 2: 1 in support of 
Bill's posi t ion on electronics in 
automotive safety. 

Your "sleeping giant" editorial 
takes a real swipe at automotive 
electronics but your reasonin g is 
as solid as a puff of smoke. 

I share your frustration with 
buzzing seat belt alarms, but I 
react by fastening the seatbelt, 
even for very short trips. 

The coming auto-electronics 
markets are huge , could very 
well dominate the semicon ­
ductor markets, and that's ni ce 
for almost all of us cats in the 
electronics game. 
Raymond Daniel Speer 
President 
Speer Marketing Services Corp. 
New York, NY 

Particularly thought-provoking 
was Bill Furlow's editorial. His 
words were exceptionally well 
selected and his pithy comments 
were the most direct , courageous 
and agreeable (to me) of any I've 
seen on the subject. Furlow has 
penetrated the pol i tic s and 
ballyhoo of auto-safety en­
gineering and emerged with a 
view of reality that no other 
writer has yet grasped . 

What really gall s me, when­
ever I muse on the subject , is 
that the same federal govern­
ment that is pushing for airbags 
and unbelted grocety-box buz­
zers , is also compelling children 
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to ride long distances on school 
buses that have no seat belts. 
You'd think the guys who have 
time to dictate electronics sub­
systems to Detroit would ex­
amine the unsafe conditions 
inside the buses their kids ride 
to school. 
Richard L. Malay 
Manager, Marketing Services 
Teledyne Semiconductor 
Mt. View, CA 

Amen to your editorial of 
January 20th , 1973 ! 

The semiconductor industry in 
particular, has taken leave of 
their senses, by seeking out 
large customers to justify a 
production I ine for a new 
device, thereby putting all their 
eggs in one basket. 

We look forward to 1973 being 
the year of vendor problems! 
P. Charles Caringella 
President 
Caringella Electronics, Inc. 
Upland, CA 

Atten: Bill Furlow 
Congratulations on your editori­
al of January 20, 1973. I agree 
with you that there is too much 
engineering time wasted on silly 
gadgetry in the automotive 
industry as well as in many other 
industries. 
Alex Gawron 
Ski/ Corp. 

Dear Sir: 
Re: Your editorial of 20 January, 
1973. BULL! 
Re: The magazine. The finest 
published. 
J. Wendell Harris 

Excellent editorial re: "Should 
we wake the Sleeping Giant" . 
Thomas F. Edwards 
FAA 
Atlantic City, NJ 

Did not like editorial-" ldiot 
airbag '4= technical language". 
Karl Steiner, P.E. 
Consulting Engineer 
Hammond, IN 

Yea for the editorial. 
Victor Shiff 
CIM Labs 
Norwalk, CT 

Bill Furlow's editorial in this 
issue was excellent and to the 
point. Good! 
Charles Primm 
Texas Instruments, Inc. 
Dallas, TX 

Timely and well done intro to 
CCD's, a valuable service here, 
on the other hand your editorial 
is worthless-stick to producing 
good articles. 
Donald K. Georgi 
Graco Inc. 
Minneapolis, MN 

Keep up good awareness in 
editorial as well as technical 
policy! 
N.H. Hixon 
Com say 
Clarksburg, MO 

January editorial complete hog­
wash . 
Don Mennie 
Anatron Systems 
Belleville, NJ 

Editorial should have been on 
the front cover-Push harder to 
tieup the "Sleeping Giant" . 
R. C. McKenzie 
Litton Industries 
San Carlos, CA 

Bully for Furlow. 
R. V. Snyder 
NASA 
Wallops Is., VA 

\ 

AND THIS YEAR OUR SEATBELT 
CONTROLS ARE 35 NANOSECONDS FASTER 
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A.C. SOLENOIDS 

8 
mark 

of quality 
solenoids 

Wesco solenoids are the result of 
research, engineering and design 
with craftsmanship. Hundreds of in­
dustries depend on Wesco solenoids 
for efficiency and dependability. 

The finest materials, rigid tests and 
close inspections are your assurance 
of quality. Built to be practical, Wesco 
AC solenoids feature easily replace­
able coils. Mounting brackets are 
designed for either vertical or hori­
zontal applications. 

DC solenoids ... Wesco is recog­
nized as the pioneer in design and 
manufacture of solenoids for aircraft 
and similar applications such as com­
puting devices, guided missiles, etc. 

Write for your copy of our AC or DC 
solenoid catalog. 

D.C. SOLENOIDS 

WEST COAST 
ELECTRICAL MFG. CO. 

14045 Garfield Ave. 
Paramount, California 90723 

Phone (213) 633-1010 
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Tansitor 
your first choice 

in Tantalum Capacitors. 
Because we 're the 
specialists for wet, 
foil and miniature 
solid tantalum 
capacitors. 
Because we have 
the models you 
need in stock now. 
At the right price . 
Whatever your needs 
may be ... countonthe 
company that means 
tantalum capacitors. 
Tansitor. 

For mo re info rmation call your Tan si to r Representative o r contact: 

·t· T~~T~!!~! 
DIVISION OF AEROTRON , INC. 

West Rd , Bennington . Vt. 05201 • Phone: (802) 442-5473 • TWX: (710) 360-1782 

Circle No. 51 

~ electrocube ... new series of 
"" metallized poly-

NEW 
LINE ••• 

carbonate capacitors are offered in a min­
iature package, smaller than conventional 

units, with excellent performance characteris-
tics over a wide temperature range . D Choose 
from more than 1100 different Series 650 mod­
els , in six case styles, with capacitances from 
0,001 O to 50.0 mid . and 50, 100, 200 , 400 and 
600 VDC ratings . Order small quantities from 
stock, with only a short 4-5 week wait for pro­
duction runs . D Get more information today 
from Electrocube, 171 O So. Del Mar Ave. , 
San Gabriel , Calif. 91776, or call (213) 
283-0511 ; TWX : 910-589-1609. 

\ ~ 
\ 

I \ 
OF METALLIZED 
POLYCABONATE 
CAPACITOAS 

Circle No. 68 

113 



CHOOSE FROM OVER 4,000 I 
UNUSUAL BARGAINS. 

1,000's OF HARD-TO-FIND 
BUYS FOR INDUSTRY 

Q Brand new 164 ·page easy-to-read edition packed wi th new 
products , charts , diagrams , illustrat ions . On-the-job he lps; 
quality control aids. unique . exclusive items to speed you r 
work , improve quality , cut development and production 
costs' Loaded with opt ic al . sc ient i fi c and ele ctron ic 
equ ipment available from stock for industry , re search 
labs . design engineers , exper imenters. hobbyi sts . 

ONE SOURCE FOR ALL YOUR NEEDS 
Tremen dous variety . Terrif ic savings. Countless hard-to-get 
surpl us bargains. Many " one-o f -a-kinds " nowhere else . 
Ingenious scientific to ols. Th ousands of components: 
lenses , prisms, wedges , mirrors, mounts . al l types of ac­
cessories. Hundreds of instruments: pollution test ing 
equipment, lasers , comparators. magn ifiers. microscopes, 
projectors, telescopes. binoculars , photo attachmen ts. eco­
log ical items , black l ight equipment and Amer ica's largest 
collection of unique l igh ting products. 

BUY DIRECT WITH MONEY-BACK GUARANTEE 
Edmund shi ps over 5,000 orders monthly to America 's 
largest industrials - every item guaranteed ! You must be 
satisfied, or return your purchase in 30 days for your 
money back. Shop the cata log of Ameri ca's la rg est Science­
Optics-Electronics Mart wi th confidence! Get your FREE 

. copy withou t obligation . No salesman will call. Write now 
for free catalog " AT • . D EDMUND SCIENTIFIC co. 

300 EDSCORP BUI LOI NG 
•AAAINCJTON, NEW .JEABEV 08007 
TELEPHONE ; 609 -547-3488 

Circle No. 77 

Here's everything 
you'd expect from a high-priced 

portable multimeter. 

Except a high price. 

Compare our major features: Both high and 
low power ohms ranges; a .1 V low voltage 
scale (AC &DC); a DC current range of lµA 
full-scale; fuse protection; input impedance 
of 15 M 0 on DC; 1 % precision resistors; a 
4 Y;; inch, 50 µA mirrored scale meter; 
frequency response flat to 150 KHz and 59 
ranges; battery operated. 

You'd expect to pay a lot more for a 
portable multi-meter --- -
like the B & K 277. 
Check the specs. Call 
your B & K distributor 
or write Dynascan 
Corporation. 

s999s 

~ Very good equipment at a very good price. 
Product of Dynascan Corporation 
1801 West Belle Plaine Avenue , Chicago. Illinois 60613 
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STRIP-N-STICK 

THE 
ALMOST 

EVERYTHING 
SILICONE 

SPONGE TAPE 

CHR Silicone Sponge Rubber 
Ta pe with silicone polymer 
pressure sensi t ive adhesive 
sticks to metals , plastics and 
glass . Because it stretches 
around corners and cu rves , 
Strip-N-Stick® is a fast , inex­
pensive answer to gasketing, 
vibration damping , sound 
deadening and sealing prob­
lems. And it retains its resil­
ience and flexibility from 
-1 00 F to +soo F. Inert to 
many oils , solvents an d 
chemicals . 

Find your distributor in the 
Yellow Pages under " Rubber 
Products" or in major indus­
tria I directories and micro­
film catalogs under CHR. Or 
write The Connecticut Hard 
Rub b e r Co., New Haven. 
Connecticut 06509. 

a HITCO company 
Circ le No. 79 
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MAGNECRAFT'S NEW CLASS 388 

~ENERAL F"""'IURPOSE RELAY 

Magnecraft is pleased to introduce the new Class 
388 General Purpose Relay. This inexpensive, 
high performance line of stock relays offers many 
quality features found only in custom built ver­
sions. Available in either a covered plug-in or 
open style with a wide choice of AC or DC coil 
voltages and SPOT, DPDT, or 3PDT 10 amp 
contacts. 

All Class 388 relays have 3-way pierced terminals. 
While spaced for standard plug-in mounting, the 
flat terminals (0.187" x 0.020") also accept quick­
connect receptacles or direct soldering. For plug-in 
use, three types of chassis mounted sockets are 
available; quick-connect, solder, or printed circuit 
terminals. Covered plug-in version has a tough 
clear polycarbonate plastic cover. 

In a highly competitive business, delivery can be 
a deciding factor. If delivery is important to you, 
be aware that Magnecraft ships better than 90% 
of all incoming orders for stock relays, received 
before noon, THE SAME DAY (substantiated by 
an independent auditing firm). In addition to our 
shipping record, most stock items are available 
off-the-shelf from our local distributor. 

FREE! 
DESIGNER'S 

CATALOG 
The purpose of this 36-page catalog is to assist 
the design engineer in specifying the proper relay 
for a given application. The book completely de­
scribes General Purpose, Sensitive General Pur­
pose, and Mechanical Power Relays. New 
products include the complete line of Class 388 
General Purpose Relays. 

See Us at WESCON, Booth 2400 

~agnecitart® ELECTRIC COMPANY 

5575 N ORTH LYN CH A VENUE • CHICAGO. tLU NOIS 60630 • 312 • 282·5500 • TW X·910 221 5221 
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whatever your computer says ... 

• 

PANEL DISPLAYS 

SELF-SCAN Panel Display Subsystem, 256 Character 
Capacity, 5 x 7 Dot Matrix ,' Characters 0.25" High . 

® 

64-character format, available with all drive electronics 
including memory, character generator, and timing . 

Whether it's a police officer in a patrol car requesting informa­
tion on a suspect, an architect specifying coordinates for 
plumbing fixtures in a new build ing , or a type setter verifying type 
for a mail-order catalog , SELF-SCAN panel displays guarantee 
the most accurate transfer of data between the operator and 
the computer . If you need a computer display and demand 
error-free communications, follow the lead of Kustom Electronics 
(1) in Chanute, Kansas ; Science Accessories Corporation 
(2) in Southport , Connecticut ; Automix Keyboards (3) in 
Bellevue, Washington , and the many other SELF-SCAN panel 
display users. Have a Burroughs salesman demonstrate his 
" terminal in a briefcase." You 'll see why the SELF-SCAN panel 
display is the most effective man / machine interface device 
available today . 

Burroughs Corporation , Electronic Components Division , 
Plainfield , New Jersey 07061 . (201) 757-3400. 
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