


TCM-32 

Front Access 5 Microsecond 
General Purpose Core Memory 

SPECIFICATIONS 

Capacity: 128 to 4096 words 
8 to 48 bits per word 

Speed: Full cycle-5 usecs 
Half cycle - 3 usecs 

STANDARD CPTICNS 

ADDRESSING 

Random 

Sequential 

Random Sequential 

Sequential Interlace 

Serial 

EXTERNAL CONTROL 

Memory Clear 

Address Register Clear 

Information Register Clear 

Address Register Set 

Information Register Set 

Address Register Count 

Information Register Count. 

FAILURE SENSING 

Voltage Failure Sensing 

INFORMATION IN-OUT 

Partial Substitution 

Serial 

STATE CINCICATION> 

Load or Unload 

End of Cycle 

Random or Sequential 

Information Available 

Busy 

MODES OF OPERATION 

CLEAR/WRITE 

LOAD 

READ/ RESTORE 

UNLOAD 

READ/ MODIFY/WRITE 

, 
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COMPUTER CONTROL COMPANY. INC. 
OlD CONNECTICUT PATH. TUNINCHAN, MASS. • 2217 PURDUE AVC., LOS A~CCLCS 64, CALI(. 

3C DISTRICT SALES OFFICES: NEEDHAM, MASS.; SYRACUSE, N.Y.; COMMACK, L.I., N.Y.; LEVITTOWN, PA.; CLEVELAND, OHIO; SILVER SPRING, MO.; 
DES PLAINES, ILL.; ORLANDO, FLA . ; ALBUQUERQUE, N.M .; PALO ALTO, CALIF.; LOS ANGELES, CALIF.; HOUSTON, TEX.; HUNTSVILLE, ALA. 
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64X64X10 + 10 MINUTES 

=64 x64 x 20 ! 

NEW, RUGGEDIZED MEMORY STACK IS EXPANDABLE. Now you can double, triple, quadruple the 
word length of a memory stack made from IGC's connector-type modules. Each module is a self contained array 
with a standard word length of 10 bits by 100, 256, 1024, 10000 or 16384 words. All leads of an individual module 
terminate with connectors mounted directly on the enclosure. • IGC's new expandable stack meets punishing 
environmental tests- humidity, altitude, shock and vibration - in compliance with MIL-T-5422 and MIL-E-5272. 
• Matrices strung with Ferramic ~ standard or wide temperature range cores for full cycle, coincident current 
speeds down to 600 nanoseconds. • Write today for complete information to: Indiana General Corporation, 
Electronics/Memory Products Division, Keasbey, New Jersey. 

IN DIANA GENERAL C:.;J 

Memory Memory 
Products Systems Ferrites 
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DIGITAL SYSTEMS .I 
ENGINEERS 

Step into worldwide 
business automation 

with NCR,_Los Angeles 
At NCR, you can make original contributions 
in the most advanced areas of digital tech 
nology, creating business systems for use in 
120 countries. You can step into a life where 
independent, searching minds find greater 
nourishment and reward-where there is no 
compromise between career val ues and 
l iving values. 

Why not take that step now? 

.• SYSTEMS ANALYSIS ENGINEERING 
Programming and analysis of business and 
Industrial electronic data processing systems 
with real-time applications involving com
munications network. 

ADVANCED MECHANISMS DESIGN 
Position will entail analysis and advanced 
design of complex mechanisms and applied 
mechanics problems. Ph.D. preferred with 
apP.licable experience. Should be equally 
skilled in mathematical analysis and labora
tory measurements. 

ADVANCED 
ELECTRONIC MEMORY DESIGN 

Job entails design of word -select memories 
and memory circuits. Requires BSEE, MSEE 
desired, and at least three years' experience 
in the above-mentioned field . 

RANDOM-ACCESS MEMORY DESIGN 
Senior position open in.development of high 
speed random-access mechanisms and gen
eral random-access equipment. Requires 
BSEE with at least four years' applicable 
experience. 

SYSTEMS/COMMUNICATIONS DESIGN 
This senior position will involve analysis 
and advanced design of on -line, real -time 
systems. Requires BSEE, MSEE desired, with 
some applications experience necessary. 

INTERVIEWS AT SJC CONFERENCE, 
WASHINGTON, D.C., APRIL 21-23 

For an appointment, please send a resume, 
including train ing, experience and salary 
history, to Bill Holloway, Personnel Depart
ment, or phone collect. 

INICIRI 
The National Cash Register Company 

ELECTRONICS DIVISION 
2815 W. El Segundo Blvd., Hawthorne, Calif. 

Telephone: Area Code 213-757-5111 
an equal-oppm-tuni ty employeT 

CIRCLE NO. 900 ON INQUIRY CARD 

NEW BOOKS 

Equalities 
and Approximations 
with Fortran 

Robert D. Larsson, 
Dean of Instruction, 
Mohawk Valley Community College 

The book develops some of the found
ations of modern algebra and the 
basic concepts of analysis, leading 
logically from the notion of equalities 
to that of inequalities, and emphasiz
ing resulting modifications that figure 
importantly in the theory and meth
ods of solution. The author provides 
the reader with solid background in 
program theory, pointing out the lim
itations as well as the capabilities of 
a high-speed computer. This book is 
said to be the first to combine equali
ties and approximations with FOR
TRAN programming, to relate FOR
TRAN specifically to a math treat
ment of varied areas of subject mat
ter and to explore such illustrated ma
terial with scope and penetrating de
tail. Price: $5.50. 

PubliEher: John Wiley & Sons, Inc. 
605 Third Ave., N.Y. 16, N.Y. 

Spacecraft Technology 

Dr. Edward A. Wolff, Director, 
Space Technology Institute 

This 278-page textbook was derived 
from material prepared for a one
semester course in spacecraft technolo
gy given cluing 1962 to senior engi
neering students in the Aerospace En
gineering Dept. of Texas A&M Col
lege. The material gives an over-all 
view of space technology and the 
problems encountered in each area. 
The subject matter is divided into 19 
parts which include a historical re
view, the significance of space study, 
space science, space launch and re
entry environment, power supplies, 
instruments, trajectories and orbits, 
guidance and contol, tracking, data 
acquisition, and data processing. 

Pub I isher: Spartan Books, 
641 1 Chillum Place, N.W., 
Washi ngton 12, D.C. 

ATLANTA 

SALES 
OFFICES 

E<lward E. Hale 
84 Peachtree Street 
Atlanta, Georgia 
phone: JA 4-4028 

BOSTON 

Lindsay H. Caldwell 
Professional Bldg. 
Baker Ave. 
W. Concord, Mass. 
phone: 369-6660 

CHICAGO 

Robert D. Foran 
Phil Holmes 
410 N. Michigan Avenue 
Chicago 11, Illinois 
phone: 467-6240 

DETROIT 

Walter W. Tait 
424 Lafayette Building 
Detroit 26, Michigan 
phone: WO 1-0278 

KANSAS CITY 

Fields Baldwin 
4638 J C Nichols Parkway 
Kansas City, Missouri 
phone: JE 1-1070 

LOS ANGELES 

James C. Galloway 
David Barton 
6535 Wilshire Boulevard 
Los Angeles 48, California 
phone: OL 3-3223 

NEW YORK 

Robert J. Bandini 
1 Rockefeller Plaza 
New York 20, N. Y. 
phone: CI 6-4712 

SAN FRANCISCO 

James C. Galloway 
David Barton 
6535 Wilshire Boulevard 
Los Angeles 48, California 
phone: OL 3-3223 
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do you catch yourself 
browsing through ... 

You're not alone. Most engineers and other pro
fessionals make it a habit to leaf through their 
Sunday paper, taking note of which company is 
working what space project, staffing a new facil
ity, or just offering "challenging opportunities" 
in some Eldorado. 

In your own browsing, you may have noticed 
advertisements from Honeywell Electronic Data 
Processing. 

What's our story? No space vehicles, that's 
another division. No Eldorados either, although 
our Engineering and Research Center is located 
in one of Boston's more Eldorado-like commu
nities. As to "challenging opportunities" -to that, 
we plead guilty. 

Our challenging opportunities didn't just happen. 
\Ve made them, starting back in 1959 with the 
first completely transistorized digital computer 
system, the Honeywell 800. 

The tremendous acceptance by business, science 
and government of the H-800 has been repeated 

for the five subsequent systems we've developed. 
The latest, the H-200, accounted for more than 
$50 million in sales less than one month after 
its announcement. 

These successes have caused Honeywell EDP to 
grow to a seven-facility complex of nearly 4,000 
people. Backed by the full support of Honey
well Corporation, with its 78 years' experience in 
data handling and control systems, Honeywell 
EDP is now embarked on another major expan
sion. 

Key positions exist in all major areas of computer 
technology, with emphasis on SYSTEM, LOGIC 
AND CIRCUIT DESIGN; MEMORY SYSTEMS 
DEVELOPMENT; SYSTEMS ANALYSIS; ME
CHANICAL ENGINEERING; PROGRAM
MING AND MARKETING APPLICATIONS. 

If the preceding information has struck a respon
sive chord and you find you're doing more than 
just browsing, your qualifications will be given 
prompt, careful consideration upon receipt by: 

Mr. Richard T . Bueschel, Personnel Manager 

TECHNICAL DIVISIONS 

Honeywell 
ELE CTRONI C DATA PROCESSING 

151 Needham Street, Dept . CDOl Newton Highlands, Massachusetts 

Opport unities exist a t ot her H oneywe ll Divisions . Please send resume to F. E . Laing, H oneywell, Minneapolis 8, Minnesota. An equal opportunity employer. 
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FEATURES 

12 

20 

THE 1964 SPRING JOINT COMPUTER CONFERENCE 

Preview of the SJCC which opens April 21 in Washington, D. C. -
brief summaries of the major papers are given. 

DESIG OF MODULAR 250 MC CIRCUITS 

Illustrating the practicability of 250 megacycle circuits using the tunnel 
diode charge transformer, this article pinpoints difficult design areas and 
outlines the problems in clock generation and distribution for nano
second circuits. 

26 ADVANCES I CONNECTOR TECHNOLOGY 

As part of a continuing series of CD editorial reports on new circuit 
connectors and interconnection systems, this article describes one com
pany's design approaches to connector reliability in digital equipment. 

32 MEMORY TEST EQUIPMENT 

Tests and check-out operations on magnetic core memories have to be 
carried out by both the memory manufacturer and the user. The major 
performance characteristics and design criteria of memory exercisers, 
plane and stack testers, and core testers are discussed. 

DEPARTMENTS 

2 NEW BOOKS 

6 SPECIAL CD STAFF REPORT 

38 R&D REPORTS - DIGITAL LIGHT REFLECTOR 

42 NEW PRODUCTS 

• Circuit Components • Circuit Packaging • Circuit Modules • 
Input-Output Equipment • Console Equipment • Power Supplies 
• Test Equipment • Memories • Systems 

54 LITERATURE 

56 ADVERTISERS' INDEX 
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NEW FROM DIGITAL-A COMPLETE FAMILY OF 
LOWER COST 10 MC SILICON CIRCUIT MODULES 

Digital's new 6000 Series 
Silicon System Modules pro
vide the logical designer with 
a wide choice of high reli 
ability 10 megacycle circuit 
modules at prices up to 
one-third lower than pre
viously available germanium 
modules. 

Included in the series are 
over 30 different circuits 
with all silicon semiconduc
tors. The new units are elec
trica I ly compatible with 
modules in Digital's 500 kilo
cycle and 5 megacycle lines 
and mechanically compatible 
with standard Digital acces
sory equipment. All are 
packaged in convenient, plug
in form suitable for circuit 

development or systems con
struction, and all incorporate 
the many qua I ity features 
which have made Digital 
Modules famous for long, 
trouble-free performance. 

Currently available for imme
diate delivery from stock are : 

• 7 types of inverters 
• 9 types of diode gates 
• 4 types of flip-flops 
• 3 types of delays 
• 2 types of clocks 
• 2 types of pulse amplifiers 
• 1 bus driver 
• 3 types of decoders 

Accessories for use with 
6000 Series Modules include 

CIRCLE NO. 3 ON INQUIRY CARD 

the new Type 1935 Mounting 
Panel and a selection of 
power supplies ranging from 
the low-cost Type 782 to the 
heavy-duty Type 783. 

For complete technical data, 
request Bulletin C-6010. 

mnmnomo 
EQUIPMENT 
CORPORATION 
MAYNARD , MASSACHUSETTS 

Los Angeles • Palo Alto • Park 
Ridge, Ill. • Washington , D.C. • 
Parsippany, N.J . • Monroeville, 
Pa . • Ottawa, Canada • Munich, 
Germany • Sydney, Australia 
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SPECIAL CD STAFF REPORT 
William A. Gannon, Contributing Editor 

THE COMPUTER ... 
challenge to education 

More emphasis must be 
placed on the basic concepts 
underlying the broad spec
trum of digital technology. 

Beginning with the first commercial 
electronic digital computer installed 
at the Bureau of the Census in 1951, 
a whole new industry has emerged 
that employs more than one million 
people and has reached an annual 
sales level (in 1963) of nearly two 
billion dollars. As of Jan., 1964, there 
were an estimated 14,000 general
purpose digital computers installed. 
These include over 100 different 
models; manufactured by 25 com
panies. The number of unfilled orders 
as of Jan., 1964, allegedly exceeds 
9,000. By 1970, it is predicted that 
100,000 computers will be installed. 

Employment is also on the rise. It 
is estimated that over one million 
people are presently employed in the 
combined areas of computer design, 
development, operation, program
ming, and maintenance. However, a 
critical manpower shortage exists and 
the situation is expected to become 
even more severe before any signifi
cant improvement may be evident. 
The U.S. Dept. of Labor, which is 
keeping a watchful eye on the per
sonnel placement and displacement 
situation, reports that in the program
ming profession alone, 50 thousand 
people are employed, and that by 
1970, 200 thousand programmers will 
be required. 

Accelerated Growth 

Certainly more important than statis
tics and predictions is a full realiza
tion of the socio-economic implica
tions of the computer age. This young 
industry has spread its in.Buence so 
diversely and so rapidly that it is be
ing heralded by many as a second in-
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TABLE 1 

Introductory Courses 

1. History and Development of Computers 

(a) Analog and Digital ( b) Survey of Applications: business, scientific, misc. ( c) Func
tional Sections of a Digital Computer: input, memory, control, arithmetic output. 

2. Number Systems 

(a) Radix Ten or Decimal System ( b) Arbitrary Radix or Base N ( c) Binary Number 
System ( d) Conversion from One Radix to Another. 

3. Binary Arithmetic 

(a) Addition ( b) Subtraction ( c) Multip lication ( d) Division ( e) Ite rative Processes 

4. Binary Nature of Storage Devices 

(a) The Flip-flop ( b) Electrical Switches ( c) Magnetic Devices 

5. Logic 
(a) Inductive and Deductive Logic ( b) Assertion and Negation ( c) AND, OR, NOT 
Logic Functions ( d) NANO, NOR Variations 

6. Boolean Algebra 

(a) Postulates ( b) Laws ( c) Theorems ( d) Simplification of Boolean Expressions 
( e) Truth Tables, Venn Diagrams, Veitch Charts 

7. Synthesis of Computer Subassemblies 

(a) Counters ( b) Shift Registers ( c) Half Adder, Full Adder ( d) Half Subtractor, Full 
Subtractor ( e ) Serial and Parallel Adders ( f) Accumulators ( g) Logical Multiplication 
( h) Encoders and Decoders 

8. Control Functions 

(a) Comparators ( b) Recognition Gates ( c) Parity Generation ( d) Parity Checking 

9. Organization of a General-Purpose Digital Computer 

(a) Input Unit : Data format and types of input devices (b) Memory Unit: Internal 
and external storage media, buffering, memory access and addressing techniques ( c) 
Arithmetic Unit: Information handling and calculations ( d) Control Unit: Directing the 
sequence of operations in a computer ( e) Output Unit: Data format and types of out
put devices 

l 0. Introduction to Programming 

(a) Concept of a Stored Program (b) The Instruction Repertoire (c) Instruction Words 
and Operands (d) Storage Organization, Coding and Addressing (e) Flow Charts (f) 
Translating Flow Charts to Coded Instructions ( g) Loops, Indexing, Branching, and 
Subroutines ( h) Diagnostic Programming and Program Debugging ( i) Assemblers and 
Compilers 

dustrial revolution. In the wake of 
this accelerated growth is a prepond
erance of public misconception, dis
torted views and general unawareness 
of the capabilities, limitations and ap
plications of general-purpose digital 
computers. 

Computer uses have grown to in
clude a vast range of jobs - with the 
major user categories being the federal 
government, automobile and machine
ry manufacturers, process industries, 
insurance and finance. Computers are 
calculating spacecraft orbits, process-
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'Oww!"said 
Mblvt,hopping 
around on three 
legs and holding the 
fourth in his ha11ds. Clumsy 
as usual, the brat had stumbled 
getting out of the spacescooter. 
''Quiet!" I whispered sharply. "Do 

you want an Earther to see us like this?" 
I looked across from the grove of trees to 
the long, low building, but there was no sign 
that anyone had heard. 

I set the scanner-synther to find and analyze some examples 
of the dominant Earth life-form. Then I set it to synth two 
individualized, self-powered, bioplastiform replicas of the adult 

male type, complete with concealed aero
gills and appropriate clothing. They have 
two sexes just like us. Otherwise, their ap
pearance and behavior is pretty weird. For 
instance, instead of nice, clean water, they 
breathe a mixture of air, smoke and fog. 

Wearing the replicas, we stepped out onto 
the sidewalk and approached the building 

entrance. A sign said "Electronic Engineering Company of 
California." Mblvt was having trouble controlling his replica's 
two ( !) legs. Why did he have to tag along, I thought, when 
the success of the entire invasion could depend on our getting 
information on the Earthers' most advanced data-handling 
technology. 

After dealing with a live female receptionist (they don't have 
annuncimats) we found ourselves talking to a personable adult 
male Earther. 
"Where did you say you're from?" he asked, as my au tot rans 

unit interpreted for me. 
"We're from, uh-" My portable scanner had found the name 

of one of their data-handling customers in a nearby file cabinet. 
"-from Hughes Aircraft. We'd like to investigate buying some
thing that accepts analog or asynchronous digital data and pre
pares a blocked computer tape." As I rattled this off glibly into 
the autotrans I was glad I'd studied hard enough in elementary 
school to get a Bin Comparative Jnfotronics. 
"You couldn't have come to a better source,"' said the 

Earther. "Jn the past few years we've built over forty systems 
of that type for agencies all over the country. We call our gen
eral system the EECO 751 Computer Format Control Buffer. 
Step right this way, and- Oops!" 

Mblvt had stumbled again. He swung one of his replica's 
arms to regain his balance and a piece of test equipment clattered 

1 In additio n to being a leading supplier 
of data-handling equipment, EECO is 
the nation's most experienced developer 
of time-code equipment. And our other 
division, Engineered Electronics Co. , 
is the standout producer of plug-in cir
cuits. 

2 Other features: Automatic tape ad
vance to load point. Parity and self
check . Digital data input: 48 parallel 
bits. And the 751 will accept a time
correlation signal and record it on the 
blocked output tape without losing any 
of the real-time data. 

to the floor. From across the room an older man, probably 
some kind of supervisor, gave us a sharp look. For some 
reason I didn •t understand our guide seemed to be trying to 
smell Mblvt 's Earthcr-rcplica's breath. Of course there wasn't 
any to smell, and the Earther looked puzzled. 
"Here's a unit in final checkout," he said, gesturing toward 

an Earther-high cabinet. "The 751 can take data from many 
analog sources such as transducers or analog mag tape. Or from 
digital sources such as A-to-D converters, PCM telemetry de
commutators and so on. And can put ei ther kind into JBM
compatible tape. Jt 's available with many options, depending 
on what you need." 2 

"How convenient," I said politely. 
"Another thing," he went on. "Did you 

people ever have the experience of noodling 
around with this kind of equipment for 
weeks after delivery, before you could get it 
to produce acceptable tapes?" 
"Uh, yes," I said at random. Out of the 

corner of my visual input I noticed the older Earther beckoning. 
"Thanks to our experience with just about every kind of digital 

computer," our Earther said, "we know their characteristics 
inside and out. So we can usually have the customer's com
puter accepting tapes from a 751 within a matter of hours after 
we set the unit down on his floor. And the price! That's the big 
surprise. Starts at forty K." 

I was surprised, all right. I'd been told their unit of exchange 
was the "dollar." 
"Say, would you excuse me for just a moment?" He walked 

over to the supervisor type. They were out of normal earshot. 
I readjusted for tight directional input and turned up the gain. 
"-know everybody in those sections at Hughes," 3 the older 

Earther was saying. "We recent ly delivered a 751 to their Culver 
City plant. Neither of these two characters looks familiar." 
"You don't suppose they're spies from the competish?" the 

younger one suggested. "Trying to get the scoop on our latest 
products?" 

My autotrans drew a blank on the word "competish." I 
scanned frantically among the EECO filing cabinets for a 
"Competish Company." Or an enemy nation. Nothing. 
"That must be it," the older Earther said. "I'm surprised 

they'd send a heavy drinker on that kind of errand." 
Heavy drinker! Suddenly it dawned on me what "Competish" 

must be their word for. 
"Mblvt!" J hissed. "They're wise to us! They know we're from 

the Deuterium Planet! Let's get out of here! This may cancel 
the entire plan to invade Earth!" We made a dash for the door. 

Moments later we lifted off in the space
scooter. I turned on the turbuloscreen so if 
any Earthers happened to be watching we 
would merely look like a medium-sized 
dust-devil as we ascended. 

At 187,000 feet altitude a familiar voice 
blasted into my input, "Tgpdk ! Where have 
you been?" l t was Pa. 
"Your mother and J have been frantic!" he scolded, sucking 

the spacescooter through the in-hatch of our spacehouse. 
"Have you been down there playing Invasion again?" 

I hung my head guiltily. 
"You know how we disapprove of that silly, anachronistic 

game! And letting your baby brother come along! Why, he's 
hardly old enough to know how to walk! I thought you had 
more sense!" 
"I'm sorry, Pa," 1 said. But I wasn't. Those EECO guys had 

been real neat fun to talk to. 4 
• 

3 Other EECO 751 users : National 
Bureau of Standards, NASA, U .S. Air 
Force, Lockheed Missile & Space Co., 
Space & Information Division of NAA, 
Signal Corps, ITT Laboratories, GE, 
Douglas, Army Ballistics Resea rch , 
many others. 

4 Real neat help, too, if yo u have a data
handling problem. S END FOR FULL 

PROCUREMENT S PEC S on the 751. 
Address: Electronic Engineering Co. of 
California, Mail Station 1610, Box 58, 
Santa Ana, California. EE 4-3 

CIRCLE NO. 4 ON INQUIRY CARD 

7 



ing payrolls, updating banking trans
actions, controlling chemical blending 
processes, and assisting in medical 
diagnoses. They are simulating busi
ness enterprizes and aircraft flight 
characteristics, automating airline 
reservation procedures, controlling in
ventories and analyzing weather data. 
Either directly or indirectly, the bene
fits of modern computing systems are 
serving engineers, businessmen, doc
tors, scientists, educators, lawyers, 
bankers, publishers, printers, and 
many others. 

The Role of Education 

Prominent educators, government offi
cials and industry leaders are active
ly promoting the acceptance of com
puting and data processing as a vital 
part of a formal education. Reaction 
to these efforts is clearly demonstrat
ed by the increasing number of com
puter courses being offered at the 
secondary, vocational, undergraduate 
and graduate levels. Courses in com
puter fundamentals are preparing 
students for careers in the computer 
industry, thus providing a partial so
lution to the industry's manpower 
shortage problem. And, perhaps more 
important, is the fact that students 
pursuing other careers will be alerted 
to the efficiencies of modern comput
ing systems, and will be in a better 
position to benefit fully from com
puters employed within their own par
ticular fields of endeavor. 

Concluding the conference on 
"Computer Oriented Mathematics and 
the Secondary School", held in May, 
1963 by the National Council of 
Teachers of Mathematics, was a reso
lution that an exhaustive national ef
fort would be undertaken to introduce 
computer-related subjects in the high 
school curriculum. It was further 
recommended that "units of study in 
computer-oriented mathematics be in
troduced early in the curriculum and 
continued with increasing emphasis 
throughout the mathematics curricu
lum". The conference participants 
agreed that all secondary school stu
dents, whether planning to continue 
their formal education or not, and 
whether planning to pursue careers in 
the computer industry or not, would 
benefit from the study of computing 
and data processing. 

Several educational associations, 
schools and industrial groups have not 
only recognized the urgency of the 
computer education situation, but 
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Introductory Courses 
For technical and 
non-technical students; 
may begin at pre-college level 

I I 
Digital 

l 
Intermediate Programming 

Systems Machine language 
Design Assemblers 
(Engrg. Students) Compilers 

Debugging 

I 1 
Scientific Applications Business Data Processing 
Systems Analysis Applications and Case Studies 
Advanced Programming - Tab, 
Practical Exercises Unit Record Equipment, 

Card Processing, 
Electronic Accounting Machines 

Fig. I Typical Curriculum Outline 

have taken commendable action in in
stituting, expanding and improving 
curricular at all levels of instruction. 
Some of the major programs of par
ticular importance are: 

• The Nat'l. Science Teachers Assoc. 
has established the Project on Infor
mation Processing to serve as an in
formation exchange center concerning 
computer-related activities in the Nat
ion's high schools. The Project is 
under the direction of Dr. Hugh 
Allen, Jr., who maintains headquarters 
at Montclair State College, Upper 
Montclair, N.J. 

• The Division of Vocational and 
Technical Education of the U.S. 
Office of Education has published "A 
Suggested 2-Year Post High School 
Curriculum for Computer Program
mers and Business Application An
alysts". This curriculum guide is 
being distributed to vocational schools 
and junior colleges offering courses in 
business oriented computing. 

• The Nat'l Council of Teachers of 
Mathematics has instituted a continu
ing program for reviewing and evalu
ating equipment and course materials 
and stimulating the development of 
computer courses at the secondary 
school level. The NCTM sponsored 
the Computer Oriented Mathematics 
Project which began in 1960. In 
1963, the Project committee pub
lished a book to illustrate to teachers 
how a digital computer can serve as 
a tool to motivate the study of math. 

• The Ford Foundation sponsored 
the "Project on the Use of Computers 
in Engineering Education" which was 
a 3-year study program conducted by 
the College of Engineering of the 
Univ. of Mich. A major objective of 
the Project was the development of 
computer courses for under-graduate 
engineering students. 

• An increasing number of vocational 
schools and junior colleges are offer
ing courses in data processing with 
the support of federal funds provided 
under Titles III and VIII of the Nat'l. 
Defense Education Act. 

• The Wash., D.C., Chapter of the 
Assoc. for Computing Machinery 
(ACM) conducted extensive pilot 
courses in 5 school districts in the 
Wash., D.C., area. Under the direc
tion of George C. Heller, Nat1 Educ. 
Chairman of ACM, and with the as
sistance of various local industry per
sonnel, the 2-year experimental pro
gram elicited considerable interest 
from high school students and educa
tors. Over 350 high school students 
were enrolled. 

• Summer workshops and seminars 
to indoctrinate secondary school 
teachers in computer fundamentals 
are being organized at many colleges 
and universities. Many secondary 
school teachers are attending these 
programs on Nat'l Science Foundation 
fellowships. 

• Over 300 colleges are offering for
mal courses in computer-related sub-
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jects. According to a recent survey, 
about 200,000 college students have 
been exposed in the past year to some 
form of computer course or project 
involving the use of a computer. 

• The Data Processing Management 
Assoc. has developed and administers 
the "Examination for Certificate in 
Data Processing''. In 1963 the exami
nation was administered at 56 colleges 
and universities. 

Proceed w ith Caution 

Reaction to the much publicized 
shortage of experienced computer per
sonnel has had some rather negative 
effects. The rush to close the EDP 
education gap in many instances has 
inadertently resulted in placing undue 
emphasis on learning manipulativ:e 
skills and design details of specific 
computers rather than the basic con
cepts underlying the broad spectrum 
of digital technology. In an industry 
well noted for its rapid growth 
and continual advancements, persons 
trained in isolated specialties could 
very likely become victims of tech
nological unemployment. Certainly 
operating skills are desirable, but not 
nearly as important as the under
standing of and the ability to apply 
the principles around which digital 
computer technology evolves. 

Perhaps another potential danger 
is the tendency to rush immediately to 
the more glamorous lessons involving 
programming and machine operation 
and there-by alloting insufficient time 
to fundamentals. Reducing instruc
tion to the problem-solving framework 
of a specific computer and actually 
executing student-prepared programs 
is an obvious goal of any computer 
course. However, this goal should be 
approached from the right direction 
in a well-balanced curriculum. 

Introductory Courses 

The successful development of 
modem computing and information 
processing systems is largely attri
buted to the extensive application of 
digital logic, Boolean algebra and 
binary arithmetic. Consequently, 
these concepts and the techniques 
used in applying them are recognized 
as vital areas of knowledge. While 
the design of computer equipment 
and programming techniques are in 
a constant state of evolution, these 
basic concepts remain unchanged. 

The curriculum outline in Table I 

A New Modular Electronic 
Packaging concept • • 

Made Possible By 

-$Connectors 
The unlimited versatility of the 
Wasp concept allows a "Complete 
Plug-In Modular Package" to be 
designed to your requirements. 
Variations in panels and terminal 
placements will give your products 
broad flexibility. Panel configura
tion can vary from a single row 
strip to an impressive 24"x 24" 
panel with up to 10,000 accurately 
spaced terminals. The use of the 
aluminum panel matrix gives the 
"Modular Package" exceptional 
mechanical stability. 

FEAT UR ES 

• Flexible plug-in design 
• High density of connectors 
• High reliability 
• Extremely accurate terminal 

placement 
• Adaptability to high speed 

automatic wiring 
• Superior electrical and 

mechanical characteristics 
• Low cost 

Ask for recommendations on your 
requirements. Request Bulletin 
631 for general information. 

CtWnp barrel 
161026 AWG 

Wrap and solder post 

:~~d~~:, ~~~,'~ 

~Wropost Toil--------

ELECTRICAL SPECIFICATIONS 
PER CONNECTION 

Current Rating . . .. 5 amps., A.C. or D.C. 
Working Voltage .. . . . . . . . .... 800 V. A.C. 
Breakdown Voltage . . . . . .... approx. 3 KV. 
Contact Resistance .. . . .. .... below .002 ohms 
Insulation Resistance .... 1,000,000 megohms 
Operating Temperature .max. continuous 95° C. 
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NEW 
MAGNETIC SHAFT 

ENCODERS 
• ACCURACY - TO 2

15 

• HIGH SPEEDS - 10,000 RPM 
• OPERATING TEMPERATURE -

- ss ·c To + 1oo ·c 
• LIFE LIMITED ONLY BY 

PRECISION SHAFT BEARINGS 

645 Binary • 15 bits 
0 1'/4' D. x 2-25 /32" 
L. • V-scan • Conne ctor 

The new Model 645 provides 
a complete shaft-position en
coding system within a Size 
18 housing. It performs the 
overall digitizing function, in 
a compact package and pre
sents nonambiguous binary 
DC logic-level output. It op
~rates on standard DC power 
mput. The Model 645 directly 
replaces contact-type brush 
encoders, with an increase in 
reliability of several orders of 
magnitude at a high confi
dence level. 
EMR offers a wide range of ul
tra-reli_able encoders designed 
for strmgent applications. 

506A Binary • 13 b its 

• U-scan • 2y .. " D. x 
3-1 / 8 " l . • Color
coded cable 

5068 Binary • 13 bits 
VU-scan • 2" 0. x 2-
29 / 32 " l . • Connector 

506C Binary • 13 bits 
• U-scan • 1 3/,." 0 . x 3-
13 / 64" L. • Connector 

527 A Binary • 7 bits 
• U-scan • 2 1/4 " 0 . x 1· 
15 / 32 " l. • Co lor-coded 
cable 

504A Gray • 8 bits 
• 21/4" D. x 1 V4 " L. 
• Color-coded cable 

5058 Incremen tal • 
2v . .. o. x 1 v . .. t. 

Write on yo ur letterhead to: 

PRINCETON 
DIVISION 

P . 0 . 44, PRINCETON , "! · J . 

ELECTRO-MECHANICAL RESEARCH, INC. 
CIRCLE NO. 6 ON INQUIRY CARD 
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provides a nucleus of subject material 
that should be included in an intro
ductory computer course. The study 
units in Table I are basic to an un
derstanding of electronic digital com
puters irrespective of end-use or 
specific areas of application. This 
curriculum outline encompasses the 
minimum requirements from which 
students may proceed to the next 
higher level of instruction as shown 
in Fig. 1. 

The introductory course outlined 

If IP CONGRESS 65 

CALL FOR PAPERS 

A call for scientific papers on in
formation processing has been is
sued by the Program Committee of 
IFIP CONGRESS 65. Members 
of this program committee are 
among the world's leading informa
tion scientists . But the informa
tion processing field is growing 
with such astonishing rapidity that 
they are seeking evidence of work 
rn new it might be overlooked at 
the time the official invitation list 
is issued later this year. Conse
quently, while there will not be 
the open competition normally as
sociated with the development of 
technical conference programs, 
submitted papers of sufficient 
merit will be added to the total 
list of speaker candidates whose 
work is already known to the Pro
gram Committee. 

IFIP Congress 65 is a triennial 
international congress on informa
tion processing sponsored by a 23-
na tion Federation for Information 
Processing. It will convene at the 
New York Hilton May 24th to 
29th, 1965 and will attract the 
leaders of the scientific and busi
ness community most concerned 
with the development or use of 
computers and information proc
essing techniques. 

The scientific program of IFIP 
Congress 65 will cover the entire 
spectrum of information process
ing. Broadly speaking, this in
cludes automata theory and me
chanical linguistics, mathematical 
methods, programming languages 

may be given to technical and non
technical students as no electronics 
and no math other than algebra are 
required; course may begin at pre
college level. Students completing 
the introductory course may enroll 
in more advanced courses which are 
oriented toward their specific interests 
and needs. Major course offerings at 
subsequent levels of instruction in
clude scientific applications, digital 
systems design , and business data 
processing. END 

and techniques, information sys
tems, and hardware (components, 
circuits, equipment). These sub
jects have been exploded into an 
enormous number of topics to be 
trented in the six days of the tech
nical program. 

Because the information sci
ences involve so many disciplines, 
the program of IFIP Congress 65 
has been especially constructed to 
assure interdisciplinary communi
cation among specialists of various 
fields in an Orientation Program 
while providing a Specialist Pro
gram for communication between 
workers in the same fields. 

Although background informa
tion will be presented at the start 
of talks in the Orientation Program, 
the lectures themselves will not be 
tutorial surveys. They will be 
comprehensive presentations of 
significant work or professional re
views by distinguished researchers 
or pioneers in their respective 
fields. On the other hand, the 
Specialist Program, consisting of 
lecture sessions, panels, and sym
posia, will limit the length of paper 
presentations to allow much time 
for discussion. The IFIP Congress 
65 official call for papers is only 
for the symposia portion of the 
Specialist Program. Because the 
Program Committee is an extra
ordinarily well-informed jury, they 
have set stringent rules for paper 
submission. These are detailed in 
an official document, entitled 
"IFIP CONGRESS 65 Call for 
Papers" available from: IFIP Con
gress 65, Inc., 345 East 47th St., 
(at United Nations Plaza), New 
York 17, N.Y. 
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IF IT'S A QUESTION OF 

WELDED 
PACKAGING 

EECO HAS THE ANSWERS 

EECO CAN: 
Adapt your circuits to welded form 

Build welded circuits to your design 
Design to your requirements 

Make prototypes 
Manufacture in quantity 

From weld-development metallurgy to encapsulation chemistry ... 
from three-dimensional layout to torsion testing ... EECO offers 
you the full spectrum of electronic welding knowledge and skill. 

For all the reasons you decided on welding in the first place
smaller size, higher reliability, lighter weight, greater strength, 
better environmental performance, better electrical characteris
tics-send your assignments in 
welding technology to EECO. 

Since 1957, EECO has consist
ently satisfied such demanding 
customers as Collins Radio, Gen
eral Electric, Kaiser Aerospace 
and Westinghouse. This experi
ence, together with EECO's 
NASA-certified capability, 
assures you of reliable welded 
devices-to applicable MIL-Specs 
when necessary - delivered 
quickly and at minimum cost. 

WRITE FOR FREE 12-PAGE BROCHURE 
describing in detail EECO welding facilities, skills and methods 

ENGINEERED ENGINEERED ELECTRONICS Company 
wmoNKS 1441 East Chestnut Avenue, Santa Ana, California 

<0 ""°"' , Telephone: 547-5651 Cable Address: ENCELEX ENG/•h/ws 
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THE 1964 SPRING 

JOINT COMPUTER CONFERENCE 
SHERATON-PARK HOTEL, WASHINGTON, D.C. • APRIL 21 -23 1964 

The largest number of exhibitors in the history of the 
JCC are scheduled to display their products at the 
Sheraton-Park Hotel's Exhibition Hall. All technical 
sessions will also take place at the hotel. 

The 1964 SJCC officially opens Tuesday morning, 
April 21, however, you can register in advance on 
Monday evening, 5 to 9:30 P.M., in the Continental 
Room of the Sheraton-Park. 

Special activities during the conference include 
some interesting field trips, a Computer Science 
Theatre presenting continuous movies on computers 
and information processing technology, and an edu
.cational symposium. 

The Technical Program will cover, for the most 
vart, the applications of computers and data process
ing equipment. Many of the papers appear to be soft
ware oriented, however, there is much to interest the 
digital systems designer. Here is a brief summary of 
some of the scheduled papers. 
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SUMMARY OF 
TECHNICAL PROGRAM 

Tuesday, April 21 

APPLICATIONS 

2-5:30 P. M. 
Sheraton Hall 

A COMPUTER TECHNIQUE FOR PRODUCING ANI
MATED MOVIES 
Kenneth C. Knowlton, Bell Telephone Labs 

A computer technique has been developed for the pro
duction of animated diagram movies. It has been imple
mented on the IBM 7090 by MACRO F AP programming. 

SIMULATION OF BIOLOGICAL CELLS 
Walter R. Stahl, Robert W. Coffin, and Harry E. Goheen, 
Oregon Regional Primate Research Center 
A cell model that uses string-processing finite automata 
as its central feature is presented. Numerical rate factors 
are given a less primary position than in systems de
scribed by differential equations. A simulation of this 
type, based on 43 "algorithmic enzymes" has been pro
grammed on an SDS-920 computer. 

SIMULATION OF HUMAN INTERACTION IN 
SMALL GROUPS 
John T. and Jeanne E. Gullahoun, Michigan State Univ. 

An operating computer program simulating simple face
to-face interaction among humans is described. Partici
pants in small groups are programmed to be capable of 
receiving and evaluating stimuli, predicting the reward 
value of alternative responses, selecting socially profiable 
activities, and modifying their perceptions of group mem
bers during the course of interaction so that their be
havior will increasingly adapt to the situation. 

COMPUTER DESIGN/APRIL 1964 



REAL-TIME COMPUTER STUDIES OF BARGAINING 
BEHAVIOR 
Robert ]. Meeker, Gerald H. Shure and William H. 
Moore, Jr., System Development Corporation 

This paper reports on a two-person, non-zero sum bar
gaining game in which the computer is used as an experi
mental tool for on-line analysis, umpiring, control, and 
recording of subject behavior. 

REAL-TIME QUICK-LOOK ANALYSIS FOR THE 
OGO SATELLITES 
R. ]. Coyle and ]. K. Stewart, Datatrol Corporation 

Real-time programming system provides quick-look 
analysis and control for the ASA Orbiting Geophysical 
Observatory series of satellites. Telemetry data is trans
mitted from tracking stations to Central Control, an in
stallation consisting of an SDS-920 computer and NASA
designed• special-purpose consoles and equipment. 

Tuesday, April, 21 5-5:30 
Cotillion Room-A 

COMPILERS - TECHNICAL 

A GENERAL-PURPOSE TABLE-DRIVEN COMPILER 
Stephen Warshall and Robert M. Shapiro, Computer 
Associates, Inc. 

This report describes a general-purpose language and 
machine-independent compiling algorithm, together with 
a method for partially automating the process of par
ticularizing the algorithm to a specific wurce language 
and target machine. The compiling algorithm was de
vised with generality of application and efficiency of ob
ject code as the primary design considerations, and is 
therefore not the fastest possible compiler for a given 
source target-pair. 

W ednesclay, April 22 9-11:30 A. M. 
Cotillion Room-A 

COMMAND AND CONTROL 

ON THE EVALUATION OF THE COST-EFFECTIVE
NESS OF COMMAND AND CONTROL SYSTEMS 
N. P. Edwards, Weapons System Evaluation Group 

The expression "command and control" is widely used 
and many "C and C" systems are being developed. Some 
facets of the problem of determining the cost-effective
ness of these systems are examined and conclusions are 
drawn regarding the utility of analytical techniques for 
assessing the cost-effectiveness of command and control 
systems. Definitions of terms are presented and control 
systems are reviewed as a basis for the discussions of 
command systems. 

SOME COST CONTRIBUTORS TO LARGE-SCALE 
PROGRAMS 
Burt Nanus and Leonard Farr, System Devel. Corp. 

This paper reports on a recent attempt to identify those 
factors which contribute most significantly to the cost of 
large-scale programs; that is, to the number of program
mer man-months and computer-hours that will be re
quired for a given job. 

GUN DOWN CABLING COSTS! 

ClQ.l tv Lu>' .•• 
Gun Type Tension-Controlled 

Panduit® Cabling Tool 
Simply insert Panduit STA-STRAP® cable tie ..• 
squeeze trigger. Time-saving, direct in-line feed 
tightens, locks and cuts off excess strap at pre
set, correct, calibrated tension . No auxiliary 
tools needed for tension adjustment. 
® Registered Trademarks 

WRITE FOR COMPLETE INFORMATION AND NAME 
OF LOCAL PANDUIT DISTRIBUTOR 

Channel your 
wiring problems 
through ... 

[Olf o o o o o o l 
~ 
17301 Ridgeland Avenue, Tinley Park, 
Illinois 60477 • Phone: 312 532-1800 

CIRCLE NO. 8 ON INQUIRY CARD 

New48-page catalog contains circuit diagrams and operat
ing characteristics on the complete line of CAMBION 12-
pin digital modules -19 families, 43 modules in all. They 
are designed specifically for military, industrial control, 
communications and data processing applications where 
switching speed is secondary to considerations of econ
omy, simplified circuitry, easy mounting and straight
forward interconnections. The line is complete in itself 
and each module is compatible, one with another. Modules 
are designed for worst combination of loading and environ
mental conditions and conservatively rated to a speed 
of 100 KC. Encapsulated in epoxy, each module measures 
29/32" x 13/32" x 5/8 ". 
For complete details write for a copy of our new catalog . 
Cambridge Thermionic 
Corporation 904 Concord CAMBIOltl® 
Ave., Cambridge 38, Mass. 
Standardize on CAMBION . . . The Guaranteed Electronic C o mponents 
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FRACTIONIZATION OF THE MILITARY CONTEXT 

Frederick B. Thompson, General Electric Company 
The task of expanding our understanding and knowledge 
is self-accelerating. The extent of our understanding and 
its rate of expansion ultimately exceed the means of com
munication. Consistency cannot be maintained, and the 
over-all context fractionates. The resulting breakdown in 
communication is rapidly reaching crisis proportions. At 
the same time, advances are being made in the technol
ogy of information. Will these advances provide ways to 
resolve the crisis, to re-establish channels of communica
tion, or will they contribute to the further fractionization 
of our undertsanding? A perspective is presented from 
which we can explore the dynamics of information as it 
affects today's institutions. From this perspective, re
quirements for constructive application of the new tech
nological tools in command and control will be developed. 

SOME PROBLEMS ASSOCIATED WITH LARGE 
PROGRAMMING EFFORTS 
Almon E. Daniels, Institute for Defense Analyses 

A plea is made for full user-technician collaboration 
throughout the design, construction, and testing of the 
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X marks THE SPOT 
for Your Research Facility 

. . . . because the Concord Industrial Park 
location on Route 2 is but minutes from con
tract awarding offices at Hanscom Field, Bed
ford and the proposed new NASA facility, 
Boston . 
... . because Concord is close to M.l.T., 
Harvard Un iversity and many other education
a I institutions. 
. ... because this world renowned town has 
highly ranked public and private schools, li
braries, cultural and recreational opportunities 
to help you attract and hold talented personnel . 
.... because Concord, Massachusetts offers 
stimulati ng country atmosphere that excites 
creative activity. 

HAA.VARD M.I.'r. 
• ~NASA SoSToN Y.TE. 2 

OFFICE OR R&D SPACE FOR RENT 

CONSTRUCTION TO YOUR SPECIFICATIONS 

~ALE AND LEASE BACK. LAND FOR SALE. 

WESCO DEVELOPMENT CORPORATION 
Route 2 at Baker Avenue 

West Concord, Massachusetts 01781 
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large data systems. It is recommended that an incre
mental approach be taken to implementation in anticipa
tion of charging requirements. The need for exercising 
the system in a simulated environment is stressed. Prob
lems relating to documentation, level of effort, and esti
mation of time required are discussed. 

Wednesday, April 22 . 1:30-3:30 P. M. 
Cotillion Room-A 

HYBRID SYSTEMS: TUTORIAL 

HYBRID COMPUTATION- WHAT IS IT? -
WHO NEEDS IT? 
Thomas D. Truitt, Electronics Associates, Inc. 

The elements of present day hybrid simulators are dis
cussed; their incompatibilities and limitations are exam
ined. The relationship of the computer system to the 
simulation problem is analyzed. The application do
mains in which hybrid computation is and is not apppro
priate are discussed with emphasis on those basic char
acteristics that make hybrid simulation appropriate. 

Wednesday, April 22 3:30-5:30 P.M. 
Cotillion Room-A 

HYBRID SYSTEMS: TECHNICAL 

A HYBRID ANALOG-DIGITAL PARAMETER OPTI
MIZER FOR ASTRAC II 
Baker A. Mitchell, Jr. , University of Arizona 

A new automatic multi-parameter optimizer for iterative 
differential analyzers employs sequential random para
meter perturbation. Binary counters operate simple digi
tal-to-analog converters to implement parameter storage, 
multiplication, and step-size changes. All-digital logic 
yields different types of random perturbations. 

A HYBRID ANALOG-DIGITAL PSEUDO-RANDOM
NOISE GENERATOR 
R. L. T. Hampton, University of Arizona 

Intended to replace conventional random-noise generators 
in analog and hybrid computer simulations, this hybrid 
generator is capable of producing four essentially in
correlated binary outputs from a single 25-stage shift 
register. The length of the pseudo-random output se
quence is 33,554,431 bits which is equivalent to several 
thousand computer runs. This hybrid noise generator 
has several striking features not generally shared by ex
isting analog noise source. 

A 2MC BIT-Rl\TE DELTA-SIGMA JVODULATION 
SYSTEM FOR ANALOG FUNCTION STORAGE 
H. Handler and R. H. Mangels, University of Arizona 

Modified delta modulation (delta-sigma modulation) per
mits magnetostrictive delay line function storage of ana
log data with the significant advantages of pulse 
regeneration with clock-gated logic and relatively inex
pensive conversion equipment. Five to 10 msec delay 
lines with a 2 me bit-rate accommodate analog signals 
of up to 8 kc with phase shift below 2 degrees; total 
dynamic error is within 0.2 per cent of half scale up to 
1 kc. An adaptive filter permits a further trade-off of 
accuracy for bandwidth during computation. 
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Wednesday, April 22 2-4:30 P.M. 
Cotillion Room-B 

ARTIFICIAL INTELLIGENCE 

A COMPUTER-SIMULATED ON-LINE LEARNING 
CONTROL SYSTEM 
]. Douglas Hill, G. McMurtry, and K. S. Fu, Purdue 
University 

The structure of a learning control system combines 
digital memory and logic circuitry with an adaptive sys
tem. Data obtained through adaptation is stored (re
membered) and later utilized to improve the system 
performance. The learning control system will operate 
satisfactorily under changing environmental conditions 
in which an adaptive system fails to improve the per
formance . The general learning system operation is out
lined in this paper and a simple experimental system 
which illustrates the improved performance is discussed . 

A HEURISTIC PROGRAM TO SOL VE GEOMETRIC· 
ANALOGY PROBLEMS 
Thomas G. Evans, Office of Aerospace Research 

A program has been developed which is capable of solv
ing a wide variety of intelligence-test problems of the 
"geometric-analogy" type. The task involved in these 
problems can be characterized by the question: Figure 
A is to Figure B as Figure C is to which of the given 
answer figures? The program, written in the LISP lang
uage, has solved a number of problems of this cla~s. 

EXPERIMENTS WITH A THEOREM-UTILIZING 
PROGRAM 
Larry E. T ravis, System Development Corporation 

This paper raises the issue of the importance for ma
chines acquiring skill by learning theorems and developing 
sensitivity to the occasion on which it is appropriate to 
apply them. A theorem-learning-and-utilizing program 
has been written and tested in a simple but paradigmatic 
problem domain. 

Wednesday, April 22 ........ 2-5:00 P.M. 
Sheraton Hall 

EVALUATING COMPUTER SYSTEMS 

ANALYTICAL TECHNIQUE FOR AUTOMATIC DATA 
PROCESSING E QUIPMENT ACQUISITION 

Solomon Rosenthal, Headquarters, USAF 

The Analytical Technique for ADP equipment acquisition 
is designed to facilitate competitive selection of electronic 
data processing equipment whenever acquisition is con
templated. The four-part technique is based on use of 
standard formats for preparation of specifications, standard 
formats for submission of proposals by vendors, validation 
of proposals, and scoring of these proposals by using 
standardized factors, weights, and formulae. Factors and 
weights can be varied to best suit each individual selec
tion, making the technique flexible and universally appli
cable. Each of the four parts is presented in sufficient 
detail to permit its adoption by anyone. If the built-in 
mechanics for modification are used, competitive selection 

I ~j ~'J ~ 
ASSOCIATES 

COMPUTER 
CONTROLLED DISPLAYS 

Economical, reliable, large screen 
computer controlled displays for 
simulation, command and con
trol, trouble shooting, machine 
aided design . . . 

··FULLY TRANSISTORIZED 
(except for CRT) 

•FAST 
. • . High Speed Display plots more than 

65,000 random points/ sec 

. . . Standard Speed Disp lay plots more than 
16,000 random points/ sec 

•VERSATILE OPTIONS 
.. . CURVI LI NE® Character writing, vector 

writ ing, light pen, buffer, keyboard and 
many others. 

•COMPUTER INTERFACES · 
... Presently being supplied for CDC 160A, 

DDP 24, IBM 7094, UNIVAC 1107, SOS 
930, PB 250, others avai lable. 

•LARGE SCREEN (21" Rectangularl 

.. . and MORE! 

WRITE FOR 

COMPLETE 

DETAILS! 

. .. from $11,840 

SEE OUR DISPLAY AT BOOTH # 2, WASH., D.C. 
SPRING JOINT COMPUTER CONFERENCE! 
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of any kind of product or service is possible within the 
framework of the technique. 

COST-VALUE TECHNIQUE FOR EVALUATION OF 
COMPUTER SYSTEM PROPOSALS 
Edward 0. Joslin 

This paper discusses the requirements for any objective 
evaluation technique, points out some of the major 
strengths and weaknesses of the Weighted Scoring Tech
nique, and describes how the Cost-Value Technique not 
only fulfills the requirements of an objective evaluation 
technique, but overcomes some of the weaknesses found 
in the Weighted Scoring Technique. It also contains a 
detailed description of the Cost-Value Technique, with 
examples of the types of items to be considered in the 
evaluation as well as the methods of determining the 
cost-value of these items. Some possible additional im
provements that might be made in the Cost-Value Tech
nique are indicated. 

THE USE OF A COMPUTER TO EVALUATE 
COMPUTERS 
Donald]. Herman, Compress, Inc. 

This paper will discuss the assistance which can be given 
to management in making proper decisions regarding the 
use of computers through the art of simulating data proc
essing problems on data processing equipments. SCERT
Systems and Computers Evaluation and Review Tech
nique - is a simulation program which will be discussed 
in terms of the inputs required for describing a compu
ter problem, its environment, the computers to be eval
uated, and the output reports which will be generated. 
The data contained in these reports are detailed pro
jections of time, manpower, and costs associated with 
using a computer to process a problem which has been 
defined to the SCERT program. 

Thursday, April 23 ........... ......... . .... 9:00 A.M.-12 Noon 
... .. .. .... .. ... .... ..... ..... ........ ... .... ....... ... .... .. ......... Cotillion Room 

LOGIC, LAYOUT AND ASSOCIATIVE MEMORIES 

ON THE ANALYSIS AND SYNTHESIS OF THREE
VALUED DIGITAL SYSTEMS 
Prof. ]. Santos and H. Arango, Argentina 

Post algebras have been treated quite extensively from 
a purely logical point of view. In this paper, some tech
niques of analysis, minimization, and synthesis of Pastian 
functions arc first introduced, as more or less obvious 
extensions of Boolean methods. That theory leads to 
a systematic implementation procedure for combinational 
and sequential functions. 

AN ALGORITHM FOR PLACEMENT OF INTER
CONNECTED ELEMENTS BASED ON MINIMUM 
WIRE LENGTH 
R. A. Rutman, AC Spark Plug Div., G.M.C. 

The layout and interconnection of microminiaturized 
components have become such complex tasks that auto
matic layout programs are proving very useful. Layout 
is usually a three-step process consisting of the allocation 
of components to boards, their placement on the boards, 
and finally routing of their interconnections. This paper 
describes in detail a computer program which auto
matically performs the placement of the components so 
that the overall interconnection wire length tends to a 
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m1mmum. The procedure uses integral linear program
ming and consists of essentially two parts. The first part 
reduces the lengths of the longest wires and the second 
reduces the total wire length. This procss is shown to 
be more effective in decreasing total wire length than 
the usual one-step process. 

STUDIES OF AN ASSOCIATIVELY ADDRESSED 
DISTRIBUTED MEMORY 
G. ]. Simmons, Sandia Corporation 

A memory model is proposed which uses associative 
addressing and distributed storage. The addressing is 
accomplished by a non-linear mapping of poirlts in the 
input space onto the vertices of a hypercube embedded 
in a much higher dimensional space. The dimension of 
this image space is chosen to be sufficiently great so 
that a hyperplane can be passed through the origin and 
such that the distances to the image poirlts are the 
scaled functional values which are to be stored. The 
distributed memory is achieved in the n-tuple representa
tion of the hyperplane. The storing of data in such a 
memory implicitly involves the solution of extremely 
large linear systems, under the unusual restraints that 
only one linear element be available to any one time, 
and that there be no detailed memory of previous ele
ments. The algorithm developed to deal with this class 
of problems is discussed. 

DESIGN OF AN EXPERIMENTAL MULTIPLE 
INSTANTANEOUS RESPONSE FILE 
E. L. Younker, C. H. Heckler, Jr., D. P. Masher, and ]. 
M. Yarborough, Computer Techniques Lab, Stanford 
Research Institute 

An experimental model of an electronic reference re
trieval file in which all file entries are interrogated simul
taneously has been designed and constructed. The ex
perimental model is designed to store the indexes to 
5000 documents. Each document index consists of an 
accession number and up to eight English words (de
scriptors) that are closely related to the contents of the 
document. The descriptors are selected from a 3000-word 
dictionary. A search question, consisting of one to eight 
descriptors in their natural English form, is entered by 
means of an electric typewriter. The document irldexes 
and the dictionary words are stored in wiring patterns 
associated with arrays of linear ferrite magnetic cores. 
During entry of the search question, the dictionary mag
netic store is interrogated by the alphabetic code of each 
search word. If the word is not contained in the dictionary, 
it is automatically rejected. After all words of the search 
question have been entered, the document magnetic 
store is interrogated by the search question in superim
posed code form. Response to a word validity test or 
to the file search is obtained in less than 6 microseconds. 

Thursday, April 23 2-5:30 P.M. 
Sheraton Hall 

INFORMATION RETRIEVAL 

RESEARCH IN AUTOMATIC GENERATION OF 
CLASSIFICATION SYSTEMS 
Harold Borko, System Development Corporation 

In an information storage and retrieval system, classifica-
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Born reliable at 650° C. 
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• Unusually stable and substantially 
unaffected by the most severe en
vironmental extremes due to the 
virtually indestructible combination 
of a matrix of inorganic material and 
precious metal alloys after firing. 

• Built-in heat sink because the alu
mina substrates have high thermal 
conduction. 

• Unaffected by solder. Modules can 
be immersed in soldertotin selected 
conductive tabs or solder discrete 
components without effect on the 
cermet resistors and capacitors. 

• Elements can't separate from sub
strate during varying environmental 
conditions. Cermet resistors and ca
pacitors are thermally bonded . 

• Perfect termination due to similar
ity of compositions. 
Pt-Au conductor composition dif
fuses with the cermet compositions 
and becomes part of the substrate 
after firing. 

• Migration dangers eliminated be· 
cause no silver is used. 

• No cermet resistance element fail
ures after 36 ,000 ,000 element 
hours of extended load life relia
bility tests. Only 0.1723 average re
sistance change at full rated load. 

• Extremely tight quality control in 
purchased materials inspection, in
process control of production pro
cedures, step-by-step product in
spection, and quality assurance 
program on completed product. 

• Fired at temperatures exceeding 
650°C so cermet resistors, capaci
tors and conductive circuit take ex
cessive overloads without failure. 
Cermet resistors and capacitors 
operate continuously at 275°C; take 
short periods of 500°C. 

How you can benefit from our design 
and development experience: We'll 
evaluate your circuit for incorporation 
into the new CTS cermet resistor-ca
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packaging system. Interconnecting 
circuitry for maximum reliability will 
be "designed in ." Our design engi 
neering group will propose circuit lay
outs on one or both sides of alumina 
substrates including positioning of dis
crete active components using "fired
on" conductive circuits and " fired -on" 
cermet resistors and capacitors. 
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tion provides a means for orgamzmg a mass of material 
into groups so that related items are brought together 
in a systematic fashion. By grouping documents into 
categories, the number of items to be scanned in re
sponse to a search request can be reduced and the 
efficiency of the system increased. To design a classifica
tion system, one must specify the number of classes to 
be established and the principle to be used in determining 
class membership. A number of mathematical procedures 
for devising classification schedules are reviewed; these 
include factor analysis clump theory, and latent class 
analysis. These and similar techniques can also be used 
to classify documents into correct categories automatically 
and thus speed up the processing of incoming material. 
Results appear promising, and further research is being 
undertaken to determine the retrieval effectiveness of 
automated indexing and classification systems. 

INFORMATION STORAGE AND RETRIEVAL: 
ANALYSIS OF THE STATE-OF-THE-ART 
George Arnovick, ]. A. Liles, A. H. Rosen, and ]. S. 
Wood, Space and Information Systems Division, North 
American Aviation 

The state-of-the-art of information storage and retrieval 
( IS&R) is outlined and presented in a form assimilab!e 
by those whose background is technical or, more spe
cifically, computer hardware oriented, but whose knowl
edge of IS&R techniques and applications is at best 
limited. The presentation is necessarily comprehensive 
but not discursive. On the generally-accepted pre~umption 
that retrieval of information is as sucessful as its repre-
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CHICAGO DYNAMIC INDUSTRIES, INC . 
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sentation in the file, greater attention is focused on index·
ing. Some of the controversial issues and unsettled prob
lems, such as the role of relationships and context of 
index terms, are critically examined. Potential solutions 
to these problems, including automatic input techniques 
and statistical approaches, are also discussed. Subse
quent consideration is given to the problems of informa
tion dissemination, abstracting, storage, retrieval, dis
play, reproduction, and communication links. 

TRAINING A COMPUTER TO ASSIGN DESCRIPTORS 
TO DOCUMENTS: EXPERIMENTS IN AUTOMATIC 
INDEXING 
M. E. Sterens and G. H. Urban, National Bureau of 
Standards 

Preliminary results are reported for 64 test items run 
against two 100-item teaching samples. A presumably 
representative sample of documents indexed on the 
basis of human subject-content analyses is processed by 
computer to provide ad hoc statistical associations be
tween significant words occurring in the titles and texts 
of abstracts of these sample items, and each of the de
scriptors manually assigned to them. 

EXPERIMENTS IN INFORMATION CORREL ATION 
]. L. Kuhns and C. A . Montgomery, Computer Division, 
Thompson Ramo Wooldridge 

In a technical information system, it is supposed that 
many users will want output in order to verify hypotheses 
or answer questions, or form new hypotheses. The in
formation correlation experiments presented in this paper 
suggest an approach to the problem of assimilating in
formation for the second purpose, and were designed 
along the following lines. Assuming that structured infor
mation is easier to assimilate than unstructured informa
tion and consequently that degrees of assimilability cor
respond to degrees of structure, two different degrees 
of stmchire were developed for a set of sentence frag
ments. The structured data was then tested for assimila
bility by asking experimental participants to derive in
ferences from the fragmeRt sets. Results of these ex
periments are given in detail and a system for quantita
tive evaluation of inferences is discussed. 

SOME FLEXIBLE INFORMATION RETRIEVAL 
SYSTEMS USING STRUCTl:JRE MATCHING PRO
CEDURES 
.Gerard Salton and E. H. Su.ssenguth, Jr., Harvard 
.University 

.Many constructs of interest in data processing are con-
1veniently represented in two dimensions by abstract 
.graphs consisting of sets of points (nodes) and intercon
.nections (branches) between certain pairs of nodes . 
• Typical examples are physical systems such as electrical 
.or pipeline networks, computer process charts, storage 
1allocation schemes, and code marks of various kinds. In 
.information retrieval, the nodes may represent keywords 
.or terms, and the branches may represent relations be
tween terms. To retrieve information, it is then necessary 
to compare the two-dimef!sional structures representing 
items of information, or documents, with the structures 
representing search requests. In the present study an 
efficient structure matching procedure is outlined which 
can be used to alter the search requests so as to force 
agreement with the stored information identifications. 
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Polaroid circular polarizers are the best way to elim
inate reflections from digital readouts. They improve 
readability from all directions, reduce glare from nor
mal room light and increase contrast. You can see better 
from any angle even in brightly lighted rooms (and the 
registers certainly look better-no cardboard awnings). 
Many major instrument manufacturers are using cir-

cular polarizers in digital indicators now. 
For complete information, write Polaroid Corp., 

Polarizer Div. C-4, 119 Windsor St., Cambridge, 
Mass. In Great Britain: Polarizers (United Kingdom) 
Ltd., 26 Stamford Street, London S.E.l, England. 

In Europe: Polaroid GmbH, Holzhausenstrasse 30, 
Frankfurt/Main, Germany. 
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Fig. 1 General Purpos~ 
And-Or-Nor Circuits 

and Equivalent 
Logic Function 

Bria n E. Sear, Research Scientist, Martin Company, Baltimore, Md: 

DESIGN OF MODULAR 250 MC CIRCUITS 

20 

For several years, the transistor has reigned supreme 
as a logic switching device. Properties such as 
high gain, reasonable speed, logical variability, 

low cost, and small size have created and maintained 
its widespread acceptance. Although the advent of the 
tunnel diode in 1958 made such an impact that it was 
heralded as the switching device of the next generation 
computers, interest quickly waned when the tolerance 
problem was appreciated. Several researchers (Refs. 1 
through 6) have shown that single-stage tunnel diode 
circuits have a low logical gain with tight tolerances, 
which make these circuits of little or no value for gen
eral purpose computer logic. 

The recent development of circuits which combine 
a storage diode (charge transformer) with the tunnel 
diode has made available general purpose computer 
circuits with a gain bandwidth tolerance performance 
and logical flexibility previously unattainable in nan· 
osecond logic (Refs. 7 through 9). The key to this 
success is the charge transformer which gives consider
able interstage current gain with a gain bandwidth 
product compatible with the tunnel diode on the order 
of 10 kilomegacycles. This combination provides a 
10-to-l improvement over transistors or tunnel diode 
circuits, while allowing a variety of logical functions 
to be generated by different modes of coupling con
nections. 

This article, based on a paper presented at the 
1963 National Electronics Conference, discusses the 

achievement of the gain bandwidth tolerance improve
ments into practical modular hardware at a 250-mega
cycle information rate, similar in logical and mechanical 
versatility to transistor modular equipment which is 
only capable of up to 25-megacycle rates (Ref. 10). 
The design objectives were large fan-in/fan-out ratios, 
wide tolerances, reasonable power consumption, logical 
flexibility, modular packaging, standard-sized compo
nents and repairability. These objectives were, in gen
eral, achieved by the circuits outlined in the following 
section. 

The physical operation of the storage <lio<le ( du:rge 
transformer) is not described because it is covered in 
detail in Refs. 7 and 9. 

And-Or-Nor Logic 

The circuit arrangement, Fig. 1, can be used as three 
separate circuits or as a combined two-level three
function logic module (Ref. 9). 

The ability of this circuit to generate a signal and 
its complement simultaneously at the phase rate is due 
to the storage diode pair, D 81 and D 82, in the steering 
network. If all the inputs to the OR level D 1 are 
0 ( + VP), IF flows in D 82 but not in D 81 ; therefore, the 
set clock drives reverse current through D82 (setting 
T DN, but not T 00, because no reverse current can flow 
in D 81 ). On the other hand, if any input is 1 ( + V 1,), 

IF flows in D 1, D 81 and not in D8~; therefore, the set 
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Illustrating the practicability of 250 mega
cycle circuits using the tunnel diode charge 

transformer, this article pinpoints difficult 
design areas and outlines the problems in 
clock generation and distribution for nano

second circuits. 

clock drives reverse current through D81 and D2, set
ting T no to the high state. This fact says that the output 
of T DO is the same as the input, and that the output 
of T DO is the inverse of T DO at the same time. Each 
stage is reset by applying a negative pulse to DRN and 
DRo that is 180 degrees out of phase to the set pulse; 
this arrangement gives an output wave form for the 
1 output of a 1-to-l duty ratio. To ensure correct 
propagation, a 2-phase clock system is used in which 
Phase 2 is 180 degrees out of phase with Phase 1. 

To complete the logical possibilities, a level of diode 
AND logic is included by using backward diode DA 
as a current steering level with +DC and RA. 

Charge Transformer Shift Register 

The circuit in Fig. 2 is very useful to this module 
family because of its simplicity and low cost. D1, Dw1 

and D 81 replace a complete flip-flop in other forms 
of recirculating shift registers. The object is to transfer 
the charge (or no charge) in the Phase 1 storage 
diodes to the Phase 2, on the application of the 
Phase 1 clock. Then, the Phase 2 clock transfers the 
storage in the Phase 2 storage diodes to the Phase 1 
diodes. The coupling diodes D 1, D2 . • . DN give 

Fig. 2 Charge trans
former shift register 
or serial memory 

Fig. 3 NRZ "NOR" Circuit 

directionality of information flow. The loop from TD 1 

to D 1 can be closed for recirculation or left open for 
single-shot shift functions. Parallel write-in is obtained 
by injecting charge at Dwi. Dw2 . . . Dwn· The regis
ter can be cleared by applying a de level at the input 
to D0 . 

NRZ Logic (250 Megabit) 

As in all multiphase systems, the information rate of 
the circuits in Fig. 2 is given by the clock rate which 
is 125 megacycles. However, the information rate can 
be madP- 250 megacycles by the parallel operation of 
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two branches of logic. In order to get into and out 
of the logic serially, circuitry must be available which 
has a 250-megabit rate. The circuit in Fig. 3 achieves 
this by controlling the reset clock in the same manner 
as the set clock, thereby obtaining nonreturn to zero 
operation. 

The set and reset clocks are applied simultaneously 
to D0 ( 8 ) and D 0 (n) at a 250-megacycle rate. The same 
phase clock signal is applied to all NRZ stages. When 
the input is 1 ( + V p), D 8 2 ( n) stores a charge from 
IF( n ) hut D 82 ( 8 ) does not; therefore, on the application 
of V 8 and Vn , the reset clock is routed through to T n:-> 

rp I INPUT o---l>f+--c===:J 
TRANSMISSION LINE 

¢ 
2 

INPUT o--f>E 

Fig. 4 Serial Transmission Line Storage 
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Fig. 5 Logic Functions and their Symbols 

WAl/f. FORM A 

WAl/f. FORM B 
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Fig. 6 Wave Forms of "NOR" "OR" Logic at 250 MC 
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TABLE 1 

Dynamic Operating Range Test on 
NOR-OR Circuit 

Min. Max. 
Bias Bias 

Cir- Level Level 1. 
cu it (ma) (ma) (ma ) Fan-Out 

NOR 11.4 19 22 50 fl res is-
live load 

NOR 10.2 17 22 470 fl res is-
live load 

NOR 12.0 17 22 3 loads sin -
gle wire 
coupling 

NOR 15.0 19.5 22 6 loads sin-
gle wire 
coupling 

NOR 16.0 20.3 22 7 loads sin-
gle wire 
coupling 

OR 13. l 18.2 22 50 fl res is-
live load 

resetting or maintaining T nN in the low state ( 0). Con
versely, if the input had been 0, D82 ( 8 ) would have 
stored, enabling the set clock to be routed through to 
T DN• thus setting T DN to the high state 1. Since the 
clock arrives at a 250-megacycle rate, the information 
can change every 4 nanoseconds with an output which 
is of NRZ form. 

By connecting both phases of the circuits previously 
described (Fig. 2) to the output, the Phase 1 informa
tion is selected by the Phase 1 circuit and the Phase 
2 information by the Phase 2 circuit, thereby enabling 
two logic networks to operate in parallel at a bit rate 
of 250 megacycles. In order to obtain the output of 
the two parallel paths in a serial 250-megabit form, 
a summing output is used as described below. It can be 
clearly seen that the NRZ operation described here 
can be extended to the NOR, OR circuit (Fig. 1) 
gi"ing NRZ NOR, OR logic. 

Serial Memory 

The use of transmission lines to provide serial storage 
has proven to be a practical and economical means 
of obtaining nanosecond memory capabilities (Ref. 11 ). 
The circuit shown in Fig. 4 enables the information 
to be stored at the phase rate by using an NRZ OR 
circuit as a recirculating amplifier. 

The backward diodes Bn1, B02 and B03 form an 
isolating sum input for the Phase 1 and Phase 2 drivers 
and the feedback recirculating information. This con
figuration enables the outputs of two logical paths 
in parallel to be read out from the NRZ OR circuit 
in serial form at a 250-megabit rate. 

Logical Capability 

The logical possibilities with this complete module 
family are numerous, particularly when combined with 
passive delay elements which are no more than lengths 
of transmission line. These delay elements are either 
fabricated from printed circuit strip line or miniature 
coaxial cable. 

A fan-in of 6 and fan-out of 5 have been selected 
as the standard interconnection arrangement. This con-

dition was not limited by circuit performance but by 
a compromise between maximum fan-in / fan-out, the 
optimum size of a module and the number of inter
connection pins available on the interconnection sur
face. The current gain per stage at 250 megacycles is 
on the order of 14, which allows for wide margins on 
component and parameter tolerances. Typical per
formance figures allowed for in the worst case design 
were ±25% clock voltage, ± 5 % peak current, and 
± 5 % constant current supplies. 

The logic function and its symbol are given in Fig. 
5 with the fan-in / fan-out interconnection capability. 

DOUBLE MODULE r---------------, 
A -----+1

--< AB : + 
AB+ AB 

B - - --t--; 
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B--- ---+- -l : 
I I L ______________ J 

SINGLE MODULE 

SUM. AB+ AB 
CARRY · AB 

Fig. 7 Logic Diagram of a Half Adder 
with Sum and Complement Output 
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Fig. 10 Plug-in Circuit Board 

The operational margins on a test of the NOR OR 
circuit are given in Table 1. 

Wave forms of the NOR-OR circuit test are shown 
in Fig. 6. To show the logical flexibility of these cir
cuits, a half adder is shown in Fig. 7 and a clock 
countdown circuit in Fig. 8. 

Clock And Distribution System 

The clock generator consists of a main oscillator ampli
fier at a frequency of 125 megacycles, which supplies 
sufficient power for 10 local pulse shapers. The local 
pulse shapers are snap action diodes which receive 
clock power from the main oscillator via 93 n coaxial 
cable, and locally generate pulses with fractional nano
second rise times. The pulses are then distributed to 
the logic modules via 30 n strip transmission lines. 
In order to isolate the transients and match the local 
pulse shapers to the sinusoidal distribution system, a 
filter and impedance transformer are connected be
tween the snap diode and the 93 il source signal. For 
the 250-megacycle NRZ circuits, power is tapped off 
the main generator at 125 megacycles and converted 
to 250 megacycles by a varactor doubler. This method 
ensures synchronization of the two clock signals. A 
diagram of the distribution system is shown in Fig. 9. 

Phasing errors, which are generally small, can be 
eliminated with a de phasing control. This is simply a 
de current which is added to the storage current in 
the snap diode to delay the snap time. 

Each logic card is matched at the input to a real 

impedance of 93 il, thereby minimizing the VSWR on 
the distribution cables. In general, a VSWR of less 
than 1.1 is achievable; this is well within the tolerance 
requirements placed on the clock voltage. 

Packaging And Interconnections 

Because of the large values of di/dt required suitably to 
drive the tunnel diode, it is necessary to place all com
ponents in the path from clock voltage to tunnel diode 
close to a ground plane with a minimum lead length 
from clock transmission line to tunnel diode ground. 
For this reason, a mothercard ( 7 x 3 inches) has 
been designed which houses the snap di6de pulse gen
erator and strip distribution lines, thereby enabling the 
logic modules to be attached with a minimum lead 
inductance. A photograph of one of the cards is shown 
in Fig. 10. 

A single module size is 0.55 by 0.2 by 1 inch and 
is attached to the main board by one fixing screw and 
approximately four soldered leads. For those circuits 
requiring two modules, a double-header module is 
designed which is 1.1 by 0.2 by 1 inches. All the cir
cuit configurations previously discussed can be fitted 
into one of these two module sizes. The tunnel diode 
is grounded to the main board and contacts the spring 
clip on the module to close the circuit when the 
module is fixed into place. 

The module header is made from two layers of an 
Amphenol strip connector which provides a total of 12 
pins on the interconnection surface. These pins are 
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for 6 inputs, 5 outputs, and one monitoring point. Be
low the module header are two more layers of strip 
connectors, with pins attached permanently to the 
ground plane. This arrangement provides an additional 
12 pins for ground connection to each module with a 
total interconnection surface of 0.55 by 0.4 inch. 

The card with modules attached is plugged into a 
tray or backboard which consists of a layer of socket
type strip connectors. The backboard size is 8 by 7 
inches, and the cards are placed side by side enabling 
20 cards to be placed in one tray. Interconnections are 
made on the backboard by crimping the socket pins 
to the center and outer conductors of miniature 120 n 
coaxial cables, and inserting into the strip layer. The 
maximum lead length between circuits is restricted to 
8 inches by the propagation time of the signal along 
the coupling transmission line; however, no timing 
errors are accumulated because each stage is retirned 
by the clock pulse. The insensitivity of these circuits 
to noise (due to the integration of charge by the storage 
diode ) has enabled many interconnections of under 2 
inches to be made with open wire. 

Each module consumes approximately 100 mw 
of clock power and 100 mw of de power, which gives 
a total power per motherboard of 1 watt clock and 1 
watt de. 

This family of logic modules, capable of reliable 
operation at 250-megacycle information rate, is avail
able to the system designer in a variety of logical con
figurations . The increased gain bandwidth of TDCT 
logic has enabled the performance described to be 
achieved without resorting to special packaging tech
niques and tight tolerances. The modules are designed 
using standard commercially available hardware, and 
are removable-enabling them to be repaired. END 
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Fig. 1 One of Elco's newer connect01' systems, tradenamed 
Variplate, is built around the use of a soft aluminum base 
plate, usually HllOO, in which standard size holes are drilled 
and punched. (a) The standard plates are 0!" thick and are 
available in sizes over 2 feet by 2 feet. The holes are on 
0.200" centers and are held to within ±0.005" accuracy. 
Plastic insulators are pressed into the holes and contacts are 
held within the insulators. (b) Miniature Variplates are also 
available; the plates are somewhat thinner and hole centers 
are usually 0.100" or 0.125" on centers. Shown here is a 
miniature Variplate printed-circuit-card edge connector. 
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Advances • 1n Connector Technology ~ 
S. V. WORTH, Chief Engineer, Elco Corp., Willow Grove, Pa. 

F
or the most part, a connector may 

be simply defined as a compo
nent containing metal contacts 

for attaching to circuit lines, one to 
the other, and usually allowing for 
disconnection of the circuit lines. A 
thorough knowledge of connectors 
and their use clearly indicates the 
many reasons for their extensive in
corporation into electronic equip
ment: 

• £uh-units can be built to be in
corporated into the entire electronic 
network at a later date 

• With intelligent design of sub
units, manufacturing economies can 
be achieved as the number of units 
is increased, or sub-units are isolated 
so as to permit more automatic or 
more simple assembly 

• In many instances, a network is 
physically possible only by first 
breaking it down into sub-units 

• Permanent connections of sub
units introduce the very real prob
ability of disturbing adjacent com
ponents; conversely, the use of con
nectors minimizes the possible dam
age to components 
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• Connectors permit less skillful per
sonnel to accomplish trouble-shooting 
and adjustment of equipment by 
isolating sub-units 

• A very obvious factor, one which 
becomes more and more important 
as the profit margin narrows, relates 
to the reduction of replacement time 
of defective components as allowed 
by the use of connectors 

• Wiring errors are drastically re
duced as connectors are used, re
sulting in an immediate saving, as 
well as an indirect saving, since less 
skillful operators can be used 

• Connectors greatly reduce the 
number of poor or questionable re
pair connections. 

It is quite obvious that connectors 
play a most important part in the 
proper design, functioning, main
tenance, and repair of computers and 
data processing equipment. Three 
broad areas define and describe the 
connector and its applications in to
day's equipment: versatility of the 
connector itself and versatility of its 
contacts; reliability; and non-de-

EDITOR'S NOTE: As part of a 
continuing series of CD editorial 
reports on new circuit connectors 
and interconnection systems, this 
article describes one company's de
sign approaches to connector reli
ability in digital equipment. 

gradation of properties as the con
nector or its contacts are miniaturized. 

Versatility 

To serve a rapidly-changing tech
nology, a connector must have suf
ficient flexibility in its design to meet 
demands imposed upon it with a 
minimum of redesign , and with a 
mm1mum of variations. In recent 
years, Elco Corp. has developed a 
variety of distinct connectors and 
systems which allow for wide versa
tility in computer design. Some of 
the major ones are shown and briefly 
described in Figs. 1-8. 

Reliability 

In the past, an electronic system 
might have used a dozen connectors; 
but today hundreds or even thou-
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.. (a) OLD METHOD (b) NEW METHOD 
Fig. 2 Bus Strip Wiring. A truly significant advancement in 
interconnections was made with the development of contacts 
on busses. Essentially, the use of bus contacts eliminates the 
need for individual connections used in the old method of 

bus strip wiring shown in (a). Elco's award-winning, new 
method of bus strip wiring (b) assures positive, 100% con
tact. Triple nose and feed through, or double nose contacts 
are also available which are, in essence, miniature busses. 

Fig. 3 Contacts for Substrates. To meet the 
demands of the more recent developments in 
substrates and thin-film circuitry, Elco devel
oped "fork tail" contacts. They press-fit onto 
the substrate making a fine connection; how
ever, they should be soldered for additional 
security. Extremely close centers can be ob
tained - 0.050" or less. 

Fig. 4 Board-to-Board Contacts. Outstanding contact versatility 
of these contacts is evidenced by their direct use in printed circuit 
boards. The contacts are supplied in loose form, or on standard 
centers imbedded in a plastic strip as shown here. The contact 
legs are then inserted into pre-drilled, or punched holes, where 
they are then readily staked in place. lf desired, the plastic strip 
can be removed. 

sands are common numbers. Further
more, as systems become more com
plex and non-breakdown features be
come ef greater importance, reliabili
ty requirements increase at a faster 
and faster rate. Today, we must talk 
of a million non-failing connector 
hours to obtain good computer per
formance; it is not uncommon to 
achieve results ten times this figure. 

Connectors, as components, have 
fared very well in reliability com
pared with other electronic compo
nents. Studies by the Autonetics Di-

vision of North American Aviation in 
a model of an average electronic sys
tem, indicated that the failure rate, 
based upon one million operating 
hours, was only 2.2 percent. In other 
words, if all the connectors in the 
system were removed, the Mean
Time-To-Failure would be reduced 
from 277.3 to 271.2 hours or 2.2 per
cent - a small percentage of total fail
ure rate. Studies by IBM Corp. and 
Collins Radio Co. have agreed closely 
with these figures. 

Additional studies have pointed to 

some of the reasons for connect(!)['" 
· failures and have indicated means for

increasing th"ir reliability. Thus, it 
was shown that 20 percent of failures 
are caused by electrolytic corrosion, 
which is the result of moisture. This 
indicates a need for a more gas tight 
contact. 

The major cause (approx. 50%) 
for connector failure is mishandling. 
Some common problems are loosened' 
pins or contacts, breakage of insula
tors, bending contacts, careless mat
ing of connectors, deforming pro-
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range characteristics of Motorola 's high-performance annu
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Fig. 5 Memory Plane Contacts. Centers as low as 0.100" are common for 
these contacts used in memory plane applications as shown in this memory 
stack example. Another application is in the module packaging, wherein the 
module can be plugged into its mother board by use of board-to-board 
contacts. 

Fig. 6 Logic Drawer Tape Cable Connections. An advanced approach to 
the connection of computer logic drawers involves the use of flexible cable. 
It involves the use of coiled, multiple cables, with a connector attached to 
each end. The coil effect of the wound cables retract the drawers which can 
be exposed for service or test, with "power on." As many as four cables 
have been successfully coiled into one unit. Tests have indicated this solu
tion to be positive, safe and remarkably free from maintenance. 

Fig. 7 Stacking Connectors in Strips. Recent break-throughs in microminw
turization were made not only by reduction of connector size, but also by 
development of strips of connectors, which can be staked in multiple rows 
of contacts. An example of this approach is the "Zig-Zag" connector, .9hown 
here. It contains two rows of contacts, 0.100" apart and on 0.100" centers. 
The rows are offset 0.050". Each connector strip is available in 2 to 96 con
tact lengths. One of the main features of the connector allows one row to 
be interlaced with another, permitting a build up of a multitude of rows. 

jecting connectors, snagging or 
stepping on cable emanating from 
connectors. Therefore, the human 
factor becomes quite important. It is 
also interesting to note that the 
above factors do not relate to print
ed circuit connectors. PC connectors 
do not have projecting contacts and 
should be even more reliable. 

Proper plating plays a most impor
tant part in the reliability of contacts. 
Tests have shown that the force be
tween contact surfaces and electrical 
resistance is linear and inversely pro
portional. It is also true that resis-
tance decreases as the true contact • 
area increases. (This area can be in-
creased by adoption of plating that 
has much more plasticity or low yield 
pressure.) Futhermore, minimum re-
sistance is assured with the use of a 
non-oxidizing metal. Thus, a rela-
tively soft, noble, metal is indicated 
for plating on contacts having rela-
tively high contact pressures. Con-
versely, lower pressures reduce wear, 
and provide ease of operation. 

The ideal contact surface has the 
following properties : 

• Sufficient plating to minimize dif
fusion of base metal 

• High electrical conductance 

• Low coefficient of friction 

• Relatively soft plating 

• Tarnish and corrosion-free surface 

• Maximum flexibility 

An ideal contact combination is al
most pure gold on a base of a good, 
flexible nickel plate. The gold is de
posited in thickness, usually from 5 
to 100 millionths, with the lower fig
ure used in industrial applications, 
and the higher figure used in Mili
tary applications. 

Non-Degradation 
of Properties 

Unfortunately, many designers and 
manufacturers have taken for granted 
the statement, that "as a product is 
miniaturized, its cost is increased as 
a result of the increased difficulty of 
production, and its properties are de
graded". This is certainly not true of 
properly-designed contacts. Table I 
clearly proves the point. As illustra
ted in Table I, a standard Elco 
V ARICON connector is 0.004 square 
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TABLE 1 

STANDARD MINIATURE SUBMINIATURE 

f c= :Sf 0 s+ [D 5 

MAXIMUM 
WIDTH .154" 

--
LENGTH OF 

COINED AREA .185' ' 
(Approx.) 

---
WIDTH OF 

COl!llED AREA .0125" 
(.008" SLOT) 

·---
MATERIAL 
THICKNESS .026" 

-·-

TOTAL CONTACT 
AREA, SQ. IN. .00925" 

(Approx.) 
-

CROSSECTION 
AREA .00400" 

CURRENT 
RATING 10 AMPS 

-
CONTACT .005 OHM 

RESISTANCE MAX 

WITHDRAWAL > 4.0 but 
FORCE < 16.0 oz. 

--
CLOSEST .200" 
POSSIBLE 
CENTERS 

COST PER $30.00/ M 
CONTACT 

inches in cross sectional area , as op
posed to its minute counter part, the 
new Bl/CON connector which is 
0.0007 square inches in cross sectional 
area - a reduction factor of about 6 
to 1. However, the contact areas are 
reduced only 3 to I ; the current 
carrying capacity less than 3 to I ; 

Type 1 .115" 
Type 2 .126" .093" 
Type 3 .126" 

Type 1 .185" 
Type 2 .135" .125" 
Type 3 .135" 

Type 1 .0125" 
Type 2 .0102" .0075" 
Type 3 .011 " 

Type 1 .026" 
Type 2 .0225" .016" -.018" 
Type 3 .024" 

Type 1 .00925 
Type 2 .00551 .00375" 
Type 3 .00594 

Type 1 .00299 
Type 2 .00277 .00167 
Type 3 .00302 

10 AMPS 3 AMPS 

.005 OHM .005 OHM 
MAX MAX 

--
> 4.0 but > 4 .0 but 
< 16.0 oz. < 16.0 oz. 

-
Type 1 .125" 
Type 2 .150" .100" 
Type 3 .150" 

Type 1 $30.00/ M 
Type 2 $30.00/ M* $30.00/ M 
Type 3 $30.00/ M* 

while the resistance, and withdrawal 
force remain virtually the same. These 
particular contacts also use the very 
same manufacturing techniques and 
standards to assure maximum relia
bility at a minimum cost. 

In conclusion, it is clear that the 
connector manufacturer has been rap-

Fig. 8 A new miniaturized connector is 
the Bl/CON Connector. Contacts are on 
0.050" centers but rows can be offset 
0.025" centers. The Bl/CON contact is 
of true hermaphroditic design. Its four 
mating surfaces are 0.100" long but one 
half of this length is rigidized with a 
web, so that this contact has outstanding 
strength and electrical properties. 

MICROCON Bl/CON 

' s ~ 

.082" .035" 

.125" .088" 

.009" .009" 

.020" .020" 

.00450" .00317" 

.00164 .00070" 

7 AMPS 3.5 AMPS 

.005 OHM .0035 OHM 
MAX MAX 

> 4 0 but > 4.0 but 
< 16.0 oz. < 16.0 oz. 

.075" .050" 

$30.00/ M $30.00/ M 
*Quantit;es under 25,000 

idly expanding his products to meet 
the imposed demands of the industry. 
It is evident, too, that a connector is 
a highly reliable component, particu
larly when properly applied , and cor
rectly used. 

Circle No . 110 on Inquiry Card 
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PROGRAM 1 

READ READ 
ZERO ONE 

WRITE 

PROGRAM 2 

VARIABLE LENGTH BURST 
PARTIAL WRITE 

READ VARIABLE LENGTH READ 
ZERO BURST PARTIAL ONE 

READ 

JONA THAN R. FADIMAN, 

Mgr., Special Systems 

Digital Equipment Corp., Maynard, Mass. 

WRITE 
VARIABLE LENGTH BURST 
PARTIAL WRITE 

PROGRAM 3 

READ 
ZERO 

READ 
ONE 

WRITE ...__ VARIABLE LENGTH BURST __.,, 
PARTIAL WRITE Memory 

Test 
Equipment 

PROGRAM 4 
READ READ 
ZERO ONE 

WRITE ~:.~~~ 

PROGRAM 5 

READ 
ZERO 

WRITE 

VARIABLE LENGTH BURST 
PARTIAL WRITE 1 

VARIABLE LENGTH BURST 
READ·WRITE 

Fig. 1 Any one of five fixed pulse pro
grams may be selected with Digital 
Equipment Corp.'s Type 2113 Automa
tic Memory Core Tester. Each program 
utilizes a specific ordering of pulse 
types and although this ordering is fixed 
within each program, all other program 
parameters such as pulse width, rise 
and fall times, amplitude, and repetition 
frequency are completely adjustable. 
Core amplitude is measured by two 
highly stable linear calibrated sense am
plifiers which have a gain of 10, band
width of 20 megacycles, and a common 
mode noise rejection ratio of 100:1. One 
amplifier measures the ONE output sig
nals from the core and the other meas
ures the ZERO. I f desired, a single 
amplifier can measure both the ONE 
and Z ERO outputs. The sense amplifier 
outputs are compared with eight pre
cisely regulated adjustable reference lev
els. The result of this comparison is 
sampled at up to five specific sample 
times during the read ZERO and read 
ONE test core-output pulses. 
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READ 
ONE 

VARIABLE LENGTH BURST' 
PARTIAL WRITE 

M any of the failures of present
day digital computers originate 
in the memory system. Mag-

netic core memories are probably the 
most reliable type of rapid storage 
memory yet invented for computers. 
Theoretically, such a memory should 
have infinite life, since the cores do 
not wear out. Nevertheless, one of 
the most time consuming and difficult 
tasks involved in the checkout of a 
new computer is the checkout of the 
memory system, and although the 
failure rate of memories is becoming 
smaller and smaller, it is still high 
enough to cause considerable concern 
to reliability engineers. 

The reason for this difficulty, of 
course, is that the memory is es
sentially an analog device. It is a 

fairly simple matter to build sufficient 
design margins into AND and OR 
gates, flip -flops, pulse amplifiers, etc., 
so that short of a catastrophic failure, 
they will always work. Core memo
ries, however, give out a relatively 
small output which must be sampled 
at a particular time and then ampli
fied to the digital signal level. Cores 
not only produce an output when they 
are fully switched, the uVv but they 
also give an output when they are 
only partially switched, the av Z· Con
sequently, there is always the prob
lem of a finite signal-to-noise ratio. 
Furthermore, as the computer manu
facturers try to manufacture faster 
and faster computers, the memories 
must have faster and faster cycle 
times. This inherently means cores of 

COMPUTER DESIGN/APRIL 1964 

.. 

.. 



EXAMPLE 1 

L, _ __._O_.___ 

EXAMPLE 2 

T ests and check-out operations on n 
magnetic core memories have to be 

L , 

carried out by both the memory 
manufacturer and the user. The 
major performance characteristics 
and design criteria of memory ex- EXAMPLE 3 

ercisers , plane and stack testers, 
and core testers are discussed here. n 

Lo 

ZERO SIGNAL 

L, ___._fl...____ 

L2 

Li ---

L•---

L2_JJ Li 

n 

ONE SIGNAL 

ACCEPT HIGH 

ACCEPT LOW 

O__Ls 

O_L2 

D_L, 

NOTE: VERTICAL BARS INDICATE STROBE TIMES. BARS APPEAR ON REJECT SIDES OF 
SLICE LEVELS. 

a smaller and smaller physical size, 
relatively lower output, and more 
critical timing. Consequently, the 
memory manufacturer is faced with 
greater and greater difficulties when 
he must deliver a reliable system. 

Digital Equipment Corp. has at
tacked many facets of memory testing 
problems and has designed several 
types of testing systems which are of 
help both to the memory manufac
turer, who must test out his product 
before he sells it, and also to the 
computer manufacturer, who must 
provide an incoming inspection test 
to the memory before he accepts it 
and puts it into his computer. 

More exactly, the memory manu
facturer needs to control the quality 
of his product by testing the perform-

a nee of its ; component parts as well 
as overall performance, while the 
memory user will want to ascertain 
that the memory meets the require
ments that will insure that his com
puting system performs according to 
specifications. If the memory manu
facturer is producing a large number 
of memories of few types, he will 
need several testers of relatively sim
ple design , and they probably will be 
operated by junior test engineers. On 
the other hand, the research company 
working on memories of advanced de
sign will require equipment of great 
sophistication and flexibility, operated 
by senior design engineers. 

Of course, a memory system could 
be completely checked out by inser
tion into a computer, but the manu-

Fig. 2 Examples of accept-re ject criteria 
used in DEC's Automatic Core tester. 
Core amplitude is subjected to a maxi
mum of eight accept-reject decisions. 
Eight slicers compare the output of 
sense amplifiers with eight independent
ly variable calibrated reference levels. 
This information is strobed into the flip
flop part of the circuit by 70 milli-micro
second pulses at five specified times to 
determine whether the output pulse sig
nal is greater or less than the calibrated 
level. Each strobe pulse can be used 
either during the READ ONE time or 
the READ ZERO time. Vertical bars in 
the examples indicate strobe times. T he 
bars appear on reject sides of slice lev
els. T he information on the eight flip
flops is then subject to the accept-reject 
decisions based upon pre-determined 
specification. 
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facturer does not always have a com
puter at his disposal. Furthermore, if 
a memory manufacturer makes many 
different types of memories, he would 
need many different types of com
puters with which to check them out. 
In order to make sure that the mem
ory is operating properly with ade
quate margins, it must be checked 
out with circuits whose timing can 
easily be made faster or slower. A 
computer with fixed memory timing 
would not be very helpful here. To 
meet the varying needs, memory test 
equipment is made in several cate
gories, including memory exercisers 
(which can be thought of as computer 
simulators), memory plane and stack 
testers, and core testers. 

Memory Exerciser 

A memory exerciser performs four 
main functions: it provides command 
pulses of easily and precisely variable 
timing; it provides address counting; 
it provides and receives compatible 
voltage levels; it detects errors using 
various address and data patterns. 
Timing Circuitry - The memory ex
erciser must provide all of the timing 
circuitry and command pulses which 
would ordinarily be provided by the 
computer itself. This timing must be 
easily and precisely variable so that 
the operator may start checking out 
his memory with a fairly slow cycle 
time and then gradually make the 
timing faster and faster for marginal 
checking. By forcing the memory to 
operate at a somewhat faster cycle 
time than it will operate in the com
puter itself, the memory manufacturer 
is assured that there are adequate 
timing margins in all of the circuitry. 
Furthermore, by being able to vary 
the timing of each command pulse in
dependently, the operator is able to 
discover the optimum timing for each 
command pulse. This optimum timing 
may, indeed, be slightly different 
from that which he calculated when 
he designed the memory. The mem
ory exerciser becomes not only a 
checking device but an aid in design. 

Along with providing variable tim
ing, the memory exerciser should pro
vide timing and counting circuits 
faster than normal cycle time for mar
ginal checking purposes, as well as 
for testing out even faster memories 
still in the design stage. Digital 
Equipment Corp., for instance, is able 
to provide timing and addressing cir
cuitry adequate for testing out mem-
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ories with cycle times as low as 0.6 
microsecond. Single-shot multivibra
tor delay units provide a variable 
width pulse from one output and a 
standard trigger pulse at the end of 
the delay time from another output. 
By the use of such units, the starting 
time and width of each command 
pulse then can be varied independent
ly, providing the greatest possible 
flexibility. 

Addressing - The exerciser must 
contain an address counter which will 
make the memory address register in 
the memory itself proceed in a logical 
fashion from core -to core. The count
ers must be ab!e to be set up as one 
long counter for testing word-address 
memories, or two separate counters 
for testing coincident-current memor
ies. There are switches for setting 
initial and final conditions of the 
counter, allowing the operator to 
check out selectively any particular 
portion of the memory. The operator 
must also be able to stop on any line 
or any column, or on any one core 
for detailed analysis work of a par
ticular address. 

Electrical Compatibility - The third 
function of the memory exerciser is 
data output and interface. It is es
sential that the exerciser provide the 
correct voltage signals without the 
addition of supplementary interface 
equipment which could conceivably 
cause difficulties. Digital Equipment 
Corp. has developed bus drivers 
which will give out variable voltage 
levels ranging from 2 to 6.5 volts 
either positive or negative. The mem
ory exerciser must also be able to ac
cept different voltage levels back 
from the memory under test. Differ
ent memory systems require different 
write-read patterns, including the 
normal double checkerboard patterns 
as well as more complicated ones. 
Flexibility in the selection of both 
address and data patterns is especial
ly necessary when the exerciser is to 
be used for checking out new types 
of memories in which the worst-case 
patterns are not yet known. 

Error Detection - Since the informa
tion which is being read out from the 
memory is already in digital form, the 
exerciser has merely to differentiate 
between tw0 voltage levels and com
pare this data with the data which it 
had previously written into that ad
dress. The memory exerciser checks 
all bits of the memory in parallel, ad
dress by address. Indicator lights, 

showing the individual address and 
bit position, display the error location 
if the exerciser is programmed to 
stop an error. 

Memory Testers 

The heart of a memory system is the 
memory stack, consisting of a num
ber of either word-organized or coin
cident-current memory planes. The 
problems involved in testing memory 
planes and stacks are considerably dif
ferent from those presented by com
plete memory systems. Since mem
ory stacks are produced in larger 
quantities than memory systems, the 
memory plane and stack tester be
comes more of a production device. 
It is operated by test technicians or 
by junior engineers. The memory 
tester is no longer concerned merely 
with whether the output is a ONE or 
a ZERO; it must make precise meas
urements of core output amplitude. 
Consequently, the criteria for mem
ory tester design are accuracy, stabil
ity, ease of operation, and flexibility. 

The memory plane tester is also 
beginning to be used as a design 
tool. A new more complicated and 
more flexible type of tester has been 
designed which can be programmed 
to provide almost any conceivable 
type of pattern for each core. It can 
be programmed to select particular 
cores in a plane in many different 
modes of operation. Thus, the mem
ory plane designer can use this ma
chine to discover valuable information 
concerning the response of various 
core and winding configurations to 
many different driving conditions. 

To assure reliability of a memory 
stack, it should be tested under con
ditions as close as possible to that 
which the stack will encounter when 
used in the computer memory. Core 
driving scheme, rise and fall time, 
pulse width, and amplitude of the 
driving pulses must approximate as 
closely as possible computer condi
tions. These requirements call for a 
memory tester of the following basic 
parts : addressing and decoding 
scheme by which the current drive 
pulses can be routed to the proper 
X, Y, and Z lines; current generators; 
sensing system and sense switches; 
and error detection circuitry. 

Addressing - The equipment for ad
dressing is extremely simple. It al
lows the operator to check any parti
cular portion of his memory stack. 
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Switches allow the operator to scan 
along any one X line, Y line, or Z line, 
or any combination of X, Y, and Z. 
Thus, any particular line, column, 
plane, or single core can be checked 
out individually. To observe the dV 1 

output of a given core, the operator 
syncs a viewing oscilloscope on that 
core while scanning the entire mem
ory plane. The current driver pulses 
are switched from line to line by sol
id state switches using silicon control 
rectifiers. It is not necessary for a 
memory tester to proceed at the same 
cycle time as the computer as long 
as the shape of the drive pulses are 
similar to those in the computer. The 
pulse repetition frequency of Digital 
Equipment Corp.'s memory tester is 
approximately 20 kc. It is important 
that the rise time of the pulses be 
maintained through the switches. 
SCR's are an excellent component to 
use in this position because they can 
carry a large pulse current ( 1 am
pere) at relatively high back voltages 
( ±50 volts) without causing any de
terioration of wave shape. Two SCR's 
are used back to back in each switch 
so as to be able to pass both positive 
and negative pulses. Capacitance to 
ground is isolated by high frequency 
diodes in series with the SCR. . 
Current Generators - The most diffi
cult problem in developing a satisfac
tory memory tester is to develop cur
rent drivers that are fast, versatile, 
and amplitude stable in time. They 
must have a range of rise and fall 
times which will test anything from 
slow cores, requiring almost a micro
second rise time, up to the fastest 
memory cores made today, which re
quire rise times better than 0.1 micro
second. Current amplitudes must be 
easily variable over a wide range, for 
example, from 10 milliamps to an 
ampere, and yet must remain abso
lutely stable after they have been set. 
Magnetic cores act as an amplifier. 
A 1 per cent change in drive current 
causes approximately a 3 per cent 
change in core output voltage at the 
normal driving point. To measure 
core output amplitude to an accuracy 
of ± 1 per cent, the currents must 
remain stable to an accuracy of ± Y3 
per cent. This stability is achieved by 
means of careful line voltage regula
tion and temperature compensation. 
In Digital Equipment Corp.'s testers, 
line voltage is first regulated by a 
Sola Electric Co.'s constant voltage 
transformer. Each power supply then 
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and run-down periods. This fail-safe operation is obtained by using 
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has its own constant voltage trans
former built in. The critical voltages 
for the current drivers are further 
regulated by means of Zener diodes. 
Temperature stability is maintained 
by a careful balance of silicon and 
germanium diodes. The results of 
these design considerations are a set 
of positive and negative drivers with 
a temperature coefficient of 0.02 per 
cent per degree C., and an output 
amplitude stability which varies less 
than 0.1 per cent when the line vol
tage is changed ±15 per cent of nom
inal. The drivers are designed as cur
rent sources so that the outputs may 
be easily mixed together on a com
mon bus and so that the output cur
rent will change a minimum amount 
with changes in back voltage. Actual 
output inpedance of the drivers is 
greater than 5000 ohms. 

In the art of memory testing, one 
of the most important design consid
erations is repeatabiilty. Measure
ments made on a particular core 
plane at one time on one machine 
should be able to be repeated at an
other time on a different machine. It 
is essential that the rise and fall times 
of the current drivers be as linear as 
possible since this is the only type of 
slope that can be exactly specified. 
To assure repeatability, there must be 
an accurate means of setting the cur
rent levels at the start of tester oper
ation. In Digital Equipment's testers, 
a current calibrator, utilizing two mer
cury relays, switches automatically 
between current pulse waveform and 
2 reference levels, which may be set 
with an accuracy better than 0.1%. 

Sensing - In the design of the sens
ing system, stability is once again the 
most important criterion. The core 
output is first amplified by a differen
tial sense amplifier whose gain of 10 
is kept constant by means of nega
tive feedback around each stage. The 
sense amplifier has a band-width of 
at least 20 megacycles, more than ade
quate for testing the fastest cores 
made today. It is then necessary to 
compare the output of the sense am
plifier with some absolute standard. 
This is done by means of a slicer flip
flop comparison circuit which com
pares the output of the sense amplifi
er with fixed reference levels at strobe 
times which are variable in position 
and width. The final output is a digi
tal signal which goes from ground to 
-3 volts if the core pulse output is 

36 

greater than the reference level at 
strobe time. Three independent ref
erence levels and three independent 
strobes are used so that the core out
put can be measured for both maxi
mum and minimum values at peak 
time, and also for some other value 
part way down the curve to measure 
switching time. Besides stability, de
sign considerations for this part of 
the system are ease of operation and 
maintenance of high band-width 
throughout the sensing system. 

Since only one sense amplifier is 
used in the memory tester, it must 
be switched from plane to plane 
when testing a memory stack, or from 
line to line when testing a word-ad
dress plane. This is accomplished by 
means of transistor switching, using 
special bilateral transistors with very 
low collector-to-emitter drop. The 
transistor switches must be carefully 
matched so that the drop across all 
of them will be the same. Otherwise 
one would obtain a different measure
ment depending upon which switch 
is closed. Compared to relay switch
ing, transistor ~witching offers higher 
speed, reliability, and longer life. 

Error Detection - Here the design 
criterion is one of flexibility. In mar
ginal checking, the operator will want 
to continue the tests in spite of er
rors, yet be warned of the errors by 
means of a visual signal. In another 
mode of operation, the machine stops 
on error so that the actual address of 
the error can be noted, while the tim
ing and driving circuitry continues to 
operate so that the output of the bad 
core can be studied on an oscillo
scope. An auto-start mode causes the 
machine to halt on error and then 
continue automatically. An automat
ic printer could be used in this mode 
of operation to print out the X, Y, 
and Z addresses of the bad cores. 

Core Testers 

The expense of replacing a bad core 
in a memory plane is great enuogh to 
justify thorough testing of every core 
before assembly of the plane. Be
cause the number of cores is very 
large, automatic test equipment is a 
necessity. 

A core tester consists of two separ
ate kinds of equipment: the core 
handler and the test equipment. The 
handler feeds cores to a test station, 
inserts a probe for the test, and sorts 
the cores into two or three categories, 

depending on the test mode. The oth
er half of the system consists of elec
tronic circuits which provide the 
drive program for the core, compare 
the core output with given reference 
levels, and make a decision as to 
whether the core is good or bad. 

Unlike the memory tester and 
memory exerciser, both requiring 
a fairly skilled operator in order to 
perform the tests, the automatic core 
tester is designed to work for long 
periods of time unattended. Accord
ingly, there are several types of safe
guards that must be built into such 
a system. It is much cheaper to throw 
away several good cores than to ac
cept one bad core and then have to 
remove it from the matrix later on. 
First of all, each of the test cores is 
tested four times. The first test is 
used to put the core in a known state. 
The next three tests are all identical, 
and the core must pass all three tests 
in order to be accepted. If it fails 
any one of them, it is rejected. The 
second safe-guard is that before each 
test core is tested, a standard core 
is also tested four times. If the stan
dard core is rejected, the test core that 
is tested immediately afterwards is 
automatically rejected whether or not 
it passes the test. This helps to guard 
against a transient causing a bad cor~ 
to be accepted by mistake. The op
erator sets special very tight limits 
on the ONE output of the standard 
core. Thus, if any parameter in the 
core tester varies, such as the drive 
current or the sense amplifier gain, 
or there is any temperature change, 
the standard core will be rejected. 
After the standard core is rejected 
eight times in a row, the machine au
tomatically comes to a halt and turns 
on a red light. Other automatic cir
cuits detect whether or not a core is 
present in the test position and 
whether or not the length of the pro
gram is properly timed with respect 
to the testing time available. If any 
of these conditions is incorrect, the 
machine automatically comes to a halt 
with the improper condition indicated 
by a red light. 

The DEC Automatic Core Tester 
utilizes the same current drivers used 
in the memory tester. Thus, the same 
variations in rise and fall times, am
plitude control, back voltage, etc. are 
available. To provide the greatest 
possible ease for setting up the core 
tester for various tests, five fixed pulse 
programs are provided, any one of 
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which can be selected by means of a 
rotary switch. The five programs are 
diagrammed in Fig. 1. The burst 
length is controlled by a single-shot 
multivibrator so that it can be varied 
at will by the operator. Pulse ampli
tude and pulse width are individually 
controlled for each driver. The pulse 
repetition frequency is also variable 
in order to provide for the many dif-

ferent: testing specifications. 
The sensing system is similar to 

that used in the memory tester ex
cept that the test cores are subjected 
to comparison with five different ref
erence levels at five different strobe 
times. The reason for this is that gen
erally it is necessary to make a more 
detailed analysis of the core output 
when testing the core itself than when 
testing the memory plane which is 
made up of already tested cores. The 
amplitude measurements are made 
with respect to fixed reference levels 
which are set up on dials on the 
front panel. These levels can be ad
justed from 0 to 100 millivolts. Two 
sense amplifiers and two pulse attenu
ators are used. Thus, if the ONE sig
nal is larger than 100 millivolts, it 
may be attenuated before being am
plified by the sense amplifier. The 
ZERO signal can be routed through 
a different attenuator and sense am
plifier and therefore not be attenu
ated. This results in an improvement 
in the measurement accuracy. 

Once the output of the core has 
been accurately measured, these 
measurements are logically combined 
in digital form in order to make the 
decision into which bottle the cores 
should be dropped. The cores can be 
sorted into accept or reject containers, 
or they can be measured for two lev
els of acceptance and one of rejection . 
In the latter case, cores within a pre
set range above a given level would 
be accepted in one category, those 
within a preset range below the given 
level would be accepted in a second 
category, and those outside of both 
ranges would be rejected (see dia
gram in Fig. 2). 

Mechanical counters count the to
tal number of cores tested, the total 
number of cores accepted, and the to
tal number of cores rejected for each 
reason. Thus, at the end of a run, 
the operator has a complete picture 
of how well his cores met the re
quired specifications and also the rea
.sons for the failures. END 

In binary yes .. . but if you think in decimal the number is an 
astounding 97 types of standard microcircuit logic modules now in 
regular production at lntellux ... nearly all available right off the 
shelf, too! 
Think of the design versatility offered you .. . from flip-flops to 
Schmitt triggers ... with across-the-board compatibility ... truly 
practical mechanical design ... reliability proven in hundreds of 
working systems . . . and high-yield mass production that means 
low, low prices; many types under $10.00; to say nothing of depend· 
able delivery. 
We're not just playing "next-year chin -music," either. We've got 'em 
... check the chart and give us a call! 

SPEED 5DO KC 1 MC 5 "1.t 
TRANSISTOR 2N711 2N708 2N2369 

MODULE SIZE *'*' .300 'lii•*• .300 %•~· .170 ~1.300 J{.illx .170 
VOLTAGE RANGE 5·8 6·9 6·12 6·9 6. 12 6·9 6·12 6·9 6·12 
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Gate and Buller GB1513A GB1414B GB1514B GB1424B GB1524B GB1415C GB1515C GB1425C GB1525C 
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Gate and Buller GB1513F GB1414G GB1514G GB1424G GB1524G GB1415H GB1515H GB1425H GB1525H 
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~~=~~li~o~SJ. & 
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Double Nor Gate GG2513A GG2414B GG2514B GG2424B GG2524B GG2415C GG2515C GG2425C GG2525C 
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Multivibrator MV1513A - MV1514B - MV1524B - MV1515C - MV1525C 
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Schmitt ST1513A - ST1514B - ST1524B - ST1515C - ST1525C 
Tr~r 

Up-Down Flip-Flop 
Supplement 

UD1513A UD1414B UD1514B UD1424B UD1524B 
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Digital Light Deflector 
High-Speed Directional Control of Laser Light for Computer Applications. 

Light deflection at electronic speeds has been a major 
problem in harnessing light for use in data processing; 
deflection under mechanical control is far too slow for 
most computer applications. Scientists at IBM report 
that they have developed an experimental device for elec
tronically deflecting a laser beam to precise locations on 
any surface. The new device, called a digital light de
flector, uses laser light to project letters, numbers or 
other images at high-speed to exact positions. IBM scien
tists say that with further development several million 
deflections per second can be achieved. The capabilities 
of the deflector point to potential applications in high
speed display systems, or in other areas of computer tech
nology where data might be transmitted or processed 
using light rather than electrical signals. 

Operation of the digital deflector is based on crystal 
optics. For example, if an alphabetic character is to be 
projected, the laser beam is first passed through a stencil
like mask of the character. The beam then enters the de
flection assembly, which contains a series of crystals ar
ranged in pairs. The first crystal in each pair operates 
as an optical switch. Actual deflection of the light beam 
occurs in the second crystal. By proper setting of the 
switch, the beam can be caused to follow one of two 
paths through the second crystal. Each succeed;ng pair 
of crystals placed in the beam's path doubles the number 
of positions to which the character can be projected. 
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The optical switches used in the deflector are potassium 

Fig. 1 The electro-optic light deflector design is based on 
crystal optics. The rectangular box shown represents the 
cross section through a transparent, birefringent calcite 
crystal. A collimated light beam enters this crystal and 
splits into two components, the ordinary ray and the ex
traordinary ray. At normal incidence, the ordinary ray 
propagates straight through the crystal, while the extra
ordinary ray is diverted. The ray separation angle de
pends on the birefringence of the crystal and on its ori
entation. In a properly oriented calcite crystal, this angle 
is approximately 6°. Both rays leave the crystal in their 
original direction but are displaced from ea.ch other by a 
distance proportional to the length of the crystal. The 
ordinary ray and the extraordinary ray are linearly polar
ized. Their polarization directions are perpendicular to each 
other. If, therefore, the incident beam is linearly polarized 
in one or the other of these directions, it passes the crystal 
as either the ordinary or the extraordinary ray exclusively. 

dihydrogen phosphate (KDP) crystals covered by semi
transparent electrodes. Birefringent calcite crystals are 
used as deflectors. Ordinarily, a beam of light entering 
a calcite crystal will split into two identical parts; in a 
properly oriented crystal, one beam will continue in the 
original direction while the other is diverted at an angle 
of approximately six degrees (see Fig. 1). The two rays 
emerge from the crystal in the same direction, but dis
placed a distance proportional to the length of the crystal. 
Thus, the placement of the image projected is determined 
by the number and length of the calcite crystals. Switching 
is controlled by the electrodes attached to the KDP 
crystals (see Fig. 2). Voltage applied to the electrodes 
changes the polarization of the light beam, causing it to 
pass through the calcite crystal on one or the other of the 
beam paths exclusively. The combination of a birefringent 
crystal and an electro-optic switch constitutes one stage 
of the deflector. Several stages are shown in Fig. 3. 
High-resolution deflection is performed in the convergent
beam version of the deflector shown in Fig. 4. 

The light absorption in the deflector is reasonably 
small, so that with a laser as the light source, the out
coming beam can be very bright. The laser used in the 
digital deflector experiments is a commercially available 
He-Ne gas laser of 1.5 mw output. The new optical light 
deflector was described by IBM physicists Werner Kulcke, 
Thomas J. Harris, Kurt Kosanke, and Erhard Max in 
IBM's Journal of Research and Development. 
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Fig. 2 This electro-optic switch controls the polarization 
direction of the light beam. The switch consists of a 
potassium dihydrogen phosphate (KDP) crystal. The water
clear KDP crystals are cut perpendicular to their optic 
axis. At normal incidence, a linearly polarized light beam 
splits into two components in the directions of the crystal
lographic x' and y' directions. Both components have the 
same optical path length in the crystal. Therefore, behind 
the crystal they recombine into a beam polarized in the 
original direction. Semi-transparent Nesa electrodes are 
cemented to the front and back surfaces of the crystals. 
If immersed in an index-matching fluid, these electrodes 
yield a transparency of 93 per cent. A voltage applied to 
the electrodes causes in the crystal an electric field which 
is longitudinal to the direction of the light beam. This 
field in tum induces an additional birefringence. At the 
so-called half-wavelength voltage, a path difference of a 
half wavelength exists between the components. The com
ponents behind the crystal now recombine to form a beam 
with a polarization direction oriented 90° relative to the 
original direction. 

Fig. 3 Digital light deflector for collimated beams. The 
combination of a birefringent crystal, shown in Fig. 1, and 
an electro-optic switch, shown in Fig. 2, constitutes one 
stage of the deflector. In the six stages shown here, A 
denotes electro-optic switches, and B denotes birefringent 
calcite crystals. The incident collimated light beam is 
linearly polarized in the horizontal direction. Because 
switch A 1 is open, the light passes straight through calcite 
crystal, B 1' as the ordinary ray. Since switch A1 is closed, 
the plane of polarization behind A 2 is vertical, and the 
light passes through B2 as the extraordinary ray. As switch 
A3 is open, the polarization direction remains vertical and 
the beam passes also through B$ as the extraordinary ray. 
The displacement between the ordinary and extraordinary 
rays is proportional to the length of the calcite crystals. 
In sequential stages, lengths are chosen which increase as 
1:2:4:8: . . . Thus, each stage yields a displacement one 
unit larger than the sum of the displacements of the 
preceding stages. If there are n stages, the number of 
beam positions is N = 2"; thus 10 stages yield 1000 posi
tions. Generally, economical considerations will limit the 
aperture of the crystals to 30 mm. At a reasonable beam 
diameter of about 1 mm, less than 30 positions would be 
l'esolvable. 

Fig. 4 High-resolution deflection is performed in the con
vel'gent-beam version of the deflector shown here. A lens 
is set in front of the deflector to focus the incoming light 
in a plane behind the deflector. This illustration depicts a 
case where all three electro-optic switches are closed. The 
light therefore passes through the first calcite crystal as 
the extraordinary ray. It passes through the second crystal 
as the ordinary ray, and through the third crystal again 
as the extraordinary ray. For reasons of symmetry, the 
third calcite crystal is turned upside down and yields a 
deflection in a direction opposite to that of the other cal
ci:e crystals. In this convergent-beam version, the spot 
size is very small compared to the aperture of the deflec
tor. A large number of different output positions can 
therefore be resolved at reasonable crystal sizes. As a 
further advantage, the full aperture at the entrance is 
used. Thus the light output compared to that in the col
limated beam version, is also increased. In the described 
deflector, the beam is deflected in one dimension. Two
dimensional deflection can be obtained if two one-dimen
sional deflectors are used in series, each yielding deflection 
in a direction perpendicular to that of the other. 
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AUTOMATIC DISPLAY 

SWITCHING OSCILLOSCOPE 

New Model Offers Dual-Beam Performance 
At Single-Beam Cost 

A dc-to-50 me oscilloscope - Type 
547 - featuring automatic display 
switching, plug-in preamp versatility 
~nd wide range sweep, has been 
developed by Tektronix, Inc. Auto
matic display switching is provided 
by alternate electronic switching be
tween two identical widerange time 
bases - 0.1 usec/cm to 5 sec/cm. 
In this mode, the vertical signal from 
a single-channel plug-in can be al
ternately displayed on two different 
time bases. With a dual-trace plug
in unit, channel 1 can be locked to 
one time base, and channel 2 can be 
locked to the other. For many ap
plications, one has dual-beam per
formance at a considerable saving 
of cost over a dual-beam scope. 
Price of the Type 547 is $1875. 

When the two time bases are 
used for delayed sweep operation, a 
continuously-variable and calibrated 
delay is available from 0.1 usec to 
50 sec. In this mode, each vertical 
signal - from a single or multi-chan
nel plug-in - can be alternately dis
played on time base B intensified 
by A, and time base A delayed by B. 

A front-panel control allows indi
vidual adjustment of trace separation 
when using automatic switching. 

Triggering is stable over the full 
passband of the vertical-deflection 
system, providing triggered presen
tations to beyond 50 me. The trig
gering circuitry includes automatic 
mode with bright reference trace. 
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Tektronix's Type 547 oscilloscope features automatic 
display-switching of two identical time base genera
tors. When used with dual-trace plug-in, as shown 
here it provides the user with two independent scopes 
in one cabinet, time sharing a single-beam CRT. 

Tunnel Diode Circuits 
The two time base sweep trigger 
circuits are identical. Each is a 
wide-band hybrid amplifier and com
parator driving a tunnel diode which 
produces uniform, fast-rise trigger 
pulses. The comparator and triggering 
level control enable the operator to 
select the triggering point on the in
coming signal. The range of the trig
gering level control is extended 10 
times when the knob is pulled out; 
this permits a wider range of trig
gering on higher amplitude signals. 

The two identical time base genera
tors consist of a basic vacuum tube 
Miller run-up circuit with a tunnel 
diode-transistor circuit to recognize 
input trigger pulses and fmm the 
sweep control gate. Use of a stable 
high-speed tunnel diode circuit to 
recognize the narrow fast-rise input 
trigger pulses eliminates need for the 
usual "sweep stability" control. Use 
of relatively high value timing capa
citors and low value timing resistors 
provides improved accuracy and sta
bility. Individual capacitor values to 
10 ufd permit use of more-stable resis
tor values no higher than 7 megohms. 
Use of lower value timing resistors 
and limiting the excursion of sweep 
ramp to 100 v eliminates need for 
+500 v supply and provides the in
herent stability of lower voltage oper
ation. Although both time base gener
ators are capable of equal accuracy, 
Time Base A cannot be calibrated to 

Simultaneous display of the same pulse 
train on two display-switched time bases. 
The brightened portion of the lower 
sweep is displayed on the expanded and 
delayed upper sweep. The signal source 
is connected to input of a single channel 
vertical plug-in unit. 

to the same accuracy as Time Base B 
because of measurement resolution 
limitations for Time Base A display. 
Time Base B can be calibrated to 
with-in 1% accuracy because Time 
Base A can be incrementally delayed 
by Time Base B and used as an ex
panded-scale, high-resolution indica
tor for measuring the accuracy of 
Time Base B. Accuracy of Time Base 
A can only be measured directly on 
the 10 cm horizontal graticule scale 
which limits resolution. Time Base A 
is accurate to within 2% of full scale. 

Literature giving more detailed des
cription of the design and perfor
mance of the new scope is available 
from the company. 

Circle No. l 04 on Inquiry Card 
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WHO KNOWS MOST ABOUT SIZE 11 'S? 
Well, Litton did design 

the first practical Size 

11, V-scan, natural 

binary, shaft angle encoder. And 

they've been mass producing 

them for years. In fact, most peo

ple refer to Litton as the Size 11, 

V-scan, natural binary outfit. 

Litton is flattered, but not en

tirely happy. This is because their 

encoder capability is by no means 

limited to a single size and.type. 

They've done considerable 

engineering and development 

work on non-contact types, other 

sizes, and a variety of code 

schemes, including BCD, gray, 

sine-cosine and ARINC. So, if 

you've also been in the habit of 

thinking of Litton as a one

product house, please stand 

corrected. Talk to them about all 

of your shaft encoder applica

tions and be assured of getting 

the same high quality and relia

bility exemplified by their well

k n own Size 11, V-scan' s -

2,000,000-revolution life expec

tancy; resolution of one part in 

8,192 over full range of 32 turns; 

CIRCLE NO. 20 ON INQUIRY CARD 

0.3 oz-in maximum starting 

torque at room temperature; 

environmentally equal or supe

rior to military specifications; 

and immediate availability in pro

duction quantities. All Litton 

encoders are dynamically tested 

in a computer environment more 

stringent than actual conditions. 

For details, write 7942 Woodley . 

Avenue, Van Nuys, California. Or 

telephone 213-781-2111. 

[8 ENCODER DIVISION 
LITTON INDUSTRIES 

,· 

,,_A • . 

! ;/: 
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G NEW PRODUCTS 

WIRE-WRAP TERMINALS 

A feed-thru insulated terminal was de
signed expressly for high-volume wire
wrap applications, such as telephone 
and data processing equipment. The 
new terminal is a press-mount type 
that can be mounted with standard 
hand insertion tools or punches and 
anvils. It is available for panel thick
nesses from 0.031" to 0.148", has 
maximum lengths of 0.563" above
board, and 0.461" below board, and a 
mounting diameter of 0.172" and 
priced at $.09 ea. in quantities of 
250-499. Cambridge Thermionic 
Corp., Cambridge, Mass. 
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SOOKC LOGIC MODULES 

New Series of 500kc digital logic 
modules are compatible with com
pany's 2mc and !Orne series, and use 
a common system of logic levels, 
nomenclature, connections, and volt
ages. The modules use clamped 
loads and saturated circuits, and are 
said to have high fanout capability 
and high noise rejection. Both NAND 
and inverter logic are available. 
Modules are manufactured of military
grade glass base epoxy, have rhodium
plated contacts, and use computer
grade components. Control Equip
ment Corp., Needham Heights, Mass. 

Circle No. 208 on Inquiry Card 

4'2 

NATURAL CODE 
OPTICAL ENCODERS 

Designed to supersede cyclic (Gray) 
code encoders, a complete new line of 
natural code optical shaft-angle en
coders is said to eliminate all need 
for code converters. Reliability is 
markedly improved by the use of low
voltage long-life incandenscent lamp 
modules instead of high-voltage flash 
lamps. The outputs are de levels in 
parallel form and are continuously 
available. There is no limit to inter
rogation rate. Integral code displays 
can be provided. Units providing 
natural binary codes with resolution 
and accuracy ranging from 5 digits 
through 20 digits per revolution and 
in natural BCD codes of equivalent 
accuracy and resolution are available. 
Wayne-George Corp., Newton, Mass. 
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MICROMINIATURE CAPACITORS 

A new "ultra-miniature" electrolytic 
capacitor Type TTC is said to have 
excellent electrical characteristics, low 
leakage, low equivalent series resist
ance, and high reliability-all pack
aged in a micro-miniature case. The 
capacitor has an operating tempera
ture range of -30C to +65C with a 
capacitance tolerance of -10% to 
+ 100% of rated capacitance. Aerovox 
Corp., New Bedford, Mass. 
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DIGITAL SWITCHES 

New models in a series of digital 
switch indicators include colored 
switch and spacer modules for great
er visual identification. The use of 
colored Digiswitches, as they are 
called, provides user with visual sep
aration and identification of multiple 
functions in single, easy-to-install as
semblies. More than 40 standard 
models are available, covering a wide 
range of codes and functions such as 
octal-to-decimal conversion, decimal
to-binary conversion, conversion-to
binary with complement, voltage di
vider, resistance decades, etc. The 
Digitran Co., Pasadena, Cal. 
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OPTICAL RELAYS 

Two series of photo-electronic Opto
Electronic relays, called Logitron of
fers completely isolated input and 
output circuits coupled only by a 
light beam. Visual state indication is 
standard in all Logitron relays mak
ing fast and simplified system check 
possible. Typical ratings are 120 vdc, 
2 ma input, 350 mw per cell dissipa
tion for two-pole and 125 mw for 
four-pole, and up to 300 vdc. The 
FR-N Series provides high power 
gain, switching ratios greater than 104 
with typical dynamic response of up 
to 100 cps. The "ON" or conducting 
resistance is 5K or less and "OFF" 
resistance greater than 10 megohms. 
Nominal input rating for all four Logi
trons in the FR-I series is 12V, 12ma. 
Construction of all Logitrons is com
patible with printed circuit board or 
plug-in assembly. Overall dimensions 
are 1 inch long x Yz inch wide and % 
inch high. Installed, Logitron is only 
Yz inch high. Opto-Electronic De
vices, Inc., Sub. of Sigma Instruments, 
Braintree, Mass. 

Circle No. 221 on Inquiry Card 
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SUBMINIATURE LAMPHOLDERS 

Space-saving lampholders have been 
designed for use with midget-grooved 
base incandescent lamps, including 
the distinctive lens-end lamp. Units 
can be equipped with a variety of 
mounting brackets. They may be 
either grounded with one solder 
terminal or one wire lead; or they may 
be insulated with two solder terminals 
or two wire leads. The lampholders 
provide for rapid lamp insertion and 
have a built-in lamp ejection feature. 
Lens-end lamps can be easily rotated 
for desired focusing while maintain
ing positive contact. They are said 
to be especially effective in data proc
essing equipment. The lamps pro
duce a minimum of 750 foot-candles 
of light and have an expected life cf 
over 10,000 hours. The exacting 
beam tolerances of these lamps make 
them essential in scanning and read
out applications and computer opera
tions using punched cards or running 
tapes. Leecraft Mfg. Co., Long Is
land City, N.Y. 
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TAPE TRANSPORTS 

A precision-engineered, 100 track tape 
transport stores 20,000 five-minute 
messages on 600 feet of 3-inch wide 
magnetic tape. Five head stacks of 20 
channels each are used in a staggered 
arrangement giving 100-parallel 
track capability. Tape speeds are 
15/16 and 1 Ys ips, with 10 second 
rewind access time. By use of a 
four track search head, storage for 
19,200 5 minute messages with a 30 
second interval between messages is 
accomplished. All search control de
vices are included in the one pack
age. Extremely gentle tape handling 
is accomplished by the use of rotary 
guides. Rollers and guides are grooved 
to assure proper contact between the 
tape and guides and also to prevent 
tape jitter while in motion. Tape 
lifters allow the tape to contact the 
heads only in play mode. However, 
in the moderate and fast modes of 
operation, the tape contacts the 
search head only. Telectro Indus
tries Corp., Long Island City, N. Y. 
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SUBMINIATURE COAXIAL 
CONNECTOR 

New connector uses a "Fast-Lok" con
necting principle instead of standard 
bayonet method. It is said to have 
extreme utility in all applications 
where coaxial connectors are used and 
especially in large computer harnesses 
where maintenance becomes a very 
important factor. According to the 
company, its small size, 0.225" O.D. 
by 13/16" long, makes it a true minia
ture in relation to the old style 
threaded versions. In wiring bundles 
it provides easy connections and dis
connections while assuring high relia
bility in contact connection. The posi
tive mechanical lock is not dependent 
upon spring tension. There is no 
twisting or turning necessary. Only 
a straight push-pull action. Closely
held manufacturing tolerances plus 
the simplicity of mechanical design 
eliminates variable fitting problems 
which sometimes defeat the utility of 
this type of connector. National Con
nector Corp., Minneapolis, Minn. 
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DIG.ITAL DATA ACQUISITION SYSTEMS 
STANDARD 

100 CHANNEL 
200 CHANNEL 

(MULTIPLE COMBINATIONS 
AVAILABLE) 

Channels: 100 • 200 
Or any combination 

Scan Rate: Up to 30 KC 
In puts: High Love I - To 10 V Full Scale 

Low Level - To 5 M V Full Scale 
Outputs: Paper & Magnetic Tape 

Visual-Data & Real Time 

Operating Modes: 
Continuous 
Periodic 
Single Scan or Channel 

Progra mming: 
Selectable Gain Settings 
Selectable Channel Program 
Selectable Scan Rates 

MRI's Standard 100 and 200 Channel Digital Data Acquisition Systems were designed 
to provide the maximum flexibility, reliability and accuracy to the instrumentation 
engineer. These Digital Data Acquisition Systems feature internal calibration capabilities, 
high common mode voltage rejection and completely flexib le programming throug'1 the 
use of reliable pin boards and patch boards. 

FOR COMftLETE SPECIFICATIONS CONTACT 

•
olecular 
RESEARCH INC . 

ELECTRONIC SYSTEMS DIVISION • 3105 BELVEDERE ROAD • WEST PALM BEACH, FLORIDA 
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ta I k's 
cheap 

Anyone's welcome to shout that he makes the best photo
electric tape reader_ In fact, despite our earplugs, we 
can hear the shouting all around us. 

We, however, prefer to invite you to put any OMNI
DATA® reflected-light reader through its paces. Torture 
it. Check out its reliability at top reading speed in both 
slewing and stepping modes. Try it on every color of tape 
-without amplifier adjustment. Use it on any thickness 
of tape interchangeably-without mechanical adjust
ment. Prove its reliability while reading conventional 
oiled paper tape (the tape that's good for punches and 
good for the pocketbook). 

Then see what the various Brand X readers can do 
under the same conditions. 

With OMNI-DATA® you have a selection of bidirectional 
and unidirectional readers for maximum speeds from 
500 to 2,000 characters per second synchronously, 200 
cps asynchronously, plus a special 300-cps reader for 
chadless tapes. Prices as low as $1,385 (for our PTR-80 
500-cps unidirectional model) put OMNI-DATA® quality 
well within your reach. 

May we talk applications with you? 

omni· data 

omnitronics, inc. 

. . -
Subsidiary of Borg · Warner Corporation 

511 N. Broad St ., Philadelphia . Pa . 19123 
Phone (2151 925·4343 
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NEW PRODUCTS 

WIRE HARNESS TESTER 

Designed, developed and built for 
production tests of computer wiring 
and cables, a self-testing wiring har
ness tester probes each point for con
tinuity as well as discontinuity with 
respect to all other points, scanning 
up to 3120 points per test bay. In 
the automatic mode, a master chassis 
or unit known to be wired correctly 
is compared with the chassis or unit 
under test. An OPEN error lamp 
lights during the first test phase if 
one or more wires is missing. A 
SHORT error lamp lights during the 
second test phase if one or more 
wires is connected to the wrong pin. 
Nixie tubes indicate which pin was 
transmitted to at the time of failure. 
Neon bulbs on the front of each 
test bay indicate which wire or group 
of wires are involved in the error. 
Thus isolated, the error then can be 
corrected, without removing the unit 
under test. Each test bay checks 
over 3000 wiring points in 5 minutes. 
The tester can also be used in busi
ness machine checkout, terminal com
munications maintenance, switch
board network checkout, and missile 
test facility wiring network checkout. 
California Computer Products, Ana
heim, Cal. 
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HIGH-SPEED A/D CONVERTERS 

Solid-state high-speed analog-to-digi
tal converter has a bit rate capacity 
of 160 kc including recovery time. 
For special requirements, bit rates to 
300 kc are available with the accur
acy of 0.05% ± Yi LSB. Bipolar in
puts from a few millivolts to 100 
volts are accepted and a decimal 
readout display is optional. Sample 
and hold capabilities are included to 
allow true time and data collation . 
The converter, which mounts in a 
standard 19" relay rack, is fully com
patible with company's standard 
multiplexers. Culton Industries, Inc., 
Metuchen, N.J. 

Circle No. 139 on Inquiry Card 
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PC BOARD JUMPERS 

;\Jew flexible printed circuit board 
jumpers, called Flex-Weld, withstand 
millions of flex cycles without failure. 
Flex-Weld jumpers provide electrical 
characteristics identical to printed 
circuit boards. Compatible with print
~d circuit boards, the prepositioned 
pins and modular design of these 
jumpers permit them to be quicklv 
removed, joined, and reshaped to 
changing needs. Flex-Weld jumpers 
offer simplified soldering, installation, 
and checkout procedures; eliminate 
wiring mistakes, coding, lacing, and 
quality assurance inspections. Con
ductors are isolated for minimum in
tercapacitance. Flat, thin, light
weight, these jumpers are available in 
8 standard models - straight or cor
rugated. The straight type is flexible; 
the corrugated type is flexible, 
stretchable, and compressible to elim
inate custom jumpers required to fit 
"remaining environments". Insulation 
is either Mylar or Teflon. Digital Sen
sors Inc., Los Angeles, Cal. 
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MINIATURE REED RELAYS 

New series of reed relays have a life 
expectancy of 200 million operations 
at signal currents. They are said to 
have exceeded this in field tests to 
one billion trouble-free operations 
within specification. The entire reed/ 
coil assembly is encapsulated in 
a specially formulated, highly stable 
epoxy material, which combines op
timum electrical and physical proper
ties that assures high dielectric 
strength and insulation resistance. 
This very resilient material prevents 
glass switch enclosure stress over 
specified temperature, vibration, me
chanical and thermal shock ranges. 
Axial leads can be easily bent during 
installation without changing per
formance characteristics. Elec-Trol , 
Inc., Northridge, Cal. 

Circle No. 133 on Inquiry Card 

COMPUTER POWER SUPPLIES 

A new series of four transistorized <le 
power supplies were especially de 
signed for use in computer circuits 
and communications equipment. 
Units are rated at 50 volts de. Four 
models are available in 25, 50, 100, 
and 200 watt capacities. Maximum 
output currents are 0.5, 1, 2, and 4 
amperes. Output can be adjusted 
over a 2: 1 adjustment range. Regula
tion is within ± 0.01 % (line and load 
combined) and ripple is less than 300 
microvolts rms. Transient reponse 
time of 25 microseconds or less per
mits rapid recovery from abrupt 
changes in input voltage or output 
load to provide an exceptionally 
smooth, "spike free" output for use 
with critical systems, particularly 
transistorized ones. Featuring con
stant current, programmability and re
mote sensing capability, the supplies 
can be used in either series or parallel 
operation (up to 20 in parallel or four 
in series ) . Sorensen, Raytheon Co., 
So. Norwalk, Conn. 
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PROGRAMMER DRUM 

A new switch programmer features 48 
positions, each having 48 independent 
selectable switching stations. Multi
ple stacked contacts can be provided 
at each switching station. These con
tacts can be supplied in practically 
any combination of SPST, (normally 
open); SPST, (normally closed), 
DPDT, (make before break ), 
DPDT (break before make ) func
tions. The AP48D48, as it is desig
nated, has the capacity for storing 48 
independent programs and is pro
grammed by inserting actuating pins 
in the programming drum to activate 
the appropriate contact desired at 
each position. Contacts are rated at 
2 amps at 24 vdc and 115 vac. Me
chanical life is in excess of 100 mil
lion operations. This unit is available 
with either standard solder lug termi
n::ils or with integral flat wire cabling. 
Sealectro Corp., Mamaroneck, N. Y. 
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Th is is a wi re term ination for a pro
gramming panel - a neat and accurate 
component indeed . If you hadn't noticed 
the word " swage" below, you might 
have guessed that some pretty fancy 
machi ning was involved . But you should 
see some of ou r really tiny items, about 
the size of th is o, complete with the 
hole and even a flange ! 

It 's qu ite an art, th is automatic die 
swaging. Sta rting with stri p metal, it 
pounds t he pa rt i nto t he requ i red 
shape, consolidating it to hardness and 
strength, at t he rate of up to 30,000 
pieces an hou r. Practically no waste of 
meta l; no secondary hole boring. You 
get better parts at lower prices. 

Standard items we supply in t he quan
t ities you need . Non-standard items 
usually by the half -m ill ion or more. 
Wouldn 't it be well to talk about small 
pa rts with one of our engineers? 

..... t • • au o-
4:. :svv~ge •••• e PRODUCTS, INC. 

SHELTON , CONN. 

-----------------------------
Gentlemen: 

Please send latest catalog. 

Name _________ Title 

Company ___________ _ 

Address ___________ ~ 

City ______ State ___ Zip __ 

-----------------------------CIRCLE NO. 23 ON INQUIRY CARD 
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NEW COMPUTER 
OPPORTUNITIES 

The finest positions in computer engi
neering are available through Cadillac
the nation's largest executive placement 
firm. Below are a sample of the hun· 
dreds of positions now available: 

SYSTEMS DESIGNER .. ..... ........... to S13 800 
Resp. for syst. des. and spec. of spac~ guid
ance systs. for integration with a1rborne 
and ground computer syst. 
OPTICAL INSTRUMENTATION to $14,400 
Scientist for basic research, well versed in 
optical sensory, star trackers and photo 

~~i.~~~TR~ev~~$5iEMS .. ......... to SlB,000 
Knowledge of state-of-the-art components, 
adv . telem. techniques, rece :ver and trans
mitter design, encoders and decoders. 
SR. ANALOG CI RCUIT DESIGNER to $16,000 
Exper. also :n feedback amp \if :ers d~si9n , 
assist in defining designing and verifying 
circuit pkgs. for a commerc;al machine prog. 
DESIGN ENGINEER ....... ..... . .. ... $10,000 
Eqpt. involves servo, hydraulics, numeric 
controls. 
SALES MANAGER ... ..... . ................. $17,000 
Computer products background with exp. in 
marketing. 
ANALOG SYSTEM SPECIAL IST ........ $16,000 
Assume resp. for advanced analog device 
development. 
CIRCUIT SPECIALIST ................ to $16,000 
Must have worked with the analysis and 
development of high speed, solid state 
switching circuits for use in data proc. 
equip. 
LOGI C DESIGNER ... .... .............. to $15,000 
For computer peripheral equipment. 

Lon D. Borton, Pres ide nt 

CADILLAC ASSOC IA TES, INC. 
29 E. Madison Bldg., Chicago 2, Illinois 

Flnancial 6-9400 
IN LOS ANGELES: 
3275 Wilshire Blvd .. DU 5-9111 
IN SAN FRANCISCO: 
120 Montgomery Street, YU 1 ·6880 
"Where More Executives Find Their Posi
tions Than Anywhere Else in the World!' 

CIRCLE NO. 901 ON INQUIRY CARD 

for more information 

on editorial 

or advertised items 

use free 
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opposite page 41 
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NEW PRODUCTS 

MICROELECTRONIC WELDING 

Synchronous timing - said to be a 
vital requirement for providing re
peated, identical bonds in microelec
tronic circuits - has been achieved 
in a new "Microwelder" Mark II. It 
is a resistance welder operating on a 
120 vac, 60 cycle, single-phase cir
cuit. Among its unique characteristics 
is the single tip, which contains both 
electrodes in a very small diameter. 
This feature permits the welding of 
lead materials as small as 0.0005 
inches to positions on 0.003 inch cen
ters. For precise control of pressure, 
gram weights are placed on the top 
of the tip itself, providing absolute 
force control from 10 to 1,600 grams. 
Synchronous timing gives precise con
trol of energy, resulting in identical 
weld pulses. Three power ranges make 
possible the welding of a wide variety 
of material and sizes with accurate 
resolution within each power range. 
Weld energy can be completely ad
justed with controls that regulate 
pulse amplitude and duration and 
number of pulses in the weld cycle. 
Either pre-heating or post-heating al
so can be applied. Aerojet-General 
Corp., Azusa, Cal. 
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MINIATURE MYLAR CAPACITORS 

Designed for use in miniaturized 
solid-state circuitry, a new series of 
metallized Mylar epoxy encapsulated 
capacitors feature tiny size with high 
ratings for 200 de working volts op
eration. Designated Type QCA, 12 
sizes have been standardized rang
ing in capacities from 0.01 mfd to 
1.00 mfd. Dimensions of the smallest 
size are 0.38" x 0.32" x 0.23". Op
erating temperature is from -55C 
to + 125C at full rated voltage. All 
sizes come with optional straight 
leads or formed leads. Insulation re
sistance is 50,000 megohm micro
farads at 25C. Dissipation factor is 
less than 1 percent at l kc and 
+ 25C. Hopkins Engineering Co., 
San Fernando, Cal. 
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MINIATURE REED RELAYS 

Nylon encapsulation is a new insula
ting housing for miniature reed re
lays. Several advantages are claimed 
for the new use of nylon over con
ventional plastics as an encapsulation 
material, the most important being 
high resistance to thermal and phy
sical shock encountered under con
ditions of rapidly changing tempera
ture and high vibration frequencies. 
Other advantages include excellent 
dielectric strength with relatively 
thin coatings which permits more 
turns of magnet wire within con
ventional specified miniature relay 
dimensions to meet a much broader 
range of operating conditions. The 
new nylon-encapsulated reed relay 
is rectangular in shape and measures 
1.375" x 0.425" x 0.425". Operating 
voltages are 6, 12, and 24 vdc at 
250 milliwatts. Grigsley-Barton, Inc. , 
Arlington Heights, Ill. 
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PAPER TAPE READER 

Two new low-cost, photo-electric 
perforated tape readers operate at 
speeds up to 700 characters-per-sec
ond. Model B3000 reader is bi-direc
tional and is priced at approximately 
$1,800. Model 3000 reader is uni-di
rectional and is priced at approxi
mately $1,500. Both models are all 
solid-state, have self-adjusting brakes, 
and read 5, 6, 7, or 8-level tapes. 
Silicon photo-diodes in the read head 
service all eight data channels, plus 
sprocket channel. Compatible spoolers 
(Model 6070 and 6050) are available 
for operating with the readers. They 
can handle 8-inch reels up to 700 
characters-per-second, or 101;2 inch 
reels at 500 characters-per-second. 
The readers measure 19 inches in 
width and 7 inches in height; panel 
thickness is Ys of an inch; depth be
hind the front panel is 81;2 inches; ex
tension beyond the front panel is 2 Ys 
inches. Each reader weighs 28 
lbs. Digitronics Corp., Albertson, N.Y. 
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LOGIC M ODULES 

With the addition of eight new logic 
modules, company now offers a full 
line of 40-logic modules which permit 
the performance of 96% or more of 
all the driver operations any user may 
require. Of the eight new modules, 
four are drivers, two are binary 
counters, and two are translators. 
The driver modules are: the AO 
30114, containing ten single-stage 
NPN lamp drivers; the AO 30115, 
with ten single-stage PNP crossbar 
actuator drivers; the AO 30117, 
which contains six single-stage NPN 
lamp drivers; and the AO 30118, 
with six single-stage P P cross-bar 
actuator drivers. The binary counters 
are: the AO 30112, a four-bit satu
rated binary counter with flip-flop re
set and maximum count restricted to 
ten, and a weighting of 1-2-4-8; and 
the AO 30133, a three-bit saturated 
binary counter with maximum count 
restricted to 6, 3, or 2 and a weight
ing of 1-2-4. The translators are: the 
AO 30133, a decade diode translator 
externally enabled by 1-2-4-8 BCD; 
and the AO 30116, a diode translator 
externally enabled by 1-2-4 BCD and 
having six outputs. James Cunning
ham Son & Co. , Honeoye Falls, N. Y. 
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COUNTER-TIMER 

A new all transistor de to 50 mega
cycle universal counter-timer fea
tures inline Nixie readout, display 
storage (memory), floating input 
with respect to ground, and de amp
lifiers for precise measurement of 
single and mutiple periods. Trigger 
level error has been reduced to less 
than 1 usec with a 1 kc sine wave 
of 100 mv rms. The Model 727D 
combines the functions of a counter, 
time interval meter, and frequency/ 
period meter. It consists of three in
put channels, a special decade count
qown time base which eliminates the 
need for divider adjustment, and a 
series of plug-in decade counting 
units. BCD output information from 
each counting unit is brought out 
to a rear connector for use with digi
tal printers, punches, remote read
outs and other data processing 
equipment. Computer Measurements 
Co., San Fernando, Cal. 
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we've got your number 
•.. in binary coded decimal format at 50,000 conversions per 
second, including sample and hold. Texas Instruments new 
Model 846 A-D Converter features 100 megohm input im
pedance, voltage ranges from 1 to 10 volts (manual or external 
selection) and 100 nanosecond aperture time. 

Available options include three digits ( ± 999) or four digits 
( ± 1,999) , differential input, decimal or BCD display and 
digital to analog conversion capability. The 846 is another 
high-speed, high-accuracy instrument in Tl's line of digital data 
handling equipment. 

Mod el 844 and 845 
high-speed Multiplexers 
are ideal companion in
struments for use with Tl 
A-D Converters. 

~ .. . .. + 
~·~"'!:~P-'11"£':: 

~ 

Addressable, sequential and addressable/ sequential models 
are available, sampling at 50,000 channels per second. Features 
up to l 60 channels, variable frame length, accuracy ± 0.02% 
full scale with input levels to + 10 volts. 

Write for complete information. 

f:"i~:~~~' ~ TE~~~ ~o~ ~o~~~~ ~o~TS 
CIRCLE NO. 24 ON INQUIRY CARD 
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NEW PRODUCTS 

NUMERIC DISPLAY CONTROL 

A new series of switches were de
signed to provide reliable, low-cost 
decoding for electroluminscent display 
readouts. The "Decaswitches", as 
they are called, decode thumbwheel 
positions directly to numeric display 
without the need for any additional 
electronic components. According to 
the company, the Decaswitches offer 
virtually unlimited stacking possibili
ties, are rugged, reliable, and will 
maintain position regardless of power 
continuity. Decaswitches will work 
with either electroluminescent, incan
descent, or neon display devices. Data 
and Controls Div., Lear Siegler, Inc., 
N. Y., N. Y. 

Circle No. 161 on Inquiry Card 

GRAPH ICAL DISPLAY SYSTEMS 

Based on an entirely new engineering 
concept in digitally controlled dis
play systems, a new, low-cost, all
digital display system, the VP 600, 
offers at a selling price of less than 
$20,000 many features which have 
been available only in systems sell
ing at many times this price, ac
cording to the manufacturer's report. 
The all-solid-state system is designed 
to meet many requirements of E. I. 
A. and N. A. S. specifications for 
N/ C Drafting Machines. It is basic
ally a continuous path automatic 
drafting machine capable of produc
ing a high-quality graphic display of 
digital information on drafting film , 
paper, vellum, cloth, Mylar, sensi
tized sheet metal , or comparator 
screen material to a standard size of 
50 x 60 in. Input data in the form 
of punched paper tape containing the 
incremental distance to be traversed 
between coordinate points is entered 
into the electronic control unit via 
the self-contained tape reader. The 
operator may select any two axes 
from three-axis tape. Controls are 
provided for producing right and left 

hand drawings from a single tape. 
Drawing speeds up to 200 in. per min
ute are internally computed. Manual 
speed reduction is available for high
precision applications. Full jog con
trols are provided to allow the 
operator to position manually each 
axis independently at a preselected 
speed. The resulting graphic display 
is produced with an overall maxi
mum accumulative accuracy of 
± 0.010 in . anywhere on the plotting 
surface. Repeatability is ± 0.004 in. 
As an automatic drafting machine the 
VP 600 is said to be ideal for the 
preparation of preliminary design 
and detailed drawings and an ideal 
output device for computer-aided 
design activities. The VP 600 can 
also be utilized wherever graphic 
retrieval of data from digital de
vices is desired. Displays can be made 
in conjunction with telemetry rec
ords, oceanographic studies, highway 
planning, statistical and test data 
mapping and surveying and variou~ 
other applications. Computer output 
can be displayed directly by online 
operation of the VP 600. The Gerber 
Scientific Instr. Co., Hartford , Conn. 

Circle No. 152 on Inquiry Card 

Ten-Megacycle BIAX® Memory Here Now! 

®Registe red Trademark 
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Ten-megacycle memory performance is here ... now ... and from 
Aeronutronic, developer and manufacturer of the remarkable 
family of BIAX memories. 
T~e 10-megacycle BIAX memory, available on a custom basis, 

retams all of the performance-proved features of its predecessors 
-the standard-line one- and two-megacycle BIAX memories. 
:1'hese features include multi-megacycle random read cycling; 
mhe:ently non-destructive readout which improves reliability 
and msures permanent storage of vital data; and low operating 
power levels. 

The two standard-line memories are now delivered for substan
ti~lly less than $1 a bit. While the .10-megacycle BIAX memory 
will not be manufactured initially for the same low cost, design 
and assembly techniques are being refined so it can be distributed 
as a standard-line BIAX memory model. 

If you would like to learn more about the exciting development 
of our 10-megacycle BIAX memory-or the standard-line models 
already available-direct inquiries to: 

Marketing Manager, BIAX Memory Systems 
or visit our booths 174 and 175 at the Spring Joint Computer Con
ference this month at the Sheraton Park Hotel, Washington, D. C. 

AERONUTRON.IC 

CIRCLE NO. 25 ON INQUIRY CARD 

DIVISION OF PHILCO C O RPO RATI O N 
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ULTRA-MINIATURE CONNECTOR 

New connector, tradenamed the BI/ 
CON, makes it possible to "sub
strate", with rapid disconnect fea
tures, units previously integrated or 
unitized because of space limitations. 
New ultraminiature connector is 
said to be ideally suited for magnetic 
core memory stacks which presently 
do not possess advantage of con
venient stack assembly. Therefore, 
the company reports , the current, 
contact density and retention cap
abilities of BI/ CON are compatible 
with the needs and requirements of 
any miniaturized equipment. Photo 
shows comparative size of 9-contact 
Bl/ CON with previous 9-contact 
microminiature model. Mating area. 
along with the 0.020" diameter bi
channel tails of the new Bl/COi'\ 
models readily permits contact spac
ing at 0.050" square grid pattern . 
Terminations can be soldered or 
welded to wires for printed circuit 
cards or card edge to card edge com
ponents. Contact tails can be made 
to specific lengths to facilitate indi
vidual terminating applications. EL
CO Corp., Willow Grove, Pa. 

Circle No. 177 on Inquiry Card 

TRANSISTORIZED DIGITAL CLOCK 

A completely self-contained digital 
clock which utilizes no moving parts 
was specifically designed to work in 
conjunction with data acquisition and 
handling systems. The clock has three 
unique features : a power failure in
dication, essential to applications for 
unattended operation; a IO-position 
logging control for starting external 
processes on a repetitive basis; and a 
built-in storage capability that allows 
the clock readings to be held station
ary for up to 3 seconds so that read
ings may be automatically printed. 
Electro Instr. Inc., San Diego, Cal. 

Circle No. 137 on Inquiry Card 

A/ D CONVERTER 

Especially designed for applications 
using BCD format, a new A/ D con
ve1ter can make 50,000 conversions 
per second, including its built-in 
sample and hold feature. Accuracy 
is ±0.05% FS ±1 LSD. Important 
specifications include input imped
ance greater than 100 megohms, volt
age ranges from 1 to 10 volts, and 
aperture time of 100 nanoseconds. 
.\fanual or external range selection is 
provided. Single conversions can be 
made with a front panel push-button. 
Texas Instruments Inc. , Industrial 
Products Group , Houston , Texas. 

Circle No. 130 on Inquiry Card 

SHAFT POSITION ENCODERS 

Designated C-759 and C-950 Series, 
a series of shaft position encoders 
featuring high resolution for a single 
turn input are available with outputs 
up to 2400 counts in company's code 
and 2048 counts in Cray code for 
360° input rotation. Models are avail
able with hollow shafts for mounting 
directly on strip chart recorders and 
solid shafts for general purpose ap
plications. Encoder output is in the 
form of contact closures with a closed 
circuit representing a binary one and 
an open circuit a binary zero. The 
brush/ disc contact arrangement is 
rated for 30 vdc, 2 ma (non-induc
tive ) with encoder rotating or 30 
vdc, 30 ma (non-inductive ) with en
coder stationary. Maximum operating 
speed for "on-the-Hy" readout is 90 
rpm and maximum slew speed is 600 
rpm. Diameter of the encoder is 
6.125 inches. Accuracy is ± l count 
over any output range. Datex Corp., 
:-.fonrovia, Cal . 

Circle No. 186 on Inquiry Card 

Not Everyone 
Can Use This 
Logic Card 

Maybe your logic system can get by with 
lOOkc clock rates. Okay-perhaps th is 
ad is not for you. 

But if you have to work at rates above 
lOmc-or if you're working at very low 
rates, but want the advantages of short 
propagation delays, excellent noise rejec
t ion and high fan-i n fan-out capability
lntercontinental's NANO logic cards will 
meet virtually any need you can name. 

They're available for all digital logic op
erations, at both 3mc and lOmc rates, 
and in either germanium or silicon types 
for extreme environments. Prices? No 
more than for run-of-the-mill lOOkc 
cards. For example: 

* Indicates that lOmc GERMANIUM SILICON 
unit is to be used. 3mc lOmc 3mc lOmc 

Digital Gates (8) $40 $ 64 $ 67 $ 85 

Diode Clusters 27 37 40 48 

Basic Flip Flops (4) 40 64 70 98 

Counter Flip Flops (4) 54 84 97 132 

General Purpose 
Flip Flops (4) 60 90 100 138 

Power Drivers (4) 75 110 96 150 

Delay Multivibrators (2) . 110 . 135 

Free·Running 
Multivibrators (2) . 141 . 175 

Crystal Oscillator 
and Power Ampl ifier . 125 * 149 

Schmitt Trigger (2) * 120 . 140 

Nix ie Dri ver and 
De cima l Decoder 77 87 130 169 

All models are dip-soldered on J{6" glass-epoxy 
G-10 laminated board, have color-coded end 
plates and 35-pin connectors for rack-mounted 
trays. Detailed specs? Just call or write. 

IJ INTERCONTINENTAL 

~~~!z~ ~v~ ~a~Tn~a~e~~~ 
Phone: (516) MYrtle 4-6060 

CIRCLE NO. 26 ON INQUIRY CARD 
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Make 
, digital data 
"from 
mechanical 
motion 

FROM DIGITAL ENCODER TO 
READOUT TO COMPUTER 

Perkin-Elmer One-Brush Encoders are 

uniquely different. Superior features-a sin

gle brush, freedom from noise, low torque, 
low moment of inertia, ond long, long life 
( 5 million brush passes are guaranteed), 
make them a major advance in encoding 
state-of-the-art. 

Whether you have linear or rotary motion, 
there is an encoder model that can be 

adapted to your application. The l l inch 
Linear Motion Encoder can be used with 
Brown or Bristol Recorders to digitize strip
chart information. There's a model for 

Leeds & Northrup Series H Recorders too. 

For rotary inputs there are l, l 0, 36, and 

100-turn models with total counts from 100 

to 100,000. 

In addition, Encoder / Readouts are avail
able with BCD842l, Straight Binary, Mini
mum Switching, Gray or Datex outputs. 

Encoder/ Readouts can be provided with 

3,4,5,or 6 digit decimal light readouts, or 
buffer storage, and are compatible with 

standard card and tape punches. 

Specifications for the entire line of Perkin
Elmer One-Brush Absolute Position Enco

ders and En coder/Readouts, optional 
equipment, and applications information 

are contained in the brochure, Digital 
Monitoring and Control. Send for your 
copy from the Vernistat Division, Perkin
Elmer Corporation, 780 Main Avenue, 
Norwalk, Connecticut. 

PERKIN- ELMER 
CIRCLE NO. 27 ON INQUIRY CARD 
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NEW PRODUCTS 

MINIATURE DELAY LINE 

New miniature delay lines were 
designed for computer printed cir
cuit, pulse forming, and coding ap
plications. They feature delay 
times from 0 - 5 usec, ±3% or 
better, with a maximum rise time 
equal to 15% of delay time, and an 
impedance up to 4000 ohms. Phase 
response is 1% up to 3db, with a 
frequency response of up to lOmc. 
Attenuation is less than O.ldb/ 
usec, and the temperature coeffi
cient equals 0.1%/ degrees C. Units 
are encased in epoxy, completely 
potted in a maximum case size of 
1.3 cu. in. Data Delay Devices, 
Dover, N.J. 

Circle No. 125 on Inquiry Card 

IMPULSE SUMMER 

A new device, called the SC58 
Summator receives and stores input 
signals originating from several dif
ferent sources then scans the tran
sistorized storage and summarizes 
the impulses on a single counter. In
put signals may be generated by 
photocell systems, electrical impulses 
or electro-mechanical contacts. Out
put goes to high speed electronic 
counter, or, with amplification to an 
electro-magnetic counter. The SC58 
may be specified for any number of 
circuits from 2 to 8. Use of an 
auxilia1y unit, the SC59, increases 
the unit capacity to 24 circuits. 
Landis & Cyr, Inc., New York, N.Y. 

Circle No. 156 on Inquiry Card 

REED RELAY PACKAGE 

One hundred dry reeds are incor
porated into a single package for a 
new missile ground control compu
ter. A new method of encapsulation 
was used, involving polyurethane 
foam, which affords, according to the 
company, lighter weight and re
pairability not possible with solid 
potting materials. All 100 reeds op
erate from a single coil with 5.0 milli
seconds response at nominal coil 
voltage. Outside dimensions of the 
package are approximately 4V2" x 
6Y4" x 2%". Wintronics Div., Michi
gan Magnetics, Inc. Hawthorne, Cal. 

Circle No. 153 on Inquiry Card 

GATE EXPANDER MODULE 

A new, all-silicon gate expander 
module contains twelve 2-diode 
AND gates and seven gate load re
sistors. The individual circuits can 
be used to expand gate structures 
on other modules in order to form 
combinations of AND/OR logic con
structions. All semiconductors are 
silicon, giving the module a reliable 
operating range from OC to lOOC. 
Cost, however, is said to be com
parable to that of lower performance 
germanium modules. Noise rejection 
is said to be twice that of competi
tive circuits. Reliability is further in
creased by the use of metalfilm re
sistors and by a conservative design 
approach. All components are derated 
far below manufacturer's specifica
tions. "Worst case" design analysis 
provides for normal operation even 
if all components simultaneously 
assume their worst possible condition. 
Three models are available, with 
maximum operating frequencies of 
300 kc, I me, and 5 me respectively. 
Scientific Data Systems, Santa Mon
ica, Cal. 

Circle No. 184 on Inquiry Card 
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VOLTAGE/ CURRENT CALIBRATOR 

Magnetic memory core characteristics, 
and similar complex signal sequences, 
can be precisely calibrated by a new 
Model 1085 Dual Level Voltage/ Cur
rent Calibrator that superimposes two 
independent reference voltages upon 
input waveforms so that they may be 
compared on a display oscilloscope. 
Analysis of ac, pulse, or de signals 
ranging from 1 mv to 10 volts may be 
made with the 1085, and with the 
use of an external attenuator, signals 
up to 200 volts can be measured. The 
Model 1085 generates two highly 
stable de voltages which are inde
pendently variable from 0 to 10 volts . 
These voltages are referenced to cas
caded zener diode circuits which can 
be sub-divided into increments as 
small as 1 mv by temperature-com
pensated precision resistors. Refer
ence amplitudes are controlled by two 
precision linear potentiometers. Ref
erence voltage levels may be positive 
or negative and adjusted to corres
pond visually with a specific point on 
the unknown waveform. Computer 
Test Corporation, Cherry Hill , N. J. 

Circle No . 224 on Inquiry Card 

EDGE CONNECTORS 

A line of edge connectors with crimp
on, snap-in pins combines the reli
ability of permanently assembled bi
furcated contacts with the conveni
ence and versatility of a crimp-on , 
snap-in connector. The lead wire 
side of the connector is designed for 
crimp-on, snap-in removable wire pins 
inserted into twin-barrel contact re
ceptacles, permitting two wires per 
contact and four wires per connector 
position, (two wire leads per board 
position on each side) . The new 
connector, called the Twin-Con meets 
MIL-C-21097, latest revision, and is 
designed for use with double-sided 
0.062" printed circuit boards. Cinch 
Mfg., Chicago, Ill. 

Circle No. 123 on Inquiry Card 

We just shipped a 4096 words of 28 bits 
militarized core memory system in it. 

Our new SEMS-3R is probably the most compact core memory 
of its speed and capacity available anywhere. 'it measures 

a mere 6 3/ 4 " by 4 1/ 2 " by 5 7/ 8 '.' That includes 
the memory stack plus driving, sensing and control circuits. 

The SEMS-3R story is bigger than just miniaturizati on. 
Environmentally, here's a memory system that operates under 

MIL shock, vibration, humidity and wide temperature 
excursions. It's rugged. It's reliable. And, it 

handles up to 220,000 random memory cycles per second . 

El ectronics j 
AS$embly 

Two versions are available. One covers - 55 
to + l 00°C. The other covers - 25 to + 7 5°C. 

Both operate as stated without 
being heated or cooled. 

May we send more informati on on 
this fast, rugged, reliable, 

I ittle big memory that fits 
where others fear to tread? 

electronic memories inc. 
M emory Stock~ 1 2621 Chadron Avenue , Hawthorne , California 

CIRCLE NO. 28 ON INQUIRY CARD 
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MINE'S FINE! 
In fact, it's the best! In documented customer reports we 
know the reliability of our tape readers and spoolers far 
exceeds normal standards. This is due in part to basically 
simple conservatively designed transistor circuitry, the 
use of a unique photovoltaic cell in the sensing element, 
a minimum number of moving parts , and rugged , precision 
mechanical construction. 

In addition to long , trouble-free life our line of tape 
readers and spoolers is one of the most complete - up 
to 1,000 characters per second on standard models and 
even higher for special applications. All feature truly 
straight-line loading, self-adjusting brakes, and very high 
line-at-a-time speeds. Modular packaging of electronics 
provides easy field replacement to insure maximum 
"uptime." 

Spoolers are high performance bi-directional units with 
constant tape tension thru spring loaded arms and the 
self-adjusting electric brakes. 

My excellent MTBF* record should be a prime con
sideration in your selection of a tape reader or reader
spooler combination. You'll find a host of users who 
are completely satisfied, and it's easy to join this happy 
throng . Just ask today for our complete literature on 
whichever model you require . CD-2594-1. 

*Mean Time Before Failure 

/(EMEX /!!~!~/'/. ,!!:a~t!a~~L~! 
HAWTHORNE, CALIFORNIA 90251 

Telephone: 213-772-5321 

CIRCLE NO. 29 ON INQUIRY CARD 
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NEW PRODUCTS 

MINIATURE TUBULAR 

CAPACITORS 

A new miniature tubular ceramic 
capacitor is housed in a molded 
plastic case measuring 0.400" 
long by 0.140" in diameter. It is 
available with axial tinned copper 
or weldable gold plated dumet 
leads for cordwood packaging. 
Capacitance values range from 
12,000 to 100,000 mmf in toler
ances of ± 10 % and ± 20 %. The 
capacitors are rated at 50 vdc 
over a temperature range from 
- 55C to + 125C. Units exceed 
the requirements of MIL-C-110-
15C. Culton Ind., Metuchen, N.J. 

Circle No. 176 Inquiry Card 

MINIATURE TERMINALS 

Newly available miniature female re
ceptacles reduce wiring time, speed 
production, and save assembly costs. 
Said to be the first self-retaining 
terminals developed specifically for 
application to magnetic tape heads, 
new female receptacles were de
signed for permanent connections 
and where quick connect and dis
connect terminations are desired . The 
terminal can be solderless wire 
crimped to size 26 to 22 insulated 
wires. The receptacle has an I.D. 
slightly smaller than the 0 .D. of the 
0.050 pin to provide positive holding 
tension. The receptacles can be sup
plied in chain form for automatic 
feeding and crimping operations. 
Malco Mfg. Co., Chicago, Ill . 

Circle No. 171 on Inquiry Card 
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MODULE TESTING 

Assembled circuit modules may be 
electrically tested, individually or in 
combinations, by use of standard 
plug-in boards that feature sockets 

which accept 0.032" pins or a 0.100" 
standard grid with 0.100" minimum 
spacing, or 0.040" pins on a 0.100" 
grid with 0.200" minimum spacing. 
The plug-in test boards, machine
molded from glassfilled epoxy or 
diallylpthalate, are ~" thick and are 
available off-the-shelf in a variety 
of sizes from 0.590" x 0.790" up to 
5" x 8". The sockets may be posi
tioned to the user's specifications at 
random on the 0.100" grid. For con
venience in mounting on test panels , 
most of the plug-in test boards have 
mounting tabs with 0.093" diameter 
holes. After mounting of the test 
boards, circuit modules may be 
plugged in securely and removed 
instantly, on a production line for 
example, to receive the next module 
for testing. For module reliability 
programs, the circuit package mav 
remain plugged in to the test board 
for life or environmental testing. U.S. 
Dielectric Inc., Worcester, Mass. 

Circle No. 173 on Inquiry Card 

ELECTROLUMINESCENT DISPLAY 

New high reliability electrolumines
cent display in a compact package 
includes power supply and encoding 
circuits. Forming numbers and letters , 
the display has an internal power 
supply that generates the excitation 
signal and requires only low voltage 
de in the 6 to 48 volt range. The 
display will operate from any type of 
input signal and accepts decimal or 
BCD inputs. A self-contained encoder 
converts these input signals and pro
vides the control for excitation of the 
desired character. Vogue Instrument 
Corp., College Point, N. Y. 

Circle No. 228 on Inquiry Card 

POWER SUPPLIES 

Easy to use power supply catalog 
lists 132 standard production models 
subdivided into 11 design groups . 
Each of these design groups is de
scribed in terms of its outstanding 
characteritics. In order to save the 
users' time and to simplify the finding 
of a regulated power supply for a 
particular application or set of re
quirements, a second listing in the 
form of an "Index By Output Voltage" 
is included. The catalog includes 
basic regulation figures , voltage and 
current ranges, prices and shipping 
weights. Units are voltage and cur
rent regulated. Kepco, Incorporated, 
Flushing, N.Y. 

Circle No. 146 on Inquiry Card 

SELF-DECODING BINARY 
READOUT 

A self-decoding binary readout 
has been re-designed to provide 
complete alpha-numeric display 
capability. Now featuring up to 
41-message capacity, the "Bina
View", as it is called, takes any 
binary code up to six bits, de
codes it automatically, and dis
plays the required message (up 
to 1 Ys" in height ) on a single
plane viewing screen. In addition 
to the alpha-m1meric capability, 
the device also displays colored, 
symbols, words . Floating right or 
left decimal points are available 
from a separate lamp circuit and 
are additional to the basic 41-
message capacity. Decoding to 
digital messages by the elecb·o
magnetic readout is entirely self
contained; no additional transla
tors, relays , or diodes are re
quired. It provides automatic 
memory and retains the last mes
sage displayed after signal and 
set-pulse power have been re
moved. "Bina-View" may also in
clude auxiliary contact closures 
that can be used for check-back 
to verify input signals and to 
transmit input signals hack into 
source equipment. Industrial 
Electronic Engineers, Inc., No. 
Hollywood, Cal. 

Circle No. 167 on Inquiry Card 

Ultra stable 
LOW 

Frequency 
Square wave 
OSCILLATORS 

• 10 kc/s to 1 cps 
•long-term stability 

to 0.005 % 
•short-term stability 

to 0.0025 % 
• precise multi -phase 

square wave 
•frequency adjustment±0.5% 
• compatable with 

standard Avron modules 

Call or write for complete technical data 

manufacturers of computer interface "black 
boxes"/ miniature digital logic modules I 

memory systems to 10 mc/s 

212A Depot Road, Huntington Station, N. Y. 
(516) 421-930 
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" LITERATURE 

Paper Tape Reader 
Data sheet describes a paper tape 
reader that reads up to 8-channel pa
per tape, bi-directionally, at a speed 
of 30 cps. Sensing of the punched 
holes is accomplished by the use of 
star wheels. When a star wheel en
ters a hole, an arm carrying the star 
wheel closes a switch. The switch 
construction is similar to the switches 
in wire relays. Bounce time of the 
sensing switches is well under a milli
second. A switch is also provided on 
the tape hold-down arm. When tape 
is being loaded into the unit this 
switch is open. A simple tape-driving 
mechanism drives the tape in either 
direction in response to an input pulse 
and does not require complicated tim
ing logic. Full specs are given. Ohr
Tronics, Inc. South Hackensack, N.J. 

Circle No. 148 on Inquiry Card 

Tape Recording Glossary 
A 12-page monograph titled, "Glos
sary of Terms Used in Magnetic Tape 
Recording," defines and explains the 
more fundamental terms common to 
a wide range of magnetic recording 
applications. Many of 177 items listed 
are defined for the first time. Memorex 
Corp., Santa Clara, Cal. 

Circle No . 158 on Inquiry Card 

Pulse Transformer Design Notes 
A new technical paper "Design Notes 
on Low Power Pulse Transformers'', 
is intended to help d~signers of digi
tal circuitry, blocking oscillators cir
cuits, radar circuits, and others un
derstand basic problems involved in 
supplying pulse transformers to meet 
their circuit needs. The operating 
characteristics and physical factors of 
these magnetic components are fully 
explained in this excellent 12-page 
dissertation. For a free copy of pa
per, send your request on your com
pany letterhead to : 

Technical literature Service 

Sprague Electric Co. 
Marshall Street 

North Adams, Ma5S. 
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Real-Time Computer 
A 16-page brochure describes a "real
time" data processing system and ex
plains "real-time" data processing for 
business applications such as inquiry 
handling, data collection, and manage
ment controls, and defines much of 
the terminology associated with data 
communications. Honeywell EDP, 
Wellesley Hills, Mass. 

Circle No. 144 on Inquiry Card 

Computer Services 
A new 20-page brochure describes 
in detail a company's experience and 
capabilities in such areas as manage
ment science, economics, mathematics 
and statistics, computer service, and 
programming applications. Also in
cluded in the brochure is a bibliog
raphy of problem-solving literature 
produced by, and available from, the 
company. These publications range in 
subject matter from linear program
ming to the newest techniques in 
management science such as PERT, 
CPM, and RAMPS (Resource Alloca
tion and Multi-Project Scheduling) . 
C-E-1-R Inc., Arlington, Va. 

Circle No. 154 on Inquiry Card 

Non-Snap Switch 

Specifically designed for cam actua
tion up to 1200 impulses-per-minute 
with no measureable contact bounce 
and for applications such as cam ac
tuated timers, programmers, and data 
processing card punching equipment, 
a new non-snap-action switch operates 
for a minimum of 100 million cycles 
at 350 ma-170 vac, or 10 ma-30 vdc. 
Unique blade design provides high 
contact pressure and no measureable 
contact bounce. Only 0.190" thick, 
the Type 40 switch has a built-in 
fastener to interlock with other Type 
40 switches to facilitate gang mount
ing side by side. Data sheet fully de
scribes the switch with illustrations, 
dimensional line drawing and order
ing information. Licon Div., Illinois 
Tool Works, Inc., Chicago, Ill. 

Circle No. 206 on Inquiry Ca rd 

Zener Diodes 

A· silicon zener diode reference chart 
lists approximately 550 zener diode 
types with dissipation ratings ranging 
from 500 milliwatts to 50 watts and 
zener voltages from 6.8 volts to 200 
volts. Eight different case styles or 
enclosures are illustrated in addition 
to outline drawings and mechanical 
specifications for each. National Tran
sistor, a sub. of ITT, Lawrence, Mass. 

Circle No. 200 on Inquiry Card 

Tubular Capacitors 
Technical data is given on miniature 
Type PTT capacitors that were de
signed specifically for transistor cir
cuitry and miniaturized assemblies. 
Capacity ratings of the electrolytic 
tubular capacitors are listed with 
physical dimensions and catalog num
bers for each voltage rating available 
from 3 volts to 50 volts. Typical 
curves of capacitance and equivalent 
series resistance with temperature 
are also included, together with typi
cal curves of impedance versus fre
quency at 25C. Despite their size, 
they are capable of handling full 
sized loads within an operating tem
perature range of -30C to + 65C. 
Plastic case provides excellent pro
tection against humidity to assure 
maximum capacitor life. Aerovox 
Corp., New Bedford, Mass. 

Circle No. 145 on Inquiry Card 

Memory Core Selector 
For selecting appropriate cores for 
specific memory applications, a 
handy selector chart-card is arranged 
to allow the designer to locate easily 
cores which fall into particular per
formance categories determined by 
his design parameters. Detailed data 
on those cores of interest are readily 
available on the reverse side of the 
chart. Included in the selector are 
a comprehensive listing of many of 
the company's core types and their 
characteristics, as well as a cross
reference index of various other man
ufacturers' core types. For one of 
these Selector Charts, send your re
quest to: 
LOCKHEED ELECTRONICS CO., 
Avionics & Industrial Products Div .. 
6201 East Ra ndolph St .. 
L. A . 22, Cal. 90022 
Attention : Electron ic Ceramics Dept. 
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Lighted Displays/Switches 
A 24-page catalog covering lighted 
display and pushbutton switch devices 
has 57 new items. Included are low
force switch units which enable rapid 
keyboard-type operation, and display 
screens with up to four different col
ors, each color segment illuminated by 
an individual lamp. Center pages of 
the catalog are split to show how 38 
pushbutton actuators and 24 different 
switch units can be combined to pro
vide hundreds of control options. The 
split-page format, plus a handy order
ing guide makes proper selection of 
modules quick and easy. The catalog 
also has detailed information on 
mounting, legend practices, display 
color schemes, and brightness values. 
Micro Switch, Division of Honeywell, 
Freeport, Ill. 

Circle No. 132 on Inquiry Card 

Thermistor Selector 

Special kit contains three, 6-page, 
folders; one on "where to get ther
mistors", one on "what you need in 
thermistors", and one on "what to 
do with thermistors". Covering com
position types B, D, J, E, F, G, and 
H, these brochures include complete 
specs, options available, and the com
plete range of applications on both 
disc and washer-type thermistors for 
military and commercial use. Over 
200 standard items are available "off
the-shelf", with operating tempera
tures to +400C without leads; 
+500C with platimum leads: time 
constants to 0.4 seconds; high betas; 
initial resistances as low as 2 ohms; 
and ratios to 22.1. Thermonetics Inc., 
Canoga Park, Cal. 

Circle No. 201 on Inquiry Card 

"Systems" Computer 
Recently-announced Model 420 "Sys
tems" computer is described in a 
new bulletin which gives a detailed 
description of the computer's appli
cations, specification, command list, 
and theory of operation, including a 
block diagram illustrating computer 
organization. Defined as a special
purpose digital computer designed 
for real-time data processing, the 
Model 420 provides up to 32,000 
words of memory, up to eight input/ 
output channels, and a 3.2 microsec
ond read/ restore cycle time. Beck
man Instruments, Fullerton, Cal. 

Circle No. 147 on Inquiry Card 

::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. 

(lllust. approx. 
1/2 actual size) 

The ideal solution to your readout indicator problem: 

MULTIPLE 
INDICATORS 
in a compact "package"- ready 
to install in a minimum of space! 

D esigned to meet your special needs, a 
D IALCO DATA MATRIX or D ATA STRIP 
comes to you as a unit-ready to mount 
into your equipment. DIALCO supplies 
the complete "package": W e fabricate 
the panel or strip to order; punch the re
quired holes and mount the DIALCO 
Cartridge Holders. We furnish the 
Lamp C artridges with lenses hot
stamped or engraved with legends. The 
Cartridge Holders accommodate 
D IALCo's own Neon or Incandescent 
Lamp Cartridges which are available 
with stovepipe, and short or long cylin
drica l lenses in a choice of 7 colors. 

A DATA MATRIX or STRIP contributes 
to improved design, reduced bulk, econ
omy, and ease of maintenance in com
puters, data processing equipment, 

Data Matrix No. DM-75 38 -40 automation, and miniaturization. Data Strip 

No. DSV-7538-10 

60 STEWART AVE., BROOKLYN 37, N .Y. • Area Code 212, HYacinth 7-7600 
CIRCLE NO. 31 ON INQUIRY CARD 

Now complete 
voltage reference 
units in modular 
component size 

ACTUAL SIZE 
"700" SERIES 

small • printed circuit or chassis mounting • sim
plifies circuit design • no temperature compensation 
needed • low priced-unlimited variations of volt
ages, current, temperature coefficient, regulation, 
output impedance, case and mounting. 

call, w~ite, /NSTRU/RB, INC. 
Or Wire 1205r LAMAR ST. DAYTON 4,0HIO 

CIRCLE NO. 32 ON INQUIRY CARD 
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LITERATURE 

Read Amplifier Cards 
Read amplifier card contains two 
identical circuits, each having a trans
former input driving a temperature
stabilized differential amplifier. The 
output of the differential amplifier is 
buffered by an emitter follower stage. 
In turn the first emitter follower is 
re coupled to a first common emitter 
amplifier whose collector circuit con
tains a low-pass filter for rejection of 
high-frequency noise. A potentiome
ter at the base of the common emit
ter amplifier serves as a gain adjust
ment for the read amplifier. Primari
ly, the read amplifier is designed for 
use in systems employing the return
to-bias recording method. However, 
it can be utilized in systems using 
phase modulation providing no vol
tage dwell occurs in the playback at 
or near crossover. Designed to meet 
two specific applications; clock, in
dex, and register inputs, and general 
storage inputs from a read-write buss 
- the read amplifier is one of a fam
ily of curcuit modules. Bryant Com
puter Products, Walled Lake, Mich. 

Circle No. 142 on Inquiry Card 

Teflon Terminals 
A 40-page catalog covers a complete 
line of "Press-Fit" Teflon insulated ter
minals and includes comprehensive 
guides for selection and installation. 
Configurations include stand-offs, 
feed-thrus, bushings, test point jacks, 
taper pin recepta.cles, probes and 
plugs, transistor holders and sockets 
- and others designed to specific cus
tomer requirements. Sealectro Corp., 
Mamaroneck, N.Y. 

Circle No. 128 on Inquiry Card 

Core Memories 
Design economies resulting in im
proved noise rejection and a more 
attractive physical appearance of a 
new series of magnetic core memories 
are described in a 4-page brochure. 
Complete descriptions, applications, 
characteristics, and specifications are 
included with a list of complementary 
data handling equipment. Electronic 
Eng. Co. of Cal., Santa Ana, Cal. 

Circle No. 126 on Inquiry Card 
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New RCA Wide-Temperature-Range Memory Cores 
Switch in 1/2 Microsecond 

RCA high-speed, wide-temperature-range ferrite 
memory planes and stacks operate without tem
perature controls or current compensation over 
any 100 centigrade degree range between the 
limits of -55°C and +125°C. 

Memory planes and stacks using RCA 0146M5 
ferrite cores provide high-speed operation over 
the full temperature range with less than 480 ma 
partial-write current. At full driving current of 
800 ma, these temperature-stable cores have a 
switching time of approximately 0.5 µsec, making 
them particularly suitable for memory systems 
with 2 µsec operating cycles. 

RCA wide-temperature-range cores are also 
available for low-drive operation at slower speeds . 

The full line of RCA cores, planes and stacks 
offers a wide variety of types for coincident-cur
rent, word-address, and switching applications at 
speeds to 250 nsec. Complete RCA memory systems 
range in size from 256 words x 8 bits to 16,384 
words x 20 bits and offer speeds to 250 nsec. 

Whatever your memory requirements, call your 
RCA Representative for a coordinated application 
service for RCA memory components and devices, 
ranging from cores and transistors to complete 
memory systems. For technical data, write: RCA 
Electronic Components and Devices, Memory 

Products Operation, Section F-ZB-4, 64 "A" 
Street, Needham Heights 94, Mass. 

• The Most Trusted Name in Electronics 

See RCA High-Speed Cores and Microferrites at SJCC ... Booths 21-22 
CIRCLE NO. 33 ON INQUIRY CARD 



Off the shelf 

18 MICROLOGIC ELEMENTS 
Two versatile families of silicon Planar epitaxial microcircuits 

MICROLOGIC µL 8 

BUFFER (900) A low impedance inverting driver 
circuit. 

COUNTER ADAPTER (901) Provides gated, non· 
inverted complementary outputs from a single-valued 
input. 

@ FLIP-FLOP (902) A bistable flip-flop storage unit 

JC\ THREE-INPUT GATE (903) A three-input NAND V / NOR circuit . 

@ HALF ADDER (904) A two-level AND/ OR gate 
suited for use as a complete half-adder, an exclusive 
OR gate or any similar logic function . 

.M. HALF-SHl~T R~G~STER (905) A gated input 'C.Jl' storage element with inverter. 

HALF-SHIFT REGISTER (906) A gated input 
storage element without inverter (reduces power dis· 
sipation). 

L\ FOUR-INPUT GATE (907) A four -input NAND/ 
~ NOR circuit. 

e DUAL TWO-INPUT GATE (914) Dual NAND/ 
NOR gates capable of forming a flip.flop, noninverting 
gate, or gate plus inverter. 

DUAL THREE-INPUT GATE (915) A dual com· 
bination of three-input circuits, one of three similar 
basic NAND/NOR gates. 

@ J-K FLIP-FLOP (916) A complete, general pur
pose, storage element suitable for use in shift registers, 
counters, or any type of control function. 

PLANAR: A PATENTED FAIRCHILD PROCESS 

MILLIWATT MICROLOGIC MWµL 8 

@ MODULO 2 ADDER (908) Generates the Mod. 2 
addition or exclusive OR function. Average power dis
sipation: 10 mW. 

e GATED BUFFER (909) A low impedance inverting 
driver circuit. Used typically as a line driver, in multi
vibrators, or for pulse differentiation. Average power 
dissipation : 10 mW @ 50% duty cycle . 

~ e DOUBLE GATE (910) Used as a pair of NOR gates 
R-S Flip-Flop, pair of inverters, or double inverter. 
Average power dissipation : 4 mW. 

LI 4-INPUT GATE (911) Used as an OR gate by 
~ applying true inputs. Average power dissipation: 4 mW. 

© HALF ADDER (912) A multipurpose combination 
of three basic RTL circuits for a complete half adder or 
an exclusive OR gate. Average power diss : 8 mW . 

TYPED FLIP-FLOP (913) This element is a 
gated Flip-Flop for use as a binary in registers and 
counters. Aver.age power dissipation : 12 mW. 

GATE EXPANDER (921) A dual 2 input gate with· 
out node resistors, to be used when increased fan-in 
is required . 

Logic symbols drawn in accordance with Military Standard 8068. 

tpd 
Pdiss 
Fan-in 
Fan-out 
TA 

µLogic • MWµLog ic • 

15 n.s typ 
15mW/ node 

3 
5 

40 ns typ 
2mW / node 

4 
4 

- 55" to 125"C. 

AVAILABLE DIRECTLY FROM DISTRIBUTOR STOCKS 

FAIRCHIL..CJ 
SEMICONDUCTOR 

• µL , µLogic and MW µLog ic : Fairchild trademarks . 

FAIRCHILD SEMICONDUGTOR A DIV ISIO N OF FAIRCHILD CA MERA AND IN STRU M ENT CORPORATION 545 WHIS MAN ROAD, MOU NTAIN VIEW, CA LI F. 962-5011 'TWX: 415-969-9165 
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