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FIBER OPTICS:
State of the Art
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Our one microsecond ICM-40 memories are ready now
to meet your tightest delivery schedule — 60 days or
less on standard models with capacities of 4,096,
8,192, 16,384 and 32,768 words.

If you've drawn a block marked “‘core memory”
recently, let us show you 1-STORE speeds, capacities,
and fast delivery capability. You'll find that both our
ICM-40 and 1CM-47 (670 nanosecond full cycle time)
have been designed to offer a custom solution to your
memory problems. Write for our new brochure. It sums
up all the facts. Honeywell, Computer Control Division,
Old Connecticut Path, Framingham,

Massachusetts 01701.

Honeywell

COMPUTER CONTROL
DIVISION

CIRCLE NO. 1 ON INQUIRY CARD



Problem:

Get

faster,
mere
efficient
“read in”’
of data.

Solution from
American Optical:

Fast,

quiet,

reliable

fiber-optic
“readers’ for

data processing.

 DIFFUSE REFLECTION

Electro-optical systems incorporating fiber optics are
operating at up to four times the speed of electro-
mechanical systems. When a combination of fiber optics,
phototransistors, and reed relays is used, reading of
basic data is not controlled by mechanical limitations.
The use of fiber optics allows wide design freedom to
increase system operating speed.

In addition, electro-optical devices provide inherently
quieter operation. And the need for continual replace-
ment of expensive electromechanical components is
eliminated. The use of fiber-optic devices isolates heat
and eliminates friction, the major causes of wear and
failure. In most applications, both initial cost and use
cost can be reduced by design simplicity.

© CLAD ROD'ASSEMBLY  TRANS

American Optical know-how makes such design sim-
plicity possible. AO pioneered fiber optics and today
produces the most widely used sensing devices. This
accumulated practical design and application experi-
ence, along with research and production capability, is
readily available to you.

Contact AO now and lessen the time.and expense of
getting from exploration to application. Sorters and
collators, verifiers and key-punch equipment, printers
and readers, teletypes—most any data processing equip-
ment—can benefit from these American Optical fiber-
optic devices. Write American Optical Company, Fiber
Optics Department, Southbridge, Massachusetts 01550.
Or call 617-764-3211.

NEW FROM AMERICAN OPTICAL COMPANY
®

SPACE-DEFENSE DIVISION—SOUTHBRIDGE, MASSACHUSETTS
CIRCLE NO. 2 ON INQUIRY CARD



INVAC SERIES-200
Photoelectric Keyboard

This
Keyhoard

is

more than
just a Manual
input Device

interface logic problems (strobe, shift
and interlock included)

it eliminates

customer code conversions (built-in
universal encoding)

it provides

dual code outputs (any code or code
combination up to fourteen bits . . .
simultaneous outputs for codes that
total 14 bits or less)

invalid code generation (blocks unused
code keys, automatically)

It minimizes

external storage registers or buffers
(simple speed maximizer prevents
operator from exceeding system
speed)

In addition to these unique advantages,
the INVAC SERIES-200 Photoelectric
Keyboard provides all of the standard
features found on all keyboards
manufactured by Invac Corporation.
These include universal code selection
and engraving of keys, choice of
number of keys, keyboard lockout and
a true typewriter “feel".

Invac Corporation also makes
Photoelectric Keyboards as manual
input devices. But chances are you
need more than just a manual input
device. Consider, for example, the
functions to be performed by the
keyboard and the peripheral equipment.
The INVAC SERIES-200 Photoelectric
Keyboard with its universal encoding
capability will perform them all and at
less cost. This is also true in systems
where code changes are planned, or in
effect. Since these savings are realized
at each station, the total savings for
large systems are significant indeed.

Write for information on the new
INVAC SERIES-200 Photoelectric
Keyboard. It's new, it's reliable,
it's a great cost saving performer.

IT'S INVAC FOR ADVANCED PERIPHERAL EQUIPMENT

CORPORATION
26 Fox Road, Waltham, Mass. 02154
Tel. (617) 899-2380

CIRCLE NO. 3 ON INQUIRY CARD
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NEGATIVE RADIX ARITHMETIC
Part 3 — ADDITION AND SUBTRACTION

Continuing the series introduced in the May issue, Part 3 illustrates how addi-
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amples between decimal and negadecimal operations are given.

FIBER OPTICS: State-Of-The-Art Report
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progress of Fiber Optics, a review of fundamentals, the present state-of-the-art,
and the future prognosis as it affects digital systems.
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Yes. You can get every
wire and cable you need
for a computer system in
one neat package...from
Brand-Rex

You save a lot of shopping around e " Our engineers are constantly
because Brand-Rex makes: ] - " developing new cable designs for
« Back:Panel Wires leading computer manufacturers.

. So if existing Brand-Rex products
’ . You can have just about any ) )
Hook-Up Wires configuration'.. - singlewire,round 907t meet your needs, we'll come

. Miniature, AirSpaced Coaxial cable, ribbon cable, custom pro- P With NeW desialns that Wit

(e

Cable files...and your choice of insu- Hooking-up a computer system?
. lations including Kynar, Polysul- Get all the wire and cable from
* Power Supply Wires fone, Teflon (FEP and TFE), PVC, one good source. ASk Brand-Rex.
. : semi-rigid PVC, PVC/nylon, poly-
Fatel Sord e ethylene, foamed npolyethylene, AMERICAN G{i CORPORATION e
« Interconnecting cables FEP/nylon, Rulan and Neoprene. BRAND =EX DISION
and Communication Cables. Matched colors if you want. M o e
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in a memory system somewhere, one of our
212 D stacks is celebrating its first birthday

After we shipped that one, we started delivering stacks at
the rate of nearly one a day. Several hundred to date.
Capacities ranged from 4,096 to 16,384 words of 8 to 25
bits. Cycle times went from 900 to 650 nanoseconds.
Some were off-the-shelf designs, some slightly modified.

All had wide operating margins and low system noise.

But one of the most important specs was reliability.
For example, internal stack connections were reduced by
80%. Drive lines were shortened, and the inhibit wind-
ing was eliminated. The result was unsurpassed stack

dependability and increased operational speed.

With a brand new design, that first birthday is very
very significant. Infant mortality has plagued many an
engineer. Now we’re confident any one of our stacks
could be around for a golden anniversary.

There’s a new four-page brochure waiting to be
requested. It has all the specs. Write for Litpak 2C.

EM clectronic memories

12621 Chadron Ave., Hawthorne, Calif. 90250, (213) 772-5201



This 16-bit, real-time computer
is so fast vou can have one in 60 days.

It's our SEL 810A, for high-speed data acquisition and control. All integrated
circuits, 3 levels of priority interrupt, 4K memory, teletype, high-speed hard-
ware multiply and divide, real-time |/ O structure, and an outstanding software
package. Over 50 in the field. Price: $23,950. Systems Engineering Labora-
tories, 6901 West Sunrise Blvd., Fort Lauderdale, Florida 33310, Area Code
305 587-2900. Offices also in Washington, D.C.; Los Angeles, California;
Boston, Massachusetts; San Francisco, California; Cleveland, Ohio; Houston,
Texas; Huntsville, Alabama; and Orlando, Florida.

Systems Engineering Laboratories

CIRCLE NO. 6 ON INQUIRY CARD
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I.uOming large
on the computer horizon...

H

Wi g\‘

iy

5

I

41t

Keep in mind: its thirteen advantages apply
equally to military /commercial computer,
telemetry, and data-handling systems. About
™ the memory plane shown at left: 2,592
. non-destructive readout (NDRO) bits.

D GENRNERAIL
Completely potted to withstand aero- %lﬁ%ﬂ@ﬂ@@]ﬁ
space environments of shock, vibration, T
and temperature. Ultra-high-speed, low-
power operation. m Keep General Precision, LIBRASCOPE GROUP
Inc., Librascope Group in mind to stack some 808 WESTERN AVENUE « GLENDALE, CALIFORNIA 91201
planes or supply a complete system for your
next memory application. Plated, woven, and
fabricated in the U. S. A. Write for brochure.




WHO'LL
‘make history |
in EDP design =

202277

Could be YOU: and
Mosaic's Fiber Optics!

Fiber optics is not a “someday” technology. It's here now

. and EDP systems design engineers are already
making history with it. Creating new EDP systems with
superior talents. Advances like greater speeds. New
capabilities. Design freedom. Greater reliability and
lower costs.

Do you know what happens when you use Mosaic's
fiber optic faceplate on a CRT, vidicon, or orthicon
tube? Your recording sensitivity is greatly increased
(in some cases, as much as 40X) enabling you to
compromise on the tube design. With the effect of

a zero thickness window, you get improved con-
trast and resolution, and can take direct accurate

measurements on the image.

hands-down: with increased reliability, greater
efficiency, speeds over 4 times faster and lower
cost!

Mosaics fiber optics can help you make history in
EDP design, now . . . a field that leaves you no
time for old design notions. Give those specific
design problems of yours a hard look, today.
Then contact Mosaic Fabrications. We know
fiber optics inside-out. We're the largest
single source of fiber optics technology,
capability, and productivity in the world!
Mosaic will work with you to solve your

EDP design problems now . . . will

help you design and develop, from

prototype to production, the spe-

cific EDP fiber optic hardware

to put you far ahead!

Have you heard about Mosaic's Fiber Optic sys-
tems? On new EDP printers, readers, punched
tape and card verifiers, keypunch and
teletype equipment, they beat heat, wear
and friction-prone mechanical systems

Call or write . . .

Mosaic Fabrications, Inc.,
Galileo Park, Sturbridge,
Mass. 01518, (617)

d' 347-9191 for de-
Electronics scriptive litera-
ture today!

CIRCLE NO. 8 ON INQUIRY CARD
CIRCLE NO. 9 ON INQUIRY CARD



DATA/620-i
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The DATA/620-1 integrated circuit computer is the newest
member of the DATA/620 family of system computers. DATA/620-1 fills the gap
between general purpose and special purpose computers. It belongs in a
system, and solves problems previously considered too difficult or
expensive for computer solution.

Designed for faster problem solution the DATA/620-1 has a bigger
instruction set, integrated circuit reliability, is
smaller, has one-half the components, and
costs less than any computer in its class.

DATA/620-1 comes complete with
software, field-proven and refined on
the DATA/620.

Extremely compact, the DATA/620-|
requires only 10” of 19” rack space.
It's available with memory modules from
1024 to 32,768 words of 16 or 18 bits,
and with a selection of control, arithmetic e,
and 1/0 facilities, including D.M.l.’s - o e
unique Micro-Exec.

Price: $13,900 with 4096 words of 16 bit
memory, including ASR 33 teletype.

We are very proud of our new DATA/620-I, and
would like to tell you more in a fact filled brochure.
Please write for one.

DATA MACHINES

1590 Monrovia Avenue, Newport Beach, California
Tel. (714) 646-9371 TWX (910) 596-1358
Division of DECISION Control, Inc.




Find your way toWinchester Electronics
for the best selection of quality rack
and panel connectors.
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- Rack and panel miniature, subminiature, removable crimp,

B solder, environmental, coax, special application, high density
® types—you'll find them all at Winchester Electronics. Let our
uality connectors and expert engineering assistance show you
i the way out of your connector problems. Today, contact Win-
B9 chester Electronics, Main Street & Hillside Ave., Oakville, Conn.

WINCHESTER ELECTRONICS
DIVISION OF LITTON INDUSTRIES
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COMPONENT.

" and how to close it

4 There’s a gap in computer components today.

[ It's the gap between maximum reliability and maximum econ-

! omy. Between components you can depend on — absolutely —

and prices that'll give your budget some breathing room.

| How can you close The Component Gap? Easy. Talk

to Matsushita of Japan. (We speak English, French,

i German and — if you prefer — Japanese.)

Matsushita is one of the biggest producers of electromc

‘components on earth. We make over one billion a year.

! We produce system-designed components, digital and

! analog, from input to output. We're already doing it for

! leaders in American computers. With substantial sav-
ings, too. And we can custom-design components to
suit your exact needs. In any quantity. With fast delivery
anywhere you want.

. For more facts about us, mail the coupon. No obligation.

Do it now. Get yourself (and your budget) out of that Gap.

- MATSUSHITA ELECTRIC CORP. OF AMERICA

| FEFSRES AR R R e o
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Shown: Precision record/playback heads
for ultra high speed data processing: nar-
row head gap, 7 Mhz band width. Snap-

action switches. Muitiple circuit toggle

switches. Subminiature tantalum capaci-
tors. Subminiature capacitor-resistor net-
work. Subminiature pulse transformer fil-
ters, 2 hz- 300 Mhz band pass. Relays, high
current to dry circuit.

[ e e e

Mail to: Mr. Bob Yoshida, MATSUSHITA ELEC-
TRIC CORP. OF AMERI(fA System Compo-
nents, Dept. CD-7, P.O. Box 3980, Pan Am
Bldg., 200 Park Ave., NYC, NY 10017.

OK. Show me how Matsushita can heip me
close The Component Gap between reliability
—and economy. No obligation.

My name.
My title
My company.
Street addrgss
City.
State. Zip.

Phone no Ext

11



Quality
memory stacks
in quantity
when you want
them from

FABRI-TEK

In any quantity, you get consistent, unit-to-unit, precise-match
quality when you order memory stacks from Fabri-Tek. That’s
what our customers tell us. They say the same thing about
our complete memory systems, too. And we know how close
they compare-test.

Seems we have the knack of maintaining matchless matching
quality in any size production run. We also have the ability to
deliver on schedule. Could be why we now have more large-
production contracts than any other memory product manu-
facturer. Could be a good reason for you to check Fabri-Tek . . .
for quality in any quantity of memory stacks or complete
memory systems.

Are you a memory specialist? Fabri-Tek’s expanding sales
volume dictates a need for qualified people. Interested? Call
collect or write today.
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Want proof?

Fabri-Tek is now shipping up to 250 stacks per week.
Call, teletype or write Fabri-Tek Incorporated, 5901 South
County Road 18, Minneapolis, Minnesota 55436.

Area Code 612-935-8811. TWX 910-576-2913.

FABRI-TEK LEADS IN MEMORY TECHNOLOGY
CIRCLE NO. 12 ON INQUIRY CARD



Verbose.
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New TI Model 6300 Word Generator.

14

This seems to be an appropriate de-
scription of our new word generator,
since it knows more than a nonillion
words (one of these may be the word
your computer circuit cant under-
stand) . At least we think it knows this
many. Although it talks quite rapidly
(100,000 words per second, 100-bit
words®), some smart mathematician
said it will take 4x10'® years to hear
the whole story. This disturbed a cou-
ple of our engineers because they don’t
like to leave a project unfinished (one

of them was heard to mutter a 6-bit
word). If you don’t have a lot of time
to spare in design or production test-
ing, send for our new Series 6350
Word Generator data sheet. It has
only about 300 words, and it won’t
take you long at all to get the whole
story on our new word generator.

Write Industrial Products Group,
Texas Instruments Incorporated, 3609
Buffalo Speedway, Houston, Texas
77006.

*We can make it talk faster and use shorter words, if you wish.

TEXAS INSTRUMENTS

INCORPORATED
CIRCLE NO. 13 ON INQUIRY CARD
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it’s in the cards...

Besides offering a wide variety of
paper tape punches and readers,
Teletype has equipment that can
also punch cards. Print on them as
well. We call it Teletype CARData
equipment.

CARData sets transmit and receive
data both typed and punched on the
upper portion of single or fanfold
cards. They operate at 10 characters
per second (100 words per minute)
or less when necessary. CARData
equipment uses the 8-level code
compatible with the official United
States of America Standard Code for
Information Interchange (USASCII).

MOVES FIXED DATA
QUICKLY

Wherever the repetitive entry of
fixed data is necessary, Teletype
CARData sets are effective in im-
proving operating efficiency while
reducing errors. Here are a few

CARData KEYBOARD PUNCH

machines that make data move

examples of the applications of
CARData equipment: customers'
names and addresses as well as
product numbers can be put on
cards for repeated use in preparing
sales orders and invoices; computer
program instructions can be entered
into cards providing remote com-
puter programing; identifying parts
numbers can be kept on cards to
simplify inventory reporting; and
many more.

TYPES AND PUNCHES

Both typing and punching on the
upper portion of cards are provided
by the table-mounted CARData
send-receive keyboard punch. It can
also print and punch paper tape in
either on-line or local applications.

Equipped with a four-row keyboard
similar to that on an ordinary type-
writer, the CARData set is easy to op-
erate. It punches 10 characters per
inch with printing along the upper
edge above and six spaces behind
the corresponding perforations.

‘The CARData keyboard punch is

capable of printing 64 different
graphics, and suppresses the print-
ing of control code combinations
not associated with printing graph-
ics. It automatically responds to the
reference hole located in pre-
punched feedhole cards to perform
such specific functions as card
separation, rapid card ejection, and
print suppression.

DOUBLE DUTY

The CARData reader, including a
card collector, can be used as a
table-mounted unit or mounted
directly on a Teletype Model 35 ASR

CIRCLE NO. 14 ON INQUIRY CARD

DATA
COMMUNICATIONS

equipment for on-line,
real-time processing
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CARData READER WITH
AUTOMATIC HOPPER FEED

(automatic send-receive) set. When
used with the Model 35 ASR, the
reader START feature can be actu-
ated from the ASR's keyboard. This
aids the operator in combining fixed
data from the cards and variable
data from the keyboard.

A ‘“‘card-tape out" control actuator
senses the end of a card or tape and
stops reader operation after the last
code position has been read. An
EJECT button causes cards to be
ejected many times faster than the
reading speed.

CARData equipment also includes
an automatic hopper feed, which
automatically feeds individual cards
into the reader.

Further details on Teletype CARData
equipment are explained in a new
brochure. To obtain your copy, con-
tact: Teletype Corporation, Dept.
71G, 5555 Touhy Avenue, Skokie,
lllinois 60076.

TELCETY PE
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Logic:

Logic modules are built on printed circuit cards. Hole location and
front-to-back registration must be very accurate for machine assembly.
Hand assembly is costly. Plated thru-holes must provide positive con-
tinuity. Rejects are costly. Circuit boards for logic modules must be
easily solderable. Poor solderability is costly. Printed circuit cards must
be delivered in volume quantity for large-scale logic module produc-
tion. Time delays are costly.

These are the reasons that Cinch-Graphik boards are built with such
exacting precision. Anything less is too costly.

CINCH-GRAPHIK

MEMBER

H 200 South Turnbull Canyon Road, City of Industry (Los Angeles), Calif. 91744 + Phone (213) ED 3-1201. Cinch-Graphik is a member of the
THE CINC| Cinch Electronic Group with offices in 33 principal cities throughout the United States, Great Britain, Canada, Australia and West

ERECIRCANCY Germany. Offices are listed under ''Cinch,"" *'Cinch-Monadnock,'* **Cinch-NuLine," *‘Cinch-Plaxial"" or 'United-Carr Incorporated."’

3
A
CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONADNOCK, CINCH-NULINE, UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT,

CIRCLE NO. 15 ON INQUIRY CARD
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LOGIC MINIMIZATION

To the Editor:

Robert Levine’s article “Logic
Minimization Beyond the Karnaugh
Map” in the March 67 issue, gave
an interesting approach to a mini-
mization problem. However, either
the sample function given:

F=ACD + BCD + ABCD
is a poor example or else the mini-
mization itself is unnecessary. The
reason being that this sample func-

tion can be factored by inspection
to the form:

F=CD (A +B) + ABCD
which would only require 11 inputs,

the same number arrived at by the
author’s more complicated method.

Sincerely yours,

Sheldon Kornbluth,
Project Engineer,

Otis Elevator Company
Brooklyn, N. Y.

Author’s reply:

The example given in my article
was made simply to illustrate the
technique. The method for obtain-
ing “‘inhibiting functions” can be
expanded to “n” variables. Given
enough time any Boolean expression
can be simplified by the good old
pot-adjustment method. The vari-
ous graphical and algebraic tech-
niques enable more efficient designs
by presenting the designer with an
insight into simplification in general.
In addition, computer programs for
Boolean simplifications are available.
The pot-adjustment method re-
quires all possible combinations to
become part of the software. The
graphical/algebraic techniques pre-
sent a converging sequence.

Very truly yours,

Robert Levine

COMPUTER DESIGN/juULY 1967



you’ll get your share!

Time-sharing of a remote computer
has made electronic data processing
a practical tool for companies of
every size. It places a computer at
the finger-tips of every engineer or
businessman who needs to take
advantage of its capabilities.

KEY TO TIME-SHARING

Terminal equipmentisthe key tofast,
accurate collection, integration, and
distribution of data. Without reliable
terminal equipment, time-sharing of
computers from remote locations
would be impossible. And Teletype
data communications equipment is
one of the most extensively used as
terminals because of its extreme
versatility, reliability and economy.

Teletype machines can provide both
hard copy and punched tape. They
operate on a variety of code levels
including an 8-level code compatible
with the United States of America
Standard Code for Information Inter-
change. USASCII is the official lan-
guage of many computers and other
business machines.

The many capabilities of Teletype
equipment in time-sharing systems
are best described through the
following actual applications.

UTILITIES SHARE
BILLING SYSTEM

A number of rural electric and tele-
phone cooperatives have joined
together to form their own computer

machines that make data move

time-sharing system. Presently, the
cooperatives are using Teletype
Model 35 ASR (automatic send-
receive) sets to send billing informa-
tion to a data processing center.
Bills are immediately prepared at
the center and mailed directly to
customers or transmitted back to
the participating cooperative for
mailing from that point.

Eventually, the system will be
expanded to include other account-
ing services as well as inventory
control, property records, and engi-
neering applications.

A PERSONAL COMPUTER
FOR EXECUTIVES

Executives of various companies
throughout the midwest area can
now make use of a real-time com-
puter even though they are miles
apart. Thisis made possible by using
terminal equipment such as the
Teletype Model 33 ASR sets to com-
municate over existing communi-
cations lines with a time-sharing
computer center located in Chicago.

CIRCLE NO. 16 ON INQUIRY CARD
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equipment for on-line,
real-time processing

The system is designed to handle a
variety of data problems automati-
cally and almost simultaneously
from 40 communications lines.
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There are many examples of other
time-sharing systems such as the
one used by an offshore gas pro-
ducer to monitor and control 40 gas
wells in the Gulf of Mexico. Again,
Teletype sets serve as the terminal
equipment at the computer center.

Additional time-sharing applications
are described in our new brochure,
““HOW TELETYPE EQUIPMENT
MOVES DATA FOR YOUR BUSI-
NESS OR INDUSTRY." To obtain
your copy, contact: Teletype Cor-
poration, Dept. 71G, 5555 Touhy
Avenue, Skokie, lllinois 60076.
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This department is devoted to a continuous interchange of
ideas, comments, and opinions on significant problems facing
the industry. What do you think about the impact of a com-

puter-automated world and the engineer/scientist’s role in it?
What do you think about engineering unions — professional
societies — industry conferences? Or any significant facet of

your professional life. COMPUTER DESIG

will print your

views here. Write to: CD Readers’' Forum, Computer Design,
Baker Ave., West Concord, Mass. 01781.

CD READERS FORUM
LOGIC SYMBOLS STANDARD

TO CD READERS’ FORUM:

Although | have been a proponent
for years of a standard which sym-
bolized abstract logic concepts to
the greatest degree, it has become
apparent that there is little chance
for a general acceptance of such a
viewpoint. It has become equally
apparent that the 806-B standard
is becoming — as was stated in
your Readers’ Forum in January —
a de facto standard and is resisted
mostly by those who claim it to be

circuit oriented or “non-mathemati-
cal.”

For this reason, | have taken a
careful look at 806-B to see whether
a logician could actually live with
it: whether logic concepts can be
translated into diagrams based on
806-B without tortuous transforma-
tions, or whether an 806-B diagram
can be “read” by a logician, again
without retransformations. Some-
what to my surprise | have found

that once certain concepts are ac-
cepted, 806-B is an excellent stan-
dard from a logician’s viewpoint
and, in my opinion, is even superior
to other standards presumably ori-
ented towards logic rather than
physical concepts. Thus, although
| doubt that it was planned this
way, and although the material in
the Standard discussing logic con-
cepts is a wallow of confusion, |
have become convinced that 806-B
can be accepted and used with
equal facility by both technician
and the logician, each interpreting
and using a diagram from his par-
ticular viewpoint.

As an outgrowth of this work, on
logic symbol standardization, done
here at Airborne Instruments Labo-
ratory in cooperation with our Stan-
dards Department, | have prepared
an article entitled: “How to Succeed
in MIL-STD-806-B Without Half-Try-
ing.” | hope that you agree that
this can be an important contribu-
tion towards achieving a single
general standard, for any such stan-
dard has to be accepted by the two
classes of users. The alternative —
one standard for the logician and
another for the technician — would
be unfortunate and it is the thesis
of my article that it is unnecessary.

Paul M. Kintner,

Technical Assistant to the Exec. Vice-Pres.,
Airborne Instruments Laboratory,

a Division of Cutler-Hammer, Inc.,

Deer Park, N. Y. 11729

HOW TO SUCCEED IN MIL-STD-
806-B WITHOUT HALF-TRYING

Fig. 1 shows a group of quite simple
logic functions implemented with
NAND/NOR circuits and shown in
terms of the logic symbol standard
MIL-STD-806-B. There are few de-
signers who can “read” such dia-
grams without being reduced to
confusion. This is not really the
fault of 806-B; rather, the trouble
comes from a lack of understand-
ing on the part of most designers
on the nature of logic concepts and
their implementation with physical
devices. Actually, the logic inter-
pretation of an 806-B diagram, as
well as the implementation of logic
through 806-B symbols, can be
quite straightforward. MIL-STD-806-
B thus can be as “mathematical” as
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(a)

B(L)

c
(b)

(a) Z= A+*B+*C+D i

A
B
Z
C
gt
(c)
A
z
B

(d)
(c) Z=A+B+C*D
(d) Z=A*B + A-B

Fig. 1 Example of logic functions shown in terms of MIL-STD-806-B logic symbols.
(All input/output active states are high (H) unless otherwise indicated.)

any other standard and an 806-B
diagram can be interpreted equally-
well in terms of logic or physical
behavior.

Logic Polarity

“Reading” diagrams such as those
in Fig. 1 is a matter of interpreting
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two for the show...

At first glance, the Teletype Model
35 ACS (Automated Communica-
tions Set) looks like a standard Model
35 ASR (automatic send-receive)
set. .. except that the ACS has two
paper tape readers.

WHY TWO READERS?

The most important advantage of
having a second paper tape reader
is that it enables the set to combine
fixed data in the tapes with variable
data from the keyboard into a com-
plete programed tape. This elimi-
nates repetitive manual typing, form
positioning and programing.

As a result, the Teletype Model 35
ACS improves management control;
increases billing and ordering accu-
racy; improves revenue control and
customer services; and speeds up
the processing of order forms.

Since the Model 35 ACS uses an
8-level code compatible with the
United States of America Standard
Code for Information Interchange
(USASCII), it can be used in data
systems to communicate directly
with computers and other business
machines. Operating speed is 10
characters per second (100 words
per minute).

VERSATILE DATA
COMMUNICATIONS

The two paper tape readers of the
Teletype Model 35 ACS work to-
gether to provide versatile data

communications. The first tape
reader accepts a program and for-
mat tape that automates three im-
portant operations: the continual
movement of the typebox to its
appropriate position on the paper;
the punching of on-line control
codes to automatically transmit the
finished message; and the typing of
certain fixed data.

The second reader senses and inter-
prets punched paper tape that
contains semi-fixed data. This could
be customer's name, address, and
terms. Employing a *‘command" sig-
nal, the two readers alternately inter-
operate at programed intervals.
There is no limit to the number of dif-
ferent programs the set can follow.

HERE'S EVEN MORE
VERSATILITY

Besides incorporating all the stand-
ard features of a Teletype Model 35
ASR set, the Model 35 ACS can be

machines that make data move

CIRCLE NO. 17 ON INQUIRY CARD

DATA
COMMUNICATIONS

equipment for on-line,
real-time processing

L et HH
‘ .1mmuﬂ\ﬂlWWNNNWWWHWW

equipped with several important op-
tional features. These include a push
button data generator that can auto-
matically print out up to 24 alpha-
numerics or other characters at the
push of a button; and a fixed field
length applique, which adds man-
datory and permissive field control
to be programed into the machine
through the program tape.

More benefits of this set are de-
scribed in our brochure, “TELETYPE
MODEL 35 AUTOMATED COM-
MUNICATIONS SET". To obtain a
copy, contact: Teletype Corpora-
tion, Dept. 71G, 5555 Touhy Ave-
nue, Skokie, lllinois 60076.

TELETN PE

"I

19



the symbols from a logic view-
point; the key to this interpretation
lies in the concept of logic polarity.
Logic polarity is simply the relation
between abstract logic values and
physical signal values; specifically,

that physical value — typically
"high” or “low"” for electronic
switching circuits — which s

u-Iu

agreed to correspond to logic
or “truth.”

806-B makes provision for the in-
dication of logic polarity on lines
entering and leaving diagrams with
the designation (H) or (L). The first
of these means that the logic polar-
ity is “high” — a high voltage sig-
nal value is to be taken as corre-
sponding to logic “1” (the active
state); the second symbol means
that a low voltage value corre-
sponds to logic “1.” The small cir-

Iw}DDD

(b) () d

Fig. 2 AND, OR symbols taken from
the 806-B tables. Small circles (or ab-
sence of circles) can be interpreted as
polarity indicators.

cles (or absence of circles) on the
symbols of Fig. 2 can also be in-
terpreted as indicating logic polar-
ity: the small circle corresponds to
a “low” polarity (L), the absence of
a circle can be taken as a “high”
polarity (H). Thus the 806-B AND,
OR symbols of Fig. 1 can be in-
terpreted in two ways: a techni-
cian might say that a symbol of
Fig. 2(a) means that the output is
low if both inputs are high; the
logician would say that the circuit
generates an AND-function when a
“high” polarity is indicated on the
inputs and a “low” polarity on the
outpui.

The Amplifier Symbol

The technician and logician will
make what appears to be quite a
divergent interpretation of the sym-
bol shown in Fig. 3, which is used
in 806-B to represent a single-input
circuit, in this case an inverting cir-
cuit. The technician would call the
circuit an inverter whose output is
high if the input is low (or vice
versa). The logician, if he assumed
logic polarity as with the symbols
of Fig. 2, would come to the rather
surprising ‘conclusion that the logic
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(a) (b)

Fig. 3 806-B symbol for single-input
logic circuit. Shown are two represen-
tations for an inverting circuit.

operation performed is an identity,
and the circuit has no effect on the
logic value!

A moment’s reasoning demon-
strates the validity of the logician’s
conclusion. Assume a circuit rep-
resented by the symbol of Fig.
3(a). If the signal value into this
circuit is high, the output must be
low. However, according to the po-
larity indicators on the symbol,
high means “1” on the input, but
low means on the output —
therefore we have logic 1 on both
input and output. It is evident that
this will also be true for a non-
inverting circuit and we have our
first rule of “reading” 806-B logic
diagrams:

® Rule-1: The amplifier symbols
of 806-B representing single-input
circuits are interpreted as logic iden-
tities and can be ignored when
reading an 806-B diagram from a
logic viewpoint.

u-lu

Armed with this rule, the logic
performed by Fig. 1(a) is evident
at a glance: ignoring the amplifier
symbols, we obtain Z = (A-B)
(C-D).

The NOT Operation

The amplifier symbol is something
the logician can ignore but the
technician must take info account;
it is reasonable that there be some-
thing the technician does not have
to consider but the logician must
recognize. This exists and is the

oy 7
(a)
Bl ¢

(b)

o

NOT-operation which, on the 806-B
diagram, must be deduced. The key
to the deduction is simple: a NOT-
operation (logical inversion) is gen-
erated (implicity) whenever there
is a polarity mismatch on the dia-
gram. A polarity mismatch is de-
fined here as a connection, between
two symbols or from an input or
output line to a symbol, where the
logic polarities are different on the
ends of the connection. Fig. 4
gives examples of polarity mis-
matches.

Again, a little reasoning will
show that a polarity mismatch can
only be interpreted logically as a
NOT-operation. Assume a mismatch
as shown in Fig. 4(a); further, as-
sume a low signal value on the con-
nection. Now, according to the
logic polarities shown, this low sig-
nal value means “1” at the left end
of the connection; however, at the
right end the low signal value in-
dicates a value of “0” (since a high
signal means “1” here). Actually,
the concept is but a companion of
the interpretation of the amplifier
symbol: there we had a change of
signal value without a change of
logic value; we now have a change
in logic value without a change in
signal value. Our second rule is
then:

® Rule-2. NOT-operations are de-
duced from the 806-B through po-
larity mismatches: a NOT-operation
is assumed to be generated, in ef-
fect, between two symbols or from
an input/output line to a symbol,
whenever the logic polarities are
different at the ends of the connec-
tion.

The two rules applied to Fig. 1(b)
easily show the logic generated.
There is a mismatch between the
output of the AND-symbol which

e

(c)

(d)

Fig. 4 Examples of polarity mismatches. Small vertical slashmark identifies mis-

match connection.

COMPUTER DESIGN/juULYy 1967



has a “low” polarity and the desired
polarity of Y which is assumed (H).
Therefore, the correct logic expres-
sion for Y is A-B. Note that there
are no mismatches on the inputs to
the AND-symbol and the amplifier
symbol can be ignored. There is a
single mismatch at the OR-symbol,
between C (assumed (H)) and the
symbol; the logic generated for Z
is then B + C.

(It should be pointed out that the
interpretation of Fig. 1(a) previous-
ly made is valid only because there
are no mismatches in the diagram.)
Applying the two rules to Fig. 1(c)
results in:

Z=AB+CD

based on mismatches at both the
inputs and output of the OR-sym-
bol. Now, this is an example of a
problem sometimes encountered in
reading the diagrams of others: a
clumsy logic expression difficult to
interpret due to an originally clum-

A

B

Z = ABCD
c
D

Fig. 5 Simplification of the diagram of
Fig.. l{c).

sy logic implementation. The reader
can sometimes make things clearer
by interchanging AND, OR symbols
(the equivalents are given in the
tables of the 806-B standard) if by
so doing the number of polarity
mismatches is reduced. For Fig.
1(c), the mismatches can be elimi-
nated entirely by replacing the OR-
symbol by its AND-equivalent as
shown in Fig. 5. The resulting logic
expression is then far simpler: Z =
A-B-C-D.

Fig. 1(d) is an example of the
“block” diagram approach often
taken with 806-B; the diagram
amounts in reality to little more
than a circuit interconnection dia-
gram and can be called “logic”
only with a very liberal interpreta-
tion of the term. But, the logic (in
the usual sense) can be deduced if
two of the AND-symbols are re-
placed by equivalent OR-symbols
as shown in Fig. 6. The output of
the left OR-unit is seen to be (A
+ B). The outputs of the AND-
units are then A (A + B) and B
(A + B) which reduce to A‘B and

Fig. 6 Simplification of the diagram of
Fig. 1(d).

B-A. The output is then evidently
the exclusive OR-function A-B +
AB.

Logic Implementation
Through 806-B

The same concepts developed for
interpreting an 806-B diagram can
be used to construct a diagram
from a logic expression. This can
be done in a straightforward way
without algebraic transformations.
The implementation can proceed in
a series of steps. For illustration,
the logic expression Z = A®B +
C) will be implemented using what
is sometimes termed a “positive
NAND-circuit” (a common inte-
grated logic circuit).

e Step 1 —The AND, OR sym-
bols are placed on the diagram
corresponding to the AND, OR op-
erations of the logic expression,
ignoring (for the moment) NOT-
operations. The symbols are chosen
from the 806-B tables in accordance
with the circuits: being used. Fig.
7(a) shows this first step in terms
of the illustrative problem.

The succeeding steps might be de-
scribed as “polarity management:
the designer interconnects the dia-
gram according to the principle
previously developed: polarity mis-
matches correspond to NOT-opera-
tions.

e Step 2 — All direct connects are
made which do not violate the
polarity principle. Two such con-
nections can be made for the il-
lustrative problem, as shown in
Fig. 7(b): one because no NOT-
operation is involved and another
because a NOT-operation is re-
quired and a polarity mismatch can
be utilized.

® Step3 — Inverting circuits,
shown by the 806-B amplifier sym-
bol, are introduced to either elimi-
nate polarity mismatches (if no
NOT-operation is called for) or to
force a mismatch if a NOT-opera-
tion is indicated. Three such cir-

A D —z
5= i b

(a) STEP |
A== =7
B_
c

(b) STEP 2

A

A Z=A(B+C)
B
c

() STEP3

Fig. 7 Implementation of Z = A(B +

C). A, B, C, and Z all have (H) polari-
ties.

cuits are introduced for the illus-
trative problem, shown in Fig. 7(c).
Two circuits eliminate mismatches;
the circuit connected between the
A-input and the AND circuit can
be regarded as forcing a mismatch

to obtain A.

Shown on the diagram is a simple
device for helping in the identifi-
cation of polarity mismatches: a
small vertical slashmark. This can
assist the logic reading of the dia-
gram without bothering those in-
terpreting the diagram from a
physical viewpoint. The reader
may like to test his skill at im-
plementation using these steps by
starting with the expression given
in the caption of Fig. 1, and ob-
taining the diagrams. (The last ex-
pression should be expanded to
Z = AB + A) + B(A + B) before
implementing.)

The reader may sense that the
806-B symbols are being used here
as a design tool: the Boolean al-
gebra transformations theoretically
required for implementing logic
through inverting circuits are
avoided through what amounts to
graphical means: the elimination or
creation of polarity mismatches as
described accomplishes exactly the
same objective. Further, the re-
sultant diagram is readily in-
terpreted logically without any
retransformation to determine (in a
recognizable form) what the origi-
nal logic ideas of the designer
were. In short, MIL-STD-806-B can
be a valuable aid to the designer
if certain fundamental concepts are
understood.
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MAN-MACHINE INTERFACE IN

commentary

Comments and opinions on topics of cur-
rent interest to digital design engi-
neering personnel. A monthly column orga-
nized and prepared under the direction of
T. PAUL BOTHWELL, Contributing Editor.

PROCESS CONTROL APPLICATIONS

W. W. Bolander

The mam-machine interface is of critical importemce
in most computer installations, but nowhere more
so than in process control computer systems. There
are various reasons for this. In process control sys-
tems the operator is more concerned with the pro-
cess, not with the computer. He is not particularly
interested in whether system control and process
information is obtained from a computer network
or from a conventional instrumentation end control
system. He has other duties than to interface con-
sciously with the computer. Therefore, the ideal
installation would not force him to learn new skills
or to perform unnatural or additional tasks. He
should be permitted to switch from manual and
computer mode without significant changes in his
work pattern.

The ability of an operator to exercise judgment
is vital in process control systems. While the theo-
retical goal is to remove the man from the control
loop completely, this is seldom practical or eco-
nomical. He senses some process information which
may be impractical to consider in the computer.
Unfortunately, one of the hard lessons that computer
system suppliers have had to learn is that the in-
strument interface that is available for manufactur-
ing or process control applications is often inade-
quate for the job. One example that comes to mind
is the detection of ignition in a reaction furnace. A
radiation-sensing device used to sense ignition was
hampered by dust within the combustion chamber,
and thus could not be relied upon. Further, the re-
fractories were hot from previous reactions and the

The author of this month’'s CD Commentary, W. W.
Bolander, is the manager of the Industrial Control
Development Department at Honeywell’'s Computer
Control Division.

22

furnace was a tilt type that caused the relative
position of the instrument and the walls of the
combustion chamber to change. As a result, the
instrument occasionally reported no ignition when,
in fact, ignition had occurred, and at other times
“"saw’ the hot walls of the chamber and reported a
false ignition condition. When imperfect process in-
strumentation exists, the process operator must, at
times, provide input to resolve conilicts or ambigui-
ties in the process information.

The source of each input required by the com-
puter should be evaluated. Does it come from an
operator, from instrumentation, or a combination
of the two? This evaluation should consider the
following factors: accuracy, frequency, reliability,
and economics of the input. Generally, if the quan-
tity is measurable, the frequency of input is sulffi-
ciently great, and a well-defined computer response
exists, the input would be provided by instrumen-
tation.

Principles In Developing Interface

There are a number of principles that should be
followed in determining how best to develop the
interface.

e [t should be determined by the problem as well
as by the tools that are available.

® The process logic and the way the man interfaces
with the system should remain basically the same
for computer control as for other types of control.
An operator can be successfully retrained to some
extent to work with computer systems — if he con-
tinues to perform a natural work pattern and if the
computer mode of control is consistent with his
other mode of control, i.e., manual control.

® The total system must be well-defined at the time
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Contemporary Electronics
is one of the largest
producers of computer pulse
transformers in the U.S.

SO?

So, maybe you‘’re missing a bet if you havent checked
Contemporary Electronics for quality, service and price.

Contemporary Electronics specializes in pulse trans-
formers. It’s not a sideline, but a principal part of our
business. Well over 100,000 pulse transformers are pro-
duced each month in 75 different designs.

Advantages? Here are some.

Technical Capability. Contemporary Electronics en-
gineering staff knows computers and can design any
special product for any application.

High Quality. Most transformers have special high
quality design features. All pulse transformers are 100 %
inspected as many as three times before shipment. QC
system meets MIL-Q-9858, and has been approved for
use on the Apollo program.

Fast Sample Service. Samples, small production lots
and specials are normally shipped 24 to 72 hours after
receipt of request.

Interested in what can be done in terms of performance,
size, delivery, or MIL-specs? Get to us—we’ve got lots
more to tell.

WRITE, OR CALL COLLECT AND WE’'LL HAVE THE FULL STORY TO YOU WITHIN 48 HOURS

7 CONTEMPORARY
ﬁ ELECTRONICS

4838 West 35th Street,

Minneapolis,

Minnesota 55416 612/920-6444

EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY

CIRCLE NO. 18 ON INQUIRY CARD
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of system design. Factors include the identification,
frequency, method, and format of information to be
communicated to different operator locations and
other communication links; and the methods by
which the inputs are to be obtained. Generally,
the better the process and the control network can
be defined, the simpler and less expensive and
more effective will be the ultimate computer system.

e The computer should be capable of following the
operator rather than the operator following the
computer. The output stations — and any manual
input stations — should be near where the oper-
ator is required to be ds various events occur dur-
ing the process. This will require remote and varied
operator stations instead of a centralized location
in some applications.

o The computer system should be designed to pro-
vide acknowledgements for the operator of his en-
tries. When an operator depresses a pushbutton,
for example, an acknowledgement light initiated by
the computer should provide the operator with the
intelligence that the computer has recognized his
action.

There should be a strong incentive for the oper-
ator to do what he is instructed to do when he is
instructed to do it. One way of insuring this is to
design the system so that the process logic cannot
proceed unless he follows the proper procedure.
Another way is to design the system to make the
operator's job easier, or his efforts more effective.
e [f the operator normally pushes a button to initiate
an event, say, open a control valve, a second con-
tact on the same switch should be used to signal
the computer. The button must meet the environ-
mental needs; if in a steel plant, the button should
be large and rugged, and sealed to prevent the
entry of dust, dirt and deleterious liquids. Push-
button and switches, rather than typewriter and
keyboards, should be employed; lights and in-line
digital displays should be considered. If scopes and
typewriters are designed into the system, they

GOVERNMENT REPORTS %%

BASIC PROPERTIES OF ERROR-CORRECTING CODES

Properties normally considered peculiar either to block codes for
noisy channels or else to variable-length codes for noiseless chan-
nels, are defined in a uniform manner in a report prepared by the
Parke Mathematical Laboratories. Correcting ability, decodability, and
synchronizability are among the basic notions. All are formulated for
variable-length codes over arbitrary alphabets for noise channels. The
report gives theorems which establish all the logical implications
which exist between the properties considered, and furnishes exam-
ples which illustrate their differences. '

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-627-030. Price: $2.00. Microfiche: 50 cents.
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should be primarily considered for computer output
— not input.

® The peripheral hardware should be designed
with the man and the environment in mind. Exotic-
type 1/O devices should be avoided in most appli-
cations. In a laboratory or central computer room,
where the atmosphere is clean and air conditioned
and where the computer is used by highly-trained
personnel, it might be logical to specity scope input
and display devices, data plotters, teletypewriter
terminals, and special keyboards. In applications
where control is exercised in the process areq, the
process and the operators would be better accom-
modated with special-function pushbuttons, etc.

¢ In many applications, rather extensive informa-
tion about the system is required for operator dis-
play, e.g., demand logs, alarm summary. The tra-
ditional method for displaying this information is
by the slow, limited-reliability typewriter. A scope
display could have significant value for this ap-
plication as well as those requiring other than
alphanumeric display. An excellent application of
a pictorial display is one that has been proposed
for a large oil producer. The condition of tanks,
piping, and valves in a large tank farm will be
shown graphically on a scope display system. The
operator will be readily able to determine the
status of the materials in the system and then
establish the flow patterns desired.

Undoubtedly, as more experience is gained and
as more sophisticated equipment is developed for
interfacing the computer with the process, a more
effective interface with the operator to his process
will result. There is no question but that this hard-
ware will be forthcoming and that the trend towards
centralized controls will tend to stimulate their ap-
plication. In more extensive industrial control-type
applications, the present state-of-the-art is such
that man is still the most effective, flexible, eco-
nomical, and reliable over-all observer, and thus
should be the key around which the system is built.

ADVANCED GENERAL-PURPOSE COMPUTER ORGANIZATIONS

Goodyear Aerospace Corp. reports that to achieve maximum system
performance from highly parallel computer organizations, new solu-
tion models and programming techniques must be developed. The
following three areas were investigated simultaneously: (1) applica-
tions — study of problems and their inherent degree of parallelism,
and development of theoretical solution models for use on a parallel
processor; (2) programming — the programming of parallel solution
models on the postulated computer organizations; and (3) machine
organization — development of machine and implementations capa-
ble of parallel data processing. These studies resulted in the design
of two computer orcanizations (designated Machine | and Machine
I1) capable of parallel data processing, fast sorting, and table search-
ing in memory. The machine organizations were possible because
of the development of a special memory that permits many process-
ing and input-output units to access memory simultaneously without
conflict.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield,
Va. 22151. Order No. AD-631870. Price: $3.00.
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BOOK REVIEWS

THE CHALLENGE OF THE COMPUTER UTILITY

Douglas F. Parkhill

Mr. Parkhill’s book is essentially what it claims to be,
a brief discussion of the status and potential in “Com-
puter Utilities.” The book covers three principal subject
areas; a general review of computer technology, descrip-
tions of current “Computer Utilities,” and a discussion of
their potential capabilities and technological requirements.

The first six chapters of the book are devoted to the
first two main subject areas: computer technology and
the current status of Computer Utilities. So far as the
author has chosen to go into depth, he provides an ex-
cellent survey of computer technology applicable to the
main theme of the book. The general reader or the com-
puter professional seeking a brief but broad discussion of
the subject will find this much of the book both informa-
tive and well-organized.

The last three chapters depart from the straight tech-
nological reporting of the early part of the book and
deal generally with the future. The author attempts to
cover a broad set of problem areas generally of interest
to people who want to understand and perhaps predict
the future impact of this technological development. The
subjects covered range from social implications through
advanced computer technology.

It is naturally quite difficult to write about the future
in a concise and factual manner but, even granting this,
the last part of the book represents something of a dis-
appointment. The author provides no discussion of the
economics of Computer Utilities and how they might
be affected by technological advancements in the near
future, a subject of considerable importance. Instead,
after showing (at the end of Chapter 6) that there are
some real economic problems now facing Computer Utili-
ties, he dismisses them by stating that they will be solved
by modular-type computers, and ends all further discus-
sion of economics.

This lack of quantitative examination of the near future
is particularly noticeable in the last chapter in the section
on “needed technical developments.” Under this heading,
the author discusses such technological problem areas as
data transmission, inquiry consoles, natural language pro-
gramming, exotic logic such as perceptrons and threshold
devices, and “adaptivity.” Unfortunately, all that he of-
fers on these interesting subjects is the general informa-
tion that technological advancements which if they were
to occur, and have major economic consequences, would
probably affect Computer Utilities.

To say, for example, that radical reductions in the cost
of data transmission bandwidth and development of a
versatile console costing less than $1000 will greatly in-
crease accessibility to these systems, hence bring about
the “Fireside Computer,” is to say very little unless the
statement is backed up with a quantitative discussion of
the need for cheap bandwidth and an evaluation of the
likelihood of these economic goals being achieved on a
time scale. Such evaluations are made quite regularly by
planning activities within the industry and are of critical
importance in guiding investment decisions. In the area
of data transmission, there is plenty of information avail-
able on such supporting technological areas as satellite
communications, integrated circuitry, and CRT displays
to permit an incisive and quantitative evaluation to have
been made.

In conclusion, the book offers excellent technological
reporting on the current status of Computer Utilities but
contributes little in the way of critical examination of
the future. Price: $7.95. Publisher: Addison-Wesley,
Reading, Mass. 01867.

Reviewer: Walter A. Levy

ELECTRONIC DIGITAL SYSTEMS

R. K. Richards

The author of the two most widely-used reference books
in the field of digital electronics (Arithmetic Operations
in Digital Computers, 1955, and Digital Computer Compo-
nents and Circuits, 1957) has written the first book on
digital systems which uses the conceptual rather than
the case-study approach. Rather than learning the details
of a particular system and then having to extend this
knowledge to the general case, the reader of this book
will acquire general knowledge which can be applied to
particular cases.

The presentation of this book is similar to that of Dr.
Richard’s two previous books, that is, the engineering
reader can study the entire book to acquire a body of
knowledge or he can use it as a reference for specific
topics of interest. The bulk of the book is devoted to the
stored-program and stored-program-computers, with rel-
atively brief discussions of the related subjects of digital
data transmission and message switching, combined ana-
log-digital techniques, cybernetics, and system reliability.
It is a worthy addition to the preceding two volumes,
revised versions of which are promised and needed. Price:
$15.00. Publisher: John Wiley and Sons, Inc., 605 Third
Ave., N. Y., N. Y. 10016.

Reviewer: Dan M. Bowers

COMPACT

NUMERIG
READOUTS

AT REASONABLE PRICES

Displays 0-9 numerals by illuminating miniature lamps . Com-
bination of lamps can be controlled with a matrix circuit (not
supplied). Decimal points can be used as colon when 2 units are
placed together. Indicator provides high illumination with a low
voltage and current. Colored filters available. 6 & 12V, Figures
25/32”high. 20,000 hr. bulb life.

PRICES

start at

AL [&LecTronic 3505
PRODUCTS.INC. prices
LAWRENCE., MASSACHUSETTS available
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Simplify Component Replacement!

CERAMIEG

Terminal Strips

The uniform manufacturing of the min-
iature terminal strips gives the assem

bly a neater appearance; adds a quality
look overall. Tinned copperplate on
silvered ceramic facilitates soldering of
components and leads. Withstands ex-
cess heat. Available with 3-5-7-9-13-16-
20 terminals.

FR
#3 ALCOSTRIP

WRITE! By ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS.

CIRCLE NO. 20 ON INQUIRY CARD
25



>. DC OUTPUT .

Advanced instrumentation and data requirements of
NASA were outlined recently by Gene G. Mannella of
NASA’s Research Center, Cambridge, Mass. Computer
technology will be challenged on future space mis-
sions by the greater variety of more complex equip-
ment-associated experimentation. To cope with the
volume and complexity of coming measurements, im-
proved capabilities must be achieved in data handling
systems, he believes. One important factor which
needs to be recognized in the development of more
sophisticated computer systems is the longer oper-
ational periods involved in future missions — earth
orbital missions of several weeks or months to mis-
sions to Jupiter requiring four or more years. All of
this indicates a need for vastly improved operating
life on-board systems, he said. In addition, advanced
missions generate a need for much better off-line
storage to help handle functions such as systems
monitoring, diagnostic test routines, and task sched-
uling. Techniques must be developed, the NASA rep-
resentative said, which will permit elementary decision
functions aboard unmanned vehicles for alteration of
mission profiles without continuous recourse to human
intervention, and ultimately, to a more sophisticated
type of integrated experiment package in which the
instrumentation comprises a laboratory which is con-
trolled continuously by the on-board computer.

Congress is considering a Post Office Department re-
quest to reclassify all computer-produced billings as
first-class mail, netting, according to POD, some $20
million in additional revenue. Presently, statements
and accounts prepared by EDP equipment may be sent
third-class mail and in some cases, even computer-
produced letters can be granted this lower rate. Con-
gress will try to clarify this foggy but fast-growing
area.

Increased efforts on the part of various Federal agen-
cies to use new systems, techniques, and equipment
to improve the storage, retrieval, and dissemination of
information was attested to by a recent national sym-
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from our man in Washington

posium. The symposium, sponsored by the National
Archives and Records Service, brought together about
1,000 key government leaders to discuss putting in-
formation retrieval to work in the office. As part of
its efforts, 3%2-day office information retrieval work-
shops are planned to be held in Washington starting
in late 1967 and in GSA regional offices later. The
workshops are primarily for management analysts,
systems personnel, and others who must conduct in-
formation retrieval feasibility studies or design or in-
stall information retrieval systems.

An improved model of FOSDIC — Film Optical Sensing
Device for Input to Computers — has been completed
by the National Bureau of Standards for use with the
computers of the National Weather Records Center at
Asheville, N. C. FOSDIC |V reads data on past weather
conditions from microfilms of punched cards from the
Center’s archives. The machine performs logical op-
erations on the data it reads and also selects certain
data to be recorded on magnetic tape for later input
to the computers. This will enable past weather con-
ditions to be compared with more recently gathered
data, so that the Center can study long-range weather
patterns and improve its present prediction services.

Once again the General Accounting Office has found
errors in the government’s acquisition and use of com-
puters. In the most recent case, the U. S. Army was the
subject of the GAO investigation. During 1965 and
1966, the Army replaced data processing equipment
used in supply at important command depots in the
Pacific area with large-scale computer systems. “Bene-
fits expected to be derived from these computers
could not be fully realized,” GAO concluded, “be-
cause improvements and corrections of supply prob-
lems had not been completed prior to installation.”
Because of continuing problems, a large percentage
of supply transactions cannot be processed routinely
by computers. GAO did not ask the withdrawal of
the computers at this time but called attention to
all military agencies “to illustrate the need for correct-
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it Counts
it Drives
it Shifts
it Gates
it Flips

it Flops
it Works

. MicroVersalLOGIC

the complete line of integrated circuit modules

it's

Build a register or an entire digital system with with excellent noise rejection. 0°C. to plus 70°C.
Micro VersaLOGIC integrated circuit modules. It’s operation — from a single 5v. power supply.
even more economical now that we've reduced mod-
ule prices by 33%. Mounting hardware, card files, card drawers are
Micro VersaLOGIC, the complete line of I1.C. all available. Plan Micro VersaLOGIC into your
modules includes over 40 different types, for all your next system — we’ll be happy to show you how easy
needs. Micro VersaLOGIC is based on proven DTL and economical it is. In the meantime, write for our
circuits—operates at S M.C., and to 5v. logic levels, new Micro VersaLOGIC brochure.
—

‘&i’ DECISION CONTROL, INC.

1590 Monrovia Avenue, Newport Beach, California ® Telephone (714) 646-9371 TWX (910) 596-1358
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DC OUTPUT
continued

ing basic weaknesses in operating systems if the most
effective utilization of automatic data processing equip-
ment is to be realized.”

Recent Government Contracts sssssssssssasssssssssnnnsn

WASHINGTON UNIVERSITY, St. Louis, Mo., has re-
ceived a $1,000,000 modification to a previously-awarded
contract to expand the effort under the scope of contract
and provide for continued research in macromodular
computer systems. The Defense Supply Service, Wash-
ington, D. C. is the issuing agency.

GOVERNMENT REPORTS %%

HARDWARE AIDS FOR AUTOMATA DESIGN

Describes progress in the design and construction of hybrid com-
puting hardware leading to the construction of neural nets and dis-
cusses the significance of such hardware to automata theory. A
simple network is constructed containing a least one representative
of each of five basic types of circuits; the logical properties of the
building blocks are described.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD 645439. Price: $3.00 (microfiche 65 cents).

EXPLORATORY EXPERIMENTAL STUDIES COMPARING ONLINE
AND OFFLINE PROGRAMMING PERFORMANCE.

Studies measuring the performance of programmers under controlled
conditions for standard tasks are described in this report. It notes
methodological problems encountered in designing and conducting the
experiments, limitations of the findings, and hypotheses to account
for results.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-645438. Price: $3.00 (microfiche 65 cents).

DIALOG: A CONVERSATIONAL PROGRAMMING SYSTEM
WITH GRAPHICAL ORIENTATION.

Report described an algebraic language for on-line use with a
graphical input-output console device. It is a computational aid for
the casual user, requiring a minimum of experience or instruction,
and it provides basic facilities for graphical and numeric input and
display, on- and off-line program preparation and storage, and hard
copy presentation of results.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-646857. Price: $3.00 (microfiche 65 cents).

28

BENDIX CORP., Teterboro, N. J., has received a $2,782,-
863 increment to a contract for production of electronic
data processing equipment from the Air Force. The Aero-
nautical Systems Division is the contracting agency.

COMCOR, INC., Anaheim, Cal., received a $1,156,000 firm,
fixed-price contract for the procurement of an integrated
computer system from the Air Force. The Systems Engi-
neering Group, Wright-Patterson AFB, Ohio, awarded the
contract.

IBM CORP., Washington, D. C., has received a $1,140,618
delivery order, against a GSA schedule, for lease of pilot
equipment (one IBM 360 System) for the national Auto-
matic Data Processing Program for Army Materiel Com-
mand’s logistics management. The U. S. Army Electronic
Command, Fort Monmouth, N. J., issued the delivery
order.

MATHEMATICAL COMPUTER PROGRAMS

Report outlines several mathematical programs and programming
techniques for digital computers. These computer programs, for the
most part run on IBM computers, are available separately or as a
collection through the NASA Technology Utilization program, and
may be of use to centers with limited systems libraries and for in-
structional purposes for new computer operators.

Order from Clearinghouse, U.S. Dept. of Commerce, Springfield, Va.
22151. Order No.: NASA SP-5069. Price $3.00 (microfiche 65 cents).

STUDIES IN AUTOMATIC LANGUAGE PROCESSING

IBM has developed a computerized linguistic basis for application to
practical and theoretical problems in automatic language processing.
The three main parts of this work are: development of a formalism
for expressing grammatical information; establishment of a sentence
analysis procedure based on the formalism; and creation of a grammar
of English expressed in terms of the formalism but motivated by
transformational theory.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-624-305. Price: $4.00.

A COMPUTER FOR VOCODER PITCH EXTRACTION

MIT’s Lincoln Laboratory has designed a small integrated-circuit
computer to perform vocoder pitch extraction as a part of the
Lincoln Experimental Terminal. The computer operates on the peaks
of an incoming speech signal using hybrid analog-digital techniques
and computes at three millisecond intervals an 8-bitbinary word
measuring pitch period to the nearest 80 microsec increment, and
a binary decision indicating whether the incoming signal is voiced
or unvoiced. MIT notes that the low cost and small size of in-
tegrated circuits made feasible the design of a special-purpose com-
puter to extract pitch information from the speech input to a pitch-
excited channel vocoder. Containing some 1150 integrated circuit
elements, 26 discrete-component operational amplifiers, and 16 ana-
log gate circuits, the computer occupies a volume 514" x 19" x 22”.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield,
Va. 22151. Order No. AD-629361A. Price: $2.00.
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SLASH

DIGITAL
DATA
HANDLING

DIGI-STORE"™ DS-2

DIGI-STORE® DS-2 is a hidirec-
tional, incremental magnetic tape
unit offering these advantages. ..

e Speeds up to 333 characters per
second.

e Operates in either read or write
mode—can replace both tape punch
and reader.

e High reliability — all-solid-state
circuitry — only one moving part
during operation.

e Handles any code up to 8 levels.
e Eight times more packing density
than paper tape — less tape bulk—
no chad.

e Less tape handling cost — DS-2
tape can be reused thousands of
times.

e Compatible with conventional
paper tape data handling systems.
e |nterface logic available to suit
individual requirements.

e Two DS-2 units — one operating
in the read mode, the other in write
— team up to make the Wiltek Buf-
fer-Store for use whenever a device

of variable data storage capability
of 1000 ch/ft. is needed.

WRITE FOR COMPLETE DS-2 DATA

WILTEK, INC.

formerly Trak Electronics Co., Inc.
59 DANBURY ROAD °* WILTON, CONN.
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THE NATION'S COMMERCIAL
BANKS ARE PROCEEDING IN A
"PIECEMEAL AND HIGHLY WASTE-~
FUL MANNER" IN THEIR EFFORTS
TO DEVELOP COMPUTER-BASED
INFORMATION SYSTEMS, the
American Bankers Associa-
tion was told at a recent
conference. This charge was
made by Robert V. Head, man-
ager of Management Informa-
tionTechnology for Computer
Sciences Corp. at the ABA's
annual National Automation
Conference here. At a panel
session on the "Fabulous
Software Snarl" in the bank-
ing industry, Head asserted
the banks' current efforts
to develop information sys-
tems based on computers are
duplicative and contribute
to the confusion in software
for the industry. What is
needed, Head asserted, is a
cooperative effort by the
commercial banks to develop
a new computer programming
language for use throughout
the banking industry. Only
by pooling their resources
can the banks hope to fully
realize the tremendous po-
tential of their new third
generation computers with-
in a reasonable period of
time, according to Head.
The banks' software prob-
lems stem from three fac-
tors, Head noted. These
are the shortage of skilled
programmers and system de-
signers, the demand for
an increasing number of
computer-based banking ser-
vices, and the advent of the
third generation of comput-
ers. A computer programming

INDUSTRY NEWS

language designed specifi-
cally for banks would pro-
vide the industry with the
basic requirement for this
type of system. Head rec-
ommended that ABA sponsor
the required research and
development, drawing on
the specialized profes-
sional skills found among
the independent software
companies.

DEVELOPMENT OF COMPUTER SYS-
TEMS TO AUTOMATE OPERATION
OF MISSILE PROCEDURE TRAIN-
ERS FOR THE AIR FORCE GROUND
CREWS OF MINUTEMAN ICBM's
was disclosed by Sperry Rand
Corporation's UNIVAC Fed-
eral Systems division. One
of the computer systems, in-
cluding a UNIVAC 1218 com-
puter and 1532 Input/Output
console, is being installed
in the Missile Procedure
Trainer at Chanute Air Force
Base, Ill. Others were de-
livered in March and April,
1967, to Vandenberg AFB,
Calif., Malmstrom AFB,
Mont., and Grand Forks AFB,
N.D. Strategic Air Command
and Air Training Command
personnel will use the sys-
tems as part of the Air
Force's MOPT (Minuteman Op-
erational Procedures Train-
er) program built for the
advance Minuteman system,
WS-133 B. Each of the 1218
computers contain 32,768
words of information-stor-
age and eight input/output
channels. The solid-state
circuitry, memory elements,
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and other electronic compo-
nents are housed in a rug-
gedized cabinet measuring
only 22% by 24% by 72 inches
high. Power consumption is
only 1,200 watts, about
equal to the amount required
by many household appli-
ances. The 1218 specializes
in the real-time processing
of large amounts of complex
data. An average multiply
instruction requires only
38 microseconds and an add
instruction only 8 micro-
seconds.

A WESTINGHOUSE ELECTRIC
CORP'S PRODAC 50 COMPUTER
WILL BEGIN PLAYING AN IN-
TRIGUING GAME FOR ALL THE
WORLD TO SEE. That's when
the world's first computer-
controlled outdoor electric
sign will be lighted on the
North Side, facing Pitts-
burgh's Golden Triangle
across the Allegheny River.
The sign will consist of a
symbol only, the Westing-
house Circle W trademark.
In all, there will be nine
blue Circle W's. Each em-
blem will consist of nine
geometric elements — the
circle, three dots, four
lines in the W, and the let-
ter's underscore — for a
total of 81 light circuits.
This makes possible 81 fac-
torial ways in which the
lights can come on (81 times
79 times 78 and so forth)
or 10121. The patterns of
lights will have a number
of sequences and these se-
quences will be changed from
time to time to introduce
new and intriguing ways of
assembling the nine trade-
marks. Because of the tre-
mendous number of sequences
available, it will be pos=-
sible to change patterns at
intervals without repeating
patterns that have been used
before. The great flexi-
bility of the computer will
permit changes to be made
as new and interesting se-
quences are devised.

‘Bargain price memories
for people
suspicious of bargains

Data Disc can deliver this
6,400,000-bit disc memory for
$6,400 when you buy ten, $7,400
when you buy two, and $9,400
for one alone.

We can offer this low price per
bit without sacrificing quality be-
cause our ‘‘in-contact” recorders
store twice as many bits per inch
as older ““floating head” record-

ers. We don’t try to cut the cost of

discs, drives, heads or electronics.
All components are built for maxi-
mum reliability—and cost accord-
ingly. But simply because it takes
fewer components to store any
given number of bits, you get the
storage capacity you need at a
lower cost.

The F-series head-per-track
system pictured above comes with
storage capacities of 6.4, 3.2 and
1.6 million bits. It has an average
access time of 16.7 ms, and stores
100,000 bits on each track —

enough to fill the core memory of
a small computer. Data can be
entered and retrieved very rapidly
—at three mega-
bits per second.
And the whole \
system fits in 834"
of rack space.

When a large An M-series
data libraryis "™t "
needed, we supply aninterchange-
able-disc memory system with an
average access time of 14 second.
Each disc, which holds 13,000,000
bits, is permanently encased in a
protective cartridge so you can
store as many discs as you need.

For complete information con-
tact Data ‘Disc, Incorporated,
1275 California Ave., Palo Alto,
California 94304. Phone (415)
326-7602.

O DAIA DISC

CIRCLE NO. 24 ON INQUIRY CARD

31



COMING EVENTS

RCA SEMINARS SCHEDULE

RCA INSTITUTES HAS ANNOUNCED
THEIR LATEST SCHEDULE OF 5-
DAY SEMINARS 1IN COMPUTER
TECHNOLOGY. The July through
December 1967 schedule is as
follows. July 10-14, Logic
Design, Minneapolis, Minn. ;
July 10-14, Digital Systems
Engineering, Seattle, Wash. ;
July 10-14, Digital Commu-
nications, New York, N. Y.;
July 17-21, Logic Design,
Pittsburgh, Pa.; July 17-
21, Digital Communications,
Denver, Colo.; July 24-28,
Digital Systems Engineer-
ing, Cherre  HIldTUENG VI
July 31-Aug 4, Logic Design,
Dallas, Texas; July 31l-Aug
4, Digital Communications,

Washington, D. C. ; Aug 7-11,
Logic Design, Washington,
Da- - Covs "Aug (=1L, ' Digital
Electronics, NewYork, N. Y. ;
Aug 14-18, Digital Systems
Engineering, San Francisco,
Cal.; Aug 21-25, Logic De-
sign, Rochester, N. Y.; Aug

21-25, Digital Communica-
tions, Los Angeles, Cal.;
Aug 21-25, Digital Elec-

tronies, Chicago, I11l. ; Sept
11-15, Logic Design, San
Francisco, Cal.; Sept 1l1l-
15, Digital Electronics,
Washington, D. C.; Sept 1l-
15, Integrater Circuits,
New York, N. Y. ; Sept 18-22,
Digital Systems Engineer-
ing, Atlanta, Ga.; Sept 18-

PORTABLE

$32005: |

Main Office: 4315 Baltimore Ave. <

A CHOICE OF

3

INCREMENTAL
RECORDERS

DIGITAL STEPPING RECORDER

GENERATES FULLY COMPATIBLE 1BM TAPE AUTOMATICALLY!
m Choice of 200 or optional 556 bits per inch g Standard IBM type 101%” reels, 5" tape

m 7 track standard spacing m 34" inter record gap with longitudinal check character
m Lateral parity selectable— odd or even g Binary Zero to BCD 10 Converter

DIGITAL STEPPING RECORDERS

DD‘ DIGITAL DATA HANDLING EQUIPMENT
DIGI-DATA CORPORATION

Bladensburg, Md. 20710 «

RACK MOUNT —
HORIZONTAL OR VERTICAL

COMPLETE!

(301) 277-9378
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22, Digital Communications,
Los Angeles, Cal.; Sept 18-
22, Digital Communications,
Dallas, Texas; Sept 25-29,
Digital Systems Engineer-
ing, Denver, Colo. ; Sept 25~
29, Digital Communications,
Long Island, N. Y. ; Sept 25-
29, Integrated Circuits,
Boston, Mass.; Oct 9-13,
Logic Design, Chicago, Ill. ;
Oct 9-13, Digital Communi-
cations, San Francisco,
Cal.; Oct 9-13, Integrated
Circuits, Cocoa Beach, Fla.;
Oct 16-20, Logic Design, New
York, N. Y.; Oct 16-20, Dig-
ital Electronics, Dallas,
Texas; Oct 16-20, Digital
Systems Engineering, Wash-
ingtony  D. C.:; Oct 16-20,
Integrated Circuits, Los
Angeles, Cal.; Oct 23-27,
Digital Systems Engineer-
ing, Rochester, N. Y.; Oct
23-27, Digital Electronics,
Detroit, Mich.; Oct 30-Nov
3, Digital Communications,
Cherry Hill, N. J.; Oct 30-
Nov 3, Integrated Circuits,
Denver, Colo.; Nov 6-10,
Logic Design, Albuquerque,
N. M.; Nov 6-10, Digital
Systems Engineering, Long
Island, N: Y.: Nov 6-10,
Digital Electronics, Atlan-
ta, Ga.; Nov 13-17, Digital
Communications, Chicago,
I11.; Nov 13-17, Logic De-
sign, Detroit, Mich.; Nov
13-17, Digital Electronics,
New York, N. Y.; Nov 13-17,
Integrated Circuits, Pitts-
burgh, Pa.; Dec 4-8, Logic
Design, Denver, Colo.; Dec
4-8, Digital Systems Engi-
neering, Los Angeles, Cal.;
Dec 4-8, Digital Electron-
ics, Boston, Mass. ; Dec 4-8,
Integrated Circuits, Wash-
ington, D. C.; Dec 11-15,
Logic Design, Washington,
D. C.; Dec 11-15, Digital
Communications, New York,
N “¥.r "Dee“11-15, Digital
Electronics, San Francisco,
Cal.; Dec 11-15, Integrated
Circuits, Dallas, Texas;

For more informationwrite
directly to: Mr. Bradford
Daggett, RCA Institutes
Seminar Program, 49 W. 45th
St N~ Y, N. Y. 10038 or
telephone (212) 247-5700.
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Here’s how to save
a ton of money
building your own
Linear Gircuit:

Start with Fairchild's uA709C monolithic,
high-performance, high-gain, differential amplifier.
It's an off-the-shelf integrated circuit especially
designed for industrial applications. It costs less than
$5.00 in quantities of 10,000, less than $6.00 in 1,000
quantities, and only $6.60 if you buy 100. Yet it offers
high performance to a degree which allows you to
use it in instrumentation applications.

Modify the uA709C to meet your exact requirements.

It's simple. Just add a capacitor or a resistor or two.
With every order of 25 units or more* we'll include a free
Linear Applications Handbook that shows you

exactly how. And the 4A709C is versatile enough to
perform virtually any function.

(For a partial list of what you can use it for, see below.)

Count your savings. Even if you spend another $5.00

on auxiliary parts and assembly (and in most cases
you'll spend far less) your total cost will be about half

of what you'd pay for a ready-made circuit.

Multiplied by 10,000 units that adds up to a ton of money.

Get started. Get the 4A709C. It's readily available

from shelf stock. Just call your Fairchild Distributor or
the nearest Fairchild Sales Office.

*In fact, this offer is good for orders of 25 or more

of any Fairchild linear integrated circuit.

Typical Characteristics
«~AT096

(@ Ta = 25°C; V = +15V)

Open Loop Voltage Gain............. . .. 45,000

Output Voltage Swing. ..... +14V @ RL = 10kQ

Input Voltage Range ................. ... +10V
Input Resistance. ...................... .. 250k
Input Offset Voltage . .. ............... .. .. 2mV
Input OffsetCurrent. ... ... ... ... ...... 200nA

Typical Applications:

PRECISION VOLTAGE SUPPLIES
TEMPERATURE CONTROLLER

DIFFERENTIAL THRESHOLD
COMPARATOR

PREAMPLIFIERS

HIGH GAIN, LOW DRIFT DC AMPLIFIER
LOGARITHMIC AMPLIFIER
MULTIPLIER

QUADRATURE OSCILLATOR
PRECISION ANALOG GATE
SOLID STATE MOD/DEMOD
PHASE DETECTOR
ONE-SHOT MULTIVIBRATOR
ASTABLE MULTIVIBRATOR
SINE WAVE OSCILLATOR
HALFWAVE RECTIFIER
PEAK DETECTOR
FULLWAVE RECTIFIER

PEAK TO PEAK DETECTOR
BRIDGE AMPLIFIER
DIFFERENTIATOR

ACTIVE FILTER

UNITY-GAIN BUFFER

Write for detailed applications information.

HIGH Z;y TRANSDUCER AMPLIFIER
DELAY EQUALIZER

CONSTANT CURRENT SOURCE
ADDER/SUBTRACTOR

METER AMPLIFIER

SAMPLE AND HOLD AMPLIFIER
SWEEP GENERATOR

CURRENT TO VOLTAGE CONVERTER
NULL DETECTOR

SIGNAL POLARITY SEPARATOR
CLIPPER

SAWTOOTH GENERATOR
FREQUENCY METER

A TO D CONVERTERS

GAIN CONTROL AMPLIFIERS
HYSTERESIS COMPARATOR
INTEGRATOR (DC OR AC)

LEAD AMPLIFIER

[ e T S E SRS
FAIRCHILD
ot sl FERO TS

SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 = TWX: 910-379-6435
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MODULAR CRT DISPLAY CONSOLES

Functional Modules Permit User to Tatlor System
To Specific Cost/Performance Requirements

A three-year company-sponsored de-
VIDEO AND
DEFLECTION | L — velopment program at Tasker Indus-
ODULE - .
¥ tries has produced a high-speed, real-
b 4 . -
il time cathode-ray-tube display system
l l that can be furnished in a variety of
configurations to suit any number of
POSITION FORMAT CHARACTER VECTOR LINE l. . 1 . 1 A
MODULE  [€] GENERATOR G ENERATOR GENERATOR applications, complex or simple. !
MODULE MODULE MODULE - s 3 L
description of the system’s typical
3+ 3 r'y 3 r'y r'S 'Y 2
® modules, given below, not only serves
1 1 i P it to describe Tasker’s new system but
UNIT it is a good explanation of the basic
CONTROL ' . .
4 4 3 1 . R operations of CRT display systems
RS -~ -
v ¥ for those readers who have yet to en-
CONTROL counter them.
Rl A functional diagram of the sys-
tem’s modules is shown in Fig. 1.
]  stanpArD EQuIPMENT The logic and circuit networks are
OPTIONAL EQUIPMENT divided into functional modules, each

of which performs a distinct opera-
tion. As a prelude to describing the
particular functions accomplished by
each one of the modules, it is impor-
tant to note that the interface unit is
the key element which permits the
display system to accommodate any
type of computer with unique inter-
face characteristics and command
structures. In effect, the interface
unit not only accomplishes the phys-
ical connection of signals between a
computer and a display, but further,
the interface unit acts as a command
format translator. This characteris-
tic of the interface unit causes com-
puter commands to be translated
into a command language suitable
for control of the individual func-
tional modules and, conversely, it
translates data, which is generated at
the display, into a command lan-
guage compatible with the associated
computer.

Commencing with the basic mod-
ules of the display system, which pro-
vide the positional and intensifying
signals for driving the electron beam
of the CRT, we see the video and
deflection module. The composition
of the video and deflection module

Fig. 1 Block diagram of Tasker’s modular CRT display system.

Fig. 2 Profile of a supersonic transport is shown on Tasker’s Series 9000 CRT Display S
System. Line drawing shows effect of secondary shock waves on SST. 18 m.many ways dependent upon the
particular cathode ray tube and the

desired performance characteristics.
Several of the parameters are inter-
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related, although, generally speak-
ing, CRT tubes with less than 92°
deflection angles can achieve signifi-
cantly higher writing speeds and beam
movement velocities than the 92°
deflection angle CRT for any given
amplifier size. The function of the
video and deflection module is to re-
ceive horizontal (X) and vertical
(Y) deflection voltages plus video
gating (Z) signals from other func-
tional modules and transform these
into signals which will deflect the
electron beam to a position on the
CRT face as prescribed by the X, Y
input voltage analogs.

The function of the position mod-
ule is to accept digital position com-
mands from the interface unit or a
refresh memory and convert this digi-
tal position into an equivalent pair
(X and Y) of analog position volt-
ages. Depending upon the selected
CRT size, and desired positional res-
olution, the position module can ac-
commodate up to 4096 grid divisions
in each of the two axes.

The control unit in itself does not
perform any single function for a
given display operation, but rather,
it functions as a sequencer for the
control of all other functional mod-
ules and the routing of data between
the interface unit and the functional
modules.

Up to this point in the description,
the modules which have been de-
scribed form the basic elements
which are necessary for the position-
ing and intensification of the CRT
electron beam.

The addition of a vector line gen-
erator module provides the capabil-
ity to interpret digital commands
into equivalent voltage excursions
which will cause the “painting” of
intensified lines on the face of the
CRT. These vector lines afford the
display a graphics capability for the
presentation of line segments in any
direction with lengths of essentially
0 (one grid division) to a full screen
diameter. The video gating net-
works associated with the vector gen-
erator permit any desired line to
blink at a predetermined rate or to
appear as dashed or dotted segments.

For the display of alphanumeric
characters and/or special symbols, a
character generator module is added,
the function of which is to accept
digital commands and translate
these into equivalent small signal
excursions in the X and Y axes

which describe the selected symbol.
The character generator module has
a wide flexibility in both symbol style
and repertoire. In most cases, when
characters are to be displayed, they
will occur in formatted positions, as
in the case of text. In order to ac-
complish this positional arrange-
ment of characters to form text, a
format generator module is included
which serves to modulate the main
position coordinates for the spacing
of characters and the spacing of lines
of characters.

The remaining functional mod-
ules, shown as shaded boxes in the
block diagram, perform ancillary
functions to enhance optional fea-
tures of the display system. The re-
fresh memory is an optional unit,
which is included in display systems
whenever there is a desire to decrease
the storage and input-output trans-
fer rate requirement on the com-
puter. Where a refresh memory is
not included as a part of the display
system, refreshing of the display must
be accomplished by repetitive trans-
fer of display frames from the com-
puter at some rate between 30-60
times per second. The selection of a
refresh rate for either computer re-
fresh or local refresh is dependent
upon the quantity of data to be dis-
played and the light output require-
ments for flicker-free presentations.
Although delay line memories and
drum memories are offered and can
accommodate many of the refresh re-
quirements, it has been Tasker’s
experience that the system’s high-
performance characteristics are best
satisfied by means of a magnetic core
memory. A typical memory size
which satisfies a majority of applica-
tions is 4096 words with 16 bits per
word, having a full-cycle time of 2
microseconds.

The keyboard module, offered as
an option, is utilized for the entry of
alphanumeric and/or special sym-
bolic data into the refresh memory or
the computer for purposes of the dis-
play composition, editing, or instruc-
tions pertinent to a data base. In
most applications, the number and
type of symbols provided on a key-
board are a duplicate of the symbol
repertoire available from the charac-
ter generator module. In those cases
where the associated computer is ac-
complishing the refresh operations
and software control of display gen-
eration, editing, and the like, it is

often more advantageous to accom-
plish an interface directly from the
keyboard to the computer I/O bus
as opposed to transferring keyboard
data via the interface unit and direct
memory access channel of the asso-
ciated computer.

Programmable function keys, usu-
ally a group of 16 - 32, are individual
push-type switches which are used to
initiate discrete operations, either
within the display system or via soft-
ware routines in the associated com-
puter. In effect, it is an aid which
allows the operator to control a set
of display commands manually. Some
typical function key labels include:
line erase, page roll-up, store mes-
sage, light pen plot, etc.

The bowling-ball module, also
known as a track-ball, is also an
operator aid which provides a facile
means of positioning a cursor to any
given point on the CRT face in a
very accurate manner, without pre-
cise manual manipulations. Some of
its uses are in establishing the end
points of vectors to be displayed on
the CRT, or for “hooking” any de-
sired display element on the CRT
screen.

The light pen module, offered as
an option, provides the capability for
the operator to communicate with
elements of the display (vectors,
characters and points) in a manner
comparable to the use of a wand or
pointer. This capability enables the
operator to hook any displayed ele-
ment and through servoing via the
computer software program, he may,
in effect, draw graphic presentations
on the display. (A typical display is
shown in Fig. 2.) The light pen
itself merely detects the presence of
light within a matter of a few micro-
seconds after the electron beam has
caused phospher illumination with-
in the aperture of the light pen.
Modification of the displayed data
for generation of new display data
by this technique is accomplished
primarily by the software routines
which utilize these time-dependent
signals.

Tasker Industries, located in Van
Nuys, Cal., has reported that these
display systems, called the Series
9000, have been ordered by the U.S.
Navy, Stanford Research Institute,
and leading manufacturers. For
more information:

Circle No. 102 on Inquiry Card
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negative =

arithmetic

Editor's Note: Part 1 of this series, in the May 1967
issue, introduced the concept of negative radix number
systems. In last month’s issue, Part 2 described and
illustrated negative radix terminology, conventions,
and properties.
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Part 3
Addition and Subtraction

In the first article of this series, it was pointed out that
the significant advantages of negative radix notation for
computer technology lie in the operational aspects of
the arithmetic rather than in the representational aspects
of numbers and polarities. The representational proper-
ties were described in some detail in the second article,
to provide a proper foundation for concentrating on the
more important operational aspects of the arithmetic in
the remaining articles of the series. Following the plan
of the first and second articles, the discussion on arith-
metic will be confined largely to base —10, that is,
negative decimal. It may seem incongruous to talk
about decimal arithmetic in a series of articles addressed
to computer professionals, but the purpose of these
articles is to help the reader to acquire an understanding
of negative radix representation and arithmetic. This
objective is more easily met through examples, using
genuine numbers, than through abstract mathematics,
using an impressive array of symbols. The more familiar
the symbols and numbers, and the more familiar
the rules, the easier it will be for the reader to under-
stand the important information. In this third article,
the discussion of each arithmetic operation will be made
in both normal decimal and negadecimal terms, to make
the approach clearer to the reader, by allowing him to
make an automatic comparison between the two.
Nothing is more familiar — even to computer engi-
neers — than the decimal system, the digits 0 through
9, the operation symbols +, —, X, and +, the decimal
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addition and subtraction “facts” and the multiplica-
tion tables. A discussion based on the radix —2, using
numerals 0 and 1 would result in irritating strings of
0’s and I’s representing binary numbers which are im-
possible to remember long enough even to transcribe
onto a sheet of paper, and which reveal virtually nothing
as to their magnitude. In short, they have no ‘“char-
” More importantly, a number system using only
two numerals is riddled with special cases, and gen-
eralizations are virtually impossible to recognize. It
will be much easier for the computer engineer to ex-
tend his knowledge of negadecimal to negabinary, than
the reverse. Besides, many people will find doing nega-
decimal arithmetic to be fun.

When one achieves a true similarity with negative
radix arithmetic, then many properties of base —2 sys-
tems will become similar even before we give detailed
consideration of such systems. It will then be easy to
focus on those properties peculiar to negative binary
systems and to comprehend fully the important differ-
ences between it and conventional binary.

The general rule for negative radix arithmetic, stated
in the first article, is simply that it is like positive radix
arithmetic, except that the sign of the carry is changed.
The basis of this rule was illustrated by means of a
special decimal system which uses negative numerals as
well as positive, and in which only positive numerals
and zero may occupy even-numbered digit positions,
and only negative numerals and zero may occupy odd-
numbered digit positions. Therefore, the effect of a
carry-in is subtractive, and the effect of a borrow is
additive.

In a system having a radix of —10, and using the
normal numerals 0, 1, 2, . . . , 9, this same general
property holds, that is, carries are subtractive, and
borrows are additive. In order to avoid confusion, car-
ries and borrows are both called carries, with the carry
digit having appropriate polarity, positive or negative.

DECIMAL ALGEBRAIC ADDITION
AND SUBTRACTION

In manual decimal addition involving numbers of both
signs, it is necessary first of all to examine the signs
of both operands. If they agree, it is only necessary
to find their sum, and prefix their common sign. If
they disagree, however, it is necessary to determine
which of the two operands is the larger, find their
difference, and assign to the result the sign of the
larger operand. This rather involved process, known
as algebraic addition using the rules of signs for addi-
tion, is more graphically described in the flow chart
of Fig. 1, which also shows subtraction to be governed

" by the same process after the sign of the subtrahend

has been changed. The chart is not a rigorous flow

chart, but is intended to show the decisions and steps
of manual addition and subtraction, and to illustrate
the essential complexity of these operations.

Referring to the flow chart, the “find” operation is
just that: it is the process of finding in a (memorized)
table the sum or difference of each pair of operand
digits. This is not so much a computation process as it
is a table-look-up process. Decimal addition performed
using this flow chart, therefore, requires a table of
digit sums and a second table of digit differences,
which are represented by Table 1 and Table 2, re-
spectively, and are, of course, quite ordinary in most
respects. In these tables, the sums and differences of
a pair of digits are given as two-digit numbers. The
right-hand digit of the sum or difference represents
the sum digit, or S; in the flow chart. The left-hand
digit represents the carry digit, symbolized by Ciy..
Note that the carry digit in the digit difference table is
either 0 or N (which is used to represent —1). The
N-carry convention takes the place of the borrow con-
vention, as noted earlier.

There are several ways in which Tables 1 and 2
differ from normal decimal addition and subtraction
tables. The first is recognition of the fact that the
operations on the digits are not necessarily the same as
the operations on the operands. As shown in the flow
chart of Fig. 1, addition of signed operands may involve
either addition or subtraction of individual digits; the
same thing applies to subtraction of signed operands.
The tables are therefore called “digit sum” and “digit
difference” tables, and the words augend, addend,
minuend, and subtrahend were intentionally not used
to identify the variables, in order to prevent confusion
between the original multi-digit operands, and the
single-digit “operands” of the tables.

NOW AVAILABLE
A Negadecimal Add/Subtract Module

For demonstration or experimentation —
Complete with input/output and power supply;
negadecimal in-negadecimal out.
Modular by digit —
Buy only as many digits as you desire.

For more information:
Circle No. 103 on Inquiry Card
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A secondary way in which these tables differ is that
the carry-in is included as a variable. Thus each table
is in effect two tables: the result of combining a carry
digit with an operand digit may be found in the table
formed by the first three columns, and the digit sum
of this result and the other operand digit may be found
in the table comprising the third through twelfth
columns.

A third way in which the tables differ lies in the
use of N or negative unity, as the carry digit in the
digit difference table. Use of this convention permits
the difference as well as the sum of any pair of digits
to be represented by an unsigned two-digit decimal
number.

The addition and subtraction flow chart and tables

BEGIN
SUBTRACTION

BEGIN
ADDITION
S=A+D

S=A-D'

CHANGE SIGN
OF SUBTRAHEND |
D=-D

OPPOSITE

SAME

of conventional decimals are presented to emphasize
that this thoroughly familiar process is actually quite
complex. This will provide a basis for comparison, when
in the next section, the flow charts for manual nega-
decimal arithmetic are presented, together with the cor-
responding digit sum and digit difference tables.

NEGADECIMAL ADDITION AND
SUBTRACTION

In negadecimal arithmetic, we could refer to the tables
as addition and subtraction tables rather than as digit-
sum and digit-difference tables, because in negadecimal

BEGIN
SUBTRACTION
S=A-D

FIND Sj and Cj+|
FOR Aj-Dj+Cj
STEP |

MORE
DIGITS OR
CARRI

Fig. 2 Manual negadeci-
mal addition: flow chart

FIND Sj and Cj+) FIND S;j and Cj+|
FOR Dj-Aj+Cj FOR A;-Dj+C;
STEP STEP

FIND Sjand Cj+|
FOR Aj+D;+C; Aogﬁfg‘
STEP i S=A+D

MORE MORE
DIGITS OR DIGITS OR
CAR;?IES YES YES CARRIES

! 2

DIGITS OR FIND SiondCi
CARRIES YES STED II i+Ci

NO NO
SET SET SET
SIGN S= SIGN D $=0 SIGN S= SIGN A

SET SIGN S=
SIGN A OR

SIGN D

Fig. 1 Decimal algebraic addition
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and subtraction: flow chart negadecimal

Fig. 3 Manual negadeci-
mal subtraction: flow chart
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TABLE 1
DECIMAL DIGIT SUM TABLE

2nd Operand
Digit if First Operand Digit
Carry is

0 0 1 2 3 4 5 6 7 85319

VWoNOCTOTIWLUN~O |
|l o NoCcULLON—=O
(=]

w
o
~N
o
©
—

o
-

-

-

N
-

w
-

B

DECIMAL DIGIT DIFFERENCE TABLE
Subtrac-
tive i ou
Digit i Additive Digit
Carry is
N O 0 1 2 3 4 5 6 7 8 9
- 0 00 01 02 03 04 05 06 07 08 09
R N9 00 01 02 03 04 05 06 07 08
i O | N8 N? 00 O1 02 03 04 05 06 07
2023 N7 N8 N9 00 O1 02 03 04 05 06
3 4 N6 N7 N8 N9 ©00 O1 02 03 04 05
4 5 N5 N6 N7 N8 N9 00 O1 62 03 04
5 6 N4 N5 N6 N7 N8 N9 00 01 02 03
& L7 N3 N4 N5 Né N7 N8 N9 00 01 02
7 S | N2 N3 N4 N5 N6 N7 N8 N9 00 O1
8 9 N1 N2 N3 N4 N5 Né N7 N8 N9 00
9 - NO NI N2 N3 N4 N5 N6 N7 N8 N9

the operations of addition and subtraction are ‘“pure”
— that is, addition of two operands of any polarity
involves only sums of pairs of digits and subtraction
of two operands of any polarity involves only dif-
ferences of pairs of digits. This fact, vividly illustrated
in Figs. 2 and 3, epitomizes the statement made in the
first article that the main advantages of negative radix
notation are operational rather than representational.
Comparison of Fig. 2 and Fig. 1 (less the subtraction
blocks), and of Fig. 3 with Fig. 1, will reveal the
striking simplicity and purity of the processes of nega-
tive radix addition and subtraction.

In Fig. 1, note that two decision steps are required
before operations on the digits can begin, and that
these decisions involve properties of both entire op-
erands. Also, the blocks at the bottom imply that cer-
tain of these properties must be remembered until the
end of the computation. Neither the decision blocks
nor the final blocks are present in Figs. 2 and 3. Op-
eration on the digits begins immediately, independent

of polarity and magnitude properties of the entire op-
erands, and when the final pair of digits (or the final
carry) have been processed, the operation is complete.
No reference need be made to properties of the op-
erands.

Although machine operations using radix comple-
ment notation are simpler than the manual operations
described above, certain of the manual procedures are
merely mapped over either into equivalent machine
procedures or conventions, or result in complications
in other aspects of machine computation. Thus, radix
complement notation solves certain problems in addi-
tion and subtraction, but creates even stickier ones in
multiplication and division (with which we live). Sign-
and-magnitude notation is nice for multiplication and
division, but addition and subtraction in it closely re-
semble the manual algorithm of Fig. 1. In both of
these forms of notation, the problem of operand-level
decisions remains.

Reference to the negadecimal addition and subtrac-

TABLE 3
NEGADECIMAL DIGIT SUM TABLE

Addend
digit if Augend Digit
carry is

o [ IR TR (RO R R BT R R

| O NOULAWN—-O
VOB NOULLHEWN~O |
Il veNoOCcUnLWON=0I|
(=]
(]
(=4
o
(=]
N
[~
]
(=
o
4
=]
=z
-
z
N
=z
w
=
-~

TABLE 4
NEGADECIMAL DIGIT DIFFERENCE TABLE

Subtrahend

Digit if Minuvend Digit

Carry is

N. % 3.0 0 1 2 3 4 5 ] 7 8 9
- 0 = 01 02 03 04 05 06 07 08 09 NO
- 1 0 00 01 02 03 04 05 06 07 08 09
OIS 2] 19 00 01 02 03 04 05 06 07 08
T 9300 18 19 00 01 02 03 04 05 06 07
24 18 1Z 78 19 000 01< 02 03 "04 05 06
a5~ 4 16 17 18 19 00 01 02 03 04 OS5
4746 5 15 16 17 18 19 00 O01 02 03 04
5 7. 6 14 15 16 17 18 19 00 01 02 O3
6 8 7 13 14 15 16 17 18 19 00 01 02
7 L St 127413 .04 15 Y6 1T - 08 19 000}
8 - 9 . 12, 18 14 185,16 Y7 . 18519000
9 - - 10 -71 12 .18 4 . 158" 16 17" 18 19
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tion tables, Tables 3 and 4, will reveal that not all
changes are for the better, since in each table there is
an extra column to correspond to an extra carry possi-
bility. In Table 3 for digit sums, all rows save the first
have carry digits of either 0 or N. The N reflects the
fact that the sign of the carry is changed in negative
radix arithmetic. The top row is slightly different; it
has a carry digit of 1 in one particular digit sum. This
single instance of a carry of positive unity arises when
both operand digits are 0, and there is a carry-in of
N. Since N is not itself included in the set of digits,
it cannot be used as a sum digit to give a digit sum of
ON for the table. Instead, the negadecimal number
whose value is —1 is used, which is 19. This gives a
sum digit of 9, and a carry digit of 1. The carry digits
must therefore include not only 0 and N which repre-
sent virtually all carry possibilities, but 1 as well. Hence,
Table 3 has three carry columns, which comprise, with
the 0 augend column, a sort of 4-column sub-table to
combine the addend digit with the carry digit.

A similar analysis may be made for Table 4, except
that here the anomalous carry is an N, which arises
when a minuend digit of 9 is combined with a sub-
trahend digit of 0, with a carry-in of 1. The total is
ten, which is represented as 190; however, the table is
constrained to use two-digit differences, and NO is
used instead. Again, three carry columns are needed.

Use of the flow-chart, Fig. 2 or Fig. 3, together with
the appropriate table, Table 4 or Table 5, respectively,
should enable anyone to do negadecimal addition or
subtraction. Use of the tables can easily be learned by
using Fig. 1 and Tables 1 and 2 for decimal arithmetic;
the negadecimal tables are used in exactly the same way.
Naturally, negadecimal tables can be quickly learned,
since they are exactly the same as the decimal table
except for the change of sign of the carry. The single
situation in each operation which gives rise to the anom-
alous carry is easily memorized and recognized.

Examples of both addition and subtraction, in both
negadecimal and decimal are presented in following
sections. A number of variations are possible in operand
sign and magnitude, and an example for each of these
variations is presented; these will illustrate the com-
plexity of the positive radix operation as compared with
the simplicity of the negative radix counterpart, using
equivalent numbers.

Addition Examples

The variations possible in positive radix addition are
summarized in Table 5. The first column refers to an
example number, the second and third columns give
the sign or polarity of the augend (A) and addend (D)

40

respectively, and the fourth column gives the relative
magnitudes; the “don’t care” entries indicate that dif-
ferences in magnitudes do not provide additional varia-
tions when the operand polarities are the same. (This
is illustrated in Fig. 1 by the fact that the sign com-
parison decision block precedes the magnitude com-
parison decision block.) In the examples to follow,
negadecimal and the corresponding decimal illustrations
are given on the left and right, respectively.

® Example 1 (+, +, don’t care):

267 + 147
122 + 82
389 +229
® Example 2 (-, —, don’t care):
1953 —147
98 gD
1831 —229
o Example 3, (350 %
267 +147
98 —82
145 + 65
® Example 4 (+, —, =):
267 + 147
1953 — 147
0000 0
e Example 5. (= =ty
122 + 82
1953 —147
0075 — 65
® Example 6 (—, +, >):
1953 — 147
122 + 82
0075 .65
® Example 7 (—, +, =):
98 — 82
122 + 82
000 0
® Example 8 (—, +, <):
98 == B0
267 +147
145 + 65
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now you can test

24 parameters of a
10-pin microcircuit
in 2 minutes flat...

with this new semi-automatic IC analyzer

Now even a non-technical operator can
speed through comprehensive DC tests
on all types of IC packages with from
2 to 40 pins. Test conditions are easily
set up on the programming switches of
MICA-150 and pushbutton sequencing
of the test from pin-to-pin of a device is
simple and fast with test results indi-
cated by direct digital readout. On a
typical 10-pin, 5-input gate circuit, as
many as 24 parameters of the device
can be checked within two minutes with-
out changing a single crossbar switch.

For additional information on applications of MICA-150 for DC
or high frequency testing, contact W. Leo McBlain, (609) 424-2400

COMPUTER TEST CORPORATION

CHERRY “BHUL L, NEW! JERSEY

CIRCLE NO. 27 ON INQUIRY CARD
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At some risk of overstating the obvious, several things
should be noted about these examples, which confirm
the implications of the flow chart.

® The performance of the decimal examples requires a
considerable amount of “mental” preprocessing —
comparison of signs, comparison of magnitudes, and
mental rearrangement of operands.

® Of the eight decimal addition examples, representing
all possible variations of signs and magnitudes of the
operands, only the first two use the digit-sum table. Of
the other six, four use the digit-difference table, and
two need not go past the preprocessing (comparison)
stage.

® The eight negadecimal examples were all worked in
exactly the same way. None required knowledge of
polarity or magnitude, position was not relevant, and
preprocessing was not required.

It is true that even with the operation sign left out,
the decimal examples do look a little overburdened
with signs. But it must be remembered that the positive
polarity symbol is only explicit evidence of an invisible
but nevertheless information-bearing convention.

Subtraction Examples

The variations in subtraction follow the same general
pattern as in addition, allowing for the fact that the
sign of the subtrahend is changed as a first step. How-
ever, several additional variations are included when
signs of original operands are unlike, as shown in the
summary of Table 6. Again, the examples have nega-
decimal on the left and decimal on the right.

TABLE 5 TABLE 6
VARIATIONS IN VARIATIONS IN
POSITIVE POSITIVE

RADIX ADDITION RADIX SUBTRACTION

Example Polarity Polarity Example Polarity Polarity

No. of A of D A:D No. of A of D A:D
1 + + DON'T 9 + + =
CARE 10 + + =
2 - - DON'T mn + 5 <
CARE 12 = - >
3 + = > 13 - - =
4 + - = 14 - - =
5 + = < 15 & e >
6 = + > 16 + < <
7 = ! = 17 i 4+ >
8 = + < 18 - # <
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® Example 9 (+, +, >):

26087 +13927
374 + 234
27713 + 13693
® Example 10 {+, +, =):
26087 + 13927
26087 + 13927
00000 0
® Example 11 (+, +, <):
374 + 234
26087 +13927
194307 — 13693
® Example 12 (—, —, >):
194133 = 13927
1846 A
194307 — 13693
o Bxample 13 (=)=, =)
1846 = 234
1846 — 234
0000 0
® ‘Example. 14 (=5 — <)
1846 S Ay
194133 — 13927
027713 + 13693
® Example 15 (+,.—, >):
26087 + 13927
1846 = 034,
26241 + 14161
® Example 16 (+, —, <):
374 + 234
194133 — 13927
26241 + 14161
® Example 17 (—, +, >)=
194133 — 13927
374 + 234
195979 — 14161
® Example 18 (—, 4+, <):
1846 — 234
26087 + 13927
195979 —14161

The subtraction examples illustrate again the simplicity
and beauty of negadecimal arithmetic in contrast to the
complexity and confusion of decimal. Negadecimal
subtraction is pure subtraction — there is no preprocess-
ing: the first thing to do is to subtract the first pair of
digits, according to the digit-difference table, which is
the only table used. The operation is complete when
there are no more digits or carries.
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SUMMARY AND LOOK-AHEAD

Although negative radix arithmetic has a number of
advantages over conventional arithmetic, it will proba-
bly never be popular with people. Human beings are
too smart — they can do very complex things with
relative ease, using capabilities other than pure compu-
tation. The advantages of negative radix notation for
people are therefore not very important, whereas the
disadvantages are emphasized. The major intrinsic dis-
advantage is that negadecimal numbers of identical
magnitude but opposite polarites look completely dif-
ferent, and people test for two magnitudes being equal
simply by comparing symbol shapes: if all symbols in
corresponding positions agree, the magnitudes are equal;
if they are not equal, then magnitudes may be easily
compared by comparing the positions and magnitudes
of the most significant digits. This cannot be done in
negative radix, even between two numbers of the same
polarity. Also, in terms of arithmetic operations, there
are few, if any, economies in manual calculations: num-
bers have either the same or more digits and the digits
somehow seem always to be larger. (There is probably
a theorem or lemma or something lurking here, and
perhaps someone ought to look for it.)

The practical potential of negative radix notation lies
in its use by machines, which are not as clever as
people. It is here that the simplicity of the algorithm,
and the independence from the polarity and magnitude
properties of entire numbers, can be fully exploited.
The slightly greater complexity of the digit sum and
digit difference tables (for negabinary) is compensated
for by the fact that this increased complexity occurs
at the digit or stage level, rather than at the number
or register level. The implications of the importance
of integrated circuits as propounded in the first article,
are therefore quite clear.

Multiplication will be covered in the next article, and
division will be introduced. Multiplication turns out
to be quite simple, but division — let’s face it — is a
little complicated, although primarily from a manual
point of view. Both operations are extremely interesting.

NOW AVAILABLE
A Negadecimal Add/Subtract Module

For demonstration or experimentation —
Complete with input/output and power supply;
negadecimal in-negadecimal out.

Modular by digit — Buy only as many digits as you desire.

For more information:
Circle No. 103 on Inquiry Card

GOVERNMENT REPORTS *%

MANIPULATING DATES AND TIME LAPSES

IN A COMPUTERIZED RECORD SYSTEM.

Defines and illustrates a technique for handling dates within a com-
puter as consecutive integers, and suggests possible applications with
illustrative examples.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-641278. Price: $3.00 (microfiche 65 cents).

Monitor lets you choose

No restrictions when you choose MONILOGIC™ IC circuit
cards. Select from TTL or DTL types in dual in-line con-
figuration. All are electrically, logically, and physically
compatible with each other.

Take your pick from more than 140 different cards, the
widest selection in the field. You get important systems-
oriented extras with every card. Features like high fan-in
and fan-out capacity, built-in auxiliary functions, top-
mounted test points and Elco Varicon connectors.

Full specs are in our latest bulletin, which is yours for
the asking.

ONITOR

SYSTEMS INC.
Fort Washington, Pa. 19034 A Subsidiary of Epsco, Inc.
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when you
must add a
bit more

Model 124
Flexi-Bit Punch

The simplest, most economical way to add-on,
correct or even create a short tape loop. The
Flexi-Bit Single Hole Bit Punch features a pre-
cision sprocket wheel mechanism for simplified
tape loading and easy forward and reverse tape
feeding. The device will punch paper or Mylar and
will accept pre-sprocketed or blank tape. Conforms
to the new E.l.A. Standard RS - 227.

Flexi-Bit Punch (Model 124)............. $89.00

ohr-tronics ..

305 West Grand Avenue, Montvale,
New Jersey 07645 (201) 391-7000

all parts and labor guaranteed full ye‘ar)

CIRCLE NO. 29 ON INQUIRY CARD
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FIBER OPTICS: State-Of-The-Art Report

During the past two years, Fiber Optics has begun to develop from
a promising laboratory curiosity to a basis for useful devices. In
keeping with our policy of informing our readers concerning tech-
niques and technologies which are, or may become, important
to them, the staff of COMPUTER DESIGN presents a survey of
the historical progress of Fiber Optics, a review of fundamentals,
the present state-of-the-art, and the future prognosis as it affects

digital systems.
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The ‘“new” phenomenon behind
Fiber Optics was discovered by the
British physicist, John Tyndall, who
observed light following a curved
path within a stream of water in the
year 1870. The use of a glass fiber
to “conduct” light was explored by
a number of experimenters in the
period 1920-1930, but Fiber Optics
technology as we now know it really
emerged in the early 1950’s with the
old experimental results augmented
by new theory and advanced manu-
facturing processes; within ten years
it had advanced sufficiently that
working devices could be made and
sold. By 1965, the United States
market had grown to about six mil-
lion dollars, with an indicated ex-
pansion of about 50% per year.
The first market of any signifi-
cance was the aerospace industry:
remote fire detectors, radar-scope
magnifiers, Lox tank monitors,
image intensifiers for space-probe
cameras. Within the past few years,
however, increased Fiber Optics
capability (and decreased costs) has
led to applications in decorative
lighting, instrumentation, medicine,
and data processing. Medical tech-
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nicians, long frustrated by their in-
ability to view the subjects of their
investigations directly, were quick
to grasp the unique remote viewing
capabilities of fiber optics; on an
experimental basis, they applied FO
techniques to remote visual inspec-
tion of human stomachs and even
watched the operation of dogs’ hearts
— from the inside! In data process-
ing, numerous applications have
already been perfected — and
punched card perforated tape read-
ers, optical character recognition
systems, light pens for cathode-ray-
tube display systems — and more
are under development.

The Editors of Computer Design
believe that many more applications
can be and will be made in equip-
ments designed by and used by our
digital engineering readers. This
comprehensive coverage is intended
to fulfill the twofold purpose of
educating the reader in a technology
which he will soon meet in the
equipments with which he deals,
and of stimulating the creative digi-
tal designer to think in terms of
how he can use this newly-emergent
technology to make more reliable,
more effective, or less costly digital
machines, devices, and systems.

BASIC FO PRINCIPLES

The speed of light in matter is less
than its speed in free space, or in
air. A review of optical refraction
in any basic physics test will disclose
that refraction is caused by this dis-
similarity in speeds, whenever a
light ray passes from one medium to
another, at an angle different from
90°, as shown in Fig. 2. Whenever
refraction occurs, a reflected ray is
also present, that is, some of the
optical energy is reflected back from
the interface between the two media.
The angle of incidence and the
angle of refraction are related by

Snell’s Law:

sin 1

sin r

where N is the index of refraction,
1 is the angle of incidence, and r
is the angle of refraction. The index
of refraction is constant for any two
materials, and is the ratio between
the speeds of light in the two media.
When light passes from some denser
medium into air, the angle of refrac-
tion is greater than the angle of inci-
dence, r > i, and since r < 90°,
there must be a limit to the value of
1, beyond which no refracted ray will
emerge into the air. This is called the
critical angle, and rays striking the
surface at angles greater than this
will be totally reflected.

If light shines on the end of a
glass rod, much of the light that
enters will be caught inside the rod,
unable to escape out the sides be-
cause of total internal reflection.
This light will be reflected a num-
ber of times from the walls and
finally escape from the far end,
much like microwave energy is
transmitted along a waveguide.

The same thing happens when
the diameter of the rod is made very
small. In fact, there is no substan-
tial change in the behavior until
the diameter of the rod becomes
comparable to the wavelength of
light — say 5 microns, and a fiber
50 microns (0.002 in.) in diameter
behaves just like a rod. Light is
still trapped in the fiber by total
internal reflection and carried to the
far end. The only difference is an
increase in the number of reflections
per unit length, and the surface
quality of a fiber must therefore be
very high if the light is not to be
lost by surface scattering. A ray of
light in a 50-micron fiber may be
reflected 3000 to 4000 times per
foot. Transmission efficiency is af-
fected by a number of factors in-
cluding transmittance properties of

Fig. 1
bundle of loose optical fibers (Corning).

Light transmission through «

the material, the reflection proper-
ties of the surface, and (as might
be expected from experience with
transmission line theory) the termi-
nations of the line and the resultant
end losses.

Numerical Aperture

An important parameter of an op-
tical fiber is the acceptance angle,
or numerical aperture (N.A.) of the
fiber, which is a measure of the
fiber’s light gathering power. As
shown in Fig. 3, the N. A. can be
found from the refractive indices of
the fiber, its jacket, and air through
Snell’s Law and elementary trig-
onometry. Properly designed lenses
can be used to increase significantly
the apparent angle of acceptance.
In practice, one finds that the
N. A. is not as sharply defined as
the formula implies, particularly as
the size of the fibers is reduced.
Diffraction, striae, and surface ir-
regularities on the fiber walls all
tend to diffuse the N. A. The range
of nominal N. Al’s available is
limited only by the materials from
which the fibers can be made, and
the pairing of these materials with
those available for use as the jacket-
ing material. It is possible to obtain
almost any value of N. A. up to
about 1.2 using pairs of available
glasses. The designer is often con-
fronted with a compromise between
N. A. and transmittance, since high-
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er indices of refraction are generally
accompanied by lower transmittance
in the blue end of the spectrum.

Coating or Jacketing:
Optical Crosstalk

Efficient conduction of light through
fibers is made possible by the almost
incredible perfection of the phenom-
enon of total reflection in the ab-
sence of disturbing influences. In
principle, the conditions for total
reflection exist at any smooth in-
terface between two transparent
media having different refractive in-
dices. Thus, a smooth glass fiber in
air should conduct light efficiently.
In practice, however, one finds that
the presence of minute defects and

REFLECTED RAY
~

contamination at the interface inter-
feres with the total reflection phe-
nomenon by absorbing or scattering
away a fraction of the incident light,
and these losses become serious in
fiber optics since each ray may un-
dergo hundreds or thousands of re-
flections in its passage through the
fiber. Thus, one usually finds that
uncoated, freshly-drawn glass fibers
rapidly lose their initial transmission
efficiency, due to surface contamina-
tion.

Even if it were possible adequately
to protect uncoated fibers from con-
tamination they still would be un-
suitable in many applications due
to leakage of light from one fiber
to the next. This leakage, some-
times called “optical crosstalk,” is
due to the penetration of the elec-
tromagnetic field into the rarer
medium during total internal re-
flection. The extent of this pene-
tration is only of the order of the
wavelength of light but when an-
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other fiber is brought to within this
distance some of the light energy
from the original fiber leaks across
the interface.

Attempts were made to prevent
this leakage by coating the fibers
with a highly reflecting metal, but
the absorption of light by the metal
at every internal reflection virtually
destroyed the transmission efficiency
of the fibers. Only through the use
of a transparent dielectric coating
was it possible to avoid crosstalk
and also maintain high transmission,
and both glass and plastic materials
are in use as the coating material.

Transmittance of
Optical Fibers

The transmission of light in optical
fibers is governed by a number of
factors including the transmittance
properties of the core and coating
materials, the quality of the reflect-
ing interface, residual light leakage
through the coating, and various
end losses. To calculate the theo-
retical transmission of a fiber even
with simplifying assumptions re-
quires an elaborate integration pro-
cess. A useful simplification is to
consider the losses in transmission
as consisting of line losses (attenua-
tion) and end losses.

Line losses vary exponentially as
a function of the length of the path
of light, and are due to absorption
by the core material, plus absorption
by the cladding and scattering due
to imperfections at the core-cladding
interface. The transmission of fibers
as a function of wavelength, in gen-
eral, depends primarily on the trans-

n=INDEX OF REFRACTION

np JACKET

n(AIR)=1.00

ACCEPTANCE ANGLE
2
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Fig. 3 Numerical aperture of a fiber.

N. A.=n sin ¢ = Vn, — n;
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mission characteristics of the core
and secondarily on those of the clad-
ding, since the light transmitted by
the fiber spends most of its time in
the core and thus is most influenced
by the absorption of the core mate-
rial.

The factors which determine the
end losses in fibers include: 1) Fres-
nel reflection from the entrance and
exit faces of the fiber, 2) the pack-
ing fraction, and 3) the effective
numerical aperture. The last of
these together with the distribution
characteristics of the incident light
determine the amount of light
which can be accepted. The Fresnel
reflectance R is given by the equa-
tion:

(m=1)*
(n + 1)

where n is the index of refraction of
the core material. The transmit-
tance at each of the fibers is one
minus the reflectance:

t=1-R

Since an infinite number of reflec-
tions do not occur between the ends
of the fiber, the transmittance is the
product of the end transmittances:

Ty = t* = (1 — R)?

The Fresnel reflection losses may
range from about 9% to 17% for
both end faces.

The packing fraction is the ratio
of the cross-sectional area occupied
by the fiber cores to the total area.
The loss due to this factor may
range from a few percent in large
fibers to as much as 40% for small
fibers. Both the fiber coating and
any space between fibers contribute
to this loss. The cross-sectional
geometry can be used to determine
the packing losses, which are usually
in excess of 10%.

PRESENT FO TECHNOLOGY

Forms of FO

The simplest form of fiber optics is
the single fiber (Fig. 4), which can
be used to conduct light to or from
small areas with high efficiency. In
small diameters they act as optical
waveguides, and can be made to
transmit only selected modes of elec-
tromagnetic radiation, a property
which is useful in the field of optical

masers. Single fibers can be made
of almost any diameter from about
2 microns (80 micro inches) to ¥4
inch, and in lengths up to 150 feet
(at what point a fiber becomes a
rod is clearly somewhat arbitrary) ;
however, most flexible fibers fall in
the range from 50 to 100 microns
(2-4 mils) in diameter. Where a
small core size is required without
the need for a small overall diam-
eter, it is customary to increase the
cladding thickness to provide an
overall diameter of about 50 microns
for ease in handling.

Collecting a bundle of single fibers,
each capable of carrying the illumi-
nation applied to it from one end to
the other with almost perfect fidelity,
becomes a means of transmitting
graphic or pictorial information from
one point to another. Resolution is
limited only by the size and physical
packing density of the individual
fibers, and “picture” size is limited
only by the ability of the user to
obtain (and pay for) a sufficient
quantity of suitable fibers. In order
to transmit an actual image by fiber
optics, the relative positions of each
filament must be the same at the
output end as the input end of the
bundle. Their length and route be-
tween input and output are unim-
portant since the light they conduct
is trapped within the fiber. Fibers
thus organized are referred to as
coherent bundles. Bundles arranged
with no particular attention paid to
their relative positions between input
and output are referred to as nonco-
herent; their purpose is simply to
carry light from input to output
with no attempt being made to pre-
serve the form or image of the
source at the output end.

Fiber optic light guides (light
conduits) are noncoherent bundles
of single fibers which are either ce-
mented or fused together at the ends
and free to flex in between. The
usual fiber size is about 80 microns,
and the function is merely to trans-
mit light from one end to the other
(Fig. 5).

Multi-fibers consist of a number
of individual fibers coherently fused
into a single strand or rod. A multi-
fiber has essentially the same me-
chanical properties as a single fiber
of the same dimensions and will
be either flexible or rigid depending
on its diameter. Flexible multi-fibers
consisting of a square array of 36
fiber elements each 10 microns in

Fig. 4 Group of single fibers

Fig. 5 Light from small flashlight travels
a looped path through a light guide to
dot model’s cheek (DuPont)

Fig. 6 Image conduit (American Op-
tical)

diameter are regularly used as the
building blocks, 60 x 60 microns in
cross-section, for flexible fiberscopes.
Rigid multi-fibers containing a large
number of fiber elements are used in
the assembly of fused fiber optic
plates; they can be used alone to
transfer images (i.e., rigid fiber-
scopes or image conduit) and can
be readily bent by heating to con-
form to any prescribed path (Fig. 6).

Flexible fiberscopes are coherent
bundles of single fibers or multi-
fibers fitted with suitable lenses at
either end and used to transfer im-
ages along flexible paths. The nu-
merical aperture and transmission
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properties of the fibers (or multi-
fibers) used in these bundles are
generally the same as in the case of
flexible light guides. Early versions
of fiberscopes were made with up to
30,000 single fibers of about 50 mi-
crons in diameter and thus provided
only limited resolution, but more re-
cently, resolution of 10° elements
per cm?® has been achieved. Prin-
ciple defects are broken or defective
fibers and misalignment amounting
to as much as 30 microns in some in-
stances; for many applications, i.e.,
viewing a remote dial or other indi-
cator, image quality has proved to
be acceptable.

Fiberscopes are presently being of-
fered in lengths up to 4 meters but
longer ones could be built, if needed.
One alternative which has been used
to provide a greater length is to
couple two fiberscopes together but

now become a consi
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this involves additional losses in
transmission and resolution as well
as in flexibility. The largest cross-
section regularly available is about
1 cm square and this requires a pro-
tective sheath of about 25 mm. in
thickness. Larger cross-sections can
be supplied but usually at the ex-
pense of flexibility.

Fused fiber bundles are multi-
fibers fused together to form a solid
block of almost any shape or size,
capable of transmitting an image
from one face to the other (Fig. 7).
The most common configuration is
the fiber optic faceplate used as a
tube face for a cathode-ray-tube.
Fused fiber bundles can also be
tapered to give image magnifications
or demagnifications (Fig. 8). The
principal optical properties to con-
sider in fiber optic faceplates are
numerical aperture, resolution, and
image contrast. Transmittance is
generally not a problem except in the
ultraviolet. In most faceplate appli-
cations where a phosphor is in con-

)

Fig. 8 Fiber optic magnifier (Corning)

tact with the fibers, a high N. A. is
desirable and in some cases, such as
in image intensifiers where very low
light levels are involved, it is essen-
tial. The resolution of fused fiber
optic faceplates is primarily a func-
tion of fiber size but it is also n-
fluenced by the fiber shape, the nu-
merical aperture, and the degree to
which stray light is suppressed. To
obtain maximum resolution fiber
plates have been made with fibers
as small as 3 microns, although most
“high resolution™ plates have a fiber
size of about 5-6 microns.

In addition to the optical proper-
ties, there are certain thermal and
chemical properties of fiber optic
faceplates which are important. In
most instances, such plates must be
vacuum tight and remain so when
subjected to the usual bake-out and
sealing temperature cycles. Expan-
sion coeflicients must be matched to
envelop materials to prevent ex-
cessive strain or fracture. In some
applications, such as in image inten-
sifiers; the photocathode materials
may interact with certain constitu-
ents in the fibers; these must either
be avoided altogether or isolated by
means of an inert coating between
the photocathode and the fiber op-
tic plate.

Glass vs. Plastic

Until three years ago, the activity in
FO was based entirely on the use of
glass as the core material, although
plastic cladding was used in some
instances. Within the past three
years, two companies have developed
and begun marketing plastic or poly-
mer FO in competition with glass:
Poly-Optic Systems, Inc., of Santa
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Here it is—a complete fiber optics system from
AMP that transmits light to multiple displays
from a single source. Our unique AMPILLUME*
system includes everything—an efficient light
source, collector and display lenses, mounting
devices, fiber bundles—all requirements for a
complete illuminating system.

This development in fiber optics offers possi-

Put your ideas into action with the help of AMP Engineering ... Worldwide

bilities for transmitting light from one remote
source to many distant positions—monitoring,
sensing or control in automotive, data process-
ing, radio, TV, aircraft, signs and displays, home
appliances, industrial machinery, and hundreds
of other applications. AMPILLUME Light Guides
are rugged and less costly than competitive

systems, and therefore are practical for com-
mercial as well as industrial uses.

*Trademark of AMP INCORPORATED

AMP

INCORPORATED

Harrisburg, Pennsylvania




New light source

control this critical crimping pressure for maxi-
mum security with minimum light loss.

AMP has designed a high-efficiency light source
assembly which aids light transmission with
minimum loss. Collector and display lenses are
available to concentrate or spotlight the visual
display—colors can also be provided.

Crimped fittings are used to fasten and position
the optical bundles in place. AMP, a leader in
crimp technology, has developed a method to

Put your ideas into action with the help of AMP Engineering . . . Worldwide

We have everything for building fiber optics sys-
tems—Iight source, lenses, and crimp fittings
—and we're ready to start now! Want to see
more information on AMPILLUME Light Guides?
Write today.

AMP

INCORPORATED

Harrisburg, Pennsylvania




Ana, California, and E. I. duPont
de Nemours and Company of Wil-
mington, Delaware under the trade
name “Crofon.” DuPont claims that
its Crofon provides light transmis-
sion comparable to that of glass, is
produced at a much lower cost than
that of glass, and may be handled
easily in equipment and processes
similar to those used for insulated
wire, including automated cutting,
trimming, fitting, and bundling into
wiring harnesses. DuPont, at pres-
ent, manufactures only non-coherent
light guides, using 10-mil diameter
fibers, and claims an excellent com-
bination of toughness, light trans-
mission, flexibility, and reliability.
The angle of acceptance for Crofon
light guides is 70°; light loss at each
end is a theoretical minimum of 4%
(for a perfectly-polished interface)
but will be 15%-20% when sliced
with a sharp blade. The operating
temperature is —40°F to 175°F; ab-
sorption of infrared wavelengths by
the plastic causes a rise in tempera-
ture, and light sources with a mini-
mum of IR radiation are recom-
mended. Lengths up to 10 feet are
reasonable. Minimum bending radi-
us of bundles containing 16 to 64
fibers is V4 to 34”. Transmission is
relatively uniform in the visible re-
gion, falls off rapidly in the near
ultraviolet, and there are areas of
strong absorption in the infrared
(see Figs. 9 and 10). DuPont sees
the advantages of plastic to be in
its toughness and flexibility, the fact
that it (unlike glass) can be manu-
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factured in almost unlimited lengths
and is therefore adaptable to auto-
mated manufacturing processes, and
that its low price will open applica-
tions previously economically unat-
tractive.

Poly-Optic markets “multiplex”
bundles of “AST polymer” fibers,
which are claimed to be virtually
indestructible (and thus have no
broken fibers in a bundle) and can
be flexed thousands of times with no
loss in performance. Scattered light
and crosstalk are said to be less than
for comparable glass bundles, and
transmission is uniformly excellent
from infrared to the near ultraviolet.
End losses due to Fresnel reflection
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and the packing density of the
bundle are approximately 309% for
3 mil fibers; however, the fact that
AST polymer fibers can be made
much larger and still retain their
flexibility offers the opportunity to
reduce the end losses by taking ad-
vantage of the higher packing den-
sity inherent in larger fibers. Poly-
Optic provides fibers with diameters
of 1-62.5 mils. Internal transmission
loss is less than 10% per foot. The
angle of acceptance is 71°. Mini-
mum bending radius of a single fiber
is 20X its diameter and minimum
bending radius of a multiplex bundle
is 0.140”. Lengths of up to 6 feet
are available. Temperature range is

3 4 5 6 7
LENGTH, feet

Fig. 9 Transmission of white light through Crofon light
guides (DuPont)
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—40°F to 180°F; optical perfor-
mance does not suffer even at cryo-
genic temperatures, but flexibility is
then no longer present. AST poly-
mer fibers withstand extended and
intense irradiation without altera-
tion to their transmission character-

istics. Poly-Optic is able to manu-
facture a wide variety of fiber sizes,
and is thus able to optimize the
packing density of a bundle accord-
ing to the application, which is the
basis of their “multiplex” bundles.
They have recently announced 1 mil
fibers and are striving for even
smaller diameters, so as to match
the resolution available with glass
image transmitting devices.
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Fig. 11 Spectral transmittance curve for a glass fiber bundle (n. = 1.62, n. = 1.52)

(American Optical)
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Committed, at the present, to glass
are at least eleven companies. Glass
fibers by Corning Fiber Optics can
be made to 0.15 mil in diameter, in
lengths up to six feet, with an N. A.
of 0.63; they can be bent around a
radius of 50 mils. Corning fibers
operate in the temperature range
from —50°F to 700°F and are vir-
tually immune to chemical atmo-
spheres. In addition to the low-in-
dex-of-refraction cladding material,
the fibers are coated with a lubri-
cating material to protect the clad-
ding surfaces from abrasion in
handling and flexing applications.
Bundles of 1/16” diameter contain-
ing several thousand fibers have
been subjected to 150,000 flexing
cycles about a 2-inch radius with
no perceptible loss in light trans-
mission.

The superior transmittance of
glass in the near infrared is cited by
Dr. Walter P. Siegmund of Ameri-
can Optical Company, Southbridge,
Massachusetts, as one of the ad-
vantages of glass fibers: Fig. 11
shows a spectral transmittance curve
for a 6-foot length of a bundle of
American Optical’s fibers. Dr Sieg-
mund also offers the following com-
ments on the question of glass vs
plastic.

“A certain kind of market is go-
ing to be especially effective for
plastic fibers. Since they seem to be
much less expensive in large quan-
tities, volume markets such as the
automotive will benefit from their
availability. On the other hand,
there are certain physical limitations
with plastics which will limit their
application, particularly where high
temperatures are involved.

“In the visible spectrum, there is
little difference between glass and
plastic in the area of light loss. In
glass, we have measured a loss of
7% per foot of length, somewhat
greater in the blue end of the spec-
trum. Glass has a decided trans-
mission advantage in the near IR,
where it is very good out to at least
1.5 microns, although this limit is
a function of fiber length. By com-
parison, the latest plastic innova-
tions show quite strong absorption
bands in the near IR, around 0.73
microns, 0.9 microns, and 1 micron.

“In the near ultra-violet spectrum,

Fig. 12 Spectral response of human eye
and photodetectors (AMP)
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Fig. 13 Fiber Optics-llluminated Com-
parator with magnified integrated cir-
cuit (right) (Iota Cam)

ordinary glass and plastic cut off
about the same, around 0.38 microns
for a 4 ft. length, although we offer
one glass that goes out to about
0.34 microns.

“Another advantage of glass is the
wide choice of refractive indices.”

Mr. Russell E. Horton, Sales Man-
ager of Mosaic Fabrications, Inc.,
Sturbridge, Massachusetts, comments
on the cost question that “on similar
applications, glass fiber optics can
be competitive with any other known
material which is used to make fiber
optics. The majority of fiber optics
components are custom made and
the specifications vary tremendously
from one application to another.”

Fig. 12 illustrates (a) the spectral
response of the human eye and (b)
the response of some typical elec-
tronic components, for comparison
with the transmittance curves of
Fig. 10 (duPont Crofon) and Fig.
11 (American Optical glass).

AVAILABLE DEVICES
AND SUPPLIERS

The available fiber optics devices
may be roughly categorized as: non-
coherent bundles (light guides), co-
herent bundles (image guides), and
fused (coherent) bundles (face-
plates). In describing available de-
vices we shall also attempt to cover
present applications areas; however,
it should be noted that exhaustive
coverage of applications is not pos-
sible due to the rapidly-expanding
nature of the industry, the industrial
secrecy involved in new proprietary
developments, and the security classi-

fied nature of military applications
(the present largest market). Fibers
are being used in amusement parks,
decorative lighting, tactical weapon-
ry, data display and retrieval, pro-
cess instrumentation, laser transmis-
sion (for ignition of explosives and
propellants), high-voltage switching,
photo-pens for computerized design
and educational purposes, automo-
tive and appliance illumination,
data encoding and decoding, edge
sensors, photometry, liquid-level sen-
sors, plus a multitude of dental and
medical applications. The three
largest market categories are infor-
mation systems, commercial instru-
ment panels, and the medical/dental
area.

To a considerable extent, present
FO source companies operate as cus-
tom houses, or job shops, marketing
just enough standard products to
interest the large OEM accounts in
volume purchases of custom-made
components. As more investments
are made in internally-developed
products for broad consumption, this
characteristic will change; however,
it might be expected that there will
always be a substantial custom nature
to the business, much as there is in
the wire-and-cable industry.

Noncoherent Bundles —
Light Guides

Noncoherent bundles are widely
used to convey intense illumination
either to or from space-limited and
otherwise inaccessible physical loca-
tions. Several commercial units com-
plete with light source and flexible
fiber optics bundles are available for

general applications where remote
light is required. Typical is the Il-
luminator line offered by Poly-Optic
(as was shown in Fig. 5). A built-
in incandescent lamp excites the
bundle and its output end may be
placed at any convenient location
and requires little more surface area
than the light-producing bundle end.
Typical bundles are 3” diameter
and produce a cone of illumination
of 70° included angle.

Fig. 13 shows a fiber-optics-illu-
minated comparator, using an illumi-
nator made by Iota Cam, used for
integrated circuit inspection and
manufacturing. The main advan-
tage offered by fiber optics in this
case is to allow up to 100 percent
magnification without introducing
measurable heat at the chip or in-
spection area, since the light source
and its heat are located remotely
from the inspection area. The in-
sert shows a typical photograph
taken from the ground-glass screen
of the comparator.

The IBM 1442 card reader and
IBM 59 verifier presently installed in
hundreds of data processing systems
employ fiber optics to route light
to the 12 positions of the punched
card detection system; phototransis-
tors are employed to detect the pres-
ence or absence of punched holes as
cards are moved past the reading
station.

Fig. 14 shows the fiber optics
bundles; the fibers are between 20
and 50 microns in diameter, ar-
ranged in bundles 0.9 mm in diam-
eter. With a 60° included angle of
divergence at the exit end, essen-
tially all of the light from each
bundle falls upon the surface of a
1.27-mm FO rod across a 0.3-mm
gap through which the cards pass.
At the far end of the larger rod a
lens system and phototransistor con-
verts the hole or no-hole into elec-
trical information. IBM also employs
fiber optics as a source of illumi-
nation in the IBM 1230, 1231 and
1232 optical readers to sense pen-
cil marks on documents. In each
case a single light source can be
“shared” and used to illuminate a
number of small areas thus offering
much greater sensing resolution than
could be achieved by depending on
individual light sources.

The flexibility and efficiency of
light-transmission of fiber optics bun-
dles are put to good use by a num-
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continved

ber of manufacturers of light pens
that allow CRT display observers
to “point to” selected areas of their
displays for selective addressing. Ex-

act coordinates are derived by the .

system since light reaches remote
detectors at a particular time in
the raster scan when the input end
of the fiber optics bundles “sees” the
scope beam. Noncoherent bundles
are also used in monitor and control
systems that require remote observa-
tions of light (and heat) conditions.
Fire detection and wvisual remote
“temperature” monitoring are excel-
lent applications of noncoherent bun-
dles where only the average color or
intensity are important and there is
no need to preserve the actual image
of the source.

Coherent FO: Image Guides,
Image Conduit, Fiberscopes

If flexible glass fibers are systemati-
cally arranged into a bundle, they will
transmit an image which will be un-
disturbed when the bundle is bent.
If the fibers are completely loose
from each other (except at the
ends), the bundle will be very flex-
ible, and can be modified in any way
between the two ends. If a lens is
now mounted on one end so that it
casts an image on the ends of the
fibers, and an eyepiece is mounted
at the other end so the fibers can
be seen under some magnification,
the result is a “flexible fiberscope.”
With such an arrangement, it is pos-
sible to see around a corner or into
one’s own ear. Useful endoscopes
(medical fiberscopes) have been
made in this fashion for looking
into the human body.

A flexible fiber bundle having a
useful cross-section of 0.3 inch x
0.4 inch made up of 2-mil (50 mi-
cron) fibers will contain about 30,-
000 fibers. If each fiber is considered
to contain one image element, this
is a fair quality picture, but not
nearly as many image elements as are
often found in other optical systems.
A television picture, for instance,
has about 250,000 image elements
while the field of a microscope may
have 500,000.

If the above fiber bundle is made
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Fig. 15 Fiber Op

up of fibers 15 microns in diameter,
the number of image elements trans-
mitted will exceed 300,000, i.e.,
comparable to television quality but
short of microscope quality.

The American Optical Company
has developed a technique, called
“wavelength multiplexing,” which
uses dispersing elements, such as
prisms, at each end of the fiberscope
to improve the image quality.

This system encodes the informa-
tion before it is transmitted through
the fiber bundle and then it decodes
the information at the exit end of
the fiber bundle. Normally, each
fiber in a coherent bundle trans-
mits the light from one image point.
In the wavelength multiplexing sys-
tem, the light from a single object
point is spread in a spectrum and is
then picked up by a number of
fibers. Therefore, information from
any one object point is carried by
many fibers and, if a single fiber is
broken or misplaced, the image is
not seriously impaired. A further
advantage of the new system is that
a full fiberscope is not required.

tics line scan CRT faceplate (Chicago Aerial)

DLE (1 AD ROD-ASSEMBLY TRANSISTOR!

Fig. 14 Fiber Optics in a punched
card reader (IBM and American Op-
tical)

That is, instead of a fiberscope con-
sisting of 1,000 rows of 1,000 fibers
each, American Optical claims that
it is now possible to use only 7 rows
of fibers and still obtain a full size
image with full resolution. The
method is called, “wavelength mul-
tiplexing” because each fiber acts
as an information channel carrying
information from several object
points. The improvement in image
quality comes about because infor-
mation from any one object point
is carried by many fibers and, there-
fore, the distracting effects of a
broken fiber or the spaces between
fibers are eliminated.

One type of problem to which
flexible fiberscopes have been suc-
cessfully applied is industrial inspec-
tion of hard-to-reach areas. Con-
ventional borescopes have long been
used to inspect the insides of tubes
and vessels for defects in manufac-
ture and wear. Their use has been
limited, however, by the rigidity of
the borescope. With the flexible
optical system of the fiberscope many
new inspection problems can be
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solved. In the manufacture and
maintenance of aircraft or other
complex structures it is often neces-
sary or desirable visually to inspect
critical areas which are not really
accessible. In many such cases a
fiberscope may offer the solution.
The flexible sheath of an industrial
type fiberscope suitable for such in-
spection problems actually contains
two fiber bundles, one of which car-
ries the image formed by the ob-
jective lens at the forward end of
the device to the eyepiece and the
other carries light from a small lamp
located near the eyepiece to the field
of view. A variable transformer sup-
plies the lamp power. Medical fiber-
scopes are based on the same prin-
ciples but generally are required to
have much smaller diameters. The
following are sample applications
for fiberscopes, image guides, and
other coherent FO bundles.

® The inspection of the gasoline
level detector in an automobile fuel
tank; in this case, the optical sys-
tem, as well as the protective sheath,
was designed to be used immersed in
gasoline.

® Optical viewfinder for a photo-
reconnaissance aircraft; because of
the severe space problems in a par-
ticular high performance reconnais-
sance aircraft, it was felt that a fiber
optic system might be designed
which would occupy less space and
could be more easily fitted to the ex-
isting structure than would a con-
ventional optical relay system. One
other mechanical consideration in
this type of system is the require-
ment to withstand a variety of en-
vironmental stresses including high
G-loading, shock, vibration, and the
wide range of ambient temperatures
and pressures characteristic of air-
craft operating environments.

® On the Saturn V first-stage boost-
ers, the image of what occurs inside
the Lox oxidizer tank at critical
flight points is relayed by fiber op-
tics to a camera in an external pod;
the camera is jettissoned and re-
covered at sea. Also in use on Saturn
V, a quite unusual instrument is
used to view two areas in the first
stage engine with one ‘“branched”
fiberscope, and a single lens relays
the output image to a TV camera,
for relay to the ground; the objec-
tive lenses are behind special IR

filters for protection from the am-
bient heat.

® Monitoring of electron beam

welding.

Another interesting possibility with
coherent FO is the creation of image
rearrangement or scrambling de-
vices. A coherent bundle may be
arranged in one pattern at one end
and in some quite different pattern
at the other end. The arrangement
at one end may be orderly and at
the other end random, in which case
the function might be called “‘scram-
bling.” By this method it is possible
to code a message so that it cannot
be read without an identical bundle
for decoding. It is not necessary,
however, that the arrangement be
random. The pattern at one end
can be rearranged to conform to any
other pattern at the other end. For
instance, a round bundle might be
used to catch the light of a star, and
the bundle rearranged at the other
end into a straight line to fill the
slit of a spectrograph. For high-
speed photography, a bundle with a
picture projected on one end can be
spread out to a straight line at the
other end and a film moved rapidly
past the linear end. In all of the
above cases the picture can be re-
composed by sending the light back
through the identical bundle, or
through a complementary bundle.

Fused Coherent Bundles —
Faceplates, Field Flatteners,
Image Intensifiers

The normal curvature of a cathode-
ray-tube face can readily be
“straightened” using fibers of appro-
priate length to align output ends
of fibers whose input ends are in
contact with the CRT face. This
technique is especially useful in ap-
plications using a CRT light source
for scanning and interpreting and as
a modulated light source for print-
ing on light-sensitive paper or film
moving at right angles to the in-line
fiber ends. For photographic fidelity,
the output ends of the fibers can be
maintained in direct contact with
the flat film.

Another possible use for fiber op-
tics in a CRT is in connection with
visual display under conditions of
high-ambient illumination. Ambient
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Bausch & Lomb Fiber Optics Light Wires enable you to conduct light to
any desired location as easily as you can string an electric wire. They can
be threaded easily through intricate mechanical and electronic compo-
nents of sophisticated instrumentation. For Data Processing equipment,
they can increase accuracy in automatic read-out systems, give greater
speed and reliability in punched card reading and verification. Used with
a single light source, they can eliminate the problem of balancing indi-
vidual lamps. They are relatively immune to temperature fluctuations,
are unaffected by vibrations and mechanical wear. Their unique abilities
may be the answer in your application. You can find out—for only $25.

(NOT PLASTICY

ORDER A BAUSCH & LOMB LIGHT WIRES EXPERIMENTAL SET

YOU GET: | N
One each 48 inch x %6 inch, 24
inch x 342 inch, 18 inch x %
inch covered with polyvinyl
chloride sheathing and one
each 12 inch x %6 inch, 6 inch
x % inch covered with crush-
resistant aluminum tubing.

List price of the complete set
is regularly $55.75—but you :

pay just $25.00! When ordering, please use your company letterhead.
Send request with check or money order to Bausch & Lomb, 29943
Bausch Street, Rochester, New York 14602.

NortE: For applications requiring the transmittance of an image, Bausch &
Lomb Coherent Light Wire bundles are available in any length up to 4 feet.

BAUSCH & LOMB (@)

In Canada, Bausch and Lomb Optical Co., Ltd., 16 Grosvenor St., Toronto.
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light falling on an ordinary CRT is
diffusely reflected by the phosphor
and reduces the contrast of the dis-
play. Under severe conditions the
display is washed-out altogether. By
means of a special type of fiber optic
faceplate it is possible to reduce sub-
stantially the amount of ambient
light which can reach the phosphor
screen without significantly reduc-
ing the brightness of the display
over a restricted viewing angle. Such
a faceplate consists of fibers having
a double coating and a relatively-
low numerical aperture. Any light
incident upon the faceplate at angles
greater than the acceptance cone of
the fibers (i.e., the viewing angle)
is absorbed by this outer coating and
never reaches the phosphor screen.
An additional advantage of such a
faceplate is the absence of parallax
between the image on the phosphor
and the face of the tube, thereby
permitting more accurate measure-
ments to be made on the image.
Uses for this type of faceplate in-
clude radar or other CRT displays
in an aircraft cockpit (where a hood
is a hindrance to the pilot), in con-
trol tower operations or in any situ-
ation where high ambient illumina-
tion is a problem, and a restricted
viewing angle can be tolerated.

Another advantage of fiber optic
plates is the ability to flatten, or
to curve deliberately, an image by
modifying the surfaces of the plate;
for example, in image intensifier
tubes, CRTs, etc. This property of
field flattening is particularly useful
in electrostatically focussed tubes, in
which field curvature results from
the electron optics. The following
are some sample applications of
fused coherent bundles.

® The Navy’s multi-mission AN/
AWG-10 Weapons Control System
includes a built-in self-test device
which is located some distance away
from the radar operator who must
monitor its output; fiber optic mag-
nifiers are used to provide the nec-
essary wide cone of view that could
not be achieved by conventional op-
tical magnification.

® A fiber optic faceplate is used
with the lunar TV camera as an
image intensifier, helping to produce
useful television pictures for relay to
earth.

® Fiber optic magnifiers are ideal

CIRCLE NO. 31 ON INQUIRY CARD
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Table 1
MANUFACTURERS’ LITERATURE

A complete set of manufacturers’ literature on fiber optics can be ob-
tained by circling, on the reader inquiry card, numbers listed below.

COMPANY

American Cystoscope Makers, Inc., Pelham Manor, N. Y. ..o
(Glass fibers, light guides, image guides and fiberscopes)

American Optical Company, Southbridge, Mass. ............cccoooiiviiiiiiiiiiiiin
(Glass fibers, light guides, image guides and fiberscopes, coding bundles,
field flatteners, magnifiers, and CRT faceplates)

AN, Theorparamd AN Org, S P AT i sl el la. Bt ith S it Ly s bie ke mag e vodis
(Synthetic fiber optics assemblies using duPont Crofon, light splitters and
collectors, remote illumination systems, coding-wheel programmers and shaft-
position encoders)

Babschi & Lomby. RotChester, N X i s e st e L e v i i e
(Glass fibers, light guides and illuminators, image guides and fiberscopes,
tachometers)

Chicago Aerial Industries, Inc., Barrington, lllinois (Sub. of Bourns, Inc.) ..........
(Glass fibers, light guides, image guides, coding bundles, shape transducers,
field flatteners, magnifiers, image intensifiers, and CRT faceplates)

Corning GlEss IWOTKS, CorBING, | N Y i1 o it ot s b s ok b 545 R s
(Glass fibers, light guides, image guides, field flatteners, magnifiers, image
intensifiers, CRT faceplates)

Donner’ Elactronics, Melrose, IBBES: ..o iiuihiimicitaivsiti i b bttt v sags
(Glass fibers, light guides, image guides)

E. I. duPont de Nemours Co., Wilmington, Del. .........cc.cccooeniiiiniiiiicierie i
(Synthetic fibers, light guides)

Flexi-Optic Laboratories, Somerville, Mass. ...............cccoiiiiiiiicciiiiiiiiiiiiiiies
(Glass fibers, light guides)

lota-Cam Fiber Optics Corp., Wakefield, Mass. ..o,
(Glass fibers, light guides, light pens, illuminators, comparator for IC in-
spection)

Mechanical Technology, Inc., Latham, (NL Y. il o i sonrassncssosasinst srisgs rarns
(FO assemblies, light guides and probes, read heads and scanning heads for
displacement measurement)

Mosaic Fabrications, Inc., Southbridge, Mass. (Sub. of Bendix Corp.) ...........

(Glass fibers, light guides, remote monitors, image guides, image conduit,
imagescopes, field flatteners and faceplates)

Northrop Corp., Nortronic Div., Beverly Hills, Cal. ..o,
(Fiber Optic data link)

Opric: Tachnology;.Inc.;* PaloAlle; (Calit. ot e i G s imivntions
(Glass fibers, faceplates)

Poly:Optic Systems, Inc., Santa Ana; Cal.. ... ... dalii olide i b
(Synthetic fibers, light guides and illuminators, branched arrays, tapered
guides, image guides, converters, lenses)

REG o, Blllawcn, - Nagais 1 R e A et e Lo s fes e conon o
(Light guides, light pens)

Sensor Precision Industries, Inc., Medfield, Mass. ...............ccooeiveiiiiiiiiiiiiiiin.
(Glass light guides)

Sylvania Electric Products, Inc., Seneca Falls, N. Y. ...
(CRT with FO faceplate)

Welch "Allyn; Inc;, ‘Skaneateles: Falls, /NLY. .. laidia i ol it i aitonsasnn e
(Read heads, mark-sense devices, light pens)

READER
INQUIRY NO.

120

121

122

123

124

125

126

127

128

129

130

132

133

134

135

136

137

138

for film enlargers, photoelectric ex-
posure systems, and other critical
viewing applications that demand
precise image enlargement and trans-

fer. They also find use in situations
where mechanical stress, dirt, dust,
and other contaminants exclude the
use of other optical systems; cases

in which input and output are not
planar are easily solved by appro-
priately-contoured fiber optic mag-
nifiers.

® A fiber optic faceplate which
brings the intensity modulated line
display of a line scan CRT to the
front surface, eliminating parallax.
By moving photo sensitive paper past
the line scan, contact prints can be
generated of photos, charts, or other
information (see Fig. 15). This
tube is expected to have application
in copying equipment, automatic
printing equipment, telemetering
systems, and computer communica-
tions and read-out systems.

WHITHER FIBER OPTICS?

The information systems industry is
recognized as a major potential user
of fiber optics. As the ability of the
FO industry to produce useful fiber
configurations at attractive prices in-
creases, the data processing equip-
ment designer will find many ways in
which light circuits can replace elec-
trical circuits or electromechanical
assemblies. The ability to combine
“bits” of light from a number of
sources into a compact image sug-
gests a number of special-purpose
applications. The ability to sense
light from a number of sources by a
single detector suggests an OR func-
tion. The ability to transmit light
intensity and color information sug-
gests still another series of applica-
tions. Fiber optics can be used to
sense movement — or lack of move-
ment — in continuous-processing
monitors. It has applications wher-
ever optical monitoring makes sense,
to study changing shape, size, color,
or position. In viewing devices, it
may also have quite specialized uses,
in looking around a corner, or into
a crevice, and the recent concern
with time-sharing and the man-ma-
chine interface may well lead to new
uses for this emerging technology.

MANUFACTURERS’ LITERATURE

Table 1 contains a listing of all com-
panies known to be supplying fiber
optic materials and devices, with a
summary of their products. Full sets
of descriptive literature can be ob-
tained by circling the appropriate
reader inquiry numbers in Table 1.

57



The publishers of
COMPUTER DESIGN

issue of

are pleased to announce
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ORDER YOUR UPDATING SUPPLEMENTS NOW!

To keep pace with the accelerated growth of the industry be-
tween yearly issues of COMPUTER INDUSTRY ANNUAL, quarterly
updating supplements will be available at a nominal cost.

The supplements will include new product listings, new manu-
facturers listings, additions to the Equipment Characteristics Re-
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GOVERNMENT REPORTS %%

DOCUMENT PROCESSING

Document processing techniques utilized by the NASA Scientific and
Technical Information Facility are described. Computerized informa-
tion storage and retrieval techniques are described in detail. Report
is designed as an instruction manual for analysts, librarians, and in-
formation specialists.

Order from Clearinghouse, U.S. Dept. of Commerce, Springfield, Va.
22151. Order No.: NASA-CR-62033. Price: $3.00 (microfiche 65 cents).

THE DEVELOPMENT OF THE SDC SYSTEM 360
TIME-SHARING SYSTEM

Describes the design and development of a general-purpose, time-
shared operating system which can serve 50 to 60 users from ter-
minals with a mixed-problem type. The system can also serve remote
and on-line access in real time.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-645 439. Price: $3.00 (microfiche 65 cents).

COMPUTER SCIENCE RESEARCH REVIEW

Annual report in selected essay form of highlights in research in
information processing for 1966 at Carnegie Institute of Technology.

Order from Clearinghouse, U. S. Dent. of Commerce, Springfield, Va.
22151. Order No. AD-645 294. Price: $3.00 (microfiche 65 cents).

COMPUTER TECHNOLOGY

A review of Soviet developments in computer technology. Forty-
five abstracts from Soviet open-source literature are arranged al-
phabetically by author within each of the following categories: com-
ponents, design, applications, and associated systems. An author
listing is included.

Order from Clearinghouse, U. S. Dent. of Commerce, Springfield, Va.
22151. Order No. AD-646797. Price: $3.00 (microfiche 65 cents).

A HANDBOOK FOR ESTIMATION OF
COMPUTER PROGRAMMING COSTS

Based on experience and rules of thumb to date, this handbook pro-
vides the operating manager of computer programming projects with
a methodology and data that can help him forecast resources re-
quired and incorporate these estimates into cost evaluation studies,
project plans, and cost control systems. The handbook gives guidelines
for estimating resources; i.e., man-months, computer hours, and months
elapsed, to be used in conducting the six activities which constitute
the programming process. The activities are preliminary planning and
cost evaluation; information system analysis and design; computer
program design, code, and test; information system integration test;
information system installation and turnover; and computer mainte-
nance. Each activity is treated as a separate section of the handbook
and includes a list of cost factors with an indication of their influ-
ence on costs and planning factors. Although far from comprehensive,
the handbook, the authors feel, can fill a veid with useful guidelines
which can be kept dynamic with personal experience of the user
adapted to individual needs.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-648750. Price: $3.00 (microfiche 65 cents).

ANony

THINK WHAT IT DOES TO YOUR SYSTEM

New scientific discoveries can help you break
the amplifier module habit. Get blessed

relief from high analog subsystem costs. Avoid
the embarrassment of being caught with your
old-fashioned subsystems down.

Learn how amazing new methods help anyone
achieve Total Monolithic Integration. Join OAA
and discover Fairchild's all-new linear
integrated circuit product line.

For free 24” x 312" poster and complete

data kit, contact:

OP-AMPS ANONYMOUS
Fairchild Semiconductor, P.O. Box 1058,
Mountain View, California 94040

CIRCLE NO. 32 ON INQUIRY CARD
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NEW PRODUCTS

MICROMINIATURE SENSE AMPLIFIER

The best features of both thin-film and monolithic tech-
nologies have been combined to produce an extremely
high density microminiature sense amplifier package.
The degree of miniaturization and performance could
not have been achieved by either the thin-film or mono-
lithic technique alone, according to the manufacturer.
The sense amplifier consists of an integrated circuit, a
thin-film input threshold circuit, and a thin-film tran-
sistor output stage. Three sense amplifier circuits are
contained in a single 34 x 34 x 0.070 14-lead flat pack.
Initial production is underway in support of the core
memory requirement. Halex, Inc., El Segundo, Cal.

Circle No. 234 on Inquiry Card

PUNCHED TAPE STATION

New punched tape processor station offers, in one con-
venient location, a punched code registration gauge, a
precision punched tape splicer, a manual tape punch,
and two manual winders. This flexible processor han-
dles 5, 6, 7, and 8 channel code punched tape. With
the two manual winders, the operator can wind in
either direction. The addition of a center feed un-
winder to the processor station allows the selection of
either end of the tape in one operation. Other optional
equipment is available with the processor, such as at-
tachments for Teletype and for NAB hub reels. Data-
Link Corp., Los Altos, Cal.

Circle No. 238 on Inquiry Card

INCREMENTAL RECORDER

New incremental magnetic tape digital input/output re-
corder features the ability to accept data from slow
input devices for fast output. The integral unit can asyn-
chronously record and reproduce eight bit parallel char-
acters at any rate up to 120 characters per second. The
same unit will record or read characters at a synchro-
nous (continuous) rate of 1600 characters per second,
allowing it to be efficiently connected to the communi-
cations input/output channels of most computers. Buf-
fering is provided on a removable 3” diameter reel of
14" wide magnetic tape. Data capacity of this reel is
140,000 characters (40 eight bit characters per inch
using 800 bit per inch density). A special dual storage
feature allows larger capacity. Tally Corporation,
Seattle, Wash.

Circle No. 242 on Inquiry Card

4-LINE READOUT

A digital display and decoder/driver unit operates di-
rectly from integrated circuits due to the low-level in-
put requirements. Only 4 lines from BCD logic signals
are required reducing wiring costs. Both the display
and decoder/driver operate from a single supply con-
sisting of full-wave rectified line voltage obtained from
a 4-diode bridge rectifier. Regulation and filtering are
not required. M. B. Associates, Philadelphia, Pa.

Circle No. 262 on Inquiry Card

TEST POINT CONNECTOR

A new test point connector is said to offer an ex-
tremely high degree of stability and uniformity of
insertion and retention values and is considered to
be a major in its field. This miniature device for
use with an 0.031” dia. pin has extensive applica-
tions in the testing of computer electronic circuits.

The body of the test point is silver plated brass, and
the insulator is Teflon. A stamped, wrap-around
type contact of gold-plated, heat-treated beryllium
copper is utilized as opposed to screw machine type
contacts normally used. Hugh H. Eby Company,
Phila., Pa.

Circle No. 246 on Inquiry Card
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A-D CONVERTERS

A new analog multiplexer-quantizer which can be com-
puter-controlled is capable of accepting as many as 128
different analog signals, performing 12-bit analog-to-
digital conversion on each, and providing a multiplex

output suitable for data-logging applications or com-
puter entry. The new instrument, named the 2701, is
said to be ideal for handling multiple FM discriminator
outputs, in an FM telemetry system, where eventual
data processing will be done by a digital computer.
Under either manual or computer control, the 2701
receives inputs directly from analog data sources such
as FM discriminators; it converts the data.into 12-bit
parallel binary words as sampling speeds selectable up
to 60,000 sps, and outputs binary words. Under control
of a computer program, the 2701 can address data
channels in any order or sequentially, synchronously, or
asynchronously. EMR Telemetry Div., Sarasota, Fla.

Circle No. 231 on Inquiry Card

DISPLAY DEMONSTRATOR

A portable, fully-operative demonstrator that includes
several types of lighted pushbutton switches, word. in-
dicator lights, and unlighted pushbutton and toggle
switches is now available for desk-side inspection by
design engineers concerned with the man-machine in-
terface aspects of information display and control. The
demonstrator was designed to provide a means of quick
comparison of various units under actual operating con-
ditions, and to assist in determining proper light levels
for optimum visibility under known ambient light condi-

tions. Each switch series is displayed to show the key
functional features, mounting methods, wiring require-
ments, and ease of maintenance. A master dimming
switch controls the light intensity making it possible to
determine the proper color filter value and intensity re-
quired. The small size of the demonstrator permits its
placement on or near actual prototype equipment to
achieve the effect various switch types or colored lens
arrangements would create. Master Specialties Co.,
Costa Mesa, Cal.

Circle No. 258 on Inquiry Card

“...THIS OVERWHELMING DESIRE
TO TAKE ONE LITTLE ONE...”

Resist that urge! Break the amplifier module habit
(every dollar saved in analog subsystem manufacture
and test is worth $7.32 in sales).

Do as thousands of, successful men have done. Use

Fairchild’s all-new linear integrated circuit product line

to achieve Total Monolithic Integration.

For helpful data kit, including instructional brochure
_and free 24” x 31%2” poster, contact:

OP-AMPS ANONYMOUS

Fairchild Semiconductor, P. O. Box 1058,
Mountain View, California 94040 ’
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Cure for circuitry
headaches

Solve your critical circuitry problems with two
extraordinary new miniaturized ceramic capacitors
— the product of Nytronics research and
development in the continuing pursuit of excellence.

New NYT-CHIP, an ultra-stable chip capacitor,
has such advantages as superior packaging flexibility
and mounting versatility, particularly for outboard
mounting on integrated, thick and thin film
circuitry. Dimensions, with tinned terminals, 0.170”

x 0.065” x 0.070”, with capacitance range of 4.7 pf
through 220 pf, and 0.280” x 0.195” x 0.070” for 270 pf
to 4700 pf.

NYT-CAP, an ultra high stability ceramic
capacitor series is packaged in a miniature molded
epoxy tubular package 0.1” diameter by 0.250” in
length, with capacitance range of 4.7 pf to 220 pf.
The remainder of series in miniature, molded epoxy
case 0.350” long by 0.250” wide by 0.1”, with a
range of 270 pf to 4700 pf.

Both NYT-CHIP and NYT-CAP have a
temperature coefficient that does not exceed
+40 ppm/°C over temperature range of —55°C
to +125°C, and working voltages of 200 D.C.

As a pioneer in the concept of standardization,
Nytronics maintains large volume inventories of
these two products, as well as of many other
standardized high quality components: inductors,
delay lines, and resistors. Write for complete
engineering data.

INIRONICS

.. 1or Precision Electronic Components

550 Springfield Ave., Berkeley Heights, N.J. 07922 B (201) 464.9300 ¥ TwX:710-984-7977
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NEW PRODUCTS

ELECTRONIC KEYBOARD

An electronic keyboard system fea-
tures a solid-state encoder, actuated
by a set of keyboard switches which
are similar in feel and travel to elec-
tric typewriter keys. For each key
pressed, the encoder generates a cor-
responding code for entry into a
computer, tape punch, information
retrieval system, or other data han-
dling or display system. All switch
action occurs on the downstroke, al-
lowing faster typing speeds. The
encoder can easily be adapted to
virtually any application which re-
quires digital encoding of alpha-
betic, numeric, or other characters.
The keyboard system will accommo-
date any code up to eight levels.
Transistor Electronics Corp., Min-
neapolis, Minn.

Circle No. 218 on Inquiry Card

AUTOMATIC DRAFTING
MACHINES

New automatic drafting machine
systems work off-line with a com-
puter or can be manually pro-
grammed. The Mark IT Model 1215
offers speeds of 200-400 imp and
accuracy of =+0.002” to =+0.004",
using a standard 4’ x 5 drafting
table. A special table gives 0.001”
accuracy at speeds of 100-260 imp.
Optional equipment includes a mag-
netic tape input unit, photo exposure
head designed for use in the pro-
duction of integrated circuits; a 90-
symbol printing head and revolving
turret allowing 6 pens to be indexed
and controlled by control units; an
integrated digitizer unit allowing
both digitizing and drawing; and a
vacuum chuck arrangement to hold
paper on table surface. Storage ca-
pacity is 1048”, using tape code 8
channel punched tape, 300 charac-
ter reading per second. Automatic
and semi-automatic operation is pro-
vided for with reverse movement of
direction, error detection, and co-
ordinate switching. Baldwin Kongs-
berg Co., Cincinnati, Ohio.

Circle No. 217 on Inquiry Card
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RUGGED TAPE READER

New bi-directional photoelectric tape
reader was designed to meet military
applications where severe environ-
mental conditions are not present,
but where high performance and
reliability must be maintained. Desig-
nated Model 500 RF/10, the new
reader is designed for such military
use as non-portable checkout and
test equipment, or for commercial
requirements such as numerical con-
trol applications where a higher de-
gree of reliability is required than
can be met by standard readers.
Unique features of the new reader
include: tape movement controlled
by closed loop servo utilizing single
capstan printed motor; variable
speed capability (from 100 to 500
char/sec) ; proportional reel servos;
two 10% inch spoolers mounted
within frame of standard 19 inch
rack requiring maintenance with no
adjustments.  Photocircuits Corp.,
Tape Reader Div., Glen Cove, N.Y.

Circle No. 206 on Inquiry Card

SPACE MEMORY

A militarized memory no larger than
a thirteenth of a cubic foot was de-
signed for airborne and space appli-
cations. Called the Severe Environ-
mental Memory System (SEMS 5),
it is said to have the optimum com-
bination of high speed and minimum
power, weight, and size. It consumes
less than 60 watts of power at its
maximum operating speed, and 10
watts on standby. Maximum speed
is 700 nanoseconds access and 2
microseconds cycle time. The sys-
tem weighs less than 7 pounds and
has a volume of only 128 cubic
inches. It stores 4,096 words of 32
bits each. It is also available with
storage capacities of from 256 to
16,384 words, from 8 to 32 bits. In-
tegrated circuitry is used for logic,
sense amplifiers, address decoders,
data, and address registers. Both
clear/write and read/restore are
standard modes. Logic interface is
TTL positive true. Electronic Mem-
ories, Hawthorne, Cal.

Circle No. 219 on Inquiry Card

IC TEST SOCKETS

A new series of dual in-line IC test
sockets were designed to accept
packages with up to 24 wire, flat
or rolled leads, interchangeable.
The contact design of the new series
is said to allow extremely easy de-
vice insertion and withdrawal. No
special extraction tool is required.
The new series offers a choice of
four standard entry patterns for
0.200 or 0.300 centers or a single
unit combination of the two. The
sockets are equally well-suited for
hand test or for burn-in. Their
low profile allows high density place-
ment for multi-socket installations.
Socket body material is temperature
and abrasion-resistant polysulfone.
Contact material is tempered beryl-
lium copper gold-plated. Minimum
lead length accepted is 0.1” and
standard termination may be dipped
or hand soldered. The socket may
be either riveted or screw-mounted
to a PC board. Textool Products,
Inc., Irving, Texas.

Circle No. 204 on Inquiry Card

Join today.
Get your
free poster.

JOIN NOW.
OUR COUNSELOR IN YOUR AREA IS: Your nearby Fairchild Semiconductor distributor or sales office

A simple inquiry makes you a
member of Op-Amps Anony-
mous. You get a free 24” x 3112”
poster plus a complete Linear
Integrated Circuits Data Kit
(data sheets on all Fairchild
Linear Integrated Circuits,
specs on new circuits, circuit
designs, cost-performance
comparisons and information on
how to simultaneously cut costs
and upgrade analog systems).
Hurry, while the supply lasts.

OP-AMPS ANONYMOUS
Fairchild Semiconductor,

P.O. Box 1058,

Mountain View, Calif. 94040
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The RR 5000, shown
above, has been
selected for future
Surveyor shots.

109,534 commands
without a
single error.

For just one little trip to the moon, custom-made
Remex tape readers processed all instructions,
mid-course corrections and camera direction for
the Surveyors. And never made a mistake.
That's what we mean by predictable accuracy.
And it's built into every Remex reader and
spooler. It means a lot in the down-to-earth
world of electronics.

Call us at 213-772-5321 or write Remex
Electronics, 5250 W. El Segundo Blvd,
Hawthorne, Calif. 90250.

See us at WESCON,
Booth 2011-2012

REMEX ELECTRONICS

A UNIT OF EX-CELL-O CORPORATION

CIRCLE NO. 36 ON INQUIRY CARD
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NEW PRODUCTS

PERFORATOR TAPE

Expanded line of Mylar reinforced,
opaque perforator tapes includes
thicknesses from 0.0043” to 0.0015”,
suitable for both photoelectric and
electromechanical readers. The com-
pany states that its exclusive lami-
nating process gives the tape excep-
tional strength and dimensional sta-
bility. When perforated, the tapes
can be read indefinitely. There is no
deformation or elongation of code or
signal holes. The tape is available
in 11/16”, 7/8” and 1” widths in
a full range of standard colors;
wound on 2” I.D. cores in measured
lengths without splices. The line
includes paper/Mylar/paper, Mylar/
foil/Mylar and metalized Mylar
combinations. Arvey Corp., Chica-
go, Il

Circle No. 215 on Inquiry Card

CONTROL MODULES

High-speed, noise-sensitive computer
electronics or awkward relays im-
pose limits in all kinds of process
control design. These limits affect
the simplest transfer as well as the
most sophisticated numerically con-
trolled system. A new low speed,
noise-immuned family of industrial
control logie circuit modules is said
to push back those limits. The mod-
ules’ upper frequency range is 100-
KHz with provision for reduction
to 5KHz for maximum noise im-
munity. English (non-inverting)
logic or NOR logic can be built
with the modules. The hardware
has been specifically designed for
standard NEMA enclosures. Ac-
cording to the manufacturer check-
out and trouble shooting is easy.
Every system input and output has
an indicator light at its screw ter-
minal. A special test probe provides
its own local illumination and built-
in indication of transients, as well
as steady states. Every point in the
system is a test point, and consistent
pin assignments reduce the need to
consult prints. Digital Equipment
Corp., Maynard, Mass.

Circle No. 207 on Inquiry Card
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OPERATIONAL AMPLIFIER

A high-speed FET operational am-
plifier with differential input offers
the combination of fast settling time
(less than 1.5 wus) and extremely
high input impedance (10** ohms).
This combination is said to make
the unit very attractive as a buffer
for A/D and D/A converters and
solid-state multiplexers. The unit’s
lightweight (2.0 oz. maximum) and
small size. (1.2” x 1.8 x 0.6”) are
additional advantages in using high-
density packaging. - Other specifica-
tions include an output voltage and
current of =10 v and =20 ma;
input bias current of less than 100
pa; voltage drift of =15 pv/°C
maximum; unity gain bandwidth of
greater than 10 MHz; and a slewing
rate of 30v/psec (min). Burr-
Brown Research Corporation,
Tucson, Ariz.

Circle No. 209 on Inquiry Card

IC CARDS

Stock 4” x 4” glass epoxy module
cards for integrated -circuit proto-
type construction are intended to
help the designer prove out his cir-
cuitry ideas with a minimum of
time and expense. Sold primarily
as a designer’s tool, the cards are
adaptable to some small production
runs. Four socket patterns are cur-
rently in manufacture, including
dual in-line. Circuit patterns avail-
able, in addition to the dual in-line,
are: 8 pin TO-5; 10 pin TO-5; and
flat pack (customarily for military
usage. The same models with
power connections in place are op-
tionally available. A partial list of
applications includes counters, shift
registers, adders, subtractors, and
other digital and linear assemblies.
In use, the required integrated cir-
cuits are soldered to the printed
circuit board, and interconnecting
leads soldered in holes provided.
Terminators (44 total) are standard
22 position double read-out edge
tabs to accept standard receptacles
and connectors. Contacts are gold
plated with standard 0.156” spacing.
There is a copper ground plane on
the component side. Elgin Elec-
tronics, Inc., Erie, Pa.
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913-1227-1571-525
non-illuminated

NEW 913 SERIES ILLUMINATED

MENTARY ACTION
SWITCH

For Computer, Data Processing
and Automation Industries

MOUNT IN 3/8” CLEARANCE HOLE ON 19/32" CENTERS

Here's another new Switch Series from Dialco— |
foremost manufacturer of indicator lights! -
This series offers S.P.S.T. double break, N.O. |
or N.C.; or S.P.D.T. double break (one N.O., one |
N.C.) switching; with or without non-replaceable |

1000 lot quantities.

) neon lamp and required resistor.
S13-1431-1631-525 For use with low currents at higher voltage—or |

e for dry circuits, ratings are: 0.1 amp, 125V AC; |
—— 0.1 amp, 30V DC (non-inductive). Life is over |

Price: As low as one million operations (approx.). Terminals are |
$1.11 each in gold plated.

Ask for new catalog today!

Foremost Manufacturer of Indicator Lights

DIALCO

DIALIGH T CORPORATION

60 STEWART AVENUE, BROOKLYN, N.Y 11237 . AREA CODE 212 497-7600
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Two Ways

£
Remember

BIAX® AND CORE

@ \i:voRiEs FROM
RAYTHEON COMPUTER
Raytheon Computer now makes DRO core mem-
ories as well as NDRO BIAX memories. The new
300 Memory System is a 900 nanosecond, 21/ D
core memory for large capacity, high-speed ran-
8K

dom access storage. Systems come in
and 16K modules with word lengths
to 72 bits and are delivered complete with
power supply and built-in self-tester. If you need an 8K
or 16K memory with 28 bits or less, we can ship you a
system in just a few weeks.
Since the first of this year, engineering sales representatives
throughout the U.S. and Canada have been primed on both core
and BIAX memories. If you’d like fast answers on prices, technical
details and delivery, call any one of them today. Raytheon Computer,

2700 S. Fairview St.,, Santa Ana, California,
@ 92704 « (714) 546-7160
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Welch Allyn
for bright ideas
in

E R
TICS

COMPONENTS
and SYSTEMS

CAPABILITY

The four largest manufacturers of com-
puters and several related equipment
manufacturers are using Welch Allyn fiber
optics systems. These products include:
card and tape read heads, mark-sense and
special reflective devices, and light pens
for graphic display systems. Welch Allyn
draws upon fifty years’ experience in pro-
ducing precision illuminated medical in-
struments .

CAPACITY

Production of over a quarter million fiber
optic units in the last five years has made
Welch Allyn a leader in the fabrication
field. We have the capacity—right now—
to meet your fiber optic requirements by
the hundreds or thousands.

CREATIVITY

We offer you the ability to design com-
plete glass or plastic fiber optics systems
including Welch Allyn-made lamps and
sockets. Our unique fiber optic encapsula-
tion processes offer you uniform, element-
proof, and less expensive products. Our
engineering and prototype department is
anxious to solve your fiber optic require-
ments.

May we help you?

Contact:

WELCH ALLYN, INC.
Skaneateles Falls, New York 13153
Telephone (315) 685-5788

CIRCLE NO. 39 ON INQUIRY CARD

NEW PRODUCTS

THUMBWHEEL SWITCHES

A line of thumbwheel switches for
use in single-pole double-pole, or
4-pole switch applications offers
convenient preset control of digital
information. Visual indication of
the setting is by easily-read charac-
ters on the thumbwheel. The
switches may be used for binary
decimal coding or decoding, or for
straight decimal circuitry. They are
also available for special functions.
A built-in decoding diode gate in
the rotor eliminates the need of
mounting small diodes and running
extra equipment leads on the part
of the user. The use of four inde-
pendent wipers makes them readily
adaptable to individual circuit re-
quirements. For modular mounting,
standard facades are available to
accommodate from 1 to 9 switches
in cascade on ,” centers. The A.
W. Haydon Co., Waterbury, Conn.

Circle No. 201 on Inquiry Card

MIDGET POWER SUPPLIES

A new line of “midget” power sup-
plies is said to offer a high degree
of voltage regulation at low cost.
The new units provide regulation
within 0.01% and sell for under
$100.00. They cover a range from
0 to 50 volts and 100 to 300 ma.
Both notch units and wide-range
programmable models are available.
The slim profile and small size (174
x 3-7/16 x 434 in.) of the units are
said to make them especially suit-
able for IC applications. They can
be mounted on either of two faces
to permit mounting within a 2 in.
or 3% in. space. The units also
feature a new dual-purpose connec-
tor that allows connection either by
soldering to terminals or by plug-in
to PC connector which may be re-
moved and mounted to user’s
chassis. ACDC Electronics, Bur-
bank, Cal.

Circle No. 224 on Inquiry Card
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AUDIO RESPONSE UNIT

Film-drum audio response system is
capable of reciting as many as 189
different words in any sequence on
computer or manual command. It
is said to have unlimited multiplex-
ing capability. The new equipment
operates with no physical contact
between the recording surface and
sensing means. Heart of the system
is a photographic film memory drum
with the required vocabulary pre-
recorded on it. A light source and
aperture provide a narrow light beam
that is directed through the rotating
memory drum. This light beam is
modulated by the pre-recorded audio
information on each track and de-
tected by silicon photocells inside the
memory drum. The unit has one cell
for each recorded track on the film.
The output of the photocells is then
amplified to a level compatible with
the associated audio systems or fed
directly to telephone lines. This
method is said to result in very high
audio fidelity with frequency re-
sponse within 3 db from 300 Hz to 4
kHz. Models include binary decod-
ing matrices and logic for digital
message selection. In addition to the
normal message tracks, each drum
contains a ‘“once-around”  timing
pulse track. Cognitronics Corp.,
Briarcliff Manor, N.Y.

Circle No. 248 on Inquiry Card

THERMOCOUPLE COMPENSATION

New thermocouple cold junction
compensator was designed to mount
on a printed circuit card. Essentially,
the unit is half of a Wheatstone
Bridge. When matched with the
other part of the bridge in a typical
instrument circuit, it compensates
voltage to provide a measurement
reference at the cold junctions of
thermocouple. The device weighs 5
grams and consumes only 50 micro-
watts of power when made for
chromel-alumel thermocouple wire.
It warms up instantly, provides a
nominal output reference of 11.0 mv,
and operates in ambient tempera-
tures of —55C to +125C. Compen-
sation accuracy is =50 mv. Consoli-
dated Ohmic Devices, Inc., Carle

Place, L.I., N.Y.

Circle No. 259 on Inquiry Card

READOQUTS

We also make indicators, switches, keyboards,
panel displays, in-line displays and CRT displays.

WHICH TYPE FOR YOU?

NEON DISPLAY TUBE SEGMENTED DISPLAY PROJECTION DISPLAY

NO MATTER...TEC-LITE
DRIVERS CONTROL THEM ALL!

TEC-LITE Digital Readouts (the type is up to you) offer almost limitless
circuit flexibility to fit your needs. For integrated or discrete component
circuitry. Usually designed to operate from decimal input or from 8-wire
or 4-wire 1, 2, 4, 8 binary coded decimal input. Nearly all input codes can
be accommodated.

Solid state gated memory available to fit virtually any circuit or
system requirement, accommodating negative or positive logic
and strobe pulses. Special techniques substantially reduce
assembly time—and prices.

) TNR SERIES—Transistorized Digital Readout
and NIXIE® Tube

Pick the quality to fit your specs: TNR-10 and 30
Series are completely enclosed, military quality de-
vices with metal can transistors; TNR-40 and 50 Series
—computer quality—offer same functions, but simpli-
fied design and epoxy/ceramic encased
transistors reduce price 40%,; TNR-41

and 51 Series control low cost side

viewing NIXIE tube. TNR Read-

outs are priced as low as

$23.51 with tube in 100-

299 quantities.

(®BURROUGHS CORP.

TPD SERIES—

Transistorized

Display Driver

IOperate incandescent

amps in projection readouts

directly from logic levels as low as TSR SERIES—

1 ma.—special relays, level convert-  Lransistorized

ers or power amplifiers notrequired. Segmented Readout

Fast, silent, highly reliable. Does not From the front, side, above or below—bet-
create transients on signallines nor-  ter, brighter digital display. Greater wide
mally found with relay-type lamp angle visibility with bright no-gap charac-
control devices. Drivers priced from ters. High, constant illumination level.
$41.25 in 100-249 quantities. Priced from $32.25 in 100-299 quantities.

INFORMATION DISPLAY
| AND CONTROL DEVICES

TRANSISTOR ELECTRONICS CORPORATION
Box 6191 « Minneapolis, Minnesota 55424 « Phone (612) 941-1100
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Any day now
you computer
people will
make an
incredible
discovery:

Nobody has made custom
power supplies longer than
Varo.

Or with a better
performance record.

Or to tougher mil specs.

Funny we haven’t crossed
paths with you folks.

Funny?

It’s incredible!

Let’s discover each other.
Write Rex Carter, Varo,
Inc., Static Power Division,
1600 Dallas North Parkway,
Plano, Texas 75074.

TWX 9108605640

VARO
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NEW PRODUCTS

IC LOGIC MODULES

A new line of integrated circuit logic
modules is based on NAND logic.
High system packaging density is
achieved through use of a 62-pin
connector allowing more functions
per board and simplified gating rules.
This is said to result in simplified
wiring, fewer modules, low noise,
and lower cost. The utilization of
unique function grouping and gating
rules (a “Logic Primer” outlining the
essentials of logic implementation is
available) result in the most eco-
nomical logic implementation. De-
signated the 13-Series the logic
modules operate from a single power
supply providing +6 wvdc; logic
levels are +6 v true and O v false.
Other specifications of the 13-Series
line are operating speed of 5 MHz
(10 MHz possible with one-level gat-
ing), standard load unit of 1.8 ma
at 25C, and a noise rejection greater
than 1 volt. A complete line of com-
panion equipment can also be sup-
plied. Canoga Electronics Corp.,
ADC Digital Products Div., Chats-
worth, Cal.

Circle No. 223 on Inquiry Card

SOLID TANTALUM CAPACITORS

Solid tantalum capacitors are
available in three different case sizes
with a total of 41 ratings ranging
from 0.0047 MFD at 35 WVDC
to 68 MFD at 2 WVDC. Dissipa-
tion factor has been reduced to 6%
and maximum leakage of case size
CT has been reduced to .05 micro-
amps. The capacitors are of en-
tirely dry construction which means
no electrolyte leakage. Components,
Inc., Biddeford, Me.

Circle No. 208 on Inquiry Card

PRECISION RESISTORS

A new series of ceramic-encased,
oil-filled, precision wire-wound re-
sistors is said to be applicable any-
where precision resistance values,
long-term stability, low temperature
coefficient of resistance, and preci-
sion retrace capability are needed.
The ceramic case of the new re-
sistors yields high stability (within
+2 ppm per year). A special vac-
uum oil-filling technique achieves a
temperature coefficient of resistance
as low as 0 =1 ppm and retrace
capability characteristics within
0.0005%. Resistance Research Co.,
Pasadena, Cal.

Circle No. 216 on Inquiry Card

DIGITAL TEST RECORDING

A digital accessory for its Visicorder
oscillographs and a companion con-
verter unit that presents digital data
in serial format have been charac-
terized as two major advances in
direct-print recording technology.
The new printer makes it possible
to record, with a single galvanom-
eter, a column of digital data simul-
taneous with analog records. The
companion converter gives users of
the printer an optional mode for
presenting the digital information.
A key feature of the printer is the
unique dual-beam principle em-
ployed to record digit characters
with a single galvanometer. Using
standard high-frequency galvos,
printing rates of up to 2000 lines
per second are possible. The con-
verter unit is capable of converting

six channels of parallel data into
one channel of serialized output
data to the printer. Only one gal-
vanometer is used to record a 6-digit
number. Integrated circuit logic is
used extensively in both the printer
and converter unit. The galvo-
printer has built-in memory circuits
to accept data of a minimum 1-
microsecond duration. The print
command signal may range from
200-nanosecond pulse to dc. Less
than 1.0 microsecond is required to
start the print cycle after command
is given. Both data and print signals
are locked out during the printing
cycles. The printer accepts standard
8-4-2-1 BCD inputs and can be
easily modified for other BCD codes.
Honeywell, Inc., Test Instruments
Div., Denver, Colo.

Circle No. 205 on Inquiry Card
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These sparkling new Mark IV
D-Subminiatures arée low-cost
connectors with rear release,
crimp snap-in contacts. They're
intermateable and intermountable
with existing D-Subminiatures.
The wine-colored insulators we
selected enhance the connector
as well as your equipment,
Robust BURGUN-D Mark v
connectors operate in
temperatures up 1o 250°F. They
are ideal for plug-in module

This is the vintage year f

applications, cable-to-cable and
cable-to-panel installation,
computers, business machines
and many other commercial
applications.

Value analysis will tell you
they're low in price because of
highly developed pin and socket
contacts. The contacts are
available in two sizes (which
accommodate 18 through 24
AWG stranded wire) and may be
ordered separately. Contacts are
rear inserted and extracted with
a simple expendable plastic tool
that's shown above. Closed-entry

or BURGUN-D"" connectors.

socket insulators correct any
misalignment of pins during
engagement.

Buy them off the shelf now
along with a complete line of
accessories from your nearest
factory authorized distributor.
For our new catalog, write to
ITT Cannon Electric, a division
of International Telephone and
Telegraph Corporation, 3208
Humboldt Street,

Los Angeles,

California 90031.

cannon 1.
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M icro M odules

TVITRO 3506

all-new, highly competitive prices

built-in drivers, inverters and buffers
eliminate most interconnecting wiring

up to 18 microcircuits per card enable
high density and lower costs

boards designed to meet MIL- and
NASA standards

boards keyed to assure proper mounting

dual in-line packages easily replaced
for ease of maintenance

off-the-shelf delivery

WRITE for this FREE 36 page catalog de-
scribing our complete line of card-mounted
digital microcircuits. Brochure contains logic
diagrams, connections, performance data,
power supplies and card drawers. NEW price
sheet is also included.

v-3

71ro cLecTRONICS

Producers of NEMS-CLARKE Equipment
A Division of Vitro Corporation of America

919 Jesup-Blair Drive *

2301 Pontius Avenue -+

Silver Spring, Maryland (301) 585-1000

Los Angeles 64, California (213) 477-6717
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NEW PRODUCTS

READ-ONLY MEMORIES

Modular read-only memory systems
is said to combine the ancient art
of weaving and the modern tech-
nology of high-speed switching to
produce a braided transformer
memory of unique characteristics.
Since the system is naturally hard
to radiation, it is expected to be
used extensively in space and mili-
tary applications. Other obvious
commercial applications are as look-
up tables for industrial control,
radiation patterns for phased-array
antennas, function generators in
special purpose computers, hyphen-
ation memories for computerized
type setting, numerical control, com-
plier programs storage, etc. There
are three compatible modules for
interrogation and a unique memory
package for storage, all at standard
DTL levels. As presently made, the
basic braided memory unit has a
capacity of 65,536 bits, but any
number of these modules can be
used to fulfill a particular require-
ment. Memory Technology, Inc.,
Waltham, Mass.

Circle No. 211 on Inquiry Card

PRECISION TRIMMER

A half-inch round multiturn pre-
cision trimmer with a shear-proof
patented stop mechanism offers
+59% resistance tolerance and
+0.5% linearity tolerance. The
precision wirewound device is said
to provide a stop system up to four
times stronger than competitive
models. It can withstand a torque
of better than 100 oz. in. The
patented design uses a helical guide
on an undercut portion of the shaft
to move a floating key slug along a
groove inside the bushing collar.
The helix ends, affixed to shoulders
at the end of the undercut portion,
positively stop further axial move-
ment of the slug. IRC, Inc., Phila-
delphia, Pa.

Circle No. 203 on Inquiry Card
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PRINT IDENTIFICATION

A new automatic identification unit
provides a means for supplying BCD
data to a printer. It identifies the
coincidental test data being printed
and automatically displays ascending
serial numbers from 0000 to 9999
and provides matching 4 column
1248 BCD output. When connected
to a printer control, the identifica-
tion unit serially advances after each
print. Any desired starting identifi-
cation number (such as “0001” or
“0268”) can be preset. The number
displayed will be printed during the
next print cycle. Each column of
numbers can be set by individual
pushbuttons. The identification unit
and instrument with a printer pro-
vide a complete data acquisition
system printing “Test No. and Volt-
age” or “Test No. and Tempera-
ture” for a large number of voltage
or temperature readings. United
Systems Corp., Dayton, Ohio.

Circle No. 220 on Inquiry Card

LOGIC LABS

Two new universal “Logic-Lab” in-
struments are available for digital
problem-solvers. The Model LL-350
accepts integrated logic cards, and
the Model LL-150 accepts either sili-
con or germanium discrete cards.
The instruments can be used for digi-
tal computation; code, word, and
format checking and generation; in-
terface problems; prove-out of sys-
tem timing; automatic checkout sys-
tems; classroom training devices;
and computer teaching units. The
basic frame includes an instrument
cover, a removable patch-board, one
patch-cord kit, 14 rear terminals
and 10 front terminals, and 14 card
connectors such that each model will
accept any mixture of cards. The
Logic-Lab comes complete with an
applications manual. Price for the
basic frame is $1240.00 with $250.00
for power supply. Computer Logic
Corp., Santa Monica, Cal.

Circle No. 225 on Inquiry Card

FERRITE CORE MEMORIES

Available in various physical con-
figurations to suit individual cus-
tomer requirements, new compact
and modular ferrite core memories
provide storage capacities ranging
from 64 to 4096 words and word
lengths from 2 to 36 bits. Access
time is 2 microseconds and full cycle

time is as fast as 5 microseconds.
The memories consist of input/out-
put data registers, digit drivers,
sense amplifiers, current drivers, and
address switches. Borders Elec-
tronics Mfg. Co., Incorporated, Penn-
sauken, N.J.

Circle No. 227 on Inquiry Card

RESISTIVE NETWORKS

Individual precision resistors, wound
in Manganin or nickel chromium al-
loy, are available in four standard
forms, each having leadout wires in
a variety of positions. The time con-
stant for individual resistors between
1 and 99 ohms is better than 0.5
microseconds and, typically, a resis-
tor of 100 ohms and above will have
a time constant between 0.1 and
0.01 microseconds. These resistors
are built up into networks to suit
customers’ requirements. Tempera-
ture coefficients are available within
the normal range of the materials
used and are selectable to customers’
requirements. ~ Muirhead Instru-
ments, Inc., Mountainside, N. J.

Circle No. 270 on Inquiry Card

IC CLOCK OSCILLATOR

Integrated circuit clock oscillator is
a 0.16 cubic inch package with a
digital output for computer, missile
guidance, and other digital appli-
cations. It features a low aging,
high reliability “Koldweld” crystal
combined with integrated circuitry
for 450 ppm stability over —55C to
+90C in frequencies from 701 to
1000KC. Output voltage at load is
logic zero +0.22=0.2vdc, logic one
+2.8vdc minimum. Wave form is
square with 50/50 #=15% symmetry
and 20 nanosecond typical rise time.
Current drain is 15 ma. The unit
measures 0.5 x 0.625 x 0.5 inch and
is encapsulated. Monitor Products
Co., Inc., So. Pasadena, Cal.

Circle No. 202 on Inquiry Card

ENGINEERS:
UNIVAC and you:

words to program
a career by ...

s
flop

“FLIP-FLOP” (verb).

In the “’USA Standard Vocabulary for Infor-
mation Processing”’ this word means one
thing. But in terms of your career it could
mean changing jobs too frequently; or chang-
ing from one career dead-end to another.
So we encourage scientists and engineers
and skilled programmers to ask any and all
questions which can acquaint them with
every aspect of a proposed move to UNIVAC.

Just for example, here are some of the
positions we now want to fill ...

o Advanced Electronic Circuit Studies

o Integrated Circuits and Thin
Film Studies

e Ultra-High Speed Integrated
Circuit Interconnections

e Computer Manufacturing
Engineering

o Industrial Engineering
& Cost Analysis

Tomake sure achangeis areal step ahead,
not a mere “‘flip-flop,”” write and tell us all
about your experience, your desires, your
hopes for the future. Include any questions
about UNIVAC. We'll write back, as com-
pletely as we can. Write: John D. Hallen-
berg, Employment Manager, Dept. 508.

Write today and make an
appointment with tomorrow.

UNIVAC

DIVISION OF SPERRY RAND CORPORATION

data processing division
2276 highcrest drive
roseville, minn. 55113
telephone 612-633-6170

An equal opportunity employer M/F
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Send in your resume

and wait, wait,

wait.

No need to. Phone us in the morning;
have information that night.

You will be called by one of our Man-
agers, who will discuss your goals and
how they can be fulfilled at Control Data
Corporation.

Government Systems Division, in sub-
urban Minneapolis, has grown into new
market areas, creating opportunities in
the areas of:

SYSTEMS ENGINEERING

Responsibilities in ASW and Ship Sys-
tems programs. Must be able to convey
military requirements and problems to
systems engineers for EDP solution.

SYSTEMS PROGRAMMING

Opportunity to work with command-
control problems and new program tech-
niques, including multiprocessor concepts,
executive and monitor programs, and
man-machine interface.

ENGINEERING WRITING

Prepare operation and maintenance man-
uals for complex military computer sys-
tems.

CIRCUIT DESIGN

Specify, design, and finalize circuits for
military computer systems. Conduct trade-
off studies for optimization of subsystems
and total systems with both integrated
circuits and discrete components.

If you have a degree, one to four years
of related experience, and a professional
interest, don’t wait.

Call us today.

Where success creates opportunity

CONTROL DATA

CORPORATION |

GOVERNMENT SYSTEMS DIVISION

3101 East 80th Street
Minneapolis, Minnesota 55440
Tel.: (612) 888-5555; Ext. 4800

An equal opportunity employer
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Isolation Relay

Booklet diagrams 28 circuits to
build liquid level control, burglar
alarm, weather detector, trick cir-
cuits, fire alarm, and other design
ideas using a ‘‘shock-free” 95 v to
125 vac isolation relay. The design
booklet has been prepared to assist
engineers and experimenters who
work with relay devices and cir-
cuits. Alco Electronic Products,
Inc., Lawrence, Mass.

Circle No. 328 on Inquiry Card

Readout Catalog

44-page catalog on single-plane
rear-projection readouts provides
complete details on the principles
of operation for a line of readouts
from the microminiature units
through units capable of displaying
334” high characters. Specifications
are also given for assemblies, acces-
sories, lamps, and driver/decoder
modules. Industrial Electronic En-
gineers, Inc., Van Nuys, Cal.

Circle No. 322 on Inquiry Card

Reversible Counters

“Using a Reversible Counter” is the
title of a 44-page manual that sur-
veys some of the remarkable varied
applications for reversible counters.
These are counters which have two
inputs and can count backwards as
well as forwards. Among other
things, this means that they can
measure differences between their
two inputs. There is also an ex-
cellent treatment of transducers for
converting length, angle, flow rate,
etc., to electrical signals suitable as
inputs to the counter. Transducers
covered include laser interferom-
eters, optical gratings, tachometers,
and several types of flow meters. An
extensive list of references is given.
Hewlett-Packard, Palo Alto, Cal.

Circle No. 329 on Inquiry Card

Voltage Regulators

A 28-page brochure describes the
applications of a voltage regulator
to industrial and military needs.
Typical installations shown are ra-
dar systems, computers, micro-
wave, rectifiers, induction heating,
variable-speed drives, precipitation
equipment, and regulated load cen-
ters. A complete description of the
regulator and selection data and
ratings for automatic, motor-driven,

hand-operated, and liquid-filled
units — both single and three-
phase — are also included. Gen-

eral Electric Co., Voltage Regulator
Business Section, Pittsfield, Mass.

Circle No. 309 on Inquiry Card

Microminiature Connectors

A 20-page publication combines
all existing catalog information on
a company’s line of microminia-
ture connectors into one convenient
source. Test information, product
descriptions, and specifications are
condensed and located in the front
section. A “Special Design” section
focuses on the problem-solving ca-
pacity of the company in develop-
ing specially-designed connectors.
ITT Cannon Electric, L. A., Cal.

Circle No. 308 on Inquiry Card

Multilayer Board Checklist

A new checklist has been developed
to guide the engineer and designer
in specifying a multilayer circuit.
A series of 20 basic check points
range in scope from such elemen-
tary information as size, quantity
needed, conductor thicknesses per
layer, dielectric materials to be
used, hole sizes and tolerances to
the final test standards the result-
ing circuit must satisfy. Methode
Electronics, Inc., Printed Circuit Div.,
Chicago, Il

Circle No. 330 on Inquiry Card
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Read-Only Memory Systems

An informative four-page brochure
and technical data sheet describe a
company’s unique braided trans-
former memory system which has
been made practical through de-
velopment of an unusual logic loom.
The combining of ancient weaving
techniques and modern high-speed
diode-transistor logic are said to
have resulted in a practical fixed
memory system with many desirable
features: high speed, low cost, sys-
tems simplicity, and good reliability.
The present basic memory unit has
a capacity of 65,536 bits, but any
number can be used in a particular
application and can be organized in-
to a read-only system of any number
of words or bits per word. A 8192-
bit memory unit will also be avail-
able in the near future. Memory
Technology Inc., Waltham, Mass.

Circle No. 325 on Inquiry Card

Switching Matrix

Bulletin on a switching matrix de-
scribes how unit is used to select
individual or multi-input points at
random for testing electrical param-
eters in ground support, high and
low level data acquisition, input-
output, and a variety of communi-
cation systems. The panel-mounted
switching matrix accepts 600 inputs.
McKee Automation Corp., No. Hol-
lywood, Cal.

Circle No. 323 on Inquiry Card

Electronic Counters

A 4-page brochure discusses a new
electronic counter series which con-
sists of 15 different models. The
counter comes either in full or half
rack size, with 4, 5, or 6 digits. It
has a counting speed of 10 kHz, and
features compact modular solid-state
design. Standard models are totaliz-
ing counters and predetermining
counters (with either single or dual
preset). Output is either relay or
transistor — as specified. The Rowan
Controller Co., Oceanport, N.J.

Circle No. 320 on Inquiry Card

INFORMATION SYSTEMS
SCIENTISTS AND ENGINEERS

Bendix Research Laboratories has excellent career opportunities for B.S., M.S., and
Ph.D. graduates with 2 to 15 years experience in one or more of the following key areas:

@ ARTIFICIAL INTELLIGENCE, pattern recog-
nilion, trainable systems, adaptive logic.

@ COHERENT OPTICAL PROCESSING, holo-
graphy, spatial filtering, optical correlation,
electro-optical systems.

@ DIGITAL AND ANALOG COMPUTERS, sys-
tems analysis, logic and circuit design, real-time
computer control.

@ AUTOMATIC CONTROLS, information theory,
control theory, circuit and servo analysis,
correlation techniques.

@ COMPUTER PROGRAMMING, mathematical
analysis, scientific computing.

Assignments involve research and development in automatic extraction of information
from photographic recerds, image processing and analysis, adaptive and trainable
control systems, digital and hybrid computing techniques, and advanced real-time
computer control applications.

Located in progressive suburban
Detroit. Call collect or send resume
to Research Laboratories, The
Bendix Corporation, Southfield,
Michigan (313) 353-3500.

Bendix g Research
Laboratories

An equal opportunity employer

CIRCLE NO. 900 ON INQUIRY CARD

CIRCUIT
DESIGN

The strictly realistic
art of circuit design
relates directly to
our projects in iner-
tial guidance and
digital computer sys-
tems. If you have
fine-line experience
in the design and de-
velopment of micro-
electronic circuits
for servo, analog and
digital applications,
write Mr. Frank R.
McCarter.

—An equal opportumty
employer M/F—

LITTON INDUSTRIES, Guidance & Control Systems Division
5500 Canoga Avenue, Woodland Hills, California
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@ SALES

OFFICES

BOSTON

Lindsay H. Caldwell
Professional Bldg.
Baker Ave.

W. Concord, Mass.
phone: (617) 369-6660

NEW YORK

Robert J. Bandini

18 East 41st St.

Room 1501

New York, N.Y. 10017
phone: (212) 685-5854

CHICAGO

Brent Salmon

410 N. Michigan Avenue
Chicago 11, Illinois
phone: (312) 467-6240

DETROIT

James Stem

424 Book Bldg.

Detroit 26, Michigan
phone: (313) WO 1-0278

LOS ANGELES

David Barton

672 So. Lafayette Park Pl
Los Angeles 57, California
phone: (213) 382-1121

SAN FRANCISCO

David Barton

672 So. Lafayette Park Pl
Los Angeles 57, California
phone: (213) 382-1121

FT. LAUDERDALE
Dan Wiper
2801 E. Oakland Park Blvd.
Ft. Lauderdale, Fla. 33308
phone: (305) 563-1376
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Burroughs
eliminates
a sizable

The B5440A series NIXIE®

Now, you can shrink your instruments in both height and
cost and assure the highest reliability. Burroughs has im-
proved their side viewing NIXIE tube by rounding off the
bulb to save you 1625 % panel height and to reduce the
possibilities of breakage. Burroughs design with extra
stem pins and “hidden” tubulation offer these additional
advantages:

® Smallest side-viewing tube in low cost category

® Pins directly solderable to PC boards

® Smallest sockets for every type of mounting

Only Burroughs manufactures NIXIE Tubes

tubes are real space savers.

m Ultra long life and high reliability eharacteristics

= Built-in “keep alive” for rapid ionization - particularly
useful in strobe applications (optional)

= Fine mesh wrap-around screen for better readability

= Two decimal points left and right (optional)

= Electrically interchangeable with Burroughs B-5440 series

For further information contact: Burroughs Corporation,
Electronic Components Division, P.O. Box 1226, Dept-
ment N1, Plainfield, N.J. 07061. Tel: (201) 757-5000

@ Burroughs Corporation

CIRCLE NO. 44 ON INQUIRY CARD




Operating in either an asyn-
chronousread/record mode at random
rates up to 120 characters per second or
in a continuous read/record mode of
1600 characters per second, the new
Dartex 1020 read/write transport fea-
tures the ability to accept eight bit par-
allel characters from various slow in-
put devices for fast output.

Using an advanced tape drive tech-
nique, the 1020 features a single capstan
that engages the tape constantly, thus
wear to the tape and transport mech-
anism is minimized. Capacity is up to
240,000 characters on each reel of tape.

The compact size of the low cost Dar-
tex 1020 allows easy mounting into a
console, rack mount, or desk top en-
closure. Other features include gentle
tape handling, precise control of tape
motion, backspace and re-record, and a
design which minimizes and simplifies
maintenance. A broad line of interfaces
is available—from basic tape transport
through telephone line and typewriter
options.

Applications for the Dartex 1020 in-
clude data transmission, data logging,

Introducing the highly reliable

Dartex 1020 incremental digital

DARTEX
[ —

numerical control of machine tools and
graphic arts machines, low cost com-
puter input/output, and auxiliary stor-
age for digital displays. The develop-
ment of the Dartex 1020 is just one more
step in Tally’s plan to provide peripheral
equipment using the right media at the
right time for the right cost.

For complete information, please
write Tom Tracy, Tally Corporation,
1310 Mercer Street, Seattle, Washington

CIRCLE NO. 45 ON INQUIRY CARD

mag tape transport.

DIGITAL
RECORDER

. LOAD TAPE

98109. Phone: (206) MA 4-0760. In
Europe and the U.K., address Tally/
APT, Ltd., 6a George Street, Croydon,
Surrey, England. Phone: MUN 6838.

TALLY

“See us at WESCON Booth 2609"




