with the
CONTROL DATA®
280 Digital

Data Recorder
and Display

Imagine being able to display and
record alphanumeric output at 110,-
000 characters per second ... 128-
character lines at 38,400 lines per
minute . . . points and vectors at
up to 200,000 per second. This is
the kind of speed you can expect
from the CONTROL DATA 280 Re-
corder and Display — one of the
few peripheral devices that can keep
pace with a computer's ability to
calculate at micro- and nanosecond
speeds. A valuable research tool,
the 280 converts computer data to
film or paper output that is more
easily understood by the user. It
provides scientists with a method
for keeping up with an overwhelm-
ing volume of numbers and symbols
in which they might otherwise be-
come lost.

From data stored in the comput-

CONTROL DATA
FETTRRLYEY

er's memory or on magnetic tape,
the 280 produces valuable graphic
aids including highly technical
graphs, charts, schematics, maps,
mathematical models and directory
listings. Meanwhile, its high-speed
micro-camera instantly produces
film strips, slides, aperture cards or
paper copies from the CRT image
for study by individual scientists.
The 280 Recorder and Display is
available for use with both 3000
and 6000 Series Control Data com-
puters. For full details, contact your
Control Data sales office or write:

CORPORATION

8100 34th AVE. SO., MINNEAPOLIS, MINN. 55440
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i The Library of Computer

] & Infornation Sciences

i Front & Brawn Sis., Riverside, N.J, (18075
Please enroll me as o member and send the

I 1 Selections circled below, for which you will

] bill me only $3.95 plus shipping. As o mem-
her, 1 need accept as few as 3 more Selections

I during the next 12 months, alwi it reduced
Member's Prices plus .-»I.uppmk ind | ;

I cancel membership any time thereafter, E

] month 1 will receive information describing
the forthcomine Sclection, aleng with a con-

I venient form for requesting Alternate Selec-
tons or no book at all 1 oalso understand

| that 1 may choose @ free Bonus Book for

I every four Selections purchased.
Circle three:

I 39N 7078 6105 3997 5768

i 3SI5 5529 Go07 S630 5530

l 5641 5864 3UB6 4002 4227

I Name

b Address — ooy

I Ciy - -

I Stite ey Zip Code

L

ct zip code. CO6R
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3998. COMPUTER SOFTWARE: PROGRAM-
MING SYSTEMS FOR DIGITAL COMPU-
TERS. /van Flores. Indispensable handbook
on the techniques and applications of compu-
ter software, Shows how sequences for soft-
ware dre built, how to construct a complete
system, ete, Includes the author™s unique sym-

List price $17.30

el BRI S —— |

Take any 3 books for only *3.95

(values to $48.30)
when you enroll as a member of
The Library of Computer
and Information Sciences

Choose trom this list of authoritative books.

7078. PROGRAMMING REAL-TIME COMPUTERS. James Martin.
Real-time svstems from the view of management. systems analvsis,
programming and sales. List price 81600

6105. MATHEMATICS DICTIONARY. Edired by James & Janies,
Defines over 70,000 terms, concepts, und relationships of mathe-
milics. List price $15.00

3997, COMPUTER DICTIONARY AND HANDBOQOK. ( hrles J. Sippl.
Over 8,500 detinttions or explanations of computer terms. acro-
nyms, and abbreviations. Includes o guide to soltware, plus much
more, An essential reference. List price $12.93

5_?68. THE LANGUAGE OF COMPUTERS. Bernard A. Galler.
Cogent overview of basic chuaructer, design and operation of a
computer language. List price 58.95

3545. AUTOMATIC DATA-PROCESSING SYSTEMS. Roherr H.
Ciregory and Richard L. Van Horn, Non-technical introduction
1o these systems and all aspects of business data How and control.

List price 514,35

5529, INFORMATION, COMPUTERS, AND SYSTEM DESIGN. 17 (/.
and Marthann E. Wilson, Analyzes system coneepts in the light
of information theory—and the roles people and data play in
system design and operution List price $12.50

6007. MANAGEMENT STANDARDS FOR DATA PROCESSING. Dick
H. Brandon, Expluns methods stundards for daty processing
- management and  performance standards for personnel and
cquipment. List price $12.00
5630. INTRODUCTION TO COMPUTING. 7. £. Hull. Expluins the
principles and apphcations of computing. with emphasis on algo-
rithms and programming techniques, List price 34,23
5530. INFORMATION STORAGE AND RETRIEVAL. Joveph Boches
witd I}'. M. Haves, Analyzes information theory and design, muan-
nitchine relutionships, other topies in this fascinating field.

List price SI1.43
5641. INTRODUCTORY COMPUTER METHODS AND NUMERICAL
ANALYSIS. Kalph H. Penningion. Most commonly used methods
of computer analysis, particularly in science and engineering.

List price 89.00
5864. LINEAR PROGRAMMING. N. Pawl! Loomba. Shows where
and how linear programming may be eflectively used in muny areas

List price 57,93
3986. COMPUTER PROGRAMMING. [van Flores. Shows how the
computer, the program, and the programming system operate (o
solve problems. List price $12.00
4002. COMPUTERS AND THE WORLD OF THE FUTURE, Editcd by
Marrin Greenberger. Experts speak out elogquently on the impact
of the computer on society. List price $10.00
4227. DIGITAL PROCESSING: A SYSTEM ORIENTATION. Louise
‘Sufmru:.‘Prm_c_:pics'_. technigues, and applications of digital process-
ng-1n simplified, linguistic terms. List price 514.35

Check these advantages of membership:

¥ Special Introductory Offer: Choose any 3 books for only $3.95 from
15 essential books on the computer and information sciences—books on
computer programming, systems design, management uses of the com-
puter. other expanding arecas.

¥ Substantial Savings: As 2 member, you save up to 40% on all books,
¥ Free Bonus Books: Your only obligation is to buy as few as four Se-
lections during the next twelve months. And yvou receive a FREE Bonus
Book of your choice for every fourth Selection purchased. (The Intro-
ductory Offer counts as your first Selection.)

Why not enroll today? Just ill in and return the Membership Applica:
tion, marking the numbers of the 3 books yvou want for only $3.95. v our
books will be sent without delay.

The Library of Computer and Information Sciences

Riverside, New Jersey 08075
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High-speed, integrated-circuit
counter/display units providing
high performance at low cost are
available from Transitron’s Spe-
cial Products Division. Utilizing
high-visibility, in-line neon dis-
play tubes, modules are available
for side or end viewing. Both con-
tinuous and latching display types
can be ordered, with options of
8- or 4-line output, 8421 or 2421.
Complete decades (counter and
display) or separate decoder/dis-
play units are available as stand-
ard products. Most standard mod-
els are presently in stock, ready
for immediate shipment.

Cﬂstom displays cost
less than you think

Special decades and display mod-
ules, designed to meet the re-
quirements of a specific system,
can be produced at surprisingly
low cost . .. for fast delivery. Try

IC Counter Modules

Individual, IC counters (without
display) are also available. Line
includes 25mHz decade counters,
25mHz decade dividers, and
5mHz bi-directional counters.

Send for complete data on this
new numerical display series.

“‘Iranyitron

ELECTRONIC CORPORATION

WAKEFIELD MASSACHUSETTS 01880 J

-
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A new volume of Mathematics in Science and
Engineering, edited by Richard Bellman

DYNAMIC PROGRAMMING

SEQUENTIAL SCIENTIFIC MANAGEMENT
by A. KAUFMANN, Professor at the EN.S. des
Mines de Paris and at the Polytechnic In-
stitute of Grenoble ] A
and R. CRUON, Chief Engineer, Interservices
Operations Research Center, Paris
This volume shows how dynamic program-
ming can be used as a valuable tool in bal-
ancing the short and long range effects of
management decisions. Examples are taken
mainly frcm the fields of inventory, invest-
ment and equipment replacement problems.
A thoroth treatment of dynamic program-
ming in finite Markov chains is given, includ-
ing the “decomposable’ case introduced by
the authors, which will prove useful in prac-
tical applications.
July 1967, 278 pp., $12.00

ADVANCES IN COMPUTERS, Vol. 7

edited by FRANZ L. ALT, National Bureau of
Standards, Washington, D.C.
and MORRIS RUBINOFF, University of
Pennsylvania and Pennsylvania Re-
search Associates, Philadelphia

CONTENTS: J. C. Murtha, Highly Parallel In-
formation Processing Systems. R. M. Davis,
Programmin¥ Language Processors. W. A,
Danielson, The Man-Machine Combination
for Computer-Assisted Copy Editing. W. R,
Bozman, Computer-Aided Typesetting. A, C,
Satterthwait, Programmin% Languages for
Computational Linguistics. A. van Dam, Com-
puter Driven Displays and their Use in Man-
g‘lade Interaction. Author Index—Subject In-
ex.

1966, 303 pp., $14.00

A SYNTAX-ORIENTED TRANSLATOR
by PETER ZILAHY INGERMAN

Describes an approach to the design of trans-
lators for computer languages which is in-
dependent of both the source and target
languages. Sufficient detail is given to allow
the construction of such a translator.

1566, 139 pp., $5.95

DICTIONARY FOR COMPUTER
LANGUAGES

by HANS BREUER

AUTOMATIC PROGRAMMING INFORMATION
ﬁgN'gRE STUDIES IN DATA PROCESSING
“The book should be read with the utmost
interest by all programmers who are con-
cerned with the development and use of
automatic programming languages.”

—Computer Journal
1966, 332 pp., $12.50

New. ..
JOURNAL OF
COMPUTER AND SYSTEM SCIENCES

edited by A, V. BALAKRISHNAN, E. K. BLUM
(Managing Editor), R. W. HAMMING,
P. D. LAX and L. A. ZADEH
Devoted to the newly emerging interdiscipli-
nary area of computer theory and system
sciences. Will feature original papers on auto-
mata theory, theory of formal languages and
formal systems, theory of algorithms, com-
puter programming theory, mathematical
theory of systems, optimization of systems,
mathematical programming and applications
of mathematics to the study of complex
numbers,
Volume 1, 1967 (4 Issues) $20.00
Personal Subscription Price: $12.00*
Plus $1.00 Postage Outside U.S.A.

*Valid on orders placed directly with the Pub-
lishers certifving that the subscription is paid
for by the subscriber for his personal use-

(1Y ACADEMIC PRESS

NEW YORK AND | ONDON
111 FIFTH AVENUE . NEW YORK N ¥ 10003
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Burroughs Corporation
Burroughs has produced many complete
information display systems for a wide variety of industrial,
commercial and military applications.
For application assistance or information write:
Burroughs Corporation, Electronic Components Division
P.0. Box 1226, Department Al
Plainfield, New Jersey 07061
Tel: (201) 757-5000

READOUT - SCHEDULE BORRDS -

TRRFFIC LONTROL MONITORING

- STOCK MARKET
IISPLAY BOARDS - NEWS ANI INFORMATION DISPLAYS
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Parameters necessary for a composite cathode
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as an Alpha-Numeric Display
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the cover

Symbols of display technique join with a representation

of the San Francisco cable car in this distinctive

8th National Symposium design, conceived and executed by
artist Bruce Borley, The photographer was Karl Mooré;
both are members of the Philco-Ford WDL Division
Graphic Art Staff-
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How much less "
programming time,
computertime, 3
plotting time,

with Milgo DPS-67?

DPS-6: 16 steps

Is the example shown typical? No. Nor is yours. But the savings are. In an
actual case involving 600 program steps, DPS-6 beat the nearest competitor
by an even 100 steps; in another: 1000 steps were reduced to 700.

How? With the Milgo Digital Plotting System you output only the end points
on lines to 42” long — the plotter does the rest. There is never a second tier
subroutine to compute the length of a line! Result: reduced computer pro-
gramming, reduced computer output time, reduced plotting time.

The Milgo DPS-6 includes a choice of off-line readers, plus either a vertical
or horizontal plotter. And the system provides for all standard digital inputs
including magnetic tapes recorded in either gapped or gapless format on
7 or 9 tracks. It also accepts a straight analog input.

Send for brochure and copies of plots.

Other systems: 52 steps

Milgo Electronic Corporation
7620 N. W. 36th Avenue, Miami, Florida 33147
Phone 305 - 691-1220. TWX 810-848-6588

S,
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WHY PAY 507 MORE TO DRAW
PICTURES TROM COMPUTERS?

" ad
" .
oot

Why let money go down the drain . . . up to $1700 per unit

WHEN = OMNIGRAPHIC -

offers every spec. every feature of competition?

Offering Z-fold chart paper with bidirectional
movement . .. requires only 3 volt signal of any
shape ... and 18,000 increments/min. speed

K I5> EVENT MARKER
PLUS OPTIONS 15> CHART INDEXING
I5> INFINITE SCALE EXPANSION

Apparel Designs

WHIT['

4
|
TODAY. MONA
38-20-38 |
AndEven...r ‘
houston OEM inquiries
invited from:
ONINIGRAPHIC IBM UNIVAC CONTROL DATA

RCA NCR GE

a subsidiary of houston instrument corporation ;
4950 Terminal Ave./ Bellaire, Texas 77401 - If we missed you,
(713) 667 7403/ cable HOINCO Structure Designs Sorry — Write anyusay,
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MSC Series 10E ...the lighted pushbutton switch
for reliable answers to your toughest design problems!

The MSC Series 10E Twist-Lite® Switch can provide an answer to virtually every func-
tional or environmental design requirement you might encounter. Standard and optional
features range from a positive hardmount, achieved without special brackets or ex-
traneous hardware, to the optional drip-proof seal for equipment destined for duty in
severe environments. Four-lamp operation provides unlimited flexibility in color selec-
tion and control for performance under any ambient light condition. The front lens
provides maximum legend area per panel space occupied, with optional configurations
ranging from full to 4-way splits, Ease of maintenance is assured by the twist/lock
principle for quick lamp, legend or color filter change from the panel front without tools
of any kind. These are the features that have made the Series 10E the preferred illu- f
minated switch for critical aerospace and industrial control systems. Investigate the EXCLUSIVE TWIST/LOCK RELAMPING WITHOUT TOOLS
advantages the Series 10E holds for you. Contact your nearest MSC regional office or Easily done without fear of accidental switch acluation.

Lamp/Lens assembly remains connected to the housing

write and ask for an operating demonstration. SEND FOR CATALOG NUMBER 2000.  during relamping 1o prevent transposing with adjacent units.

SNAP-ON 2PDT or 4PDT SWITCH MODULES

‘ Precision snap-action alternate
OPTIONAL DRIP-PROOF SEAL 3 or momentary modules rated to

& . blocks passage of toreign. ¥ 5 amps/ 125 or 250VAC.
matter through pa!ﬂg1 cufout.

¢ — SNAP-ON MASTER TEST
CONTROL CAPSULES

Permits lamp verification tests
without external circuitry.

OPTIONAL RFI SCREEN

... inhibits radiated and b
nducted RFI through X INTERNALLY BUSSED
S aSL ChloUb e e T l : ' COMMON GROUND

LAMP CIRCUITS
. . reduces wiring time.

q || FULL TO 4-WAY SPLIT
OPTIONAL y i < & " LENS CONFIGURATIONS.
SWITCH-GUARD ; . & T 4-Lamp projected color
. .. prevents accidental ‘ P S { ' with individual lamp
switch actuation, R : i _ = | color control.

INTEGRATED MOUNTING SLEEVE |

Produces a positive hardmount
without brackets or hardware.

Master MS(C
Specialties
Company

1640 MONROVIA = COSTA MESA = CALIFORNIA 92627 (714) 642-2427 » TELEX 6-78433 » OFFICES IN PRINCIPAL CITIES

25

25 YEARS IN
INFORMATION DISPLAY AND CONTROL DEVICES
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IBM announces:

Now you can get a faster, more powerful, more
responsive IBM 1130 Computing System. We've just
introduced five new CPU models. We've extended the
range of input/output speeds and on-line storage
capacities. And we've improved data communications
capabilities for the 1130.

In short, we’ve enhanced the present 1130 line so
it can grow as your needs grow. Now you can get an
1130 that will tackle the big jobs—an 1130 with bigger
capacities and faster throughput.

Five new CPU’s. Now you have a wider choice
of core sizes and speeds. We've added five new CPU’s
for a total of nine. You can get an 1130 with 4K, 8K,
16K or 32K words of core, depending on your require-
ments. And you have a choice of two memory speeds.

big computer features for the “little” 1130.

Up to five disk drives. Now you can hook on
up to five disk drives for an on-line capacity of
2,560,000 words. All five disks can be operated simul-
taneously. Since the drives use interchangeable disk
cartridges, you can amass unlimited off-line storage.
Faster printers and readers. Take your pick
of three printers with speeds ranging up to 600 lines
a minute. Choose one of four card readers with
speeds ranging from 300 to 1000 cards a minute. You
can even add an optical mark page reader. With an
expanded line of 1/O gear, you can put the 1130 to
work on a wider range of applications.

Improved data communications. With the
improved Synchronous Communications Adapter, the
1130 can become an economical terminal for your

INFORMATION DISPLAY, May/June 1967

SYSTEM/360 while retaining its stand-alone comput-
ing power. The adapter can transmit at 2400 bits per
second in either of two modes—Synchronous Trans-
mit Receive (STR) or Binary Synchronous (BSC) de-
pending on your interfaces and programs. With the
addition of BSC, you get more efficient, more flexible
data transmission because it is code-insensitive.
New Disk Monitor System. IBM supports the
1130 with a Disk Monitor System which includes a
FORTRAN compiler, a Supervisor Program, a Disk
Utility Program, an Assembly Program and a Sub-
routine Library.

Then, there’s quite an array of application programs
already available for the 1130. In the engineering
fields, for example, there are programs for civil engi-

INFORMATION DISPLAY, May/June 1967

neering, programs for petroleum engineering and
exploration, programs for gear and spring design.
There are scientific subroutines, linear programming
and project control programs. There are commercial
subroutines for applications like payroll and cost
accounting.

Room for growth. With the expanded capabili-
ties of the IBM 1130, you have a system that will grow
with you. As your company or department grows, as
vour data processing applications become more num-
erous, your 1130 will keep right in step. Extended
capabilities, powerful programming support, versatil-

ity, growth potential. These are the
things you get, along with IBM service, IBM
from the 1130, our “little’” computer. ®

11
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EMI/RFI-SHIELDED
PUSHBUTTTON SWITCHES

Four models, one with wide button. Choice of two

and four circuit momentary, plus DPDT push-push.

Ratings of 1 to 10 amps at 28 vdc; 1 amp at 120 vac.

SUBMINIATURE EWI/RFI-SHIELDED - fxgzzon

INDICATOR LIGHTS

Dome, flat and flush mounting. Lens diameter of
7/32%, .22" and .383" respectively; 5v and 28v. Six
lens colors, plus clear.

STANDARD EMI/RFI-SHIELDED

!’*‘“ ALLLLLLL LR ey

INDICATOR LIGHTS

K };'

Translucent and transparent dome-type lenses. In-
candescent, standard neon and high-intensity neon

lamps in all popular voltages. Six lens colors, plus
clear..

These EMI/RFI-shielded switches
and indicator lights available at
Control Switch distributors now!

Still more new EMI/RFI-shielded components on the way.

Need shielding from EMI/RFI leaks in panels
and systems? Look to Control Switch . . . first
to introduce the types of shielded switches and
lights shown above. Now we are deep into the
development of still other shielded components.
Tell us your requirements. We may be working

CONTROLS

COMPANY
ioF AMERICA

CONTROL SWITCH DIVISION

1420 Delmar Drive, Folcroft. Pennsylvania 19032

A Subsidiary of
General Precision Equipment Corp.

on the component you need and be able to help
you fast. Order EMI/RFl-shielded switches and
lights from your Control Switch distributor, or
contact us direct.

FREE BULLETIN!

Check number on Reader Service Card corresponding to
number at left below for our Bulletin on EMI/RFI-shielded
components. While you're at it, get all the items listed below.

#8 EMI/RFl-shielded Component Bulletin 62A
#9 Condensed Switch Catalog 100

#10 BasicSnap-Action Switch Catalog110

#11 Toggle Catalog 180

#12 Indicator Light Catalog 120

#13 Hermetic Switch Catalog 130

#14 Switchlite Catalog 220

#15 Pushbutton Catalog 190

INFORMATION DISPLAY, -May/June 1967

People who need
uniformity, dual mode
capability, and

high resolution,

focus on us.

That's why you'll find our direct
view storage tubes in military
avionics systems, terrain-follow-
ing radar, in terminal guidance
missile system display and com-
mercial aircraft weather radar
indicators.

We're specialists in meeting
systems manufacturers’specs,
which usually originate with
MIL specs. All our tubes have
a unique weld-ring construction
that permits precise gun align-
ment not affected by sealing.
This means you get unusual
tube-to-tube uniformity.

Our capability shows up as
soon as you flip the on switch.
You get high resolution, up to
130 written lines per inch; writ-
ing speed up to one million ips.
There are no halos to degrade
the image. What's more, you
have a tube with superior edge-
to-edge lighting. Fast erase

speeds—as fast as 0.5 millisec-
onds without dunking. This
allows TV displays at standard
frame rates without smearing.
We're also specialists in get-
ting involved in our customer’s
problems. We stick with the de-
sign engineer until he has the
tube that meets his require-
ments. Whether it comes off the
shelf or is a custom design.
So if you can’t tolerate flaws
and want a working partner who
can'’t either, focus on us. Write:
Dept.ID,ITT Electron Tube Divi-
sion, International Telephone
and Telegraph Corporation, P.O.
Box 100, Easton, Penn. 18043.

ELECTRON TUBE DIVISION

INFORMATION DISPLAY, May/june 1967
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another new development from Thomas Electronics

HIGH DEFINITION, LONG STORAGE
WITH DARK TRACE STORAGE TUBES

BEING FIRST

12B

MEANS EXPERIENCE

RCA Victor Company, Ltd. was the first to
develop digital-to-video conversion (DIVCON)
apparatus. With this achievement, rests the
responsibility of success.

First used by:
Used by:
Used by:

Used by:

Used by:

To be used by:

To be used by:

The National Broadcasting Company, for US
election coverage in November 1964.

The Canadian Broadcasting Corporation, for both
English and French election coverage in 1965.

CBS, ABC, NBC, during the 1966 general elec-
tions.

The British Broadcasting Corporation, during the
1966 British elections and budget programs; by
Independent Television News in Great Britain
for this year’s budget speech.

The Montreal and Canadian Stock Exchanges to
provide 10 channels of up-to-the-second stock
quote prices to over 200 brokers, all on a single
cable.

Air Canada for the world’s first automatic flight
information system announcing arrivals and de-
partures, automatically up-dated from a computer.

The Chicago Board of Trade to provide instant-
aneous price information to members of the
world’s largest commodity exchange.

British European Airways at London’s Heathrow
Airport in the largest computer control flight
information system yet purchased.

Growing out of this experience comes the RCA Victor Multiplex
Display System for recall of hundreds of frames of information
to an unlimited number of users on but a single cable distribution

system.

RCA VICTOR COMPANY, LTD.

Technical Services Division
1001 Lenoir St., Montreal 30, Can.

Circle Reader Service Card No. 145
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HAVE YOU REEXAMINED DTST’s LATELY?

High resolution information can be retained for
hours, days . . . even weeks with the standard
7- and 10-inch diameter dark trace storage tubes
from Thomas Electronics. Important character-
istics of both the Model 7M28P10 and Model
10M55P10 tubes include:

e Resolution typically 6-mil line width; as low
as 1-mil available

Excellent contrast for alpha-numeric displays

e Dual mode operation for indefinite storage or
continuous erasure

Simple power supply requirements
Ruggedized for military applications
e Lower cost

e Each tube supplied with fluorescent lamp.

These magnetic deflection and focus tubes have
potassium chloride scotophor screens which
develop a deep magenta when exposed to an
electron beam. Dark trace storage tubes are
excellent for applications in avionics systems, all-
weather radars, anti-submarine warfare systems
and data processing displays.

Thomas Electronics also can provide other dark
trace storage tubes with round or rectangular
face plates up to 10 inches in diameter. For
more detailed information or quotations write
or phone:

THOMAS

ELECTRONICS: INC.

100 Riverview Drive, Wayne, New Jersey 07470 0 201-696-5200

Circle Reader Service Card No. 16
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) from Raytheon

Data Display Devices

New Raytheon Recording Storage Tubes
extend your system capabilities

Two new miniature types, new
high resolution tube added to
Raytheon’s broad line.

Raytheon’s wide range of Re-
cording Storage Tubes enable
you to design additional capa-
bility into any system which stores
and transfers electronic informa-
tion. Applications include: scan
conversion, stop motion, integra-
tion for signal-to-noise improve-
ment, time delay or phase shift,
correlation and slow-down video.

The new miniature types—Ray-
theon’s CK1516 and CK1518—are
designed for compact packaging,
such as in airborne and space
satellite applications. Both tubes
provide high resolution and erase
capability in a fraction of a sec-
ond. The CK1521 is a new stand-
ard type featuring ultra-high
resolution of 2500 TV lines and
fast erasure in milliseconds.

Raytheon Recording Storage
Tubes are electronic input-output

devices which feature: fast write,
immediate and nondestructive
read, long storage, high resolu-
tion, and fast erase. Information
can be written and stored using
sequential scan techniques or by
random access writing. Erasure
can be complete or selective.
Dual and single gun types are
available.

For more information or demon-
strations, contact your Raytheon
Regional Sales Office.

INFORMATION DISPLAY, May/June 1967

New Raytheon Projectoray* Tube pro-
duces more than double the light
output of standard projection-type
cathode ray tubes. The tube’s light out-
put is 30,000 foot lamberts, which
results in a light level of 15-foot lam-
berts on a 3’ x4’ lenticular screen.

The tube's expected minimum oper-
ating life is 500 hours — 20 times the
life of a standard projection tube.

The Projectoray’s high light output
and long life are due to its novel
design. The design incorporates liquid
cooling of the phosphor backplate.
This allows the phosphor to be ener-
gized with a very intense electron
beam. At high beam levels, very high
peak light output is obtained. The
light image is projected through a 5”
optical window in the face of the tube.
The electron gun is set at an angle to
the phosphor and the deflection sys-
tem compensates for keystone effects.

Datavue* Side-View Tubes. New Type
CKB8650, with numerals close to the
front, permits wide-angle viewing. These
side-view, in-line visual readout tubes
display single numerals 0 through 9 or
preselected symbols such as 4+ and —
signs. Their %”-high characters are
easily read from a distance of 30 feet.
Less than $5 each in 500 lots, they also
cost less to use because the bezel and
filter assembly can be eliminated and
because their mating sockets are inex-
pensive,

Symbolray *CRT Tube. The new Ray-
theon CK1414 Symbolray tube provides
alphanumeric inputs for computer read-
out devices. The tube's 2” target can be
scanned electronically to select sym-
bols, characters, and punctuation marks
in sequence to form the readout on a
display tube. This type has applications
with data processing equipment as an
economical method for generating char-
acters for hard copy print-out or for
cathode ray display. Design with 64 and
100 characters are available.

Dataray* Cathode Ray Tubes. Raytheon
makes a wide range of industrial CRTs
—including special types—in screen
sizes from 7" to 24", Electrostatic, mag-
netic, and combination deflection types
are available for writing alphanumeric
characters while raster scanning. All
standard phosphors are available and
specific design requirements can be
met. Combination deflection or "diddle
plate" types include CK1395P (24" rec-
tangular tube), CK1400P (21" rectangu-
lar), and CK1406P (17" rectangular).

Datavue* End-View Tubes. Raytheon
makes round (CK8421) and rectangular
(CKB8422) Datavue indicator tubes on
automated equipment capable of high
production rates and top quality. The
CKB8422 rectangular tube is also avail-
able with decimal point, £ symbols, and
in other special versions. Both round and
rectangular types fit existing sockets
and conform to EIA ratings. These ultra-
long-life tubes are designed for 200,000
hours or more of dynamic operation.

Send Reader Service Card for litera-
ture on the:

Recording Storage Tubes 17
Projectoray CRT 18
Datavue Indicator Tubes 19
Symbolray CRT 20
Dataray CRTs 21

Or call your Raytheon regional sales
office. Or write to Raytheon Company,
Components Division, Quincy, Mass.
02169.

*Trademark of Raytheon Company

Industrial Components Operation— A single source for Circuit Modules/Control Knobs/Display
Devices/Filters/Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panel Hardware

INFORMATION DISPLAY, May/June 1967
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TIME TO GO FOR
AND GET

THE ALL NEW AUTO-TROL

HIGH SPEED CURVE TRACER €
X=Y COORDINATE DIGITIZER

For reducing analog graphic data and film records
to digital form for computer processing and analy-

sis. While the operator manually traces the curve,
X and/or Y absolute plus and minus coordinate

values are automatically recorded at switch se- PHONE OR WRITE
lected increments onto magnetic tape, punched

paper tape, or punched cards. The data is formatted §> co:l;‘:r‘:::'o";
by way of an operator wired patch panel for direct l .

computer entry. Use it for point digitizing from
maps too! Resolution is .001”, accuracy is £ .004, ¢ d!sia! eraphic & data systems/(303) 431-5670

® 6621 west 56th avenue, arvada, colorado 80002
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SYNTRONIC YOKES
CREATE:
SHARP CHVPEZ

CLEAR x<¢>0OEd

DISTINCT 34567

provide a complete line of @ positioning deflection yokes
@ high frequency character yokes @ beam centering coils
@ anti-pincushion devices @ focus coils
for all types of information displays
used throughout the world.

From standard continuous line scan data displays to very special high

s speed random character displays . . . Syntronic’s staff of yoke specialists

assists engineers in designing, specifying and procuring the
right yoke or yokes for maximum results.

An important “"PLUS" is Syntronic’s Production Capability.
It backs up Syntronic's experienced engineering and
design services. This is vital to the engineer who
eventually needs yokes in production quantities.

Call Syntronic Yoke Specialists today for help with the
design and production of your yokes.

SYIEDONIC

00 Industrial Road, Addison, 11l (20 miles west of Chicago), Phone (Area 312) 543 6444

Specialists in Components and Equipment used with Cathode Ray Tubes

Circle Reader Service Card No. 23



18

Celcol

DEFLECTION COMPONENTS

for the DISPLAY INDUSTRY

YOKES

AMPLIFIERS

INSTRUMENTS

DEFLECTRONS
Ultra High Resclution Yokes
Type HD

For 40° Flat Faced Scanners,
Computer Readouts,
Side-Looking Radar, Mapping.

20V ALL SILICON DRIVERS
Type DA-PPN-3

3, 6, 12 amp X-Y amplifiers
matched to your yoke and response
requirements. Available with
regulated power supplies

DISPLAY MEASUREMENT LAB

Two-Slit CRT Spot Analyzer on X-Y
Traverse quickly ascertains spot size,
line width, and X-Y coordinates.
Easily determines linearity and
positional accuracies as well as
phosphor characteristics.

PIN CUSHION CORRECTORS
Electromagnetic

Straight Sides
to 0.1%.

: Use with CELCO
Micropositioner for optimum accuracy

40 VOLT DEFLECTION DRIVER
All Silicon Type RDA-PPGN-1

TV CAMERA COILS
for 37 Image Orthicons Type 1.0.

-
Deflection Yoke, Focus and Alignment
Coil Assemblies to meet your specs.

With regulated Quadru-Power Supplies.
12 amp change in less than 9 usec.
0.02% linearity.

~ XY TRAVELING MICROSCOPE
Mounted on X-Y Traverse.

—

Line Straightness, spot positions and
line positions measured with a high
degree of repeatibility.

Use for aligning yokes,
focus coils and field correctors.

MAGNETIC LENS
for High Resolution CRT’s
Type NC

For correction of CRT distortions.
Consists of static and dynamic
focus and astigmatic coils.

RASTER GENERATOR

All Solid State Type 2 SG-1
e RS
" e » &g
wo e et
_Pi o 940 % ¥ |
MO © B TE i

Two Ramp Units in one panel.
Ramps from 20 usec to 100 msec.
Adjustable dc offset.
Compatible with CELCO Drivers.

CRT DEFLECTION SYSTEM

Contains all deflection, focus and
corrective coils, micro-positioners for
each, your CRT, complete shielding

from all stray magnetic fields.
Use for automating assembly lines,
a reader of hubhle-chamber photos.

YOKES

C)ondfanh'ne Cf’ngineering o[,aéorafor:'ed Company

MAHWAH, N. 1.
201-327-1123
TWX 201-327-1435

UPLAND, CAL.
714-982-0215
TWX 714-556-9550

Circle Reader Service Card No. 24
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To get 3 discrete levels
of dynamic information integrated on one display
— depend on Stromberg-Carlson

Each advance in information manage-
ment brings a new set of pressing de-
mands. For some time, the big question
has been how to get more different
types of intelligible data on one display
—and at rates that represent real-time
events. As an early leader in display
engineering, Stromberg-Carlson has the
experience to produce working hard-
ware that does the job now.

The new possibilities in S-C Multipur-
pose Displays are legion, offering qual-
ity, flexibility and convenience that
permit really efficient interaction be-
tween man and machine—particularly
in military situations.

Now S-C makes it feasible to inte-
grate 3 levels of information efficiently
on one display—effectively covering the
entire dynamic range encountered in
real-time tactical problems. An S-C dis-
play with a rear-ported tube, employing
the new scribe-projection technique,
presents a variety of data, all at rates
appropriate to real-time events. Here’s
a true situation display that helps the
decision-maker.

The principle is illustrated at the right.
Let’s take a military application as an
example, though the approach and
hardware would be equally valid for
commercial use. Through a rear-port,
a projector is used to present a
slide of static information, such as a
tactical map. At the same time, the
scribe technique is used to generate the
display of relatively low speed vehicles
—such as ships—or slowly changing situ-
ations—such as weather. This data ap-
pears in dynamic form and can include
lines, curves, symbols and characters.

The scribe system is essentially an
x-y plotter fitted with a stylus which
etches a moving trace on the opaque
surface of a slide. Slides can be changed
as fast as data become obsolete. Final-
ly, the versatile CHARACTRON®
Shaped Beam Tube generates alpha-
numeric, graphical and raster data of
highest quality at computer speeds.

Or how about this for a genuine ad-
vance—an airborne display which pre-
sents multiple, time shared inputs of
both digital and analog information
from a variety of surveillance sensors?
That’s the S-C Multipurpose Display,
developed for the A-NEW program as
a key element in an ASW system. This

INFORMATION DISPLAY, May/June 1967

display has been operationally em-
ployed for some time, and Stromberg-
Carlson was recently awarded a con-
tract by the Naval Air Systems Com-
mand to begin pilot production of the
equipment.

The key to much of the flexibility of
S-C Displays rests in the versatile
CHARACTRON Shaped Beam Tube.
S-C alphanumerics and symbols are
generated entirely with one pulse of the
electron gun through the matrix, rather
than being generated piece-meal. S-C
symbols offer definition and clarity of
the highest order. Symbol resolution in
excess of 5000 lines is achieved, pro-
viding such definition and sharpness
that data appears to stand out from the
display surface.

The spot-writing mode is used to gen-
erate vectors, curves and lines on a
time-shared basis. Thus, with the addi-
tion of the rear-port a single S-C dis-
play can combine optical data with un-
excelled alphanumerics and graphics,
plus highest-quality images of raster
data from television, radar and scan
converted information from other
detectors.

STATIC
BACKGROUND
DATA (COLOR)

REAL TIME
COMPUTER DATA
Charactron
Alphanumeric .
Symbols & Vectors

LOW SPEED
TRACK DATA
(COLOR)

Since the use of CRT displays first
began to assume its current importance,
S-C has been a leader in development
and in producing finished hardware.
S-C supplied special displays for the
SAGE air defense system, the U.S.
Army War Room, the Navy’s Sea Sur-
veillance tactical system.

One of the most widely used direct
view display consoles is the S-C 1090.
Current equipment includes small-
screen interrogator displays, for mul-
tiple station use, giving many operators
access to the same data.

S-C scientists and engineers are now
probing the future — working on new
pin-matrix light-valves and projection
systems with an eye to improving reli-
ability, resolution and flow of dynamic
information to large-screen displays in
sizes up to 20 feet square.

Whatever your needs in displays,
count on Stromberg-Carlson experience
for real here-and-now hardware. For
information, write: Dept. ID-100,
Stromberg-Carlson, Data Products
Division, P.O. Box 2449, San Diego,
California 92112.

Stromberg-Carlson

A SUBSIDIARY OF GENERAL DYNAMICS CORPORATION

Circle Reader Service Card No. 25
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No matter!
we can handle your computer output with

SGOPUS I

A unique concept in high speed film plotting
for front or rear projection

DIGIAL

ROCOR PRESENTS
M PLOTTeC GiFLAYS B¥

Actual photos taken of 7 foot

Actual photos taken of 7 foot f ]
by 7 foot display screen.

by 7 foot display screen.

2000 SLIDE UNI-DIRECTIONAL

The new SCOPUS Il offers: Available as a —

. Plotting on 70 mm stabilized polyester film Plotting projector

. Low logistics cost Spotting projector

. Simplified storage and retrieval Reference projector

. High speed accurate display of dynamic track

data, alphanumerics and special symbols in configuration as —

100 slide random access
2000 slide uni-directional

. Time sharing
. Acceptance of digital, analog and manual inputs

INFORMATION DISPLAY SYSTEMS B(EFL%%N;ERLY
APPLIED DEVICES CORPORATION [/ \&iuent

112-03 14th Avenue, College Point, N. Y. 11356 CORPORATION)

|

1‘
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WANT A CHANCE TO DISPLAY YOUR TALENTS?

THE DATA SYSTEMS DIVISION OF LITTON INDUSTRIES
IS CURRENTLY OFFERING UNIQUE OPPORTUNITIES FOR
\ INFORMATION AND SYSTEMS DISPLAY ENGINEERS J

You will be involved in the design and development of advanced
microelectronic display systems utilizing multiple gun CRT
techniques. Your assignments will include systems design,
development of overall specifications, and advanced circuitry
and electronics to meet the system requirements. For these
projects we need graduate engineers with experience in high
resolution cathode ray techniques, storage tube display equip-
ment, scan convertor techniques and circuitry and application
of microelectronic techniques to display equipment.

WHAT YOU'LL BE DOING

The Data Systems Division is notable for the design and devel- |
opment of the highly mobile MTDS (Marine Tactical Data Sys- J
tem) and the ATDS (Navy Airborne Tactical Data System) for
the E2A aircraft. We are engaged in the following systems
work: air defense, air traffic control, command and control,
data processing and display, reconnaissance, space informa-
tion and surveillance.

WHAT WE'RE DOING NOW Typical of current DSD projects are these advancements:

LC-25, 25 Megacycle Radar Sweep Convertor Advanced Display Console Litton's Entry Query Control Console

This unit accepts radar sweep data from a
Radar Azimuth Convertor, symbol position
data from a computer, and converts these
for application to a display console. The high
speed capability of the unit, utilizing pri-
marily integrated circuits, permits display of
high resolution sweeps at lower ranges than
previously possible, with no switching dis-
turbances. Current mode integrated circuits
and Digital-to-Analog convertors are used.

The Advanced Display Console is a product
of Litton's continuing program to develop a
line of display modules, with which displays
to suit the varied applications can be con-
structed. Emphasis has been placed on
standardization of components, reduction in
weight and power, and advanced display
techniques. Modules designed and con-
structed include Radar Azimuth Convertor,
Symbol Generators, Data Entry and Readout
Units, and botH electromagnetic and electro-
static CRT Display Units.

Designed as an interface unit for Litton's
L-300 line of Microelectronic Computers, the
EQCC replaces the keyboards and push-
huttons usually found on Computer-control
consoles. With the advantage of being pro-
grammable, it can be tailored to any type of
operation or level of operator skill. It is com-
pletely self contained, with microelectron
symbol generator and microelectron power
supplies.

LITTON INDUSTRIES DATA

An Equal Opportunine Emplover

SYSTEMS DIVISION

INFORMATION DISPLAY, May/June 1967
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MAGNETIC
SHIELDING N
TAILOR-MADE ...

QUICKLY...BY YOU

Use our HEADS to save Time and Noney!

New Y-Axis Carriage Attachments
for KINGMATIC N/C Drafting System

I

T
-

..:._____. ¥ bt Ideal for initial laboratory or experimental evaluation. Also for production
=1, + s ESBT applications and automated operations. A fast, inexpensive emplrlcal
== 3 f ;o gege? tool to solve shielding problems.

= L= ._..._'%1 Eliminate interference in your display or system by wrapping

| e e permanently effective Netic Co-Netic Magnetic Shielding Foils
- i ?h x around the offending components. It's done in seconds.

'/a
o

Then, presto! No more interference. Use multiple layers when
needed.

Easily shaped with ordinary scissors to your outline. No toaling
costs. Save time, space, weight, money.

Co-Netic & Netic foils are not significantly affected by drop-
ping, vibration or shock, and do not require periodic
annealing. High attenuation to weight ratio performance.
Available in any required length in thickness from .004” in

o

New Photo Exposure Head for high

accuracy printed circuit masters.

* provide direct exposure of circuit
master on film

e egliminates expensive tape-ups
and photo reduction

* exposes lines or pads directly on
film or glass from .002" to .200”

Two “heads' are better than one . ..

New 6-Position Turret Drawing

Head provides automatic selection

for six drawing tools.

e accepts wet ink or ball pens or
other scribing tools

s choice of pen sizes and colors

quickly inter-changeable with
other optional heads

let's get our heads together
now and discuss how Baldwin Kongsberg Automatic Drafting can
help you solve your jobs faster — easier — more profitably. You
can buy, lease or simply rent time on the machines here at our
new Automatic Drafting Center.

Write for “KINGMATIC File’” and Automatic Drafting Center
brochure, or call collect. No obligation.

BALDWIN KONGSBERG COMPANY -« Suite 802, Atkinson Sa.

rolls 4”, 15" and 1934"

A few typical applications are illustrated.

wide.

Foil Performance
Evaluation

NEW

BLUE NETIC
Magnetic Shielding
Foils

e Rust resistant;
resistance material
added during hot
process

e 5db increased
attenuation

e Immediate stock
delivery

In .004" thickness,

up to 193" width,

and in any required
length up to 100 feet.

Coils Stocked Adhesive-backed Foil
In Various Widths

4 &
»f::;S ?’ :

Spiral Counter
Spiral Cable Shielding

~ Miniature b
Component Shielding

MAGNETIC

SHIELD
DIv.

’:j Yy

Reed Relay Foil Shield

MAGNETIC SHIELD DIVISION

PERFECTION MICA COMPANY
1322 NORTH ELSTON AVENUE « CHICAGO, ILLINOIS 60622
Phone: 312, EV 4-2122

11750 Chesterdale Rd., Cincinnati, O. 45246 » Phone(513)771-7023
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TV convertible-
d2popular | N G
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Result:
Unusual career opportunities

for growth minded engineers

Closed-circuit system features .
quick change to choice of rates M e
from 525 to 1225 lines. % - J L
Why limit your research TV to a single ‘ : ranger

line rate? Our V1000 system gives you

wide “first choice” and lets you convert
economically to other line rates when nec-
essary. ldeal for microscopy, ultraviolet,
infrared, image storage, X-ray, or any proj-
ect requiring high precision and stability.
Small, rugged, and reliable, In CCTV flexi-
bility, G/ A has the answer now. Request
complete technical information.

Associates

Raytheon — 10 year leader in electronics for Air Traffic Control — has
been awarded a long-term multi-million dollar contract by the FAA for
the development and installation of Computer Display Channel (CDC)
systems for the country’s National Air Space System. This is the largest
hardware contract ever assigned by the FAA.

This recognition of Raytheon’s leadership and performance in a non-defense area has
created an immediate need for the following:

LOGIC DESIGNERS DIGITAL CIRCUIT DESIGNERS
PROJECT ENGINEERS SYSTEMS ENGINEERS

A 4-year engineering degree, plus applicable experience is required. Positions are
available at all levels.

| . ] Consider this carefully — it could be

Positions also available (all levels) in your most important career decision

other non-defense programs such as: — to join the world leader in Display
Systems.

AIRLINE RESERVATION SYSTEMS .
\ HARBOR NAVIGATION SYSTEMS Send resume toPGafrdner }{ RMorr:g,

} Management & Professional Recruit-
1 AIRPORT SURVEILLANCE SYSTEMS ing, Bquipment Division Headquart-

WEATHER WARNING SYSTEMS ers, Raytheon Company, Dept. 41
Box 520, Waltham, Mass. 02154,

NOTE: FOR INTERVIEW at the SID Symposium
Call Gardner H. Morris at 776-9535
Thursday, May 25, 9 AM. to 5 P.M. Friday, May 26, 9 A.M. to 3 P.M.

Granger O

Associates | e

An Equal Opportunity Employer

1601 California Avenue, Palo Alto, California / (415) 321-4175 = 818 18th Street NW, Washington, D.C. / (202) 298-7125
23
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Brought to you live and in color.

A static photo is not the best way to sell a display that
moves in 6 colors. (It’s enough to give the NBC peacock
gray feathers.)

We’re talking about Vigicon, a real-time information
display system for command and control.

It lets you see what’s happening over any size location
(as small as your back parking lot, as big as the earth).
And you see it while it happens.

From a variety of inputs, Vigicon combines fixed
references with plotted tracking symbols and instantane-
ous target spotters. Plus any do-it-yourself graphics you
can think of. All in color.

It even has a small digital processor and memory of
its very own, replacing the traditional black box.

And it comes very small (15 in. x 15 in.). Or very large
(20 ft. x 20 ft.). Or any size in between.

You can see it by front or rear projection, desk top
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display or individual console.

Vigicon is available in 3-D and with sound.

It operates in airborne, shipboard, and mobile or fixed
land installations.

We're happy to say Vigicon is not a new product. Five
years of installations allow us to document its reliability
(ask for case histories). And accuracy (to .002 of
screen size).

Crucial to Vigicon reliability is its servo mechanism.
And Northrop has been building these since they were
first called servo mechanisms.

Vigicon is simple to maintain. If something conks out,
your own people can quickly replace the offending module.

For a Vigicon demonstration dealing with your prob-
lem, call us.

There’s nothing like

getting the picture live. N u RTH Ro P
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A word to systems manufacturers

YOU CAN STOP THINKING OF US AS JUST
THE BEST STORAGE TUBE MAKERS...

...and think of us as manufacturers of complete
displays. It's true that our experience. has included
thousands upon thousands of Tonotron and Multi-
Mode Tonotron halftone tubes. Typotron® shaped
beam character-writing tubes, and Memotron® bi-
stable display tubes. To this experience we have
added scan converter and recording storage tubes
employing principles unique to Hughes (i.e., no RF
modulation requirement). We've worked with every
conceivable application —weather and terrain avoid-
ance radar, fire control, sonar, air traffic control,
seismographic studies, ultra-sonic railroad track sur-
vey and medical diagnostic displays.

At the same time, our experience in special displays
—complete equipments —includes ten-inch, 2-color
consoles, 5 and 10-inch alpha-numeric displays, stor-
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age tube TV displays, MTIl (moving target) and scan
converter video processors, and —most recently —
large numbers of educational displays.

Depend on Hughes' complete engineering and pro-
duction capability for display tubes and display
equipment. Call or write the following:

Hughes Aircraft Company, Vacuum Tube Products,
2020 Oceanside Blvd., Oceanside, Calif. 92054.
Phone: (714) 757-1200. TWX: 910-322-1380.

EAST: 1284 No. Broad Street, Hillside, N.J. 07205.
Phone: (201) 289-7770. TWX: 710-741-4737.

INTERNATIONAL: Hughes International, Centinela &
Teale Sts., Culver City, Calif. 90230. Phone: (213)
391-0711. Telex number: 067-222.

L i. r __________________ |
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] | VACUUM TUBE PRODUCTS DIV,

z ‘ OCEANSIDE, CALIFORNIA
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We make Cathode Ray Tubes
to your specification.

Rank Electronic Tubes make custom built c.r.t's.
Just how you want them. Any shape. Any
performance. We've just finished work on one with
the ability to write high resolution lines of
less than 0.0007 inches. And anocther called the
Matricon, which is a multiple beam tube capable of
producing many independent beams.

The Monocon range of electrostatically focused
c.r.t's, which are now becoming available, can
be tailored to your requirements. These can supply
higher beam currents with substantially uniform
electron distribution across the spot diameter.

'S'i'arf specii ng.

They can be made with beams which are round,
square, triangular, rectangular, etcetera.

If your needs are more specialised than this,
don't worry. Just tell us what kind of c.r.t's you
want and we'll make them up.

Rank Electronic Tubes are also the makers of
these c.r.t’s: Ceramic air-borne display-
Ceramic air-borne recording-Radar display-
Oscilloscope-Projection-Flying spot scanner—
High resolution ‘micro-focus'-Matricon
Alpha-Numeric-Multibeam complex raster.

¥¥RANK ELECTRONIC TUBES

Cintel Works, Sidcup By-Pass, Sidcup, Kent, England. Telephone: 01-300-5541, Cables: Cintel Sidcup.
Circle Reader Service Card No. 32
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It's never a problem to read readouts
when they are equipped with Polaroid
circular polarizers. Our polarizers im-
prove readability from every angle by
increasing contrast. Even in brightly
lighted rooms.

But now you don't have to take our

Polaroid®

Readouts clear

Polaroid circu

Ty

AR 9,000000000E Ol

M END OF MOVE

lar polarizers clear up readouts.

word for it. Send for our new brochure,
and we'll include 3 samples of our cir-
cular polarizers (amber, neutral, and
green). They'll help you see very
clearly why many major display and
instrument manufacturers are now
using Polaroid circular polarizers.

up problems.

Write Polaroid Corp., Polarizer Sales,‘

Dept. 59, Cambridge, Mass. 02139
See the Polaroid circular polarizers at
Booth 9-10 at the Symposium of the
Society for Information Display, May
24th through 26th.

Polaroid Circular Polarizers.




INTEGRATED SVYSTEMS SUPPORT

makes the BR-90 DISPLAY ANALYSIS CONSOLE the best friend your data base can have

We're systems people. That's why, when you add a BR-90 Display Analysis Console to your data handling system,
we can back it up with a unified support program that begins anywhere along the line:

» thorough examination of systems objectives
= operations analysis to translate user require- = simulation and test of operating problems
ments into system function and design objec- and procedures in our On-Line Center—before

tives your system is installed
» integrated hardware and software imple- = installation and integration of the console
mentation into your system

= integrated field support to keep your system
operating at top efficiency.

» programming that will get the most out of
your computer-BR-90 system

If you need to get data out where you can see it—manipulate it—store it—then a BR-90 Display Analysis Console
belongs in your data handling system. The BR-90 is system-compatible. Not just for today. But right through the
years, modifiable as your system requirement changes.

If you want more information:
Call H. A. Kirsch (213) 346-6000. Or contact your local Bunker-Ramo field representative.

THE BUNKER-RAMVIO CORPORATION

DEFENSE SYSTEMS DIVISION
8433 FALLBROOK AVENUE - CANOGA PARK, CALIFORNIA 91304 + (213) 346-6000

28 Circle Reader Service Card No. 34
Circle Reader Service Card No. 35—

A e

i
!
f
{

T . R

B I ———

\

)

\

This is not a split screen!

New one-gun tube can read out in 2 colors.

ST et o

Ji-21

FLAT FACE
pelti- L Y

N\ |

ay

USEFUL SCREEN DIA,

I

273" R

This is Sylvania’s new type SC-4689. It features excel-
lent color separation from red to green by switching the
voltage on anode No. 3 from 6,000 to 12,000 V.

It’s a one-gun tube. Multilayer phosphors of red and
green produce the color outputs on the tube face. The
new tube has very high resolution, because it eliminates
the need for the shadow mask and the three dots of dif-
ferent phosphors required for each information point in
conventional three-gun color tubes. Thus, more infor-
mation can be displayed in a given area.

The SC-4689 uses a 5” diameter screen and a high
resolution gun— oftering spiral post deflection accelera-
tion. This minimizes the changes in deflection sensitivity

and pattern linearity as anode No. 3 is switched.

Sylvania can apply the same principles used in the
SC-4689 to other sizes and to other types, such as a
2-gun device, to meet users’ specific needs. For example,
a 2-gun device, when operated at the 2-voltage levels,
gives independent color display.

Sylvania Electronic Components Group, Sylvania
Electric Products Inc., Seneca Falls, New York 13148.

SYLVANIA

SUBSIDIARY OF

==
GENERALTELEPHONE & ELECTRONICS Gr[:&h




MAG TAPE 305/DELTA 8305

MAG TAPE 8305

5-10K PURCHASE

25-31K PURCHASE

35-40K PURCHASE
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DELTA
CONTROL
UNIT

LEASE FROM 325

LEASE FROM 800

LEASE FROM 1250

LEASE FROM 1750
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G#S LABORATOMES

Numbers your TV cameras can read
without eye-strain.

Numbers, letters, symbols. If they're in lights, they can
cause problems. Ghosts appear and bulbs burn out. Their
images may permanently damage camera tubes. Now
CBS Laboratories offers the way out: a Digital Display
System featuring Model DDU-1A electro-mechanical in-
dicator units with characters displayed on a flat plane
for optimum readability with viewing angles as high as
145°,

Here's the perfect way to display daily information
such as stock market, ball scores, election return figures
and similar information.

A vertical split-flap “‘Book page'' mechanism provides
uniform reflectivity and maximum character clarity un-
der both high and low ambient lighting conditions.

Our Digital Display Units are the business end of a
complete digital display system, including power supply
and a compact digital display control that allow rapid
selection of up to 192 digits, letters or symbols.

Operating power of only 2.7 watts per unit means cool
operation and low power control circuitry. No power at
all is required between postings.

Modular construction permits high packing density
with significant space savings and maximum flexibility.
Custom characters and colors are available on special
order.

Custom design controls for special applications are no
problem. Our Display System Engineers will help to plan
your total system.

For more information, write or call collect: PROFESSIONAL PRODUCTS (203) 327-2000

LABORATORIES
Stamford, Connecticut. A Division of

Coluimbia Broadcasting System, Inc.
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Would you believe a
CalComp plotter and any

computer can draw pictures

like these in seconds?

a perspective sketch of your new plant

molecular structure diagrams

Fsfs bean

Hip e e A e e i e

statistical trend charts

\\Iu o,

Jiif
I

i
| ‘U‘ 1)

il """”"!!‘]‘

i

apparel patterns, graded for sizes and even the Mona Lisa

it can

Call or write Dept. Y-6, California Computer Products, Inc., 305 Muller, Anaheim, California 92803. Phone (714) 774-9141.
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ClalLIClolvTe)

Standard of the Plotting Industry
(Talented Engineers and Programmers required—right now.)
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Pay a Little.The price is as small as the product. It's a
miniature rear projection readout, and it costs as little as $14.00.
The new |EE Series 345 Readout requires very little space, but it
offers the readability and versatility available only with rear pro-
jection readouts. And the price is comparable to other types of
readouts with limited messages and cluttered displays.

The Series 345 operates on the rear projection principle. A lamp
in the rear of the unit illuminates one of the 11 film messages, and
projects it to the front viewing screen. A single plane display on the
non-glare screen, so you get no distortion or confusion. It is very
versatile, since anything that can be put on film can be displayed on
the screen. You can display a variety of messages or colors.

The Series 345 has a front plug-in feature. It can be quickly
inserted into the housing. It can be just as easily removed to
insert a new readout with a different display, or to replace a lamp.

_ Series 345 Readout: 4" wide x 3" high. Six digits will fit in a 3” wide
_' panel space. Depth, 214", Character height, 34”. Weight, 3] oz. Six
available colors, including white, amber, yellow, blue, red or green.

Straight decimal input. Vertical and horizontal viewing angle 175° with V-1
viewing screen, or 160° with standard screen.

“I double-E," the world’s largest manufacturer of rear projection readouts.
Industrial Electronic Engineers, Inc., 7720 Lemona Ave., Van Nuys, California

Circle Reader Service Card No. 40
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GUEST EDITORIAL

Do you
really know
how to

use displays?

ABSTRACT

A fundamental of display use is discussed which
is often overlooked or thwarted by non-essen-
tials. The prime function of display is to provide
the means for fast, silent dialogue with a system
which incorporates a compuler. By means of the
dialogue, the operator can then exercise an es-
sential control function. The dialogue may either
be simple repetition of closely similar sequences
or it may be an iterative process with highly var-
iable sequences.

Future applications of displays will be recognized with
greater frequency and display systems will be designed for
these applications with improved effectiveness if two basic
capabilities of displays are kept. firmly in mind: fast, silent
presentation of information, supplemented usually by the
light gun’s capability to identify a portion of the presented
data upon which some operation is to be performed. Both
of these capabilities, for present purposes, may be sub-
sumed by the capability of silent speed. Past failures can
often be traced to the fact that this basic capability has
not been central in the design. Either the application did
not really demand silent speed, or else other capabilities
of the display were inadvertently emphasized at significant
cost to essential speed. The above ideas are certainly not
new, yet | feel stirred by evangelistic zeal to call upon de-
signers of display systems to repent and to return to the
faith: when silent speed is required, design for it; when
not required, admit it.

Just what, you may ask, is so complex and mysterious
about this requirement of silent speed? True, it is not com-
plicated and you have heard about it long, long ago.

Baldly stated, | am describing the requirement for an
operator, as a mandatory element of a system, to provide
numerous system inputs which often are affected by or de-
pendent upon output data provided to him by the system,
all within a period of time which must be minimized as
a critical requirement of the system. Although this require-
ment description is certainly familiar, there is a problem in
designing to meet it. As in the usual case, the problem is
not one that is obvious. The problem is one of recognition.
Perfunctory analysis of a system may not unearth the above
classic requirement, while a more thorough and detailed
analysis will make the requirement quite plain.

Operator functions which characteristically must be per-
formed in a repetitive fashion on an obviously predictable
basis are easy enough to identify as proper candidates for
display use, assuming the time restriction exists and the
economics are favorable. For example, in a system in which
an operator is required to monitor and edit communica-
tions traffic for accuracy of address, precedence and the

like, the same functions would be performed for each '

message in a highly repetitive and predictable manner.
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A valid display requirement more easily missed than the
above example is one involving a variable number of itera-
tions in order to complete a given action. It is usually missed
because a superficial analysis does not uncover the worst-
case situations which may occur with a frequency which is
not insignificant. Certainly, the analysis has been inade-
quate if maloperation and special cases have not come to
light. There is no substitute for direct observation of the
current system or for simulation of a radical departure from
an existing system. Analytic error here is a human error in
the same class with trying to beat the red traffic light when
the traffic cop is not around. For this analysis, the “traffic
cop” should be the realization that the iterative sequence
to complete a given action has potential for being the most
rewarding application of displays. It is the most rewarding
because this classic situation has two significant elements:
the exercise of operator judgement is best utilized in this
fashion; and the speed inherent in displays may be the only
capability permitting such exercise of judgement.

Several key characteristics often aid in identifying the
variable-iteration situation: low probability of completing
the action in the first iteration, e.g., exploration of alterna-
tives; continued iterations dictated by high cost of failure
until a solution is found; wide variation in the required
number of iterations required, e.g., an acceptable solution
found immediately; dependence of a given intermediate re-
sult upon preceding steps and its probable modification by
subsequent steps; and finally, a time schedule which must
be met.

Since all good sermons should conclude with a rousing
admonition to be carried away by the congregation as they
file out the door, I will add one last thought. Whereas dis-
play applications are properly justified on the basis of silent
speed, their performance is also evaluated on the same
grounds as their justification. Therefore, in the course of
developing the system, resist the temptation to add a bit
of sophistication here and a bit of elegance there. If you
yield, these tempting luxuries are likely to eat up so much
time that the speed finally achieved is not speedy at all.

BENJAMIN F. LOHR
National Science Foundation
Washington, D.C.

SR

THE AUTHOR

BENJAMIN F. LOHR, a National Director for the South East
Region, is a charter member of the organization and has
served as the first Mid-Atlantic Chapter Chairman. He has
been active in display for ten years as a Project Officer for
the Navy’s first command and control display system on
shore and subsequently with the Bunker-Ramo Corporation,
He is now with the National Science Foundation as Associate
Program Director of Information Systems,



its kind, the directory will be an annual project. The next YEAR ENDED JANUARY 31
edition will include expanded additional membership in- Receipts: 1967 1966
| formation and special formating for chapter, regional and

President’s annual report
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tangible indication of progress on the technical side of our
activities; it produced an encouraging number of interest-
ing and topical technical papers. In addition, our Society
journal continued to expand in calibre and content.

On the organizational side, SID realized a long sought-
for position. A revision of the Articles of Incorporation es-
tablished SID as a non-profit, scientific society, and not a
business league. In addition to the professional image
gained by this action, we accrued some practical benefits
in the form of tax deductions and mailing privileges. Ap-
proval of the revision was given by members at the annual
business meeting.

In February of this year we established a Central Office
with a full-time manager. Located at 654 N. Sepulveda Blvd.,
in Los Angeles (see Fig. 1), it is comprised of three suites
serving as SID’s main business offices. In the final planning
stage is an answering and request service which will re-
ceive and record incoming calls 24 hours a day. The busi-
ness manager will act on these calls during normal working
hours. Installation is anticipated within the next few months.
In addition, we are planning to establish a permuted index
(author or key word in context) for use by SID members.
Although in the planning stage, the index should be a reali-
zation sometime this year, When deemed necessary, other
office equipment will be installed.

We have retained the firm of Seidman and Seidman, ac-
countants and auditors. They have established recognized
accounting procedures which meet the requirements of
SID. We've prepared a new membership directory which
was distributed to our members last summer. The first of
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FIGURE 1A: Mrs. Sharon Satterfield, Office Manager

The financial resources and expenditures are indicated
in the accompanying chart (Fig. 2). Our increase in fund
balance has continued to rise and it is expected that this

will continue in spite of the increased operating costs of '

the new Central Office.
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tion and Dues $14,946  $12,941
| state identification. Profit from sales of journal 5,974 ! 3,889
. | Interest on savings account 702 427
Aprl| 1967 : | R Total receipts 21,622 171957
Disbursements:

by WILLIAM P. BETHKE (raffice manfagementl expenses 2173 2,100
Presidené%.fsc;ci:ty.for I.nferlr;at.ic.m Display C!‘f;pctgf’to([))e::trigigsmms %:g?g :1]:(5]::2
RomEIEA,;T Bg;c:ﬁ;gﬁemwg;z?er Postgge and mailing 1,489 ¥ i1 )

ip Despe Kpoien Election expenses 762 ——
: Professional fees 750 152

Executive board and officers’

expenses 619 683

During the past year, SID engaged in a number of activi- Printing of directory 512 i,

ties and projects. Each venture was interesting, challenging Lapel pins and tie tacks 467 L

and different. All, we feel, were worthwhile and pertinent. Insurance 385 1
We have progressed in two important aspects: (1) as a Stationery and office supplies 148 870
vehicle for the exchange of technical information and ideas; Total disbursements 13,146 7,502
and (2) as a bonafide organization with workable structure Excess of receipts over disbursements 8r476 9'755

and specific goals. We have realized a transition from the General fund balance 4 :
level of ideals and philosophy to the solid ground of ideas ) at February 1. 1966 19279 9524
atse iemelemreniatiom; FIGURE 1: Exterior of SID National Offices in Los Angeles Yt ' 2
The symposium held in Boston in October was a major, sener i s

at January 31, 1967 $27,755 $19,279

FIGURE 2: Statement of Receipts and Disbursements

The area of honors and awards has been given specific
attention. A special Francis Darne Memorial Award was es-
tablished to be awarded an SID member for outstanding
technical achievement in the Display field. A suitable plaque
was designed (see Fig. 3), and several models purchased for
future awards. We have also designed and approved fabri-
cation of a membership pin for distribution to SID mem-
bers. A quantity of these pins, tie-tack and lapel versions,
was purchased. They're available to the SID membership
at $3.00 each.

Recognition was given to a number of our outstanding
members in the following manner.

FRANCES RICE DARNE.
MEMOR ; -
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ELEVATION TO FELLOW GRADE

Mr. William Ross Aiken — for his development of the flat
cathode-ray tube and continued advancement of the display
state-of-the-art.

Dr. George H. Dorion — for his work in applying photo-
chromic techniques to display systems.

Mr. Solomon Sherr — for his contributions in the areas
of display system analysis, generalized functional design,
and display system transfer functions.

Dr. Sid Deutsch — for his extensive work in television
systems, pattern recognition, and education.

SPECIAL CITATION

Mr. Phillip Damon — for his long and dedicated service
to the S/D in both National and Chapter activities.

Progress has been reported in the area of standards and
definitions. The committee is comprised of a member from
each Chapter, who in turn is a Chairman of a local Stand-
ards and Definitions Committee. Since standards and defi-
nitions promulgated by the Society must represent the con-
sensus of the membership, work performed by the local
Chapters and submitted to the National Committee should
have received prior test of acceptance by the local Chapter
membership. In this manner, a sample of the membership
will at least have had an opportunity to interact with the
proposed standard and/or definition. Initial activity has been
to emphasize definitions. This was due primarily because
the issuance of standards is a large, time consuming activ-
ity and requires extensive procedural apparati and coordina-
tion with other agencies. Such activity was not considered
an effective initial activity of the Society, In the area of
definitions, primary emphasis was placed upon those defi-
nitions which imply or define measurements of significant
display parameters.

Assignments made to Chapters were:

Northeastern Chapter:  Resolution

Mid Atlantic Chapter:  Colorimetry

Washington Chapter: Luminance & Luminance

Discrimination

San Francisco Chapter: Colorimetry

Los Angeles Chapter: Resolution

San Diego Chapter: Luminance & Luminance

Discrimination

The emphasis and concentration on the areas mentioned
restricted somewhat the attention to membership details by
our officers. Activities concerning the increase of either
chapter or total membership, though not specifically as-
cented, did not remain static. The Society did grow in total
membership, and did increase the sustaining memberships.
The present membership status is shown on the accompany-
ing photo (Fig. 4). We might add that two organizational
meetings were held — one in the Philadelphia-Delaware
area, and the other in the Chicago area. Both areas seem
to offer extremely promising prospects as new chapters.

The above terms (e.g., resolution, etc.) were meant to
denote broad areas of measures and terms (e.g., acuity,
grating bar, sine-wave, etc.) rather than a singular term to
be defined. It is expected that the end product of this ef-
fort will be a comprehensive listing of the various defini-
tions already in use by others in each of these areas. Of
course, if editorial comment and/or proposed revisions are
suggested by the Chapters, they will be considered.

It will be noted that the majority of our efforts were of
the organizational type. This was essential because our So-
ciety has rapidly expanded. It was apparent that specific
procedures were required for a number of organizational
functions. In this aspect, we consider our efforts in the past
year to have been extremely successful.
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Dintribution of 51D Member g - Agril 1867

FIGURE 4: Membership Status of 5/D

The attendant duties and responsibilities of their respec-
tive offices are a source of major concern to all elected
officials. In order to clarify the situation, a concerted effort
by all officers was undertaken during the past year. The
result was a specific “job description” of each officer, out-
lining the responsibilities entailed in his position. This ef-
fort is the first step toward the preparation of an opera-
tions and procedures manual for our Society. The develop-
ment and realization of such a manual will be accomplished
during the coming year.

The objective of the Sociely’s officers is to concentrate
on the areas of expansion and growth, from both a Chapter
aspect and membership — total and sustaining. It is toward
this end that our efforts will be directed during the com-
ing vyear.

WILLIAM P. BETHKE is Chief of the Engineering Divi-
sion, Rome Air Development Center. A native of Mil-
waukee, Wisconsin, he received his BEE from Marquette
University College of Engineering and also studied radio
and microwave theory at the lllinois Institute of Tech-
nology. He was directly responsible for the Airport Sur-
face Detection Equipment (ASDE or Taxi Control Radar)
which involved the use of K-band frequencies and ex-
tremely narrow pulses. (The equipment was subsequently
installed at Idlewild Tower in New York City where it
remained for operational evaluation for about a vyear),
Since 1961, he has had complete responsibility for the
over-all planning, direction, coordination and manage-
ment of the Division program. He directs applied re-
search and development in solid state devices, reliability
and maintainability, mechanical engineering and displays.
Mr. Bethke is President of the Society for Information
Display (5/D); a senior member and past Chairman, Mo-
hawk Valley Section, IEEE; Chairman, Scholarship Com-
mittee, National Communications Symposium; a mem-
ber of the Professional and Technical Group on Engi-
neering Management, as well as the Professional and
Technical Group on Military Electronics, IEEE; Chairman,
Scientific and Professional Committee, RADC; Chairman,
Vocalional Advisory Committee, Board of Education,
Rome, New York; past Northeast Regional Director, SID;
past Chairman, Definitions and Standards Committee,
SiD; past member, National Editorial Advisory Board,
SID; listed in Who's Who in the East, 1963. Mr. Bethke
received the Decoration for Exceptional Civilian Service
in 1964. This is the highest civilian award made by the
Air Force. He was elevated to Fellow in S/D in 1966.
He has been nominated for Fellow in the IEEE in 1967.
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High resolution
cathode ray tubes

for the
system designer

by JIM E. WURTZ
Applications Engineer
Electron Tube Division
Litton Industries
San Carlos, California
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ABSTRACT

In this day when everybody is talking about
solid state devices, it appears that there is one
vacuum tube component which is not likely to
be replaced for some time. This is the cathode
ray tube. It is the prime transducer of informa-
tion from the intangible electrical medium to
human beings and is also widely used for film
scanning and recording. The cathode ray tube
today is fast, versatile, accurate, and is capable
of demonstrating a resolving ability which chal-
lenges aptical lenses.

The purpose of this paper is to discuss the cate-
gory of cathode ray tubes which are capable of
resolving detail which is beyond that which the
human eye can appreciate. This is the class of
tubes used primarily for scanning of film or
recording on photo sensitive materials.

High resolution gun designs will not be dis-
cussed. The major purpose here will be to give
the designer who is interested in high-resolution
cathode-ray tube systems a guide for use in
intelligent selection and practical operation of
these tubes.

Applications

Below are listed some of the applications to which high
resolution tubes are being put today:

Side looking radar processing and recording
Atomic particle track scanning

Document scanning

Inspection of film recordings

Picture recording, satellite

Infra-red recording

Cell counting

Densitometry

Film based large screen displays

Scanning for simulators, radar land mass, etc.
Scanning for photo-interpretation

Character recognition

TV scanning

Video recording

Computer controlled scanning and recording
Document storage and retrieval.

Before selecting and applying high resolution cathode
ray tubes to a particular system, careful attention should be
given to the subject matter in various sections of the follow-
ing article covering the tube’s geometrical outline, the
phosphor face, and the electronic driving equipment.

Resolution

The first question asked about high resolution tubes is:
What is the spot size? The claims of manufacturers sound
impressive in this respect. By reading the manufacturer’s
data sheet it would appear that there are several tubes on
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the market with rated spot sizes of under one one-thou-
sandths of an inch (0.001 in.) or, as it is referred to in the
industry, 1 mil.

The system designer then figures that he has 1000 ele-
ments to the inch, extended over 4 in. of screen area on a
5 in. tube, so he can realize over 4000 elements on a trace
across the tube. Unfortunately, it is not as simple as that.
There are several factors which will modify the ideal num-
ber to a more useful resolution figure. These are:

(1) The method by which the resolution is to be evaluated

(2) The degree of response or modulation depth required

for a given resolution

(3) The spot size at the light output (hence, beam cur-

rent) required for the application

(4) Deflection defocusing.

Measuring method and modulation depth are tied to-
gether. A number of methods are available for measuring
resolution. The shrinking raster method is common, mostly
because it is easy to do. A raster with a known number of
lines is generated on the tube face and the vertical size is
decreased until the lines disappear, or merge. The height
of the raster is measured at this point and the measurement
is divided by the number of lines. The method is valid as
long as the beam is not distorted so that the spot is
wide along the length of the raster lines and the evaluator
is aware of what level on the spot light distribution curve
he is measuring.

Generally, the spot profile will be a gaussian curve. If the
measurement at a particular level is known, those adept at
mathematics can calculate their system resolution.

One of the better methods of measuring resolution is to
actually make a picture of the spot profile!, as shown in
Figure 1. This is done by moving the spot past one or two
slits which are small compared to the spot. A phototube on
the other side of the slit will display the spot profile on an
oscilloscope. There is at least one slit analyzer now on the
market for measuring cathode ray tube resolution.

Another method is to scan the spot while it is being
modulated with superimposed sine waves in such a way
that the output of a phototube looking at the spot modula-
tion through a small slit will produce a measurement of
spatial frequency response in cycles per unit length.

Several other variations of these methods are available
and, of course, one can always measure the spot directly
with a high power microscope. This latter method is prob-

FIGURE 1: Spot profile taken with a CELCO two slit analyzer using
slits to produce 0.0005" per centimeter.

1 John M. Constantine, Two-Slit Spot Measurement, 7th National Sym-
posium, Society for Information Display.
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ably the least recommended since it is difficult to determine
where the spot edge is. :

Remember that in film recording systems, various film
emulsions will “see” the spot profile at different levels.

In the final analysis, the tube which works best in the
system is the one to buy and, if possible, different tubes
should be tried.

Spot size at a particular light output is most important
for scanning tubes where a large amount of light output is
usually required. Electrons repel each other and as the num-

ber of the electrons in the beam is increased by increasing |

the beam current, the beam size, and consequently, the spot
size, grows. The resolution given on most manufacturers’
data sheets is at beam currents of one microamp or less.
Incidentally, it is not always a good idea to reference spot
size to beam current since some manufacturers employ
anode aperturing where the aperture is internally con-
nected to the anode. Because of this, it is not possible

to accurately measure how much current is actually striking
and exciting the phosphor,

Deflection defocusing is caused by:

(1) The change in electron path length with deflection
angle, thus requiring a different focus field strength
for each radial distance of the spot from center of the
screen

(2) The non-uniformity of deflecting fields and electron
motions

(3) The fact that when a roughly cylindrical beam meets
a flat phosphor screen at an angle, the resulting fig-
ure is an ellipse.

The ellipse effect is quite negligible compared to change
in path length and field non-uniformities. Problems with the
latter two items can be compounded by astigmatism in the
beam. The change in path length is usually handled pretty
well by use of dynamic focus correction and relatively
simple driving circuitry which computes the radial distance
of the beam from center of the face and introduces the
proper amount of focal length correction.

Field non-uniformity with beam astigmatism is the most

difficult to handle. It is perhaps most expedient to in-——} -

corporate a high quality deflection coil in the system. These
high quality yokes are expensive, but they are designed to
produce a uniform field which will minimize the defocusing
effects inherent in the deflection coil. The added expense of
a high quality yoke is usually negligible compared to the
system cost. Static and dynamic astigmatism correctors are
also available, but are some times difficult to drive with
the proper waveforms.

Resolution and Basic Tube Geometry

Disregarding the intrinsic capabilities of different electron
guns, there are certain basic guide lines to follow in select-
ing the general outline of a high resolution tube.

Figure 2 depicts a simple optical ray tracing diagram. In
this case, the object A is the so-called cross-over point in
the electron gun. The object A appears as the image B
on the phosphor screen. The lens C is analogous to the
focus coil. It is apparent that as the lens C is moved toward
B, and the strength or focal length of the lens is readjusted,
B will become smaller.

This is according to the formula:

where

= object size

= image size

= object distance
= image distance
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FIGURE 2

Thus, as the focusing element is moved closer to the
screen, the spot size gets smaller. Obviously, for best resolu-
tion for any cathode ray tube, the focus element should be
as close to the screen as possible without picking up stray
coupling from the deflection coil.

For practical cathode ray tube designs, it is not possible
to take full advantage of this demagnification. First of all,
there is a requirement for a given trace width or screen area
on the face of the tube. So, for a given trace width, as
distance v is shortened, the deflection angle for the re-
quired screen area becomes larger, thus taxing available
deflection power and giving rise to non-linearity and deflec-
tion defocusing problems.

Then why not increase distance u ? This is limited be-
cause the longer beam path length allows too much spread-
ing in the beam and it has been shown that this results in
aberrations in the beam.?

Also, one must bear in mind that the electrons do not act
precisely like light rays. Some are traveling at different
velocities and some are traveling sideways in the beam.
Each electron also repels its neighbors thus setting a prac-
tical limit on how tight the beam bundle can be for a given
anode voltage.

All of the foregoing indicates why, generally, the beam
size seems to grow with the tube size. That is, if the deflec-
tion is held constant and the scan distance s is increased
to s/, then distance v is increased to v/, thus making the
optical reduction ratio more unfavorable. Also, one can see
the trade-off which exists between deflection angle, screen

2 Soller, Starr and Valley, Cathode Ray Tube Display. MIT Radiation
Lab Series, No. 22, McGraw Hill, 1948, page 97.

INFORMATION DISPLAY, May/June 1967

size, and the resolution which can be achieved at the center
of the screen.

PHOSPHOR SCREEN
Light Output

The question most often asked after “What is the spot
size?”” is “What is the light output?” For direct view ap-
plications, this is most commonly expressed in foot-lamberts
since this unit is oriented to human vision. Ways of measur-
ing include foot-lambert meters, such as the Weston 759,
and spot brightness meters. The latter is preferred. When
using the foot-lambert meter, it is well to specify proper
use of the hood or cylinder which spaces the sensor from
the face of the cathode ray tube. With the sensor against
the tube face, without the hood, the reading will be ap-
proximately = times higher than with it.

For recording or scanning cathode ray tubes, the item of
interest is radiant power out the front of the tube.® For
gross estimates, foot-lamberts can be converted to radiant
power if the luminous efficiency of the phosphor is known.
Information which is available on phosphor efficiency can
be misleading, especially for high resolution tubes where
the screen is usually thin. Available figures usually do not
take into account the effect on efficiency of various screen
deposition methods or the portion of actual power radiated
out the front of a cathode ray tube. Actual phosphor
efficiency in radiated watts out the front of the tube, per
watt of excitation, will vary considerably in different tubes
as a function of anode voliage, screen thickness, the

ileo Deiser, Energy Transfer from CRT to Photo Sensitive Media.
Information Display, September-October, 1965.
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FIGURE 3: Cathode ray tube with a sub-mounted screen to reduce
halo.

aluminum coating — if any, and the phosphor deposition
method. As the screen is made thicker, it will reach its peak
efficiency at a higher anode voltage. A thin screen at too
high a voltage would allow the electrons to go on through
without giving up maximum energy to the phosphor. The
aluminum coating, if any, will affect the electron’s energy
and, of course, contribute to the light out the front of the
tube through optical reflection.

With optimum anode voltage, various screen deposition
methods and phosphor treatment will have a large affect
on spot size. larger particle sizes tend to have more
efficiency and, in a thick layer, will produce the most
efficient screen. Of course, this screen will not have good
resolution. On the other end of the scale are evaporated
phosphor techniques which produce very high resolution
screens with poor light output. The high resolution tube
manufacturer must compromise screen thickness and par-
ticle size to achieve the highest light output possible
consistent with desired resolution.

Contrast

Contrast on a cathode ray tube, a typical example of
which is shown in Figure 3, is degraded by spot halo which
is caused by internally reflected light trapped inside the
faceplate.* In flying spot scanner applications, this halo
decreases signal-to-noise ratio and in recording applica-
tions, it reduces contrast.

There are five ways of attacking the problem:

(1) Decrease the transmission of the faceplate

(2) Use a transparent phosphor

(3) Increase the thickness of the faceplate

(4) Make the faceplate very thin

(5) Use a fiber optic faceplate.

Since halo light must pass through the face at least three
times while the primary ray goes through only once, any
decrease in faceplate transmission will have a marked effect
on halo. There will, of course, be a sacrifice in light from
the primary spot. Although some tubes have been available
with low transmitting glass faces, the solution is not popular
because of the reduced light output.

Transparent phosphors which are evaporated on the
cathode ray tube faceplale have been mentioned as one
solution to halo. Unfortunately, the phosphor types that
can be used in this way are limited and the light output is
usually quite low.

The faceplate can be increased in thickness to the point
where the reflected light comes back to the phosphor plane

4 Zworykin and Morton, Television, 2nd Edition. Wiley, 1954, pages
415-425,
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out of the area of interest. Tubes using this approach are
either not available or not well publicized.

The solution to the halo problem, which is actually find-
ing its way into some systems, is to decrease the face thick-
ness. Since a thin glass face cannot support the vacuum
load, the phosphor is deposited on a very thin plate which
is sub-mounted behind a regular thick faceplate. The dis-
advantage to this approach is the relative fragility of the
sub-mounted glass which is usually in the neighborhood
of only 0.020 in. thick.

Use of a fiber optic tube is probably the best, and also
the most expensive, solution. The expense is particularly
unattractive for larger tubes.

Phosphors

Although there are a few variations on the market, the
two most popular phosphors for scanning and recording are
P16 and P11, respectively. Although the output of P16 is
in the ultra-violet and it generally ages under excitation to
a lower light output,’® its overall characteristics seem to con-
tinue to hold an edge over other newer fast decay phos-
phors. It would appear that P16 aging is a function of cur-
rent and time only and it thus looks desirable to run P16
at higher anode voltages in order to obtain longer tube life.
P16 is also used to expose UV activated dry process films
such as photochromics® and Kalvar. Some effort is being
directed toward increasing the efficiency of P16 for this
use.

P11 makes a good, fine grain screen but it is more
susceptible to contamination and when loaded too heavy,
will saturate. The decay time of P11 also varies with loading.

For color scanning, P24 is used because of its broad
spectrum and relatively fast decay.

Phosphor Blemishes

On a typical 5 in. tube, there are around 14 million,
1-mil square elements. In many applications, it is important
that all, if not a very large percentage, of the phosphor area
be free of blemishes that would affect performance on the
system. Typical manufacturer’s specifications divide the
screen into quality areas — usually three concentric circles.
The area near the center is the cleanest. Blemishes are
usually defined as bright specks, dark specks, or color
specks and their size is taken as the largest dimension or,
often, a ratio of dimensions is specified. Inspection methods
include visual observation, and actual scanning of the entire
screen using a phototube with a sweep frequency that
allows the phosphor to decay from element to element to a
specified bandwidth. The size of the speck shows up as the
height of a spike on the oscilloscope used to monitor the
output of the phototube. This method is also used to evalu-
ate phosphor noise.

Phosphor Noise and Uniformity

Phosphor noise is caused by variation in light from
particle to particle or groups of particles. The noise usually
is inversely proportional to spot size and, as the spot is
run through focus by varying the focus strength, the noise
will hit a peak.

Different screen deposition methods will produce vary-
ing amounts of noise. Settling of particles which are not
classified or sized will usually produce the noisier screen.
Phosphor noise can be measured by placing an appropriate
phototube in front of the cathode ray tube on which is
running a single line trace electronically or physically

i Pfahnl, Properties of Fast-Decay Cathode Ray Tube Phasphors. Bell
System Technical Journal, January, 1963.

% Dorion, Roth, Stafford, Cox, CRT Phosphor Activation of Photo-
chromic Film.
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blanked for half the trace length. The noise is observed as
“grass’”’ on the step produced when the phototube output
is observed on an oscilloscope and its percentage of the
step can be measured. Select a sweep frequency slow
enough so that phosphor decay will not mask the noise.

Phosphor non-uniformity shows up as a gradual change
in light output or color over the entire screen. This is some-
times called shading and is easily observed with a photo-
tube and oscilloscope.

The Faceplate

The cathode ray tube faceplate is actually part of the
optical system and its quality should be commensurate.
The faceplate glass is generally specified for optical quality
with minimum seeds, bubbles, chill wrinkles, and uneven
surface. In optical systems employing low f number lenses,
the depth of focus is very short, thus requiring a high
degree of flatness in the faceplate.

Screen Size

Although, as pointed out,spot size tends to grow with
tube size, there is some net gain in resolution with the
larger tube sizes. Aside from resolution, other advantages
to larger screen sizes include reduced phosphor noise and
reduced phosphor loading. Of course, the larger sizes are
more expensive and usually require a more expensive lens.

For a given size at the film plane, the spot will cover
more area on the phosphor plane with a larger cathode ray
tube, than with a smaller one. Since phosphor noise is
inversely proportional to spot size, noise with the larger
tube will be less. Also, with a larger cathode ray tube,
more phosphor area is utilized so that for phosphors which
age, like P16, tube life will be longer.

Because of vacuum loading and the requirement for a
truly flat face dictated by optical systems, the limit on tube
size appears to be around 9 or 10 in. in diameter.

Stray Emission

Because of the intense electric fields which exist in a
cathode ray tube gun, it is sometimes possible that there
will be field emission from microscopic particles or surface
irregularities in the lower electron gun structure. Sometimes
there will be secondary electron emission from apertures
in the gun. In the latter case, the secondary or “ghost spot”
will be cut-off when the primary beam is cut-off. In the
former case, a spot can be seen when the high voltage is
on, regardless of electron gun bias level.

Existence of stray emission can, of course, have an ad-
verse effect on cathode ray tube recording or scanning
performance. Careful examination of the cathode ray tube
screen in a darkened room will usually reveal this defect.
Most cathode ray tube manufacturers have methods for
eliminating this condition, should it arise.

Also, in the case of photo recording systems, don’t
forget that the glow caused by the cathode heater can
sometimes fog the film.

Fiber Optic Tubes

Since fiber optic bundles have become available for seal-
ing onto cathode ray tubes, many system designers are
turning to high resolution fiber optic tubes to solve unique
problems. The largest number of applications are those
involving relatively insensitive dry-process films and high
speed recording on conventional film.”

Up to the phosphor screen, the same comments con-
tained in the rest of this article apply. The fiber optic plate

" Fred L. Katzman, Improving Ultra Fast Transient Recording Using
Fiber Optic Cathode Ray Tubes. Electronic Instrument Digest, Oc-
tober, 1966.
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itself and how it affects resolution, light output, etc,, is dis-
cussed in the following paragraphs.

Generally, the principal advantage of a fiber optic face
is additional light. The film to be scanned or exposed is laid
directly on the tube face, thereby capturing a much larger
percentage of the phosphor light than can be realized
through a lens. The light gain over a typical conventional
optical system is approximately 30. Because of this increase
in light transferred to the film plane, it is possible to:

(1) Expose relatively insensitive dry-process films

(2) Increase the writing speed for high speed trace

recordings

(3) Reduce beam current for conventional film emulsions,

thus resulting in better spot size

(4) Reduce anode voltage, thus decreasing deflection

power and total system power consumption.

Additionally, elimination of the lens makes the optical

system more compact. Disadvantages are that it is no longer

possible to use optical reduction to achieve a better spot
size at the film plane, and the higher cost of the tube,
although the latter disadvantage can be offset by the lens
cost.

The numerical aperture, the type of glass, and the fiber
size used in construction of the fiber optic plate determines
the transmission efficiency and resolution of the plate®?
Plates are readily available for sealing on to cathode ray
tubes with a numerical aperture of .66 and 8g pitch fibers.
Limiting resolution for this kind of plate is around 60 1p/mm
(0.3 mils). Plates with a limiting resolution of 100 1p/mm
are available. The quality of fiber optic plates has improved
markedly in the last vear or so to the point where blemishes
can be controlled well enough for most system-applications.

Another use of fiber optic plates is for intrinsic correction
of spot position linearity on the face of the cathode ray
tube by curving the inside of the plate to the radius of de-
flection.® Experience so far has shown that electronic cor-
rection is usually a better way to go from the standpoint of
cost and flexibility.

Fiber optic tubes may also be used with conventional
optical systems or for direct view work where it is desired
to enhance contrast by elimination of spot halo. On direct
view displays, which require an overlay, parallax is also
eliminated.

ELECTRONIC EQUIPMENT

General

The cathode ray tube can be no better than the equip-
ment that drives it. Therefore, a high quality cathode ray
tube will require high quality electronic equipment if the
maximum yield is to be realized.

The major cathode ray tube driving components are:

(1) High voltage supply

(2) Electron gun supply

(3) Focus coil and/or focus supply

(4) Deflection coil and deflection amplifier.

The High Voltage Supply

Generally, the anode voltage should be as high as pos-
sible, taking into consideration:

(1) Tube rating

(2) Deflection power

(3) Environment

8 J. Wilbur Hicks and Paul Kiritsy, Fiber Optics. Glass Industry, April
and May, 1962.

% Mosaic Fabrications, Bulletin Series 100.

10 [jtton type L-4198 Cathode Ray Tube.
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(4) Possible X-ray problems.

Because electrons repel each other, the smaller spot size
will be achieved at lower beam currents. This means that if
the user can run the tube at 30 kv instead of 20 kv the
current required for the same brightness will be less, re-
sulting in some reduction of the spot size, as long as the
screen thickness is such that efficiency is not lost. It is
also true that at higher voltages there is less tendency for
the beam to spread in the first place due to the shorter
time each electron remains in the field of its nearest neigh-
boring electrons. A further advantage to higher voltages is
that the decrease in beam current for a given brightness
adds to the tube life, especially in the case of P16 phosphor.

It can now be seen that there is a trade-off of resolution
with deflection power. For, as the anode voltage is raised,
the beam becomes “stiffer” and requires more power in
order to be deflected through a given angle. The deflection
could be decreased to make up for a higher anode voltage
but then, as previously pointed out, there may be a sacri-
fice in spot size.

Fortunately, new high power deflection amplifiers make
it possible to use higher anode voltages while new insulat-
ing materials and potting techniques have reduced the
hazard of shock.

High voltage supply regulation, hum and ripple specifica-
tions are very important for high resolution displays. Sup-
posing a stationary focused spot is located on a cathode
raye tube screen. Suppose further that this spot is deflected
off center by several inches. Now, if the high voltage control
is varied, the spot will be seen to move in toward the center
of the tube if the anode voltage is increased, and out toward
the edge if the voltage is decreased. Supposing now that the
high voltage control is moved back and forth at a high
frequency. A point will be reached where one will no longer
be able to detect spot movement, but the spot will appear
larger.

The spot will look larger as governed by the following
formula:

dv dD
ik % g =
7 = 2 Cos? D
where
D = distance of the spot from the center of the tube
o = deflection angle of the spot (from center)

V = accelerating voltage
This formula can be used to calculate required high voltage
supply hum and ripple characteristics for maximum allow-
ahle spot growth due to this effect. A typical example would
be the allowable high voltage hum and ripple for a 5-in,
40° high resolution cathode ray tube.

The following assumptions are made:

(1) The spot size at the center of the screen is 0.007 in.

(2) Allowable growth due to the high voltage supply is
10% or 0.0001 in. at the screen edge

(3) The useful screen for 40° total angle deflection is
4% in or 20° for 2.125 in.

(4) Accelerating voltage is 25 kv.

dv dD
o 5 B
v = 2 Cos” D
Solve for dV:
2 g
. 2 Cos dDV_
D
2 Cos® 20° x 107* x 25 x 10°
2125

= 2.079 volts peak-to-peak
Substituting again for allowable spot position error due to
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the high voltage supply, the formula can be used to calculate
regulation and stability requirements for display linearity.

The Electron Gun Supply

In a tetrode type gun, the gap between the No. 2 grid
and the anode forms an electrostatic focus lens that is part
of the tube’s electron optical system. For this reason, the
G2 voltage supply should be reasonably well regulated.
Changes in the G2 voltage will also cause changes in the
drive characteristics of the gun thus modulating the beam
current. In some gun designs, the G2 collects a relatively
large amount of current. Check with the cathode ray tube
manufacturer on G2 supply impedance.

The bias voltage should be well regulated to eliminate
unwanted modulation of the beam current. In some cases,
it is also advisable to use dc on the filament. Care should be
exercised in modulating the cathode itself since a defocus-
ing action is experienced on the phosphor screen due to
the apparent change of distance u Figure 2.

The Focus Coil and Focus Supply

For best resolution, a high quality focus coil is required.
Also, since the focus is a function of the current flowing
through the coil, a well regulated current supply which
matches the coil should be employed. [t is further important
that the coil be properly aligned for optimum spot size over
the entire screen area. Good regulation and alignment is
also required for electrostatic focus tubes. Note that align-
ment can not be readily adjusted after tube assembly for
an electrostatic lens which is inside the cathode ray tube
envelope.

There is a running argument in the industry on the rela-
tive merits of electrostatic vs. electromagnetic focus. Theo-
retically at least, electromagnetic focus is better, especially
for higher current applications. On the other hand, electro-
static focus appears simpler and is favored where there is a
high sensitivity to volume and weight.

The Deflection Coil and Deflection Amplifier

Although change in beam path length is the major con-
tributor to deflection defocusing, it is also true that in many
cases, poor resolution can be traced to non-uniformities in
the deflecting fields. Thus, as was previous mentioned, only
high quality deflection yokes should be used. The deflect-
ing fields themselves can introduce astigmatism which is
difficult to correct for, without a dynamic astigmatism cor-
rector. It is reported to be more difficult for the deflection
coil manufacturers to hold field uniformity with lower in-
ductance yokes. It would thus appear that there is a trade-
off in this respect between speed and resolution.

The trade-off which is possible between deflection power
and resolution has been previously pointed out. It is also
advisable to eliminate any hum in the deflection circuitry
which can wobble the beam with the result of an apparent-
ly large spot size.

It is generally conceded that electromagnetic deflection is
superior to electrostatic deflection for high resolution ap-
plications. This is so mainly because of the small deflection
angles required for electrostatic deflection thus placing the
focusing element further from the screen, the lower anode
voltages required, and the non-uniformity of the fields in
the electrostatic deflection region.

Since high resolution cathode ray tube screens are easily
burned,'! it is wise to provide some form of sweep failure
protection.

11 W. R. Elliot, Limitations on High Energy Cathode Ray Tube Beams
With Regard to Phosphor Life. 6th National Symposium, Society
for Information Display.
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FIGURE 4: Aligning a high resolution cathode ray tube using a mi-
croscope.

Mechanical Equipment

In order to achieve minimum spot size, the electrical
center of the focus coil and deflection yoke must coincide
with the electrical center of the tube. The electrical centers
and the mechanical centers of the coils and tubes are not
necessarily coincident. The author, shown in Figure 4, is
seen following the procedure described in the following
material.

A relatively simple procedure will allow alignment of the
electrical centers of the coils with the tube. This procedure
calls for the ability to move the coils in a precise way with
respect to the tube. The.tube should be firmly fixed in a
mount which also holds the focus coil and deflection coil.
The method of holding the coils should be such that the
coils can be adjusted in X translation, Y translation, pitch
and yaw separately. Means of rotational and longitudinal
adjustment is also a desirable feature.

It is essential that there should be no unwanted move-
ment or vibration of the coils with respect to the tube while
the tube is operating. This may cause spot wobble which
will degrade resolution. Instructions for aligning the coils
are available from tube and coil manufacturers.

A magnetic shield is another essential for high resolution
displays. This is especially true if the tube is in an area
where there are transformers or solenoids nearby. It takes
only a very small movement (due to stray magnetic fields)
to wobble a 0.001 in. beam to a 0.0015 in. beam, a change
in resolution of 50%.

Some high resolution tubes today require a centering
magnet or coil. Tubes which employ an aperture in the G3
barrel (see Figure 2) to achieve small spot size require a
centering device to center the beam in the aperture. The
centering device also centers the beam on the phosphor
screen prior to alignment. Generally, it is desirable to avoid
the use of a centering device since the magnetic field can
introduce astigmatism on the beam. Electromagnetic center-
ing coils are available which are reported to have a lesser
effect on the beam uniformity.

The intrinsic, unfocused, undeflected, spot landing posi-
tion on a typical 5 in, 40° tube is within a 5 mm radius
from the mechanical center of the screen. The reason for
the variation in spot landing position is that, as pointed out
before, the electrical center and mechanical center of the
tube do not necessarily coincide.

Most manufacturers will supply tubes with closer spot
landing specifications for a premium. If a centering magnetic
or coil must be used, some manufacturers require the
magnet to be used over the gun, and some do not. There
does not seem to be a hard and fast rule in this respect and
the best advice is to do that which gets the required
result.
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Equipment for Fiber Optic Tubes

A special note is in order regarding fiber optic tubes.
Each interstitial space between fibers on fiber optic plates
is a potential weak point electrically speaking. That is, if a
large voltage potential is placed across the plate as would
be the case on a cathode ray tube, there may be an arc
through the faceplate which will destroy the tube.

Because of this, fiber optic tubes should be run grounded
anode. In many cases, grounded anode operation is con-
venient anyway, since it allows one to put his hands
around the face of the tube without danger of shock; it
reduces dust collection and facilitates coupling to the aux-
iliary plates on dual deflection tube types.

Video can be fed to the electron gun at the high nega-
tive potential through an rf coupling, a light diode coupler,
or a coupling capacitor; the latter being the least desirable
approach because of energy storage and poor dc response.

Stability

If careful attention is devoted to mounting configuration
and power supply stability, the only remaining stability
problem is a possible drift in amount of beam current
caused by heating and subsequent shifting of the gun ele-
ments. If the system requires a steady light output and does
not employ automatic brightness control, ** it may be well
to discuss drift with the prospective tube supplier.

Packaging
A trend in high resolution cathode ray tube applications
today is toward the integrated tube package where the
cathode ray tube, deflection yoke and focus coil are pre-
aligned with the tube and potted inside a magnetic shield.
Some tubes are available with an intrinsic mounting ring
on the face which is drilled and taped so the tube may be
bolted into the aptical system. The surfaces on the mounting
ring are machined in such a way that when the tube is
bolted in place, perpendicularity and concentricity of the
faceplate to the center line of the optical system is assured.
The potted package is particularly popular in military
systems. Other techniques are incorporated which prevent
gun movement while undergoing shock and vibration.
The author acknowledges the help and encouragement
of Dr. Joseph ]. Stafford in preparing this paper.
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INTRODUCTION

Cathode ray tubes are used widely in many of
today’s information display systems. Interfacing
the system to the observer, they not only por-
tray a considerable amount of information, but
also the quality of the system. It is imperative
of course that the tube selected be designed for
the ultimate in function for the type of system.

The designer must consider many factors in
selecting the optimum tube for his application.
No longer is he limited to a few “off-the-shelf”
items. He has to consider such factors as size
of display, deflection, and focusing method,
sensitivity, resolution, brightness, power require-
ments, phosphor responses and receptors. Many
of these may be in opposition to one another
and the optimized tube is often “a compromise
of many compromises”; or “a cathode ray tube
can be peaked to near perfection of any of its
specific capabilities providing the designer can
accept the necessary trade-offs”.

To assist the designer, this paper discusses the
various parameters which must be considered
to arrive at the composite cathode ray tube for
a given information display system. Due to the
interrelationship of the parameters, the optimum
position the designer must take lies within the
boundaries presented in Figure 7.

FACE SIZE AND TUBE LENGTH

One of the first parameters to consider in selecting a
cathode ray tube for an information display system is the
minimum screen area on which the information can be
displayed. Available screen size however, is, in part, de-
termined by the type of deflection method considered for
the system: electrostatic or magnetic.

The primary factor for determining the deflection method
used is the writing rate which the beam must experi-
ence during display periods. For rapid random access dis-
play, electrostatic deflection is normally used; i.e., writing
rates in the order of a million inches per second are quite
common. If the display can be written in a raster format,
magnetic deflection can be utilized.

Historically, electrostatic tubes have generally .been those
that were originally designed for use in oscilloscopes. The
majority of these were limited to round face types with
diameters from 1 to 8 inches. In later years, several
electrostatic tubes were designed with 10, 12, 16, and 19
inch diameter bulbs. In contrasl, the magnetic deflection
tubes have historically been those bulbs which have been
designed for the TV entertainment field. Many of the dis-
play systems in operation today use bulbs identical to
those used by the TV industry, and in part, a good share
of the decision on which tube and which size to use rests
solely on the availability of bulbs which were originally
used for TV. It is true that many new bulbs have been
designed and built in the small sizes, but for the large,
magnetic deflection tube, the display system engineer
must pick those bulbs which were previously used for TV.
The alternate of designing a new bulb is generally con-
sidered economically unfeasible.
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Considerations in

specifying display
system CRT
design objectives

In general, the large size electrostatic tubes are round
face types and the magnetic tubes are rectangular. Tube
length also has to be considered with the aspect of display
size versus deflection method. Magnetic deflection tube
types can have much wider deflection angles than electro-
static types and can therefore be made shorter. The relative
cost of magnetic versus electrostatic deflection circuitry
may also be a factor.

Another factor to consider is availability. For example,
some types designed for TV are becoming obsolete. The
magnetic and electrostatic deflection tubes that are cur-
rently available with bulb diameters of 8 inches or greater
are listed in Tables 1 and 2.

FIGURE 1: Interrelationship of CRT parameters.

TABLE 1: Available bulb sizes.

ELECTROSTATIC DEFLECTION:

™ Rounl) sosasmanmnsd Length of tube approximately 20”
T2 RO st Length of tube approximately 24"
167 RoUNd oveoooiiimimsimmmrmeiict Length of tube approximately 28"
19” Round ... ..Length of tube approximately 32"

8" Rect.*
12" Rak® i H WG 2 R
14” Rect.* ..
17" Rect.*

* These types can be made available by using the same face
plate panel as used on the magnetic deflection bulb.
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TABLE 2: Available bulb sizes.

MAGNETIC DEFLECTION:

8" Rect.  90° Deflection 19” Rect.  92° Deflection
8” Rect. 110° Deflection 19” Rect. 114° Deflection
11" Rect. 110° Deflection 21" Rect.  72° Deflection
14” Rect.  90° Deflection 21" Rect.  90° Deflection
16" Round 60° Deflection 21" Rect. 110° Deflection
16” Rect. 114° Deflection 23" Rect.  92° Deflection
17" Rect.  70° Deflection 23" Rect. 114° Deflection
17” Rect,  90° Deflection 24" Rect. 110° Deflection
17" Rect. 114° Deflection 27" Rect.  90° Deflection

DEFLECTION SENSITIVITY
To properly consider deflection sensitivity with re-
spect to tube design, it is essential to examine the formula
for deflection in both electrostatic and magnetic fields.
Correlating with Figure 2, the formulaes are:

Electrostatic Deflection

g = Lbwvd
gl == 2 a Vo
Where: yd = deflection from center
L = the throw distance from deflection
plate to screen
b = deflection plate length
Vd = deflecting potential
a = deflection plate spacing
Vo = beam potential
Magnetic Deflection
LbB
yd =K ——._b.—
vV Vo

|
Bottom D

. , efi, Plate :
Beam Paths
At Greater Than
“Max. vd
Tl L &

FIGURE 2: Electrostatic deflection.
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deflection distance from center

K = constant

L = throw distance from yoke to phosphor
b = length of deflecting field

B = magnetic flux in glass

Vo = operating voltage of the beam

The formula for deflection in an electrostatic field re-
veals that if the tube is designed solely for sensitivity, length
of both the tube (L) and its plates (b) must be long; spac-
ing between the plates (a) small, and operating voltage
(Vo) low. As the spacing between the plates (a) is reduced
however, the usable scan is also reduced due to inter-
ception of the electron beam by the deflection plate. The
designer must also consider that low beam potential (Vo)
will result in reduced brightness and resolution. To con-
clude, in order to achieve high sensitivity employing elec-
trostatic deflection, the tube selected would normally be
a long, small diameter, low anode voltage type.

As shown in the applicable formula, deflection in a
magnetic field is inversely proportional to the square root
of the operating voltage (Vo) instead of directly propor-
tional in an electrostatic field. If the designer decides to
increase Vo for better brightness and higher resolution,
deflection sensitivity is of course reduced.

In general, magnetic deflection tubes can operate at
higher Vo and provide better ‘brightness and resolution.
However, of late, several electrostatic deflection tube de-
signs have incorporated high voltages in the order of
E.» =10 kv and E,; = 18 kv and are approaching the resolu-
tion capabilities of the large screen magnetic deflection
types.

If alphanumeric information is the prominent display
feature of a system it is possible to have both electrostatic
and magnetic deflection in one tube. This is done by plac-
ing two sets of deflection plates on top of the standard
magnetic deflection gun. The electrostatic deflection per-
mits the high speed character writing while the standard
magnetic yoke positions the character. Character writing
could also be accomplished using a separate low inductance
writing yoke. In this case however, the tube is lengthened
approximately 1%2 inches to allow room for the writing
yoke behind the primary positioning yoke.

A further hybriding of deflection and focusing can be
accomplished by mounting the electrostatic deflection plates
within the focusing element of a bipotential focusing gun.
This arrangement provides higher resolution and allows the
deflection plates to operate at the focusing voltage value.
Since the Vo value for this type of deflection system is the
focus voltage which may be 20% of the anode voltage,
considerable improyement in deflection sensitivity for the
electrostatic deflection plates can be achieved. The limita-
tion of this design is the scan produced by the deflection
plates which must be rather limited in order to retain
sharp focus of the full character. The advantages of a
hybrid tube of this sort are better deflection sensitivity
and improved resolution. Character height however, will
be limited to approximately % inch on the face of the tube.

DEFLECTION DEFOCUSING

As a focused beam is deflected, either electrostatically
or magnetically, the electron is acted upon as described in
the formulaes presented in the discussion of deflection
sensitivity. However, due to nonuniform fields at the
entrance and exit of the deflection system, the electron
beam experiences a premature crossover before arrival
at the screen.

An electron beam has a finite width as it passes through
the deflection plates. As shown in Figure 3, one plate is
positive with respect to the other. Therefore, electrons in
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the border of the beam see different voltage gradient
depending on its position across the beam. An electron
at “a” is at a lower field than “b” and will therefore
experience a greater deflection. This difference in deflec-
tion causes the beam to focus before it reaches the
phosphor.

This premature crossover of the focused electron beam
appears to be caused by too strong a focus lens. To
counteract this, the focusing field must be weakened. For
magnetic focus, the focus coil current would have to be
reduced. In the electrostatic focus lens, the voltage gradient
of the lens would have to be lowered. This is accomplished
by increasing focus voltage; i.e., the difference between the
anode and focus voltage is decreased.

All large screen deflection display tubes require dynamic
correction of both focus and astigmatism electrodes to
produce their full capability of resolution. In magnetic
focus and deflection tube types, deflection defocusing or
spot growth ratios are minimized by maintaining low de-
flection angles.

Phosphor

Deflection Plates Screen

Beam Path at Vd=o

FIGURE 3: Deflection defocusing.

BRIGHTNESS

Screen brightness is basically determined by the power
of the beam striking the phosphor. Better results are
obtained from a low current, high voltage beam than from
a_high current, low voltage beam as the space charge
effects in a high current beam tend to cause intolerable
beam dispersion.

In general, brightness can be equated to beam potential
(Vo). With magnetic deflection, the only factor to consider
is that increased Vo requires greater deflection power. The
desired higher Vo in electrostatic deflected tubes has led
to the development of the post deflection accelerator.
In this case, voltage on the phosphor (E.;) is maintained at
a high level while the gun and deflection plate systems

are maintained at a low voltage E,.. The compromise taken
here is that the deflection plates can function in the low
voltage field for maximum sensitivity, while the phosphor
is maintained at a high voltage field for brightness. A one-
step post deflection accelerator of this type is limited to
a practical ratio value of 2:1. Instead of making the transi-
tion from the gun voltage to screen voltage in one discrete
step, it is possible to lengthen this area out and put sev-
eral discrete steps of slowly increasing voltages or a
multiple band post accelerator. Such a tube can have a
ratio of E,; to E.. value of approximately 4:1. A further
peaking of this design is in the spiral accelerator tube type

which has approached values as high as 8:1 (Figures 4, 5,
and 6).
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Electron Gun

FIGURE 4: Monoaccelerator beam path.

FIGURE 5: Single step post deflection beam path.

A Large No. Of
Weak Electron Lenses

Continuous -Curving And
Accelerating Electron Beam S <EAR

FIGURE 6: Spiral accelerator beam path.

PATTERN DISTORTION

Pattern distortion is an inherent characteristic of any
electrostatic deflected cathode ray tube. Every electron
lens that a beam has to pass through will contribute to
distortion. This is also true of the Ey/E.. lens used in any
form of post deflection accelerator even though the lens
permits greater sensitivities and higher screen brightness.

It is shown in Figure 5 of the standard post deflection
accelerator, that the addition of the E,s/E.. lens has caused
the spot to move from point 2 to point b (Ay). As the
amount of deflection (yd) increases so will &y which means
that if a square raster is to be displayed on the tube face,
a greater value of Ay will be experienced in the corners
of the square than on its axis.

To specify the maximum pattern distortion allowed, an
inscribed square test is made. Two inscribed squares are
used. The space between them delineates the maximum
curving which the beam trace can exhibit. For any given
pattern distortion level, higher ratio values of E,;/E,. can
be obtained by means of the spiral post deflection accelera-
tion design.
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RESOLUTION

Resolution is that characteristic which defines the number
of individual bits of information that can be displayed in
a unit length on the tube face. Major contributing factors
to resolution are the relationship of the image and object
distances of the focus lens, anode voltage and gun design.

One of the easiest ways to visualize the effects of resolu-
tion is to consider the physical optics formulaes:

1 9 1
o el
f p q
q
M=-
P
Where: f = focal length
p = object distance
q = image distance
M = magnification

Figure 7 shows two tubes of equal length with one
having a greater deflection angle. We would expect tube 1
to have the higher resolution and, due to the increased
deflection angle, to have greater deflection focusing. In
the case of magnetic focusing, it is possible to see that
the magnetic focus coil is not an integral part of the
electron gun and therefore, by placing the gun in a neck
considerably further back from the face of the tube, the
characteristics of magnification can be peaked for low
magnification. By keeping the anode voltage above 10 kv
and the ratio of £ to produce small magnification, resolu-
tions of better than 1 mil can be achieved.

With electrostatic focusing, the focusing lens is an in-
tegral part of the electron gun and is mounted therefore
on the same structure as the electron source. Since the
clectron gun contains both the electron source and the
focusing field, there is a practical limitation in its length.
In addition, the electrostatic lens is smaller, and the beam
must be smaller to avoid spot growth due to abberations.
Consequently, the electrostatic focus tubes, whether they
have magnetic or electrostatic deflection, have less resolu-
tion capability than the magnetic focus types. Except for
laboratory curiosities, almost all electrostatic deflection
tubes incorporate electrostatic focus. It can be concluded
that electrostatic deflection and electrostatic focus tubes
cannot compete in resolution to the magnetic deflection,
magnetic focus types. Referring to the formula for electro-
static deflection, if the term “L” (throw distance from the
deflection plate to the screen) is to be long then the

FIGURE 7: Relationship of image-object distances.
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image distance automatically becomes very long, thus driv-
ing the magnification to rather high limits. Therefore, it
is a limitation that high sensitivity tubes cannot be high
resolution tubes also.

FOCUSING MEANS

Electron guns incorporating electrostatic focus break
down into two discrete design types. The first type is often
referred to as the unipotential electron gun at which
the focus electrode generally operates near ground poten-
tial. The advantage of this type is the possible compact
electron gun for small display types and the ease in finding
available low voltage sources within the circuitry. The
mechanical measurement of the tube, however, would show
a rather high magnification figure. Therefore, the resolution
of this type is generally limited.

The second type of electrostatic focus gun is referred
to as the bipotential focus. The focus voltage of this type
generally runs at approximately 20% of the anode voltage.
It usually draws a percentage of the cathode current, but
due to the increase in the diameter of the lens itself, it
generally performs better than the unipotential focus and
is usually used for higher resolution applications. If we
examine the three types of focusing: magnetic, bipotential
electrostatic, and unipotential electrostatic, we find that,
for resolution purposes, magnetic focus is preferred. From
the standpoint of spot growth with deflection, however,
the magnetic focus gun is least preferred. Examination of
a large screen, magnetic deflected, magnetically focus tube
would show good resolution at the center, but rather poor
center to edge distribution of resolution. On the other
hand, a unipotential electrostatic focus, while not as
sharp at the center, would appear to be more uniform in
focus across the full width of the tube.

In the high resolution area, a considerable amount of
interest of late has been placed in the bipotential elec-
trostatic focus tube, Primarily, this is because a magnetic
focus tube, while inherently having better resolution re-
quires a complex setup and adjustment of the electrical
axis of the focusing coil with respect to the electron beam.
In the bipotential electrostatic focus tube, the focusing
electrode is built into the tube and does not have to be
aligned by the system engineer. However, a separate high
voltage power supply is required for the focusing electrode.
The power supply must have the capability of supplying
sufficient current for the operation of the gun and be
well regulated. Since the electron optics of the bipotential
focus are an integral part of the electron gun, the electron
guns are generally longer than the unipotential. The over-
all tube length for this type of device, however, is gen-
erally less than the magnetic focus tube.

POWER CONSIDERATIONS
A further compromise that must be considered in the
case of the magnetic deflection types is neck diameter
versus power and neck diameter versus resolution.
The values presented in the following table are for
hypothetical magnetic deflection unipotential electrostatic
focus cathode ray tubes of 90° deflection.

Neck Gun Parts Relative Relative Deflection
Diameter Diameter Resolution Power
1-7/16" 520 100% 100%
1-1/8" 395 75% 75%
.788" 315 65% 55%

The values given in the table show that, as neck diameter
decreases, the physical space left for the electron gun also
decreases, and the relative resolution decreases to ap-
proximately 65%. This is because, as the electron gun parts
diminish in size, the smaller diameter fields are prone to
higher spherical abberation and the percentage tolerance
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of alignment becomes more critical. But, going to the
smaller diameter neck will provide a useful gain in rela-
tive deflection power.

With regard to filament power for the electron gun,
several variations in heater power combinations are avail-
able: 6.3 volts at 600 millamperes (a standard heater for
some time), 6.3 volts at 300 milliamperes and 12.6 volts
at 150 milliamperes. The biggest gain for portable equip-
ment is achieved with a recently developed low heater
power assembly operating at 1.5 volts, 140 milliamperes
maximum. With this new heater, when compared with the
6.3 volts, 600 milliamperes heater, a gain in heater power
of approximately 16 is achieved. It will also provide the
same life, emission and reliability obtained from the stand-
ard heater sizes.

PHOSPHOR SELECTION

The display tube phosbhor must be selected on the
basis of the receptors: the eye, film, or photo pickup device.

The human eye has a peak sensitivity near 5500 & with
good response down to blue (45004) and up to red
(6500 A). Human factors may dictate selection on the basis
of color alone or on historical response to TV (P4). If
maximum brightness, in adverse conditions such as aircraft
cockpit display, is uppermost, phosphor types P20 or P31
have proved useful. :

Long persistence displays without going to storage
tubes, continues to be limited to amber filtered P7 when
viewed in normal ambient. However, to the eye, P12 or
P19 will “hold” information longer if operated in dark-
ness. High density displays which operate at low frame
rates (15 frames per second) can make use of P12. Phosphor
types P12, P19, P21, and P26 are all in the fluoride family
and suffer from low efficiency and ease of phosphor burn-
ing. For medium frame rates, 30 frames per second, P28
has been useful. The published persistence figures of P28
have not been verified. P1, P2 in all its varieties and P4,
P20 and P31 are all usable for general purpose displays.

For film recording, the selection of the phosphor is
based on film color sensitivity and display speed. The
phosphor decay must not fag the film. The phosphors used
most often are variations of P11 which can be controlled
to some degree in persistence from 10 to 200 usec. to 10%
of initial brightness. A vast number of films are available
and considerable improvements have been achieved for
high efficiency, high resolution (minimum diffusion in the
phosphor) and low noise. P11 is a rugged phosphor, slow
to burn, has a minimum of aging characteristics and well
matched to a wide variety of film.

For photomultiplier pickup application, P16 has been
widely used. It peaks at 3800 A and decays to 10% of
initial brightness in approximately 0.1usec. It does burn
readily, however, and has a marked aging characteristic.

MINIMUM
USEFUL SCREEN DIA.

FIGURE 8: High resolution CRT.
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-USEFUL SCREEN
Dl

FIGURE 9: High resolution CRT with high deflection linearity.

AREA

FIGURE 11: High sensitivity CRT.

USEFUL SCREEN
DIA.

FIGURE 12: Large-screen CRT.
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The curves usually shown for phosphor persistence are
generally obtained from the EIA suggested technique of
measurement on a pulsed spot. For visual application, this
must be kept in mind since two widely differing sensors
are involved.

While only a relatively few phosphors are listed, con-
tinuous effort is being made to produce more adequate
types. Investigation continues for long persistence, rugged,
efficient phosphors, and UV and infrared producing ma-
terials are also receiving much attention.

CONCLUSION

In this article, the designer is acquainted with the various
factors that must be considered in cathode ray tube de-
sign. Each has been discussed not only independently, but
in the interrelationship to other parameters which influence
optimum tube design. Figures 8 through 12 are examples of
typical designs presenting both desired “peaked” and
necessary ““compromised” parameters.

In selecting an optimum cathode ray tube for a dis-
play system, the designer must have: (1) an ideal tube in
mind; (2) a knowledge of the features of the ideal tube that
are most essential and those that can be compromised
without significantly affecting system performance; and (3)
a knowledge of how performance will be affected by
changes in various tube parameters.

TYPICAL OPERATING CONDITIONS

Anode Voltage ........covviiiiniiiiiieeinnn 20,000 Volts dc

Grid No. 2 Voltage .....ccovviiiiinnninnnn.. 2000 Volts dc

Eime: WY oo osndinsanias i s ey 0.001 Inch
PEAKED:

1. Very long neck to funnel length; resolution of 0.001”
COMPROMISED:

1. Long tube length

2. High deflection angle

3. Corrected center to edge defocusing about 1:1.5

TYPICAL OPERATING CONDITIONS

Anode Voltage .......cciceneicsasirinisiniis 20,000 Volts dc

Grid No: 2Voltage soveiasnes sy 2000 Volts dc

Line Width isisemsipemvvvssssimas svsaaiey 0.002 Inch
PEAKED:

1. High deflection linearity and minimum pin cushion
2. Minimum defocusing. Corrected center to edge defocusing
better than 1:1.2.
COMPROMISES:
1. Deflection angle reduced to 16 degrees
2. Resolution down to 0.002"
3. Very long length

TYPICAL OPERATING CONDITIONS

Anode No. 2 Voltage .........ccvvvvnenn 2000 Volts dc
Deflection Factors
Deflection Plates 1-2 ........c.covenn.. 68 to 92 Volts dc/Inch
Deflection Plates 3-4 .........ccovvuennn 28 to 38 Volts dc/Inch
Line: Width wosvacrsnmmseenasnasnary 0.65 mm Max.
PEAKED:

1. Very compact indicator

2. Minimum length

3. High vertical sensitivity less than 38 V/in. (by contrast, hori~
zontal scan of 2%" means horizontal sensitivity must go down
to 92 V/in.)

4. Low heater power — for portable ’‘scope

COMPROMISED:

1. Only 1%" of vertical scan

2. High aspect ratio of face and extreme short length make it
impractical to employ spiral accelerator

TYPICAL OPERATING CONDITIONS

Anode No. 3 Voltage .......cocvveeinn 3000 Volts
Anode No. 2 Voltage .........covvunnnn 1000 Volts
Anode No. 1 Voltage for Focus ........ 0 to 300 Volts
Deflection Factors
Deflecting Plates 1-2 .......covvnvvnen 27 to 33 Volts dc/Inch
Deflection Plates 3-4 ........oovvuvnnnn 23 to 29 Volts dc/Inch

Line Width “A” at 1b3 = 10 pa 45 mm Max.
PEAKED:

1. Low heater power uses 1.5 V/140 ma heater/cathode
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2. High sensitivity — 30 V/in. both axes
Spiral Accelerator — EA2 — 100 V for max. sensitivity and
EA3 = 3000 V for max. light output

3. Short length for hand carried ‘scope

COMPROMISES:

1. Added cost for low heater power

2. Only 2¥2" of useful scan

3. Line width only .45 mm

TYPICAL OPERATING CONDITIONS
Anode No. 3 (Post Accelerator) Voltage. . 18,000 Volts dc
Anode No. 2 Voltage ......ovviveinnnnnn 10,000 Volts dc

Grid No. 2 Voltage ....oovvvviiiinnnnnn 500 Volts dc
Anode No. 1 Voltage for Focus ...... 4800 to 5200 Volts dc
Deflection Factors
Deflecting Plates 1-2 ................ 90 to 140 Volts dc/Inch
Deflecting Plates 3-4 ................ 90 to 140 Volts dc/Inch
Trace Width
(073 =1 0.025 Inch
COnNers; oo ieeissie il ciass 0.040 Inch
Focus- Corredtion. wossvisssssmansssmsys 0 to 1000 Volts Max.
Astigmatism Correction ..........c000n. 0 to 350 Volts Max.
PEAKED:
1. Large screen area
2. Fast random access, computer readout — 800,000"/sec. at
30 Hz.

3. High brightness of character at this writing rate

4. High resolution — trace width above is full stroke width of
individual character

5. Minimum deflection defocusing

COMPROMISED:

1. Deep cabinet length

2. 18 KV required for brightness, EA3:EA2 ratio maintained low
for deflection defocusing, therefore EA2 is high. Poor deflec-
tion sensitivity.

3. Requires full program correction of focus and astigmatism.

THE AUTHORS

ALFRED D. JOHNSON is Chief Engineer, Industrial and
Military Cathode Ray Tube Department of Sylvania’s

. s Electronic Tube Div., Seneca Falls,
| N.Y., a position he has held since
| 1962, He joined Sylvania in 1950
upon graduation from college, as
an engineer in the firm’s Gener-
al Engineering Group Design De-
partment, with responsibility for
electron gun design for black and
white picture tubes. In 1956, he
was made group leader for the
J design and development of in-
dustrial and military CRTs, a position he held until
promoted to his present post. He holds four patents in
the field of CRT guns, has presented numerous techni-
cal papers, and is the author of several titles. He is a
member of SID and the IEEE.

D

DAVID G. COWDEN is General Manager, Industrial and
Military CRT Department, in Sylvanias Electron Tube
Division at Seneca Falls, N.Y., a position he has held

. am Since 1962. He has responsibility
for all phases of the operation,
including engineering, manufac-
turing, and sales support. He
joined Sylvania in 1951 as an en-
| gineer in the Hydrogen Thyratron
 Department which he headed
(1954-56) until appointed Head
of Masking Operations for the
firm’s Color Picture Tube Pro-

- gram. In 1958, he became Manu-
facturing Head of the Industrial and Military Cathode
Ray Tube Department and subsequently had responsibility
for all sales coordination. Earlier, he held engineering
positions with General Electric, and Kuthe Laboratory,
and served 3" years with the Navy. He belongs to SID
and [EEE.

51




The display/control complex of the

[The following paper was presented at the Eleventh ACARD-NATO
Symposium at Munich, West Germany, Nov. 7-10, 1966. It is presented

_here through the courtesy of Dr. Irving Gabelman, Director, Advanced

Studies Group, Rome Air Development Center, who was chairman
of the meeting, and with the author’s permission. The editors wish
to thank Philco-Ford Corp., Philco WDL, for its assistance in the
preparation of this material.]

ABSTRACT

This paper describes the display/control system
of the Mission Control Center at Houston and
discusses the key technical decisions that had to
be made in the selection, design, fabrication, and
integration of the many diverse display subsys-
tems required for support of flexible, complex
missions and required to meet stringent schedule
requirements.

| e R o § LS 2 e L S Y £ Ml i Al IO TG |

INTRODUCTION

The Mission Control Center — Houston (MCC-H) is a
large, powerful, and flexible command and control facility
which directs Gemini and Apollo manned space flights.
Its capacity is demonstrated by the fact that MCC-H con-
tains 140 command consoles, most of which have two
real-time high resolution CRT displays. These are supple-
mented by 350 larger CRT group displays, 7 large-screen
projection television Eidophor displays, 5 seven-projector
large-screen Xenon projection plotting displays, 10 large
X-Y plotboards, 16 multi-channel chart recorders, 20,000
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discrete events indicators, 6 television hard copy printers,
and numerous digital readout displays of countdowns,
elapsed times, Greenwich Mean Time, and system status.
The flexibility can be appreciated by the fact that the same
display system serves all types of Gemini and Apollo mis-
sions. The most dramatic demonstration of flexibility oc-
curred in December, 1965. On only a few days’ notice,
the system was adapted to permit simultaneous control
of the GT-7 mission and the GT-6 mission for space
rendezvous, in addition to performing a full-scale Apollo
mission simulation.

The physical size and arrangement of MCC-H is illus-
trated by the scale model shown in Figures 1, 2, and 3. The
top of the model has been removed in Figure 1 to show
the third floor of the control center. The large central room
is the Gemini Control Center. It is surrounded by the
Recovery Control Room, the Flight Dynamics Staff Support
Room, the Vehicle Systems Staff Support Room, the Bio-
medical Staff Support Room, the Operations and Procedures
Staff Support Room, the Network Staff Support Room,
equipment rooms, service areas, weather room, and a
Simulation, Checkout, and Training Control Room. The
size may be appreciated by noting that the combined width
of the group displays at the front of the Gemini Control
Room is 60 feet, or 18.3 meters. Figure 2 shows the second
floor of MCC-H. It is nearly identical to the third floor,
except that the main control room controls Apollo mis-
sions; and the Recovery Control Room, network room, and
weather room are not duplicated. Figure 3 shows the first
floor containing the communications terminals, intercom-
munications central, data recording, real-time computers,
and communications processing computers.

KEY DESIGN DECISIONS

There were five key design decisions made by Philco
and NASA which permitted this system to have great
power and flexibility:

First Key Decision
It was decided that the consoles should be truly modu-

lar. That is, any size panel which is a multiple of 134"
high by 434" wide can be mounted in any position on
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FIGURE 2: Mission Control Center — Houston, Apollo Control.

FIGURE 4: Typical modular console.
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FIGURE 5: Details of typical console arrangement.

the surface of the console (even over the boundary be-
tween bays). Each module connects to a flat ribbon cable
long enough to reach any position on the front of the con-
sole. This permits complete console rearrangement in a
matter of minutes to accommodate left-handed operators,
new module types, or replacement of defective modules.
It allows “sliding a new console shell” around the module
in a single morning when a console is changed from a
3-bay, one-man console to a 4-bay, two-man console. It
allows the operators and human engineers to rearrange
controls and displays to optimize locations at essentially
no cost. A typical result was that most operators selected
a 3-bay, two-CRT console with the CRT’s directly straddling
what would normally be bay boundaries.

FIGURE 6: Gemini Control consoles.

Figure 4 shows the configure of a typical console. The
drawer module is easily mounted at either left or right for
operator convenience. Some drawer modules are on rollers
to allow reference documents to be rapidly switched along
with programmed console function changes and change of
console operator. Figure 5 shows an actual console in
position with two controllers. The variation in module sizes
and locations can be seen. Modules can be any height which
is an integral multiple of 1.75 inches (4.44 cm). Modules
can be any width which is an integral multiple of 4.75
inches (12.06 cm). The variety of arrangements and modules
can be seen from the photograph of the Gemini Control
Room, Figure 6. This figure shows cathode ray tube dis-
plays, status lights, keyboards, control switches, and quieted

FIGURE 7: Video Engineer Console.
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FIGURE 8: Vehicle systems staff support room.

printers mounted in modular consoles together with match-
ing pneumatic tube terminals. Use of a number of small
modules is illustrated by Figure 7, the Video Engineer’s
Console. Incorporation of multichannel chart recorders is
shown in Figure 8, typical Vehicle Systems Staff Support
Room consoles. Operation with a large communications
status board is shown in Figure 9. Incorporation of control
sticks, known in the U.S.A. as “joy sticks”, to control pan-
tilt and zoom of TV cameras monitoring X-Y plot-boards is
shown in Figure 10, Flight Dynamics Staff Support Room
Consoles.

Second Key Decision

It was decided that it should be easy to see over the
consoles and that they be cool, silent, and as empty of
equipment as possible. By using cool chassis design of
all modules, no blowers or fans are required in consoles.
Electromechanical devices have been eliminated from most
consoles. Complex equipment is mounted in special equip-
ment rooms and directly attended by trained maintenance
and operation personnel. Thus, console users are rarely
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FIGURE 9: Communications status board and console.
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distracted from their tasks by repair of a display hardware
problem. Typical electronic cabinets containing system
electronics which tie the system together are shown in
Figure 11. The particular cabinets shown contain a por-
tion of the electronics to allow independent operation of
over 20,000 status lights by the computers.

Third Key Decision

Computer-generated television was chosen as the main
source of display data. The beneficial effects of this deci-
sion are great. Actually, no one really appreciated just how
valuable the benefits would be at the time the decision
was made. In summary, the benefits are these:

1. The consoles are an order of magnitude cheaper and
simpler than analog CRT consoles. A new console can
be created merely by putting two television monitors
in a sheet metal shell, together with a general-purpose
control keyboard.

FIGURE 10: Flight Dynamics Staff Support Room.

2. The display distribution became extremely simple and
inexpensive. Digital television display generators are
selected on an “as available” basis by the computer.
The computer also selects the proper crosspoint of a
large video switch matrix to which all TV sources
and all TV displays are connected. Thus, failure of
any TV generator, monitor, or crosspoint has only a
momentary effect until a spare unit is switched in.
The entire display connection to a TV monitor can

FIGURE 11: Digital display driver cabinets.
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be a single, small 75-ohm coaxial line. This flexible,
quarter-inch-diameter line can be 1,000 feet long.
It can mix with other cables in any manner without
producing crosstalk problems.

Since TV monitors are so inexpensive, displays can be
duplicated and continuously monitored for quality in
special maintenance areas. This allows most display
hardware malfunctions to be anticipated. They can
then be corrected without console users even know-
ing that a potential problem existed.

Since the console and group displays can also directly
use inputs from TV cameras and flying spot scanners,
a number of powerful, yet inexpensive, display inputs
became possible. Those implemented included zoom-
lens TV cameras viewing: books, slides, papers, chart
recorders, countdown clocks, plotting displays, and
other console users. It should be of interest to note
that TV cameras allow direct display on console CRT's
of all manual backup displays.

The choice of television CRT's allows providing each
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FIGURE 13: Types of computer-generated TV displays.

controller with a low-cost video polarity control
switch to allow viewing black-on-white for high data
content displays or white-on-black for low data con-
tent displays. The presence of a large number of
white symbols on a black background dazzles and
confuses most controllers. By choosing black on white,
much more data can be simultaneously viewed. Con-
versely, if only a few symbols and vectors are dis-
played simultaneously, white on black is often pre-
ferred.

Figure 12 shows the precision 945 line television monitors
with polarity reversal switches undergoing initial checkout
in the MCC-H television maintenance area.

Fourth Key Decision
The displays are all designed so that the computer does
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FIGURE 14: Three types of group display in use.
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not have to generate display background data such as
situation display maps, coordinate axes for graphs, columns
and headings for tables, and scales for synthetic meter dis-
plays. Symbol and vector generation is implemented outside
the computer. Thus, the computer has only to handle con-
cisely-coded real-time dynamic data and single code words
for background selection. The dynamic computer-generated
data are automatically registered to the selected pre-stored
background data by all displays. These include both tele-
vision displays and analog plotting displays.
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Figure 13 illustrates some typical types of display formats
used. By these techniques, the display system relieves the
computer of from 50% to 90% of the burden of display
generation. Multiple meter displays can be seen on one
projection television group display at the left in Figure 14.
The colored projection plotting group displays are shown
at the center and right undergoing functional tests. As can
be noted from this figure, careful design of throw distances,
screen positions, audience configuration, projector bright-
ness, and screen material eliminates the “hot spots” often
seen in rear projection displays. Yet, the contrast is excel-
lent even with 30 foot candles of ambient light on all
consoles.
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FIGURE 20: Gemini Control consoles in use.

Fifth Key Decision

It was decided that all digital data cables among system
equipment cabinets and consoles should be identical and
contain no “Y” branches. The five or six cables from each
major item of equipment are brought to a wide, shallow
central termination cabinet and terminated. All interconnec-
tions were made here using separate cross-connect wires
terminated in taper pins. Very extensive system reconfigura-
tions have been made in only a few hours or days merely
by moving these easily accessible cross-connects. A big
time advantage was realized because the entire cable plant
was installed and terminated before the various equipment
designs were final. When each piece of separately built
hardware arrived at MCC-H, the set of standard cables with
standard connectors was installed and waiting. A rapid
matching of the final wire lists accompanying each “checked
out” equipment provided the cross-connect list. As a result
of this, plus good specifications, most interfaces exchanged
data successfully the first day after installation. Subsequent
system reconfigurations have similarly resulted in negligible
cable problems, since cables never have to be reworked.

Figure 15 shows a set of standard cables for one console
awaiting the installation in late 1963 of that console in the

*Gemini Control Room. Figure 16 shows the other end of

the cables terminated in multi-hole taper pin blocks. Figure
17 shows the first group of cross connects (red wires) con-
necting display and control interface equipment to the con-
soles and to the computers. Figure 18 shows the inter-
connection completed. In Figure 19, a console reconfigura-
tion is made by changing cross-connections. In normal
operation, these cables are concealed by closed doors.

CONCLUSION
These five key decisions by Philco and NASA allowed
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this largest of all command and control centers to be in
operation controlling a complex mission only 18 months
after contract award. (Figure 20 shows consoles in use.)
This control center will be able to be economically and
rapidly reconfigured to meet rapidly changing Gemini and
Apollo control requirements for years to come.
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Using a standard television monitor

as an alpha-numeric display

by STAN GRAHAM

Industrial Applications
Fairchild Semiconductor
Mountain View, California
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SUMMARY

The system described was not built for manufac-
turing purposes, but only as a study to demon-
strate the feasibility of using various families of
integrated circuits in a television-type display sys-
tem, and to gain some insight into the limitations
of this type of system. With the advent of large
scale arrays this type of system would be even
more attractive for a low cost alpha-numeric dis-

play.
e S e e

INTRODUCTION

The standard television monitor or domestic set, when
used as an alpha-numeric display medium, has many tech-
nical and economic advantages over a cathode ray tube vec-
tor generator and charactron type units. The continuing low
cost and availability of industrial television monitors permits
the installation and expansion of displays at low costs. The
deflection circuitry is already built into the monitor, requir-
ing the display-system manufacturer to build only a digital
system to produce the video and control signals needed. In
addition to being inexpensive, this type of display system
also requires a minimum of skilled maintenance. Trouble
shooting in the control section is limited to “remove and
replace” type maintenance, and at the receiver, to the nor-
mal adjustments of a home television set.

The domestic television receiver has not been fully util-
ized as an alpha-numeric display medium because of the
requirement of a high-speed memory for format storage.
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FIGURE 1: Block Diagram of Display System

Until recently, core memories of the necessary cycle time
were quite expensive. Recently, however, memories aof 15
microsec cycle time and better have dropped to approxi-
mately 10 cents a bit, and it is now possible to implement a
very versatile display system, using core memories having
random updating of multiple channels displayed on televi-
sion monitors. (A block diagram of a typical system is shown
in Figure 1.)

Display Characteristics

The displayed characters are in the form of a dot matrix.
The actual matrix is decided upon by the display manufac-
turer, the most usual being a 5 x 7 (i.e. 5 dots horizontally
by 7 dots vertically), although 9 x 9 and 9 x 11 are also used.
Spacing between characters is usually of three dot dura-
tion giving, for 32 characters, a display time per character
of 1.56 microsecs. This would display 32 characters in ap-
proximately 50 microsecs of the available 63.5 microsecs of
the horizontal scan and would avoid distortion due to over-
scanning of the monitor. The system clock rate for a 9 x 9
or 9 x 11, both with three dot spacing, would be 8 mHz,
and for a 5 x 7 with three dot spacing, 5.1 mHz. This is
quite within the operating range of economical integrated
circuitry, any of the families being suitable in the industrial
package. The system clock has to be synchronized with the
horizontal drive pulses of the television monitor. This is to
ensure a “jitter” free display due to short term variations in
the master oscillator, there being no need to incorporate a
crystal controlled oscillator.

Most of the system does not have to operate at the clock
frequency. This frequency only appears at the front end of
the timing counters and at the output of the system. The
remainder of the system works at a much slower rate (e.g.
character rate for memory address signals is approximately
666K Hz). Two counters are required — one counting char-
acter position horizontally at 666K Hz and one counting ver-
tical line position at 15.750K Hz. This latter counter is reset
at the beginning of each frame by vertical drive from the
television synchronization.
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The method used to generate the video is as follows: “Y”
signals, i.e. vertical timing signals corresponding to the par-
ticular display line, are generated. For a 9 x 9 dot matrix
these would be “Y,” through "Y'. These “Y" signals are
“anded” with the code of the next character to be dis-
played. These functions are placed into a parallel to serial
10 bit shift register and, at display time, clocked out at 8
mHz. On completion of the character line display period,
the next “X” dot decode, which in the display period has
been read from memory and decoded, is read into the reg-
ister. The time available to read memory, decode and place
into the register is approximately 1.56 microsec. A 1.5 mi-
crosec cycle time memory has an access time in the order
of 800 to 1000 nanoseconds, leaving 560 to 760 nanosec-
onds for decoding and setting the shift register. These
speeds are well within the capabilities of TTL and DTHL.
The system fabricated by Fairchild Industrial Applications
used DTHL throughout and no problems were encountered
due to propagation delay, etc.

Rounding of Characters

If the display screen is larger than 19", the actual dots
forming the character can be seen and, although the char-
acters are very readable, they may not be as aesthetically
pleasing as the user requires. It may then be necessary to
“round” or “smooth” the characters. This can be accom-
plished by making use of the interlacing fields of the stand-
ard television frame, at the cost of extra decoding circuitry.
It now becomes necessary to detect and separate field “A”
from field “B"” and delay the dots on “B” relative to A"
(Figure 2). This is not quite as difficult as it first appears.
The “rounding’’ of characters could be offered as an option
to a standard system. (Example Figure 3) One method of
producing delayed dots is to use a two-phase clock Lo drive
the output register and select the phase according to which
field the television scan is in. This makes a 5 x 7 dot matrix
effectively 9 x 14 and a much more pleasing character shape
can be generated. (Characters on a 9 x 9 matrix are dem-
onstrated in Figure 4).

Register Oulput

The output of the register only requires mixing with
synchronization and blanking signals, all produced by a
standard television synchronization generator, to feed di-
rectly to the video amplifiers of the television monitor, since
the output of the register is already in the form of black and
white video — either black on white background or white

FIGURE 2: A. Dot Shifted out of Register by Phase 1 clock
B. Same dots delayed by using Phase 2 clock
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FIGURE 3: Rounding of Characters

on black background, depending upon from which side of
the register the signal is taken. Grey scale can be added
as an optional feature. By gating the output through various
gates whose outputs are divided down, color can be accom-
modated in a similar fashion. If it is required to transmit the
video over a greater distance than is possible with digital in-
formation, or give the monitor the capability of displaying
several channels using only one cable, it is only necessary
to modulate the signal in the same manner as the output of
a television camera, no camera being used in the process,
as is the case with a normal cathode ray tube type display.
The information can also be passed, over shielded cable, as
direct video where an existing closed circuit system exists,
say, in an air-terminal.

Input of data to the system can be adapted to any rate
within the confines of the memory cycle-time, i.e., type-
writer, tape-reader, teletype or computer. This could be or-
ganized on a priority interrupt basis where several inputs are
required. The interrupt would show as a blink or flicker on
the display, unless it was arranged to occur only during the
blank periods. Readout of memory for hard copy, or trans-
mission via, say, a teletype line, could be accomplished by
blanking the screen during transmission and re-enabling on
completion, thus indicating to the operator that transmission
was complete.

KKKKKKKKKKKKKKKK

FIGURE 4: Characters on a 9 x 9 matrix
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FIGURE 5: Method of displaying two channels simultaneously

CONCLUSION

The size of memory and number of generators is a func-
tion of system and channel size. For 16 lines of 32 characters,
a standard 512 x 8 memory is required. The two extra bits
could be used for parity check and/or underline, flashing or
cursor. Two channels, of course, would require a 1024 x 8
bit memory, although 16 lines of 9 x 9 matrix characters
could not be displayed. The method of displaying two chan-
nels simultaneously is shown in Figure 5. Channel A is
interleaved with channel B, the spacing between display
lines of a channel being the same as the character height —
if the characters are 9 lines high, 9 lines are left between
characters in the vertical direction. These 9 blank lines are
used to display the information on the alternate channel.
Four channels can be accommodated by the use of a 1024
x 16 bit memory — reading two channels in parallel and so
on, up to maybe eight (1024 x 32) individual channels. Writ-
ing into the system now becomes more complex, as we have
to be able to address a particular byte of memory. This
could be accomplished by reading all 32 bits from memory,
changing eight determined by the channel address and re-
turning them to memory — thus making the effective sys-
tem write time twice the memory cycle time, i.e. 3 micro-
secs.

It has been shown that using a television type display
does not necessarily place any restrictions on the system’s

performance or capability. It is very attractive from a design -

point of view, due to the use of integrated circuits, and also
from manufacturing cost point of view.
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ABSTRACT

The Bunker-Ramo Corporation’s BR-90 (AN/FYQ-
37) Visual Analysis Console was developed in
conjunction with automatic information handling
systems to provide rapid data display and opera-
tor communications with high-speed digital com-
puters. System operators can query a computer
by simple keyboard operations to selectively
obtain information; this information when re-
trieved and transmitted to the console, is im-
mediately displayed in textual or graphic form.
In addition, the system operator can create his
own displays off-line from the computer and
subsequently up-date the computer information
files or store the data for later use.

INTRODUCTION

The BR-90 displays information on a cathode ray tube
screen; all the necessary controls for the manipulation of
this information are included as part of the display’s control
panel. The unit is complete as shown in figure 1; no addi-
tional equipment is required for operation.

In addition to the capabilities associated with conven-
tional displays, the console has two unique features:

* photographic information stored on film slides is
projected onto the phosphor surface of the CRT
screen for simultaneous presentation with the elec-
tronically generated display. This is accomplished by
optical projection through a clear glass port located
in the rear of the CRT.

* the control of console functions resides in a program
stored in the console’s magnetic core memory. Con-
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FIGURE 1: Model 90 (AN/FYQ-37) Console

sole functions can be changed and added to by modi-
fying this program.

The BR-90 is particularly suited for command and con-
trol systems where a number of requirements must be met
including:

+ digital computer information must be displayed in

textual and graphic form.

+ the console user must have the capability to operate

on the displayed data and generate new displays.

* real-time communication with an associated computer

system is desired.

CAPABILITIES

The console’s capability to overlay electronic data on
film slide backgrounds greatly improves the information

INFORMATION DISPLAY, May/June 1967

content as compared to that provided by conventional
CRT graphic displays. The film backgrounds, which can
contain almost any amount of information desired, provide
reference information that would otherwise be omitted or
drawn electronically as gross outlines. Electronic generation
of background data is not always practical because digital
storage must be available for that purpose, and, since there
is always a limit on the total amount of data that can be
displayed on a CRT, a reduction in the quantity of dynamic
information will be experienced.

4,096 WORD
MEMORY-
CONTROL
PROGRAM
DISPLAY STORAGE
PROCESSOR
4,008 WORD
MEMORY- CRT
DISPLAY |p{ DISPLAY
DATA CONTROL
STORAGE
FILM P
KEYBOARDS p{ PROJECTOR
STATUS
INDICATOR can:u"fF?gL
CONTROL B
SOPS SOPS LIGHT
4—p| INTERFACE [4 GUN
COMPUTER oSN

FIGURE 2: Simplified Functional Block Diagram of Console

The logical organization of the console is illustrated in
the simplified block diagram of figure 2. The display proces-
sor contains an 8192 word, 12 bits per word, magnetic core

memory. The memory is functionally divided into two por- .

tions; one half is dedicated to storage of the console pro-
gram; the other to storage of data for display on the CRT.

INFORMATION DISPLAY, May/june 1967

Display data is read from memory in synchronism with the
input power line frequency. If, for example, 60 cycle per
second power is used, the display processor is interrupted
every 1/60 of a second by a display interrupt, and one
frame of display data (i.e.,, one pass through memory) is
read to the CRT display control circuits. Between display
frames, the processor services the remaining console devices
represented by the blocks shown on the common data bus.

DISPLAYS

The type of information that can be displayed by the
console is illustrated in figure 3. Displays can be generated
at the console entirely off-line or they may be received as
display data from the system computer. Any display can
in turn be transmitted to the system computer including
background slide identification.

The background map is a film slide which is projected
onto the inside surface of the CRT through an optical port
located at the rear of the tube on the central axis. The
electronic data consists of alphanumerics and special sym-
bols, vectors, circles and plotting points. The useable dis-
play area on the tube is 13.2 inches high by 13.2 inches
wide. Because the image on the film slide is rectangular,

FIGURE 3: Type of Information Displayed
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the complete height of the useable area is not filled by
the projected image. However, electronic data can be
written anywhere on the screen. The CRT uses P-4 phosphor,
provides 20 foot lamberts of image brightness, and pro-
duces a blue-white color for electronic images. Visually
the phosphor is white, providing a neutral color screen
for the projection system.

A low-gain screen is necessary in any rear projections
system to reduce what would otherwise be an uncomfort-
ably bright area when looking directly at the display. This
projector “hot-spot” has been considerably reduced on
the BR-90's screen by a special process that produces a
low gain projection screen without affecting the quality of
the electronic display. The projection system produces a
maximum brightness of 40 foot lamberts; since this is too
high for normal viewing, brightness controls are provided.

A font of 63 alphanumeric symbols can be displayed in
two adjustable sizes, vectors and circles and in two dif-
ferent stroke widths. Any element can be made to blink.
Size, stroke width, and blinking are specified digitally as
part of the display data stored in memory. Vector end
points and circle centers are positioned at any one of 1.024
points in the horizontal (X) axis and 1.024 points in the
vertical (Y) axis. The initial character of an alphanumeric
or symbol group is positioned to the same resolution. Posi-
tion data is specified digitally as 10 bit binary weighted
numbers. The maximum amount of electronic data display-
able on any CRT is a function of frame rate and deflection
speed. At a frame rate of 60 cycles per second, any one
of the following groups of displays would be a maximum
allowable quantity on the BR-90:

(1) 2816 alphanumerics and special symbols.

(2) 115 circles.

(3) 444 connected vectors.

(4) 222 unconnected vectors.

(5) 444 plotting points or individually positioned symbols.

If these quantities are exceeded, the frame rate will auto-
matically drop to 30 cycles per second. If 50 cycle per
second input power was used, the above quantities would
be increased by approximately 20 percent.

Console

Figure 4 shows the display and control surface of the con-
sole. The keyboard on the left side of the control panel is
designed for communication with the system computer.
Removeable overlays uniquely code the 30 keys and pro-
vide labels appropriate for each application. One hundred
and twenty eight differently coded and labelled overlays
can be used. With 128 overlays and 30 keys, over 3800
different digital messages can be transmitted to the external
computer system. A group of twenty-five indicators on the
left side of the screen panel, used to present system status
information, are also labelled with changeable overlays.
This overlay and the keyboard overlay can be a matched-
pair, presenting labels with suitable terms for the problem
being worked on. Individual lights under the overlays
are controlled by commands received from the system
computer.

The group of keys to the right of the computer com-
munication keyboard are used for internal console control.
The operator uses these keys to perform the various off-
line display-generating and editing functions such as draw-
ing lines and circles or deleting and copying information.
Of particular importance is the fact that each one of these
keys call up a program subroutine stored in the console
memory to perform the indicated operation. The blank
keys can be used for additional key assignments.

The typewriter keyboard is used to enter alphanumeric
information onto the screen in a normal typewritten man-
ner. The keyboard’s alphanumeric layout is standard; special
64

FIGURE 4: Display and Control surface of Console

symbols are typed from the keyboard by using the shift
key. The keys just to the right of the typewriter keyboard
are the “Marker” control keys and allow the operator to
position typewriter keyboard entries on the screen. On the
right side of the screen panel are the controls and indica-
tors for the projection system. A light gun is used to select
and identify electronic display elements to the console
logic for editing purposes. Two switches are available for
manual selection of 64 different circle sizes. Immediately
below the circle size control keys is a cursor ball control.
This is a manual control used to move a special cursor
symbol (electronic cross-hairs) about the screen to locate
position vectors, circles and symbols. The cursor symbol
identifies positions on the screen in CRT coordinates.

Figure 5 is a close-up of the console keyboard showing
the various off-line control functions that have been imple-
mented for the first console application.

FIGURE 5: Console Control Keyboard
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The “Clear Blink” key, used in conjunction with the light
gun, stops electronic displays from blinking. The console
has a continuous audible alarm that can be turned on by
the system computer. The “Clear Alarm” key simply turns
this off. The “Error/Reset” indicator, by illuminating and
sounding a bell, informs the operator that he has performed
a procedural error. The key labeled “Clear” is used to
erase display data from console memory. The “Clear” func-
tion can be tested before permanently erasing data by
using the “Test” key. The “Mode” keys provide both dis-
play mode and page selection control. The random mode
is selected when graphic displays are to be generated.

The formatted text mode is used when only textual dis-
plays are required. Text data is displayed in a 44-row by
64-character-per-row format, Two display pages are avail-
able in either mode. For the random mode, display memory
is divided into two equal-size pages, labeled Page A and
Page B; each page holding 2048 words for display. In the
formatted text mode, pages are labeled “Main Display”
and “Scratchpad”. In this particular application, the main
display is 40 rows of characters; the scratchpad is the
bottom 4 rows. The key labeled “Maximum Display”
causes both pages in either mode to be displayed simul-
taneously. The divisions described here represent particular
user requirements. Any form of page division can be ac-
commodated within the 4096 words of display memory.

The edit keys indicate various conditions and provide
control of the displays. The “Delete”, “‘Relocate”, and
“Copy" keys perform the functions which the names imply.
They are used with either the “Word” or “Line Text” keys
to indicate the length of the message to be operated on.
Vectors are drawn by using the “Draw Vector” key in con-
junction with the cursor ball control to locate vector origin
and terminal points on the screen. Circles are generated
in the same manner using ball control to located circle
centers. The “Cursor” key causes the cursor symbol to be
displayed when operated. The “Wide Vector” keys will
cause vectors or circles to be drawn with a wide stroke. The
“Blink” key causes vectors and circles to blink when they
are generated by the operator at the keyboard. The “Vector
Direction Test” key blanks the first half of all vectors dis-
played indicating to the operator which end is the origin
point and which end is the terminal point. The “Light
Gun” indicator illuminates whenever a display element
is light-gunned.

Figure 6 shows a close-up of the projector control keys
and indicators. The console projection system allows auto-
matic random selection of 70 mm black and white or full
color slides from a 100-slide capacity magazine. The maxi-
mum slide select time is 10 seconds. No distortion of the
image or special photographic techniques are employed in
the preparation of slides. The image area on the slide is
2.1 inches by 3.0 inches. The system recognizes and operates
with 5 machine coded magazines for a total system capa-
bility of 500 slides; however, only one magazine can be on
the projector at one time. The numerals along the top of the
panel identify the magazine in place and the slide being
projected from that magazine — the first digit indicates the
magazine and the last two digits indicate the slide manner.
Slide select switches allow for manual selection of slides
for viewing. The system computer can also select slides by
transmitting a special command which includes the slide
number. When a slide is selected from a magazine that is
not in the projector, the console automatically retracts the
magazine to an unloading position so that the operator
can exchange magazines. The operator is given the proper
magazine number and informed to change magazines by
the indicators. The new magazine, when inserted, is auto-
matically positioned to the proper slide position and the
slide projected. the whole operation taking no more than

30 to 45 seconds. Storage space for five magazines is pro-

vided in the console cabinet.
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FIGURE 6: Projector Control Keys and Indicators

Of particular interest is the group of nine keys shown in
the center of the panel. These keys, when operated, mag-
nify any one of nine overlapping quadrants of the slide
to full screen size for a 2 times magnification. The elec-
tronic display also changes scale and centering to maintain
registration with the magnified slide image. The precision
of registration accuracy between the electronic information
and the photographic information is 1% of screen width
at full scale. Test patterns, test slides and operator adjust-
ments are used for checking registration and making adjust-
ments as required. The remaining keys provide brightness,
focus, and projection lamp control.

The light gun, a manually operated device, is used to
select alphanumeric characters, points, circles, or vectors
for editing operations. When an element is light-gunned, it
flickers at a discernable rate providing feedback to the
operator. In addition to internal identification, any light
gunned element can be identified to the system computer.

The circle size switches allow selection of 64 different
diameter circles. The sizes range between 1/10-inch in

FIGURE 7: Full Slide display with electronic display overlayed




diameter to 6'2-inches in diameter. Intermediate sizes vary
between these two limits in equal increments.

Figures 7 and 8 illustrate the magnification feature men-
tioned above. Figure 7 is a normal full slide display with
an electronic display overlayed. Figure 8 shows the center,
left-hand quadrant of the display magnified to twice its size.
The electronic image has changed scale and centering to
maintain registration with the film image; however, the
size of the characters and the continuous spacing of the
characters has not been changed, only their overall position.

FIGURE 8: Center, left-hand quadrant of display magnified to twice
its size

Applications

The console can be considered for a number of computer
system applications. Computer communications are simpli-
fied by using the overlay keyboard to enter computer com-
mand and queries for data retrieval. Since the key func-
tions can be labelled with the user’s terminology, compli-
cated codes and query languages need not be learned.
Analysis of textual and graphic data can be performed using
the intelligence and judgment of a human operator com-
bined with the high speed computation capability of the
system computer. Systems requiring rapid human compre-
hension of a changing geographical situation can be im-
proved by photographic presentations of maps, aerial photo-
graphs, or charts combined with electronic generated
images depicting the variable elements. Message handling
and editing can be performed independently of the system
computer. Different console operational programs can be
prepared to allow users to experiment without any hard-
ware modifications other than the changing of key labels.

Integrating the BR-90 console into a system requires both
an electrical interface, which connects the console and the
system computer, and a software interface. In a new system
consideration should be given to the use of a channel
that allows relatively high speed data rates. The console
can, for example, transmit and receive 12-bit display words
at a 250,000 word per second rate. Where a computing
system already exists, the selection of a data channel is
usually resolved by availability considerations. The soft-
ware interface defines, in a more pertinent way, that man-
ner in which the console and computer will function to
satisfy the system requirement. A command structure must
be established that allows the system computer to com-
municate with the console. The following list is typical of
the type of commands the computer would send to the
console:
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Send status
Read display memory
Write display memory
Clear display memory
Set display mode
Select slide
Inhibit console interrupts
Set console lights
In turn, the console sends data to the computer, such as
display data in response to a read display command, inter-
rupt signals, overlay keyboard messages and status messages.
The status message can include such items as:
Present display mode
Active page being displayed
Slide number being projected (and magazine number)
Cursor coordinates
Light gunned symbol address (in console memory)
Marker location (in console memory)
The command structure is reasonably flexible as far as
the console is concerned since it is the console program
that responds to the commands rather than wired logic.

CONCLUSION

The console uses a 12 bit word to define an X or Y
coordinate, a circle and an alphanumeric symbol. The
actual alphanumeric code within the 12 bit word is only
6 bits, and any coding system can be used to provide
compatibility with the computer. The remaining bits of
each word are used for control purposes and other features
such as blink, blank, wide stroke, large size, etc.

Within the system computer, other functions must be
performed such as the formatting of data for the console,
operating on keyboard queries, controlling of console
lights, etc. However, the techniques employed here, are
outside the province of this discussion.

In summary, the BR-90 console displays electronic data in
the form of vectors, circles, points, and alphanumeric which
can be superimposed on film slide images projected onto
the CRT screen through the rear of the cathode ray tube.
The console is a stored program device that allows display
functions to be changed without costly hardware modifica-
tions. In addition, different computer systems with varying
data formats and interfacing features can be more readily
accommodated because of this feature.
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Characterization of light pen sensitivity

INTRODUCTION

There is often confusion about what is meant by the
term “sensitivity’” as applied to light pens. This paper will
discuss the salient phenomena and suggest definitions
which may be interpreted unambiguously.

Phosphor Luminescent Action

The electronic structure of a phosphor is such that inter-
stitial impurity atoms are contained which have the prop-
erty that valence electrons may be excited to a metastable,
high-energy state. Once excited, the electrons remain in
this state until the addition of slightly more energy, which
is usually thermal in origin, catalyzes a fall-back to normal;
this fall may be accompanied by the emission of a photon.

If the excited electron is bound to the atom to which it
was attached before excitation, the phosphorescent process
is said to be monomolecular, whereas if the electron may
wander through the lattice when in the excited state and
fall down into an atom other than the one from whence
it came, the process is said to be polymolecular. Examples
of monomolecular phosphors include the alkali halides,
while sulphide phosphors are polymolecular. As will be
seen, these two processes give rise to different luminous
decay characteristics.

Since the action which results in photon production is
the return of an excited electron to the natural state, phos-
phor light output is proportional to the number of recom-
binations per unit time. In the monomolecular process,
where the recombination probability for an excited elec-
tron is constant with time, the recombination rate will
simply be proportional to the number of excited electrons.

The number of excited electrons in existence may be
found by solving a differential equation containing two
competing rates: a decrement due to thermal attrition of
excited electrons and an increment due to the exciting

agent, which is an electron beam in the present context. .

The rate of increment will be proportional to both the
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electron beam current density and to the number of ex-
citable electrons which are unexcited.

Thus:
dN _ 47 (M=N) —aN 1
dt
where:
N = number of excited electrons
M = number of excitable electrons
] = beam current density
a = reciprocal of mean excited lifetime
7 = excitation quantum efficiency constant
The solution of this equation is
N - 7JM [1__ E-(TiJ+a)E_] ()
nJ+a

This equation represents the luminous build-up charac-
teristic for monomolecular phosphors under electron bom-
bardment, and holds true for t as small as t= 10~%s

The decay characteristic is found by letting ] =0 in the
differential equation, and solving:

N =N, et (3)
where
N, = number of excited electrons present at beam
shut-off.

There is a useful similarity between phosphor action, and
the action of a low-pass electrical filter.

The two equations which describe output voltage build-up
and decay for a low-pass filter in response to a step func-
tion are:

E= Eo []'_-E-;] (4)

ol -

E-E ¢ i (5)
where
E, = applied step amplitude
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v = filter time constant
Note that an arbitrarily high output voltage E may be
obtained in an arbitrarily short time simply by making E
the applied step, large enough.
In equation (2), however, analogously increasing ) does
not have the same effect, since the quantity:

M

nJ+a
approaches a limit, while the quantity

1

) +a
which is analogous to 7 in (4) and (5), becomes smaller
with increasing J. Thus, a monomolecular phosphor may
be regarded as a low-pass filter with the property that for
large |, increasing the input signal amplitude results in de-
creasing the time consiant rather than increasing the out-
put signal amplitude. For small ], action is exactly like a
low-pass e'ectrical filter.

For polymolecular process phosphors, the build-up equa-
tion is much more complicated, since the decrement rate
of excited electrons is proportional both to the number of
excited electrons and to the number of electron vacancies.
The differential equation then becomes, for polymolecular
process phosphors:

dN 2
= M=N) —aN
3 7J( )—a (6)

oy

The square of the solution to this equation is the desired
luminous build-up characteristic. This yields an implicit
solution t = t(N) which is unwieldy; however, it can be
shown that polymolecular process phosphors have in com-
mon with monomolecular process phosphors the proper-
ties of light output saturation and response time enhance-
ment.as a function of increasing beam current density.

The decay characteristic, however, is easily obtained
when ] = o:

2
Nt
[1+N at]?

It is useful to lump together the various constants in this
equation in order to put it in the following form:

I
| P . (8)
(1+bt)?
where
I = instantaneous luminous output
l, = initial luminous output
b = decay constant
Analogously, (3) becomes

I=Ie"* (9)

(7)

Phosphor Brightness Ratio

It is often overlooked that while light pens respond to
the instantaneous brightness of phosphor, the eye averages
phosphor output. There is not, therefore , a one-to-one cor-
respondence between apparent phosphor brightness and
available light pen signal. A measure of the effectiveness
of a phosphor for producing a light pen signal is given by
R, defined as:

1
R =TD_ (10)
A
where
l, = initial phosphor brightness, as before
and
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I, = average brightness.
It is assumed that the excitation time is so short that the
light given off in that time interval is negligible compared
to the average. For the monomolecular case:

I I =
I ot bt _ 0 bt ; _ 0
L ({E bt o/ bT (1)
for large T, and
R = bt

where T is the period between intensifications.
For the polymolecular case:

b=y

1. * & T
L =2 SR T . | (12
=9 Of (1+bt)? bT(1+bT) o 1k ‘

for large T, and
R = bt

just as before, which indicates that b is a direct measure
of available light pen signal from a phosphor, all other
things being equal (spectral emission characteristic, etc.),
regardless of whether the phosphor is monomolecular or
polymolecular. Also indicated is the fact that light pen
signal varies inversely with repetition rate of intensifica-
tion.

It is apparent that the conditions that enhance light pen
operation also work against optimizing the display for a
viewer; for light pen operation, a fast phosphor and a low
repetition rate is ideal, whereas a slow phosphor and a
high repetition rate is desirable from the standpoint of the
operator. Both ends can be achieved at once, however, by
the use of composite phosphors which are a mixture of
suitable slow and fast phosphors.

Light Pen Response Number

In light of the foregoing, it is meaningless to specify
light pen sensitivity in terms of apparent brightness. An
unambiguous measure of sensitivity is one in terms of
luminous intensity change at a given wavelength; this num-
ber, along with the spectral sensitivity characteristic of the
light pen, provides sufficient information to deduce per-
formance under any given conditions of apparent bright-
ness. To illustrate this, it is first necessary to relate lumin-
ous intensity to source brightness. As a model, consider a
Lambertian spot of area Am*® and with surface brightness
of

Bcd

2
al 1m

It is desired to determine the luminous intensity F ™z
at a point which is coaxial with the spot and at a dis-
tance of Dm.

Since one candela per square meter equals one lumen per
square meter per steradian, the light emitted by the spot
would be

AB ll’.’ﬂ
st
if the spot were a point source radiating omnidirectionally.
Since the spot is assumed a Lambertian source, the direc-
tion of maximum radiation will be coaxial with the source,
and in that direction, be of twice the intensity as in the
corresponding spherically distributed case. Thus, the light
emitted within a small solid angle coaxial with the source
is
2AB ™
sr
Since the solid angle subtended by a small area o at a dis-
tance D from the origin is
o

2D?

sr,
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the total light falling on @ is

2AB2_ - ABo
2D?  D?
and the luminous intensity is
F - ABlm (13)
D?m?
or
F=20919x105AB Im (14)
D? cm?

where B is measured in foot-lamberts and length is meas-
ured in centimeters.

Before proceeding, it is further necessary to take into
account the relative spectral efficiencies of the phosphor,
the light pen, and the eye. If the light pen sensitivity is
specified in MW _  at a given wave length, the spec-

cm?® . . ;

tral sensitivity characteristic S will of course have the units
mw

cm? as a function of wave length. The spectral emission

characteristic of the phosphor may be written as K * P,

qu ,and P is
.cm?

1
wave length’

In this terminology, the total (all wave length) power given
off by a phosphor in mw , is:

where K is a number having the units of

a unit-area function having the units of

cm?

Total power = K [NPdA (15)
where ¥

FPdn=1

0
We introduce the term light pen response r, defined as

r=K [ £a\ (16)

oS

This number, which is dimensionless, has the significance
that when it is greater than one, the light pen responds.
It also provides a measure of available signal margin.
lm

If the eye responsivity characteristic in "y as a function
of wavelength is E, then the luminous intensity F of the
radiant signal due to a phosphor in _1m ,is:

cm?

F-K [ EP d 17)
0

By eliminating K from (16) and (17), a relationship between
luminous intensity and light pen response is obtained:

F[E a
p=_0 8 (18)
[ EPd)
0

Example
The preceding derivations can be used to deduce light
pen performance from stated conditions of apparent bright-
ness. In general, three quantities must be determined:
1) The instantaneous brightness as a function of appar-
ent brightness, using (12).
2) The luminous intensity at the light pen, using (13) or
(14).
3) The response, using (18).
As an example, consider the problem of determining the

minimum brightness that a light pen will respond to, given

the following conditions:
Phosphor: P4
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Spot' Size: 30 mil diameter

Repetition Rate: 60 Hz
mw

Light Pen Sensitivity: 10 “omz @ 7000 A
Light Pen Spectral Response: Assumed constant
from 3000 & to 7000
A, zero elsewhere.
Four inches in front of
spot

Pen Position:

From (12), and since

b = .05 for P4,

R = (.05) (16,667) = 834
which indicates that the instantaneous brightness is 834
times the average.
Transposing (14) and taking into account the instantaneous
brightness factor:

B ‘_ F’('D:)2 - 8-341)( 102= 2.86 % 107 F’(D”)z
A" 9,919%10°5 A

Noting that
(D*)? = (4% 2.54)%= 113.2 em?
and

2
A’=3.14 [M} - 4.58x 10°3 cm?
2

B’ Fr (286 x 102)(1.132x107)_ 7,07, 105F*

4.58 x10°3
In (18), r is taken to equal 1, and the integral

F Pd\ _ jgsem?
0

S mw
since S is assumed constant. The integration

{ EPdA

(1]
is performed graphically, yielding the number .42 Am o
P4, mw

Thus,
F = .42x10-5 1m.

sz

and
B=(7.07) (.42) x 10 x 10°= 3 ft. lamberts
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Spacecratt Video Data

Microfilmed Data

Aperture Cards

Strip Chart Data

Micro Photographs

' Oil Well Log Charts
Frequency Spectrum Data
Tracking Films
Seismograms
Radar Film Data

[ Telemetry Signals

’ Bubble Chamber Films

Mathematical Models

—> OUTPUTS il‘i

Updated Aperture Cards * b ol e
High Resolution Space Photos SN ’ ETEETE
Computer Output Plots | - ' J

Magnetic Tape . : |
Punched Cards B! San Francisco /m @ i
Paper Tape L - gﬂ 1 !
3-D Computer Graphics to Host Meeting = |

i May 24-26

Scanner/ Recorder f
, $ Response to the 8th National Symposium of the Society TECHNICAL EXHIBITS i
f st for Information Display, at the Jack Tar Hotel, San Francisco, (partial listing)
' % Calif., May 24-26, has been most gratifying. Theme of the
Symposium is  “Modern Technologies in Information Adams Associates Inc. Litton Industries
. Display.” Beta Instrument Corp. Perfection Mica Co. |
! According to Donald Cone (Stanford Research Institute), CBS Laboratories Polaroid Corp.
i Chairman, members of the Steering Committee have worked CELCO Inc Raytheon Corp. i
| PN hard to guarantee a suitable framework for a challenging Clare-Pendar Co. Stromberg Carlson Corp.
and stimulating meeling. Keynote address will be presented Data Disc Inc. Sylvania Electric Products Inc. |l
by Dr. Arthur L. Aden, Vice President and Director of Re- Ferranti Electric Inc. Thomas Electronics Inc. H
search and Development, Electro Optical Systems Inc. Gamma Scientific Inc. Tung-Sol I
Speakers at the Banquet include John F. White, President Granger Associates Video Color Corp. ‘
of the National Educational Television Association, and ITT Industrial Products |‘
I ' i Professor Charles Susskind, of the University of California. !i
i EXHIBIT SCHEDULE H
Computer Control/ Monitor Console & PROGRAMMING |

Wednesday, May 24 9:00 a.m. - 8:00 p.m.

According to Dr. Joseph Stafford, (Sequoia Instrument ‘
Co.), Vice Chairman for Arrangements, no formal plans Thursday, May 25 9:00 a.m. - 8:00 p.m. |
have been made for a Ladies’ Program. However, he states : i
‘ % i 2 : .m. - 5; : i
i . . . , g : ; the Symposium has been planned to coincide with Memaorial Priday; May26 2:00 am. - 5:00 p.m.

‘ You can convertdata into pictures or pictures into signals transmitted from Mars and the Moon were Day to allow those who can to take advantage of the long
data with Link Flying Spot Scanner Conversion converted into photos by our systems. Maybe you'll weekend and fully explore the attractions of San Francisco.
Systems. Just examine these applications: — recognize some of Link’s Data Conversion Systems: Host members’ wives will be on hand to serve as guides
- . 5 Spacecraft TV Ground Data Handling System. Video and off : h his desive thi ; H
Precision CRT film recordin F . na offer assistance to those who desire this service. Host
P?:cis]on film reading & Film Converter. Waveform Display/Analyzer. Radar chapter to the Symposium is the Bay Area Chapter, whose
: : " Land Mass Simulator. Kinescope Recorder. Graphic officers are Dr. Joseph Stafford, President; John Dusterberry,
Ugdatingrnd regensration of niterofimed data Recorder and Processor. Automated Microfilm Aper- Vice President: and lim W S T
High-density filmed data storage and retrieval : ice President; and Jim urtz, Secretary/Treasurer.
4 ; ture Card Updating System.

Filmed data conversion ’
Analvsis of strip-chart data As you can see, our data conversion systems have EXHIBITS

y P the versatility to meet the most varied needs. We

TECHNICAL PROGRAM

Jan Engel (IBM Corp.), Technical Program Chairman, states
that 8th S/D Symposium Proceedings will be available at
the Symposium to all SID members without charge. Others ‘
who wish may obtain them at $15 per copy, from Waestern ﬂ
Periodicals, North Hollywood, Calif.

Members of the Technical Program Committee include
Calvin K. Clauer, IBM Corp.; Donald Cone, Stanford Re-

® @ ® © © © ©

High-speed computer output on film

(such as 3-D projections)

Frequency spectrum film recording

e Automatic X-ray scanning

also custom-design video/photographic reduction
systems for specific requirements. If we can assist
in any way or if additional information is desired,
please write to: Advanced Products Sales, General

High-resolution, broadbandfacsimiletransmission Precision, Inc., Link Group, 1451 California Avenue,
For example, the Mariner, Surveyor and Ranger Palo Alto, California.

@D CENERAIL
PREGISION i

According to Dale Fuller (Lockheed), Symposium Exhibits
Chairman, early exhibits registrants include Adams Asso-
ciates, Inc.; Beta Instrument Corp.; CBS Laboratories; CELCO
Inc.; Clare-Pendar Co.; Data Disc Inc.; Ferranti Electric Inc.;
Gamma Scientific Inc.; Granger Associates; ITT Industrial
Products; Litton Industries; Perfection Mica Co.: Polaroid
[CnC.; Thomas Electronics Inc.; Tung-Sol; and Video Color

orp.

Exhibit hours are 9:00 a.m. to 8:00 p.m. on Wednesday,
May 24; 9:00 a.m. to 8:00 p.m. on Thursday, May 25; and

search Institute; John Dusterberry, NASA; Lester Earnest,
Stanford University; Robert Miner, Ampex Corp.; Phillip
Rice, Stanford Research Institute; Ralph Seitle, Philco-Ford
Corp.; Joseph Stafford, Sequoia Instrument Co.; Robert
Wohl, IBM Corp.; and Jim Wurtz, Litton Industries.

Mr. Engel has announced plans for six sessions at which
30 technical presentations will be made. In addition, three
short papers containing “Late News’ will be presented at
the fifth technical session, on Friday, May 26. The first paper
is “Tactile Image Projection” by Carter Compton Collins,
PhD; the second paper is “Motor Bearing Breakthroughs

9:00 am. to 5:00 p.m. on Friday, May 26. Exhibits and
technical sessions are conveniently located at the Jack Tar
In adjacent areas on the same floor.

LINK GROUP

GENERAL PRECISION INC 1S A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION

in Ultra High Speed Laser Beam Scanners”” by Randy Sher-
man; third paper is “Real Time, Reduced Bandwidth Tele- ‘
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vision System Employing Dot Interlace Techniques” by
Edward S. Smierciak. These papers will appear in forth-
coming issues of Information Display. Technical program is
as follows:

PROGRAM
WEDNESDAY, MAY 24, 1967

8:00 a.m. - 8:00 p.m. REGISTRATION OPEN

9:00 a.m. WELCOME
Don Cone
Stanford Research Institute
Symposium Chairman

9:15 a.m. KEYNOTE ADDRESS

Dr. Arthur L. Aden,

Vice President and Director
Research & Development,
Electro Optical Systems Inc.

10:00 a.m. - noon TECHNICAL SESSION 1

DISPLAY DEVICES

Organizer Robert J. Wohl, IBM Corpor-
ation
Chairman Thomas J. Carr,

Aerospace Corporation

B. M. Arora, D. L. Bitzer, “The Plasma Display Panel —
H. G. Slottow, R. H. Willson*A New Device for Informa-
Coordinated Science Lab,  tion Display and Storage”
University of Illinois
The Plasma Display Panel, invented at the University
of Illinois, is a rectangular array of bistable gas-discharge
cells which are insulated from exciting electrodes by thin
panels. Combining properties of memory display, and
high brightness in a simple structure, it is an effective,
economical device for information display.
R. DuBaois “A Low Cost Alpha-Numeric
Tung-Sol Division Display Device Requiring Neg-
Wagner Electric Corp. ligible Switching Power”
This paper describes a new display device — a small
grid-controlled numeric readout which requires no
bheam deflection and which features single-plane char-
acter generation. Structural features required to meet
the design problems posed by digital instrumentation
are discussed, and the physical and electrical charac-
teristics of the device are presented.

R. C. Sinnott “A Novel Application of Mag-
Consulting Engineer netic Technology to Electron-
ic Display Devices”
Magnetic fields may be used to control and position
small magnetic particles to generate displays. These
display devices may be made over a wide range of
sizes, possess high visibility, have memory even in the
absence of power and are of very high reliability,
possessing intrinsic resistance to shock and vibration.
L. S. Yaggy, N. |. Koda “A Versatile High-Perform-
Vacuum Tube Products ance Scan Converter Storage
Division, Hughes Aircraft Co. Tube”
Structure, modes of operation, and performance char-
acteristics of a double-ended storage tube are de-
scribed. Developed to accommodate extremely diverse
inputs from multi-sensor displays, performance exceeds
earlier tubes, and combines features of several: input-
output isolation, non-destructive readout, high-speed,
high-resolution, selective erasure, milliseconds to min-
utes continuously-adjustable decay, many halftone
levels.

*Now with Flectronics Division, Westinghouse Electric Corporation.
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LUNCHEON
Luncheon Address:
Professor Patrik Suppes

Stanford University
TECHNI|CAL SESSION I

12:30 p.m.

2:00 p.m.-5:00 p.m.

DISPLAY MATERIALS

Organizer Jim E. Wurtz, Litton Industries
Inc.
Chairman E. M. Gardiner, The Boeing
Company
W. A. Stein “The Application of Photo-
Electronics Division chromics to Color Display”
The National Cash Register — Invited Paper

Co.
Based on results of earlier work on Monochromatic
Photochromic-CRT Displays, the USAECOM, Ft. Mon-
mouth, New Jersey, awarded the National Cash Regis-
ter Company a study contract to investigate the appli-
cation of photochromics to color display.
The photochromic materials” properties and systems
concepts pertinent to the construction of a feasible
model color display are presented.

G. J. Chafaris “Surface Deformable Media

Electronics Laboratory as Applied to the Generation

General Electric Co. of Projection Command and

Control Displays’”

This paper will deal with the application of surface de-
formable media, represented by thermoplastic and oil
films, to the generation of large high brightness and
high resolution projection displays. Specific applica-
tions of these media, currently under development,
will be covered to illustrate the capability of these
media as well as the performance specifications de-
sired for future operational display equipment.

D. A. Morgan, T. J. Werner “Dry Silver Recording

and W. H. Libby Materials for Display

Duplicating Products Divi-  Purposes”

sion, 3M Company
The Dry Silver system is a new negative-operating pho-
to-sensitive system which requires only moderate heat-
ing for development. High contrast images on either
film or paper are produced with exposures as short as
5 foot candle seconds. Peak spectral sensitivity can
range from the near ultraviolet throughout the visible
spectrum and gamma can be controlled by heat devel-
opment conditions. Extremely high resolution is another
important feature of this system.

. H. Fletcher, G. H. Dorion “Improvement of Photo-

American Cyanamid Co. chromic Film for Data

Display”

Continued research on the chemistry of photochromic
materials and their incorporation into various types of
plastic matrices has resulted in formulations having
improved properties with respect to data display ap-
plications. In particular, photochromic materials of
greater sensitivity and stability than those presently of-
fered by Cyanamid will be described. These new ma-
terials should provide the electro-optical engineer with
significantly increased latitude in the design of photo-
chromic display systems.

J. 5. Frost

Autonetics Division

North American Aviation,

Inc.

“An Inexpensive Color Tech-
nique for Color Electrolumi-
nescence Display”

A dynamic color electroluminescent display suitable
for a wide variety of applications has been developed.
The common frequency-color characteristic of Zns:
Cu, Cl phosphors, together with a separate Chromatic
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San Francisco’s skyline after dark; Telegraph Hill, topped
by Coit Tower, looms above the Embarcadero. (Photo by
San Francisco Convention & Visitors Bureau).

FIGURE 1:

Bias source form the limits of output hues. Advantages
of the system are simplicity and low cost, high bright-
ness, and unimpaired resolution.

8:15 p.m. SPECIAL EVENING SESSION
“Unusual Color Techniques
for Displays”

Dr. Arthur Karp, Stanford
Research Institute

Dr. Dieter P. Paris,

IBM Corporation

THURSDAY, MAY 25, 1967
8:00 a.m. - 8:00 p.m.
9:00 a.m. -12:00 noon

REGISTRATION OPEN
TECHNICAL SESSION 111

DISPLAY SYSTEMS AND APPLICATIONS — |

Organizer Robert A. Miner, Ampex
Corporation
Chairman To be announced
R. A. Aziz “An Instructional Display
Advanced Systems Develop- Terminal”
ment Div.

IBM Corporation .

This paper will describe technical details of the IBM-
Instructional Display Terminal. The general terminal de-
scription includes deflection and video circuits, CRT
phosphor selection, character and image generator. The
magnetic storage of video information, organization of
the displayed data, and principles of the light pen will
also be covered.

R. H. Stotz, T. B. Cheek “A Low-Cost Graphic Display
Project MAC, Massachusetts for a Computer Time-Sharing
Institute of Technology Console”
A need exists for an improved time-sharing display
terminal to increase operating speed and eliminate
rigid information formats.
This paper discusses the effort at Project MAC to de-
fine the elements of an improved terminal and to
build experimental working hardware.
C. G. Beatty “Graphic Approach to
Systems Development Div.  Numerical Information
IBM Corporation Processing”
An experimental program known as Graphic Approach
to Numerical Information Processing (GATNIP) uses the
computer to transform numerical data into graphs by
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selectively extracting numerical information from ex-
isting sequential files and summarizing it as a graph
displayed on the IBM 2250. Automatic scaling and dy-
namic on-line plotting are provided.

W. D. Fuller

Information Systems

Organization

Lockheed Missiles & Space

Company
A terminal, called a “Video-Matrix Terminal,” allows
direct interaction between professional health care per-
sonnel and real-time information systems. This terminal,
based upon a raster scan display, presents pages of
medical terminology to the physician who selects terms,
using a light pen, to assemble medical orders for patient

“’Physician-Machine Interface
in a Hospital Information
System””

management.
B: F. Jackson, D. Jackson “The Link Automated Micro-
Link Group film Aperture Card Up-dating

General Precision Inc. System” — Invited Paper
Link, GPI, is constructing a system for computer-aided
aperture card updating. The card is scanned and stored
in digital form. An operator views a continuously up-
dated display of this digital representation, modifying
it with keyboard or light pen. The modified digital rep-
resentation is then transferred onto another aperture
card.

LUNCHEON

Luncheon Address:
LCDR C. C. Drenkard, USN

TECHNICAL SESSION |V

12:30 p.m.

2:00 p.m.-5:00 p.m.
DISPLAY TECHNIQUES

Organizer Philip Rice, Stanford Research
Institute

Chairman Ross Aiken, Electronix-Ten
Inc.

C. N. Winningstad
Tektronix Inc.

“The Simplified Direct-View
Bistable Storage Tube in
Computer-Output
Applications”

A brief application history, principles of operation and
construction will be given. The advantages of this tube
in comparison with memory-refreshed conventional
cathode-ray tubes will also be given along with the
limitations. This approach is most advantageous in ap-
plications involving large amounts of alphanumerics
and/or graphics.

D. J. Hilt “Automated Display Chart for

The Boeing Company Program Management”
This display system uses dry-processed Kalvar film, ex-
posed directly from a fiber optic cathode-ray tube, as
its storage medium. The display system acquires its data
from a small computer and data link to a large com-
puter which contains the program data base. The in-
formation is presented on a 4 x 4 foot rear-projection
screen and also as hardcopy from the same 70mm film
frame.

R. C. LaFrance

S&ID, North American

Aviation Inc.
A strip film photograph of the most accurately detailed
earth model today fulfills a requirement that cannot be
satisfied with spacecraft photography. Out-the-window
and telescope scenes are continuously generated for
training the astronauts in the Apollo Mission Simulator.
This paper covers the preparation and application of
this film.

“16 Farth Orbit Film for the
Apollo Mission Simulator”
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S. M. Stone “Experimental Multi-Color
The Bayside Laboratory Real-Time Laser Display
General Telephone and System”

Electronic Labs Inc.
A need exists for a real-time, multi-color, large-area in-
formation display system capable of high brightness,
high intensity and high resolution. Lasers, with their
high-intensity output at many possible wavelengths,
and devices for modulating and deflecting laser beams
have been utilized in the development of an experi-
mental system.

J. Wolvin

Chicago Aerial

Industries Inc.
This paper describes a technique of 3D display of elec-
tronically stored information. A CRT displays the data,
and a stereo image of the display is photographically
recorded in what is essentially real-time. The “hard
copy’’ is then projected and viewed to obtain a 3D
image virtually free of conventional distortions.

“Anaglyph Stereoscopic CRT
Display System”

6:30 p.m. COCKTAILS
(No Host)

7:00 p.m. BANQUET
Speakers:

John F. White, President

National Educational

Television Association

Professor Charles Susskind
FRIDAY, MAY 26, 1967

9:00 a.m. - noon TECHNICAL SESSION V

DISPLAY EVALUATION

Organizer C. K. Clauer, IBM Advanced
Systems Development
Division
Chairman Prof. David A. Thompson,
Stanford University
E. A. Schmidt “Design and Development of
D. A. Naurath a Prototype Photo-Optical

Laboratory Department

U. S. Naval Missile Center
Airborne photographic recording systems have created
requirements to develop analytical devices which will
expeditiously enable observers to fully display and ana-
lyze in-flight information. A prototype radarscope pho-
to-data analyzer was developed to resolve film analysis
problems, investigate principles for quantifying and
analyzing optical data on systems performance, and de-
velop design characteristics.

P. R. Fuller “Development and Evaluation

Instrument Division of a Two-Color Solid-State

Lear Siegler Inc. VSTOL Hover Display”
A two-color (green, yellow) electroluminescent hover
display was developed through several design phases.
It was tested in a counter-balanced experiment by ex-
perienced pilots in a 6-degree-of-freedom VSTOL simu-
lator. Seven dependent variables were recorded and the
difference on each criterion between the EL and other
types hover displays found to be statistically significant.

A. S. Goldstein “Analysis of Saturation and

G. B. Hawthorne, Jr. Reliability in a Shared Display

The Mitre Corporation System”’
Several techniques developed for assessing the per-
formance of large, multiple-user display systems con-
taining time- and space-shared subsystems are de-
scribed. The results of applying these techniques to
analyzing the performance of such a system (the dis-
play/control system at NASA’s Manned Spacecraft Cen-
ter) under operational conditions are presented.

Display Data Analyzer”
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J. M. Ketchel
Kaiser Aerospace and
Electronics Corporation

“The Effect of High

Background Luminance

Adaptation Levels on the

Visibility of Electronic

Displays”
A study was performed to determine the required
brightness and contrast of a CRT display so that an
observer subjected to very high ambient light levels
can immediately identify a small target. It was found
that much lower brightness and contrast levels than
previously thought necessary are adequate under cer-
tain conditions.

T. Gold "Analysis of Saturation and

Information & Communica- Reliability in a Shared Display

tion Div., Sperry Gyroscope System”

Co., Sperry Rand Corp.
The utility of the windshield projection display for the
pilot in low weather landing was evaluated in flight
tests. The results indicate that pilots exhibit superior
assessment and control capabilities with this display
compared with panel instruments. The extent of this
enhanced performance and its basis are discussed in

detail.
2:00 p.m.-5:00 p.m. TECHNICAL SESSION VI

DISPLAY SYSTEMS AND APPLICATIONS — I

Organizer Robert A. Miner, Ampex
Corporation
Chairman To be announced

W. F. Miller, J. van der Lans *“System Design for CRT Film
Stanford University Scanning and Measuring”’
A high precision cathode-ray tube operating under di-
rect control of a general purpose computer is utilized
to digitize data recorded on film. The film digitizer is
treated like any other peripheral device by both user
programs and development engineers while testing and
debugging.
C. R. Dickens “Display Control of a CRT
Stanford Linear Accelerator Film Scanning System’
Center, Stanford University
Data-reduction systems with on-line film digitizers re-
quire extensive human interaction during initial setup.
As film reduction progresses, less interaction is re-
quired.
This paper describes a relatively simple display inter-
action structure to control such systems at the lowest
level initially, relinquishing progressively this facility as
the experiment continues.
E. T. Johnson “Graphic Output Adapter for
Systems Development Div.  Remote Plotting”
IBM Corporation
A graphic output adapter, drive over voice-grade lines,
has been constructed for use on the IBM 1051/2741
typewriter terminal. The adapter drives a plotter or stor-
age CRT, asynchronously; and draws points and X, Y,
45° vectors. It offers a potentially low-cost alternative
to on-line display systems.
R. Winfield “A Computer Controlled
Information & Communica- Multichannel CRT Television
tion Div., Sperry Gyroscope Symbol Generator”
Co., Sperry Rand Corporation
An improved cathode-ray tube video signal generator
is described; 40 switchable matrix segments form an
alphanumeric composite target. Desired character
shapes are formed by turning on only those elements
forming the desired character.
Target beam scanning by television synchronous wave-
forms produces compatible television Z-axis video sig-
nals.
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Activities

CHAPTER NEWS

The Los Angeles Chapter had a turnout of over fifty people
at their March meeting. A field trip to System Development
Corporation was preceded by dinner at the well renowned
Bat Rack restaurant in Santa Monica. SDC’s facilities for
customer subscribed computer time shared services was
demonstrated. Another interesting field trip was made to
the Western Airlines Corporate offices and maintenance
facility at Los Angeles International Airport. Again, fifty
members were present to enjoy dinner and the tour. Al-
though the eighth largest airline in size, Western lays claim
to being the oldest airline in the world. Preceding the din-
ner, the L. A. chapter officers met to lay plans for the March
1968 Ninth National Symposium to be held in Los Angeles.
Tentative decisions were reached regarding dates and key
personnel. — Fred Smith, Publicity, L. A. Chapter.

The Bay Area Chapter has been very busy preparing for
the 8th National SID Symposium which will be held at the
Jack Tar Hotel in San Francisco, May 24-26, 1967. There
has, however, been time in the last few months to hold
some very interesting meetings. Mr. Cal Clauer of IBM,
the Meeting Program Chairman, arranged a talk and dem-
onstration on computer controlled teaching by Dr. Patrick
Suppes of Stanford University. The latest meeting featured
an extremely interesting presentation on color perception
by Dr. Arthur Karp of Stanford Research Institute.

Nominated for next year’s officers are John Dusterberry,
NASA Ames Lab, President, Jim Wurtz, Litton Industries,
Vice President, and Don Cone, Stanford Research Institute,
Secretary-Treasurer. Don is presently Chairman of the 8th
National Symposium. — Jim Wourtz, Publicity, Bay Area
Chapter.

BOARD OF DIRECTORS MEETING

The SID Board of Directors met in New York on 22 March
1967. W. Bethke reported the results of the election. W.
Bethke, President; P. Vlahos, Vice President; C. Machover,
Secretary; F. Brown, Treasurer; ). Stafford, Western Regional
Director; J. Snuggs, Southeastern Regional Director; R.
Klein, ‘Northeastern Regional Director; and R. V. Miller,
Central Regional Director. The Board appointed B. Price to
fill one year of the unexpired Northeastern Regional Term
of F. Brown. Committee Chairmen for the coming year were
appointed. These were: Membership, P. Damon; Nominat-
ing, Dr. Bairdain; Convention, F. Brown; Honors and
Awards, J. Howard; Publications, L. Seeberger; Definitions
and Standards, Dr. Crocetti; Publicity, A. Langer. The follow-
ing were elevated to fellow; W. Ross Aiken, Dr. G. Dorion,
S. Sherr, Dr. S. Deutsch. P. Damon received a certificate of
citation for service to the Society. The establishment of the
new SID Suite of offices at 654 North Sepulveda, Los An-
geles, California 90049 — (213) 472-3550 was announced.
Mrs. Sharon Satterfield was hired as Office Manager. Dr.
H. Luxenberg continues as Executive Secretary.
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breakaway
techniques

n
machine-man
communications...

In the electronic control of electroluminescence, APRC's tech-
nological advances provide products that have, uniformly, the
following characteristics:

= Flexibility and versatility.

« High reliability, based on simplicity.

« Simple maintainability.
Because of APRC’s long-term experience in R&D programs and
advanced instrumentation, we offer more for your R&D dollar.

APRC’s Vertical-Scale Indicators — a specific example:

Low-power, solid-state,
digital-computer-driven
instruments, adaptable to
aircraft and spacecraft.
Operation compatible with
computer speed, 1 msec
update time typical. Weight
approximately 5 pounds, less
in “nonstandard” models.
This new generation of
vertical-scale indicators
requires approximately 2.5
watts total power. Bargraph,
on command, is transformed
into a pointer or marker.
Automatic scaling and
flasher-warning mode can be
provided. High-contrast EL
maintained with automatic

: W CRITICAL
brightness control for q X1000

constant light output and
extended life.

7

Aerospace Products Research Corporation

1707 Nineteenth Street, Santa Monica, California 90404
Telephones: 213/870-9894, 393-7283
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at 500 watts
or 30 KW...

PEK

means reliability
in high pressure

Xenon Arc Lamps

PEK

PEK /[ 825 E. Evelyn Avenue, Sunnyvale, California

Phone (408) 245-4111/ TWX 737-9973

PEK high wattage xenon arc
lamps are manufactured
with just one criterion in
mind—reliable perform-
ance. And, when we say per-
formance we mean such
features as long life...constant-level
luminous output . . . maximum arc sta-
bility . . . dependable glass-to-metal
seals. [1/n short, PEK lamps are built to
dotheir jobs—engineered to perform up
to and beyond today’s exacting require-
ments in solar simulation, color projec-
tion, instrumentation, searchlight and
beacon design, or wherever high order
radiant energy sources are employed. (J
Whether your need is 500 watts or as
high as 30 KW, you can count on reliable
xenon arc lamp performance when you
specify PEK. U1 Send for our new Prod-
uct Reference Guide, or tell us what your
special interest is. There's a PEK lamp
to fit your application.
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A cash balance increase for the Society from $19,000 in
1965 to $27,800 in 1966 was reported. The Board passed
the necessary resolutions to amend the Articles of Incor-
poration so that SID can be converted from a business
league to a not-for-profit professional society. SID parti-
cipation with other technical societies was discussed and
it was announced that SID had been asked to provide a
display session for the Fall Joint Computer Conference.
The display tutorial course tentatively scheduled with NYU
in June 1967 has been cancelled. However, plans are under-
way for such a course to be sponsored in conjunction with
Brooklyn Polytechnic in June 1968.

P. Damon reported that as of 31 January 1966 the Society
had 1200 members.

The Board discussed two proposed amendments to the By-
laws and voted to recommend the acceptance of these
by the membership. One amendment would provide a
slate of at least one candidate for each elective executive
office and at least two candidates for each other elective
office (instead of the current requirement of at least two
candidates for each elective office). The other proposed
amendment would allow the annual general business meet-
ing to be conducted any time during the first five months
of each fiscal year (instead of during the first two months
of each fiscal year). A commitiee was established to study
the suggestion of a New England Chapter that provisions
be made to have the regional directors more directly repre-
sent chapter interests.

The next Board of Directors meeting is scheduled for the
Eighth National Symposium in San Francisco on 23 May
1967.

The Society for Information Display wishes to welcome
the following new members to its expanding ranks:

BEARCE, W. Scott—Cardion Electronics, Inc.; BET, Donald—
Autonetics; BLOOMSBURGH, Ralph—~Philco-Ford,; CASTEL-
LANI, Aldo—Raytheon Co.; CENNAMO, A.—Xerox Corp.;
CLARK, Robert—Argonne National Laboratory; EDWARDS,
Daniel—Department of Defense; GETTINGER, Ted, Jr—
Honeywell Inc.; GOTHAM, Fred—Stromberg Carlson; HILL,
Richard—General Electric Co.; HOFER, Jack L.—Litton In-
dustries; KAITZ, Marvin—CRT Graphics; KEEFFE, William—
CBS Laboratories; KING, Joe—Stromberg-Carlson; STOD-
DARD, Robert—Sanders Associates; LAZET, Andries—Na-
tional Defence Research Organization TNO; LOELLBACH,
Herman—Chicago Aerial Industries; BOTTICELLI, Robert—
CBS Laboratories; MAHER, Frank—Ritchie, [Inc.; REISER,
James—Hughes Aircraft Co.; SCHUMACHER, Arnold—Sand-
ers Associates Inc.; SMALL, Donald—The Gerber Scientific
Inst. Co.; SPAK, Paul—The Gerber Scientific Inst Co.;
STEARNS, Howard—Binghamton, New York

STUDENTS

OLSEN, Richard—pPenn. State University; SOBOLEWSKI, Vic-
tor—University of Adelaide (Australia); ATWATER, James W.
—Heliodyne Corp.; BERSSON, Betty—New York University;
BENNETT, Richard—Autonetics; BRADBURY, Robert—Cen-
eral Electric; CHARLES, Daniel R—Compagnie Generale de
Telegraphie Sans Fil (CSF); DURST, James E.—Sanders As-
sociates; GAGAN, Richard—Wolf Research & Development
Corp.; GOOD, William—General Electric; KELLER, Dwain
—Dpynair Electronics, Inc.; MALLORY, Kenneth—General
Dynamics; MOWER, Irving—Federal Aviation Agency (NA
FEC); NOPANEN, Esko—Corning Glass Works; PARKER,
Edgar—Army Missile Command; PUDER, Allen—Pasadena,
Calif.; RUBENSTEIN, Seymour—Sanders Associates; STEPH-
ENS, James—Westinghouse Electric Corp.; STIEFEL, Rudy—
Infotran Inc.; SEIGEL, David—Bolt, Beranek & Newman,
Inc.; STOUT, Robert—Sanders Associates Inc.
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1D Readout

AUTOMATED MICROFILM APERTURE CARD
UPDATING SYSTEM (AMACUS)
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Control Console

This General Precision Inc., Link Group, Systems Division
system will allow an operator to make additions and cor-
rections to technical drawings and data sheets which have
been stored on microfilm aperture cards. The revision work
is accomplished electronically without the usual series of
intermediate steps which involve the creation of a print
from the film, updating the print manually and then finally
phatographing the print when the changes are completed.
The filmed data on the aperture card is scanned with a
high precision CRT flying spot scanner, and digitized for
storage on a 30 Megabit magnetic drum. The entire drawing
or selected portions will be presented on a display to an
operator who will accomplish his revision work by means
of a light pen and keyboard. These corrections will direct-
ly modify the digitally stored information on the drum and
the new data will be presented immediately on the display
for verification.

With the updating accomplished in this manner, the
operator will be able to view the results of his work and
when all necessary changes have been completed, the pre-
cision CRT system will create a new film recording. The
newly created aperture card will be automatically processed
and a second generation microfilm document card is then
available. For the scanning and recording of the filmed data,
Link is using a spot matrix of 6144 x 4096 bits.

To provide the flicker-free operators display, a second
memory drum is incorporated. This display drum will handle
1.2 Megabits at 6000 RPM and provide a rate of 50 frames/
second. Through the use of rear projection TV techniques,
this electronic operators display will have a working area
of 26 inches x 17 inches and a spot size of 3 mils. For the
insertion of alphanumeric data by means of the typewriter,
system performance will be of such speed that the new in-
formation will be stored and displayed as fast as the oper-
ator can turn his head to view the screen. Data erasure or
insertion of a 15 place alphanumeric entry or an equivalent
line length will take place in less than 5 seconds.

To insure system flexibility, a programmable central pro-
cessor has been incorporated to control the system func-
tions. This approach utilizing a DDP 116 will facilitate the
addition of a second and third operator station. Optional
equipment which has been included is the high speed mul-
tiply/divide function and a direct data channel.
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COMPARE LITTON
PHOSPHOR
SCREEN QUALITY

There are approximately fourteen
million .001"" square elements on
the face of a 5" CRT. It is impor-
tant in many scanning and record-
ing systems that a large portion,
if not all, of these elements are
blemish free.

That's why you should compare
Litton quality, for our special
method of depositing phosphors
results in the cleanest screens
available in the industry. In addi-
tion, faceplate glass is precision
ground and polished from a spe-
cial optical melt, then selected for
highest quality.

Typical of the high quality
screens produced at Litton is that
found on the L-4123 high resolu-
tion CRT shown here. Spot size
is. 0008". If you want information
on the complete line of Litton
CRT's, contact: Electron Tube
Division, 960 Industrial Road,
San Carlos, California (415) 591-
8411.

LITTON INDUSTRIES
ELECTRON TUBE DIVISION
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CALL FOR PAPERS

A request for papers to be presented at the 1967 UAIDE
annual meeting has gone out to more than 1,000 members.
Technical papers for oral presentation of 20 to 25 minutes
can cover hardware, software, application innovations and
developments of graphic output generated on computer
controlled display and recording devices. Output generated
by cathode ray tubes is of particular interest. The meeting
is set for October 16-19 at the Statler Hilton Hotel, Wash-
ington, D.C. Preliminary, one-paragraph abstracts of pro-
posed papers must be sent to George E. Perez, Box 6749,
Fort Davis Station, Washington, D.C. 20020 before July 15,
according to UAIDE officials. Audio-visual equipment will
be available for presentation of the papers. UAIDE, which
stands for Users of Automatic Information Display Equip-
ment, is a nationwide group of data processing personnel
from organizations using equipment for recording com-
puter-generated data in graphic or alphanumeric forms.

ACM SYMPOSIUM

A Symposium on the design and implementation of inter-
active systems for experimental applied mathematics will
be held on August 26-28, 1967, just prior to the National
ACM Conference, at the Sheraton-Park Hotel, Washington,
D.C. Suggested topics for the sessions of the symposium in-
clude: Definition of interactive input languages, Construc-
tion of interpreters and compilers for interactive systems,
Criteria for the evaluation of the performance of interactive
systems, and Automation of numerical analysis. Deadline
for submission of Papers is: Short Papers: Abstract (150
words) by August 1, 1967, and Long Papers: Full draft (less
than 6000 words) by July 1, 1967. Further information may
be obtained from Dr. M. Klerer, Columbia University, Hud-
son Laboratories, Dobbs Ferry, New York.

DESIGN COURSE ON AUTOMATIC TEST EQUIPMENT

A five-day summer course will be given July 24-28 on
“Built-In Test Equipment for the Maintenance of Complex
Electronic Systems’” at the United Engineering Center, 345
East 47 St., N.Y. The course is sponsored by New York Uni-
versity’s School of Engineering and Science in conjunction
with the operations of Project SETE (Secretariat to the Elec-
tronic Test Equipment Co-ordination Group) which is a
scientific information center operated by and for various
U.S. Government agencies. David M. Goodman, Senior Re-
search Scientist, is the Project Director. The program is di-
vided into three main parts: the first reviews the history
and state-of-the-art in Automatic Test and Checkout as it
pertains to both DoD and NASA; the second provides de-
tails on transducers, multiplexers, and display devices ap-
plicable to built-in test; and the third describes electronic
systems which typify the most recent applications of built-
in test. Further information may be obtained from David
M. Goodman, New York University, 401 W, 205th St, NY,
N.Y. 10034, (212) 584-0700, Ext. 776.

ELECTRONIC EYE FOR GUIDED WEAPON

A small television camera tube is being made by R.C.A. for
use as the electronic “eye” of the Nation’s first TV-guided
tactical weapon, the Navy-developed air-to-surface ““Wall-
eye’” weapon. Navy and Air Force tactical aircraft will be
equipped with the weapon. The Martin Marietta Corp.,
which fabricates Walleye, recently gave RCA a multi-million
dollar production order for vidicon tubes, a substantial num-
ber of which have been delivered by RCA’s plant at Lan-
caster, Pa. The vidicon is mounted in a compact television
camera behind a glass window in the nose of the Walleye
weapon. After a pilot fins his target, he locks the weapon
on its objective. Once Walleye is released, the electronic
sight takes over and homes on the target.

. STANDARD
.PROGRAMMABLE C
.ASCIT CODES
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LOOKING AROUND, try to
match these values in a developed g

off-the-shelf unit. - Up to 2 x 10°
characters per second
* Write speed
internally
adjustable \
from5to30,s =
* Select 63 sym-
bols from a developed
library of over 200 including:
Alpha-Numeric, ASCII, Military, Weather,
and Grammatic * Generators can be par-
alled for a capability of more than 63
symbols * Symbol elements mounted on
plug-in module boards * Two computer-
controlled symbol sizes « Symbols
designed on 33x33 array for maximum
flexibility. And if you're seeking TOTAL
CAPABILITY, we also have Line/Vector
115 Generators, Printer Plotters,
Computer Controlled Dis-
%l plays, and associated
5 equipment.
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Where digital readout recognition must be under high
ambient light conditions, the Tung-Sol readout provides
unmatched clarity and visibility. The Tung-Sol unit was de-
signed for aircraft applications where ambient light reaches
extremely high levels.

The Tung-Sol design embodies subminiature incandes-
cent lamps combined with special light piping that achieves
a bright, sharp character of unmistakable clarity.

Tung-Sol digital readouts are easy to install and require
very little hardware. They are extremely rugged and long-
lived. Nevertheless, they are designed to be easily re-
placed. More than half-a-century of experience in the man-
ufacture of light source devices assures product reliability
of the highest order.,

For more information, write describing your application.
Tung-Sol Division, Wagner Electric Corporation, One Sum-
mer Avenue, Newark, N.J. 07104. TWX: 710-995-4607,

TUNG-SOL

HI-OPTICS
DIGITAL READOUT

The most thoroughly engineered
readout on the market
Circle Reader Service Card No. 46
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CALL FOR PAPERS

A request for papers to be presented at the 1967 UAIDE
annual meeting has gone out to more than 1,000 members.
Technical papers for oral presentation of 20 to 25 minutes
can cover hardware, software, application innovations and
developments of graphic output generated on computer
controlled display and recording devices. Output generated
by cathode ray tubes is of particular interest. The meeting
is set for October 16-19 at the Statler Hilton Hotel, Wash-
ington, D.C. Preliminary, one-paragraph abstracts of pro-
posed papers must be sent to George E. Perez, Box 6749,
Fort Davis Station, Washington, D.C. 20020 before July 15,
according to UAIDE officials. Audio-visual equipment will
be available for presentation of the papers. UAIDE, which
stands for Users of Automatic Information Display Equip-
ment, is a nationwide group of data processing personnel
from organizations using equipment for recording com-
puter-generated data in graphic or alphanumeric forms.

ACM SYMPOSIUM

A Symposium on the design and implementation of inter-
active systems for experimental applied mathematics will
be held on August 26-28, 1967, just prior to the National
ACM Conference, at the Sheraton-Park Hotel, Washington,
D.C. Suggested topics for the sessions of the symposium in-
clude: Definition of interactive input languages, Construc-
tion of interpreters and compilers for interactive systems,
Criteria for the evaluation of the performance of interactive
systems, and Automation of numerical analysis. Deadline
for submission of Papers is: Short Papers: Abstract (150
words) by August 1, 1967, and Long Papers: Full draft (less
than 6000 words) by July 1, 1967. Further information may
be obtained from Dr. M. Klerer, Columbia University, Hud-
son Laboratories, Dobbs Ferry, New York.
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4+ Lamp = Color

Just snap a SILIKROME color filter

over a clear miniature lamp. That's all!
No need to worry about special

fittings, coated bulbs that fade or plastic
filters that melt. SILIKROMES are made
of silicon rubber, will never fade,

can withstand 500°F for over 1,000
hours. They come in any color;

are interchangeable, unbreakable,
reusable, act as shock mounts.

Want proof? Return the coupon below
and we'll send you some of our
fabulous SILIKROMES.

APM::n
CORPORATION
41 HONECK ST,, ENGLEWOOD, N.J.

APM-HEXSEAL CORP.
DEPT. ID 75
41 Honeck St., Englewood, N.J.
O Please send free samples and full detalls

on commercial and military applications
3 of SILIKROMES.

O Please have a representative call.

Name

Title

Company

Address

City

State Zip
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1967 NATIONAL ACM CONFERENCE

More than 120 technical papers have been submitted
and are being reviewed by committeemen of the 20th an-
nual conference in Washington of the Association for Com-
puting Machinery, according to Solomon Rosenthal, general
chairman. Approximately 55 papers will be selected for
presentation before the ACM meeting August 29-31 at the
Sheraton Park Hotel. Three thousand members are expected
to attend the technical sessions and view the 80-plus ex-
hibits provided by commercial organizations concerned
with computer development and usage, Rosenthal said. This
year's conference theme is ““Past Is Prologue,” to emphasize
the accelerating growth and influence of the computer and
sophisticated information-processing techniques. The tech-
nical papers have already passed the first hurdle in screen-
ing, the review by the scientists in charge of each session.
The papers now are being studied by the program com-
mittee, which is headed by Dr. Jack Minker, technical di-
rector, Auerbach Corp., Arlington, Va. According to Dr.
Minker, the papers on hand fall roughly into one or more
of three areas: (1) Historical perspective, with surveys of
computer technology indicating landmark accomplishments,
significant contributors, and related implications; (2) Im-
portant recent developments/applications, including the
meanings of these accomplishments; and (3) Present trends
and probable future developments — what impact these
might have.

CARTOGRAPHIC SCANNER

The first automatic scanning device which converts maps
into binary data for computer processing has been an-
nounced by IBM, Kingston, N.Y. Called a cartographic scan-
ner, the experimental device was developed and built in
conjunction with the Canadian government. It is now being
used in Ottawa to help handle data in a computer-based
information system being developed for effective land re-
source development. The scanner has a motor which turns
a large drum which measures 16 in. x 50 in. Vacuum pres-
sure holds a specially-prepared map around this drum. In
preparing source or original maps for scanning, a stylus
traces eight-mil lines on white opaque plastic sheets. Only
boundary lines are traced. The result is a map with a white
background and transparent boundary lines. As the drum
rotates, an eight-channel optical scan head travels a spiral
path over the face of the drum. Each fiber optic channel
covers a four-mil square area, and is pulsed at four-mil in-
crements. Solid state photo sensors are used in each chan-
nel. When a map has been scanned completely, the tape
unit shuts off, the scan head automatically returns to the
starting position, and the map can be removed.

INQUIRY MODULES FOR COLLEGE

“Inquiry Modules” that use personal TV screensto link in-
dividual students with a library of information pre-recorded
on video and audio tapes will be added to the Learning
Center at Brevard Junior College. The equipment is being
provided by Raytheon Co., Lexington, Mass. At a single
booth, a student may watch educational television, closed
circuit TV, video-taped TV courses and programs, and even
commercial TV. He may also listen to tape-recorded lang-
uage lessons and other instructional materials, tape-recorded
music in stereo, or FM radio. All of the college’s resource
materials will be available instantly by dialing the appropri-
ate reference number. The equipment includes a selector
panel with telephone-type dial, a video monitor, and a
headset with stereo earphones and microphone. The in-
stallation will be completed by Educational Systems Devel-
opment Inc., Winter Park, Fla. Other booths are equipped
with microfilm readers and rear-screen projection cabinets
for 8-millimeter film and slides or film strips.
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Where digital readout recognition must be under high
ambient light conditions, the Tung-Sol readout provides
unmatched clarity and visibility. The Tung-Sol unit was de-
signed for aircraft applications where ambient light reaches
extremely high levels.

The Tung-Sol design embodies subminiature incandes-
cent lamps combined with special light piping that achieves
a bright, sharp character of unmistakable clarity.

Tung-Sol digital readouts are easy to install and require
very little hardware. They are extremely rugged and long-
lived. Nevertheless, they are designed to be easily re-
placed. More than half-a-century of experience in the man-
ufacture of light source devices assures product reliability
of the highest order.

For more information, write describing your application.
Tung-Sol Division, Wagner Electric Corporation, One Sum-
mer Avenue, Newark, N.J. 07104. TWX: 710-995-4607.

TUNG-SOL

HI-OPTICS
DIGITAL READOUT

The most thoroughly engineered

readout on the market
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Now What Do |
Do With It?

Well, you get someone who knows Fortran or
Cobol or whatever to convert your data to a form
you can use—and consume more time and money
in the process.

. An IDI Computer Controlled Display System
eliminates this conversion-computation-conver-
sion bottleneck because it makes the computer
speak your language—without an interpreter. With
a light pen, keyboard, track ball or other man-
input device you feed graphic or alphanumeric
data directly to the computer and your answer
comes back in alphanumeric or graphic form—
immediately usable without conversion.

If your efficiency is bottlenecked by the con-
stant need for data conversion, you need an IDI
Computer Controlled Display System.

IDI Computer Controlled Display Systems are
ideally suited for such applications as:

e Computer aided e Command and Control
design ® Program debugging
e Management e Pattern recognition
information e Automatic Checkout
e System Simulation e [nformation retrieval
e On-line problem solving

We'll send you more information at the drop
of a postcard.

I .] l INFORMATION DISPLAYS, INC.
102 E. Sandford Blvd., Mount Vernon, N.Y. 10550

(914) OWens 9-5515
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BELOCK INSTRUMENT CORP.,, Long lIsland, N.Y. has
changed its name to APPLIED DEVICES CORP. The change
has been approved by the stockholders and the firm is
now listed on the American Stock Exchange as ADE . . .
GORN CORP., Stamford, Conn., has announced receipt of
a $200,000 initial order from the BOEING CO. for digital
readout mach/airspeed indicators, manufactured by SMITHS
INDUSTRIES LTD. They are intended for use in Boeing 707's,
727's and 737’s, with the first units to be installed during
the last quarter of this year . . . FAIRCHILD SPACE AND
DEFENSE SYSTEMS, div. of FAIRCHILD CAMERA AND IN-
STRUMENT CORP., L.I., N.Y., has received a $230,000 pro-
duction contract for ruggedized oscilloscopes. The contract,
from the US Navy Aviation Supply Office, is for an unspeci-
fied number of the transistorized test instruments designed
especially for military applications . . . HUGHES VACUUM
TUBE PRODUCTS DIVISION, Oceanside, Calif.,, has an-
nounced that it is no longer engaged in the manufacture of
a regular line of digital measuring and display instruments.
The firm is now concentrating on the field of special dis-
plays for computer, educational and similar applications.

TECHNICAL OPERATIONS INC., Burlington, Mass., has re-
cently been awarded two patents for techniques improving
the efficiency of lasers. One patent covers a system for
coupling lasers together in an optical antenna array that
could be used in long-distance communications. The sec-
ond covers a passive laser Q switch, a device which holds
back coherent light emission until a ruby laser stores
enough energy to generate a burst of power in the multi-
megawatt range . . . GRANGER ASSOCIATES of Palo Alto,
Calif., has received an initial production order for 10 TV
camera systems from the Ampex Corp. The $100,000 plus
order is a follow-on to development work the firm has been
conducting -

READOTS

BRIGHT
BOLD

CHARACTERS
WITH

MAXIMUM
RELIABILITY

Need more data? Ask
for Catalog L-181.

Modular Display

.75

per digit

DIALC@Q 1000 lot quantities
Foremost Manufacturer of Indicator Lights

DIALIGHT CORPORATION

60 STEWART AVE, BROOKLYN, N.Y. 11237 Area Code 212 497-7600
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BUNKER-RAMO CORP., Canoga Park, Calif., has been
awarded a $170,000 contract by the office of the Army’s
Assistant Chief of Staff for Intelligence in Washington, for
evaluation of applicability of modern systems analysis and
data processing techniques to selected areas of the Army’s
intelligence network. Six problem areas of Army intelli-
gence work have been selected, and after evaluation one
of these areas will be chosen for an in-depth study to dem-
onstrate the validity of the systems analysis approach . . .
COMPUTER APPLICATIONS INC., N.Y., has opened a new
office in Palo Alto, Calif. The office has been established
to handle the company’s expanding volume of computer
programming work in California and to help serve new
clients in the Rocky Mountain area, including Utah, Nevada
and the Dakotas . . . Formation of an Information Systems
Marketing Division by the MOSLER SAFE CO., N.Y., has
been announced by William A. Marquard, Jr., exec. v/p.
Mosler introduced its Selectriever Information Retrieval Sys-
tem in May, 1966; more than $1.25 million in orders has
already been received.

A contract for $111,750 has been awarded to HOPPMAN
CORP., Springfield, Va., for installation of a Visual Display
and Voice Recording System at US Strike Command Hdqtrs,
MacDill AF Base, Fla. The system will update equipment
used in command briefing rooms and provide for record-
ing and transcribing of both telephone and microphone
audio signals at the headquarters . . . LEAR SIEGLER INC.,
Santa Monica, Calif.,, has acquired INTERNATIONAL ACA-
DEMY INC., headquartered in the Washington, D.C. area,
which operates schools offering courses in computer pro-
gramming, operations and applications . . . ESSCO INC,, a
company devoted solely to software marketing and service,
has established permanent quarters in Walnut Creek, Calif.
ESSCO is a subsidiary of EDMAP INDUSTRIES INC.

H;re's what Video Color offers:

TECHNICAL ABILITY

For any special purpose Cathode Ray Tubes
THIN TUBES

Monochrome and Two Color Flat Tubes

ULTRAHIGH RESOLUTION
(Less than .0005" spot size)
FIBER OPTIC FACES
HIGH CONTRAST
Special Ultrathin glass substrates to elimin-
ate halation
Projection Tubes—Ultra High Light Output
SPECIAL SCREENS
Any Phosphor
High uniformity, Ultra Smooth Texture
Low Screen Noise
High Light Output
SPECIAL ELECTRON OPTICS
High Deflection Sensitivity
High Beam Currents
Multiguns
High Voltages
SPECIAL GEOMETRICS
Back Ported Tubes
Special Deflection Angels
SPECIAL GLASS STRUCTURES
Internal Targets
FULL LINE OF STANDARD TYPES CRT's FOR —
Character Generators (Monoscopes, etc.)
Readouts, Printers, Oscilloscopes, Radar,
Monitors, Video Recorders, View Finders,
Flying Spot Scanners, Back Ported Devices,
Computers, etc.

Video Color Corporation
500 S. Douglas St., El Segundo, California
Phone: 213 - 772-5251 90245

See us at 8th National Symposium, Booth 29
Circle Reader Service Card No, 49
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We can solve your

MAGNETIC SHIELDING
PROBLEMS

with

“MAGNALOY
I‘ a mu-metal material

*MAGNALQY . .. a Nickel-Iron alloy
of extra-high permeability, designed to give the ultimate
in shielding attenuation—Hydrogen annecaled for maxi-
mum permeability—guaranteed by our Seal of Certi-
fication.

ALSO AVAILABLE ... our “MAGNALOY’ Foil
+ « « an .004 light gauge mu-metal material for special
shielding applications.

AS SPECIALISTS IN THE FIELD

of Magnetic Shielding Components . ..

We are qualified—technically and thru extensive
experience—to serve you from an engineering and
consultive basis, and to assist you in the design of
components to meet your specific Magnetic Shielding
requirements at highly competitive prices.

ON YOUR STAFF BUT NOT ON YOUR PAYROLL

¢ Quotations submitted on request, per your Blue Print, for
Engineering Samples—Prototypes—Production Runs

¢ Engineering design assistance and consultation

e Precision fabrication to your exact engineering speci-
fications

e Hydrogen annealing with ‘‘Certification’’ on all fabri-
cation

e Production delivery geared to your scheduled require-
ments.

i:.'-‘-' L °
* Radiation zl.aboratories, Inc.

=\ oY ' R
% phone; .
ES * 7325 West North Avenue s River Forest, IIl.

TR Phone 771-7172 ¢ Area Code 312
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DISPLAY

PROGRAMMER?

If you have demonstrated by experience and
exposure that you can successfully work at
the “‘state-of-the-art’’ level of display pro-
gramming, our clients are anxious to offer
you significant challenge, responsibility and
compensation.

Counselling and placement of computer
professionals is our sole business.

Call Mike Parr (415) 434-2410. Write or visit
111 Pine Street, San Francisco.

source edp

A Professional Placement Firm
Other offices in: San Francisco, Chicago, & Dgtroit

CLIENT COMPANIES ASSUME OUR CHARGES
Circle Reader Service Card No. 148

TECHNICAL OPERATIONS INC., Burlington, Mass., has re-
cently been awarded two patents for techniques improving
the efficiency of lasers. One patent covers a system for
coupling lasers together in an optical antenna array that
could be used in long-distance communications. The sec-
ond covers a passive laser Q switch, a device which holds
back coherent light emission until a ruby laser stores
enough energy to generate a burst of power in the multi-
megawatt range . . . GRANGER ASSOCIATES of Palo Alto,
Calif., has received an initial production order for 10 TV
camera systems from the Ampex Corp. The $100,000 plus
order is a follow-on to development work the firm has been
conducting . . . GENERAL TELEPHONE & ELECTRONICS
CORP., New York, and ULTRONIC PRODUCTS INC., Penn-
sauken, N.J., recently announced that a GT&E subsidiary,
SYLVANIA ELECTRIC PRODUCTS INC, has been negotiat-
ing a plan for the acquisition of Ultronic Systems. Under
the terms of the plan, GT&E would issue one share of $50
par, 5% convertible preferred stock in exchange for 5 shares
of US common stock, except for the 178,390 common shares
already owned by Sylvania . . . An electronic display system
that presents the stock ticker in book page format was in-
stalled by the BUNKER-RAMO CORPORATION, New York,
in the new offices of E. F. HUTTON & CO. INC., N.Y. The
installation is the first of its kind in New York City.

SYSTEMS ENGINEERING LABORATORIES INC., Fort Lauder-
dale, Fla., received a $200,000 contract for the delivery of
an SEL 840A Computer. A closed loop system, the 840A
will be linked to a simulated cockpit of a North American
Aviation Inc. T2-B aircraft. The procurement was from
GOODYEAR AEROSPACE CORP. for the NAVAL TRAINING
DEVICES CENTER, Orlando, Fla. . . . The USAF ELECTRON-
IC SYSTEMS DIVISION announced that a request for a pro-
posal issued in July 1966 for electronic data processing

LIGHT PENS

FIBER OPTICS

Off-the-shelf delivery of light pens engineered for OEM equip-
ment or for retrofit to CRT systems in the field.

* LIGHT PENS — Compact — lightweight — rugged — avail-
able in many colors.

® SWITCH — Gold or silver contacts, wire NO or NC.
Flush, cannot be tripped accidentally.

® LENSES — Variety of focal lengths — sensitivity area to
customer’s specs.

% FIBER OPTIC CABLES — Single-Coaxial for locating ring —
glass or acrylic fibers — PVC-rubber-armored or s.s. braid for
strength and durability — any length. Broad spectral response.

—> OR we will build your pen and/or cables to your specs.

Power Packs
Light Sources
Panel mounting hardware and pen
holders also available.
CORP.
P. O. BOX 396
BILLERICA,
MASS, 01821

Phone — 617 - 667-1951

82
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LIGHT
MEASUREMENT
PROBLEMS?

Specializing in instruments and systems for light
measurement, Gamma Scientific combines
experience, innovation and craftsmanship in its
broad line of products, including:

Photomultiplier Photometers e Calibrated Light
Sources « Telephotometers = Photometric
Microscopes « Complete Accessories.

For the latest catalogue
contact: Sales
Manager, Dept. 103,
Gamma Scientific, Inc.,
2165 Kurtz Street,

San Diego, Calif. 92110.
Immediate problems?
Call collect

(714) 291-2230.

Q’l GAMMA SCIENTIFIC, INC.
®

“See us at SID, Booth 102"
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equipment to be installed in the NATIONAL WEATHER
RECORDS CENTER has resulted in the non-selection of
equipment. Since this announcement, new proposal require-
ments, modifications of the original, were issued . . . DIS-
CON CORPORATION, Ft. Lauderdale, Fla., has acquired and
will produce and market the DIGIGATOR line of digital
readouts and associated decoder/driver modules previously
manufactured by MICROPHYSICS INC., Westbury, N.Y. Dis-
con reports that production is already under way on the
more popular displays and modules; the complete line will
be available to the market within a short time.

ALPHA GRAPHICS ENTERPRISES, a newly organized com-
pany providing a magnetic tape to microfilm conversion
service, is now in full operation with headquarters in El
Segundo, California. The service is built around the Strom-
berg Carlson SC 4020 Micro Recorder System that offers
the unique capability of producing charts, graphs and re-
ports at high speeds directly onto microfilm from magnetic
tape input. The system eliminates many steps normally re-
quired for microfilm production. Charts, graphs, pictorial
plots and perspective views are produced to extreme accur-
acy on the SC 4020 Micro Recorder . . . FAIRCHILD SPACE
AND DEFENSE SYSTEMS, Paramus, N.J., is providing slow
scan television monitors for the Apollo program. The units,
the first of which have recently been delivered to NASA,
will be installed at ground and shipboard receiving stations
of the Manned Space Flight Network throughout the world.
The equipment will be used to display television pictures
transmitted . to earth from Apollo spacecraft. In the early
stages of the flight, photographs of the astronauts and the
instrument panels will be displayed. Later, after the astro-
nauts transfer to the lunar excursion module, photographs
of the moon itself will be returned.

TTL IC Drivers

for NATIONAL
Readout Tubes

From stock: Decoder/ Driver, Decimal
Counter/ Driver and Decimal Counter/
Driver with Latching Memory.

m 15 MH, Counting Rate m For all side
and end view National readout tubes.

NATIONA

ELECTRONICS, INC.

REQUEST
BULLETIN

a varian subsidiary
PHONE: (312) 232-4300 + GENEVA, ILLINOIS, U.S.A
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DATA PROCESSING

SYSTEMS
ENCYCLOPEDIA

The most useful up-to-date information on equipment,
software and related data . . .

Many separate services have been combined, updated, revised, and organized
|ntot this one convenient service. Here's what the new SYSTEMS ENCYCLOPEDIA
contains:

W Completely revised Electromechanical Equipment Service describing hundreds
of items — punches, converters, transceivers, accounting machines, statistical
machines, sorters, collators, tape punching bookkeeping machines and adding
machines, common language devices, and many, many other electromechanical
machines and systems. @ Completely revised Electronic Equipment Service
describing hundreds of computers and computer systems — magnetic tape,
magnetic drum, random access, solid state — includes peripheral and auxiliary
equipment, MICR devices, optical scanning and other input devices, data stor-
age and retrieval equipment, data communications, and more. W Monthly
Updating on equipment and software references includes new information and
revised information. WM Computer Applications includes more than 50 case
studies now, plus new applications issued monthly for the duration of your
subscription. W@ Cumulative Master Index, revised quarterly, gives you instant
contact with exactly the information you want. B Automatic Selection charts
provide ready access to comparative data on systems. B Bibliography of
books, periodical articles and other reference sources — the most complete
ever published, updated regularly. B Classification System provides unique
and easy method for maintaining monthly updating. B Many other references,
including the most complete Glossary and Manufacturer Guides every published.
B Material is in easy to read printed format. Functional looseleaf binding.

AMERICAN DATA PROCESSING, INC.

4th Floor Book Building « Detroit, Michigan 48226
Please send Data Processing Systems Encyclopedia for free 10
day examination. If not fully convinced that this unique Encyclo-
pedia will repay its cost many times over | will return it and
owe nothing. Otherwise | will remit at rates indicated below
plus shipping costs.

[J INTRODUCTORY OFFER—Systems Encyclopedia with Updating for
three months — $95

[0 An additional year of Monthly Updating — $95

NAME TITLE
COMPANY.
ADDRESS.
CITY. STATE ZIP
Circle Reader Service Card No. 54 83
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Common denominator

What's a cathode ray tube got to do with Planes, Power
Plants, Punch tape and Physiology...? Plenty!

A good case in point is the special
four-gun electrostatically deflected
CRT we developed to display four
phenomena simultaneously —a
great assist in Physiological studies.

Another is the 19-inch CRT we
developed for high precision appli-
cations. Its aluminized screen in-
creases light output, making it a
natural for the Computer field.

For the Aviation industry we

build a tube with special resistance
to extreme shock, severe vibration
and altitudes of 50,000 feet.

And for Power Plants—the
Atomic kind—we supply a 5-inch
flat-faced CRT which features a
helical resistance winding toinsurea
smooth voltage gradient over the re-
gion of post-deflection acceleration.

There are many more “for in-
stances” in our ever-growing list

of industry applications. To our
knowledge we haven't yet built a
special CRT for the Peanut, Para-
chute or Petticoat industries. But if
they need one—we will. Why not
call us today...or write for our
complete capability story.

GENERAL

AT n u N I c s GENERAL
ELECTRONIC TUBE DIVISION <ATR0NII'-5:@

PHILADELPHIA «  PENNSYLVANIA 19118

Sales representative areas available in U.S. and abroad,
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7

Data Coupler

Anderson Jacobson, Mountain View, Calif.,
offers the ADC 260 Acoustic Data Coupler, a
device for sending and receiving data between
a remote terminal and a computer using any
ordinary telephone desk set and phone line.
It is used typically with a Model 33 or 35
Teletypewriter but can also be used with any
machine or display which can operate with
a 103A Dataphone. Used with a Teletypewriter,
the combination is said to provide a re-
mote computer terminal ‘which can easily be
wheeled from one room to another wherever
an ordinary telephone is available. Coupling
with the telephone system is acoustic both
into and out of the telephone system, assur-
ing compatiblity with telephone handsets of
various magnetic field configurations. No di-
rect connection to telephone equipment is
required. Operation is independent of signal
level, above a required minimum, and no
adjustment is required.
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Deflection Amplifiers

Beta Instrument Co., Newton Upper Falls,
Mass., has announced a new family of deflec-
tion amplifiers, Models DA113, DA114, and
DA115. These all silicon solid state modular
packages are said to feature high deflection
performance characteristics at low cost. They
are DC coupled operational-type difference
amplifiers and are designed for application in
any cathode ray tube or storage tube display
system employing magnetlic deflection. The
units are said to be capable of supplying plus
or minus 2.5, 4.5, and 8.0 amperes of deflec-
tion current respectively to a directly-coupled
deflection coil. The modules have two identi-
cal channels of power amplification — one for
X deflection and one for Y deflection.
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Multiple Switch

American Zettler Inc., Costa Mesa, Calif.,
offers Series T-596 multiple switch. The device
features six PDT contacts in less than one sg
in.; overall depth behind panel is 1.5 in.
Square buttons can be mounted in tight
parallel rows to form a block. All contacts are
said to be inside a plastic housing, which pro-
vides protection against penetration of foreign
particles. The firm claims that no lubricant is
needed as metal parts rub against nylon.
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Vacuum Tube Readout
Industrial Electronic Engineers Inc., Van
Nuys, Calif., has announced a single-plane,
Vacuum Tube Readout. The tube, a 10 Gun
CRT, possesses an electron projection system
that is said to display characters with clarity
and brightness onto a fluorescent screen.
Easily viewed under direct sunlight, features
are said to include powerless control grid
switching, low power consumption (approx.

300 milli watts), and small grid swing.
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Miniature Indicators

Alco Electronic Products Inc., Lawrence,
Mass., offers a numeric readout indicator.
Illuminated 3% in. digits are indicated on an
engraved lucite plate which is edge lighted
by a new type, long-life incandescent lamp.
The figures are marked as a series of white
dots and are clearly displayed. Function of
the lamps is to provide life up to 30,000~
50,000 hours. They are said to be soldered in
place to eliminate improper contact problems.
Type 2187 or 2182 lamps are physically mount-
ed in odd and even sectors. Narrow width of
the indicators is said to allow for more
numeric readouts to be displayed and in-
stalled in limited space areas. Overall size is
2% in. high x 3% in. wide.
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Space Control

D.E.C. Associates, Los Alamitos, Calif., of-
fers Model 612, an addition to the firm’s line
of Opti-Man Space Control Centers. The mod-
el, designed as a tool holder, measures 10 x
19 x 5% in. and weighs 2 Ib. All tool holders
and parts compartments are within the user’s
normal reach pattern in contoured tiers to
provide a quick natural grasp of tools and
parts. All models are molded of polyethylene
plastic and are said to be chip and rust proof
and resist acids, alkalis, paints and stains of
all types.
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Plotting System

California Computer Products Inc., Anaheim,
Calif., offers the Model 835 electronic digital
plotting system, which is said to add a new
dimension to the concept of digital plotting.
The high-speed, fully-incremental digital plot-
ting system provides a CRT plotter with pro-
vision” for photographic recording, and oper-
ates at about 300 times the plot speed of the
electro-mechanical pen-on-paper plotters.
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Button Switch

Transistor Electronics Corp., Minneapolis,
Minn., has developed a new subminiature
pushbutton switch, the SBS Series, to conserve
panel space on instruments, computers, data
processing, industrial control, and missile guid-
ance systems. The unit’s body measures only
0.360 in diameter by 0.468 in. long. It mounts
from the rear with a knurled nut in a 1/4 in.
hole on mounting centers as close as 3/8 in.
It will fit 1/16 in. to 3/16 in. thick panels.
The switch is said to be rated for one million
cycles of operation while carrying its full rated
design current of 100 ma at 115VAC, non-in-
ductive load. Gold finished brass turret termin-
als are electrically isolated from the switch
body. Plastic pushbuttons are offered in seven
different colors and may be hot stamped with
one characier up to 1/8 in. high. Operating
and storage temperature range is from —40
deg to +65 deg. at 95% humidity, maximum.
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ALL-MIL
'scopes

Have

will modify
To A/N system
requirements

for:

Mechanical Interface
Electrical Interface
Human Factors
Form Factors
Exterior Finish

Why compromise your All-

MIL

A/N system by using a

commercial ‘scope?

All-MIL (to MIL-E-16400),
fully transistorized .
’scopes are now available in
standard rack and portable
(18 Ibs.) bench models—in 6
to 10 MHz bandwidth-—com-
plete with accessories and
plug-ins for non-obsolescence.

Wider bandwidths and un-
usual form factors and per-
formance characteristics are
available on a customized
basis.

In Preplanning Your Next
System Design, Why Not—
Leave the Display Work to

Us?
Call

or write for free con-

sultation on YOUR ’scope
problem.

GENERAL

A

TRONICS®

GENERAL

ATRONICS
ELECTRONIC INSTRUMENT DIVISION

PHILADELPHIA =

PENNSYLVANIA 19118
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Marco-Oak Presslite® switches give you instant light and
color check of system status. They're the smallest illumi-
nated pushbuttons available with contact ratings of 5 or
15 amps up to 120 vac...maximum hody width or
diameter is less than %.” Independent and isolated
lamp circuits to indicate switch mode or remote sys-
tem status mean less panel space, greater design
latitude. Snap-action assures long contact life with a
wide safety margin even beyond rated currents.

Presslite switches are available with a variety of op-
tions: SPDT or DPDT, alternate or momentary action,
midget flange base, incandescent or neon lamps (with
ballast resistors built into switch base). Ten basic cap
styles (including Press-in caps in six sizes and shapes) give
you a full color range. Matching indicators and recess panel

mounting adaptors also available. Write today for the new 5-66 Presslite catalog.

ﬁ—"’ MARCO-0AK

A division of OAK ELECTRO/NETICS CORP
207 S. Helena St., Anaheim, California 92805
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High Precision System

Brower Laboratories Inc. Westboro, Mass.,
offers the 131 Lock-In Voltmeter, a new de-
vice for measuring very weak radiant energy.
Depending upon the detector, the system op-
erates over the entire spectrum from ultra-
violet to far infrared. The device is used in
laboratories for spectro-chemical analysis, de-
tector evaluations, measurement of filter trans-
missions, and for reflectivity measurements, It
is designed to function directly with any
monochromator, light source, or detector. The
company supplies a full line of accessories in-
cluding beam splitters, choppers, chart re-
corders, synchroscopes, ratio measuring sys-
tems, and maintains a technical staff to pro-
vide assistance in customer applications.
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Binary Encoder System

Baldwin Electronics Inc., Little Rock, Arkan-
sas, offers a small size parallel natural binary
encoder system which uses a Baldwin photo-
electric absolute position, direct reading, single
turn encoder with a lamp life in excess of
50,000 hours. The system has a capacity of
11-bits per turn, outputs compatible to most
D.T.L. and T.T.L.I.C. Logic and requires only
iwo supply voltages including the lamp volt-
age.
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Light Pen

Information Control Corp., El Segundo,
Calif., offers a new high sensitivity light pen.
Through the use of a phototransistor as the
light sensing element, the fiber-optic bundle
usually employed in such devices has been
eliminated, which is said to have resulted
in a unit lighter in weight and not requiring
high voltages. Designated Model LP-200, the
pen also features a touch-sensitive actuator
which has no moving parts. In order to per-
mit the device to see light, the operator
touches a metallic band placed where the
index finger naturally falls during an operation.

Circle Reader Service Card No. 68

TV Disc Recorder

General Electrodynamics Corp., Garland, Texas,
offers a television disc recorder said to be
capable of recording on one disc up to 1,000
individual pictures. The selection and instant
display of any desired frame on one or more
standard television monitors is done by dialing
a 3-digit number as on a telephone. The
recorder is the nucleus of several new GEC
product lines whose markets will be banks,
insurance companies, and other commercial
enterprises. Information can be stored on the
reccrder indefinitely. Both recording and era-
sure can be performed automatically by press-
ing the appropriate button on a remote con-
trol push button control box.
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Tandem Typing

A four-in. square electronic attachment is
said to double the output of MATE, Milgo
Electronic Corp.'s Automatic typing equip-
ment. The new accessory, Bi-Type, altaches to
a MATE reader, the memory device for the
typing system. Two electric typewriters with a
Bi-Type attachment operate simultaneously, at
speeds up to 150 wpm. One operator can
produce over 300 original typewritten sheets
in one day, according to the company.
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DISPLAY
ENGINEERS
HAVE A FUTURE
AT PHILCO-FORD.

INFORMATION DISPLAY, May/June 1967

Our assignments demand fresh futuristic thinking as
we are developing a new line of display products in
both color and black and white for new Govern-
mental and Industrial applications.

Philco Houston started in the display field as the
prime contractor for the NASA Mission Control Cen-
ter, and is presently providing to NASA a new digital
color television system.

In addition, development is in progress on small
alphanumeric displays and large high performance
digital systems with a full graphics capability. These
will be used in new industrial applications and gov-
ernment installations.

Qualified applicants must have background in circuit
design, logic design, digital TV Raster and/or Stroke
Writing systems. Positions are also available for
professionals with rotating Drum/Disc design. Expe-
rience in computer design or peripheral equipment
desirable.

If you qualify for these interesting projects you are
invited to send your résumé for prompt and confi-
dential consideration to Mr. H. S. McDonald, Philco-
Ford Corporation, Houston Operations, 1002 Gemini
Avenue, Houston, Texas 77058.

PHILCO

WESTERN DEVELOPMENT LABORATORIES
An equal opportunity employer.
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Miniature Display
Bowmar Instrument Corp., Fort Wayne, In-
diana, offers a new miniature readout which is
operated directly from digital computer codes,
eliminating from the display any mechanical
or analog-to-digital assemblies, drives or servos.
Wholly electrical, the DA3300 Logicator is said
to incorporate any solid state modules re-
guired for interfacing with BCD, LBC, or any
other available digital signal information. The
package is available with from three to eight
12-position readout drums, and contains its
own gating circuits, time-sharing capability,
data storage and suppression circuits. Drums
are internally backlighted, adjustable for any
dark or bright environment. The 0.2 in. high
characters are white on black fields, but are
translucent for typical red display in darkness.
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Persistence
Spectral Peak

is more efficient than P16.

¥ This new Phosphor has shorter persistence.

K Greater resistance to Screen Burning than P16.

X The Narrow Band Emission is in the visible range
— no complicated optics required.

TYPICAL CHARACTERISTICS

If you do want ultra-violet, specify Ferranti Type ‘"W’ phosphor which

FERRANTI

FERRANT! LTD., GEM MILL, CHADDERTON, OLDHAM, LANCASHIRE, ENGLAND. Tel: (061) MAIn 6661,
U.5.A.: FERRANTI ELECTRIC INC., EAST BETHPAGE RD., PLAINVIEW, NEW YORK 11803. Tel: 516 293-8383.

CANADA: FERRANTI-PACKARD ELECTRIC LIMITED, INDUSTRY ST., TORONTO 15, ONTARIO. Tel: 762-3661

Pushbutton Controls

Unimax Switch Div.,, Maxson Electronics
Corp., Wallingford, Conn., has announced a
new line, the Unimax LPB Series 9. It con-
sists of four-lamp lighted panel controls de-
signed to meet the requirements of MIL-S-
22885. Features include single screw mounting,
two-step relamping and factory-installed in-
ternal lamp bussing. The line is offered with
customized messages in a wide range of dis-
play styles and color coding. They are avail-
able with two, three or four pole momentary
or alternate action switching. The switches are
of modular design. An added feature is an
ordering system which permits the switches
to be chosen by component groups, whether
for a complete assembly or for a separate sub-
assembly,
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Decay to /¢ 30 nS
555 nm (55504)

First into the Future
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Strip Printer With

Take-Up Spooler

Clary Corp., San Gabriel, Calif., offers the
AN-16 Strip Printer, which utilizes “on-the-
fly”" printing techniques as used in large on-
line computer output printers. The mechan-
isms have been reduced to five functional sub
assemblies. Complete unit with electronics
has been miniaturized to easily install in in-
strument panels of large systems where hard
copy data recording is required. The unit
weighs 5% |b and occupies 200 cubic in.; it
was designed to meet applicable sections of
Mil-E-5400 and Mil-1-26600. Printed information
is presented serially to the operator at up to
25 characters per second with a selection of
64 characters; printer can be adapted to ac-
cept any parallel 6 line BCD code at several
interface logic voltage options requiring low
driving currents limited by the 5 K ohm input
impedance.
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Display Lline

A new line of position displays, Vu-Point II,
has been introduced by Remex Electronics,
Hawthorne, Calif.,, a unit of Ex-Cell-O Corp.
Vu-Point Il is a sealed unit utilizing inte-
gratad circuitry. Readout is obtained through
display tubes framed by a black panel for
maximum contrast. Size and weight of the
units is caid to allow installation in a variety
of locations to facilitate convenient viewing.
The Displays are said to be applicable to
almost any manually operated and/or numer-
ically controlled machine tool. Applications
also are being made to inspection and layout
equipment.
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Miniature Switches

Alcoswilch, Lawrence, Mass., offers a new
double pole ON-ON-ON miniature switch.
They are designed to have "on’ positions at
opposite ends of the lever throw with an
active Center position. They are available in
three series: Premium E Series, Standard MST
Series, and Mustang Series with 15/32 in. hole.
Current ratings are 6 Amps at 125 VAC,
MST Series 3 Amps at 115 VAC.
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Digitizer

DATA Technology Inc, Watertown, Mass.,
offers a coordinate digitizer with a resolution
of 0.005 in. and accuracy of +0.001 in. The
unit is intended primarily for use as an
Image Plane Digitizer, as well as for Graphical
Digitizing. Positioning is accomplished by
means of steel scales ruled with 500 lines
per inch and mounted on the carriage-way
in the X axis and along the slide-arm in the
Y axis. Linear incremental encoders are cou-
pled in the X and Y axes to produce 2000 bi-
directional counts per inch of travel. Resultant
position is displayed in six digits.
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Socket

Augat Inc., Attleboro, Mass., has announced
test sockets which have large chamfered entry
holes that guide component leads into sock-
ets. Pin circles match those of IC's; wiping
gold-plated contacts are said to assure low
contact resistance after 100,000 insertions. The
teflon body is designed for “push-fit" installa-
tion. Continuous operating temperatures up
to 150 deg may be attained; the sockets are
available in 3, 4, 6, 8, 10 and 12 contact ar-
rangements.
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Hi-Q Deflection Yoke

CELCO, Mahwah, N.]., offers the YA De-
flection Yoke, designed for 7 in. neck CRTs
with 52, 70, or 90 deg deflection angles. It
is available as a yoke and in combination with
a pincushion corrector or a centering device,
or both. The Front Flare is said to eliminate
borderline neck shadow and glass envelope
interference problems. The special high Q
ferrite core is claimed to provide high sensi-
tivity in resonant drive circuits.
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Film Processor

A machine that processes CRT recording
film at up to 30 in. per minute, and permits
access moments after processing, has been
developed by Mark Systems Inc., Santa Clara,
Calif. Called Model 1200 Rapid Access Film
Processor, the machine accepts any 35mm
films used in CRT cameras. Semi-archival
quality is said to be achieved without post-
processing. Up to 2400 ft of film can be
processed with one loading of commercially
available, high-energy chemicals. Two units
make up Model 1200. A chemical supply
module houses the necessary processing chem-
icals (developer, clearing solution, rinse solu-
tion) and pumping apparatus. Devices for
transporting, processing, and storing the film
are contained in a processor module. The
modules are connected by short lengths of
cable and plastic tubing.
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Solid State EL Instrument
Aerospace Products Research Corp., Santa
Monica, Calif., has developed a low-power,
solid-state, digital-computer-driven, electro-
luminescent (EL), multimode digital display.
The instrument was developed for NASA's
Ames Research Center for use in laboratory
simulations. The unit, the Vertical Scale Indi-
cator Model VSI-DSP, is a bargraph that can,
on computer command, be transformed into
a pointer or marker. Automatic scaling, a
flasher-warning mode, and parameter title in-
dicator faor multimode operation are included
in the instrument. A constant light output for
the lifetime of the display is said to be pro-

vided by automatic brightness control.
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Indicator Lights

Circon Component Corp., Santa Barbara,
Calif., offers a new line of Bug Eye shaped
indicator lights. Offered in 24 different shapes,
including stars, circles, diamonds and squares,
the indicators are said to provide message
flexibility through various shapes and colors of
lens, They are 29/32 in. overall length, with a
barrel diameter of 3/8 in., and are furnished in
incandescent and neon, in single and double
contact models. They can also be used to re-
place existing lamps.
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Digital Drafting System

Benson-Lehner, Van Nuys, Calif,, has an-
nounced a new digital drafting system which
operates at speeds over 700 in. per minute,
with an overall system accuracy of 0.002-in.
Resolution is 0.001 in. The DDS is designed
specifically for automated drafting, numerical
control, configuration lofting, engineering
fabrication and artwork masters used in stack-
ing of integrated circuits and wafer-thin com-
ponents, as well as other production engineer-
ing requiring exact registration and ultra-close
tolerances.
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Display Converter

Pacific Measurements Inc., Palo Alto, Calif.,
offers two new CRT Display Converters. The
basic converter enables a recorder to provide
a large, precisely scaled plot of a CRT display.
It is an interface device which fits between
any oscilloscope and X-Y or strip chart re-
corder. The first new device, the PM 1001-02,
enables the instrument to operate properly
with curve tracers, New circuitry senses the
absence of a sampling pulse which causes the
pen-lift relay to energize and the retrace cir-
cuit to cycle. The device senses the end of
the CRT trace, lifts the recorder pen and ini-
tiates retrace. An additional control allows the
operator to set the recorder vertical start
point even lhough the CRT trace starts after
the first vertical graticule line.
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Film Viewer

Northrop Corp.’s Nortronics Div., Palos
Verdes, Calif., offers a film viewer which mag-
nifies images up to 70 times for precision in-
terpretation and evaluation of film. The Model-
100 uses the zoom lens for continuous variable
magnification between the 3 to 70 times
ranges, and provides close-up study of any
part of any frame. Suggested applications in-
clude: reconnaissance imagery analysis; field
map evaluation and preparation; meteorolog-
ical satellite photo evaluation; geophysical sur-
veys and studies; and photointerpretation train-
ing. Data on film rolls up to 1000 ft long, be-
tween 70-mm and 9% in. wide can be ac-
cepted, and all types of film can be handled,
such as infrared, thin or standard base, or radar
sensor film.
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add light pen
capability to your display
for less than *1,000

Sanders new solid state PHOTOPEN®
Model EO-PT system enables you to
perform all symbol sensing functions
in high data rate CRT displays using
a wide variety of character generation
techniques with push button ease.

© ... You get all these features for less
- than $1,000.
Fast response . . . output pulse is
practically coincident with the leading
edge of the CRT light pulse. Typical
time delay is less than 1 microsecond
— matches fastest CRT writing speed.

‘Versatility . . . can be used with a
variety of character generation tech-
nigues, including shaped beam,
monoscope, stroke and dot matrix
types.

High sensitivity . . . adjustable to
trigger on CRT symbols too dim for
human eye detection, yet accommo-
dates intensities above the comfortable
viewing level. Spectral response spans

the range from 4000 to 11,000
Angstroms.

Foolproof . . . special circuitry elimi-
nates false or multiple triggering from
long persistence phosphors, ambient
light and CRT face and implosio
shield reflections. :

Pinpoint accuracy . . . an illuminated
finder-circle "zeros in” the exact
CRT area being sampled.

No special power supplies . .. power
requirement is 117 volts, available at
any standard ac outlet.

For less than $1000, you can get
greater flexibility and performance
from your data display equipment —
with Sanders new PHOTOPEN
system. For further information or a
demonstration, contact Sanders
Associates, Inc., Microwave Division,
Nashua, New Hampshire 03060.
Phone: (603) 883-3321. Ext. 7291.
TWX: 228-1887, SA Microwave.

*T.M., Sanders Associates, Inc.

SANDERS ASSOCIATES, INC. *

MICROWAVE DIVISION

Creating New Directions in Electronics
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(D TRADEMARK

ACTUAL SIZE

The New 800 Series Miniswitch
.. .the smallest thumbwheel switch available

The Series 800 Miniswitch is specifically designed for instruments,
controls or systems where panel space is limited. Each module
requires an opening of .96” high x .5” wide. Any number of
modules may be ganged into a single unitized assembly. Spacers
are available for functional separation. Large, white dial numbers
are set in a non-glare black background for easy reading.

Features include: Two, & or 10-position setting dials—direct con-
version of dial position to 4-bit coded outputs. Provision for com-
ponent mounting in output terminals on some models. NEW—5 or
28 volt replaceable lighting—any color —requires no solder or tools
to replace lamps. Send for new Miniswitch Series 800 data sheet.

.D THE DIGITRAN COMPANY

A Division of Endevco Corporation
855 South Arroyo Parkway, Pasadena, California
Phone: 213/449-3110
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Television Camera
A new solid-state television camera for con-

tinuous operation in untended locations and
under extreme environmental conditions has
been introduced by Raytheon Co., Lexington,
Mass. The RGS-20 camera is a commercially-
available version of a similar camera devel-
oped for monitoring hazardous areas and for
information transfer in the nation’s space pro-
gram. It is said to be well adapted to military
and industrial security installations, and to
process observation in difficult areas such as
high temperature areas in foundries. Measur-
ing 5% in. in diameter by 10 in. long, the
camera is said to have a minimum horizontal
resolution of 800 lines.
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Binary Input Display

Industrial Electronic Engineers Inc., Van
Nuys, Calif., offers a total display package
utilizing Silicon Controlled Rectifiers as the
basic solid <tate component. Accepting a bi-
nary input, a 1 in. message is automatically
projected on the viewing screen. Operating on
a rear projection principle, the display unit is
said to be one half the cost of comparable
equipment. Requiring an eight line input
(BCD Code), the display utilizes ten outputs
to drive ten lamps with a twelve output option
available. External voltage is required for the
logic circuit as well as for the lamps. All of
the SCR units are designed with forbidden
code rejection. Should an improper code be
applied, a blank viewing screen is indicated.
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Radar Simulator

Canoga Electronics Corp., Chatsworth, Calif.,
offersa new Video Target Simulator designed
for use as first echelon field maintenance
cquipment. The Model MRP-180 Radar Signal
Simulator is one of the latest in a family of
video target simulators designed for servicing
tactical aircraft exercising terrain-avoidance and
air-to-ground radar modes. The MRP-180,
which generates simulated air-to-ground video
targets and range marker targets for use with
monopulse radar systems, is said to feature
sum, bi-polar difference and MRI video pulses
whose widths and slopes vary as a function of
range and grazing angle for use in the main-
tenance and calibration of the latest terrain-
following radar systems; video pulse charac-
teristics are continuously varied over a dy-
namic range of 300 to 1.
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Map and Chart Digitizer

Calma Co., Santa Clara, Calif.,, has intro-
duced its Model 480 Digitizer, a device for
reducing analog graphical data from large
maps and charts to digital magnetic tape for
computer processing and analysis, It is said
to feature Variable Interval Programmed digi-
tizing, a solution to the limitation on graphical
data reduction speed imposed by the relative-
ly low speed of available output devices. As
the operator manually traces the graphical
data with a stylus, the movements of the stylus
are converted to digital signals for recording
on the output (computer-compatible, 7-chan-
nel, 556 bpi) magnetic tape recorder. The VIP
digitizing system allows an overall maximum
digitizing speed of 937 in. per minute with a
resolution of 0.005 in. Accessories are available
to permit reduction of data from projected
16mm, 35mm, and 70mm film images, paper
tape output, direct interface to an IBM 1130
computer.

Circle Reader Service Card No, 100

INFORMATION DISPLAY, May/June 1967

COMPUTER DISPLAYS

State of the Art Computer Controlled Displays —
Computer Grade Quality and Reliability —Industrial Price

ITT

CRT DISPLAY UNITS for Graphic and Alpha-Numeric Display

CG 202 CHARACTER GENERATOR

For alpha-numeric display use.
Produces chqracter display waveforms
from BCD input codes. ) Is supplied with 36 user-designated
Draws high quality characters, using characters, expandable to 128 char-
stroke techniques with automatic acters.
corner-rr:nundmg. o Full Alpha-Numeric Character Set.
Uses plug-in character codes to facili-

tate changes in symbols or input 40 microsecond average character- CG 202
codes. drawing time.

Permits computer control of character
intensity and size.

KM 906 THREE-COLOR DISPLAY OSCILLOSCOPE

M:g-e ! (S:EI chﬁb}’:’ea Resolution | Sensitivity Bazi:?:;:lth Sc:lrﬂ"gne
KM 906 [ 197 | 10x10" | 15line/cm | £ VOIS for|nG to 10 mHz| 25 usec.
KM30 KM 105 COMPUTER DISPLAY OSCILLOSCOPE
Mﬁg?' gg: Sc r‘i::h‘ﬁ aa Resolution Linearity Sensitivity S c::::r.?ﬁ_" &
KM 105 | 21" | 10x10" | 25 line/cm 1% Toyeltsfor ] 12 usec.

Rear-ported CRT Displays
Hybrid Deflection CRT Displays
Special Size CRT Displays
KM 105 Hi Speed Character Writing Yoke
Hi Speed Character Writing Deflection Amplifier

Available on special request.

DISPLAY SYSTEMS

Custom system design using standard
assemblies.
Complete display system capability.
e May be assembled rapidly and eco-
VG 201 VECTOR GENERATOR nomically from standal?'d )équipment.
For graphic CRT displays. e May include other elements, such as
Draws straight line vectors of any local memories, console keyboards, character, vectors and points.
length. etc. Interfaces available with most com-
Uses absolute coordinate input data. * Vary widely in application and scope. puters.
Normally mounts in the DD-101 Inter- An interested and rapid response  For computer-display linkage.
face Unit. awaits your inquiry. Converts binary inputs to precision ana-
Full screen vectors. log positioning voltages and internal

DD101 DISPLAY CONTROLLER

Computer control of switching between

Automatic intensity compensation for control signals.
writing beam speed.
100 microsecond vector time.

LP 303 LIGHT PEN
AND AMPLIFIER

For operator use with CRT-displayed
data.

Provides computer identification of spe-
cific symbols or character.

Uses flexible fiber-optics cable.
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Interacts with the computer on a re-
quest-response basis.

Accepts any polarity computer input
signals.

Operates directly from 36-bit or 48-bit
input-output data channels.

May be supplied with an assembly reg-
ister for use with narrow 1/0 chan-
nels.

T Qnetrumente—

INDUSTRIAL PRODUCTS DIVISION e 15191 BLEDSOE STREET e SAN FERNANDO, CALIFORNIA 91342 @ PHONE EMpire 7-6161




CONVERT
COMPUTER DATA
T0 TV DISPLAY

WITH THE
ELECTROSTORE®

This TV Display shows a high resolution
alphanumeric presentation derived from
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a computer. It is only one example of a
computer display using the Electrostore,

Model 221.
Model 221 Electrostore
& ot ) gsingle-gun storage tube
: ,2 : Input/Output Response
* = 110 MHz or 20 MHz

i i Input Amplitude
. | Required 0.7 volts to

.| 2.0 volts p-p

% Deflection Amplitude
« ' 5 volts p-p
Deflection Response
DC to 800 KHz
Programmer Optional

The Model 221 scan-converter utilizes
a cathode-ray recording storage tube.
Input video signals and deflection
information are applied to the tube
through various amplifiers and con-
trol circuitry. Data is stored within
the tube in the form of a raster, cir-
cular, or spiral scan. This information
can be read off periodically through
appropriate amplifiers without de-
stroying the stored data. The input
can be up-dated periodically and the
stored information erased partially
or in its entirety. By introducing the
proper signals, the Electrostore can
convert a variety of formats to TV
display, i.e. computer-to-TV, radar-
to-TV, IR-to-TV, or sonar-to-TV.

Write for technical memos and application
notes covering the Electrostore.

Image
instruments

223 Crescent Street
Waltham, Mass. 02154
@ el (517) Boss200

A DIVISION OF
DASA CORPORATION
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VALVES BULLETIN. Walworth-Aloyco Ball Valve

Div., N.Y., offers a new 4-
page bulletin describing their stainless steel
screwed end ball valves for 960 WOG service.
Bulletin 55-661 includes illustrations, drawings,
pressure/temperature charts, dimensions and
parts lists for valves ranging in size from Y
to 2 in. Valves feature reinforced TFE in seats
and floating ball design for tight closure, fire
safe construction through stem, seat and body
and locked in stem construction as safety
against blow-out. The bulletin offers a list-
ing of Walworth-Aloyco manufacturing and
administrative facilities, warehouses and sales
offices in the US and overseas.
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THE V8 STORY. Agnew-Higgins Inc., Garden

Grove, Calif., offers a 95-page
book descricing a modular blower-filter unit
for laminar flow clean rooms. Case histories
of how major aerospace companies have con-
structed their own laminar flow clean room
from the initial design stage right through to
final check-out and operation are included.
The book contains 50 pages of illustrations
in the form of photographs, charts and dia-
grams.
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MULTIPLE SWITCHES. A 4-page, 2 color bro-

chure on the Series
T-596 mulliple switches is available from
American Zettler, Inc., manufacturer of relays,
switches, and other electromechanical compo-
nents. Switches described feature both square
and round button types, either illuminated
or non-illuminated. Schematic drawings of
the switches are included, as are socket dia-
grams, suggested panel layouts, and a table
of switch characteristics.
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STYLE RECORDERS. A new short form catalog

in file folder form listing
the complete line of XY and OmnigraphicT™
style recorders is offered by Houston Omni-
graphic Corp. Included are several new prod-
ucts, including the new 6400 line of XY and
XYY’ recorders, Incremental Plotters for use
with computers and other incremental out-
put devices, digital plotting systems. The cata-
log includes condensed technical descriptions,
specifications and prices.
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PILOT LIGHT'CATALOG. Industrial Devices

Inc., Edgewater,
N.J., offers a new 4-page brochure on its
mini-slide pilot lights, light assemblies, indi-
vidual sockets, multi-socket strips and short
slide-base lamps. Complete details are pro-
vided on connections, mounting and assem-
bly, along with all dimensional data. High-
lighted is the new Model 2800 Series Pilot
Light Assembly, which features round, light
diffusing screw-in lenses in a variety of colors.
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CRT
REFRESHER

The DDl Model 585E-1000 Cathode
Ray Tube Refresher is a low cost, bulk
storage magnetostrictive delay line avail-
able with or without recirculation elec-
tronics. Maximum storage is 21,000 bits.
Cost per bit is as low as 1¢ per bit
with electronics, less than Va¢ per bit
without electronics,

Specifications

to 13 K bits bipolar
to 21,000 bits NRZ

Storage Cap:

Bit Rate: to 2.0 MHz bipolar
to 4 MHz NRZ
Rec. Mode: RZ, bipolar, or NRZ

Recirc. Period: to 16.7 MS

Interface: TTL, MECL, RTL, DTL

PNP or NPN discrete
Power: +12v, —12v, +VCC
Packaging: Sealed delay lines

Enclosed electronics

Connector: solder pins, Cannon DA15P, or
printed circuit tang

Mounting: card slides or through holes

Oper. Temp: 15°C to 55°C

Electrical, mechanical, or environmental
specifications can be adjusted to accom-
modate customer requirements. MIL-Spec
versions are available. Package is de-
signed for synchronous operation permit-
ting parallel serial operation of up to 100
or more packages in a single system in
any configuration.

Digital Devices Inc. offers a com-
plete line of delay lines, associated
electronics and related systems and
subsystems. Write, wire or phone for
the name of your nearest DDI repre-
sentative and let him show you how
you can store more information with
greater reliability and at less cost.

DIGITAL
DEVICES InNc.

200 Michael Dr., Syosset, LI, N.Y., 11791
Phone: (516) 921-2400. TWX: (510) 221-2187
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SWITCH CATALOG. Trompeter Electronics Inc.,

Chatsworth, Calif., offers
a new Catalog M-4, which describes the firm's
line of coax, twinax and triax matrix and
multi-pole, multi-throw switches. The items
are used for switching and/or programming,
video data and RF signals, as used in TV com-
puters, telemetry, and other data transmission
systems.
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MEMORY BROCHURE. A 10-page illustrated

brochure describes the
fastest random-access large-scale memory sys-
tem available, with access and cycle times of
300 and 650 nanoseconds, respectively, and a
storage capacity of over 1 million bits: 16,384
words of up to 84 bits. Called the Nanomem-
oryTM 650, the system is intended for real
time or high speed computers and checkout
systems. It is manufactured by Electronic Mem-
ories, Hawthorne, Calif., who offer the bro-
chure.
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WORD INDICATORS. Master Specialties Co.,

Costa Mesa, Calif.,, of-
fers a new 16-page catalog detailing the com-
pany’s line of “Push-to-Relamp” miniature, il-
luminated word indicators for aircraft, aero-
space, ground support, as well as industrial
and commercial equipment. The catalog is
called “Series 4000 and 5000 Push-to-Relamp
Catalog No. 2026."”
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SHORT ARC LAMPS. Complete specifications

of the new PEK M914,
M915 and M916 forced-air cooled lamp hous-
ings are included in a new two-page data
sheet offered by PEK Labs Inc., Sunnyvale,
Calif. Included is an outline drawing of the
lamp housing, showing dimensions and loca-
tion of components, controls and options. A
transmission characteristics chart shows per-
formance of the unit with and without the
optional ultra-violet filter.
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SWITCH CATALOG. The Digitran Co., Pasa-

dena, Calif., offers their
54-page thumbwheel switch catalog. It includes
descriptions of all Digiswitch and Miniswitch
units with complete technical data on each,
truth tables showing codes and electrical out-
put configurations, dimensional sketches,
standard performance specifications, new re-
vised prices, order blanks and typical appli-
cations.
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TAPE SYSTEMS. Ampex Corp., Redwood City,
Calif., offers a new quick-
reference brochure, No. CO26, which offers
a brief description of the full line of Ampex
digital tape transports and tape memory sys-
tems, which feature single-capstan design.
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SMALLEST RELAMPABLE
T-1 CONFIGURATIONS

new from Eldema

actual size

H-Lites, 2 new Y
Eldema series
of indicator
lights, offerthe small-

est relampable lamp
housings and lens caps for

the T-1 flange base lamp size.
[l Features: both grounded
and ungrounded housings.
Lamps replaceable from the
front. RFI shielding. 5/16”
mounting hole for two-

ELDEMA

A Division of Genisco Technology Corporation
18435 Susana Road / Compton, California/ (213) 774-1850

terminal style;

1/4” for single-

¥ terminal style.

Designed to MIL-L-
3661.

[] Available in a variety of
lens styles and colors. Water-
proof versions available.
[1Write for complete data on
the H series from Eldema,
where innovation is a way
of lite.
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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

913-1227-1571-525
non-illuminated

neon lamp and required resistor.

For use with low currents at higher voltage—or
for dry circuits, ratings are: 0.1 amp, 125V AC;
0.1 amp, 30V DC (non-inductive). Life is over
one million operations (approx.). Terminals are
gold plated.

913-1431-1631-525
iiluminated

Price: As low as
$1.11 each in
1000 lot quantities.

Ask for new catalog today!

Foremost Manufacturer of Indicator Lights

DIALCO

AREA CODE 212 497-7600

DIALI GHT CORPORATION

60 STEWART AVENUE, BROOKLYN, N.Y, 11237 =
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IMPORTANT
ASSIGNMENTS
FOR
EXCEPTIONAL
ENGINEERS
AT HUGHES
in Southern
California

ANALOG CIRCUIT SPECIALIST
(CRT Displays)

Will be responsible for the analog de-
sign portion of a very extensive display
system employing state-of-the-art tech-
niques. Should be familiar with and have
recent experience in the design and
application of:

« Electrostatic & Electromagnetic

Deflection Circuitry
« CRT Power Supplies
+ Video Amplifiers, Line Drivers,
Pulse Shaping Networks

This outstanding position requires an
individual with a B.S.E.E. or M.S.E.E.
degree and a minimum of 8 years of cir-
cuit design experience in CRT displays.

CIRCUIT DESIGN ENGINEER
This position involves the design of
Instructor consoles. Duties will consist
of functional and solid state circuity
both in integrated circuits applications
and discrete circuits. 3 years of solid
state circuit design experience is pre-
ferred, preferably on training simulators.
Applicants for this position should have
B.S.E.E. or M.S.E.E. degrees and appli-
cable experience.

MECHANICAL DESIGN ENGINEER
This position involves the design and
layout of mechanical equipment associ-
ated with CRT displays including: tube
mounting, yoke mounts and positioning,
circuit and electronic packaging design,
and front panel design.

Appreciation of the human factors
aspects involved in operation and main-
tenance of the equipment is desired.
Position requires B.S.M.E. or M.S.M.E.
degree and applicable experience.
For immediate consideration,
please airmail your resume to:

MR. B. P. RAMSTACK

HUGHES AIRCRAFT COMPANY

P.0. Box 90515,
Los Angeles, Calif. 90009

U. S. CITIZENSHIP REQUIRED
An equal opportunity employer M/F
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CAPABILITIES BROCHURE. Proficiency in the

field of specialized
optical instrumentation is the subject of a new
“Capabilities Profile” offered by the Lenox
Instrument Co., Philadelphia, Pa. The 8-page
booklet describes the company’'s design capa-
bilities, manufacturing facilities, and many of
the optical devices devised by the firm.
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TECHNICAL BULLETIN. Syntronic Instruments
Inc., Addison, Ill., of-
fers Advance Technical Bulletin No. 66-6,
which describes two new shielded scan-con-
verter deflection yokes, designed for 1%z in.
neck diameter scan-converter storage tubes.
Types C-5060 and C-5065 are said to provide
a precision magnetic field by proper distri-
bution and insertion.
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SHIELDED CHAMBER. Magnetic Shield Divi-
sion, Perfection Mica
Co., Chicago, offers Data Sheet 184, which il-
lustrates and describes a new portable Netic
Co-Netic shielded chamber. The chamber is
used for convenient performance test evalua-
tion of magnetically sensitive components or
small systems where unavoidable magnetic
fields exist.
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BULLETIN. Shelly Associates, El Segundo, Calif.,
offers Bulletin 66-040, which de-
scribes the firm’s new TR-100 Decimal to Vis-
val Translator, a high reliability module for
translating decimal code into accurately en-
ergized seven-bar display segments.
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LAMP CATALOG. A new condensed lamp cat-

alog that describes its line
of lamps for low voltage lighting uses is of-
fered by Hudson Lamp Co., Kearny, N.J. The
incandescent lamps listed include miniature,
sub-miniature, and micro-miniature styles.
Ready-reference tables give specification data
such as lamp no., style of base and bulb, as
well as voltage, current, candlepower and life
ratings.
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Transistor Electronics Corp.,
Minneapolis, Minn., offers
data sheets No. 543 and No. 544, which de-
scribe the firm’s self-contained transistorized
digital readouts. They are said to cost an aver-
age 30% less than fully enclosed models with
identical electrical characteristics. According
to the firm, such savings are possible because
of new design principles which reduce as-
sembly time.
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DATA SHEETS.

BOLD SYSTEM. The BOLD (Bibliographic On-

Line Display) system for auto-
mated document storage and retrieval is de-
scribed in a new brochure offered by System
Development Corp., Santa Monica, Calif. The
BOLD user, located at a station equipped with
teletypewriter and CRT display, communicates
with the computer, using a language approxi-
mating everyday English, to receive data from
a stored document collection. The brochure
lists the features of BOLD, which include: a
browse capability, patterned after features
found in conventional libraries; a search cap-
ability, and instant display of document num-
bers, titles, authors and abstracts.
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A NEW STABLE SOURCE OF

MG VOLTAL

10-30 KV, 500 pA
0.01% TOTAL REGULATION
0.01% DRIFT IN 8 HOURS
ALL SOLID STATE
FLASHOVER PROOF
ONLY 5 1/4” HIGH

OUTPUT CURRENT LIMITER
OVERVOLTAGE PROTECTION

* % % % % X % % % % %

PROVEN, DEPENDABLE DESIGN
SOLID INSULATION FOR RELIABILITY
NOW IN USE IN DISPLAYS ACROSS THE NATION

. COMPUTER
DISPLAY

Model 545A

The Walden Model 545A, one of a family of solid state high voltage supplies for display
applications, utilizes a unique SCR-power transistor regulator with a dc-dc low-to-high volt-
age converter to deliver stable, dependable acceleration voltage for CRT displays. All
temperature-sensitive components are oven stabilized for excellent stability.

Walden has created other high voltage systems to customer specification, Send your

requirements for a prompt quotation to:

WALDEN ELECTRONICS CORP.
223 CRESCENT STREET
WALTHAM, MASS. / 899-0510
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on the move

Memorex Corp., Santa Clara, Calif., has
opened a new district office in Houston, Texas,
and has named C. ARNOLD SCHLINKE as sales
engineer for the Houston area, according to
EDWARD S. SEAMAN, VP/marketing. Schlinke
was most recently employed as an account
representative in the Honeywell Inc. Com-
puter Control Dept.

J. M. WRIGHT has been appointed VP/mar-
keting for Interstate Electronics Corp., Ana-
heim, Calif., according to ALFRED V. GANG-
NES, president. Wright was formerly director
of marketing for ITT Federal Laboratories.

ROBERT H. CRANSHAW has joined Raytheon
Co. as special programs marketing manager for
the firm’s Equipment Division, Waltham, Mass.
He was formerly with General Electronic
Laboratories as vice president/general manager
of their military division.

H. J. SMEAD has been appointed to the of-
fice of president of Teledyne Systems Co.,
according to GEORGE A. ROBERTS, president
of Teledyne Inc., Hawthorne, Calif. Dr. Smead,
also a corporate vp, has been general manager
of the Systems’ activity at Teledyne since 1963
and has had 13 years of experience in the
electronic controls industry.

GEORGE P. RAYMOND has been appointed
president of Raymond Engineering Laboratory
Inc., Middletown, Conn., according to an an-
nouncement made by the Board of Directors;
also elected were LINCOLN THOMPSON as
chairman of the board and chief executive of-
ficer, and DONALD E. DONNELLY as vice
president and treasurer. Mr. Raymond is the
third member of his family to serve as presi-
dent of the firm, which was founded by his
father in 1938.

JAMES |. GORDON has rejoined the staff
of LEL division of Varian Associates, Copiague,
N.Y. He will be responsible for all engineering
covering new designs, production problems,
and the preparation of bids and proposals.

M. N. INGRISANE JR. has been appointed
administrative assistant to president ROBERT
BAWER, Radiation Systems Inc., Mclean, Va.
ingrisano is responsible for the company’s
public relations program and the development
of corporate communications techniques. He
was formerly with Melpar Inc., as manager of
marketing communications.

Information Displays Inc.,, Mt. Vernon, N.Y.
has named DAVID L. PELTZ to the new posl
of product manager, according to CARL MACH-
OVER, IDI’s vp/sales. Peltz will have major
responsibility for the firm’s growing line of
computer controlled display equipment and
systems.

Informatics Inc., Sherman Qaks, Calif., has
announced the opening of a Boston office.
RICHARD KAYLOR, vice president of the
Northeast Region, stated that the new facility
will be managed by MIKE LIPP and will serve
the upper New England area. The firm spe-
cializes in the design, analysis, programming
and implementation of on-line computer-based
systems. The firm has also announced ap-
pointment of HERBERT JACOBSOHN as di-
rector/file management systems.

GEORGE M. BENAS IR., vp/marketing, Na-
tional Co. Inc., Melrose, Mass., has announced
the appointment of MATTHEW L. SPITZER as
product manager, digital systems. In this new-
ly created position, Spitzer will be responsible
for marketing of digital systems and related
equipment. Prior to joining National, Spitzer
was product manager of the digital equipment
group at General Dynamics/ Electronics in
Rochester, N.Y.

INFORMATION DISPLAY, May/June 1967

HERE'S THE ONE
SWITCH-INDICATOR

THAT WORKS
FOUR WAYS!

I's The R2900 Series Q Lite Push Button
With 4-Lamp Color lllumination

One switch — four functions — thirty-two char-
acters . . . all packed into a miniature indicator
.687 in. sq. It weighs 75% less than compar-
able single function units . . . outperforms them
all. Mounting: Patented universal bracket permits
front installation on all panels. No tools. The
R2900 has a relampable front; can be arranged
in rows, columns, and/or matrices. Flexibility:
Snap-apart construction and legend divisions in
color or physically. Alternate or momentary actu-
ated type or combination in one. R2900 offers
unsurpassed flexibility in switch actions, holding
coils, number of poles (up to 6), and lenses.
Colors and light button styles. Reliability: Gold-
plated contacts throughout. R2900 meets all Mil
Specs. Write or phone for complete information.

RADAR RELAY
A TELEDYNE COMPANY

1631—10th ST., SANTA MONICA, CALIF. 90404
PHONE (213) EX 3-9631

Actual Size
R2900 Series

“n
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Customer needed a quick connect/disconnect feature on a 20 KVDC
connector which would feed two CRT tubes from a single terminal
20 feet away. We designed a compact assembly using glass epoxy
receptacles and silicone insulated leads that features hand mating
with complete safety, yet is rated at 25 KVDC at 70,000 feet! Here
are some added features:

® Lightweight, flexible assembly e Rated at 10 amps

® Meets applicable
MIL specifications

® No exposed high-voltage

@ Corona and radiation
@ RFI shielding available resistant

Let us design an assembly that meets or exceeds your requirements.
We're the leading maker of high-voltage, high-altitude custom lead
assemblies. For immediate action, write or call today.

INCORPORATED

CAPITRON DIVISION
155 Park Street ¢ Elizabethtown, Pa. » 717-367-1105
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The appointment of DR. WILLIAM E. GLENN
as staff scientist, CBS Laboratories, Stamford,
Conn., has been announced by DR. PETER C.
GOLDMARK, president and director of re-
search of the Laboratories. Dr. Glenn is the
holder of many patents in the field of elec-
tronics, and is known throughout the world
for his pioneering work in thermoplastic in-
formation recording systems.

Electronic Memories, Hawthorne, Calif., has
appointed RICHARD J. DADAMO to the new
position of manager of core products. He will
be responsible for all facets of the firm’'s
ferrite core product line. The cores are used
in memory devices for commercial and gov-
ernment applications. Dadamo was formerly
general manager of Tek-Devices Ltd., the
firm’s wholly owned subsidiary.

JAMES ). PALERMO has been appointed vp/
manufacturing, at Numex Corp., Waltham,
Mass. He has full responsibility for the firm's
production and quality control efforts for their
products, consisting of electro-mechanical de-
coding displays and counting modules.

HAMILTON T. HOLT has been elected presi-
dent of HITCVQO, Gardena, Calif. He succeeds
ROBERT M. DAISS, who has been both chair-
man and president, and will continue as chair-
man and chief executive officer.

ROLLA H. TAYLOR has been appointed prod-
uct manager for Scott Testers Inc., a subsidiary
of the Bendix Corp., Providence, R.I. The ap-
pointment was announced by DAVID C.
SCOTT JR., president and general manager.
Taylor will be responsible for coordinating
Scott’s engineering activities with the needs
of the materials testing markets.

TAYLOR STEVENS

VAN M. STEVENS JR. has been appointed
corporate advertising manager for Raytheon
Co., Lexington, Mass, He will plan and imple-
ment advertising and promotional programs
as an integral part of the company's overall
public relations activities. Stevens has been
advertising manager for Raytheon’s Compo-
nents Division since 1965.

Astrodata Inc., Anaheim, Calif., has an-
nounced three new executive appointments.
WALLACE E. RIANDA has been elected chair-
man of the board of directors and chief ex-
ecutive officer. THOMAS ALLINSON was elect-
ed president and a director, and GRANVILLE
K. HERSHEY JR., was elected treasurer.

PETER V. BELLINO JR., has been assigned
marketing liaison responsibilities in the East-
ern US for Motorola's Government Electronics
Division instrumentation products line. CARL
P. NIERZWICKI, director of marketing, an-
nounced that Bellino will retain his present
position of senior representative, and will con-
tinue representing Motorola with industrial
contractors and some government agencies in
the greater N.Y. area.

C. GORDON MURPHY, division president,
has announced the appointment of HERMAN
S. DICHTER as director of Advanced Airborne
Command and Control Systems at the Data
Systems division of Litton Industries, Van Nuys,
Calif. Dichter was previously associated with
Hughes Aircraft Co., where his most recent
assignment involved management of the Tow-
Wire Guided Anti-Tank Weapons System Pro-
gram.
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@ OVER 3D YEARS OF SCIENTIFIC ACHIEVEMENT

‘ ELECTRONIC PRODUCTS AND COMPONENTS DIVISION

DiGITUBEG®
DISPLAY TUBE

DRIVERS

\_
4
3 DECODER
DRIVER
Epp DEC. V, BCD GND
T, T INPUTS

Now available to users of Baird-Atomic's D1G1TUBE Display Tubes* are
these space-saving, compact DRIVERS. Well-designed and realistically-
priced, they will drive a digital display tube directly from low level natural
binary coded decimal input, and are adaptable to any size tube — from 34"
to 2” dia. tube bases! All Baird-Atomic DRIVERS utilize TTL monolithic inte-
grated circuits to combine maximum reliability with minimum size!

D1GITUBE DISPLAY TUBE DRIVERS feature:

@ 15 MHz COUNTING RATE

* COMPATIBLE WITH ALL SIDE VIEW AND END VIEW DIGITAL DISPLAY TUBES
® TTL MONOLITHIC INTEGRATED CIRCUITS

@ ADAPTABLE TO ANY SIZE TUBE — %" to 2” DIA. TUBE BASES

e BCD INPUTS; OTHER CODES AVAILABLE ON REQUEST

Werite or call today for descriptive literaturel

D1G1TUBE® DISPLAY TUBES
Baird-Atomic cold cathode neon
flow D1GITUBES provide per-
ect performance, long-life, and
bright digital display in a wide
! range of character sizes, round
or rectangular tube shapes, both
end and side viewing!
Bulletins also available on re-
quest.

ELECTRONIC PRODUCTS AND COMPONENTS DIVISION

m BAIHU-A.I-UMlﬂ 33 UNIVERSITY ROAD, CAMBRIDGE, MASSACHUSETTS 02138, Telephone: 617 864-7420

SALES REPRESENTATIVES AND OFFICES IN ALL MAJOR USA. CITIES, AND EURDPE
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ENGINEERS

Exacting,
scientific
challenges

Join a sophisticated team of engi-
neers and scientists at UNIVAC
Twin Cities. We build computer
equipment of special design for
exacting applications.

Our computer systems are being
used by agencies of the Federal
Government such as NASA, Bureau
of Census, Department of Defense,
Federal Aviation Agency and by
prime contractors for use in scien-
tific applications.

We have developed dozens of ad-
vanced products for national de-
fense and space programs . . . rang-
ing from room-sized computers to
micro-miniature aero-space com-
puters ruggedized to meet extreme
environmental conditions.

Already acknowledged as world
leader in advanced computer tech-
nology. we are looking for talented
engineers and scientists to lengthen
our lead. If you want to feel useful,
come to UNIVAC and waork in
areas like . . .

¢ Computer Systems Design
and Analysis

e Computer Graphics and
Displays

e Electronic Packaging and
Thermo Analysis

e Magnetic Memories (Thin
Film and Ferrite Core)

Write now and tell us your goals for
today and tomorrow. Write to: R. K.
Patterson, Employment Manager,
Dept. 115, address below:

UNIVAC

DIVISION OF SPERARY RAND CORP.

FEDERAL SYSTEMS DIVISION
2750 WEST SEVENTH BLVD.
ST. PAUL, MINNESOTA 55116
An equal opportunity employer M/F

The appointment of CARL M. KLUG to the
technical staff of h nu systems inc.,, Menlo
Park, Calif., has been announced by H. G.
HEARD, vp/technical director. Klug was previ-
ously with the American Optical Co. and
Perkin-Elmer. The firm is a subsidiary of the
Ohio Steel Foundry Co., Lima, Ohio.

REAR ADMIRAL SAMUEL FRANKEL (USN
Ret.) has been named manager of System De-
velopment Corp.’s Technical Information Sys-
tems Department, Santa Monica, Calif., it was
announced by DR. THOMAS C. ROWAN, 5DC
vp/manager of the Advanced Systems Division.
Adm. Frankel is responsible for SDC's con-
tractual operations and work in library sys-
tems, documentation systems, natural language
data systems, and information systems in sup-
port of science and technology.

The Board of Directors of D. B. Milliken Co.,
Arcadia, Calif., has named THEODORE H.
TRUESDELL president. He was formerly Firsl
vp of the company. DONALD B. MILLIKEN,
formerly president and chairman of the board,
will continue as chairman of the board.

ANDREW ). FORSTER has been appointed
corporate manager of Management Informa-
tion Systems al Electronic Associates Inc.,
West Long Branch, N.J. Forster will direct the
development and implementation of compu-
ter-oriented information systems for manage-
ment planning and control functions within
the company. Prior to joining EAl, Forster was
an associate with the Computer Systems Divi-
sion of Booz, Allen and Hamilton Inc.

ROBERT B. FORSYTH has joined Union Car-
bide Corp.’s Carbon Products Division, New
York, as applications manager in the advanced
materials department. He will concentrate his
efforts on Thornel graphite yarn and other
carbon and graphite textile materials used pri-
marily by the aerospace industry. For the past
15 years, Forsyth has been with Owens-Corning

MICHAEL V. BURRIDGE, commercial mana-
ger for Radio Engineering Laboratories, L.I.,
N.Y., has been named director of marketing,
according to FRANK A. GUNTHER, REL presi-
dent. Burridge will be responsible for coordi-
nation of all marketing activities, including
military and commercial sales for domestic and
international customers.

Computing and Software Inc., Panorama City,
Calif., has announced the appeointment of
FRANK D. RUSSELL as general manager of its
Biodata Division, located at Edwards, Calif.
He was most recently data systems supervisor
at C & S Maryland Division, Greenbelt, Md.

The appointment of DR. C. THOMAS GOLD-
SMITH to head the newly formed systems and
analysis section for the Paramus operation of
Fairchild Space and Defense Systems division
of Fairchild Camera and Instrument Corp. has
been announced by FRANKLIN |. BOLNICK,
director of engineering. Dr. Goldsmith will
head a group which develops concepts and
preliminary designs of systems, performs sys-
tems synthesis and analysis, conducts experi-
mental studies for the company and the gov-
ernment, and engages in applied research.

DR. GILBERT KASKEY has been named to
the newly-created position of director of sys-
tems for Sperry Rand Corp.’s UNIVAC Dala
Processing Centers Division, Philadelphia, Pa.,
according to an announcement by FRANCIS A.
ROWE, general manager of the division. Dr.
Kaskey will be responsible for systems and
application development and other activities
concerned with increasing the service capabili-
ties of the Data Processing Centers Division.

GEORGE FLINT, manager of the Central Cali-
fornia Coast Chapter of the National Electrical
Contractors Association has reported that EARL
D. COYNE, formerly head of the Montana
N.E.C.A. chapter, has been appointed director
of public and labor relations. Coyne was
manager of the Montana chapter for nine
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Up to 48
COLUMNS
40 LINES

PER SEC.

SHEPARD 848

Shepard

_ateiTeruh ETE

_——HIGH-SPEED PRINTERS

Rack or Table Mounted

Size 1to 24 columns 832 Hx 19Wx 22D

25 to 48 columns 2 drawers 8% x 19 x 22 each
Codes — BCD — ASC11 — Baudot or your choice
Data Rates — up to 600,000 char. per sec.

Speed — numerics only — 40 lines per sec.
Alpha-numeric 20 lines per second.

She par 'LABORATORIES, INC.

480 Morris Avenue
Summit, N. J. 07901
Tel.: (201) 273-5255
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years; he previously was with General Foods
Corp. for eight years.

WILLIAM H. MYERS has been appointed
manager/marketing department, RCA Television
Picture Tube Division, New York, it was an-
nounced by H. R, SEELEN, division vp/general
manager. Myers will be responsible for the
overall marketing activities for RCA television
picture tubes. He joined RCA in 1930 at the
Harrison, N.J. tube plant.

ROBERT H. SCHERER has been appointed
vp/general manager of Control Data Corp.’s
Space and Defense Systerns Group, Minneapo-
lis, Minn. During the past 13 years Scherer
has held several key positions in the Federal
Government. Since 1963, he has been assist-
ant director for command and control in the
Office of the Director of Defense Research
and Engineering (Department of Defense).

EDWARD MEAGHER, vp/marketing, has an-
nounced three new appointments by the Semi-
conductor and Receiving Tube Division of
Amperex Electronic Corp., Slatersville, R.l.
E. ALVIN RICH has been named marketing
manager, Industrial and Military Sales, and
CARLO ). SABETT! has been promoted to
product manager, Instrument Control and Data
Processing. WALTER F. BOSSE has been named
product manager, Entertainment Tubes.

EDGAR A. POST has been appointed to the
newly-created position of program mgr. for
aviation products at Granger Associates.

JOHN STONE has been named chief re-
search and development engineer for Parker
Seal Company, Culver City, Calif.,, according
to PAT PARKER, president. Stone will be
responsible for all R&D activities of the main
Parker plant as well as the facilities in Los
Angeles, Kentucky and Mexico City.

THOMAS E. FLANNIGAN, a Northrop em-
ployee since 1953, has been named vp/mar-

keting and planning in Northrop Corp.'s Ven-
tura Division, according to GEORGE F. DOUG-
LAS, corporate vp/general manager.

DR. ROBERT MORRIS PAGE, who built the
first pulse radar system for the detection of
aircraft by radio, retired as director of re-
search for the Naval Research Laboratory,
Washington, D.C., ending nearly 40 vyears’
service with the Laboratory.

RONALD W. LACKIE has been appointed
contracts mgr. for Philco Corp.’s Aeronutronic
Div. Tactical Weapons Systems. R. T. WISE
will assume Lackie’s former position as con-
tracts mgr. for Re-Entry and Space Systems.

DR. WILLIAM HAYWARD PICKERING, dir.
of the Jet Propulsion Laboratory of the Cali-
fornia Institute of Technology, has been deco-
rated with the ““Commander” of the order
of merit of the Italian Republic, in recognition
of his cooperation with the International
Institute of Communications. in Genoa.

LLOYD THOMPSON has been appointed dir.
of Military Escape System Technologies at
Weber Aircraft, a div. of Walter Kidde & Co.
Inc., assuming the position of the late WAL-
LACE ZIEGLER.

ROBERT N. JOHNS, mgr. of Advanced Lo-
gistics, MSSD, Douglas Aircraft Co., Santa
Monica, Calif.,, has been named the recipient
of the 8th Annual Greer Award by the Na-
tional Security Industrial Association in recog-
nition of his contribution to Department of
Defense (DOD) product support systems.

DONALD ). MURPHY has been appointed
VP/Operations and KENDAL I. DAZEY has been
appointed VP/Finance for Applied Technology
Inc., Palo Alto, Calif,, it was announced by
DR. WILLIAM E. AYER, president.

Sustaining Members

ADAMS ASSOCIATES, Bedford, Massachusetts
AEROSPACE CORPORATION, San Bernardino, California
BENSON-LEHNER CORP., Van Nuys, California
BUNKER-RAMO CORPORATION, Canoga Park, California

BURROUGHS CORPORATION

Defense, Space & Special Systems Group, Paoli, Pa.
CELCO (Constantine Engineering Labs. Co.)
Mahwah, New Jersey

COMMUNICATIONS & ELECTRONICS DIV.
Philco-Ford Corporation .

A Subsidiary of Ford Motor Co., Willow Grove, Pa.
CONRAC DIVISION, Giannini Controls Corp.

Covina, California

ELECTRONIC COMPONENTS GROUP

Div., Sylvania Electronic Products, Inc.
Seneca Falls, New York 13080

HUGHES AIRCRAFT COMPANY
Vacuum Tube Products Div., Oceanside, California

ITT FEDERAL LABORATORIES
A Division of International Telephone and Telegraph Corp.
Nutley, New Jersey

LING TEMCO VOUGHT
Military Electronics Division, Dallas, Texas

NAC INCORPORATED, 7-1 Ginzanishi
Chuo-Ku, Tokyo, Japan

RADIATION, INC., Melbourne, Florida

STROMBERG CARLSON CORP.
Data Products, San Diego, California

SYNTRONIC INSTRUMENTS INC.
100 Industrial Road, Addison, lllinois

TELEVISO ELECTRONICS DIVISION
Doughboy Industries, Wheeling, Illinois
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MAST(E)
Random
dCess

19” RACK OR
CABINET
INSTALLATION

« 100, 200, 300 frame capacity

« choice of controls: dual dial,
push huttons or computer

= 3.5 sec. max. to project any one of 100 frames
o 10”x15" rear projection daylight screen
Phone Collect 319-323-9729

MAST DEVELOPMENT
COMPANY

EDUCATIONAL SYSTEMS DIV. e 2212 E. 12TH ST.
DAVENPORT, IOWA 52803
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PORTABLE
ACOUSTIC
DATA
COUPLER

= ]

® Couples remote terminal
to time-shared computer
via ordinary telephone
without attachment or
special phone line,

® Connects to Teletype Mod
33 or 35, IBM 2741, or
display or other terminals
with EIA Spec. interface.

e Mates interchangeably
with all time-shared com-
puters.

e Can be moved to any
room where there is a
phone. Does not have to
stay fixed to a special
phone outlet.

® Pays for itself in a little
over a year in savings on
installation charges and
monthly rentals.

® Data rate is 200 BAUD.

Write for brochure on ADC
260 Acoustic Data Coupler.

ANDERSON JACOBSON, INC.

2235 Mora Dr.,
Mountain View, Calif. 94040
Telephone (415) 968-2400
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3,000

LUMENS’

=82 The new mtlﬁbllght
illumination system, developed for
SELECTROSLIDE 2 x 2 slide pro-
jectors, delivers twice as much illu-
mination as presently available
Xenon slide projector modifications;
four times as much as previous
Selectroslide models; six times as
much as 500-watt projectors. Now
available on all *'SL" series SELEC-
TROSLIDE projectors except the
SLM. Write for complete information.

spindler € sauppé inc.
13290 grand central
avenue / glendale
california /91201
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Correspondence

IN PRAISE OF ID
The staff of Information Display has
been very helpful in providing request-
ed information. For this, 1 thank you
very much.
The magazine, along with SID Techni-
cal Proceedings, has provided me a
very solid technical foundation for my
work in the field of group displays. The
appropriate articles are excellent refer-
ence material and the advertisements
provide a ready source for vendor data.
In short, | find the magazine very val-
uable.

DAVE FYFFE

General Dynamics Convair

San Diego, Calif.

SERIF VS. SANS-SERIF

It always saddens me to see a re-
spected, responsible, and otherwise
competent publication fall prey to the
current compulsion of a misguided
school of art directors and their camp
followers in designing an entire format
around the worst possible of all type
styles for pure readability, namely, the
sans serif faces.

Optima is a beautiful European type
face of the modern school and can
create unusually attractive results
through judicious use and handling. But
let's not spoil its inherent beauty by
consigning it to a long, working text.
That's like having a taut racing horse
harnessed up to a farmer's plow, with
equally unfortunate results.

Serifs play an extremely vital role in

reading. They provide the minute dis-
tinctions in letter formation and con-
figuration that enable the brain (through
the medium of the eye) to recognize the
specific identity of each letter and, in
turn, the words. The greater the ease in
recognition, the more comfort one ex-
periences in reading — and vice versa.
We call letters with serifs “Roman” let-
ters. They have been with us now for
several centuries but have been refined
over the years by generations of type
designers. Refinements are still going on
by the type houses.

The chairman of publications for your
society says in his editorial of your Jan-
uary issue that “Information Display is
a communications medium.” | agree and
I would hope you would not interpose
any handicaps between yourself and
your reader in making it the best poss-
ible communications medium. He says

further “Let’s put more of our com-
municating skill to work within the so-
ciety.” This can be done most expedi-
tiously by dropping sans-serif type in
your magazine. Advertisers want a good
medium in which to advertise. This is
one reason why | take this initiative in
writing to publishers.
Id love to see you really live up to
the truest implications of your name!
ROBERT C. HEYDA
Vice President
Caroe Marketing, Inc.
Briarcliff Manor, N.Y.

(Before ordering conversion to Optima
type, the staff of Information Display
carefully researched the points raised by
Mr. Heyda. Result: Optima provided
readability and density (no. of charac-
ters per line) comparable or superior to
any serif typeface. It is interesting to
note that Life Magazine, which is de-
signed for the largest possible audience,
has extensively employed Optima in re-
cent months. Readers possessing non-
subjective evidence to the contrary are
urged to communicate with ID — Ed.)

ID USEFUL
Sir:

We have followed the development
of Information Display with great inter-
est and have found it very useful to our
company. | feel that you are making a
significant editorial contribution to a
growing field.

Your recent editorial on labor-man-
agement relations was well worth read-
ing.

John L. Selover
Granger Associates
Palo Alto, California

INFORMATION REQUESTED
Please advise the availability and price

covering “Binary to Decimal decoding
system using Neon Lamps and a photo-
conductor Matrix,” by Marvin Willrodt,
as described in Nov/Dec. ‘66 Informa-
tion Display.

J. W. BELL

Bell Engineering

Knoxville, Tenn.

(Mr. Bell and other 1D readers interested
in product particulars are invited to
contact the author directly at Hewlett-
Packard Co., 1501 Page Mill Rd., Palo
Alto, Calif. 94304. — Ed.)
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Of course, resolution in any particular tube depends upon
many factors: screen diameter, type of focus and deflection,
screen material, post acceleration, beam current and de-
flection angle to name a few. Here are some of our accom-
plishments in the area of excellent resolution characteristics.

A 5-inch tube with a resolution of 0.3 mil.

The “Clean Beam” tube (excellent edge to edge focus).
Fiber optics tubes for direct contact photography.

High resolution in multi-gun tubes.

Pinpoint resolution on flying-spot scanner tubes.

Fine grain phosphors.

Sharp character display.

The finest resolution in tubes from 1 to 22 inches in
diameter.

Complete CRT packaged assemblies.
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To get that extra bit of resolution from every
cathode-ray tube,call on Fairchild-DuMont engineers.

Circle Reader Service Card No. 137 99

Typical high-resolution cathode-ray tubes,
including a completely packaged 1-inch tube.

Add the experience of DuMont engineers to your own
technology.

Write or call Fairchild-DuMont- for your specific CRT
requirements and for our own complete technical catalog.

WORLD'S LEADING MANUFACTURER
OF DISPLAY TUBES

O T o R Rl T
FAIRCHILD
BN Rl SRR (N

DUMONT ELECTRON TUBES

A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION

CLIFTON, N.J.
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COMPACT DESIGN

] HIGH RELIABILITY

SERIES 13 [ HIGH BRIGHTNESS/

CONTRAST

[] LOW VOLTAGE/
CURRENT

[] LIGHT WEIGHT

[] BUILT TO MIL SPECS

] IMMEDIATE DELIVERY

SERIES 10
ACTUAL SIZE

Discon's DIGICATOR is a 7 segmented incandescent
readout, featuring a host of exclusive design and per-
formance characteristics. Here is a bright-white display
clearly readable under all normal ambient lighting con-
ditions . . . a truly wide angle display without parallax or
distortion. Its unique construction allows easy disas-
sembly for quick replacement of lamps.

Incidently, DISCON also manufactures a complete fam-
ily of integrated circuit, matched Decoder/Drivers in
either plug-in or chassis configurations.

DISCON CORPORATION

4250 NORTHWEST 10th AVE. « FT. LAUDERDALE, FLORIDA 33309
PHONE: (AREA CODE 305) 565-55M1
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Need a GRT Display
to fit your system?

Talk to Floyd Raasch
Director of Systems Research
Phone (612) 941-1100

The New TEC CRT Display
System (available October 1)

A better way to achieve a meeting of minds between man and machine
—that was Floyd Raasch's prime objective. He did it with the TEC CRT
Display System. And he designed a big built-in difference—a flexibility
of interface capabilities to meet special requirements. In fact, there
are several other differences, such as styling and mounting flexibility,
you'll find important and helpful when incorporating the CRT into your
total sc,jystem. [t'll bend to fit your needs rather than the other way
around.

Why not give Floyd a call? He can tell you about the new TEC CRT
Display System. He can also describe some pretty interesting interface
capabilities such as teletype, linotype, telephone and a host of usual
and unusual other ones.

Delivery time on certain models of the TEC CRT Display System is as
close as October 1. Now is the time to talk over your system's needs.
Call Floyd. Or send for information.

f LITE INFORMATION DISPLAY
_ ; AND CONTROL DEVICES
® TRANSISTOB ELECTRONICS CORPORATION

Phone (612) 941-1100

Box 6191 © Minneapolis, Minnesota 55424 °
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NOW! “ILLUMINATE"
YOUR NON-ILLUMINATED
SWITCHES!

ECONOMICALLY ... WITHOUT
LAMPS, WIRING OR HEAT

SWITCHCRAFT'S REVOLUTIONARY NE

THE NEW THIRD DIMENSION IN SWITCH BUTTONS

Get this: no lamps, no wiring, no heat, no separate
power supply—yet, when you push these ingenious
buttons they “glow” brightly giving a clear, visual in-
dication of the circuit’s condition! They add a bril-
liant, problem-solving third choice to the engineer
who's looking for the instant visibility of illuminated
buttons (especially on crowded control panels) with
the multiple economies and simplicity of non-illumi-
nated buttons.

SIMPLE, FOOL-PROOF, POSITIVE OPERATION ...

Pusher “legs” on back of button are con-
nected to internal fluorescent illumi-
nator which actuates the “glow."” When
you push the button “in" the internal
fluorescent illuminator is put in contact
with the front screen and legend glows
brightly . . . even in very high or very low
ambient light situations. Release, it's

out, Won't lose its brilliance. 2 types:
white-face button has visible legend
whether button is “in" or “out,” black-
face button has visible legend only
when button is “in."”

VIRTUALLY UNLIMITED APPLICATIONS. ..

Use the “Glo-Button” Series X on all pushbutton switches
with standard .050” x .187” plungers, such as Switch-
craft Series 7000, 8000 and 35000 “Multi-Switches,” or
other switches with maintained plunger action and maxi-
mum fallback of 1/16”. Ideal for computers, control pan-
els, instrumentation, commercial and industrial
equipment, or any place that pushbutton switches must
be combined with economical, reliable visual signaling.
Write on your letterhead for a sample.

SEND FOR BULLETIN 155, or see your local Switchcraft
Authorized Industrial Distributor for immediate delivery
at factory prices.

* PATENT APPLIED FOR

ST LML R

5531 North Elston Ave., Chicago, Illinois 60630

CANADA: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto, Ontario .
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ALL SOLID STATE
HIGH RESOLUTION DISPLAYS...

ideal for computer read-out
of ALPHA-NUMERICAL DATA

This new TH Series gives you photographic clarity at 200 lines per inch on a 17

inch kinescope. It features plug-in modular ¢ard construction and has 30 MHZ ol
video band width. Scanned raster line rates from 15 KHZ to 35 KHZ horizontal 5
and 15 hz to 180 hz vertical. Geometric and deflection distortion less than 19,
Regulated power supplies for both high and low voltages. Special stabilization for
long term drift. The TH Series provides excellent photo copy characteristics for 5

data as well as pictorial displays since it delivers more than three times the res-

olution of a newspaper photo. Special semi-storage phosphors are available for 2
low frequency rep. rates. Performance and reliability are backed by Miratel’s 12 o
years of display manufacturing experience for commercial and technical applica- :
tions. Let us send you the full story — write today!

A R RS

80 R IR0
e et e v e, e

Miatel Electronics Company, 3612 Richardson Street
St. Paul, Minnesota 55112 — Telephone 612 - 633-1742

[
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This is the
| Geo Space DP-203
Digital Plotter

Introducing

the DATA 620-1
new systems computer

The DATA/620-I 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 1
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-I comes complete with
software, field-proven and refined on
the DATA/620.
Extremely compact, the DATA/620-1
requires only 10" of 19” rack space.
It's available with memory modules from

It’s an on-line ploﬂr for System/360,
1130 and CDC 3000/6000 users

1024 to 32,768 words of 16 or 18 bits,
and with a selection of control, arithmetic
and |/0 facilities, including D.M.l.'s
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/620-1, and
would like to tell you more in a fact filled brochure.

Please write for one.

DATA MACHINES

1590 Monrovia Avenue, Newport Beach, California

Behind the name plate is the only digital
plotter that, when coupled with a digital com-
puter, has produced a digital hologram image.
And it's a whiz of a time saver. One customer
increased his plotter output 6 times.

The DP-203 uses a 400KC CRT electron beam
to plot up to 96 x 106 variable intensity data
points over a 40” x 60” surface. It's a total on-
line plotter that doesn’t need special core buff-

ers or controllers. Positive or negative film or
paper images. 32 levels of grey scale under
program control.

For a look inside, order one today. Or two.
But, if all you want for a procurement starter
is information, drop us a line. Or better yet,
call us at 713/NA 2-4570. Geo Space Com-
puter Division, Computer Products Marketing,
3009 S.Post Oak Rd., Houston, Texas 77027.

(S(E01) SS[FPA\E(CS
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Tel. (714) 646-9371 TWX (910) 596-1358

Division of DECISION Control, Inc.
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