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micro-camera instantly produces
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papar copies from the CRT image
for study by individual scienfisis.
The 280 Recorder and Display i
available for use with both 3000
and 6000 Series Control Data com-
puters. For full details, comtact your
Contral Data sales ofhos or wrle:
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shape . .. and 18,000 increments/ min. speed
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IBM announces:

big computer features for the “little” 1130.

Now you can get a faster, more powerful, more
rESROnNSIvE IBM 1730 {:':-“"FJ'-””"S. avstem. 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 17130

In short, we've enhanced the present 1130 line so
it can grow as your needs grow. Mow you can get an
1130 that will tackle the big jobs—an 1130 with bigger
capacities and faster throughput.
Five new CPU's. Mow you have a wider choice
of cofe siFes and ¢.|‘:-|."'E'-;_|~'-. We"ve added frve newe CPLI S
for a total of nine. You can get an 1130 with 4K, BE,
16K or 32K words of core, depending on Your rédquing-
ments. And you have a choice of two memory speeds

Up to five disk drives. Mow vou 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 1/0 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

IMFORMATION DISPLAY, Map/jumne 1967

SYSTEM/ 360 while retaining its stand-alone comput-
ing power, The adapter can transmit at 2400 bits per
second in either of bwo modes=Synchronous Trans-
mit Recemnse (STRY o |3||1.:1r',' ._";|1l,-|1-:'§'“||'|.'tlr'||'t-l|'\. B5C) 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. [EM supports the
1130 with a Disk Monitor Systermn which includes a
FORTRAMN |_4_a-|1'||_|||:_=r__ a Sl_lj'l{'n-'l‘_-’--:’]r FH:IEI.'II'I'I. a Disk
Litility 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-

IMFORMATION DISPLAY, Mayilune 197

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
I||'_|:_r:-|.|r||r|||_'.'l.

Room for growth. With the expanded capabili-
ties of the [BM 1130, you have a system that will grow
with you. As your company or department grows, as
vour data processing applications become mofe num-
erous, your 1130 will keep right in step. Extended
-|'_.'||‘:-.'||_‘:-||i1i-|'_"$._ |'::||;|w;=r!'|,|| programming support, wirrgaltil-
ity, growth potential. These are the

thingsyou get, along with I1BM service, IBM
fram the 1130, gur “little” computer. .
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EMI/RFI-SHIELDED
PUSHBUTTTON SWITGHES

0= =

Faur modely, one with wides Botbtan. Chebte af Twa
mnd Tour gircuid mamaniary, glus PODT k- gu,
Feagings of 1 b6 9 ampi &t D8 vele; 1 amp at 100 v,

SUBMINIATURE EMI/RF1-SHIELDED  (§xgzzzm. = @) =
INDICATOR LIGHTS

Digrmg, TLik and flugh maunding, Lene diamedsr of
e, B snd BEF respsttlvedy) By ped B, Eic
Bane galori. Bl inis

STANDARD EMI/RFI-SHIELDED m m:'-"

INDICATOR LIGHTS

Trandscent amd frasagaresd desbd-Ursd lbsiss, |
candeacent, standmrd nean and high-inlendily Ases

lampn in 3l popwlar voltagee Six Fana calors: phida

Meed shielding from EMIJRFI leaks in panels
and systems? Look to Contral Switch . . . first
to introduce the types of shielded switches and
lights shown above, Now we are deep into the
development of still other shielded companents.
Tell us your requirements, We may be working

CONTROLS

COMPANY
OF AMERICA
CONTROL SWITCH DIVISION
T4 Dabvar Dveas, Fefprph, Pyreepioande TR0

dh EuEsidiary of
@ Sanaiml Foddiaiaa Eaalpmeat Tong

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

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

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

FREE BULLETIMI

Check number on Rasder Service Cand covespasding e
pumber st left below for swr Balietin am EHI.’H'H.II‘TH.H
compaments. While you're at i1, get all the Eemg listed below,

=8 EMI/RFEzhialded Compenent Bwlletin XA
9 Cendanded Swituh Catabsg 103G

FI0  BaticSnap-Action Bwitch Cakaleg 118

w11 Tegehs Catalag 180

TlZ Indicaber Light Cataleg 120

213 Hermetic Switch Catalag 130

214 Swikchlite Catalsg T10

=15 Pushbuthon Catalog 190
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People who need
uniformity,dual mode
capability, and

high resolution,
focus on us.
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That's '..l.]l.} ':.'|||.|'II find our direct '.rmﬂd:-:—.'h; fast as 0.5 millisec-

view storage tubes in military onds without dunking. This

avionics systems, lerraindollow.  allows TV displays at standard

ing radar, in terminal guidance  [rame rates withowt smearing.

missile system display and com- We're also specialisis in get-

mercial aircraft weather radar ling invodved in our cusiomer's

indicators. proflems. 'We siek with the de-
We're specinlists in meeting  sign engineer until he has the

systems manufaciurers' specs, [ube that meets his require-

which usually originate with ments, Whether it comes off the

MIL specs. All our tubes have shelf or is & custom design,

a unbgue weld-ring construetion %0 if you can't tolerate flaws

that permits precise gun align-  and want a working partmerwho

ment not alfected by sealing.  can'i either, focus om ws, Write:

This means you get unusual DeptdD ITT Electron Tube Divi-

tube-to-tube uniformity. ston, International Telephone
Our capability shows up as  and Telegraph Corporatbon, P.O.

soon as you fip the on switch. Box 100, Easton, Penn. 15043,

You get high resolution, up o

13 written lines per inch; wril-

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-cdge lighting. Fast erasc

ELECTRON TUBE DIVISION ITT

Cirpls Ruaadsr Derviaw Cand N, 184
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BEING FIRST

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 1985.

CBS, ABC, NEC, 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.

Alr 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
Adrport 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 5t., Montreal 30, Can.

128

Cieghy Fadadel Bosiis Card e, 145
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another new development from Thomas Electronics

HIGH DEFINITION, LONG STORAGE

WITH DARK TRACE STORAGE TUBES

HAVE YOU REEXAMINED DTST's LATELY?

High resolution information can be refained for
hours, days . . . even weeks with the standard
7= and 10-inch diameter dark irace storage (ubes
from Thomas Elecironics. Imporiant character-
istice of both the Model TM28P10 and Model
10M55P10 tubes Include:

= Hasolution fypically S-mil line widih; as low
as 1-mil available

= Excellent contrast for alpha-numeric displays

# Dual mode operation for indafinite storage or
continuous erasure

Simple power supply requirements
* Ruggedized for military applications
& Lower cost

# Each fube supplied with fluorescent lamp.

These magnatic defection and focus tubes heve
potassium chloride scotophor scrpens which
davelop a desp magenta when axposed o an
electrom beam. Dark frace storage fubes are
aexcellent for applications In avionics systems, all-
weathar radars, anti-submarine warfare systams
and data processing displays,

Thomas Electronics also can provide other dark
trace storage tubes with roumd or rectangular
face plates up to 10 inches in diameter. For
mere detalled information or gquotations  write
or phonea:

THOMAS

ELECTRONICS: INC.

w Lirve, Wavne, New lersey 074701

Cirtle Readsr Sarvice Card He. 1B
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from Raytheon

Data Display Devices
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New Raytheon Recording Storage Tubes
extend your system capabilities

Two new miniature lypes, naw
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-fo-noise improve-
ment, time delay or phase shift,
correlation and slow-down video.

The new miniature types—Ray-
theon's CK1518 and CK1518—arg
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
resalution of 2500 TV lines and
fast erasure in milliseconds,

Raytheon Recording Storage
Tubes are electronic input-output

devicas which feature: fast write,
immeadiate and nondestructive
read, long storage, high resolu-
tier, and fast eraze. 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/lune 1967

Mew Raytheon Projecioray® Tube pro-
duces more fhan double the light
output of standard projection-iype
cathode ray fubes. The lube's light aut-
put is 30,000 fool lamberts, which
regults in a light lewel of 16-foot lam-
bers on & 3 x 4 lenticular screen,

The tuba's expachad mimmum Jpor-
ating life is 500 hours — 20 times the
life of a standard projection fube.

The Projectoray's high light output
and long life are dus to its nowvel
dasign. The design incorporates liguid
cooling of the phesphor backplate
This allows the phosphor te be ener-
gized with a very intense electron
beam. Al high beam lewels, very high
pioak I:glsl output is obtained. The
light image iz projected through a 5°
optical window in the face of the tube
The electron gun is set at an angle to
thin phosphor and the deflection sys-
fem compensales for keystone effests.

Datavue® Side-View Tubes. New Typo
CHBEED, with numerals cloge to the
Trgnd, permits wide-angle viewing, Thoss
sida-viow, in-lime viseal readout tubes
digplay single nemerals 0 through 8 ar
prasgalecied symbols such as 4 and —
signs. Their ¥ -high characters are
easily read from a distance of 30 feat.
Less than 55 each in 500 lots, they also
cost loss {o use because the bezel and
filter mssembly can be eliminated and
because thoir mating sockets are inpx-
pEnsivg,

Symbolray * CRT Tube. The now Ray-
theon CK1414 Symbolray tubs provides
slphanumarne inpuls for computer road-
aull devices, The tube's ¥ targel can be
scanned slactronically te salecl sym-
bals, eharactors, and puncbuation marks
in saquance o form the readout on a
display tube. This type has applications
with data processing aquipment ns an
econgmical methed for genarating char-
acters for hard copy print-oul ar for
cathode ray display, Degign with 84 and
100 charactors are availabla,

Dataray* Cathode Ray Tubes. Raytheon
makes a wide range of industrizl CRTs
including special types=in screen

sizes lrom 7° to 2", Electrostalic, mag-

nelic, and combination deflection types
are awailable for writing alphanumeric
charactors while raster scanning, All
standard phosphoss are awadlable and
spacilic design reguirgmaents can be
mal Combimation deflection ar “diddle
plate” types include CKIZI5F (24" rec
tangular tuba), CE1400P (217 rectangu-
lar), and CE1406P (17" Gl regular)

Datavue® End-View Tubwes. Raythoon
makes rownd (CHB421) and rectangular
(CKB422) Datavue indicaber tubes on
automated squipment capable of high
praduction rates and top gquality. The
CEB42I rectangular tubo is also avail
able with decimal point, £ symbaols, and
in other special versions. Both reund and
rectangular types fil existing sockets
and confoem to ELA ratings. These ultras
leng-life tubes are designed for 200,000
hours or more of dynamie oparation,

Send Reader Service Cand for litora-
bwre o Ehe:

Recarding Starage Tubes 17
Projectaray CHRT 18
Datawua Indicator Tubes 19
Symbalray CRT ]
Dataray CRTa 21

Or call your Raylthaan regicnal salos
office. Or write to Raythacn Gomaany,
Companents Division, Quincy, Mass.

169,

*Trademark of Ruytheon Company

Industrial Components Operation—A single source for Circuil Madules/Control Knobs/Display
Devices/Filters /Hybrid Thick-Film Circuits/Industrial Tubes,/Optoelectronic Devices,/Panel Hardware
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TIME TO GO FOR
AND GET

THE ALL NEW AUTO-TROL

HIGH SPEED CURVE TRACER €
X=Y COORDINATE DIGITIZER

... i ma

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/for Y absolute plus and minus coordinate
values are automatically recorded at switch se- I PHONE OR WRITE
lected increments onto magnetic tape, punched ‘

paper tape, or punched cards. The data is formatted P

by way of an operator wired patch panel for direct || ;]
computer entry. Use it for point digitizing from '——

maps too! Resolution is .001", accuracy is * .004".

muto-trol
E> corporatlon

gidighial] graphis & dals syatems JE00 A58-06%F0
® FORI wesi BSih aryernues arvads; colorade 80008

Cirele Readel Bervics Casd Mo, F2
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SYNTRONIC YOKES
CREATE:

SHARP CHVPEZ

CLEAR sw<>OE3

FAST e

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 continugus line scan data displays to very special high
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,

SY77 N

i 103 Indwsting Roed, Addean, 111 {30 medes it gl ChCagsl, PFhone [Ares 2100 ) B8

|H’:{.|11I|::.t_ in Components and Equipment used with Cathode Fr.:. T1||:IE 5
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Celcol

DEFLECTION COMPONENTS

for the DISPLAY INDUSTRY

YOKES

AMPLIFIERS

INSTRUMENTS

DEFLECTRONS
Ultra High Resolution Yokes
Type HD

For 40° Flat Faced Scanmers,
Computer Readouts,
Side-Looking Hadar, Mapping.

JOV ALL SILICOM DRIVERS
Type DA-PPN-3

3, B 12 amp X¥ amplifiers
matched fo your yoke and respense

reguirements. Available with
regulated power supplies

DISPLAY MEASUREMENT LAB

Twe-Slit CRT Spot Analyzer on X-Y
Traverse quickly ascertains spet size,
lime width, and X-¥ coordinates.

Easily determimes linearity and
positional accuracies as well as
phosphor characleristics,

PIN GCUSHION CORRECTORS
Electromagnetic

Straight Sides
to 0.1%.

Use with CELCO
Micropositioner fer optimum accuracy

40 YOLT DEFLECTION DRIVER
ANl Silicon Type RDA-PPEN-1

TV CAMERA COILS
for 3 Image Orthicons Type RO

Deflection Yoke, Focus amd Alignment

With regulated Ouadru-Power Supplies.
12 amp champe in less tham 9 usec.

XY TRAVELING MICROSCOPE
Mounted on XY Traverse.

S
Line Straightness, spat positiens amd
lime positions measured with a high
degree of repeatibility.
Use for aligning yokes,

For correction of CAT distortioms.
Comsists of static and dynamic
focus and astigmatic coils.

Twe Ramp Units im one pamel

Ramps from 20 to 100 msec.
Idjlstalflﬁ: offset.

Compatible with CELCO Drivers.

Coil Assemblies to meet your specs. 0.02% linearity. focms coils and field correctors.
MAGHETIC LENS RASTER GEMERATOR CRT DEFLECTION SYSTEM
for High Resolution CRT's All Solid State T .
Type NE | ype 2 561
[, . [—
LY . &
- - - i
ﬂ L T I
o B a v W

Contains all deflection, foces and
comective colls, micro-positionsrs for
each, your CRT, complete shielding
from all stray magnetic fieds.
Use for awtomating assembly limes,
a reader of bubble-chamber phatos.

YOKES

(?ﬂﬂ.lfﬂ# fine (1.:1 Gineering c:-f.n i gnm fories (?nm.p::ng

MAHWAH, M. 1
2AN-AIF-11TI
TWX 201.327-1435

LPLAND, CAL
TI4-FEX-00NF
TWE  T14.558-9550

Caspla Raedid Sarwice Ciadd Na. 14
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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 sel of pressing de-
mands. For some time, the big guestion
has been how to get more different
lypes of inldl'.'ig'il:lt data on one desplay
—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 mew possibilities in 5-C Multipur-
pose Displays are legion, offering qual-
iy, flexibility amd convenkence that
permit really eficient interaction be-
[Ween man and mll:him:vrpnrli:ul]rl}'
i mililary sifuations,

Mow S-C makes it feasible to inte-
grate 3 levels of information efficient]y
on one display—effectively covering the
entire dynamic range encountered in
real-time tactical problems, An 5-C dis-
play with & rear-ported tobe, employing
the new scribe-projection technigue,
presents a variety of data, all at rates
appropriate io real-time events. Here's
a true situation display that helps the
decision-maker.

The primciple is illestrated at the right.
Let’s take a military application as an
cxample, though the approach and
hardware would be equally walid for
commercizl use. Through a rear-port,
a projecior is used to pressnt a
slide of statie information, such as &
tactical map. Al the same time, the
scribe technigue is used 1o generate the
display of relatively low speed vehicles
—auch as thips—or slowly changing situ-
atond—snch as weather. This data ap-
pears i dynamic form and can include
lings, curves, symhbols angd characters.

The scribe system s essemtially an
%=y plotter ftted with a stylus which
eiches a moving trace on the opagues
surface of a slide. Slides can be changed
as fast as data become obsolete. Final-
Iy, 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 inpuis of
both digital and amnalog information
from a variety of surveillance semsors?
That's the 5-C Multipurpose Display,
developed for the A-MNEW program as
a key element in an ASW system. This

MEORMATION LFSPLAY, May/june 1967
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display has been operationally em-
ployed for some time, and Stromberg-
Carlson was recently awarded a cone
tract by the Maval Air Systems Come
mand to begin pilot production of the
equipment.

The key to much of the Bexibility of
5-C Displays rests in the wersatile
CHARACTRON Shaped Beam Tube.
5C alphanumerics and symbols are
penerated entirely with one pulse of the
electron gun through the matrix, rather
than heing gencrated picce-meal. 5-C
symhols offer definition and clarity of
the highest order. Symbol resolution in
excess of S000 lines is achieved, pro-
viding such definition and sharpness
that data appears fo stand owt from the
display surface.

The spot-writing mode is used to gen-
erate veclors, curves and lines on &
time-shared basis, Thus, with the addi-
tion of the rear-port o single 5-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
detectons.

ko
3 W} F
R

B

Since the we of CRT displays first
began to assume its current importance,
5-C has been a leader in development
and in producing finished hardware.
5. supplied special displays for the
SAGE air defense system, the US
Army War Room, the Mavy'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-
screcn interrogator displays, for mul-
tiple station wse, ,E;"-'J'ng Many operalors
access o the same data.

5-C sciemtisis and If-_'l'_‘:- are now
probing the future — working on new
pitemalrix light-valves and projection
syilems with an eye to improving reli-
ability, resolution and fAow of dynamic
information to large-screen displays in
scees up to 20 feet squane.

Whatever your needs in displays,
count on Stromberg-Carlson experience
for real here-and-now hardware, For
information, write: Dept, [D-1040,
Stromberg-Carlsen, Data Products
Divasson, PO Box 2449, San Dhego,
Calforma 92112,

Stromberg-Carlson

& ST O S R, SV CORRTRLT R

Circla Amsdsr Servicw Card M 25

10



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
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Use our HEADS to save Time and Money!

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

[

New §-Paszition Terret Drawing
Head provides automalic seleciion
for six drawing tools.

Naw Photo Exposure Hesd for high

sccuracy prinied circult masbers,

& provide direct exposure of clroult
masbar on Nm

¢ @liminales axpensive lapa-ups
and phatt rediestion

s gxposes linkd or pads dirsctly on
film or glass from (002" 10 200"

+ gocepis wel ink ar ball pans or
othar scribing tools

s choice of pon slzes and colors
& guickly inter-changeable with
gthar optional heads

Two “heads” are better than one . . . let's get our heads together
now and discuss how Baldwin Kengsberg 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 Drafling Center.

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

BALDWIN KONGSBERG COMPANY = Suite 802, Atkinson 5q.
11750 Chesterdale Rd., Cincinnati, O. 45246 * Phone(513)771-7023

Circle Roadev Sarvice Caed Mo T
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MAGNETIC
SHIELDING
TAILOR-MADE...

QUICKLY...BY YOU

Ideal for initial labaratory or experimental evaluation, Alsa far production
applications and autormated operations. A fast, inexpensive empirical
tool to solve shielding problems,

Eliminate interferance in your display or system by wrapping
permanently effactive Metic Co-Netic Magnetic Shielding Foils
around the offanding components. [t's dane In seconds,
Then, prasta! Mo more interference. Use multiple layers when
needad.

Easily shaped with ordinary scissors to your outline. Mo tooaling
cosis. Save time, space, weight, monay,

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

rolls 4%, 15° and 19%" wide.
A few typical applications are illustrated.

NEW | ” e
\, SLUE NETIC “h T AN
ti ieldi
el A e B

» Rust resigtant;
registancs matereal
added durning hot
pretass

s Sdb incraased
attenuation

= |mreadiate stock
dalivery

Inm JD0&" thickness, '?\ 4
wp 1o 19%" widih, I “-
B 1A afy regisared

i y

Fail Perfarmanca
Evaluation

Coils Stoched
In Vanous Widths

Spiral Counter
Spiral Cable Shielding

length up-to 100 Test, Miniatere
Component Shislding

Head Helay Foil Shaeld

MAGNETIC SHIELD DIVISION

PERFECTION MICA COMPANY
BHIELD

Ay 1322 NORTH ELSTON AVENUE « CHICAGD, ILLINDIS Glbai

Phone: 312, EV 4-2122

Cirdle Esuder Servica Cisd Ma. IT



'll'él convlertible -
- popu ar = 3 The news is out . ..
ine rates. ENZ3 Pl

Result:
Unusual career opportunities

Closed-circuit system features
guick change to choice of rates
from 525 to 1225 lines.

Why limit your research TY to a singla
lime rate? Qur V1000 system gives wou
wige “lirst choce” and lets you conmvert
aconomically o other line rites when nsc-
essary, ideal for microscopy, ultraviolet,
infrared, image storage, X-ray, or any proj-
ect requiring high precision and stability.
amall, rugged, and relisble, In QCTY flexi-
bility, G/ A has the answar now. Reguesi
complete technical information.

for growth minded engineers

B

Raytheon — 10 year leader in electronies for Air Traffic Control — has
been awarded a long-term multi-million deollar eontract by the FAA for
the development and installation of Computer Display Channel (CDC)

systems for the country’s National Air Space System. This iz the largest
hardware contract ever assigned by the FAA.

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

R e e T e A ) | LOGIC DESIGNERS DIGITAL CIRCUIT DESIGNERS
i G . ey oy ' | PROJECT ENGINEERS SYSTEMS ENGINEERS

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

= _ ] Consider this carefully — it counld be
Positions also available (all levelz) in yvour most important career decizion

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

Systems.
AIRLINE RESERVATION SYSTEMS

HARBOR NAVIGATION SYSTEMS ol e go Sanduer 4. Morslh
AIRPORT SURVEILLANCE SYSTEMS g, Rquipment, Divizion Headguart-
WEATHER WARNING SYSTEMS ers, Raytheon Company, Dept. 41

Box 520, Waltham, Mass, 02154,

NOTE: FOR INTERVIEW at the 51D Symposiom
Call Gardner H. Morris at 776-9535
Thursday, May 25, @ AM. to 5 P.M, Friday, May 26, 9 AM. 10 3 P.M.

ARAITHEON

ENCEALENGE /W ELEETNONICS

Granger

Associates

An Equal Opporfunity Emplayer

1601 Caldarmila Averun, Palo AR, Californla / (415) 32 0-4175 = 818 180k Sanest MY, Wiashingbon, DUC. f (202) 288-T125%

o Cisthe Bawder Service Cand N, T8 INFORMATION DRSPLAY, May/pune 1067 INFORMATION DISPLAY. Manflane 1967 Circle Resdar Sarvice Card Mo, 19
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Brought to you live and in color.

A static photo is nof the best way to sell a display that
moves in 6 colors, (IU'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 spotiers. Plus any do-it-yourself graphics you
can think of. All in color,

[t 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 fir. x 20 fr.). Or any size in between.

You can see it by front or rear projection, desk top

24 Cirale Ruader Sarviee Cad Ba, 53

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 o 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. [f 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 N nH'H HUP
getting the picture live.

|MFCEEMATION DESPLAY, May/jume 196

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 sxperience. has included
thousands upon thousands of Tonotron and bAwlti-
Mode Tonotron halftone tubes. Typotron® shaped
beam character-writing tubes, and Memotron™ bi-
stabla |;:'J,'|:-I.:|:,.- tubes,. To thig gXperignce wa have
added scan conwverter and redording storage tubes
employing principles unigue to Hughes (i.e., no RF
modulation reguiremeant). YWe vé worked with avary
conceivable application —weather and terrain avoid-
ance radar, fire control, sonar, air traffic control,
saismographic studias, ultra-sonic railroad track sur-
vy and medical diagnostic displays

At the same time, our experience in special displays
— complete eguipments —includes ten-inch, 2-calar
consoles, 5 and 10-inch alpha-numeric displays, stor-

age tube TV displays, MT| {(moving target) and acan
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 Bivd., Oceanside, Calif. 92054
Phone: (T14) T57-1200, TWX: 910-322-1380.

EAST: 1284 Mo, Broad Street, Hillside, M. 07205
Phone: (201) FRO-TTH0. TWH: T10-741-473T.

INTERMATIOMAL: Hughes International, Centingla &
Teale Sts., Culver City, Calif. 90230, Phone: [213)
391-0711. Telex number: 0GT-222

DATE: 2-17-67
AMT: $1,383.00

BANK: 970-1283
ACCT: 3101-03717

HUGHES

VACLULUN TUNRE FRCOUCTE DIV,
QCEAMRIDE, CALIFOHRANIA

INFORMATION DNSPLAY, Mnlune 1967
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We make Cathode Ray Tubes
to your specification.

Start specifying.

Rank Electronic Tubwes make custom built c.r.t's
Just how you want them. Any shape. Any gquare, iriangular, rectangular, etcetera
parformance, YWe've jist hnist ‘k an one with

IT ey 7 ¥ ¥ o = o BE o o PR |
i YOUT Needs arg morng specialised than this

Matricon, which is a multiple beam tube capable of Walitind wa'll make e v,
producing many independent beams

The Monocon range of electrostatically focused
c.r.t's, which are now becoming available, can
be tailored to your reguirements, These ca
higher beam currents with substantially uniform

electron disiribution across the apet diameter.

thesa c.r.t's: Ceramic air-borme display
Ceramic air-borne recording-Radar display-
Oszcilloscope-Projection-Flying spol scanner-
High reaglufion ‘micro-focus'=-Matricon

Alpha-Numernc-Multibsam complex raster,

X RANK ELECTRONIC TUBES

Cintel Werks, Sideup By-Pass, Sidoup, Kent, England. Telephone: 01-300-5541, Cablea: Cinbel Sidcup,

Ciscly Rasder Sarvies Card Ma, X2

They can be made with beams which are round,

don't worry. Just tell us what kind of c.r_t"s you

Rank Electronic Tubes are also the makers of

Cieply Bpsder Sarvicn Caid Ma. [ P

It's naver a problem to read readouts
when they are equipped with Polanded
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

Polargid®

0§, ORI gl

M END OF WOYE

Polaroid circular polarizers clear up readouts.

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

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 Informeation Display, May
24th through 26th,

Polaroid Circular Polarizers.




INTEGRATED SVSTEIMS SUPPORT

makes the BR-80 DISPLAY ANALYSIS CONSOLE the bast friend your data base can have

We're systems people. That's why, when you add a BE-90 Display Analysis Console to your data handling system,

we can back It up with & unified support program that begins anywhere along the lne:

= thorough examination of srsiems objectives

= gperations analysis o translate user requine-
mants into system functbon and deskgn ob|ec-
tives

» integrated hardware and soltware imple-
mentation

s programming that will get the most out of
gour computer-BR-90 systam

If you need to get data out where you can see if—manipulate it—store if—then a BE-90 Display Analysis Console
balongs in your data handling system. The BRE-00 s system-compatible. Not just for today. But right through the
years, modifiable as your system requirement changes.

w simulation ard test of operating pooblems
and procedures in our On-Line Center—befons
wour system is installed

= [nsiallation and integration of the console
into your system

= integrated {isld support to keep your system
operating at top edliclancy.

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

THE BUNHKER-RAMD CORPORATION
DEFEMSBSE SYSTEME DIVISION

EAJH FALLBRDON AVEHUL = CANMDQAL PAEE, CALBFOANLL S G4 ¢ 431 50 RdS-050
Cisels Bneduer Jervies Card Ma. 34
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This is not a split screen!

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

/
WP, SORTIA Dik

This is Sylvania's new type SC-4689. It features excel-

lent color separation from red to green by switching the
voltage o anode Mo, 3 from 6,000 to 12,000 4

It"s a one-gun tube, Muliilayer phosphors of red and
green produce the color outputs on the tube face. The
new tube hias very high resolution, because it elimimates
the need for the shadow mask and the three dots of dif-
ferent phosphors required for each information point in
coaventional three-gun color tubes, Thus, more mfor-
mation ¢an be displayed in a given area

The SC-4689 uses a 5 diameter screen and a high
resolution pun—offering 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,
2 2-gun device, when operated at the 2-voltage levels,
gives independent color display,

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

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS



'WATCH OUT!

CONTROL
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o For News From

' Kollsman Instrument Corporation

EXPANDABLE dollars-and-sense solutions to incremental plotting systems

B-L 305 5.10K PURCHASE LEASE FROM 2325 ; On ltS new

CARD INPUT Dél.-ﬂufﬂEl.TA CONTROL UNIT 16-24K PURCHASE LEASE FROM BOO

MAG TAPE 3057DELTA B3I0S 25-31K PURCHASE LEASE FROM 1250

e M T | INFORMATION
RETRIEVAL
UNIT
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Numbers your TV cameras can read
without eye-strain.

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

Hera's the perfect way 1o display daily information
such a5 stock market, ball scores, election return figures
and similar infarmation.

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

Our DMgital Display Units are the business and of a
complete digital display system, including power supply
and a compact digital display contrel that allow rapid
sebection of up lo 192 digits, letters or symbols.

Operating power of anly 2.7 walls per unit means coal
operation and low power controd circuitry. Mo power at
all is required between postings.

Madular construction permits high packing density
with significant space savings and maximum flexibility.
E:udslum characters and colors are available on special
arder,

Custorn design controls for speclal applications are no
prablem. Our Display Systerm Engineers will help to plan
your tokal system,

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

ﬁt&# LABORATORIES

SEamdand, Connechangt, & Diviskan of
Colarntia Brosdemting Syitem, Ing

12 Circly Ruidai Safwics Cad M. ¥
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Would you believe a
CalComp plotter and any
computer can draw pictures
like these in seconds?
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angd even the Mone Lisa

motecuiar sfricture diagrams spparel patterns, graded for sizes

it can

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

clalLICIoIvIP

Standard of the Plotting Indusiry
(Talented Engineers and Programmers required—rght now.)

IMNFORMATION DISPLAY, My june 197 Ciegls Besder Sorvice Caed Mo, ¥ 33
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Pay a Little. The price is a5 amall as the product. IU's 4
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 versafility available cnly with rear pro-
jecticn readouts, And the price is comparable to other types of
readouts with imited messages and cluttered displays

The Serias 345 operales on the rear projection principle. A lamp
in the rear of the unit illuminates one of the 11 film messages, and
praojects it to the front viewing screan, A single plane display on the
non-glare screen, so you get nd distortion or confusion. It is very
versatile, since anything that can bé put on film can be displayed on
the screen. Youw can display a variety of messages or colars.

The Series 345 has a front plug-in feature. It can be quickly
insarted into the housing. It can be Just a5 easly remonved 10
insart a new readout with a different display, or fo replace a lamp.

Serras 145 Readout: " wide 1 3" high. Six digils will fit in & 3° wide

panel space, Depih, 247, Character height, 35", Weight, ¥ oF. oix

available calors, including whibte, amber, wellow, blue, red or green.
Straight decimal inpuf. Vertical and horizontal viewing angle 175° with -1
VWM SCreen, or 1607 with standard screen

I double-E," the world's largest manufacturer of rear projection readoufs.
Industrial Electronic Enginaers, Inc,, TR Lomona Ave., Van Nuys, California

Cigly Epnder Service Cardl Ma, 43
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CUEST EDITORIAL

Do you
really know
how to

use displays?

ABSTRALCT

A fundamenial of display vse is discwssed which
i odtew overlooked o thwaried Y Non-essen-
trals. The prime function of dispday is o provide
the merans for fasi, silent dialogue with a sysiem
which incorporates a compuler. By meant of the
dialogue, the operator can then exercise an &5
senlid controd fenction, The dialoges may sither
b timple repedition of clasely similar seguences
ar il may be an ilerative prooess with highly var-
iable sequences

Future applications of displays will be recognized with
greater fregquency and display systems will be designed for
ihese applications with improved effectiveness il two basis
capahdlities of displavs are Eept. firmly im mind: fast, silent
presentation of informalion, wupplemented usually by the
light gun's capability 1o identify a portion of the presesbed
data upon which some operation is o be pecformed. Boils
of these capahilities, for present purposes, may be sub-
sumed by the capability of silent speed, Past failures can
often be traced to the fact thar this basic capability has
niot been central in the design, Fither the application did
nod really demand silent speed, or else other capabilities
af he I|I'\-=:l|.l.l.' WIEre II'|.'||'!I\.'E'r|¢_'r1||I|' |_-'I'||:|||._ll\.:.|'1l|:f al I.lF;|1||.|n;.||'||
cosl to essential speed. The abowve ideas are certainly nod
new, yeb | feel stirred by evangelistic zeal o call wpon de-
Signers of l::|h|:l-'.|'..' Lyslems 1o repent and to return Bo the
faith: when slent speesd s recueired, design for it when
ol reguired, admit it

Just whatl, you may ask, is so complex and mysierous
abaut this requirement of silent speed? Trwe, it s nod com-
plicated and yvou have heard about it long, long ago

Baldly staved, | s clese ribing the regquirement for an
operator, a3 a mandatory element of a system, o provide
numenous syslem inpats which often are affected by or de-
pendent upon output data provided 10 him by the sptem,
all within a period of time which must be minimized as
a critical reqguirement of the sysiem. Alihough this reguine-
ment descriplion is certanly familiar, there is a2 problem in
designing 1o meet it A% in the wsueal case, the problem is
ned oy that is obvious, The problem s one of recognition
Perfunciory amalysis of a system may nol unearth the abowe
classic requirement!, while a more thorough and detailed
analysis will make the requirement cquile plain

Crperator functions which characteristically must be pers
formed in a repetitive fashion on an obviowsly predictable
basis are easy enough to idemify as proper candidates for
display uge, assuming the time restriction exists and the
economics ane favorable. For example, in a system in which
an aperator is reqguired to monilor and edit communica
tions traffic for acouracy of addreds, precedence and the
like, the same functions would be performed for each
MESSAPE in & |'-i£'.;|‘||'.-' repeelifive and predictable manner

INTOIRSA THON . DISFLAY, May/jene 790

A valid display requirement more easily missed than the
abowe example is one involving a variable number of itera-
tians in order fo complete a given action. It s usually missed
because a superficial analysis does nol unoover The worst-
case situations which may ecour with a frequency which is
not insignificant, Cerlainly, the analysis has been inade-
guate il maloperation and special cases have not come to
light. There is no substitule for direct observation of the
currgnl sysbem or for simulation of a radical departure from
an exisling system. Analytic error here it a homan ereor in
the same class with trying 10 beat the red traffic light when
the iraffic cop is not around, For this analysis, the “traific
cop” should be the realization that the iteralive sequence
o complete a given action has potential for being the most
rewarding application of displays. It is the most rewarding
because this classic situabion has bwo significant elements:
thie exercise of operalor |'.|-:ig|"r|1'rll s best wtilized in this
fashion; and the speed inherent in displays may be the anly
capabilily permitling such exercise of judpEment.

Several key characteristics often aid in identifying the
wariable-iteration situation: low probability of completing
the aclion in the first iteration, e.g., exploration of alterna-
tives: contnued iterations dictated by high cost of failure
wnkil a folution @ foend: wide variation in the refquined
number of ilcrations required, e.g., an acceplable solution
tound immediately; dependence of a given intermediate re-
sult upon preceding sieps and is [IIIII‘!-.1|‘I|I" madification |1'|-'
subsequent steps; and finally, a time schedule which must
be met,

Since all gpood sermons should conclude with a rousing
admonition o be carried away by the congregation as they
lile out the door, | will add one last thought, Whereas dis-
play applications are properly justified on the basis of silent
speredd, (heir performance 5 also evaluated on the same
!!II'II.II':|'-- a their justilecation Therefare, in the course of
developing the system, resist the templation to add a hit
aof sophistication here and a bit of elegance there. If you
yield, these templing luxuries are likely 1o eat up so0 much
time that the speed finally achieved is not speedy at all,

BEM|AMIN F. LOHE
Matignal Science Foundation
Wathington, D.C

THE AUTHOR

BEM]AMIN F. LOHRE, a Mational Direclor for the Souwth East
Region, is a charter member of the organizablion and has
soreed ad the Firsl Micl-Adlanlic Chapter Chairman, He has
tEen ackive in dispday for ten years as a Project Oficer for
e Mavy's first command and conlrol display system on
shore and :=|.'I'.'l.-l:'|:.ll.l-r.'-"||-|!.- with the Bunker-Ramo L-I:Irﬁll:l.'-\.'lf.'!.lrl
He is now with the Nattonal Science Foundalion as Assocrate
Program [Director of Information Syslems,



President’s annual report
April 1967

by WILLIAM F. BETHKE

President, Society for Imformation Display

Chiel, Ingineering Diviskon
Eome Alr Develapment Center
Emme, Mew York

During the past year, 51D engaged in a number of activi-
ties and projects. Each venture was interesting, challenging
and different. All, we feel, were worlvwhile and pertinent.
We have pmﬂrﬂ-ssl_‘d in bwo important aspects: (1) as a
vehicle for the exchange of technical information and ideas;
and [2) as a bonafide organization with workable structure
and specific goals. We have realized a transition from the
level of ideals and philosophy to the solid ground of ideas
and implementation.

The symposium held in Boston in Cctober was a major,
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 u-tﬁ.\n'rutiun;l gidde, 510 realized a long sought-
for position. A revision of the Articles of Incorporation es-
tablished $ID as a mon-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 M, Sepulveda Bhd,,
in Los Angeles (see Fig. 1], it is comprised of three swites
serving as SIDYs main business offices, In the final planning
stage s 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 51D members.
Although in the planning stage, the index should be a reali-
zation somolime this year. When deemed necessary, other
office equipment will be installed,

Wi have retained the firm of Seidman and Seidman, ac-
countants and auditors, They have established recognized
accounting procedures which meet the requirements of
51D, We've prepared a new membership directory which
was distributed to our members last summer. The first of
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its kind, the l:ilrﬂ\vl:lfl:rn_,I will be an anmeal project The next
edition will include expanded additional membership in-
formation and special formating for chapter, regional and

state identification.

—

MGLURE 1:  Extevior of S0 Mational Offices in Los Angeles

MIGURE 1A: M. Hhaeon Saiterield, Odfice Marager

The financial resources and expenditures are indicated
in the accompanying chart (Fig. 2). Our increase in fund
halance has continued to rmse and it 1 expected that this
will continue in spite of the increased operating costs of
the new Central Oiffice.
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YEAR EMLIED JANUARY 31

Haceipli: 1967 Tohb
Dues $14046  $12,947
Prodit from sales of journal 5,974 3489
InbeErest on 3avVings acoount i 427

Tatal receipls 21,622 17,257

Crishursements:

Qifice manigemenl expénies 3173 2100
Met cost of symposivms 2,568 1000
Chapter operations 1,973 1,516
Postage and mailing 1,489 1,471
Elechion expenses 762 -—
Professional fees 750 152
Executive board and officers’

EXQENSES 619 H83
Printing of directory 512 -
Lapel ping and lie tacks 467 —
Insurance 185 1
Stationery and office supplies 148 B0

Total disbursements 13,146 ?.Slﬁ

Excess of receipits over disburiements 8476 Q755

Ceneral fund balance
at February 1, 1966 158,279 9,524

General fund balance =
at Jlanuary 31, 1967 $27.755 16,279

FIGLFRE 2: Sedemsent ol Rec@iphi and Disburiements

The area of honors and awards bas been given specific
atlention, A '-u|.'ll:'|:i|1| Frances Darne Memorial Award was e%-
tablished to be awarded an 510 member for outstanding
technical achievernent in the Display feld. A suftable plague
wirs designed (see Fig. 3), and several models purchased for
fulure awards. We have also designed and approved fabri-
cation of a membership pin for distrbution to 510 mem-
bers. A gquantity of these pins, te-tack and lapel versions,
Wild |.'||:||1.'hJ"pEl:|. T|"|Eg,-"'rr.- svailable to the S0 ml:'mh{:r'ship
at $3.00 each,

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

FIGLIRE 3: Francls Dame Semarial Sward
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ELEVATION TO FELLOW GRADE

sr, William Ross Alken — for his development of the flat
cathode-ray tube and continued advancement of the display
state-of-the-art,

O, George H. Dorion — for his work in applying photo-
chromic technques to display systems.

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

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

SPECIAL CITATIOM

Mr. Phillip Damon — for his long and dedicated service
to the 5/0 in both Matienal and Chapter activities.

Progress has been reported in the area of standards and
definitions. The commiltes is comprised of a member from
each Chapter, who in furn is a Chairman of a local Stand-
ards and Definitions Committes, Since standards and defi-
nitions promulgated by the Society must represent the con-
sensus of the membesship, work performed by the local
Chapters and submitted 1o the National Committee should
have received prior test of acceplance by the local Chapter
membership. In this manner, a sample of the membership
will at least have had an opportunity 1o interact with the
proposed standard andior definition. Initial activity has been
to emphasize definitions. This was due primarily because
the msuance of standards is a large, time Comduming activ-
ity and requires extensive procedural apparati and coardina-
tign wath 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 measuremenis of significant
cisplay paramelers,

Assignments made o Chaplers were;

Mortheastern Chapter:  Resolution

Mid Atlantic Chapter:  Colorimetry

Washinglon Chapler: Luminamce & Luminance

Dirscrirpination

San Francisco Chapler:  Colorimetry

Los Angeles Chapter: Resolulion

San Diego Chapler: Luminance & Luminance

Diiscrimination

The emphasis and concentration on the areas mentioned
restricted somewhat the attention 10 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 1otal
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 hobd — one in the Philadelphia-Delaware
area, and the other in the Chicago area. Both areas seem
o offer extremely promising prospects as new chapters,

The above terms {eg., resolution, etc) were meant to
denote broad areas of measures and lerms (B.g, acuity,
grating bar, sine-wave, elc) rather than a singular teom to
be defined, 11 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 cach of these areas. Of
course, il editorial comment andior proposed revisions ane
suggested by the Chapters, they will be considered.

it will be noted that the majpority of our efiors were of
the organizational type. This was essential becavse our So-
ciety has rapidly expanded. It was apparent that specific
procedures were required for o number of organizational
functions. In this aspect, we consider our efforts in the past
year o have been extremely successiul,

3
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TIGURE 4:  Membenbip Sutus of 510

The attendant duties and responsibalities of their respec-
tive offices are a source of major concern o all elected
officials. In order 1o 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, oul-
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 3ociety. The develop-
ment and realization of such a manuwal will be acoomplished

during the coming year.

The objective of the Sociely’s officers is 1o concenirate
on the areas of expansion and growth, from Both a Chapter
aspect and membership — 1012l and sustaining, 1t is foward
thic end that our eéffors will be directed during the com-

ing year.

WiLLiAs P BETHEE is Chiol of the Engineering Dhivi-
sion, Home Air Development Ceated. A native of Mil-
wagkee, Wisoonsn, ke neceived his BEE irom Margqueibe
Univessity College of Enginesnng ardl aleo studied radio
and mécrawave Beosy ot the Tlinols Insbibate of Tech-
nology. He was divectly nesporsibie for the Alrpont Sue-
face Detection Eqguipment (ASDE or Tani Conairol Radar
which imolved the use of K-band freguéncied anid ex-
tremely narrow pulses. (The equipment was subsequenthy
irstalled at ldlewild Tower im Miw Yook Cliy whene it
remained ior operalional evalaition koe aboat @ vearl.
Since V1, he has bad complete medpandibility dor the
oed-all planming. direction, coordinatiom snd manage-
menl of the Division program. He directs applied re-
search and developmant in solid wate devioes, relability
and mainiainability, mechanical engineering and displays.
wir. Beihke &5 President of the Society For lalarmatics
Display (3001 a serviod member and past Chairman, o-
hawk Valley Section, |EEF; Chairmgn, Scholarship Com-
miliee, National Communicaliond Syapodiud; & mMEm-
ber of the Professons! and Technical Group on Engi-
neering Mamagemenl, . well a the Profesional and
Techaical Group an Miliary Eectronics, 1EEE; Chaliman,
Soeentific and Professicnal Commitiee, RARC: Chairman,
vVocational  Advisary Committes, Boaed of Bdecation,
Rome, Mew York, pasi Morfheast Regional Directed, SIDG
past Chairman, Delnitions and Standands Committee,
S0 past membed, Kational Editorial Advisory Boand,
S0, listed i Who's Wha in e Bast, 1963, Mr Bethke
iecgived lhe Decosation for Excepticnal Civilies Serdge
in 1, This i the highest civilian award made by the
Alr Faree, He was elevaied 1o Fellow in 5D in 105G
He has been noemingied far Fellow im dhe IEEE in TOET.
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High resolution
cathode ray tubes

for the
system designer

by JIM E WURTZ
Applications Emgimeer
Eleciron Tube Division
Ligtsn Industries
San Caros, California
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ABSTRACT

In this day when everybody is ialking abowt
sofid state devices, [ appears that there is one
vacuwm fwbe component which is not likely to
be replaced for tome time, This is the cathode
ray tube. It is the prime transducer of informa-
tion from the intangible electrical medivm o
human beings and s also widely uied for film
scanning and recording. The cathode ray tube
tedlay s fast, wersatile, accurate, and is capable
of demonstrating a resolving ability which chal-
lfenges optical lenses.

The purpose of this paper is to discuss the cate-
gory of cathode ray tubes which are capable of
resalving delail which is beyond that which the
human eye can appreciate. This is the class of
tubes wsed primarily for scanning of lilm or
recarding on phofe sensilive materials,

Migh resolution gun design: will not be dis-
cussed. The major purpose here will be o give
the designer who is inlerested in high-resolution
cathode-ray lwbe systems a guide For wse in
intelligent sefection and practical operation of
these tubes

Applications

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

Side looking radar processing and recording
Adomic particle track scanning

Diacument scanning

Inspection of film recordings

Picture recording, satellite

Infra-red recording

Cell counting

Drensitometry

Film based large screen displays

Scanning for simulatoss, radar land mass, elc
Scanning for photo-interpretation

Character recognition

TV scanning

Video recording

Computer controlled scanning and recording
Document storage and netriecal,

Before selecting and apphing 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 (0007 in) or, as it is referred o in the
industry, 1 mil.

The system designer then figures that he has 1000 ele-
mients 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 fwbe, Unfortunately, it is nol as simple as that
There are several faciors which will modify the ideal num-
ber to a mone 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 1o-
gether, A number of methods are available for measuring
resalution, The shrinking raster method is common, mostly
because it is easy o do. A raster with a known number of
lines is generated on the whe face and the vertical size is
decreased until the lines disappear, or merge. The height
of the raster i 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
it aware of what level on the spot light distribution curve
he is measuring,

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

One of the better methods of meawring rewslution i€ o
actually make a piclure of the spot profile’, as shown in
Figure 1. This is done by moving the spot past one or bwvo
glits which are small compared 1o the spol. A phototube on
the other side of the st will display the spot profile on an
escilloscoyae, There is al least one slit analyzer now on the
market for measuring cathode ray tube resolution.

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

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 CELCOY paa slil snalyrer using
slits oy persluce Q000" per centimeger.

b Jshn M. Constamdioe, Two-Sli Spot Megsurement, rh Nariasa! Syme
posivn, Society for Infoemation Diaplay.
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ably the least recommended since it is difficult to determing
where the spot edge is.

Remember that in film recording systems, various film
emalsions 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 oulput is most important
for scanning tubes where a large amount of light oulput s
wsually 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 Bess,
Incidentally, it is not always a good idea 1o reference spot
size to beam current since some manufaclurers employ
anode aperturing where the aperture is intemally con-
nected to the anode. Because of this, it is not possible
to accuralely measure how much current s 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 5r.rmE;IE1
for each radial distance of the spot from center of
LCmeen

{2} The non-uniformity of deflecting fields and electron
motions

{3} Thie fact that when a roughly cylindrical beam meots
a flat phosphor screen at an angle, the resulting fig-
ure is an ellipse.

The ellipse effect s 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 wsually handled pretty
well by wse of dynamic focus correction and relatively
simple driving circuitry which computes the radial distanee
of the beam from center of the E::e and introduces the
proper amount of focal length correction,

Field non-uniformily with beam astigmatism is the most
difficult to handle, It is perhaps most expedient o in-
cu-;hpomm 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 defocusin
effects inherent in the deflection coil, The added expense
3 high cuality voke is usually negligible compared to the
system cost, Static and dynamic astigmatism correctons ane
abso available, but are some times difficult to drive with
the proper waveforms,

Resolulion and Basic Tube Geometry

Disregarding the intrinsic capabilities of difierent electron
guns, there are certain basic %:Jidl: lines to follow in select-
ing the general outline of a high resolution tubse.

Figure 2 depicts a simple optical ray fracing 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 iz according 1o the formula;
X Y

[T] W

where

object size
image size
abject distance
image disiance

4 c= X

ihmnn
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FIGURE 2

Thus, as the focusing element is moved closer io the
screen, the spot size gets smaller, Obviowsly, for best resalu-
tion for any cathode ray tube, the focus element should be
as close 1o the screen as possible without picking up stray
coupling from the deflection coil,

For practical cathode ray tube designs, it is not possible
1o take full advantape of this demagnification, First of all,
there is a requirement for a given tracewidth or screen area
on the face of the tube, 50, for 3 given trace widith, as
distance v is shortened, the deflection angle for the re-
quired sereen arca becomes larger, thus taxing available
deflection power and giving rise 1o non-linearity and deflec-
tion defocusing problems.

Then why not increase distance u 7 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 resulis in
aberrations in the beam,?

Also, one must bear in mind that the ebectrons 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 neighboss thus setting a prac-
tical limit on how tight the beam bundle can be for a given
anode vollage.

All of the foregoing indicates why, generally, the beam
Sipe seems 1o grow with the wbe size. That ks, if the dellec-
tion i held constant and the scan distance s is increased
Io &', then distance v s increased 1o ', thes making  the
optical reduction ratio more unfavorable, Alko, one can see
the trade-off which exists between deflection angle, screen

¥ Sofler, Sarr and Valley, Calbode Ray Tube Display. MIT Radiation
lah Series, Moo 72, MeCimw Hill, 148, page 97,
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size, and ihe resolution which can be achieved at the center
af the sereen,

PHOSPFHOR SCREEM

Light Output

The question most often asked afler “What is ihe 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 orented 10 human vision, Ways of measur-
ing include foot-lambert meters, such as the Weston 759,
and spot brighiness meters, The latter is preferred. When
wsing the foot-lambert meter, it is well to specify proper
wie of the hood or cvlinder 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 = fimes higher than with it

For recording or scanning cathode ray tubes, the item of
interest s radiant power oul the front of the whe® For
Erods estimates, foot-lamberis can b comarted 1o 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 ubes where
the screen is wsually thin, Available figures wsually 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 twbe. Actual phosphor
efficiency in radiated watts out the front of the wbe, per
wall of excitation, will vary considerably in different tubos
& a function of anode woltage, screen ithickness, the

¥t Deher, Enevgy Tramsier from CRT io Photo Sendilive Media,
Inleeragtion DMsplay, fepremberOciober, 1965,
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FIGURE 3: Cathode ray tube with a sub-mounted screen o reduce
hsalig,

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 voliage. A ithin screen ai oo
high a voltage would allow the electrons o go on through
without giving up maximum energy to the phosphar, 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 optimurm anode voliage, varous screen deposition
methods and phosphor treatment wall have a large affect
on spot sire, Larger particle sizes tend to have more
efficiency and, in a thick layer, will produce the mosi
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 resclution
screens with poor Hght output. The high resolution tube
manufacturer must compromise screen thickness and par-
tiche size to achieve the highest light output possible
consistent with desired resolution.

Cinntrasi

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

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.

Simce 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 spol. Although some tubes have been available
with bow tramsmitting glass faces, the solution i mol popular
becavse of the reduced light oulput,

Transparent phosphors which are evaporated on the
cathode ray tube faceplate have been mentioned as one
solution to hale. Unfortunately, the phosphor types that
can be wed in this way are limited and the light output s
usually cuite low,

The faceplate can be increased in thickness to the poini
whaere the reflected light comes back o the phosphor plane

i Pworkin and Maorfon, Television, 2nd [ditlon. Wiley, 7954, pages
15425,
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out of the area of interest. Tubes using this approach are
either nat available or not well publicized,

The salution to the halo problem, which is actually find-
ing its way into some systems, i o decrease the face thicks
ness, Since a thin glas 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 1o this approach is the relative fragility of the
sub-mounted glass which 5 wsually in the neighborhood
of only 0.020 in. thick,

Use of a fiber optic tube is probably the best, and akso
ihe most expensive, solution. The expense is particularly
unattraciivg for larger lubes,

Phosphars

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=vialet and it generally ages under excitation to
a lower light output,® its overall characteristics seem to con-
tinwe to hold an edge over other newer fast decay phas-
phors. It would appear that P16 aging is a function of cur-
rent and time only and it thus looks desirable o un P16
at higher anode voltages in order 1o obtain longer lube life,
Fi6 is also wsed to expose UV activated dry prooess 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 1o contamination and when loaded too heavy,
will saturate. The decay time of F11 also varies with loading.

For ealar scanning, P24 08 used becawse of iy beoad
spectrum and relatively fast decay,

Phosphar Blemizhas

On a typical 5§ in. twbe, 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

P T

be free of blemishes that would affect performance on the-—

system, Typical manufacturer’s specifications divide the
screen into quality areas — usually three concentric cincles.
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 largedt dimention of,
often, a ratio of dimensions is specified, Inspection methods
include visual observation, and actual scanning of the enting
screen using a photoiube with a sweep frequency that
albows the phosphor to decay from element to element to a
speciflied bandwidith, The size of the speck shows up as the
height of a spike on the oscilloscope used 1o monitor the
output of the phototube, This method is also used to evalu-
ate phosphor noise,

Phosphor Nedse and Liniformity

Phosphor noise s caused by wvarlation i Hght from
particle to particle or groups of particles. The noise useally
is inversely proportional to spot size and, as the spot is
run through focus by varving the focus strength, the noise
will hit a peak.

Different screen deposition methods will produce vary-
ing amounts of nolse, Settling of particles which are ot
classificd or sized will vsually 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

5 Plahnf, Properties of Fail-Decay Cathode Ray Tube Phosphon. Bell
Svstem Techmical jowrnal, Janwary, 7963

& Dowdor, Bodb, Staflord, Cox, CRET Phosphor Acthvaticon of Pholé-
chiamic Filim.
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blanked for half the trace length. The noise i3 observed as
“grags” on the step produced when the phototube output
is observed on an odcillescope and its percentage of the
step can be measured, Select a sweep frequency slow
enough so that phosphor decay will not mask the noise.

Phosghor moa-uniformity shows wp as a gradual change
in light cutput of color over the entire screen, This is some-
times called shading and is easily observed with a photo-
wbe and escilloscope,

The Faceplate

The cathode ray twube faceplate B 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 umeven
surface. In optical systems employing low § number lenses,
the depth of focus is very shorl, thus requiring a high
degres of flatness in the faceplate,

koreen Size

Although, as pointed out,spot size tends fo grow with
twbe size, there is some net gain in resolution with the
larger tube sires. Aside from resolution, other advantages
i larger screen sizes include reduced phosphor noise and
reduced phosphor loading. OF course, the larger sizes are
more expensive and usually require 3 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
fube, than with a smaller one. Since phosphor noise is
imversely proportional to spot sire, nobe with the larger
tube will be less. Also, with a larger cathode ray twhe,
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.

Slray Emission

Because of the intense eleciric fields which exist in a
cathede ray tube gun, it i sometimes possible that there
will be field emission from microscopic particles ar surface
irregularities in the lower electiron gun structure, Sometimes
there will be secondary electron emission from aperiures
in the gun. In the [atter 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 emisdon <an, of course, have an ad-
verse effect on cathode ray wbe recording or scanning
perfarmance. Careful examination of the ﬂlﬁnde ray tubae
screen in a darkened room will wsaally reveal this defect.
Most cathode ray tube manufaciurers have methods for
eliminating this condition, should it arise.

Alsa, in the case of photo recording systems, don’t
forget that the glow cavsed 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 ane
turning to high resolution fiber optic wbes 1o solve unique
problems. The largest number of applications are thowe
invelving relatively insensitive dry-process films and high
specd 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

TFred [ Katzman, Improving WlEra Fasl Transbent Recording Using
Fiber Optic Cathode Ray Tubes Electronic fmstrument Dvgest, Oc-
abeer, 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 twhe 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 s 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 frace

recordings

(3} Reduece beam current for conventional film emulsions,

thus resuliing in better spol size

[4) Reduce anode wvoltage, thus decreasing deflection

power and total systern  power consumplion.

Additionally, elimination of the lens makes the optical
system mose compact. Disadvantages are that it is no longer
possible o use optical reduction Io achiove 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™®
Mates are readily available for sealing on 1o cathode ray
tubes with a numerical apertere of 66 and 88 pitch fibers,
Limiting resolution for this kind of plate is around 60 1p/mm
{03 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 20 10 the point where blemishes
can be contrelled wall enough for mast systerm applications,

Anather use of fiker optic plates is for intrinsic correction
of spot position linearity on the face of the cathode ray
twbe by curving the inside of the plate to the radius of de-
flection.” Experience so far has shown that electronic cors
rection is wsually a betler way to go from the standpoint aof
cexid and flexibility.

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

ELECTROMIC EQUIPMEMNT

C:E.nw.ﬂ

The cathode ray whe can be no better than the equip-
ment that drives it. Therefore, a high quality cathode ray
tube will require high guality electronie equipment if the
raxirmum yield is (o be realized,

The major cathode ray tube driving components are:

(1) High voltage supply

20 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-
siblle, taking into consideration:

{1} Tube rating

(2} Dailection power

(3) Environment

E . Withur Hicks and Paul Kiridsy, Fiber Optics. Gles ITneduwstry, April
and May, 1962

" Mosalc Fabricattons, Sulletin Series 700,

10 Firdow type L-4198 Cathodde Ray Tube,
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i4] Possible X-ray problems.

Because electrons repel each other, the smaller spot size
will be achieved at lower beam currénts, 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 thickmess is such that efficiency is not lost. It is
also true that at higher voltages there i less tendency for
the beam to spread in the fint plice due to the shorter
time each electron remains in the field of its nearest neighe-
baring 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 phosphos,

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 mone power 0
arder 1o be deflected through a given angle. The deflection
could be decreased to make up for a higher anode voltage
but then, as previowsly pointed oul, there may be a sacri-
fice in spot size,

Fortunately, new high power deilection amplifiers make
it poasible o use higher anode voltages while new insulat-
ing materials and polting lechnigues have reduced the
hazard of shock.

High voltage supply regulation, hum and ripple specifica-
tions are wery important for high resolution displays, Sup-
posing a stationary focused spot s located on a cathode
rave fube screen, Suppose further that this spot is deflected
off center by several inches, Mow, if the high voliage control
is varied, the spot will be seen 1o move in toward the center
of the tube if the anode voltage is increased, and out toward
the edge if the vollage is decreased, Supposing now that the
high voliage conirol is moved back and forth at a high
frecueency, A point will be reached where one will no longer
be able to detect spol movement, but the spot will appear
larger,

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

el dD

— = iy ==
T =2Cmb e T

D = distance of the spot from the center of the tube

# = deflection angle of the spot [from center)

Vo= accelerating voltage
This formula can be used to caloulate required high voltage
supply hum and ripple charactesistics for maximum allowe-
ahle spot growth due to this effect, A typical example would
be the allowable high woltage hum and ripple for a 5-in,
40" high resolution cathode ray tube.

The following assumplions are made:

(1) The spol size ai the center of the screen is (U001 in.

{2} Allowable growth due to the high voliage supply is
10% or 0001 in. at the screen edge

{3} The useful screen for 40° total angle deflection is
4% inor 20° for 2125 in.

{#) Accelerating voltage s 25 kv,

o ., db
i - ekl
v 2 Cos o
Solve for dV:

2 Cos™ & dDV
dv = = s

2 Cos® 207 x 107" x 25 x 100
2.125

= 2079 volis peak-to-peak

Subsiituting again for allowable spot position error due to

L1

the high voltage supply, the formula can be used to calculate
regulation and stability requirements for display lineanity.

The Electron Gun Supply

In a tetrode type gun, the gap between the Mo, 2 grid
and the amode forms an elecirostatic focus lens that is part
of the fube's electron opfical sytem. For this reason, the
G2 voltage supply should be reasonably well regulated.
Changes in the G2 voltage will abo cawse 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 1o eliminate
urwanted modulation of the beam current. In some cases,
it is alsn advisable to use de on the fillament. Care should be
exercised in modulating the cathode itseli since a defocus-
ing action is experienced on the phosphor screen due to
the apparent change of distance u Figure 2,

The Fovus Coil and Focws Supply

For best resolution, a high quality focus coil s required.
Also, since the focus is a funciion of the current flowing
through the coil, a well regulated current supply which
matchies the coll should be employed, 1t is further important
that the coil be propery aligned for oplimum spol Size over
the entire screen area. Good regulation and alignment is
also required for elecirostatic foeus tubes, Note that align-
ment can not be readily adjusted after tube assembly fos
an electrostatic lens which is insicde the cathode ray tube
envelope.

There is a running argument in the industry on the rela-
tive merits of electrostatic vs. electromagnetic focus, Theo-
refically at least, eleciromagnelic focus s better, especially
for higher current applications. On the other hand, electro-
static focus appears simpler and 15 favored where there is a
high sensitivity 1o vodlume and weight.

The Deflection Coil and Deflection Amplilier

Although change in beam paith length 15 the major con-
tributor o deflection defocusing, it is alio true that in many
cases, poor resolution can be traced to nom-uniformities in
the deflecting fields. Thus, as was previous mentionsd, only
high quality defllection yokes should be wsed. The deflect-
ing ficlds themselves can introduce astigmatism which is
difficult to correct for, withoutl a dynamlic astigmatism cor-
rectos. 1t is reparted to be more difficult for the deflection
cotl manuiacturers 1o hold field uniformity with lower in-
ductance yokes. It would thus appear that there is a trade-
alff im this respect betwesn speed and resolution,

The trade-off which is postible between deflection power
and resolution has been previously pointed out. 1t s also
advisable to eliminate any hum in the deflection circuitry
which can wobble the boam with the result of an apparent-
Iy large spol size.

It is generally conceded that eleciromagnetic deflection is
suparior 1o elecirosiatic 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 soreens are easily
burmed,® it is wise o provide some form of sweep faillure
protection.

T W, R Filior, Lsmitatioms on High Energy Cathode Kay Tube Boams
With Regasd to Phosphar Like, Bih National Symposiom, Society
far Infoumalion Dnplay,
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FIGLIRE 4: Alsgning a high resalution cathode ray tube using & mi-
CroddGyHe.

Mechanical Equipmend

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, s
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 wbe. This procedure
calls for the ability to move the coils in a precise way with
respect o the whbe. The. tube should be firmly fived in a
mount which also holds the focus coil and deflection ooil.
The method of holding the coils should be such that the
coils can be adjusted in X translation, ¥ translation, pitch
and yaw separately. Means of rotational and longitudinal
adjustment is also » 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 spol wobble which
will degrade resolution. Instructions for aligning the cooils
are available from tube and ooil 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. 1t takes
only a very small movement (due to stray magnetic fields)
o wobble a 0L001 in. bearmn to a 0.0015 in. beam, a change
in resalution of 5095

Some high resolution [ubes loday require 3 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 1o center the beam in the aperure. The
centering device also centers the beam on the phosphor
screen pricr b0 alignment. Generally, it is desirable to avoid
the use of a centering device since the magnetic freld can
introduce astigmatism on the beam, Electromagnetic center-
ing coils are available which are reported 1o have a lesser
effect on the beam uniformity.

The intrinsic, unfocused, undeflected, spot landing posi-
ton on a typical 5 in, 40° tube s within a 5 mm radius
from the mechanical center of the sereen. The reason for
the variation in spot landing position is that, as pointed out
befare, the electrical center and mechanical center of the
tube do mot necessarily coincide.

Most manufacturers will supply tubes with closer spot
lamding specifications for a premium. Il a centering magnetic
of ool must be used, some manufaciurers reguire the
magnet 1o be used over the gun, and some do not, There
does nol seem 1o be a hard and fast rule in this respect and
the best advice is 1o do that which gets the required

resulr.
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Equipment far Fiber Optic Tebes

A special note s in order regarding fiber oplic tubes,
Each interstitial space Between fibers on fiber optic plates
i5 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 fube, there may be an arc
through the faceplate which will destroy the tube.

Because of this, fiber oplic tubes should be run grounded
anode, In many cases, grounded anode operation is con-
venient amyway, 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 10 the aux-
iliary plates on dual deflection tube bypes,

Video can be fed to the clectron gun at the high nega-
tive potential through an ff coupling, a light diode coupler,
of a coupling capacitor; the latter belng the least desirable
approach becawse of energy storage and poor do response,

Stability

If careful attention is devoted to mounting configuration
and power supply stability, the only remaining stability
problem 5 a possible drift in amount of beam current
cawsed by heating and subsequent shifting of the gun ele-
ments, If the system requires a steady light output and does
niot 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 codl are pre-
aligned wath the tube and potled inside a magnetic shield.
Sorme tubes are available with an intrinsic mounting ring
an the face which is drilled and taped so the tube may be
bolted into the optical system. The surfaces on the mounting
ring are machined in such a way that when the twbe is
bolted in place, perpendicularity and concentricity of the
faceplaie to the center line of the oplical system is assured,
The potted package is particularly popular in military
systems, Other techniques are incorporated which prevent
fun movement while undergoing shock and vibration.
The author acknowledges the help and encouragernent
of Dr. joseph ). Siafford in preparing this paper,
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INTRODUCTION

Cathode ray twbes are wsed widely in many of
today's information display systems. fnterfacing
the system to the observer, they not only pors
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 wliimate in function for the type of system.

The designer must consider many factors in
selecting the optimum twwbe for his application.
Mo lomger Is he limiled o a few “off-the-shelf*
itemts. He had o condsider swch factors ad sire
of display, deflection, and focusing method,
sensitivity, resolution, Brightness, power require-
ments, phosphor responses and receplors. Many
of these may be in opposition o one anobher
and the oplimized tube iz often "a compromise
of many compromises”™; or “a cathode ray tube
can be peaked to near perfection of any of is
specific capabilities providing the designer can
accept the necessary trade-offs™,

To assist the designer, this paper discusses the
variows parameters which mugt be congidensd
to arrive at the composite cathode ray tube for
# ghven information display system. Dee to the
interrelationship of the parameters, the optimum
position the desigrer st take fles within the
boundaries presented in Figure 1.

FACE SIZE AND TUBE LENGTH

One of the first parameters o consider in selecting 2
cathode ray twbe 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-
termingd by the type of deflection method considered for
the systermn: 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 acoess dis-
play, electrostatic deflection 5 normally used; Le., writing
rates in the order of a million inches per second are quite
common, I the display can be writlen in a rasber lormat,
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 wbes were designed with 10, 12, 16, and 19
inch diameter bulbs. In contrasl, the magnetic deflection
twhes have historically been those bulbs which have been
designed for the TV entertainment field. Many of the dis-
play systems in operation todsy 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 o use rests
solely on the availability of bulbs which were originally
wied for TW. It is true that many new bulbs have been
dedsigned and built in the amall sizes, but for the large,
magnetic  deflection tube, the display system  engineer
must pick those bulbs which were previcasly used for TV,
The alternate of designing a new bulb is generally con-
sidered economically unfeasible.

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 1o be considered with the aspect of dusplay
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 clectrostatic 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 whes that are cur-
renily available wath bulb diameters of 8 inches or greater
are listed in Tables 1 and 2.

Resolution
Deflection Method

Ciperating
Voltoges

Brightness

Sensitivity

FIGURE 1: Inderrelationship of CRT parameters.

TABLE 1: Availabfe bulb slzes.

ELECTROSTATIC DEFLECTION;

107 Rowsd ... __Length of tibe appreximately 70
12" Bowad . lengih of tube approximately 24°
167 Rewnd ILength of fube approsimately ZE”
19" Romnd Length of tubs approximately J2°
8" Reett — e T e
| rgl] - R —— . asEisawEs
" Red* R
[l |- o L Y O e O e g

INFORBMATION DISPLAY, Mayilume 1907
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Engineer-im-Charge

and Do G, COWDEN
Manager
industrial and Military Cathode Ray Tulbses
Electronic Tube Diwition
Sylvania Bleciric Prodects Inc.
Sengca Falls, Mew York

TABLE 2! Available bulb sizes.

MAGHETIC DEFLECTROM:
B" Bect.  80° Deflection
8" Rect. 100" Deflschion 197 Bect. 104" Deflection
11% Rect. 100" Dwflection 21° Rect,  T2° Defiection

14" Becl. 80" Dellachica 21" Rect. 90" Dellection
16" Reund 60" Dellection 0" Redt. 110" Dellectisa
16" Recl. 114" Deflection 217 Recd. 927 Dullectica
17° Bect. 10" Deflection 23" Recl. 104" Deflaction

177 Rect. 30" Deflection 27 Rect. 100" Deflection
17° Rect. 104" Deflection 277 Rect, 90" Defiection

DEFLECTION SEMSITIVITY
To propedly consider defllection sensitivily with  re-
spect 1o whe design, it s esential 1o camine the formula
for deflection in both electrostatic and magnetic fields.
Correlating with Figuse 2, the formulaes are:
Electrasiatic Deflection
Lbvd
yd 2 a Va
deflection from center
the throw distance from deflection
plate o scresdn
deflection plate length
deflecting potential
deflection plate spacing

Whene:

i

-
" & E
Wamn

beam potlential
Magnetic Deflection
Lb A
=K =
™ ¥ Vo

FIGURE 2 Elecirostalic deflection,
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Where: yd = deilection distance from cenlter
K = constant
L = throw distance from yoke o phosphor
b = lenglh of deflecting field
B = magnetic flux in glass

Vo = operating vollage of the beam

The formula for deflection in an electrostatic field re-
veals that if the tube iz designed solely for sensitivity, length
of both the iube (L) and its plates (b} musi be long; spac-
ing betesen the plates {2} small, and operating woltage
Vol low. As the spacing between the plates (a) 15 reduced
however, the wiable scan is also reduced due to inter-
ception of the eloctron beam by the deflection plate. The
designer must also consider that low beam potential (Vo)
will result in reduced brghiness and resoluiion. To con-
clude, in order to achieve high sensitivity employing elec-
trostatic deflection, the whe sefected would normally be
a long, small diameter, low anode voltage type.

As shown in the applicable formula, deflection in a
magnetic field 5 imersely proportional to the square root
of the operating voltage (Vo) instead of directly propor-
tonal in an electrostatic field. If the designer decides to
increase Vo for better brightness and higher resolution,
deflection sensitivity s of course neduced,

In general, magnetic deflection tubes can operate at
higher %o and provide better brightness and resolution.
However, of late, several electrostatic deflection tube de-
signs have incorporated high voltages i the order of
E.x = 10 kv and E. = 18 kv and are approaching the resolu-
tion capabilities of the large screen magnetic deflection
PP

I alphanumeric information is the prominent display
feature of a system it is possible to have both electrostatic
and magnetic deflection in one tube. This s done by plac-
ing two sets of deflection plates on top of the standand
magnetic deflection gun. The electrostatic deflection per-
mits the high speed character writing while the standard
magnetic yoke positions the character. Characler weriling
could ako be sccomplished using a separate low inductance
writing yoke, In this case however, the tube is lengthened
approximately 1%: 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 woltage value.
Since the Vo value for this type of deflection system is the
focus voliage which may be 20% of the anode voltage,
considerable improvement in deflection sensitivity for the
electrostatic dellection plates can be achieved. The limila-
tion of this design is the scan produced by the deflection
plates which must be rather limited in order o retain
sharp focus of the full character. The adwvantages of a
hybrid tube of this sort are befler deflection sensitivity
and improved resolution. Character height however, will
be limited to approximately Y inch on the face of the tube.

DEFLECTION DEFOCUSING

As a focused beam i deflected, either electrostatically
or magnetically, the electron is acted upon as described in
the formulaes presented in the discussion of deflection
sensitivity. However, dee 1o nonuniform fields at the
entrance and exit of the deflection system, the electron
beam experiences a premature crossover before  anrival
at the screen,

An electron beam has a finite width as it passes throwgh
the deflection plates. As shown in Figure 3, one plate is
positive with respect to the other. Therefore, electrons in
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:‘-‘:dil:h has approached values as high as 8:1 (Figures 4, 5

the border of the beam see different voltage gradient
depending on its position across the beam. An electron
at "a™ s at a lower fleld than “b" and will therefore
caperience a greater deflection. This difference in deflee.
tion causes the beam o focus befose it reaches the
phosphor,

This premature crossover of the focused electron beam
appears 0 be caused by too strong a foous lems. 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; ie., the difference between the
anode and focus voltage is decreased.

All large screen deflection display tubes require mic
correclion of both focus and astigmatism elu:um b
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 amgles.

Pl phdr

=
Deflection Plates ST

=0 Beam Pafh af Vdsa

FIGURE 3: Deflection defocusing.

BRIGHTMNESS

Screen brightness is basically determined by the power
of the beam siriking 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
o), With magnetic deflection, the only factor o 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 (Ey) is maintained at
a high level while the gun and deflection plate systems

are maintained at a low vollage B, The compromise taken
here is that the deflection plates can function in the low
voltage field for maximum sensitivity, while the Bhosphor
is maintained at 3 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 fo lengthen this area out and put sevs
eral discrete steps of slowly increasing voltages or a
multiple band post accelerator. Such a tube can have a
ratio of Eu to By value of approximately 4:1. A further
peaking of this design is in the spiral accelerator tube type
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FIGURE &: Spiral sccelerstor beam path.

PATTERMN DHSTORTION

Pattern distortion s 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 E./E. lens used in any
form of post deflection accelerator even though the lens
permits greater sensitivities and higher screen brightness.

It ks shown in Figure 5 of the standard post deflection
accelerator, that the addition of the E.fE; lens has cawsed
the spot to move from point 2 to point b (Sy). As the
amount of deflection (yd) increases so will &y which means
that if a square raster is 1o be displayed on the tube face,
a greater value of Sy will be experienced in the comers
of the wquare 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 maxirmum
curving which the beam trace can exhibit. For any given
pattern distortion level, higher ratlo values of E./E,, can
be obtained by means of the spiral post deflection acoelera-
tin design.
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RESCILLITION

Resolution is that characteristic which defines the number
of individual bits of information that can be displ iin
a wnit length on the wbe face. Major contributing factors
o resolution are the relationship of the image and object
distances of the focus lens, anode voltage and gun design.

Omne of the easicst ways (o visualize the effects of resolu-
tion is 1o consider the physical optics farmulacs:

1 1 1
—=—-t =
i p q

q
M= -

focal length
object distance
image distance
miagnification

Figure 7 shows two tubes of equal length with one
having a greater deflection angle, We would expect tubse 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 wbe, the
characteristics of magnification can be peaked for low
magnification. By keeping the anode wvoltage above 10 kv
and the ratio of £ to produce small magnification, resolu-
tions of better tham 1 mil can be achieved,

With electrostatic focusing, the focusing lens i 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 olectron sgurce 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 electrostalic focus twbes, whether they
have magnetic or electrostatic deflection, have less resolu-
tion capability than the magnetic focus types. Except for
labovatory curiosities, almost all electrostatic  deflection
tubes incorporate electrostatic focus. It can be concleded
that elecirostatic deflection and electrostatic focus tubes
cannol compete in resolution o the magnetic deflection,
magnetic focus types, Referring to the formula for electro-
static deflection, il the term “L" (throw distance from the
deflection plate to the screen) is to be long then the

oo~
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FIGURE 7: Relationship of image-object distances,
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image distance automatically becomes very | thus driv-
ing the magnification to rather high limits. refore, it
is a limitation that high sensitivity twbes cannot be high
resclution tubes also.

FOCUSING MEAMS

Electron guns incofpofating  elecirgstatic focus  break
down into bwo 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
electiron gun for small display types and the ease in finding
available low voltage sources within the eireuvitry. The
mechanical measurement of the tube, however, would show
a rather high magnification :}um Therelfore, the resolution
of this type is generally limited.

The secomd type of electrostatic focus gun is referred
to as the bipotential focus. The foous voltage of this type
generally runs al approximately 209 of the anode voltage,
It wsually 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
elecirosiatic, and unipotential elecirostatic, we find that,
for reswolution purposes, magnetic focus i3 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 acrass the full width of the tube.

In the high resolution area, a considerable amount of
intevest of late has been placed in the bipotential elec-
trostatic focus tube, Primarily, this is because a magnelic
focus lube, while inherently having better resolution ne-
quires a complex setup and adjustment of the electrical
axis of the focusing coil with respect to the electron beamn.
in the bipotential electrostatic focus twbe, the focusing
electrode is built into the tube and does not have 1o be
aligned by the system engineer. However, a separate hi
valtage power supply is reguired for the focwsing electrade.
The power supply must have the capabdlity 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 ower-
all twbe 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 wvalees presented in the following table are for
hypothetical magnetic deflection unipotential clecirostatic
focus cathode ray tubes of 90" deflection.

Weck Gus Parls Relativ Retaline Dallaction
Digmeter Diameter Resziution Pawer
17718 S

I-1/8° 9% 7

iy S1%

The values given in the table show that, as neck diameter
decreases, the physical space left for the electron gun also
diecreases, and the relative resolution decreases 1o 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 folerance
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of alignment becomes more critical. Bui, going to the
smaller diameter neck will provide a useful gain in rela-
tive dellection 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 (a3 standard heater for
some time), 6.3 volts at 300 milliamperes and 126 volis
at 150 milliamperes. The biggest gain for portable equip-
ment is achieved with a recently developed low heater
power assembly operating at 1.5 wvolts, 140 milliamperes
maxirmum. 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 SELECTIHOM

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

The human eye has a peak sensitivity near 5500 4 with
good response down fo blue (45004} and up to red
(6300 &), Human factors may dictate selection on the basis
of color alone or on historical response 1o TV (Pa). If
maximum brightness, in adverse conditions such as aircraft
cockpil display, is uppermost, phosphor tvpes P20 or P31
have proved useful.

Long persistence displays without going to siorage
tubes, continues to be limited to amber filtered P7 when
viewed in normal ambient. However, 1o the eve, M2 or
F19 will “hold” information longer if operated in darks
ness, High density displays which eperate 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 bum-
ing. For medivm frame rates, W frames per second, P2E
has been useful. The published persistence figures of P26
have not been verified. P1, P2 in all its varieties and P4,
F20 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
mast often are variations of P11 which can be controlled
to some degree In persistence from 10 1o 200 Psec. o 10%
of initial brightness. A vast number of films are available
and considerable improvements have been achieved for
high efficiency, high resclution (minimum diffusion in the
phosphor) and low noise. P11 is a rugeed phosphor, show
to burn, has a minimum of aging characteristics and wall
matched to a wide variety of film,

For photomultiplier pickup application, P16 has been
widely vsed, It peaks at 3800A and decays Io 10% of
initial brightness in approximately O.Tusec. It does burn
readily, howewver, and has a marked aging characteristic.
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FIGURE 12: Lenge-ifreen CRT.
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The curves wsually shown for phosphor persistence are
generally obtained from the EIA suggested technique of
measurement on a pulsed spot. For visual application, this
must bhe 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-
berials are also receiving much attention.

COMNCLUSION

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, bt
in the interrelationship o 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 fube 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 krnowledge of how performance will be affected by
changes in various tube parameters,

TYPICAL QPERATING CONDITIONS
Anode Yollage ...cccesiissinississersenieasss  AH00 Vol de

Grid Mo, 2 WollBEE .....cceoiariaiiasmiinnnng 2000 Volts dec
T 0.001 Inch
PEAKED:

1. Very long meck to fennel length; resolution of 0ON™
COMPROMISED:

1. Lomg tébe lempih J

L High deflection anghe

3 Corrected center o edge defocusing about 1015

TRICAL QPERATING CONIHTIONS

Anode Vollage .......ooes arvesrreances SN Volts de
Girid Mo. 2 Wollage ..cocoeciassiissiissinannras 200 Vaolts de
Ling Width .....cciica asssavsassaansraanens R fnch

PEAKELD}:
1. High dellection linearity snd minimuem pin cushbon
L Minimum defocusing, Cormested center 1o edge defocusing
betier than 1.2
COMPROMISES:
1. Deflection angle reduced 1o M degrees
2 Resoluthon dovwn i 0007
3, Very lomg length

TYPICAL OPERATING CONLHTIONS
Anode Mo, & Voltage .oiosvienriaarinnne 00 Valts de
Deflection Factors

Dedlection Plabes 3-F .. .c.onciiaeiiaa. B8 b0 92 Vol dofinch
Dellection Plaies 3= ... ...ociiciiaans 3 po 38 Vol doinch
L W o R RS A AR 0G5 mm A,
PEAKED;
1. Wery compact indicator

2 Minimum length

3 Migh wertical sensitivity less than 18 Win. fhy contrass, bori-
zontal scam of 2% means borlzontal sensithvity maust go down
B 92 Win.)

4, low hewler power — for porable ‘scope

COMAPROMISED:

1. Only 1% " of vertical scan

2. HMigh aspect matio of face and extreme shart lengih make it
impractical to employ spiral accelerator

TYPICAL DPERATING CONMDMTIONS
Anpde Mo, 3 Vollage ...cvvramrinnrnnns 300 Volis
Anode Mo, I Volbige ....cvvavinmnnianns 1000 Wolts
Anode Mo, 1 Voltage Tor Foows ... 0 0 300 Vol

Deflecting Mates 1.2 .. ...cciieciiacias 7 w3 Vol doimch
Daflecison Plades B4 . . .oooioiiaanan A o 3 Vol dolinch
Line Width “A~ 51 163 = 10 a8 vonvnenns A5 mm Max
PEAKED:

1. Livw heaber power wies 1.5 V140 ma heatercathods
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2. High sensitivity — 33 VWin both ases
Soiral Acceleraior =— EAZ = 100 W for max, sensitivity amd
EAY = 3000 W for max. light cutput

3. Shoet bength for hend carried “scope

COMPROMISES:

1. Added oosn for low healer poeser

L Only 0" of useful scan

). Line width only 45 mam

TYPICAL DPERATING CONDITIONS

Anode Mo, 3 (Post Accelerator] Voluge. . 18,000 vobis de
Ancde Mo, T Vollage .....c0000 P00 Wl e
Grid Ma, I Valtage ......00000e : 500 Wolts dc

Anode Mo, 1 Voltage for Focus ..
Deflection Factors

DE“HHM‘ PRIBEE B2 cvccrviccmmcrans o0 o 140 Valis dollach
Daflecting Plates 34 ....ooocincinas 90 o 140 Vala deftach
Trace Widih
CEnlEl wouwsramrannrannsinnssnnsanninn LS Inch
ICEMTIIN - o o s e 0040 Inch
Focus Cormecthon ...cocciaacsiasinannis 0 1o 3000 Vol Mac
Aatigmatiom Commectioh - ...oounciioeaas 0 350 Vol Ma
PEAKELY:

1. Large scoredn sned

2 ;;:L:rﬂnm adceil, compaler meadoul — 00000 sec. Al

3. High brighiness of character at this writing rate

4, High resolution = frace width above & full stroke width of
individuad character

5. MEnimum defleciion defocusing

PFROMIZED:

1. Dweep cabinet Bength

2. M0 EV required for brightness, EAY:EAZ ratioc maintained Fow
for deflectton defocusing, therefore EA2 is high. Poor deflec:
tion sensdiaiy,

2, Requires full program cosrection of focus and astigmatisen,
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ABSTRACT

This paper descrbes the displnfcontral system
of the Mission Control Center at Howslon and
discusses the key technical decisions that had o
b made in the selection, design, fabrication, and
integration of the many diverse display sulsys-
ters required for support of Mexible, complex
missions and required to meet stringent schedule
requirements.

O 8 et i, s P i e e

INTRODUCTION

The Mission Contred Center— Houston [MCC-H) is a
large, powerful, and flexible command and control facility
which directs Gemini and Apolle manned space flights.
Iis capacity is demonstrated by the fact that MOC-H con-
fains 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-¥ plothoards, 16 multi-channel chart recorders, 20,000
52

discrete events indicators, & 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 Apolle mis-
sions. The most dramatic demonstration of flexibility oc-
curred in December, 1965 On only 3 few days’ notice,
the syitem was adapted to permit simultaneouws control
of the GT-7 mission and the GT-& mission for space
rendezvous, in addition to performing a full-scale Apallo
mission simulation.

The physical size and arrangement of MOC-H s illus-
trated by the scale model shown in Figures 1, 2, and 3, The
top of the model hai been remowved in Figure 1 o show
the third floor of the control center, The large central room
is the Gemini Control Center. It i surrounded by the
Recovery Control Room, the Flight Dynamics Staff Support
Room, the Vehicle Systems S5tafi Support Room, the Bio-
medical Stafil Suppor Room, the Operations and Procedures
Staff Support Eoom, the Metwork Stafl Support Boom,
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
flsor of MCC-H, It is nearly identical 1o the third floor,
excepd that the main confral room controls Apalle mis-
sions; and the Recovery Control Room, network room, and
weather room are not duplicated. Figure 3 shows the first
floor confaining the communications terminals, intescoms
munications central, data recording, real-time oomputers,
and communications processing compuiers.

KEY DESIGN DECISIONS
There were five key design decisions made by Philco
and MASA which permitted this system to have greal
power and fexibility:
First Key Decision
It was decided that the consoles should be wuly modu-

lar. That is, any size panel which is a multiple of 134"
high by 4%" wide can be mounted in any position on
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FIGURE 1: Mission Conteed Center — Housfon, Geminl Confrol
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FIGURE 3: Mission Conirgd Cenier =— Housion, commundcations and
COmpalen.
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FIGURE 2:

by HERBERT C. HEMDEICKSOM
Manager, Displip'Contral Sypterd Engineering
Philoo Weatern Development Labosatories
Palg Alla, Calilarmia

Missbon Combrol Cenber — Mouston, Apollo Contread,

FIGURE #:

Typdcal modular conaale.

51




FIGURE 5: Detaiks of typlcal comsobe arrangement.

the surface of the console (even ower the boundary bes
tween bays). Each module connects to a flat ribbon cable
long enough to reach any position on the front of the con-
sobe. This permits complete console rearrangement in &
matter of minutes o accommodate left-handed operators,
new module types, of replacement of defective modules,
It allosss “shicding a new consale shell” around the module
in a single moming when a consele is changed from a
3-bay, one-man console to a 4-bay, hwo-man console. It
allows the operators and human engineers 1o rearrange
controls and displays to optimize locations at esentially
no cost. A bypical resull was thal most opérators selected
a J-bay, two-CRT consobe with the CRT's directly straddling
what waould normally be bay boundaries,

g,

o
A

Pper f01 02

FIGLIRE &: CGemini Contral consales,

Figure 4 shows the configure of a typical console. The
drawer modube is easily mounted at either left or right for
opefalor comveniEnce. Some draveer modules are on rollers
o allow reference documents o be rapidly switched along
with programmed console function changes and change of
console operator. Figure 5 shows an acival console in
position with two controllers. The variation in module sizes
and locations can be seen, Modules can be any height which
1% an inﬂ,.-gut muFIiph_- of 1.75% inches (4.44 cm). Modules
can be any width which is an integral multiple of 475
inches (12.06 cmj. The variety of arrangements and modules
can be seen from the pholograph of the Gemini Control
Roorm, Figure 6. This figure shows cathode ray tube dis-
plays, status lights, keyboards, control switches, and quieted
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FIGURE T: Video Engineer Conigle.
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FHFURE B: Vehicle syvlems staff support room.

printers mounted in modular consoles together with match-
ing prneumatic fube terminals. Use of a number of small
modules js illustrated by Figure 7, the Video Enginesr’s
Conscle, Incorporation of multichannel chart reconders 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 LLS.A. as “joy sticks”, to control pan-
filt and zoom of TV cameras monitoring X-Y plot-boards is
shown in Figure 10, Flight Dynamics Staff Support Room
Consoles,

Second Key Decizsian

It was decided that it should be easy 1o 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 meosd
comsoles. Complex equipment s mounted in special equip-
ment rooms and directly attended by trained maintenance
and operation personnel. Thus, console wsers are rarely
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FRGURE 9 Communications siatus board and console,
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distracted from their tasks by repair of a display hardware
problem. Typical electronic cabinets containing  system
elecironics which tie the system together are shown in
Figure 11, The particular cabinets shown contain a pos.
tion of the clectronics to allow independent operation of
over 20,000 status lights by the compauters,

Third Key Decision

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

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

FRGLARE 10: Flight Deymamnicd Sal Ssipgsodt Room.

2. The display distnbution became extremely simple and
inexpensive, Digital television display generators are
selected on an “as available” basis by the compuber.
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 EEmEralor, manitor, or crosspoint has unhl a
momentary effect until a spare unit is switched in,
The entire display connection to a TV monitos can

FIGURE 11: Digital displey driver cabinets.
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be a single, small 75-ohm coaxial line. This flexible, .
quarter-inch-diameter line can be 1000 feel long. s
It can mix with other cables in any manmer withoul
prcu;ful;'mg crosstalk ;‘uﬂh|en‘lL

3. Since TV monilors are 30 inexpensive, displays can be
duplicated and continuously monitored for guality in
special maintenance areas. This allows most display &
hardware malfunctions to be anticipated, They can
then be corrected without console wsers even knows
ing that a potential problem existed.

4, Since the comsole and group displays can abo directly
we inputs from TV cameras and flying spol scanners,
a number of powerful, yet inexpensive, display inpuls
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.

5. The choice of television CRT's allows providing each
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FIGURE 13: Typss of compuier-genemted TV displays. i

controdler with a low-cost wideo polarity controd
switch to allow viewing black-on-white for high data
content displays or white-on-hlack for fow data con-
tent displays. The presence of a large number of
white symbols on a black background dazzles and
confuies most controdlers. By choosing black an white,
much more data can be simultaneously viewed. Con-
versely, if only a few symbols and vectors are dis-
played simultanecusly, white on black is often pre-
ferned.
Figure 12 shows the precision 945 line television monitors
with polarity reversal switches undergoing initial checkout |
in the MOC-H television maintenance area,

Fourth Key Declsion
The displays are all designed so that the computer does
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FIGLRE 14: Thres types of group display im use.
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FIGURE 17: Fir crods-connectt insialied

not have 1o 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 wector generation is implemented outside
the computer. Thus, the computer has only to handle con-
cisgly-coded real-time dynamic daia 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 tels-
wvision displays and analog plotting displays.
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Figure 13 illustrates some typical types of display formats
wsed. By these technigques, the display system relioves 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 funclional tesis, As can
be moted from this figere, careful design of throw distances,
screen poditions, awdience configuration, projector bright-
ness, and screen matesial eliminates the “hot spots”™ often
seen in rear projection displays, Yet, the contrast |s excel-
lent even with 30 foof candles of ambient light on all
Conso e,
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FIGURE 19: Making a change.
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FIGLERE 3): Cominl Contral comiales in une

Fifth Key Decision

It was decided thar all r.lig,llll data cables amang 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-CONMECE Wwines
terminated in laper pins. Very extemnsive system reconiigura-
tiong have been made in only a few hours or days merely
by maoving these easily accessible cross-connects. A big
time advantage was realized because the entire cable plant
wias installed and terminated before the various equipment
designs were final. When each plece of separately built
hardware arrived at MCC-H, the set1 of standard cables with
itandard connectors wat indlalled and walling. A upd'tf
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 resulled in negligible
cable prc_:-bf{'ﬂ‘l's. since cablet never have o be reworked,

Figure 15 shows a set of standard cables for ane consale
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 mulii-hale taper pin blocks, Figure
17 shows the first group of cross conmects (red wires) con-
necting cisplay and contral interface equipment to the con-
soles and to the computers. Figure 18 shows the inter-
connection completed, In Figure 19, a console reconfigura-
tion i made by changing cross-connections. [n nonmal
operation, these cables are concealed by closed doors.

CONCLLSION
These five key decisions by Phileo and MNASA allowed
5

this largest of all command and control centers to be in
operation contralling a complex miion only 18 months
after conmtract award. (Figure 20 shows comsoles in wse.)
This contrel center will be able to be economically and
rapidly reconfigured to meet rapidly changing GCeminl and
Apollo contral requirements for years 10 come,
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Using a standard television monitor

as an alpha-numeric display

by STAM GRAHAM
Indusirial Applicatians
Fairchild Semiconductonr
Maghtain View, Califamia
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SUMMARY

The system described was not built for manwfac-
twring purposes, but only as a study fo demon-

strate the feasibility of using variows families of
integrated cirouits in a television-type display  sy5-
temn, and to gain some ingighl into the Imitations
of this type of system, With the advent of large
scale arrays this type of syitem would be even
n':unr: attractive for a low cost dpha-numeric dis-
play.

IMTRODUCTION

The standard television monitor or domestic set, when
used az 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 cirouitry is already built into the monitar, requirs
ing the display-system manufacturer to build only a digital
systemn 1o produce the video and control signals needed. In
addition 1o being inexpensive, this type of display system
also requires a minimum of skilled mainenance, Trouble
shnnting in the contral section & limited 10 “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 wiil-
ized as an alpha-numernc display medium because of the
requirement of a high-speed memory for format storage.
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FIGURE 1 Block Diggram of Display System

Until recently, core memaorics of the necessary cycle time
were quite expensive. Recently, however, memories of 1.5
microsec cycle time and better have dropped o approsi-
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 Characterisiics

The displayed characters are in the form of a dot matrix,
The actual mairix is decided upon by the display manufac-
twrer, the most wsual being a 5 x 7 (ie. 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 635 microsecs of
the horizontal scan and would avoid distortion due 1o over-
scanning of the monitor, The system clock rate fora 9 x 9
of 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 integrabed
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 1o short term varations in
the master oscillalor, there being no need to incorporate
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 systermn works at @ much slower rate (e.g.
character rate for memory address signals is approximately
666K Hz). Two counters are required — one counting char-
acter position horzontally at 666K Hz and one counting ver-
tical lime position at 15.750K He. This latter counter s resel
at the beginaing of each frame by wertical drive from the
television synchronizalion.

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 3 9 x 9 dot matrix
these would be Y, through Y., These “¥' signals are
vanded” with the code of the next characler to be dis-
plaved, These functions are placed into a parallel 1o serial
10 bit shift register and, at chisplay time, clocked out at 8
mHz. On completion of the character line display period,
the mext “X" dot decode, which in the display period has
been read from memory and decoded, B 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 oycle time memorny has an access time in the order
of 800 1o 1000 nanoscconds, leaving 560 o 760 nangsec-
onds for decoding and setting the shift register. These
speeds are well within the capabilities of TTL and DTel
The sysiem fabricaied by Fairchild Industrial Applications
used DTul throughout and no problems were encountered
due to propagation delay, etc.

Rounding of Characlers

If the display screen is larger than 197, 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 wser requires, |t may then be necesary 1o
"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 mow becomes necessary 10 detect and separate field “A”
from field “B" and delay the dots on “B" relative to “A"
{Figure 2], This is not quite as difficull as it first appears.
The “rounding” of characters could be offered as an option
o a standard system, (Example Figure 3) One method of
producing delayed dots is 10 use a two-plase doeck 1o clrive
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

FICURE 2: A, Dot Shilied out of Register by Phase 1 elock
B Seme doii delayed by using Phase 2 clock
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FIGURE 3: Rounding of Chaacies

on black background, depending upon from which side of
the register the signal is taken. Crey scale can be added
a3 an optional feature. By gating the cutput through vamous
gates whose oulputs are divided down, color can be accom-
modated in a similar fashion, If it is required 1o ransmit 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
o modulate the signal in the same manner as the output of
a television camera, no camera being used in the process,
a5 is the case with a normal cathode ray tube type display.
The information can also be passed, over shiclded cable, as
direct video where an existing closed circuit system exists,
say, W an air-terminal,

Input of data to the system can be adapted to any rale
within the confines of the memory cycle-time, e, type-
writer, tape-resder, teletype or computer. This could be os-
gamized on a priority inftermupt basis where several inputs are
required, The interrupt would show as a blink or flicker on
the display, unless it was arranged o ccour only during the
blank periods, Readout of memory for hard copy, or trang-
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,
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FICURE 4: Charactier en a9 x % matrix
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FIGURE 5: Method of displaying teo chamnels simulianeorily

CORMCLUSION

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 5 required. The bwo extra bits
could be used for parity check and/or underline, flashing or
cursor. Two channels, of course, would require a 1024 % 8
bit memory, although 16 lines of 9 ¥ 9 matrix characier
could not be displayed. The method of displaying two chan-
nels simultaneously s 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, % lines are left between
characters in the vertical direction. These 9 blank lines are
wsed to display the information on the alternate channel.
Four channels can be accommodated by the use of a 1024
% 16 bit memory = reading two channels in parallel and so
on, up o maybe eight (1024 x 32) individual channels. Writ-
ing into the system now becomes more complex, as we have
o be able to address a particular byte of memory, This
could be accomplished by reading all 32 bits from memaory,
changing eight determined by the channel address and re-
turning them to memaory — thus making the elfective sys-
tem write time twice the memory cycle time, ie. 3 micro-
HBCS,

It has been shown that wsing a television type display
does not necssarly place any restrictions on the system's
performance or capability. It is very attractive from a design
point of view, due o the use of integrated circuits, and also
from manufacturing cost point of view,
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ABSTRACT

The Bunker-Ramo Corporation’s BE-90 (ANIFYD)-
37) Visual Analysis Console was developed in
canjunction with automatic mformation handling
systems o prowvide rapid data display and opera-
tor communications with high-speed digital come-
puters. System operators can query a compuiber
by simple keyboard operations lo sefectively
obtsin information; this information whes re-
trieved and [ramumitted to the console, it im-
MH'fr'.aqu}- -:fi:phyﬁ;‘ﬂ in fexival or g:.]phﬁ;. fewrm,
fn addition, the system operator can create his
own displays off<ling from the compueter and
subsequently up-date the computer information
files or store the data for later use.

INTRODUCTION

The BR-90 diplays information on a cathode ray tube
screen; all the necessary controls for ithe manipulation of
this information are included 2 part af the display's eontrol
panel. The unit is complete as shown in figere 1; no addi-
tional equipment is reguired for operation,

In addition o the capabilities associated with conven-
tional displays, the console has two unigue featwnes:

* photographic information siored on film  slides s
projected onto the phosphor surface of the CRT
screen for simullaneous 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 contral of console functions resides in a program
stored in the console’s magnetic core memaory. Con-

FIGLURE 1; Model 90 [AMFY-37] Console

sale funchioni can be chmged snd added to by mrwacli-
fving this program,

The BR-%0 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 wser must have the capability to operate

on the displayed data and generate new displays.

»  real-time communication with an associated compuler

system is desired,

CAPABILITIES

The console's capability to overlay electronic data on
film slide baclcﬁmunds. greatly improves the informatian
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content as compared to that provided by comveniional
CET graphic diipfa'r‘i- The film |:|.:.r.l:gr|;'!-|..|n|:|5ll which can
contaim almost any amount of information desired, provide
reference information that would otherwise be omitted or
drawn elecironically as gross outlines, Electronic generation
af background data is not always practical because digital
storage must be available for that purpose, and, since there
it 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,
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MIGURE 20 Simplifeed Funciinnal Block Diagram of Consiole

The logical ocrgamization of the consale is illustrated in
the simplified Block diagram of figure 2, The display proces-
sor containg an B192 word, 12 bils per word, magnetic core
memary, The memory i functionally divided inte bwo por-
tians; one half is dedicated to storage of the console pro-
gram; the other to storage of data for display on the CRT,
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f-l'lblil|rl'|-' -dir.d it read from mMEmory in syn-l:hmmim with the
input power line frequency. I, for example, 60 cycle per
second power is used, the display processor is interrupted
every 1060 of a second by a display imerrupt, and one
framee of dlipla:g,r data [ie, GOne pass rhr:':ugh memory] 1%
read o the CRT display controd circuits, Between display
frames, the processor services the remaining console devices
represenied by the blocks shown on the common data bus,

DISPLAYS

The type of information that can be displayed by the
console @ illustrated in figure 3. Displays can be generated
al the console entine|y o f=linge cr 'II'H."'].' iy b= recerved as
display data from the system computer, Any display can
in lwn be transmitted to the system computer incleding
backgrownd slide identification,

The background map 5 a film slide which is projected
onto the nside surface of the CRT through an optical port
located at the rear of the tube on the central axis. The
clectromic data consizis of .j||:l|'|.1r'|ur'r'|ﬂrl|'.'1. snd 5.p£r.’i.1| Wy
bals, vectors, circles and plotting paints, The weable 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 Iafarmation Displayed
63




the complete height of the useable area is not filled by
the projecied image. Howewer, clectronic data can be
written anmywhere on the screen. The CRT uses P-4 phosphaor,
provides 20 foot lamberts of image brighiness, 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 IDWrg.'Iirl SOrGEN 18 MOty N any rear pmjectim;
systern to reduce what would otherwise be an uncomifor-
ably bright area when looking directly at the display. This
prijector “hot<spot™ has been considerably reduced on
the BR-90's screen by a special process that produces a
low gain projection screen without affecling the guality of
the electronic display. The projection system produces a
maximum brightness of 40 foot lamberts; since this is oo
high for nomal viewing, brightness controls are provided.

A font of 63 alphanumeric symbaols can be displayed in
two adjustable sizes, wectors 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 paints in the
vertical (Y] axis. The initial character of an alphanumeric
or symbal group s positioned to the same resolution. Posi-
ton data is specified digitally as 10 bit binary weighted
numbers. The maximum amount of electronic data display-
able on any CRT i5 a function of frame rate and deflection
speed. At a frame rate of 60 cycles per second, any one
of the following groups of diplays would be a2 maximuem
allowable quantity an the BR-50;

1) 2816 alphanumerics and special symbaols,

2) 115 circhos.

(1) 444 connected vectors.

(4) 222 wnconnected vectors.

(5) 444 plotting points or individually positioned symbaols.

If these quantities are exceeded, the frame rate will aubo-
matically drop to 30 opcles per second. I 50 cycle per
second inpul power was used, the above guantities would
be increased by appraximately 20 percent.

Consale

Figure 4 shows the display and control surface of the con-
sobe. The keyboard on the left side of the control panel is
designed for communication with the system computer,
Removeable overlays vniquely code the 30 keys and pro-
vide labels appropriate for each application. One hundred
and twenty eight differently coded and labelled overlays
can be wsed. Wath 128 overlays and 30 kevs, owver 1800
different digital messages can be transmitted 1o the external
computer system. A group of twenly-five indicators on ihe
lefi side of the screen panel, used o present system stales
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 confrolled by commands received from the system
compauter,

The group of keyvs 1o the right of the computer com-
munication keyboard are used for internal comsale control,
The operator uses these keys to periorm the variouws offs
line display-generating and editing functions such as draw-
ing lines and circles or deleting and copying information,
O particular importance is the fact that cach one of these
keys call up a program subsouting stoved in the console
memory bo perform the indicated operation. The blank
keys can be used for additional key assignments.

The iypewriter keyvboard is wsed 1o enter alphanumeric
information onto the screen in @ normal ypewritlen man-
ner. The keyboard's alphanumeric layout is standard; special
&4

FIGURE 4: Déuplay and Contal surface of Congale

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 o
position ypewriter keyboard entrles on the sereen, On the
right side of the screen panel are the controls and indica-
tars for the projection system, A light gun it used 1o select
and identify electronic display elements to the console
logic for editing purposes. Two switches are available for
manual selection of &4 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
symhbal (electronic cross-hairs) about the screen to locate
position wvectors, circles and symbals, The cursor symbal
dentifies positions on the screen in CRT coordinates,

Figure 5 is a close-up of ihe console keyboard showing
the various ofi-line contral funciion: that have been jmplea
mented for the first console application,
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The “Clear Blink"™ key, used In conjunction with the light
gun, stops elecironic displays from blinking. The console
has a continuous audible alarm that can be tumed on by
the system compuler. The “Clear Alarm™ iu:r' hill‘llbl'r' Turiins
this off. The “Errce/Reset” indicator, by illuminating and
sounding a bell, informs the operator that he has performaed
a procedural error. The key labeled “Clear™ is wsed to
erase doplay data from comsole memory. The “Clear” func-
tion can be tested before permanently erasing data by
Lsing ther “Teit™ Fl.r.-'!.l. The “Mode™ kl‘."]-'-. pri:'l'.-'ir.ll.."- bath dis-
play mode and page selection contral. The random mode
is selected when graphic displays are to be generated,

The formatted texi mode is used when only textual dis-
plays are required. Text data is displaved in a 4d4-row by
td-character-per-row farmat, Two display pages ane avail-
able in either mode, For the random mﬂdq:r |:||'.|:||a:|-' MMy
is divided into two equal-size pages, labeled Page A and
Fage B; each page holding 2048 words for display. In the
farmatied text mode, pages are labeled “Main Display™
andd “Seratchpad®, Ia this partecular application, the main
display iz 40 rows of characters; the scratchpad 5 the
botiom 4 rows., The key labssled  "Basimuwm Crisplay'™
causes both pages in either mode 0 be displayed simul-
taneously, The divisions described here represent particular
user requirements. Any form of page division can be ac-
commadated within the 4096 words of display memory.

The edit keys indicate vanows conditions and provide
control of the displays. The “Delete™, “Relecate™, and
"Copy™ keys perfosm the functions which the names imply.
They are used with either the “Word™ or “Line Text” keys
to indicate the length of the mesage 1o be operated on,
Vectors are drawn by using the “Draw Veclor™ key in con-
juncticn with the curscr ball controd to locate veclor onigin
and terminal points on the screen. Circles are generabed
in the same manner using ball control o located circle
centers, The “Cursor” key causes the cursor symbol to be
displayed when operated. The “wWide Vector” keys will
exute vecbord o circlel to be disan with a wide stroke, The
“Blink™ key causes vectors and circles to blink when they
arg gencrated by the operatar al the keyboard, The "Vector
Dircction 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 tesminal point. The “Light
Gun® indicator llluminates whenever a display element
is light-gunmned,

Figure b shows a close-up of the projector controd kieys
and indicators. The console projection system allows auto-
matic random selection of 70 mm black and white or full
codor shides fram a 100-2lide capacily mMagarme, The maw-
mum slide select time is 10 seconds. No distortion of the
image or special photographic technigues are emploved in
the preparation of slides. The image arca on the slide is
2.1 inches by 3.0 inches. The system recognizes and operates
with 5 machine coded magazines for a tolal system capa-
hility of 500 slides; however, only one magarine can be on
the projector at ome lime, 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.
Shde select swilches allow for manual selection of slides
fewr uiumng. The wslem compuler can also wpleel shdes h'|.'
transmilting a special command which includes the wlide
number. When a slide is selected from a magazine that is
not in the projector, the console aulomatically retracis the
magarine o an unloading positton so that the operator
can exchange magazines, The operator s given the proper
magazring number and infarmed o -Lh.ll'lgl!' migazines by
the imdicators. The new magazine, when imiorted, s aulo-
matically positioned to the proper slide position and the
slide projected. the whole operation laking no more than
30 to 45 seconds. Storage space for five magazines is pro-
vided in the consale cabinat.
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FIGAURE 6  Projector Conlinl Key snd Indecators

O particular interest is the group of nine keys shown in
the center of the panel. These keys, when opedated, mag-
nify any one of nine overdapping quadrants of the shde
io full screen size for a 2 times magniflication. The elec-
tronic display alse changes scale and centering o maintain
registration with the magnified slide image. The precision
of registration accuracy between the electronic information
and the photographic nfonmation is 1% of soeen width
at full scabe. Test patberns, test slides and operator adjusts
menis are wsed for checking registration and making adjust-
menis as reguired. The remaining keys provide belghiness,
fecus, and propection lamp control.

The light gun, a manually operated deviee, i used 10
select alphamumene characters, poants, circles, or vectors
for editing operations. When an element is light-gunned, it
flickers at a discernable rate providing feedback 1o 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 betwesn 1/10-inch

FIGURLE 7:  Full Sisle daglay with eleceronic display @verlaped




—

diameter to BVi-inches in diameter. Intermediate sizes vary
between these two limits in egual increments,

Figures 7 amd 8 illustrate the magnification feature men-
tioned above. Figure 7 is a nocmal full slide display with
an electronic display overlayed, Figure 8 shows the center,
lefti-hand gquadrant of the display magnified 1o twice its size,
The electronic image has changed scale amd centering 1o
maintain registration with the film image; bowever, the
size of the characters and the continuous spacing of the
characters has not been changed, only their overall positicn,

FIGLIRE &: Cenger, beft-hand quadrant of digplay magaified 1o twice
ity size

Appdications

The comsole can be considered for a number of computer
system applications. Computer communications are simpli-
fied by using the overlay kevboard to enter computer com-
mand and queries for data retrieval, Since the key func-
tions can be labelled with the users terminology, compli-
cated codes and guery 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 compulation capability of the
system compater, 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 af the system
computer. Different console operational programs can be
prepared 1o allow users 1o 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 & 250,000 word per second rate. Where a computing
tyitem already exists, the selection of a data channel is
uswally resolved by availability considerations, The soft-
ware interface defines, in a more perdinent 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 o com-
municate with the console. The following list = typical of
the type of commands the computer would send to the
console:

iy

Send stafus
Rezsd display memory
Write display memory
Clear display memaorny
Set display mode
Select slide
Inchibit console interrupts
Set console lighis
I turm, the console sends data to the computer, such as
display data in response 1o a read display command, inter-
rupt signals, overlay keyboard messages and status messages.
The status message can include such items as:
Present display maode
Active page being displayed
Slide mumber being projected (and magazine nuember)
Ciarsos -:.'nnt.lrl;final:-l:-s
Light gurned symbol address (in console memorny)
Marker location (in console memony)
The command structure is reasonably flexible as far as
the consode is concerned since it s the console program
that responds to the commands rather than wired logic.

COMCLLSION

The console uwses a 12 bit word to define an X or ¥
coordinate, a circle and an alphanumeric symbol. The
aciual alphanumeric code within the 12 bit word & only
& bits, and any coding system can be used fo provide
compatibility with the computer, The remaining bits of
cach word are used for contral purposes and other features
such as blink, blank, wide stroke, large size, etc

Within the syilern 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 emploved here, are
autside the province of this discussion,

in summary, the BR-%0 console disyl-dﬂ electronic data in
the foem of vectoss, circles, points, and alphanumeric which
can be superimposed on film slide images projected onio
the CRT screen through the rear of the cathode ray tube.
The console is a stored program device that allows display
functions fo be changed withoul costly hardware modifica-
tions. In addition, different compuler 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 abowt what §s meant by the
berm “'sensitivity” as applied to light pens. This paper will
diseuss the salient phenomena and sugpest definitions
which may be interpreted unambiguously.

Phosphor Luminescent Action

The electronic struciure of a phosphar 5 such that inter-
stitial impurity atoms are contained which have the prop-
erty that valence electrons may be excited 1o a metastable,
high-energy state. Once excited, the electrons remain in
this state watil the addition of slightly more energy, which
i wsually 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 monomaolecular, whereas if the electron may
wander through the lattice when in the excited state and
fall dewn inte an alom other tham the one from whenoe
it came, the process i3 said to be polymolecular. Examples
of monomolecular phosphors include the alkali halides,
while sulphide phosphars 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 1o the number of recom-
binations per unit time, In the monomolecular process,
where the recombination probability for an excited elec-
tron i constant with time, the recombination rate will
simply be proportional to the number of excited electrons.

The numbser of exciled ebectrons in existence may be
found by solving a difierential equation containing two
competing rales: a decrement due o 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

INFORMATION DNSPLAY, Mayune T8

by TIMOTHY STUPAR
Inlarmation Coalml Coiparatias
El Segunda, Calilomia

electron beam current density and 1o the number of ex-
citable electrons which are ufexeited,

Thius:

%- o | (W=D —a (1)
whare

M = mumber of excited elecirons

M = number of excitable electromns

I = beam current density

a = reciprocal of mean excited lifetime

v = excitation quanium efficiency consiant
The solution of this equation is

H':ﬁ% [1_..'{1}.I+HJE| (2

This equation represents the luminous build-up charac-
teristic for monomolecular phosphors under electron bom-
bardment, and holds true for 1 as small as t= 1% s

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

Na=N % (3)
where
M., = number of excited electrons present at beam
shut-aff.

There 5 a useful 1ir'r|i|=ril'r i b |:||'|n-'5|;|l1u;|r acticmn, amsd
the action of a low-pass electrical filter,

The two equations which describe output voltage build-up
and decay for a bow-pass filter in response to a step func-
tiom ane:

T
E - FmL-' ] (4)
- i
E=E¢ T (s}
whens

E, = applied step amplitude
&7




r = filter time constant
Mote that an arbitrarily high output voltage £ 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:

H
ﬁ +a
approaches a fimit, while the quantity
1

nl+a
which is analogous 1o # in [4) and (5, becomes smaller
with increasing ). Thus, a monomolecular phosphor may
be regarded as a low-pass filter with the property that for
large |, increasing the input signal amplitede resulis in de-
creasing the time constani rather than increasing the owt-

put signal amplitude. For small |, action is exactly like a
bowe-pass electrical filler.

For polymolecular process phosphors, the build-up equa-
tion is much more complicated, since the decrement rate
of excited electrons is proportional both 10 the number of
excited electrons and to the number of eleciron vacancies,
The differential equation then becomes, for polymolecular
process phosphors:

%. ) MM} =a N ? (6)

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

The decay characteristic, however, is easily obtained
when | = o

,_H:
Na -

(7}
[1 +]"i|||.|:|t'l1

It is useful 1o lump together the various constants in this
equation in order to put it in the following form:

I s (8)
(L+be)?

instantaneous luminows outpat
ls initial luminous owtpat
b decay constani

Analogowsly, (3] becomes

1= e (9)

i
I

Phosphor Brighiness Ralico

It is often overlooked that while light pens respond 10
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 effectivensss
of a phosphar for producing a light pen signal is given by
R, defined as:

R --I.‘l (10)
A
whiere
4 l. = initial phosphor brightness, as belare
an
Ghi

Iy = average brightmness,
It is assurmed that the excitation tme s o short that the
light given off in that time miercal 5 neghgible comparned
to the average, For the monomolecular case;

| I T |
[ ml bt 8 bty _p
o f bt i'r BT \n

for large T, and

B = bt
where T is the period betwesn intensifications.
For the polymolecular case:

T
I -i dl o -l T-.ll
A .‘.[ {1+ be)? ET{I&I&T!:{ T D
for large T, and
R = bt

just as before, which indicates that b i 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 o
polymolecular, Ao 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 ks ideal, whereas a slow phosphor and a
high repetition rate is desirable from the standpoint of the
operator. Both ends can be achieved a1 once, however, by
the wie of composite phosphors which are a mixture of
suitable slow and fast phosphors.,

Light Pen Besponse Mumber
In light of the foregoing, it is meaningless 1o specily
light pen sensilivily in terms of apparent brightness. An
unambigueus measure of sensitivity is one in terms of
luminous intensity change at a given wavelength; this num-
ber, along with the spectral sensitivity charactenistic of the
light pen, provides sufficient information o deduce pers
formance under any given conditions of apparent bright-
ness. To allusteate this, it is firkt necessary to relate lumin-
ous inbensily o source brightness. As a model, consider a
L.:rnl:u:nun wpol of arca Am® and with surface brightness
e B'ﬂ"l
m lm
It is desired to determine the luminous intensity F g2
at a peint which is coaxial with the spoi and ai a dis-
fance of Dm.
Since one candela per square meter equals one lumen per
square meter per steradian, the light emitied by the wpoi
would be
ABlm
Br
if the spot were a point source radiating omnidirectionally.
Since the spot is assumed a Lambertian source, the direc-
tisn of maximum radiation will be coaxial with the source,
and in that divection, be of twice the intensity as in the
corresponding  spherically distributed case. Thus, the light
-_emilled within a small solid angle coaxial with the source
is
aap
-
Since the solid angle subtended by a small area o a1 a dis-
tance O from the angin is
g
ap?
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the total light falling on # is

AR ® . ABbo
e n?
and the luminous intensity i3
FaABlm (13)
D? m?
e
Fu2919x 108 AB Im (14
D? em?

where B 5 measured in fool-lamberts and length is meas-
wred in centimeters,

Before procesding, it is further necessary 1o fake into
account the relative spectral efficiencies of the phosphor,
the light pen, and the eye. If the light pen sensitivity is
specified in -"! at a given wave length, the spec-

SA cm e 1 t
tral sensitivity characieristic 5 will of course have the unils

L.
cm® a5 a funclion of wave length. The spectral emission
characteristic of the phosphor may be written as K = P,

where K is a number having the units of % ,and P s
; d ' . 1
a unit-area function having the unils of wove Lonath’
In this terminology, the total {all wave length) power given
odf by o phosphor in - mw |, s
T

@

Total power = K rF':IA. (15)
where

[Pdr=1

@
We introduce the term light pen response r, Idel‘med a5

¢u K F-E dA (16)

i

This mumber, which is dimensionbess, has the sigaificance
that when it is greater than one, the light pen responds.
It also provides a measure of available signal margin,

Il the eye responsivity charsctesistic in “ gy a5 a function
of wavelength is E, then the luminous intensity F of the
radiant signal due to a phosphor in _1m s
]
L]
F=K [ EPdA an

&
By eliminating K from (16] and (17), o relationship bebween
luminous. intensity and light pen response is obtained:

FIE 4
1--—.-_‘[ S (18)
{EPdA

Examyple

The preceding derivations can be used 1o deduce light
pen performance from stated conditions of apparent brighi-
ness, In general, three quantities must be determined;

1} The instanianeous brighiness as a function of appar-

ent brightness, wiing (12).
2} The luminous intensity at the light pen, using (13) or
(14).

3 The response, wsing (18).

As an example, consider the problerm of determining the
minimum brightness that a light pen will respond to, given
the following conditions:

Phosphaor: M4
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Spot Size: W mil diameter
Repelition Rabe: ) Hz“
Light Pen Sensitivity: 10°* Tom® @ 7000 A

Light Pen Spectral Response:  Assumed constant
from 3000 A to 7000
A rero elsewhers,
Four inches in front of
spot

Pen Posilion:

From (12), and since

b = .05 for P4,

R = (05} (16,667) = 834
which indicates that the instantaneous brightness is B34
limes (he average.
Transposing (14) and taking into account the instantaneous
brightness factor:

A= |:'1'J'|:.['.'a.":|:I =2 B34 ll:l’_ 2.86% 107 F"{[]""F
AT 2019 10°F A

Moting that
(D°P = (4 2.54)%= 113.2 em?
and

3
A= s.u[._.__ﬂ“ 10 = 2'5'*] = 4.58 x 107 em?
2

e e 1286 x 107)(1.132x 107)_ 4 g7 1085

4.58 107!
In {18), ¢ is taken o equal 1, and the integral

" Pdh o em’
o 5 =15
since 5 is assumed constant. The integration

[ EPdA

o
is performed graphically, yielding the number 42 AR g
P4, o

Thus,
Foed2x10-8 10
“1
and

B (7.07) (42)x 1075 % 10%= 3 ft. lamberts
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DATA INTO PICTURES? PICTURES INTO DATA?
USE LINK'DATA CONVERSION SYSTEMS.

SAMPLE INPUTS —

Spacecrart Vides Data
Micrafilmed Data
Aparture Cards

Strip Chart Data

Micre Pholographs

il Well Log Charts
Frequency Spectrum Data
Tracking Films
Seismograms

Radar Film Data
Telematry Signals
Bubble Chamber Films
Mathematical Modeals

— OUTPUTS

Updated Aperture Cards

High Resalution Space Photos
Computer Output Plots
Magnetic Tape

Punched Cards

Paper Tape

3-0 Computer Graphics

You can comert data into pictures or pictures into

data with Link Flying Spot Scanner Conversion
Systems. Just exarming these applications: —

Precision CRT film recording
Prcigion film reading
Updating and regeneration of microfilmed data
High-density filmed data storage and retrieval
Filmed data conversion
Analysis of strip-chart data
High-zpeed computer output on film
(such as 3-D projections)
Frequency spectrum film recording
Auvtomatic X-ray scanning
High-raselution, braadbandfacsimiletransmission

For example, the Mariner, Surveyor and Ranger

Coariral] Memibae Conusis

signals transmitted from Mars and the Moon were
converted into photos by our systems, Maybe you'll
recognize some of Link's Data Conversion Systams:
Spacecraft TV Ground Data Handling System. Yideo
Film Conwerter. Waveform Display/Analyzer. Radar
Land Mass Simulator. Kinescope Recorder, Graphic
Recorder and Processor. Automalad Microfilm Apér-
ture Card Updating System.

As you can sea, our data conversion systems have
the versatility to meet the most varied needs. We
also custom-design video! photographic reduction
systems for specific requirements. If we can assist
in any way or if additional infermation is desired,
please write to: Advanced Products Sales, General
Precision, Ing,, Link Group, 1451 California Avenue,
Pala Alta, Califarnia.

& BERERAL
PRECISION =

LINK GROUP

i, S R el N e LT A TR TR T ST N T

Circle Baadir Servica aid B 4]
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Eighth National
SID Symposium

San Francisco
to Host Meeting

May 24-26

Response o the 8th Mational Symposium of the Society
for Information Display. at the Jack Tar Hotel, San Francisco,
cCalil, May Fd-2h, has besn moil gr.llll"r'mg Theme of the
Sympesium i “Modern  Technologies in Information
Crisgalany,

According 1o Donald Cone (Stanford Research Institute),
Chairman, members of the Steering Commitbes have worked
hard o guaranies a suitable framework for a challenging
and stimulating meeting. Keynole address will be presented
by Dr. Arthur L. Aden, Vice President and Direclor of Be-
search and Developmens, Electro Opiical Systems  Inc.
Speakers at the Banguet inclede John Fo White, President
of the Mational Educational Television Association, and
Professor Charles Susiking, of the University of Californie.

PROGRAMMIMG

According 1o D, Joseph Safford, (Sequora Insirerment
Cod, Vice Chairman far Arrangements, na foemal plans
have been made for a Ladies' Program. However, he states,
the Symposium has been planned to coincide with Memaorial
Day 1o allow thaose who can o take advaniage of ihe long
weekend and fully explore the atirections af Sanm Franciseo,
Host members’ wives will be an hand 1o serve as guides
and ofier aisstance o those who desire this service, Hasl
I:'_I:-IrJ1ur ko the Symposium is the Bay Area Chapler, whose
officers are Dr. Jloseph Stafiord, President;: john Dusterberry,
Vice Presideni: and lim Wuriz, Secretary/Treasurer,

EXHIBITS

-'"-I'-tl:hfdlng to Dale Fuller {Lockhead), ﬂ'.-'ﬂ'rpmlun'l Exthibyiis
Chairman, early exhibits registrants include Adams Assos
Ciztes, Inc.; Beta Instrument Corp.; CBS Laboratories; CELCO
Inc.; Clare-Pendar Co.; Data Disc Inc.; Ferranti Electric Inc.;
Lamma Scientific Inc.; Granger Associates; ITT Industrial
Products: Litton Indusisies: Perfection Mica Co.: Polaroid
Inc.; Thomas Electronics I, '.I'uu,]!__-5|::|; ad Wideo Color
Corp,

Exhibsit howrs are 900 3.m, 1o 8:00 p.m, on Wednesday,
May 24; 9:00 am. to B:00 p.m. on Thursday, May 25; and
F00 am. o 5:00 pm. on Friday, May 26, Exhibits and
technical sessions are conveniently located at the Jack Tar
In adjacent areas on the same (loor.
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TECHMICAL EXHIBITS
(partial listing)

Litton Industries

Perfection Mica Co.

Polaraid Conp,

Raytheon Cosp,

Swomberg Carlson Corp.
Sylvanmia Electric Producks Imec.
Thomas Electronics Inc.
Tung-5al

Video Colar Corp

Adams Associates Inc.
Beta Instrument Corp.
CBS Labsoratories
CELCO Inc
Clare-Pendar Cio,

Data Duse Ing,
Ferranti Electric Inc.
Camma Scientific Inc
Loranger Assoiales
ITT Industrial Products

EXHIBIT SCHEDULE
Wednesday, May 24

'.”nlr!.-r.l.'h.,'_. blay 25
Friday, May 26

9:00 a.m. - B:00 p.m,

TECHMICAL PROGRAM

fane Engel (186 Corp ), Technical Program Chairman, states
that fih 50 Symposiom Proceedings will be available ai
the Symposivm o all 510 members wilthout charge. Orihers
who with may obtain them at 315 per copy, from Western
Penodicals, Narth Hollvwood, Calif.

Members of the Technical Program Commillee include
Calvim K. Clauer, IBM Covp.; Donald Cone, Stanford Be-
search Tnsiitute; John Dusterberry, NASA; Lester Earnest,
Standord Universily; Robert Miner, Ampex Corp; Phillip
Rice, Sanford Besearch Institute; Ralph Seitle, Philco-Ford
Corp.; Joseph Stafford, Sequola fnstrument Coo; Bobert
Wahl, J1EM Corp.: and irm Wurtz, Litlon foduiiries

Mr. Engel has announced plans for six sessions at which
30 technical presentations will be made. In addition, three
short papers containing “Late Mews” will be presented at
the fifth technical session, on Friday, May 26, The first paper
is “Taclile Image Projection'” by Carter Complon Callins,
PhD; the second paper is “Motor Bearing Breakthroughs
in Ultra High Speed Laser Beam Scanners™ by Randy Sher-
man; third paper is “Real Time, Reduced Bandwidth Tele-

g

9:00 am. - B:00 pm.,

9:00 am. - 5:00 pm.

————




vision System Employing Dot Interace Technigues™ by
Edward 5. Smierciak. These papers will appear in forth-
coming Issues of Information Display. Technical program is
as follows:

FROGEAM
WEDNESDAY, MAY 4, 1967

8:00 a.m, - 8:00 pom, REGISTRATION OPEM

9:00 a.m. WELCOME
Don Cone
Stanford Research Institule
Symposium Chairman
9:15 a.m. KE¥SOITE ADDRESS

Dr. Arthur L. Aden,

Viee Predident and Direclor
Research & Developmendt,
Electrn Okplical Svstems Ing,

10:00 a.m. - noon TECHMICAL SESSION |

DISPLAY DEVICES

O gamizes Robert |. Wohl, 1BM Corpor-
ation
Chairman Thomas |. Carr,

Aprospace Corporation

B. M. Arora, D. L. Bitzer, “The Plasma Display Panel —
H. G, Slottow, R. H. Willson*A New Device Jor Informa-
Coordinated Science Lab,  tion Display and Storage”
Liniversity aof Hlincois
The Plasma Display Fanel, invented al the University
of lllinois, is a rectangular array of bistable gas-discharge
cells which are insulated from exciting electrodes by thin
pancls, Combining properties of memory  display,  and
high Brightness in a simple structure, it is an effective,
economical device for information display,
R. DuBois “A Low Cost Alpha-Numesic
Tung-5ol Division Display Dwice Reduiriog Megs
Wagner Electric Corp. ligible Switching Power”
This paper describes a new display device — a small
gric-controlled numeric readoul which requires no
beam 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 elecirical charac-
feristics of the device are presented.
R. C. Sinnoti “A Nowvel Applicatron of Mag-
Coniulting Engineer netic Technology to Electron-
ic Display Dwevices™
Magnetic fields may be wsed o control and position
small magnetic particles to generate displays. These
display devices may be made ower a wide range of
sixes, possess high wisibility, have memory even in the
absence of power and are of wery high reliability,
possessing infrinsic resistance to shock and vibratian.
L 5 Yaggy, N. |. Koda A Versatile High-Perform-
Vacuwm Tube Products ance Scan Converter Slorage
Dhvision, Hughes Aircrafl Co. Tube™
Struciure, modes of operation, and performance char-
acteristics of a double-ended storage tube are de-
scribed, Dreveloped to accommodate extremely diverse
inputs from maulti-sensor displays, performance exceeds
earler tubes, and combines features of several: input-
oulput isolation, non-destructive readout, high-speed,
high-resolution, selective erasure, milliseconds 10 min-
utes continuoushr-adjustable decay, many halftone
lewels.

*miwr with Electronics Division, Westinghoose Electric Corporation.
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LLMEMECM
Luncheon Address:
Professor Patrik Suppes

Stanford University
TECHMICAL SESSION I

12:30 p.r.

2:00 pom. - 500 p.m,
DISPLAY MATERIALS

Chrganizer lim E. Wurtz, Litton Industnies
Inc.
Chairman E. M, Gardiner, The Boeing
Company
W. A Stein “The Application of Phobo-

Flectronics Division chromics 1o Color Display™

The Mational Cash Regster — Mnviled Paper

Co.
Based on results of earlier work on Monochromatic
Fhotochromic-CRT Displays, the USAECOM, Fi, Mon-
mouth, Mew Jersey, awarded the Mational Cash Regis-
ter Company a study confract 1o imvestigate the appli-
cation of photochromics 1o color display,
The photochromic materials’ properties and systems
concepts perlinent to the construction of a feasible
model color display are presented.

C. 1. Chalaris “Surface Deformable Media

Electrovics Laboratory as Applied 1o the Ceneration

General Electric Co, of Projection Command and

Contral 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 resalution projection displays. Specific applica-
tions of these media, currently under development,
will be covered to illustrate the capability of these
media a5 well as the performance specifications de-
sired for fulure operational display equipment,

D, A Mosgan, T, | Werner Dy Sitver Reconding

and W, M. Libby Matevials for Digplay

Derplicating Prodects Divi-  Purposes™

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

I. H. Fletcher, G. H. Dorion  “Improvement of Pholo-

American Cyanamid Co. chromic Film for Data

Display™

Continued research on the chemistry of photochromic
materials and their incorporation into varous types of
plastic matrices has resulled in formulations having
improved properties with respect to data display ap-
plications. In particular, photochramic 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.

1. 5 Frost

Aulanetics Divisian

MNorth American Aviation,

Inc.
A dynamic color electroluminescent display suitable
for a wide varety of applications has been developed.,
The common frequency-color characteristic of Zns:
Cu, Cl phosphors, together with a separate Chromatic

“An Inexpensive Ceolar Tech-
migee for Color Electrolumi-
nescence Display™
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FIGLFRE 1! Sam Frandisga's skyliee altér dark; Telegiaph Hill, foppsd
by Cait Tower, lpoms above the Embarcaders. (Phobo by
Sam Framcisco Comvenbion & Visilon Buereau).

Bias source form the limits of output hees, Advantages
of the system are simplicity and low cost, high bright-
negs, and wnimpaired resolution.

8:15 p.m. SPECIAL EVIMNIMG SESSI0M
“Inusual Color Technigues
for Displays™
Dr. Arthur Karp, Sanford
Research Institute
Dr. Dicter P, Paris,

IBM Cosporation

THURSIIAY, MAY 25, 197
8:00 a.m, - 8:00 pom.
900 a.m, = 12:00 noon

REGISTRATION CFPEM
TECHMECAL SESSIOM 101

DISPLAY SYSTEMS AMD APPLICATIONS — |

Chrganizer Rabert A, Miner, Ampex
Corporation
Chairman To be announced
R. A Aziz “Am Instrectronal Display
Advanced Systems Develop- Terminal
ment Dy,

1M Covporation
This paper will describe technical details of the 1BM-
Instructional Display Terminal, The general terminal die-
scriptivn includes deflection and video circuits, CRT
phosphor selection, character and image generator. The
magnelic storage of video information, organization of
the digplayed data, and prnciples of the light pen will
also be covered,

R M. Stoiz, T. B. Cheek A Low-Cost Graphic Display

Froject MAC, Maszachwsetls for 3 Computer Time-Sharing

tnstitube of Technology Consofe™
A need exists for an Improved time-sharing display
terminal to increrie operating speed and eliminate
rigic information formats,
This paper discusses the effort at Project MAC 1o de-
fine the elements of an improved lesminal and to
build expenmental working hardware,

. G, Beatly “Graphic Approach to

Systems Development Div,  Numerical Information

[BM Corporation Processing™
An expenmental program known as Graphic Approach
o Mumerical Information Processing (GATHIP) uses tha
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 1BM 2250, Automatic scaling and dhy-
mamic on-line plotting are provided.

W. . Fuller “Physician-Machine Interface
Information Systems in a Mospital Information
Chrganization System™

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 erminaology to the physician who selects terms,
using a light pen, to assemble medical orders for patient

management,
B. F. lackion, . fackson “The Link Awlomated Micro-
Link Group fitm Aperture Card Up-dating

Gemeral Precision I, System”™ — Invited Paper
Link, GPl, is constructing a system for compuler-aided
aperture card updating. The card is scanned and stored
in digital form, An operalor views a continuously up-
dated display of this digital representation, modifying
it with keyboard or light pen. The modified digital rep-

resentation is then transierred onto another aperture
card.

LUMCHEDMN

Luncheon Address:
LCDR C. C. Drenkard, USH

TECHMMICAL SESSIOMN 1V

1£:30 pum.

2:00 pom. = 500 p.m.
DISPLAY TECHMICUES

Chrgarizar Philip Rice, Stanford Research
Instituite

Chairman Ross Aiken, Electronix-Ten
Inc.

. M. Winningstad
Tekironix Inc.

“The Simplifred Direct-View

Bistable Storage Tube in

Computer-Ouiput

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

0. L. Hife “Automated Display Chart fos

The Boeing Company Program Management™
This digplay system wses dry-processed Kalvar film, ex-
poted directly from a fiber oplic cathode-ray lube, as
its storage medium. The display system acquires its data
from a small computer and data link 1o a large come
puter which contains the program data base. The in-
formation is prosented on a 4 x 4 fool rear-projection
screen and abso as hardcopy from the same T0mm film
Framme.

R. C. LaFrance

S&ID, MNorth American

Aviation lnc.
A strip film photograph of the most aecurately detailed
earth model today fulfills a requirement that cannat be
satislied with spacecraft photography. Out-the-window
and telescope scenes are continuously generated for
traiming the astronauts in the Apolle Mission Simulator.
This paper covers the preparation and application of
this film.

“16 Farth Orhit Film for the
Apollo Mission Simulator”
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5 M. Slone

The Bayside Laboratory

Ceneral Telephone and

Eleciranie Labi 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 oulput a1 many possible wavelengths,
and devices for modulating and deflecting laser beams
have been utilized in the development of an experi-
rental system.

I. Wolvin

Chicaga 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 pholographically
recorded in what is essentially real-time. The "hard
copy’” s then projected and viewed to obtain a 3D
irmage wirtually free of conventienal distorbons.

"'Fr:pi:-\.rfrr'l::'n!.'rf Multi-Colos
Real-Time Laser Display
System®

“Anaglyph Stereoscopic CRT
Digplay Syatem™
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DISPLAY EVALUATION

Crganizer C. K. Claper, IBEM Advanced
Systems Development
Lhvasion

Chairman Prof. David A, Thompson,

Stanford University

“Design and Development af
a Protatype Pholo-Optical
Display [Dala Analyzer”

E. A Schmmidt

. A, MNawrath

Labkaratary Department

LU 5 Naval Missile Center
Airborme photographic recording systermns have created
recuirements to |,'|-|,".'v|.=||;|-|'.| an.;|'|.'!i1;.;|| devices which will
expeditiously enable abservers to fully display and ana-
lyze in-flight information. A prototype radarscope pho-
to-data analyzer was developed 10 resolve film analysis
problems, investigate principles for quantifying and
analyzing optical data on systems performance, and de-
velop design characteristics.

P. B Fuller ”ﬂew.’-n;mu_ﬂr and Evaluation

Instremaent Dhivision ol a Two-Color Solid-5State

Lear Siegler Inc. VETOL Hover Display™
A two-color (green, yellow) electroluminescent hover
display was developed through several l.'h:-siﬁ_n phases,
It was tested in a counter-balanced experiment by ex-
perienced pilols in a b-degree-of-freedom VATOL simu-
lator. Seven dependent varables were recorded and the
difference on each criterion between the EL and other
types hover displays found 1o be statistically significant.

A, 5. Coldstein “Analysis of Saluration and
G. B. Hawthorme, Jr. ﬂEI’JJhrTifr i & Shared I}ispl'.;y
The Mitre Corparation Syitent

Saaral 1¢r|1nir.||..|1,'-. l;h,:w?h:]-j:u:'-r] far asﬂ'srsir'lg the per-
formance of large, multiple-user display systems con-
taining time- and space-shared subsysterns are de-
scribed, The resulis 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,

™

I M. Ketchel
Katser Aerospace amd
Electronics Corporation

“The Effect of High

Hackgrownd Luminance

Adaptation Levels on the

Visibility af Electronic

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

T. Gold “Analysis of Saturation and

Information & Communica- Refiability in a Shared Displey

tion [hw,, Sperry Cyroscope  Syslem™

Co,, Sperry Rand Covp.
The utility of the windshield projection display for the
pilot in low weather landing was evaluated in flight
iests, The results indicate that pilots exhibit superior
atgessment and coatrol l:ap.lbiFi'llﬁ weith  thas di'sp-hq'
compared with panel instruments. The extent of this
enhanced performance and its basis are discussed in
detail.

2100 pom. - 5:00 pom,
DISPLAY SYSTEMS AMND APPLICATIONS — I

TECHRICAL SESS10M Wi

Organizer Robert A Miner, Ampex
Lorporation
Chairman To be announced

W, F. Miller, | van der Lans “System Design for CRT Film

Stanford University Scanming amd Measuring®
A high precizion cathode-ray tube operating under di-
rect contral of a general purpose compater 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. B Dickens

Stanford Linear Accelerator

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 s re-
|:'||.1ir\-|..'d.
This paper describes a relatively simple display inter-
action structure bto contrel such systems at the lowest
leval initially, relinquishing progressively this facility as
1 saperiment continwes,

E, T, Johnson “Graphic Oulput Adapter for

Systems Development Div.  Remote Plotting™

IBM Corposalion
A graphic oulput adapter, drive over voice-grade lines,
has been constructed for use on the [BM 106172741
typewriter termimal. The adapters drives a plotter ar sbor-
age CRT, asynchronously; and draws points and X, 7,
45" vectors, It offers a potentially low-cost alternative
to oan-line display systems.

R. Winfiald “A Computer Controlled

Infarmation & Communica- Multichannel CRT Television

tion Div,, Sperry Gyroscope Symbol Generator”

Co., Sperry Rand Corporation
An improved cathode-ray tube video signal penerator
is described; 40 switchable matrix segments form an
alphanumeric compasite target. Desired character
shapes are formed by tuming on only those elements
forming the desired character,
Target beam scanning by television synchronous wave-
forms produces compatible television F-axis video sig-
nals,

“Dvisplay Controf of a CRT
Film Scannlng System™
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CHAFTER MEWS

The Los Angeles Chapter had a turnout af aver fifty peophe
at their March meeting. A field trip to System Development
Corporation was preceded by dinner at the well rencwned
Bat Rack restaurant in Santa Mondca. SDCs facilites for
custormer subscribed computer time shared services was
demonstrated, Another interesting field irip was made o
the Westorn Airdines Corporate offices and  maintenance
facility at Los Angeles Intemational Airport. Agaim, fifty
members were present (o enjoy dinner and the tour, Al-
though the eighth largest aitline in size, Western lays claim
to being the aldest airling in the world, Preceding the din-
ner, the L. A. chapter officers met to lay plans for the March
1968 Minth Mational Symposium to be held in Los Angeles,
Tentative decisions were reached regarding dates and key
personnel. — Fred Smith, Publicity, L. A, Chapter.

Activities

The Bay Area Chapter has been very busy preparing for
the Bth Mational 510 Symposium which will be held at the
Jack Tar Hotel in 5an Francisco, May 24-26, 1967, There
has, however, been time in the last few months to hold
some very interesting mestings. M. Cal Claver of [1BM,
the heeting Program Chairman, arranged a talk and dem-
onitration on computer controdled eaching by Dr. Patrick
Suppes of Stanford University. The latest meeting featured
an extremely interesting presentaiion on color perception
by D Arthur Karp of Stanford Research Institute,

Mominated for next yvears afficers are John Dusterberry,
HNASA Ames Lab, President, Jim Wurle, Lilton v,
Vice President, and Don Cone, Stanford Besearch Enstibube,
Secretary-Treasurer. Don is presently Chairman of the Bth
Matignal Sympedium. — Jim Wurtz, Publicity, Bay Area
Chapter,

BOARD OF DIRECTORS MEETIMG

The 5/ Board of Directors met in Mew York on 22 March
1967, W. Bethke reported the results of the election. W.
Bethke, President; P, Viahos, Vice President; C. Machover,
El!t'r{'l.ﬂl]'; F. Browen, Treasurer; | Dalfond, Weslerm HEEi:‘.‘lHH
Director; |. Snuggs, Southeastern Regional Director; E.
Kleim, Mortheastern Regional Director; and R. V., Miller,
Central Regional Director. The Board appointed B. Price to
fill e year of the wvnexpired Mortheastern Regional Term
of F. Brown, Committee Chairmen for the COMINE Year wene
appainted, These were: Mfmbfnhip. . Drarmosn; Mominat-
ing, Dw. Bairdain; Convention, F. Brown; Honors and
Awards, |. Howard; Publications, L. Seeberger; Definitions
and Standares, Dr. Crocetti; Publicity, A Langer. The follow-
ing were elevated to fellow;: W, Bosi Aiken, Dr. G. Dorion,
5 5"".‘”'.. Dr. 5 Deuwtsch, P, Damon received a certificale of
citation for service to the Society. The establishment of the
narw S0 Swite of offices at 654 Morth Sepulveda, Los An-
weles, California 90049 — (213) 472-3550 was announced.
Mrs, Sharon Satterfield was hired as Office Manager. Dr.
H. Luxenberg continues as Exéculive Secrefary.
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breakaway
techniques
in
machine-man

communications...

In the electronic contrel of electroluminescence, APRC's tach-
nological advances provide products that have, uniformly, the

following characteristics:
» Flexibility and versatifity.
* High reliability, based on simplicity.
» Simple maintainability.
Becauss of APRC's long-term experience in RED programs and

| advanced instrumentation, we offer mare for your RED dollar.

APRC's Vertical-Scale Indicators — a specific example:
Low-pawér, solid-slate, |
| digital-computer-drivan
insirumesits. adapiable o

ircraft sad spacecraft.
Deeration eompatible with
compuber speed, | mec
updais tima typlcal. Weight
approxisalely 5 pounds, less
in “nonztandasd” models.
This mew pesaraiion of
vertical-scale indetalors
requires approximately 25
virlts Botal power. Bargraph,
on command, i§ trsnsdonmed
inta & poinber o markes
Aulymatse scaling and
flagher-warning mode cim bé
provided. High-conbrast EL
maindainsd wilh aulomalic
beighiness controd for
eonsiant light outpet aad
extended Rife,

Aerospace Products Research Corporation

1707 Minotesrnth Street, Santa Monica, Californis S0404
Telephones: 213 /870-5854, 393-F2B3

Cingle Meader Sevice Casd Ma, &7 5




at 500 watts
or 30 KW...

PEK

means reliability
in high pressure
Xenon Arc Lamps

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 oulput . . . maximum arc sta-
bility . . . dependable glass-to-metal
seals. [ In short, PEK lamps are buill to
do their 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, [
Whether your need is 500 walls or as
high as 30 KW, you can count on reliable
xenon arc lamp performance when you
specify PEK. O] Send for our new Prod-
vel Reference Guide, or tell us what your
special interest is. There's a PEK lamp
to fit your application.

PEK

PEK [ 825 E. Evelyn Awenue, Sunnyvale, Callicenia
Fiomne (408) 245-4111 / TWX 7379473

Cintdhe Readie' Sawvice Card Ma. &3

A cash balance increase for the Society from 519,000 in
TS5 1o S27.BOD in 1966 was n11-|,:|r|r|:r. The Board pﬂiyl:d
this ROy realutions to amend the Articles of Incos-
poration 5o that 51D can be comverted from a business
league to a not-for-profit professional society. SI0 parti-
cipation with other technical sociefies was discussed and
it was announced that 50 had been aiked o provide a
dr'.|:a|.1.1.," wpiiion for the Fall laint Compuier Conference
The display tutorial course tentatively schedubed with WYL
in June 197 has been cancelled. However, plans are under-
way for such a couse 1o be spondored i conjunction with
Brooklyn Polytechnie in June 1968,

F. Damcn reporied that as of 31 January 196 the Society
had 1200 membars,

The Board discussed two proposed amendments to the By-
laws and voted 1o recommend ithe 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
affice (instead of the current requirement of at least bwo
carndidates for each elective office). The other praposed
amendment would allow the anneal general business maee-
ing o 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 committee was established to study
the suggestion of a Mew England Chapter thal provisions
be made 1o have the regional directors mone directly repre-
sent chapler inberesis,

The next Board of Directors mecting is scheduled for the
Eighth Mational Symposium in San Francisco on 23 May
1967,

The Society for Information Display wishes to welcome
e fc-[l-::-wing new members b il I:J:rur'u:lin,g ramikd;

BEARCE, W. Scolt—=Cardion Electronics, fnc.; BET, Donald—
Avitoveelics; H:Ll.':'.:ll,"_':!'r-.-'l5|:il_.|ﬂ{._‘.|I_I Ra|j:||'| Phileo-Ford; CASTEL-
LANI, Aldo—Raytheon Co.; CEMMAMOD, A —Xerox Coup.;
CLAREKE, Robert—Argonne Nalional Laboratory; EDWARDS,
Daniel—Department of Defense; GETTINGER, Ted, lr.—
Honeywell Tec.; GOTHAM, Fred—Stromberg Carlion; HILL,
Richard—Ceneral Electric Co.; HOFER, Jack L—Lilten -
AL b - KAITZ, Marvin—{CKT f_.'.r.a-phii:_:_; KEEFFE, ‘“Williarm=—
CB5 Laboratories; KING, Joe—Stromberg-Carfson; STOD-
DARDy, Robert—Sanders Associates; LAZET, Andries—Ma-
tional Dwefence Research Ovgandzation TWO: LOELLBACH,
Herman—Chrcago Aerial Indusiries; BOTTICELLI, Robert—
CRS Laboralories MAHER, Frank=—=Ritchie, lnc.; REISER,
James—FHughes Aircrall Co.; SCHUMACHER, Arnold—Sand-
ers Associates Inc.; SMALL, Donald—The Gerber Scientific
Inst. Co.; SPAK, Paul—The Cerber Sclentific fnst Co.;
STEARMS, Howard—Binghamton, New York

STUDENTS

OLSEN, Richard—Pena, Slate University; SOBOLEWSKI, Vic-
tor—Liniversity of Adelaide (Australia); ATWATER, James W,
—Heliodyne Corp.; BERSSON, Betty—New York University;
BEMMETT, Richard—Awionetics: BREADBLURY, Roberi—Cen-
eral Electric; CHARLES, Daniel R.—Compagnie Generale de
Telegraphie Sans Fil {C5F); DURST, James E—Sanders As-
soclates GAGAM, Richard—Waoll Besearch & Development
Corp.; GOOD, William—~General Electric; KELLER, Dhwain
—Iynair  Electronics, Inc.; MALLORY, Kenneth—Ceneral
Dynamics; MOWER, Irving—Federal Aviation Agency (MNA
FEC); MOPAMEM, Esko—Coming Class Works; PARKER,
Edﬁar—-ﬁﬂﬂ}' Misile Command; PUDER, Allen—Paadena,
Calif.; RUBEMSTEIM, Seymour—Sanchers Associates; STEPH-
EMS, lames—Westinghowse Electric Cormp.; STIEFEL, Rudy—
fnfodran Inc,; SEIGEL, David—Balt, Beranek & Newman,
Tnc,; STOUT, Robert—Sanders Associates inc.
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AUTOMATED MICROFILAM APERTLURE CARLD
LPDATING SYSTEM (AMACLIS)
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This General Precision Inc, Link Group, Syitems Liwision
systemn wall 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
s accomplished electronically without the usual series of
intermediate steps which involve the creaton of a print
from the film, updating the print manually and then finally
phewographing the print when the changes are completed.
The filmed data on the aperfure card is scanned with a
high precision CRT flying spot scannes, and digitized for
slorage on a 30 Megabit magnetic drum. The entire drawing
or selected portions will be presented on a display to an
operator who wall accomplish his revision work by means
of a light pen and keyboard, These comections will direct-
lv modify the digitally stored information on the drum and
the new daia will be presented immediately on the display
for werilfication.

With the updating accomplished in this manner, the
operator will be able o 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 wsing a spot matrix of 6144 x 4096 bits.

To provide the flicker-free operators display, 2 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 techrigues,
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 alphanumerc data by means of the typewriter,
systermn performance will be of such speed that the new in-
farmation will be stored and displayed as fast as the oper-
ator can turn his head to view the screen. Data erasure OF
insertion of a 15 place alphanumerc entry or an equivalent
line length will take place in less than 5 seconds.

o 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
sddition of 2 second and third operator station. Optional
equipment which has been incleded is the high speed mul-
tiply/divide function and a direct data channel.
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GOMPARE LITTON
PHOSPHOR
SGREEN QUALITY

There are approximately fourteen
million .001" square elements on
the face of a 5 CRT. It is imipor-
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 scraans
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. 000R". If you want information
on the complete line of Litton
CRT's, contact: Electron Tube
Division, 960 Industrial Road,
San Carlos, California {(415) 591-
B4ll.

LITTON INDUSTRIES
ELECTRON TUBE DIVISION

Cirphy Baader Saevice Cand Mo, 44




CALL FOR PAPERS

A nequest for papers (o be |:lr-e'\.|=|'|[|=d at ke 1967 LUAIDE
annual meeting has gone out to moee than 1,000 members
Technical papers for oral presentalion of 200 to 25 minutes
can cowver hardware, software, application innovations and
developments of graphic outpul generated on compaiber
contralled display and recording devices. Ouipur generated
by cathode ray lubes 15 of particular interest. The meeling
% set for October 16<19 at the Statler Hiltan Hotel, Wash-
inglon, DLC Preliminary, one-paragraph abstracts of pro-
I:IIZI-!-E'd PApeTs sl he zent to epige b Perez, Hox 67449
Fort Daas Station, Washington, DUC. 20020 before July 15,
according 0 LIAIDE afficials. Audig=visual equipment will
be available for prosentalion of the papers, UAIDE, which
stands for Users of Automatic Information Display lqu:p-
meent, 15 A nationwide group of data processing personnel
from ofganizations using equipment for reconding com-
puter-generated data in graphie or alphanumenc forms

ACK SYMPOSILIM

A Symposium on the design and implementalion of inter-
active syitems for experimental applied mathematics will
be held on August 26-28, 1967, just prior to the Mational
ACM Conference. at the Sheratom=Fark Hobel Wiashingtlon,
D.C. Suggested topics for the sessions of the symposium in-
clude: Definition of interactive input languages, Constrec-
tion of interpreters and compilers for interactive sysbems,
Criteria for the evaluation of the performance al inleractive
systerms, and Automation of numerical anabysis. Deadline
for submisaon of Papers is: Short Papers: Abstract (150
waords) by August 1, 1967, and Long Papers: Full drait (less
than G0 words) by July 1, 1967, Further information may
be obiained from Dr. M. Klerer, Columbia Univessity, Hud-
son Labosatories, Dobbs Ferry, New York.

DESIGH COURSE ON AUTOMATIC TEST EQUIPMEMNT

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 Engineening Center, 345
East 47 5t MY, The course is sponsoned by Mew Yark Lini-
versity's School of Engineering and Science in conjunction
with the operations of Project SETE (Secretariat to the Elec-
tronie Test Equipment Co-ordination Groupl which i a
scientific information center operated by and for various
LLS, Covernment agencies, David M Goodman, Senior Res
search Scientisl, is the Project Director. The program is di-
vided inlg theee main paris: the first reviews the history
and state-of-the-art in Automatic Test and Checkout as it
periaing 10 both Dol and MASA; the sed and prowides de
tails on transducers, multiplexers, and display devices ap-=
plicable fo built-in test; and the third describes elecinonic
systems which typify the most recent applications of bailt-
i lesl. Further information may be oblained from David
M. Loodman, Mew York University, #07 W, 205th 51, MY,
MUY, 10034, (212} S84-0700, Ext. 776

ELECTROMIC EYE FOR CUIDED WEAPDON

A small television camera tube is being made by B.C.A for
use as the electronic “eye” of the Mation’s first TV-guided
tactical weapon, the Mavy-developed air-to-surface “"Wall-
eye" weapon, Mavy and Air Force tactical aircraft will be
equipped with the weapon, The Martin Maretta Corp.,
which fabricates Walleye, recently gave RCA a multi=million
daollar production order for vidicon tukbes, a substantial num-
ber of which have been delivered by RCA' plant at Lan-
catter, Pa. The vidicon i1 mounted in & CoMmpact talevision
camera behind a glass window in the nose of the Walleye
weapon. After a pilot fins his target, he locks the weapon
an ity ahjective. Once Walleye is released, the electronic
sight takes over and homes on the farget,

.|
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LOQKING AROUND, try 10 . Tt
match thess values in a developed
afl-the-ghelf unit. « Upla 2 x 10°
charagiors por segand
* Wrile spesd
intarnally
& jusiable
fromSlo30 .3 -
» Gabect &3 sym-
bols from o deviloped .
library of over 200 including:
Alpha-Humeric, ASCI, Milllary, Wenathar,
and Qrammatic « Ganerabtors can ba pars
alied for & capability of mare than &3
symbols + Symbol eloments mounted on
plug-in module boards * Two compubars
controlled symbol sizes = Symbols
designed on 33x33 array for maKimum
Bogibility. And i pou're seeling TOTAL
CAPABILITY, we alse have Line/Vecbor
4 13| Generators, Printer Plotiers,
5 i Computer Conlrolled Dis-
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Whare digital readout recognition must be under high
amblent light conditions, the Tung-Sol readout provides
unmatched clarity and visibility. The Tung-Sal unit was de-
signed for aircraft applications where ambient light reaches
axtremealy high lavals

The Tung-Seol design embodies subminiature incandes-
cant lamps combined with spacial light piping that achiewves
a bright, sharp character af unmistakable clarity,

Tung-Sol digital readouts are gasy to install and requira
WMy little hardwars, ThE:,' farg axtremely :ugqu and Iu-n-g-
lived. Nevertheless, they are designed to be easily re-
placed, More than half-a-centery of experience in the man-
ufacture of light scurce devices assures product reliability
of tha highesat ordar.

For more informetion, write describing your application.
Tung-Sol Divislon, Wagner Elestric Corporation, One Sum-
mar Avenue, Mewark, MU, 07104, TW: 710-555-4807,

TUNG-SOL

HI-OPTICS
DIGITAL READOUT

The mast theroughly engineered
readout on the market

Circln Raadar Sefwich Cand Ma. &5




CALL FOR PAPERS

A request for papers 19 be presented al the 1967 UAIDE
annual meeting has gone out o more than 1,000 membsers.
Technical papers for oral presentation of 20 o 25 minubes
can oover hardware, software, application inAovations and
developments of graphic outpul generated on compaber
controlled display and recording devices, Outpul generated
|J'|.' cathode ray tubes 5 of particular interest. The meeting
i% set for October 16-19 at the Statler Hilton Heotel, %Wash-
ington, DLC. Preliminary, one-paragraph abstracts of pro-
posed papess must be sent to George E. Perer, Box 6749,
Fort Davis Station, Washington, DUC, 20020 before July 15,
ar.’r.r.rrdlnp; o UAIDE officials. Audic-viswal cquipment will
be available for presentation of the papers. UAIDE, which
slands for Users of Automatic Information Display Equip-
ment, i5 a nationwide growp of data processing personnel
from organizations wing equipment for recording com-
puter-generaled data in graphic or alphanumeric forms

ACM SYMPOSILIM

A Symposium on the design and implementation of inter-
active syitems for experimental applied mathematics will
be held on Avgust 26-28, 1967, just prior to the MNational
ACM Conferenoe, at the Sheraton-Fark Hotel, Washinglon,
D.C. Suggested topics for the sessions of the symposivm in-
clude: Definition of interactive input languages, Construc-
licn of interpreters amad oormpribers for interactive iyibems,
Criteria for the evaluation of the performance of interactive
sysiems, and Aulomation of numerical analysis. Deadline
for submission of Papers is: Short Papers: Abstract (150
words) by Augest 1, 1967, and Long Papers: Full drait (less
than G000 words) by July 1, 1967, Further infarmation may
be obtained from Dr. M. Klerer, Columbia University, Hud-
son Laboratories, Dobbs Ferry, Mew York.
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1567 MATIONAL ACM CONFERENCE

piore than 100 technical papers have been submitted
and ame being reviewed by commilteemen of the 20th an-
nual conference in Washington of the Association for Com-
puting Machinery, according 1o Solomon Resenthal, general
chairman. Approximately 55 papers will be selected for
presentation before the ACM meeling August 29-37 al the
Cheraton Park Hotel, Three thousand members ane EHFH!EI:'Ed
po attend the technical sessions and view the B0-plus ex-
hibits provided by commercial organizations concerned
with computer development and usage, Rosenthal said, Thas
year's conference theme i "Past Is Prologue,” to emphasize
the accelerating growth and influence of the computer and
sophisticated information-processing technigues. The tech-
iical papers have already passed the first hurdle in screen-
ing, the review by the scientists in charge of each session,
[he papers now are being studied by the program com-
ik thes, which B headed |.1'|.' . Jack Minker, lechnical di-
rector, Auerbach Corp., Arlinglon, Va. According to D
Minker, the papers on hand fall roughly inle 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 developmentalapplications, including the
meanings of these accomplishments; and (3) Fresent trends
and probable future developments — what impact these
mi_Hj'rt hawe,

CARTOGRAPHIC SCAMNNER
The first automatic scanming device which converts maps

inte binary data for computer processing has been an-
nounced by IBM, Kingaton, MY, Called a canographic scan-
per, e experimental device was developed and built in
conjunction with the Canadian government. It is now being
wied in Ottawa to help handle data in a computer-based
information syitem being developed for effective land re-
source development. The scanner has a motor which lurns
a I.era:- drum which meatures 16 in. % 50 in. Vacuum pres-
sure holds a specially-prepared map around this drom. o
preparing source or original maps for scanning, a stylus
races 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 gpiral
path ower the face of the drum. Each fiber optic channel
covers a four-mil square area, and B pulsed at fowr-mil in-
crements. Solid state photo sensors are wied in each chan-
nel, When a map has been scanned completely, the tape
upit shuts off, the scan head automatically returns to the
starting paosition, and the map can be removed.

IMCIUIRY MODULES FOR COLLEGE

“Inguiry Sodules” that wse personal TV screemiio link in-
diwidual students with a library af infarmation |JrE-IL‘{I:HdE‘d
on video and audio tapes will be added 1o the Learning
Center at Breward Junior College. The equipment is being
provided by Raytheon Co., Lexingion, Mass. Al a single
booth, a student may watch educational television, closed
circuil TV, video-taped TV courses and programs, and even
commaencial TV, He may also listen to tape-recorded lang-
uage lessons and other instructional materials, |.|pq=.--r£-1:mded
music i steren, or FM radio. All of the college’s resource
materials wall be available instantly by dialing the appropri-
ate reference number, The equipment includes a selector
pangl with telephone-type dial, a wviden moniltor, and a
headset with stereo earphones and microphone, The ins
stallation will be completed by Educational Systems Devel-
opment Inc, Winter Park, Fla. Other baoths are I!quIPFI-Ed
with micrafilm readers and rearsscreen projection cabinetd
for B-millimeter film and slides or film strips.
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Where digital readout recognition must be undar high
ambient light conditions, the Tung-Sol readout provides
unmatchad clarity and visibility, The Tung-Sol unit was de-
signed for alrcraft applications whesa ambient light reaches
extremely high levels.

The Tung-Sol design embodies subminiature incandes-
cent lamps combined with apecial light pbplng that achlaves
a bright, sharp character of unmistakable clarity.

Tung-Sol digital readouts are easy to install and require
wary little hardware, They are axtramely rugged and lang-
liwed. Maverthelass, they are designed to be easily e
placed. More than half-a-cenury of experience in the man-
ufacture of light source devices assures product reliability
af the highest arder,

For more information, write describing your application.
Tung-Sol Division, Wagner Electric Corporation, One Sum-
mer Avenue, Mewark, N 071004, TWX: T10-805-4607,

TUNG-SOL

HI-OPTICS
DIGITAL READOUT

The mast theroughly engineered

readowt om the market
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Now What Do |
Do With It?

Well, you get sormecne who knows Fortran or
Cobaol or whatever to convert your data to a form
you can use—and consume mors time and monoy
in the process.

fn I Computer Controlled Display System
glhiminateés this convarsion-compulation-conyver.
gion bottleneck betause it makes the compular
speak your language—without an inferpreter. With
a light pen, keyboard, track ball or other man
input devees you fesd Er’.‘!!}hiﬂ or alphanumens
data directly to the computer and your answer
comas back in alphanumeric or graphic form—
immediately usable without conwersion,

If your efficiency is bottlenecked by the con-
stant nead for data conversion, you need an 101
Computer Controlied Display System.

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

& Computer alded * Command and Control
design * Program debugging
» Managemant * Pattern recognition
infarmation & Autarmatic Chackaut
¥ S:,'slern Simulation # Information retrigval
& On-line problem solving

We'll send you more information at the drog
of a postcarnd,

I '] l INFORMATION DISPLAYS, INC.

i OPaany 93515

Circle Beader Jarvice Carld Ne. AT

BELOCK INSTRUMENT CORF., Long Island, M.Y. has
changed ils name to AFPLIED DEVICES CORP, The change
has Bspan approved by the stockholders and the firm is
noww listed on the American S5tock Exchange as ADE
GORM CORP., Stamford, Conn., has announced receipt of
a 5200000 initial order from the BOEING CO. for digital
readout mach/aimspesd indicators, manofaciunesd by SMITHS
INLYUSTRIES LT, They are intended for use in Boeing 7075
F27' and T3Ms, with the first units o be installed during
the last guarter of this year . . . FAIRCHILD SPACE AMND
DEFEMSE SYSTEMS, div. of FAIRCHILD CAMERA AND IN-
STEUMENT CORP., LI, MY, has received a $230,000 pro-
duchion contract for ruggedized oscillosoopes, The contract
from the LS Mavy Aviation Supply Office, is for an unspeci-
lied number of the transistorized test instrumients designed
especially for military applications . HUWGHES waCLILIM
TUBE PRODUCTS DIVISION, Oceanside, Calif, has an-
nounced that it is no longer engaged in the manufaciure of
a regullar line of digital measuring and display instruments
The firm is now concentrating on the ficld of special dis
plays far computer, educational and similar applications

TECHMICAL OPERATIONS IMC., Burlington, Mass., has nes
cently been awarded two patenis for technigues improving
the efficiency of lasers. One paténl 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 panve laser O switch, a device which holds
back coherent light emisaon until a rubvy laser stores
enough energy to generate a burst of power In the multi-
megawalt range . . . GRANGER ASSOCIATES of Palo Albo,
Calif., has recedved an initial production order for 10 TV
camera systems from the Ampex Corp. The $100,000 plus
arder is a follow-0nR 16 |:f|"».'|.'|-::l|1rr|!.'r|| woik the firm has been
conducting

READOUTS

BRIGHT
BOLD
CHARACTERS
WITH

MAXIMUM
RELIABILITY

Meed more data? Ask
for Catalog L-181.

T~
D !ALCD Faremast Manulfecivrer of Indicator Lighis
DIALIGHT ccuosanon

Mudula-r Digplay

.75

ar digit
of quarities

i SEIWART AVE., BROONEYN., WY, TVIXF s Cade 313 4977400
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BUSMKER-RAMO CORP., Canopga Park, Calif., has been
gwarded a $170,000 contract by ibe office of the Army's
Assistant Chief of Staff for Intelligence in Washington, for
evaluation of .1.||F:-|.|..rIJ.I:'.'.- of modermn systems analysis and
data processing technicuees 1o selected areas of the Army's
intelligence network. Six problern areas of Army initelli-
gence work have been selected, and after evalvation one
of these areas will be chowen for an in-depth study to dem
gnsirate the validity of the systems analysis approach
COMPUTEE APPLICATIONS IMNC,, MY, has opened a new
edflice m Palo Alto, Calif. The office has been eslablished
e handle the company’s expanding volume of computer
programmeing work in California and o help serve new
clieris in the Bocky Mountafn Area, :|1l.|l.|-::||:*-g Urtih, Mevada
indd the Dakolad | Farmation of an Information Syalems
Marketing Division by the MOSLER 5AFE CO0., MY. has
been announced by William A, Marquard, Jr., exec. vip
dosler introduced its Selectriever Information Betrieval 5-,.'5-
tem in May, 19%66; more than $1.25 million in orders Ras
already besn recened

A contract for $1711.750 has been awarded 1o HOPPRLAN
CORFP., "_~|:|r|||:_.;r'|4-||,| Wa., for installation of a Visual Display
and Vaoice Recording Syatem at US Strike Command Hdgtrs,
MacDnll AF Base, Fla. The system will update eqguipment
used in command briefing rooms and provide for recard-
ing and transcribing of both telephone and l|'||-'.rl::-|.l||-::l|1l.'
audio signals at the headguariers LEAR SIEGLER INC.
tanta Monica, Calil, has acquired INTERMATIOMAL ACA-
DEMY IMC., headquartered in the Washington, DLC. area,
which operates cchools offering courses in compuler pro-
wramming, operations and applications ESSO0 IWC.. a
COMianY devated solely to sofbwans |1:.|-'|-.-e".l|'l;.: nd LERDE,
has established pesmanent quarters in Walnut Creek, Calif,
ESSCO 15 a subsidiary of EDMAF INDUATRIES INC

Here's what Video Color offers:

IEEIF'IHIEAL ABILITY

of any special purpose Cathode Ray Tubes

THIN TUBES e
Monochrome and Two Color Flaf Tubes

ULTRAHIGH HES‘I:I{IIJ"'L'IH
{Less than 0005 spot size)
FIBER OPTIC FACES
HIGH COMNTRAST
Special Uitrathin glass substrates to alimin:
ate halation
Projection Tubes—Ulra High Light Oufput
SPECIAL SCREENS
Any Phosphor
High unidormity, Ultra Smoath Texture
Low SBereen Moisa
High Light Output
SPECIAL ELECTROM OPTICS
High Deflection Sensiivily
High Bearm Currerts
Multiguns
High Voltages
SPECIAL GEOMETRICS
Back Ported Tubes
Special Deflection Angels
SPECIAL GLASS STRUCTURES
Internal Targets
FULL LIMNE OF STANDARD TYPES CRT's FOR —
Character Generators (Monoscopes, etc.)
Readoutls, Printers, Oscilloscopes, Radar,
Monitors, Video Recorders, WVies Finders.
Fiylng Spot Scanners, Back Ported Devices,
Compaters, s,

Video Color Corporation
500 5. Douglas St. El Segumde, Califormia
Phone: 213 - 772.5251 B0245

Sda wi ) $h Mationsl Symposiune. Bssip 2
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We can solve your

MAGNETIC SHIELI]IIIE

PROBLEMS

with

‘MAGNALOY

i FFi - e Rl rsberia

MAGNALOY . . . & MNickel-Tron alloy
wf exlra-high permuability, designed Lo give Lthe ullinsate
in shiclding attenuatmon=—Hydrogen anncaled for maxa-
VLT T |‘||E|'_..- guinrnniesd |‘|‘- our Seal of Certi-
.'il.:.ll||||l_

ALS0 AVAILABLE . . . our ““MAGNALOY" Fall

v =« &0 004 Ikght gauge mu-mstal matersal bor special
shacldang o pplecations.

AS SPECIALISTS IN THE FIELD

of WMagnetic Shivlding Com pornents . ..
We are qualified =technically and thru extensive
experience—io serve you from an engineering and
consultive basis, and to assist you in the design of
cHmponents 10 meet your specific Magnetic Shielding
requirermnenis at highly competitive prices.

ON YOUR STAFF BUT NOT ON YOUR PAYROLL

s Dustaiions submitted om request, per vour Blue Print, for
Engintering Sam ples— Frotoly pes —Preduction Huns

s Enginecrismg design assislance and consuliation

Precision Fabrication to yowr cxscl emgineering speci-
Fcations

& Hydrogen annealing with **Cerlification®” om all fabri-
cation
] Prl:l-l:luﬂi-l:-n delivery geared o vour scheduled reguire

"’"‘"'\ waﬁ(‘
Flaillatl Inc.

Laboratories,

TN Wait ‘E:.I1h Avonue = Rhaid F|:||Hl:. [
T Fhong 7717172 = Amea Coda 313
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DISPLAY
PROGRAMMER?

It you have demonstrated by experience and
axposure that you can successfully work at
tha “state-of-the-art” level of display pro-
gramming, our clients are anxious o offer
you significant challenge, responaibility and
compansation.

Counsalling and placemant of compuler
profassionals is gur SOl Busingss,

Call Mike Parr (415) 434-2470. Write or wizi
111 Pine Streel, San Francisco.

source edp

A Prafessional Placemant Firm

Oiher ediices In: San Franolsco, Chicago, & Detroi

PANIES ASSUME OUR CHARGES

CLIENT COM
Casls Bagader Serecw Cord Ma, 14K

LIGHT PENS

FIBER OPTICS

Oibiba-ahalf delivery of light peni enginesred for OEWM souige
mart g for reirolii o CHT wyslemi n the Held.

& LMOHT PENS — Compac — [ghtwelghdt — regged — avell-
able In many coliors,

* PWITCH — Gold or oilvar comiact, wire MO o T,
Flugh, cannad b iripped scoidentslly.

& LEMIES Varsty of focel lengths — seralshvity ares B8
ouriomar's ipacs.

W PR OPTIC CABLES — Sagle-Cosxial for locating rng —
plias or sorylic fbers — PYVCorobber-armaned of i, bradd for
warersgth and dursbility — sny length. Brosd wpectral nesponee

—% OR we will boild yosr pen ersdfor cables fo your speos.

Paravitr Packs
Ligha Seurged
Parsl mooeting hardware and pan
holders sleo swsllshla,
CORF
PO, BON 396
BILLERICA,
MASS 018210

Phans — &17 - b4T-195]
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TECHMICAL OPERATIONS INC., Burlington, Mass,, has rg-
cenily been awarded two patenis for technigues improving
the efficiency of laes. One patent covers a system for
coupling lasers r-ng::ll'u:r in an optical anfenna array that
could be wsed in long-distance communications., The sec-
ond covers a passive laser  switch, a device which holds
back coherent light emisston until a ruby laser stores
enough energy 10 generate a buril of power in the multi-
miEgawatt range . GRAMGER ASSOCOIATES of Palo Alto,
Calif., has received an initial production order for 10 TV
camera systems from the Ampex Corp, The $100,000 plus
order it a follow-on 1o |:|1".-'|.=|l::-|:l|'|'||.='|'|! wiork the finm has been
conducting GEMERAL TELEFHOMNE & ELECTROMNICS
CORP., Mew York, and ULTEOMIC PRODILMCTS IMC., Penn-
sauken, M., recently announced that a GTAE '\.ul:mdliu'p.
SYLVAMIA ELECTRIC FRODUCTS INC. has been megotiat-
ing a plan for the acquisition of Ultronic Systems. Under
the terms of the plan, GT&E would istue one share of $50
par, 5% convertible preferred stock in exchange {or 5 shares
of US common stock, except for the 178,390 comman shares
already crwnied |J'|-' Svlvania . . . An electronic display system
that presents the siock ticker in book page format was in-
stalled by the BUNKER-RAMOD CORPORATION, New York,
in the new offices of E. F. HUTTON & CO. INC,, M.Y. The
inglallation i3 the hrst of 8 kind in Mew York City,

SYSTEMS EMCINEERIMG LABODRATORIES INC., Fort Lauder-
dale, Fla., received a $200,000 contract far the delieery of
an SEL B40A Computer, A closed loop system, the 8404
will be linked 1o a simulated cockpit of a Morth American
Aviation Inc. T2-B aircraft. The procurement was from
GOODYEAR AEROSPACE CORP, for the NAVAL TRAIMING
CEVICES CENTER, Orlando, Fla The LUSAF ELECTROM-
IC SYSTEMS DIVISION announced that a request for a pro-
potal isued in July 1966 for electronic data processing

LIGHT
MEASUREMENT
PROBLEMS?

Specializing in instruments and systems for Nght
measurement, Gamma Scientific combines
experiance, imnovation and crafismanship in its
broad ling of prodects, including:

Photomultiplier Photometers = Calibrated Light
Sowrces = Telephotometers » Fhotometric
Micrascopes = Complete Acceisones.

Far the latest catalagme

conlac: Sales
Mlanaper, Dept. 103
Gamma Scientific, inc.,
Z165 Kurlz Street,

San Diego, Calif. 52110
Eamedisle problemd?
Call collect

7144 291-2230

w GAMMA SCIENTIFIC, INC.
& “See nz af 1D, Booth 102

Circhi Resdas Service Card Ne OF
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gquipment 1o be installed in the NATIOMAL WEATHER
RECORDS CENTER has resulted in the non-selection of
pouipment. Since this annowncement, new proposal requings
ments, modifications of the original, were issued . |, . DIS-
COMN CORPORATION, Fi. Lauderdale, Fla., has acquired and
will produce and market the DIGIGATOR line of digital
reacdbouts and associated decoder/driver modules previously
manufactured by MICROPHYSICS INC., Westbury, MY, Dis-
con reports that production is already under way on the
more papular displays and modules: the ¢ omplete line will
be available to the marke! within a thort time,

ALPHA GRAPHICS EMTERPRISES. a mewly organized com-
pany providing a magnetic fape to micrafilm conversion
service, is now in full operation with headquarters in El
Eegundn, California, The serdicoe iz built around ihe Sirom-
berg Carlson 5C 4020 Micro Recorder Systern that offers
the uwnigque capability of producing charts, graphs and ne-
ports at high speods dl:-l’.'-:'.!h.' ciibe micralilm from magnetic
tape input. The system eliminates many steps normally re-
guired for microfilm prodection. Charts, graphs, pictorial
plots and peripective views are produced to extrerme accur-
acy an the 5C 4020 Mico Recorder . . . FAIRCHILD SPACE
AND DEFEMSE SYSTEMS, Paramus, N, B providing show
scan lelevision monitors for the .-ﬁ.p-::-|-!r| program, The wnits,
the first of which have recently been delivered to BASA,
will be installed at ground and shipboard receiving stations
of the Manned Space Flight Network throughout the world,
Thie equipment will be used o dl5-|.'ll-d'|l' telEvision piclures
iransmitied 1o earth from Apollo spacecraft. In the early
ctages of the Mlighi, photographs of the astronauts and the
imstrument pancls will be displayed. Lates, after the asiro-
mauts transfer to the lunar excursion module, photographs
of the moon itseli will be retumed

i Ty

s

TTL IC Drivers
for NATIONAL
Readout Tubes

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

®m 15 MH; Counting Rate ® For all side
and end view MNational readout tubes.

NATI 0 NA REQUEST

BULLETIN
ELECTRONICS, INC.

o varian subsidiary
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DATA PROCESSING

SYSTEMS
ENCYCLOPEDIA

The mast wseful wp-to-date imformation on equipment,
suftware and related data . . .

Many peparyle services bive Beea combined, wpdated, revised, and organipsd
;"I-I'umi e cofvenlesd seivice, Herw's whad The sew STSTENS ENCYE 1A
W Completely reviged Electromechonicsl Epnipment Service describing hendreds
of items — pusches, comverbers, Uramscebvers, sccousting machises, statistical
machipes, soriees, collilofs, lape penching boskkesping machines and adding
machings, commen Lispwape devices, and masy, masy other sbeciromechanical
machises aod gystems. W Completely revised Electromic Equipmest Service
describing busdreds of computers sad compaler systems — mageetic twse,
Eugaetic drem, findom sccems, Soid ptide — incledes peripheral ad wiliaey
sguipmial, MICR devices, oplical sconming and other ol devicer, &la sl
apt and refredl dquipment, Gl commpmications, sed more. W Meaihly
Bpdating co eouipmest and software refersaces inclodes new lafarmatios and
reviged informafion. W Computer Mpplicatioms ischodes more than 50 cama
siadies sow, plus new applications [sseed menthly fer dhe deration of your
tutacviplion. @ Comslatiee Masker Imdex, revised quarterdy, gives wou inslat
conlact wilh exsctly the mlormalion you wonl. B Aetomatie Seectien charis
provide ready Bocess 1o comparsliee dxla on wystems, W Biblagnghy of
bools, pevipdical artiches md alther reference soerces — fhe mosl complete
eved published, wpdated repulary. B Cloaileston Syitem provides migue
dad eady methed for mamtaising monthly wpdating. W Many ofker relarsaces,
melutinp he mosh complele Blidiary ard Maasiacturer Beldes wery pobliahed
B Materidl it I8 easy 1o read pristed formal Functional bocqeleaf Binding.

__________ -ermmrmasssssasssasn

AMERICAN DATA PROCESSING, IMNC.
dth Floor Book Building - Detroit, Michigan 48226
Pleose send Dobs Processing Spviemis Encyilopedia for free I0
doy sxaminatien. I not fully convinesd that thiy unique Encyols-
pedia =il mepay i el mony fimes over | will peluen B eed
eww nothing, Ddhersdise | will remif of saies indicoied below
plun shipging coaty,

O NTRSGUCTORY SHTIN—Syvteme [arciogpedia with Updafag for

Bne mgalthy — 195
T km pdieiopeal qear of Mesindly Updstap — 558

MAME - TITE
CouaP Ay
ADERE5S
[ - ¢ S —. ¢ | - S | ]
R L PE R IR LEN |
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Common denominator

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 toinsure a
smooth voltage gradient over the re-
gion of post-deflection acceleration.

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.

There are many more “for in-

For the Aviation industry we stances™ in our ever-growing list

What's a cathode ray tube got to do with Planes, Power
Plants, Punch tape and Physiology...7 Plenty!

of industry applications. To our
knowledge we haven't yet built a
special CRT for the FPeanut, 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

ATRONICS (“ﬂ ——
ELEGTRONIC TUBE DIYISI0N
PANABELPELL -  FEMNITIWANLL 15708
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Data Coupler

Ancerson leiobion, Moualain Veew, Calel.,
nifers the ADC 260 Adouitic Dala Coupled, a
device Bor demnding and receving daka bellwieen
a remole bermingd and a compuber using any
ardinary telephone desk sei and phone Bne
it is used hyplcally with a Model 33 or 1%
Teletvpewriter but can also be used with amy
maching of display which cam operabe waih
a A Dataphomse, Used warh & Teldebppiwrier,
ithe combenalson B g @ peovede & e
mode comiples erminal which can easily bhe
wheeled rom one rocm e anofher whse neeed
an oardinary ielephone i3 available. Cowpling
with the telephone syilem 5 acoustic Bogh
nlh il ol od e ielephone Lyplem, IS5
g compaliblity with elephose hardseis ol
valriges magnetic field conligurations. No e
el conneclion 1o Elephose  eguipmenl 0§
reguired. Operaticn i3 indeperdlent af signal
evel, abowve a reguired mindmam, and b
djusbment is rmeguired.

Cirgle Aeader Servicw Card He. 56

Deflection Amplifiers
Beta Infirument Co, Newion ppes Falls,
bagg., Mad samncainged 4 mew lamily of defleg-
tion  amplilierd, Models DAT13, DATE4, and
ARG, Thase gl sillicom dolid stake meodular
pickaged are paigd o feature high delleciion
perlomance charactecistics a8 low coil. They
e C coupled operslional-Bvpe  difference
am@lliers amid are detigeed fod Jpplstation im
ayy Cathods ray fube of Lorage lobe duplay
vribem - emploving magnelic  dellection, The
units ane sasd 1o be capable of wpplying plus
af minaes 25 4.5 and 80 amperes of deflec
lion currend respectively o a directly=coupled
dellection ondl. The modules have two Menti-
cal channels of power amplification one for

X deflectinn and ome for ¥ defleciion

Circle Epsder Service Card 8a. 57

Multiple Switch

Adfmanidan Teliber Ined, Codla Mieid, Calif
ofledn Secies T-99% mualtipbe vwilch, The divice
Igatures s PDT contacts in less tham one g
everall depth behind panel 5 1.5 in
Sepasre  bultors can be momnted in  ikght
parallel rows o Torm & block. AN contacts are
iaid 1o be anside a plastic housing. which pro-
desg PIOIECIIES AgNIAET RhE tian ol langigm
pairigles. Thi Firm clisms 1haf nd lulsiscand &

needed a4 meelal parts by agasingd ayloa

Cirgla Aeadsr Sarvicy Card He. 58

Vacuum Tube Readout
Isidosieial  [lecironic  [neginesrs  Imc Van
Manyi, Calil, has announced a single-plane
Vityum Tube Readowut The iwbe, a 10 Gun
LRT, poasewies an eleciros peojecisom wysbi
Bir iy gabd bo desplay characiens with clariey
and  heighisess & fluamsopnt  senben
Fasily sl direel sumlighl, featueed
dfe waid s inglode powerless contral g
L ":III'IH. lvw  power  condumption Ao

0 milll wated]l. and small geid swine

Cirple Bgsder Sarvica Caed B 59

Minigture Indicotors

Algn  Electronic  Producths Inc, Lawrende,
Mati, offers 2 nemenc readost indicatos
Hlamenated % im. diglts are indicsed an an
engraved lecite plate which s edge lghoed
by a new type, long-bile incandeicent lamp.
The figures are marked as a series of white
dots and are cleaily displayed. Fumction of
the lamps @5 o provide life up io 30,000
SR Bowrs. They are maid to be soldered in
place 1o eliminate improper contast problems
Tvpe X071 or 2182 lamps are phyaically mount-
wed in odd and even wectoss. Marmaow widih of
the Inlicaiors 15 said o allaw for mone
nisménd readoun B0 be deplaved and s
dalled in limited space areas. Overall size s
Y in, high = % in. wide

Ciigli Readsd Somce Cird He. 6D

Spoce Centrel

LB, Assosfiabies, Lom Aleamilod, Calif, of-
fers Maodel 612, an ddion 1o the finm's [Bne
ol Chate-Man Space Controd Censers. The mod
el, dedigned 2t a ool holder, measures 10 x
1 x 5% in and weighs 2 Bb. All ool holders
anid parts comparimenis aie within the users
marmal neach padbern  in Conbooned  Eiges 19
provicee a quick ssleral gresp ol el ane
paris. Al models are modded of g thiglgri
plastic and are sid to be chip and ne prool
s revist acick, alkalis, paings and slaing of
all ypad

Gntky Redder Saiwita Cicd Ma, BL

Flotting System

Califamia Compuler Products Inc., Anaheim,
Calif., offers the Model BYS electronsc digita
plofling system, which is said 10 add a new
dimensiom o the concepl ol digital plodting
The high-apeed, lully-encremental dagical plor-
limg ysiem | e a CRT planer with
widana lar e graphic recording. and o
abied B0 ahoul 100 tirssl (ke plof apeed of the
eleglig-michanical pen-on-paper  plofherns

Cirgly Rasdsr Seevice Cord No. €7

Button Switch

Tramgisto#d  Electianics Corp.,  Minneapalis,
inm., has diveloped a mew subminlatare
puilibalton swilch, the SBS Seres, o conserve
panel ipesce on irslements, compuiers, dits
prgdéssimg, indusinal control, and T ile mpuid-
ange systemns. The unai’s body mestunes anby
L0 En claemeder by 0468 i lomE, 11 mdusls
froem Ehe rear with & knairled aud in & 14 in
hole on moumshag ofaledd 8 clode 3 U8 in
It witll die W6 in, & 36 ine thick panels
The switch s wand 16 be rated for ome million
eyl ol oprration while carrying Iis full rased
disign cuscend of 0 ma af TI5WAC, non=in
duclive load. Gold finlvhed bragz merel termin-
ali gre elecirically isolated from the switch
by, Mastic pushbulions are offered & seven
difderent colors and may be hat stasmped with
one charecier uvp b U8 in high, Opersling
and sE0MARE IEEPERrAbURG fange B from =40
deg 1 65 deg ot 95% Mumidily, maximum

Cirgli Peedir Service Caid Ma, &)
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will modify
To A/N system
requirements

For:

Mlechanical 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 E0,
‘scopes are now availablé in
standard rack and portable
(18 Ibs.) bench models—in &
ta 10 MHz bandwidth—eom-
plete with accessories and
plug-ins for non-obsolescence.

Wider bandwidths and un-
usual form Factors amd per-
formance characteristics are
available on a customized

basis.

[n Preplanning Your Mext
System Design, Why Mot—
Leawve the Dijplaf 1-"‘||r-a-rk 119
Lls?

Call or write for free con-
sultation on YOUR ‘scope
problem.

L]

Sy may

. T

GENERAL
ATRONICS

ELECTRONIC INSTRUMENT DIVISION
PRLGERSL -  PESKDTLVANE 5118

Sales represemlafive aveas available in L5, and abroad.
Citela Rasdar Sarwice Caod No, 64
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High Precision System

5 Bnc. Westboro, Maw
k-l YolMMELEr, 3 N Oe-
wvite for mogiuding wory wildk radisnt erGngy
i_!'__'l-_lr-;ll.'.!; upom ke detpciar, 1B SElEm Of=
erates over the entire ipe i (e@im wlira

c far bnfrared. The dewvice is uped m Our 355igﬂn’§'"15 demand 1resh 1|J[I|'i.‘|[il: |h-'1|'i-I1E a5
ries for spectro-chemdcal an; - We arg dEI'Elq:ling a niw hine ol ﬂ;sﬂ'ay F'r:‘anI:‘IE- in
oo v v e e e both color and black and white for new Gowern-
miiiioes, and for relbectivity meassreamenls. | 3 & 1
e o | i directhy with sy ENGINEERS mental and Industrial applications.

enochramitor. Hght T deiector. Th . i .
:_nll'u'\.l: Ij_.:u:.l:.n : full | "\' ”I.I i N PI"Iltl:I H[!'JEtﬁn E1.?Ih'!|:' in thae 'dﬁ‘pld_f fiedd as [hF
cluding beam Sp s 1 res prime contractor for the NASA Mission GControl Gen
L HAVE A e, and s presaty poviing to NASA 8 new dia

wide asislance in customer applications color television sysbem

Gircle Resdar Sarvica Caed He. B4 AT PHILG“-FDRD_ In addition, development is in progress on small

slphanumeric displays and large high performance

Binary Encoder System digital systems with a full graphics capability. Thess

Baldwin Elecirgnies Ing., Liitle Risch, Arkan- 'ﬂl" I]E- l||5|3|j .|1 Ml -|'|d jgt[;a| uFi_lhi;ﬁ!:"jﬂﬁ ﬁ[!d .::|:'4
cat, offers a imall dire parallel natural bimany Ermment il"lS.[.al'a[il:-l'IE.
encoder wsiem which wies 8 Baldwsn  jHeio=
slastzic shaghile: pasition, cieCt, fEAclOg. BOER Qualified applicants must have background in circuit
wrn encpder with @ lamp life in ewoess of g . v Eaeirs .
ENO meurs. The system has a capacily of dEEISI'I_ II};:"II: {ll_"EiEI"I_ I:'lg:l'ﬁl TV Raster and/or Siroke
11-bili per lwm, owlputs compatible o most Writing systems. Posilions are also awalable for
ODT.L and T.T.LLLC Logic 5 oinily [DF{‘SS"}“HIE |l|'|'|' |'|:|tﬂ1"|ﬂ D,'-Jn' DE,-"' dugi'n. EJ_JE
wo supply vollaged including the lamg walts l" 2 -, " gk i &
aze rience in computer design or peripheral equipment

desirable.

Cirele Rewder Sarvics Card e G
If you qualify for these imteresting projects you are
invited 1o send your résumé for prompt and confi
dential consideration to Mr. H. 5. McDonald, Philco
Ford Corporation, Houston Operations, 1002 Gemini
Avenue, Houston, Texas 77058,

Light Pen

Imformation Controd Carp B Segunda,
Calil., offers a new high se wity Fightl pia,
Theough the wse of a photoiransistor as the
light sensing ebement, the fiber-aplic bundle
uiaally employed in swch devices has  bBeen
eliminated, which is said o have resualted
im a unit lighrer in waighl and Aol PeGUITing
high woltazer, Deignabig] Sdad LP-M0, the
pen alio featured & touch-gengalive  actuslor
which has mo moving paris. In order 1o pers
mif ke dindoe 13 @& leghi, the operalar
tosthes a metallic band pliced where the
ndex fimgier nafudally Lalls durimg an opefalson

PHILCO

Wi $TIRN BEVELDPWENT LABDEATORIES
An el opperiseity pEplapet

Cirely Asadur Sarvice Cwrd No. 68

TV Disc Recorder

General Elechodynamicd Canp,, Garland, TExas
olters a belevision dise recorder dbid Bo b
capable of recosding on one disc up o 1,000
infdvvudipal pictures. The selection and Indisnt
display af any desived frame on one or mone

i 1 nhone.  The
recosder i3 the niscleus al el mew GEC

Mareo-Cak I"‘“"""Iil:l":* switches |.:_'i'l'l! ol instant I\,!i.l-'; amd product lines whose markels will e Dbanks,
1 A ¥
calar check of avatem status. “It:.' re the smallest illumi- . insmramce companies. &nd othed g
; . . -
- nated ]u_|=.||'|u||;|:|,:-u~. wvailahle with contact ralings al 5 ar i prises. Imformation can Be sbaes

der indeliniied Botk recordeng amd &ra-
carm b peodmned aulomal cally by pdesi=
aie hisiton on 3 remole &hn-
of  coshbral o

Circle Baidnr Safwite Cand Ma. &9

15 amps up o 120 vac,..maximam body width or
diameter 18 less ihan 4.7 |n||i.-|h"n||.-|:r|.l amd isolated
lamp circuits to indicate switch mode or remote sys-
tem status mean less panel space, greater design
Intitude. FﬂﬂEl-ﬂcljUH assures long contact life with a
wide safely margin even beyond rated currents,

Presslite switches are available with a variety of op-
tions: SPDT or DPDT, alternate 0F momentary action,
midget Hinge base, incandesceiil oF BAGH I-J-'lljl!- {with
ballast resistors built into switch base). Ten basic cap
&i :.-I;, {inclading Press-in caps in £1% S1xes and sh Aped) Fve

Tandem Typing
A lour-in. square eleclronic  alkachsment (s
nuhle the owlput af MATE W ¥
p.'s  Automalkc  Iypeng  equip-
w acpedsnry, Bi-Type, aitaches ko

Sl
Elgciimnie i
eEnk The

you & [all color range. Matching indicators and recess panel a MATE reader, the eemory device for the
i i 'ri - } 1 i [* . -

mauning :1|!.,|.|:.'|n'-rﬂ. also available. Write |\'.|IJ.1:|- for the new 566 Presalite f.-l.lﬂ.ll:l_g. typing wplem. Twa typeEwriters w th a

Bi-Type attachmeni apsdale 4 eaily, al

sl wp B 180 wpm, hne algf CaR

protuceE oeer N oo |;|r|.1| IypetaereliEn LT &

MAHD D-DAH n asne day, accardeng 1o Ehe comgany.

Clicle Baaddér Servibs Cand Ma. T

A division of DAK ELECTRUO/MNETICS CORF
207 5. Hedana St Anahaim, Califcenina B28056
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Miniature Display Pushbutton Controls
Bowrmnal Instrument Coop., Fort Winee, |n- Uniimiaa  Swditch [hy,, Magon Elecironscs
aliers 3 new maniature meadoud which o Cofp., Wallimglord, Conn., kas announced a
s directly lrom digital compaber codes, fidw line, thie Unsmas LPE Seéries 9 11 ooins

i

[ =

BRIETE

eliminating from the display any meechanical fisli of four-lamp lighted panel conlials de-
or gnalog-1o-digingl semblies, drives or servod figred b omeed the requirements of MIL-5-
Whally electrical, the DAIXE Logicabor ks sald J208Y. Features inclode single sorew maownbing
b0 incoaporate ary dolid sl modules e Pao-slep  relamping  and  factory-installed im-
quired for interfacing with BCD, LBL, or any termal lamip bussing. The line s odfered with
piher avallable dightal signal inleimaEan, Thi LS il gt "‘"u.h.'lﬂl!‘"i in & wide range of dis-
packape i awallable with fom three o eight play siyles and color coding. They aie avails

ahile wilh g, thiee of lour pale mcmentary
aF Migirate Jctica dealching. The dwilchés bne
af modular design. An sdded feature i an
gedering syslem which permits the wwilches
o be chowen by compoment groups, whether
for a complete asembly or for a separate sub-
aaremibely

12-posrlion readout drams, ard Containg in
own  EMIAE CECudls,  Eimeaharing capabdlity,
fatd TloragE and jeppnessson circalbs. Druons
are Imieenally bBacklighted, adjostable for any
dask os belght enviransmend, The 0.7 in. high
chararters are white on black fields, bBat ane
tramtlucend for typlcal red disglay in daskeiss
Circle 'l'udll Larwin Caid Na. 8]

Gt Redded Service Casd Mo B2

=X This new Phosphor has shorter persistence.

% Greater resistance to Screen Burning than P16.

=% The Narrow Band Emission is in the visible range
— no complicated optics required.

TYPICAL CHARACTERISTICS
Persistence Decay to 1 30 n5
Spectral Peak 555 nm (55504)

If you do want ultra-violet, specily Feranti Type ‘W' phosphor which

is more efficient than P16. FERRAN TI

Fead wino Lha Futovs

FERRANTI UTO. GEM Wel. CHGDOERTON, OLDRWA, LANCASHIRE, ENGLuN3, Tel: (0E1] Al Gl
BUELA ! FERRANT PLECTRIC . EAST BEFwmPaGE RO, PLUMOPW, REW TORX tapco. Tel: 8996 390-0000
CAmARL: PiERaNT-PaCHARD ELECTRIC LimMED, WGUETRY S5T. TORGWES 15 ONTubd, Tel: PE7-J860

Cisels Aeaded Sermce Caid fio. B0

Strip Printer With
Take-Up Spoocler

Clny Corp., Jan Gabsiel, Calif,, odfeim the
AM-16 Strip Prinder, which wtiliggs “'oa-1he-
fi¥'" printing fechiniqued & wied in large af-
limeg computer cutput printess. The meechas-
wms have been reduced to five funclional sub
paemblies. Complete undi with  elecironic
ha Been mindsiunred o easly nstall in i
dirumenl pandls of lage sysbems whens hard
copy dath recosding i required. The umil
weighi 5Y: Ik and ocoupies 200 cubic im,; il
war detsigned o mest applicable secisong ol
SUil=E-5800 and PAIE-1-D6600. Prinled infarmation
Is presenied serially fo lhe opécalor &l sip 16
15 characters per seoond with a selection of
& chareciers: prinier cam be adapied io ac-
£Epl OV B Iel & lime BCD code at several
interface logic vollage options requiring loaw
deiwing currents limised by 1t 5 K ohen input
impedance

Circle Rakder Seivics Casd Me. E]

+ .
Display Line

A mew line of positicn displigs, Via-Posnt 11,
hat been infroduced by Eemiex Electésnics,
Hawthorme, Calif, & wnit of Ix-Cell-3 Com
Vu-Poant 0l is a sealed enit wilizing inbe-
gratigd circwitiy. Readout i3 oblained throwgh
display 1uhes dramed by a black pamel fos
macimum conlridl, S5i¢ and wefaght ol the
umit i faid o allow indlallabiom i & vaReDy
of bocations 16 facililale @anverdient viewidig
The Displays are said o be applicabie o
simaost amy manually operated andfor numeer-
jcally conirolled machine iool. Applicafions
slse sie bging made to nspection and layowt
Pguipmsent

Livcin Aeaded Simiw Tavll No. 34

Miniature Switches

Alcoiwilch, Liwiernoe, Maks., oflers & e
double pole ON-DN-ON  minsatuig gadich
They are deskgned B have “oa" podilEonds at
oppensite ends af ke lever theew  with am
active Cenfer posdtion. They are available in
ghige serics: Premiem E Seres, Stardard MST
Sevied, and Muslang Series with 15032 in Fe o
Current ralings are 6 Amps af 125 VAL,
MET Sevies 3 Amges af 115 VAC

Cirdle Feadsr Service Caed Mo, @5

Digitizer

DATA Techmo ofgy Inc., Waberoww, Midi,
offers a ooodsdinabe degifioer with a3 resclubicn
of 0005 in. amd accuracy of 0000 in. The
unil I8 intended pelmarily for sse a3 an
lmage Mane Digiiizer, as well as dor Graphical
Rigatizing. Posimoneng & accomplished by
meand of bkl wales fuled walh 500 [enies
goer imch argl  senbed o 1B CAFFIARE=-wWay
Im the X axis and aloag 1 F1ES 1 1 i thig
Y Ao, Linedr noremenl pra{leds. are i
pled i the ¥ and Y anes § pduce 00 hi-
e nal counts per inch of travel, Besultan
positieen |5 displaved in siy digas

Cirefe Muadar Seredd Cand Mo, 3G

Socket
Augat e, A bebo

=l sschoEls which ba
hodes that sulde componen! leads inla dock-
eir. Pim circles maich those aof G wiping
podd-plated comtacts are wald b0 seure low
contact resistamos alber TDOANE enserblors. The
iedlen body s designed for "pushedie” installa
(1557, T HpEfabng IEMpEralurss up
: may B¢ attaised; the wockett are
s i 3, 4, & B, 1F amd 12 condacl ar-
rangeEmeni

Circhi Anadal Service Casd He. 37
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Hi-Q Deflection Yoke

CELCCY. Mahwah, ML, offers the YA De-
flection Yoke, designed for % In. peck CETs
with 5L 70, or 90 deg deflection angles. It
s avaklable 44 & yole pnd A OO mbanation with
B p scuchion cafreclar of & ORRDEFNE -I‘ll:“rli:l:'.
mr Bith. The Feont Flare W faid B slhminale
fline. meck thadow and glass envelope
feremee  probdems. The special high

wipe code is claimed to provide high $ends-
Enity im retomaml drd Circuibs

Circli Risder Servie Cand Ne. BR

Film Processor

A maching thal pectisigs CET  recardeng
film &t up Bo 30 in, per mimube, and pErmS
scenss moments  afler processing, has  Been
developed by Mark Sysiems Inc, Samta Clara,
Calif, Called Model 100D Rapid Accews Film
Proceidar, the macheng accepis any  35mm
films wied im CRT cameras, Semd-archival
guality I8 said 1o be achimwed withaul pogis
processing. Up 1o 2600 t of filmm ¢an be
processed with ooe loading of Commencially
available, high-emergy chemicals. Two wnits
make wp Model 120 A chemical supply
nodule houses the nefEsary pioOEsing Chem
cali [developer, clearing walulbn, rfindg s liis
tionl amd pemping  apparslies.  Devices  Pod
iranspoating. processing, and storimg the |
are contalmed im a processor module. The
modules are conmecied by shodd lengihs ol
cable ang plastic Tubing

Circle Reader Service Cicd Me 89

Solid State EL Instrument

Acrospace Prodects Besparch Conp., Sania
Maomica, Calil, ha developed a law-poer
sidifestate,  digltal-computer-driven,  electra-
lsmimescent (EL), mullimode digital display.
indtrument  was developed for NASAY
n Ruweaich Cemien for use in labosabory
The wnil, ike Vertical Scale Fndi-
cator Model VSIDEP. i+ a basgraph thal can,
o computer command, be framsfarmed imte
a poEncer or marker.  Automailc scaling. a
flisker-warning modle, and parameicr fitle En=
decatar fogr multimode coeryian ane imngiu
im ke ingtrument. A ¢ondkasl Bght ou
e Mietiene of the disgleyy i aid B
vided by automatic beightness contisl

Cifele Resder Service Card Ma, 92

Indicator Lights

Circon Componend  Corp., Santa  Barbara,
Calif, odlers a2 mew line of Bug Eye shapedd
indecarge lights, Offered in 24 different shapes,
including slars, circles, diamonds and squares,
the indicieii dfe said 16 prowdede messapge
Flesshility throwgh warious shapes ard colors of
Pems, They are 2932 in. overall engeh, with a
barrel diameter of Y8 in. @nd are (umished in
Incarsdescent and neon, in single and double
contact models. They can also be wied o e
place existing |lamps,

Cirgly Aeadee Service Caed Wo. ¥

v .
Digital Drafting System
Bersom-lebner, Vam Moy, Calif.,, has an-
nownced a mew digial drafting system which
Operaties &1 ipeeds aver 00 . per manwle;
with an overall wilem sofuracy ol 0Q0Z4n
Bedaliglian 68 000 in, The [H}S i3 desigeed
tniecifically for aemated draltiing, mumsencal
ral configuration  lofting, engineening
fabrication amd arlwork maslen el w dlack-
ing of integrated circwits ardd waler-thin com-
ponents, as well a2 other production enginer-
ing reguinng exact registration and wltra-clode

o e rareis

Ciichy Easder Sarvice Casd M. B2
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.
Display Converter

Peiili SMediomements Ind, Pale Ale, Calil,,
alfers two new CRT Display Converten. The
Badic conveiter enabdel a recorder fo0 pecaidde
a large, precisely waled plod of a CRT display
it is an inferface device which fin bereesn
ary ocecilloscope and XY or stip chat e
corder. The first mew dewice, the PM 100702,
enables the Indirument e operaie properly
wilh Cuivg Tracers, Mew Circulny senses the
abvience o & sampling pulie which caudst the
piie-|

Ll el ':| enefgike ardl theé relehie -
fait 1o &ycle, The device wenied the endd of
the CRT frace, I-I s the recorder pen and lini
liabes refrace. Am additional conirod allcws ||u:
operator o sed the meconder wertical  start
poind even  Dhowgh the CET trace s#taris asher
tha Terst wertical graticale Fne

Circla Maaeter Servs Card Na, 5§

Film Viewer

Modtheag Corp  Noaftrankes D,
Werdes, Calif,, alfers a film viewer which mag-
nifies images wp o 70 lUmes for precision ins
lerpretation and evaluaibon of (ilm Thie Medel-
100 uset ihe zoom lens Tor continucas variahle
magnilicalicn biween ke 3 o T
ranges, and provides clete-up dtudy af any
parl of any frame. Sugpested applications in-
clude: reconmalsance imagery  analysis;
map evaluabion amd preparaion; meteosslog-
ical amellice phote avalustion; geophysical sar-
weys and stedies; and photoeinterpretation ralns
ing. Data on film rolk wp 1o 1000 ft long e
woiem T0-enm &nd 9% Bn, wile cafn Be §0-
cepbidd, and a3l types of Glm can be handied,
puch ai infrared. thin or standaed base, ar radar

wensor film.

gl Amade: Service Tacd Me

add light pen

capability to your display
for less than %1,000

Sanders now solid slaie PHOTOPEN®
Maodel EQ-PT aydtlem anables you 1o
all symbol sensing functions
n high data ﬂhu CRT disphays using
wariaty af choracter generation
n.:h.nlquu with push bulion sase.

Wt ‘run'&l all these features for less
than $1

Fast pespanso . . . output pulse |$
practically colncident with the lesding
edge of the CRT light pulse. Typical
time dalay |5 less than 1 microsecontd
— matchas fasiest CAT wiriling spead,
Yeraafllily . . . can bo wisd wilh &
warioty of characier géneration tech-
nlques, Including shaped beam,
manoscope, stroke and dol malric

High sen o o« Adjustable to
trigger on wymbals too dim for
human mdﬂnﬂm. yol ACCommo=
daies infenaitios abave the comforable
viowing lewel, Speciral response spans

the rangs Tram 4000 to 11,000
Angsiranss.
Faolpreod . . . special clroultry elimi-
nates false or multiple triggering irom
lang persistpnce phosphors, ambient
light and CRT face and implosion
shinid roflociions.
Pinpoint accuracy . . . &n [Huminated
findoe-circle "porcs in™ the sxacy
BH;T aroa being sampled,
ial power supplies . . . power

a ment is 117 valts, availakla at
qul slandard &ac outlat,
For less than 51000, you can g

ter ﬂrﬂhilll;md perlarmamce

m your data depl |-:|5|;m-n1 -
with Sanders new PHOTOPEN
system. For funther information or a

monsiratian, conthcl Sandors
Mssaciales, Inc., Microwavn Division,
MNashua, Now Hampshire D3D50.
Prone: (603) 883-3321. Ext, 7201,
TWX: 208-1837, 5A Microwave.
*T M Taafed B it 15

SANDERS ASSOCIATES, InC. =

MICROWANE DIVISION

Creating New Direetions in Elecrronics
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The Mew B0O0 Series Miniswitch
... the smallest thumbwheel switch available

The Beries 800 Minizwitch iz specifically designed for instruments,
controla or systems where panel space is limited. Ench module
requires an opening of " high x 5" wide., Any number of
modules may be ganged into a single unitized assembly. Spocers
are available for funetional separation. Large, white dial numbers
are set in & non-glare black background for easy reading.

Features Inchude: Two, 8 or 10-position sefting dials—direct con-
veralon of dial pesition to 4-bit coded outputs, Provision for com-
ponent mounting in output terminals on some models, NEW =5 ar
28 volt replaceabls lighting —any color —requires no solder or toals
to replace lamps. Send for new Miniawitch Beries 800 data sheet.

T

THE DIGITRAN COMPANY
A Diviston of Endleven Corparalion

B55 South Armoyo Parkway, Pasadena, California
Phone: 21374483110

Circhy Mecer Sevvice Casd Ne 96

Television Camero

A peew salid<giate television camera Tor con-
linuous opeation in unlended locations and
under Exereme edvironmental conditicas hes
beer sntrpduced by Riyithdon Co,, Lexinghon,
bais, The RGS5-M camera 08 & commercially-
available version of a similer camera deeel-
oped for monitoring hazardows aress and for
infpemiation Erarsfer Im the nation™ space pros
grami. 11 is sald to be well adapied to milstary
sl imdosinial  secunity  enstallyinons, and 10
procEss observalion in gdiflewlt arees such &G
High tempetaiare Afeas in Poundries, Megdur-
ing 5% in. in dumeter by W in leng the
camera ix said fo hawe 3 minimum horizontal
resoludlon of B0D Fnes.

Cirgle Reader Sarwice Card Mg, §¢

Binary Input Display

Indugarial  Elections:  Engineen  Ing, Van
Muys, Calid, oflen a tslal display peckage
wlilizing Silicon Controlled Rectifiers @ the
Badic salid slale fomponenl. Acoepting a bi-
nary inpul, & 1 i message is automatically
projected on the viewing soreenm. Operaling on
a rear progection principle, the display shin s
sald 1@ be one hall the cost of i paratl e
equipment, Reguiteng am  @ight  Bing  impisl
BCD Codel, the display olilibes ben Gulpods
B drive ten lamps wilth 3 twebor cuips)l opfion
available. Exbernal woltage B reguired foo the
logic circwit & well as for the lamps. All of
the SCB umiis are designed with lorbidden
coife sepeciion. Should & improper code be
pplied, a bBlaak viewing soredsm i indicaied

Circle Basdar Serwice Cord Mg, 5

Radar Simulator

Canoga Hecironlcs Cosp., Chatsworth, Calif.,
offersa new Yideo Targed Simulasior designed
for wee as (gl echplon feld maEntensncs
cauipemcnl. The hodel MRP-IBD Esdar Signal
Cimaalaior B one of the Llviest &n a2 Family od
videa gl timulaton detighed for sevicing
tactical alvcraft exercising termain-avoldance and
sir-io-ground radar modes. The MRP-1BO,
which gemerates simulited aisto=ground wades
IErgels and rangs marker 1argel laf ule wilk
mionopulee rader e, o il e feabane
juim, Bi-polar diffemence and MED video puloes
whodd widihd arad sloges vary as a function of
range amd graximg angle for use in the main-
tenance and calibratiom of the latest benraine
following radar wyiema; wideo pailse chassc-
feristics afe conbinsowsly waried over a dy-
mamic range of 300 to 1,

Circla Bepdar Serwice Card Ma. ¥

Map and Chart Digitizer

Cabma Ca,, Sena Clara, Calidl, Bas intno-
fducid 18 Model &80 Dagitizer, a device fod
reducing analog graphical data from large
maps and charts fo digital magnedic tape for
compirier processang and analysis. 1§ is said
o featwre Variable Inierval Programmed digi-
lEzeng, a woluleon @ the limiation on graphicsl
datd reduction ipéed impoisd by the nelidive-
ly lpw speed of saailable pglput devices, As
the operator manually Eraces the graphical
data wilh & stylus, the movemenis aof the sbylus
are coeweried fo digital signals for recordimg
on ke caitpul computer-compalible, 7-chans
nel, 556 bai) magndlic aps reconded, Tha VP
digitiging syitem allows an everall maximum
degitiging speed of 937 in. pér minube with a
retolution of 0U00% in. Acoedsories ane available
o permit redection of data from peojecied
18mim, 35mm, amd T0mm fidlm images. paper
lape ouiput, direct isterdace to an FBM 1730
Ea=tijralTiliig

Circle Roader Service Cand Mo, 120
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COMPUTER DISPLAYS

State of the Art Computer Controlled Displays —
Computer Grade Quality and Reliability —Industrial Price

CG 202 CHARACTER GENERATOR

Far alpha-numeric display use.

Produces charscter display waveforms
from BCD input oodes.

Draws high ll!thl|I'|f]' characters. wsing
stroke technigues with aulomatic
corner-rounding.

Uses pJuE-in character codes to facili-

CRT DISPLAY UNITS for Graphic and Alpha-NMumeric Display

Permits computer contrel of characier
intensity and size,

I supplied with 36 user-designated
characters, expandable to 128 char-
acters.

Full Alpha-Mumeric Character Sat.

KM 105

m‘: anges in symbals or input AEdEE;:ltui:;?d average character- GG 702
KM 506 THREE-COLOR DISPLAY OSCILLOSCOPE
Model | CRT Usable Video Jum

Mo, Size | Screen Area Resolution

Sensitivity | gandwidth | Scan

EM 906 | 197 | 10x10 15 line/cm

L;Lfllm:r DC o 10 mHz| 25 .see

KM 105 COMPUTER DISPLAY OSCILLOSCOPE

o o ) Il I P
KM 105|217 | 10x10" | 2BEnesem | 1% | FRYOMEION] 12 e

Roar-ported CRT Displays
Hybrid Deflection CAT Displays
Special Sire CRT Displays

Hi Speed Character Writing Yoke

Hi Speed Character Writing Deflection Amplifier

Available on special request.

VG 201 VECTOR GENERATOR

Faor graphic CAT displays.

Draws straight line vectors of any
length,

Uses absolute coordinate input dats.

Mormally mounts in the DD-101 Intes-
faca Unit

Full screan wectors.

Autematic Intensity compansaticn for
writing beam spesd.

100 microsecond vectar lime.,

DISPLAY SYSTEMS

Custom system design using standard
asem 5.

Complete display system capability.

# May be aisembled rapidly and eco-
namically from standard squipment.

* May include other elements, such as
ﬁ' mamaonas, console keyboards,

= Vary wedely in application and scope,
An interested snd rapid response
awaits your Inguiny,

LP 303 LIGHT PEN
AND AMPLIFIER

Far operator use with CRT-displayed
data,

Provides computer identification of spe-
eifie symbels or character.

Uses flexible fiber-optics cable,

II_.E[[I Onetumente——

DD101 DISPLAY CONTROLLER

Computer control of switching between
character, vectors and paints,

Interfaces available with most com-
plters.

Faor computer-display linkage.

Comverls h-mm';,- inputs o préciticn ama-
log positioning woltages and internal
controd signals,

Inferacts with the compuler on a rée-
quest-response basis.

Accepts any polarity computer input
signals.

Operates directly from 3&-bit or 48-bit
irprt-output dats channals.

May be supplisd with an assembly reg-
isllmr for use with narrow 170 chan-
el

INDUSTRIAL PRODUCTS DIVISION = 15191 BLEDSOE STREET « SAN FERMAMDO, CALIFORNIA 31342 » PHONE EMpire 7-B161
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CONVERT
COMPUTER DATA
T0 TV DISPLAY

WITH THE
ELECTROSTORE®

& & @ & & & @& ¥ ¥ F @ @ @

Thig TV Display shows a high resolution
alphanumeric presentation derived from

a computer. It is only one example of a
computer display using the Electrostors,
Modal 221.

Made! 211 Elgctraatonm

& | dinglegen sicrage e

ﬂ 1 bt (Dt pet Redponin
Leate | po e o 30 MHe

S AB B

,._.‘w‘m

L, | Beguired 07 voln o
J P 20 vains g

|

1

The Model 221 scan-convarter utilizes
a cathode-ray recording storage tube.
Input wvideo aignals amd deflection
information are applied to the tubs
through variows amplifiers and con-
trol clrcuitry. Data is stored within
the tuba in the form of a raster, cir-
cullar, or apiral scan. This information
can be read off periodically through
appropriate amplifiers without de-
stroying the stored data. The input
can ba up-dated periodically and the
stored (nformation erased partially
of in its entirety. By introducing the
proper aignals, the Electrostore can
convert a variety of formats ta TV
display, i.e. computer-to-TV, radar-
=TV, IR-to=TV, or sonar-to-TV.

Wit for technical memos and application
nates covering the Electrosiors.

#
image
ngirauTely
23 Criilest Sireet

-I ‘Waltham, Mais. 0154

@ T Ein e

A DINSIOe OF
DASA CORPORATION
Cirale Reddir Servics Casd Mo, 100
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New Literature

VALVES BULLETIN, Walworlh-Aloyco Ball Valve

Diw., M.Y., offers & new 4-
page bulletin describing their stainless sbeel
schewid] ol Ball valvis Tor 960 WOHE fefvice.
Bullgtim 55-661 imcludes iBusiraticns, drawsngs,
preddangftemperaiure  charls, dimensions and
patts lists Tor walves ramging im size from ¥
tr 2 n, Valves feature reimforced TFE in sealbs
and floating ball design for tight closuse, fire
safe construction thiough siem, seat and body
angl lesked 0 e condlructicn a4 salety
againgl blow-cul, The bulbelin offers a lisi-
ing of Wahlsorth-Aloyoo manufacturing and
administrative facilities, warchouses arad sales
nifeces in the US and overmess.

Ciecha Risder Lasvicw Card No. §00

THE VB STORY. Agnew-Higgins bnc., Carden

o, Caldl,, allenm & F5-page
book descricing a modulas Blower-liler whin
far lamingr flow closn rooma. Caie hidlcnes
of hiw major serospace companées have con-
sinected their own Limimar flow dlean moom
from the nitial design stape right theough to
final check-cut and operation are Inchuded.
The book cosmaieg 530 pages of iblustratiosns
im the Tarm of photographs, chans and dea-
Efami

Circle Reader Servioa Card Mo, 183

MLULTIPLE SWITCHES. A d-page, 2 color beos

chiire an  the Series
T-59G muliiple swilches & availabde feoem
American Zetiber, Inc, mamufaciurer of relays,
pwilches, and Glher elechromechamical compo-
menk, Switches descoribed feature both sguarne
and rourd buibon types. efther  (Buminated
or mon-illaminated. Schematic dawings  of
the switches are included, & are wocket dis-
gprams, seiggpested pandl Liyouti, and § table
of swiich charscieristic

Circla Eabder Service Tasd Mo 154

STYLE RECORDMERS. A new short form catalog

in file fodder form listing
the complete lne of XY and OmnigraphicT™
sivle recorders & offered by Howiton Ownind-
graphic Corp Imsdluded arg several few pirod-
ucls, mcluding the new G0 liag of XY and
XYY iegordess, Pncremental Plofbeds Bod ude
wilhh ¢ompuiers and other incremendal Gat-
pul devices, digital plotting systems. The cala-
bog incledes condenzed lechmical descripliond,
ynecifications and price

Circls Eaeder Sarvios Card Mo, 195

FILOT LRGHT (CATALDG Industrial Devices
Int., [dgewales,
M., offers a new d-page beochure on it
mimi=slede pilod lights, light assemblies, Endi-
wedval sockeis, muoliisockel sirips and shoet
thide-hase lamsps, Complele delailk Jie pro-
vided @n conmections, mobwnting afd Saem-
by, along wilh all dimensional data, High-
leghted is the sew Model 2000 Series Pilot
Light Assemnbdy. which featwres rourd, Bight
dilfusing screw-in lenses in & variety of colors

Cirtla Eaisder Sarvis Card Mo, 108

CRT

REFRESHER

The DM Medsl

withowt slattronici.

SRE0-1000 Caihods
Ray Tobe Eefresher B o low oo, belh
shersgs maegnetoibrictive delay Gae avail-
shle wirk or withowt recirculstion abaes
prankps, Maximum phorags n 20,000 bin
Cout par bit b o5 low s Tf per bit
with slechenbon, less thas Vg per bit

Specifications
Starsge Cap: e 13 K bétn bipaler
w 21,000 bin NRI
Bit Batw: g X0 MiHE bipslar
1o 4 MHr NRI
Rei. Mode: RI, bipolar, or NRI
Eecire. Persed: fo 14T M5
Inteefiace: 1TL, MECL, RTL, DTL
FHPE o PN digcrais
Pawer: + 13V, =18V, +V¥pp
Pachageag Sealed delay lines

Mounbng:
Opar. Temp:

Enclcasd glectvonica

Connecior: sodder ping, Cannge DATEP, or
prinfed crogd fang

cared slides oo through holes

15%C e 55%°C

Flectdical, mechanical, & efvirenranisl
specificatiors can be adjuined B Bioome

mdais cusicmar feguiremani
verniora  are  avellsble, Package

ML St
 de

sigewed for synchronous cperation permit-
g paallsl werisl cpevation of wp to 100
of mohe packeges n 2 single mywiem in

P ST L

Digital Devices Inc. offen a com-

plete line of dela

lines, wssosciak

electronics and related systens a

?.Ill,h.r\tl_'ltl'u. Wrike,

wing or ﬁmnc for
1 ropre

1I1|_l BE -|'|F g =ity neanest D

serdntive and let him show you
you can sbore more information with
greater reliability and at less oost,

DIGITAL

LS

DEVI

CES INC.

300 Michasl Dv., Sysiset, LL, KLY, 11791
Fhone: (518) 921- 2400 TWX: (S10} 2712187

Cirgly Aeader Sarvice Cand M, 107
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SWITCH CATALOG. Trompeter Electronics Ing,,

Chatswoath, Calil, offer
a new Calalag M-4, which deigrilbes the firm’s
line of coax, bwindas &nd Eriex maliic  Bnd
mulii-pobe, multi-throw  switches. The ifemd
are wused for wwiiching andior programiming.
whdea cduta amd RF signals, a5 used In TV com-
puters, lelemaetry, a8 other data tranamiseon

TysiEmL.
Gy Meader Servica Card Me. 112

MEMOEY BROCHURE. A MWepage Hlmirsted
brochune describes the
fasbesi rardm-adiedd large-scale memory 5ys-
tem available, with access and cycle tmes of
W00 amd G50 nancseconds, regpectvely, and a
storige capacity of ower 1 millicn bits: 96,3284
words of up i B bits. Called the Raramem.
o™ §50, the system is intended for neal
fime or high speed computers amd checkowl
wyiteme 11 i1 m.|r|l,.|I'J|:Ium| by Elecironic Mem-
arles, Hawthome, Calil, whao offer the beo-
hairg,

Cirgle Beader Service Card Me. 117
WORD INDICATORS.  Master Specidlibes Co.,
Cosita Mesa, Calil., of-
{ers a new 15-page calalog detailing the com
pary’s leng of “Push-io-Belarmp™ miniatore, -
lumanated word indicaiors for aincralt, sero-
space, ground support, as well a2 indeirial
ared commercial eguipment. The catalog s
called "Seriea 4000 and 3000 Puvh-to-Relamp
Catslog Mo, 035"~

Cietks Remdar Sarvin Card Mo, 114

SHORT ARC LAMPS, Completeé specil-tabions
ol the new PEE MO,
WS and MG forced-air ool lamp hous
ings are incleded in & new fwo-pige daa
sheet offered by PEK Labs Ing, Swnnyvale,
Calif, Included s an outline drawing of the
lamgr housing, showing dimensions and loca-
tion ol components, combiols and opficns. A
randmiddion characteristics chast shows per-
[armance al ke whil wilh and withoutl the
opfional ulira-viclet Hilter,

Cirels Render Sereips Cord Mo, 115
SWITCH CATALODG, The Digitran Co., Fada-
dena, Calil, offers ikeir
f.i-p;g_f thiumdbawhesl switch catalog. I includes
descripisons of all Digiswitch snd Miniswitch
wnits with complete technical data on gach,
truth wbles showing codes and slecirical oul-
put canfigurations, dimensional theiches,
Flundard performance specifications, new  pe-
vibed prices, onder Blanks amd typecal appli-
Cabiore.

Cirple Basder Servics Cocd He 118

TAPE SYSTEMS. Ampex Corp., Redwood City,
Calif., offen & new  guich:
reference brochure, No. C0OM6, which aoffers
& briel dewcripison of the full Fne of Afhps
Uigital mpe transports and fape memory SyS-
Semng, which feaiure singbe-capsian dessgn

Chole Bgsder Servion Card 8. 117

EHFORMATION DISFLAY, Maylune 15967

SMALLEST RELAMPABLE
T-1 CONFIGURATIONS

new from Eldema

H-Lites, a new ¥
Eldema series

of indicator s 5
lights, offer the small- |
est relampable lamp 7. @
housings and lens caps for

the T-1 Aange base lamp sice.

[ Features: both grounded
and ungrounded housings.
Lamps replaceable from the
front. RFI shiclding. 5/16"
mounting hole for two-

ELDEMA

acnaal size

terminal style;

1/4" for single-
termnal scyle.

Designed vo MIL-L-
3661,

[] Available in a variety of
lens styles and colors. Water-
proof versions available.
L1 W rite for complete daca on
the H series from Eldema,
where innovation is a way
of lite.

A Division of Genisco Technology Corporation
18435 Susana Road / Compton, California/ (213) 774-1850

= _ Circle Resdar Sscvice Card Na, 1UR

NEW 913 SERIES ILLUMINATED

MOMENTARY ACTION

SWITCH

For Computer, Data Processing
and Autamation Industries

MOUNT IN 3/8° CLEARANCE HOLE ON 19/32° CENTERS

LT S e ]
i miem manan
==

0.1 am ;

Price: As low as

$1.11 each in gald plated.

Hera's another new Switch Serles from Malco—
foremost manufacturer of indicator lights!

This seriés oMers S.P.5T. double break, MN.O.
or M.G.; or 5.P.0.T, double break {one MN.O., ong
N.C) 5'.|ﬁ|;|:l152§: with or without non-replaceable
necn lamp &

Far use with low currents at_highes '-rulhl%::—w
for dry circuits, ratings are: 0.1 amp, 125V AC;
307 DC (non-inductivel.
cne millicn operations (approx.). Terminals are

required resisbor.

ife is ower

1000 lot quantities,

Ask for new catalog today!

Fovemaif Monudozturer af Padieaior [=nhifs

DIALIGHT oo

DIALCO

Cirels Biidar Sarvice Dand Ma. 119




IMPORTANT
ASSIGNMENTS
FOR
EXCEPTIONAL
ENGINEERS
AT HUGHES
in Southern
California

ANALDG CIRCUIT SPECIALIST
(CRT Displays)

Will be responsible for the analog de-
sign portion of a very extensive dizplay
system employing state-of-the-art tech-
niques, Should be familiar with and have
racent experience in the design and
application of:

= Electrostatic & Electromagnetic

Deflection Circuitry
« CRT Power Supplies
s Video Amplifiers, Line Drivers,
Pulse Shaping Networks

This outstanding position requires an
individual with a B.S.E.E. or M.S.E.E.
degrea and a minimum of B years of cir-
cult design experence in CRT displays.

CIRCUIT DESIGN ENGINEER
This position Invelves tha design of
Instructor conscles, Duties will conaist
of functional and solid stete circulty
both in integrated circuits applications
and discrote circuits. 3 years of aolid
state circuil design experience [ pre-
ferred, preferably on training simulators.
Applicants for this position should have
B.S.EE. or MS.EE. degrees and appli-
cable experiance.

MECHANICAL DESIGH ENGINEER
This position involves the design and
layout of mechanical equipment asaoci-
ated with CAT displays including: tube
miounting, yoke mounts and posilioning.
glrcuit and alectronic packaging design,
and front panel design.

Appreciation of the human factors
aspects Involved in operation and main-
tenance of the equipment |s desired,
Position requires B.SM.E. or M.SM.E
degres and applicable experience.
For immediate consideration,
please airmaill your resume to:

MA. B. P. RAMSTACK

e ——— -
I i

. HUGHES |

i
Leemmm e i s i mamal

HUSGHER ARCHAFT COMFANT

P.0. Box S0515,
Los Angeles, Calif. 90009

L. 5 CITIZEMSHIP REQUIRED
A piusl opporiunity emplever MUF
Ciogls Msaded Sarvicw Cand Ro. 100

CAPAEILITIES BROCHURE. Proficiency Im the

feeld of specialiged
oplkcal inatrumentsion is the subject of a mew
“Capabilities Prodile” ofleded by thie Lenox
Instrument Co., Philadeiphia, Pa, The B-page
basklel describey the compamy's @Etign Capds
bilities, manufeciuring facilitees, ard mamy of
the oplical devices devised by the firm

Cirels Rasder Sarvics Cond M. 171

TECHMNICAL BULLETIMN, Syatranks Insfrumenis
Ins,, Addesom, 0., ol-
fges  Advance Techmical Bullelin N, bbb,
which describet iwo new shielded scis-Con-
verior dellection yobes, designed for 1% 8
neck diameter scan-cofrverier siorage lubés
Tymes C-5060 and C-5065 ane sald o i
5 peecislon magnetic Field By proper dusbne-
butien and Psertbon
Cicths Eeaader Servios Cand Ba, 12T

SHIELDED CHAMBIR., Magnotic Shaeld Deae

sion, Pesfection Mica

Ci., Chicags, olters Data Sheet 184, which il-
lusdrades and deseribes a mew poriable HNetic
Co-Medic thielded chambgd, The chamber i
uted lor cormeEnienl |;.-q'|‘||:-|rru|||.|' st ewvalna-

g of magnetically jenditive (ompoREnts of
wmall wytems  where wnavoiclable magnelic
fieldi exisl.

Cisela Mwmader Sarvipy Cand Mo, I7)

BULLETIM, Shelly Associates, Bl Segunda, Calil.
offers Bulletin &5-040, which oo
seribes the firm's new TRMDD Decimal B Wis-
wal Tranalsier, a hkigh el ability mocdule o
translating decimal code inlo accuralely en-
ergired seven-bar displiy segmenis.
Cirpls Buspdar Servion Card Ma. 124

A NEW STABLE SOURCE OF

 HIGH VOITAG

10-30 KV, 500 pA

0.01% TOTAL REGULATION
0.01%= DRIFT IN & HOURS
ALL SOLID STATE
FLASHOVER PROOF
ONLY 5 14" HIGH
OUTPUT CURRENT LIMITER
OVERVOLTAGE PROTECTION

* % % % % % % * ® ¥ ¥

mguirementy fef & prompt gueotaticn 1o

PROVEN, DEPENDABLE DESIGN

SOLID INSULATION FOR RELIABILITY
NOW IN USE IN DISPLAYS ACROSS THE NATION

The Walden Model 5454 one of & lemiy of salid srase high voliegs supplies for display
spplications, usilires » wnique SCE-power irangivier regulator with a dede lzradnehigh wolt-
age corverer 1o deliver wasble, depindable scorleration voltige for CRT dapliys. Al
seenperature-sentiiive components are oven labilised for excellent wability

Walden Bas crested ofher high voltage spitems Ba Cutlomar specilication. Send you

Rt O T e ey

LARMP CATALDHG, A new condenied lamp £al-

alog that describes i3 Fine
of lamps for bow woltage lighting uses i of-
fered by Hudion Lamp Coo Kearny, M. The
incandescent lamps Biled  include milmixbore,
dubmimidiune, and micFa-minialure l.l:'r!tl-.
kgq.l-r-rr-l'ﬂmr_,:- iahler give specilicateon dala
such s limp no., syle of bae and Bulb, as
well a3 woltage, current, candlepower and lide
ratings

Cirgly Rasder Sarvics Cand Ma. 175

Tranaistar Elgcitionics Corp.,
Minneapalia, Mimn,, affers
daka sheeln Moo 543 and Mo, 54, owhich de.
scribe ke firme's seli-contaimed  Dranssstarized
dagital readouts, They are sabd 10 coatl an geer-
g % legs shan fully encloeed models with
identical elecirical chasscienitics. According
1o the lidm, such avings afe |:|-!'|'\.'i||:l|f becavie
af new design principles  which reduce  ae-
semdbly limé
Circle Reader Service Cand Mg 126
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BOLD SYSTEAL The BOLD (Bibliagraphsc On-

Line Display) sysem for aalo-
mated document storage and retrieval 1 de-
coribed in & new brochure offered by Sysiem
Development Carp., Santa Monica, Calil. The
BOLD waer, located & a stalion equipped with
pelebypewriter and CRT display, comemunicales
with the compuler, wsing & language appao-
mating everyday [nglish, to teceive data from
a wored document collection. The brochure
lises the feamures of BOLD, which imclude: a
browse capabilicy, paiterned afver  fealures
loumd in comevengichnal libraries; a search cap=
absility, and iratand displiy of documenl fum-
hatis, tithes, awlbors angd atscracis

Cirle Rasdar Terwite Cand Mo, 127

. COMPUTER
DISPLAY

Maodel 545A

WALDEN ELECTRONICS CORP.
223 CRESCENT STREET
WALTHAM, MASS. / 899-0510
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on the move

Memorex Corp, Santa Clara, Calif., has
pprened & new districl allicg sh Howsion, Texas,
and has named C ARRMDLDE SCHLIMEE a3 sales
engineer for the Houston area, scconcling 10
EOWARD 5. SCAMAN, VWPimarkeling. Schliske
was most recently employed a8 &n accownt
pepresentative o the Honeywell Inc. Coen-
paldd Conteod Degl

I, M WERIGHT has been appoimbed VPfmar-
keting for Interdlabe Elsctrondca Loep., Ana-
heim, Cald., asccarding e ALFRED W, GAMNG.
MLS, president Wright was formserly dirgchor
od marketing for ITT lederal Laboratodies

ECOBIRET H. CRANSHAMW has jodned Raytheon
Coo. i special programs markeling manager for
e lisrm's Eguipmeent Divition, Waltham, M
He wid dpamdarly with General  Ebecinromic
Labsoratories 84 vice podisdenl/gendral manager
of theeir millitary divivion

H, |. S8LAD has been appomnbed to the of-
fioe of presidend of Teledyme Syitema Coo,
sceording o GEORCE A, ROBIRTS, president
of Teledyree Inc., Hawiboms, Calil. Dr. Smead,
abun & corporale v, has been g_tm:"rﬂ ManEger
o the Syslesmi’ silivity it Teledyms sance 1903
amd has had 13 years af experidacs = 1he
electrnic comlrods indudirg

GEORCE P. RAYMOND has been appaimted
president of Raymond Enginesnng Laboratory
Ime, Middlsigwn, Comn., accoeding o an an-
nowncement made by the Board of Direciors;
ala elecied wene LINCOELN THOMPSON as
chairman ol the boged angd chiel sepculive afs
focer, amd DOMNALD E. DDMMELLY a3 wite
peesiclend snd freswurer. Mro Raymsorsd i@ the
Iind member af his lamily [0 seive 55 e
deni of the firms, which wid fowhdéd by his
fathver in TIIA.

I1AMES |, GORDOM has rejoimed (he stadl
al LFL division ol Vanan Assoclabes, Coplague,
N Y, He will be nesponsible for all emgineering
covering mew  desipng, |:I|.'|l|||.|-|'=|i|.'ll'| problems,
arsd the preparation of bids andd proposels.

M. M. INGRISANE B has Been appoinied
sdminisiralive assistant o president ROBERT
BAWER, Radution Sysbems Inc, Mdlean, Va
Ingrisamg  is responsible for the  company’s
pubslic relakons progeam and the developmsenl
ol COFparEle COmeisniCalnng pechnigues. He
was fpsmerly with Melpas Ing., as manager ol
markebing comemsnicaliong

Information Displays Imc, ML Viemson, BT
hat named DAVID L PFILTZ fo the miw [0Sl
of product manager, acoording o CARL MACH-
CVER, ID0s wvp'males. Pelz will have major
reiponsibility lod ke Him's growing line of
computed  contralled displey  egquipment and
wyems.

Informatics Inc., Sherman Oaks, Calil, has
amnpunced the opening of a Boslon ellice.
RICHARD KAYLOR, wie president of the
Horiheast Region, stafed that the new facility
will be mamiged by MIKE LIPP and will serve
thee upper Pew Englind area. The firm  wpe-
fulinE in the dedign, aashdis, PRORIMmINGE
arwl implementation of on-line computer-based
#pibems. The firm has alio anounced  ap=
podntment of HIERBERT JACOBSOEHMN a8 di-
rectoeilile managemend sysiems.

GLORGE M. EIMAS B, wpimarkelbng MNa-
tiomal Co. Imc, Melrose, Mass., has aanounged
e appeintment of MATTHEW L SPITZER as
prodduct manager, digital systerms. In this new-
by created position, Spiter will be responsible
lor marketing of digitsd systems and relabed
Brniipemenl. Price 86 joaning Maional, Spiizes
was product manager of the digital equipmen
Broug af  General Dynamdcs [ Electionscs  in
Rechester, MUY,
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HERE'S THE ONE
SWITCH-INDICATOR

THAT WORKS
FOUR WAYS!

It's The R2900 Series O Lite Push Button
With 4-Lamp Color INumination

One switch — four funclions — thirty-two char-
acters _ . _all packed into a miniature indicatos
JBBT in. sg. It weighs T5% less than compar-
able single function units . . . outperforms them
all, Mounting: Patented universal bracket parmits
front installation on all panels. Mo tools. The
R2900 has a relampable front; can be arranged
in rows, columns, andfor matrices. Flaxibility:
Snap-apart construction and legend divisions in
color or physically, Alternate or momentary aciu-
ated type or combination in one. R2900 offers
unsurpassed flexibility in switch actions, halding
coils, number of poles [up to &), and lenses,
Calors 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

D611k 5T, SANTA WONICA, CALIF. Bod0d
FROME [Z13] EX J-2631

Achusl Siece
RI900 Saries
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'~~”';‘7-'f I
I-voltage,
hi-fly leads
solve
tough
design

probiem

Customer needed & guick connect/disconnect featlurs on a 20 KYDC
connector which wowuld feed two CRT tubed from a single terminal
20 feel away. We dedigned & compscl atigmbly uiing glaid époxy
receptacles and sili g insulaled leads that features hand maling
wilh complele salety, yet is rated at 25 EVDC atl 70,000 feel! Hera
are some added Teatures:

® Lightwaight, Mexible assembly « Rated at 10 amps

# Meets applicable # No exposed high-voltage

MIL specifications & Carana and radisticn
® RF1 shielding available rasigtant

Lol us design an assembly That meels or exceeds your reguiremanis.
We're the leading maker of high-vollage, high-altitude cuttom lead
assamblies. For immediate aclian, write or call today.

INCORPORATED

CAPITRON DIVISION
158 Park Streest » Ellzabethtown, Pa., » T1T7-2A&T-1108

Cirele Mmade Service Comd Mo, |0

The appointment of DR WILLIAM E GLENMN
as shaff scientint, CBS Laboratories, Samioed,
Conn., has been anmounced by DE PETER ©
ZOLDMARE, president and director of re
search o the Laboratonies . Ghenm i3 the
haliféer ol many prients in the feld ol ehes
tranies, aml s keowm throughout ihe  workd
far hid peondering work in ihermoplistic im-
far Bign rerangdiag  deitemd

[leciromic Memories, Hawtbosrse, Calif., has
sppaimied BEICHARD | DADAMD bto the new
position of manager of core prodisces. He will
be responehle for all facets of the firem's
&g cofe peodudct ling Th Cohes and oded
in memary Siviit Iof commeici] aed  gone-
ernment  applicalions, Dudimo was dormarly
penersl managedr of Tek-Devices Lid the
firm"s wholly owned swbiidiane

IAMES . PALERMD has been appoinied vl
mamufacturing, a1 Mumex Corp.  Waltham,
Mlade. He Ras Tall responsibil |-.- four ik firm's
piadection and qguality oor | gtlars for Ehaid
peoducts, consiting ol electio-mechanical de-
coding displays ared comnting maoaiules

MAMILTON T. HOLT has Been elected predi-
dert of HITOWD, Gardena, Calif. He swoceeds
ROBERT M. DAISS, who has been both chaie-
mdn and predsdent, and will conbnee & chair
g and chiel gxtculneg ollicer

ECHLA H, TAYLOR has bedn afipnimied pacsd-
uel mangper Taor Seobl Testers Ine., & fubdideary
od the Bendix Corp., Providence, K1, The ap-
palndimiend wa  announced by DAYID C
LOOTT JE. president and genersl manager
Tavlod will be responsiole lor coordinating
Hall's engehcening acinalsts wilh Ehe needs
ol 1l mslenai leshing markeds

TATLOR ETVENS

WAk M STEVEMNS |, Pus beien appoindcd
Conparabe sdverbisifng mInAEer Bod Raythean
Co.. Lexington, Maid, He will plin il imple
ment adwvestising and pror nal program
as an integral part of the « pany's owedall
pubslic relaboes aciivitles. Sievens s Deen
tinAg manager for Rayibseon's Compo
ments Divikioa ienoe TOES

Anaheim, Calil has a3
gl o AT R T ]
W '|-'i.l_|; E. RIAMDA has been ®lecied chair-
man of the board ol deredfors and cheel ax-
ecuiive officer. THOMMAS ALLINSDM was alece-
e peesident and a divector, and GRANYILLE
K. HERSHEY IR., wa elecled ireasurer

FETER W. BELLINCY JE., has been assigned
snarkelsng Disis R &5 im ihe Lask-
e UGS boe Malarola's Gowermmeent Elecinonics
Divikion Enstrgmsenlilion B fiH gl ling. CAKL
P. BMIERZWICKI, derectod of markelang. an
nounced that Belling wi || relairn his  presbnt
positkon of senior represenlative, and will eon
& representing Moborola  with  induserial
foniraclors and soeme governmend agendses IR
thee gredater MY, aiga

C. GORDOMN MUEPHY, division presidenl
has anmownced the appointment of HERMAN
5 DICHTER as director of Advanced Airborne
Car nd and Conbrol Sysiems ai the [haki
Sywlems division al Liltoa Incustrees, Van Muys,
Calid, Dhckhied was previowsly asociabed with
Hughes Aiscralt Co,, where his masi recent
aviignmen] irvalved management ol the Tow
Wire Guided Amni-Tank Wekpohs Syilem Pro
gram.
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Wirile of call reday Tor descdiplive | Seraturel

@

| BAIRD-ATOMIC

Mow svaillable to users of Baird-Atomic’s DIGITUBE Display Tubes® ore
theas space-adving. compact DRIVERS. 'Wall.designed snd realistically
priced, they will drive a digital display tube directly from low lovel natural
binary coded decimal input, and are ndaptable to any size tube — from 44"
fo 2 dia. tube bases! All Baird-Atomic DRIVERS utilize TTL monolbhic nbo-
graded circuits o combing maximumn seligbility with minimum size

MGITUBE DESPLAY TUBE DRIVERS leaters

15 MMz COUNTIMG RATE

COMPATIBLE WITH ALL BIDE VIEW AMD EMID VIEW DIITAL DMEFLAY TUBES
TTL MOROLITHIC INTEGRATED CIRCUITE

ADAPTABLE TO ANY EITE TUBE — 34" to T DA, TUBE BASES

BCD INFUTE; OTHER CODES AVAILABLE OM RECWEST

DG TURDS DESPLAY TURILE
Bairs-dbomic ooid cathste nec
ow DIGITUBES provids pav-
hel pavhanmancs, leag-die. and
B iEnE dagiZal driglay in 3 wids
rafgpe SF charscher sipps, foansd
o reslanguler Eaks shapes, bah
eng and phie wieaiag!
Dellglirn g awpilshle an e
R |

[EICTRGASE PRODGCTS AND (OMPTRONTS SRVeSs0N

11 UNIVERSITY ROAD, CAMBRIDGE, MASSACHUSETTS 02138, Telephose 617 B84 7470
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ENGINEERS

Exacting,
scientific
challenges

Join a sophisticated ledm of engi-
ngers and sceentists a1 UNINVALC
Twin Cikes. We buildd Ccompltan
pguwipemeent of special dogh lor
faacting apphications

Qur compuléd Systams aee Bang
used by agencies of ithe Fedaral
Gavernment tuch a8 NASA, Bursay
of Censut. Depastmant of Doforse.
Federal Awiation Agency and by
s SOnaSIars PO gl BN SCiBN-
el spplcaiona.

Wa have developed dozens of ad
vanced pioducts for naticnal da
fense and SpacE progrems . . . fang
ing from mmom-sized compubens 1o
MaLrG-miniajene  soro-Space  Som-
pulers ruggedized 10 M1 EXINETD
arvironmanial conEipns

Alrgpdy scknowledped as warld
oader en advanced computir TACH-
nalogy. we are looking for talented
onginecns and scisntisls 10 lengihen
gur lead. IF you want 10 fed usofisl,
coma 1@ UMIVAC and work in
argas hka . .

» Computer Systems Deslgn
and Analysis
= Computer Graphlcs ond

Displays
» Electronie Peckaging and

Tharmo Analysis
= Magnatic Mamories (Thin

Film and Ferrite Core)

Write moear ained tedl ws your goals o
today and tomanrdy, Wrté 10. R. E
Patterson, Employment Mansger,
Dept. 116, addnes balow:

UNIVAC

BIvidIoN SFARIREY BAND OB AR

FEDERAL SYSTEME DIVISION
ETSE0 WEBT BEVENTH BLVD.
BT. PAUL; MINNESOTA EETIE
A equi] SppsitunMy employer MF

Circle Byueder Servics Cand Mo, 1N

The appodntment of CARL M. ELUG 1o the
lechmical siali of b mu welems inc, Menla
Park, Calif,, has been amnounced by H. G
HEARLD, spiiecchnecal direcior, Klsg was previ-
purkly il the  Amserican Dpiical Co. and
Peskin-Elmes, The Tum i3 & whsidiary of the
Ohig 5ieel Fowndiy Coo, Licma, Ohia

REAR ADMIEAL SAMUEL FRAMKEL [USK
Bet] Ras been mnemed manager of System De
viesppmenl Corp s Technecal Indimatian Sy
e Diepartment, Sanls Mook, Calil, i1 wad
FT noed By DE, THOMAS © BOWAR, S04
wip'mandger ol the Advanced Sysbemns Divisian
Adm, Feankel B respomsible for SDC cos-
tractual operations and work in Hbeary sy
lems, doCiemenlation $ysiems, matudal langsage
dala wyslems, andd wnlaer 1 Wl efi SO
porl of scienge arsl lechmalagy

The Bosrd of Dideciors of D, B &Milliken Ca
Arcaclia,  Calsl hay ramed THEODDCORE H
TRUESDHLL president. Me was formerdly Firs
vE oGl Ihe company. DOSSALDY B MILLIKER
lormerly peesedent and Chalemain of the boaed,
will comlinue an chaieman ol ihe Boand.

AMDREW ). FORSTER Fad bien  appdimied
COfporale mandger ol Managensinl |alarma-
i Systemns 4t Elecironic  Associabes  Bae.,
Wil Long Branch, M), Foler will direct the
T e arl imaplemendation of COITIEHI-
bEr-arienicd infosmaiion wysiema for manage
ment planming amd contrgl lusctions within
the Ccomgany. Pricr 1 joeining BEAl, FOfEer waik
o assndiabe with the Compaled Sytlems Divie
sian of Baag, Allen andl Hamillon Ing

ROIBERT B, FORSYTH has poimed Lndon Car-
bide Comp.'s Cadbon Producls Division, MNew
¥ork, & applications manager in the sdvanced
maierials depariment. Me will concendraie his
eflors on Thomel graphite vaen and othes
catbom amsd graphsie teatile maledials veed pai
mpiely by the sFmospacs inddustry. For e pakl
15 weais, Faryth s Been willh Ohwend-Carmning
Fiberglas Coip

Up to 48
COLUMNS
40 LINES
PER SEC.

SHEPARD 848 |

MICHAEL ¥, BURRIDGE, commencial mana-
ger by Radia Fagieeenng Laborakones, LI,
B.Y._. ha Been nemed direcior of marketang
socardimg B FRAME A, GUMNTHEE, REL paess-
Barrdge will be e wriilsle bow Cosnieid
wn of all markeling acihaties, mcluding
tary and comemerclal sales for gloemeitic @hil

iBlErAalional CuslEmoe

Compuiing and Sefiwaie Inc., Pancrama City,
Calit,, has announced i appoiniment  of
FRAMEK D, ELUBSELL ai #enddal managed ol ik
Biodasta Division, located a1 Edwasds, Calsl
M was modl redenily clida sysbimms iy
at C & 5 Masyland Division, Greanbelr, M
s apposniment of DR C. THOMAS GLALL-
&l 1hi nicwly larmed $ysicma and
arabnim weftien lar the Pardmus operation ol
Falrchild Space and Defenie Syiledmns dnakiod
of Fainchild Camera and Instramsent Cofp, has
been announced by FRANEKLIN I, BOLMNICE,
director of engneerimg. D, Goldsmith  wall
hewd 3 group which develops concepts ard
peglambnary detiphs Of Slend, peiboimms 3y
1erms sypthadin and daaliis, conihsily expedi
meenial dppidees foe the campeny and he gows
ernmend, aml ongages in Jpplied rewesich

DR, GILBIRET KASKEY has been ramed o
ihe newly-created position of diector of sys-
s for Sperry Rand Corp’s UNIVAC Data
Praceing Cemtenn Divisian, Philadelphia, Pa.,
actaning 1o an ann il by FRANCES A
ROWE, geneval manager o the division D
Kaakey will be responiible Eod sylems  and
apolication  development ardd  other  activitiss
concermed with imcieasing the service capabili-
tigd @l i Daka Processing Cenders Dhivision,

GEORGE FLINT, manager of ihe Cemival Cali-
lamia Coast Chaples of (e Naticnal Elecirical
Contraclars Adiocialsnm has reponed that EAEL
0. ODYRE fosmerly head of ihe Mosiana
NLCA, chapler, had been apgoanted dingcipd
of pablic and labor relations. Coyne  was
managed of ithe Montana chapter for fine

I ET

e
L
"
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——HIGH-SPEED PRINTERS

Rack or Table Mounted

Size 1to 24 columns 8¥% Hx 19W=x 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 d LABORATORIES, INC.

280 Marres Avenue
Surmmit, M. J. 07901
Tel: (1) 2735255
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years; he previously was with Goengral Foosls
Corp. for eight years

WILLEAR H. MYERS has been  apposnbisd
rurager marketing department, RCA Tebevition
Piciude Tubs Deoipn, Mew Yook, & was ane
moipnoed By H. K. SEELEM, dwiion viw'gemseral
mangger. Myess will bg responsible lor the
gverall marketing adtivities for RCA televigion
picimre fubes, He joined RBCA in 1930 a8 the
Harrsom, M.). tubs plant

ROHERT M. SCHERER haa been appainted
v gereral manager of Lonmbol Daia LComps
tpace and Delends Sysheins Growp, Mianeapo-
I, Minn, Duiricg the past 13 years SCherer
has held deversl by posilicng in the Federal
Govemmeent Since 1961, he has Been S688i81-
arl director for command and conBral in 1Be
Oifice of the Director o Delerse Research
ardl Engimeering |Department of Delense)

EDWARD MEAGHER, wp'marketing, has an-
nounced thied pEw appiealmenls by the Semil
conductar ard Redeiving Tube Danvigion of
Amperex Dleclronic Codp,  Sitersville, EL
E. ALVIM RIOH hat been named madoeling
manager, Industrial and Milidary Sales, ard
CARLD | SABETTI has been promoded Bo
pacsilised msAARET, IndiPument Control and Data
Proscessing. WALTEE F, BOSSE has been named
prosdisct manager. Emledlainment Thes

EDGAR A, POST ha been appoinied 1o the
newly-creafed position al progeam mgr. far
gviation products a1 Granger AdEogiabes

POHM STOME has been named chied re-
swearch and dewelopment sngincer for Parker
Seal Company, Cubwdr Ciry, Calil., asccordeng
o PAT PARKEE, poidident. 3one will be
responaible for all RAD acimilses of the main
Parker plant & well as the facilitiés in Los
Amgoles. Kentucky and Mexico City,

THOMAS . FLANMBEGAN, a Morhrop em-
ployee singg 1951, has been named vpimar-

Suﬁnlning Members

ADAME ASSOCIATES, Bedierd. MysgchaaT
HEROSFACE CORPORATION, Sis Bermardos, Califernia
BEMBCH LEHHEE DORP., Wia N, Califernis

BN AAMO CORPORATION, Camsgs Park, Califersia

RO CORPORNTION

Ouleass, Spaca I Spacisl Sptemm Cesep. Faall, Fa
CELEA [Cosibistiss Engissaring Lada. Ca)
Mybwgh, Aew Jorsayp

COMMUNICATIONS & ELECTRONRCS DIV,
Piikn-Ferd Ca H

[ s:;.r.u.m q.ﬁ-;.-r-:i-m- Co. Willgpw Grove. Fi.

COMRAC: DINTSION, Gasarini Conliel Dop
Covian, Cabiberpis

FLECTRONBE COMPONINTS GROUF

Ofe., Syleandia Elactroaic Preduch, bag
Gpanca Falls, Wew Tork 13083

HACHES AIRCRAFT COMPANT
Vatuaen Tolsn Presdecis D, Ocesmide, Califersin

INT FEDERAL LABQEATORILS
& Diviglen o letirnitesyl Teuphonn ard Telupaph Cop
Ballew, FNew lamuay

LING TUMCO WOuEHT
Miliggry [sheonicn Civiasss, Dallas. Teusp

HAC INCORFORATED, ¥-1 Giarmsisi
G Ka, Tolym, lepan

RADAATION, INC,, Welbeuind, Fledli

STEOMBERG CARLSON CORP.
Duly Pesdoity. Sen Oiega, Calilerais

STHTROMIC INSTRUMINTS IR
Lo fadgwirial Pasd, Addacn, |llivain

TELEVIS0 ELECTROMICS COWISION
Bouphiiey Indusiies. Whaaling, |Fnab
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keting amd planning in Monhsop Compls Ven-
burs Divisibn, sccordimg to CEORGE F. DOLUG-
LAS, corporale wpigenerasl manager

MR, ROBERT MORRIS PAGE. whao budlt the
firtt pulie radar system for the delection ol
alrcraft by radio, retired as direcior of e
searchi for the Maval Research Laboratory;
Washingion, D.C., ending nearly 40 years'
serviDE wills hee  Lalbodabary

RONALD W, LACKIE has been appoinied
conlracts mar. for Philcoe Codp.'s Agroaulnomic
Dev. Tetticsl Weapsnd Syabemi. B, T, WISE
will assuene Lackie's farmer position as ©om-
lracts mgr. for Be-Enbry ard Space Sysiems.

DR WILLIAM HAYWARD PICKERING, dir
al the el Peropuliicn Laborstary of the Cali-
temia Indtitule of Technology, has been deco-
rabedd with the “Commander” of the arder
of mernit of the Itallan Republic, in recogniilon
of his cooperation with  the |sbemailonal
Ingtilutg al Commumicationg . in Genoa

LLOYDY THOMAPSOM has bedn appointed did
of Military Bicape Syvlem  Tedhnologies al
‘Webser Alecraft, a div. of ‘Walter Kidde & Co.
IneC., assuming the position of the labe WAL-
LACE FIEGLER

EOSIET M. pOMMNS, mgr. of Advanged lo-
glstics, MSSD, Dowuglas Alrcraft Co., Sants
Maonica, Calif., his been named the recipiéent
al ke Bikh Amnual Greer Award by the Ma-
orad Security Inclustrial AssoCislson W ReCog-
nition of kis contributicn e Department af
efense (D0OD) prodoct luppodl Fyilenm,
CHOMALD | MURPHY has bedn agpaimied
WP Operations ared KENDAL 1. DAZEY hai been
appoinied VP Finance for Applied Techrology
Imc., Pale Alo, Calif, it was announced by
DR, WILLIAR E, AYER, peesident

19~ RACK OR
Hﬂnllllm CABINET
ann Ess INSTALLATION

10, 08, 3 fraeme capdciy

cheice o coalreki= dwal dial,
pueih batipas or compater

= 35 sex, max, b9 prwject aay ane of 100 frames |
« 10=215" rear projection daylipht sareen |

Phone Collect 3153X0397M

MAST DEVELOPMENT
COMPANY

COREATIGNAL SYSTOME DIW, = Z3EF O, WIWH &T,
BAVEMPORT, |Gwa S3080

Circle Ewieder Sarvica Card Ne. 104

PORTABLE
ACOUSTIC

DATA
COUPLER

* Couples remote terminal
to time-shared computer
via ordinary telephone
without attachment or
special phone line.

* Connects to Telelype Mod
33 or 35, IBM 2741, or
display or other terminals
with EIA Spec, interface,

* Mates interchangeably

with all time-shared com-

puters.

Can be moved to any

room where there 15 a

phone. Does not have to

stay fixed to a special
phone outlet.

* Pays for itsell in a little
over a year in savings on
instaflation charges and
maonthly rentals,

® Data rate is 200 BALID.

Write for brochure on ADC
260 Acoustic Data Coupler.

ANDERSON JACOBSON, INC.

Circle Bepdur Serwice Cand, Mo |34
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%2 The new l- u]'ﬂhl"[ght
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-walt projectors. Now |
available on all “5L" series SELEC-
TROSLIDE projectors except the
SLM. Write for complete information. |

sranibaer I uleoaield
imZa gracsd centnsl
avamus f glandals
oalifornie / avaan

Cirtls Rander Jervica Cisd Ma. |38
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Correspondence

I FREAISE QF 10
The staff of Mnformation Display has
been very helptul in providing request-
ed information. For this, | thank you
viery miuch,
The magazine, abong with 51D Techni-
cal Mroceedings, has provided me a
very solid technical foundation for my
work in the field of group displays. The
appropriate articles are excellent refer-
enoe material and the advestisements
provide a r|:;||;|':,' source for vendor data.
Im short, | find the magazine wery val-
uakhle.

DAVE FYFFE

General Dynamics Convair

San Diego, Calif,

SERIF VS, SANSSERIF

It always saddens me 10 s8¢ a re-
specied, responsible, and othénwvise
competent publication fall prey to the
current compulsion of a misguided
school of art directors and their camp
followers in designing an entine formal
around the worst possible of all type
siyles for pure readability, namely, the
sams senif faces.

Optirma 5 a beautiful European type
face of the modesn school and can
create unusually attractive results
through judicious wse and handling. But
let's mot spoil its inherent beauty by
Consgning il o a Iﬁ"lE.. wq:lrl:rng bt
That's like having a taut racing horse
harnessed up 1o a farmer's plow, with
:'\qua.”l.r unfortunate retulbE.

Serifs play an extremely vital role in
reading. They provide the minute dis-
tinclions in letier 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 wards, The greater the ease in
recognition, the mone comfar one ex-
periences in meading — and wice vers,
‘We call letters with senfs “REoman™ let-
ters, They have been with us now for
several cenfuries 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 editerial of your Jan-
uary issue that “Information L‘.'l'!.;.h'.r}- 15
a communications medium.” | agree and
I would hope you would not interpose
any handicaps between yourself and
vour reader in m.aking it the best posss
ihle communications medium, He says

further “let’s put more of our come
municating skill to work within the so-
ciely.” This can be dome moil -E!q'!ﬂbdi-
tiously by dropping sans-senif type in
your magazine. Advertisers want a good
medium in which (o adveriise. This s
one reason why | take this inibative in
writing to publishers.
I'd love o see you really live up to
the truest implications of your Rame!
ROBERT C. HEYDA
Vice President
Carce Marketing, Inc,
Briarcliff Manor, MY,

fBefpre ordering comeersion o Optima
type, the stall of Information Display
carefuily researched the [raints raiced b].-'
Mr., Heyda, Result: Optima  provided
readability and density (no. of charac-
ters per lime} comparable or superior (o
any senl typeface. It i interesting do
nate that Life Magazine, which is de-
sigred for the largest possible audience,
has extensively employed Optima in re-
cent months, Rogders possetsing  nan-
subjective evidence o the contrary ane
wrged to communicate with ID — Ed.)

I UISEFLIL
Sir:

We have followed the development
of Information Display with greal imber-
est and have found it very useful 1o our
company. | feel that you are making a
significant editorial contribulion to a
growing field.

Your recent editorial on labor-man-
agement relations was well worth read-
ing.

lohn L. Selowver
Cranges Associales
Pala Alto, California

INFORMATION REQUESTED
Please advise the availability and price

covering “Binary to Decimal decoding
system wiing Meon Lamps and a photo-
conductor Matrix,” by Maran Willradt,
as described in Movw/Dec. 66 Informa-
tion Display.

L. W, BELL

Bell Engimeering

Kmosowille, Tenn.

(M, Bell and other 1D readers interested
in product partfcelars are imeited (O
contact the awthor directly at Hewdett-
Packard Co., 1507 Page Mill Rd., Falo
Alta, Calif. 94304, — Ed.}

INFORMATION CHEPLAY, Mayllune 15967

To get that extra bit of resolution from every
cathode-ray tube, call on Fairchild-DuMont engineers.

OF course, resolution in any particular tube depends upon
many factors: screen diameter, tvpe of focus and deflection,
screen maberial, post acceleration, benm current and de.
fiection angle to name a few, Here ane some of our accom-
pizhments in the ares of excellent resclution charscteristics.

% A S«inch tube with a resolition of 0.3 mil,

B The "Clean Beam™ tube (excellent edpe to edge focush

® Fiber optics tebes for direct contacr photography.

B High resolirion in multi-gun fubes,

B Plapoint resolution on Aylng-spot seanner finhes,

B Fine grain phosphors.

B Sharp characier dizplay.

B The fimest resolution in tubes from | o 22 Inches in
digreter.

" Complere CRT packaged assemblies.

UNFORMATION DISPLAY, Mayune 1967
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Typical high-resolution cathode-ray tubes,
inclesding & completely packaged 1-fsch gk,

Aubd the experience of DuMoni engineers 10 your own
technology.

Write or call Fairchild-DuMont for your specific CRT
requirements and for our own complete technical catalog.

WORLIVE LEADING MANUFACTURER
OF DISPLAY TUBES

FAIRCHILD

P G| S TR |
DUMONT ELECTRON TUBES

& TN O PRIBCHG D (hEDRE Ged AR emind ot ae

CLIFTON, ML
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[ COMPACT DESIGN

] HIGH RELIABILITY

HIGH BRIGHTMNESS/
COMNTRAST

SERIES 13
[

] Low VOLTAGE/S
CURRENT

[] LIGHT WEIGHT

SERIES 16
] BUILT TO MIL SPECS

[} IMMEDIATE DELIVERY

SERIES 10
ACTUAL SIZE

Discor’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 unigue construction allows easy disas-
sembly for quick replacement of lamps.

Incidently, DISCOM also manufactures a complete fam-
ily of integrated circuit, matched Decoder/Drivers in
asither plug-in or chassis configurations.

DISCON CORPORATION

AES0 MOSTHWEST 10th AVE, « FT, LALUDEROALE, FLORIDA 33300
FHONE: [AREA COOE 305 SES-S5T
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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)

v e —————————

A better waFItn achieve a meeting of minds betwean man and machina

—that was Floyd Raasch's prime objective. He did it with the TEC CET
Display System. And he designed a big built-in difference—a flexibility
of interface capabilities to meet spacial requirements. In fact, there
are several other differences, such as styling and mounting flexibility,
you'll find important and helpful when incorporating the CHT into your
total system. It'll bend to fit vour needs rather than the other way
araund.

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
capatalities such as teletype, linotype, telephone and a host of usual
and unusual other ones.

U'E!h‘-l'ﬂ'f%ilmﬁ' an 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.

l i LETE INFORMATION DISPLAY
AND CONTROL DEVICES

l ® THANSISTOHR ELECTRONICE CORPORATION

| Box &1591 . Minneapolis, Minnesota 55424 - Phane (612 941-1100

‘ IMFORMATION DISPLAY, Mayfjune 1367 Cirche Beader Sorwion Card Ma, 138 31h]




NOW! “ILLUMINATE"
YOUR NON-ILLUMINATED
SWITCHES!

ECONOMICALLY ... WITHOUT
LAMPS, WIRING OR HEAT

SWITCHCRAFT'S REVOLUTIONARY NEW

GLO-BUTTON"

THE HEW THIRD DIMENSION IH SWITGH BUTTONS

Gat this: no lamps, no wirtng, no heal, no teparals
power supply—yat, when you push these ingenigus
huttons they “glow™ brightly giving a clear. wisual in-
dication of the circuit's i._'.:!nljllinn! They add a Bril-
liant, problem-solving third choice to the engineer
whia's looking for the instant vasibolity of illuminated
buttons (especially on crowded control F:lnrlr.fl wiithi
the multipla sconomies and simpdicity of non=11Fumil-
nated butbons.

SIMPLE, FOOL-PROOF, POSITIVE OFERATION . ..

Pusher “legs™ on back of bution are con-
necied (o intemnal Tleorascoend illumi-
nalor which actuaies tha "glow."™ WhHan
you push the Bulles "in" the inlemal
flusredcent illumingtar i pul in conlact
with the froni screen and legend glows
brightly . . . even in very high or very low
ambient light situathons. Belease, it's
aul. ‘Wen't lose s brilllanoe, 2 typos:
wkita-face bButkan has wisible logamd
whether bulicn s 90" or Soub,'" bisck-
face bullon has visible legend only
wheen button 1% "im"

VWIRTUALLY UNLIMITED AFFLIGATIONS . . .

Liss the “Glo-Button” Sorigs X on all pughbutton swilchas
with starsdard 050" % 187 plunigers, such a8 Swileh-
craft Series 7000, B and 35000 “Multi-Switches,” or
ather switches weth maintained plunger SEDon and man
mum faliback of 1/16-. ideal for computers, control pan-
gls, instrumentation, commercial and industrial
equipmant, or &ny place that pushbution switches musst
bi combinsd with aconomical, relinble weual Sgnaling.
Writea o6 your lelterhand 167 5 BT

SEMD FO BULLETIN 155, oF sow yolr fochl Swilchorn
Autharized Induiirisd INsiributor fov irmmmdisle delfnsvy
& faclony prices,

" FATENT APPLIED FOR

5531 North Elsfon Ave., Chicago, 1llingis GO530
CANADR; Mia Esdic Corp,, LEE, 30 Wagsld Anp., Toddala, Oefaris
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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 ? }';"
il'::;? kinemqﬁ, It features plug-in modular card construction and has 7
video band width. ﬂ_fﬁsﬂ[ ine rates from 15 35 horizonta
and 15 hz to 180 hz vertical. Geometric and deflection distortion less than 1%,
Hegulated power ma:qﬁ'ﬁsﬁr both high and low voltages. Special stabilization for

long term drift. The ries provides excellent photo E N E‘hﬂﬂ];!ﬂuﬁgggﬁ for
data as well as pictorial displays since it delivers more t :1:1: ree times the res-
clution of a newspaper photo, Special semi-storage phosphors are available for

low freguee rep. rates. Performance and reliability are backed by Mirate]"
vears of diﬁgng manufnctur.inﬁ experience for commercial and technical a -

tions, Let us send you the story — write today!

Circla Wendar Sovice Card M, 1410
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Introducing

the DATA 620-1
hew sysfems computer

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

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

DATA/620-1 comes complete with
software, field-proven and refined on
the DATA/&20.

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

Price: $13,900 with 4096 words of 16 bit
memary, 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

1550 Monrovia Avenue, Newport Beach, California
Tel (T14) B46-93T1 TWX (910 5961358
Diwipicn of DECISION Canmtral, imo.
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This is the
Geo Space DP-203

Digital

Plotter

It's an on-line plnﬁr for System/360,
1130 and CDC 3000/6000 users

Behind the name plate is the only digital
plotter that, when coupled with a digital com-
puter, has produced a digital helegram image.
And it's a whiz of a time saver. One customer
increased his plotter output & times,

The DP-203 uses o 400KC CRT electron beam
to plot up to 96 x 106 variable intensity data
points over a 40" x 60" surface. I¥'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 lock 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 5. Post Oak Rd., Houston, Texas 77027,

(B(E() S[FPANTEE
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