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How can you get the most 
squint-proof detail 
on closed-circuit TV? 

F p 2 

T 0 z 3 

LPED 4 
PECFD 5 
E D F C Z P 

J'I:LOPZD 

Unretouched photo o f monitor scree n 

Granger Associates 
has the answer 
now G/ A's new high-resolut ion TV system lets you read a letter or digit 

occupying only 1/ 15,000 of t he picture area. You ca n view broad 

scenes - like a sit uat ion display, an a irport runway, or a ba nk of 

panel meters- and see all the c ri t ica l details. Or you can put an entire letter· 

size document on the screen and read any part. Series V1 000 TV systems use 

as many as 1225 scanning lines and a 

to produce pictu res with four t imes the 

525-l ine, 8 Me syst ems. Get in touch with 

closed-circuit TV systems ava ilable any-

Granger 
Associates 

l.r- --...:.lli""'"-
clarity of convent ional 

I A for the most advanced 

AN EQUAL OPPORTUN ITY EMPLOYER 

1601 Californ ia Ave. , Palo Alto, Cali forn ia I Telephone: 32+-417 51 TWX: 910-373-1291 
Granger Associates Ltd., Fox Oak (Flat), Seven Hills Road, Walton-on-Thames, Surrey, 
England I Weybridge 44842 
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PHILGO 
READ* 
provides real-time two-way 
communications and display for any 
data handling system 

Philco's READ provides: 

• Instant graphic and alphanumeric 
communicat ions 

• Compatibility with any data 
processing system 

• Hi-resolution fli cker-free 
presentation of data processing 
input and output 

• Up to 15 stations driven by 
one controller- displaying similar 
or dissimilar information 

READ is avai lable with direct view consoles, 
projected wall screen displays, and microfilm 
recording or hard copy equipment. Your request 
for technical information and a demonstration 
of any unit will be handled immediately. 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 

... and it's ready now I 
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Raytheon introduces a new, low-cost 
digital information display system 

A completely new, low-cost digital information 
display system for instantly retrieving and display­
ing data stored in a central computer is now available 
from Raytheon. This is the latest of thousands of 
cathode ray t ube displays that have been designed 
and produced by Raytheon during the past 20 years. 

The new system, the DIDS-400, interfaces easily 
with any type of computer and with various types of 
remote communication lines. It significantly reduces 
time required by operators to retrieve and edit data. 

Up to 1000 alphanumeric characters can be dis­
played instantaneously. Operators can add to, cor­
rect or erase displayed data before returning it to 
storage without need of card punching and other 
intermediary processing. Hard copies of the dis­
played information can also be obtained. 

Each DIDS-400 display console contains its own 
bright display, character generator, refresh memory 
and power supply. By combining these items in a 
single, self-contained unit, console dependence on 
the control unit or computer is greatly reduced, 
cabling problems are simplified, reliability is in­
creased and the system given greater overall 
flexibility. 

Highly-legible characters and symbols giving a 
closed-curve appearance are easily readable in 
normally lighted rooms, offices, and production 
areas, thus reducing operator fatigue and providing 
more efficient, error-free operation . 

A brochure describing in detail t he Raytheon 
DIDS-400 Digital Information Display System is 
available. Write: Manager of I ndustrial Sales, Dept. 
MEC-lOE, RaytheonCompany,Wayland,Mass.01778. 

Circle Reader Service Card No. 5 
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ARTICLES 

Energy Transfer from CRT to Photosensitive Media 
by Leo Beiser ............. ........... .............. .......................................... Page 32 

Presents a method for determining the degree of " fi t" to 
be expected between the CRT (source of radiation) , and a 
photosensor, for subsequent d isp lay or data processing . 

Applications Guide to D isplay Storage Tube Parameters 
by F. N. Ingham ........................................................................... . Page 41 

Defines parameters used to describe d isplay storage tube 
performance, and examines interrelations between the dif­
ferent parameters. Explains brightness integration, control 
display persistence, and high display brightness. 

Color V ision 
by R. L Ku ehn ....................... Page 48 

Discusses, briefly, vision itself, particularly as it relates 
to color, providing insight to physio logical considerations 
involved in display design. Basic visual mechanisms are in­
vestigated. 

A Display Screen with Control led Electro luminescence 
by H erman Graff and Richard Martel ........................... Page y; 

Describes a two electrode electro luminescent display screen 
which possesses the special property of contro lled persis­
tence. Multilayered screen structure is compared with earlier 
complicated structures. 

FEATURES 

GUEST ED ITORIAL . ........... .............. ... ............ Page 31 
ID PAPERS INFORMATION ........... ......... ............. .......... ..... Page 33 
ID READOUT .... .. ....... . ..... ............ .. .... ...... .. .... ............. .......... ... Pr1ge 58 
SIXTH SID SYMPOSIUM PR EVI EW .. .. .... .......... ................ Page 67 
ID AUTHORS ........ .... ...... ... .. .... .. ... .... .......... ............................ . Page 74 
ID CORRESPOND ENCE ...... .... .. ......... ........ .................. .. ....... Pagt 76 
ON THE MOVE .... .. .. .... .... ... .... ......... ...... .. ...... ........ ..... ... ........ Page 79 
ID PRODUCT S ...... .. ............. ........ .... ...... ..... .... ........... ............ ... Pr11:e 80 
SID SUSTAINING MEMBERS ...... ... ............ .................... ... .. Page 88 
ID ADVERTISERS ....... ... ........................................... ........... ... Page 90 

THE COVER 

"Historic Information by Display" concept of Artist Robert Shepard, TRW Systems, 
portrays methods used through ages to transmit information. Starting upper left, 
painting shows prehistoric Cave of Altamira painting; Egyptian tomb painting; 
Assyrian wing-headed Bull of Ashurnasirpal II; golden Vaphio cup from Aegean 
culture; crater vase from Greece; head and hand of Emperor Constantine, of Rome; 
corn stele relief from Mayan civil ization; (below) panel by Pisano, from north 
doors of baptistery, in Florence; (above) medieval woodcut of royal hawki r.g 
party from 17th Century England; Toulouse Lautrec poster, from France; a 
19th Century Indian chest from Alaska; and a contemporary computer display. 
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SELECTROSLIDE 
PROFESSIONAL 
PROJECTORS 
- he mosi vers . ne 
autom tac 
slide proiectors 
on .tta m· ket 

MODEL SLX-750 - 96 slide 
Random Access - Eleven 
models to cnoose from 

Selectroslide offers more excl usive fea­
tures - and more flexibility - because 
Spindler & Sauppe builds the only com­
plete line of professional projectors and 
accessor ies. Check the broad range of 
capabilities: 
Random access instantly projects any 
selected slide, regardl ess of sequence. 

Digital readout - displays slide number to 
audience or lecturer for notation and recall 
or review (exclusive with Selectroslidel. 

Film strip attachment- converts from slide 
to fi lm str ip proj ection (exclusive with 
Selectros l ide). 

Slid e Commander - radio controls slide 
change up to 150 feet from projector. 

Speed Dissolve changes images without 
darkening screen, lends an appearance of 
animat ion to still slides. 

Multiple screen, or sp lit screen effect 
achieved by proper arrangement of multi­
ple projectors. 
Rear projection with special wide angle 
lenses (1 7 lenses and 1200 watts available). 

Sound synchronization attachments avail­
able for use with any tape recorder. Spe­
cial continuous playbacks for exhibits. 

Remote command - permits slide change 
and other cue signals to operator. 

NEW Slide Projection Guide will help you 
get the most out of your A-V presentations. 
Send $1.00 to : 

Circle Reader Service Ca rd No. 6 
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12000 SERIES • 

• 14000 SERIES 

15000 SERIES • 

• 16000 SERIES 

17000 SERIES t 

Manufactured under one or more 
of the following U.S. Patents: 
2 ,943,313; 3 ,009,140; 3,118,138. 

Other patents pending . 

PANEL SPACE ..... . . . •. .. .. .... 2%."wide x ltls" high 

(2%.4" x 1" if bracket mounted) 

NUMBER OF CHARACTERS .. . . up to 10 
NUMBER OF TERMINALS .. . . . . 5, plus a common• 

WATTS ..... ..... . . .. . . ... .. . .. . 3 

PULSE TIME .... . . . .. .. . .... . . . 500 milliseconds 

DUTY CYCLE .. . . ..... .. ... . . . .. 25% (pulsing same coil) 
•Requires switching of lead in conjunction with reversal of polarity to change character 

PANEL SPACE ... ... . . . . . ... . . .. W' wide x 21/.1" high 

(W' x 1 %"if bracket or earless mounted) 

NUMBER OF CHARACTERS . .. . up to 11 

NUMBER OF TERMINALS . .... . 11, plus a common 

WATIS .... . ... .. . .. ... . .. . . .. . . 2.5 
PULSE TIME ...... .. . ... . ... . .. 500 milliseconds 

DUTY CYCLE .. .. . ..... ... ... . . . 50% (25% if pulsing same coil continu. 

ously). Continuous duty available in some voltages. 

PANEL SPACE .. .. .. . ... ... . . ... 'h" wide x 2\4" high 

('h" x 1 %" if bracket or earless mounted) 

NUMBER OF CHARACTERS .. .. up to 10 
NUMBER OF TERMINALS ... ... 5, plus a common• 

WATTS . ... ....... ..... . .. .. . .. . 1.5 
PULSE TIME .. ... . . .. . ... .. . . .. 500 milliseconds 

DUTY CYCLE_ .. ... ... . . . . . . . . .. 50% or continuous (must be specif ied) 
•Requires switching of lead in conj unction with reversal of polarity to change character 

PANEL SPACE . . .. . .. . ..... . . . . . ¥a" wide x 3%" high 
(¥8" x 2'o/ts" if bracket or earless mounted) 

NUMBER OF CHARACTERS .... up to 12 
NUMBER OF TERMINALS ... ... 12, plus a common 

WATTS ... . ... .......... . .. . . ... 3 

PULSE TIME . .. . ... . . . . . . . .. . .. 650 milliseconds 

DUTY CYCLE .. ..... .. . . . . . . . . . . 50% or continuous (must be specified) 

PANEL SPACE ... ... . . .. .... . ... 1 'h" wide x 5" high 

NUMBER OF CHARACTERS . ... up to 12 
NUMBER OF TERMINALS . .... . 12, plus a common 

WATTS ... . . ... . ... . ......... . . . 3 

PULSE TIME ...... .. .. . . . . ... . . 2 seconds 

DUTY CYCLE .... .. . • . . . . .. . . .. . 50% or cont inuous (must be specified) 

All MAGNELINE® Indicators are available in 6, 12, 24 or 28 volts (as 
specified) and the standard operating temperature range is from - 20 
deg. C to + 71 deg. C. Options, at extra cost, include special volt age, 
broader temperature ra nge, special characters, trim-spacer strips, 
internal lighting, solder terminals, dust tight-drip proof construction, 
and dummy models with fixed digit or black window. 

YOU GET ALL THESE FEAT URES WITH MAGN o:- :_ •NE: 

Long life • Minimum maintenance cost • Easy 

readability in all kinds of light • A wide variety of 

mounting methods to give you best use of panel space. 

For complete details and the name of our nearest represent- ~ 
ative, write to us at Waterbury. Better yet, call us at (203) 
756-3636 or get in touch by TWX (203) 753-9341 

IJ,ii~'ll:• ELECTRONICS 
A DIVISION Ott THC PAT.N T eUTTON C O M~ AN V 

WATERBUR Y, CONNECTI CUT • 06720 

Circle Reader Service Card No. 7 
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Full color data display with OPTOmechanisms 
rapid access processor 1 projection system 

Only 10 seconds from computer to full color data 
display-front or rear projection. This advanced OPTO­
mechanisms' rapid up-date system delivers vital data 
for Command and Control Centers on theatre size 
screens with a symbol brightness of over 20 foot lam­
berts. The system processes film images by direct 
reversal and provides extremely high resolution pres­
entations, at short throw distances, for group viewing. 
No dark room is requi red. OPTOmechanisms' compact 
Camera-Processor-Projector is completely self-con­
tained and self-programmed. A fully detailed bulletin 
of this unique data display system is avai lable. 

BLACK AND WHITE 
CAMERA/PROCESSOR/PROJECTOR 
OPTOmechanisms' black and white data display systems fea· 
ture negative or direct positive film processing with a resolu­
tion range of 50-80 lines per mm. These compact, flexible, 
and fully self-contained systems record, process and project 
data in only 8 seconds. They are easily integrated with elec· 
tronic sub-systems. Typical 
applications: data and instru­
mentation display, radar, air 
traffic control, radiological and 
other medical applications. 

PATENT NOS. 2,981,170 and 3,115,079 

OPTOntechanisms Inc. 
ENGINEERS HILL, PLAINVIEW, L. 1., N.Y. • (516) GE 3-8100 TWX: CODE 516-433-9690 

SPECIAL CAMERAS - PHOTOMETRIC DEVICES - OPTICAL TACHOMETERS - RAPID FILM PROCESSORS - PROJECTORS - OPTICAL TRACKERS 
STEREO VIEWERS - SATELLITE DETECTORS - MEASURING INTERFEROMETERS - STEREO COMPARATORS - LINEAR MEASURING TABLES 

STAR SIMULATORS - NEGATIVE TO POSITIVE FILM VIEWERS - ANGLE GENERATORS - FIBER OPTICS APPLICATIONS - RANGE FINDERS 

INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1965 
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• Core materials to suit your requirements. 

• Yokes available with series aiding field de­
sign or with parallel (bucking) field design. 

• Special test instruments can establish your yoke deflection parameters to an accura of ±0.1%. 

Types V21 
& V22 

Type YIS Series 
Up to 52 °, 70° 

or 90° 
deflection 

angles 

Type FlO 

VIDICON YOKES & 
FOCUS COILS for 1" Vidicons 
IN VOLUM E PRODU CTION 
NOW. For both commercial and 
military applications. Engineer­
ing Service available. Special 
designs for all types of 1" vidi­
cons including electrostatic focus 
magnetic deflection types. For 
full tech nical details request 
catalog page. 

Type Y58 Series 
Up to 40 °, 52 °, 

70° and 90° 
deflection angles. 

STATOR YOKES 
for 1 Vz" neck dia. CRT's. 

For time shared sweep dis­
plays and other stator yoke ap­
plications. Available with high 
efficiency push-pull windings. 

PUSH-PULL OR SINGLE 
ENDED YOKES for 

1 W' neck dia. CRT's. 
For military and oscilloscope 
applications requiring maximum 
resolution, low geometric dis­
tort ion and high efficiency. 
Square core design with parallel 
opposed magnetic field. Avail­
able with extremely sensitive 
windings. For full technical de­
tails request catalog page. 

PRECISION ELECTROMAGNETIC 
FOCUS COILSfor'Va", 1 %",2Va" 

and other neck dia. CRT's. 
All designed for ultimate focus· 
Negligible effect on spot size 
when properly aligned to beam. 
Static types (all sizes) - low 
power or high power. Dynamic­
static combinations (1\lz" neck 
dia.) ... compact single gap de­
sign •.. or double gap design to 
simplify circuitry by eliminating 
coupling between static and dy­
namiccoils. Wide range of coil re­
sistances available. For full tech­
nica l details, request catalog 
pages. Please specify your CRT 
and beam accelerating voltage. 

. 0 
Type P7 

Type Y6S 
Up to 70° 
defl ection 

angle 

Type Yl6-6 
Up to 60° 
deflection 

angle 

ANTI-PINCUSHION DEVICES, 
both PM and EM types 

Eliminates CRT geometrical pic­
ture distortion. Type P7 per­
manent magnet anti-pincushion 
assembly requires no current . . . 
occupies small space . .. easily 
adjustable . .. mounts directly 
on standard yokes ... available 
in wide choice of magnet 
strengths with tight tolerances. 
Type P8 electromagnetic coil 
anti-pincushion assembly has 
very high precision construction 
... allows convenient front panel 
adjustment. For full technical 
details request catalog page. 

MINIATURE PRECISION 
ENCAPSULATED PUSH-PULL 

YOKE for '%" neck dia. CRT's. 
Available in wide range of im­
pedances and windings for both 
transistor drivers and vacuum 
tube circuits. Features electri­
cally balanced windings with 
equal deflection sensitivities. 
Close angular tolerances of the 
display are achieved by precise 
construction. Epoxy encapsulat­
ed to withstand extreme en­
vironments. For full technical 
details request catalog page. 

HIGH SPEED PUSH­
PULL YOKES 

for 1 Vz" neck dia. CRT's. 
Ideal for high speed data pre­
sentation and oscilloscope ap­
plications usin g push -pull 
ci rcuits requiring exceptionally 
high deflection rates, low dis­
tortion and high efficiency. 
Available with medium to very 
low impedance coils. Low stray 
capacity. Series magnetic field 
design. For full technical details 
request catalog page. 

TWEETER YOKE 
for 1 W' neck dia. CRT's. 

For generating characters in 
alpha numeric displays. Matches 
solid state circuitry. Eliminates 
electrostatic diddle plates. Fre­
quency response up to 10 me 
with a Q of 15. For full technical 
details request catalog page. 

COMPACT ROTATING 
COIL YOKES for 

1 %" neck dia. CRT's. 
For Radar Plan Position Indica­
tor and all other rotating coil 
applications. Versions ava ilable 
with de off-centering coils. Com­
plete in aluminum housing con-

Type Y25-R Series taining deflection coil, s ~ip rings 
Up to 52 o ond 70 o and brus~ assemblY •. drtve g~ar 

deflection ~nd beanng for easy 1R~tallat10n 
angles mto any equ1pment des1gn. Only 

3% • OD x 211;1,• long. For tech­
nical details' request catalog page. 

angle 

LARGE J.D. YOKES 
for 2Va" neck dia. CRT's. 

Designed especially for charac­
tron CRT's to give minimum 
twisting or distortion of charac­
ters. Suitable also for precision 
displays with other types of 2Ys" 
neck dia. CRT's. 

For engineering assistance n so ng your display problems, 
please contact our nearest representative: 

Boston-New England .............. ........ ........ 762-3164 
Metropolitan N.Y.: . .. . . . ... .... .... ........ . ....... 695-3727 
Upstate N.Y.: .... . ........... . ...... . ........ 315, 652-7911 
Ph i ladelphia Area: . ...... .. . . .... ... . .. . . ......... 789-2320 
Washington-Baltimore Area: . . ....... ............ ... 277·1023 
Florida Area: ............ .......... ..... ..... 813, 527-5861 
Los Angeles: ...................................... 283-1201 

• 

s 1,,,.,,,, ""· """"· "' ,t! !. .. '"':.:~.~~.~.::~,;;,·,::.::. 
Specialists in Components and EQuipment used with Cathode Ray Tubes 
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Predict your perfarrnance ... specify 

Need both maximum screen brightness 

and sharp definition for color and black 

& white projection systems? The Osram 

Xenon lamp is sti ll the most reliable l ight 

source for predicting continued optimum 

performance. Here's why: 

- Excellent color rendering quali t ies 

- No color temperature change 
throughout lamp life 

- Controllable light output within 
rated lamp power levels 

- Lamp life exceeding 2,000 hours 

INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1965 

OS RAM 
XENON 
LAMPS 

- Highest quality optical quartz 

- Repeatable precision mechanical 

tolerances 

Osram lamps are specifically purchased 

for system instal lations by respected 

names in the projection equipment field, 

examples of which include: Aerospace 

Controls • The Budd Company • Carbons, 

Inc. • Cine Elect ronics • Farri ngton 

Industries · Ling-Temco-Vought • Philco­

Ford Aeronutronic Div. • Strong Electric · 

Kollsman Instrument • (Others, too.) 

Discuss you r requirements with a 

Macbeth representative. Learn how you 

can achieve your predicted performance 

with Osram Xenon lamps. There's a 

wattage for every application: 250W, 

450W, 900W, 1600W, and 2500W. 

Write Macbeth Sales Corporat ion,~ 

exclusive United States distrib- OSRAM 
utor for Osram Xenon lamps. U 

MACBETH 
SALES 
CORPORATION 

NEWBURGH, N .Y. • 12553 
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ICele«>l X·Y DEFLECTION AMPLIFIERS 
AND SOLID STATE DEFLECTION CIRCUITRY 

X-Y Deflection Amplifier 
.25% linearity 

DA-PP2B 
± 1.5 amp 

(shown) 

X-Y Deflection Amplifier 
.25% linearity 

DA-PP2C 
± 1.5 amp 

DA-PP38 DA-PP3C 
± 3.0 amp ± 3.0 amp 

DA-PP6B DA-PP68 
± 6.0 amp ± 6.0 amp 

(Shown) 

Ultra linear X-Y Deflection Driver 
.05% Linearity 

DA-PP3D 

For Yokes over 100 ph For Yokes under 100 ph For High Precision Displays 

Linearity Correction for Flat-Faced CRT 
Use with CELCO Field Corrector 

for absolute linearity 

Rack Mounted X-Y Deflection Amplifier 
Regulated Power Supply 

Isolated X·Y Channels 

RDA-PP3B 
± 3.0 amp 

(Shown) 

CR-104 
4.0 amp 1 O.OV 

(Shown) 

RDA-PP68 
± 6.0 amp 

Constant Current Sources 
0.1% of Range 

CR-510 
10.0 amp 5.0V 

All Silicon NPN Deflection Driver 

DA-PP3N 
± 3.0 amp 

(Shown) 

DA-PP6N 
± 6.0 amp 

For Highest Precision Displays 

.~II Silicon Deflection Amplifier 
Regulated Power Supply 

RDA-PP3N 
± 3.0 amp 

(Shown) 

RDA-PP6N 
± 6.0 amp 

Vidicon Driver and Sweep Generator 
for Hybrid Tube Type 8134 

DA-V1 

Use with Celco Vidicon Yoke Type HV 

MAHWAH, N. J. 
201 -327-1123 

TWX 201-327-1435 

Circle Reader Service Card No. II 

Rack Mounted X-Y Deflection Amplifier 

Unregulated Power Supply 

PDA-PP2BR 
± 1.5 amp 

PDA-PP3BR 
± 3.0 amp 

(Shown) 

High Speed Deflection Driver 
Single Axis Push-Pull 

With Power Stpply 

J I J 
~·" ' ~ .:J: 

1-PDA-PP 18N 
18 KV 10 pS 

Accelerating Potential 70• Deflection 

Sawtooth Signal Generator SG1 
Ramps from 20 pS to 100 ms 

...... ~::-~-~.-­

-·-· . -·--·­
~· -:IJ 

Triggers in and out 

UPLAND, CAL. 
714-982-0215 

TWX 71 4-556-9550 
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Low cost stator type yoke 
for high grade 

commercial applications 

lYPE KY 
Fast core general purpose, 

moderate resolution, 
for 52•, 10• and go• 

1 ¥16 " CRT neck 

TYPE HY 
Deflectron® for high resolution 

recording storage tubes 
Scan converter 

appli~ations 

General purpose yokes 

for Ya" CRT neck 

1" storage tube 

for 1 Ye" storage tube CYT 
Low resistance version of type 

Available for types 
CY and CYT 

TYPE YY 
Pincushion corrector, 

electromagnetic, 
low cost, 

general purpose 

TYPE L 
Vidicon yoke, focus 

and alignment coils 1" 
For slow scan, 

high resolution 

TYPE WV 
Image Orthicon yoke, focus 

and alignment coils 3" 
For high resolution, 

slow scans 

TYPE AV 172 

INFO RMAT IO N DI SPLAY, SEPTEMBER/ OCTOBER, 1965 

0 

Low Ll•, high sensitivity 
for 42•, 52•, 10• and go• 

1¥,6" CRT neck 

TYPE FY 
Deflectron®, 

general purpose 
for 42• 

1 ¥!6" CRT neck 

TYPE HD 
storage tube yoke 

Scan converter 
applications 

TYPE QY 
Miniature yoke 

for %" CRT neck 
and special unit 

construction 

TYPE MY 
storage tube yoke 

for 2" CRT neck Type DY 

2W' CRT neck Type OJ 

TYPE DY 
Pincushion corrector, 

permanent magnet 
Specials available 

TYPE M 
Hybrid vidicon yoke, 1" 

Magnetic deflection coil 
with shielding 

TYPE HV 
Image n yoke, focus 

and alignment coils 3" 
For standard TV 

applications 

TYPE TV 172 

MAHWAH, N.J. 
201·327·1123 

TWX 201·327-1435 
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High quality general purpose, 
moderate resolution 

low residual, 
for 52•. 10· and go• 

1¥16" CRT neck 

frequency 
beam modulation 
Celcaloy, ferrite 

and air core 
for 1 ¥,6" CRT neck 

TYPE AW 
yoke for 52• and 10•, 

1" and 1 r,/' CRT necks 
Includes bearings, gear 

and sliprings 

and beam 
alignment, aiming, flooding 

for 1 ¥16" CRT neck 

TYPE KC 
Focus coil, dynamic 
for high resolution 

Many other standard 
types available 

TYPE HLF 
Vidicon yoke, focus 

and alignment coil 1" 
For standard TV 

applications 

UPLAND, CAl. 
714-982-0215 

TWX 714-556-9550 

TYPE NC 

15 
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FOR DECISION MAKERS: 
A Digital Plotter That Lets You 
Watch It Happen I I I As It Happens 

A ( F I ( 

co AD JJ" 

0 C f A N 

/ 

/ 

Now you can navigate . test the 
endura nce of an engine . track an 
aircraft, spacecraft or submarine-al l in 
real time and with digi tal accuracy. 

Mode l 502 Flatbed version of CalComp's 
line of d igital incremental d rum plotters 
int roduces h igh speed, high resolut ion 
plotting of digital compute r output-on 
a 31" x 34" area that lets you watch 
everything that happens ... as it happens. 

A few advantages of the digita l incremental principle 
in general, and the Model 502 Flatbed in particular, 
are listed below. 
• You are su re of long t erm, st able, d rift-f ree opera ­
tion • Alphanumerica l and specia l symbols may be 
drawn at full plotter speed ( 18,000 stepsj minute­
.01 inches/ step) • There are no sca le fac tors to adjust, 
and origi n setting is complete ly under program control 
• A w ide range of existing charts and maps (up to 
size 34" x 38") may be used • Unique "Cal-Hold" 
holds or releases most papers at the flick of a swi tch 
• The 502 Flatbed accepts a ll 500-series d rum plotter 
programs without mod ifica t ion • You can operate it 
on-l ine or off-line wi th most digta l computers. 

For addi tional advantages, wri te "Marketi ng". 

©®CQ<i@C0® 
STANDARD OF THE PLOTTING INDUSTRY 

CA·LIFORNIA COMPUTER PRODUCTS, INC. 

305 Muller Avenue, Anaheim, California • (714) 774-9141 

Circle Reader Service Card No. 13 
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for HIGH SPEED film plotting projection­
performance- reliability -and low cost displays I I I 

focus on BELOCK 

CABINET 
DISPLAY 

BELOCK 
INSTRUMENT 
CORPORATION 

College Point, New York 11356 

INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1965 

At last ... a high-speed Scribing Projection Plotter 
featuring a low-cost, non-breakable plotting mate­
rial. The BELOCK SCOPUS-II®P has drastically cut 
operational costs and simplified logistics considera­
tions through the use of spooled 70MM stabilized 
polyester film. The film is a transparent base for a 
non-chipping scribable coating available in a wide 
range of opacities and with pre-recorded back­
ground reference data. Also available are spotting 
and reference projectors , character generators, 
computer interfaces and manual input equipment. 
Large or medium sized rear and front projection 
screens or folded optics consoles are provided with 
input data from either analog or digital computers, 
keyboards, or manual control panels. 

Whatever your proj ection display requirements ... 
general purpose computer output display ... train­
ing devices ... aerospace tracking ... command and 
control or management data [PERT) ... write, call 
or TWX. 

SCOPUS II 
PROJECTOR 

Attention: DISPLAY DEPARTMENT 

Phone area code 212, 445-4200 TWX : Area code 212-539-7680 

Circle Reader Service Card No. 14 17 
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New from IBM. 
A triple-duty terminal 

that types, 
communicates 

and links you to SYSTEM/360. 

It's the IBM 2740- a terminal 
device that offers you 3 kinds of 
duty. At a budget price. 

It's a Typewriter 
It looks like an IBM Selectric. 

Your secretar y will say that it 
feels like one. 

Used as a typewriter, it helps 
her turn out clear, crisp looking 
letters and reports. 

It has a familiar, conventional 
keyboard. Margin and tab are set 
in the usual fashion. It's fast and 
easy to operate. 

Like IBM's Selectric, you can 
change type faces to meet the 
demands of your job. 

It's a Communications Terminal 
By pressing a control key, you 

INFO RMATIO N DI SPLA Y, SEPTEMBER/ OCTO BER, 1965 

make contact with other 2740's. 
In the next room, in your plant, 
or in your warehouse. 

Distance between terminals is 
no problem. You can select any 
one of a wide variety of commu­
nication services for t he trans­
mission of information. 

The 27 40 sends and receives 
data at the rate of up to 148 
words a minute. 

It's a Direct Link to 
Your Computer 

One or many IBM 2740's hook 
into SYSTEM/360. 

When you type data, it's trans­
mitted into your central com­
puter. Then it's stored-available 
when needed. 

Retrieving proposals, status 

Circle Reader Service Card No. 15 

reports, specs and other informa­
tion is just as easy. You can use 
this information to solve immedi­
ate problems. 

Or you can update it and send 
it back into storage for future 
r eference. 

Also: there's anot her version 
of this terminal. It's the 2741, 
and it offers time-sharing capa­
bilities when connected to a t ime­
sharing system. 

It's For You 
IBM's new 2740 is another de­

vice to help SYSTEM/360 grow as 
you grow. 

And it's low in cost. 

SYSTEM/360-The Computer 
with a Future. 

19 
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NEW STORAGE TUBE SHARPENS TRACKING SYSTEM'S VISION 
The newest generation of tracking and radar 
systems demands a new generation of direct 
view storage tubes with improved dynamic 
display uniformity and resolution capabilities. 
Du Mont engineers have taken on this prob­
lem with marked success. 

Case in point: the storage tube originally 
specified for the PPI of a certain missile 
tracking system (not Du Mont) lacked center­
to-edge uniformity of wri t ing, erasing and 
brightness. The area at the center of the 
screen built up a disproportionately high sig­
nal charge level. This increased background 
brightness to the point of obscuring nearby 
targets. The condition could be partially com­
pensated by increasing storage electrode 
bias, but this reduced sensitivity to remote 
weak targets displayed in the peripheral 
area. Another alternative, equally unsatis­
factory, was to erase the image completely 
every two or three minutes. This left the sys­
tem blind during the Interval required for a 
complete antenna rotation. 

The problem was eliminated by the storage 
tube Du Mont designed and built for th is 
application. This tube, Type KS232g, achieves 
substantially uniform dynamic characteristics 
over the entire storage surface. Resolution 
capability-GOO TV lines in the useful diam­
eter- is 60% greater than that of the original 
tube. And, with no increase in length, a 12% 
increase in useful diameter (to 9") was 
achieved. 

Reliabi lity in severe environments was an­
other requi rement. So, with its integral mu­
metal shield , the Type KS2329 is potted in a 
resilient, fungus-resistant compound, and is 
fitted w ith multiple pin locking connectors 
and rugged mounting lugs. 

CRT's STORAGE PMT's POWER 

' 
'j' I ,; , 
- .. -111!1 .,. • =: 
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The f inal result was a significant advance In 
storage tube technology-or, from the cus­
tomer's viewpoint, a tracking system with 
great ly improved vision. Now both st rong 
and weak targets are displayed with excel­
lent resolution, persistence and brightness. 
Additional features include internal feedback 
correction electrodes for high pattern geom­
etry accuracy and zero DP current operation 
to overcome deflection non-lineari ties result­
ing from unpredictable collection of writing 
beam current and reflected flood beam 
current. 

COMPACT PACKAGING 
Another new storage tube developed by 
Du Mont packs unusual performance into a 
small envelope-and even that is designed to 
provide extra space for circui try in the area 
around the yoke. This tube has a screen di­
ameter of 5", overall length of only 8". Reso­
lution is better than 125 lines/in.; writing 
speed is 300,000 in./sec. Since the tube has 
the same excellent integration characteristics 
as the KS2329, it is expected to find wide 
application as an indicator In airborne radars, 
or as a radar indicator and TV display mon­
itor 

Other Du Mont storage tube developments 
include an on-axis writing gun. This consid­
erable feat, never successfully accomplished 
in larger tubes, hinged on locating the flood 
gun or guns off-axis while retaining uniform 
il lumination. The Du Mont tube does not de­
pend on physical alignment to do this. In­
stead, three off-axis guns are used with split 
anodes which direct the beam from each to­
ward or away from the tube axis. Uniform 
illumination is achieved, the write gun is lo­
cated on-axis-and the DVST can replace a 
CRT with no change in deflect ion com­
ponents. 

CUSTOM DESIGN DR OFF-THE- SHELF 
Over the years, the solution of many indi­
vidual tube problems has resulted in the 
availabi lity of more than 4,000 types of 
Du Mont tubes. These fall into four general 
categories: Cathode-ray Tubes, Photomulti· 
plier Tubes, Power Tubes and Storage Tubes. 
The latter includes both direct view and elec­
trical output tubes. If you need a special pur­
pose tube, you'll probably find it listed in the 
latest Du Mont tube catalog. If it isn't, we will 
design and build it for you. Fo r your copy of 
the catalog, write (letterhead, please) to 
Fairchild's Du Mont Elect ron Tube Division, 
750 Bloomfield Avenue, Clifton, New Jersey. 

I=AIRCHIL.C 

DUMONT ELECTRON TUBES 
A D IV I S I ON OF F A IR C HILD CA M E RA 
AND INS T RUMEN T C ORPORATION 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 



REPORT CARD ELECTIVES 

SUBJECT COMMENTS GRAOE 

801 Data Display System Draws maps , charts , graphs , 
NAME curves, etc . -A-c/o Telemetries Art 

ADDRESS 

2830 South Fairview Street 

Santa Ana , California 
Abbreviates as required by A PHONE ( 714) 546- 4500 Shorthand the programming . 

SUBJECT COMMENTS GRADE 

Reads and accepts digital in- Considerably less expensive to 
puts ln parallel form at a If Economics 

operat e and maintai n than a 

4 Readin& s elected or programmed up-date family of strip- chart 
rate . recorders. 

Most flexible in its class ; PERSONAL 
uses beam-pencil to write 12 

.,4 Writin1 "pages " or levels of informa- Work Effort - Capabl e of very hard real-
tion each with 12 lines of data time work when asked ; applies own buffer 
at 32 characters per line. memory and character generation memory to 

reduce the work load on any computer by a 
Memorizes and handles large factor of 20 , 000 ; will work in an off-
masses of any kind of data 

c/1} 
line s i tuation. 

Arithmetic (does not really perform Cooperation - Plays well with the computations as such) . Telemetries 670 Data Processing System , 
but will also play with any general 
purpose computer when so instructed ; will 

Uses real language, not wi~tgly 

cd+ 
not interfere with the playing of permanent 

En&lish 
lines; very easy to see , read- out devic es . 
analyze , or filter processed 
data . Application - Shows strong tendency to 

replace as many as 4 , 608 conventional single-
character read- out devices at one time; is 
also capable of one or more remote displays . 

Repeats itself every 16 milli-

-A Overall 'ilork Habits - Very reliable ; History seconds ; uses own buffer memory 
to up- date data. always turns in neat , readable work , i s very 

attentive to instructions; changes its 
values and data very easily . 

Performs well in any area of Appearance - Very neat , as may be expected 
from an off- the- shelf item ; oocupico 

Science investigation, industrial 

-R only 23"x 32 " of floor space . research, experimentation , or 
process control . 

TELEMETRI CS DIVIS I ON 
T ECHNICAL MEASUREMENT CORPORATION 

HOME O FFICE 2830 S. F.1irv1C1V Street Santa Ana, Calilornio Pl>anc (7t4} 5r16-4500 TWX: 9 t0·595·1135 I BURLINGAM E, CALIFORNIA (4t5) 697-777J I SEABROO K, TEX A S 1713) 222-9624 

WINTER PA RK, FLORI DA (305) 647·0220 / W ASHINGTON, D. C. (703) 533·0373 I CANADIA N HEADQUARTERS Allan Craw(offl Ass«iatos, Uri. 65 MrHiin Ross Avenue Downsville, 

Ontnrio I FRENCH HEA DQUARTERS 22 Avenue ThieHy, Vil!c d'Avray PM iS I UNITED KINGDOM HEADQUARTERS C. M. fn strumcntalion, Lid. 52 BroarJway Bracknell, Be1J<shire 

INFORMATIO N DISPLA Y, SEPTEMBER/OCTOBER, 1965 Circle Reader Service Card No. 17 21 
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Now she reads information 
from stored computer records 
(or adds it) ... instantly_! 

Suddenly ... a clerk or teller has at 
her fingertips the ability for high­
speed handling of business data. It 
took her only a few minutes to learn. 
The "missing information link" is 
provided by the new Stromberg­
Carlson S-C 1100 Inquiry Display 
System. It is designed for banks, 
insurance companies, utilities, air­
lines and other organizations which 
must refer frequently to stored data. 

Simple as a typewriter: When the 
operator receives an inquiry con­
cerning an account or record she 
uses the keyboard to enter account 
number and appropriate computer 

code. She then visually verifies the 
complete entry on the cathode ray 
tube screen. By depressing the 
"transmit" key, she sends themes­
sage to the computer memory in a 
fraction of a second - and the S-C 
1100 immediately displays the re­
quested data on the screen. Entries 
can also be made by the operator 
a nd added to the stored record 
automatically. 

Multiple units: Over 400 of these 
desk-top units may be used to work 
with a centralized data processing 
system. Two models are available 
- one displays up to 100 charac­
ters; the other up to 500 characters. 

Circle Reader Service Card No. 18 

Benefits include: Increase of com­
puter efficiency, better budget and 
inven tory control, reduction in 
external and internal telephoning, 
manpower savings, greater person­
nel efficiency and better morale 
because of faster availability of 
information. 

For complete details on the new 
S-C 1100, write: Stromberg-Carl­
son Corporation, Data Products­
San Diego, Dept. F-39, P.O. Box 
2449, San Diego, California 92112. 

STROMBERG-CARLSON 
CORPORATION 

DATA PRODUCT S - SAN D IEGO 

INFORMATION DISPLAY. SEPTEMBER/ OCTOBER. 1965 
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Advanced Scientific Inst ruments uses DATA· PANEL for complete display and contro l console of their new ASI ADVANCE Series 6040 Computer. 

NEW CONCEPT OF INFORMATION DISPLAY 
AS DRAMATIC AS TODAV'S COMPUTER DESIGN! 

DATA · PANEL indications are visible only when illuminated in EAI A 
8400 Scientific Computing System by Electronic Associa tes, Inc. 

Leading designers of modern comput ers specify TEC-LITE 
DATA· PANEL for its dramatic new appearance in operator con­
soles and maintenance panels. DATA · PAN EL offers a new co n­
cept of d isplay versat il ity and visual im pact, in addition to 
greatly increasing operator accuracy. 

Extremely f lex ible visua l and mechanical paramet ers of 
DATA· PANEL give designers display f reedom never before 
availab le. There are no restrictions, within practical limits, to 

A Two computers are operated from this Contro l Data Corporation 
Console which uses six DATA· PANEL Information Displays. 

the shape, color, size or arrangements of the information dis· 
played. Indications and d igital readouts stand out emphatically 
in color behind smooth planes of glare-free black glass. When 
" off", legends and indica tions can be tot ally invis ible until 
ill uminated. For control , complete range of switch actions can 
be an integral part of DATA· PANEL design. 

Write for full -color brochure, specifications and ordering in­
formation . 

!~JITE ! 
INDICATORS DATA•PANEL READOUTS TEC·SWITCH 

INDICATING DEVICES 

Transistor Electronics Corporation 
Box 619 1 Minneapol is, Minnesota 55424 Phone (61 2) 941-1100 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 
Circle Reader Service Card No. 19 
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Are your CRT needs 
li t lV2 oz.) 

or heavy (77 lbs.)? 

In the unlikely event you buy your cathode ray tubes by the pound, 

we can provide an amazing selection of assorted weights within this range. 

And in case your selections are made on a more conventional basis-

including delivery, reliability and cost considerations- we can 

still fulfill your requ irements. 

In fact. our sales volume has nearly doubled in each of the last 

five years ... and we have become indispensible to many of the 

world's largest and most sophisticated CRT users. 

In many technical areas we can offer unique capabilities: 

• In phosphor development we can 
supply a number of new screens for 
flying spot scan ners and for low 
frame-rate visual displays. 

• Some all-electrostatic tubes we 
supply are approaching magnetic 
deflection tube performance in 
resolution capabilities. 

• Our dark track storage tubes can 
now be supp~ied with 500 lines per 
inch resolution and ruggedized for 
airborne applications. 

• In fibre optics tubes we have 
several years of production 
experience. 

Write for more details on these developments, or for our introductory catalog. 

hom as 
ELECTRONICS INC. 

122 Eighth St.; Passaic, New/Jersey 

GRegory 3·4040: Cable Addreaa: Tomtronics 

Circle Reader Service Ca rd No. 21 
INFORMATIO N DISPLAY, SEPTEMBER/ OCTOBER, 1965 



Time-Tested Reliability • •• 
Twist-Lite II Series 12 indicators, switch-lites 
and holding coil units are produced to the 
same Master Specialties standards of rel ia­
bility as their m ilitary/aerospace counterparts, 
and have been recognized as acceptable under 
the Underwriters Lab. Components Program. 

Wide Choice of Switching A ssemblies ••• 
Select from snap-on 2PDT or 4PDT subminia­
ture switches, in momentary or a lternate ac· 
lion, rated to 5 amps at 125-250VAC or 30VDC, 
or momentary switches wit h magnetic holding 
coils for electrical inter-lock or lock-in. 

Internally Bussed Lamp Circuits ••• 
Optiona l c ircuits for 6, 12 or 28 volt incan­
descent lamps or 115VAC neon lamps include 
interna l bussing of common terminals to 
reduce solder ing ... simplify installation. 

12 Mountlne Options for Design •• • 
Rectangular, f lush-mounted Twist-Lites offer 
wide flexibility in panel design . Three panel 
mounting methods, each with two design varia­
tions, permit mounting in horizontal or vertica l 
rows or stacks . .. with or without barriers ... 
without tools! Select from red, gray, black or 
white barriers to complement your design. 

4 Lamps. Individual Color Control •.• 
Colored lamp filters, in five standard colors, 
fit over individual lamp sockets for quick and 
easy insta llat ion or change to fit your needs. 

DDJ B~EB 
Full to 4 -way Split Display Lenses ••• 
Choose from one or two-color full, vertica lly, 
horizontal ly, 3 or 4-way split display lenses. 
Legend engravings to your requirements 
shipped with your order! 

~~ 
~~11 _.t 

TWIST 

NO TOOLS REQUIRED 
for switch mounting, color filter change, 

legend chanee or relamplng! 
A simple twist lets you remove and return 
the lens/ lamp assembly from the panel front 
during operation ... without special tools . . . 
without the hazard of accidental switc hing 
... and t here is ample room tor easy lamp, 
f ilter or lens change! 

Complete Specifications are Detailed 
In 20-Page Catalog 2001 

MASTER 
SPECIAL TIES 

COMPANY 
15020 South Figueroa Street, Gardena, 
California Telephone: 213-321-8450 

Regional Offices and Telephone 
Sunnyvale, California . . . . . . . . . . . 408-2.45-92.92. 
Chicago, Illinois . ....... .. .... 312.-2.82-7112. 
Dallas, Texas . . . . . . . . . . . . . . . . 2.14-357-9459 
Syracuse, New York .. . . . ... . . .. 315-479-9191 
Valley Stream, L.l .. New York . . . ... 516-561-2.334 
Huntsville, Alabama .... ....... . 2.05-536-7415 
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Here's the only advice you need 
to design your own on-line system: 

don't 
Designing on-line systems is tricky. Nevertheless, do-it-yourselfers often try 
it, taking tu•ice the time to do it wrong at triple the cost of doing it right. 
Nobody has that sort of money. Or time. That's ll'hy you need an expert to put 
your system on line. Which expert? We have some advice on that subject, too. 

by Richard H . Hill 

Would you pi lot a 
commercia l jet from 
Los Angeles to 
Bangkok? Would 
you take your wr ist­
watch apar t and 
repair it? If the 
answer is " Yes" and 
you a ren't a pilot o r 
a watchmaker, read 
on a t your own risk . 

We're about to shoot do-it-yourselfers right 
out of the on-line systems design business. 

SAYS WHO? 

First ofT, our credentials: At Informatics Inc., 
we think we have every right to speak on the 
subject of on-line computer systems. Our 
justification is simple: we've probably done 
more work in on-line software tha n any other 
group in the fie ld . Fact is, we seem to be the 
only major programming firm anywhere spe­
cializing in on-line computer systems imple­
mentation. And much of our work has been 
conducted at the furthest extension of the art 
(National Military Command System, the 
RADC o n-line computing system and the 
Mobile Wing Reconnaissance Technical 
Squadron are a few examples). Do we know 
what we're talking about"? We'd better . 

THE M I SSING LI NK: SOFTWARE 

At Informatics, we believe that the computing 
system exists for the user, not l'ice l'ersa. 
Consequently we are convinced that the di rec­
tions of the futu re point inevitably to d irect, 
o n-line .user/computer communication. But, 
if you accept this fact, you a lso have to accept 
the problems of putting the user and the 
computer in direct dialog. How do you do 
this? It's not easy. Nevertheless, a lot of well­
meaning users have tried. And a lot of amoebic 

monsters have been spawned-so divided and 
subdivided that any semblance of di rect access 
to the system is lost. Thal's why the job has 
to be done by an expert-someone who's had 
the course in t he complexiti es of on-line 
programming. Right now, today, all of the 
equipment and technology exists to put even 
the most sophisticated system on lim:. The 
only missing ingredient is on-l ine software. 

THE WAITING GAME 

The essential key to on-line implementation 
is time-s/wring. Modern computers-and even 
those not so modern-are too fast to serve 
o n ly one person. To make economic sense, 
the computer must be shared. Segments of 
the total computing time must be made avail­
able to many users. And not a ll of the users 
need be h umillls: regularly scheduled pro­
grams can also have their share in on-line 
systems. For instance, a compu ter i n a 
med ium-sized manufacturi ng company might 
service ten or t welve on-line engineeri ng 
design consoles, concurrently record sales 
o rders and other messages received by tele­
type from other company offices, and also 
compute payroll- all on a time-sharing basis. 
Difficult"! Yes. Jmpossible? No. It can be 
done by someone who knows how. And 
knowing how means mastery of a few knowl­
edge a reas: Dynam ic s torage a llocation. 
Interrupt management. Task queu ing. Priority 
level control. Progra m rollout and rollback. 
Random access storage management. T ime­
slic ing. Memo ry protect ion. And several other 
odds and ends of programming technology. 
Knowing how also means experience. Real, 
practical, working experience. The l'vc-done­
i t-before-and -1-k now-exact ly -how-to-put­
the-who le- th i ng-together~an d-make- i !­
work-type experience. And, on top of this, 
knowing how means knowing what 1101 to do 
in on-line implementation. Knowing wh::H 
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not to do is every bit as important as knowing 
what to do if the system is to work, work 
right and work under a ll conditions. 

WE'RE READY, ARE YOU? 

If you've read this far, chances are you need 
an on-line system. And at this point you 
should realize that we think we can design 
one for you. If you'd like to talk over your 
own on-line systems design requirements or 
if you think you're qualified to help us solve 
other people's problems, our number is (213) 
783-7500. Ask for me, Frank Wagner, Walter 
Bauer or any other members of our staff. We 
also have literature on our people and capa­
bilities which we will be happy to send you. 
Address Depar tment E, Informatics Inc., 
5430 Van Nuys Boulevard, Sherman Oaks, 
California 9 1401. 

i informatics inc.® 

1

• 15430 Van Nuys Boulevard 
I Sherman Oaks, California 9 1401 

P lease send me your s ta ff-authored 
article "Implementation Procedure for 
On-Line Systems" 

Nan1e: ________________________ ___ 

T itle _____ ______ _ 

CompanY- ----------------------

Address. ___ ________ _ 

City·-------------

State _ _____ ZIP·------

An equal opportunity employer 
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Optical proiection system produces 
high-clarity display that is flickerless 
because of the high speed. 

Display screen can be integral or 
separate. Standard subsystems are 
available with up to 12 high contrast 
alphanumeric characters. 

Now you can get more reliable readouts 
-at very low cost- with Raytheon's 

New Datastrobe* Digital Display 
The Datastrobe subsystem employs a new concept of data 

d isplay that offers you more reliable readouts and s imple, 

flexible installations- at very low cost. 

To produce high clarity displays, the Datastrobe subsystem 

util izes (1) a single rotating drum operating in conjunction 

with a sing le time-shared high-speed strobe lamp (2) time­

shared, self-synchronized all solid-state circuits, and (3) an 

optical projection to produce multi-digit, in-line and single· 

pl ane alphanumer ic displays. 

Reduced number of components increase reliability. Self-con­

tained Datastrobe subsystem wires directly to logic without 

buffers or drivers. There are no signal amplifiers, switches or 

relays. One 6-digit Datastrobe subsystem can replace as many 

as 66 incandescent bulbs or 6 e lectromechanical readouts! 

Self-decoding eliminates wrong readouts. A self-decoding 

feature incorporated into the Datastrobe subsystem uses di­

rect logic comparison to e liminate erroneous or ambiguous 

readouts. The conventional white-on-black displays are flick· 

erless, provide high contrast and recognition. 

Wide range of design options. Datastrobe subsystem disp lay 

screens can be integral or separate. Standard models are 

available with up to 12 digits; floating decimal point is op­

t ional. Models with more d igits and combinations of a lpha· 

numeric characters or symbo ls are available. Additional read­

out locations are accommodated with simpl ified w iring. 

"Tra demark ol Aeylheon Company 

•.. MORE NEW RAYTHEON DATA DISPLAY DEVICES 

New side-view Datavue· Numerical Ind icator Tubes ( left) feature long 
life; low uni t cost ; less mounting depth; close spacing ; large. bright 
character d isplay. (R1ght) Special cathode-ray tubes. available in many 
sizes. combine electrostatic and magnetic deflection for wri ting alpha ~ 

numeric characters while raster scanning. 

SEE THE DATASTROBE SUBSYSTEM 
AT SID -

For complete in/ormation ol RAYTHEON DATA DISPLAY DEVICES 
- or for an operating Oatastrobe subsystem demonstration ­

write to Raytheon Company, Components Division, Industrial 
Components Operat ion. Lexington. Mass. 02173 

SEPT. 29 • 30, NEW YORK 
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We Put 
11 Incandescent Lamps 

This Bil 

Now, You Have the Smallest Rear­
Projection Readout in the World! 

! 

It Displays Characters This Big. 
All the versatility, readability, and reliability of our 
patented rear-projection readouts are now available in 
the world's tiniest theatre : the %" H x %" W lEE 
Series 340. We've managed to fit everything but a pro­
jectionist in there to give you a choice and clarity of 
message that no other type of readou t can match -
regardless of size! 

The tiny 340 u ses film to project any message: num­
bers, letters, words, symbols, colors. Anything you can 
put on film! You're not limited to crudely formed char­
acters that look strange to the eye. Choose type styles 
that human-factors tests prove to be most readable ! 

Your message appears clearly and sharply on a single-plane screen. There's no 
visual hash or camouflage-netting effect from unlit filaments. The 340 may be tiny, 
but your message appears big, up to an easily read%" in height! 

HERE'S HOW IT WORKS: 
All l EE readouts a r e 
passive, n onmechani­
cal devi ces built for 
long life. An input sig­

nal through the proper contact illuminates 
the desired lamp, projecting only the selected 
message through the lenses onto a non-glare 
viewing screen. This one-lamp-per-message 
concept eliminates character misreadings 
caused by partial failures. 

CLICK, IT'S IN 

CLICK, IT'S OUT! 

For quick, easy 
la mp repl ace­
ment or change 
o f m essage, 
ju st press the 

front of the 340, pull the whole 
unit out! P ermanently wired base 
remains in assembly! 

SEND TODAY FOR COMPLETE INFORMATION 

INDUSTRIAL ELECTRONICS ENGINEERS, INC. 
7720 LEMONA AVE. • VAN NUYS, CALIFORNIA • PHON E: (213) 787-0311 • TWX (213) 7B1-B115 

REPRESENTATIVES IN PRINCIPAL CITIES 

Circle Reader Service Card No. 25 

CALL YOUR NEAREST lEE REPRESENTATIVE 
FOR A DEMONSTRATION AND 
APPLICATION INFORMATION: 

ALABAMA NEW MEXICO 
Huntsvi lle Albuquerque 
MEDCO OF MELBOURNE. INC. HYER ELECTRON ICS COMPANY 
Suite 90, Holiday Office Center lsi National Bank Bldg., East 
205-881-3721 Suite 1213 

Central & San Mateo N.E. 
ARIZONA 505-268-6744 
Phoenix 
GRAMER AND COMPANY 
444 W. Camelback Road 
602-279-1231 

CALI FORNIA 
Van Nuys 
INDUSTRIAL ELECTRONiC 

ENGINEERS, INC. 
7720 Lemona Avenue 
213-787-0311 
Palo Alto 
McGILL AND McG ILL 
809 San Antonio Road 
41 5-321-0905 
San Diego 
L. L. STOAKES 
4438 Ingraham Street 
714-274-6281 

NEW YORK 
Baldwin 
B. B. TAYLOR CORPORATION 
2270 Grand Avenue 
516-223-8000 
Rochester 
OSSMANN COMPONENT 

SALES CORP. 
830 Linden Avenue 
716-586-4940 
Syracuse 
OSSMANN COMPONENT 

SALES CORP. 
5q59 Malloy Road East 
315-454-4477 

Ve.tal 
OSSMANN COMPONENT 

SALES CORP. 
COLORADO Vestal Parkway East 

Denver ~07~7fs"~924j5 
HYER ELECTRONICS COMPANY 

~ : ~~~~~~~w2~2~~lley Highway NORTH CAROLINA 

303-771-5285 

CONNECTICUT 
Hamdei1 
ELTRON ENGINEERING 

SALES, INC. 
2341 Whitney Avenue 
203-288-9276 

FLORIDA 

Bethania 
THE CANDOR COMPANY 
919-924-1480 

OHIO 
Cleveland 
S. STERLING COMPANY 
5827 Mayfield Road 
216-442-8080 
Dayton 

Indialantic S. STERLING COMPANY 
MEDCO OF MELBOURNE. INC. 3300 S. Dixie Drive 
# 4 Wavecrest Drive 513-293-7573 
305-723-6924 

ILLINOIS 
Chicago 
MAGNUSON ASSOCIATES 
5639 W. Ful lerton Avenue 
312-622-6322 

KANSAS 
Leawood 
POLY-ONICS. INC. 
4434 West 90th Terrace 
913-648-4173 

OREGON 
RAY JOHNSTON CO. 
1011 N.E. 69th St. 
Seattle, Washington 
(206) LA 4-5170 

PENNSYLVANIA 
Millersville 
BIECHLER ASSOCIATES, INC. 
P. 0 . Box 38 
717-872-2793 

MARYLAND Pittsburgh 
Ashton RUSSELL F. CLARK COMPANY 
BI ECHLER ASSOCIATES, INC. 10517 Lindberg Avenue 
17733 New Hampshire Ave. 41 2•242•9500 

301-924-4507 
Baltimore 
BIECHLER ASSOCIATES. INC. 
7353 Yorktowne Drive 
301-825-8222 

MASSACHUSETTS 
Newtonville 
ELTRON ENGINEERING 

SALES, INC. 
246 Walnut Street 
617-332-6975 

MICHIGAN 
Southfield 
S. STERLI NG COMPANY 
21250 10 'lz Mile Road 
313-442-5656 

MINNESOTA 
St. Paul 
MAGNUSON ASSOCIATES 
1246 West 7th Street 
612-227-8495 

MISSOURI 
Hazelwood 
POLY-ONICS , INC. 
47 Village SQua' e 
Shopping Center 
314-837-0597 

NEVADA 
Las Vegas 
SYSTEMS DESIGN 

CORPORATION 
900-1 West Bonanza 
702-382-3037 

TEXAS 
Dallas 
NORVELL ASSOCIATES, INC. 
P. 0. Box 20279 
214-357-6451 

Houston 
NORVELL ASSOCIATES, INC. 
112 Meyerland Plaza 
713-665-0558 

WASHINGTON 
Seattle 
RAY JOHNSTON CO. 
1011 N.E. 69th St. 
(206) LA 4-5170 

CANADA 
Ottawa, Ontario 
WHITTAKER ELECTRONICS LTD. 
42 Howden Avenue 
613-722-7658 

Roxboro, Quebec 
WH ITTAKER ELECTRONICS LTD. 
P. 0 . Box 216 
514-684-3000 

Weston, Onlar!o 
WHITIAKER ELECTRONICS LTD. 
1885 Wilson Avenue 
416-247-7454 

New Westminster , 
Bri tish Columbia 
WHITTAKER ELECTRONICS LTD. 
324 Decaire St. 
604-936-2244 
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EDITORI A L 

SYSTEME 

INTERNATIONAl 

d'UNITES 

Since the inh·oduction of the decimal, or 
meh·ic svstem of measurement there has 
been a periodic movement to replace the 
English system and all its attendant clumsi­
ness. In recent years an increasing awareness 
has been evident in the scientific, engineer­
ing, and lay communities that an ultimate 
discarding of English units must take place. 
Now is an opportunity for those engaged 
in the field of display to assume an important 
role in establishing a new consistent system. 

The General Conference on \i\leights and 
Measures met in Paris in October 1960 and 
officiall y defined the International' System 
of Units (designated SI for Systeme Interna­
tional d' Unites). The SI is similar to the 
MKS in that it utilizes the meter as the tmit 
of length, the kilogram as the unit of mass 
and the second as the unit of time. SI units 
also include the ampere for electric: current, 
the degree Kelvin for temperatme, and the 
candela for luminous intensitv. Of these tmits, 
the ampere and candela involve other units 
in their definitions. Mass, length, time, <md 
temperature are independently defined. A 
distinct advantage of the SI is that one and 
only one unit is designated for each quantity. 
Multiples and submultiples may be obtained 
by the use of approved prefixes (most of 
which are in common usage). 

Review of previous issues of Information 
Display clearly indicates the difficulties that 
can be encountered when more than one sys­
tem of units is employed. The latter is par­
ticularly true in an interdisciplinary science 
or technology such as displays. Lens and 
certain other optical dimensions are generally 
metric, but screens, equipments, and room 
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distances are measured in feet, inches, or 
yards. Illuminance may be stated in foot­
candles or in lux ( meter-candles). Ambient 
temperatures are often given in degrees 
Fahrenheit, but equipment temperatme rise 
or exhaust temperature may be in degrees 
Centigrade. It is certainly true that many 
units are easilv converted from one svstem 
to another. Cm~version factors, however, 'leave 
much to be desired. There exists always the 
potential error due to an extra manipulation. 
Theoretical and exp erimental inconsistencies 
may make conversion more complex than may 
be superficially evident. Finally, a consider­
able practical expense is encountered in stand­
ards, equipment, and time loss when main­
taining a multi-system set of units. 

One might legitimately ask how investiga­
tors and designers in display can influence 
such a fundam ental problem as systems of 
units and quantities. The answer is based 
quite simply on the fact that a language is 
only as pm.verful as the extent of its utiliza­
tion. The task is not to create or standcu·dize 
a new system, but to use one which has al­
ready been internationally sanctioned and 
has been adopted in this country by no less 
an organization than the National Bureau of 
Standards for use by its staff. 

The question concerning the SI is not "if", 
but "·when". Every scientist and engineer en­
gaged in the display field has an opportunity 
to assist in an early general accept<mce of 
the International System of Units. 

R UDOL PH L. KUEH N 
Publications Chairman. SID 
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Energy Transfer fro111 CRT 
To Photosensitive Media 

Summary 

A method is presented for determining 
the degree of "fit" to be expected between 
the cathode-ray tube, as the source of 
radiation, and a photosensor for subsequent 
display or data processing. Four most prom­
inent photo-recording phosphors have been 
matched with the two basic emulsions to 
derive a set of transfer indices from CRT 
to film. Similarly, two of the phosphor 
types have been matched with two promi­
nent photocathode types to yield similar 
transfer indices from CRT to photomulti­
plier. Specification incompatibility and un­
certainty have been eliminated by stepping 
back to the power input to the cathode-ray 
tube as the source of energy, and tracing 
the power losses through the phosphor and 
the optics in corresponding units. 

Precaution regarding phosphor decay 
rates, spectral incompatibility, and interven­
ing elements has brought to light the dan­
ger of neglect of such factors. Power trans­
fer equations are developed having indices 
which may be directly extracted from sev­
eral tables. The ease with which reliable 
design conclusions may be reached is dem- ' 
onstrated. 

Introduction 
Photosensitive elements are of two 

forms: For recording or image transfer, 
such as photographic film and Kalvar; 
or as active elements of the system, such 
as phototubes and photomultipliers. 

Both problems of achieving useful en­
ergy transfer are closely related : For 
film, adequate density beyond fog; for 
photose nsors, adequate signal beyond 
noise. To the communications specialist, 
this is really one concept: Achievement 
of adequate signal-to-noise ratio. In the 
following analysis, we shall attempt to 
predict this importan t parameter. 

Although the combination of CRT and 
photographic films appears to blend so 
well(l>, new system demands of speed 
and resolution are constantly penetrating 
into unknown prior art. The long history 
of photo-recm·ding from the CRT has 
only recently provided a unified ap­
proach to this energy transfer prob­
lem<2>. This p rocess will be traced , al­
ways keeping in mind that we are neith ­
er referring to a particular CRT, nor to 
a particular sensing medium. The ap-

( 1 ) Kalvar and diazo proct·S.'\es r eq uin• ltpproxi­
rnately 1 mill ion tim('S the energy of silver 
halidP cmul.~ions to nchievc ad equate e xpo­
su re. 

( 2) L. Beiser, "A Un ifipcJ Approach to Photo­
,graphic RPcordinl! from the Cathode - Rav 
Tuht.•, '' Photographic Science and Engineel:­
inl!, Vol. 7, No. 3 , pp. 196-204, ~la)•-June, 
196.1. 
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by Leo Beiser 

proach is sufficiently general to permit 
application to any new radiation source 
and any new photosensitive element. It 
is thus extended to predict the signal-to­
noise ratio in CRT-Photomultiplier "fly­
ing-spot" scanning. 

Photographic Emulsions 
Any attempt to estimate film sensi­

tivity to radiation from a CRT is seri­
ously hampered by specifications of both 
CRT or film: The earlier definitions (lu­
mens, lamberts, and candles) were re­
lated to response of the human eye. 
Since most useful instrumen tation spec-
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tral r egions are outside thi s limited 
range, the cathode ray tube luminance, 
in foot-lamberts, and the photographic 
exposure, in meter-candle-seconds, are 
incompatible. Instead, a set of power or 
energy units is required. 

Some film sensitivities have been 
rated in ergs per square cent imeter of 
spectral radiation necessary to raise the 
emulsion density(3) above the residual 
film fog<4> by a specified amount. This 
energy rating may also be derived from 
the "Spectral Sensitivity Curve" now 
available for many film emulsions. This 
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FIGURE 1: Relative emulsion response. 
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curve plots the reciprocal of Exposure 
( in ergs/cm2) vs. wavelength, typically 
for a density D = 1 above gross fog. 
Since density is a logarithmic value, a 
density of 1.0 above fog represents a 
10:1 range of opacity, or contrast. <S) 
Sin c e higher gamma (6) is generally 
achieved at the expense of processing 
time, it is important to provide sufficient 
actinic energy to the emulsion to pene­
trate beyond the "toe" of the low-level 
non-linear portion of the transfer char­
acteristics. 

The basic sensitivity of silver halide 
photographic films is in the blue-violet 
region of the spectrum. (Non-Color Sen­
sitized Response, Figure l. ) I t extends 
from 0.34 P. to 0.50 P. and includes al­
most all the energy radiated by the P-16 
phosphors. By sensitizing the silver hal­
ides with selected dyes, the spectral re­
sponse is extended to the longer wave­
length , resulting in two general new 
classes: Orthochromatic and panchro­
matic. 

The typical orthochromatic ( ortho ) 
response extends to about 0.59 P. (Fig­
ure 1 ) and, therefore, includes almost all 
the energy radiated from our selected 
phosphors. Most valuable for human use, 
but not for CRT recording, is the pan­
chromatic (pan ) emulsion which exhib­
its a relatively smooth response well out 
to 0.65 f', thereby, including most of the 
reds. 

Photosensors 
vVe shall now extend our analysis to 

energy transfer from CRT to the photo­
multiplier. This combination is frequent­
ly employed in "flying spot" scanning 
applications in which a uniform CRT 
raster is imaged on a transparency. In 
this "transmission" mode, condensing 
lenses collect the in tensity-modulated 
light and transfer it to one or more pho­
to multipliers. Or, when imaged on an 
opaque surface, in their "reflective" 
mode, the uniform light is re-radiated 
(generally diffusely) with corresponding 
intensity-modulation and again collected 
and transferred to one or more photo­
multipliers. 

It is worthwhile, at this point, to re­
view the optical system considerations 
which detennine application of "trans­
mission" modulation or "reflection" mod­
ulation. It will be clarified, from subse­
quent signal-to-noise analysis, that there 
are fundamental constrain ts which must 
be satisfied for either case. In the trans­
mission" mode, almost all the light flux 

(3 ) D<'nsit~-;--= - log.n opacitY = ln~t;-;---­
intt·nsih· of inc id l' lll radiat icm 

intt~nsi~~f transmitlt•cl rad iatio-;; 
( -1) Fo'.! = rt'S idual o pac ity of utwxposi:'d e mul ­

sinn aftt'r dt•vt•lopnwnt. 
(.5 ) Con trast is ~t·•wr:dly an nrithnu•tic ratio. I f 

!.!iv t•n in loJ,!arilhmic lt·nns , tlwn dirft·n·nc«: 
ht'tWt'f'll nwximum and lllininHnn (_b.'nsity is 
th e.· cont rast. 

([l) Gamma ( ,~ ) is tlw .'ilopt• o r tht· s traight-line 
portion of tlw 0 lot! E chamctc.·ristic , or 

d (D ) 

d ( In)! E) 
max; wlwn• E is c.h·ritu·tl in ('II -

•·rcr 11uits. 
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which is transmitted by the "film" sur­
face may be collected by a condensing 
lens and transferred to a photocathode 
for conversion of the intensity-modulated 
radiation to a corresponding current vari­
ation. In the opaque "reflective" mode, 
the re-radiation is generally diffuse, re­
quiring another large-aperture optical 
system to collect a new solid angle of 
radiant flux. The difference in efficiency 
is analogous to the more commonly-ex­
perienced distinction between optical 
projection of transparencies and opaque 
projection. 

Subsequent discussion regarding optic­
a l transfer will assign quantitative values 
FIGURE 2: Phosphor spectral power output. 

ID Papers 
All manuscripts submitted fo r publication 
in Information Display should be addressed 
to: R. L. Kuehn, Publications Chairman, 
1831 Seadrift Drive, Corona Del Mar, 
California. Authors are requested to en­
close a recent photograph and up-to·date 
biography. If illustrative material accom­
panies text, suitable stiffening should be 
used to protect artwork and photographs. 

to this factor. 
System Integrat ion 

Fi lm Recording 
In Figure 2 a re plotted the normalized 

relative responses of four phosphor types 
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useful for film recording. Since most of 
their radiant energy is confined to the 
0.36 to 0.60 micron region, we narrow 
our interest to the non-color sensitized 
and orthochromatic emulsions. 

If both emulsion curves are normalized 
at their most prominent common maxima 
of 0.4 microns, this group of 6 character­
istics ( 4 phosphors and 2 emulsions) 
describes the major problem. 

A 

J 
00 

a = o 

fore, be numerical as follows: 

A A. B>.. 
dA. ------

A max 8 ma x 

I A>.. 
d>.. 

A max 
0 

, (m > n) 

If __ >.._ = relative phosphor radiation 
A max 

at wavelength A., 
00 

then, NA = j 

Although the phosphor radiation 
may be approximated by a Gaussian 
distribution, no s imple analytic ex­
pressions exist for the emulsion re­
sponses. The integration will, there-

over a ll equal significant 
increme nt s , 6. >.. . 

When each phosphor response is mul 
tiplied by a selected emulsion respons 
for all combinations of four phosphat 
and two emulsions, eight new curves ar 

0 TABLE I 
radiant power over all wavelength. 

B 
Similarly, if __ >.._ = relative emulsion 

Phosphor Emulsion Transfer Efficiency, a 

8 max Phosphor Type P-16 P-5 P-11 P-24 
sensitivity at wavelength A., 

anc 0.95 0.68 0.50 0.15 

a oc 0.93 0.87 0.87 0.81 
then, NB 

0 anc transfer efficiency with non-color sensitized emulsion 

auc transfer efficiency with orthochromatics emulsion 
emulsion response over all wavelength. 
The relative transfer of radiant energy 
from phosphor to emulsion may be 
expressed as 

(All values based upon normalized emu lsion response at 0.4 micron) 
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deri\'ed, illustrated in Figures 3, 4, and 
5. Figure 3 shows the effect of the two 
emulsions upon a P-5 phosphor; Figure 
4 illustrates the modification of P-16 and 
P-ll phosphors; and Figure 5 the effect 
upon P-24 phosphor response by the 
same two emulsions. Table I summarized 
the results. 

\\'hen a is multiplied by other trans­
mission efficiencies, by input power den­
sity, and by the time of exposure, the 

product yields the energy density avail­
able for photorecording: 

77af3 KP r 
E - x 107 ergs/ cm 2 

A 
Where, 

17 - phosphor conversion efficiency 
(Table VI) 

a s pectra l transfer e ffic iency 

FIGURE 4: Relative spectral responses, P-16 & P·ll phosphors as modified by non-color sensitized and 
ortho emulsions. 

Phosphor Characteristic 

1.0 

Response To 
Sensitized 

I 
~ 

~ 
Response To Ortho 

~ 
::::> 
0 

lr .... 
;: 
0 
a. 

~ 
::;; 
J: 

.10 ~ 

a:: 
< 
<.:> 
0 
...J 

0 .... 
N 

...J 
<( 

::E 
lr 
0 z 

\ 
\ 
\ 

Phosphor Characteristic 

Response To Ortho 

I 
Response To 
Non- Color 

~I L_ ______ _l ________ .~3L5 ________ ALO--------A~5~------.~5~0------~.5~5~----~.60 

A. IN MICRONS 

1.0 

~ 
::::> 
a. 
~ 
::::> 
0 

lr .... 
;: 
0 
a. 

u 
::;: 
J: 
~ .10 a: 
< 
<.:> 
0 
...J 

0 .... 

/-24 Phosphor Characteristic 

[! -~ r- , 

""\ \ 
\\ I 

'\ 
\ [\ 
\ 

\ 

\ Response -r: Non-Color Se sitized -

I I\ 1-- R espanse 

I \ 
\ 
\ 

To Ortho 

N 
::::; 
< 
::;: 
lr 
0 z 

. 0 I 
.40 .45 .50 .55 .60 .65 

).. IN MICRONS 
FIGURE 5: Relative spectral responses, P-24 phosphor as modi fied by non-color sensitized and ortho 

emulsions. 
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1965 

(Table I) 
{3 · optical transmission efficiency 

(Section 5) 
K - screen uti lization factor 

(Table VII) 
P -= exciting beam power, watts 
T - time over a rea A, seconds 
A .,. scan a rea on phosphor, cm 2 

This available energy is then compared 
with that required for achieving a par­
ticular optical density for a selected 
emulsion. Several interpretations of T 
and A may be employed: 

l. If a line-scan application, then T 
may be the time for one active line 
and the A may be the length times 
effective width of the line. 

2. For a raster scan (array of lines), 
the T may be the total frame time 
(excluding blanking) and A, the 
total raster a rea (if the raster is 
composed of merged lines). If the 
raster lines are not merged, then 
account must be taken of the re­
duction in active area for increased 
"space" between lines. 

3. If a single impulse is to be re­
corded as a "dot ," then T is the 
time of application , and A is the 
area of the dot. 

The phosphor rise and decay times do 
not appear in this expression, for the 
radiation derived from an element of 
phosphor is to dwell on the elementa l 
emulsion during the entire rise and de­
cay interval, integrating radiant energy 
over the exposure period. One should, 
therefore, choose a phosphor having de­
cay time which is small compared to the 
entire exposure interval; a criterion which 
is readily satisfied . All other factors in 
this expression are subsequently dis­
cussed and evaluated . 

Photomultiplier Signal 
The CRT phosphors employed for 

photomultiplier signal ex traction are 
generally required to exhibit a rapid 
decay-time characteristic to permit fol­
lowing the intended rapid intensity vari­
ations. The P-16 and P-24 types are 
representative of these fast-decay phos­
phors. 

It is fundamental that the photocath­
ode responses generally fall around the 
shorter wavelength regions of the spec­
trum, providing reasonable compatabili­
ty with the radiation from fast phos­
phors. The S-ll and S-20 types are 
representative of these high sensitivity 
photochthodes which are specified and 
designed with light-transmitting glass 
entrance windows . 

Again, we construct a transfer 
efficiency factor, a , this time between 
phosphor and photocathode, as follows: 
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TABLE II 

Phosphor-Photocathode Spectral Transfer, " 

a 

Phosphor Type P-16 P-24 

070 

0.90 0.73 
and a rrive at a numeric a pproximation 
for non-analytic expressions: transfer efficiency with S-11 photocathode 

transfer efficiency with S-20 photocathode 

(all values referenced to maximum radiant sensitivity of photocathode) 

, (m ~ n) 

s umming over all equal significant 
wavelength increments, 6.>... The A's 
again represent phosphor radiation, 

while the C 's now represent the photo­
cathode sensitivi ties . 

Illustrated in Figure 6 are the re-­
sponses of S-11 and S-20 photocathodes, 
while Figure 7 demonstrates the effect 

upon P-11 and P-24 spectral outputs by 
each of the photocathode spectral re­
sponses. Again, the a rea under the modi­
fied curve divided by the area of the 
miginal curve represents the transfer ef­
ficiency, a-. 

When a- is multiplied by other trans­
mission efficiencies and by the inp ut 
power, we ob tain the power delivered 
to the photocathode, 

P., == P .. a- F K 
Where 

P .. == phosphor rad iant power, 

FIGURE 6: Spectral responses of S-11 & S-20 photocathodes. 
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watts 
a- = ph osphor-photocathode 

tral transfer 
F = system optical transfer 

efficiency 
K = screen utilization fac:tor 

Since, as before, 
p ., = 7J p 

where 
'I - phosphor conversion 

e fficiency 

spec-

P exciting beam power, watts 
then we obtain 

P., = >1aFKP x 10" microwatts 
Since the rad ian t sensitivity ( Sr) of 

photocathodes is typically specified in 
micruwups p er microw<ltt a t peak sen­
sitivity, the photocathode current is thus 
directly obtained . Although we have not 
yet evalua ted F or K, the course for de­
termination of the signal curren t is now 
clear. This signal current may then be 
compared with the significant noise cur­
rents to establish a signal-to-noise ratio. 

Photomult iplier 
Signal-to-Noise Rat io 
Photomulti plie r Noise 

P hotomultiplier noise powe r may b 
exp ressed as 

where, 

N 
8 

= ampli fied shot noi se power 

Nt =thermal agitation (Johnson) 
noise power 

e = charge on e lectron 
1. 6 x 10 - 19 coulomb 

8 = s igna l bandwidth , 
cy cles / sec onJ 

o = seconda ry emission ratio 
n = number of stages of 

multiplication 
R = load resistance 
I

0 
= photoc urren t 

K = Boltzmann's cons tant 
1. 38 x 10-2 3 watt - sec/ degr 
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An evaluation of N,, the Johnson noise 
component, reveals that its magnitude is 
generally insignificant compared with 
the amplified shot noise. A typical value 
of N, ( for T = 300oK and B = 6 me) 
is 3.3 x 10-1·' watt, while N,, the shot 
noise power is, therefore, discarded com­
pared to the dominant amplified shot 
noise, yielding, 

s;, l1 (s;,l1 + 1 ) 
N = N = 2 eB uu - 1 I R 

s 0 - 1 0 

::: 2 eB o2n + 1 loR 
0- 1 

u _.,_., u or u [ since s;, 2n + 1 '' s;, n f s;, > 2 ] 

Signal-to-Noise Ratio 

The signal power into the load 
resistance , R, is 

When divided by the above-derived 
noise power, we yield the signal-to­
noise ratio 

s 
N 

o 2n I 2 R 
0 

2 eB o2n + 1 Io R 

0 - 1 

whence, ~ = _ro_ 0 - 1 

0 N 2 e B 

The signal-to-noise ratio is shown to 
be independent of the magnitude of the 
load resistance and directly proportional 
to the power available to the photocath­
ode. 

Since I . = radiant sensitivity of pho­
tocathode ( S,) x power available to 
photocathode (P,.) 

Then, in terms of known transmission 
constants, 

S 7J a F K SR P o - 1 

N 2 eB o 

where, 

SR and P a re expressed in equiv­
alent power units; 
F = Frf3v, defined under Lens 
Transmission and Absorption. All 
other terms as previously defined . 

Expressed in decibels, 

N''" = 10 logw (Ns) 
The radiant sensitivity ( S,) of the two 

selected photocathodes, S-11 and S-20 
are listed in Table III. ' 

TABLE Il l 

Radiant Sensitivitoy of 
Photocathode, s, 

Photocathode 

S-11 

S-20 

S,, uA/ u watt 

.05 

.064 

We can compress the signal-to-noise 
expression further by combining the pro­
duct of three terms into a new h·ansfer 
constant. The phosphor conversion effi­
ciency, 11, the phosphor-photocathode 
spectral transfer, a, and the photocath­
ode radiant sensitivity, Sr, may be ex­
pressed as a new factor, the phosphor­
photocathode transfer efficiency, 

were, subscript 

amps (through load) 
watt (electron beam) 

a = phosphor notation 
b = photocathode notation 

For example, the P-16, S-11 combina­
tion yields, 

TABLE IV 

Phosphor-Photocathode Transfer Efficiency, T ... , 

In Amperes (x lO-a) through Load per Electron Beam Watt 

Photocathode 

Type 

S-11 

S-20 
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Phosphor Type 
P'-24 P-16 

0.88 T I 0-11 - 2.08 

1.02 Tl(:-zo = 2.83 

Tll,- 11 = .049 X 0.85 X .05 
amps 
watt 

2.08 10·~ 

·with this notation, the signal-to-noise 
. ratio becomes 

S T, _,, F K P 5 - 1 
N 2 eB ll 

where T •. , = phosphor-photocathode 
transfer elf (Table IV) 

F = optical transmission elf 
(Section 58) 

K = ~creen utilization factor 
(Table VII) 

P = exciting beam power, watts 

ll = phctomultiplier secondary 
omission ratio 

e = charge on electron = 1.6 
x 10-10 coulomb 

B = signal bandwidth, cycles/ 
second 

Table IV summarized this new con­
stant for our selected combinations of 
phosphor and photocathode. ( 11 from 
Table VI. a,., from Table II, and S, 
from Table III ) . 

Lens Transmission and Absorption 
Between the phosphor and the photo­

sensor are optical elements whose sole 
purpose is to economically direct the 
maximum available energy to the object 
p lane with acceptable aberration. 

This optical transmission efficiency is 
composed of two factors: A wavelength­
insensitive transmission factor and a 
wavelength-dependent transmission fac­
tor. 

Let: /3r = fixed or wavelength-insen­
sitive factor ( for photorecording) 

Fr = fixed or wavelength-insensitive 
factor (for flying spot signal extraction ) 

f3,. = variable or wavelength-depend­
ent factor for e ither case. 

Then, for photorecording, 
f3 = f3,f3,. 

and for signal extraction, 
F = F,f3,. 

The transmission loss which determines 
/3r and F r is considered here due to col­
lecting a finite portion of the radiant 
flux. 

Although a limited optical aperture is 
the primary cause of this loss, in wide­
angle applications, two additional factors 
become significant: Reduction of illumi­
nance off axis, and vignetting. The re­
duction of illuminance off axis varies ap­
proximately as cos·' fJ where fJ is the 
angle off axis, while the vignetting must 
be determined from the particular physi­
cal configuration of lens and barrel as­
sembly. 

The complete transmission factor is 
represented by: 
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FIGURE 8: Typical transmittance of uncoated lj 2 -in. thick samples of optica l glass (i ndex of refraction 
in parentheses). 

A. For photorecording 

f3r = cos-l e ve 

1 + 4f2(M+1)2 

where e = off-axis i mage angle 

v e ~ transmission fa ctor due to 
vignettiP g 

f - optica l f-numher . 
M = magnification, image/object 

B. For flyin g s pot scanning, 

where 

F cos4 8 s in 2 ¢ Ve 
f = -~---~~~~ 

2 

o = o ff-a xis lens angle subtend­
ing object space . 

When the lens s ubtends a s mall angle, 
such that s in ¢ = cf> , 

1 1 e ,~.2 Then, F r = - cos '+' V e 
2 

In terms of lens f-number and magnifi ­
cation, 

For photorecording, the compos ite 

optical transfer is 

while for flying s pot scannin g, the 
optica l transfe r i s 

The wavelength-variable transmission 
components f3 ,. is determined from char­
acte ristics of several representative op­
tical glasses ( w· thick) p lotted vs. wave­
len gth in Figure 8. A "corrected" lens 
assembly is composed of compounded 
elements of assorted indices of refraction 
for the control of monochromatic as well 
as chromatic aberrations. Hence, high in­
dex of refraction glass (having poor vio­
let transmission ) must be used. As a 

result. some "quali t~·" l e n .~ as scm b ly 
transmissions are similar to tha t of the 
Dense Barium Flint response of F igm e 
8. The substantial thickness of "Fast" 
lenses degrades transmission as the pow­
er of the multiple of (Jf " ) th ickness . for 
example, a lens composed of 2" of glass 
on axis suffers a loss of ( f3,.) ' · 

Any new lens design should take ad­
vantage of those factors which simplih• 
the assemblv. The svstem <H.·nit,·, in terms 
of resolvable subten~led angle ~f arc may 
be more lenient in CRT optics than in 
photographic optics. Hence, eorrections 
for aberrations mav be achieved with 
simpler lens assemblies with less total 
glass in the optical p ath. Furthermore, 
some 50% advantage may b e derived 
from correcting for chromatic distortions 
only over the limited range of wave­
length operation, rather than the fu ll 
spectrum. Finally, "anti-reflective" coat­
ings must be optimized in the transmis­
sion band, for they are typically reflec­
tive in the blue and violet regions when 
coated for visual optics. 

Conservation of Energy 
At the CRT Screen 

An electron beam impinges upon a 
fine deposit or lumin escent material. 
Upon impact and deceleration , the phos­
phor is stimulated into luminous radiation 
( fluorescence) , which generaiJy persists 
after the excitation has ceased ( phos­
phorescence) . Only a small percen tage 
of this cathode-derived electron beam 
energy is converted into light flux ( cath­
odoluminescence ) wh ile the balance dis­
sipates mainly as heat. Light flux, meas­
ured in lumens, is energy per unit time 
p assing through a surface; dimensionally 
equivalent to power. 

Conservation of energy establishes this 
radian t light flux. Over a given period 
of time, the power which originates in 
the electron beam of a given current, ac­
celerated through a given potential, is 
also conserved. The potential difference 
determines the fin al velocitv, hence, the 
impact conditions which establish radia­
tion. 

cos-! 8 Ve M2 

8f 2 (M+ 1) 2 

TABLE V 

The di s tinction be tween f3r and 
F f is that between radiant density 

Cf3r) in powe r per unit area , and th e 
radiant flux (F f) in power uni ts . For 
photorecording, it is the power den­
s i ty which exposes the e lemental 
emuls ion a rea, while for flying s pot 
scanning, i t is the tota l power which 
determines the s igna l c urrent . They 
a re re la ted as, 
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Beam 

Efficiency Factor, ''"• as Fraction of Beam Energy Transmitted through 
Aluminized Coatings of Varying Thickness, for Three Values of Beam 
Voltage 

Aluminum Film Thickness, A 

500 1000 2000 

30 0.98 0.96 0.93 
Voltage 20 0.97 0.93 in 
Kilovolts 10 0.87 0.77 

5000 

0.85 
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In aluminized screens, some energy is 
absorbed at this fine reflective coating, 
while a residue of the electron beam 
penetrates the phosphor and dissipates 
in the glass wall. Over a given set of 
operating conditions, these two factors 
are relatively constant, since h igh resolu­
tion cathode-ray tubes operate at poten­
tials which are confi ned to a narrow 
range. 

A conventional (visible) phosphor sur­
face is diffuse due to the random settling 
of the particles which scatter and re­
radiate the light from the bombarded 
point. In extremely high r esolution ap­
plications, where scattering cannot be 
tolerated, a "vapor-reacted" phosphor is 
formed directly on the faceplate, and is 
homogeneous and invisible when pol­
ished. However, in the 'transparent" 
screen, much of the light flux is edge­
conducted b y the glass walls, draining 
radiation from the point source. 

Phosphor Efficiency 
The electron beam imparts its total 

energy to the phosphor area. The frac­
tion which d issipates as heat in the fine 
aluminum coating may be derived from 
Table V. 

Since the aluminized surface can re­
flect a maximum of 50% of the total 
luminous radiation, the aluminum elec­
tron tr a n sm ission efficiency must b e 
greater than 0.50 to be useful. The cross­
over in efficiency by virtue of aluminiz­
ing is rapid, and the sh aded area of 
Table V denotes the combinations of 
thicknesses and potentials which will 
yield no practical gain by aluminizing. 
On the oth er hand, operation between 
20KV and 30KV with aluminum thick­
nesses between 500 A and 200 A results 
in excellent transmission of energy, and 
hence, a gain of almost 2 in useful radia­
tion. 

TI1e electron penetration into and be­
yond the phosphor layer must also be 
controlled. If the phosphor layer is too 
thick, no energy will be lost in the glass, 
but light flux will be absorbed b y phos­
phor. If the layer is too thin, almost all 
radiated flux will be useful, but much 
electron b eam energy will be dissipated 
as heat in the glass. 

Since electron beam penetration varies 
almost as the square of the accelerating 
potential, a relatively narrow range of 
potentials exist over which maximum 
phosphor efficiency may be achieved. 

When th e CRT is designed for a p ar­
ticular range of operating potentials, and 
th e optimum screen thicknesses are main­
tained, we can predict luminous output 
for a given power input by considering 
phosphor efficiency constant over the 
limited operating range. 

The straight line equation for lumin­
ous output is , therefore, L = '' I (V .. -
Vn) , 
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TABLE VI 

Radiant Equivalents for Four Selected Phosphors 

Luminous 
Equivalent Absolute 
(Radiated Efficiency, ., 

lumens per (Radiated 
Phosphor radiated watts per watt 

Type watt) excitation) 

P-16 2.5 0.049 

P-5 90 0.025 

P-11 140 0.10 

P-24 360 0.025 

TABLE VII 

Typical Screen Utilization Factors, K, of Four Screen Processes 

Screen Process 

Coarse Settled Aluminized Screen 

Fine-Grain Settled Alumin ized Screen 

Vapor-Reacted Screen - unpolished 

Vapor-Reacted Screen - pol ished 

where, 
., = intrinsic luminous efficiency, 

lumens/watt 
I = beam current, amperes 
Vu = operating potential, volts 
V,. = potential at which output ap­

proach es zero due to loss in 
aluminum film, volts 

In a well designed tube, V .. is ch osen 
so that at least 90% of the beam energy 
p enetrates the a luminum, while V, is 
that potential at which penetration is 
about 50%. (Cross-over of aluminizing 
usefulness.) A significant uniformity of 
d ata permits the application of a simple 
efficiency index over a w ide range of 
conditions. 

Table VI p resents the corrected phos­
phor effi ciency ( '') directly in watts 
radiated per watt excitation 7 fo r the four 
selected phosphors. This is the factor 
which is to b e inser ted in to the energy 
transfer equations for photorecording and 
for photomultiplier signal extraction. 

The Luminous Equivalent ( tabulated 
in lumens per radiated watt ) is derived 
from th e experimentallv established spec­
tral response. 8 It indicates the correspon­
dence between the radia ted spectral en­
ergy and the spectral response of the 
human eye; the ratio of the luminous 

Util ization Factor, K 

1.0 

0.5 

0.3 

0.1 

equivalent to 680 denotes the proportion 
of radiant energy to which the human 
eye will respond. Note that P-16, with 
its major contribution at the short wave­
length end of the spectrum exhibits less 
than 1% of luminous equivalent of the 
clearly green P-24 ph osphor. 

The mechanical application of the 
phosphor screen material often deter­
mines radiation efficiency. A polished 
transparent '·vapor reacted" screen radi­
ates about one tenth of the usefu l light 
or the conventional settled phosphor 
screen. If left unpolished, this figure may 
be trebled . These screens exhibit high 
overload resistance due to the intimate 
contact between the ph osphor and the 
glass, providing high thermal conduction. 
But much of the light is totally reflected 
between the polished surfaces of th e 
phosph or layer and the glass. 

Furth ermore, the extremely small crys­
tal size yields a reduced number of im­
purities or lattice defects per crystal, 
offe ring fewer radiation-producing re­
combinations at these lum inescent cen-

( 7 ) .. Typicnl Ahsnluh• Snc·ctral Response - Char­
;ldc:>ris tics of Alnm inizt'd Phosphor Screens," 
Components and l nstrum entation Laboratory, 
Irr Ind11strial L:1hs. 

(8) .J EDEC Publicatio ns No. Hl. " Optical Char­
"CIPristics nf C1thr.dP- Hay Tubes." JED EC 
Elec tron T ube Coun cil, June 1960. 
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ters. Although these s<.:reens a<.:hieve a 
finer spot, with less loss from s<.:attering 
and multiple reflections, redu<.:ed radia­
tion is derived in the direction of inter­
est. Table VII lists the screen utilization, 
K of four typical screen processes. 

Limits of Linearity 
The linear e nergy transfer equation 

L = 'I I (V .. - V,.) = P has been in­
ves tigated, in view of the following ex­
perime ntal and theoretical limitations on 
the range of linearity: 

1. \;vith beam current and anode po­
tential hold constant, (constant 
beam power ) luminous output is 
often a function of spot focus; the 
defocused raster yielding a higher 
luminous output. Thus is indicated 
a variation of efficiency with pow­
er density. 

2 . A plot of luminous output vs. beam 
current tends to saturate a t higher 
currents, and yields lower output 
as scan time is increased. Thus, is 
developed a variation of efficiency 
w ith exposure (energy density , 
'fJ = f (E ) = f (p ,t ,A) . 

3 . A stead v state <.:haracteristic called 
"aging". is demonstrated, h aving 
the fmm 

where, L.. 
L 
c 

1 
L = L.. 

1 + CN 
initial luminosity 
aged luminosity 
burn p arameter, em" 

N = number of electrons de­
posited per em" 
f (T ), (T > t ) . 

Thus, is developed a variation of ef­
ficiency with long exposure time, n = 
f ( ) = f (T ) . 

In cases ( 1) and ( 2 ), the efficiency 
is modified bv instantaneous tempera­
ture, in which . higher bombard ing ener­
gy tends to reduce luminous output. T he 
familiar darkening after extended use, 
along with a corresponding loss in light 
output, also demonstrates case ( 3 ) . It 
is interesting to note that aging chara<.:­
teristics have been shown to be related 
directly to exposure, validating acceler­
ated tests to hasten experimental data . 

Although high resolution cathode-ray 
beams are acce lerated through potentials 
which approach the magnitude of pro­
jection CRT beams, their current densi­
ties are far below those of projection 
technology. Where projection tubes at­
tain average <.:mrents in hundreds of milli­
amperes, the photorecording CRT rare­
ly exceeds currents of a hundred micro­
amperes. In order to achieve the high 
resolution demanded of photorecording, 
the typical 1-mil d iameter beam seldom 
exceeds currents of 10 microamperes. 

On the other hand, a projection CRT 
having a 10-mi l diam ete r beam may well 
attain 1 ampere of peak current. This 
represents a chan ge in power density of 
ai;Jou t 1000 to l. Of course, when the 
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recording situation demands extremely 
high radiation from the CRT at relatively 
low resolution, then allowance must be 
matle for reduction in efficiency due to 
phosphor heating. The da ta provided 
here assumes operation on new screens 
below the temperature of phosphor sat­
uration . Note, too, that the beam power 
is determined by b eam current; not by 
cathod e curre nt. 

The cathode current is often consider­
ably larger than the beam current due to 
losses in limiting apertme which shape 
and reduce the size of the emerging 
beam. Some high resolution CRT's have 
electron guns which operate at almost 
100% effidencv; the fine beam cross-over 
at the cathod~ is imaged , rather than an 
extruded bundle at a limiting apertme. 

Choice of Phosphor 
The Luminous Equivalent listed in 

Table VI (in radiated lumens per radi­
ated watt) is significant if the CRT must 
be viewed or d isp layed. Then a high 
Luminous Eq uivalent (such as that from 
the P-ll and P-24 ) is favored. It is the 
product of Luminous Equivalent and 
Absolute Efficiency which provides an 
index of visual luminous efficiency. F or 
example, the (blue) P-ll radia tes 140 
x 0.1 = 14 lumens per watt, while the 
(green ) P-24 radiates 360 x 0.025 = 9 
lumens per watt (at low excitation den­
sities) . 

Application of the P-16 or equivalen t 
phosphor is almost mandatory when an 
extremely fas t decay time is demanded 
for photomul tiplier signal ex t rac t io n. 
(Note that the phosphor rise time is 
generally an insignificant proportion of 
its radiation time, T ) . An added advant­
age of this blue-11v phosphor is the adap­
tability to non-color sensitized emulsions 
and their attendant freedom from am­
bien t exposure ( fog). The non-color sen­
sitized emulsion permits this advantage 
even with the P-5 and P-ll phosphors, 
but represents too dras tic a loss for the 
P-24 . F or qu<tntitative values, see a .. ,. 

of Table I. 
The P-24 provides a unique freedom 

from burn damage . This heartiness is 
d emonstrated bv test data which indi­
cates that 90% ~f the in itial intensity is 
available from the P -24 after 1 coulomb / 
em" exp osure, while onl y 25% of the ini­
tial intensity is avai lable from the P-16 
after a comparable exposure. After 100 
coulombs/em", the P-24 yields 40% of its 
initial output, while the P-16 only 5%. 
For this reason, the P-16 is sometimes 
burned -in to permit operation over its 
more stable, longer-term in terval. Such 
considerations will markedly affect the 
e ffective value of e ffi <.:iency, 11, which 
has been specified in Table VI for fresh 
phosphor. 

To provide quantitative va lues for rela­
tive stability, the number of coulombs/ 
em" necessary to reduce L to J~ L .. ( aging 

characteristic) are as approximately as 
follows : 

P-16, 0.1 ; P-ll, 17; and P-24, 34 
These are th e equivalent values of am­

peres per second, over the scanned area 
of one em~ . F or example, 1 I'A beam 
current over 1 square em for 1 million 
seconds (about 5 weeks at 8 hours per 
day) would represent 1 coulomb/ cm2 

of exp osure. 

APPENDIX 
The Quantum Yie ld Factor 

Planck's radiation law states, 
hs 

E = lw =-
A 

where h Planck's constant 
v frequency of rad iation 
c = velocity of light 
A wavc:lcngth of radiation 

In terms of electron-volts of energy, eV, 
he 

it should require V =- volts per photon ' 
Ae 

to stimulate a phosphor into radiation at 
wavelength A. 

Substituting for known constants, 
h = 6.62.'5 x 10·" ~ erg-sec 
c - 3 x 101" em/sec 
c - 1.6 x 10·1 " erg 

we find that for every micron of radiation, 
1.24 

we require an input energy of -- electron 
AI' 

volts per photon eV liberated . 
where A I' = wnvelength in microns. 

Conversely, if the radiator were absolute­
ly efficient, it would liberate 

"A.!t 
'I max = 1.24 photons per eV. 

Fo rcxample, the P-ll phosphor with peak 
rad iation at 0.64 p. should liberate 

0.46 . 1 I \' 'fJ max = 1.24 = 0.38 p 1otons e . 

Table VI indicates, ho"·ever, that only 
0.038 photons per electron volt arc liberated, 
denoting an absolute efficiency of 

'f) = 0.038/0.38 = 0.1, 
corresponding to the value listed for 'fJ in 
the same Table. 

Multiplicat ion of the <1uantum yield factor 
by the accelerating potentinl in volts results 
in an efficiency rating of quantum yield in 
photons per electron. This, in turn, may be 
in terpreted in terms of measurable quantities 
by applying the conversion, 

1 amp = 1 coulomb/sec = 6.28 x 10 1 ~ 
electrons/ sec. 

whence, 
l I' A = 6.28 x 101" electrons/sec. 

foor V = 27KV, the P-11 phosphor yields 
27 x 10" x .038 = 10" photons/electron. 
At 2 I' A beam cu rrent, it will radiate 

6.28 x lO'" x 2 x 10" = 12.6 x 10" photons 
/ sec. 

A given exposure in seconds then yields 
the total energy rad iated by the phosphor in 
photons. 

Bibl iography 
CRT Phosphors & Screens 
l. F. J. Stutler and D. A. Cusano, "Trans­

parent Phosphor Coatings," J.O.S.A., 
Vol. <15, i'\1. 7, pp. 493-497, July, 1955. 

0 Thc photon is the plane-wave qnantulll 
( hv) of radiant energy. 

(Continued on page 75! 
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Applications Guide to Display 
Storage Tube Para111eters 

Summary 
Dis play storage tubes a re finding 

wide use in mi litary and commercial 
a pplications because of their unique 
adva ntages over cathode ray tubes. 
The parameters used to describe 
display storage t ube performance 
are defined and the inter-relations 
between the different parameters 
are exami ned. The three features 
of display storage tubes: brightness 
integration, controlled d is play per· 
s is tence, and high display brightness 
a re explained in te rms of tube 
pa rameters and system require· 
ments. 

Introduction 
This article deals with tube para­

meters of d isplay storage tubes utilizing 
nonequilib rium writing by means of sec­
ondary emission and transmission-con­
trolled viewing. 

The d isplay storage tube is a device 
which utilizes a dielectric stu·b ce, one or 
more write guns to store, and a view­
ing gun to display in tensity and deflec­
tion modulated signals. The dielectric 
surface, deposited on a metal mesh, 
called the backing electrode, is the vital 
tube element. Its secondary emission 
ratio is the phenomenon upon which 
tube operation depends. F igure l is a 
cross section of a typical display storage 
tube showing the physical location of 
the various tube elements. Figure 2 is 
the secondarv emission curve for mag­
nesium fluoride, one of the commonly 
used d ielectric surface mate rials. 

\Vriting is accomplish ed b y scanning 
the dielectric surface with a modulated 
electron beam of an energy such that 
the dielectric surface secondarv emission 
ratio is greater than one, th~1s storing 
a positive pattern. 

The viewing or flood gun is usually 
operated continuously with the cathode 
slightly negative to the backing electrode 
potential; electrons from this gun are 
modulated by the stored pattern on the 
dielectric smface to prod uce a corre­
sponding brightness pattem on the phos­
phor viewing screen. This mode of 
operation is known as transmission con­
trol and is used in the majority of cur­
rently available tube typ es. 

E rasure of the stored charge pattern 
is accomplished by either b ringing the 
backing electrode to collector potential 
(priming) or b y applying a positive 
pulse train of low amplitude to the back­
ing electrode. Either method w ill bring 
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FIGURE 1: Cross-Section View. 

the dielectric surface to viewing cathode 
potential through th e mechanism of sec­
ondary emission. 

Three features which give display 
storage tubes an advantage over cathode 
ray tubes are : firs t, brightness integra­
tion of repetitive signals for signal-to­
noise imp rovement and threshold de­
termination; second, controlled display 
persistence; and third, high display 
brightnesses for viewing in high illumina­
tion ambients and for use in projection 
applications. 

To fully explore the features above it 
is necessary to review the various tube 
parameters and the ir inter-relationships : 

Writ ing Speed 
W riting sp eed is the maximum scan­

ning speed at wh ich a raster can be 
written to a speci fied brigh tness in one 
fram e. A complete specification of writ­
ing speed will contain the measured 
value in inches per second, the written 
brightness level and the beam current 
or grid drive used. Writing speed is a 
function of the die lectric thickness, the 
writing beam density, and the transm is­
sion of the collector electrode. 

Saturati on Brightness 
Saturat ion brightness is the maximum 

display brightness tha t can be obtained 

Grid 2 } 
G 'd I F l oo d 

" G u n 

/ Ca t hode 

Deflect io~ I 
Elec t rodes J 

Gr id 4 

Grid 3 

Wri t e 
Gun 

with a given tube at the specified screen 
voltage. \"'ritten brightness is usually 
expressed as a p ercentage of saturation 
brightness. Saturation brighb1ess is a 
function of flood beam density, the col­
lector and backing electrode transmis­
sion, and the screen voltage. 

Erase Time 
Erase time is the length of a single 

rectangular pulse of an op timum ampli­
tude that is required to erase the tube 
from satura tion brightness to a given 
percentage of saturation. This parameter 
is directly related to the controllable 
persistence feature of display storage 
tubes. Erase time is a fun ction of the 
dielectric thickness, flood beam density, 
and th e t ransmission of the collector 
electrode. 

Storage (Viewing) Time 
Storage time is the time for the screen 

brightness to go from cutoff to some 
specified percentage of saturation bright­
ness. Storage time is limited by ion 
bombardment of the die lectric surface 
and represents the maximum useful per­
sistence und er the normal mode of opera­
tion . Storage time can be extended up 
to several hours through different modes 
of operation although any increase in 
storage t ime is accompanied by a cor-
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responding decrease in writing speed 
and saturation brightness and an in­
crease in erase time. Storage time is a 
function of tube vacuum, dielectric thick­
ness, flood beam density and collector 
electrode transmission. 

Resolution 
Resolution is the maximum number 

of raster lines that can be distinguished 
per inch. Write gun spot size and the 
collector and storage electrode pitch 
(mesh lines per inch ) affect resolution. 
In general, an increase in mesh pitch 
or a decrease in write gun spot size will 
impro,·e resolution. A change in mesh 
pitch, however, is usually accompanied 
with a change in mesh transmission so 
that all the above parameters (i.e. writ­
ing speed, saturation brightness, erase 
time and storage time ) are affected. 

A complete sp ecification of resolution 
will contain the measured value and the 
brightness at which this value was 
measured. 

Uniformity 
Uniformity is a measure of the dif­

ference in writing brightness across the 
d isplay area for a given writing speed 
and grid drive; the I.R.E Standards de­
fine two types of non-uniformities: dis­
turbance and shading.' Uniformity is 
affected by mechanical alignment of the 
mesh screen sec:tion of the tube and by 
the electron optics of flood gun collima­
tion. Non-uniformity is greatest for very 
high writing speeds and large display 
diameters. 

Usab le Levels 
Usable levels are brightness levels, 

each related to a different input, that 
can be distinguished from one another 
regardless of location on the storage 
surface.1 The number of usable levels 
is limited by the tub e uniformity and 
system operation. 

For applications where the maximum 
number of usable levels is desired, the 
writing speed sh ould be specified as the 
minimum value necessary for system 
operation so as to optimize the useful 
writing control grid range. 

Recent development of a high con­
trast display storage tube has increased 
the maximum number of usable levels 
by a factor of two so that quality TV 
displays may now b e obtained with d is­
play storage tubes.~ 

Display Diameter 
The display diameter is the maximum 

display that can be obtained with a 
given size tube (e.g. a 5 inch storage 
tube usually has a 4 inch display di­
ameter ) . The specification of the dis­
p lay diameter is fully determined by 
system requirements. 

In general, as the display diameter is 
increased, resolution, uniformity, satura­
tion brightness and environmental limits 
are decreased. 
42 
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FIGURE 2: Secondary emission ratio of target. 

Because many of the above tube para­
meters have common independent varia­
bles (e.g. dielectric thickness) or are 
dependent vnriables of another p ara­
meter (e.g. usable levels is dependent 
upon uniformity), a change in one 
variable to optimize nny given para­
meter will necessarily affect several 
other parameters. Table 1 lists all dis­
play storage tube parameters that are 
affected when any other parameter is 
optimized. The majority of these trade 
offs are not serious unless the optimized 
parameter is to be n "state of the art" 
value. The ranges of various parameters, 
indicated by current data sh eets, is sum­
marized in Table 2. 

The three advantages of display stor­
age tubes: brightness integration, con­
trolled display persistence, and high dis­
play brightness can now be examined 
to show how to specify the various tube 
parameters to satisfy system require­
ments. 

Brightness Integration 
During the integration process the 

infonn'ation element is first written to 
a given fraction of saturation brightness: 

Bj SB = ( 1 - e·kt ) 

where t is the t!well time on each ele­
ment per frame and k is a cons tan t 
which can be expressed in terms of writ­
ing speed. In most applications using 
the integration capability of the dis­
play storage tube, the time between 
successive writing of an information ele­
ment is much less than the controlled 
persistence of the tube so that the 
signal, when rewritten, is sum integra ted . 

The envelope of an integra ted bright­
ness curve can be represented by the 
formula: 

B = SB [1 - - elF ln(l - y/ IOU>J 

where H is the in tegrated brightness, 
sn is satmntion brightness, y is the 
percent of satmation brightness to which 
writing speed was specified nnd IF is 
the brightness in tegration factor. 

The b rightness integration factor is a 
function of display sweep speed and is 
equa l to: 

IF = (t) (writing speed) / line width 

where t is the dwell time or writing 
time per informntion element, and line 
width is the reciprocal of resolution. For 
pulsed systems the dwell time per ele­
ment is CCJual to the received pulse 
width, for continuous systems the dwell 
time is equal to line width/ sweep speed. 

Figme 3 is a plot of integrated bright­
ness ( B) versus the brightness specified 
for a given writing speed ( y) for bright­
ness integration factors of one through 
six. This figure and the original formula 
have been found accurate for values of 
y greater than 30. 

From the formu la or Figme 3, the 
display systems engineer, knowing the 
required tim e base speeds and display 
brightness desired, can calculate the 
minimum writing speed req uired of the 
display storage tube. 

Controlled Display Persistence 
After an element is scanned and writ­

ten to some level, the decay in bright­
ness is a funct ion of the erase time of 
the tube. Using a rectangular pu lse 
tn1in of the same amplitude as the single 
pulse used to measure erase time, the 
persistence is very nearly: 

Persistence = erase time/ pulse train 
duty cycle 
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For small values of duty cycle ( i.e. 
less than .0 J ) , the amplitude of the 
pulse train must be increased to achieve 
the persislt:nce given in the formula as 
ion bombardment of the d ielectric in the 
interval between pulses raises the di­
electric level significantly. Low duty 
cycle pulse trains are desirable as writ­
ten information is lost during erase pulse 
up time. 

For different modes of operation, the 
persistence can be varied by program­
ming either the pulse train duty cycle or 
ampli tude. The former is more easily 
controlled and is recommended where 
practical. The effect of varying the 
amplitude of the erase pulse train upon 
persistence is decidedly nonlinear." When 
the minimum erase pulse amplitude is 
used, the maximum writing speed of the 
tube can be realized. 

Where it is desirable to present both 
smear free TV type displays and long 
persisten ce displays by programming the 
erase pulse train duty cycle, the erase 
time must be specified as the minimum 
value possible. With current erasing 
techniques, a smear free TV display can 
be obtained with tubes having erase 
times as high as 6 milliseconds. To ob­
tain a 4 second persistence with the 
same tube the erase pulse duty cycle 
required would be: 

duty cycle erase time/ persistence 
.006/ 4 = .0015. 

The erase pulse frequency should al­
ways be chosen greater than the flicker 
frequency for viewer comfort. If a 200 
cps erase pulse frequency is chosen 
for the above case, then a 7.5 micro­
second erase pulse of optimum ampli­
tude would yield a persistence of 4 
seconds. 

A method used to obtain extended 
·persistence and to avoid ion spot build­
up (corresponding to storage time) is to 
modulate the flood gun wi th a pulse 
train of a selected duty cycle. This mode 
of operation yields viewing times from 
several minutes to hours but sacrifices 
brightness in proportion to the duty 
cycle used. The long persistence feature 
of the display storage tube is pmticular­
ly desirable for oscilloscope viewing of 
low frequency phenomena as flicker is 
eliminated and the storage tube replaces 
film as the integrating medium. The dis­
play brightness of display storage tubes 
in an extended persistence mode is quite 
adequate to permit viewing in a bright 
room. 

Display Brightness 
The display storage tube is essentially 

an image amplifier in that the beam 
current required to write the infotma­
tion on the storage surface is less than 
the beam current used to present the 

TABLE 1 

Effects from Optimizing Any One Parameter 

Desired Parameter Affected Parameters 

Writing speed (maximum) Erase time (decrease) 
Storage time (decrease) 
Uniformity (decrease) 
Useable levels (decrease) 
Brightness (decrease) 
Resolution (decrease) 

Brightness (maximum) Storage t ime (decrease) 
Erase time (decrease) 

Erase time (minimum) Writing Speed (increase) 
Storage time (decrease) 
Brightness (increase) 

Storage time (maximum) Erase time (increase) 
Brightness (decrease) 
Writing Speed (decrease) 

Resolution (maximum) Brightness (decrease) 
Writing Speed (decrease) 

Display diameter (maximum) Un iformity (decrease) 
Useable levels (decrease) 

Note : This table lists all affected parameters. Since there are numerous ways to optimize 
any one parameter, the degree of change in the affected pa rameter may or may not 
represent a "trade off" for a given application. 

written in milliseconds and can be 
viewed for several minutes, the gain in 
work obtained is in the order of 10';. 3 

The brightness levels of a display 
storage tube are dependent upon the 
viewing gun beam current, the storage 
surface control curve, and the post-ac­
celeration voltage of the screen. When 
the storage mesh is maintained at a 
potential negative with respect to the 
viewing gun cathode, the display stor­
age tube performs as a low brightness 
CRT. This mode of operation is useful 
as a "stand-by" mode for the display 
storage tube. 
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The brightness to be specified will 
depend upon the ambient in which the 
display is to be viewed, the size of the 
display, and the environmental tests 
which the tube must pass. Average tubes 
for viewing under high ambient condi­
tions have saturation brighb1esses in the 
order of 2000 - 3000 foot lamberts and 
written brightnesses in the order of 
800 - 1200 foot lamberts at their speci­
fied wri ting speed. Due to environmental 
tests requ irements, the screen voltages 
on these tubes are rarely above lOKV. 
Tubes that are to be viewed under low 
<Jr controlled ambien t lighting have dis­
play brightnesses in the order of 50-
300 foot lamberts and most commonly 
use a 5KV screen voltage. 

When brightness is specified the mini­
mum contrast ratio under simulated 
operating conditions should a lso be speci­
fied. Since the background brightness 
of a display storage tube is a function 
of the erase pulse duty cycle: 

Background brightness = Saturation 
brightness/ Duty cycle, the contrast ra­
tio of a display wi ll chan ge if different 
persistence modes are used in a system. 
An exception to this rule is the high con­
trast storage tube where the background 
brightness is constant regardless of the 
persi.~ tence mode.~ 
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SYStem 
deslun ... 

We specialize in designing and 
building custom CRT systems 
to meet exacting precision and 
performance requirements. 

Our modular approach to 
systems design permits low 
cost delivery of single-unit or 
low-volume orders. Beta­
designed plug-in and modular 
CRT circuits, coi l mounts, "opti­
cal bench" tube mounts, etc. 
are typical modules readily 
adaptable to the solution of 
your design problem. 

You benefit from our exten­
sive electro-optical experience 
which helps us attain optimum 
performance with a wide variety 
of tubes. We can also help you 
define these limits and write 
specifications. 

Recent design projects include: 

• Precision film reading and 
print ing displays 

• Militarized sonar and radar 
displays 

• High resolution line scan 
IR disp lays 

• Scan conversion 
• Computer displays 

Your requirements studied at 
no obligation. Call or write: 

e3Beta 
Instrument 
corporation 

377 ELLIOT ST., NEWTON UPPER FALLS 

MASSACHUSETTS I TEL. 617 • 969-6510 

Circle Reader Service Card No. 28 

under high ambient lighting are speci­
fied between 5 and 10 to 1 with the 
tube operated so as to give a persistence 
compatible with system design. 

Summary 
The best results in specifying any dis­

play storage tube are obtained when 
the tube is desired. It is not usual that 
a standard type will satisfy all the para­
meters desired for an application or sys­
tem other than the one for which it was 
originally designed, but often a standard 

type can be modified through variations 
in the manufacturing process to obtain 
the desired parameters with a minimw11 
of development time. 

To illustrate the interrelation of the 
different parameters, three Vlesting­
house display storage tube types are 
examined: WL 7268A, WX 5047, and 
WX 5314. The · display characteristics 
of these types are tabulated in Table 3. 

The \VL 7268A is designed for a 
multimocle airborne radar system. The 

TABLE 2 

Display Characteristics of Current Display Storage Tubes 

Parameter 

Writing speed 
90 percent of saturation 

Resolution 
90 percent of saturation 

Erase time 

Saturation Brightness 

Storage time 
to 20 percent of saturation 

Useable levels 

Display Diameter 

Range of Va lues 

20 - 100,000 in/ sec 

35 - 70 lines/ in 

I - 400 mill isec 

150 - 20,000 foot lamberts 

10 sec - 5 min 

2- 7* 

1.8 - 18 inches 

*Values above four are only obtainable with high contrast display storage tubes. 

TABLE 3 

Display Cha racteristics of Three Tube Types 

wx 5314 7268A wx 5047 Units 

Writing speed (min .) 5000 35,000 400,000 in/ sec 
% of saturation 50 80 40 

Brightness (min.) 200 2500 1200 foot lamberts 
screen voltage 5 10 10 kv 

Erase time (min.) 50 20 10 millisec. 

Storage time (min.) 60 15 10 seconds 
% of saturation ID 70 90 

Resolution (min.) 90 10 10 lines/ in 
brightness level 100 1000 foot lamberts 

Useful levels (min .) 3 4 

Useful display 4 4 4 in. dia. 

Erase uniformity 1.0 1.2 1.0 volts 

No. of write guns 2 

Note: WX number indica tes nonregistered tube type. Para meters indicated are customer 
specifications which are subject to change. 
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parameters desired for the tube are: 
writing speed compatible with the low­
est range to be displayed, erase time 
compatible with a persistence range of 
0.5 to 2.0 seconds, resolution high 
enough for mapping, saturation bright­
ness and contrast ratio compatible with 
viewing under high ambients. The re­
sulting specification was for a tube that 
had 2500 foot lamberts saturation bright­
ness with a 10 to 1 contrast ratio, medi­
um writing speed, erase time, and resolu­
tion. 

Integration on this tube is accomp­
lished by overlapping scans on a "B" 
sweep: in the longest range mode a tube 
resolution of 50 lines/ inch resulted in 
~m integration factor greater than 3; 
when the resolution of the tube was 
increased to 70 lines/ inch the integra­
tion factor, and hence useful displayed 
range, was reduced. The 7268A has 
two writing guns so that radru· infmma­
tion and system symbols can be writ­
ten simultaneously. 

The WX 5047 is designed for an air­
to-ground radar system and optimizes 
resolution and uniformity. High writing 
speed is required for time shared wlit­
ing with a single writing gun and for 
the general requirements of the system. 
The result of optimizing writing speed, 
resolution, and uniformity was the speci­
fication of a tube with a lower satura­
tion brightness and erase time than the 
7268A. The increase in uniformity for a 
high writing speed tube required a 
tightening of mechanical tolerances and 
an increase in cost per unit. The WX 
5047 has also performed satisfactorily 
as an oscilloscope tube. By modulating 
the flood gun, saturation brightness was 
sacrificed for maximum storage time 
while retaining the high writing speed. 

The parameters desil·ed for the WX 
5314 are slow erase time for long per­
sistence displays, long storage time, high 
resolution, and good uniformity. The 
tube is viewed under controlled low 
ambient light levels. The optimization 
of the desired parameters resulted in the 
specification of a low writing speed, low 
saturation brightness tube. ·with the 
low writing speed, the uniformity re­
quirement did not represent a critical 
mechanical problem. 
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... and just about anywhere 

on EARTH 

That's the new 300 Series ££Co­
SWITCH5ID Illumin ated-for visi­
bility under all ambient light 
conditions. Sealed- to protect 
the switch contacts fro m any 
atmosphere. 
Lighted numerals or black numerals 
against an ill u min ate d background 
may be specified for the 300 and you 
can select 8, 10, or 12 switch posi ­
tions with 23 different output codes. 
Lamps used in the new Series are Tl 
flange base (MS-245 1 5) and can be 
quickly removed by simply lifting the 
f lip toggle tab (below) . 

Since the 300 is sealed, it may be 
used in explos ive as well as corrosive 
atmospheres. It's so well made, in 
fact, it meets environmental require­
ments of MIL-S-227 10 and exp losive 
requirements of MIL-STD-2028. 

In addition, the 300 Series incorpo­
rates al l the benefits of basic EECo­
SWJTCH design: 

Easy remova l and replacement ­
only two screws need to be r e ­
moved to release switch module. 

N o hang-up-An exclusive detent 
design provides positive switching, 
p revents any possibility of hang-up 
between positions. 

• " Customized" assemb lies-Spac­
ers and endpieces to fit with switch 
modules permit wide versatil ity in 
assembly. 

• Simple installation-Either printed 
circuit connector or solder te rmi­
nals available. 

DOWN TO EARTH INFORMATION ON THE SERIES 300 E:E:CoSWITCH OR ANY OTHER OF EECo's BROAD 
PRODUCT LINE: OF THUMBWHE:EL SWITCHES IS YOURS FOR THE ASKING. WRITE:, WIRE. OR CALL . .. 

EECoSWITCH®- a division or 

ENGINEERED ELECTRONICS Company 
1441 East Chestnut Avenue, Santa Ana. Cal ifornia 9 2702 
Phone: 547·5651 (714) TWX: 714-531·5522 • Cable ENGELEX 

EECoSwitch is a registered trademark of Engineered Electronics Co. 

• • 
Circle Reader Service Card No. 79 
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This is a moving picture in 6 colors. 
It shows a commander what's happening all over the map. 

While it's happening. 

Imagine. 
A clear, detailed picture of a defense exercise. Events 

happening rapidly over thousands of square miles. 
All the information the command-and-control center needs, 

graphically displayed in any desired size at any number of 
locations. 

In real time, continuously updated by high-speed computers. 
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In enough colors to clearly identify all elements of the 
situation. 

An unlimited range of numbers, symbols and words. Any 
kind of line, straight, curved, irregular. 

Only the information that's essential for a decision. Super­
fluous data removed or restored at will, any portion of the 
display blown up for concentration. The big picture Oi a 
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detailed closeup. 
Small screen, large screen, multiple screens. Any number 

of remote monitors showing all or portions of the informa­
tion on the main display. 

A permanent record, recallable at any time for review and 
analysis, or for problem simulation. 

Extreme accuracy. Extreme reliability. Very moderate cost. 

INFORMATIO N DISPLAY, SEPTEMBER/ OCTOBER, 1965 

The name of this remarkable system is Vigicon. It's made 
up of modules that come off the shelf (our shelf). You can 
have a small system or a huge one. The only difference is the 
number of modules you need to do your job. 

Right now Vigicon is at work in military and space appli­
cations. But lots of other people will use it someday. 

Vigicon's picture of its own future is exceedingly bright. 

NORTHROP 
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Color Vision 
A Brief Introduction 

As an interdisciplinarian one typ­
ically finds oneself in the dilemma of 
seeking the optimum d iscourse level 
which is neither too superficial on 
the one extreme nor too confou nd­
ing on the other. These pages have 
been since their inception dedicated 
towards the exposition of diverse de­
velopments concerned in one way 
or another with human v ision. Here 
is a very brief introduction to vision 
itself pa rticu Ia rly as it relates to 
color. The literature in the field is 
quite extensive, thus only a few 
central references are cited which in 
turn can lead to others. For those 
who have not had the opportunity to 
sepa rtely investigate the visual mech­
anism the followi ng material may 
hopefully provide some further in­
sight in their daily endeavors. The 
already knowledgeable may read on 
with respectfully requested tolerance 
or turn their attention to other more 
promising pages. 

The Physiological System 
The classical human visual system 

consists of the eyes, certain areas of 
the occipital cortex, and the intercon­
necting neurological pathways. An im­
portant property of neural conduction 
which bears directly upon vision, and 
particularly color vision, is the limita­
tion in the character of signal which a 
single axon may transmit. It appears 
that one, and only one, type of informa­
tion may be transmitted along a single 
fibe r. Impulse frequency may vary as 
a function of stimulus intensity in a 
non-linear manner. If the quality of the 
stimulus must also be transmitted , for 
example, the chromaticity of the stim­
ulus, then signals along one or more 
additional axons must be included. 

The retina, located in the focal plane 
of the geometric optics of the eye is a 
structure of individual nerve cells hav­
ing an average thickness of about 300 
microns. Near the posterior pole of the 
eye the retina is somewhat thickened 
in an area called the macula lutea. Cen­
tered in the latter is a small depression 
of somewhat less than ll mm in diameter 
known as the fovea centralis within 
which lies the most sensitive daylight 
vision in both recognition of fine detail 
and in the discrimination of color dif­
ferences. 

Ten layers can be microscopically dis­
tinguished in the cross section a human 
retina. The outermost extensions of the 
first layer of cells are shaped as either 
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Color Vision 

by R. L. Kuehn 

rods or cones. Although it may seem 
awkward that light imaged on the retina 
must pass through most of the struc­
ture to reach the rods and cones, the 
evidence that the latter are indeed the 
light sensitive receptors is quite com­
plete. 

The cones are the principal receptors 
in daylight, or photopic vision. Cones 
permit .the recognition of fine detail, 
probably by serving as individual recep­
tors largely independent of neighboring 
elements. The complete mechanism for 
color vision involves, most likely, only 
cone receptors, since such vision is 
excellent in the fovea where only cones 
are present. In the scotopic, or dark­
adapted eye, only rods are effective 
and then only to produce a brightness 
sensation but not chromatic d iscrimina­
tion. 

It has been the custom to postulate 
the existence of th1·ee varieties of cone 
receptors to conform to early color mix­
fng evidence and consequent theories. 
Polyak in his The Retina, published in 
1941 by the Un iversity of Chicago Press, 
concludes from painstaking microscopic 
studies that all cones are essentially 
alike. H e has, however, clarified the 
synaptic arrangement of the retina so 
that transmission of trimodal patterns 
of nerve impulses, originating from a 
single class of cones, becomes con­
ceivable. 

The Psychologica l System 
The sensory and perceptual aspects 

of color vision are especially important 
in that psychophysical determinations 
depend upon conscious responses to per­
mit the investigations to continue. Color 
experiences are not simply sensations but 
invmiably take place in more complex 
perceptual form . The latter occur in 
varying modalities involving both tem­
poral and spatial inhomogeneities. The 
processes of learning and conditioning 
contribute to the production of color 
:lssociations with feelings, emotions, and 
meanings. 

Color sensation may be defined as the 
primmy oonsc:ious response to excita tion 
of the visual mechanism. Each of the 
characteristics of light- luminance, domi­
nant wave-length, puri ty, extent, and 

duration - has complex effects on each 
of the attributes of color sensation 
brightness, hue, and saturation. 
Luminance 

Brightness is correlated significantly 
with luminance through most of the 
range of responsiveness of the visual 
mechanism (about 10·5 to 105 foot-lam­
belt s) . Additionally, several noteworthy 
effects may be observed at different 
levels of luminance. 

If the luminances of chromatic stimuli 
are reduced gradually enough to permit 
corresponding adaptation thmugh meso­
pic' levels, the brightnesses produced 
by long-wave stimuli decrease more 
rapidly than those of short-wave stimuli. 
The peak nf the luminosity function 
moves from about 555 millimicrons to 
510 millimicrons. The absence of dis­
continuity in the shift indicates that the 
rod and cone brightnesses are additive. 
In addition to this systematic shift in 
relative brightness of red and blue, 
there is a progressive decrease to zero 
in saturation for all spectrum colors ex­
cept extreme red, which disappears com­
pletely. With full scotopic adaptation all 
hue and saturation vanishes except for 
the slightly bluish or greenish-blue cast 
often noticed in night vision. The char­
acteristic brightness shift in the lumin­
osi ty function is known as the Purkinja 
phenomenon. Since the latter is influ­
enced by both rod and cone receptors, 
the Purkinje effect is observed with 
perifoveal vision and does not nom1ally 
appear if the test stimuli are confined 
to the fovea. 

At higher luminance levels wholly 
within the photopic range another hue 
shift known as the Bezold-Brii cke phe­
nomenon occurs. When luminance is 
increased, all chromatic colors except a 
certain invariable blue, yellow, green, 
and red appear increasingly like blue 
or yellow and decreasingly like green 
or red. A method of demonstrating the 
hue change experimentally is to alter by 
a factor of 10 or 20 the luminance level 
of one of a juxtaposed pair of spectra­
photometrically matched colors. The 
magnitude of the shift may be equivalent 
1 The transitional region between photopic (daylight) 
adaptation and scotopic (night) adaptation. 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 



to as much as a 10 or 20 millimicron 
change in d ominant wave-length. 

The influence of luminance on satura­
tion is pronounced, even with pure cone 
vis~on and spectrum stimuli. At and 
close to the aboslute threshold all chro­
matic colors except red elicit achromatic 
sensations. The difference between the 
absolute (achromatic) luminance thresh­
old and the luminance at which each 
hue is just perceived is called the photo­
chromic interva l. \Vavelengths longer 
than 650 mi llimicrons evoke both satura­
tion and brightn ess at the luminance 
threshold. There is no photochromic in­
terval for reds in the latter category. 
As luminance is increased above the 
chromatic threshold an increase in sat­
uration is experienced, however, the re­
quired luminance for maximum satura­
tion varies witl1 the wavelength. In 
general, the greater the saturation norm­
ally elicited by a color, the lower the 
luminance which arouses the maximum 
saturation in that color. Blues, reds, and 
purples which typically evoke strong 
saturations appear most saturated at 
relatively low luminances. Yellows and 
green-yellows appear most saturat ed at 
relatively high luminances. 

If the luminance of a color is in­
creased progressively b eyond the opti­
mum, the saturation will start decreasing 
and continue to do so to a marked 
degree. At extreme abnormally high 
luminances, total desaturation or achro­
maticity may be approximated , especial­
ly in the case of the less effective spec­
trum colors or with impure colors. 

Wavelengths 
In the visible spectrum and the extra­

spectrum purples, four stimuli evoke 
psychologically simple blue, yellow, 
green, and red hues, respectively. Un­
like cyan, magenta, or most of the dis­
criminable hues, the latter are unmixed 
in the sense that no one partakes of 
the nature of any other. 

The dependence of brightness on 
wavelengths is represented by the lumin­
osity function which is ord inarily plotted 
as the recip rocal of the threshold energy 
versus the wavelength. At ordinary 
photopic luminances the maximum 
luminosity (at about 555 millimicrons ) 
is 680 lumens per watt. Beyond 390 and 
720 millimicrons it is less than 1/ 1000 
of the maximum. The curve g iving the 
CIE photopic luminosity function for 
the standard observer is presented in 
Figure 1. For comparison the curve for 
a scotopic adapted eye is also shown. 

The luminosity curve for the stand­
ard observer d oes not represent a ll the 
facts of cone vision. For example, an 
increase in stimulus area results (even 
within an anatomically homogeneous re­
tin al area) in a d ecrease in threshold 
for a given wavelength. In addition, 
with small foveal areas, the shape of 
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the curve depends on the position of 
the proximal stimulus wi thin different 
parts of the fovea. 
Purity 

The ma in response correlate of purity 
is saturation. The greater the purity, 
the g reater is the saturation. A certain 
minimum purity is required to arouse 
any sensation of saturation Colorimetric 
purity is defined for a mixture of spec­
trum color and white as 

p = llA 
B ... + Bx· 

where BA is the luminance of a spec­
trum color and B,.. is the luminance of 
the white with which it is mixed. It is 
not possible on the basis of the above 
definitional equation to assign different 
values of colorimetric purity to different 
spectrum colors since it is apparent that 
p = 1 for all spectrum colors. 

Experiments on colorimetric purity 
ordinarily have employed two photo­
metric fields, both initially equal in 
luminance, B, and in spectral composi­
tion. The fields contain either a white 
alone ( B = 13,..) or a white used wiili 
a given amount of spec t rum co I or 
( B = BA + B,..). In either case it is 
possible to determine a just noticeable 
difference ~p in purity between two 
fie lds. 
Extent 

The spatial chnrac.:teristic of the color 
stimt;lus commonly known as retinal 
extent, or angular size a ffects the color 
response in a number of ways, perturb­
ing hue, saturation, and brighh1ess. For 
an observer viewing a unifonn chromatic 
surface large enough to fill his entire 
visual field , or nearly so, the hue, satura­
t ion, and brightness of the area are 
substantially uniform. If the stimulus 
surface is reduced to near a degree in 
diameter, the hue, saturation, and bright­
ness wi ll vary consideraby according to 
the retinal region affected. Extreme size 
differences within a dark field produce 
p ronounced brightn ess variations as a 
consequence of adaptation and contrast. 
A small area will appear much brighter 
then a very large area of identical 
luminance. 

In the photopic condition there is 
evidence of systematic variations in both 
hue and saturation, starting with a stimu­
lus size of about one degree and in­
creasing toward a maximum determined 
by the retinal perimeter. With larger 
angles, and whether or not central fixa­
t ion is maintained, regional effects con­
tribute to any results due to area. In a 
range up to subtended angles of about 
15 degrees, comparisons of surface colors 
reveal a proportional increase in satura­
tion with area. 

'VVhen sufficiently reduced in size ( un­
d er 10 minu tes of l'isual angle), a cen­
trallv fixated veil ow tes t · object becomes 
white or gra~' i11 appearance; a blue 
object becomes gray or b lack. At even 

smaller sizes, red and green colors also 
a ppear achromatic. Since vellow and 
blue are least d istinguishable. from white 
or gray under all conditions, their chro­
maticitv shou ld d isappear first with a 
reduction in field size. This effect has 
been demonstrated in both peripheral 
and foveal vision. 

Duration 
The retina displays temporal integra­

tion within some fin ite limits. Threshold 
excitation can remain unchanged with 
decreasing luminance of the stimulus 
if the t ime of presentation is increased, 
such that 

l3T = K 

where B is the stimulus luminance T is 
the duration of the stimulus, and K is a 
constant threshold value. The preceed­
ing equation is known as the Bunsen­
Roscoe law and is strictly applicable 
only for short durations of the order 
of 50 mi lliseconds. 

Chromatic color sensations elicited 
by achromatic intermittent stimuli are 
known as Fechner's colors and are read­
ily demonstrated by Benham's top. The 
latter is a disk, h alf black and half 
whi te, with some concentric black arcs 
on the white sector. When the disk is 
spun or rotated under moderate illumi­
nance at about five revolutions p er sec­
ond , a number of weak chromatic rings 
appear. A large variety of chromatic 
responses have been reported, ranging 
from graduated saturation of a single 
hue to a continuous sequence of dif­
fe rent hues in normal spectrum order. 
Adaptation 

Sensory adaptation is an adjustive re­
sponse of the organism to i ts environ­
ment. By its effect on the receptor, any 
stimulus modifies its own effectiveness. 
At any particular time the eye is at 
some general leve l of sensitivity depend­
ing in a complex manner upon the re­
sults of recent past stimulation. The 
adap tation level restricts and determines 
the range of responsiveness. The overall 
range within which the optimally adapt­
eel eye is effective is from about 10·5 to 
10.-. foot-l.lm berts. The scotopic eye can­
not discriminate any luminances less than 
the lower limit ( absolute threshold ), nor 
can the photopic eye discriminate above 
the upper value ( terminal threshold ). 

When a fully light-adapted obsen·er 
is shielded from all light, measurements 
taken at in tervals of time indicate that 
the absolute cone threshold for lumi­
nance falls noticeably for only five min­
utes, whe reas the rod th reshold falls for 
about 35 minutes. \ Vhen the rod and 
cone data are plotted together as a time 
dependent fun ction, the min imum cone 
threshold may appear as a discontinuity 
on the combined curve shown in Figure 
2. 

\,Vhereas progressive dark adaptation 
is accompanied by increasing rod re -
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sponse, the progressive desensitization to 
light known as light adaptation results 
in predominance of cone response. The 
most striking temporal fea tu re of light 
ncbptation is the suddenness and extent 
of the in itial ph ase, being complete in 
about 0 .2 second and nearly so in 0.05 
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second. Photopic adaptation h as sig­
nificant effects on brightness and on 
luminance discrimination. Ordinary vi­
sion is a compromise b etween complete 
adaptation and lack of adaptation to 
any particular stimulus. The general 
adaptation level keeps changing in a 

manner such that departures of similar 
subse(juent stimuli from the adaptation 
le\·el are approximately statistically mini­
mum. The res1dt is to maintain maxi­
mum discrimination of most-probable 
stimuli· and satisfactory sensitivity for 
moderately probable stimuli . 

Changes in chromatic sensation are 
ascribable to chromatic adaptation . The 
response to an unvarying chromatic 
stimulus inciJent upon the fovea at 
first decreases noticeably in saturation, 
in addition to adaptive clnwging in 
brightness. The reduction in saturation 
proceeds exponentially for one or two 
minutes until an almost constant satura­
tion is reacheJ. Complete loss of satura­
tion :1nd hue by adaptation does not 
seem possible with a central stimulus of 
high purity. There is no difficulty, how­
ever, in achieving tot<11 desaturation with 
a stimulus of relatively low purity. Total 
desaturation may also be observed with 
stimuli o f high pmity applied to the 
peripheral region. The color of the sur­
rounding field is important and con­
siderable hue shifts occur in the peri­
phery. 

Adaptation to a chromatic color fol­
lowed by viewing an achromatic calm 
of comparable luminance generally re­
sults in a complementary color sensation, 
or afterimage . Adaptation to a chromatic 
color followed by viewin g a nearly com­
plementary color results in an even closer 
complementary color sensa tion of in­
creased saturation. Adaptation to a chro­
matic color followed by viewing a re­
lated hue tends to decrease the latter's 
saturation and to shift the hue still 
further from that of th e adaptation color. 
An achromatic color sensation can be 
experienced if the chromatic adaptation 
is followed b y viewing a color of the 
same dominant wavelength but of lower 
purity just sufficient to cancel the com­
plementary effect of the adaptation. 

Since chromatic adaptation depends 
on luminance, dominant wavelength , and 
purity as well as on duration, general 
statements can under certain circum­
stances be misleading. Nevertheless, such 
statements are basically sound because 
they depend on the influence of adapta­
tion on sensitivity. Thus red adaptation 
depresses red sensitivity and suppresses 
red in the p erceived effect, and simila rly 
for other colors. 

~'!any different spectral energy dis­
tributions, or metamers, are capable of 
producing identical foveal color sensa­
tions. A metameric colorimetric match is 
inva riant even after prolonged adapta­
tion or preadaptation to the metamers 
or almost any other color, although a 
pronounced hue difference from the 
adaptin g color may transform the match­
ing color sensations in th e latter case. 
Strictly speaking, the preceeding .~tate­
men! applies only to matches made un­
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cler maximallv sensitive conditions. Cllro­
matic cliscri1;1ination varies with chro­
matic adaptation in a manner similar to, 
though less pronounced then that in 
which luminance discrimination varies 
with light adaptation. It appears that 
the more closely the eye is adapted to 
the chromatic components of the color, 
the better the differential sensitivity with 
respect to hue and saturation. 

After-Images 
Visual sensations after removal of 

intial stimuli are known as after-images 
and may be due to two conditions: 
( 1) the external stimulus induces a state 
of local adaptation of the retina which 
temporarily produces conb·asting re­
sponses to contrast-free stimuli, and ( 2) 
localized excitation in the retina or 
elsewhere in the visual mechanism per­
sists and produces a sensation pattern 
resembling the original stimulus con­
figuration. In general, the colors and 
the spatial and temporal arrangements 
of both the initial stimulus and the 
subsequent viewing situation are factors 
determining hue, saturation, and spatial 
and tem poral pattems of the observed 
after-images. The latter are character­
istically transient and filmy, being much 
less objective and commanding than the 
original perception. 

If a light figure on n gray ground 
is fixated for about 30 seconds under 
normal illuminntion. and then the eves 
are shifted to a uniform part of the 
gray field a dark figure which gradually 
fades out may be seen. Such a negative 
after-image is the most common and is 
explained by the relative desensitization 
of the retinal region stimulated by the 
light figure. Now, if the light figure is 
momentarilv viewed under intense il­
lumination, a less common fleet ing image 
bearing the same lightness relationships 
as the original may be seen. This posi­
tive after-image may be clue to a con­
tinuation of the excitat ion underlying 
the original sensation, although there 
are other more recent hypotheses. 

There are chromatic after- imnges 
wh ich are analogous to either negative 
or positive after-images. If a chromatic 
figure is substituted for the light figure 
during a long central fixation, a com­
plementary after-image will p robably ap­
pear against the gray ground. Such after­
images approximate the hue comple­
mentary to that of the original sensation 
and are usually more effective with mod­
erate luminance and neutral after-field . 
The usual explanation of the comple­
mentary after-image is in terms of rela­
tive desensitization to the stimulus color. 
With brief intense stimulation a brief 
after-image with approximately the same 
hue a.~ the original may be perceived. 
Such an image is called homochromatic. 
\Vhere controlled laboratory conditions 
do not occur many striking combinations 
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and variations of after-images can take 
place. 

Ordinarily after-images are not noticed 
except as occasional aftem1aths of some 
accidental glare too disturb ing to escape 
notice. The most important reason why 
after-images pass unnoticed is that they 
do not provide a consistent basis for 
action and therefore fa il to receive at­
tention. The frequent shifting of atten­
tion usually prevents the development 
of after-images in any strength. The lat­
ter are often very brief and are usually 
out of focus. Specifically directed atten­
tion is an important cond ition of after­
image identification . 

A negative or complementary image is 
most likely to show a latency of about 
one second and a duration of about a 
half minute. However, the image dura­
tion can be observed to increase with 
the duration of the p re-exposure through 
the approximate range of 0.05 second to 
several minutes. A first positive or homo­
chromatic image has a latency of a frac­
tion of a second or else merges with the 
terminal lag of the original sensation. 

Contrast Enhancement 
Color contrast produces an enhance­

ment or intensification of perceived dif­
ference between neighboring colors. 
Juxtaposed colors of relatively high and 
low luminance appear respectively light­
er and darker then if they were viewed 
separately. Similarly, adjacent colors of 
relatively high and low purity appear 
respectively more and less saturated than 
if they were separately viewed . The 
less saturated color may be reduced to 
achromatici ty or even converted to the 
complementary h ue. Complementary or 
nearly complementary pairs when viewed 
together appear more saturated. vVhen 
chromatic and achromatic colors are 
juxtaposed, contrast tends to induce a 
complementary hue on the latter. In the 
case of non-complementary colors, con­
trast increases existing hue differences 
because of the tendency of each color 
to induce its after-image complement; 
thus the proximity of red and yellow 
migh t make the red seem bluish reel 
and the yellow seem greenish yellow. 

The cause of contrast enhancement is 
imperfectly understood. The observed 
effects have been variously atb·ibuted 
to central factors of suggestions, to 
retinal or central interactions from adja­
cent stimulations, and to the operation 
of more or less rapid retinal adaptation. 
vVhen two colors are compared the eyes 
tend to glance back and forth permitting 
the comparison and fulfilling the require­
ments of more or less rap id adaptation 
and recovery. Hence a dark color ap­
pears darker due to the desensitization 
produced by looking a t the light color, 
and the light color looks lighter because 
of the resensitization which occurs while 
looking at the dark color. 

Ordinarily it is assumed that conb·ast 
enhancement typ ically affects figures to 
the exclusion of ground or surround . 
Usually, however, the surround is so 
large relative to the figure that such a 
one-way induction is to be expected 
on classical principles. On the other 
hand, it seems certain that active view­
ing of juxtaposed colors does not neces­
sarily yield classical contrast enhance­
ment because the perceived color of a 
central sample can be varied through 
neutral from one extreme to the other 
by merely adjusting the reflectance of 
the surround while holding the illumi­
nance constant. vVhen a series of chro­
matic samples of the same dominant 
wavelength are arranged on a neutral 
ground in order of purity, the purest, 
or end, sample is likely to look con­
siderably more saturated than if it were 
fo llowed by still purer samples. 

Very simple changes in borders and 
boundary lines can produce striking 
changes in perceived colors. Sharp, defi­
nite boundary lines tend to produce 
maximum contrast enhancement . Set or 
direction of attention can result in psy­
chophysical conditions which have some 
bearing on contrast interpretations. 
Familiar object-perceptions are known to 
exhibit strong constancy, though a dis­
integration of a conflicting ob ject-per­
ception might in some circumstances per­
mit contrast enhancement to appear. 

Theories of Color Vision 
Ideally, a color theory should describe 

all the phenomena of color vision within 
a set of relations which are self-con­
sistent and coherent. Although no com­
pletely satisfnctory formulation presently 
exists, with few exceptions the important 
theories may be classed in the trichro­
matic tradition of Young or in the op­
ponent color process approach of H ering. 
In 1801 Thomas Young suggested that 
since it is impossible to conceive of 
each sensitive retinal point to contain 
an infinite number of color sensitive 
particles, it becomes necessary to assume 
a limited number, say the three prin­
cipal colors, red, yellow, and blue. In 
1802 Young revised his estimate of the 
basic colors because of an error dis­
covered in Wollas ton's description of the 
spectrum. The basic colors now were 
red, green, and violet. 

Young's ideas were forgotten for about 
50 years and were rediscovered by Max­
well and Helmholtz at nearly the same 
time. The Young-Helmholtz develop­
ment of the theory depends importantly 
upon the data of color mixture. Max­
well's experiments verified that a spec­
trum color can be represented as mathe­
matically equivalent to a mixture of 
three primaries, one (in the case of 
spectral primaries) having a negative 
coefficien t. The fact of trichrometicity 
easi ly blended with the concept of three 
principal colors, and trichromatic theory 
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was established on a reasonably firm 
foundation. The central concept of the 
Young-Helmholtz theory is the existence 
of three sets of sensory mechanisms, 
cones and their connections, whose 
quantitative characteristics provide a 
basis for different color vision discrimina­
tions. 

H elmholtz wrote his quan titative treat­
ment of color vision shortly before his 
death in 1894. The precise hypothesis 
has not lasted as a plausible description 
of color vision data, but its mathe­
matical treatment of a brightness-color 
space has persisted. At the risk of over­
simplification it may be said that the 
latter is concerned with an isomorphic 
relation between visual data and a 
mathematical space with little reference 
to intervening variables. More recently 
Hecht has developed Young's theory as 
a mathematical account of component 
physiological processes. The theory sup­
poses that there are three kinds of 
cones present in the retina and that 
they exist in the fovea in ap proximately 
equal numbers. The sensations arising 
from response of these cones are qualita­
tively specific and may be tentatively 
described as being blue, green, and red, 
respectively. Regardless of the method 
used in stimulating these cones, regard­
less of the wavelength of the stimulat­
ing light, nnd r~gardless of the nature 
of the photosensitive substance, an im­
pulse proceeding along a "blue" nerve 
will register blue in the brain, and 
similarly for the other two principal 
colors. 

In general, experimental work in the 
tradition of the Young-Helmholtz theory 
has concentrated on stimulus thresholds 
or ntatches based on judgments of equal­
ity or difference. Little attention has 
been paid to qualitative estimates or 
introspective reporting in the absence of 
a comparison standard. In the work 
associated with the Hering theory, how­
ever, considerable attention has been 
paid to psychological variables. Empha­
sis has often been given to absolute 
judgmen ts as when a subject may be 
asked to vary the intensities of two 
"opposed" colors until he reports that 
the mixture does not exhibit the hue of 
either component. In contrast with the 
Young-Helmholtz approach of emphasiz­
ing the effects of a subject's adjustments 
to physically specificable differences b e­
ween stimuli, the Her ing philosophy 
;tresses the importance of statements 
that a subject makes about stimuli. It 
may be readily seen why the Young­
Helmholtz theory has been favored by 
physicists, whereas the Hering theory 
' •as appealed to instrospet:tive, though 
Jot necessarily to objective, psycholo­
gists. 

He ring's theory is based upon the 
fact that subjects instructed to select or 
d esigna te unique colors, choose primarily 
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the invariant blue, green, yellow and 
red mentioned earlier in the d iscussions 
pertaining to luminance. The action of 
light according to the Hering school de­
pends not only on its physical charac­
teristics, but alsc upon the condition of 
the visual mechanism. The Bezold-Briicke 
effect can be attributed to conditions 
of adaptation. Simultaneous color con­
trast is described in terms of antagonis­
tic processes set up in areas adjacent 
to a simulated zone. 

The first quantative s tatement of an 
opponent-colors theory has been recently 
stated by Hurvich and Jameson.~ Funda­
mental to this theory is the concept of 
physiologically based opponent chro­
mati<: induction. Experiments have been 
reported in wh ich a color-matching tech­
nique was used to compare the chromatic 
responses to focal stimuli seen first in 
isolation and then in the p resen ce of 
surrounding stimulus arrays of specified 
luminances, chromaticities, and of vari­
ous degrees of complexity. Chromatic in­
ductions have been shown to decrease 
systematically with decreasing contiguity 
of central and surround areas of stimu­
lation. For given degrees of juxtaposi­
tion, induced chromatic responses are op­
ponent to but proportional in magnitude 
to the mean chromatic level of the in­
ducing field, wherein the constant of 
proportionality decreases as a function 
of d ecreasing contiguity. 

B elson" sought an answer to the 
question: "Civen any object as stimulus, 

what will be its hue, saturation, and 
lightness when viewed on any back­
ground under any illuminant?" His ex­
periments ranged over a period of five 
years, employing several experimenters 
and different sets of subjects. B elson 
concluded that, other things being equal, 
the background reflectance is the most 
important factor determining the adapta­
tion level and therefore the colors of 
samples appearing on it. He formulated 
a general principle which states tha t 
"samples above the adaptation reflect­
ance take the hue of the illuminant 
color; samples below it, the hue com­
plementary to the illmninant hue; while 
samples near the adaptation reflectance 
are either achromatic or g reatly reduced 
in saturation ." The only assumption 
made with regard to the preceeding 
p rinciple is that the eye is exposed to a 
single illumination which establishes an 
ach romatic point of reference for the 
explanation of constancy, illuminant 
color, and complementary color. By 
means of his one principle, published 
in 1938, B elson argues for a simple 
mechanism underlying the varied phe­
nomena of color vision in all conditions. 

: Janwson, D oruthPa nnd J·lur \' ich. Len :\1. Oppo­
nt•nl C hro matic Induction: Expnhrwntal Evalua­
t ion and T lwore lical Account. ]. 0JJiical Socif'l!l 
uf America. Vol. Sl. :\o. I. ~6-.53 , Jnnunrr 196 1. 

:
1 l ft.•lsun, Harry . Fundamental Proble ms in Color 
Vis ion . } . E .l·Jwrimnltal P.\'!JclwloJ:{!J . Vol. 23, No. 
.;, -t.'39· 47ll. ~ovt•mln"' r 1938. 

As has been stated earlier, no theory 
exists today which is a completely satis­
factory h ypothesis for all color vision 
phenomena. J\ lore emphasis has been 
developing in the psychophysiological 
approach es in recent years. noynton • at­
tempts to reconci le some of the dis­
crepancies in the Hurvich-Jameson for­
mulation by accoun ting for the physics, 
physiology, and psychology of the color 
vision process. He assumes three types 
of photo-pigments to be distributed 
among five types of cones. Boynton sug­
gests that color signals are initially an 
opponent-colors variety then coded in 
terms of the four psychologically unique 
colors. He feels that the process of color 
vision •viii not be understood "until the 
electrophysiologist, probing into the 
brain with his electrodes, has found 
the electrophysiological substrate of 
conscious color experience." 

A theory has been p roposed by 
Schroeder·-· which does not require dif­
ferent kinds of photochemicals or three 
different kinds of cones. Color dis­
crimination is accomplished by at least 
three identical receptors positioned at 
appropriate points along the outer seg­
ment of each cone. \¥hen light (or any 
moving wave) is reflected by a surface, 
standing waves are set up by the inter­
ference of the reflected with the inci­
dent waves. For a given wavelength of 
light, the peaks and valleys of the stand­
ing waves have a fixed position relative 
to the reflecting surface. If three photo­
sensitive devices are placed at appro­
priate d is tances from the re flecting sur­
face, unambiguous information regard­
ing the color of the light can be ob­
tained in that a band of more than two 
to one in wavelength is covered. Schroe­
der's hypothesis is purely mechanistic 
and is illustrative of the applica tion of 
physical principles, taking no account 
whatsoever of ph ysiological and psycho­
logical influences. 
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A Display Screen 
With Controlled Electrolu111inescence 

Abstract 
This paper describes a two-elec­

trode electroluminescent display 
screen which possesses the special 
property of controlled persistence. 
The simple multilayered structure of 
the screen is compared with the 
complicated structure of the prior 
art. The electro·optical performance 
characteristics of a typical screen 
are given. In general, the screen's 
light output is excited by incident 
ultraviolet radiation and is quenched 
by infrared energy. The persistence 
of the electroluminescent light out· 
put is a function of such parameters 
as material choice and intensity and 
background radiation level, and ap· 
plied voltage and frequency. The lat ­
ter two parameters are used to con­
trol the persistence of any given 
screen. Persistence times ranging 
from seconds to more than an hour 
are achieved. Screens are provided 
with characteristics to accept inputs 
from an electromechanically c o n · 
trolled light source or from an optic 
fiber-faced CRT. 

Introduction 
F or many years various military agen­

cies as well as industrial manufacturers 
have been engaged in an active search 
for a simple and economical display 
screen which exhibits controlled image 
storage capability. A desirable feature 
of such a screen is its adaptability to 
both small and large area displays. 

Screens, possessing various charac­
teristics associated with a whole class 
of materials, have been under intensive 
study and developmen t. However, for 
the purpose of this presentation one 
specific screen will be described, which 
fulfills the foregoing needs. This display 
screen exhibits the following advantages 
over other d isplay panels: ( 1) it is easy 
to fabricate; ( 2) its image does not 
spread; ( 3) it is a non-modular high­
resolution screen; and, ( 4) it has a wide 
controllable range of optical persistence. 

In the very early stages of develop­
ment of this new screen, the limitation 
of the p1ior art was recogni:l!ed and 
evaluated. Electroluminescent-photocon­
ductive schemes were examined and 
subsequently rejected because the fab­
rication of these devices in a manner 
which solves the impedance matching 
and crosstalk problems proved difficult. 
Another class of devices which utilizes 
the elech·oluminescent-ferroelectric prin­
ciple was also investigated. It was again 
discovered that these devices, being of 
a modular type, are difficult to fabricate 
and exhibit low resolution. 
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This review of existing image storage 
screens clearly indicated that a new ap­
proach was needed. Preferably, the de­
vice should be easy to fabricate and be 
composed of continuous layers for max­
imum resolution capability. The memmy 
should not depend on light feed-back 
from the display layer, thus avoiding 
optical crosstalk problems and the need 
to create discrete cells or islands. The 
control layer should exhibit a significant 
volume-type impedance change when 
excited, in preference to a surface elec­
trical change, because this would elimi­
nate the need for complicated and ex­
pensive grooving methods. 

F undamentally, the screen should be 
a tw0-electrode device thus minimizing 
electrode interconnection problems. The 
display brightness should be controllable 

BACK 
ELECTRODE 

ELECTROLUMINESCENT 
LAYER 

FIGURE 1: Typical structure of a controlled elec· 
troluminescent panel. 

to permit viewing under various ambient 
light levels, including that required for 
normal reading. The screen should be 
capable of developing images exhibiting 
several "shades of gray". 

Following several years of develop­
mental effort in the d isplay area, a new 
and novel display screen with unusual 
characteristics emerged from this labora­
tory. As will be shown, this unique 
screen with unusual ch aracteri s tics 
emerged from this laboratmy. As will 
be shown, this unique screen overcomes 
the limiting constraints of previous solid­
state display screens, such as El-Pc and 
El-F e. 

A qualitative description of this screen, 
its mode of operation, some quantitative 
data on its perfonmmce, and a brief 
coverage of its unique characteristics and 

TRANSPARENT 
SUBSTRAT E 
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potential applications will be presented. 

Fabricat ion 
Fabrication Considerations 

An isometric view of the screen struc­
ture is shown in Figure 1. It is a two­
electrode device with a control layer 
and an electroluminescent layer sand­
wiched between the electrodes. Since 
the visible output emanates from the 
electroluminescent l ayer, th e visible 
image is normally viewed through the 
substrate. It is therefore necessary that 
the electrode between the electrolumi­
nescent layer and the substrate be trans­
parent. 

If the input of writing is perfmmed 
through the back side (or control layer 
side) of the panel, as is generally the 
case, it is then also necessary that the 
other electrode (directly on top of the 
control layer ) be transparent. In prac­
tice, the viewing electrode has been 
transparent tin oxide, while the back 
electrode has been semitransparent thin 
gold. 

The techniques used for depositing 
the materials between the electrodes 
are any of the numerous conventionally 
accepted practices such as spraying, 
silk screening, doctor blading, settling, 
and others. The electrodes are generally 
deposited by well-known vapor deposi­
tion techniques. 

The entire fabrication process invol~es 
only "cold" practices - no sintering or 
high temperature baking is employed. 
Therefore, this type of screen can be 
and has been fabricated on a variety 
of subsb·ate materials, including plastics. 
Furthermore, depending upon the choice 
of substrate, this screen can be made 
either rigid or flexible. 

Operation of Screen 
Referring to Figure 2, the principles 

of operation in a typical screen are 
described as follows. 

When an electric potential (e. g., 100 
volts, 400 cps.) is applied across the 
two layers (EI and control layers ) in 
the screen, a specific voltage pattern is 
effected across each layer. This voltage 
pattern is controlled by the localized 
impedances of the respective layers . In 
the absence of incident radiation on the 
control layer, the voltage applied to 
the E l layer is uniform and is generally 
adjusted to provide a low level of back­
ground brighb1ess. 

Whenever ultraviolet light is permitted 
to strike any part of the control layer, 
the impedance of that exposed area is 
reduced. This results in an increased 
voltage applied to the corresponding 
area of the El layer, causing an in­
creased brighb1ess of that area. Thus, 
an image is produced. Upon extinction 
of the ultraviolet source, the new im­
pedance of the exposed control layer 
will gradually return to its original value, 
54 
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FIGURE 2: Operation of typical controlled elec· 
troluminescence panel. 
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unless acted upon by some other energy 
source (e. g. , near infrared ) . Similarly 
the light output of the El will diminish 
accordingly. The persistence of the El 
output, after removal of light excita­
tion, can be adjustably controlled from 
an order of seconds to that of an hour 
or more. 

A key feature of the panel is that the 
memory resides in the control layer rela­
tively independent of electrical input. 
Thus, in the event of a temporary power 
loss, reapplications of the electrical pow­
er will restore the visual image. This 
is true of course only if the power is re­
stored during the normal decay time of 
the control layer "electrical image." Since 
the storage and display characteristics 
are independently controllable, the dis­
play can be turned off at will by re­
moving the electrical excitation. 

Screen Performance 
To date, the screen has been used 

in two distinct types of applications: 
( 1) vehicular course plotting, where 
only two-tone information is required 
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and (2 ) image reproduction where half­
tone and picture-quality properties are 
required. Its performance in both types 
of applications will be discussed in turn. 
Two-Tone Persistence Qual ity 

A comparison of the optical persist­
ence of a controlled electroluminescent 
panel with that of a typical long-per­
sistence P-2 type phosphorescent screen 
after xenon flash excitation is shown in 
Figure 3. Peak sensitivity of both screens 
falls in the region between 3660 A and 
4000 A. 

It will be noted that the optical per­
sistence of the controlled elech'olumi­
nescent screen exceeds that of the phos­
phorescent screen by nearly two orders 
of magnitude. 
Picture (Half-Tone) Qua lity 
Shades of Gray 

Two important considerations in evalu­
ating picture or image quality are shades 
of gray and resolution. To determine 
the shades-of-gray capability of a con­
trolled electroluminescence screen, a 
standard Kodak Photographic Step Plate 
was used. This step plate consists of a 
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Optical persistence of a controlled 
electroluminescence panel vs. fre-
quency at a fixed applied voltage. 
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number of discrete areas of different 
light transmission related by the factor of 
v2. This plate was superimposed on an 
excited panel and the number of areas 
through which light was visible to the 
human eye was noted. The reference 
step was that step which had zero 
transmission when only background emis­
sion emanated from the panel. This test 
was performed at various pe1iods follow­
ing excitation of the controlled electro­
luminescent panel with approximately 
BOO f.IW / cm2 of UV energy at 3660 A. 
Typical values are: nine shades of gray, 
five seconds after excitation and four 
shades of gray, five minutes after ex­
posure. 
Resolution 

The resolution of a controlled elec­
troluminescence panel was determined 
by using a photographic negative with 
a pattern of equal opaque and clear 
lines of progressively diminishing widths. 
This pattern was produced on the dis­
play screen by contacting the negative 
to the control layer side of the panel 
and exposing the panel to UV ( 3660 A) . 
By definition, the two narrowest lines 
produced on the screen which are still 
visible as hvo lines (not blended into 
one line) is the limit of resolution. This 
test showed a screen line-width resolu­
tion of 0.003 inch. 

Persistence Control 
The optical persistence of this electro­

luminescence screen can be controlled 
by several means including variation 
of applied voltage and frequency and 
incident radiation input. The subsequent 
subsections summmize the salient data 
acquired to date. 
Persistence Control by Applied Voltage at Fixed 
Frequency 

Figure 4 depicts how the magnitude 
of the applied voltage governs total per­
sistence time at a given frequency of 
400 cps, and with an ultraviolet excita­
tion intensity of approximately 450 
f.!Watts/cm~ . Contrast values are plotted 
instead of brightness because they ap­
pear to be more meaningful to the hu­
man eye, which reacts to brightness dif­
ferences rather than actual brightness 
level. Conh'ast is herein defined as 
follows : 

C 
_ B. - B. 
- B. 

where C =contrast 
B. = active brightness 
B .. = background brightness 

Note that background btighb1ess changes 
for each applied voltage condition. 

Using the B. values listed and the 
contrast value a t a given time, the 
actual active brightness on the screen 
can be calculated from the foregoing 
equation. 

As shown in F igure 4, when operat­
ing at 400 cps there is maximum per­
sistence with 75 volts applied. 
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Persistence Control 5y Variable Frequency at Fixed 
Voltage 

It is shown in Figure 5 that for a 
given applied potential of 7.5 volts on 
the controlled ele<.:troluminescent panel, 
maximum optical persistence is obtained 
at the lower operating frequency of 60 
cps. Note also, that the background 
brightness changes with a change in the 
frequency of the npplied voltage. 

Persistence Control by Variable Voltage and Fre· 
quency at Fixed Background Level 

Figures 6a and 6b show the depend­
ence of op tical persistence on the operat­
ing frequency, if the background bright­
ness of the electroluminescence output is 
maintained constant. It should be noted, 
that to maintain constant background 
brightness, it is necessary to readjust the 
applied vol tage for each condition of 
operation frequency. In this case, a 
background level of 0.02 foot-lambert 
was selected on the basis of threshold 
visibili ty for a given relatively clark 
ambient condition in the laboratory 
when brightness measurements were 
made. 

It is evident from both Figures 6a and 
6b that the re is a maximum in persist­
ence and contrast in the region of 
480 cps. 

PErsistence Control by Radiation Intensity and· 
Frequency 

The screen light output can be modi­
fied by va riations of the intensity and 
duration of visible and ultraviolet inci­
dent radiation as well as by infrared 
r a diati o n hi s t o r y . Th e p ers is t e n ce 
achieved depends on the light output 
level. This subsection summarizes the 
limited curren t data relevant to this 
subject. 
Excitation saturation time as a function of UV 
intensity 
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FIGURE 5: Optical persistence of a controlled elec­
troluminescence panel vs. frequency at 
a fixed applied voltage. 

Excitation to near saturation is 
ac::h ieved in less than 100 microseconds 
on a 12" x 12" screen with a 400-
watt-second xenon flash source. L imited 
studies have been made in the process 
of adapt ing this display screen to the 
output of a P-16-faced or UV emitting 
CRT. It has b een determined that the 
generation of a J~ mm spot exhibiting 
near saturation brightness can easily b e 
e ffected in less than 10 n1sec. This is 
b ased on the a bility to mate this display 
screen to a P-16 fiber optic faced CRT 
and the condit!on that serious losses in 

UV intensity are not incurred in the 
transmission through the glass fiber face. 
Quenching time as a function of I R intensity 

Experimentation with three infrared 
sources has yielded the following in­
fmmation: 

( l) At a d istance of 35 em, a 250 
watt infrared Sylvania lamp 
with a number 7-69 Corning 
filter will quen ch a small 
screen in 30 seconds. 

( 2) A 75-watt spot reflector, lo­
cated 35 em from the panel, 
will also quench in 30 seconds. 
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FIGURE 6a: Optical persistence of a controlled 
electroluminescence panel at fre­
quencies from 60 cps to 480 cps. 
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FIGURE 6b: Optical persistence of a controlled 
electroluminescence panel at frequen-
cies from 480 cps to 15K cps. 
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( 3) Localized quenching of the ac­
tivated panel is accomplished 
with the radiant energy from a 
xenon flash lamp. A fil ter is 
used with a pass band from 
0.6.5 to I.O micron and the unit 
is designed so that one flash 
of the lamp, applied to the 
viewing side of the screen, will 
normalize the impedance of 
the control layer. 

Power Consumption 
The typically low-power-consumption 

characteristic of a conh·olled electro­
luminescent panel, both with and with­
out UV ( 3660 .J.) excitation, ranges from 
0.02 to 10 milliwatts per square inch . 

Special Panel Characteristics 
In addi tion to describing some of the 

more salient features of this display 
screen, it may be of general interest to 
briefly describe some of its other sig­
nificant characteristics and potential ap­
plications presen tly under study. A 
unique characteristic of this panel is its 
non-destructive dual-persistence mode of 
operation as a function of applied fre­
quency. 

Recorded and displayed information, 
having a long history, can be totally 
suppressed by operating at frequencies 
in the neighborhood of 15 kcps. Only the 
most recent ly recorded information will 
be displayed at the higher frequency. 

However, in the event that a review of 
earlier recorded information is required, 
a decrease in applied frequency will 
visibly reinstate this earlier information 
as well as visibly retain the recent his­
tory. This phenomenon may find utility 
in heavy traffic-type plotting situa tions. 

The abi lity to write negatively with 
infrared is still another interesting fea­
ture. It offers a means of producing in­
stan t photographic positives from film 
negatives. 

This is readi ly accomplished by expos­
ing the screen to UV light from the view­
ing side to produce a uniform light emis­
sion from the screen. A picture negative 
is applied to the rear side of the screen 
and the negative is exposed to infrared 
light. This diminishes the brightness of 
the screen in accordance with the light 
transmission of the negative thereby pro­
ducing a positive picture on the screen. 

Summary 
The screen uses two active layers of 

material: the control layer and the 
electroluminescent layer. Both layers are 
continuous, thus avoiding the difficult 
problem of fabricating d iscrete elements. 

The con trol layer is a polycrystalline 
semiconductor material whose imped­
ance is a function of incident radiation 
history. Selection of appropriate ma­
terials avoids the spreading of the im­
pedance pattem ( LIIt:: stureu image) . 

Generally the control layer is excited 
by ultraviolet radiation, quenched by 
infrared radiation and is not affected 
by most of the visible spectrum. 

The electroluminescent layer is stand­
ard and is readily fab ricated from avail­
able materials. 

The layers can be mounted on either 
hard or flexible substrates. 

Achievable persistence times range 
from seconds to over an hour. 

Non-persistent visible images can be 
superimposed on the same panel. 

The persistence of the stored pattern 
can be controlled by the choice of: 

(a) materials 
(b) excitation radiation intensity 

and wavelength 
(c) level and frequency of volt­

age applied across the panel. 
The latent image remains stored upon 

removal of voltage across the panel. 
Both two-tone and graded half- tone 

images can be stored and d isplayed. No 
optical feedback from the electrolum­
inescent panel to the control panel is 
utilized in providing the storage capa­
bility. 

This paper was selected hy ID's Editorial Advisory 
Board from those presented at the Fifth National 
Symposium on Information Display held in Snntn 
Monica, Calif .. F eb. 25-26, 1965. Limited quanti­
ties of hound volumes of nil technicnl session 
procet'din~s for this ::tnd other Kntional Symposia 
nrc availahle, free to members. S 10 a volume to 
otherS. 'Wri te: Information Disp/av. 160 S. RohPrt­
son Blvd .. Beverly H ills, Calif. 

AN IMPORTANT ANNOUNCEMENT ABOUT DISPLAYS FOR UNIVAC 1107 USERS 

Economical CRT Computer Con trolled Displays, compatible with the UNIVAC 1107, 
are now available from I !F ORMATION D ISPLAYS, INC. (formerly RMS Associates, 
Inc.). 

All solid-state (except for 21" rectangular CRT ), these displays write up to 67,000 
points or characters per second. Light pens, vector generators, size and intensity con­
trols, buffer memories, and other equally useful options can be included. 

One typical UNIVAC 1107 compatible system is the IDI Type CM 10001. This system 
has three displays with light pens and includes the CURVILINE :ID Character Generator, 
vector generator, circle generator, Teletypes, mode control, drum memory and auxiliary 
line d rivers. The price of the CM 10001 Computer Controlled Display System is 
approximately $135,000. 

Other combinations to meet each user's requirements can be assembled from the 
assortment of standard options. 

Please write or call for complete information. 

NOTE TO USERS OF OTHE R CO MPUTERS - IDI probably has delivered dis­
plays compatible with your computer . . . too! 

Ill] I INFORMATION DISPLAYS, INC. 
102 E. SANDFORD BLVD. • MOUNT VERNO N, N.Y. 10550 • 914 OWens 9·55 15 
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Chapter News 
~ho-ATLAl\"TlC CHAPTER: The annual meeting was again 

held at Tarrytown House, Tarrytown, New York, on June 
12. ~!embers and wives spent the afternoon swimming, 
playing pingpong and tennis, bowling, etc., and generally 
socializing. A cocktail party and dinner preceded the busi­
ness meeting which featured an address, "You vVere There", 
by SID's National Vice President, William P. Bethke, Direc­
tor of Engineering Div., RADC. Mr. Bethke deligh ted his 
audience with his humorous but accurate and perceptive 
examination of Command and Control Systems and the de­
cision-making process. The ~1id-Atlantic Chapter presented 
two major awards. G. Stone of Hazeltine Corp., won· the 
Best Technical Presentation Award for his paper, "Applica­
tion of Diffraction Phenomena to Modern Display Tech­
niques". The Distinguished Service Award went to S. Sherr, 
of Sperry Gyroscope Co. The Nominations Committee an­
nounced th~ results of election for Chapter Officers of 1965-
1966, and the new officers were installed. They are: Robert 
C. Klein, Kollsman Instrument Corp., Chairman ; Leo Beiser, 
CBS Labs, Vice Chairman; T. T. Goldsmith, Jr., Fairchild 
Camera & Instrument Corp., Treasurer; I. Baumel, Sanders 
Associates Inc., Secretary. A special award was presented 
to Carl lVIachover, outgoing Chaim1an; by members uf the 
Chapter in appreciation of his services. 

Houston MSC Sees Color Track of Gemini 5 
Gemini 5 was traced in color on a huge projection plotter 

in NASA's Mission Control Center at Houston during the 
recent 8-day flight. Installation of the 10- by 20-ft. projection 
plotter was completed after the Gemini 4 mission by Philco 
Corp. WDL Div., Houston Operations, prime contractor for 
the MCC with contracts of about $72 million. The plotter, 
called a Summary ;\fission Display, was developed by Ling­
Temco-Vought under subcontract to Phil co. Purpose of the 
Gemini 5 track was for checkout purposes in preparation for 
Gemini 6, the first Agena rendezvous and docking mission 
planned. In the latter operation, Gemini 6 will be displayed 
in one color, and the Agena track in another. Solid lines will 
indicate completed orbits, and broken lines will show pro­
jected orbits. The display is part of a massive expanse of 
rear-projection screens 10 ft. high and 60 ft. across at MSC's 
i'vlission Operations Control Room. 

Large ASW Trai ning and AUTEC Displays 
Two large screen information display systems are being 

produced for the U.S. Navy by the Nortronics Div. of North­
rop Corporation, Palos Verdes, Calif. One system will be 
used for the training of antisubmarine warfare students at the 
Pacific Fleet Task Force AS'vV Training Center, San Diego, 
as part of the ASW simulator being produced by Lockheed 
Electronics Co., Plainfield, N. J. The other system will be 
used in the Bahamas to graphically present missile and weap­
ons testing both above and below the sea at the control cen­
ter of the Navy's first underwater test range, the Atlantic 
Underwater Test and Evaluation Center (AUTEC), Andros 
Island, Northrop Nortronics' information display systems in­
corporate Vigicon projectors which depict action as it occurs 
in a range of colors and symbols. Each system is designed to 
perform specific display functions. 

58 

Fast-Erase Direct-View Storage Tubes 
The Electron Tubes Div. of F airchild DuMont Labora­

tories, Clifton, N.J., has announced a new 5-in.-diam. direct­
view storage tube with what the fi rm claims is the fastest 
erase time of any similar tube type. Termed Type KS 2527, 
the new tube permits utilization for a combined radar and 
TV display. 

The erase speed of 3 milliseconds maximum enables raster 
erasure to be performed during vertical flyback when used 
in the TV mode at maximum brightness. In the radar mode, 
persistence is controlled by the erase pulse duty cycle. The 
KS2527 featmes low magnetic deflection angle for high 
linearity. Resolution is 125 lines/ in. at high brigh tness. The 
tube is magnetically deflected and focused with a P-20 
aluminized screen. An on-axis writing gun is utilized for 
improved pattem geometry. Included is an integral, encap­
sulated magnetic shield, high voltage shielded lead and 
potted base leads. Pettinent performance characteristics in­
clude equilibrium brightness of 2000 ft.-Lam berts, writing 
speed of 300,000 in. / sec. Specific application uses for tubes 
such as the KS2527 are for high brightness, high resolution 
individual or combined TV and radar displays, primarily 
designed for compact, rugged aircraft requirements, but ap­
plicable to all types of installa tions. Delivery is quoted at 6-8 
weeks. 

Business Notes and News 
INFORllfATICS INc. has received a $92,000 Navy contract 

to develop peripheral site computer p rograms at the Pacific 
Missile Range. Informatics will provide a peripheral site 
computer programming system at PMR Headquarters, Pt. 
Mugu, Calif. i\tlaking the site operational is planned in order 
to strengthen PMR test facility capabilities. The computers 
are part of the larger real-time data handling system at 
Pt. Mugu and San Nicolas Island, and in Hawaii, which 
serve the entire Range. Peripheral computers will reduce 
workload on centralized computers by permitting system 
tests, instrumentation control, local data recording, and data 
processing on UNIVAC 1218 computers. Informatics is a 
wholly-owned subsidiary of DATA PRODUCTS CoRP .. .. 
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THE BuNKER-RA~IO CoRP. has installed the nation's largest 
electronic stock market quotation facility in th e new Chicago 
office of PAINE, WEBBER, JACKSON & CuRTIS. Equipment 
supplied includes a Teleregister display board 105 ft. long 
and a battery of 30 Telequote III desk-top devices which 
enable the firm's personnel to obtain individual quotations 
instantlv on several thousand stocks and commodities. Ac­
cording. to Bunker-Ramo, the new market information com­
plex is nearly twice as large as any other brokerage office 
installation. All information displayed including full price 
range on 320 key stocks and last prices for 450 others, is 
gathered at Bunker-Ramo's realtime data processing center 
in New York and generated over a special communications 
network to brokerage firms across the country ... WEIGHT­
MAN AND AssoCIATES, Burbank, Calif., has been appointed 
representative for Southern Califomia and Clark County, 
Nevada, for products of T RANSISTOR ELECTRONICS CoRP. , 
Minneapolis, Minn. The products include extensive lines of 
information display devices and controls for computers, in­
dustrial conh·ol and missile guidance systems. TEC is the 
originator of Tee-Lites, self-contained transistor-controlled 
ind icators. 

The acquisition of CPM SYSTE}.!S INc. by INFORMATICS 
INc. has been completed and CP;-.1 Systems h as moved its 
facilities to the Informatics Building, Sherman Oaks, Calif . 
. . . BuRROUGHS CORP. Electronics Components Div., Plain­
field, N.J., has settled its infringement suit against A.viPEREX 
ELECTRONIC CORP., Hicksville, N.Y., with an agreement per­
mitting Amperex to market and sell biquinary numerical in­
dicator tubes and other items in contention, on license from 
Burroughs . .. WILDING INc., Chicago, Ill. , h as received a 
contract from the LINK GROUP of GENERAL PnECISJON INc. 
for development of film graphics for NASA's Apollo Mission 
Simulator . .. l LLu::vn.~.'<ATION IKDUSTRIES INC., Sunnyvale, 
Calif. , has been formed to supply users of short 'arc lamps, 
both mercury and Xenon, and Xenon flash lamps . . . Five 
computer display consoles have been sold by STROMBERG­
CARLSON CORP. to the UNIVAC Div. of SPERRY RAND CoRP. 
for use in the Army Operations Center System (TARMOCS) 
installed in the Pentagon . . . CALIFORNIA CoMPUTER PRo­
DUCTS INc., Anaheim, Calif., has announced net income of 
$446,751 on sales of $4,089,000 for fiscal 1965, compared 
with $459,391 on sales of $5,157,000 the previous year. R&D 
expenditures amounted to about $1 a share in the later per­
iod, more than d ouble those of last year, a spokesman said. 

SPERRY RAND ConP. has received a more than $2 million 
contract from TELEDYNE SYSTEMS Co., for displays to be 
used in the Navy BuWeps' Integrated Helicopter Avionic 
System ( IHAS). Sperry will deliver four prototypes of each 
of two displays. The first, called a Vertical Situation Dis­
p lay, offers pilot and copilot a choice of four modes: A 
flight data mode for flight control infom1ation only, a low­
light-level TV mode, a shades-of-gray terrain avoidance 
mode giving the pilot straight ahead surveillance, and an 
E-scan mod e in which a profile of the terrain appears. The 
second unit, called a navigation / radar tactical display, pre­
sents either a map or a radar picture with symbols super­
imposed representing such things as the aircraft position, 
direction of flight, and check points. 

Display for Computer·Controlled Reactor 
ITT Industrial Products Div. is supplying a three-color 

CRT alphanumeric display for a data-processing and conh·ol 
system in the nation's first computer-conh·olled nuclear re­
actor. The high-speed three-color display is contracted by 
Astrodata Inc., Anaheim, Cali f., prime contractor to the 
AEC for the computer-controlled system. The display will 
include an alphanumeric character generator and a model 
KM-906 19-in. high-speed three-color computer-scope. 
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NOW! "ILLUMINATE" 
YOUR NON-ILLUMINATED 

SWITCHES! 

ECONOMICALLY ... WITHOUT 
LAMPS, WIRING OR HEAT 

SWITCHCRAFT'S RE VOLUTIONARY NEW 

GLO•BUTTON* 
THE NEW THIRD DIMENSION IN SWITC H BUTTONS 

Get this: no lamps, no wiring, no heat, no separate 
power supply- yet, when you push these ingenious 
buttons they "glow" br ightly giving a clear, visua l in­
dication of the ci rcui t's condition! They add a bri l­
liant, problem-solving third choice to the engineer 
who's looking for the instant visibil i ty of i lluminated 
buttons (especially on crowded control panels) wi th 
the multiple economies and simpl ici ty of non-i l lumi­
nated buttons. 

SIMPLE, FOOL-PROOF, POSITIVE OPERAT ION ... 

Pusher " legs" on back of button are con­
nected to internal f luorescent illumi­
nator which actuates the "glow." When 
you push the button "in" the internal 
fluorescent illuminator is put in contact 
with the front screen and legend glows 
brightly ... even in very high or very low 
ambient light si tuat ions. Release, it's 
out. Won't lose its brilliance. 2 types: 
whi te-face button has visible legend 
whether button is "in" or "out," black­
face button has v isi ble legend only 
when button is "in." 

VIRTUALLY UNLI MITED APPLICATIO NS .. . 

Use the "Gio-Button" Series X on all pushbutton switches 
with standard .050" x .187" plungers, such as Switch­
craft Series 7000, 8000 and 35000 "Multi-Switches," or 
other switches with maintained plunger action and maxi­
mum fallback of 1/ 16". Ideal for computers, control pan­
els, in strumentat ion, commerc ia l and in dustr ia l 
equipment, or any place that pushbutton switches must 
be combined with economical, rel iable visual signal ing. 
Write on your letterhead for a sample. 

SEND FOR BULLETIN 155, or see your local Switchcraft 
Authorized Industrial Distributor for immediate delivery 
at factory prices. 

*PATENT APPLI ED FOR 

~® 
5531 North Elston Ave., Chicago, Ill inois 60630 

CANADA: Atl as Radio Corp., Ltd., 50 Wingold Ave., Toronto, Ontario 

Circle Reader Service Card No. 31 
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rn LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 

Sa n Carlos, California/Williamsport, Pennsylvania/Canada: 25 'Cityview 
Drive, Rexdale, Ontario I Europe : Box 110, Zur ich 50, Switzerl and 

Circle Reader Service Card No. 32 

Management Display System 
Up-to-the-moment company operating data can be pre­

sented on the recently developed Information Displays Ine. 
(formerly RMS Associates Inc.) Management Display Sys­
tem, IDI Type CM10009. Driven over D ataphone from a 
UNIVAC 490 computer, the system can be many miles 
from the computer. Interfaces for other computers are also 
available. A large ( 4096 x 30) core memory in the display 
refreshes the display rapidly at flicker-free rates, while at 
the same time, accepts low speed Dataphone signals from 
the computer. Profit and loss statements, break-even curves, 
sales data, and any other desired information can be shown 
on the 21-in. rectangular CRT in fom1ats already familiar to 
management. Contained in the system are line, dot, char­
acter, and eircle generators, all under computer control. 
Management-computer communication is made possible with 
the keyboard, light pen, and special pushbutton switches. 
"Gaming" with the company ... such as investigating effects 
of inventory changes, cost changes, and the like ... is made 
feasible by this versatile computer display system and ap­
propriate programming. A unique "Jump To" feature allows 
selected portions of the memory to be displayed, thereby 
providing a page tuming capability. Two cabinets comprise 
the CM10009 display system. The display generator, in a 
cabinet 69 in. H x 46 in. W x 24 in . D, contains the core 
memory, Dataphone-490 interface, function generators, mis­
cellaneous logic, keyboard, and pushbutton controls. The 
display console, in a cabinet 53~.1 in. H x 30}4 in. W x 32Jf in. 
D, mounts the 21-in. CRT and includes the deflection cir­
suits, and display power supplies. Mounted on casters, the 
display console can be readily moved, and can be operated 
up to 50 feet away from the display generator. To insure 
reliable, trouble-free operation, the CM10009 System is 
completely solid-state (except for the CRT) . A wall size 
( 12 ft. x 12 ft.) display can be operated in parallel with 
the 21-in. CRT using auxiliary outputs provided in the 
system. 

Computer-Based Electronics to Aid Surgeons 
A computer-based electronic "early waming system" d e­

signed to alert physicians in surgery to swift and subtle phys­
iological changes in a patient's condition is being developed 
for the Presbyterian Medical Center, San Francisco. The In­
stitute of Medical Sciences, a research affiliate of the center, 
and the International Business Machines Corp. have signed 
a joint study agreement to develop the patient monitoring 
system. During patient monitoring, data from physiological 
sensing devices will be relayed to an IBM 1800 computer 
where it will be immediately processed. The resulting infor­
mation will be displayed for attending physicians in surgery. 
Selected information can be stored in the computer's memory 
for subsequent recall. A team of physicians, engineers and 
computer programers from IBM's Advanced Systems Devel­
opment Division is developing the monitoring system at the 
Mohansic Systems Laboratory in Yorktown Height, N.Y. and 
at the Presbyterian Medical Center in San Francisco. 

Reconotron Keeps Mariner Properly Oriented 
Jet Propulsion Laboratory engineers kept 1Iariner IV 

properly oriented on its precise eourse to Mars (only a 
small percentage of available mid-course correction was 
needed) by causing a small vacuum device to fix on the 
star Canopus. The device, called a "Reconotron", was de­
veloped by CDS Laboratories at Stamford, Conn. Canopus 
was selected because of its brightness, and lack of other 
bright stars in its vicinity. This made it a suitable reference 
to point cameras toward Mars and antenna toward Earth 
in the July encounter. The special tube is only 6 in. long nnd 
1.5 in. diam. 
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Speeding Access to Stored Information 
Stromberg-Carlson Corp. is expanding its product line 

in the business data handling field with the introduction 
of the S-C 1100 inquiry display system, obtained by acquisi­
tion of the Information Products Corp.'s assets from Renwell 
Industries earlier this year. Stromberg-Carlson will manu­
facture and market the items from its Data Products facili­
ties in San Diego. The main element of the S-C 1100 sys­
tem is a desk-top interrogator which looks like a compact 
adding machine with a small TV screen. Its primary pm­
pose is to provide high-speed electronic inquiry and display 
of computer-stored information. It can also provide a method 
for entering new data into a computer's memory. In a typical 

.1. 
system, the operator receives an inquiry concerning an ac­
count or other record by phone. The clerk uses the key: 
board to enter the account number. She visually verifies her 
entry on the cathode ray tube screen and by d.epressing 
the "transmit" bar, sends the request to the computer which 
immediately retums data related to the account or inquiry 
for display on the interrogator screen. W ith this system, 
the clerk or other company personnel have immediate access 
to up-to-date information. In some applications, entries to 
records may also be made with the system. In this case the 
clerk enters the record number, the data to be entered and 
the function code which tells the computer the type of entry 
to be initiated. 'When transmitted by the operator, the new 
information is added to the stored record automatically. Two 
versions of the S-C 1100 are available. One is capable of 
presenting 100 characters of information at a time on the 
tube face while the other model displays up to 500 charac­
ters. The desk-top display and entry unit provides complete 
message composition , communication and display facilities. 
The equipment can be operated by anyone after only a 
few minutes of instruction. The S-C 1100 has its own 
memory so the data will remain on the display screen until 
erased. The system can also be used in conjunction with a 
printer so an operator can obtain a pem1anent paper record 
of displayed data. Also included in the new line of Strom­
berg-Carlson products is a control unit which provides all 
the necessary controls to multiplex up to 24 interrogators. 

Photography in Information Storage & Retrieval 
The Society of Photographic Scientists and Engineers has 

chosen "Photography in Infom1ation Storage and Retrieval" 
for the theme of its 1965 Symposium Oct. 21-23 at Marriott 
Twin Bridges Motor Hotel, Washington, D.C. Each session 
chainnan will be invited, and will present a state-of-the-art 
review in his field. The Symposium will conclude with an 
open panel session on various aspects of information storage 
and retrieval, in cluding optics, recording materials, coding, 
read-in , storage, read-out, and over-all systems conside rations, 
as well as the comparison and assessment of photographic 
systems with non-photographing systems. Tentative program 
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1965 

topics include: Info rmation Properties - Bit density, signal/ 
noise, spatial frequencies, enhancement techniques; Read­
In -Digitizing techniques, electro-optical devices, CRT and 
light matrix devices; Storage - Permanent and reversible 
materials, memory form, e lectro and photosensitive media, 
transport systems; Read-Out - Parallel and serial access, 
search techniques, photoelectric recognition, display, rapid 
printout ; Optical Computers- Digital, analog, Coherent 
systems. Information may be obtained from William S. 
Dempsey, SPSE Publicity Chairman, Houston Fearless Corp., 
1413 K St. NW, Washington, D.C. 20005. 

Computer Handles 9 Programs Simultaneously 
Honeywell's Electronic Data Processing Div. has moved 

further into the third generation with the introduction of a 
new la rge-scale computer using advanced microcircuitry 
throughout. Termed the Honeywell 8200, it combines key 
features of the film's two top computer lines, enabling it to 
process nine separate programs at the same time. It is de­
signed for mixed business, scientific and realtime data proc­
essing, and can operate on both word- and character-oriented 
programs. rv1emory and input/ output protection features, 
plus extensive interrupt capabilities, make the H-8200 ex­
tremely attractive for time-sharing applications, the announce­
ment said: The H-8200 can share memory among the 
equivalent of 10 central processor groups (multi-processing); 
run nine programs at once (parallel processing ); and have 
more than one "live" program controlled by a single proces­
sor group (multi-programming ). More than 3,000 stations 
can share time simultaneously. The H-8200 contains three 
major subsystems: Pmcessor, memory and input/ output. The 
processoT has within it 10 programming groups - nine run­
ring active programs and a tenth - called the master control 
group - monitoring the entire computer. Eight of the active 
programming groups handle data and instructions in the 
form of fixed-length words. The ninth active programming 
group handles d ata and instructions in the form of discrete 
variable-length characters. The master control group provides 
intercommunication among all active programming groups. 
The processor also includes console, display and manual 
control facilities. The memory subsystem has one to eight 
memory modules and a memory multiplexor ( MM). Each 
module holds 131,072 characters ( 16,384 words) for a total 
maximum core storage capacity of 1,048,576 characters 
( 113,072 words ) . Memory cycle time is 750 nanoseconds 
per eight-character word. This speed and capacity, in addi­
tion to a high computational rate, makes possible a basic 
data transfer rate to peripheral devices of 1.33 million char­
acters a second. The MM, to provide maximum memory 
utilization, can access up to three memory modules during 
each cycle. It handles and routes multiple requests for access 
to memory, assigns priorities, resolves conflicting requests 
and provides memory barricade control so that one active 
program will not disturb operation of another. The input/ 
output subsystem comprises an input/ output multiplexor 
( I / 0 1\11) and up to 32 read/write channels. Up to 48 peri­
pheral control units, and their associated devices, can be 
connected to the subsystem, enabling the H-8200 to operate 
up to 32 peripheral devices simultaneously. The I/ OM 
continuously scans all peripheral control tmits connected to 
the system and requests time from memory whenever a data 
transfer is to take place. In a time-sharing or data com­
munications application, for example, each control unit can 
be linked to a 64-line communications device for a total of 
3,072 remote connections. Access to the H-8200 will in 
effect, be instantaneous from the standpoint of the re~ote 
communications devices. The I/ OM contains hardware which 
enables the program-assignable read/write channels to "float" 
among the peripheral devices connected to the system. Any 
peripheral device is available for either word- or character­
oriented programs. 
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There's a Burroughs NIXIE® tube display to fit 
your application 
your specification 
your budget 
your equipment 

We're applications oriented .. . that's why NIXIE tubes 
come in more sizes, shapes and types than any other 
readout available. There's a NIXIE tube to suit require­
ments ranging all the way from numerical readout of 
navigational data for "inch-conscious" aircraft instru­
ment panels to alphanumeric display of stock-market 
transactions for viewers up to 100-150 feet away. 

We're budget conscious too. The per-digit cost of a 
NIXIE tube display is less than that of any comparable 
electronic display technique, especially when you con­
sider the cost of associated drive circuitry and power 
supplies. Add to this the extreme reliability and a two-year 
warranty, items which can't be bought in any other read­
out at any price, and you've got an unbeatable deal. 

And we're equipment conscious ... which means that 
we've designed display modules to match almost any 
input requirement. Using hybrid circuits with face­
bonded single-sided semiconductors, we've come up with 
extremely flexible units which give custom performance 
at costs rivaling high-production items. Now you can buy 
NIXIE tube drivers, decoders, counters, with or without 
memory tail ored to meet your specifications. 

So let's hear from you. Your application, specification, 
budget, equipment are important to us. We're in business 
to meet your display requirements. Remember-you get 
much more than a readout when you buy a N lXI E tube 
display. 
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A. 87037- Side-viewing Jumbo Tube • Character size-2" Viewing 
distance-100' 

B. fue~:sout Assembly-6-digit bezel assembly containing 8422 NIXIE 

C. 88091 - Large Tube • Character size-1.4" Viewing distance-65' 

D. I:?7- Miniature Tube • Character size-0.3" Viewing distance-

E. 8422/ 85991-Standard Rectangular Tube • Character size-0.6" 
Viewing d istance-30' 

F. ~~~(86091-Super Tube • Character size-0.8" Viewing distance 

G. 84998-Miniature Rectangular Tube • Character size-Q.3" View­
ing distance-14' 

H. 8421/85092-Standard Tube • Character size-0.6" Viewing dist­
ance-30' 

I. B-8971- Large Alphanumeric Tube • Character size-1.5'' View­
ing d istance-65' 

J . 85971-Standard Alphanumeric Tube • Character size-0.6" View­
ing distance-30' 

K. 89012- PIXIE® Position Indicator Tube • Character size-o.125" 
Viewing distance-S' 

L. 87971-Jumbo Alphanumeric Tube • Character size-2.5" View­
ing distance-100' 

M. BIP-8200 Series- Binary-coded-decimal to decimal decoders; drives 
8422 standard rectangular and B599~ plus-minus rectangular NIXIE 
tubes. 

N. 85030; 85025--Long Life Biquinary Tube; Non-Mercury Biquinary 
Tube • Character size-Q.6" Viewing distance-30' 

o. BIP-9451; BIP-9501; BIP-9502- Decoder/ Driver Modules with mem­
ory to operate 8422 standard rectangular tube from BCD or decimal 
inputs or B5971 alphanumeric tube from 13-line input. 

P. BIP-9402-Miniature Decoder Module with memory to operat e 
84998 miniature rectangular tube. 

Q, BIP-8055--150KC decade counter; decimal output is available for 
preset/ reset operation and carry output is provided for cascaded 
multi-decade applications. Preset;reset m odule available to reset 
up to six decades. 

R. BIP-8054-llOKC bi-directional decade counter; decimal output is 
available for preset/ reset operation, and carry output is provided 
for cascaded multi-decade applications. Building-block support 
modules are also available to provide accumulator funct ion. 

Only Burroughs manufactures NIXIE Tubes. m Burroughs Corporation/ ELEcTRoNic coMPoNENTs o1v1s1oN 
PLAINFIELD NEW JERSEY 
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New brilliance and clarity 
in a digital read-out! 

More than a dozen outstanding features demonstrate 
that the Tung-Sol DT 1511 is the most thoroughly 
engineered read-out of its type. Its physical and elec­
trical characteristics combine to produce a read-out 
of unequalled legibility. DT1511 provides all those 
features most desired for brilliant display, thorough 
reliability and universal application. 

Write for bulletin T430 which contains detailed in­
formation. Tung-SolElectric Inc.,Newark,N.J. 07104. ,, 

Ct 
Brilliance. Incandescent 
lamps provide clear, white 
cha racters with a minimum 
brilliance of 500 foot-lam­
berts at 4.0 volts. 

In- line , In-plane. Viewing 
surface is a single, inte­
grated b lock w ith charac­
ters precisely al igned in the 
same plane. 

W ide angle view. C harac­
ters lose none of their legi­
bility even when viewed at 
an ang le of 150 degrees. 

Clarity . S even-segmented 
characters have high con­
trast between "on" and 
"off" segments, resul ting in 
unequalled clarity. 

IN c s 

Circle Reader Service Card No. 34 

New Air Line Arrival / Departure Display 
Ozark Air Lines has unveiled a new electronic display 

system that provides the flying public with up-to-the-second 
information on the arrival and depature of all Ozark flights 
at O'Hare International Ai rport. The infom1ation is dis­
played in glowing green characters on cathode ray screens 
at ticket counters and depnrture gates in the Ozark Terminal. 
The system was supplied by the Bunker-Ramo Corp. The de­
parture screens show up to twelve differen t flights, giving 
the fligh t number, destination, time of departure, and gate 
number. Arrival screens show flight numbers, points of origin, 
arrival times and gate numbers. E ach flight carries remarks 
such as "boarding," "on time," "extra section," etc. The flight 
information data is entered through a special input/output 
device at Ozark's Flight Control Genter in Ch icago. The char­
acters appear on a small screen in front of the operator for 
verification. Then at the touch of a button the information is 
transmitted to the 23 in. cathode ray screens for public 
viewing. 

New TV Hard Copy Printer 
A television prin ter which produces high quality hard copy 

prints of video information displayed on a TV cathode ray 
picture tube, has been developed by GPL Div., General Pre­
cision, In c. The printer p rovides photographic-quality 8J~ in. 
x 11 in. prints of any image viewed on a control monitor, in 
only 30 seconds, and at a cost of only 7 4 per print, according 
to the manufaturer. The new GPL TV prin ter consists of 
three major assemblies: CRT and Electronics; Optics; and 
Rapid Processor. F ront panel controls include On-Off, Ex­
posure Timing, and PRINT pushbutton. The completed semi­
dry p rint is ejected through a slot in the lower front section 
of the unit. Operation can be remote, automatic and unat­
tended with eithe r 525- or 675-line horizontal-scan-rate ac­
cepted. Other fea tures include : Adjustable aperture correc­
tion, electronically regula ted power supplies, and switchable 
picture polarity. The unit weighs 140 lbs., and measures 32 
in. high x 18 in . wide x 36 in . deep. 

Near Real-Time Aerial Recon Information 
Philco's Aeronutronic Div. , Surveillance Radar D ept., Blue 

Bell , Pa., has developed an aerial reconnaissance photograph 
scanning and reconstruction system to provide near real­
time information for field commanders. Called Project See 
Fast by the Air Force, for whom it was developed, the 
system is currently unde r evaluation. It is designed to provide 
improved close ai r support for ground troops. The system 
scans sensor imagery and reconstructs it at a remote receiver 
station. It utilizes an airborne single-line flying spot scanner 
to transform information from 70-mm film to video form for 
transmission via d ata link to a relay aircraft, thence to a 
ground station where a CRT fi lm recorder converts video 
data to a photo image on 5-in. film. Also in use is a Lock­
heed C-130, converted b y LTV, as an Airborne Battlefield 
Command anu Control Center for alternate use. Philco re­
ports the system is capable of scann ing 50 feet of aerial 
photographs of 70mm film at a rate of 1 in./ sec. and re­
producing them at two times size on 5-in. film at a rate of 
2 in./ sec. The over-all resolu tion is 20 optical lines/ mm 
with 10 shades of gray ranging from neutral density 0 .2 to 
neutral density 2.0. A line traced formed by a 1.2 mil (half 
brightness) spot on the scanner's 5-in. CRT light source is 
imaged 1 to 0.5 on the continuously-moving 70mm photo­
graphic images. The intensity of the spot is modulated by 
the densi ty of the emulsion in the photograph and its light 
is collected by a photomultiplie r wh ich yields the video sig­
nal for transmission . The system operates in the near ultra­
violet spectra l region wi th a P-16 phosphor CRT, special 
color corrected optics and an S-11 response photomultiplier. 
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Glass tubes obsolete? ... Look again! 

One gun or twelve, short neck or long, 
round face or rectangular, fibre optics or standard . • • 

*You can take ETC to mean Electronic 
Tube Corporation ... or unlimited cathode 
ray tube capability. Either definition points 
to the pacesetter of the CRT industry. 

ETC got off to an early start in the 
mid-thirties when the cathode ray tube 
was con sidered a laboratory curiosity. 
Today, with the emphasis on solid state 
technology, ETC is one of the largest 
suppliers of CRT's to science, indus try 
and the military. 

ETC can supply 150 different tubes 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 

from stock but our specialty is the design 
and fabrication of tubes which never ex­
isted before . . . to do challenging new jobs 
that couldn't be done before. 

To design, develop and test tubes for 
such specialized applications ... to produce 
them under the most exacting quality con­
trols .. . calls for outstanding engineering 
know-how and capability. This kind of 
capability is a byword at ETC. It contrib­
utes to the overall superiority of even the 
lowest price CRT. 

Circle Reader Service Card No. 35 

Why not call in this specialized capa­
bility when you are in need of CRT's­
standard or cus tom designed. Whatever 
your requirements, you'll see more dis­
play per dollar on an ETC tube. May we 
show you why? Write today for our free 
new catalog. 

GENERAL 
~~~~~u~ ~~~~~ cA5. 
PHILADELPHIA • PENNSYLVANIA 19118 
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If you really care what your 
data-display dollar is buying • • • 

Take a cold , hard look at 
Milgo's New 30" x 30" Vertical­
plotting X-V Recorder. 

Compare it for speed. Repeata­
bility. Accuracy. Rel iability. Plot 
visibility. Add-on flexibility. Versa­
til ity. Quality. Floor space. Delivery 
time. 

The Milgo solid-state 4021D X-Y 
Recorder accepts on-line digital in­
puts from any digital computer; 
off-line inputs from magnetic tape, 
punched paper tape, punched 
cards, a manual keyboard or an 
analog source. The pen/prin ter 
draws lines, curves, and point­
plots; it symbol prints with a 50 
character symbol printer. Pen and 
symbol printer interchange elec­
tronica l ly in milliseconds. The 
pen/printer has a slew of 30 ips, 
with a continuous writing speed of 
20 ips. The pen/printer point-plots 
in either pen or symbol mode at 
500 ppm. It prints a random selec­
tion alpha-numeric character at 
300 per minute. The plotting.surface 
is evenly back-lighted by a variable 
powerstat control. Plots are clearly 
visible for 10 feet or more. The 
complete unit only occupies a 

50 by 18 inch floor space. The 4021 D 
was developed and is produced to 
military standards of qual ity and 

re liability. It is rugged and of mod­
ular construction. Installed and 
operating , it has the lowest feature­
for-feature price tag of any 30 by 30 
inch plotter avai lable to industrial 
and commercial users. 

Circle Reader Service Card No. 36 

Take a cold, hard look, for instance, 
at the symbol printer and its in­
tegral pen and inking system.* The 
complete unit is 1/ 3 to 1.4 smaller 
than competitive units. It has no 
dangling umbilical cord. Pens are 
low-mass, solenoid actuated. Cap­
il lary action prevents spilling at any 
slew speed or acceleration, and 
the ink reserve can be fill ed w ith­
out disassembly. Ink supply is indi­
cated visually. The arm, on ly 11f,; 
inches wide, is servo-motor driven 
at both top and bottom. It is ball ­
bearing mounted on stainless steel 
rails, precision ground to within 
0.004 inch. It allows accelerations 
of 400 ips2 in both X and Y; pro­
v ides static accuracy withi n 
± 0.05% of fu ll scale, and repeata­
bi lity of ±0.02%. 

Milgo offers analog and/or digital 
recorders in vertical or horizontal 
models with plotting surfaces up 
to 45 x 60 inches. If you need to 
know what your "data-display 
dollar" can buy, call Tom Thorsen, 

Marketing Department, at Milgo 
Electronic Corporation, 7620 N.W. 
36th Avenue, Miami, Florida 33147. 
Phone: 305 691-1220. TWX: 305 
696-4489. 

• U.S. Patent No. 3,120,214. 

II 
Milgo Electronic Corporation 

INFORMATION DI SPLAY, SEPTEMBER/OCTOBER, 1965 



Sixth SID Symposium Features 
Four Top Display Experts 

20 Technical Papers in 4 Sessions 
Include six ~~s-Minute" Offerings; 
A Ladles' Program Is Introduced 

New York City, Sept. 29-30, 1965 

Brig. Gen. A. T. Cu lbertson, USAF, 
Commander, Rome Ai r Development 
Center, 1ew York, will deliver the key­
note address Wednesday morning, Sept. 
29, prior to the start of technical ses­
sions of the Sixth National SID Sym­
posium. 

Other speakers at the 2-day meeting 
inc:lude: 

John Sullivan, Dean of the School 
of Business Administration, Florida At­
lantic University, a new school designed 
around the use of Information Display 
as an integral p~ut of the educational 
program. He will address the vVednes­
day lunc:heon after an introduction b y 
;-.IC .Ford Brown, Symposium General 
Chairman. 

E. J. Stockwell, of ASA's Office of 
Tracking and Data Acquisition, will 
speak at the annual banquet, 'vVednes­
day evening. He will be introduced by 
Bob Klein, Chairman of the host Mid­
Atlantic Chapter. 

Hal G. Davis, North American Avia­
tion / Space & Information Systems Divi­
sion, Downey, Calif. , will address the 
Thursdav luncheon. He will be intro­
duc:ed by Carl ?. lachover, Program Co­
Chairman. 

Site of the two-day meeting is the 
2000-room Hotel Commodore on New 
York's 42nd Street between Park and 
Lexington Avenues (adjacent to Grand 
Central Station). 

Technical Sessions 
The technical sessions on \Vednesday 

and Thursday morning and afternoon 
will all be related to displays but will 
cover broad are:1s, including systems, 
d isplay-c:omputer-user interface, as well 
as physics, electronics, optics, photo­
chem istr~', physiology and psyc:hology as 
they are applied to information display. 

Some of the papers submitted cover 
applications of photochromic materials 
both inside a cathode ray tube as well 
<IS ultraviolet excitation in air. 

Laser display applications will be 
covered, as well as a variety of electro­
luminescent display techniques. 

There will be pape rs describing the 
use of c:olor in large screen and othe r 
displays, as well as storage syste ms for 
color. 
INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 

New York's Commodore Hotel, 42nd St. at Grand 
Central Station, is the scene for the Sixth Nation· 
al Symposium of SID 

Electronic and computer systems, to­
gether with a lpha-numeric chamcter gen­
erating systems, will be discussed as they 
are applied to graphic arts. 

Applications of information displays 
in business, management, automatic 
checkout, as well as space vehicle con­
trol svstcms will be covered. 

Tl;ere will be descriptions of work on 
a number of display ·system components, 
including special cathode ray tubes, cir­
cuitry and switching systems. 

Included in the technical sessions will 

be a series of five-minute papers, an 
innovation at technical symposia, that 
promises to provide more information 
in less time. 

Symposium Committee 
Ford Brown, President of Photo­

mechanisms, Inc. , is the overall Conven­
tion Chairman , and he has chosen a 
well-C] twlified, hard-working group of 
chairmen responsible for specific activi­
ties. Sol Sherr of Sperry Gyroscope is 
Vice Chairman. 
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Edmund Kennedy, of Rome Air De­
velopment Center, is the Papers Chair­
man. Program Co-Chairmen are William 
Bethke of RADC and Carl Machover 
of Information Displays, Inc. The Ex­
hibits and Equipment Show are being 
coordinated by Sherman lllumenthal of 
Touche, Ross, Bailey and Smart. Frank 
Masters of Trade Associates, Inc. is the 
E xposition Manager. 

F acilities Chairman is Charles Em­
mert, of CBS Laboratories. Burton Price, 
of Philco Corporation , is Chairman of 
Registration. Henry Oppenheimer, of 
CBS Laboratories, is the Financial Chair­
man. 

Publicity and Publications ChainmUl 
is Cordon Burroughs, of Cordon Bur­
roughs Engineering. 

Advance registration forms and a p re­
liminary program have been mailed out, 
but addi tional advance registration forms 
can be obtained from Burton Price, 
Philco Corporation, 3900 Welsh Road, 
Willow Grove, Pennsylvania 19090 
(Telephone ( 215) OL 9-7700). Any 
other information can be obtained from 
Ford Brown, Photomechan isms, Inc., 15 
Stepar Place, H untington Station, L. l., 
New York (Telephone (516 ) HA 
3-4411 ) . 

Abstracts of Addresses 
Gen. Culbertson's command includes 

the responsibility for R&D of display 
devices across a very broad area, for 
Air Force use. An abstract of his key­
note address follows: 

"We seem to have reached a leveling­
off period in technology. We have in 
the past three or four decades been ap­
plications oriented. Little basic research 
has been done within recent time. 

"It is evolution in science which 
breeds what seems like technological 
revolution to the lay men. Individual 
investigators, each working in h is nar­
row area of specialty, laboriously pile 
stone upon stone of scientific knowledge. 
Finally, an investigator with an inven­
tive turn of mind sees the form of the 
structure developing, adds a few deft 
touches, and the completed pyramid 
takes shape. The average person sees 
the completed pyramid as the scientific 
revolution; he does not consider the 
piling up of the individual stones. Thus, 
to build a pyramid representing a tech­
nological break-through, we need both 
the stone masons to pile stone upon 
stone and the architects to realize that 
enough stones are available to assemble 
the completed structu re. 

"Perhaps, it is time to turn, or divert 
more of our eff01ts from 'application' to 
'theory and experiment'. Through the 
adoption of th is approach, we, in the 
display area, may progress beyond evolu­
tionary advances and realize a truly 
revolutionary breakthrough." 

Dean Sullivan will discuss the need 
for and advantages of util izing the most 
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f01ward technology available in educa­
tion today. An abstract of his luncheon 
address follows: 

"With the increasing number of stu­
dents entering college and the lack of 
a corresponding increase i11 the number 
of adequately trained teachers for col­
lege, new teaching methods must be un­
covered and exploited. The use of in­
formation displays for higher -education 
becomes obvious. F lorida Atlantic Uni­
versity is pioneering in th is area. Pro­
grams in Business Administration, such 
as, Management Planning, Computer In­
structions, etc. are prepared on video 
tape. Limited use of this technique for 
foreign language insh·uction has been 
attempted. The results of this p rogram 
will be presented." 

Mr. Stockwell, presently a Staff 
Scientist with the NASA Office of Track­
ing and Data Acquisition, is head of 
Manned Space Network Operat ions. An 
abstract of his banquet address follows: 

"The Count is ·rww T-30 and Hold­
ing. To the average ci tizen who has 
just been infonned on TV or radio of 
this situation, it is just words and num­
bers. At this stage in our Aerospace 
Program, they are educated enough to 
know that it is going to be 30 more 
minutes until launch; that is, they think 
it will be 30 minutes because the count­
down clock, unlike the ordinary Al:ll'm 
clock, can stop and go without prece­
dent. (Obviously invented by a show­
man and with a sole purpose of build­
ing up tension and interest. ) 

"These sets of numbers and an un­
emotional voice team up in the strange 
ritual of counting backwards un til at 
last the clock strikes zero and the count­
d own is ended in a fiery spectacle as the 
launch vehicle slowly lifts off the stand 
and then picking up ~peed , rapidly moves 

out of sight into the heavens. And that 
is all there is to it - to the layman. 

"Very few laymen know the real pur­
pose of the countdown or just how the 
countdown is carried out. My talk will 
attempt to demonstrate that the count­
down is a carefully developed procedure 
of preparation for launch and because 
of its tremendous imp01tance to tl1e 
success of the latmch program, the 
countdown should be better understood." 

Mr. Davis is currently Manager of 
Data Systems Analysis in the Informa­
tion Systems Div. of NAA/ S&ISD, with 
responsibilities in many current and fu­
ture areas of display. An absh·act of his 
luncheon address, "A D isplay System 
for Management", follows: 

"In recent years the Space and In­
form ation Systems Division of North 
American Aviation, Inc. has attained a 
highly developed skill in the applica­
tion of closed-circuit television to man­
agement communications. Program p ro­
duction teams have utilized the fully­
equipped, commercial television stand­
ard obile vans, studios, mobile receivers 
and transmitters to serve projects and 
facilities over a dispersed complex cov­
ering 50 miles and 280 outlets. Indica­
tive of the usefulness of North American 
Aviation's CCTV, more live program­
ming has been transmitted over the 500 
miles of cabling and microwave links 
than has occurred on any network broad­
casting in the past year. 

"Stressed in the presentation will be: 
( 1) Management communiaction in large 
organizations; ( 2) Effect of displays in 
management communications; ( 3) Novel 
applications at NAA that contributed to 
CCTV's success in management com­
munications; and ( 4) Summary of prov­
en uses, possible uses and implied 
boundaries for use." 

Invitation to Symposium 
Please accept my personal invitat ion to participate in the Sixth 

National Symposium of t he Society for Information Display. My first 
att endance at the Society stemmed f rom such a personal invitation, 
and I think it only f itt ing to pass it on to you. I am sure that your 
part ic ipation at t his Symposium, whether it be a repeat attendance or 
one for the first time, will have a most satisfying and professionally 
enriching effect on your l ife. 

The international situat ion of today tend s to foreshadow such 
activit ies as these. However, none of us should forget that the 
d isplay indust ry we represent is a vita l tool for national defense and 
preparedness. There is not one major defense system or defense in­
·sta llation in this count ry or abroad t hat does not depend in one way or 
anot her on information display. I think it is our responsibili ty to con­
ti nue to expedite t he long term advancement of the informat ion dis­
play industry if for no other reason than to contribute to the prepared­
ness stature of the Unit ed States. I wi ll be looking forward to seeing 
you at ~he Symposium. 

gim !Redn1ar1 
NATIONAL PRESIDENT 
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Technical 
Program 

Four technical sessions are p lanned , 
two each day, at which a total of 20 
papers are to be offered. 

SESSION I is composed of a series of 
six 5-minute "Quickie" papers (an in­
novation ) to be presented in just 90 
minutes. They cover a variety of sub­
jects. Chairman is Thomas T. Goldsmith, 
Fairchild Camera & Instrument Corp., 
Clifton, N.J . 

SESSION II will cover the so-called 
"hard sciences", physics, chemistry and 
their myriad subdivisions and combina­
tions, such as electronics, optics and 
photochemistry. Chairman is George B. 
Coll ins, IBM, Kingston, N.Y. 

SESSION II I will feature the "soft 
sciences", psychology and physiology, in­
cluding psychophysics, information trans­
fer and personnel hazards. Chairman is 
Carl Silver, Franklin Institute, Phila. , 
Penna. 

SESSI0.:-1 IV will d eal with systems 
science and art, including display j com­
puterj user in terface, programming, and 
specific: applications. Chairman is Edith 
13airdain, Data and In formation Systems 
D ivision of ITT, Paramus, N.J. 

Papers to be p resented at the various 
sessions include : 

Session I 

Suggestion for an On-Line Bmille Dis­
play, by Theodor H . Nelson, Vassm· 
College, Poughkepsie, N.Y. 

A13STRACT: A simple and inexpen­
sive 13raille output device is described. 
It would use pins in a drum, and re­
quire little power. A feedback device 
informs the computer of the reader's 
progress, and display is modified ac­
cordingly. The display would hold about 
half a line of type, though this could 
be varied. Using stand ard teletype code 
and phone lines, it could be hooked to 
a remote data-set far from the computer; 
multiple units could be easily time­
shared from a single computer. Essen­
tially the d evice would substitute quick 
response for large display area. 

Because the actual displayed m·ea 
would be small, unusual software is 
required , by which the computer may 
continually modify the display on the 
basis of the reader's movements. The 
program must use reader feedback to 
control b:tck-spacing, line and page for­
ward stepping, and skips. Other soft­
ware must facilitate browsing, and p ro­
vide indexes, mod ality shift (to sum­
maries or footnotes), and information 
customari ly carried by such cues as 
page p osition . 
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Welcome 
The Mid-At lantic Chapter is looking forward to the opportunity 

of welcoming all SID members to New York for the Sixt h Nat ional 
Symposium of the Society for Information Display. 

This meet ing comes at a time when publ ic awareness of the need 
for information management and display are appearing, not only in 
technica l publ icat ions, but in daily newspapers. Sunday supplements 
discuss electronic computers and their effect on everyday life. Banks, 
businesses and universities, as well as the military, are employing 
computers in ever increas ing rates, and with them, the man-machine 
interface devices whi ch constitute display components and systems. 
Every day presents new challenges to our t echnology. 

In this environment of growth, new applications and new ideas, 
the forthcoming SID symposium represents a wonderful opportunity 
for all of us to get together again to compare concepts, exchange 
views aid explore the future. We are looking forward to sharing it 
with you. 

Such a device might reduce the need 
for Braille hard copy, and put the blind 
within immediate reach of all th e books 
t hat have been digitally recorded. • 

Electroluminescent Pictorial Stat u s 
Di.rplays, by John S. Frost, specialist, re­
search, Autonetics Divis ion, North Amer­
ican Aviation Inc ., Anaheim, Cal. 

ABSTRACT: Status displays me a 
requirement in vehicular operations to 
indicate the functioning of complex sub­
systems. Current status displays usually 
consist of a cluster of gages, supple­
mented by advisory information, utiliz­
ing the technique of illuminated areas 
and accompanied by app ropriate Eng­
lish language or numeric identification. 
Observer response to this type of pre­
sentation requires several stages, includ­
ing scan, synthesis, perception and 
action. 

Many status d isp lays can be shown 
in pictorial fonn with the object of 
enhancing the observer's recognition of 
and response to the ensuing sih~ation. 
Several types of pictorial stah1s displays 
have been constructed showing stylized 
versions of real world sih1ations. E lec­
troluminescenc:e has been utilized .. in 
these d isplays. By selective electrode 
deposition, complex shapes may be gen­
erated by simple on-off selections, thus 
affording unlimited flexibility in selec­
tion of the output display fom1at. D y­
nmnic information (including illusory 
motion ) can be presented b y straight­
forward switching techniques. 

Initial evaluation has shown the Pic­
torial Status Display , affords a significant 
red uction in the e lectrical complexity of 
the computerj display in terface. Further 
testing is required to d etermine the rela-

;e~ e. "K.tet. 
Chai rman 
MID-ATLANTIC (HOST) CHAPTER 

tionship between representative pictorial 
status d isplays and observer-operator ef­
ficien cy. • 

Footlamberts, Film and P-11 Phos­
phors Don't Mix, by H. P . F ield and 
R. H . Akin, Gamma Scientific Inc., 
San Diego. 

ABSTRACT: The P-11 phosphor is 
the most widely used phosphor for CRT 
film recording because it has th e high­
est photographic efficiency. Many men 
in this field are faced with the prob­
lem of h ow to measure the light out­
put from a P-11 phosphor. Traditionally 
this has been done in terms of footlam­
berts with a photometer that has a spe­
cial response matching the standard hu­
man eye curve. This is an erroneous 
technique and should be abandoned. For 
instance, when more than one photo­
meter is used , disagreement is the rule. 

The reason for d isagreement is a b asic 
one; all of the P-ll energy is located at 
a low and sloping portion of the b lue 
skirt of the eye's response. Apparently 
minor variations in the photometer's 
response in this region can cause major 
differences in readings of P-11 sources. 
In addition to the instrument-to-instru­
ment variations causing lack of correla­
tion, a more serious consideration is the 
fact that while the P-11 is at a low point 
(about 5%) of the eye's peak response, 
it is at a maximum for most films. Hence, 
we are using the wrong tool for making 
the measurement. \i\le should use a pho­
tometer whose spectral response matches 
the film. 

It is argued that footlamb erts should 
no longer be used as the basis of P-11 
light output measurements. Instead, cali­
b rated P-11 sources and photometers 
that match the fi lm's spectral response 
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should Le used to solve this problem 
facing the instrumentation engineer in 
measuring P- ll light output meaning­
fully as it relates to photographic film. e 

Th e Faster the: Better?, b y Carl Silver, 
Franklin Institute, Phi la., Penna. , and 
Lt. -Col. Ra lph Cruikshank, U.S. Army. 

ABSTRACT: In developing a display 
sub-system to support information re­
trieval and processing in military com­
mand and control systems, there is a 
great temptation to base systems speci­
fications upon the cmrent state-of-the­
art rather than upon objectively identi­
fied requirements. This is especia lly t rue 
with regard to speed of display creation 
and presentation. It is understandable 
that this temptation exists because it is 
ordinarily a matter of some difficulty to 
identify displny users' requirements in 
terms of permissible delay. Such analyses 
often lend onlv to the conclusion "The 
Faster the Better." In considering such 
a conclusion, it is useful to distinguish 
between tac tical systems and strategic 
systems. 

In tactical systems the requirement 
for speed in display creation and p re­
sentation ordinarily depends on the 
speed with which significant related 
events are occurring. 

In strategic systems on the other hand, 
the permissible delay is not ordinarily 
re lated to the time sequence of events · 
in the fie ld. • 

Batch Fabricated Computers: The 
Clwllenge to the Display Field, by L. C. 
Hobbs, H obbs Associates, Corona Del 
\!ar, California. 

ABSTRACT: The course of tech­
nological history has proven the im­
portance of related technologies advanc­
ing roughly equivalently. Inevitably, lack 
of progress in a particular technology 
tends to hold back the effective utiliza­
tion of re lated technologies. Alternatives 
will be found and the offending tech­
nology will fall by the way side. Batch­
fabricated electronics and the new com­
puter applications they will permit offer 
such a threat, and hence challenge, to 
the display field. 

Developments presently underway in 
integrated c ircuits and batch-fabricated 
memories are creating a revolution in 
computer technology. 

The future of the display field will 
be long to those wh o realize the dramatic 
changes underway in electronic and com­
puter technologies and con centrate their 
efforts on the development of compatible 
display technologies. • 

High Contrast Dark Field EL Panel 
DevelopmPnt, by iV!nrtin C. Rader, E. J. 
Soxman , and C. N. Steele , Sigmatron 
Inc., Coleta, California. 

ABSTRACT: None available. e 
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Session II 

Plwtochromic Class-A New Tool for 
tlw Display System Designers, b y Ben 
Just ice, Corning Class \Yorks, Corning, 

.Y. 
ABSTRACT: The announcement o f a 

reversible photochromic glass in January 
of 196-! b y Corning C lass \i\1orks, gen­
erated a great d eal of interest in many 
areas of application. In the area of dis­
play applications, photochromic glass 
is un icwe. Corning's silver ha lide com­
positions nre non-fatiguing, light sensi­
tive, erasable, durable, predictable, re­
versible, exhibit high resolution, and 
formable by most conventional glass 
working or fin ishing processes. Applica­
tions have been requested involving 
darkening and fading rates tha t range 
from microseconds, to several hours. 
Needs for optical density afte r exposure 
range from 0.3 to 4. 

For many applications there are two 
methods for influencing the "natural" 
behavior of photochromic glasses - the 
control of temperature and the use of 
optical "bleach ing" radiation. 

It is possible to impress information 
on photochromic glass. This information 
can then be read, projected, stored, or 
written and erased thousands of times. 
This paper w ill describe this unique sys­
tem and relate its important p ropert ies 
to displny applications, including a 
demonstration. • 

The Laser Display: A Large-Screen, 
Real-Time Display T ec h n i q tt e, b y 
Charles E. Baker, Texas Instruments, 
and Anthony D. Rugari, Rome Air De­
velopment Center. 

ABSTRACT: Development of the 
laser as a practical, continuous, co­
h erent light source has opened the w ay 
for a novel and promising new approach 

to a large-screen , high-b righ tness, hig h­
resolution, rea l-time, projection display 
technique. A feasibi litv model has been 
constructed wh ich op.era tes f rom com­
mercial television broadcast ing and uses 
a h igh power neon-helium gas laser. 
A 40-inch-wide 52.'5-line raste r is pro­
jected onto a d irectional reflective screen 
to give a display having between 5 and 
lO foothmberts highlight brightness. 

Considerably higher resolutions are 
possible and the avai labilitv of visib le 
continuous lasers in the red, blue and 
green port ions of the spectrum now 
make it poss ib le to d es ;gn a fu ll color 
display. It is concluded that this tech­
nique d eserves serious consideration fo r 
some of today's most pressing display 
problems. • 

Visual \Vrite-Erase-Nonstore and Elec­
trical Readout Accurate Tmcking Display 
Storage Tube, by Phi llip P. Damon and 
.J ohn Kolostyak, Vacuum Tube Products 
Div., Hughes Aircraft Company. 

ABSTRACT: A display storage tube 
has been demonstra ted which has high 
tracking accuracy between the four 
func tions of visual write-erase-nons tore 
and elect rical readout. A "light pen" m ay 
a lso be emp loyed to enter or read out 
information. This new app roach m ay 
be utilized with any diameter d isplay 
storage tub e. F eatu res are simplified 
economical construction , additional op­
erational capabi lities not now available 
in existing h alftone display storage tubes, 
improved performance characteristi cs 
and simplification of system require­
ments. • 

Thin Film Electroluminescent Displtty 
Panels, b y E. ] . Saxman, C. N. Steele, 
and iVI. C. Rader, Sigmatron, Inc., 
Coleta, California. 
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ABSTRACT : This pape r presents a 
review of past and current research ef­
forts on the development of thin film 
electroluminescent x-y matrix display 
panels. In itial development of a 28x28 
line matrix wi th a resolution of 33 lines 
per inch is described, wi th emphasis 
on performance variations which result 
h om changes in phosphor fi lm thickness 
and composition. Variations of intensity 
of emission as a function of a va riety of 
drive conditions is discussed. Suppres­
sion ratio measurements of the order of 
10" are p resented . Design criteria estab­
lished for a matrix of 258x258 electrodes 
is d iscussed, and the performance of 
such panels is described. Final panel 
configuration provides an active surface 
area of more than 90 square inches on 
a s:ngle substrate. 

Finally, da ta is presented which in­
dicates that the drive conditions re­
quired for the emission of light in the 
20-100 foot-Lambert range can b e adjust­
eel over a wide voltage range by proper 
selection of fabrica tion techniques. This 
can be accomplished without loss of 
suppression. Latest results of current 
life tests will be presented, with a dis­
cussion of most recent data avai lable. 

The work reported was sponsored, in 
part, by the Joint Army Navy Aircraft 
Instrumentation Research Committee 
under Contract Nom 4509 ( 00 ) and the 
Naval Air Development Center under 
Contract N62269-2540. • 

Limitations on High-Energy Cathod e 
Ray Tube Beams with Regard t o Phos­
phor Life, by W . R. Elliott, The Boeing 
Co., Seattle. 

ABSTRACT: The extremely high 
energy of the electron beam in the 
cathode ray tube, when the tube is 
employed as a source of ultraviolet ener­
gy for exposing Kalvar dry processed 
fi lm, presents a problem in preserving 
the prosphor. In a conventiona l oscillo­
scope tube, leaving the spot on one 
location will eventuallv cause d eteriora­
tion of the phosphor: W ith the beam 
powers contemplated in this application, 
allowing the spot to dwell for a fraction 
of a second will cause not only deteriora­
tion but total destruction of the phos­
phor at that location. The possibility 
that the dwell time required to obtain 
suffici ent light energy to expose the 
Kalvar film may be greater than the 
maximum permissible time thus becomes 
a major problem. 

It is assumed that phosphor damage 
in a cathode ray tube is a result of the 
temperature rise of the phosp hor. Since 
most phosphors are quite inefficient, 
most of the kine tic energy of the elec­
trons in the beam is converted into 
heat. The temperature rise is determined 
analytica lly assuming that the heat is 
dissip ated by conduction in the glass 
face. • 
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Sess ion Ill 

Methodology for the Definition of a 
Space V ehicle System, by N. ]. Arntz, 
The Boeing Co., Seattle. 

ABSTRACT: Not available. • 
The Perception of Flicker in Cathode 

Ray Tube Displays, by Rodger Elmo 
Turnage Jr., Stromberg Carlson Corp., 
San Diego, a Division of General Dy­
namics Corp. 

ABSTRACT: The critical fusion fre­
quency (cff) of flicker in CRT displays 
was experimentally measured under the 
conditions prevalent in information dis­
play sys tems. !viuch published data is not 
applicable because CRTs were not used 
and the humans were adapted to scotop­
ic vision, wide angle flickering fields, or 
low contrast targets. Apparatus was con­
structed consisting of interchangeable 
CRTs with seven different phosphors 
and electronic equipment to modulate 
the CRT beam current with sinusoidal 
and rectangular pulse signals of variable 
frequency. 

Results show that the cff of a phos­
phor-human system is reduced substan­
tially below the cff of a human visual 
system by phosphor persistence. The 
relative ability of phosphors to reduce 
flicker can be predicted from their per-

sistence characteristics, but quantitative 
predictions of cff cannot be made by 
comb!ning an exponential phosphor hy­
pothesis with published human cff data 
taken under different conditions. The 
phosphors ranked in order of their re­
duction of cff are: Pl2 (greatest reduc­
tion ), P7 yellow component, P l , P28, 
P4, P31, and P20. The P28 phosphor 
tested exhibited neither the expected 
reduction of cff nor its published per­
sistence. No significant differences in 
flicker perception were found among 
the three observers used in the pulse 
modulated experiments . The apparatus 
and techn iques were found capable of 
repeating cff data within 2 cps. • 

Visual Display Techniques in Vehicle 
Stabilization and Control, by William 
Kingston, Video Systems Engineering 
Branch , Norden Div., United Aircraft 
Corporation. 

ABSTRACT: The integration of ve­
hicle status information into a single 
pictorial display has become an accepted 
idea in the fie ld of instrumentation. In­
dependent efforts in the human sciences 
have sought to determine man's be-
havior and performance for a variety 
of control tasks, and have shown the 
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types of tasks for which his performance 
approaches the optimum. 

The research described in this paper 
encompasses both the human sciences 
and instrumentation. Analytical methods 
are presented which establish the in­
formation requirements for optimum 
flight control. These requirements form 
the basis for development of an inte­
grated control and status information dis­
play. The behavior of the status and 
control infom1ation symbols under vari­
ous flight situations is discussed. 

The work reported was conducted 
under funding by the Joint Army-Navy 
Aircraft Instrumentation R ese a rch 
(JAN AIR) Program. • 

Seven: A Stroke of Luck?, by Paul R. 
Fuller, Lear Siegler Inc. , Grand Rapids, 
Mich. 

ABSTRACT: One of the difficu lt 
problems in the development of prac­
tical electroluminescent (EL ) displays 
is that of switching. In the develop· 
ment of numeric EL displays, cost, 
weight and complexity of switching 
could be minimized as the number of 
d:splay elements would be minimized. 
For example, if all digits could be gen­
erated by use of seven elements, three 
horizontal and four vertical, without 
serious degradation of reading time or 
accuracy, th is would be preferable from 
an engin eering standpoint to the use 
of a hu·ge number of elements. H owever, 
there is evidence that the seven stroke 
format is not so easily read as is the 
more standard ones, su~h as those called 
out in MIL STD 803. An empirical test 
series was undertaken to measure the 
time and accuracy of response to a seven 
stroke EL display and a comparable 
light-emitting display which used the 
~andard form for Arabic numerals. 

Accuracy in reading both types was 
high. There were slightly more errors 
initially with the EL numbers. (No 
statistical significance) The total ac­
curacy in reading EL numerals was 
99.533%. If the fi rst five trials were con­
sidered learning and familiarization trials 
and were dropped from analysis, the ac­
curacy of reading became 99.933%. This 
was comparable to reading the regular 
numerals with which subjects had had 
many years experience. • 

Sess ion IV 

Mobile Computer-Generated Di~7Jlay 
Systems, b y Paul Horowitz, Nortronics 
Division, Northrop Corp. 

ABSTRACT: The purpose of this re­
port is to discuss several computer-gen­
eJ·ated display concepts that appear to 
be suitable for use in tactical operations 
centers. The report does not present a 
survey or review of data display "state-
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of-the-art", but rather it attempts to set 
f01th the human and subsystem require­
ments of tactical centers in general, as 
well as some that may be unique to a 
particular system. The display subsys­
tem design described in the report is 
within the current state-of-the-art and 
hence could be available without an 
extensive research and development pro­
gram. 

The techniques and devices needed 
to readily implement the mobile display 
subsystem are not available in large 
variety. This may be attributed to pre­
sent "state-of-the-art", availability within 
the time period under consideration, and 
the diverse environmental and operation­
al requirements demanded. There are 
many characteristics which directly in­
fluence the choice of components and 
subsystems. The display subsystems must 
be meticulously selected, designed, and 
tested prior to field us. 

A conceptual design readily imple­
mented from "off the shelf" components 
meeting many of the postulated require­
ments concludes the paper. • 

Alpha-Numeric Generator Operation, 
by William Dunn, NAFEC, Atlantic 
Ci ty, N.J. 

ABSTRACT: Not Available. • 

A Stored Pmgmm Display Console: 
The Bunker-Ramo Model 90, by R. A. 
Koster, The Bunker-Ramo Corp., Canoga 
Park, Califomia. 

ABSTRACT: The Model 90 Visual 
Analvsis Console is the newest in a 
famiiy of Bunker-Ramo control-and-dis­
play devices that enable users in widely 
d iffering fields to communicate directly 
and extemporaneously with a computer. 
Like most of its predecessors, the Model 
90 makes use of keyboard buttons labeled 
in natural , problem-related terms. The 
two most significant ·new features of this 
console are: Stored program logic; and 
combined electronic and photographic 
displays, through a fu lly corrected, rear­
ported CRT. This paper will discuss the 
stored program logic concept. 

The advantages of the stored pro­
gram feature are flexibility and simpli­
fication of hardware. Most of the char­
acteristics of the console and the func­
tions of its controls a re determined by 
the program. Functions of the console 
can be changed in the field without 
downtime by reading a different pro­
gram. Since there is less hardware than 
in a comparable wired logic console, it 
is less expensive to reproduce and logis­
tically support and has higher reliability. 
Less special logic simplifies maintenance 
training and maintenance time. • 

ContJJu/er Graphics in Architecture, 
by Allen Benholtz, School of Architec­
ture, University of Toronto, Toronto, 
Canada. 

ABSTRACT: This paper dea ls wi th 
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the use of computer graphic displays 
as an aid in the synthesis of architec­
tural form. One of the major drawbacks 
in the historical process of d esigning an 
environment is that there is no way of 
pre-testing the effect of a form on those 
who will experience it. There is, there­
fore, no way of "correcting errors" in 
form synthesis, until the structme is ac­
tually built, and not readily susceptible 
to correction except at great expense. 

Now, using computer-generated per­
spectives and other three-dimensional 
views, we can simulate the visual exper­
ience of a projected environment und er 
various conditions. By generating mul­
tiple views of a fonn, from different po­
sitions, or successive views with varied 
viewing distances, and then producing 
standard or animated motion pictures of 
these views, we can simulate the visual 
experience of walking through the en­
vi ronment. Moreov er , by generating 
stereo pairs of views, an illusion of real 
depth-of-space can be created. 

To test the effect of computer graph­
ic s;mulation, various people can view 
the film produced while wearing a "head 
camera." This device records the actual 
film and at the same time superimposes 
on it a small spot of light bounced off 
the retina of one of the viewer's eyes, 
giving simultaneously, a record of his 
visual reaction and the object viewed. 
B y ,combining litis cuiHJ:lUler-assisted 
simulation of form with a computer­
aided analysis of the design problem, 
environmental forms of consistent func~ 
tiona! and aesthetic merit can, we be­
lieve, be produced by the creative de­
~~M. • 

Problems of Management Display in 
Advanced Business Systems, by Sher­
man C. Blumenthal, Advanced Business 
Systems, Touche, Ross, Bailey & Smart, 
New York City. 

ABSTRACT: In traditional computer­
based information systems, if manage­
ment needed a new or changed type of 
report, a set of requirements had to be 
developed and submitted to the pro­
gramming staff. Thereupon ensued a de­
lay while the requirement was pro­
grammed, debugged, computer time 
scheduled for processing the necessary 
tapes, and the output finally printed, 
decollated, bound and distributed. Man­
agement has found several shortcomings 
in this state of affairs. It would then 
appear to be a major goal of an ad­
vanced, computer-based, information 
system to p rovide management with the 
ability ~o communicate with it in an 
easily, timely, and readily understand­
able way. 

The paper describes the overall re­
quirements to be met on the part of 
disp lay manufacturers and display users, 
if commercial success in their further ap­
pliC'ation is to be achieved. These re­
quirements include types of equipment 
needed, flexibility, reliability and main­
tainability, cost guidelines, human inter­
action considerations such as ease of 
use, and lastly generalized software sys­
tems to make their implementation less 
costly and time consuming. Require­
ments considered from the user's point 
of view cover information base, func­
tional integration, communications, h·ain­
ing, organization, and related pro­
cedures. • 

Ladies' Program 
On behalf of the Ladies Program Committee and the members 

of the Society for Information Display, I wish to extend to you a most 
cordial invitation to join us at the Fall Convention on September 29th 
and 30th. This is the first time we have planned a special program 
for t he wives of SID members attending t he New York Symposium. We 
hope that you can attend so that we may continue such programs at 
future symposia. 

The Ladies Committee has planned a variety of activities so that 
your visit to New York may be an interesting and memorable occasion. 
Among these will be a visit to the United Nations on Wednesday with 
lunch in the Delegates Dining Room and the Banquet in the evening. 
On Thursday there wil l be a tour of Radio City, brunch at La Fonda 
del So l and a show at the Radio City Music Hall. To round out your 
week in New York, we have made arrangements for several special 
events at the World 's Fair on Saturday, such as lunch at the Top of 
the Fair and reserved admission tickets for the Ford and General 
Motors shows. If you wish information about the stores, shows or 
planning your own sightseeing, professiona l advisors will be present 
to assist you at any time Wednesday and Thursday. 

We are looking forward to having you with us and hope we can 
make your visit a most pleasant one. 

93a~baM 93Mum 
(MRS. FORD M. BROWN) 
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3. S. T. Martin and L. B. Headrick, "Light 
Output and Secondary Emission Char­
acteristics of Lwninescent Materials," 
Jour. Appl. Physics, Vol. 10, p. 116, 
1939. 

4. H. Leverenz, "An Introduction to Lu­
minescence of Solids," John 'Niley and 
Sons, New York, 1950. 

5. D. vV. Epstein and L. Pensak, "Im­
proved Cathode-Ray Tubes with Metal­
Backed Luminescent Screens," RCA Re· 
view, Vol. 7, March, 1946. 

6. Frank J. Studer, "Grainless Phosphor 
Screens for TV Tubes and a Light Am­
plifier," Jour. SMPTE, Vol. 65 pp. 197-
200, April, 1956. 

7. A. E. Hardy, "Powder and Transparent 
Phosphor Screens Under High Ambient 
Illumination," Electrochem. Soc. Elec­
tronic Div. Abstract, Vol. 9, No. 1, pp. 
85-88, May, 1960. 

8. M. Sadowsky, "Preparation of Lumin­
escent Screens," Journ. Electrochem. 
Soc., Vol. 95, pp. 112-128, March, 1949. 

9. B. R. Linden, "Special Phosphor Screens 
in Image Intensifiers," Image Intensifier 
Symposium, 1958. 

10. Phosphor Rating Report, Tektronix, 
Inc., July 30, 1939. 

11. R. H. Bube, "Correlation Between 
Cathodoluminescence Efficiency and 

Decay as a Function of Temperature," 
Journal of the O.S.A., Vol. 39, No. 8, 
pp. 681-684, August, 1949. 

12. K. Schelsinger, "A Microspot Tube 
With Very High Resolution," IRE 
Transactions on Electron Devices, Ed-
9, No. 3, pp. 281-288, 1962. 

• 13. R. R. Law, "Contrast in Kinescopes," 
Proc. IRE, Vol. 27, pp. 511-524, Aug­
ust, 1939, and Television, Vol. III,. 
1939-1941, RCA Review, pp. 294-324 
1946. ' 

14. R. J . Pernick, "Luminescent Processes 
and Decay Laws in Crystalline Mater­
ials," Applied Optics, Vol. 1, No. 6, 
pp. 753-758, 1962. 

15. )(· P. Levshin and B. D. Ryzhikov, 
Causes of the Decrease in Lumines­

cence Intensity Caused by the Mechan­
ical Crushing of Zinc Sulfide Phos­
phors," Optics and Spectroscopy, Vol. 
XII, No. 3, March, 1962. 

Photorecording Technology 
l. SPSE Symposium on Photography of 

Electronic Display (co-sponsored by 
N.B.S.) October, 1962, in particular, 
a. A. J . Derr, "Energy-Sensitivity Re­

lationships in the Photographic Re­
cording of Electronic Displays" 

b. R. W. Tyler, "Photography and 
Photometry of Cathode-Ray Tube 
Displays" 

c. R. C. Eisen, T. G. Veal, R. W. Ty­
ler, "Photography of Cathode-Ray 
Tube Oscilloscope Traces" 

d. F. R. Hays, "Evaluation of Fiber 
Optic Cathode-Ray Tube Faceplates" 

2. 'Kodak Publication No. P-37, "Kodak 

This paper was selected by ID's Editorial Advisory 
Board f:om those presented at the Second National 
Sympos~um on Infom1ation Display held in New 
York C1ty, Oct. 3-4, 1963. Limited quantities of 
bound. volumes of all technical session proceedings 
for thiS and other National Symposia are available, 
free to members, $10 a volume to others Write· 
lnformf!tlon Dis]Jlay, 160 S. Robertson Blvd. Bev: 
erly Hills, Calif. ' 
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Image Instruments' Electrostore eOl is 
a s ingle gun recording storage tube sys­
tem. It records video information in a 
geometric array, reads it off in the same 
or other scanning pattern, erases obsolete 
information almost instantly, or slowly, 
or any way you require. 

The eOl represents eight years of Image 
Instruments' history. Fifty storage tube 
systems were designed and built before 
it. But only a few of those are so special­
ized that they couldn't be replaced by this 
simple, standard, inexpensive, off-the­
shelf eO!. 

If you process video information, or store 
it, or scan convert, our talents and ex­
perience and singleness of purpose over 
the years are available t o you. Sometimes 
it pays to go to a specialist. Ask the milk­
man where he gets his milk . 

• .J_ 

TI 
0 

:i.Jnage instruments, inc. 
2300 Washington St. 

Newlon, Mass. 02162 

617-969-8440 
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is the new 
low price 

for 
the world's 

most reliable 
DIGITAL 

READOUT 
INDICATOR 

It's true, we're now able to offer for 
$1.00 ea. the reliable Model K-lndicator 
used in the famous Teleregister stock 
quotation board since 1929. It's worth 
investigating and even designing 
around. ·And they feature: 

• Legible characters up to 36 feet -
15/ 16" X 5/ 16". 

• Eleven positions- numerals from 0 to 9 
and blank. 

• Numeral decals affixed to nylon drum­
driven by fork and star wheel mechanism. 

• Electromechanical - resets to blank be· 
fore stepping to desired position- no 
accumulate d·errors. · 

• Plug-in design- operates from 0 to 25 
pulses per sec. at 50 volts de with 50 
ohms series resistance, or 0 to 25 pps at 
24v with 10 ohms resistance. 

For complete details write or call Frank 
Franco, The Bunker-Ramo Corp., 445 Fairfield 
Ave., Stamford, Conn., PHONE: 348-4291. 

THE BUNKER-RAMO 
CORPORATION 
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ID EarrespandenEe 

Displays categorized 

Editor 
In formation Display 
Dear Sir: 

A preliminary effort at categorization 
and classification of displays is present­
ed in the fo llowing material. It is hoped 
that so modest a beginning will serve 
to stimulate constructive criticism and 
thus lead to a more formal and compre­
hensive treatment. 

As a first step in limiting the area of 
inquiry, it is suggested that infom1ation 
display devices should exclude "emo­
tion evoking" types such as those of the 
arts and advertising. Also to be ex­
cluded are the quasi-emotional types 
such as newspapers and magazine 
articles. Thus, attention is here d irected 
towards displays characterized largely 
by the (visual ) presentation of selected 
information which the viewer(s) must 
study prior to making some logical deci­
sion or other consequent action. 

In the following sections, information 
displays are considered with regard to 

. the following aspects: 

Usages ( level at which consequent 
action occurs) 

Manner in which display content is 
controlled 

Somce of information (i.e., level of 
data processing before viewing) 

Display format 
Physical principles (finally a look at 

hardware) 
Physical characteristics (performance 

parameters) 

Usages 
1. Monitoring - No immediate action 

expected of the observers. 
Example: United Givers Fund con­
tribution status report. 

2. Decision Making - Action may be 
taken immediately through some im­
plementation not tied into the display. 

Example: "Clock watcher" near 
quitting time. 

3. Control - A feedback loop or in­
teraction exists between the observers 
and the results to be displayed. 

Example: Helmsman's compass or 
automobile speedometer. 

Controlled Display 
1. Viewer Controlled - Normally the 

number of viewers is limited to one or 
at most a few. 

Example: Automobile speedometer 
or weapon con trol display. 

2. Non-Viewer Controlled - A moni­
toring or d ecis ion-making d evice of two 
basic types: 

a. Briefing officer provides control. 
b. Wired logic or computer program­

ming provides control. 
Data Source 

1. Direct -- Transducer, radar receiv-
er, etc. ' 

Example : Early radar displays op­
erated on "rnw" video direct from 
receiver. 

2. Filtered- Noise or other extraneous 
information removed by some sort of 
filtering process. 

Example: Radar set with Moving 
Target Indication ( MTI) fea ture. 

3. Mathematical Man·ipulation-"R aw" 
signal is first processed to generate addi­
tional information for display. 

Example: Automobile speedometer 
takes a first derivative as speed. 
Video processor takes first detiva­
tive of radar returns to provide 
track course and speed. 

Form at 
1. Tabular - A display format hav­

ing alpha-numeric or symbolic content in 
some regular and unchanging order 
(normally in rows or columns). 

2. Refurrmc;l:' - Such information b 
relatively static. 

Example: Map grid lines, geo­
graphic outlines. 

3. Graphic - Analog or digital data, 
either raw or processed, is displayed in 
such a manner that a variable (e.g., 
position, velocity vector, signal strength, 
etc.) can be inferred as a result of 
spatial, luminance, or chrominance dis­
crimination. 

4. Categorization - The more sophis­
ticated display systems include a vast 
quantity of processed information stored 
according to some categorization scheme, 
with only a limited amount of informa­
tion being selected b y category for dis­
play at any one t ime. 

5. Coding - Displayed information 
can be coded in many ways: Spatial, 
luminance and chrominance discrimina­
tion used 'to present graphical informa­
tion, with blinking being a form of 
luminance discrimination. 

Letters, numbers, and arbitrary sym­
bols, with further coding in terms of size 
and orientation, as well as blinking and 
color vatiations. 

Physica l Principles 
(A look at the hardware) 

1. Cathode Ray Tube - CRT phos­
phor surface is directly viewed by eye. 

2. Proiection - Front and rear pro­
jection screens ; light source may be 
CRT, film , lantern slide, etc. 

3. Panel - Light source is essentially 
a plane surface. 
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Examples: Electroluminescent pan­
el, panel of light vanes, light ampli­
fier p <mel. 

4. True 3-B - "Crystal Ball" display. 
a. Rotating panel 
b. Oscillating plan 
c. Illuminated interstices 
d. Projecting rods 

Physica l Characteri stics 
(Performance parameters) 

1. Size Limitations - Size of CRT or 
p rojection screen, etc. 

2. Brightness - (More properly known 
as luminance) 

3. Ambient Limitations - Darkened 
room, polarized lighting, broad band 
blue, etc. 

4. Response Time - This could mean 
writing speed, frame time, t arget up­
dating time. 

5. ResoZ.ution - Ability to distinguish 
two separate targets is measured in 
many ways. 

6. Updating Capability 
7. Hard Copy Capability 
8. Symbol Limitations 
9. Color and Halftone Capability 

10. Storage 

Conclusions 
While the foregoing attempt at dis­

play categorization and classification is 
admittedly incomplete, it does serve to 
shift emphasis from the usual designer's 
viewpoint to one which regards a dis­
play as a black box performing certain 
functions. Once the desired functions 
have been determined and performance 
parameters specified, then one can begin 
to select suitable hardware. Please note 
that this material represents the views 
of the author only, and in releasing it 
for publication the U.S. Naval Research 
Laboratory does not necessarily endorse 
the contents. 

H. G. TALMADGE, Head 
Display Techniques Section 
U.S. Naval Research Lab. 
Washington, D.C. 

Whitham statement challenged 
In reading the article The Detennina­

tion of Display Screen Size and Resolu­
tion Perceptual Limitations by Mr. 
(Glenn E. ) Whitham, (ID, Vol. 2. No. 
4, July! Aug. '65) he makes the state­
ment, "The equivalent numb er of line 
pairs is, of course, one-half the number 
of elements or raster lines." This state­
ment holds true for a chart or device 
which actually has line pairs spaced 
exactly upon the raster. However, if 
other information than this rather limit­
ed item is displayed, resolution is some­
what less than what you might expect. 
A figure often used is 1.4. I trust that 
Author Whitham will be a little more 
specific as to h is intentions in the future. 

JOHN SHAVER, PE. 
• The Bunker-Ramo Corp. 

Sierra Vista, Ariz. 
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DIGISWITCH® THUMBWHEEL 
SWITCHES VARY IN SIZE 

BUT NEVER IN QUALITY 
High standards of quality in the rna· 
terials, construction and design of 
DIGISWITCH promote re liable, trouble· 
free performance, long life and excel· 
lent appearance. 

DIGISWITCH Thumbwheel Switches are 
available in six (6) different series 
offering the engineer maximum design 
flexibility. All are panel space savers 
- modular constructed for simple, in­
expensive mounting-human engi-

neered to increase operator efficiency 
-and offer extensive coded electrical 
output capabilities. 

Shown above (actual size), are MINI­
SWITCH*- th e smallest thumbwheel 
switch on the market, and the unique 
rapid-setting 40-position Series 600 
DIGISWITCH. 

For a catalog on our complete line of 
DIGISWITCH and MINISWITCH Seri es, 
write to: 

•Trademark 

THE DIGITRAN COMPANY 
A Division of Endevco Corporation 

855 South Arroyo Parkway, Pasadena, California 

Phone: 213/449-3110 

MANU F'A CTUR EO UN D£ R PA T ENTS 3 .0 89 9 23 AN D 0 188 . 7 2 • OT~[IIt PATENTS P[NOINC . 

Circle Reader Service Card No. 42 77 



» 

78 

PHOTOGRAPHY CAPTURES 
TRANSIENT DATA 

H untington Station, N . Y., 
Sept. 1965-More and more t ran­
sient, CRT-displayed data f rom 
computer r eadouts, telemetry, 
etc. is being captured effectively 
and economically today by prop­
erly applied photographic tech­
niques. 

Photographic recording, processing, 
projecting, and printing offer a wide 
and flexible choice of techniques that 
can be applied, singly or in combina­
t ion, to solve any pr oblem of handling 
growing quantities of data that moves 
too fast for visual analysis. 

Photomechanisms' engineers and 
photographic scientists- now deliver ­
ing photographic hard copy systems 
for space flight applications-special­
ize in systems that photographically 
capture, store, retrieve, and utilize 
transient data in any quantities. 
All Data P roblems Are Not The Same 

One application may require speed, 
another volume, anot her very high 
resolution, another economy. And, of 
cour se, many applications r equire all 
these and more. Each requirement can 
be met by a specific photographic tech­
nique or combination of techniques­
properly chosen, properly combi ned, 
properly a pplied- by a specialist. 

Photomechanisms is unique in the 
field of photographic data processing · 
because its capabilities include not just 
one but a whole range of specialized 
techniques. Indeed, its specialty may 
be said to be integrating specialized 
techniques in unusual photographic 
systems for efficient handling of g reater 
and greater quantities of transient 
data. 

Shown here is a diagram of Photo­
mechanisms' DATASTAT II, a hard 
copy generator that combines the sen­
sitivity of silver halide photography 
with the speed and economy of elec­
trostatic printing. Chances are your 
transient data problem needs a similar 
combination of techniques for an opti­
mum solution. 

Write today for your copy of Photo­
mechanism s comprehensive chart 
comparing the characteristics of photo­
graphic data handling systems. 

[!HoTOMECHANisr;s-.., 19,n.J.lfiti1j 1 
& 

15 Stepar Place, Huntington Station, N.Y. 11746 
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Mr. Whitham submitted the following 
reply, in response to !D's mquest for 
his llllSlt:l'r to i\lr. Shaver's letter.-Ed. 

~ Ir. Shaver is indeed correct in point­
ing out that the resolution of a line 
raster along the axis normal to the lines 
is degraded for arbitrary display subject 
material to a value less than indicated 
by consideration only of the line struc­
ture. This resolution loss factor has been 
found b y various experimentall· 2, 4 and 
theoretica]3 studies to lie in the range of 
0.53 to 0.85, with 0.7 a good nominal 
figure. For obtaining a given value of 
display resolution the number of lines 
required is 1/ 0.7 or 1.4 times the num­
ber of desired resolu tion elements along 
the axis nonnal to the lines. This cor­
rection factor is commonly !..11own as the 
Kell factor. Further discussion of this 
subject was included on page 10 of the 
paper by Dr. Luxenberg, Quantitative 
Measures of Displau Characteristics 
which just preceeded my paper in the 
July/ August 1965 issue of Information 
Display. 

GLE:\'N E . WHITHAM 
Staff Engineer 
Raytheon Company 
·wayland, Mass. 

1. R. D. Kell, A. V. Bedford, and M. A. 
Trainer, "An experimental television sys­
tem-the transmitter", Proc. I. R. E., Vol. 
22, pp 1246-1265; November 1937. 

2. A. V. Bedford, "Figure of merit for tele­
vision performance", R. ~1. A. Eng., Vol. 
2, pp. 5-7; November 1937. 

3. H. A. Wheeler, A. V. Loughren, "The 
fine structure of television images", Proc. 
I. R. E ., Vol. 26, pp. 540-575; May 1938. 

4. Baldwin, '"Subjective Sharpness of tele­
vision images", Proc. I. R. E., Vol. 38, 
pp. 458-468, 1940. 

P.S. The second sentence of the last 
paragraph on page 17 of my paper 
should read, "Situation type data 
displays usually require a resolu­
tion of about 1000 to 2000 ele­
ments for adequate symbol resolu­
tion and differential position dis­
criminability." 

Informat ion requested 
We have been doing a considerable 

amount of work in the fi eld of electro­
luminescent displays, and in the course 
of this work several p roduct ideas have 
evolved in the area of nioving pointer 
and moving scale panel indicators. 

In order to determine the direction 
om product development work should 
take we are trying to co llect as much 
infom1ation as possible on desirable char­
acteristics of panel indicators, user pre f­
erences and requirements and the poten­
tial value of electroluminescent displays 
in providing a useful product improve­
ment. 

Any information that you could sup­
ply which would be helpful in this in-

vestigation would be grea tly appreciated, 
inc:luding suggestions of other possible 
sources of infom1ation. 

c. H. vVARsHAw 
Industrial Products Manager 
H uyck Systems Co. 
H untington Station 
Long Island, N.Y. 

\•Ve are p resently engaged in a study 
of the g raphic recording field for proc­
ess control and laboratory usage, and 
are interested in future trends in this 
area. Therefore, I would appreciate in­
formation that you feel may be helpful 
to us. 

L. P. LANE 
Arthur D . Little, Inc. 
Cambridge, Mass. 

I am very interested in an area of the 
field in which I find no reference con­
tained in recent issues of your magazine. 
This is in the requirements, theory 
and/or constm ction of display and status 
boards posted manually from the rear . 
I have seen several in operation in mili­
tary installations but h ave never had the 
forethought to look into the manufactur­
ing stage. 

Could I impose upon your good offices 
to look among your advertisers and con­
tributors and to furnish me some con­
tacts with technical competence in this 
particular area. I will be very apprecia­
tive of any assistance you can render in 
this search. 

HENRY D. BATEY 

Chief, Graphics 
United Aircraft Corp. Systems Center 
Farmington, Conn. 

ID readers who can contribute d e­
sired information are urged to com­
municate directly tcith the above cor­
respondants - Ed. 

SID and Journal helpful 
Both the activities of the Society for 

In formation Display and the articles in 
Information Display are of great inter­
est to me. Material presen ted in the 
Journal has contributed significantly to 
my knowledge and understanding of 
data display technology. 

It is my responsibility to design and 
implement the "Total Information Sys­
tem", culminating in d isplay design in 
the following categories: 

1. Large Area Display 
2. Small Area Display 
3. Desk Top Display 

The project in which I am engaged is 
designed to provide the company with 
a S)'Stem in the 1970's that will be suit­
able to the environment at that time. 

JoHN P. THo~rPSON 
Director of Data Processing 
Hoffmann-La Roche, Inc. 
Nutley, N.J. 
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on the move 

KELLER G ORDON BAILEY 

Litton Industries Data Systems Div. 
has announced appointment of Ralph 
Neal as a director of product support and 
advanced operations programs, and Capt. 
H. St anwood Foote J r ., USN-Ret. , has 
been appointed directot· of advanced Navy 
programs for the Div. 

Roland Fribourghouse has joined the 
staff at Ling Electronics Div. of LTV 
Ling Altec, Anaheim, Calif., in the newly­
created position of marketing planning 
manager. 

Librascope Group of General P recision 
Inc., Glendale, Calif., has appointed 
George Bradley general manager of its 
Components Division , responsible for the 
divisicn's engineering, marketing and 
administrative activities. 

Walter W. Smock has been appointed 
manager of Army progr ams, Defense 
System Div., The Bunker-Ramo Cor p., 
Canoga Park, Calif. S mock will be lo­
cated in the Washington, D.C., off:ice. 

R. J oseph Keller has joined t he Ser vo 
Corporation of America as marketing 
manager for t he fir'rri 's Inf rared and 
Electr o-O ptics Div. 

J. P aul Walsh has been named Chair ­
man of the Board, The Matrix Corp., 
Ar lington, Va., to succeed Harry J. 
Older , who will continue to ser ve the 
fit·m as a consultant in scientific and 
technical areas. 

Rober t M. Gordon has been appointed 
manager of applications programming for 
Raytheon Computer at Santa Ana, Calif. , 
responsible for software specifications, 
operation of Raytheon Computer's pro­
gr amming library, application and sys­
tem analysis, liaison with Raytheon 
Users' Group, and education and train­
ing company and customer personnel. 
Raytheon has also named Ralph A. 
Martin assis tant general manager of its 
Subm arine Signal Div. , in Rhode Island. 

William E. Martin has been appointed 
to the newly-created post of marketing 
manager , E lectroglas Inc., Menlo Park, 
Calif. He will assume responsibility for 
the fi r m's Electroglas sales network and 
marketing program. 

Robert A. Bailey has been appointed 
director of marketing of The Scionics 
Corp., North ridge , Calif.; he was form er­
ly President of Binary Electronics. 

Eugene L. Rogers has joined Memorex 
Corp. , Santa Clara, Calif. , as director 
of corporate planning, a new manage­
ment post responsible for market re­
search, long-term plans, annual operat­
ing plans, p ublic re lations, product ad­
ve rtising, and legal matters . 

Marshall Industr ies has announced t he 
appoin tment of Char les G. Smith as VP/ 
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marketing. for its Electron Products Div. 
Appointment of Ro bert A. Hall as VP/ 

P ricing and Information Systems, The 
Douglas Aircraft Co., has been an­
ncunced ; he is t·esponsible for computer 
r equirements and applicat ions, company 
management programs, and ct·eating com­
pany pricing policy and monitoring cost 
r eduction programs. 

Willis J . Nolan has been named gen­
eral auditor of Electronic Communica­
tions Inc., St. P etersburg, F la., succeed­
ing Gerald W. Heidisch, now comptroller 
for Benson Manufacturing Co., an ECI 
subsidiary in Kansas City, Mo. 

Applied Technology Inc., Palo Alto, 
Calif. , recently named David B. Leeson 
as head of its Solid-State Techniques 
Section. 

Richard P. Castanias has been appoint­
ed Director / Houston Operations, for 
Infor matics, Inc. , a Sherman Oaks , Calif., 
f ir m. 

Henry F. Brocksch midt has been named 
general manager of the newly-formed 
Astra-Optical Div. of the Perkin-Elmer 
Corp. , based at Costa Mesa, Calif. , and 
responsible also for activities of the re­
cently-acquit·ed Boller & Chivens Inc., 
in South Pasadena. 

Victor A. Babits has been appoint ed 
VP / research for Marshall Laboratories , 
a subsidiary of Marshall Industries. 

John R. Hollahan has r ecently joined 
the ::;taff of Tracer lab/ West, a division 
of L aborator y for Electronics I nc., Rich­
mond, Calif. , as chief scientis t in the 
R&D Dept. 

Alan R. Gruber has joined Electro-

Optical Systems Inc. as manager of 
corporate plann ing; he will be responsi­
ble for integration of EOS plann ing 
functions with those of Xerox, the parent 
fit·m. 

D. C. Arnold has been e lected Execu­
tive VP of Hoffman Electron ics Corp ., 
E l Monte, Cali f. , respons ible for all 
operations except Consumer Products 
Div. and Hoffman Products Corp. 

William T. Welsh and Mike W. Fossier 
have been elected VPs of Raytheon Co. 
W. Martin Lyford has been named nt l. 
sls. mgr . for Raytheon Computer , Santa 
Ana, Calif., and Bryant A. Campbell has 
joined the engineering staff to manage 
data equipmen t e ngrg. 

Paul J . Teich has been named to the 
newly-created position of mgr . of pro­
gram s upport for GE's Heavy Military 
Elect ronics Dept. at Syracuse, N.Y. 

J . R. Kerr y, FM phototube inventor, 
has joined Sylvania Electric P roducts 
Inc. as an advanced development engr. 
to conduct comparison studies of laser 
communications tech niques. 

Charles L. Benes h has been appointed 
to the new post of special progr ams mgr., 
Itek Corp. Government Systems Group. 

Systems Engineering Labor atories Inc. 
has announced t he appointment of Sam­
uel F. Sears as Flor ida Area mgr. 

Graham Tyson has been named VP 1 
Operat ions, for Delta Products Cor p. 

The Clary Corp. has appointed Philip 
C. Davy mktg. dir . of its Computer Div. 

Arthur Carr has been promoted to dir., 
prod. planning, Comp u ter Control Co. 
Inc. 

A NEW STABLE SOURCE OF 

HIGH V~1TAG~ for cc::~~l~~ 
* 10 -30 KV, 500 ~A 
* 0.010/o TOTAl REGUlATION 
* 0.010/o DRIFT IN 8 HOURS 
* All SOliD STATE 
* FlASHOVER PROOF 
* ONLY 5 l/4" HIGH 
* OUTPUT CURRENT liMITER 
* OVERVOlTAGE PROTECTION Model 545A 

* PROVEN , DEPENDABlE DESIGN 
* SOliD INSUlATION FOR REliABiliTY 
* NOW IN USE IN DISPlAYS ACROSS THE NATION 

The Walden Model 545A, one of a family of solid state hig h vol tage supplies for display 
applications, util izes a unique SCR-power transistor regulator w ith a de-de low-to·hig h volt­
age converte r to deliver stable, dependable acceleration voltage fo r CRT displays. All 
temperature-sens itive components are ove n stabilized for excellent stability. 

Walde n has cre ated other high voltage systems to customer specif ication. Send your 
requirements for a prompt quotation to: 

WALDEN ELE CTRONICS CORP. 

223 CRESCENT STREET 

W ALTHAM, MASS. / 899-05 10 
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Subminiature Display Lite 

A new SDL Series subminiature display 
lite with incandescent lamp for use where 
panel and back panel space is limited or 
where indications are intentionally small, 
is now available from Transistor Electronics 
C-orporation, Minneapolis, Minn. This ex­
_tremely small indicator light mounts on .l.l in. 
centers horizontally and vertically, and is 
reportedly ideal for installation above and 
below toggle switches and to verify settings 
of relays, solenoids, etc. 

The SDL Series uses the extremely 
mgged T-1 type incandescent lamp with a 
design life as high as 100,000 hours. The 
miniature size, full range of lens colors, 
choice of wire lead or connector hook-up 
and low heat dissipation makes this com­
pact lite ideal for small infonnation dis­
play panels and displays requiring many 
indicators. Terminals for SDL-A Series are 
two 0.018 in. diameter gold-plated pins for 
insertion in female connector supplied with 
the indicator. SDL-B Series is provided 
with 6 in. long nylon coated leads stripped 
3/16 in. 
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Pushbutton Switch 
International Electro Exchange, Minne­

apolis, Minn., has announced a new D-series 
pushbutton switch featuring individual sli­
der units accessible from the front panel, 
with the slider, pushbutton, return spring, 
and contacts removable as a unit for clean­
ing or replacement. Contacts are completely 
enclosed. 

The switches are available with momen­
tary, push-push, latching, or intennixed ac­
tion mechanisms with from 1 to 10 stations, 
using round, rectangular, or decorated knobs. 
Prices depend upon style and quantity. 
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Integrated Logic Decade 
The new model BCD8A, by United Com­

puter Co. Inc. , Phoenix, Ariz., is an im­
proved logic module complete with in-plane 
display. It can be used as a decade counter, 
shift register, and BCD to decimal display. 
It contains only 13 integrated circuits and 
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7 silicon controlled rectifiers. Display is ~ 
in. high, uses 100,000-hour lamps, and is 
readable to ever 25 ft. Counting speed is in 
excess of 3 million counts/second. Other 
specs include: Size, 1 in. width x 3 in. 
height x 4 1! 8 in. depth; voltage +3.3v 
@120 ma for logic, 5v ac @300 ma for 
lamps; weight, 4 ounces. 
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New Toggle Switch 
New toggle switch assemblies featuring a 

switching mechanism, reputedly so precise 
that contacts of all switches within a unit 
are transferred with a 1 o segment of the 
toggle lever 34° travel arc to effect near 
simultaneous switching of up to four switch 
modules are now available from Master 
Specialties Company, Gardena, Calif. 

Designated the Series 16, these new alter­
nate action, maintained-maintained switches 
also feature a detent force requirement that 
precludes accidental switching, and a posi­
tive full-travel lever action that prohibits 
"tease" action or operation. Once the lever 
has been started on its travel arc, the switch 
mechanism carries it through to the oppo­
site position · with a positive, irreversible 
force. Switches are available in 2PDT or 
4PDT types. 
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Flat-Faced CRT 
A new 12-in. flat-faced cathode-ray 

tube, which has two rear-viewing windows 
for symbol presentation, photographic re­
cording, or image projection, is now avail­
able from the Westinghouse Electronic Tube 
Div. The tube, designated as the WX-30211, 
uses optical-quality rear windows · which 
are flat and parallel to the faceplate. TI1ese 
permit the simultaneous performance of 
three functions: Normal cathode-ray-tube 
display, optical projection of information 
on the screen from the rear, and 'photo­
graphic recording of the composite display 
from the rear. Both CRT display and optical 
projection are visible to the operator from 
the front of the tube. 

In addition to the primary 36-degree 
magnetic deflection, the tube is equipped 
with auxiliary electrostatic deflection plates 
which enable the operator to add symbols 
to the display. The WX-30211 has a screen 
diameter of 10;1; in. and operates at an 
anode voltage of 12,000 volts. It can be 
supplied in most of the standard JEDEC 
phosphors. 
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Digital Plotter 
Discon Corp., Ft. Lauderdale, Fla., is 

marketing what it describes as a truly digi­
tal plotter. The Discon product features ab­
solute position sensing by means of photo­
electric readers scanning 19-track linear 
precision engraved binary coded scales on 
each axis. 

The system reputedly eliminates sources 
of error common to incremental plotters. It 
accepts manual, tape, and card inputs. Life 
time accuracy is within .002 inches, and re­
peatability within .001 inches. It has an 
eight-character ten-symbol print he~d. 

Circle Reader Service Card No. 61 

RF Shields 
Controls Co. of America, Melrose Park, 

Ill., has developed a special indicator light 
and switch shields to prevent radio frequen­
cy interference leaks in pushbutton switches 
and indicator lights. The front-of-panel cut­
outs required for mounting switches, indi­
cator lights, and other components to the 
panel is the source of much of the RFI 
leakage problem. Even after such compo­
nents are attached to the panel, mechanical 
and electrical discontinuities still exist and 
allow RFI to pass through, thus producing 
undesirable stray signals in surrounding 
equipment. 

To eliminate these leaks, CCA designed 
a metal mesh shield inside the plastic indi­
cator lens, as a means of blocking RFI sig­
nals. In sealed indicator light models, this 
shield is bonded to the indicator case, and 
in removable-lens models, the shield is con­
nected to the case by a special conductive 
gasket. The cadmium-plated brass case com­
pletes the path to ground. 
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Readout with Decimal 
NL-809, a new rectangular readout tube 

with decimal point, is being introduced hy 
'ational E lectronics Inc., Geneva, Ill. It is 

a long-life neon-glow tube displaying 0.6 
in.-high characters 0-9 and a decimal point. 

The decimal point is an integral part of 
the tube. Rectangular shape and decimal 
point permit close spacing of characters with 
the decimal point correctly located with re­
spect to the numerals. Use of two or more 
NL-809 tubes permits switching the decimal 
point without wide spacing of numerals. 

NL-809 has an ionization of 170v de; re­
quiring a minimum supply voltage of 170v 
de. Higher anode voltage may be used with 
proper resistor. Anode current ranges from 
1.5 to 3.0 ma de, with a typical ~alue of 
2.5. 
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Standard Tube Mounts 
Beta Instrument Corp., Newton Upper 

Falls, Mass., announces the availability of 
a variety of versatile coil and tube mounts. 
Several types are designed for use with 
CRT systems. Others are intended to 
achieve optimum performance with the 
complex recording storage tube, an "elec­
trical-in, electrical-out" device often used 
in scan-conversion applications. 

These flexible assemblies permit precise 
variation of position and arrangement of 
deflection and focus coils used with CRT 
and storage tubes, Beta claims. A typical 
result of the mounts' flexible design is that 
beam alignment and " read" and "write" 
registration accuracy are maximized and 
tube shading minimized. All assemblies are 
ccnstructed in the form of an optical 
bench. The various components rest on a 
machine-channeled tracking base. A num­
ber of c.:oil mounts can be placed in-line. 
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Incandescent Indicators 
Dialight Corp., Brooklyn, N.Y., has avail­

able a n!'w catalog of its one-terminal sub­
miniature incandescent indicator lights. 
This catalog present a complete line of 
one-terminal lights for use on grounded 
circuits - that meet or exceed the environ­
mental and operational requirements of 
MIL-L-7806 and i\IIL-L-3661. 

Complete specifications and data are 
g iven for assemblies that : Accommodate a 
T-1-~• Incandt-scent bulb \\'ith midget flange 
base in a range of voltages frnm 1.35 to 
28V; mount in a 13/3:2 in. or 15/32 in. 
clearance hole; offer a wide choice of lens 
cap ~hapes, finishes and colors; and pro­
vide for usc of hot-stamped or engraved 
legends. It contains lamp data, illustrations, 
drawings and catalog number charts to 
faci litate seledion of the requ ired indicator 
lights. 
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Sawtooth Signal Generator 
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CELCO, Mahawah, N.J., has announced 
immediate availability of their new SG1 
sawtooth signal generator for CRT displays. 
Fea tures are small size, 0.22 cu. ft . and 
5.0 lb.; overlapping ranges from 20 f.!Sec to 
100 msec; linear ramps with retrace less 
than 10~ of sweep period; internal or 
external sync; any TV raster may be pro­
duced by two generators; with off-the­
shelf delivery . 
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Si licon Rectifier 
General E lectric has announced automa­

tion of the manufacture of a solid-state 
componen t called a silicon controlled rec­
tifier ( SCR ) , with attendant cost reduc­
tion. In large quantities, the units will sell 
in the 35- to 50-cent range to manufacturers 
of consumer and other products. \Vhen 
G.E. fi rst introduced the SCR eight years 
ago, it sold for about S300. The price for 
the ne\\' consumer unit is about one-half 
that of the lowest-cost SCR now available. 

Solid-.~tatc control of electrical equipment 
enables the user to dial speed, light and 
heat in the same way he has always dialed 
the exact level of sound he desired on his 
radio or T V set. G.E. believes the new 
SCH will open the doors to a host of con­
sumer products that previously were im­
practical because of the high cost of semi­
conductors. 
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Digital Clock 
Parabam Inc. , H<lwthorne, Calif., has 

introduced a new all-silicon logic, solid­
state dig ital clock which the firm claims 
presents a price breakthrough in the digital 
field. Especially designed for on-line use 
in data logging, process control and com­
puter systems, it provides time-of-day, 
elapsed time, or countdown time in the 
form of digital logic and/or d igital display . 

The new Serie' D clock is a precision 
time som ce which features front-panel 
access, all-sili con logic, plug-in logic cards, 
BCD or decimal coded logic output for 
use with recording (}evices. Options include 
BCD, Nixie or projection-type digital dis­
plays. 
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Polarization Rotator 
Spectra-Physics, i\lountain View, Calif. , 

is offering a new polarization rotator fo r 
gas lasers, which provides control of the 
polarization vector of the output of helium­
neon gas lasers operating at 6328 k The 
rotator attaches directly to Spectra-Physics 
lasers and may he adapted to other helium­
neon lasers, or to optical benches, through 
use of a special mounting plate. 

The device allows the plane of polariza­
tion of the laser output to be rotated 
through an accurately calibrated angle with 
respect to a predetermined reference. It 
consists of a half-wave retardation plate 
and a compensating plate mounted to a 
graduated circle which is indexed against 
a vernier scale. Extinction ratio is better 
than 1 part in 10,000. Aperture is 1 em . 
Angular difference between axes of input 
and output beams is less than 0.2 milli­
racliam. Accuracy of rotation is ± 0.:2 °. 
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5-Display 17-ln. CRT 
Telonic.: Industries Inc., Beech Grove, Ind., 

is offering an eight-page brochure on its 
new Skan-A-Scope display unit. This unit 
represents a state-of-the-art advance, ac­
cording t:> the manufacturtr, because of its 
ability to simultaneously show five dispiay,; 
on a 17-in. CRT, in a unit contai ni;1~ ih 
own power supply. 

The illustrated brnl'hure takes the reader 
through a step-by-step cliscu,sion of the te~t 
set-up and analysis of a ~implc b,ul<lp<hS 
filter. To show the versatility of the Telonic 
Skan-A-Sc.1pe, the catalog also describes 
how the unit is used in the test and align­
ment of TV tuners, alignment of concentric 
tuned circuits, concentric techniques in pro­
duction alignment, as a multi-channel moni­
tor, and the test and alignment of a para­
metric amplifier. Electrical specifications and 
dimension are also given. 
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75-V Video Ampl ifier 
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The ne\\' ITI Electronics' video ampli­
fier, :\ lodcl IT-284A, pro\'ides a 50~ in­
crease in output voltage o, ·er the orig inal 
design, the :\ lode! IT-28-1 . T he preceding 
device has already been "·idely accepted 
for hi!!h resolution ,·ideo applications. The 
response of the lode! IT-28-IA is a maxi­
mum .'3 db do\\'n at 14 mc/ s prodding 
llOO-line resolu tion capability. A peak-to­
peak input of 0.:25 ,·olts "'ill pro\'ide the 
75-volt output. The predecessor unit, :\!ode! 
IT -:284, will continue to be a\'ailable for 
those npplicntions \\'here its 1600-line capa­
bility is rcCJtlired. Both dc\'ices, the :\!ode! 
!T-:28-1 and the i\ lodel 1T:28-IA, are all 
solid state. Both arc <1\'ailable from stock 
subject to prior S<l lc or thirt~· days .-\RO. 
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Rear-Projection Readout 

Indust rial Electronic Engineers Inc., Van 
Nuys, Cali f., has introduced its new Series 
340 microminiature rear-project ion readout 
- reputedly the smallest rear-projection 
readout in the world. This miniaturized 
projection theatre is only ~ in. high x Jf in. 
wide x 2 in. deep. Although it is micro­
miniature in size, it is capable of project­
ing a display character of ~ in. high with 
a viewing distance of 20 feet. 

The unit is made up of ll incandescent 
lamps, two 11-lens honeycombs, and 11-
messagc film , another honeycomb lens and 
a viewing screen. The 11-message displays 
may be rear-projected onto the viewing 
screen individually or in combination by 
lighting the corresponding lamp or lamps. 
Since the messages are on film, the unit 
can be set up to display anything that is 
photographically reproducible, such as num­
bers, letters, words, multi-words, symbols, 
special characters, colors and even half­
tone pictures. 
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Temperature Stickers 
W illiam Wahl Corp., Los Angeles, is of­

fering a Temp-Plate (Reg.) line of d irect­
reading temperature indicating decals. The 
decals have a temperature reaction time of 
less than 1 sec. with ± 1% accuracy. Maxi­
mum thickness for all models is 0.006 in. 
Model shown is one of many available in 
stock, others can be designed as needed . 

Temp-Plates contnin bent-sensitive ele­
ments which nrc hem1cticnlly sealed in lnm­
inated, high-tcmpemturc-resistant plastic. 
T hey hnve excellent adhesive quality for 
positive, easy mounting to almost any clean, 
d ry surface. No activator is required for the 
adhesive, and the plates resist exposure to 
solvents, fuels, grease, oil, water, steam and 
reducing atmospheres. They can be im­
mersed in hot liquids and will not crack, 
tear, wrinkle or lose indicating sensitivity. 
Stated temps are indicated by an irrevers­
ible change from pastel to solid blnck. The 
Temp-Plates nrc useful wherever tempera­
ture is an important consideration. 
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Optical Bench 
The Netek lens test system measures 

modulation transfer fu nctions of optics 
through a carefully selected combination 
of light source, sign wave pattern genera­
tor, collimator, test bench, and recorder. 
The unit is completely automatic, being 
internally programmed to produce a con­
tinuous sc<Juence of spatial frequencies and 
to measure and plot the MTF Curve. It is 
produced by T RAID Corp., Glendale, 
Calif. 
84 

The instrument produces lens modulation 
transfer funct ion accurate to 2% over a 
range of resolution from 2.5 to 200 lines 
per millimeter, and from any point in the 
field of a lens from 0 degrees to 45 de­
grees. Focal lengths from 0.5 to 20 inches 
with apertures from F / 1 to F /100 may be 
measured. The unit can also be readily 
adapted to record MTF at spatial fre­
quencies much higher than 200 lines per 
millimeter. 
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Digital Display 
The DIDS-400, a table model digital 

in formation d isplay system for rapid re­
trieval, edi ting, and composing of computer 
stored infonn taion hns been introduced by 
Raytheon Company's Equipment Div. The 
new system eliminates card punching, batch 
totaling nnd other intermediate steps by 
providing a direct interface between com­
puter and operator. 

T hrough the use of an alphanumeric 
keyboard, information in a random access 
memory can be recalled almost instan­
tnneously for flicker-free presentation on a 
6 x 9 in. display area. It may then be 
corrected or replaced with new informa­
tion a nd returned to the computer memory 
for future use. As many as 1040 characters 
of an ensily read type face can be dis­
played on the TV-like screen upon operator 
command. The system consists of three 
basic units - the d isplay console, the con­
trol unit and an optional hard copy printer. 
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Message Annunciator 
Advanced Research Products, Glendale, 

Calif., produces miniature transistorized 
message annunciators, called Bloc-Lite, de­
signed for usc in digital systems employing 
either P or N logic of any level. They 
measure 0.5 by 0.75 by 0.725 in. Blank 
lenses arc available for laboratory use. 

Features include Jf by ~4 in. message 
area , 20 microamp control current require­
ment guaranteeing high sensitivity, a mem­
ory mode, voltage-sensitive triggered mode, 
lamp li fe mted in excess of 100,000 hours, 
a variety of colors, 500,000 ohms input 
resistance, a · light weight of on ly 3.5 
gmms, and 12 v standard ( 6 v available ) 
lamp supply. 
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Precision Microteleviser 
A new precision Microteleviser with capa­

bility for remote viewing and continuous 
focus magnification of microfilm data hns 
been developed by GPL Div., General Pre­
cision Inc. Using T V, microfilm may be 
viewed at distances of several feet or several 
miles, for use in both airborne and fixed sta­
tion environments. The Microteleviser ac­
cepts any film image, magnifies it to the 
desired size, and (when coupled with an 
automatic microfilm retrieval system ) allows 
n remote operator to select a microfilmed 
document and view any area at the magnifi­
cation desired. 

Typical applications include: detailed ex­
amination of aerial photos, photo interpre­
tation, document enlargement, reconnais­
sance sensor data analysis, and examination 
of any data such as maps, charts and d raw­
ings. Features include: remote viewing of 
any film images, simple "joy stick" opera­
tion, rapid area positioning, sharp image, 
uniform brightness, multiple station view­
ing, integration with automatic data retriev­
al equipment. Viewing area is 3-in. x 2~­
in. at low magn ification. The unit measures 
approximately 21 in. deep by 10 in. long 
by 7 in. high and weighs 35 lbs. plus 
weight of the camera. 
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Segmented Readout 
MB Associates, Phila. , Penna., has an­

nounced a new segmented-type digital read­
out (model NSDFS) which the finn states 
will not dispby false digits due to lamp 
failmes. The fail-safe feature is provided by 
circuitry which causes the bottom and low­
er right segments to turn off in the event 
of a lamp failure in any segment. \Vithout 
these two segments lit it is impossible for 
the segments remaining lit to be interpreted 
as a normal digit. 

I ntegrally mounted decoder-drivers ac­
cept BCD signals ami are available for eith­
er positive or negative logic levels. The de­
cxler-drivers have d iode coupled inputs and 
have low current requirements. The read­
out, designed for behind-the-panel mount­
ing, requires no special hardware or bezels. 
Both the display and the decoder-drivers 
operate from full -wave rectified line voltage 
with no fil tering or regulation required. 
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Trace Recorder 
A new 70mm strip film trace recording 

camera has been developed fo r usc by the 
oil well logging industry. Its developers, 
General Atron ics Corp., Phila. , Penna., de­
signers and mnnufach trers of trncc recording 
cameras and field portable oscilloscopes, said 
the new camera is especially designed for 
case and reliability in photo recording phe­
nomenn from "downhole," as displayed on 
a CRT. 

The new camera, lvlodel SM170-0L, fea­
tures easily variable ratios of film transport 
to hole depth; externnl shaft for selsyn drive; 
and 100 foot film capacity with takeup and 
supply reels in one removable magazine. 
Compactly designed to conserve aisle space, 
the SM170-0L is available with mountings 
to fit both 3 in. and 5 in. CRT screens. 
D irect viewing of the d isplayed phenomena 
during the photographic process is achieved 
through use of a d ichroic mirror in the 
cnn1era. 

Circle Reader Service Card No . 79 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 



B · L 12 0 Microfilm Prinler /Pinner 
/ 
~~ 

FIRST 
SECOND GENERATION 

CRT MICROFILM 
PRINTER/PLOTTER 

ON THE MAR/(ET TODAY 

The 8 -L 120 is a truly expandable, modular system, com­
pletely solid-state and features the latest in high reliability 
silicon logic circuits. 

• Truly off line-does not require ex­
pensive computer tape transport 

• Through-put-120 frames per min· 
ute for both 556 and 800 bpi tapes 

• 64 character selection with 128 char­
acter option 

• Vector line drawing and axes line 
drawing 

• Handles either 16mm or 35mm 
monocromatic film 

• Tape transport compatible with all 
7-track, %-inch magnetic tapes or 
9-track, %-inch magnetic tape 

• Optional " Quick-Look" hard copy­
exposure simultaneous with film 

~ benson-lehner wp. l/~~61 CALIFA STREET 
VAN NUYS, CALIFORNIA 

781-7100 

Demonstrations Now Being Conducted at Van Nuys 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 
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ENGINEERS 
MAGNETIC TAPE 

RECORDERS 

Am pex en g ineer observing Videofi le ond System as applie d 
to storing, retrieving and displaying scientific data. 

Company sponsored programs have created exceptiona l opportun ities on the 

technica l staff at Ampex Corporation , leader in magnet ic tape recordi ng. 

Specific openings exist at all levels in projects wh ich vary from future genera­
t ion instrumentation recorders to Videofile- an exciting program in wh ich 

video images are processed through a computer memory. Typica l of the 

technical experience we seek are the following specializations: 

Information Display 

Closed Circuit Television 

Signal Processing Circuitry 

Servo Controls and Analysis 

Logic Design for Data Processing 

Precision Mechanisms and Kinematics 

Magnetic Recording Heads 

Qualif ied candidates should have at least a B.S. and 3 years appropriate experience. 

These positions are on the San Francisco Peninsu la wit h a dynam ic industry leader having 

a distinct commercia l emphasis on sales. 

For a prompt, confidential review of your qualifications, kindly respond in detail to 

C. R. Moody, Employment Manager 

AMPEX CORPORATION 
401 Broadway 

Redwood City, Ca liforn ia 94063 

An eq ual opportunity e mployer. AMPEX 
INFORMATION DISPLAY, SEPTEMBER/ •:>CTOBER, 1965 
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Versatile-Display Console 
Tasker Instruments Corp. has announced 

the development of a versatile-display com­
puter input/ output communications console 
combining multiple input controls, visual 
display of entire messages before transmis­
sion, and compatibility with a broad range 
of data processing programs. 

Designed to communicate with an IBM 
7288, the Tasker ~ lodel 544 console can be 
easily programmed to communicate with 
other systems. Key factors in its multisystem 
compatibility include modular construction 
and the avail ability of proven circuit de­
signs. Visual d isplay capability ranges from 
data presentation before message transmis­
sion to d isplay of data-generated by external 
equipment in the data processing system. 
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Synchronous Amplifier 
A new synchronous amplifier, by Acton 

Laboratories Inc., Acton, !\•lass., chops out­
put signals i_n phase with the input to 
provide especinlly high pcrfom1ance and 
hi!!:h signal-to-noise rntios working from 
very low level signal sources. Model 510 
is particularly applicable for amplifying 
intermpted information signals, such as 
from a chopped light or infrared source, 
Acton claims. Investigation of transmission 
and reflection characteristics of materials 
and spectrometry arc cited as specific 
areas of usefulness . 

Mech:micnlly chopped radiation ( typical­
ly from an incandescent source) is passed 
through or reflected from a material under 
study and is detected. The low level signal 
is then amplified, and is synchronously 

demodulated by a separately chopped refer­
ence source. Output is smoothed by adjust­
able time constant circuitry, over a 200-
second range. The Model 510 synchronous 
amplifier is solid state throughout, and 
maintains accuracy and stabilit)' of better 
than 0.1%. 
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Optical Tachometer 

OPTOmechanisms Inc., Plainview, L.l., 
N.Y., is producing a new portable, tran­
sistorized optical tachometer which pro­
vides extremely accurate rotation and vibra­
tion measurements for all types of rotating 
equipment. The self-contained unit, equipped 
with a flexible gooseneck, operates on c:om­
mon flashlight D cells, and can be used 
in conjunction with the user's own oscillo­
scope, or with an optional OPTOmechan­
isms meter with a 7-range scale from 
10 cps to 100 kc. Unlike conventional photo­
types, only one readout instrument is re­
C]uired. Accuracy of ± 2% of full scale is 
realized. 

EL Lenses 
Staco luc. , Costa ~lcsa, Calif., has an­

ueunccd a series of electroluminescent lenses 
available on select li nes of the firm's push­
button switches. The new EL application 
was developed by Staco in conjunction with 
Sylvania Electric Products Inc., manufac­
turer of E L material. Staco lists the follow­
ing aclvantflgcs of the EL lenses over con­
ventional lenses and incandescent lamps: 
even light d istribution, lower power require­
ments, 1-(reatly increased life of EL lenses. 

Power required for a Staco EL lens is 
only 0.0065 watt - less than 1/170 that of 
a T H lamp. In multiple switch installa­
tions, power supply size and cost can be 
significantly reduced through the use of E L 
lenses. Life expectancy of the new EL lens 
is over 6000 hours to half brightness. There 
is no surge current, and life is unaffected 
by cycling on and off. Operating tempera­
ture range is - 100• to + 160•F. Cost of 
the EL lenses is less than that of conven­
tional lenses and incandescent lamps. 
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Magnetic Shielding 
Data sheet 179, just published, contains 

technical data and illustration of a new sys­
tem of providing a low-level magnetic en­
vironment in any enclosed volume containing 
mal-(netically sensitive components and in 
laboratory or quality con trol work. It is 
available without cost from 1vlagnd:c Shield 
Div., Perfection Mica Co. , 1322 !':o. Elston 
Ave., Chical-(o, Jllinois 60622, phone ( 312) 
384-2122. Direct inquiries to Glenn Powers, 
pres. 
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Video Color Corporation 
Industrial Tube Division 

How to Make Computers Talk, Visually 

offers 
TECHNICAL ABILITY 

For any special purpose Cathode Ray Tubes 
ULTRAHIGH RESOLUTION 

(less than .0005" spot size) 
FIBER OPTIC FACES 
HIGH CONTRAST 

Special Ultrathin g lass s ubstrates to eliminate 
halation 

SPECIAL SCREENS 
Any Phosphor 
High uniformity, Ultra Smooth Texture 
Low Screen Noise 
High Light Output 

SPECIAL ELECTRON OPTICS 
High Deflection Sensitivity 
High Beam Currents 
Multiguns 
High Voltage 

SPECIAL GEOMETRIES 
Back Ported Tubes 
Special Deflection Angles 

SPECIAL GLASS STRUCTURES 
Internal Targets 

FULL LINE OF STANDARD TYPES 
CRT's FOR-

Character Generato rs (Monoscopes, etc.), Read­
outs, Printers, Oscilloscopes, Radar, Monitors, 
Video Recorders, View Finders, Flying Spot Scan­
ners, Back Ported Devices, etc. 

Video Color Corporation 

~ 729 Centinela Avenue Inglewood, California 
Phone: 213-678-8192 90302 
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Use VISICOM Illuminated Indicators 
New, remote controlled, insta ntly changeable visual indi­
cators & systems provide large-scale display of numeric o r 
a lphanumeric informat ion from a ny compute r code• (St a nd­
ard model ASCI I code). Models ava ilable fo r continuous 
signal or 3-msec pulse input. Indicator g roups use 4 o r 6 
low-voltage code wires to all indicators in pa rallel, wit h 
s ingle-l ine indicator selection. VIS ICOM indicators offer up 
to 44 cha racters in s tandard weatherproof-case sizes t o 
17" x 24". Life: more than 107 o perating cycles. Sealed 
logic unit in each ind icator stores codes, then decodes to 
lamp patterns. 
VISICOM systems used for data display, information boards, 
factory annunciators, production control, weight & flow 
readout, traffic control, stad iums, racetracks, advertising, 
signs, etc. 

BLOOMINGDALE INSTRUMENTS, INC. 
111 Bloomingdale Road, Hicksvi lle, Ll , NY 11801/Ph.: (516) WE 5-9400 
141 Oregon Street, El Segundo, California 90245/ Ph.: 213·772·2444 
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Multiplier Phototubes 
A completely new and revised 92-page 

catalog of Fairchild Du Mont multiplier 
phototubes has been printed and is avail­
able on request at a price of $1 per copy. 
It not only gives complete specifications 
and characteristics of the standard line of 
Du Mont photomultipliers, but in addition 
the catalog covers the theory of spectral 
emission, response curves, oper at i onal 
theory, dark current and signal-to-noise 
ratio, and selection guides. 

The catalog deals with applications, 
nuclear radiation detection, flying spot scan­
ner use, and the detection of light from 
miscellaneous sources. 
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Mast 
RANDOM ACCESS 

PROJECTORS 
and SERVOS 

Filmstrips or Slides 
Normal or Precision Location 
Standard or Custom Built 

To Your Requirements 
Shown is Model 132 RAP for CONTROL PANEL 
DISPLAYS, CRT OVERLAYS & VIDICON PICKUP 

-) ., 
I 

100 frame filmstrip projector 
0.25 second minimum and 3.5 seconds maximum 

access time 
Phone: 319-323-9729 
Or Write Dept. ID 51 0 

MAST DEVELOPMENT COMPANY 
2212 EAST TWELFTH STREET 
DAVENPORT, IOWA 52803 
Circle Reader Service Card No. 49 

10-Station Keyboard 
To meet current demands of the industry, 

Pendar recently has developed and is mar­
keting now a new ten-station keyboard fea­
turing three standard sizes of keyboard 
matrix: Petite, Lady-ette or Master. They 
are equipped with concave lenses, provid­
ing fingertip control. 

TI1e new Pendar product comes in one 
complete unit that can be mounted from 
the front without special tools. Installation 
is accomplished in one simple, fast, easy 
operation. They have been tested for mil­
lions of cycles, and meet all mil-spec re­
quirements. Pendar, Inc., Coeur d 'Alene, 
Ida., the manufacturers, are also supplying 
the keyboard or switch matrix to custom 
specifications. 
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Motorized Computer / Trainer 
A new, motorized Model 601 Computer­

Trainer for teaching computer basics, pro­
gramming, Boolean algebra, number theory 
and binary logic is now available from Ar­
kay International Inc., Brooklyn. N.Y. The 
Model 601 is designed to enable the many 
industrial training courses and programs to 
better meet the requirement for trained 
personnel in design, programming and ser­
vicing of computers. I t contains a decimal­
to-binary encoder section for converting 
numbers into the binary system, and a five­
addres~/four-digit scratch pad memory stor­
age for containing and retaining binary­
coded data or instruction, a binary add! 
subtract module for actual computation 
including multiplication and division by bi­
nary 2, a motorized one-step-at-a-tin1e dnnn 
program section which brings each computer 
direction into a control panel read-out for 
manual operation, and an output section 
which converts the binary answer into a 
decimal number once more. 

Featuring a grounded 3-prong line cord 
for maximum safety together with low-volt­
age operation and simple-to-follow-wiring, 
th e studen t may operate the Computer­
Trainer from the Control Panel while fol­
lowing his steps on the back-of-panel wirfng. 
Each section is a complete, separate sub­
unit and may be taught as a separate opera­
tion section in any given lesson. 
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SID Sustaining members 
AEROSPACE CORPORATION 
SAN BERNARDINO, CALIFORN IA 

CELCO 
(CO NSTANTINE E N G INEERING L ABS. CO.) 
MAHWAH , NEW JERSEY 

COMMUNICATIONS 8c ELECTRONICS 
DIV. 
PHI L CO CORPORATION 

A SUB SIDIARY OF FORD M OTOR COM PAN Y 

WILLOW GROVE. PENNSYLVANI A 

CONRAC DIVISION 
GIANNINI CONTROL S CORP. 
GLEN DORA, CALI F ORNIA 

FAIRCHILD DUMO NT 
LABORATORIES 
CLI FTON , NEW JERSEY 

HU G H ES AIRCRAFT COMPANY 
VACUUM TUBE PRODUCTS DIV. 
OCEAN S I DE. CALI FORNI A 

88 

ITT FEDERAL LABO RATORIES 
A DIVISION OF I NTERNATI ONAL T ELEPHO N E 

AND T EL EGRAPH CORPORQ.TION 
NUTLEY, N EW JERSEY 

LING TEMCO VOUGHT 
M ILITARY ELECTRONI CS DIVISION 
DALLAS, TEXAS 

NAC CAMERA SERVICE COMPANY 
7-1 GINZAN ISHI 
CHUO-KU . TOKYO, JAPAN 

RADIATION. INC. 
M ELBOURNE. F LORIDA 

STROMBERG CARLSON CORP. 
D ATA PRODUCTS 
SAN DIEGO. CALIFORNIA 

SYLVANIA ELECTRONIC TUBES 
OI V., SYLVANI A EL ECTRON I C PRODU CTS, INC. 
SE N ECA FALLS, N EW YORK 

TELEVISIO N ELECTRONICS DIVISIO N 
DOUGHBOY INDUSTRIES 
WH EELI NG, ILLINOIS 

Display Design Notes 
Photomechanisms Inc., Huntington Sta­

tion, Long Island, N.Y., is producing a 
series of interesting, general technical de­
sign notes on data and display systems. 
The series is entitled Hard Copy. Latest 
in the series (No. 4) is entitled, "Design 
cf Photographic Data Systems", and covers 
the areas of high-volume data recording, 
rapid access at moderate recording rates, 
readout of data, PPI radar recording, com­
mand decision display, side-looking radar or 
facsin1ile, and computer output data record­
ing. 

Schematics are included for hard copy 
from computer output, side-looking radar, 
and command display or PPI radar. The 
firm specializes in solving data handling 
problems \vith non-conventional photo­
graphic processing. 
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Glo-Dot Pi lot Lights 
Industrial Devices Inc., Bdgewater, N.J., 

has released a new 4-pge. catalog which 
describes the firm's complete line of minia­
ture "Glo-Dot" pilot lights. The neon pilot 
lights are available in seven lens shapes 
and four body sizes, to meet precise re­
quirements. They can be speednut mounted 
in a 5/ 16-in. hole. The line incorporates 
insulated leads and built-in strain relief; 
lower cost bare thread models are also 
available. The new catalog describes all 
models and details all possible combina­
tions of lens shapes, body sizes, lamps, and 
resistors. 
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Vidicon Test Jig 
Production of a new test jig ( CTJ-1 ) for 

vidicon television cameras has been an­
nounced by Cohu Electronics Inc., Kin Tel 
Div., San Diego. Simplification of mainte­
nance and setup is achieved by proYiding 
reliable, reproducible and standardized test 
conditions. The test jig is designed for rigidly 
mounting and properly positioning the TV 
camera in front of lighted test pattems. 

An unusual feature of tl1e CTJ -l is that 
both the linearity and resolution test pat­
terns are an integral part of the jig. These 
standard EIA-type glass patterns are mount­
ed in frames hinged to each side of the 
light box and swing into position wl.cn in 
use. Although designed primarily as a cmi­
versal jig for all Cohu television cameras, 
the CTJ -1 will accommodate most makes of 
closed-circuit vidicon cameras. 
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Image Expander 
Ednalite Research Corp., Peekskill, N.Y., 

has published a new data sheet describing 
the firm's stereoramic oscilloscope CRT im­
age expander which adds valuable new 
functions to the 5-in. CRT image oscillo­
scope. 

The technical data sheet illustrates how 
oscilloscope displays can be enhanced mar­
kedly using the Image Expander, an optic­
ally corrected accessory instrument which 
provides maximum visual amplification and 
r eso lution without distortion. Clamp-on 
mount and swivel mount models are pic­
tured. Also shown is Ednalite's polarizing 
glare shield accessory, designed to eliminate 
extraneous light from the viewing area. 
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FOR THOSE IN COMMAND OF THE SITUATION ... 

. . . AN LTV DISPLAY SYSTEM ... 

To provide fresh, vital ... two and t hree dimensional tracking data 

projected against any reference background ... in color . . . with wide 

range choice of symbology ... at the near rea l time speed now possible 

with t he new LTV 7000 electro-mechan ica l projectors':' ... 

Th is is a brief insight into an LTV display syst em ... indispensable FOR 
THOSE IN COMMAND OF THE SITUATION . .. 

More t han 70 versati le LTV display systems are in operation for missiles, 

satell ite and space tracking, shipboa rd CIC, air defense and battlefield 
command. 

Contact LTV today for information about complete "Dynamic Plotting 

Projection Di splays" in all sizes for ai r, sea or land installations. LTV 

Military Electronics Division , P. 0. Box 6118, Dallas, Texas 75222. 

LT" IVIILITARY ELEC:::TRONIC:::S 

A 0 I VIS I 0 N 0 F L IN G - T E M C 0 - V 0 . U G H T . I N C . 

INFORMATION DISPLAY, SEPTEMBER/ OCTOBER, 1965 
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*THE NEW LTV 7000 HIGH SPEED 
DISPLAY SYSTEM PROJECTOR PLOTTER 
Full-scale excursion time 60 milliseconds 

Adjacent symbols per sec. 20 
Random symbols per sec. 10 

Dimensions: 12" long 7" wide 11 ~f' high 
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COM PIX 
a magnetic tape-driven plotter 

PRODUCES SHADES 

and contou rs, coo rdinates, circ les, ma ps, 
annotation , columns, graphs, text, charts 

at fifty 12 x 18 - inch plots 
per hour regardless of comp lex ity. 

nlted 
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Kollsman introduces dataltromeT: 
the first simultaneous four-color 
_data display projector 

Until now, comand and control systems required 
four projectors to display four co lors; today, a single 
dataKrome scribing projector presents the four 
colors in one synchronized, simultaneous display. 
It provides brilliant, easy-to-fol low, real-time data 
at about one-fourth the cost of equ ivalent four-color scribing systems. 

The dataKrome projector is completely modula r ::md conforms to Mil­
Specs. It can be used with other plotting, background and spotting 
projectors. Projected data can include track information, target identi­
fication, event marking and symbols. 

Availab le now, dataKrome is a major innovation 
in advanced display systems-performing as no 
other single projector can. For details, write to Dis­
play Systems, Kollsman Instrument Corporation, 

575 Underhill Blvd., Syosset, I 
New York 11791. C 
Kollsman s, 
INSTRUMENT CORPORATION suo so., .. , Of 

E L M H U R S T. N E W Y 0 R K I I 3 7 3 m,"8;~~~w~~~ 

Subsidiaries • Kollsman Motor Corporation • Kollsman Instru­
ment Ltd. (Great Britain). Kollsman System Technik (Germany) 

See the first public demonstration of data Krome at the SID Show, Booths 13-14 
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11nd 
worl(ing! 

New dd 10 
multi-station 

remote data entry 
and retrieval 

systems' 

The dd 10 is just the ticket for air­
line s who need a s tream lin ed , 
up-to-date reserva tion system. It's 
the logica l choice whereve r speed 
and flexibility are required above 
ordinary data entry and retri eva l 
methods. 

This electronic typewriter display 
system permits all station s to be 
used simultaneously for rapid re­
trieval of informat ion from a com­
puter memory. Each s t ation is 
capable of displaying 1000 character 
messages received from a computer 
and displayed in a fraction of a sec­
ond. Its central logic can handle in 
excess of 20,000 inquiries or entries 
per hour. And each dd 10 station has 
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a full alpha-numeric keyboard and 
cathode ray tube conso le. Any typist 
can operate the keyboard after just 
a few minutes instruction. Up to 63 
of these stations can be connected 
to the central control unit. Options 
are ava ilable to adapt to a variety of 
app lications . .. input interfaces are 
ava ilable for digital computers, tele­
phone subsets and other digital data 
sources. 

These dd 10 systems are now 
providing economic and performance 
advantages in many areas of appli­
cation. Our systems applications en­
gineers will show you how the dd 10 
can work to your advantage. Write or 
ca ll for an appointment. 


