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Dr. Milton B. Dobrin, United Geophysical Corporation, Pasadena, demonstrates optical filtering technique used 
to enhance seismic data. 

Laser helps seismic prospectors dig deeper 
There's a vast fortune in oil to be found on seismic charts already recorded, 
from fields already explored. The trick is in enhancing the seismic data, in 
separating the significant information from noise, surface waves, diffrac­
tions, and other spurious events which obscure desired reflections. You can 
do it, if you can afford it and have the patience, with standard analog and 
digital processing methods. But if you want to dig deeper, processing 
hundreds of dafa channels at a time and monitoring the results at all stages, 
there's now another way to look at your data. 

A new technique\ called Laserscan2, processes seismic data using op­
tical filtering methods. When spatially coherent light is passed through a 
seismic " section" on photographic film, the seismic signals act as an 
optical g rating to produce a diffraction pattern. By "doctoring" the diffrac­
tion pattern, then converting it back into an image of the original section, 
it is possible to remove unwanted frequency 9r directional components. 
Key to the success of the method is the intense, spatially coherent mono­
chromatic light from a Spectra-Physics CW gas laser. 

Seismic sections showing (left) reflections crossed by hi&h-velocity and low-velocity noise. and (right) same sec­
tion with high- and low-velocity events !'emoved by optical filtering. 

Similar optical data processing methods enable the removal of raster lines 
from televised photos, for example, or the subtraction of interference and 
noise to improve visual display of low-level signals. Whether you are pros­
pecting for oil or ideas, it may pay you to investigate other ways in which the 
CW gas laser has found commercial application. If you'd like to be on our 
mailing l ist to receive Laser Technical Bulletins, write us at 1255 Terra Bella 
Avenue, Mountain View, Calif. 94040. In I 
Europe, Spectra-Physics, S.A., Chemin (§I Spectra-Physics 
de Somais 14, Pully, Switzerland. - - . 

1MI LTON B. DOBRIN, "RTH UR L. INGALLS, ANd J AM ES A, LO NG, 1965, VELOCIT Y AND FREQUENCY FILTERING OF 

SEI SMIC DATA USING LASER LIGHT: GEOPH YSI CS V. 30, PP. 1148- 1178. 
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it packages better! 
Lowest cost of any electronic readout is only part of the 
story of our Type B-5440 NIXIE tubes. 

Another part of the story is how well they package. 
Like their size. Overall tube width is 0.75" maximum. 

You can line them up with less than 0.80" center-to-center 
spacing. This means you can get 10 digits in a panel 8 
inches wide. 

The seated height of the B-5440 is a mere 1.8" maxi­
mum. Yet, you get a fu ll-size 0.6" character readable at 
30 feet. 

The tube stem has been especially designed to permit 
the use of printed-circuit boards with maximum line width 

and spacing. This reduces pc-board costs. 
And finally there's a socket assembly we've designed 

that not only allows flush-mounting with the front of the 
instrument panel, but also is compatible with the latest 
printed-circuit board techniques. Result: up-front viewing, 
reduced assembly cost, best packaging density. 

For a slight additional cost, you can have independently 
operable decimal points positioned left and right, as shown 
above (T ype B-544 1 ) . 

Price of the B-5440? Oh, yes. Under $5 in 1000 quan­
tities. Compact price for a compact package. 

Use the reply card , or ca ll us for fu ll information . 

Only Burroughs mm111/actures NIXIE Tubes 

~ Burroughs 
INFORMATION DISPLAY, JULY/ AUGUST, 1966 
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PUT THE 
SWITCH 
WHERE THE 

WITH SWITCHCRAFT PENDANT SWITCHES 

FOR REMOTE CONTROL VERSATILITY 
Now, an all-new, ultra-versatile line of Pen­
dant (Cord) Switches for control, indicat­
ing, counter and data entry applications 
without costly relays or custom engineering. 
A host of never-before-available features 
give remote switching the kind of reliable 
action, long life and broad range of functions 
you'd expect only from console-mounted 

Most versatile line ever created. Top or edge 
button operation; exclusive remote lighting, 
standard illuminated, or non-illuminated 
models. Four different functions (including 
remote release), with choice of 5 d ifferent 
circuits. Lightweight, styled to fit the hand. 
Accepts cables up to .270 diameter. 

leaf-spring switches. By all odds, the best 
looking switches of their type-in a broad 
range of consumer- or industrial-oriented 
colors. Choose from momentary non-locking 
action, loc ki ng, push-to- lock/ push-to­
release, or locking with remote elec trical 
release .. . with standard circuitry arrange­
ments from 1-A to 2-C plus 2-A. 

CORDETTE SERIES 

Standout styling in a momentary-ac tion re­
mote switch with c hoice of A, 8 or C contact 
arrangements. Any length standard 2- to 
4-conductor cable can be permanently molded 
on; or switch supplied with standard phono 
plug termination for use with any phone-jack 
equipped cable. 

WRITE FOR BULLETINS E-534, E-537 and 165 

·~· /.94&-196ti 5531 Elston Ave., Chicago, Il linois 60630 
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al , %", 1%" and 2%" nee 
dia, CRT's-=only a few representative types 
are illustrated. • Yokes available with series aiding field de­

sign or with parallel (bucking) field design. 
• Core materials to suit your requirements. 
• Special test instruments can establish your yoke deflection parameters to an accura of ±0.1%. 

Types V21 
& V22 

Type Y15
0 

Serle_s 
Up to 52 , 70 

or 90° 
deflection 

angles 

Type FlO 

VIDICON YOKES & 
FOCUS COILS for 1" Vidicons 
IN VOLUME PRODUCTION 
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 technical details request 
catalog page. 

Type Y5~ Serl-;,s 
Up to 40 , 52 , 

70° and 90° 
deflection angles. 

STATOR YOKES 
for 1 W' 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 Vz" neck dia. CRT's. 
For military and oscilloscope 
applications requiring ma~imum 
resolution, low geometric dis­
tortion and high efficiency. 
Square core design with parallel 
opposed magnetic field. Avail­
able with e~tremely sensitive 
windings. For full technical de­
tails request catalog page. 

PRECISION ELECTROMAGNETIC 
FOCUS COILSfor1fs'',1 Vz",21fa" 

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 Yz" neck 
dia.) ... compact single gap de­
sign .•. or double gap design to 
simplify circuitry by eliminating 
coupling between static and dy­
namic coils. Widerangeofcoil re­
sistances available. Forfulltech­
nical details, request catalog 
pages. Please specify your CRT 
and beam accelerating voltage. 
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. 0 
Type P7 

Type Y65 
Up to 70° 
deflection 

angle 

Type Y16-6 
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 cho ice of magnet 
strengths with tight tolerances. 
Type P8 electromagnetic coil 
anti-pincush ion 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 Va" 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 e~treme en­
vironments. For full technical 
details request catalog page. 

HIGH SPEED PUSH­
PULL YOKES 

for 11fz" neck dia. CRT's. 
Ideal for high speed data pre­
sentation and oscilloscope ap­
plications using push-pull 
circuits 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 

11fz" neck dia. CRT's. 
For Radar Plan Position Indica­
tor and all other rotating coil 
applications. Versions available 
with de off-centering coils. Com­
plete in aluminum housing con-

Type Y25·R series taining deflection coil, slip rings 
Up to sz • and 10• and brush assembly, drive gear 

deflection ~nd bearing _for easy in~tallation 
angles mto any equipment des1gn. Only 

3¥4" OD x 2'!.-i•" long. For tech­
nical details' request catalog page. 

Type Y66 
Up to 60° 
deflection 

angle 

LARGE I.D. YOKES 
for 21fa" 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 enginee assistance solving your 
please contact our nearest representative: 

ms, 

Boston-New England: ...... -- ------------------------- ------···--
New York: ..................... .............................. .. ........ . 
Philadelphia Area: ................................................. . 
Washington-Baltimore Area: ................................ .. 
Florida Area: .................................................. 813, 
Los Angeles: ......................................................... . 

• 

762-3164 
695-3727 
789-2320 
628·1023 
347-6183 
283-1201 

s 1 .. ,,,,;., ""· .,,;.,,, "' .!! !. .. '"':.~~:~.~.~::,;~··.:~~:. 
Specialists in Components and Equipment used with Cathode Ray Tubes 
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YOU ARE INVITED 
TO ATTEND 
THE 1988 

c?/Uj 
~~ 

WHEN IT 
IS PRESENTED 
IN YOUR AREA. 
A TECHNICAL SESSION 

ON THE SUBJ ECT 
" LIGHTING PHENOMENA 

AS APPLIED TO 
INFORMATION DISPLAY" 

During September, October 
and November, the 1966 Shelly 
Symposium will be presented 
in 31 key cities of the United 
States. Each session will include: 
1: The Technical Presentation. 
2: The St at e-of·the·Art Review, in­

cluding an advance preview of 
severa l significant new develop­
m e nts in I D read outs never 
exhibited before. 

3: The Open Forum, an open dis­
cussion on Information Display, 
past, present and future. 

WRITE TODAY for details on 
when and where the Shelly 
Symposium will be held in your 
area. Send your name, title, 
company and address to: Sym­
posium Rese rvations: Shelly 
Associates, 111 Eucalyptus Dr., 
El Segundo, California 90246. 

MAKE YOUR 
RESERVATION NOW! 

s~ellv 

.' 

SHELLY ASSOCIATES, INC. 
111 Eucalyptus Dr., El Segundo, Ca lifornia 90246 

(213) 322-2374 • TWX (213) 322-1345 
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ARTICLES 

Concept fo r Design and Implementation of Mobile, Com­
puter-Generated D isplay Systems 

by Paul H orowitz ...... . ........ ................................. ........................ Page 20 

Discusses several coputer-generated disp lay concepts 
that appear to be su itable for, and may be used in tac-
tical operational centers. 

Microelectronic Character Generator Employed in Compu­
ter Display Processor 

by Samuel Davis ...... .................. . ...... .......... ............................... Page 29 

Describes a microelectronic character generator devel­
oped by Litton Industries' Data Systems D iv., and its 
use in computer display p rocessing. 

The Size and Contrast of H ard-Copy Symbols 
by A. C. Stocker .......... .................. ....... . ... .... . ............................ Page 36 

Corrects an erroneous equation given in an earl ier 
paper by the author, and provides experi mental data 
on hard-copy symbols computed with correct equation. 

Family of Computer-Controlled CRT Graphic Displays 
by Carl Machover .... .................................. ..... ...... ........................ Page 43 

Discusses, in depth, the mi litary-industry interface and 
how it has benefitted industry in the development of 
computer-controlled CRT D isplays. 

Dichroic Filters and A del i tive Color D isplays 
by Edward F. Rizy .................................. ...................................... Page 48 

Presents findings of research in use of dichroic filters 
of different reflectance upon observer performance on 
seven display color codes . 

FEATURES 

GUEST EDITORIAL, by Fordyce Brown ................................ Page 13 
ON THE MOVE ............................... .... ....... .... ... ........... ........ .... Page 53 
NEW ID PRODUCTS .............................................................. Page 54 
BOOK REVIEWS .............................................. ........................ Page 60 
ID READOUT ...................... .. .................................................. Page 62 
ID AUTHORS ......... .... ... ..... .. .................. ...... ..... ..... ....... ....... ..... Page 67 
NEW ID LITERATURE ............................... .. ........................ . Page 68 
ID ADVERTISERS ........................... ......................................... Page 70 
SID SUSTAIN ING MEMBERS .... ............................................ Page 70 

THE COVER 
The history of numerical communication is depicted in this composite of photos 

. by Robert W. Young, and art as well as over-all design by AI Dougherty, both of 
TRW Systems, Redondo Beach, California. Top tier depicts earliest form (finger 
counting) keyed by modern ball callouts; middle tier represents verbal communi· 
cations (sounds formed by lips); bottom tier portrays modern numeric readouts. 
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With the new Milgo Digital Plotting System, you 
output only the end points on lines up to 42" 
long - the plotter does the rest . . . with no 
deterioration of . the plotter's normal dynamic 
accuracy. There is never a second tier subroutine 
to compute the length of a line! Result: reduced 
computer programming, reduced computer output 
t ime, reduced plotting time. 

The Milgo DPS-6 includes a choice of off-l ine 
readers, plus either a vertical or horizontal 
plotter. And the system provides for all standard 

digital inputs plus straight analog. It accepts 
magnetic tapes recorded in either gapped, gap less 
or long record format. An optional core storage 
buffer allows up to 10,800 bits between gaps. 

Send for a brochure-full of additional 
features on the Milgo DPS-6. Write 
or call Milgo Electronic Corporation 
7620 N.W. 36th Avenue, Miami, Florida 
33147. Phone 305-691-1220. TWX 
305-696-4489. 

Now ... save programming steps on every plot 

EFFECT OF PRODUCTION 
DECISION ON INVENTORY 
WITH FORECAST SALES 

INFORMATIO N DISPLAY, JULY / AUGUST, 1966 

ACTUAL 

CANAL 
CROSS SECTION 
AND CONTOUR 
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user's choice ... with the BR-90 
COMBINED ELECTRONIC AND PHOTOGRAPHIC DIS· 
PLAYS . .. REAR-PORTED CRT . .. STORED PROGRAM 
LOGIC ... These and other exclusive features combine 
to make the BR-90 the most versatile and flexible con­
sole available today. 

Whether your computer system is used for on-line 
man/ machine communications, off-line data manipu­
lation, or both-you'll find the BR-90 compat ible. And 
it can be added to your existing system with little or no 
change in your input / output programs or equipment. 

The BR-90 lets you express your problem in your 
language ... not the computer's. Simple, changeable 
keyboard overlays allow you to tailor the BR-90's dis­
play functions to suit your system's requirements, 
growth demands, and changes. 

You tell us what your requirements and applications 
are ... we'll show you how the BR-90 can solve your 
problems. 

For further information contact the Bunker-Ramo sales 
office nearest you NOW. 

Offices are located in Waltham, Mass.; Dayton, Ohio. ; 
Rome, N.Y.; and Washington , D. C. Or write: H. A. Kirsch, 
The Bunker-Ramo Corporation , Defense Systems Division, 
8433 Fal lbrook Ave. , Canoga Park , Cali f. 91304. Te lephone: 
(213) 346-6000. 

l!i 
THE BUNKER-RAMO CORPORATION 
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Compare these advantages 
of Master Specialties Series 90E 

Miniature Tellite Switch 

• NO TOOLS REQUIRED FOR RE-LAMPING 
In case of lamp failure, the light capsu le 
and lamps can be easi ly removed from the 
panel fron t ... w ithout tools of any k ind ! 

• FILTERS, LEGENDS EASILY CHANGED 
Display arrangements, color fi l ters or 
legends can be easily changed simply by 
sliding the holder or lens off from the 
removed light capsule. No tools needed. 
Optional lens styles for design esthetics. 

• V ERSATILE DISPLAY ARRANGEMENTS 
Two-lamp i llumination permits full, horizon· 
tally or vertically split display . . . or two-lamp 
rel iabi li ty in full-screen, one-color display. 
Slab f il ters offer versati l ity and · color-coded 
indication. Reverse-engraved legends w ith­
stand long wear without effacing. 

• POSITIVE MOUNT ... IN ANY GROUPING 
Positive mount is accomplished from the 
panel front using integrated mounting 
sleeves. Units mount in intimate contact in 
rows. stacks or matrices. No special brack· 
ets. No hardware to show from panel front. 

• ALL TERMINALS 
AT REAR OF UNIT 
Each n on-corros ive, 
gold plated terminal 
accepts 2 #20 wires. 

• WIDE CHOICE OF SWITCH ACTIONS .. . 
VOLTAGES. Symmetrica l ly d esigned 
switches offer snap-action switching in 
2PDT or 4PDT momentary or alter nate 
action, and in momentary action w ith hold­
ing co il. Lamp voltages: 6, 12 or 28 volts 
and special neon lamp 115 volt. 

Use the publication Reader Service to 
obtain complete technical data detailed in 

Catalog 2008 

MASTER 
SPECIAL TIES 

COMPANY 
1640 MONROVIA, COSTA MESA. CALIFORNIA 

TELEPHONE AREA CODE 714: 642-2427 

REGIONAL OFFICES AND TELEPHONE 
ALABAMA: Huntsville •••• .. . . ..•••.• • . . 205-536-7415 
CALIFORNIA: Costa Mesa •..... . ....... . 714-642.0114 
CALIFORNIA: Sunnyvale ..••..•...•.. . •. 408·245·9292 
FLORIDA: Winter Park . ... .... . . .•... . . . 305-647.0100 
ILLINOIS: Chicago . . • . •.. . ...... • •.•... 3 12-282-7112 
NEW YORK: Syracuse ... .. .. ....•. .. . . . 315-479-9191 
NEW YORK: Valley Slream, L.l .. • . •. .•. . 516-561-2334 
TEXAS: Dallas ............. ..... •• . •.•. 214-357-9459 
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Why lEE rear-projection 
readouts make good reading 
Not the kind of good reading you'd cur l 
up with on a rainy n ight. But a more 
important kind if you're designing 
equipment that requires message dis­
play. Reason is that IEE readouts are 
the most readable readouts around. If 
you've seen them, you know this to be 
fact. If you haven't a s yet, he1·e is why 
our readouts make such good r eading: 

SINGLE-PLANE PRESENTATION 
No visual hash of tandem-stacked fila­
ments. l EE readouts are min iature 
rear-projectors t hat display t he re­
quired messages, one a t a tiine, on a 
non-glare viewing screen. Only the 
message that's "on" is visible. 

EASY·TO·READ CHARACTERS 
Since l EE readouts can display a n y­
t hing that can be put on film, you're not 
limited to thin wir e filament, dotted, or 
segmented digits. Order your l EE read­
outs with fam iliar, highly legible char­
acters that meet human factors and Mil 
Spec requirements. This section from 
our sample type sheet gives you an idea 
of the styles available that offer opti­
mal stroke/width/height ratio f or good 
legibility. 

BALANCED BRIGHTNESS/CONTRAST RATIO 
The chart below is a r easonable fac­
simile of char acter brightness and how 

8 8 8 
it affects readability. T he background 
is cons tant, but the brightness increases 
from left to right. You can draw your 
own conclusions, armed with the fact 
that l EE readouts g ive you up to 90 
foot lamber-ts of brightness. Br ightness , 
however, isn't the sole factor in judging 
readability. Background contrast is 
equally important - a fact we've simu­
lated below, reading from left to r ight. 

Obvious ly , brigh tness without contrast 
or vice versa, doesn't do much fo r read­
ability. A balanced ratio of both g ives 
you the Cl'isp legibility of l EE readouts. 
12 

WIDE-ANGLE READABILITY 
lEE 's unique combination of single­
plane projection, flat viewing screen, 
balanced rat:. of brightness/contr ast, 
and big, bold characters makes for 
wide-angle clarity and long v iewing 
distances. 

OTHER WAYS lEE READOUTS MAKE GOOD SENSE 
As if the superior readability of our 
readouts weren't enough, here a re a 
f ew reasons why lEE readouts make 
good sense in other areas : 

Bll 
INFINITE DISPLAY VERSATILITY 

Because our r eadouts use lamps, lenses, 
film, and a screen, they can display lit­
erally anyth ing t hat can be put on film. 
That means you have up to 12 message 
positions with each readout to display 
any combination of letters, words , num-

' bers, sym hoh, and even colors ! 

FIVE SIZES TO PICK FROM 
lEE readouts now come in' five sizes 
providing maximum character heights 
of %", %", 1", 2", and3 %". The smallest 
is the new Series 340 readout t hat's 
only 'li" H x ¥.!" W , yet can be read from 
30 feet away. The largest, the Series 
80, is clearly legible from 100 feet away. 

EASY TO OPERATE 
lEE readouts are available with volt­
age requirements from 6 to 28 volts, 
depending on lamps specified. Commer­
cial o1· MS lamps may be used, with up 
to 30,000 hours of operation per lamp. 
Lamps may be rapidly replaced without 
tools of any k ind. 

Our readouts operate from straight 
decimal input or will accept conven­
tional binary codes when used with IEE 
low-current driver / decoder s. 

For more p roof wh y IEE rear-projec­
tion readouts make good reading, send 
us your inquiry. You'll see for yourself 
why they've been making the best seller 
list, year after year ! 

INDUSTRIAL 
ELECTRONIC 

·ENGINEERS, INC. 
7720 Lemona Avenue. Van Nuys, Calif ornia 

Phone: (213) 787 -0 311 • TWX (910) 495-1707 
Representatives in Principal Cities 
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CALL YOUR NEAREST lEE REPRESENTATIVE 
FOR A DEMONSTRATION AND 
APPLICATION INFORMATION: 

AlABAMA 
Huntsvi l le 
MEOCO ASSOC. INC. 
Suite 90, Holiday Office Center 
205-881-372 1 

ARIZONA 
Phoenix 
GRAMER AND COMPANY 
444 W. Camelback Road 
602-279-1231 

CALIFORNIA 
Van Nuys 
INDUSTRIAL ELECTRON:C 

ENGINEERS. INC. 
7720 Lemona Avenue 
213-787-03 11 
Palo Alto 
McGI LL AND McGILL 
809 San Antonio Road 
415-321 -0905 
San Diego 
L. L. STOAKES 
4438 Ingraham Street 
714 -274 -6281 

COLORADO 
Denver 
HYER ELECTRONICS COMPANY 
E. Bellview & Valley Highway 
P. 0 . Box 22227 
303-771-5285 

CONNECTICUT 
Hamden 
ELTRON ENGINEER ING 

SALES, INC. 
2341 Whitney Avenue 
203-l88-9276 

FLORIDA 
Indialantic 
MEDCO ASSOC. INC. 
.z;4 Wavecrest Drive 
305-723-6924 

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

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

MARYLAND 
Ashton 
BIECHLER ASSOCIATES. INC. 
17733 New Hampshire Ave . 

301-924-4507 

NEW MEXICO 
Albuquerque 
HYER ELECTRONICS COMPANY 
1st National Bank Bldg., East 
Suite 1213 
Centra l & San Mateo N.E. 
505-268-6744 

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

SALES CORP. 
830 Linden Avenue 
7! 6-586-4940 
Syracuse 
OSSMANN COMPONENT 

SALES CORP. 
5858 Malloy Road East 
315-454-4477 

Vestal 
OSSMANN COMPONENT 

SALES CORP. 
1901 Vestal Pkwy. 
607-785-9947 

NORTH CAROLINA 
Bethania 
THE CANOOR COMPANY 
919-924 -1480 

OHIO 
Cl eveland 
S. STERLING COMPANY 
5827 Mayfield Road 
216-442 -8080 
Dayton 
S. STERLING COMPANY 
3300 S. Oixie Drive 
~13 -298-757J 

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

PENNSYlVANIA 
Millersville 
Bl ECHl ER ASSOCIATES, INC. 
P. 0 . Box 38 
717-872-2793 

Pittsburgh 
RUSSEll F. CLARK COMPANY 
I 0517 Lindberg Avenue 
41 2-242-9500 

TEXAS 
Baltimore 
BIECH LER ASSOCIATES. INC. Dallas 
7353 York towne Orive NORVEl l ASSOCIATES, INC. 
30 1-825-8222 P. 0 . Box 20279 

214-357-6451 
MASSACHUSETTS 
Newtonville 
ELTRON ENG INEERING 

SALES, I NC. 
246 Walnut Street 
617-332-6975 

MICHIGAN 
Southfield 
S. STERLING COMPANY 
21250 101/z Mile Road 
313-442-5656 

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

MI SSOURI 
Hazelwood 
POLY-ONICS. INC. 
47 Village Square 
Shopping Center 
314 -837-0597 

NEVADA 
l as Vegas 
SYSTEMS OESIGN 

CORPORATION 
900-1 West Bonanza 
702-382-3037 

Houston 
NORVELL ASSOCIATES, INC. 
6440 Hillcroft 
713-774-2568 

WASHINGTON 
Seattl e 
RAY JOHNSTON CO. 
lOll N.E. 69th St. 
(206) LA 4-5170 

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

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

Weston, Ontario 
WHITTAKER ELECTRONICS LTD. 
1885 Wi lson Avenue 
416-247- 7454 

New Westminster, 
British Columbia 
WH ITTAKER ELECTRONICS LTO. 
324 Decaire St. 
604 -936 -2244 
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EDITORIAl 

OUR GROWING SPECIALIZATION 

Infmmation display as a recognized and distinct field of 
technology is relatively new. In fact, this writer was en­
gaged principally in information display for a quarter of 
a century before recognizing the existence of it as a tech­
nology with a name. Our yotmg, growing organization and 
its Journal are evidence of the increasing need for technical 
communication among persons whose interests relate in some 
fashion to the field. ' 

However, this need for technical communication carries 
with it a very interesting and very real problem. It is 
probably as difficult to categorize the special interests of 
persons working in the broad area of infonnation display as 
it would be to predict its direction and growth in the future. 

Information display teclm ology is truly interdisciplinary, 
requiring a more catholic approach to the problem of tech­
nical communication perhaps than many other technical 
societies. SID has a great opportunity to advance technical 
knowledge in many fields as they relate to info1mation dis­
play. In seeking b etter ways of information display we are 
calling on the services of the psychologist, the engineer, the 
physicist, chemist, mathematician and other specialists, work­
ing in a b ewildering array of special fields within their 
areas of special training. 

There is a need to identify display specialists - as opposed 
to those who are involved in peripheral or sporadic contacts 
with the field - b ecause this is the group whose participa­
tion is so vital to technological advancement and to SID 
growth. Perhaps some standards can be established to define 
the "display man" in precise terms. Eventually, such stand­
ards might b e revised or extended to provide a basis for 
assessing levels of professional expertise. As our technology 
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becomes increasingly sophisticated, we must surely strive 
to make our Society the arbiter of standardization for both 
product paramaters and professional perfo1mance. 

Our techuology is inexorably linked with two rapidly 
growing phenomena - the giant digital computer and auto­
mated high density information storage and retrieval systems. 
It is being said by many that we are in the midst of an 
infmmation explosion - that we are generating important 
infmmation at rates far beyond those of a few years ago. 
New ways must be found to store, call up and use this 
infmmation if we are to progress or even to avoid bogging 
down in a mass of paper work. 

vVe all look forward, from the vantage point of our respec­
tive specialties, to continuing growth of the Society. We 
believe that this growth, p aralleled with increasing effec­
tiveness, will come about through recognition of the nature 
of our task and the steady improvement of our technical 
meetings and publications. We hope that as we grow we are 
able to recognize the various specialties that make up the 
spectrum of the Society's interests and while not aiming to 
be something to everyone, be at least significant to many. 

FORDYCE BROWN 
Northeast Regional Director, and 
Chai.Jman, Convention Committee 
Society for Information Display 

Fordyce M. Brown is president of Photomechanisms Inc., 
Huntington Station, New York. He was Chairman of the 
SID 6th National Symposium in New York in 1965, and is 
presently Chairman, Convention Committee, as well as 
Nmtheast Regional Director of the Society. 
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12000 SERIES • 

• 14000 SERIES 

15000 SERIES • 

• 16000 SERIES 

17000 SERIES • 

Manufactu red under one or more 
of the following U.S. Patent s: 

2,943.313; 3 ,009,140; 3,118,138. 
Other patents pending. 

PANEL SPACE .. . ........ • . . .. .. 2%•" wide x 1 ¥16" high 

(2%•" x 1" if bracket mounted) 

NUMBER OF CHARACTERS .. . . up to 10 

NUMBER OF TERMINALS .. ... 5, plus a common• 

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

PULSE TIME . . .. • . . .• .. • . ... .. 500 milli seconds 

DUTY CYCLE. . .. 25% (pulsing same coil) 
*Requires switching of lead in conj unction w ith reversal of pota,;ty to change character 

PANEL SPACE . .. . . . ...... . .... Y.!" wide x 21/.," high 

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

NUMBER OF CHARACTERS ... up to 11 

NUMBER OF TERMINALS. .11, plus a common 

WATTS . .. .. ... .. . . .... . . . .. .... 2.5 

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

DUTY CYCLE ....... . ........... 50% (25% if pulsing same coil cont inu-

ously). Continuous duty available in some voltages. 

PANEL SPACE ..... . . .... . . .. .. . 1/z" wide x 2 1/.," high 

(Y.!" 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 spe_cified) 
*Requires swi tching o f lead in conjunction wi th reversal of pol ari ty to change character 

PANEL SPACE . .. . . .. . . ... . . ... . ¥a" wide x 3%" high 

(¥a' x 21o/i6' 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 . . . . . . ... . . . ... . . . 1Y.!" 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 continuous (must be specified) 

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

YOU GET ALL THESE FEATURES WITH MAGNELINE: 

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 deta1ls and the name of our nea rest represent· ~ 
ative. wnte to us at Waterbury. Better yet, call us at (203) 
756-3636 or get in touch by TWX (203) 753-9341 

IJ,ii'm:• ELECTRONics 
A D IV18 10 H opr T H~ ~AT E N T aU T TOH COMFI ANV 

WATERBURY, C ONNECTI C UT • 06720 
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THIS NEW 
COMPUTER QUALITY 
TRANSISTORIZED 
DIGITAL READOUT 
COSTS YOU 

~ 
LESS! 

FOR INTEGRATED OR DISCRETE 
COMPONENT CIRCUITS 

• Identica l electrica l charact eri st ics, 
ident ical driver-decoder fu nct ions, iden­
tical l -inch mounting centers- yet t hese 
new digita l readouts using NIXIE'' tubes 
cost you 30% less than fully enclosed 
(with m etal case t ra nsistors) TEC-LITE 
TNR-10 and TNR-30 Seri es m odels. New 
simplified single board design and use 
of plastic encased si licon t ransistors sub­
sta nt ially red uce assembly t ime, allow­
ing thj s far lower price. 

TNR-40 Ser ies-Provides decimal 
readout from decimal input sig· 
nals of low level. Internal circuits 
of four standard models are con· 
t rolled by input signals as small 
as 3.5 volts. Spec ial versions can 
be controlled with signals as small 
as 2 volts or less. H igh voltage to 
f ire the neon tube's numeral ele· 
ments is confined to the unit and 
to the panel area. 

Price (0-9 display) in 100-299 
quantities: $18.85 less tube . 

For fully enclosed readout, re­
quest data on TEC-LITE T NR-10 
Series. 

I ~ILJI'FJE I ~0 I H ~ ~ I 
INDICATORS DATA• PANEL 

INDICATING DEVICES 

I I 

TNR-50 Series- Decimal readout 
is available in 8 standard models 
to handle 8 -wire and 4-wire binary 
coded decimal input as small as 
3.5 volts . A variety of othe r input 
codes and signal levels can be ac­
commodated on special order. 
All -transistor circuitry elim inates 
diode decoders to reduce the 
number of comp onents and in· 
crease reliability. 

Pr ice (0·9 display) in 100-299 
quantities: $24 .90 less tube. 

For fully enclosed readou t , re­
quest data on TEC-LITE TNR -30 
Series. 

1316121 I c=ro 
READOUTS TEC-SWITCH 

j 

Transistor Electronics Corporation Box 6191 • Minneapolis, Min nesota 55424 
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THIS NEW SYSTEM reduces data from 
sheets, rolls and fanfold paper, photographs, 

and 35mm through 70mm film directly to 
digital computer-compatible magnetic tape 
at speeds up to 125 inches 
of analog trace per minute. 

It's the CALMA Model 302 
Analog Graphical Data Digitizer, 

with the 
Model M Film Projection Accessory. 

Write, phone, or TWX for details. 

I 
I 

I 

\ 

~ 5 

COMPANY 
346 MATHEW STREET, SANTA CLARA, CALIFORNIA 
PHONE: (408) 244-0960 TWX: 408-287-6556 
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Design and Development act ivities in the 
f ield of Electronic Signal Processing and 
D isp lay are ra p id ly expanding today at 
HUGHES Aerospace Divisions. 

Advanced development is being acceler­
ated on high resolution pulse doppler 
radars and other sensors utilizing matched 
filter, synthetic array, pattern recognition 
and other exotic corre lation techniques. 

Specialists will be interested in the many 
challenging and rewarding assignments 
now avai lable in Project Eng ineering , Radar 
System Design, Performance Analysis, Sig­
nal Processing with emph asis on synthetic 
array, Information Display, System Simu­
lat ion and Human Factors; in Circui t, Me­
chanical and Packaging Design. 

Stimulating assignments are immediately 
available for g r aduate Engineers with 
accredited degrees and several years of 
appl icable, professional experience in one 
or more of the following areas : 

1. Highspeed Timing & Sampling Circuits 
2. Optical & Electronic Moving Maps 
3. Ultrahigh Speed Film Development 
4 . W ideband Video & IF Amplifiers 
5. Mixers & Balanced Modulators 
6. High Precision CRT Circuitry 
7. Scan Converters Storage Tubes 
8. Aerospace System Simulation 
9. Multi sensor Data Display 

10. Precision Film Transport 

Al l intere sted persons are invited to submit 
resumes in confidence. 

For immediate considerat ion 
please write: 

Mr. Rob ert A . Martin 
Head of Employm ent 

HUGHES Aerospace Divisions 
11 940 W. Jefferson Blvd. 

Cul ver City 50 Calif. 

Creating a new '' orld •·;ith electronics 
r---- - ------- - -----, 
I I 

: HUGHES : 
I I 
L--- ------- - --- ---- ~ 
H U GH E:S Alfl CRAF T COMPANY 

AEROSPACE DIVI S I O N S 

An eQual opportuni ty C' mployer 

U. S. CITIZENSHIP REQUIRED 



18 

~ Data Display Devices 
~~ from Raytheon 

New Raytheon Recording Storage Tubes 
extend your system capabilities 

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

Raytheon 's wide range of Re­
cording Storage Tubes enab le 
you to design additiona l capa­
bility into any system which stores 
and transfers e lectronic informa­
tion . Appli cations include: scan 
conversion, stop motion, integra­
tion for signal-to-no ise improve­
ment, time delay or phase shift, 
co rrelation and slow-down video. 

The new miniature types-Ray­
theon 's CK1516 and CK1519-are 
designed for compact packaging, 
such as in airborne and space 
sate lli te app lications. Both tubes 
provide high resolution and erase 
capabi lity in a fraction of a sec­
ond. The CK1521 is a new stand­
ard typ e f eaturing ultra-high 
reso lut ion o f 2500 TV lines and 
fast erasure in milliseconds. 

Raytheon Recording Storage 
Tubes are electronic input-output 

devices which feature: fast write, 
immedi ate and nondestructive 
read, long storage, high reso lu­
tion, and fast erase. Information 
can be written and stored using 
sequential scan techniques or by 
random access writing. Erasure 
can be co mplete or se lecti ve. 
Du al and si ngle gun types are 
available. 

For more information or demon­
strations, contact your Raytheon 
Reg ional Sales Office. 
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Raytheon Decade Counter Tubes are 
gas-filled, cold-cathode, g l ow dis­
charge, bi -directional stepping devices, 
capable of operation at frequenc ies up 
to 100 ki locycles/sec. They provide both 
electrical and visual readout and are 
characterized by very long life, low cur­
rent requirements, relatively few exter­
nal components necessary for proper 
operation, and low operating tempera­
ture. These characteristics make them 
very useful as counters in such applica­
tions as radiation measuring equipment, 
timers, programmable counters and 
scalers, sorting apparatus, and many 
others. In these applications th~y can 
be used as scale-of-ten counters or as 
devices capable of operation at any 
:lesired preset scale. 

Datavue* End-View Tubes. These tubes 
are easily read in high ambient light-do 
not wash out like other displays. Errone­
ous readings due to segment failure do 
not occur because the characters are 
ful ly formed. Raytheon Datavue End­
View Tubes f it existing sockets and con­
form to EIA ratings. Models include 
round (CK8421) and rectangular 
(C K8422). A ll are designed for ultra­
l ong li fe - a n expectancy of 200,000 
hou rs or more in dynamic operation. 

Datavue* Side-View Tubes. New type 
CK8650, with numerals close to front, 
perm its wide-angle viewing. These side­
view, in- line visual readout tubes display 
singly numerals 0 through 9 or prese­
lected symbols such as + and - signs. 
Their 5/a" high characters are easily read 
from a distance of 30 feet. Less than $5 
in 500 lots, they also cost less to use 
because the bezel and fi lter assembly 
can be el iminated and because their 
mati"]g ~ockets are inexpensive. 

New Symbolray* CRT. This new tube 
p rovides alphanumeric inputs fo r com­
puter readout devices. The tube's 2" tar­
get can be scanned electronically to 
select symbols, characters, and punctu­
ation marks in sequen ce to form read­
out on a display t ube. Designated type 
CK1414, this tube p rovides an economi­
cal method of generating characters for 
hard copy p rint-out or for cathode-ray 
display. Designs w ith 64 or 100 charac­
ters are available. 

Send the reader service card for litera­
ture kit con tain ing data sheets and cata­
logs on these p roducts: 

Record ing Storage Tubes No. 14 
Datastrobe Digital Readout 

Subsystem No. 15 
Datavue Indicator Tubes No. 16 
Cathode Ray Tu bes No. 17 
Decade Counter Tubes No. 18 

Or call your nearest Raytheon regional 
sales office, or write to Raytheon Com­
pany, Components Division, 141 Spring 
Street, Lexington, Massachusetts 02173. 
'Trademark of Raytheon Company 

[RAYTHEON] 

Raytheon Components Division -A single ~ource for Transistors / Diodes / Integrated 
Circuits/ Industrial Tubes/ Control Knobs/ Panel Hardware/ Circuit Modules/ Display Devices. 
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[This pnper was prepared while the author wns 
associated with Northrop Norlroni<!S, Anahe im, 
Cnlifornin, and was presented at the Sb:th Nation­
al Symposium of the Socie ty for Information. Dis­
play. It was first published in the Proceedings of 
that meeting. Mr. Horowitz is now associated with 
the IBi\1 Fcdcrnl Systems Div ision, Space Guidance 
West.) 

Abstract 
The purpose of this report is to 

discuss several computer generated 
display concepts that appear to be 
suitable for use in tactical opera· 
tions centers. The report does not 
present a survey or review of data 
display "state·Of·the·art", but at· 
tempts to set forth the human and 
subsystem requirements of tactical 
centers in general, as well as some 
that may be unique to a particular 
system. The display subsystem de· 
sign desc ribed in the report is 
within the current state-of·the·art 
and could be available without an 
extensive research and development 
program. 

Introduction 
It is generally accepted that the mod­

em tactical command and control center 
must be mobile; this does not mean 
that it must be operable while in mo­
tion, but that it should be readily trans­
portable. The transportability require­
ment imposes added burdens on the 
system that are not ordinarily placec:.l 
upon a stationary command-post system. 
This mcludes requirements for: light­
ness in weight, greatly increased re­
liabi lity, remove- and - replace mainte­
nance, and ac:.laptability to an extreme!)' 
w1de range of environments. Of major 
importance is logis tic support (e.g., am­
munition or lower priority expendables) . 
The displays postulated in this paper 
are, c:.lirectly or indirectly, computer 
driven (i.e., they will use processed 
rather than raw data ) and must convey 
inf01mation to the user in the most 
e fficient form. 

The factors that influence c:.lesign are 
extremely complex because of the varied 
and, at times, conflicting system require­
ments (such as low cost versus high 
reliability). Those factors that specifical­
ly influence display subsystem design 
include: subsystem environment, general 
physical characteristics, subsystem opera­
tional requirements, display presenta­
tion charactel"istics, and display quality. 

Mobile systems operate in varying 
areas tmd under varying ambient condi­
tions. This type of system may place 
requirements and limitations on the dis­
play subsystem. The techniques of solid­
state and subminiature electronic design 
must be full y exploited in order to pro­
vide displays that can be used by these 
systems. A display subsystem designed 
for a mobile system can easily be used 
in the relatively stable environment of 
a permanent command and control cen­
ter. Operational characteristics of the 
display subsystem include the quantity 
of data that must be displayed and 
20 
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And l111ple111entation 

Of Mobile, 
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by Paul Horowirz 
IBM Federal Systems D ivision 
Space Guidance West 
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assimila ted by the user within a given 
time frame, the human response time 
(as a variable of the rate at which the 
data may be assimila ted), update and 
request time. These charactetistics vary 
in their relative importance as functions 
of total system requirements. 

The characteristics of a pmticular dis­
play presentation are the fom1 or quality 
of the presentation. The presentation 
form is the basic configuration (e.g., 
map or topographic.: presentation, pic­
torial, symbolic, or combinations of 
these). Display presentation quality is 
aHected by resolution, contrast, distor­
tion, accuracy, tone, and color. 

The techniques and devices needed 
to readily implement the mobile d isplay 
subsystem are not available in large 
variety. This may be ath·ibuted to pres­
ent state-of-the-art, availability within 
the time period under consideration, and 
the d iverse environmental and operation­
al requirements demanded . There are 
many characteristics which directly in­
flu ence the choice of components and 
subsys tems. The display subsystems must 
be meticulously selected, d esigned, and 
tested prior to field use. Several display 
techniques are readily adaptable to the 
rigors of field use and in tum can fom1 
the basis of several versatile, flexible 
d isplay subsystems. 

Factors that Inf luence Design 
The factors that influence d esign are 

extremely complex because of the varied 
and, at times, conflicting system require­
ments (such as low cost versus high re­
liabi li ty) . Those factors th at specifically 
influence display subsystem design in­
clude: subsystem environment, general 
physical characteristics, subsystem opera­
tional requirements, display presenta­
tion characteristics, and display quality 
(reference 1) . 
Environmental 

The subsystem environment is one of 
alternating periods of operation, mainte­
nance, storage, and shipment, which 
may occur in a land, sea, air or space 
ambience. Each situation has unique and 
varying condi tions that may adversely 
affect equipment operation. These condi­
tions may be categorized as natural and 
induced. The natural conditions include: 
nuclear and solar radiation, humidity, 
ambient temperature, pressure, and al11-

bient salinity. Other natural conditions, 
such as Van Allen and cosmic radiation 
and high vacuum, are necessary con­
siderations only in space applications. 
The induced conditions include: mechan­
ica l and acoustic vibration, accelera­
tion, induced temp erature, and shock. 

F rom the environmental point of view, 
a display subsystem is similar to other 
electronic devices in most respects, m1d 
the requirements for survival in adverse 
environments do not differ greatly. Cer­
tain display aspects, usually photo-op­
INFORMATIO N DI SPLAY, JULY/AUGUST, 1966 

tiC'al and mechanical devices and tech­
niques, require special environmental 
design considerations. Optical devices 
may crack or become tmaligned after 
vibration and shock exposUJ·e; vibration 
and shock exposure may not affect elec­
tronic components of the subsystem. 
i\Iech<Ulical components may corrode 
from exposure to relatively light salinity, 
and may "freeze" as a result of tempera­
ture extremes. Silver halide photographic.: 
emulsions wi ll become fogged if ex­
p osed to ionizing radiation. Kalvar photo­
graphic materials will lose sensitivity 
when exposed to ultraviolet radiation . 
These environmental factors are ex­
tremely importan t, especially when the 
d isplay concepts or techniques which 
are under consideration have no stand­
ard extemal operating environment. 

Phys ical Characteristics 
Physical characteristics of the subsys­

tem are important in the context of 
stringent payload requirements for space 
<md airborne missions and "mru1-liftable·· 
requirements for many Am1y op eration­
al and maintenance considerations. Mili­
tary specifications state that a man must 
not carry more than 35 pounds, though 
he may lift weight in excess of this. The 
total area that each component must 
occupy, and th e p hysical relation of one 
to the other are as important as the 
total area the display subsystem requires, 
inasm11ch as spnee is limited and area 
'configuration may not be readily modi­
fiE-d, especially wi thin a mobile system. 
Operational Characteristics 

iviobile systems operate in varying 
areas and under varying ambient condi­
tions. This type of command m1d control 
system p laces severe requirements and 
limitations on the display subsystem. 
The techniques of solid-state and sub­
minia ture electronic design must be fully 
exp loited in order to provide displays 
that can be used by these systems. A 
d isplay subsystem designed for a mobile 
system can be used easily in the rela­
tive ly stable environment of a pem1a­
nent command and control center. 
Operational characteristics of the dis­
play subsystem include the quan tity of 
data that must be disp layed within a 
given time frame, the hwmUl response 
time (as a variable of the rate at which 
the data may be assimilated) , update 
and request times. These characteristics 
vary in their relative importance as fwlc­
tions of total system requirements. 
Data Quantity 

The amount of da ta that cru1 be dis­
played is dependent upon two factors : 
the availability of data, either raw {radar 
scan ) or processed (computer output ), 
and the resp onse or ability of the user 
to p erceive and understand the informa­
tion displayed. Some displays present 
system data in 'toto ( sueh as radar ) and 
constantly repeat the display in an un­
varying time fram e, which is a function 

of antenna rotation time. Other systems 
using "processed or stored" data can 
present data upon user request of up­
date or change when he has under­
stood or responded to the information 
that concerns him. :Vlany d isplay sub­
systems "categorize" data into varying 
formats, depending upon the user level 
and function. The fonmttion of data 
categories for disp lay is a complex proc­
essing problem that involves user re­
q ui rements, fib organization, classifica­
tion, indexing, data entry, and other 
data p rocessing considerations. The "for­
mat" of d isplayed infmmation usually 
presents data in a form easily understood 
by the user and can be tailored to meet 
his individual information requirements 
( reference 1). 

The major physio logical limi tation 
that will affect total data presentation 
is visual acuity or the resolving power 
of the eye and the angle subtended by 
the display in relation to the user. The 
human eye can, in normal light, dis­
criminate lines that are about 1.5 minutes 
of arc apart, using parallel black lines 
separated by in tervals equal to line 
width ( reference 2) . This demonstrates 
an angular resolving power of 40 optical 
lines per degree. The ru1gle subtended 
at the cornea by a viewed object is a 
further limitation on visual d iscrimina-

tion; this angle is 2 arctan 2~ {where 

L is the size of viewed object measured 
at right angles to the line of sight, and 
D is the distance between eve and ob­
ject). A flat display that s~1btends 50 
degrees at the eye limi ts usable resolu­
tion to 2,000 optical lines. Inasmuch as 
resolution and the angle subtended limit 
the amount of information that can be 
perceived by an individ ual, the distance 
from display is not significant (i.e., a 
large display is not required in order to 
provide ;l large presentation). For .1 

g ive11 viewing distance, display size must 
be increased if the amount of detail is 
to be increased (reference 3). 

Assuming that a p;uticular d isplay 
presentation is designed to meet the 
human physiological requirements con ­
cerned with visual acuity and compre­
hension (or response to data presenta­
tion ), display subsystems also vary in 
thei r respective update and request 
times. 

Update Time 
Update time is the period of time be­

tween acceptance of raw data b y the 
system ;md display or storage accept­
ance of the processed information. This 
time frame may exceed the response 
times of the user and thus. require stor­
age un til the user requests a presenta­
tion change. 
Request Time 

Request time is the period of time 
between request of presentation change 
and the actual change. This time frame 
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varies greatly from system to system 
(mechanical systems have inherently 
longer request time than electronic sys­
tems). Request priorities may be pro­
grammed within the data processing sys­
tem, thus forcing critical data into the 
d isplay if inf01mation with lower priori­
ty is currently being displayed. 

Presentation Characteristics 
The characteristics of a particular dis­

play presentation are the form or quality 
of the p resentation. The presentation 
form is the basic configuration (e.g., 
map or topographic presentation, pic­
torial, symbolic, or combination of 
these). Display presentation quality is 
affected by: resolution, contrast, distor­
tion, accuracy, tone, and color. 
Form of Presentation 

Most military command and control 
systems require situation displays. This 
fom1 of display normally uses a map 
background with superimposed supple­
mentaty data and less frequently uses 
other f01ms of topographic representa­
tior; (such as aedal photographs or radar 
returns) as the background. These back­
ground data are tailored to the system 
and user requirements. The pictorial 
display m <'Y be either a stable one 
(as at a pa1ticular ai r defense sector) 
or a constantly changing display (e.g., 
of advancing army units) . 

Displays, other than pictorial, may be 
used tu provide quantitative and qualita­
tive data without graphical or pictorial 
referents ( the referents, if required, are 
stated in map coordinates or coordinates 
of another "master" situation presenta­
tion ). These Jisplays may use alpha­
numeric characters, symbols which are 
meaningful to the particular user, vari­
ous codes, and line drawings (such as 
graphs, and diagrams). 

The display subsystem should be a ble 
to provide the majority of d~a classifica­
tions discussed, either on a single unjt 
or on separate units where required. 
F1 equently, the display uses a combina­
tion of situation and coded or symbolic 
data. The codes and symbols may indi­
cate, qualitatively and quantitatively, the 
disposition of forces, equipment, and 
coincident operations of the enemy 
forces. 

An example of a situation display is 
a presentation of the b ackground of a 
tactical military map with line drawings 
representing national or military boun­
daries. Symbols a nd codes, indicating 
tactical units and their locations a re 
superimposed, with alphanumeric notes 
providing detail and further descliption. 

Information display requirements are 
nom1aJiy included as pa1t of the system 
design. The f01mat is usually a formal, 
agreed-upon method of presenting all 
similar data within a patticular system. 
Th is format should provide the data 
showing the various interactions, con­
flicts, and relationships ( reference 3). 
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Quality of Presentation 
The quality of the particular display 

presentation is made up of factors that 
most directly influence tl1e absorption 
of infom1ation by the user. The design 
of good format, coding, and symbology 
will be completely negated if the user 
cannot perceive the amount of display 
detail needed to provide the informa­
tion he requires. If the presentation 
quality is high, information that must 
be conveyed to the user in a given time 
frame may be increased. The factors 
cletem1ining presentation quality include: 
brightness and contrast, distortion and 
ac·curacy, color and tone, resolution and 
flicker. 

Resolution, or visual acuity, has been 
previously discussed as an inhibiting 
factor in the amount of data d isplayed 
to the user. In general, resolution re­
quirements need not exceed the resolv­
ing power of the eye. They a re de­
tennined by a knowledge of the d istance 
between u~·er and display screen, the 
smallest display element which can be 
seen at this distance, presentation con­
trast, brightness, and clutter. 

D isplay brightness depends upon the 
ambient light level within the viewing 
area. If possible, the average brightness 
at the display screen should be close 
to the ambien t light level within the 
viewing area. Office lighting is optimal­
ly 100-150 foot candles. There are a t­
tendant technical difficu lties in provid ­
ing displays to equal this bright ambient 
level. Therefore, many viewing or dis­
play areas have extremely subdued light­
ing (approximately 30 foot candles) 
( refe rence 4). 

Good display contrast is required so 
that various data appearing in the pre­
sentation are either "classed" or per­
ceived with ease against the screen 
background (e.g., a bright or white 
spot against a clark backgrow1d ). Ideally, 
the contrast between the vm·iable data 
(symbology) and the background (map) 
should be 30: 1; the brighter levels may 
be required for those data which are 
most important to the user. Contrast 
may also be enhanced with the applica­
tim~ of color variations. Classes of in­
formation , if shown in unique colors, 
can provide suitable contrasts. Inasmuch 
as perception varies among colors, all 
colors will not have the same brightness 
(in a physical sense) if they are to be 
seen as equally bright (in a psychologi­
cal sense). 

The flicker rate or critical fusion fre­
quency ( CFF) is an. especially im­
portm1t consideration in regenerative 
trpe displays (such as CRT, photo­
chromic, motion picture). The flicker 
rate is that frequency, usually stated in 
cycles per second, of alternating visible 
light pulses hom which the human eye 
perceives a steady beam of light. This 
requi red frequency may vary from 2 to 

60 cps, depending upon brightness, col­
ors, total area viewed, light-dark ratio, 
surround brightness, and total exposure 
time. The CFF is nonnally low for low 
light intensities and high for high in­
tensity light (reference 2). 

D istortion of the display presentation 
must never be a t such a level that the 
user must rely on interpretation of in­
herent distortion to obtain the needed 
infmmation. Display distortion will 
cause the user to question the adequacy 
of the d isplay and cause a restriction 
in the data flow. Distortion is ordinarily 
a technical design problem and must 
not be considered an inherent prob lem 
in all display systems. 

Accuracy of a display presentation 
may be affected by disp lay distortion. 
Detem1ination of what degree of fidelity 
loss may be accepted depends upon 
system accuracy requirements. Accuracy 
is a dual consideration, involving sub­
system accuracy ( the data presenta­
tion should be a true representation of 
the data received from the processor J 
and system accuracy (the parameters 
under which raw data are processed for 
display). The system parameters usually 
limit or extend the amount of detail 
available tor particular users. Excessive 
detail may be as debilitating to the sys­
tem as limited detail. 

Technology 
The techniques and devices needed 

to implement the mobile display sub­
system are not available in large variety. 
This may be attributed to present state­
of-the-art, availability within the time 
period under consideration, and the 
diverse envi ronmental and operational 
requirements demm1ded. The display 
subsystem techniques fall into hvo d is­
tinct categories : ( 1) those that use 
projected images (e.g., s lide projector ), 
and ( 2) those that are viewed directly 
(e.g., television or CRT ). Projected sys­
tems, in general, are more sensitive to 
shock and vibration than are direct view 
systems because of the extensive use of 
optics in projection devices. 

Projection Devices 
Projection devices suitable for mobile 

use are classified as photographic, elec­
tron.ic, electrostatic, photochemical and 
electromechanical. Projection displays 
use two varieties of optical systems to 
accomplish enlm·ging, scanning, posi­
tioning and directing transmitted light; 
refraction (lenses ), m1d re flection ( mi r­
rors). 
Photographic 

Photographic displays, in general, re­
semble slide projection systems. They 
n01mally use photosensitive emulsions 
(silver halide, Kalvar) to modulate light 
passing through the film, which in turn 
is controlled by optical projection de­
vices. The most familiar photosensi tive 
light modulator is the silver hilide emu l-
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sion, usually used in conjunction with a 
tnmsparent base. This film, sensitive to 
the visible portion of the e lectromagnetic 
spectmm, undergoes a chemical change 
on exposure. \Vhen processed (de­
veloped ), the material becomes trans­
parent, translucent or opaque, in propor­
tion to the light variat ions to which the 
photosensitive emulsion was exposed. In­
tense light will cause opaqueness as the 
light value becomes less; transparency 
will increase. A bright CRT trace ap­
pears on the processed material as a 
black (op aque) trace against a tnms­
parent background: A reversal process 
is available to provide a bright trace 
against a dark background. This results 
in light values which resemble the 
original generating medium. Exposure 
of silver halide emulsions may occur 
in milliseconds; processing (especially 
two stage, negative to posi tive) is longer. 
As a rule of thumb, the faster the 
processing cycle, the poorer the resolu­
tion . If development ( processing) time 
is about five seconds and advanced proc­
essing techniques are used , the resultant 
image may be 60 optical lines/ mm with 
a maximum contrast ratio of 1000:1. 

The Kalvar photosensitive emulsion 
differs radically from the silvet· halide 
emulsion both in sensitivity and proc­
essing. While the silver ha lide emulsion 
undergoes chemica l changes, from both 
exp osut·e and processing, the Kalvar 
emulsion undergoes electrostatic ch<mges. 
The Ka lvar emu lsion is sensitive to a 
narrow band of the electromagnetic 
spectrum, peaking at 385 millimicrons 
(well into the ultraviolet ). When ex­
posed , a la tent image composed of pres­
sure cente rs within the emulsion is 
formed. When the emulsion is heated 
to approximately 290" F , the pressure 
centers fotm gas pocke ts several micmns 
in diameter. When light is passed 
thmugh this processed fi lm, these bub­
bles cause light scatter rather than light 
absorption. Dark areas on the display 
screen are formed by the light scattering 
and not reaching the screen. Light areas 
on the emulsion pass the projection. light 
without hindrance. Kalvar development, 
by heat, may occur in less than one 
second. The contrast ratio will be at 
least 25: 1 with a resolution of 200 op­
tical lines per millimeter. 

Several devices <Ue currently avail­
able which utilize these photographic 
techniques. They are similar in principle 
but differ in d egree of automaticity, 
complexity, and request times. The sim­
plest uni t is the slide projector. A con­
sole version can take the form of a 
ligh t box with an integral near projec­
tion screen, and one or more commercial 
35- or 70-mm slide projectors. Each 
projector may have 10 slides in storage 
that may be selected automatically; the 
images from the projectors may also be 
superimposed. 
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Electronic 
Photographic systems, with few ex­

ceptions, use exposures of cathode ray 
tube (CRT) traces to provide computer­
generated data. The electronic systems 
normally utilize the CRT for direct dis­
p lay presentation . 

Two electronic projection devices 
which will meet mobile display require­
ments are head mounted devices that, 
in effect, project the display directly 
into the iris. One device uses two l-inch 
diameter CRT's (mounted on a helmet 
worn by the user ) which project bright 
images, reflected by a series of mirrors, 
directly into the eye. This device can 
provide a three-dimensional display, in­
asmuch as a separate image is generated 
for each eye. The main disadvan tage is 
the lack of extra-display vision, since the 
user can see only the display image. 
The second system uses a single CRT, 
which projects an image on a trichroic 
mirror. The trichroic mirror reflects a 
particular light bandwidth (green ) and 
allows the remainder ( red and blue) to 
pass through. This display presentation 
allows the user to view the external 
world while observing the current data, 
since this particular CRT trace projects 
green light which is reflected into the 
user's eyes (reference 5 ) . The display 
appears as a magenta ( blue and red) 
background, sup erimposed with green 
d ata. The trichroic system is also avail­
able as a "window" display with data 
superposition modes. 
Schlieren Phenomenon 

The Schlie ren effect makes use of 
deformations within (or on) a trans­
parent medium to refract light t rans­
mitted through the meditUl1. The 
"Eidophor" control layer p rojector, for 
examp le, utilizes a version of this phe­
nomenon. The effect depends upon line­
light sources wh ich, whe111 uninterrupted , 
impinge upon a grid that is para llel 
to the light sources and are blocked 
by it. A transparent medium, with its 
associated ripples or d eformations, when 
placed between the line-light source and 
the grid, will refract light through the 
grid and fom1 light spots on a projec­
tion surface ( reference 6 ) . 
Photochemical 

Photochemical devices are similar, in 
some respects, to the photographic sys­
tems; both use light modulation <U1d 
normally require projection. The photo­
chemical devices use emulsions com­
posed of light-sensitive dyes applied to 
a transparent medium. This family of 
dyes is generally referred to as photo­
chromic; they are sensitive to varied 
light bandwidths. In their normal ( un­
exposed ) state, the dyes are transparent. 
When exposed to their critical light fre­
quency, they be<;:ome opaque and trans­
lucent in proportion to light inte nsity 
without processing ( this change may 
occur in microseconds) . The image may 

persist from microseconds to hours, de­
pending upon the particular character­
istics of the selected dyes. The photo­
chromic emulsion can be exposed with 
a p atticular light bandwidth and pro­
jected with broad-bandwidth which has 
had the particular exposure frequency 
subtracted ( re ferences 7 and 8 ) . The 
advantages of a photochemical system 
include: no processing delay, reusable 
material, possibilities of dynamic real­
time disp lay, color, and relative sim­
plicity. There are a number of dis­
advantages including: the available 
material, being proprietary, is only avail­
able to the developing company; aging 
of p hotochromic media occurs as the 
number of exposures increases, causing 
the material to be replaced at various 
intervals. 
Electromechanica l 

Electromechanical projection devices, 
suitable for mobile purposes, are basical­
ly variations of the x, y mechanical 
p lotte r. A line image is fanned b y scrib­
ing a line on an opaque coating deposit­
ed on a transparent medium. Light is 
projected through the scribed line and 
conventionall y projected for viewing. 
The recording medium is nom1ally re­
placed when the track or data are com­
plete, or when the slide is cluttered 
with obsolete data. The slide cannot be 
erased . Color can be provided by the 
use of subtractive filters or color addi­
tive techniques. Multiple projectors 
which will superimpose a number of 
images and provide display continuity 
or classification can be utilized ( refer­
ence 9 ) . 

Direct View Devices 
Display subsystems, that do not re ly 

on optical projection, are termed direct­
view disp lays (e.g., television presenta­
tion). Most di rect-view displays have a 
minimum of mechanical or optical com­
ponents and are based upon use of the 
CRT. 
Electromechanical 

One device that may be classified as 
a direct-view display is the conventional , 
electromechanical x, y plotter. This d e­
vice has been an off-the-shelf item for 
many years, and wi ll not be d iscussed in 
detail. The plotte r is re latively slow and 
can provide on ly limi ted detail. As detai l 
requirements increase, weight and com­
plexity of the plotter greatly increase. 
Electronic 

The efficient use of the CRT display 
d epends greatly on the character-gen­
e rating ability of the data processing 
system and on knowledge of the char­
acteristics of the CRT used. A conven­
tional CRT must have its presentation 
regenerated frequently enough to pro­
vide a stable non-flickering presentation. 
A standard CRT must have its · p resenta­
tion regenerated about 30 times per 
second; if the presentation contains 1,000 
characters, the generation rate should 
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exceed 30,000 characters per second. 
The storage CRT has provisions that 

allow presentations to remain on the 
tube face for a given amount of time. 
These storage tubes nonnally differ 
structurally from standard tubes by their 
use of the storage grid and two electron 
guns ( i.e., a writing gun and a flood 
gun) . 

Displays can be retained for periods 
of seconds to several days. W1·iting 
speeds may be in excess of 30,000 char­
acters per second with a resolution of 
240 TV lines, which is greatly inferior 
to resolutions possible with conventional 
tubes ( 525 TV lines), or high resolution 
systems ( 1,229 TV lines). 

The shaped beam tube is an extreme­
ly useful CRT variation. This h1be does 
not require use of the standard CRT 
writing methods (such as the Raster 
Scan or Dot Pattern ). Instead, the elec­
tron beam is directed to a stencil matrix 
which shapes the beam to one of 64 
to 128 characters. The shaped beam is 
then directed to the phosphor-coated 
faceplate. Two vmiations of the shaped 
beam tube are now available. One ver­
sion utilizes two electron guns: one for 
character generation and display and 
the other for conventional TV scm1. A 
second version uses an optical window 
to allow map projection on the tube 
face simultaneously with character dis-
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play ( reference 10) . Other shaped beam 
tubes are available with storage capa­
bility. 

Further variations of the basic CRT 
include: the three-gun color tube, the 
Aiken or flat tube, the Lawrence or 
single-gun color h1be, the electrostatic 
printing tube, and a tube with very 
high ultraviolet output. 

Design Approach 
Specific Requirements 

The particul ar preliminary require­
ments that this transp01table display sub­
system must meet include : 
l. Multicolor map or graphical back­

ground. 
2. Multicolor data overlays presenting 

volatile data. 
3. Several individual display consoles. 
4. Large screen (group ) display. 
5. F lexibility of equipment. 
6. Availability, without extensive R&D, 

within one year. 
7 . lability. 
8. Reliability. 
9. Ease of maintenance. 

10. Ability to present non-prepared ma­
terials (such as captured maps and 
aerial photos) in original color. 

11. Ability to utilize 70-mm AMS map 
sUdes. 

12. Ability to util ize 35-mm formats. 
13. No chemical or water dependence. 

14. Conh·ast in excess of 50:1. 
15. Update in 30 seconds or less. 
16. Request from hard storage within 

15 seconds. 
These preliminary requirements do not 

preclude adherence to those general 
requirements previously discussed ( ref­
erence 11 ). 

Tactical Display Subsystem Design 
Specific Environments 

Figure 1 illustrates a system design 
that will meet many of the display re­
quirements for Mobile Tactical Opera­
tions Centers (reference ll). The main 
sections of the system are overlay gen­
erator, incUvidual console, display pick­
up, electronic display projector, and 
projection screen. 

The following system design shows 
altemate approaches for several of the 
subsystems; these approaches are not 
meant to indicate the only possible tech­
niques, but those envisioned as having 
the most promise in the sense of ready 
implementation. 

The overlay generator receives data 
from the system computer and prod uces 
overlays which contain volatile infonmt­
tion. The overlays are optically super­
imposed over projected map images 
within the individual console. 

The alte rnate approach utilizes a CRT 
console, driven b y the computer, to pro-
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FIGURE I : Conceptual "quick fix" tactical display system. 
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vide a display similar to the former, 
but lacking multicolor overlay capability. 
A video (image orthicon or vidicon ) 
camera picks up the image appearing 
on either console and transmits it to the 
projector, which in turn projects this 
image to a front or rear projection screen. 
DesGription of Overlay Generator 

The basic components of the sub­
system are as follows: miniature x, y 
plotter device (e.g., the Inconorama, 
Northrop's Vigicon, Kollsman 's D ata­
krome), ultraviolet flash lamp, Kalvar 
diazo film , heat source, and associated 
film transp01t. 

The system would operate as follows: 
Digital data from computer storage 
d rives the x, y plotter which scribes 
through an opaque coating on a h·ans­
parent medium, permitting light to pass 
through the transparen t areas. A Kalvar 
ultraviolet film chip is juxtaposed to the 
scribed slide; a high intensity ulh·a­
violet flash is activated which exposes 
the Kalvar chip. This Kalvar fi lm chip 
is processed by exposing it to heat 
(240 . F) via an IR source, or by passing 
it through heated rollers. The film is 
projected by a method similar to con­
ventional photographic slide projection. 
In this case, due to the manner of 
exposure, the Kalvar chip is a negative 
(i.e., it will project dark lines against 
a white background) . For a special Kal­
var n::v~rsal film utilizing a projection 
overlay against a projected map back­
ground, a positive medium is required . 
The original Kalvar negative can be­
come the master from which many 
Kalvar positives can be made. By pass­
ing ulh·aviolet light through the Kalvar 
master, the modulated light will expose 
as many overlay slides as required. The 
positive is fixed b y heat in a manner 
identical to the master. These copies 
may then be transported (mechanically 
or automatically) to the data displays. 
Single Kalvar positive transparencies are 
obtainable with the use of a special 
emulsion and a pre-exposme technique 
(see below) . 

The plotter section of this generator 
is 'a production device which will re­
quire some modification to the optical 
light and slide handling sections. 

It is possible to scribe a full ( 1- x l ­
inch ) slide in 250 milliseconds. Trace 
\vidth of 0.13 ± 0.03 percent of full 
scale is possible. Positioning accuracy 
of stylus is ± 0.07 percent with reposi­
tioning at 0.03 percent. 

The modifications to the plotter are 
as follows: utilization of an ulh·aviolet 
light source in place of broadband pro­
jection light, elimination of projection 
objective lens assembly, use of qumtz 
lenses for condenser assembly, and the 
inclusion of a Kalvar storage transport 
and holding device. 

An altemate app roach would utilize 
the relatively new Kalvar direct image 
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emulsion. This type of emulsion will 
provide a direct rather than reversed 
image from the source. The require­
ment for a master chip is negated at the 
expense of an additional light exposure 
and two heat exposures. 

The Kalvar technology as discussed 
previously is based upon the phenomena 
associated \vith light scatter, reflection, 
and refraction. The Kalvm· emulsion is 
sensitive to light in the near ultra­
violet ( 3850A •). It is possible to expose 
the Kalvar emulsion at 0.01 seconds or 
less when the Kalvar has received 200 
milliwatt-seconds/cm2 of actinic (inci­
dent ) energy. This exposure to ultra­
violet energy forms a laten.t image in 
the film emulsion and is developed by 
exposure to heat of 240•F to fonn micro­
scopic "bubbles" ( 0.5 to 2 microns 
diameter) which in tum form the ap­
parent projectable image (reference 1 ) . 

Alternative Overlay Generator Approach 
An alternate overlay-generating device 

similar in many respects to those pro­
posed by other system manufacturers 
(e.g. , Litton , R-W, Hughes, and Phil co) 
is described in the following paragraphs. 

The character generation phase of the 
system drives a fiber-optic CRT with 
high ultraviolet output. A Kalvar chip 
is exposed by direct contact with the 
CRT processed, and can be used either 
as a negative master or as a direct 
positive. 

The electromechanical technique (x, y 
p lotter) offers rapid, in,tense image gen­
eration, low power and long life at the 
expense of complexity of imaging de­
vice. Further design tradeoffs will be 
generated when data conceming pro­
prietary developments become avail-
able. · 

Several advantages and disadvantages 
are inherent in both approaches. The 
electronic (CRT-Kalvar) technique of­
fers good reliability and image-producing 
simplicity at the expense of display gen-

eration complexity, high power require­
ments, and relatively sho1t tube life. 
Individual Display 

Two vadations of display consoles 
are presented here; one essentially photo­
optical and the other elech·onic. 

The photo-optical console is basicaJly 
a light-tight housing containing multiple 
photographic projectors and rear projec­
tion screen. One projector is used for 
background display (a military map); 
the others project overlay or system 
generated data slides. The overlays may 
be colored-coded by the use of sub­
tractive optical filters. 

The projected images are superim­
posed upon the console screen produc­
ing varying brighh1esses ( 30 to 100 
feet-lamberts). To provide an 8- by 
10-inch or larger display surface, folded 
optics must be employed to minimize 
total console size. The data desk has 
two functions: that of the individual 
console, and as the image input device 
to the group display system. 

The altemate console design is based 
upon two variations of a shaped-beam 
tube. The first variation, incorporating 
two electron guns, can provide both 
variable line data (such as maps and 
graphs ) and variable symbology (alpha­
numeric characters) . One gun (as pre­
viously explained) is used in a TV 
(raster) scan, which can provide the 
variable background depending on the 
design of the associated storage, logic, 
and circuitry. The other gtm, used in 
the standard shaped-beam mode, pro­
vides the variable symbology. 

The second Charactron variation uses 
an optical window in back of the h1be 
and parailel to the tube face (a light 
passing through the \vindow \viii im­
pinge on the tube face). An image, 
generated from a relatively simple slide 
projector, is placed on the face of the 
tube to form the presentation back­
ground (a line drawing or map ) which 

TABLE 1: Advantages versus disadvantages of photo·optical approach. 

Advantages 

High resolution 
Multicolor background 
M ulticolor overlay 
Simple to operate 
Simple to maintain 

Disadvantages 

Slow update 
Mechanical or manual 
Susceptible to shock 
Operability is dependent 
upon availability of film 
and processing chemicals 

TABLE 2: Advantages versus disadvantages of electronic approach. 

Advantages 

Non·dependence on perishable 
materials (film) 
Electronic (few moving parts) 

Rapid update 
High reliability compact 

Disadvantages 

Lack of multicolor overlays 
Lower resolution (than photo 
optical) 
More difficult to maintain 
in the field 
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can be imaged in full color (using color 
slide in projector). The shaped beam 
provides the variable symbolic data. 
Both methods employing the shaped­
beam tube variations have interrelated 
requirements and disad vantages. The 
requirements are mainly concemed with 
the storage and circuihy necessary for 
rapid presentation regeneration. 

The console approaches presented 
here are for two distinct areas: for the 
initial ( lower echelon ) center and for 
the advanced sophisticated system. The 
two types of consoles could be substitut­
ed in the system and still operate since 
the da ta processor program which drives 
the character generator could be used 
to drive the character gene ration sec­
tion of the electronic console. 

Certain advantages and disadvantages 
previously discussed are evidenced by 
the two console approaches; these are 
contrasted in tables 1 and 2. 
Group Display Interface 

To provide redundant and yet effi­
cient use of equipment, a method is re­
quired to provide display generation 
capability to the individual displays. An 
interface device could be designed to 
convmt binary data into a video scan 
mode for direct use by the group dis­
play projector. This device would use 
a scan conversion tube similar to those 
used by the FAA for bright radru· pre­
sentations. The integration of stored 

map slide data into the display presenta­
tion may still pose a problem since the 
slide data must be either electronically 
transfmmed into signa ls for use b y the 
group display projector, or projected 
separa tely to be combined with the com­
puter generated data. 

The soluhon proposed to provide 
group display generator capability makes 
use of a color video camera ( image 
orthicons, vidicons or combination ) or 
sequential color system to scan a console 
display and transmit the combined data 
directly to the group display projector. 

The video camera must be capable 
of a broadcast quality presentation from 
luminance of approximately 50 foot can­
dles of d irected light at the subject, and 
be capable of color or monochromatic 
operation. This camera uses three image 
orthicon tubes ( low velocity scanning 
beam and several stages of electron 
multiplication ) and a vidicon tube (low 
velocity scanning of a charge-density 
pattern stored on a photoconductive sur­
face ) . The image orthicons provide color 
channels, and the vidicon provides a 
monochromatic channel. 

This subsystem allows the use of any 
display as a presentation generator for 
the group display projector. The video 
camera can also be used to pick up 
other display presentations (such as con­
ventional maps or aeria l photographs) . 

An altemative approach (figure 2 ) 

uses monochromatic video cameras. 
Monochromatic video cameras have the 
ad vantages of small size and high resolu­
tion. The video cameras would be used 
to scan copies of computer-generated 
overlav slides and transmi t the data to 
the p;·ojector. Each camera would be 
responsible for a uniq ue color (b y con­
trol of bandwidth ). The background 
could be supplied via a conventional 
optical photoslide projector. 
Group Display 

The group d isplay is achieved by 
means of a color video pickup (e.g., 
vidicons) and a control layer or video 
projector such as the Eidophor or Dalto 
projector. 

The video camera is positioned above 
the d ata desk and picks up the project­
ed images, which are transmitted via 
cable to the projector. 

The Ediophor control layer p i'Ojector 
is not new (patents originated in 1939 ) . 
The system allows a TV scan type dis­
play of large prop01tions (projection 
of an image as large as 24 by 32 feet ) 
with brightness which is a function 
of a projection light source. 

The E idophor uses an oil film medium 
coated on a spherical mirror. The de­
fOJmations ru·e formed in the medium 
by electrostatic forces after an electron 
beam is focused upon it; in this case, 
reflected light is then re fracted. Light 
that does not impinge on a ripple is 

FIGURE 2: Alternate conceptual "quick fix" tactical display system. 
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reflected back to the source; light that 
impinges upor) a ripple is refracted 
through the grid forming light images 
appem·ing on the projection smface, as 
indicated in figure 3. A detailed ex­
p lanation of Eidophor operation may be 
found in reference 12. 
Projection Screen 

Generally speaking, there are two dis­
tinct vm·ieties of display projection 
screens; front and rear. The fron t screen 
must be highly reflective ( i.e., reflect 
p rojection source to its originating area 
where the audience is located ); the rear 
screen must be highly transmissive (i.e., 
allow light images to pass through the 
screen to the viewing audience) . Rear 
projection screens were selected for this 
system for several reasons; unobstructed 
view of display screen, efficient control 
of ambient light, efficient physical place­
ment of projector and screen, :md un­
obstructed light path between projectm· 
and screen. 

To select a screen for this particular 

system, an approach advocated by 
Vlahos (reference 12) would be used. 
This approach considers nine selection 
factors. 
l. Requisite screen brightness. 
2. Ambient light. 
3. Requisite conh·ast. 
4. Screen reflection factor. 
5. Screen gain. 
6. Maximum bend angle. 
7. Projection lens (focal length ). 
8. Requisite picture size. 
9. Projector lumen output. 
For example, the screen brightness 

must have suitable contrast within the 
ambient brightness of the display area. 
To detennine screen brightness, the fol­
lowing equation may be used (refer­
ence 12): 

foot lamberts - (gain) ( lumens) 
- square feet 

The contrast is the ratio of screen bright­
ness to non-image brightness which is 
given by the product of ambient light 
;md screen reflection factors. If the 
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/c 
"1(5 

SLOTTED MIRROR 
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FI GURE 3: Eidophor control layer projector. 
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BEAM 

ELECTRON GUN 

first eight factors are known, projector 
characteristics may be selected in terms 
of output in lumens (reference 12) : 
lumens = (foot lamberts) (square feet ) 

Since the success of this subsystem is 
greatly dependent upon the total pre­
sentation, the characteristics of the pro­
jection screen should be considered 
cdtical, and will depend upon the char­
acteristics of the Eidophor and/or photo­
optical projector. 

Conclusion 
The tactical command and control 

system has several characteristics that 
differ from the fixed base system, includ­
ing mobility, va riable envi ronmental ex­
tremes, physical limitations on space, 
etc. These characteristics d irectly influ­
ence the choice of components and sub­
systems. The display subsystems must be 
meticulously selected, designed , and 
tested prior to fie ld use. Several display 
techniques are readily adaptable to the 
rigors of field use and in tum cm1 
form the basis of several versatile, flex­
ible display subsystems. 

Appendix A 
Functional Description of Eidophor 
Control Layer Projector (Figure 3). 

Lenses ( 2) and ( 4) image light source 
( 1) onto the slotted min·or ( 5), and in 
turn onto the spherical mirror ( 6). The 
slotted mirror ( 5) con ~ists of several 
reflecting bars, and is a lso referred to 
as: bar system, grid, Schlieren lens, or 
raster. 

Since the center of bar system ( 5) 
coincides with the center of curvature 
( M) of the spherical mirror ( 6), ( 5) 
is imaged in itself by ( 6 ). Light com­
ing from each point of the illumina­
tion aperture ( 3) and falling on bar 
(a) is reflected towards the spherical 
mirror ( 6) , and from there back towards 
bar (d ) situated symmetrically with 
re5pect to ( M). From bar (d), this 
light is re fl ected through the lens ( 4 ) 
in the di rection of the apertu re. The 
total light reflected from the mirror re­
traces the path it originally followed to 
the mirror from the light source. 

Since none of the light reflected by 
the mirror escapes between the bars of 
the grid, the screen remains dark. 

To illuminate the screen it is neces­
sary to divert part of the ' light. retum­
ing to the bar system from the mirror. 
A th in layer (approximately 0.1 mm ) 
of a viscous oil is uniformly spread on 
the concave surface of the mirror. If 
this oil layer shows no defom1ation, 
the light reflected by the mirror is not 
deflected and the screen will remain 
dark. If a small clefom1ation is formed 
on the fi lm, light will be deflected out 
of its orig inal path of reflection and 
will pass between the slits in the bar 
system toward the objective lens which 
then images this spot onto the screen 
(reference 14) . 
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Appendix C 
A Short Glossary of Related 
Display Terminology 
Achromat- ( Ach rom atic lens). A lens 

designed to minimize ch roma tic ab er­
ration ( distortion) . 1l1e simplest fonn 
consists of two component lenses, one 
convergent, the o th er d ive rgent, made 
of glasses having d ifferent dispersive 
powers, th e ratio of their focal leng ths 
be ing equa l to the ratio of the disper­
sive p owers. 

Apertllre- The d iame ter of th e c.:ircular 
p assage for light through a lens. 
The effect of the ape1ture is measured 
by the stop. 

Aspheric-An optical e lement having one 
·or b oth surfaces nonsphe rical. 

Charactron- T rad emark of a fam ily of 
shaped beam CRT's manufactured by 
General D ynamics/E lectronics and 
Stromberg-Carlson. 

Collectm·-An optical d evice which col­
lec ts or converges ligl1l wa ves. 

Concave-Ctuved inward. (Concave lens 
- a divergent lens.) (Concave mirror 
- a curved surface, usua lly a port ion 
of a sphere, the inne r s urface of which 
is a polished reflector. Such a min·or 
is capable of fo rming both real an d 
virtual images.) 

Cmulenser- A large lens or inirror used 
in an op t ical p rojecting system to 
collect light, rad ia ted from the source, 
over a la rge solid angle, and to d irect 
th is light on to th e ob ject or trans­
parency which is to be focused at a 
distance by a projection lens . 

Convex-Curved outw ard. (Con vex lens 
- a convergent. ) (Convex mirror - a 
porti9n of a sphe re of w hich the oute r 
face is a polish ed reflecting surface. 
Such a mirror forms diminish ed virtual 
images of all objects in fron t of it. ) 

Diffraction-A small-scale spread ing of 
ligh t , beyond the lim its of the geo­
metrica l shadow, w hich is observab le 
w hen the source of light is small. At 
the ed ge of the shad ow and paralle l 
to it, a few a lte rnate ly light and dark 
bands ( d iffraction fr inges) are seen . 

Dispersion- T he variat ion of the re frac­
tive ind ex of a substance w ith wave­
length (or color ) of the light. A prism 
may fom1 a visib le spectrum d ue to 
its dispe rsion of ligh t. For most med ia, 
the refractive index inc reases as the 
wavelength ·decreases. 

Eidophor- The tradem ark given the con­
trol layer television p rojector d esign ed 

by C IBA; produced b y G re tag of 
Switzerland. 

Focal Length (of a lens) - The distance, 
m easured along the prin cipal axis, 
b etween the princip al focus and the 
second principa l p oin.t. In a thin lens, 
b oth p rincip al points may b e taken 
to coincide with the cen ter of the lens . 

Focal Point- T he p oint a t w hich p arallel 
incid ent Light (or radiat ion ) is focused 
b y a lens or m in·or. 

Lens-A p ortion of a h omogeneous tran s­
p aren t mediu m bounded by spherical 
surfaces. E ach of these surfaces may 
be convex, concave, or plane. If in 
p assin g th rough the lens a b eam of 
ligh t becomes more convergent or less 
d ivergent, the lens is said to be con­
vergent or convex. If the op posite 
h appens, th e lens is said to b e d ive rg­
ent or concave. 

Light-Valve- T rademark given to the 
Genera l E lect ric version of the original 
E id ophor d esign. This te1m is er­
roneously used to d enote m any non ­
photographic light modulating tech ­
niq ues (e.g., applications of the 
D e bye-Sears effect ). 

Obiective-Those elements of an option­
al system wh ich fonn the image. 

Optical Resolution- Ability of a lens sys­
tem to separate two entities (e.g. , 
two points) . 

Optical System- (Refractive- \ Vhen a 
ray of light passes from one medium 
to anothe r it gene rall y ch anges its 
di rection and is said to b e refrac ted 
or und ergoes refraction. ) (Reflective­
Uses reflectors (m in ors ) to focu s 
light ( radiat ion ).) A re flecting sys­
tem using a sphe rical mirror to col­
lect and re flect light and correcting 
spherical aberra tion w ith a con ective 
lens (Schmidt ) is the Sch midt mirror 
system. 

Photographic Resollltion-Numb er of dis­
c rete lines w hich a re clearl y d efined 
on th e emu lsion as sep arate lines com­
posing an image; usually d enoted as 
li nes p er millime te r or inch (may 
range from 45/mm to limitations 
posed by film g rain ) . 

Spherical Aberration- A defect in the 
image formed b y n lens or mirror 
h aving sphe rical surfaces, the sphe rical 
form b eing , in mos t cases , only an 
approximation to the ideal f igure for 
the surfaces. 

Television Resolution- T he lim iting reso­
lution of the CRT is the maxim um 
number of black and wh ite lines d is­
tinguish able e ithe r vertically or hori­
zontally. It can be measured b y m eans 
of re latively simple test pa t te rns such 
as the RET TA, resolution ch mt 
(1956). I t should be recognized th at 
th e lim it ing reso lution has, in general, 
lit t le relation to the subjective sha rp­
ness of te levision images. 

Television I-lori;:;ontal Resolution - The 
number of light variations or picture 
elements along a line. 
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Microelectronic Character Generator 
E111ployed in 
Co111puter Display Processor 

Abstract 
The paper describes a microelec­

tronic character generator developed 
by Litton Industries' Data Systems 
Div., and its application in com­
puter display processing. The hard­
ware described had been function­
ing satisfactorily since February 
1965 at the time of writing, and, 
based upon principles described, 
more advanced designs have been 
achieved and implemented. 

Introduction 
Cathode ray tube displays offer a 

real time, dynamic readout for digital 
computer driven command and control 
systems. A useful display should pro­
vide alphanumeric, symbol and line 
generation capabilities. In addition, the 
display operator should be able to com­
municate with the computer by means 
of a keyboard. A display processor with 
the above characteristics was designed 
and constructed by the Data Systems 
Division of Litton Industries. It is being 
used to demonstrate the Litton L-304 
microminiature computer. F igure 1 shows 
a photograph of the Display Processor 
Console. Figure 2 shows the Processor 
with the microelectronic character gen­
erator drawers extended. Inside the con­
sole are the necessary amplifiers and 
power supplies. 

FIGURE 1: Display console. 
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Several unique design features are 
found in the microelectronic character 
generator. A digital character generation 
scheme is employed which uses only two 
different types of logic elements. The 
same packaging techniques and logic 
elements of the L-304 computer are used. 
This simplified the fabrication and 
helped reduce the unit's size. The com­
plete character generator includes cir­
cuitry for the positioning and genera­
tion of alphanumerics, symbols, and lines, 
plus keyboard and 1/ 0 logic, all in one 
unit. A total volume of less than 100 
cubic inches is occupied by the com­
plete microelectronic character genera­
tor. The use of microelectronics allows 
a high degree of reliability with a mean 
time between failure in excess of 10,000 
hours. 

Aside from the microelectronic aspects, 
comparisons can be found with pre­
vious display systems. Usually, a sep­
arate character generator was employed 
for alphanumerics and symbols. A vec­
tor generator was used for line genera­
tion, and a separate register and D/ A 
converter combination was used for posi­
tioning. Lissajous monoscope or stroke 

FIGURE 2: Display console with display proces­
sor drawers extended. 

by Samuel Davis 
Staff Engineer 
Data Systems Division 
Litton Industries 
Van Nuys, Calif. 
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FIGURE 3: Alphanumerics and symbols. 

FIGURE 4: Square, normal line, slant line, and 
basic alphanumeric pattern. 
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FIGURE 7a: Reversible counter driving D/ A con·__,. 
verter. 

FIGURE 7b: Three bit counter output of Figure 7a. ~ 

FIGURE 7c: Digilog output obtained from circuit~ 
of Figure 7a. 
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character generation methods have been 
used. These methods involve the use of 
special bulky packages or special (and 
long lead item) microelectronic circuits. 
From the standpoint of producing the 
smallest package possible, the above ap­
proaches were undesirable. Therefore, a 
Display Processor combining positioning, 
and character and line generation and 
using no special microelectronic circuits 
was developed. 

In the design of the character genera­
tor, the packaging to a large extent 
determined the electronic configurations. 
That is, the equipment was designed 
with microelectronics in mind and this 
resulted in the extremely small package 
size. In fact, the unit is probably the 
smallest complete character generator 
available today. 

When alphanumerics are generated 
on a cathode ray tube, horizontal and 
vertical deflection voltages as well as a 
CRT intensity control signal are re­
quired. Thus, 72 different pattern gen­
eration signals, plus intensity control 
signals, would be necessary for the 36 
alphanumerics. However, if the same 
pattern is employed for more than one 
alphanumeric, and only the intensity 
control is changed to produce the desired 
alphanumeric, an appreciable simplifica­
tion resull~. Abo, if the symbol and 
alphanumeric generation are combined, 
a saving in hardware occurs (Figure 3). 

Figure 4 shows the basic pattern 
which could be used to display a square, 
normal lines, and slant lines by merely 
intensifying the elements of the pattern 
desired. The identical pattern could be 
used to develop the A, E, F, H, I, J, K, 
L, M, N, T, U, W, X, Y, Z, 1, and 4. 
Figure 4 shows, in solid lines, the hori­
zontal and vertical deflection voltages 
used for the pattem mentioned above. 
The remaining alphanumerics do not 
readily lend themselves to the pattern of 
Figure 4, either from an aesthetic view­
point or due to ambiguities. If th is same 
patern is used for the B and 8, the S 
and 5, 0 , D , and 0 , ambiguity results. 
This gives rise to a simple scheme to 
overcome some of the objections to the 
pattern of Figure 4. If various corners 
of Figure 4 are chopped as shown in 
Figure 6, then most of the rest of alpha­
numerics can be accommodated. The 
dotted lines of Figure 5 show what would 
have to be altered on the original vertical 
deflection voltage to chop all the cor­
ners shown in Figure 4. In actuality, 
different combinations of chopped cor­
ners are used, and the horizontal deflec­
tion signal remains unchanged. Four 
alphanumeric groups are thus obtained; 
they are: B, P, R, 2, 5, and C, G, 0, 9, 
and S, 3, 6, 8, and D. The mod ification 
of the vertical signal to obtain the V 
and 7 is designated in Figure 5; again 
no change in the horizontal signal is 
INFORMATION DISPLAY, JULY/ AUGUST, 1966 
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FIGURE 8: Horizontal a·nd vertical inputs applied to CRT and resulting display. 

necessary. The only occasion when the 
horizontal signal need be altered for 
the alphanumerics, is to develop an 0 
and a Q. Since the ci rcle symbol is avail­
able anyway, its pattern is also used for 
the 0 and Q. Using this approach, there 
is a definite difference between the 0 
and 0, that is, the 0 has a more squared 
off appearance. The time interval shown 
in Figure 5 designated Circle, or. Square, 
or Diamond is where either the circle 
or diamond deflection voltages are gen­
erated in place of the voltage for the 
square. Thus, the nmmal and slant lines 
may be used in conjunction with either 
the circle, square or diamond. The circle 
and diamond require changes in the hor­
izontal deflection voltage, however. The 
total number of unique patterns de­
veloped is eight for the vertical and 
three for the horizontal. These patterns 
are the only ones required for the com­
plete repertoire of symbols and alpha­
numerics. Figure 6 shows a representa­
tion of the pattern combinations used in 
alphanumerics. 

Character Generation Principles 
Character generation is accomplished 

by the programmable dot method. By 
placing the dots very close to each other, 
the elements of the pattern apear to be 
a continuous unbroken line. In this 
method, a reversible counter drives a 
D! A converter ( Digilog), as shown in 
the example in Figure 7a. Each bit of 
the three bit counter is conn eded to a 
switch which turns on the current, I, 
when the counter bit goes posi tive. The 
output voltage of the D/ A converter 

appears across R" and is equal to the 
product of I11 and R0 • The current I" is 
equal to the summation of currents due 
to the condition of switches Sl , 52, and 
53, and the current, I. 

If Sl is "on", a current of l~ flows in 
Ru, 52 produces a current l4, and 53 
causes a current %. The division of cur­
rent is determined by the resistance 
relationships between the resistors in the 
D/ A ladder network. Thus, when the 
counter is counting in the forward direc­
tion, Figure 7b, the solid line Digilog 
output of 7c is obtained. If the counter 
were counting in the reverse direction, 
the counter outputs of 7b would be 
inverted, and the dashed line Digilog 
output of 7c would be obtained. 

Figure 8 shows what a typical display 
would look like with horizontal and 
vertical signals applied to a cathode ray 
tube. The display appears as a series 
of dots since the CRT beam is stationary 
at each horizontal or vertical step. lf 
the dots are placed very close to each 
other, they would appear to be solid 
lines. 

Therefore, in order to generate various 
staircase ramps similar to Figure 7c, 
it is merely necessary to control the 
counting direction of the reversible coun­
ter as well as the number of steps to be 
moved. A typical example of this is 
shown in Figure 9 . As can be seen, the 
reversible counter is told to go forward 
or reverse for a prescribed number of 
clock pulses by means of the control 
signals. 

In order to develop alphanumerics or 
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symbols, it is necessary then to program 
the reversible counter in the pattern 
desired. Also, two different slopes of 
lines make it easier to develop all the 
characters. The slopes are derived by 
either moving the Digilog at one unit 
or half-unit increments. Thus, for the 
same number of clock pulses applied 
to the reversihle counter, two different 
slopes may be obtained from the Digilog. 

In order to give the alphanumerics a 
more pleasing appearance and to allow 
more letters to be written on a horizontal 
line on the CRT, the horizontal dimen­
sion of the alphanumeric is made one­
half the vertical dimension. This is done 
by making the clock rate for the hori­
zontal reversible counter equal to one­
_half the vertical reversible counter. 

Display Processor Description 
The character generator block d iagram 

is shown in Figure 10. All the circuih·y 
contained in the block diagram is housed 
in the compartment accessible from the 
front of the display console. This is shown 
in Figure 2. The deflection amplifiers, 
intensity control amplifiers, power sup­
plies, and CRT circuits are composed 
of discrete co.mponents and are housed 
inside the display console. 

The microelectronic character genera­
tor is composed of the following units: 
Data Register 

A 20 bit data register is employed 
to store computer infmmation. Each 
bit of information is stored in a set-reset 

Computer 
Inputs 
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4 

Display 
Clock 

Data 
Register 

I /0 I'-
Control 

Logic 

flip-flop. In between display times, the 
data register is reset. When the display 
is initiated, the register is activated, and 
the computer data is entered into the 
data register and held in storage during 
the display time. At the conclusion of 
the display, the data register is again 
reset. 
International Control Logic 

The internal control logic accepts in­
puts from the data register and com­
bines the information logically. This pro-

duces signals which are used to control 
the pattern to be generated, as well as 
the CRT intensity. Separate control lines 
are obtained for various combinations 
of characters. 
Display Clock 

The display clock system furnishes 
the basic timing reference for the dis­
play timing counter, and is composed on 
a 4 me. crystal oscillator plus a scale of 
eight Gray code counter. The Gray code 
counter yields sequential timing pulses 

c1ock _n_n_n_n__n___fLil_IUl_n_n_n_ 

Forward 
Reversib7le __ _. 
Counter Control 

Reverse 
Reversible --------------1 
Counter Control 

Digilog 
Out put 

FIGURE 9: Forward and reverse control of pattern generator. 
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Logic ~ f-to Gener ator 

Keyset 4 Rate 
Cont rols ~ Multiplier 

1---

1-- ,..--

Verti,al Position 
Data From Computer 

Vertical - Reversible ~ 
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f-IGURE 10: Character generator block diagram. 
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FIGURE 11: Block diagram display timing computer. 
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FIGURE 12: Timing diagram - Display tim ing counter. 
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FIGURE 13: Typical control flip-flop. 
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Reversible 
Counter 

used throughout the Disp lay Processor. 
Display Timing Counter 

The timing counter is made up of 
th ree cascaded, scale of eight, Gray code 
counters diiven by the display clock. It 
is shown in Figure 11. Each of these 
counters develop timing signals which 
are used to control the timing of the 
symbol pattem generator, the intensity 
control uni t, and the l/ 0 unit. 

The t iming diagram for the display 
timing counter is shown in Figure 12. 
Only four of the eight outputs available 
from Ta are required for character gen­
eration. For every Tb output, the four 
Ta pulses occur and for every Tc output, 
e ight of the Tb outputs occur. The 
nomenclature is arranged so that the 
decimal equivalent of the octal number 
of Tc, Tb, and Ta corresponds to the 
display clock time referenced to the 
stmt of the display. The example at the 
bottom of Figure 12 shows how the 
27th clock pulse may be obtained. The 
decimal number 27 equals 033 octally; 
therefore, Tc0 , Tb3 and Taa are "ANDed" 
to obtain clock pulse 27 from the start 
of the display. 
Symbol Pattern Generator 

The symbol pattern generator is used 
to produce control gates for the hori­
zontal and reversible counters. The gates 
are derived from eight fl ip-flops, four 
arc used for horizontal and a likt: uum­
ber for the vertical reversible counter 
controls. Of the four flip-flops for each 
axis, two control the forward and re­
verse, unit increment steps of the 
Digilogs. The other two control the for­
ward and reverse, half-unit increment 
steps. To develop any desired pat tern, 
the eight control flip-flops must be set 
or reset at the proper t imes. This is 
done by inhibiting the clock going to 
the timing counter when no display is 
called for. When a display is initiated, 
the timing counter clock line is en­
abled, and the data register and internal 
control logic combine to produce a 
control line which is "true" for the 
desired character. At specific clock times, 
referenced to the start of the display 
timing counter, the con trol fl ip-flips are 
set or reset. The specific clock time is 
determined by decoding the proper out­
puts of the display timing counter. 

F igure 13 shows a typ ical flip-flop 
arrangement; Ta, Tb and Tc are the 
three timing signals. 

The logic required for a conh·ol flip­
flop may be simplified if more than 
one character uses the same clock time 
to set or reset that fl ip-flop. The control 
lines for characters meeting the require­
ments are "ORed" together so that if 
any one of this group of characters is 
true, the flip-flop will operate. As an 
example, if the C, G, 0 and 9 were 
supposed to set the horizontal one unit 
forward fl ip-flop a t clock time 15, the 
C, G, 0 and 9 conh·ol lines would be 
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logically "ORed" to produce one control 
line. The combination of terms would be 
"ANDed" with the three timing counter 
signals which yield a clock time of 15. 
Thus, for the C, or G, or 0 or 9, the 
horizontal one unit fmward flip-flop 
would be set at clock time 15. 
Reversible Counter 

The reversible counter is a nine bit 
dual rank type. The most significant six 
bits of the counter are preset at the 
beginning of the display according to the 
binary weighted position information re­
ceived from the computer. Since the 
reversible counter is tied to its respective 
Digilog, the initial position of the pat­
tern to be generated is obtained. The 
zero count condition of the counters 
corresponds to a position in the lower 
left-hand comer of the display and all 
positions are measured with respect to 
this point. Since six positioning bits are 
available, 64 positions for X and for Y 
are possible. 

As mentioned previously, either slopes 
at unit or half-unit increments may be 
developed. This is done by disabling the 
least significant bit (l.s.b.) of the re­
versible counter when unit increments 
are required, and allowing the l.s.b. to 
operate when half-unit increments are 
desired. 
Rate Multiplier 

The rate multiplier is the unit used 
to generate lines. Binary weighted in­
fmmation is received desclibing the 
horizontal and vertical components of the 
line to be dawn. The .0:. X and .0:. Y com­
ponents are generated, and the CRT 
output will then produce the vectoral 
sum of the components. The direction of 
the line is obtained by moving the hori­
zontal and vertical reversible counters in 
either the forward or reverse direction. 
In this way, a line may be generated in 
any one of the four mathematical quan­
drants be merely choosing the direction 
of X and Y. 

An example of a three bit rate multi­
plier is shown in Figure 14. The time 
relationship between the rate multiplier 
control signals and the reversible counter 
clock are shown. If a line weighting of six 
is .called for, the reversible counter will 
move six increments and the Digilog 
output will appear as shown. With this 
three bit rate multiplier, up to a seven 
step line may be obtained. Since the 
lines are generated as a series of dots, 
these dots must be very close together 
in order to obtain smooth lines. 
Intensity Control Logic 

The intensity control logic controls the 
times when the CRT beam is intensified. 
One set-reset flip-flop is employed, which 
operates according to the symbol or 
alphanumelic desired. The time to set 
or reset this flip-flop is obtained by 
combining three timing signals from 
the display timing counter with the 
control line from the internal control 
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logic calling for a particular character. 
This is the same method employed in 
the symbol pattem generator. 
Digilog (Digital-Analog Converter) 

Two nine bit Digilogs are employed 
(one for X and one for Y) to convert 
to X and Y position and symbol informa­
tion from digital to analog form. Digital 

Reversible 
Counter 
Clock 

Rate Multipli6. 
MSB __j 

Control 
Rate Multiplier 

2 MSB 
Control 

Rate Multiplier 
LSB 

Control 

Digilog 
Output for Rate Multiplier 
Weighting of 6 

inputs are delivered by the reversible 
counters and the analog outputs are ap­
plied to the CRT deflection amplifiers. 
The Digilog switching time is much 
faster than the reversible counter clook 
time in order to minimize the effects 
of switching transients in the output 
of the Digilog. 

FIGURE 14: Three bit rate multiplier signals. 
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FIGURE 15: Circle generation. 
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To illustrate the functioning of the 
character generator the generation of a 
circle will be depicted . Figure 15 shows 
the control flip-flop and the Digilog 
outputs required to obtain the circle. 
1/ 0 Unit 

The I/ 0 unit performs three basic 
functions. It in terprets computer and/or 
keyset commands. It in itiates and/or 
controls the appropriate action in re­
sponse to a command. Also it controls the 
start and stop of the d isplay timing. 

The following units are found inside 
the Display Processor Console and are 
composed of discrete components: 
CRT Deflection Amplifiers 

Two identical transistorized deflection 
amplifiers are provided for the hori­
zontal and vertical deflection plates of 
the CRT. 

The closed loop, small signal band­
width of the amplifier is 4 me. and is 
necessary to obtain good reproduction 
of display characters. Large signal re­
sponse is not as critical since it only 
involves positioning of the character and 
10 microseconds is allowed for this. The 
dynamic range of the amplifier is a 
200 volt, differential output swing. 
Intensity Control Amplifier 

The intensity control amplifier derives 
its input from the intensity control unit 
and applies a 7.5 volt swing signal to the 

Inputs 

beam gating electrodes of the cathode 
ray tube. 
Keyset Controls 

In addition to a line power switch, 
the following swi tches are provided in 
the keyset. A momentary reset switch for 
reseting the Display Processor. Six alter­
nate action pushbutton switches whose 
functi on is dependent on the computer 
program. A momentary data entry push­
button which is used wh en information 
is to be entered into the computer. Four 
a lternate action pushbutton switches are 
provided so that specific svmbols may 
be deleted from the display if it is too 
cluttered wi th information. A thumb­
wheel switch is avai lable for use with 
the six function switches. The track 
stick is associated with two pushbutton 
switches; one activate.~ the track stick 
and the other causes the track stick 
information to be entered into the com­
puter. The complete keyset arrangement 
is shown in Figure 1. 

The logic elements used in the char­
acter generator are called L ines, ( Litton 
Nand/Nor Circuits) . Figure 16 shows 
schematics of the types which are used, 
the dual four input and the single eight 
input gates. 

Flatpac transistors are used in the 
digital to analog converters ( Digilogs ) 
and clock generator of the display. 

Inputs 

Dual Four Input Gat e 

Out 

Ground 

Single Eight Input Gat e 

FIGURE 16: l ogic elements (LINGS). 
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Microminiature resistor packages are used 
with the Digilogs. Two special RC net­
works, a crystal, and fla tpac transistors 
are used in the clock generator. These 
are the only places where other th an 
Lines are used. 

The character generator utilizes digital 
circuitry almost exclusively, and the only 
analog circuit is the resistive ladder 
used in digital-analog converters. Since 
the character generated could be almost 
fully clescribecl by logic equations, a 
computer can be used to check the 
logic. A program was devised which 
enabled an IBM 7090 to print out, 
clot-for-dot, all of the characters which 
could be generated. This eliminated 
virtually all logic errors. 

!vlultilaminate construction is utilized 
in the character generator in a process 
developed by Litton Data Systems Divi­
sion . (See Electronics Magazine, October 
18, 1965, page 84; November 1, 1965, 
page 85, for details of construction). 
Two drawers are used, each consisting 
of a master laminate capable of holding 
18 smaller laminates (patch p anels). 
Each patch panel can hold 30 Lines. 
Twenty-two patch panels are used, and 
these are not completely filled. 

A total of about 500 Lines and 33 
flatpac transistors comprise the full 
complement of semiconductors. The 
character generator compartment in the 
display console is approximately 10 
inches square b y 1)2 inches, and there 
is still room for an additional 500 Lines. 

Since the display was completed, some 
newer microelectronic elements such as 
J -K flip-flops and Quad-2 input gates 
have become available. Using these new­
er devices and with some slight design 
modifications, a total of approximately 
350 logic elements would be required 
for the complete ch aracter generator. 
Using the same packaging techniqt~es 

as before, only about SO cubic inches 
would be required for the new character 
generator. 

Conclusions 
The Display Processor h as met all its 

design goals and h as been functioning 
in its p ackaged condition since F ebruary 
1965. The design concepts developed on 
this program have led to furth er accomp­
lishments in character generators. A new­
er high speed microelectronic version has 
been built which can generate alpha­
numerics in less than three microseconds 
average display time. Even at this faster 
rate, the appearance of the alpha­
numerics is better than the slower 
version . 
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The Size and Contrast 

Of Hard-Copy Sytnbols 

Abstract 

This paper corrects an erroneous 
equation given in an earlier paper 
and provides experimental data on 
hard-copy symbols computed with 
the correct equation. The author 
argues that Blackwell's dat a on the 
visibility of a spot can be used to 
compute the optimum level of il· 
lumination for rooms in which both 
hard copy and self-luminous dis· 
plays must be read. 

Some time ago I published an ::uticle 
in this journal' suggesting a way to com­
pute the optimum illumination for com­
manu centers and other rooms where 
both harcl copy and self-luminous dis­
plays must be read. In that paper I used 
an e rroneous expression for the contrast 
of hard copy. This paper corrects that 
error and provides data based on the 
correct expression. 

This matter is important because at 
the present time the installation d esign­
er has no logical way to select the op­
timum level of illumination. The Illu­
minating Engineering Society publishes 
recommendations for the illumination of 
offices, but these are based on consider­
ation of reflective materials only. It is 
well know11 that the visibility of· reflect­
ive materials is always improved b y 
highe r levels of illumination, while that 

1 "Displays. Papers and Lightin!(". A. C. S tock­
er, Inf . Disp. Vol. I , ~o. ), Sept. / Oct. 1964 . 
P. lfl. 
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. of self-luminous displays is always tiP­
graded , so such a one-sided considera­
tion cannot yield the optimum value for 
a room in which both reflective and self­
luminous materials must be read. 

In the earlier pape r I d efin ed the op­
timum illumin ation as that which made 
symbols on the hard copy and on the 
self-luminous display equ;'illy visible, 
and I still feel this to be true. In that 
paper I used Blackwell's data on the 
visibility of a circular spot to relate the 
required exposure time to the size of 
detail, the background btightness, and 
the contrast of symbols, and this is open 
to q uestion. There is no proof that 
Blackwell's data apply to the visibility 
of symbols. But certainly the visibili ty of 
symbols changes in the same direction, 
and hopefully it changes in about the 
same amount, as does the visibility of a 
spot when the size, brightness, or con­
trast are varied, and this permits us to 
make at least a rough comparison of 
the visibilities of the two types of ma ter­
ials. I therefore feel that the process is 
legitimate and that Blackwell's data will 
setve until the time when similarly com­
plete data on the visibiility of symbols 
become available. 

In the earlier paper I defined the con­
trast of hard copy as the brightness di f­
ference divided b y the lower btightness 
(that of the 'symbol ) . I should have real­
ized that this could not be; the small 
fraction, of the area covered b y the ink 

can not have a controlling influence. 
Blackwell divicles the brightness di ffer­
ence by the backgrouncl btigh tness, and 
since I propose to use Blackwell's data, 
I shall use his clefinition . That is. 

where 

C = ~B --n,;-
c contract, 

~ n brightness d ifference 
between symbol and 
background 

Bu = background 
brightness. 

In p ractice this equation takes two 
fom1s, depending on the kind of display 
picture that is being considered. When 
the picture consists of light symbols on 
a dark background, as is usually the case 
with electronic displays, we have the 
following : 

C n. - B. 
Bo 

where B, = brigh tness of the 
symboL 

\.Yhen the picture consists of dark sym­
bols against a light background, as can 
be the case in television systems and is 
almost universally the case with hard 
copy, we have: 

C B,- B, 
-~ 

And assuming, as is usually the case, 
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... new concept in digital incremental plotting 
THE BENSON-LEHNER DELTA PLOTTING SYSTEM 

featuring the exclusive B/L Delta Control Unit and Format 

providing up to 100 steps in X andjor Y from one computer command 

accepts either punch card or magnetic tape input 

makes your present on-line plotter more efficient for multiplexing 

converts on-line plotters into a fast off-line system 
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At Seaway, SYSTEM /360 pays for SYSTEM /360 ... 
SYSTEM/360 showed Seaway 
Foods, Inc. a way to cut their frozen 
food inventory by 15%. That was just 
two weeks after it arrived. 

A couple of months later, the system 
was handling all the billing, helping 
control inventories, computing 
advertising allowances and 
generating management reports. It 
was saving money for Seaway. 

If you've ever installed a computer 
system, you know how remarkable 
this kind of speedy performance 
really is. Usually there are 
unexpected problems and delays. 
But Seaway was prepared. 

Bernie Peters, Seaway's Manager of 
Data Processing, had sent his 
programmers to an IBM Education 

Center to learn SYSTEM/360 
ASSEMBLER language-one of five 
programming languages available 
for SYSTEM/360. 

When they got back, they started 
writing and testing their computer 
programs with help from IBM System 
Engineers and the IBM Datacenter 
in Cleveland. SYSTEM/360 operated 
smoothly right from the start. 

For a while it ran in parallel with 
Seaway's existing 1401 computer. 
But as it turned out, that really wasn't 
necessary. SYSTEM/360 performed 
better than Seaway expected. 

Seaway has completed the first 
phase. Now they are writing programs 
for payroll, accounts receivable 
and accounts payable. 

After that, they wi II tackle 
SYSTEM/360's IMPACT program for 
scientific inventory control. 

When all these applications are 
on the air, there will still be room 
for more. 

Seaway is pleased with SYSTEM/360. 
They like its performance, 
its reliability, its cost efficiency. 

So do many hundreds of other 
companies in all kinds of industries 
who are solving problems with 
SYSTEM/360 and getting more work 
done faster. 

And why not? After all, that's the way 
we designed SYSTEM/360. 

IBM® 

and a lot of groceries, too. 
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FIGURE 1: Blackwell's data on human performance, alpha e~uals nne. FIGURE 2: Blackwell's data on human performance, alpha equals two. 

FIGURE 4: Selection of illumination. 

FIGURE 3: Blackwell's data on human performance, alpha equals four. 
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that the illumin ation is constant over the 
area of the page, we can wri te for hard 
copy: 

C = R,.- R, 
R,. 

B.= E .. R,, 

where K. = ambient illumin ation 

R,, = reflectivity of the 
paper 

R , = reflectivity of the ink. 

Since the table of contrasts of repre­
sentative h ard cop y that was given in 
the original paper was based on the 
erroneous equation, its va lues were in 
error. Since the table had to be redone, 
a Munsell Neu tral Value Scale was ob ­
tained and used to take more accurate 
data on the various values of reflectivity. 
Again the strokes of the symbols were 
magn ified sufficiently through the use 
of a fifty-p ower microscope to permit 
an accurate comparison with the Scale. 
But because of the color difference, the 
reflectivity of wash-color backgrounds 
was largely a matter of judgement. The 
new data are given in Table 1. 

It will be noted that all the contrast 
values given for hard copy are fraction­
al. This will always be the case when 
dark symbols are presented on a lighter 
background, for it is not possible for 
anything to have a reflectivi ty less than 
zero. 

The lower va lues of contrast in Table 
I make it awkward to use the curves of 
Blackwell's data given in the earlier pa­
per, wherein the contrast had been mul­
tiplied by a "field factor" of forty. Fig­
ures I , 2, and 3 show Blackwell's data 
with a field factor of unity. These cmves 
may be used directly in many problems. 
It will occasionally be found that the 
p arameters of a situation make it im­
possible to use these cmves and plot the 
hard cop y and the electronic display 
within the inverse-time range of 1 to 
100. When this happens, one may multi­
ply all the contrast values by such a fac­
tor .as will pem1it p lotting. This is mere­
ly a computational trick and has no 
affect on the selected value of illumina­
tion so long as th e same factor is used 
for the complete computation for bo th 
the hard copy and the electronic display. 

Figure 4 is a pair of cmves for a 
representative pair of displays. It il­
lustrates the fact that different contrast 
multip liers lead to the same value of il­
lumination. 
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TABLE 1: Corrected characteristics of hard copy 

ITEM SYMBOLS 

Army Service Ma p 
Paper 
Wash colors 

Large letters 

Height 
Mins. 

({t 16" 

34 

Stroke 
Mins. 

@ 16" 

5.2 

Color 

white 
green 
brown 
black 

Small letters 10 1.9 black 
Contour lines 1.1 tan 
NOTE: R = Reflectivi ty, C = Contrast. 

For ma ps, the higher contrast is that of the symbol on white paper; 
the lower contrast is that of the symbol on the da rker was h color. 

Sectional Air Chart 
Paper 
Wash colors 

Alt. above 12000' 
Large letters 24 

Small letters 8.6 
Scale tics 
Contour lines 

Air Force Chart 
Paper 
Wash colors 

Large letters 35 

Small letters 9.5 
Beacon names 13 

Maritime Chart 
Paper 
Wash colors 

Large letters 31 

Small letters 5.2 
Compass rose tics 

Geological Survey Map 
Pa per 
Wash color 
Large letters 26 

4.3 

1.7 
1.7 
1.9 

5.6 

2.2 
2.8 

3 

1.1 
1.3 

3.2 

Small letters 
Contours 

9.7 1.5 

Typewriter Output 
Paper-good pulp 
Electric-expendable ribbon 
Man ua l-new ribbon 
Manual-old ribbon 

Teletype Printer Output 
Paper 
New machine & ribbon 

1.1 

24 3.2 
25 2.2 
24 1.5 

23 4.3 
2.6 

white 
green 
brown 
black 

black 
blue 
tan 

white 
green 
tan 
black 

black 
blue 

white 
tan 
gray 
blue 
black 

black 
black 

white 
green 
black 

black 
tan 

white 
black 
black 
black 

tan 
black 
black 

R 

.70 

.67 

.60 

.09 

ditto 
.30 

.73 

.60 

.40 
.16 

ditto 
.20 
.35 

.78 
.65 
.55 
.09 

ditto 
.20 

.80 

.75 

.70 

.75 

.14 

ditto 
ditto 

.75 

.65 

.09 

ditto 
.25 

.75 
.10 
.09 
.16 

.70 

.09 

.16 Old machine & ribbon top 
bottom disappearing .................. ...... . 

Computer Printer Output 
Papers, average 
Supplier A 22 
Supplier B 20 
Supplier C 22 

Office Copying Mach ines 
Supplier D 

paper-on white paper 
paper-on black desk top 
print (on white) 

(on black) 
Supplier E 

paper (opaque) 
print 

Hand Written Materia l 
Paper-good pulp 
Mechanical pencil .032" lead 
Drawing pencil 2 H sharp 
Drawing penci! 2 H dull 
Wood pencil # 2 sharp 
Wood pencil 1¢2 dull 
Ball point pen, black, medium point 

New York Times 
Paper 
Print 16 

2.2 
1.9 
3.7 

5.4 
2.2 
3.2 
2.2 

6 
2.6 

2.2 

white 
black 
black 
black 

white 
gray 
brown 

white 
black 

white 
black 
gray 
gray 
black 
black 
black 

white 
black 

.72 

.12 

.09 

.12 

.65 

.45 

.18 

.65 

.12 

.75 

.20 

.30 

.30 

.20 

.20 

.18 

.68 

.10 

c 

.87 

.85 

.78 

.60 

.89 

.84 

.83 
.80 

.88 

.86 

.87 

.88 

.79 

.87 

.77 

.83 

.88 

.83 

.72 

.60 

.81 

.73 

.60 

.60 

.73 

.73 

.76 

.85 
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--Fa111ily of Co111puter-Controlled---
____ CRT Graphic Displays ____ _ 

Abstract 
Graphic displays . . . man-ma­

chi ne interface ... these were terms 
familiar to the military long before 
they found widespread use in indus­
try. Pioneer work with SAGE, 412L, 
465L and 473L laid the foundation 
for the current explosion of non­
mi litary applications. Computer Con· 
trolled CRT Displays provide a 
prime example of civi lian ind ustry 
benefiting from military develop­
ments. 

Introduction 
I find it helpful to categorize dis­

play systems ns shown in Figure l. 
There are basically three types of sys­
tems: 

1. Point-plotting 
2. Alphanumedc, and 
3. Graphic 
For each type, there are three broad 

categmies which can be charactelized 
as: 

1. Low-cost/low-pelfonnance 
2. Medium-cost/ medium-performance 

and 
3. High-cost/ high-performance. 
The vertical axes of Figure 1 could 

have been skewed to emphasize that 
higher capability units tend to cost 
more than lower capability units with 
the same perfonnance. That is, a low 
perfmmance alphanumeric display will 
tend to be more expensive than a low 
perfmmance point-plotting display. A 
rough indication of price range is also 
included in Figure 1. 

As a further generalization , displays 
in the right-hand portion of Figure 1 
tend to be evolved from military ap­
plications, while the displays in the 
left hand portion tend to be evolved 
from commercial developments. Fre­
quently, the commercial display manu­
facturer attempts to upgrade the per­
formance of his equipment for use in 
moderate military environments while 
the military disp lay manufacturer tends 
to simplify his more sophisticated equip· 
ment in order to compete in the com· 
mercia) market. 
INFORMATION DISPLAY, JULY/AUGUST, 1966 

[This pnper was presented June 6, 1966, nt the 
Anned Forces Comrnunications and Electronics 
Assn. n"'eeting in \Vashington, D.C., as part of 
a panel discussion entjtled: "'Visual Jnfon1111ti on 
Display Systems - A Critical Man-t0-~'1 ~\Chine 
Link".] 

The shading in Figme 1 represents 
which categories of equipment are com­
mercially available. As shown, equip­
ment in almost all categodes can be 
obtained as standard from some manu­
facturer. Two exceptions are low-cost/ 
perfmmance graphic displays and high­
cost/perfonnance alphanumeric displays. 
Low -.cost I perf01mance graphic units 
have a large potentia l market, but no 
equipment has yet been developed to 
fill this gap. High-cost/ performance al­
phanumedc systems could be readily 
supplied, but there appears to be ve1y 
little market for them. 

Generally, not all compru1ies supply 
equipment in all categories. For exam­
ple, equipment available from Informa­
tion Displays Inc. is indicated by the 
shaded ru·ea of Figure 2. 

Typical applications for equipment 

Vl 
w 
t­
:::i 
co 
~ 
<t 
u 

G~APHIC 

ALPHANUMERIC 

POlNT- PLOTTING 

I LOW I 
S2K SIOK 

by Carl M achover 
Information Displays Inc. 
Mount Vernon, N.Y. 

in each catego1y are shown in Figure 
3. The tabulation is by no means inclu­
sive, but does illustrate cu rrent usage. 
These applications will be discussed 
briefly, later. 

Genera I Characteristics 
Consider next, typical block diagrams 

and perf01mance characteristics for each 
of the categories shown in Figure 1. 
As shown in Figme 4, the output of 
the computer is digital, but the input 
to the CRT must be ru1alog. Therefore, 
the overall system cru1 be considered 
a digi tal-to-analog converter. Between 
the computer and the CRT are two 
blocks; ( 1) an Interface and ( 2) a 
Display Generator. 

The Interface is a general require­
ment of most display systems, since 
it is probable that the input djgital 
characteristics of ·the Display Generator 

MEDIUM I 
$ 50K 

I 
$20 0K 

COST-PERFORMANC E 

FIGURE 1: Commercially available CRT displays. 
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1 

COST-PERFORM ANCE 

FIGURE 2: CRT displays available from IDI . 

ate not identical to the output digital 
characteristics of the computer. Varia­
tions in word size and logic levels are 
commonly encountered. Also, as the 
same Display Generator will often be 
used in displays operated with several 
computers, the variation of communica­
tions with each comp uter must be ac­
commodated. Some computers require a 
simple inquiry/ response sequence, while 
others require a series of sequential 
signals between the computer and the 
display before data is transferred. 

The Display Generator contains vari­
ous fun ction generators that convett the 
compute r digital infonnation into ana­
log voltages for display on the CRT. 

Commercially available systems use 
CRTs ranging in size from 5" round to 
24" rectangular. The sma ller CRTs are 
typically used for fi lm recording, film 
scann,ing, and alphanumeric disp lays; 
while the larger CRTs are used for direct 
view consoles. Both electrostatically and 
electromagnetieally deflected systems 
are used. Typically, the high precision, 
small diameter CRTs use magnetic de­
flection because of the smaller spot size 
and h igher brightness possible. Large r 
CRTs a lso generally use magnetic de ­
flection for the same reasons. However, 
the re are large-screen ( 16" -19" ) electro­
statically deflected tubes available . 

W hen magnetic deflection is used, for 
the major deflection, often a second 
wide-bandwidth, small-angle deflection 
channel is added for charac ter -writing. 
This minor deflection channel is needed 
because the large-angle magnetic deflec­
tion systems have relatively low band­
width. ·Both electrostatic and electro­
magnetic character writing channels are 
used in commercially available equip­
ment. 

Consider next, the detailed charac­
teristies of each of the three categories 
of displays; that is, point-plotting, alpha­
numeric, and graphic. 

Point-Plotting Display 
A point-plotting display receives a 

digital instruction from the computer, 
containing the binmy X and Y address 
to wh ich the beam of the CRT should 
44 
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FIGURE 3: Typical applications. 
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FIGURE 4: Generalized display system. 
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be moved. Hardware in the display tums 
on the beam after it reaches the pro­
grammed position. 

A simplified block diagram of a point­
plotting system is shown in Figure 5. 

Typically, the Display Generator is 
relatively simple. Only two functions 
are needed: 

l. Position Generator and 
2. Dot Generator. ' 
The Position Generator is a conven­

tional digital-to-analog convetter. Com­
mercial systems usually provide 9-bit 
(512) or 10-bit (1024) X and Y posi­
tioning. 

The Dot Generator is logic circuitry 
to turn on the CRT beam after a fixed 
time usually depending on the maximum 
time needed for the beam to reach the 
programmed position. 

Generally, the Display Generator also 
includes a Mode Control. This is cir­
cuitry which decodes the computer in­
struction and activates the various func­
tion generators. In a point-plotting dis­
play, the Mode Control is relatively 
simple because there is usually only 
one function to be performed ; plotting 
points. However, the system might be 
arranged to take advantage of the fact 
that points plotted at random across the 
screen may need more time than points 
plotted close together. In this case the 
l\fode Control would provide for' two 
modes; random nnd incremental. 

The ouput of the Position Generator 
is fed to the major deflection channel of 
the CRT, and the output of the dot 
generator is applied to the intensity 
channel. Random positioning t ime for 
magnetically deflected displays range 
from approximately 5 p. sec full scale to 
100 P. sec full scale; while the random 
positioning time for electrostatically de­
flected systems is in the order of 5 p. sec 
full scale. With a typical full scale ran­
dom positioning time of 14 P. sec, p lus 
2 P. sec for spot intensification, approxi­
mately 2100 dots can be displayed simul-

FIGURE 6: Typical point·plotting (film record· 
ing) display. 
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FIGURE 7: Alphanumeric display. 

taneously at 30 frames/second. 
Low-cost/ perfOimance point plotting 

displays are often used in nuclear events 
analysis, to show relationships among 
several parameters. Resulting cmves and 
surfaces provide meaningful infmma­
tion to the experimenter. Medium and 
High- cost/performance point- plotting 
displays are used in film recording. A 
typical film recording system is shown 
in Figure 6. 

Alphanumeric Display 
With proper software (programming), 

any kind of graphic presentation (such 
as characters, lines, and cutves) can 
be formed as a series of plotted points. 
A total system represents a balance be­
tween computer software and display 
hardware. Because of the finite time 
required for each beam position and 
intensification, together with the large 
number of computer commands required 
for each character, it is often desirable 
to include several other function genera­
tors in the Display Generator to relieve 
the timing and computer programming 
problem. For example, the numeral "8" 
can be made with 17 dots. Therefore, 
if the display were to build up similar 
characters as a series of programmed 
dots, (assuming 15 p. sec/dot ) only 
about 120 characters could be displayed 
simultaneously. This is generally inade­
quate for most applications. 

Therefore, in an a lphanumeric dis­
play system, another function generator, 
a Character Generator is added. See 
Figure 7. This is a device which ac­
cepts digital inf01mation about which 
character is to be displayed and gen­
erates analog deflection voltages for 
character tracing and intensification. 
There are some systems in which the 
character generator function is built 
into the CRT. 

-- - ----, 

c:]: 

In the alphru1umeric system, the Mode 
Control is more complex, activating 
e:ther the posi tion generator or the 
character generator, depending on which 
mode is programmed from the computer. 

To relieve the updating requirements 
of the computer, the alphanumeric sys­
km might also include a Storage. The 
inte rnal storage allows the computer to 
load the display with one frame of 
inf01mation and then the display is 
regenerated from the output of the store. 
No further computer action is required 
until the inf01mation is updated or 
changed. Typical a lphanumeric systems 
use delay line storage, although cores, 
magnetic d.-ums or discs can also be 
used effectively. 

To provide communication between 
the display and the computer, a key­
board is often used. The opemtor can 
compose messages which: 

1. are put into the store for checking 
before transmission, or 

2. are transmitted to the computer 
directly and then displayed on the 
CRT. 

Most low-cost a lphanumeric systems 
use a raster presentation because one 
way to reduce the cost of a display is 
to use the equivalent of a TV monitor 
instead of a random point-plotter. These 
systems are ve1y economical for produc­
ing text messages of from 200 to 1000 
characters, but have extremely limited 
graphic (lines and cUlves ) capability. 

Ran:dom point-plotting displays are 
readily expanded from one level of capa­
bility to the next, (that is from point­
plotting to alphanumeric to graphics). 
Raster type alphanumeric displays are 
special purpose units and are not, gen­
erally, capable of this expansion. 

Commercially available alphanumeric 
displays, like those shown in Figure 8, 
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FIGURE 8: Typical alphanumeric displays. 

a re being used in many infonnation re­
treival applications such as airline 
reservations, stock quotes, and credit 
checks. 

Graphic Display 
Systems capable of graphic presenta­

tions will have several additional func­
tion generators and various ways for 
modifying the generators outputs. This 
is illustrated in Fif:,'l.Jre 9. Vector (line ) 
generators and circle generators are 
available. The time required to draw a 
full screen vector ranges from approxi­
mately 20 I' sec to 1500 I' sec depending 
on whe ther the line is drawn by analog 
techniques or as a series of incremented 
dots. The circle generator can d raw 
circles up to full screen diameter from 
100 to 300 I' sec, typically. Characters 
are written in from 2 I' sec to 100 I' sec. 

A typical graphic display can present. 
2600 fmmatted characters, or 650 lines, 
or 325 circles, at 30 frames/second. 

Also available in many computer con-

FIGURE 9: Graphic display. 
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trolled graphic displays are facil ities for 
program control of character size, of 
symbol intensity, of symbol blinking and 
of line sh·ucture (so that the lines can 
be programmed as solid, dotted, dash­
dotted or dashed ). 

As these various functions are added, 
the complexity of the Mode Control in ­
creases. This additiona l complexity re­
sults because of the greater number of 
control commands to be decoded by the 
Mode Control and because some special 
purpose display logic may be included. 
For example, the Mode Control may 
automatically increment characters across 
the screen, as in a typewriter mode­
so that the Computer software need only 
stream out a series of character codes. 
Character spacing is automatically adjust­
ed as a function of character size. At 
the end of a line, the string may be 
retumed to the left hand margin, and 
decremented (functioning like the line 
feed on a typewriter ). The Mode Con­
trol may also include provisions for 
stringing characters vertically instead of 
horizontally, and rotating cha racters by 
go•. Rapid line drawing with minimum 
programming can be instrumented b y 
p roviding a strung vector mod e. After 
initial positioning, the Computer soft­
ware need only provide new line end 
points, and the display hardware draws 
lines between the successive points. 

The discussion thus far has been 
about a one-way device; infozmation is 
received from the computer, converted 
in the display generator and presented 
on the display. However, one of the 
basic reasons for the increasing accept­
ance of graphic displays is the avail­
ability of an operator channel from 
the display back to the computer. 

By using a light pen, track-ball, joy 
stick, Rand tablet, function keys, or 
other input device, the operator can 

• L•.~ 
._ ~~vt,T..,.•• 

c.e ... "<'A. ' -

converse wi th the computer on-line <U1d 
in real-time. This powerful man-machine 
in terchange is being used for computer­
<tided design, scientific calculations, pro­
gram debugging, and simulation . 

A typical graphic display is shown 
in Figure 10. 

FIGURE 10: Typical graphic display. 

In the higher performance graphic 
displays, central computer load is occa­
sionally reduced by combining the func­
tions of intedace, storage, mode control 
and light pen tracking in a sma 11 d igital 
computer. This computer is assigned 
exclusively to the display system. 

In some applications it may be de­
sirable for several display systems to be 
operating simultaneously, or that a 
record (hard copy) be made of the in­
fOimation he:ng displayed, or that there 
be a wall size display for group viewing. 
Referring to Figure 9, these presenta­
tions can be driven from a common 
Display Generator through auxiliary line 
drivers. Deflection circuitry of all dis­
plays are driven in common, but the 
intensity circu~ts are gated in response 
to signals from the comp uter. F or mul­
tiple viewing in several locations, the 
slave monitors can be standard displays, 
each with its own light pen and key­
board. If hard copies are required, one 
of the d isplays cru1 be a smali precision 
CRT viewed by a film camera. For 
group viewing, the monitor display can 
be either a high brighh1ess CRT with 
conventional projection optics, or a scan 
converter feeding a TV projector. 

Conclusion 
Display usage is expanding rapidly . 

More frequently, the large computer is 
vi~wed simply as a utility - as a source 
of computing power available simul­
taneously to many users- much like the 
power companies use their generators 
and the telephone companies use their 
central exchru1ges. And the display is 
01~e device which will allow an individual 
to make use of this computer power. 
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not in Plotti ' • 

Geo Space's revolutionary DP-203 Digital 

CRT Plotter uses a CRT's electron beam for 

plotting. Does away with messy ink receptacles 

and skipping ba llpoin t pens. An electron beam 

positions up to 96 million plotted data points 

over an entire 2400 sq. in. surface to w ithin 

±Y2 bit. That's ±.0025 of an inch in the 200 

dppi plotting mode. Match that accuracy with 

a pen plo tter! 

Do you require multiple cop ies of any 

plot you p rod uce? Th e positive f ilm images 

of the Geo Space DP-203 CRT Plotter can 

be used to produce multiple Oza lid or 

Xerox copies at a cost of on ly pennies apiece. 

On-line plotting is now a pract ica l, 

economic rea li ty. Gone are the separate 

core buffers and contro llers of yesteryear. 

Using Geo Space furnished A LPACA® l inkage 

software, you can p roduce detai led con tour or 

ca rtographic maps, electronic schematics, PERT 

cha rts, tabular charts, annotated drawings and 

the l ike. One-pass annotation to descri be and 

label your primary images. 

Another important benefit-up to 32 leve ls 

of intensity shading can be program selected 

to enhance the tonal contrast of your com­

p leted imagery. Background area shading also. 

Want mo re informati o n on the most 

advanced plotting peri pheral available today 

for digital computers? Wri te or cal l Geo Space 

Corporati o n, Computer Division, A Subsidiary 

of Westec Co rpora tion, 3009 South Post 

Oak Road, Hou ston , Texa s 77027. 

Telephone: 713/ NA 2-4570. 



Dichroic Filters and 
Additive Color Displays 

little value to the specific problems of 
additive color coding. The color codes 
produced in additive fashion must d iffer 
in brightness and saturation as well as 
hue. The discrimination task of the ob­
seiver will vaty from display to display 
in the real situation, as more or fewer 
codes appear simultaneously on the 
viewing screen. H ence, the obse1ver's 
task will vary from relative judgment 
when all seven coding colors are present 
and a target color may be compared 
with six other codes, to an occasional 
rare instance when only one color oc­
cupies the display area and the obsetver 
must immediately and without mistake 
recognize the category of infom1ation 
that color code represents. 

[This paper wns presented during the 6th National 
Symposium on Information Display, Societ!J fo-r 
111/0nllatioll Dis/1/ay, Se,Jt. 29-30, 1965, at New 
York•s Commodore Hate. and is republished here 
from the procccdin~s of that meeting.] 

Abstract 
Large-scale displays for Air Force 

Command and Control systems 
common ly color-code displayed 
data. A repertory of seven codes 
is available through the technique 
of color addition, where dichroic 
filters split the white source into 
three primary colors, which are 
mixed on the screen to form color­
mixture codes as well. The author 
investigated the effect of dichroic 
filters of different reflectances upon 
observer performance on the seven 
color codes. The object of the study 
was to define performance para­
meters on filters, a preliminary step 
to setting filter specifications. 

Statistically significant differences 
between filters and between color 
codes were detected and analyzed. 
In the dichroic filter arrangement 
adopted, I.Jiue-red filter order, a , 
blue filter reflecting wavelengths 
well into the green region facilitated 
performance in the majority of the 
color codes. A red filter close to 
the infrared in reflectance reduced 
performance in most codes. The 
most efficient color code, regard­
less of what filters were used, was 
red. Green, blue and cyan were the 
least efficient. Recommendations 
were made regarding options that 
would most likely lead to satisfac­
tory seven-color coding for additive 
displays. 

Introduction 
Rome Air D evelopment Center has 

recommended a fi lm projection system 
at the group display chain that best 
meets the requirements of present-day 
Command and Control Systems.' Part 
of the recommendation and already in­
corporated into several major Command 
and Conh·ol Systems, e.g., 4251 (NOR­
AD) and 4651 ( SACCS), is the capa­
bility for coding infmmation in six col­
ors plus white. Tilis seven-color display 
involves dividing a single light source 
into three primary colors, red, green 
and blue, by the insettion into the light 
path of two dichroic filters (Figure 1) 
which reflect out the pmtions of the 
spectrum corresponding to two of the 
primades while the remainder of the 
light fonns the third primm-y. The pri­
maries are then superimposed on the 
screen in various combinations to pro­
duce seven color codes: the ptimaries 
48 
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D isplay Techniques Branch 
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blue, red and green ; magen ta ( red­
blue), yellow (red-green), cyan (blue­
green) and white (red-blue-green) . 

While much research has been done 
on color discrimination, most of it is 
peripheral to the practical problem of 
dichroic filter selection. The efficiency 
of color as a code depends fundamental­
ly on the ability of the observer to dis­
criminate color and the manner in which 
disctimination is required. Halsey2 cited 
estimates of the total number of colors 
that can be distinguished as ranging 
from as high as ten million under op­
timal conditions to as low as three colors 
under minimal observation conditions 
and where strict speed and accuracy 
demands are made on the observer. 
When'l absolute judgment is required, 
i.e., where the obsetver must respond 
to each color with a unique name, a 
sample of investigators place the num­
ber discriminable at between. six and 
twelve. 3 • 

4 

Several recommendations on color 
codes have been repmted. These include 
the eight-, seven-, six,.. and five-color 
equally discriminable codes de1ived by 
Conover and Kraft'' and the ten recom­
mended fi lters or filter combinations 
producing high disc1imination reported 
by Muller, Sidorsky, Slivinske, Alluisi, 
and Fitts. 5 

Unfortunately, these guides 

( 
2 .2 KW 

SOURCE 

are of 

Little has been repmt ed regarding 
specific differences between pruticular 
coding colors. From general color per­
ception studies some information is 
available concerning particular colors. 
The cultural prepotency of red as an at­
tractor of attention is a well-known 
phenomenon. Green ru1d yellow are the 
brightest colors, while blue of equal 
energy appears dim, due to the nature 
of the response of the human retina. 
Jones,r. in her summa1-y of color research, 
noted generally repmted differences be­
tween surface colors, with red being 
best for long-distance viewing, yellow 
the most efficient code over all condi­
tions, and cyan leading to the greatest 
amount of variability from study to 
study. 

The definition of efficiency of a color 
code apperu·ed p·rima facie to have sev­
eral discernible elements. The first, and 
the one of major concern in the reseru·ch 
review above, is d iscliminability. A sec­
ond factor is that of legibility, namely 
that the displayed i.nfmmati.on coded in 
a pmticular color must also be readable 
at a "nmmal" viewing distance. A third 
possible element may be related to at­
tention-attracting, so that an observer is 
likely to take note the moment data 
coded in a patticular color is displayed 
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FI GURE 1: Schematic diagram of 
additive color projector. 
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and is able to pick infmmation in the 
particular color from a multicolored for­
mat in the shortest possible time. 

The present stud y explored the effects 
of vrui ous primaries in additively pro­
ducing a seven-color code for observa­
tion in a lru·ge-scale display. The pri­
maries were varied by exchanging the 
dichroic filters that partitioned the white 
light from the single projector lamp. The 
object of the investigation was to de­
telmine the most efficient dichroic fil­
ters for conditions similar to the opera­
tional case within the constraints of the 
type of task and light source employed. 

Equipment and Experimental 
Technique 

Display Equipment 
A Colorvision 70 mm Additive Color 

projector with a 2.2 kw Hanovia xenon 
source generated the display. The pro­
jector was of a design similar to the 
465L Stra tegic Air Command Control 
System model. Details on its operation 
may be found in the Colorvisioin pro­
jector manual. 7 The projector was pow­
ered by a Christie silicon rectifier model 
HX-2500-28, with an auxilia1y Lambda 
regulated power supply, model LT-1095, 
used to ignite the xenon source. A white 
Lux-Matte front projection screen, 6- x 
8 feet, was located 20 feet from the pro­
jection lenses to provide display surface. 

A relatively shmt throw distance was 
imposed by the screen and room dimen­
sions. To compensate for high display 
brightness which would ordinarily re­
sult under these conditions, a LO log 
neutral density filter was inserted in the 
light path and the power to the xenon 
source was reduced from a normal oper­
ating load of 100 amps, 20-22 D.C. 

volts, to 50 amps, 16-18 D.C. volts. 
A solenoid-operated shutter was in.­

stalled in front of the projection lenses 
and activated by an Electra filtered D.C. 
power supply to conh·ol exposure time. 
Also prut of the timing system were a 
Hunter timer, model 1llA, a toggle 
switch control and a standard electiic 
clock. The experimenter, E, initiated 
each trial by tuming on a toggle switch 
which activated the timer and energized 
the solenoid, pe1111itting the display to 
be projected onto the screen. At the end 
of a preset 15-second exposure, the timer 
circuit was automatically broken and the 
shutter closed . The clock verified the 
length of the exposure. 
Filters 

Dichroic filters are essentially glass 
subsb·ates with chemical coatings that 
have the characteristic of reflecting some 
wavelengths while transmitting others. 
When placed at an angle in a light path, 
the reflected light fmms one beam or 
channel, the transmitted light, another. 
For the investigation, six dichroic fil­
ters were selected, three blue reflectors 
and three red reflectors. TI1e reflectance 
charactristics of the filters at the angle 
of incidence used in the projector opti­
cal assembly appear in Figure 2. 

A common designation for dichroic 
filters is the point at which 50 percent 
reflectance is achieved. This 50 percent 
cutoff point will be used hencefmth to 
refer to a particular filter. The 50 per­
cent cutoff for the blue reflectors were 
approximately 491 m.tt, 498 m.u and 516 
m !'. For the red reflectors cutoffs were 
at 581 m l', 595 m l', and 619 m.tt. 

The 498 blue and 595 red filters were 
supplied by the projector manufacturer, 
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presumably selected for their compati­
bility with the data display. The other 
filters were obtained to explore the areas 
adjacent to the "standard" b lue and red 
cutoffs. 
Stimuli 

Six randomizations of an alphanumedc 
mahix were progran1med, generated on 
a Charactron tube, and photographed 
on Kalvar 70 mm transparency film. 
Each matrix contained capital letters of 
the alphabet and numbers from zero to 
nine in each of the seven colors pro­
duced by the projector. The total of 252 
symbols was arranged in an 18 by 14 
f01mat, with alphanumelics located at 
random throughout the matrix. 

Relevant Display Variables 
To the left of the projector, 15 de­

grees offset from the 20-foot screen­
projector axis, the subject's chair was 
fixed to the floor so that his eyes were 
approximately 18.5 feet from the screen 
center. The letter height on the screen 
was approximately 1.75 inches, and the 
display characters subtended a visual 
angle of 27 minutes, well above the gen­
erally accepted lower limit for visual· 
color displays.o 

Ambient light was introduced by flu­
orescent desk lamp placed at the rear 
of the d isplay area, facing the screen. 
The fluorescent ambient, chosen as be­
ing one common to work areas, was re­
flected from the screen in the order of 
0.09 foot lamberts. Display color blight­
ness, measured within the stroke-width 
of particular characters, ranged from 
0.12 ft-L for the dimmest blue character 
to 0.70 ft-L for the brightest white char­
acter. These figures include the ambient 
bdghrness on the screen. 

While perfect registration of one pd­
mary-colored character with another on 
the screen to produce a multi-primary 
mixture, i.e., yellow, magenta, cyan and 
white, was desirable., this quality of reg­
istration was not generally attainable in 
the rapid change required from one 
stimulus slide to another. The maximum 
allowable misregistration on the screen 
for the present experiment was set at 
33 percent of stroke width or approxi­
mately one quarter inch of primaries ap­
pearing beside the color mixture stroke. 
The slide and projector optics were ad­
justed until this criterion was met or 
surpassed . While some misregistration 
was unavoidable, up to 33 percent, 
where possible it was confined to ma­
genta characters, since a p revious study 
on the effects of misregistration8 demon­
strated that misregistration was tolerable 
beyond 33 percent and that the magenta 
code was least affected o.f the color 
mixtures. 

Subjects were six male college students 
with visual acuity of 20/20 corrected or 
uncorrected. The subjects had n01mal 
color vision as tested by the Bausch and 

49 



Lomb Orthorator color plate. 
Experimental Design 

A 2 x 9 x 7 factorial design with par­
tially repeated measures was used. There 
were two orders of presen tation of fil­
ter pairs. Three subjects viewed pairs 
516-595, 498-595, 491 -595, 491-619, 
498-619, 516-619, 516-581, 498-581 and 
491-581, and red reflectors respectively. 
The other three subjects saw filter pairs 
in the reverse order. This counterbal­
anced design was a method of control­
ling any learning effect during the 
experiment, such as subjects' memoriza­
t ion of matrices. All subjects viewed the 
nine possible combinations of the blue 
and red fil ters and each of the seven 
symbol colors for each fil ter pair. 

Subjects were given· two preliminary 
practice sessions of four slides each to 
familimize them with the task and sta­
bilize their response. In the experiment 
each group of three subjects saw one 
filter pair each day. F or each pair, Ss 
saw all six alphanumeric randomizations 
twice. The twelve scores were averaged 
for each symbol color at each filter pair 
to provide a combined score of alpha­
numeiic randomizations and two expo­
sures. 

F or each hial Ss were instructed to 
read as many alphanume1ics of the ex­
perimenter-designated color as possible 
within the 15-second exposme time. Per­
fmmance was recorded in te1ms of the 
number of correct responses, that is, the 
number of characters of the E-designat­
ed color that S read in the proper order. 
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Correct responses per exposure were de­
temlined to be the measme hav'ing the 
greatest overall sensitivity and was also 
directly obtainable from the S's response, 
without requiling subjective judgment 
regarding the types of errors made. 

Resu lts and Discussion 
Appropriate statistical tests were per­

fmm ed on the data and may be found 
in the RADC Technical Repmt which 
summmizes p rocedures and data hand­
ling techniques.° For the sake of brevity 
and clarity, graphical p resentation was 
selected for this repmt. 
Effect of Filter Pairs 

Sta ti s ti c a II y significant differences 
were found among fil ter pairs. As shown 
in F igure 3, subject perfom1ance was 
highest for dichroic filter pairs 516-581 
and 516-595. The cross-hatched fil ter 
pair, 498-595, was supplied by the pro­
jector manufacturer and produced ob­
server perfonnance not statistically d if­
ferent from any filter pairs but 516-581 
and 516-595. The least efficient dichroic 
filter pair appeared to be 491-619, which 
produced the least amount of energy in 
the blue and red channels mtd which 
"loaded" wavelengths in the green. How­
ever, statistical tests for differences 
could not discriminate between the 491-
619 and 498-595 pairs. 

One noteworthy aspect regarding the 
· differences Lelween performance on d if­

ferent filter pairs was their relatively 
small magnitude, as shown by the few 
statistical differences actually obtained . 

491 498 516 491 498 516 

595 619 

FIGURE 3: Subject performance for filter pairs averaged over all conditions. 
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It can be seen that some level of pro­
ficiency was maintained wi th even the 
most extreme values of fil ters, 491-619. 
This result tends to generalize to display 
applications the ability of the human ob­
server to perceive many physically dis­
tinct stimuli as parts of a single category 
of stimuli, the phenomenon of color con­
stancy. The old p roblem of the "limita­
tions" of the human observer in discrim­
inating a number of colors is in reality 
a two-headed coin. 

It is not unknown in display circles 
to hear some naive person wishing aloud 
for the capability to code in 30 or 40 
colors. If, indeed, the average individual 
could readily discliminate this number 
and, even more practically, if enough 
data categories could be found to fill 
these codes, imagine the potential for 
sheer confusion in the combat control 
room. The slight color shift of an aging 
ligh t source, a bit of nicotine on a filter, 
some mayonnaise from an errant tech­
nician's sandwich smeared accidentally 
on a p rojection lens, could all result in 
an observer placing, with the greatest 
ce1tainty, information in the wrong pi­
geonhole. 

The most efficient of the three blue 
fi lters used was the 516 filter, which re­
flected the greatest amount of light en­
ergy into the blue projector ch rum el. A 
direct relationship between relative en­
ergy in the blue chrumel ru1d overall 
perfmmance is apparent in Figm e 3. 
Two red filters, 581 and 595, produced 
consistently higher perfmmance than the 
third, 619, which reflected energies 
closest to the infrared, p roduced a low­
brightness red symbol, generally ap­
peared to degrade the coJo.r mixtures of 
which it was a p rut , and tended to de­
saturate the green color code, a residue 
of the other two p1immies . 
Effect of Symbol Colors 

Significan t differences were also found 
among symbol colors, with subject per­
fmm ance, shown in Figure 4, highest 
for the red, lowest for the green. Tests 
of specific differences grouped symbol 
colors into three general groups, red and 
yellow superior, magenta and white in­
tennediate in effectiveness, and cyan, 
blue ru1d green rendering the lowest 
perfmmru1ce. 

Parallels may be drawn between these 
and findings in a previous study8 in 
which identical apparatus and similar 
tasks · were used. In the latter effmt, 
dealing with the variable of misregis­
tration, at perfect registration, using fil­
ters 498 blue and 595 red, the order of 
symbol color efficiency was red, yellow, 
blue, magenta, white, green and cyan. 
The only major discrepancy in the two 
findings was the relative position of the 
blue symbol color. However, in the mis­
registration experiment, investigators em­
ployed ve1y high display brighmess and 
negligible ambient illumination to maxi-
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FIGURE 4: Subject performance for symbol colors averaged over all cond itions. 

mize misregistration visibilty. In this TABLE 1: Symbol color confusion matrix. 
task measures were taken to compensate 
for these factors more probable levels in 
the field. Consequently, it appea red one 
of the detectable effects of reducing the 
overall contrast ratio between symbol 
and background was that the b lue sym­
bol color was extmordinarily d egraded. 

Another important feature in the d ata 
on symbol color is the relatively poor 
p erformance tumed in on the green sym­
bol color. The peak of the luminosity 
cUive for the human eye in the green 
area of the spectmm is a well-known 
ch aracteristic. As a result, it is genera lly 
assumed that green is an excellen t cod­
ing color. In this and the misregistra­
tion8 studies, the reverse has been found. 

One explanation for the difficulty with 
green is the fact that in the present in­
vestigation the three primaries were sep­
m·ated b y interposing in the light p ath 
first a blue, then a red filte r with the 
remainder being d irected into 'th e green . 
In the majority of fi lter combinations, 
the green symb ol color was very desat­
urated, too brigh t and quite similar in 
appearance to cyan. Radiometric read­
ings taken with an Eppley the rmopile 
confim1ed that in on ly one case, 516-
581, was the intensity of the green ch an ­
nel approxima tely equal to that of ei ther 
of the oth er two, in tenns of physical 
units . In term s of psychological bright­
ness, green was always highe r. The ob ­
vious con clusion is that the ad vantage of 
green has not been utilized . 

One of several a ltemate measures of 
performance w as the frequency of color 
confusion or inclusion of other-colored 
symbols in the reading of E -designated 
symbols. The particular confusions and 
the colo rs most often confused were tab­
ulated and appear in Table I. 
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Symbol color 
I nserled 

GREEN 

WHITE 

CYAN 

YELLOW 

MAGENTA 

RED 

CYAN 

Symbol Color 
Being Read 

CYAN 

YELLOW 

GREEN 

WHITE 

RED 

MAGENTA 

BLUE 

Percent of 
Responses 
Insertion 
Occurred 

5.3 

3.7 

2.7 

2.5 

1.6 

1.1 

.0004 

According to this criterion, g reen, was 
the least acceptable color cod e, since 
5 .3 p ercent of the responses made to 
cyan were actually directed at green 
symb ols that appeared to b e cyan . W hite 
symbols were read as yellow more often 
thru1 the con verse. 

The blue symbol color was never ob­
se,ved as being read for anothe r color, 
but in five instances cyan sym bois were 
read as b lue symbols. The green-cyan, 
white-yellow confusions are particular 
aspects of symbol color effect iveness 
and not readily apparent in the overall 
correct-items-per-trial score. 

Conclusions 
For the present optical arrangement, 

an order of blue reflector/ red reflector 
and a xenon source, a b lue dichroic fil­
ter having a 50-percent cu toff of ap ­
proxim ately 516 nw or poss ibly higher 
and a red d ichroic filter with a 50-per­
cent cutoff of between 581 and 595 m il 
are recmmnended. D ata do not support 
an insistence on narrow tole rances in fil­
ter specification. 

An altem ate mTangement of dichroic 
filters may prove more satisfactory ru1d 
will be investigated, namely using a red 
reflector fi rst, with cutoff of b etween 
580 and 595 mil, followed b y a yellow 
reflector cutting o.ff a t p erhaps 520 or 
530 mil, with the third ch annel being a 
h igh-brightness blue. By removing some 
of the brighb1ess from the green ru1d 
shifting it into the blue, the follow ing 
advantages would b e gained: 

l. Green and cyan would differ m ore 
greatly in b rightness as well as 
hue and would probably be more 
discriminable. 

2. Blue would appear brighter, hence 
more legible symbology would re­
sult without cleb·acting f rom the 
apparent a dv a ntages of blue , 
n amely hue uniqueness and at­
tention-getting ability (suggested 
b y Table I ). 

3. Conceivably, the con fu sion. be­
tween yellow ru1d white would b e 
obvia ted to a greate r exten t, since 
yellow would appear less brigh t 
and m ore saturated than in the 
present stud y. 
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moderate resolution, 
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TYPE AV 172 

ES 
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1 ~6" CRT neck 
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for 42• 

1 ~6" CRT neck 

TYPE HD 
ecording storage tube yoke 

Scan converter 
applications 

TYPE QY 
Miniature yoke 

for \Is" CRT neck 
and special unit 

construction 

TYPE MY 
storage tube yoke 
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2%" CRT neck Type DJ 

TYPE DY 
Pincushion corrector, 
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applications 
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beam modulation 
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TYPE HLF 
Vidicon yoke , focus 
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For standard TV 

applications 

TYPE TV 129 
astigmatic corrector and 

dynamic focus coil 
For high resolution 

UPlAND, CAl. 
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TWX 71-4-556-9550 
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on the move 
Joh n L. Coddington has been named 

general manager, Magnetic Shield Div., 
Perfection Mica Co., at Chicago, filling a 
vacancy left by the death of Glenn 
Powers. Coddington was formerly AF 
marketing requirements mgr. for Texas 
Instruments' Apparatus Div. in Dallas. 

J ohn A. Postley has been named VP/ 
Advanced Information Systems of In­
formatics Inc., according to pres. Dr . 
Walter F . Bauer . 

Robert V. Head has joined Computer 
Sciences Corp. as mgr. of Management 
Information Technology. 

Amperex Electronic Corp. has pro­
moted AI Katz, former product mgr. for 
Communication Tubes, to the newly-cre­
ated post of mkt. mgr., R. F. Products; 
and Allen Merken, former product mgr. 
of Digital Products Group, to mkt. mgr. , 
Components Division. 

Elwood E. (Pete) Bolles has been 
named dir. of engrg. at Bunker-Ramo 
Corp.'s Defense Systems Div., replac­
ing Arthur P. Stern, who has resigned. 

California Computer Products Inc., 
has named three executives as VP's -
Howard E. Brewer , chief eng., Keith 
Kelsay, dir. of mfg. , and Richard L. 
Mark, dir . of comm'l mktg. Jer rold Asher 
has also joined the firm as mgr. of mktg. 
research. 

John Messerschmitt, VP of Amperex 
Electronic Corp., Hicksville, L.I., N.Y., 

announces the promotion of Ar nold I . 
Spain to the position of Product Manager 
in the Electronic Components Depart­
ment. 

Herner and Company, Washington , 
D.C., has announced the appointment of 
Melvin Weinst ock as a Senior Resident 
Consultant. Prior to joining Herner, 
Weinstock was Senior Agricultural Ad­
visor in Farm Corporations to Agway 
Inc. , Vineland, N.J. 

The appointment of Joseph F. McCar­
roll J r. as Director of Systems for the 
Bunker-Ramo Corp., Stamford, Conn., 
was announced by Marketing Director 
Ant hony A. Barnett. 

P atrick Byrne has joined California 
Computer Products Inc., Oakland, Calif., 
as product specialist, a newly-created 
post. Richard L . Mark, marketing direc­
tor of commercial products, said Byrne 
will concentrate on marketing the firm's 
automatic curve follower systems in 
Northern Nevada, Northern California, 
Washington, Oregon, Idaho and Montana. 

William J. Burros has been appointed 
Controller for Dialight Corp., according 
to announcement by Ellis Greene, pres. 
parent firm's Silver Spring, Md., facility. 

Robert A. Larsen has been appointed 
eastern regional sales mgr. for Fair­
child Space and Defense Systems' com­
mercial television systems, Syosset, L.l., 
N.Y;. 

Burroughs Corp., Plainfield, N.J., has 
appointed Douglas E. Schwartz to the 
position of Manager of Advertising and 
Sales Promotion, Electronic Components. 
Division, it was announced by Marketing 
Manager, Ar thur B. Shesser. 

Schwartz Fisher 

Charles R. F isher has been appointed 
Manager of Engineering, and Howard I . 
Jacobs has been appointed director of 
marketing for the Data Products Division 
of Stromberg-Carlson, San Diego, Calif., 
according to Carl V. Shannon, General 
Manager of the division. 

D. Clark Murphy has been aplJointed 
Prod. Mgr., data recognition equipment, 
Communications and Electronics Div., 
Philco Corp. 

K. M. Harden , pres. and chmn. of 
Traid Corp. , Glendale, Calif., has been 
conferred an honorary Doctor of Laws 
degree by Seattle University. 

THE FIRST 
+ 40 VOLT 

ALL SILICON DEFLECTION DRIVER 

MODEL RDA- PP6N-1R 
Amplifier a nd Regulated Quad ru- Pawer 

Suppl ies with Sa fety Current Lim iting 

12 Amp Change m less than 9 p,sec 

0.02% linearity 

• Direct Conversion: E in to I out 

• de to Pulses and Complex Waveforms 

• Compatible with Single-Ended Yokes 

• No Synthesizing Networks Required 

• Self Contained, Needs only 115 Vac 

• Minimum Crosstalk 

MAHWAH, N. J. UPLAND, CAL. 
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PERIPHERAL DATA-PROCESSING 
INSTRUMENTATION 

Digitize Measuring Instruments 
such as 

Optica I-Train S~ereoplotters, 
Comparators, and Coordinatographs. 
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X-Y Coordinate Plotters 

X, Y, Z Measuring and 
Recording in Photogrammetry 

Circle Reader Service Card No. 25 

liD Pradurts I 
Step Servo Motors 

JMC Magnetics Corp., Westbury, N. Y., 
has announced three new step-servo motors, 
the Tonnax Size 20 VH, Size 8 VH, and 
Size 8 Pt-.1. Size 20 VH t>. lark II model 020-
010 serves as a sturdy d igital control actua­
tor for X-Y plotters, heavy valve positioning, 
machine tool table positioning, and similar 
systems. It delivers 12 oz-in of mnning 
torque, 45 oz- in stall tOr<jlte, with response 
rates to 425 pps, bidircc:tional, in accurate 
15-degree increments. 

Size 8 VH is a four-phase variable re­
luctance step-servo which maintains accll· 
rate p11lsc integrity, responding bidirection­
ally at rates up to 1162 pps, in 15-dcgree 
increments. Weight is 1.6 oz, length 1.075 
in; it operates on 8 w input. Size 8 PM 
is 1.095 in long, weighs 50 gms, is a penna­
nent magnet step-servo motor ( Mode! 008-
845) offering precision bid irectional power 
consumption ( 1.74 w). 
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Electron Gun Supply 
Litton Industries' Electron Tube Div., San 

Carlos, Calif., has announced a new model 
electron gun supply and isolated video amp­
lifier. Designated the ~vl odel 1059, the unit 
is designed for operation of cathode ray 
tubes opernting with grounded anode or de­
pressed ca thode, fiber optic cathode ray 
tubes and demountable electron guns. It 
provides all gun voltages for electro-magnet­
ically focusecl CRT's with high voltage iso­
lation to 30 kv .~ ta ndanl and 40 kv on spe­
cial order. 

The unit eliminates destruction of the 
CRT caused by discharge of high voltage 
isolation coupling capacitors - through the 
tube. Video signals arc feel to the CRT by 
an isolation system possessing a 10 me 
video bandpass. The maximum output of 
the amplifier is 150 volts peak and can be 
attained at an input drive level of 1 v, with 
pulse lengths as short as 1 psec. 

Circle Reader Service Ca rd No. 27 

Illuminated Push Switches 
)ay-E! is currently introducing a line of 

pushbutton illuminated switches for space­
craft applications. These are hem1etically 
sealed, illuminated items designed specific­
ally to meet specs of such programs as 
Apollo, LEM, and others, on which they are 
presently in use. 

Among those included in the space ap­
plications line are the following items for 
the Apollo program : 2PDT hennetically 
sealed packages in momentary actions (in­
cluding lamp diodes in packages); 4PDT 
electroluminescent units now being quali­
fied for Apollo Block IT; 2PDT momentary 
electroluminescent space switch for LEM 
computer (package size 0.92 in' by 1.6 in. 
long); and 4PDT alternate action space 
switch for LEM control panel ( in design). 
Typical applications parameters for the 
fim1's spacecraft lines are: contact 28 v de, 
7 amps resistive, 4 amps inductive; endur­
ance m in. 40,000 cycles at 6 cpm 0° to 

150°F; range -67° to 248° F; 100% humid­
ity ( including water condensation); shock 
78 g min. 

Circle Reader Service Card No. 28 

High-Resolution CRT 
Du Mont Electron Tubes Div. of Fairchild 

Camera and Instrument Corp., Clifton, N.J., 
announces the development of a high-reso­
lution CRT su itable for various digital and 
analog applications, ranging from cartesian 
representations to precision radar displays. 
The KC2515 provides d isplays with small 
spot size, achieved by use of electrostatic 
focus, magnetic deflection, electronic gun, 
and fine-grain phosphor. 

A 26° deflection angle minimizes deflec­
tion defocusing and provides high corner 
resolution; a phosphor-screen option permits 
selection of medium-short, short and very 
short persistence phosphors; an aluminized 
screen backing increases light output and 
prevents build-up of spurious-charge effects; 
and an optional fiber-optic faceplate facili­
tates transmision of spectral energy gener­
ated by the phosphor screen for direct pho­
tograph ic recording of single traces. The 
KC2515 has a flat-viewing surface, 5J.: in. 
in diam. and 181~ in. in length. The face­
plate has a minimum viewing area of 4Jf in. 

Circle Reader Servico Card No. 29 

"Watering-Can" Projection CRT 

Raytheon Co., Components Div., Lexing­
ton, Mass., announces the development of 
a "watering-can" shaped projection CRT 
said to have longer operating life and in­
creased light output, as compared to stand­
ard cathode ray projection tubes. Raytheon's 
novel design incorporates liquid cooling of 
the phosphor. Images are projected through 
a 5 in. optical window. The electron gun 
is set at an angle and resembles a watering­
can spout. The deflection system compen· 
sates for trapezoidal pattern distortion. 

Light brightness available is 36,000 foo t­
Lamberts. After projection on a 3 by 4 ft. 
h igh directivity screen, screen brightness is 
50 foot-Lamberts. Rated operating life of 
the tube is 500 hours. The tube is expected 
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to find application in business management 
displays, stock quotation boards, and closed 
circuit theater television. 

Circle Reader Service Card No. 30 

6-Digit;Output Encoder 
Theta Instrument Corp., Saddle Brook, 

N.J. , announces the availability of a 6-digit 
encoding system, an addition to the firm's 
line of 4-digit devices. The encoder features 
an absolute, parallel decimal output to drive 
readouts and printers without the need for 
code converters. As an option, BCD code 
for precise computer interfacing is simul­
taneously available. 

Unlike most encoders, the Theta device 
produces a high power, on-the-fly output. 
Electrical levels to 115 v, 5 amps de are 
available. Primarily employed to digitize 
such parameters as linear position, angle, 
weight, and pressure for display purposes, 
the encoder circuitry also produces ou tputs 
which are easily used for alarming, sequenc­
ing, and motor control. 

Circle Reader Service Card No. 31 

Multiplex Fiber Optics 
Poly-Optic Systems Inc., Paramount, Calif., 

has announced a new type AST polymer 
fiber light bundle that offers many advan­
tages over the glass type, according to the 
manufacturer. Tem1ed Multiple,:® bundles, 
they provide improved flexibility and are 
almost indestmctible. The bundles report­
edly provide transmission characteristics su­
perior to glass, especially in their and violet 
regions of the spectrum. Light loss from 
bubbles and chipped cladding is eliminated. 
Non-breakable characteristics allow the use 
of a thin, lightweight sheath rather than 
the bulky stainless steel convoluted tube 
usually required with glass. Two types of 
light sources are available. 

Circle Reader Service Card No. 32 

Hanging Device 
Hangit, a new hanging device with a 

multitude of uses, now is available from 
the Evans Specialty Company Inc., Rich­
mond, Va. A patented 12-in. aluminum 
hanging strip, Hangit hangs papers of all 
types quickly, easily and neatly. Two or 
more units, spaced apart, can be utilized 
for papers wider than 12 inches. 

Rollers inside the hanging strip fim1ly 
grasp paper to be hung; paper is released 
instantly by pulling up and away. The unit 
eliminates thumb tacks, tapes, space-con­
suming bulletin boards. Using pressure sensi­
tive tape for accurate, permanent position­
ing, Hangit can be mounted on any surface, 
and installed in seconds. A screw mounting 
is also available. Evans handles a wide 
range of office and school supplies includ­
ing Tacky-Finger, finger tip moistener; the 
Punctuator; U-Bow desk and collating racks; 
and Sorba-Sound machine cushions. 

Circle Reader Service Card No. 33 

Photomultiplier Power Supply 
A universal regulated power supply for 

operation of photomultiplier tubes at up to 
1800 v de has been introduced by Vector 
E ngineering Inc. , Springfield, N. J. The 
stock unit, Model PM-1K-01A, provides con­
tinuously variable output of 200 to 1800 
v de in two ranges at 0-10 ma. Static regu-
INFORMATION DISPLAY, JULY/AUGUST, 1966 

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

F p 2 

T 0 z 3 
L P ED 4 
PECFD 5 
E D F C Z P 6 

I":CLOPZD 

Unretouched photo of mon itor screen 

Granger Associates 
has the answer 
nOw G I A's new high-resolution TV system lets you read a letter or digit 

occupying only 1/15,000 of the picture area. You can view broad 

scenes-like a situation display, an airport runway, or a bank of 

panel meters- and see all the critical details. Or you can put an entire letter­

size document on the screen and read any part. Series V1000 TV systems use 

as many as 1225 scanning lines and a Me video bandwidth 

to produce pictures with four times the 

525-line, 8 Me systems. Get in touch with 

closed-circuit TV systems available any-

Granger 
Associates 

clarity of conventiona l 

G I A for the most adva need 

AN EQUAL OPPORTUNITY EMPLOYER 

1601 California Ave., Palo Alto, California I Telephone : 321 -417 5/ TWX: 910-373-1291 
Granger Associates Ltd., Fox Oak (Flat), Seven Hi lls Road, Walton-on-Thames, Surrey, 
England I Weybridge 44842 
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• CRT and Coil Mounts • Saw­
tooth Generators • Deflect ion 
Amplifiers • Dynamic Focus 
Generators • Linea rity Correc­
tion Circuits • Video Amplifiers 
• and more. 

We specialize in designing and 
building Custom CRT Systems to 
meet exacting precision and per­
formance requirements. 

Recent design projects include: 

• High resolution li ne scan 
displays 

• Airborne mi litarized rada r 
displays 

• Scan conversion 
• Computer displays 

• Film scanners and printers 

Your requirements studied at 
no obligation. Call or write: 

Beta 
Instrument 
corporation 

377 ELLIOT ST .. NEWTON UPPER FALLS 

MASSACHUSETTS I TEL. 617 • 969-6510 
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lation is ± 0.001% for a 10% line change at 
constant load. Load regulation is 0.001% 
from no-load to ht!l load at constant line 
input. Ripple is a 2 millivolts peak-to-peak. 
Stability is 0.01% per hour. 

Output voltage and current are con­
tinuously monitored by a pair of 2% ac­
curacy fron t panel meters. Coarse and fine 
voltage ad just controls provide accurate out­
put voltage settability. Ambient tempera­
ture operation is from 0 to 50°C. Units are 
available in 3Jf in. high standard relay racks 
or bench models. 

Circle Re1der Service Card No. 36 

Implosion-Protected TV Tubes 
Westinghouse Corp.'s Electronic Tube Di­

vision, Elmira, N.Y., announces the availa­
bility of a 21-in., 114-degree black-and­
white television picture tube having an in­
tegral implosion protection system and inte­
gral mounting bracket. This tube, reported­
ly the first commercial model of its kind, 
utilizes a prestressed banded implosion sys­
tem comprised essentially of a metal rim­
band and a steel tension strap. The rim­
band, curved to fit snugly around the 
periphery of the tube face, is epoxy-bonded 
to the glass. A steel tension strap is then 
prestressed tightly over the rim-band and 
mechanically clinched in place to maintain 
a residual tension in the system. 

A special tinted glass in the tube's view­
ing area improves picture contrast, and four 
integral mounting brackets ("ears") facili­
tate mounting in the cabinet, the manufac­
turer states. The construction of the tube 
and its in1plosion protection system is adapt­
able to many picture tube types which dif­
fer only in electrical characteristics. 
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End-Viewing Indicator Tubes 

Two end-viewing numerical indicator tubes 
have been introduced by Raytheon Com­
pany's Components Division, Lexington, 
Mass. The new Datavue h1bes have conven­
tionally-shaped numerals from 0 through 9. 
Each brightly illuminated numeral is ~8 in. 
high and can be read easily from distances 
up to 30 ft. even in a fully lighted room. 

The CK8421 is a round tube, and the 
CK8322 has a rectangular cross section. 
Each measures approximately 1 in. height 
and 1 in. diameter (or maximum cross sec-

Unforuellable 
rear-projection 

readouts ... 

shellv 
binarv inoul 

to visual disolav 
wilh memorvl 
The Shelly MBR-100 Readout ac­
cepts four line parallel 8-4-2-1 bi­
nary code, decodes it into 10 or 12 
messages, displays and holds any 
message upon receipt of an " en­
able" pulse. The sol id-state memory 
will hold a message unti l another 
" enable" pulse is appl ied to pro­
duce a display of the m essage de­
coded at that instant. 
Each unit consists of 12 parallel, 
miniature opt ical system s for mes­
sa~e projection, a si licon NPN 
sw1tch memory system, a nd a solid­
state decoder with drivers, gates 
and complementary function gener­
ators ... all in a unit 0.754" wide, 
1.115" high and 5.17" long! 
Completely modular, units can be 
arrayed vertically or hor izonta lly in 
housings that permit quick relam p­
ing or field change of color fi lters 
or film reticles from t he panel front 
... without tools of any kind. 
If your application requires inter­
mittent display of continuous binary 
input data . .. and space is at .a 
premium .. . don't forget t he Shel-
ly MBR-100. Your images will be 
brighter, sharper and larger ... 
and every message can become a 
memorable event! 

Write for Literature. 

S I llv Rear-Projection Readouts 
Pushbutton Switches 

Ind icator Lights 
Electronic Interface Devices 

SHELLY ASSOCIATES, INC. 
111 Eucalyptus Drive, El Segundo, 

California 90246 
(213) 322-2374 • TWX (213) 322-1345 

Represe8it~~~e~e1~d~a!"e'rv~~~e~ard No. 
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tion ). The tube~ meet all EIA electrical and 
mechanical ~pecifications for end viewing 
numerical indicator htbes of this type, and 
can be freely substituted in existing sockets, 
according to the manufacturer. A complete 
line of Datavue indicator tubes, both end 
view and side view, Datastrobe digital read­
out subsystems, character generators, and 
other alphanumeric components and sub­
systems is described in literahtre offered by 
the company. Complete specifications are 
available from Raytheon. 

Circle Reader Service Card No. 41 

Display System 
A unit which simultaneously displays 

changing infomHltion from up to 128 data 
channels in bar-graph fom1 on a compact 
17 -inch CRT has been announced by the 
Telemetries Div., Technical Measurement 
Corp., Santa Ana, Calif. Although up to 128 
data channels can be accurately measured 
or compared, the 650 Display System can 
hold data on as many as 256 channels in 
an internal core memory. Individual switches 
permit any channel display to be intensi­
fied as desi red. 

Data channels which would nom1ally re­
quire 128 separate meters are displayed 
on a single oscilloscope with relative magni­
h tde of each channel instantly visible, pro­
viding a practical, high-accuracy, quick­
look at system perfonnance. Data. displayed 
may be decommutated telemetry data, com­
puter outputs, multi-channel industrial in­
strumentation, the digital output from a 
spectrum analyzer, medical instmmentation , 
or any source of continuously updated data. 
Calibration circuits automatically generate 
calibration markers at intervals of 25% of 
full-scale. A front panel switch permits 
checking the calibration values stored in 
memory against an internal standard. 

Circle Reader Service Card No. 42 

Rear-Projection Readouts 
Modified versions of the SR0-100 rear­

projection 12-message readout featuring a re­
ported increase in readout character size of 
100% over standard units, and a 50% increase 
in image brightness and contrast, are now 
in full production at Shelly Associates ( For­
merly Cai-Cio Company), El Segundo, Calif. 

Each of the 12 precision optical systems 
in the miniaturized units can now project 
characters, sym bois, or six-line messages to 
a height of 0.700 in., to occupy a maximum 
area on the 1 in . viewing screen. F urther 
modifications have resulted in a 50% in­
crease in the brightness of images projected 
on the viewing screen, and an exact focus 
that eliminates stray light to increase over­
all contrast for optimum readability under 
typical ambient light conditions, according 
to the manufacturer. Modified SR0-100 
units also include an optional lamp assembly 
for based miniature lamps to offer the choice 
of based or un-based lamp configurations. 
Either lamp type is easily field-replaceable 
without tools of any kind. 

Circle Reader Service Card No. 47 

Fiber Optics CRT 
Electronic Tube Div. of General Atronics, 

Philadelphia, Pa., recently introduced a high­
resolution l-in. useful screen diameter CRT, 
available with or without fiber optics face­
plate. The fiber optics version offers a full­
screen fiber area for tlirect contact record-
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Display Systems 
Engineers 

Graphic Syste1ns 
Engineers 
IBM invites you to investigate 
these senior positions. 

At the present time, IBM in Kingston, New York, 
has undertaken a number of varied programs directed 
toward measurably advancing the man/ computer 
display technology. To assist us in achieving our 
ambitious objectives in this area, we are seeking indi­
viduals of high professional competence with the 
capability of defining and solving problems of extreme 
complexity. Select senior openings are currently 
available for: 

Display System s Engineers 
Requires a B.S., M.S. or Ph.D. degree in E.E. or Physics, 
and 3-5 years' experience in computerized display 
system design. Must have laboratory familiarity with 
electronic tubes, lasers, electroluminescence, scan 
converters, video magnetic recorders, photochromic 
materials, and/ or other devices and technology used in 
advanced displays. Background in computer system 
architecture and programming is highly desirable. 

Graphic Systems Engineers 
Requires B.S. , M.S. or Ph.D. in E.E. or Physics, with 
3-5 years' experience in advanced system design 
for graphics. Must have familiarity with electronic 
tubes, A/ D converters, function generators, video 
amplifiers, integrated analog circuits, encoder and 
logic design for digital computers. Background in 
EDP systems methodology is desirable. 

If you would appreciate a professional affiliation 
where you can utilize your training, experience and 
education to the fullest, write in confidence, to: 

Mr. C. E. Nelson, Dept. 779T, IBM Corporation, 

Neighborhood Road, Kingston, New York. 

An Equal Opportunity Employer 
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¥r WOULD SUGGlST THAT YOU USE THE NlV TO 8484 VIDICON 
IN YOUR TELEVISION CAM!RA. 
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+ ............ GENERAL ELECTRODYNAMICS CORPORATION 
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ing of displayed phenomena. Packaging flex­
ibility is offered through a choice of separate 
or integral bases. 

The tube, Model M1236, features high 
output and 1000 lines/ in. resolution. It is 
Mu-metal shielded against external magnetic 
fields. High electrostatic deflection sensiti­
ity is provided for transistorized applications. 
The unit is a micro-display monitor ideally 
suited for extremely fine detailed observa­
tion of military and industrial phenomena. 

Circle Reader Service Card No. 52 

Signal Line Isolator 
The Bunker-Ramo Corp., Canoga Park, 

Calif., has developed an all solid-state signal 
line isolator with isolation characteristics 
never before attained in commercial units, 
the firm claims. The device couples timing, 
control, or data signals between input and 
output circuits without a conductive path 
between them or any measurable coupling 
through electronic magnetic fields. Extran­
eous signal attenuation is over 100 db in 
both the forward and the reverse directions 
from de through 25 gc. Digital signals may 
be transmitted at rates from de up to 100 
kc; higher frequency response can be op­
tionally provided. 

The signal line isolator consists of an 
optical coupling system employing an emit­
ter and sensor that are separated by a con­
ductively - and e lec tr om agnet ically -
shielded interface. Input and output circuits 
are provided to match system input and 
output characteristics. A flange near the cen­
ter of the isolator, and an RF gasket, are 
provided for mounting through a shielded 

NEW! COMPLETE 
PACKAGE 

RANDOM ACCESS 
PROJECTION SYSTEMS 

100 frame 35mm fi lmst rip 
Dial o r pu sh button control 

0.25 to 3.5 secon d acc ess time 

Phone: 319-323-9729 

Mast Development 
Company Davenport, 

Iowa 52803 
Circle Reader Service Card No. 56 
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compartment wall to preserve the high iso­
lation feature . The signal line isolator meets 
or exceeds all government specifications for 
this type of product. It measures 0.80 in. by 
0.85 in. cross section by 4.25 in. long, has a 
1.80 in. square mounting flange and weighs 
9 oz. 

Circle Reader Service Card No. 53 

Desk-Top Electronic Calculator 

A solid-state electronic desk-top calcula­
tor, believed to be the world's smallest and 
fastest , has been introduced by Wang Lab­
oratories Inc., Tewksbury, Mass . Able to 
perform all normal arithmetic computations 
in a fraction of a second, the Model 300 
has a keyboard/ display console scarcely lar­
ger than a telephone. According to Wang, 
the calculator not only provides fast intern­
al data manipulation, but permits consider­
ably more rapid keying, requiring depres­
sion of only 0.002 in. to enter a number or 
perform an operation. 

Tl)e unit is noiseless, and answers are dis-

played instantaneously on the console in 
clear, lighted chracters ~ in. high against a 
dark background. The automatic floating 
decimal point instantly finds its correct 
place every time, without presetting. Many 
complex operations, such as duplex product 
and entry accumulation, are performed easi­
ly and quickly. Two independent, (but in­
terconnected ) addition/subtraction sections 
are available and serve as storage registers 
for the accumulation of sums and products. 
A third section handles multiplication and 
division. Entry and recall from any of the 
registers is performed by a single keystroke. 
Two models are available. 
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Flashing Indicator Lights 
D ialight Corp., Brooklyn, N.Y. , announces 

the addition of its first flashing light to its 
extensive listing of indicator devices. Utiliz­
ing a unique characteristic of high bright­
ness neon lamps in combination with solid 
state components, flashing operation is ob­
tained on 110-125 v ac power without 
moving elements or contacts . The light 
mounts in a J~- in.-clearance hole. 

Miniaturized driving circuitry on a t iny 
card is enclosed within the slender body 
of the light; an extending edge of the 
card exposes eyeletted openings for external 
wire connections. Based on life tests at 
maximum voltage, the NE-2J lamps utilized 
have an average life of 500 hours. Lamp 
replacement is made from the frmit of the 
panel. 
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Like how to make remote goniometry 
easy and inexpensive. $87.50 for a 

complete package that transmits and 
indicates angles remotely from 

antennas, aircraft wheels and flaps, 
and oil well drills. 

If you'd li ke to add to the list of 
uses, or to Ind icate, Measure, or 

Control, using flag and remote angle 
indicators, synchros, resolvers, 

steppers, or solenoids, they are in stock 
at IMC Magnetics Corp., Western Division. 

For quick service contact the 
Applications Section at 6058 Walker 
Ave., Maywood, Calif. 90270. Phone 

213 583 4785 or TWX 910 321 3089. 
If you need data sheets for reference 
or consideration fo r future projects, 

write IMC's Marketing Division at 
570 Main Street, Westbury, N.Y. 11591. 

Ql liaX!J 
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FIBER OPTICS, A SPECIA L REPORT, 
Bagley et al, Management Reports, 38 
Cummington St. , Boston, Mass., 1964; 
92 pages, ill us. $17.50 postpaid. Fiber­
optics Technology, while not completely 
understood, is widely recognized for it's 
potential usage in industry. This report 
which delves into the commercial as­
pects of Fiber-optics, is the result of an 
exhaustive study by a team of nine grad­
uate students of the Harvard Business 
School. The report is written in three 
major sections. Section one includes 
chapters on fundamental theory of fiber­
optics. Also, included in section one, is 
the technology related to the manufac­
turing process. The theory included in 
section one is presented in a concise 
manner directed towards a semi-techni­
cal audience. The scope of the mate1ial 
presented in section one includes a rath­
er complete discussion on light trans­
mission theory, resolution, bend radius, 
configuration of fiber bundles and wave­
guide theory. 

For the manufacturing process the 
manufacturer will find the needed tech­
nique to manufacture fiber bundles. The 
machinery is found to be very inexpens­
ive and simple, while the personnel 
needed to run the machinery and pro­
duce a high quaHty product at reason-

Book Reuiew 
able cost is the most difficult task. The 
making of fibers is still largely an art, 
and mass production technique is still 
not in sight. Finally the authors feel that 
temperature conh·ol is considered the 
most critical factor in the manufactming 
process. 

APPLICATION SECTION: Fiber 
optics are adaptable to a wide variety of 
applications. While the detailed infOima­
tion concerning every application is hard 
to obtain, the authors managed to pre­
sent a list of present and future applica­
tions. 

Optical A pplications such as infmma­
tion processing, optical wiring and pat­
tem recognition are possible, due to the 
very good pattern resolution ability and 
the optical response time, with present 
day fiber optics. In the audio applica­
tion a very interesting device called the 
sceptron is introduced. This device uses 
optical fibers for audio frequency infor­
mation processing and pattern recogni­
t ion. 

Electronic Applications such as optical 
computer logic, a contactless potentio­
meter, high speed printer and an image 
intensifier, are discussed briefly in the 
text. 

Control and Inspection Applications 
are also discussed by the authors. This 

application includes inspection of the in­
terior of a rocket fuel tank, core inspec­
tion of a nuclear reactor, and aircraft 
fire detection. 

Medical A pplications are finding wide 
acceptance due to the unique character­
istics of flexibility and remote accessibil­
ity properties of the fiber optics. The 
gastroscope, esophagascope and uretera­
scope are some of the medical applica­
tions discussed . 

The final section of the rep01t includes 
marketing information and recommenda­
tions for the future development of the 
fiber optic industry. The authors con­
sider the present fiber optic industry to 
be very uncoordinated, and to be domi­
nated by overly conservative manufac­
turers. Therefore, the authors recommend 
that a b·ade association be formed . This 
will open new lines of communications, 
thus insuring a freer exchange of infor­
mation . A trade association would also 
establish a joint marketing effort and 
provide for more directed research. 

In conclusion, while several important 
topics are discussed in this report, its 
value lies in the bibliography at the back 
of each section. 

Rex Huo 
Giannini Controls Corp. 
Duarte, CaHf. 

AN IMPORTANT ANNOUNCEMENT ABOUT DI SPLAYS FOR PDP 8 USERS 

60 

Economical CRT Computer Controlled D isplays, compatible with the PDP 8, are now 
avai lable from INFORMATION DISPLAYS, INC. 

All solid-state (except for 21" rectangular CRT) , these displays write up to 75,000 
poin ts or characters per second. Light pens, vector generators, size and intensity con­
trols, buffer memories, and other egually useful options can be included . 

One typical PDP 8 compatible system is the ID I Type CM 10095. This unit operates 
from the Data Break Channel and includes the CURVILINE® Character Generator, vec­
tor generator, mode control and light pen. The price of the CM 10095 Computer Con­
trolled Display System is $51,750. 

Other combinations to meet each user's reguirements can be assembled f rom the as­
sortment of standard options. 

Please write or call for complete information. 

NOTE TO USERS OF OTHER COMPUTERS - 101 probably has de livered dis­
p lays compatible with your computer ... too! 

Ill] I INFORMATION DISPLAYS . INC . 
102 E. SANDFORD BLVD. • MOUNT VERNON. N.Y. 10550 • 914 OWens 9 ·5515 
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MINIATURE PACKAGED SCAN CONVERTERS 

• • • New Products for Avionics 

SUBMINIATURE SCAN CONVERTER MODULE 
INCORPORATING RW-13 TUBE 

• • • 

PACKAGED MINIATURE AND SUBMINIATURE SCAN CONVERTER TUBES 

FOR MULTI-SENSOR DATA STORAGE AND PROCESSING 

The Warnecke RW-SEM and RW-13 are specially designed to meet the growing demands for packaged 
miniature and subminiature scan converter tubes. In their con~plimentary package of shield, coils and 
leads, the tubes meet the requirements for the MIL-E-5400 military airborne environment. 

Small size has been achieved without sacrificing resolution. The RW-SEM resolves 1200 TV lines and 
the RW-13 resolves 840 TV lines, at 50% relative output amplitude for orthogonal writing and reading. 

The storage surface is of the EBIC type, and information can be stored indefinitely until readout. 
Readout time can be custom tailored from a single scan to several thousand depending upon the 
application. 

The tubes feature a capability for q uick erase of aU stored information, or erasure of selected 
information. 

Magnetic focus guns have been designed to eliminate the need for dynamic focus. 

RW-5EM 

RW-13 

TYPICAL PACKAGED SIZE AND WEIGHT 

13%" long x 3" dia. 

1 0" long x 2" dia. 

6 lbs. 

2% lbs. 

~~\~WARNECKE 

INFORMATION DISPLAY, JULY/ AUGUST, 1966 

ELECTRON TUBES, INC. 
175 WEST OAKTON STREET, DES PLAINES, ILL. 60018 

PHONE (312) 299-4436 
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COMPLETE LINE! 

• ILLUMINATED SWITCHES, INDICATORS 
• TIME DELAY RELAYS - FLASHERS 
• INDICATOR LAMP DRIVERS 
• COLOR-COATED LAMPS 
• SPECIAL LAMP ASSEMBLIES 

Whether your application is ground su pport, 
airborne or spaceborne, computer 
consoles, commercial, industrial or mi litary, 
Jay-EI can help. Take advantage 
of our experience. We'd be pleased 
to tal k to you about your requirements. 

Write for full techn icr~l information 

1859 W. ! 6 9TH ST., GA RD ENA . CALIF . 90247 
Circle Reader Service Card No. 60 

NL-840 

The superior side view 
readout tube ... 
• compact..75o ·o.o. bulb for close spacing . ultra 
long life • rugged base pins. • pin circle arrangement 
permits excellent printed circuit designs • fine mesh 
anode screen . $4.95 each in 1000 quantities. 

WRITE FOR FREE BULLETIN 

ID Readout 
FJCC Technical Program 

The technical program for the 1966 Fall Joint Com­
puter Conference is taking shape. Assessments of pa­
pers a rriving by the close of submissions in May indi­
cated up to 24 sessions will be planned for the 
technical program, Nov . 8-10 at San Francisco's Civic 
Center. Dr. William H. Davidow, chairman of the 
technical program, has announced the following ses­
sions, with chaitmen shown, as film: 

"Time-Sharing Processors and Executive Systems," 
Dr. Gene M. Amdahl of IBM Cotp. , San Jose; "Inte­
gra ted Electronics and the Future of Computers," Prof. 
James B. Angell of Stanford University; "Computer­
Oriented D ata Analysis ," Dr. Geoffrey H. Ball of Stan­
ford Research Institute ; "Some Communications As­
pects of Time-Sharing Systems," Paul Baran of The 
Rand Corp. ; "Hybrid Applications and Techniques," 
Walte r Brunner of Electronics Associates, Inc., Prince­
ton, N. J.; "The Man-Machine Interface," Dr. Sidney 
Fernbach of Lawrence Radiation Labora tory; "Select­
ed Applications Using Numerical Analysis," R. W. 
Hamming of Bell Telephone Labs, Murray Hill, N. J. 

"For and Against Time-Sharing," Prof. Harry D. 
Huskey, University of California at Berkeley; "Tech­
nologies and Systems for Ultra-High Capacity Storage," 
J. D. Kuehler of IBM Corp. , San Jose; "Advances in 
Programming Languages," W illiam C. McGee of IBM 
C01p., Palo Alto; "Eng ineering D esign b y Man/ Com­
puter Interaction," Thurber J. Moffe tt of Lockheed­
California Co., Burbank, Calif.; "Computers and Pub­
lishing," William R. Nugent of Inforonics Corp., May­
nard , Mass.; "Compu ter Memories," D r. J. A. Rajch­
m:m of RCA Laboratories, Princeton, N. J. ; "Monte 
Carlo Methods Using Analog and Hybrid Computers," 
Prof. A. C . Soudack of the University of California at 
Berkeley; "Error Analysis in Analog and H ybrid Com­
pu ters," Dr. Robert Vichnevetsky of Electron ic Asso­
ciates, Inc., Princeton, N.J.; and "Computers in Music," 
Dr. Heinz Von Foerster of the University of Illinois. 

A workshop session is planned on "The Complements 
of Man/ Computer Interaction," with Thurber J. Mof­
fett as chairman. Also proposed are the following ses­
sions, according to Dr. Davidow; "Natural Language," 
H. R. J . Grosch of General Electric Co., Santa Barbara, 
Calif. , "Scientific Applica tions," L. H. Amaya of Lock­
heed Missiles & Space Co., Sunnyvale, Calif. ; "Man­
agement of Time-Sharing Centers," Prof. Richard Mills 
of Massachusetts Institute of Technology; "Impact of 
Computers on Government," Norman Ream of the 
Center of Services and Technology, U. S. Bureau of 
Standards; and "High Qual ity Papers of General Inter­
est," Rex Rice of Fairchild Research Lab , Palo Alto . 

Apollo Computer Program Contract 
Philco WDL Division, Philco Houston Operations, has 

been given a .$ 1.6 million contract to imp lement, program 
and opera te a comp uter system in conjunction with Apollo 
space fl ight simula tions. Called the Apollo Process Control 
Unit, it operates in conjunction with MSC's GS Simulation 
Comp uter (an IBM 360/ 75 ) used for the Apollo Simulation, 
Checkout and Tra ining System ( AS CATS), also under im-

- · ·• T ' - ---•~~ n ,.,,.,,.,, tinns. Philco-designed 



and -fabricated equipment will tie the Process Conh·ol Unit 
into ASCATS. Equipment includes a multi-channel telemetry 
multiplexer/ distributor and interface equipment to connect 
the computer to six ASCATS control and display consoles 
from which Apollo simulations are run. 

Congress on Information System Science/ Technology 
The Third Congress on Infmmation System Science and 

Technology, jointly sponsored by The Mitre Corp. and the 
AF Elecb·onic Systems Division, convenes Nov. 21-22 at 
Buck Hill Falls, Pa. Attendance is by invitation, limited to 
350 members. 

June SID Board Meeting: Summary 
[The following is the first of an innovotion in Information Display. 
in the c onstant effort to provide more complete information on act iv­
ities of the Soc iety for Information Displa y. Additional summaries of 
board notes will be published as quickly as possible after they be­
come available. - Ed .] 

The SID Board of Directors met in Washington, D. C. on 
June 15, 1966. A contract to produce the official SID lapel 
pin was award to Balfour. The pins will be available at the 
7th National Symposium of SID in Boston, October 18 
through 20. A National Repository Sub-committee has been 
established, chaired by Frederick E. Smith, of Litton Indus­
tries, Data Systems Division. The sub-committee is part of 
the Publications Committee. Mr. Marty Waldman, Editor 
and Publisher, Information Display, was named as Chair­
man, Publicity Committee. Means for more effectively han­
dling membership records were discussed and Sol Sherr, in 
conjunction with the Regional Directors, was asked to look 
into suitable systems. Phil Damon presented a new member­
bership fo1m which was approved. Executive Secretary, Dr. 
Luxenberg, was requested to gather data on location and 
costs of office space that could become the full-time Society 
headquarters. A decision as to whether or not to establish 
~uch a headquarters will be made at the next Board meeting 
ing Boston this fall. Status reports were also made by the 
Treasurer, Standards and Definitions Committee, and the 
Publications Committee. The next Board meeting will be 
held on October 17, 1966, at the 7th National Symposium, 
Boston. - CARL MACHOVER, Secretary, SID. 

Improved Chapter Communications Planned 
As a means of improving the written communication be­

tween our members themselves and the Industry at large, 
the various Chapters of the Society for Information Display 
have appointed Publicity Chairmen. These appointees are: 

Mid-Atlantic Chapter ... ............... Gordon Burroughs 
Los Angeles Chapter .............. Louis M. Seeberger 
Boston Chapter .................................... Harry Poole 
San Diego Chapter ........... ................... Hugh Larsen 

Appointments from the San Francisco and Washington 
Chapters are pending and hopefully will be available for 
announcement in this space in the next issue. 

The Publicity Chairman for each local activity will pro­
vide newsworthy material on Chapter affairs and people 
for publication in the Information Display Journal. Addi­
tionally they will act as "forward scouts" for technical writ­
ings of possible interest for Information Display articles. 

Los ANGELES CHAPTER: The June meeting of the Los 
Angeles Chapter was held at the Saddle Back Inn in Santa 
Ana, California. Dinner was followed by a visit to the 
Opcalite Company where the members were treated to a 
demonstration of a linear radiometer and a trichromatic 
integrating computer. This combination of equipment is used 
by Opcalite to obtain precise and rapid measurements of 
the spectrum of the radiated energy from light sources such 
as those commonly used in illuminate~ displays. This equip­
ment has been of particular value in the design and evalua­
tion of incandescent and elecb·oluminescent instrument 
panels. Changes due to aging or intentional variations in 
INFORMATION DISPLAY, JULY/ AUGUST, 1966 

rn LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 

San Carlos, Califo r nia I Canada: 25 Cityview Drive , 
Rexdale, Ontario / Europ e: Box 110, Zur j ch 50 , Switze rland 
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- We movecJ! 

VIDEO COLOR 
CORPORATION 

invites 
You to . . . 

confer w·th . 
Qny l Jts stqff I 

ProbJe...., i 0 experts on 
~4·s rorn . 

needs t 1 llllllled. o ong rqn lQte 
ge developrn 

Work ent 

MEIERs 
Vice PrAeDs_QdWSI(y 

' ent 

Here's what Video Color offers: 
TECHNICAL ABILITY 

For any s pecial purpose Cathode Ray Tubes 
THIN TUBES 

Monochrome and Two Color Flat Tubes 
ULTRAHIGH RESOLUTION 

(Less than .0005" spot size) 
FIBER OPTIC FACES 

HIGH CONTRAST 
Special Ultrathin glass substrates to elimin· 

ate halation 
Projection Tubes-Ultra High Light Output 

SPECIAL SCREENS 
Any Phosphor · 
High uniform ity, Ultra Smooth Texture 
Low Screen Noise 
High Light Output 

SPECIAL ELECTRON OPTICS 
High Deflection Sensit ivity 
High Beam Currents 
Multiguns 
High Voltages 

SPECIAL GEOMETRICS 
Back Ported Tubes 
Special Deflect ion Angels 

SPECIAL GLASS STRUCTURES 
Interna l Target s 

FULL LINE OF STANDARD TYPES CRT's FOR -
Cha racter Generato rs ~ (Monoscopes, etc.) 
Readouts, Printers, O~cilloscopes, Radar, 
Monitors, Video Recorders , View Finders , 
Flying Spot Scanners, Back Ported Devices, 
Computers, etc. 

Video Color Corporation 
500 S. Douglas St., El Segundo, California 
Phone: 213 · 772-5251 90245 
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components and ma terials may be quickly evaluated for 
specification purposes. 

T he above meeting was the last of the current season for 
the Los Angeles Chapter. T he next Chap ter affair, to be held 
in Sep tember, will be an installation meeting for the new 
officers for the '66-'67 year. Mr. Tom Curran, RCA West 
Coast D ivision, Van Nuys, Calif., has been appointed Nomi­
nations Chai1man and is currently assembling a slate of 
candida tes for local election. - L. M. SEEBERGER, Publicity, 
Los Angeles Chapter. 

Business Notes and News 
CONTROL D ATA CoRP., Minneapolis, i\ finn., demonstra ted 

a variety of products for "total information systems" at the 
recent Spring Joint Computer Conference of the AMERICAN 
F EDERATION OF INFORMATION PROCESSING SociETIEs (AFIPS) 
in Boston. Demonstrations featured a computerized in forma­
tion system employing the firm's 210 Visual D isplay System 
with six CD 211 Entry/Display Stations; four CD 6060 
Remote Calculators linked to a computer in Los Angeles; a 
CD 915 Page Reader; and the CD 6090 Remote Station, 
linked to a computer in Minneap olis .. . NonTH HOP ConP., 
Palos Verdes Peninsula, Calif., has received a ~4. 1 million 
contract in connection with T IPT (Tactical Information 
Processing Interpretation ), a joint U.S. military service pro­
gram. The TIPI program w ill develop portable field intel­
ligence processing un its to keep pace w ith modern aerial and 
reconnaissance equipment, for util ization in tactical com­
mand centers ... CALJFORKIA co~IPUTER PfiODUCTS INc., 
Anaheim, Calif., has received a contract in excess ·of 
8914,000 from· the Army's Frankfurt arsenal for the produc­
tion of FAL T computer logic testers and aux iliary equip­
me nt, to be u tilized for field tes ting of the F ADAC au to­
matic a rtillery fire con trol system . . . Under subcontract 
to BENDI X Co~ruEnC JA L SEnvJCES ConP., Mn.co ELEC· 

LIGHT MEASUREMENT PROBLEMS? 
t) CHECK GAMMA SCIENTIFIC 
® 

Specializing in instruments and systems for light 
measurement, Gamma Scientif ic combines 
experience, innovation and craftsmanship in its 
broad line of products, including: 
Photomultiplier Photometers • Calibrated light 
Sources • Telephotometers • Photometric 
Microscopes • Complete Accessories. 

For the latest catalog 
contact: Sales 
Manager, Dept. 271, 
Gamma Scientific, Inc., 
5841 Mission Gorge 
Road, San Diego, Calif. 
92120. Specific 
problems? Cal l collect 
714-282-2178. 

"See us at ISA Show, Booth I I07" 

GAMMA SCIENTIFIC, J;'\IC. 
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TRONIC CoRP., Miami, Fla., will supply the entire Target 
Acquisition and Display Sys tem for the NATO tactical 
l\'Iissile Firing Installation to be installed on the Island of 
Crete, designated Project NAMFI. Under another sub­
contract, to LE GRouPE ScJENTIFIQUE, of France, Milgo will 
suppl y the Data Transmission Link for Project NAMF T. The 
two contracts are reported to total $500,000 . . . Luminator 
Div. of Lul\UNATOH-HAnmsoN INc., Chicago, has announced 
sales of $905,000, new business of 81.4 million, and profits 
of $48,000 for the period ending April 30 this year, as com­
pared to sales of $884,000, new business of $772,000 and 
net loss for the same period last year ... RED LAKE 
LABORATORIES, Santa Clara, Calif., has b een appointed to 
a special dealership covering EASTMAN KoDAK photo-in­
strumentation films in 16-, 35- and 70-mm in normal as well 
as special emulsions . .. B-R DATA SYSTEMS INc., has 
been f01med in Silver Spring, Md., as a subsidiary of THE 
BuNKER-RAMo CoRP., Canoga Park, Calif., to engage in 
computer programming and systems analysis, and develop­
ing inf01mation management systems for government and 
industry. 

Test Telecasts Switch to Analog Computation 
Columbia Broadcas ting System recently announced it is 

now utilizing an analog computation system to tabulate 
studio audience votes in CBS News' National Test broad­
casts. The unit was designed by Weston Instruments, and 
constructed b y the CBS Special Effects Dept. The system, in 
actual use, allows 100 audience participants to press any 
one of five buttons at their seats to indicate a choice of 
answers to various questions; the system totals votes in 
each category and displays results in less than 0.25 sec. 
Key component is an optical Projected Moving Scale (PMS ) 
meter (Model 1209) designed by Weston; five are em­
ployed in the CBS system. 

FUNDAMENTALS of 
DISPLAY SYSTEMS 
THE FIRST COMPLETE PRESENTATION OF ALL THE 
ASPECTS OF THE NEW TECHNOLOGY OF INFORMA­

I 

TION DISPLAY 

by H ARRY H . POOLE 

" No better relationship be­
tween challenge and purpose 
can be imagined than that con­
tained in this purpose and this 
book."' 

- James H. Redman, Past President 
Society for Information Display 

I n this volume, the cathode ray tube is given extensive treatment: and 
large screen techniques and peripheral devices, systems design, and 
applications are explained in detail. Human engineering is covered in 
depth along with optics and luminescence; future techniques being 
tested and those in the research stage are explored. Adding to value 
and completeness of this coverage are the Appendices - Television 
Standards, Nomenclature, a Glossary, and complete Bibliography. 

IBM No. 9065 6 x 9 illustrated 416 pages $19.50 
Order From Your Local Bookseller, Or-

SPARTAN BOOKS 
A division of Books, Inc. 

432 Park Avenue South, New Y ork, New York 10016 
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How's this for 
wide angle visibility? 

No need to stand "head on" to accurately read Tung-Sol Hi-Optic 
Digital Display. This unretouched view is a 1so• angle. 

W ide angle visibility is achieved by the optical design of the 
characters and the "light pipe" principle which gives maximum sur­
face illumination. 

Clear, white light output in the order of 1000 foot-lamberts at 4.0 
volts gives Tung-Sol Digital Displays unequalled brilliance and con­
trast. A high standard of performance can even be obtained with as 
l ittle as 2.5 volts. 

Light shades of any kind are unnecessary. The seven-segment 
characters are surface- f lush. They provide maximum visibility with­
out need for additional optics. There is no crosstalk; no stray re­
f lect ions. 

Tu ng-Sol H i-Optics Digi tal Displays are available stacked or 
integrated, as shown below. * 

For all the facts, inc luding physical and T U N G • S 0 l 
electrical specifications, write for Bulletin 
T-431. Tung-Sol Electric Inc., Newark, DIG~~~~1~~~YS 
New Jersey 07104. 

•Aeg••ler•~ lrllti•M•r~ ol Tllii!J•Sol EJI!Ciric Inc. 

INTEGRATED 

Note high contrast between 
"on " and " off" segments. 
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Collect volumes of permanent data with one GA camera 
What's it worth to have a photograph 
of something that just happened for the 
firs t time- and might never happen 
again? Is there any substitute for photo­
graphic evidence? Volumes of words 
co uldn't PROVE what one picture would. 

A few photographs can form the foun­
dation for volumes of scientific data. 
Words can spell out the nature of phe­
nomena- expla in its significance-build a 
theory. But only n pl1otogrnph cnn prove 
it exists! 

You can have a permanent document of 
any electronically displayed info rma tion 
- instantly and inexpensively- by photo­
graphing it. For peak performance, fail ­
safe reliability and professional results 
select a General Atronics camera for 

your recording requiremen ts. GA cam­
eras offer film or paper-still or con­
tinuous recording - 35mm or 70mm­
Polaroid or Graflex interchangeable 
backs- data chambers-varia ble object to 
image ratios. And if we can't meet your 
requirements "off-the-she lf," we'll build 
a GA camera to your specifications. We 
have a quarter of a centu ry o f this kind 
o f problem solving know-how and the 
resources to back it up. 

If you record R & 0 data, NOT results, 
QC information, biomedical or other 
scientific phenomena, you'll save time 
and money with a camera. 

Here's why : GA cameras extend the 
range of your laboratory equipment­
elimina te duplicate testing and set-up 

time, reduce the need for expensive ex­
pert on- the-spot evaluation and make 
costly equipment available sooner for 
use elsewhere. They produce records in 
ten seconds for immediate checking, yet 
cost less and are far easier to operate 
than intricate graph recording devices. 

For more detailed information and spec­
ifications on General Atronics complete 
line of recording cameras, write or call 
today. 

For applications assistance call: (215) 
248-3700. 



Don't miss it. .. ! 

High Speed Transients and Non-re­
peatable Phenomena Represent Vital 
Information 

Preserve it with the SM-100 
Strip Film Recording Camera 
Physiological reactions of the nervous 
system- experiments using nuclear en­
ergy- geological soundings-are typical 
of areas in which interpretation of high 
speed phenomena is vital. A photograph 
on film or paper captures the informa­
tion as it happens and preserves it for 
future study and evaluation. 
You can't miss with the SM-100. Trans­
port speed of the SM-100 is continu­
ously variable from lh" to 12,000" per 
minute with three overlapping continu­
ous changes. Takes either 35mm film or 
paper (perforated or unperforated). Re­
movable 400-foot magazines are sup­
plied; 1,000-foot magazines are available. 

Check outstanding features 
of SM-100: 
• Wollensak f/1.5, 50mm coated lens 
• Alphax shutter with speeds from 1 to 

11100 sec. T & B 
• Object/ Image ratio 4.5:1 
• Toolless manual gear changeover 
• Diaphragm adjusts from f:1.5 to f:8 

• Manual advance for single f rame re­
cording 

• Timing m arker excited by line voltage 
or by external timing pulse 

• No warm-up time required 
• Individually removable magazines with 

light traps 
• Direct reading tachometer 
• Fits all standard 5" bezels 
• Mounts horizontally or vertically 
• Binocular viewer for simultaneous 

monitoring and recording 
• Illumination for data card recording 
• Solenoid actuated drive with magnetic 

brake in supply magazine 

For further information or application 
assistance on the SM-100, write today or 
call: (215) 248-3700 

GENERAL 
ATRONICS 
ELECTRO NIC INSTRUMENT DIVISION 
PHILADELPHIA PENNSYLVANIA 19118 
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ID Authors 

Paul Horowitz 
Paul Horowitz is 

currently engaged 
in Controls and Dis­
play analysis and 
definition for an Air 
Force contract, as 
well as directing ad­
vanced display sys­

tem studies with Aerospace Systems­
West department of the IBM Federal 
Systems Division. He received his BA 
in Applied Psychology from California 
State College ( 1958), and has com­
pleted graduate studies in Systems De­
sign and Analysis, Display Design, Bio­
technology, Optics, and Computer De­
sign. Prior to his association with IBM, 
he was engaged in highly specialized 
research projects with Systems Develop­
ment Corp., Ramo-Wooldridge, Aeronu­
tronic, and North American. 

Samuel Davis 
Samuel Davis is pres­
ently a Project En­
gineer in the Data 
Systems Division of 
Litton Industries. He 
is engaged in the de­
velopment of man­
machine interface 

systems, character generation systems, 
and tactical data display systems. He ob­
tamed his BS/EE from Case Institute 
( 1956) and did graduate work there, 
then was an Engineer in the Clevite 
Corp. Ordnance Div., in design of under­
water acoustic systems. Recent work 
has included design of circuits and sys­
tems related to many activities, includ­
ing amplifiers and character generators 
for use in both large and small CRT dis­
plays, as well as EL display systems, 
and has several patents pending. 

A. C. Stocker 
Excepting his serv­

ice with the Navy 
during World War 
II, A. C. Stocker 
has worked with the 
the Radio Corpora­
tion of America 
since 1928. He has 

designed a wide range of devices; his 
experience with Cathode Ray Tubes 
began in the early 1930s, and extends to 
date. He has perfo1med a number of 
systems studies, including studies of dis­
play systems, and for the past six years 
he has beeu a specialist in display tech­
niques. This background leads him to 
believe that the best opportunity for ad­
vance in the display field is in the 
application and use of displays. Mr. 
Stocker received his BEE from Ohio 
State University in 1928. 

Carl Machover is 
Manager of Sales, 
Info1mation D i s -
plays Inc., Mt. Ver­
non, N.Y., and Na­
tional Secretary, So­
ciety for Informa­
tion Display. Dming 

the past 15 years, he has been concerned 
with design and marketing of display 
devices, servo components, and related 
equipment. He holds two patents, and is 
the author of two books and several 
articles concerning displays. He was 
with Skiatron Electronics, TV Corp., and 
UAC Norden Division prior to joining 
IDI. He has served as Northeast Region­
al Director of SID, as chairman of the 
Mid-Atlantic Chapter, and was p rogram 
chairman for the SID Sixth National 
Symposium. 

Edward F. Rizy 
Edward F . Rizy is 

a native of Bridge­
port, Conn. He re­
ceived the AB de­
gree in Psychology 
from Fairfield Uni­
versity and the MA 
in Experimental Psy­

chology from Fordham. From 1962-63 
he worked with the Institute of Develop­
mental Studies, New York Medical Col­
lege, in test construction and adminisb·a­
tion. Since May 1963, as an Air Force 
lieutenant, he has been with the Display 
Techniques Branch, Rome Air Develop­
ment Center, Griffiss AFB. He has writ­
ten articles on the perception of casuality 
and on color coding problems. He col­
laborated on reports dealing with mis­
registration in additive color with mini­
mal standards for TV symbology. 
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Is your career ready for a fast take-off? 
Th e rapid ly increasing need for Kaiser FLITE- PATH® integrated 

pilot displays gets engineers off the ground in a hurry at Kaiser 

Aerospace & Electronics. Expansion in the development and manu­

facture of these advanced video displays - now operational in 

both mi litary and civilian aircraft - has resu lted in ever-broaden­

ing horizons for qualified engineering talent. 

Circuit design and systems engineers at Kaiser have the satis­

faction of testing their ideas in company aircraft and following 

them t hrough into quantity production. If you'd like to know more 

about a career opportunity with ceil ing and visibility unlimited, 

write E. M. Russell at Kaiser 

in Stanford Industrial Park, 

Palo Alto, California. 

I<AISER 
AEROSPACE&. 

ELECTRONICS 
an equal opportunity employer, M/F 
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new literature--
Aerial Reconnaissance Cameras 

Chicago Aerial J ndustries Inc., Barring­
ton, IlL, is offering a 4-page brochure 
covering the KA-50 series of aerial recon­
naissance cameras. This military-approved 
camera family features high-speed focal 
plane shutters, automatic exposure control, 
and interchangeable high-resolution lens 
cones in a series frame, 5 in. fom1at. 

The two-color brochure tells how the 
cameras are capable of gr.thering maximum 
intelligence under virtually any mission con­
ditions, with a minimum of operator control. 
Specifications and cLmension drawings arc 
also included. 

Circle Reader Service Card No. 69 

Aj D Conversion Device 
A ten-page, two-color engineering catalog 

has been released by Theta Instrument 
Corp., Saddle Brook, N.J ., describing a 
new method of analog-to-digital conversion. 

The catalog covers theory, application, 
and full specifications for a precise servo­
mechanism which transforms an incoming 
electrical signal into an illuminated d igital 
d isplay plus dig itall y coded (BCD ) output. 
Employed in such applications as nuclear 
rod position indicators and load-cell digi­
tizers, the instrumentation technique is in­
herently less expensive than methods in 
current use, according to Theta. 
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Switches and Connectors 
Switchcraft , lnc. , Chicago, Ill ., announces 

their new 24-page short form Catalog No. 
66, which contains a basic listing of the 
complete product line of electrical switch­
ing and connecting components and acces­
sories . 

All data is condensed for easy selec­
tion of jacks, plugs, switches, connectors 
and audio accessories for commercial, indus­
trial, and military applications. Nineteen 
items are introduced in the catalog, and 
a prepaid postal card is included to facili­
tate ordering complete engineering specifica­
tions on any of the wide variety uf elec­
tronic components described in the catalog. 

Circle Reader Service Card No. 71 

Microwave Tubes 
Litton Industries' Electron Tube Div., 

San Carlos, Calif., offers a 40-page 1966 
Products Summary containing data nn 
more than 300 microwave tubes and re­
lated equi pment. 

Included are complete specifications and 
photos on pulse and continuous wave mag­
netrons, crossed field forward wave ampii­
fiers, planar triodes, M-type backward wave 
oscillators, klystrons, traveling wave tubes, 
and display devices. 
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Gauss Chamber Assembly 
Magnetic Shield Division of Perfection 

Mica Co., Chicago, offers data sheet # 183, 
containing technical details, cutaway illus­
tration, and exploded view of a new Co­
Netic zero gauss chamber magnetic sh ield 
assembly which provides lower "0" refer­
ence for all forms of Hall detection devices 
and other magnetic sensing probes. 
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(Not unless you're using the new, high-resolution DuMont Type KC2515 CRT!) 
With resolution of 0.00 15 inches, our new KC2515 5-inch CRT rep­
resents the furthest advance yet made in man/ machine interface. 

Here's how we obtain it : 
• a deflection angle of only 26° 

(which virtually eliminates deflection defocusing!) 

• the faceplate is optically finished to within 0.005 in . 
(which minimizes parallax) 

• a new electron optical design, employing a specially designed 
electrostatic focus and magnetic deflection gun. 

• a significant reduction in phosphor grain size. 

Such advances in the cathode-ray tube are what you can expect 
from Du Mont, with our years of experience in design and manu­
facture. Call in a Du Mont sales engineer for informed applications 
assistance on the new KC2515, or on 4,000 other types of tubes 
in stock, or write for Technical Bulletin KC25 15. 

WORLD'S LEADING MANUFACTURER OF DISPLAY TUBES 

I=~IRCHIL.C 

OU MONT ELECTRON TUBES 
Such resolution enables systems designers to employ more so­

phisticated and more useful techniques of analog and digital 
presentation, Direct-photography applications are enhanced, SO A DIVISION OF F A IRCHILD CAMERA AND INSTRUMENT CORPORATION 
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SEE IT 
IN THE 

SUN! 

UP TO lOOx BRIGHTER 

NUMERICAL READOUT LAMP 
Operates on only 4 volts yet the NUMERALAMP* No. 
109 gives 4 ,000 foot-lambert filament brightness. 
Direct f ilament viewing permits wide angle v isibility 
even in sunlight. White light, segmented numbers 0-9 
are 0.7" high , 0.4" wide. Decimal point is included . 

NUMERALAMP can operate directly from transistor 
without intervening ci rcuitry. Ut ilizes standard T-6¥2 
lamp with standard 9-pin base. Has 200,000-hour 
life at 4v, cyclic life in excess of 10 m il lion. *Tradema rk 

Write for additional NUMERALAMP information and prices 

los BNGRfS miNimURf PRODUCTS, INC. 
_ "LAMPS. INC." _ 

17000 S. WESTERN AVE., GARDENA, CA. 90247 (213) 323-7578 
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Would you believe a 
CalComp plotter and any 

computer can draw pictures 
like these in seconds? 

---, 
,.-

r- F:::~ 

~ 

-

a perspective sketch of your new plant 

molecular structure diagrams 

I 
I 

If 

i 
( 

apparel patterns, graded for sizes and even the Mona Lisa 

it can 
Call or write Dept. Y80, California Computer Products, Inc., 305 Muller, Anaheim, California 92803. Phone (714) 774-91 41. 
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Insta ll it in minutes! It's fully preadjusted and prealigned. 
It's a self-contained package: a high-resolution tube, deflec­
tion coil , focusing coil, alignment magnets, mu metal shield 
and supporting hardware. 

This type of assembly is particularly well suited to high­
resolution photo recording and flying spot scanners. 

Each Sylvania CRT package is custom-built. Front-end 
mounting plates are also supplied to your specs. 

Servicing is just as simple as installation because the entire 
assembly can be replaced by another complete package. It's 
easy to disconnect, and you just plug it back in. No further 
alignment or adjustment is needed. This saves a lot of down-

time- and engineering costs that can add to the bill. 
And because the components are prealigned, you get imme­

diate optimum resolution. 
Sylvania's newest packaged assembly is the AT-SK-6003. 

It's designed for use with electrostatic focus tubes such as 
the 5CEP-both 5-inch high-resolution CRTs. 

Sylvania is where the big ideas in CRTs come from. We 
introduced low beater power cathodes ( 1.5 V, .140A) , elec­
trostatic printing tubes, rear-window 19" display tubes, 19" 
spi ral accelerator tubes, potted high-altitude CRTs- and 
prealigned packaged assemblies. 

Get some helpful information about our "instant display" 
CRTs. Sylvania Electronic Tube Division, Electronic Com­
ponents Group, Seneca Falls, New York 13148. 

SYLVANIA 
G~NIERR~L TELEPHONE & ELECTRONICS GT&E 
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Adams Associates 
Probes Computer 
Displays, Publishes 
New Review 

The First Comprehensive 
Source of Information and 
Crit ical Evaluation on This 
Rapidly Expanding Field 

CA:\IBRIDGE, MASSACHUSETTS -
Charles W. Adams, president of Adams As­
sociates, announced today that the first issue 
of THE COMPUTER DISPLAY REVIEW, 
a publication of far-reaching significance to 
all who are interested in computer graphic 
displays, was mailed on August 1 to p re­
publication sponsors and subscribers. These 
include many agencies of the Federal govern­
ment and armed forces, computer and dis­
play equipment manufacturers, industrial or­
ganizations, research and de_velopmrnt labora­
tories, and university computation centers -
a clear indication of the wide range of inter­
est that alphanumeric and line-drawing dis­
plays hold for businessmen, indust rialist s and 
scientists. 

In its many years of developing and \\·ork­
ing with computer-based display equipment 
and techniques, Adams Associates has long 
recognized the need for a single source of 
information and critical evaluation of this 
entire field . THE COMPUTER DISPLAY 
REVIEW answers this need. Divided into 
seven sections containing more than 500 
pages of te:-1;, t abular and illustrative ma­
terial, the information in it results from an 
intensive effort by Adams Associates during 
the past year to gather, analyze and evaluate 
data on all display equipment now available 
or under development in the free world. 

"As consultants rather than publishers," 
Mr. Adams said, '·we are offering not a book 

but n service. To keep our subscribers abreast 
of the latest developments in this rapidly ex­
panding field, a full-time staff will continue 
its research, visiting equipment manu factur­
ers and field installations. New dcYelopmcnts 
in display hardware, software, application: 
and trends will be thoroughly evaluated :mel 
information on them released in the form of 
supplements every four months. In addit ion, 
abstracts of timely a rticles on applicat ions 
and techniques as well as papers contributed 
to or written expressly for t.he REVIEW by 
well-known specialists will be included." 

By making T HE C01IPUTER DISPLAY 
REVIEW available on a subscription basis 
to corporate sponsors, the substantial cost of 
p roducing ·it - which would be prohibit ive 
for any one client- will be shared by in­
terested firms and govenm1ent agencies. T he 
corporate sp:msorship fee of $750 is a one­
time charge which includes one annual $150 
subscription to t he REVIEW. All additional 
subscript ions and renewals a re $150 a year. 
Since both the U.S. and Canadian govern­
ments are already corporate sponsors, all of 
thei r agencies are eligible for the $150 sub­
scription rate. So too are all accredited uni­
ver~i ties , colleges and secondary schools, for 
which the corporate sponsorship fee has been 
waived. 

For f urthe r inf o rmatio n on THE COMPUTER DIS PLAY REVIEW, 
please call or write to J ohn T . Gilmo re, Jr., Vice President . 

charl es w . 

adams associates 
i n c. 

575 T E CHNOLOGY SQUARE · CAMBRI DGE· MASSACHUSETTS 02139 (617) 4 9 1- 6 5 55 
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11nd 
worlcing! 

New dd 10 
multi-station 

remote data entry 
and retrieval 

systems! 

The dd 10 is just the ticket for air­
lines who need a stream lin ed, 
up-to-date reservation system. It's 
the logical choi ce wherever speed 
and flexibility are required above 
ordinary data entry and retrieval 
methods. 

This electronic typewriter display 
.system permits all stations to be 
used s imultaneou sly for rapid re­
trieval of information from a com· 
puter memory. Each sta tion 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 

a full alpha-numeric keyboard and 
cathode ray tube console. Any typist 
can operate the keyboard after just 
a few minutes instruction . Up to 63 
of th ese stations can be connected 
to the central control unit. Options 
are available to adapt to a variety of 
applications ... input interfaces are 
available 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 wi ll show you how the dd 10 
can work to your advantage. Write or 
call for an appointment. 

1820 COMO AVENUE • SAINT PAUL, MINNESOTA 55108 • 646·6371 
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