
with the 
CONTROL 
DATA200 

User 
Tenninal 

Your computer may be hundreds 
of mi les away, but a CDC® 200 
User Terminal puts its comput ing 
power at you r fingertips . . . gives 
you immediate access to all the 
computing power you need, when 
you need it. Enter information or 
ask for it. Change or update a file. 
Submit a computing job. The re­
sponse is immediate. In effect, the 
computer is yours alone, regard­
less of how many others happen to 
be using it simultaneously. 

The CDC 200 User Terminal con­
sists of a CRT / keyboard entry-dis­
play, a card reader and a printer . 
Data is entered via the keyboard. 
Response from the computer ap­
pears either on the screen or as 
hard copy from the printer . 

The entry I display station has 
a 14" screen with a capacity of 

Circle Reader Service Card No. 60 

twenty 50-character lines (thirteen 
SO-character lines optional). The 
photoelectric card reader has a ca­
pacity of 100 cards per minute. 
Its 1, 000-cha racter buffer gives 
it a throughput equal to that of 
larger, more expensive readers. In 
line printers, you have a c;:hoice be­
tween an 80 column or 136 column, 
300-line-per-minute reader. Either 
device may also be used for off­
line card listing. 

For full detai ls on this and other 
Control Data User Terminal s, con­
tact your Control Data Sales Office 
or write Dept. LL · 78 

CONTROL DATA 
CORPORATION 

8100 34th AVE. SO., MINN EAPOLIS, MINN. 55440 
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Other applications : 
• Ultra fast (3 KMc) transient pulse 

recording and telemetry 
• Wave form analysis 
• Slow scan readout 
• Data stor.age and readout 
• Signal processing 
• and many more. 

Think about scan conversion; 
when you are ready to talk about 
it, get in touch with the company 
that has the broadest experience in 
scan converter tubes. To receive 
some thought provoking literature, 
circle the number below: 

MSD-
rooA Y'S PRIME TASK FOR 

SCAN CONVERSION 
Military ships and aircraft now on the drawing boards 

have eyes that see at night, under the sea , throu gh 
clouds and over the horizon. More information is avail· 
able than the decision maker can handle without special 
aid. The answer to the problem is MUL Tl SENSOR 
DISPLAY. MSD fu nnels radar, LLTV, Sonar imagery into 
a single TV display channel and permits the controller to 
query any of t he ava ilable sensors at will via a bright 
display monitor. 

The enabling ingredient is scan conversion . Input 
images are stored in their natural display format on the 
storage target of a Rauland scan converte r tube . The 
readout beam dissects the stored image into the famil­
iar TV video format. Reading and writing may be simul­
taneous and independent of each other. Display per­
sistence is electronically controllable. 

THE RAULAND CORPORATION • SPECIAL PRODUCTS DIVISION 
5600 W. JARVIS AVENUE • CHICAGO, ILL. 60648 Telephone (312) 647-8000 • A~ Subsidiary 
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TYPE 8-5750 

LOW COST: 
$3.95 each in 1000 quantities. 

HIGH BRIGHTNESS: 
time sharing up to 12 digits, 
or for DC operation. 

TUBE SIZE: 
0.5311 diameter; 1.511 height. 

TYPE B-5855 

LOW COST: 
$4.35 each in 1000 quantities. 

ULTRA·HIGH BRIGHTNESS: 
time sharing more than 12 
digits, or for DC operation. 

MINI TUBE SIZE: 
0.51" diameter; 1.35" height. 

TUBES SHOWN ACT UAL SIZE 

TIME-SHARING OPERATION: 
like numerals can be driven in parallel , 
reducing driver costs, and without sacri­
fice of brightness. 
IC·COMPATIBLE PIN CONFIGURATION: 
dual-inline layout designed for IC de­
coder I drivers. 
OPTIONAL PIN CONFIGURATION: 
conventional plug-in type for socket 
mounting, or flying leads for direct 
soldering. 
COMBO PIN SPACER/LEAD STRAIGHTENER: 
simpl if ies PC·board and/ or socket in­
sertion. 
DECIMAL POINTS: 
positioned left and right, independently 
operable. 
CHARACTER HEIGHT: 0.5" 
MINI-SIZE, LOW-COST SOCKETS: 
for DC or time-sharing operation. 
ULTRA·RELIABLE: 
like all ultra-long-life NIX IE tubes. 
LONGEST STATIC LIFE: 
for demanding applications. 
SPECIAL-CHARACTER TUBES: 
+ 1- tubes available from stock. Alpha/ 
special-character tubes made to order. 
MOST COMPLETE HARDWARE BACK-UP: 
low-cost IC decoder/drivers available 
off-shelf. Custom assemblies at pro­
ductiOn costs through modular design. 
MOST COMPLETE APPLICATIONS BACK-UP: 
design and applications assistance of 
the kind available only from Burroughs, 
the originator of NIXIE tubes. For a 
demonstration, application notes and 
full information call -or write 
Burroughs Corporation, 
Electronic Components Division, 
Dept. N-17, P.O. Box 1226, 
Plainfield, New Jersey 07061 
TEL: (201) 757·5000. 
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Cover arl, from Northrop Nort ronics, Div. of 
Northrop Corp., depicts th e Vigicon IV Display System , 

which operates in airborne, shipboard, and m obile 
ground applications as w ell as fixed-site ground installations . 
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the 
Saver. •• 
plots your digital data 

with less programming time, 
(and money) 

with less machine time, 
(and money) 

with less 1/0 time, 
(and money) 

with less plotting time, 
(and money) 

and less floor space, and magnetic tape, 

and data storage space ... and money. 

.... . .... ... .. --_ . ...._ 
._:. 

Match up your data display require­
ments with the DPS-6 total data dis-

~ play system. Choose the type of X-Y 
plotter, input source and supporting 
software that meets your needs. T~en 
match the DPS-6 operating costs with 
other digital plotting systems. You'll 
see why we call it " the saver." 

Read about it in our new brochure. 
Can't wait to start saving? Phone us. 

Milgo Electronic Corporation Plotting Equ ipment Sales Division 
7620 N. W. 36th Avenue, Miami, Florida 33147 Telephone: 305+ 691-1220 
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Do you know what 
it takes to ntake your 

contputer draw like this? 

A CalComp System 
that's what. 

All it takes is a CaiComp Plotter and CaiComp Software. You supply 
the computer and the problem, CaiComp will supply the graphic solu­
tion. Call or write: Dept. Y·8, California Computer Products, Inc., 
305 Muller St., Anaheim, California 92803. Phone (714) 774·9141. 

cteeceeee 
Standard of the Plotting Industry 

(TALENTED ENGINEERS AND PROGRAMMERS REQUIRED- RIGHT NOW.) 
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A "Refreshing" 
new Storage Tube 

1...1 

INFORMATION DISPLAY, ju ly/August 1968 

"Refresh" your alpha-numeric display with the exciting new 
Alphechon storage tube. Smaller than any other single­
ended, non-destructive read-out storage tube previously 
available, this entirely new device can accept incoming 
signals (even over telephone wires), store them, and read 
them out as TV signals. 

Th is small {6.75" long), low-cost tube is sure to become an 
important new component in data distribution and read-out 
systems where computer-generated alpha-numeric 
messages are to be displayed on conventional TV monitors. 

Although the Alphechon storage tube is designed to 
operate over a wide range of input and output rates in a 
variety of operating modes, the Alphechon is characterized 
at a writing time of 1 TV frame, an eras ing time of 1 TV 
frame, and may be continuously read out at TV rates for 
more than 2 minutes. 

For more information on the Alph echon and other RCA 
Display Storage Tubes, see your RCA Representative or 
your RCA Industrial Tube Distributor. For technical data, 
w rite: RCA Electronic Components, Commercial 
Engineering, SectionE1782, Harrison , N.J. 07029. 

Circle Reader Service Card No. 5 9 



We offer over 200 talking pictures. 
Pick one that speaks your language. 

O ur CRT's have been articula te 
right from the start. Our first, 
thi rty years ago, told us we were 
onto a good thing. Some people 
didn't believe i t, but that one 
spoke our language. 

Since then we've gone on to 
develop and produce CRT's that 
make up an electronic United 
Nati ons. 

O ne speaks to the wea th er -

man. Another to a heart special ­
is t. There's one that sits on a 
desk and talks to bookkeepers 
or accountants. And one that 
communicates with ai rcraft con­
trol tower personnel. One that 
strikes up a conve rsation with 
geologists. And even one that 
displays nuclear explosion data 
to anyone who cares. 

Tha t' s asking a lot from a CRT. 

But th en we've always done that. 
And we'll go right on doing it. 
Because even as our customers 
tell us, there's almost no limit to 
what a CRT can talk about. 

Want to start a conversation 
with a CRT? Call o r write us 
to ar range a meeting ... anytime. 

Electronic Tube Division, WJJ). 
General Atronics, Phi ladelph ia, 
Pennsylvania 191 18 

GENERAL ATRONICS 
Circle Reader Service Card No. 6 
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A secret weapon, eh? I can tell you right now, if the 
new DW "Multi-Switch" doesn't save on space and 
cost, it's going to be a dud! 
That's the point. Switchcraft designed this compact 
pushbutton switch to do both. It's not just a scaled 
down version of an existing "Multi-Switch". 
I'll buy your design philosophy so long as you haven't 
sacrificed the versatility and quality we've been accus­
tomed to on your larger switches. And, don't forget 
economy. 

Let's tackle your points one by one, and see how the 
new Series 65000 DW "Multi-Switch" shapes up! 

We've guaranteed versatility by using simplified modu­
lar construction. Essentially, the switch consists of a 
frame up to 18 stations long, latch bar for function 
control and switching modules that provide up to 2C 
(DPDT) circuitry. 

Fig. 1 

Series 65000 DW "Multi-Switch" assembly 

Latch Bar Switch Module 

Fig. 1 shows how these elements are combined to com­
plete the switch. The latch bar and mating actuator 
configuration determine the functional operation, such 
as : Interlock, All-lock, Non-lock and even special 
functions. 

We don't have space to cover all the versatility details, 
such as, printed circuit terminals, pushbutton engrav­
ing, accommodation for mounting with Tinnerman 
nuts, etc. JUST CIRCLE THE READER SERVICE 
NUMBER FOR NEW PRODUCT BULLETIN #174. 

on the new 
DW 
"Multi-Switch~'* 

An example of quality construction is the rigid frame, 
and double-wipe contactors used for extreme reliabil­
ity. Fig. 2 shows how the 'U" shaped contactor pro­
vides positive contact and minimizes "bounce". Also, 
the molded nylon pushbutton actuators are an integral 
part of the module. They can't be lost or pilfered. 
Our quality story ties right into economy. You can't 
buy a better made, compact multiple-station push­
button switch for the money. 

Fig. 2 

" U" Shaped Contactor "U" shaped design 
' provides 

' positive 
contact 

Terminal Board Switch Terminal 

We'll accept the commercial, only because you have 
the reputation to back it up. The design looks great, 
but what about ratings and special circuit applications? 

Typical ratings for silver-plated contactors would be 
3 amps. A.C., 0.5 amps. D.C. 125v. non-inductive. For 
dry circuit applications, gold flashed contactors and 
terminals could be furnished. As usual, we're glad to 
engineer specials t o accomm odate your volume 
requirements. 

I'll probably have more questions after we get a few 
samples on test. In the meantime, I'd like certain 
members of my staff to get complete engineering de­
tails on the DW "Multi-Switch" switch. 

Just have them drop us a request on your company 
letterhead for complete technical scoop. Also, we'll 
add their name to our TECH-TOPICS mailing list to 
receive this engineering-application magazine every­
other month. Over 10,000 engineers find the applica­
tion stories very interesting and useful in their work. 

*Patent applied for 

5531 N. Elston Ave. 
Chicago, Ill. 60630 
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EDITORIAL 

SID rn the year to come 

The gratifying success of the 9th National Symposium was a tribu te to the imagina­
tion and effort of the host Los Angeles chapter. They really gave us something to shoot 
at for future meetings. 

At the same time, the excellent attendance of members and visi tors is also indica­
tive of a steadily growing interest in the field of Information Display. This pattern o f 
growth and progress affords challenges and opportunities for all of us in SID, particu­
larly to the new officers, the directors and chapter leaders. 

The administration of Bill Bethke as president has helped in providing continuing 
direction to the Society and its activities. It is reassuring to note that Bill and many 
associates of his team wi ll continue to contribute to the leadership of SID. On behalf of 
your new officers, I would like to express our thanks to the membership for entrusting 
to us the stewardship of the Society during the coming year. 

A development of interest is the apparent intention of several universities to offer 
courses in Information Display subjects. We have established an Academic Committee 
to consult and advise colleges on course con tent. Dr. H. R. Luxenberg will head th is 
group. Two o ther new committees will help ensure our sound growth. They are: Inter­
Society Committee-Bill Bethke, chai rman; and the By-Laws Review Committee-Bob 
Klein, chai rman. 

Th rough these and other measures, we hope to accelerate the Society's growth 
and to enhance its stature. But the major source o f SID's strength and growth con tinues 
to depend upon vigorous and imaginative activity in the Chapters. The national organi­
zation wi ll endeavor to stimulate such activity in any appropriate manner available. One 
such program is to prepare and circu late summaries of Chapter activities as described 
in their technical meeting reports. 

Exci ting developments are coming about in the technology of Information Display 
and its applications. We can play a vital role in this progress. 

C. MACHOVER 
President, Society for Information Display 

During the pa~t seventeen 
years, Carl Machover has been 
concerned with the design and 
marketing of display devices, se r­
vo components, gyroscopes, 
bombing and navigation systems, 
and precision test equipment. 
.\.1r. Machover was Manager of 
Sales for Skiat ron Electron ics 
Television Corporation before 
join ing ln iormat ion Displays, Inc. 

Prior to that, he w as Manager of Appl ications Engineer­
ing fo r the Norden Division of United Aircraft Corpora-
tion. 

,\1\r. 1\l achover holds two pa ten ts on gyroscope devices, 
IS the author o f two books on gyroscopics, and several 
articles on displays. Mr. i\lachm er 1s a member of IEEE, 
Sigma XI, Tau Beta Pi and Eta Kappa Nu. He holds the 
B.E.E., Rennselaer Poly technic Institute, and has done 
Graduate study, ew York University. 
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MODEL 04499 

TYPE C4942 

Request 
catalog page 

TYPES V21 
A V22 

TYPES 
C3217 /C3528 

For fast, convenient alignment 
of yokes and focus coils in (l) 
ultra precision displays and fly­
ing spot scanners, and (2) labo­
rator.y research and prototype 
evaluation. Exclusive inde­
pendent micrometer adjustment 
of pitch, yaw, horizontal and 
vertical t ranslation .. . with 
firm precision locking. Exclu­
sive true precision control and 
exact repeatability, plus rugged 
construction. For full details re­
quest catalog page. 

SHIELDED DYNAMIC 
FOCUS COIL 
For sharp focus applications up 
to 25kv accelerating potential, 
such as scan converter storage , 
tubes and flat faced high reso-' 
lution CRT's. Stati c and 
dynamic coils combined into a 
single gap to ease alignment 
and position. Gap in forward 
position for superior focus and 
best image-to-object ratio. 

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 technica l details request 
catalog page. 

MAGNETIC SCAN­
CONVERTER DEFLECTION 
YOKES 
Stator Design for standard 1 ~ 
inch neck diameter scan con­
verter storage tubes. High reso­
lution, geometrical accuracy and 
sensitivity are combined to offer 
power savings, plus ultimate 
performance. A desirable short 
precision magnetic fi eld is 
achieved by combining short 
overall length and small ears. 
with the proper distribution, in ­
sertion and extreme care in 
construction. Magnetically 
shielded designs also available. 
Request catalog sheet for full 
details. 

INFORMATION DISPLAY, July/August 1968 

TYPE FZO 

TYPES Y58-Y60-
Y62-Y64 for 

42', 52', 70' , 
A 90' 

Deflection 
Angles 

TYPE Y25-R Series 
Up to 52' end 70' 

Dellection 
Angles 

PRECISION ELECTRO­
MAGNETIC FOCUS COILS 
for Vs", 1Y2", 2Ya" and 
other neck dia. CRT's. 
All designed for ultimate focus. 
Negligible effect on spot size 
when properly aligned to beam. 
Static types (a ll sizes) - low 
power or high power. Dynamic­
static combinations (l Y2 ' neck 
dia.) ... compact single gap 
design . .. or double gap de-
sign to simplify circuitry by 
eliminating coupling between 
static and dynamic coi ls. Wide 
range of coil resistances avail­
able. For full technical details, 
request catalog pages. Please 
specify your CRT and· beam 
accelerating voltage. 

PRECISION STATOR YOKES 
for 1 ~· neck dia. CRT's. 
High efficiency and accur~cy 
achieved by stator type core 
which also provides excep­
tionally low astigmatism and 
residual magnetism. Push-pu ll 
or single-ended coils for time 
shared sweep displays, char­
acter displays and oth ers. 
Request catalog sheet for full 
details. 

COMPACT ROTATING COIL 
YOKES for lW neck dia. CRT's 
For Radar Plan Position Indi­
cator and all other rotating coil 
applications. Versions available 
with de off-centering coils. Com­
plete in aluminum housing con­
taining deflection coil, slip rings 
and brush assembly, drive gear 
and bearing for easy installa­
tion into any equipment design. 
Only 3% • OD x 211!16 " long. For 
technical details request catalog 
page. 

TYPE PB 

TYPE Y65 
Up to 70' 
Deflection 

Angle 

ANTI-PINCUSHION DEVICES, 
both PM and EM types 
Eliminates CRT geometrical pic­
ture distortion. Type P7 perma­
nent magnet anti-pincushion 
assembly requires no current 
.. . occupies small space .. • 
easily adjustable ... mounts 
directly on standard yokes •• . 
available in wide choice of mag­
net strengths with tight toler­
ances. Type PB electromagnetic 
coi l anti-pincushion assembly 
has very high precision con­
struction .. ; allows convenient 
front panel adjustment. For full 
technical details request catalog 
page. 

LARGE I.D. YOKES for 2Vs ' 
neck dia. CRT's. 
Single-ended and push-pull de­
signs especially for charactron 
CRT's to give minimum twisting 
or distortion of characters. Suit­
able also for precision displays 

other types of 2Ya ' neck 
ia. CRT's. Request catalog 

sheet for full details. 

ENCAPSULATED MINIATURE 
PRECISION YOKE for W or 
1• neck dia. CRT's. 
Push-pull and single-ended 
coils available in a wide range 
of inpedances for transistor 
drivers or vacuum tube circuits. 
Features electrically balanced 
windings with equal deflection 
sensitivities. Close angular 
tolerances of the display are 
achieved by precise construc­
tion. Epoxy encapsulated to 
withstand extreme environ· 
ments. For full technical 
details, request catalog page. 

Fer tntiltHrlng 111llttltCI In aolvlnt yeer llll.,lay JIII'HI .... pltua 
ce11tact ••r narllt ,.,,...ntttlvt: 
lllttn-JIItw Englaalll: . .............. ................. , ... . . 117-712-3114 
Jllew Ytrll: .. ....... ...... ....... ............ ................. . Z1Z-115-37Z7 
Pltllallltlphia Ana: ................................ ........... Z11-711-Z3ZI 
Waahiagtta-laltiMtrl Ana: . .. .... ...... .... ...... .. ....... ZIZ-IZI-1123 
Mlnnttpalia: . ................................................ IIZ-IZI-1141 
Lta A1111la: ... .. .. ................ .... .. .. ...... ... .. .. ..... Z13-ZI3·1ZI1 

jJ , 1 ?. ...... ..!. : .... l !..( ,., ::; .~ ::~.:.::'.:.~ :.~ .:.~:.; 
Specialists in Components and Equipment used with Cathode Ray Tubes 
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/ 
OSCI LLOSCOPE ·FOR 
ELECTRONIC SYSTEMS 
CHECK. OUT 

CRTS FOR ADVANCED SYSTEMS 

When you travel by air 
From reservation computer display to flight 
arrival monitor, for your safety and convenience, 
every moment of the trip, the airline industry 
depends on cathode ray tubes most probably 
designed and produced by Thomas Electronics. 
Next time you have a CRT requirement, remember 
you can depend on us too. 

you travel Thomas 
Thomas' know-how can be one of your 
strongest assets. May we be of service? 

RADAR AIR TRAFFIC 
CONTROL 

For further information on avionic CRTS or 
for tubes in computer, medical electronics, 
oscilloscope or any other display or recording 
applications, write or call . 

THOMAS ELE CTRONICS, INC. 
100 RIVERVIEW DRIVE, WAYNE, N.J. 07470 I Telephone : 201 -696-5200 I TWX : 710-988-5836 I Cable: TOMTRONI CS 
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fii'.G"'] I300A X-Y DISPLAY 
~ HEWLET T PACKAR D 

NOW YOU CAN MATCH A MONITOR 
TO YOUR COMPUTER'S SPEED 

Ext raord inari ly wide de to 20 MHz bandwidth on all three axes of the 
hp 1300A X-Y Monitor gives you fast writ ing to display your 
a l ~~anumeric and graphic computer readouts accurately-using a 
mm1mum of your computer 's time . An interna l graticule, 8 x 10 -i nch screen lets 
y~u see a big, sha rp picture you can read ac ross a brightly li ghted room­
Without parallax error. 

The electrostatically deflected beam in the 20 kV CRT, gives you bright, 
easy-to-read displays- even when observing low rep-rate signa ls. Standard 
sensitivi ty is 100 mV/ in. 
Th~ h~ 1300A is an inexpensive ($1900) monitor, ideal for your computer 

appiJcatiO~S . Its large screen CRT and all sol id -state c i rcuitry req uire only 175 
~atts ~ nd 1s packaged in a compact, 12" high cabinet weighing 47 pounds, 
1ncludmg self-contained power supply. 

Get the full details on t he hp 1300A X-Y Monitor from your 
hp f ield engineer-he can he lp you select phosphors, fi lte rs 
and grat icule options to match th e monitor to your application. 
Or, wr ite to Hewlett-Packard, Palo Alto, Cal iforn ia 94304. 
Europe: 54 Route des Acacias, Geneva. 

H EWLETT W& PACKARD 

OSCILLOS C O P E SYS T E MS 
Ollf \2 
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nimo TM 
10-Gun CRT Display 
unretouched 

Gas Discharge Tube 
unretouched 

The difference is clear. 
Until now, tube readouts left some­

thing to be desired. The multi-plane 
gas discharge display tube is a real eye­
strainer, particularly under high am­
bient light or at a wide viewing angle. 

Now we have the nimo™ 10-gun 
CRT display. Now, every character 
or message can be displayed on the 
same sharp, clear plane. No feedback 
. .. no image ambiguity ... no external 
focusing . .. no ambient light worries. 

lEE put eight years of Research 
and Development into nimo ™ . Thou­
sands of tests in every possible envi­
ronment achieved an uncommon clar­
ity with noticeable hardware savings. 

We came up with plenty more. A 
Cathode Ray Tube display controlled 
by a 10-volt swing at 0 current which 
produces a base operating brightness 
of 100 FL. U nequ ailed viewing power, 
even under direct sunlight. All images 

The uncommon readout. 

Circle Reader Service Card No. 13 

displayed equally near the tip of the 
tube, with unmatched wide-angle 
viewing. 

In all, there are 12 clear advan­
tages to the new nimo™ 10-gun CRT. 

Why not arrange with lEE for an 
eye-opening comparison? Phone ... or 
drop us a line; you'll get an immediate 
response. Industrial Electronic Engi­
neers, Inc., 7720 Lemona Avenue, 
Van Nuys, Calif. (213) 787-0311. 

INFORMATION DISPLAY, july/August 1968 

Now K&E offers digital 
plotting paper and. film 
any way you want 1t. 

(We'll even give you some free.) 
K&E's new CoMSTOC"' fi lls the crying need for a t ru ly 
comprehensive, compatible line of digital plotting 
papers and film. One that matches the special 
individualized requirements of peop le in engineering, 
highway planning, business, meteorology and 
many other fie lds. 

It's a natura l for us-and for you . K&E is the 
company that already makes over 10,000 products 
related to the business of getting information down on 
paper and reproducing it efficiently. 

So it's only logical that CoMsroc joins our fam ily 
with a line that inc ludes: 1) high transparency 100% 
rag t racing paper, suitable for plotting in ei ther ink or 
pencil, and admirable for reproduct ion; 2) ALBANIZED"' 
copy paper that produces jet-black, smudge-free 
copies with conventional reproduction methods; 
3) fi lm, with the famous K&E drafting surface, virtually 
indestructible because it's based on Mylar®, not acetate. 

And, when it comes to "specials", they' re our 
stock-in-trade. We can develop any kind of grid you 
want, on rolls from 12" to 31", and provide it in 
repeats of up to 54" . (We can even produce Federal 
Aid Sheets in continuous form for you, on rolls with 
repeats , pr inted on the reverse side to help assure 
the sharpest reproduction. ) 

CoMsroc materials can be used on practically all 
major-name drum-type equ ipment. Our prices are 
competitive . . . but CoMsroc performance is hard to 
beat. As sticklers for quality control we engineer 
consistency in for you. 

See for yourse lf . Send for free samples of 
CoMsroc paper and fi lm. You won't bel ieve digita l 
plotting media could be so compatible. 

CREATIVE PR ODUCTS 
FOR THE CREATIVE ENGINEER 

KEUFFEL & ESSER CO. 

---------------------------
KEUFFEL & ESSER COMPANY 
300 Adams St., Hoboken, N.J. 
Yes, I'd like to get free samples of K&E CoMsroc 
digita l plotting paper and fi lm. 

Name ________________________________ __ 

Position ___________________________ _ 

Company ____________________________ _ 

City ___________ State ______ Zip Code ___ _J 

-------------------------
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Data Display Devices 
from Raytheon 

A Symbol ray* monoscope can generate almost 
any presentation YOU Can think Of. (Hieroglyphics, anyone?) 

With a Raytheon Symbolray, you 
can meet almost any data display 
requirement for different charac­
ters and/or symbols-ranging from 
standard ASCII t to custom data 
displays and even hieroglyphics. 
And we can meet the require­
ments with only an inexpensive 
change in the target font design. 

An economical method of gener­
ating characters. The Symbolray 
monoscope provides a much more 
economical method of generating 
displays than using circuit cards. 
Only 2" by 12", it costs less than 
$100 in quantities of 1 ,000. 

The output of the Symbolray is 
obtained by electrica lly deflect-

ing the electron beam to the 
desired characters on the tar­
gets. The characters are scanned 
sequentially with a small TV 
raster. The display cathode-ray 
tube, on which the output is viewed, 
is scanned in synchronism. The 
monoscope uses electrostatic de­
flection and focus. 

Full messages can be displayed­
as shown at right-when the Sym­
bolray method is used with buffer 
memory techniques. The mono­
scope is currently available with 
64 and 96 character matrices. 

Raytheon Dataray"' CRTs in­
clude screen sizes from 7" to 24". 
Electrostatic, magnetic and com-

bination deflection types are 
available for writing alphanumeric 
characters while raster scanning. 

For Symbolray data-or a demon­
stration- call your Raytheon re­
gional sa les office. Or write: 
Raytheon Company, Components 
Division, Quincy, Mass. 02169. 
tAmerlcsn Standard Code for Information Interchange . 
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New Raytheon Projectoray* Tube pro­
duces more than double the light output 
of standard projection-type cathode ray 
tubes. The tube 's output results in a 
light level of 15-foot lamberts on a 3' x 4' 
lenticular screen. Expected minimum 
operating life is 500 hours, 20 times the 
life of a standard projection tube. 

The Projectoray's high light output 
and long life are due to its novel design. 
The design incorporates liquid cooling 
of the phosphor backplate. This allows 
the phosphor to be energized with a very 
intense electron beam. At high beam 
levels, very high peak light output is ob­
tained. The light image is projected 
through a 5" optical window in the face 
of the tube. The electron gun is set at an 
angle to the phosphor and the deflec­
tion system compensates for keystone 
effects. 

Datavue* Side-View Tubes. New Type 
CK8650, with numerals close to the 
front, permits wide-angle viewing. These 
side-view, in-line visual readout tubes 
display single numerals 0 through 9 or 
pre-selected symbols such as + and -
s igns. Their 5/a"-high characters are 
easily read from a distance of 30 feet. 
Less than $5 each in 500 lots, they also 
co"st less to use because the bezel and 
filter assembly can be eliminated and 
because their mating sockets are in­
expensive. Many end-view types of 
Datavue tubes are also available. 

Recording Storage Tubes. The two new 
designs shown utilize miniaturized guns 
and necks to provide high deflection 
and focus sensitivity, resulting in sav­
ings in coil and power supply weight 
and size. They provide Kiloline resolu­
tion, long storage and fast erase cap­
ability. The single-gun version is Type 
CK1537 and the dual-gun version is 
Type CK1535. 

Raytheon 's complete line of electrical­
output storage tubes feature high reso­
lution and non-destructive reading. 
Information can be written and stored 
by sequential techniques or by random­
access writing. Complete, gradual or 
selective erasure is possible. 

Data ray* Cathode Ray Tubes. Raytheon 
makes a wide range of industrial CRTs­
including special types-in screen sizes 
from 7" to 24". Electrostatic, magnetic, 
and combination deflection types are 
available for writing alphanumeric char­
acters while raster scanning. All stand­
ard phosphors are available and specific 
design requirements can be met. Com­
.bination deflection or "diddle plate" 
t ypes include CK1395P (24" rectangular 
tube}, CK1400P (21" rectangular), and 
CK1406P (17" rectangular} . 

Fo r literature, call your Raytheon 
regi onal sales off i ce. Or write to 
Raytheon Company, Components 
Division, Quincy, Mass. 02169. 

*Trademark of Raytheon Company 

New Keyboard Switches. These key­
board switches-an original Raytheon 
design-are low cost yet extremely re­
liable. They are ideal for computer 
input/output devices, learning and busi­
ness machines, and other advanced in­
formation and control equipment. 

Just a featherlight (2'12-oz.) touch 
activates the switch,_ providing momen­
tary contact at a current rating of 0.25A, 
32V.dc. Life expectancy of the dry reed 
type is more than 100 million cycles. 
Bounce is less than 250 microseconds. 
Yet, these switches cost less than $1 in 
production quantities. 

The contact pins snap into 0.125" PC 
board, locking the switch firmly in place 
for automatic flow soldering-thereby 
reducing assembly time and costs. 

All switches are made of high-quality 
materials: polycarbonate plastic, stain­
less steel, beryllium, copper and noble 
metals. Bases can be flat or sloped to 
a 10• angle. 

The switches are available with a vari­
ety of standard and custom cap shapes, 
sizes, colors and alphanumerics. Caps 
are hot die stamped, cured and backed 
with epoxy coating to provide wear re­
sistance and reduce glare. 

Raytheon key switches are available 
in single- and double-level dry reed 
types and in single- and double-level 
wipe-action types. 

Complete, custom-made keyboards­
using the switches described above­
are also available from Raytheon. These 
keyboards can be designed, built and 
shipped to you in min imum lead time. 
All assemblies are supplied with alpha­
n~merics, symbols and coding to your 
specifications. They are also available 
with data lines, e lectron ic interlock, 
connector to external power sources, 
and with or without case. 

Industrial Components Operation-A single source for Circuit Modules/ Control Knobs/ Display 
Devices/ Filters/Hybrid Thick-Film Circuits/ Industrial Tubes/ Optoelectronic Devices/ Panel Hardware 
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Low cost stator type yoke 
for high grade 

commercial applications 

TYPE KY 
Fast core general purpose, 

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

1 ~16" CRT neck 

TYPE HY 
for high resolution 

recording storage tubes 
Scan converter 

applications 

TYPE QD 
General purpose yokes 

for Ye" CRT neck BY 

1" storage tube CY 

for 1 Va" storage tube CYT 

version of type BY · 

Available for types 
CY and CYT 

TYPE YY 
Pincushion corrector, 

electromagnetic, 
low cost, 

general purpose 

TYPE L 
Vidicon yoke, focus 

and alignment coils 1" 
For slow scan, 

high resolution 

TYPE WV 
Image Orthicon yoke, focus 

and alignment coils 3" 
For high resolution, 

slow scans 

TYPE AV 172 

0 

Low L12, high sensitivity 
for 42", 52•, 70• and go• 

1 ¥16" CRT neck 

TYPE FY 
Oeflectron®, 

general purpose 
for 42• 

1 ¥~6" CRT neck 

TYPE HD 
ing storage tube yoke 

Scan converter 
applications 

TYPE QY 
Miniature yoke 

for Ye" CRT neck 
and special unit 

construction 

rage tube yoke 

for 2" CRT neck Type DY 

2W' CRT neck Type DJ 

TYPE DY 
Pincushion corrector, 

permanent magnet 
Specials available 

TYPE M 
Hybrid vidicon yoke, 1" 

Magnetic deflection coil 
with shielding 

TYPE HV 
Orthicon yoke, focus 

and alignment coils 3" 
For standard TV 

applications 

High quality general purpose, 
moderate resolution 

low residual, 
for 52•, 10• and go• 

1 ¥,6 " CRT neck 

core, low L12, 
low distributed capacity 

for 52• 
1 ¥16" CRT neck 

frequency 
beam modulation 
Celcaloy, ferrite 

and air core 
for 1 ¥!6" CRT neck 

TYPE AW 
yoke for 52• and 70•, 

1" and W16" CRT necks 
Includes bearings, gear 

and sliprings 

TYPE RY 
r centering and beam 

alignment, aiming, flooding 
for 1 ~16" CRT neck 

TYPE KC 
Focus coil, dynamic 
for high resolution 

Many other standard 
types available 

TYPE HLF 
Vidicon yoke, focus 

and alignment coil1" 
For standard TV 

applications 

TYPE TV 129 
astigmatic corrector and 

dynamic focus coil 
For high resolution 

42• CRT 

TYPE NC 

Con~lanline Gngineering ofaloralorie~ Compang 
MAHWAH, N.J. 

201-327-1123 
TWX 201-327-1435 
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UPlAND, CAL 
714-982-0215 

TWX 714-556.9550 
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How many colors can you get on the face of a CRT that has only one electron 
gun and no shadow mask? . 

Right now, Sylvania can give you 4 or more. And the "no-shadow-mask" 
means your display is as sharp and bright as monochrome; the "one-electron-gun" 
means your back-up deflection circuitry is almost as simple. 

We do it by using two faceplate phosphor layers, each one a different color. 
(You can order any 2-color combination of red, green, blue or white you wish.) Low 
voltage actuates one phosphor, high voltage the other. Midrange voltages mix the 
basic phosphor light outputs to produce colors somewhere in between. 

We make multicolor CRTs now in 5", 10" and 1911 round sizes and a 2111 

rectangular size ... but on special order we can make them just about any size you 
wish. They display all types of visual information: waveform, alphanumeric, pic­
torial or any combination. 

S~u~.N lA We recommend them for : air traffic control systems; military IFF systems; 
stockmarket quotation units; airline and other transportation status boards; teach­
ing machines; electronic test equipment; computer readouts ... anywhere a multi-

ANNouNCES 
color display can facilitate comprehension. 

Sylvania Electronic Components, Electronic Tube Division, Seneca 
. Falls, N.Y. J3148 

THE l·GUN MULTICOLOR CRT. 

SYLVANIA 
GENERAL TELEPHONE & ELECTRONICS 
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It's that easy to design your own keyboard for any information handling 

system using the IKOR Universal Keyboard with 8 data-bits 

available for coding both shifted and/ or unshifted char­

acters. A completely different all-electronic principle of 

operation (patents pending) provides for error-free 

performance plus the ability to interface with 

any system. It permits you to specify virtually 

any keyboard configuration without requiring 

major modification of the basic design and can 
linkages to fail; no lights to be supplied with either serial or parallel output. 

A minimal maintenance procedure is incorpo­

rated into this simple, highly reliable design -

coding is contained in each key; 

there are no cross-bars or 

burn out or become masked by 

dust or dirt . These are but a few of the design 

advantages. The IKGR keyboards look like, feel 

like, and operate like the best electrical type-

writers available. The IKOR keyboard 
functions without error at all speeds. But 

you can find that out and much more by 

asking us for a demonstration at your con­

venience. IKOR will work with you on special 

requirements, in the development of special designs and 

will provide systems engineering services to assure electrical 

and mechanical interfacing to your satisfaction. 

IKOR Incorporated, Second Avenue, Northwest Industrial Park, 
Burlington, Massachusetts 01803 - Telephone (617) 272-4400 
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True stereoscopic movie 

system without glasses 

~. i 
~ I 

' ' ! •.; 

Artist's drawing depicts a typical scene being photographed by the new capture system. System contains a 100 ft. arc of 1500 pinholes which are un­
covered sequentia lly to expose ten sets of horizon tally-movi ng spherical lenticula r fi lmstrips. Filmstrips' movement and exposure are synchronized by 
a central control system. Resultant film is specially processed for centralized projection . 

825 seat capacity-120 degree field of view 

by ROBERT B. COLLENDER 

ABSTRACT 
Various stereoscopi c systems are d iscussed and the prob­

lems inherent with each enumerated. Among them are grand 
scale holography and lenticu lar screen-multi-camera and pro­
jection systems for a proposed zone less wide screen viewing 
criteria w ith in the theatre. Zone system two-picture auto­
stereo techniques w ith the ir inherent problems are also 
men tioned briefly. 

The writer's design is presen ted for an entirely new ap-

INFORMATION D ISPLAY, Ju ly/August 1966 

proach to the age-old problem of stereo pictures which must 
be projected to a large audience; provide an extended field 
of view both horizontally and vertically, not restr ict the posi· 
tions of view w ithin the bounds of the auditorium's viewing 
area; present a unity sizi ng of or igina l scene to synthetic 
playback; min imize complexity of theatre projection equ ip­
ment and completely eliminate the requirements for optical 
aids at the observer's eyes. 
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INTRODUCTION 
Some people incl ined to think asthetical ly and scientifically 

have pondered the mot1on p1cture enigma for years. Why is 
1t that .the r~al world must be synthetically portrayed without 
the thtrd dJmens1on on the motion picture screen? Isn' t it 
only natural .that the scenes inside the theatre should appear 
eqUivalent w1th nature? In 19S3, the third dimension illusion 
was portrayed while the audience wore glasses- but no t 
everyone wears glasses in the real world! What is the big 
problem? Why can't the audience just sit in the theatre and 
look through a 100 ft. wide by 50 ft. high bay window and 
perce1ve the same impression as if they were transported to 
the scene and looked through the window-and do this 
Without any sort of optical aid at the eye? 

The author has studied this apparen t en igma for about 20 
yea rs and concludes that the~e is more than ample justifica­
tion for the delay 1n duplicating the il lusion of nature. There 
1s a vast d1fference in object-space and image-space. Object­
space ex1s ts- may be verified by the senses and the ob­
server may move. in relation to the object-but image-space 
must be. synthetically generated in a volume where only 
sp.ace ex1sts ~n~ yet the observer must be free to move into 
~h ,.s spa~e (w1 thm limits) to examine the images. For example, 
Jt IS ent1~ely poss1ble to synthetically generate a 3-D moving 
colored 1mage of a beautiful woman. The observer could be 

allowed to approach the image until his eyes are to h. 
and actually pass through to the opposite side of th ~c mg it 
b t th . f f I e Jmage--u . e sensat1on o ee would not be present (u nless h 
bram was tapped by other stimuli). t e 

This paper .will attempt to acquaint the reader with a 
~ew of the bas1c problems of true stereoscopic illusion allow­
mg the observer free movement with respect to th 
there · d 1 1 e syn-. 1 1mages an comp ete e imination of any sort of opt' 1 
a1d at the _observer's eyes .. This paper will merely touch ~~~ 
stereo dlus10n systems wh1ch do not give the observer free­
dom of movement-but still el iminate the need for glasses. 

Several stereo systems exist and are still being considered 
that provide two-picture stereo (as a common ste reoscop~ 
v1ew) to a 11m1ted number of people (say 100) in which th · 
I t I . I etr a era movement .is. severe y res tricted (to about 2 inches). 
Th 1~ sort of re~tnction can be quite tiring over extended 
penods of Viewmg and the screen included angle of view is 
always smal l. A basic cha racteris tic of the image is tha t every­
one sees. the same two pictures to make up an iden tical 
stereo. pair. Unfortunately, distortion is prevalent simi lar to 
2-D pictures where people view a flat screen from various 
angles. Both Russia and France have used this system for 
several years. Ivanov and Savoye<•l are the respective inven­
tors. 

-"{~ 
·...:, . 
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A more desirable situation exists where within the seating 
area of the theatre no viewing dead zones are prevalent, and 
where observers can be encompassed by the familiar wide 
screen picture wi thout the need for optical aids at their eyes. 

Stereoscopic systems which fa ll between the 2-picture and 
the infinite-picture systems will not be considered here as 
they still suffer from viewing dead zones. 

If a goal is to present a system which can be viewed from 
any position in the audience space and the head of some 
movie star should fill the screen, a smooth change in per­
spective from one side of the auditorium to the other would 
necessitate that the image appear gigantic in depth as well as 
width and heigh t. In the limited system just discussed, we do 
not have this problem, because the subtended angle auto­
matically adjusted to each viewer and the actor's image ap­
peared to hover over the head of the person seated just 
in fron t of any given viewer, regardless o f his position in the 
theatre. 

In the unlim i ted system, where the viewer has posi tion 
freedom, the gigantic image is generated by the ratio in size 
of the "capture wi ndow" and the " playback window". This 
means that the camera equipment would provide a "small" 
wi ndow in viewing the actor and since the " large" theatre 
screen wi ndow is required, the actor appears as a giant. A 
basic problem in this giantism, which tends to rule i t out, 
is the extreme lack of viewer proximity to the space charac­
ter. Not on ly are the x and y dimensions of the image in­
creased by th is ratio, but the distance of subject to camera 
window is also expanded by this factor in playback. Since the 
observers are remoted now, the depth illusion also subsides 
and the quest for added rea lism has been defeated. There­
fore, the only way to justify the real ism of the added dimen­
sion is to provide for a one to one correlation between the 
scene and the reproduction. 

Much talk of late has been given to the hologram, believ­
ing tha t this marvelous innovation will eventually solve the 
enigma. Since the window width in the capture of the scene 
has been shown equal to the theatre window size (in order to 
retain the impression of depth and the same relative proximity 
of space images to rea l objects) the hologram frame size 
would have to be 50 feet high and 100 feet wide (since the 
theatre screen size for the large audience required has been 
set at this level). 

It is well known in holography that the scene parallax cap­
tured depends on the size of the hologram plane and its 
distance from the scene objects. An active coherent source 
would not suffice for infinity capture because the inverse 
square law wou ld under-expose the background and over­
expose the foreground. Trying to get suffic iently powerful 
pu lse laser sources (to freeze the motion on the hologram 
and sti ll provide adequate coherency over these great dis­
lances) introduces staggering problems. 

Even if 100 foot wide 2000 li ne/mm resolution film cou ld 
be made with 50 foot high frames, the required ·fi lm ac­
celeration at 24 frames/second would pull it apart. Even 
though the size of the p layback could be increased by chang­
ing the frequency between capture and playback rendition, 
the small w indow capture and the receded projected image 
during playback defeats the intended purpose. 

If the holograph concept is ever to be employed on a 
grand scale fo r wide screen theatres, it should use passive 
light from nature and the 100 ft. by 50 ft. window have a 
myriad of sensors which link a practical recording media. In 
reverse (or playback), it should have a 100 ft. by 50 ft. trans­
ducer which is controlled by the recorder med ia. In con­
cluding, applications of holography to the wide screen-large 
theatre are more remote and impractica l than any o f the 
alternate techn iques which are known to date. 
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A much more economical system is described next which 
wil! give the required illusion with equipment avai lable today. 
Preceding the description of this equipment, a brief intro­
duction will be given to the unaided viewing system dis­
covered by Lippman in the early part of this cen tury and how 
these techniques apply to a theoretically ideal method which 
wi ll then lead into a new approach conceived by the writer. 

Gabriel Lippman< 2 l (1908) discovered that a 3-D picture can 
be formed by using a photographic plate with a multi tude of 
small pinholes in front of it. In preparation for a discussion 
of G. Lippman's system, the differences between a lens and a 
pinhole in recordi ng an object (e.g. a candle) will be shown 
(Figures 1-a and 1-b). 

FIGURE 1a : Image formation with lens 

pinhole pi 

'',,\ 

Candle 
object 

-
/ 
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FIGURE 1b: Image formation with pinhole 
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image 

film 

t 
image 

Figure 1-b is analogous to Figu re 1-a except that in 1-a, 
the image is formed by a lens and the image in 1-b is formed 
by a pinhole. Note the line drawn through the object's point 
-P-and the lens node in Figure 1-a ; this forms image point 
Pi on the film whi ch is identical to Pi formed in 1-b except 
that due to Angle A, more light is gathered in 1-a to form the 
picture. 

Figure 2 shows the basis of Lippman's system. A separate 
small picture is formed behind each lens on the fi lm. A lens 
shall be substituted for a pinhole. 
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FIGURE 2: Lippman's lenticu le capture system 

If the imaginary eye is to see Point P of the object, i t must 
look i~ the directi~:m of the node o f lens-X (or along the p 
t~ P1 lme. If the film was processed into a transparency and 
~1ewed as s~ow_n~ it would not give 3-0 because no segrega­
tion of the md1v1dual pictures can be made unless the ob­
server looks through the lens array. 

A conjugate image of the array of pi ctures must be for­
med by transferring the pictures back through the identica l 
lens-array onto a new film plane in a one to one correspon­
dence (see Figure 3). 

FIGURE 3: Lippman's lenticule playback system 

FIGU RE 4a and 4b · Ge t f · f . . . · ome ry o 1mage ormat1on 1n cylmder lens 
28 

If the observer's eye occupies the same position as in Figure 
2 and looks_ toward l ~ns X, he sees poin t P1 and the image 
appears at d1sta_nce 0 JUSt as the object did in Figure 2. Note 
that the resolut1on of the resultant picture is degraded by the 
diameter of lens-X which subtends angle B at the eye. 
. _A tremendous simplification to this system can be made if 
1t IS noted that only lateral information for the two eyes need 
change- but the vertical information can be the same (most 
people keep the l ine joining thei r two eyes nearly horizontal 
when viewing a p icture). Th is is not a requirement however 
as i t has been shown tha t a plus or minus 45 degree til t i~ 
the in teroccular line is acceptab le for adequately view ing this 
fo rm of stereoscopic pictures. 

The sphencal lenticular structure then changes to a cylin­
drical lenticular structure (see Figures 4-a and b). 

/ 
arbitrary point / 
on ob j ect %' " 

\,?:/ 
"- ....... ........ ........ 

FIGURE 5: Any point in scene forms l ine on fi lm 

The cylindrica l lenticu le cannot be used directly in the 
photographing process, as it w il l not form an image (see 
F1gure 5). . Any point on the object w ill form a line on the 
film. If viewed through the cyl indrical len ticule, the poin t 
would then be viewed as a line. To avoid this and still use 
the si mplified approach of cylinders instead of spheres, the 
stereoscopic photograph is taken through a lens that moves in 

CAPTURE SYSTEMS USING 
CYLI NDER LENTICULES 

cylinder lens 
array 

FIGURE 6a 

film plane 
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cylinder lens 
array 

\.. 

. film plane 

s everal sta tionary l enses 

FIGURE 6b 

front of the cyl inders. An alternate method is to permanently 
install several lenses in front of the cylinders, as in Figures 
6-a and b. 

In both these systems, the parallax captured is equal to 
the excursion distance of the lens or the distance between 
fi rs t and last fi xed lenses. Figu re 7 shows the basic principle 
involw~rl in forming proper images on the film plane. 

Note tha t the object point P is formed as · a point behind 
each of the cyl inders ; the geometry being that the point P 
line up w ith both objective lens node and cyl inder lens node, 
(e.g. 3 points align to determine a fourth poin t along the 
line). 

Plan view 

objec t i ve lens 

p 

El evat ion view 

FIGURE 7: Plan and elevation views of image formatio n in cylinder 
lens camera 

Another way to accomp lish the offset of P1 behind cylin­
drical len ti cules is to move the entire camera (lens and plate) 
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relative to the scene, (usually in an arc about the scene's 
center) and at the same time move the cylindrical lenticu le 
array laterally by the diameter of one lenticule during this 
excursion. This technique as shown in Figure 6a, is limited to 
still photography due to the accurate alignment requ ired be­
tween the film plane and lenticules and the movement of 
objective lens. The system in Figure 6-b however, has only 
the problem of close alignment rather than moving lenses. 

The number of lenses requ ired is easily seen in Figure 8 
to be governed by an extension of sight-lines from the ob­
server at a maximum distance to the nearest object in the 
scene. The spacing of the two sight-l ines at their intersec tion 
w ith the lens array is equal to the m inimum spacing of ad­
jacent lenses (e.g. lens A and lens B in Figu re 8). 

From the prior discussion it may be evident that the Figure 
6-b system cou ld provide movies in 3-0 w ithout glasses 
provided the viewing area is small. Assuming that a one to 
one corre lation in size between scene and re-constructed 
images is required-and a maximum frame size of four 
inches square is used, then the viewing screen would also 
have to be four inches square. 

FIGURE 8: Spherical lens proxim ity shown in composite camera and 
playb lack cyl inder lens system 

The conjugate images would be viewed through cyl indrical 
lenticules arranged directly over the projector's aperture and 
at least 16 of the 4 x 4 inch square plates would appear per 
second. Projector alignment problems are stringent, because 
the vertical elements on the film plane must not jitter beyond 
tight limits or the great "l ight-lever" between the image ele­
ment and the cylinder lenslet nodal element w ill cause the 
image to vio lently j i tter. This jitter results in a spatial change 
(Z-direction) as well as an X-di rectional · change. Theatre sys­
tems, however, require a 100 time enlargement and projec­
tion is required. The number of capture lenses in the array 
line of spherical lenses goes up by 100 times to sat isfy the 
proportionate decrease in observer's interoccu lar separation, 
and the picture alignment requ irement increases proportion­
ately. Calculations show that movies displayed to an audience 
of 1000 persons by th is techn ique would require film frame 
alignment of one-half micro-inch. Space image size wou ld 
also increase by 100 times and fami liar objects would appear 
giant size (giantism). To avoid giantism and alignment prob­
lems, a wide base of cameras are required-each taking its 
own picture-the number of cameras required is effectively 
750 over approximately a 50 ft. arc to satisfy about 800 to 
900 persons, if the cameras are arranged concaved to the 
scene captured. If arranged convexed to the scene captured, a 
100 ft. arc or 1500 cameras are requi red. This corresponds 
to one camera every 0.83 inch. Figures 9-a and 9-b show a 
workable system but impractical due to the vast amou_nt. of 
film required and the inherent waste of fi lm. A system s1mtlar 
to this was suggested by H. E. lves <31 in the early 1930's. 

In Figure 9-b, Point Q on the screen is defined by all the 
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light from projector P4 incident on cy lind rical lens element Q. 
The angle F takes up several information bits that had been 
recorded on the film in Figure 9-a by C.. The resolution of 
this system suffers by this averaging effect of the light in angle 
F compressed to Q on the screen. Hence all information cap­
tured (for example by C .J) aside from Q wi thin the angle 

FIGURE 9a: (Camera) extensive lateral array of cameras 

FIGURE 9b: (Projector) extensive lateral array of projectors. 

F, is wasted. There is no restnct1on to the width of cylinder 
lens element, however, and the separation should be such 
that the closest observer cannot resolve two adjacent cylin­
der lens-elements. 

In Figure 9-b, the scene-image wi ll have exactly the same 
shape, size and location as the original scene-object and can 
be projected in fu ll color. The audience can sit as close to 
the reproduced image as desired provided they do no t ob­
struct the projector-array. The array may be above or below 
the audience. 

Economically, this sys tem is not justified at present, but i t 
is conceivable that as electronic picture sys tems are improved 
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and subsequently made plentiful and reduced in cost-750 
pickup tubes cou ld scan the scene----750 recordings made on 
some media that can compress and retain resolution (e.g. 
thermoplastic tape or magnetic tape) and 750 individual elec­
tronic pictures projected (e.g. eidophor p rocess) from a scan 
of the recorded information. Th is method would eliminate 
handling of 750 separate f ilm strips but wou ld sti l l su ffer 
from the stringent requiremen ts to project from 750 extended 
ligh t sources which presents an impossible logistics problem. 

To review some of the basic p roblems discovered to this 
point: an array of 750 cameras are required (for a concaved 
arc to scene system) which could be vidicons to avoid fi lm 
handling ; the tremendous expense· in accurate lenses and 
complexed circuitry; extended arc of projectors which equals 
the length of the camera array and quantity of separate pro­
jectors; the vast amount o f power required to operate the 
750 projectors; the reliability and logistics problems; the 
vast amount of unused data which is thrown away by the 
directional element selectivi ty of individual screen cylindrical 
lenticules; the comp lexed theatre circu itry to d rive the in­
dividual projectors from the recording media, and light and 
size servos for each of the 750 projectors. 

Since the example selected in Fig. 9 was the concaved 
system to the scene, the quantity of equ ipment must be 
doubled for the w ide screen techniques implied at the be­
ginning o f this paper. That is, about 1500 units are required 
for a 120 degree system. 

As the writer's design philosophy unfolds, the reader will 
note the following: 1500 capture points will be used over an 
extended 100 foot convexed arc to the scene but will em­
ploy simple pinholes in place of expensive lenses, and special 
spherical lenticular film in 10 units which can convenien tly 
be transported to the scene. An intermediate processing phase 
will take abou t 25 days of continual processing for a 11/2 hour 
show. This processing w ill prepare the geometry of presenta­
tion to allow centralized playback of the information by 3 
projector-units revolving about the cen ter axis of a cyli nder 
screen at 2.7 rps. Kerr-cell electronica lly contro lled selector 
shutters 50 feet in front of the screen will properly regulate 
and select correct information from the screen to be applied 
to each eye in the auditorium. The seating capacity wi ll be 
825 people and the included angle of view w ill be 120 
degrees. 

Every person will see the scene from a different posi tion 
and the relative spatial position of image to original objects 
will be the same. 

A ll 3-D systems which are continuous (giving the observer 
complete freedom) and eliminate the vertical variable, suffer 
from image expansion or image shrinkage wi th distance in 
depth and th is phenomenon is strictly a function of capture 
and playback geometry and affects viewers farther from the 
screen more than close to the screen. This problem and its 
compromises wi ll be discussed in details to follow. There will 
be a total of three fi lms for the projection ist to handle and 
on ly one centra l l ight source will be required to i llum inate 
the entire screen . 

Sufficient experimental evidence over the past 20 years on 
equipment simila r to what will be described here has accredi­
ted the process as bein g sound in theory and practice 
(4, 5, G) 

Dr. H. E. lves <31 commen ted around 1930 that optical scan 
systems using high speed cameras and projectors seemed a 
feasib le approach. At that time on ly slow emulsions were 
available which precluded serious consideration of this ap­
proach. It may also be of interest in passing, that Dr. Nikolai 
A. Valyus, Professor of Physics in Moscow in his recent book 
"Stereoscopy", (Focal Press, New York 1966,) indicates that 
the latest stereoscopi c resea rch in Russia is also involved 
wi th multi-pic ture hi-speed scanning techniques. 
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GENERAL PRINCIPLE O F NEW APPROACH USING 
CENTRAL PROJECTION SCAN TECHNIQUES 

In Figures 10 and 11 , the basic philosophy is shown for the 
capture and projection geometry. The arc Ac Be in Figure 10 
has the same radius about " C" that arc A, B, in Figure Tl 
has about Prr. This geometry shows how an arbitrary scene 
point (P) in Figure 10 is reproduced at at Pi in Figure 11 . 

In Figure 10, arc A, to Be is an array of several capture 
points (which will be shown equivalent to 1500 pinholes, 
later). The near scene object point " P" for the farthest imagi­
nary observer with left and right eyes ELiand Err ishown con­
verging on P, generate sight-lines that intersect the arc at 
Cx and Cr respectively. The number of capture points equals 
the number o f times the distance between Cx and Cr goes 
into the arc length A., to Be. Each " effective" camera's optical 
axis intersects at C. The optical axis fo r Cx and Cr are a, and 
a,. respective ly. The sight lines from Er. i and ER i to P make 
a~gles .{ and f3 with a, and a, respectively. Hence, P is photo­
graphed on the fi lm plane for Cx at Pi x and P is pho tographed 
on the film plane for C,. at Pir· The pictures are sequentially 
photographed along arc A,. to B,. so tha t Cx is shot then Cy, 
etc. 

Figure 11 shows how the same geometry is used to gener­
ate the scene image which appears identical to the scene 
object in Figure 10. Since all of the camera's optical axes in­
tersect in "C", then a sin gle projector wi th a sweeping optical 
axis at PH that has the same angular veloci ty as the apparent 
sequen tial movemen t of the several camera optical axes, tends 
to simulate the sweeping action. At the location of the arc, 
the array of cameras is replaced with vertical slits As to Bs 
that can be triggered electrically to open in sequence. The 
number o f sl i ts equa l the number of cameras. At a distance 
of about twice the sli t arc radius, a concentric reflective 
screen is placed . The angle of projection o f. the sequential 
pictures thrown from PR is made less than the camera. At a 
distance of about twi ce the sli t arc radius, a concentric re­
flective screen is placed. The angle of projection of the se­
quential pictures thrown from P1< is made less than the 
camera field angle so that the same fie ld angle is subtended 
by the proj ected frame on the screen at the corresponding 
slit. 

It can readily be seen from th is geometry that the same 
angles .( and f3 are generated by the projected pictures so 
that Pi, intersects the screen at P; x and Pi r intersects the 
screen at P; y· At this time, P; can only be seen by eyes lo­
cated physically at EL and ER which are at the same relative 
position as ELi and ERi in Figure 10. 

The action of the projection system in Figure 11 is to sweep 
a successive seri es of pictures (1500) across the A, to Bs -arc 
which successively overlap on the screen and simultaneously 
sequentially tri gger open the corresponding sl i ts. This has the 
net effect of forcing all eyes behind the arc to see a true 
stereo picture. 

In Figure 12, a general system concept block diagram is 
shown for the capture system, the camera fi lm development 
central processor station, the projector film development and 
the playback sys tem. From th is diagram the reader can see 
briefly what elements will be used to form a complete stereo­
scopic system. 

PRINCIPLE OF IMAGE DISSECTION PHOTOGRAPHY 

Image dissection photography <71 offers a unique method 
of reducing the required film strip len gth compared to record­
ing the same quantity and size pictures on standard motion 
picture film. A decrease in film length of 2 to 3 orders of 
magnitude is obtain ed when this form of photography is 
compared wi th standard two-dimensional contiguous fram e 
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recordin g. Because the fi lm speed can be materially decreased 
and adequate primary frame resolution is retained, this form 
of photography has been selected for the new true stereo­
scop ic system. 

In image dissection photography a high resolution fi lm is 
placed in close proximity with a matrix of spherical lenticules 
which have a very small f-number. The number of lenticu les 
in the matrix equal s the total number of picture elements 
desired in the pr imary picture. The advantage of this arrange­
ment over a conventional camera is that several very ac­
curately registered superimposed full - frame sized images (on 
the order of 1000) may be placed on a single frame of film . 
Once the required system resolution has been estab lished 
from a study of all necessary viewing parameters, the frame 
size, p ri mary focal length and the quantity of elements can 
be ascertained. 

In Figure 13, the primary lens focal length is chosen small 
relative to the nearest object in the scene so that all rays 
emanating from any given point on the object (e.g. distant 
"arrow") w ill be approximately parallel. Therefore A, B & C 
come from the arrow "tip" and D, E and F come from the 
arrow " tail" . If the primary lens is obstructed, the rays pass 
through the lens as indicated by primed symbols. That is, all 
the arrow " head" rays converge on n" and all the arrow 
"tail" rays converge on n,. With no obstruction, n, and nn 

FIGURE 10 : Geometry of new capture system 

FIGURE 11 : Geometry of new playback system 

would image smooth discs of light on the fi lm plane. The 
diameter of the light disc on n, wou ld extend from d to f 
and on n 11 from a to c. The disc intensities would be . con­
tro lled by the inten sity of light from the tail and head of the 
"a rrow obj ect", respectively. 

The purpose in image dissection is to brea k up these so li d 
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discs into many individual pomts of light. This is convenien tly 
accomplished by completely blocking the aperture of the 
primary lens except for a roving aperture indicated in Figure 
13 as an " arbitrary aperture" . The size of the aperture de­
pends on the primary lens and lenslet focal lengths, and the 
quantity of dissection points on the light disc. 

If the aperture is placed at " M" , an image of the arrow tail 
appears at d and the head appears at a. If the aperture moves 
to "0 ", the tail and head shift to e and b, respectively. If the 
aperture moves to " N/' the tail and head shift to f and c, 
respectively. This same reasoning can be appli ed to any 
other points on the object and any other lenslet elemen ts in 
the matrix. As the roving aperture moves anywhere within 
the primary lens aperture, a large quantity of dissected 
images are recorded on the film. High speed motion pictures 
are possible because i t takes only a short time for the aper­
ture to move over its own diameter. It has been found in 
practice that about 80% of the area behind the lenslets can 
be devoted to image formation. The remainder is lost in 
boundary transitions between lenslets. 

Figure 14 shows that the camera f/number is not affected 
by the small aperture stop at the primary lens (focal length 
= f) since it is located at infinity for the small lenslet. The 
camera system f/number equals f/d or the f/ number of the 
lenslet alone. This number can vary and depends on the 
shape of the lenslet (but generally runs about 2). 

The first spherical lenticular matrix film was prepared in 
1928(8) . It had a celluloid surface covered with a series of fine 
spherical lenses in a honeycomb arrangement. There were 15 
lenses per millimeter length, and therefore 225 lenses per 

' square millimeter of surface. The corrugations in the film were 
made by a drum which had been engraved by hand. 

FIGURE 12 : Block diagram of proposed system (Sound system not shown) 
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FIGURE 13 : Basic image di ssecting camera 

41a1:ant 
"arrow .. 

object 

PROJECTION OF IMAGE DISSECTED PICTURES 
Since optical systems tend to be reversible, in order to 

retrieve the overlapping myriad of images from each of the 
frames and to do this in the same sequence as they were 
recorded, the roving apertu re is given some sort of regular 
movement in the capture which is made identical in the 
playback. One way this is usually done is to use a wheel 
with holes arranged in a spiral pattern such that when one 
hole has scanned the primary lens aperture, the next hole 
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FI GURE 14: Low f-number of cam era equals f-number o f lenslet, not primary lens 

begins its scan at a slightly different eleva tion (see Fig. 15). 
The three processor ca meras that photograph the CRT images, 
and the projection system, wi ll use th is sort of regular motion. 

With this technique of image dissection, projection light­
losses tend to exceed capture losses by quite a large margin. 
This is primarily due to the requirement for a small diameter 
moving aperture at the primary lens. The projection f-number 
generally resu lting from this restriction is abou t f/4~ . How­
ever, additional light may be concentrated on each d1ssec.ted 
point by providing an identically pitched ma.trix of sp~en ~al 
lenti<::ules between the film and an extended mult1-p01nt 
source lamp. A further discussion of th is wi ll be presented 
in the projection section. . 

In order to avoid a lapse in time between frames, the fdm 
in the camera, processor and projector, will run at a constant 
but different rate. This will assure equal time separating ad­
jacent images regardless of their position along the longi tu­
dinal axis of the film strip. 

FIGU RE 15 : Image selector disc 

primary lens 
aperture 

SCENE IMAGE COMPRESSION AND 
EXPANSION COMPROMISES 

As mentioned briefly in the previous introduction, all 3-D 
systems which are continuous (giving the observer complete 
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freedom) and eliminate the vertical variable, suffer from 
image expansion and image shrinkage. 

An example of this would be that a space charac ter's image 
as it moves from near to far tends to flatten out to some ' 
degree. This, of course, is better than if it should " increase" 
in height with distance, because that w ould contradict n~rmal · 
perspective changes with distance in nature. Mathemat1.cally 
this variation of image height with distance can be predicted 
exactly and allowances made to minimize the effect by ad­
justing the position of the screen with respect to the sl its and 
controlling the maximum distance from the slits that the 
audience may extend. 

Figure 16 shows a superimposed capture and playback 
system from which these geometrical relationships are cal­
culated. 

Figures 17 and 18 shows parts of Figure 16 separately. In 
Figure 17, the arbitrary scene object is located between the 
slit and the screen and in Figure 18,. it is placed beyond the 
screen. 

d 
Dn 
an 
hn 
F 

Dr 
ar 
hr 

Let K 

Kr 

= 
= 

= 

DESCRIPTION OF PARAMETERS IN 
FIGURES 16, 17 AND 18 

eye to slit distance 
slit (or camera) to object Or distance 
apparent height of On in theatre 
actual heigh t of On 
slit to screen distance 
slit (or camera) to object On distance 
apparent height of Or in theatre 
actual height of O r 
the ratio of apparent height that any given scene 
object appears to an observer located anywh_ere 
in theatre to the height that the same objeCt 
would appear in the original scene to an observer 
in the same position that he occupies in the 
theatre. 

= _ han (for an object in front of screen position) 
II 

= ac ·t· ) - h-r - (for an object beyond the screen pos1 10n 
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FIGURE 16: Viewing geometry translated from the actual scene to the theatre 

By geometric calcu lations in Figures 17 and 18, it is shown 
that the general form ula fo r K .. and Kr are the same. 

For a fixed observer position, the only variable in the equa­
tion is the distance from the camera to any object whether i t 
be Dn (for an object in front of the screen) or Dr (for an 
object beyond the screen). 

A general formula for K then is, K 
d/o + 1 
dl~· + 1 (eq . 1) 

screen 

~ = 
an 

hn 

d/D + 1 

K = n 
n d/F 1 + 

FI GURE 17: O bject between sli t and screen 

Where D is the distance from the camera (in the capture 
of the scene) or from the slit (in the projection of the scene) 
Lo the object or the object's image respectively. 

Note as D becomes small, K increases-wh ich means that 
the apparent size of a fixed height object (e.g. a person) as he 
approaches the camera would increase. Conversely, the ap­
parent height for a fixed height object (e.g. a person) as he 
moves away from the camera would appear to decrease to a 
f ixed observer in the theatre. These apparent changes in 
heigh t of moving objects in the z-dimension (or the depth 
dimension) are over and above the normal changes due to 
perspective change caused by the variation in subtended 
angle at the observer's eye. 

From equation 1, if F (the slit to screen distance) is made 
large relative to d, then K approaches un ity for distant ob­
jects. If F were equal to D, then K equals unity. This leads to 
a practical value for F equal to about 1/2 of the fa rthest ob­
server's distance from the sli ts or abou t 50 ft. for the theatre 
size in tended. 

For the desirable geometry in the theatre, the actual mag­
nitude of this variation can be calculated and limits set if it 
becomes too ridiculous. 
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The nearest observer will be 12 feet from the slit. The 
farthest observer wi ll be 100 feet from the slit. F = 50 feet. 

A logica l range of depth for the location of spatial objects 
in the scene would be from about 10 feet from the slit to 

infinity. 
Table I shows the apparent changes in the vertical height 

of near and far objects fo r three widely separated observer 
positions in the theatre. 

TABLE I 

Position of Observer to Apparent size of image 
Observer Slit Distance viewed compared with an 

(feet) object size of unity 

Near Infinite 
Object Object 

Close 12 1.25 0.81 

Far 100 0.64 0.33 

Mid 56 .88 0.48 

TH EATRE LAYOUT GEOMETRY 
A 120 degree screen was selected because it most nearly 

fill s the observer's horizontal field of view and with the pro­
posed rotating central p rojection system allows an "off to on" 
duty cycle of 2 to 1. That is, any given scanning projector 
sweeps 120 degrees of pictures onto the cyl indrical screen 
and then remains off for 240 degrees before· il returns again. 
Because of this fact there are two segments of film equivalent 
in length to the 120 degree scan that are blank. These 2 blank 
sections are utilized to slow the system down and employ 
2 more projection lenses to scan these sections of the film. 
In order to prevent fl icker, a 24 cycle repetition rate has been 
chosen. If the 2 blank sections of the film corresponding to 
the circular arc from 120 to 240 degrees and from 240 to 
360 degrees were not filled in, 3 projectors each spaced 
120 degrees and moving 120 degrees in 1/24 second would 
be required to maintain a f licker- free picture. This would 
ca ll for an exceptionally high projection rate since 1500 pic­
tures will be projected by any given lens as it sweeps over 
the 120 degree arc. By add ing 2 each projection lenses to 
each of the 120 degree projectors, each projector is now re­
placed every 40 degrees and the rotational rate has been 
decreased by a factor of 3. There are now 9 projectors using 
3 pieces of fi lm revolving at 2.7 rev/sec about the central 
common-l ight source. 

FIGURE 18 : Object beyond screen 
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FIGURE 19 : Stereoscopic theatre scale layout (plan view) 

With the screen placed at a radius of twice the sli t level 
radius, and a 40 degree separation of projected pictu res, no 
overlap on the screen occurs if the angle subtended at the 
slit by the frame width of any given projected picture is no 
more than 76 degrees. This value then requires that the p ic­
tures be captured from the scene at a 76 degree field angle. 

Figure 19 shows the proposed layout p lan view of the 
theatre. Arc AB subtends 120 degrees at the center axis of 
projection. Anyone within m n o p q r s will see through 
this entire window arc AB. In the shaded area, the observer 
sees less than AB. For example, along line EF, he sees arc 
CB and along line GH he sees arc AD. In other parts of the 
shaded area he sees more of arc AB until along lines SE or 
rG he sees all of arc AB. The cross-hatched area represents 
added seats at the auditorium front which w ill allow observers 
to see arc KL or arc DC, depending on where they are lo­
cated in the cross-hatched area. There is a 12 foot buffer 
zone between the closest seat and the slit position. 

Note that point X (a typical screen element) must rad iate 
l igh t to the successive 500 slits arranged in sequence and 
extending over arc AK. This total angu lar sweep amounts to 
36 degrees. In the projection section under screen gains, it 
will be found that very high screen gains can be real ized by 
creating a fan shaped beam which reflects from a screen 
element (e.g. x) and sweeps successively over the 500 cells 
(e.g. between A & K) during the 1/24th second scan of any 
of the nine projectors. 

Figure 20 shows the theatre layout from an elevation view 
show ing that the projection station wi ll be located 53' above 
the ground level and throw a keystone shaped picture (to 
compensate for the angle of projection to the screen) at an 
average throw distance of 133 feet. This high projection sta­
tion is required so that projector rays will miss the sl its and 
sti ll allow the audience to get an approximately normal view 
o f the screen through the sl i ts. The slit heigh t is shown at 48 
feet and the screen height at 69 fee t. The audience floor 
will be on a 16 degree incl ine to the horizontal. 
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FIGURE 20: Stereoscopic theatre sca le layou t (elevati on view) 

Figure 21 shows the seating layout dimensions and the 
number of seats are calculated from the rules that the front 
to back seat spacing is 3 feet and the side to side seat spacing 
is 22 inches. A total of 825 seats fit into the area of accep­
tab le viewing as determined by the theatre layout plan view 
o f Figure 19. 
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Total seating oapaoity = 825 people (based on 

3 ' between seat rows and 22" between seats side to side, ) 

FIGURE 21: Stereoscopic theatre seating layout (best seats are in front) 

CALCULATION OF TOTAL CAPTURE POINTS 
OVER 120° ARC 

From the plan view of the theatre, the fa r thest observer 
from the slits will be 100 ft. This observer is used as a basis 
for determin!ng the minimum number of capture points and 
hence the pttch of the slit-selector cells used in the theatre 
at a SO foot radius from the central projection point. The 
method for determmmg this quantity is equivalent to that 
shown m Ftg. 8 for the lenticule system and again in Figure 
22 for the new system. 

Parameters shown in Figure 22 have the following signifi­
cance: 

36 
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s 
Where F 

d 

R 
s 

minimum separation of adjacent 
points in the camera system d capture 

an also thP 
width of a sli t-selector cell in the theatre. -
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slit to screen distance, and 
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1
• 

I . h 1 f . e s tt se ector_ Wit e t and nght eyes EL and E 
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F = SO ft, d 100 ft 
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capture points or 
cells/360° . 
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FI GURE 22: Minimum camera separation 

CONFIGURATION OF CAMERA SYSTEM 

The camera system presen ts a very complex prob lem. 
The camera array must physically occupy th e same arc­
ra~t us and arc length as arc AB in the theatre plan view. 
Th~s corresponds to a SO ft. radius and a 104 ft. arc length. 
Thts 104 ft. arc length must contain 1SOO equally spaced 
cameras. Each camera must have a frame rate o f 24 frames/ 
second and be sequentially scanned to be compatible w ith 
the. sequenttal scan of the projection system. 

Ftgure 23 shows the arc o f cameras wi th thei r 1500 ex­
tended optical axes intersecting at " 0". 

The array of cameras will be broken up into 10 cells each. 
Each cell will be approximately 10 feet x 4 in. square wi th a 
feed reel at one end and a take-up reel at the other end. Each 
cell will contain " effectively" 1SO cameras. 

The sequence of pictures w ill be such that cameras 40 
degrees displaced from each other in the arc AB w ill always 
be tnggered 1n para llel as the pictures are sequentially cap­
tured across the en tire arc AB. This 40 degree separation cor­
responds to 3.3 cell lengths. Therefore the time to scan 
through 150 cameras on one cell is 1/3.3 x 1/24 sec = 1/79 
sec. 
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FIGURE 23 : 120 degree-104' arc of 1500 " Effective" cameras w i th 
common opt ical axis intersection at " 0 " 

Sin ce each of the 1500 "effective" cameras captures 24 
pictures per second, the total number of images captured 
per second equals 36000. 

The 10 ft. cell length is easily handled by a crew of two 
men during set up at the scene site. 

1500 lenses hav~ been replaced with 1SOO pinholes and 
each cell has been divided into sub-cells of 13 pi nho les each 
(e.g. one pinhole on axis and 6 above and 6 below the axis 
(see Figures 24 and 25). The time to scan a sub-cell is 1/910 
seconds. 

With reference to the description of image dissection in 
Fig. 13, it was shown that even though the roving apertu re 
(in this case the fixed pinholes arrayed over plus and minus 
V2 inch from the optical axis) moved off the optica l axis of 
the system, the primary lens "effectively" brought each of 
the off-axis aperture locations into the on-axis position. Verti ­
cal para llax of 1 inch w ill not affect the resultant picture 
since the closest object will be 10 feet from the pinhole 
array and the vertical variable in the scene has, been discarded 
(as men tioned in the introduction). Note the 10 ft. long 
plastic cyl inder-lens wh ich serves to bring each of the 1 SO 
pinholes in the cell, on axis. 

As the fi lm moves continuously over the cell length, about 
72,000 full- frame pictures are being registered in their matrix 
islands so that no two pictures at any time have any of their 
pic ture elemen ts superimposed on the emu lsion. 

FIGURE 25: Camera cell-front view 
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The film format is a 2.25 inch square and therefore as the 
fi lm moves from left to right (as in Figure 25) we can examine 
one elevation level (e.g. S p inhole spaces down from the 
film centerline or pinhole No. 2 in each subcell will be at 
the same elevation level). If the fi lm moves at leas t 2.2S 
inches per 1/24th second (the frame-ra te of each ind ividua l 
p inhole) then any one pinhole (e.g. No. 2) does not w rite 
any more than one p icture in a given frame area. 

f' . l.=l . 45"9 r 76 degree 
apture r equired) vertical r ange of' 

~ __J 13 pinholes ~ l inoh 

w- 2.t25" ---- I:J-
spher ical ' lenticular 

f'ilm light block 

10 ' oylinder p r imary lens (plastio) 

FIGURE 24 : Camera elevat ion-one subcell 

From Figure 26, a given frame moves such that in one sub­
cell length its rela tive position with respect to the next pin­
hole at the same elevation as the last one, is 1/1 3th of the 
frame width at the time th is pinhole opens and receives its 
image. Therefore, from the figure, the fi lm velocity equals 
the distance the frame lead ing edge travels d ivided by the 
time it takes for IJ open ings of the No. 1 sub-cell No. 2 pin­
hole plus the time differential between two adjacent No. 2 
pinhole openings. This velocity equals 10.8 + 0.173 -;- t', 
or approx. 5 feet per sec. 

From Figure 27, the f-number of the spherical lenticule 
element determines the maximum capture angle 8 allowable. 
Any angle wider than o wou ld ca use any given lenticu le's 
image to overlap the image of i ts ad jacent lenticule. 
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FIGURE 26 : Determ ination o f camera fi lm veloci ty in each cel l 

The 76° incl uded angle (Table 2) was dic tated by the 
viewi ng geometry which gives an audience of 825 people. 
If an f/1 system was used, the audience seating capaci ty 
wou ld be reduced to 400 people du e to a restricted capture 
angle o f 53 degrees. However, one advantage of this would 
b e a forward movemen t of the rear seats w hich tends to give 
less shri nkage appearance to space characters. 

FI GURE 27: Cell f-number 

TABLE II 
F·Number of Spherical Lenticules (N ,)­

(See Figure 27) 

N, 8 

0.5 

0.64 

1.0 

1.4 

2.0 

N = f /D 

(degrees) 

90 

76 

53.2 

39.3 

28.1 

This article continues in the September/October issue 
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Legibility requirements for 
educational television 

ABSTRACT 
To find out how classroom seating affects the 
studen t's view of a televised lesson, the quality 
of a video tape display was evaluated at distances 
equivalent to that of the last row of seats in a 
classroom. Displays of alphanumeric symbols al­
lowed quan titative performance measurements 
that can b e generalized to other types of images. 
The legibility of the televised symbols was mea­
sured in terms of the accuracy with which viewers 
could copy the random character sequences on 
an input! output typewriter connected to a com­
puter. Fo ur variables were tested: (1) scan lines 
per character height; (2) bandwidths of 2.5 , 3.1 , 
and 4.0 M Hz; (3) visual angle formed by the d is­
played character at I he eye; and (4) the off-axis 
from w hich the monitor was viewed . 

As expected, accuracy improved as the visual 
angle and number of scan lines increased, and 
was reduced as the off-axis angle increased. The 
average number of characters keyed per minute 
was also measured, with similar, but less consis­
tent, results. Though viewers could often per­
ceive the bandwidth differences, the resul ts 
showed no significant effect of bandwidth on ac­
curacy or throughput. Tests with a special low­
no ise video tape also revealed no significant 
effect on performance. 

These results are translated in to recommenda­
tio ns for classroom viewing, indicating the 
maximum d istance and angle from the monitor 
within wh ich studenls should be seated. 
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ALAN S. NEAL 

THE N EED FOR EXPERIMENTAL DATA 
In more and more American schools, te levision takes i ts 

p lace beside, or rep laces, the blackboard. Books and articles 
are wri tten to te ll the schools how lo use TV in the class­
room. Experts offer advice on how big a screen to buy and 
where to place it. 0 -7 > For a room of standard size, most 
recommend a monitor with at least a 21 -inch screen, and 
preferably 24. They estimate 15 to 20 studen ts could watch 
a 21-inch screen, while the 24-inch might serve as many as 
20 to 25. Mos t agree that the monitor shou ld be placed four 
or five feet oH the floor, and students shou ld be at least four 
to six feet from i t. How far away they can sit depends on the 
size of the screen ; 12 to 15 times the screen width is the re­
commended maximum. Another important factor is the angle 

01 51PPR6C 
02 EB 52Z6R 
03 GOXK9 53 
04 SS8TV2V 
05 7UH3BRS 
06 D2721FK 
07 MWTU88P 
08 67 TZOJT PAGE NO . 001 

Fig. 1: Sample Display at 4.0 MHz and 30 Lines per Character Height 
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from which the student views the screen. According to the 
experts, his line of vision should never be more than 30 to 45 
degrees to the left or right of the screen center. Such general 
guidelines, though apparently sensible, are not founded on 
experimental evidence. Very little research has been done on 
the best television system for the classroom. We need to con­
sider not only the size and placement of the TV monitor, but 
the quality of the TV itself. 

The TV quality may become even more important when, 
as is often the case, the material displayed was originally pre­
pared for some other purpose. If printing or other fine detail 
appears in a television movie, a teacher might assume that the 
producer made it big enough to see. In fact, because of basic 
differences between television and fi lm quality,< 8 > as well as 
the discrepancy between the intended and actua l image size, 
some movie frames may be quite unintelligible when seen on 
TV. 

The qual ity of a TV system can be evaluated by having 
viewers perform a task requiring the use of the display, and 
then measuring their performance on the task. Only such em­
pirica l studies can give us a real grasp of the relevant variables 
affecting television displays. (8 > Frequently, the task assigned 
is the identification of standard English letters and numbers. 
The size and famil ia rity of the alphanumeric symbols simplify 
testing and scoring, and the resul ts can be generalized to 
other picture details of comparable size and resolution. 

Shurtleff< 9 > reviews the technical literature on television 
quality and discusses the interactions between display vari­
ables, particularly resolution and character size. He reports 
several studies that evaluated the TV quality in terms of 
human performance measurements. A number of variables 
have been stud ied in this way, including properties of the 
image itself, such as character size, fon t, and polarity (black 
on white, or white on black), as well as factors in the display 
(brightness, contrast, resolution). 

Of these studies, perhaps the most relevant for education is 
the work of Seibert.< 10• 11 > He attempted to determine how 
legible displayed characters are at different angles and dis­
tances, for a range of character sizes and horizontal and ver­
tical resolu tions. 

Unfortunately, Seibert does not give full details of the 
physical characteristics of his TV display, and his measure­
ments do not include conditions in which the displayed 
characters are large and the viewer is some distance from the 
screen. Such conditions, which would resul t in a relatively 
high vertical resolu tion but a very small visual angle (the 
angle that might be drawn from the viewer's eye to the top 
and bottom of the object viewed), would be typical for stu­
dents viewing television from the back rows of the classroom. 

In many cases, classroom television will rely on material re­
corded on video tape, in whi ch video noise, dropouts, and 
sync instability are more likely to occur, with consequent 
degradation of picture quality. For this reason, empirical 
measurements of viewer performance wi th materials recorded 
on video tape are of concern. 

The classroom teacher and the AV director want to know 
how large detail or charac ters must be on the screen, how far 
away from the screen the last row of seats can be, how far to 
the side of the TV a student can si t, and how good the TV 
system itself must be. In order to answer these questions, the 
following study was designed. 

AN EXPERIMENTAL STUDY OF TV QUALITY 
Experiments were conducted to evaluate the quality of a 

television display of images recorded on video tape. Display 
quality was measured in terms of accuracy or legibil ity, de­
fined . as the percentage of ra ndomized alphanumeric 
characters which viewers cou ld correctly identify. Legibi lity 
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was chosen as a measure sensitive to small changes in the 
tmage. Random character ~equen~es (see Fig. 1) were used to 
avot? the p!ob~ems assoctated wtth recognition of words of 
varymg famdtanty. They served as the equivalent of very _ 
familiar words (as many words may be to a young stude~~ 
requiring recognition of each and every character. (The u ' 
of legibility as a performance measure is discussed in refesr~ 
ence 12, and the problem of legibili ty of words in reference 
13.) 

The following physica l characteristics of the television dis­
p lay were investigated: 

a. Scan lines per character heigh t-the number of rast~r 
scan lines crossing each character, a function o f the character 
size and the vertical reso lution of the display. Vertical reso­
tion, in turn, is a fu nction of the size of the monitor and the 
total number of displayable lines (about 500 lines on standard 
American TV). 
b. The bandwidth of the video display, which partly deter­
mines the horizontal resolution. Three bandwidths-2.5, 3.1, 
and 4.0 MHz-were tested. 
c. The visual angle subtended by the displayed character at 
the eye. This imaginary angle drawn from the cornea of the 
eye to the top and bottom of the character viewed is a func­
tion of the character size and the distance between the 
viewer and the TV monitor. The visual angle may be thought 
of as a measu re of the effective character size " in the eye of 
the beholder." 
d. The off-axis angle from which the monitor is viewed. The 
off-axis angle is the angle between a line drawn perpendicular 
to the face of the TV screen and a line drawn from the TV 
monitor to the viewer. 
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Fig. 2: Viewing Conditions Tested (Al l experimen tal points are equi­
valent to a viewing distance of at least 14 feet f rom a 21-inch 
or 24-inch moni tor. Box indicates points of additional tests at 
off-axis viewing angles.) 

In addition, one part of the study compared the legibility 
of characters displayed on two types of video tape-one a 
standard tape, and the other a higher-priced tape with a low 
noise level. 

Figu re 2 is a plot of vertical resolution versus visual angle 
showing the conditions tested in this study. The points were 
chosen to represent conditions that were calculated to be 
equivalen t to the view from the last rows in representative 
classrooms. The combinations of vertical resolution and visual 
angle, though tested with the 14-inch monitor in this experi­
ment, wou ld be equivalent to a viewing distance ranging from 
14 feet to 43 feet from a 21 -inch classroom monitor. 
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h cale at the right of the graph gives the number of rows 
The sacters that can be placed on the screen given the num­

of c a[ scan lines per character heigh t. This caculation was 
ber ~ on assumed standard row spacing of p ica or 12-point 
base with margins at the top and bottom of the screen each 
type, h h · h equal to one-tenth of t e screen etg t. 

Experimental Design . 
Twenty different viewers were required to read matenal 
sen ted on the TV monitor and to copy what they read on 

~~e input/ ou tput typewriter connected to a computer. The 
mputer calculated the average throughput (characters keyed 

co r minute) and legibility (percent of characters correctly 
~eentified) for each page of material presented on the display. 

------~---------GLARE SHIELD 

'',',,, 

TYPEWRITER OFF-AXIS[ '' 

0/~ GLARE SHIELD A:~~- __ _ ':.::.::::~TV 
VIEWERQ IBELOW LINE MONITOR 

OFVISIONI 

1-- VIEWING DISTANCE ., 

VIDEOTAPE 
PLAYER 

Fig. 3: Diagram of Experimental Setting (Top View) 

Each of the 14 basic combinations of vertical resolution 
and visual angle indicated in Fig. 2 was tested at three band­
widths. The three bandwidths of 2.5, 3.1, and 4.0 MHz pro­
duced approximately 250, 350, and 425 lines of horizontal 
resolution, respectively, on the 14-inch monitor. All of the rf'­
sulting 42 conditions were tested with the viewer at distances 
of 10, 15, and 23 feet from the monitor but directly in front 
of it (0 degrees off axis). 

The five conditions indicated by boxes on Fig. 2 were also 
tested (a t 3.1 M Hz only) with the monitor placed at an angle 
to the viewer, so that she viewed the display from 10, 20, 30, 
and 40 degrees off-axis. The special low-noise tape was used 
for this portion of the experiment. The tape was also tested at 
0 degrees off axis for the five selected conditions, to allow a 
comparison of the viewers' performance with the two tapes. 

The same material was presented to all subjects. The order 
of presentation was fixed in a counterbalanced design : the 
viewer fi rst was shown one page at each condition until all 
conditions had been presented, and then shown a different 
page at each condition, but with the order of the condi t ions 
reversed. 

Stimulus Material 
All the pages of material presented to the viewer had th e 

same format, consisting of eight rows of seven randomized 
characters each, plus row numbers and page number iden­
tification (see Fig. 1). The character font is a bold stroke sans 
serif type (Manifold). Half of the characters were capital 
letters and half numbers; aside from this restriction, the se­
quences were completely randomized. 

Viewers 
Twenty female typists, ranging in age from 18 to 39, were 

hired through a temporary office help agency for this study. 
Each was given a comprehensive vision test to measure visual 
acui ty and detect any abnormality that would affect the re­
sults. All but one had at least 20/20 visual acui ty with both 
eyes for both near and far vision (with glasses if needed). The 
one exception had 20/20 near vision and 20/ 30 fa r vision. No 
serious abnormali ties were found in stereopsis (depth per-
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ception), and no serious vertical or lateral phoria (muscle im­
balance was detected. 

Procedure 
Each typist came to the laboratory for one day of individual 

testing. The total testing period was about five hours, with 
frequent rest breaks. The experimenter first explained the 
general purpose and procedure of the test, and then gave her 
detailed instructions on how to perform the task. Finally, she 
was given ten pages of practice material on video tape. Dur­
ing the practice session, the experimen ter observed her per­
formance, corrected errors in procedure, and answered 
questions. 

In the actual test session, the procedure was the same for 
each page: The experimenter positioned the monitor, i f nec­
essary, at the appropriate distan ce from the typist and set the 
off-axis viewing angle of the monitor. He then started the 
video tape player/ recorder, and the image was displayed on 
the moni to r. When the telivision picture became stable, the 
typist pressed the Ready key on the 1/ 0 typewriter. In res­
ponse to this signal, the computer typed the fi rst line num­
ber (01) on the typewriter. The typist then proceeded to 
copy line 01 on the display, as she perceived it. After typing 
the seven characters, she pressed the carrier retu rn key. The 
computer accepted the seven-character en try and typed out 
the next line number. This procedure continued until the 
typist had copied all eigh t lines of material on the page. If 
she w ished to correct a character just keyed, she could press 
the Attention key and then rekey the entire line of seven 
cha racters. (But she had to do this before she pressed the 
Return key.) If she keyed too few or too many characters in 
a line, the computer asked her to rekey the entire I ine by 
typing " please rekey" on her typewriter. 

After the typist fini shed the last line on the page, she keyed 
a period, a signal to the computer thdl this page was com­
pleted. The computer then ca lculated the amount of time (i n 
seconds) between depression o f the ready key and keying 
of the period, i.e., the total amount of time requi red to read 
the display and type what was seen. The computer also 
checked the number of errors the viewer made (and what 
each error was) and recorded this information, identified by 
subject number, page number, etc., on punched cards. W hen 
those calculations were completed, the computer typed out 
on the viewer's typewriter the number of the next page of 
material to be copied. The experimenter then "fas t-forward­
ed" the recorder to the beginning of the next page on the 
video tape. 

Equipment 
The parameters of scan l ines per character height and band­

width were set at the time of video tape recording. The re­
cording was made with a 525- line Granger V1000 television 
camera and control unit, a GEC 8507 high resolution vidicon, 
and a modified Sony EV200 video recorder/ player. The band­
width of the video signal was al tered with Butterworth seven­
pole low-pass fi lters. 

Standard Sony V-11-60 one-inch video tape was used to 
display the 42 basic conditions, and a special Sony low-noise 
V-11-60 video tape was used for the portion of the study 
concerned with off-axis angles. The standard tape had a sig­
nal-to-noise ratio (peak-to-peak/RMS) o f 40.5 db, while the 
low noise tape had a 42.9 db S/N ra tio. 

During the test, the tapes were played back on the same 
recorder/ player, and displayed on a Conrac CQE-14/52~/ 
1029 fourteen-inch monitor (which had horizontal sync ctr­
cuits modified to be compatible w ith the helical scan video 
recorder). The displayed images had a su rface luminance of 
20 foot-lamberts on the background and two foot-lamberts 
on the characters thus obtain ing a Michelson contrast-de­
fined as ( Lmax-L~in) /(Lmax+ Lmin)-of 0.82. Considerable 
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from which the studen t views the screen. According to the 
experts, his line o f vision should never be more than 30 to 45 
degrees to the left or right of the screen center. Such general 
guidelines, though apparently sensible, are not founded on 
experimen ta l evidence. Very little research has been done on 
the best te levision sys tem for the classroom. We need to con­
sider not on ly the size and placement of the TV monitor, but 
the quality of the TV i tsel f. 

Th e TV qual ity may become even more important when, 
as is often the case, the material d isplayed was originally pre­
pared for some o ther purpose. If printing or o ther f ine detai l 
appears in a television movie, a teacher might assume that the 
producer made it big enough to see. In fact, because o f basic 
differences between televi sion and fi lm qua li ty,(8) as w ell as 
the discrepa ncy between the intended and actual image size, 
some movie frames may be quite unintel lig ible when seen on 
TV. 

The qual i ty of a TV system can be evaluated by having 
viewers perform a task requiring the use o f the display, and 
then measuring their performance on the task. Only such em­
pirical studies can give us a real grasp of the relevant variables 
affecting television displays. (B > Frequently, the task assigned 
is the identi fication of standard English letters and numbers. 
The size and fami liarity of the alphanumeric symbols simp lify 
testing and scoring, and the results can be generalized to 
other picture details of comparable size and resolution . 

Shurtleff(9) reviews the technical li terature on television 
quali ty and discusses the interactions between display vari­
ables, particularly resolution and character size. He reports 
several studies that evaluated the TV quali ty in terms o f 
human performance measurements. A number o f variables 
have been studied in this way, including properties of the 
image itself, such as character size, font, and polarity (b lack 
on whi te, or wh ite on black), as wel l as factors in the display 
(brightness, contrast, resolution). 

Of these studies, perhaps the most relevant for education is 
the work of Seibert. (10 , 11 > He attempted to determine how 
legible displayed characters are at different angles and dis­
tances, for a range of character sizes and horizontal and ver­
tical resolutions. 

Unfortunately, Seibert does no t give full details of the 
physical characteristics o f his TV d isplay, and his measure­
ments do not incl ude cond itions in which the displayed 
characters are large and the viewer is some distance from the 
screen. Such conditions, which w ould result in a relatively 
high ver tical resolution but a very small visual angle (the 
angle that might be drawn from the viewer's eye to the top 
and bottom of the object viewed), w ould be typical for stu­
dents viewing television from the back rows o f the classroom. 

In many cases, classroom television will rely on material re­
corded on video tape, in which video noise, dropouts, and 
sync instabili ty are more likely to occur, w ith consequent 
degradation o f pictu re qual ity. For this reason, empirical 
measurements of viewer performance w ith materials recorded 
on video tape are of concern. 

The classroom teacher and the AV director want to know 
how large detail or characters must be on the screen, how far 
away from the screen the last row of seats can be, how far to 
the side of the TV a student can sit, and how good the TV 
system i tself must be. In order to answer these questions, the 
fo llowing study was designed. 

AN EX PER IM ENTAL STUDY OF TV QUALITY 
Experiments were conducted to evaluate the quality of a 

television display of images recorded on video tape. Display 
quali ty was measured in terms o f accuracy or legibi lity, de­
fined . as the percentage o f randomized alphanumeric 
characters which viewers cou ld correctly identi fy. Legibi li ty 

40 

was chosen as a measure sensitive to small changes in the 
image. Random character sequences (see Fig. 1) were used to 
avoid the problems associated wi th recognition of words of 
varying familia rity. They served as the equivalen t of very un­
familiar words (as many words may be to a young student) , 
requ iring recognition of each and every character. (The use 
o f legibi lity as a performance measure is discussed in refer­
ence 12, and the problem of legibili ty o f words in reference 
13.) 

The following physical characteristics of the television dis­
play were inves tigated : 

a. Scan lines per character heigh t- the number of raster 
scan lines crossing each cha racter, a funct ion o f the character 
size and the vertical resolution of the display. Verti ca l reso­
tion, in turn, is a function of the size of the moni tor and the 
total number of displayable lines (about 500 lines on standard 
American TV). 
b. The bandwidth o f the video d isplay, whi ch partly deter­
mines the horizonta l resolution. Three bandwidths-2.5, 3.1, 
and 4.0 MHz-were tested. 
c. The visual angle subtended by the displayed character at 
the eye. This imaginary angle drawn from the cornea of the 
eye to the top and bottom of the character viewed is a func­
tion of the character size and the distance between the 
viewer and the TV monitor. The visual angle may be thought 
of as a measure of the effective character size "in the eye of 
the beholder." 
d. The off-axis angle from which the monitor is viewed. The 
off-axi s angle is the angle between a line drawn perpendicular 
to the face of the TV screen and a line drawn from the TV 
moni tor to the viewer. 
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Viewi ng Conditions Tested (All experimen tal poin ts are equi­
valent to a v iewing d istance of at least 14 feet from a 21 -inch 
or 24-inch monitor. Box indicates points of additional tests at 
off-axis viewing angles.) 

In addition, one part of the study com pared the legibil i ty 
of characters d isplayed on two types of video tape-one a 
standard tape, and the other a higher-priced tape w ith a low 
noise level. 

Figure 2 is a p lot of vertical resolution versus visual angle 
showing the cond itions tested in this study. The poin ts were 
chosen to represen t condit ions tha t were calculated to .be 
equ iva lent to the view from the last rows in representati ve 
classrooms. The combinat ions o f vertical reso lution and v1sual 
angle, though tested w ith the 14-inch monitor in this experi­
ment, would be equ ivalent to a view ing d is tance ranging from 
14 fee t to 43 feet from a 21-inch classroom monitor. 
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The scale at the righ t of the graph gives the number of rows 
o f characters that can be placed on the screen given the num­
ber of scan lines per character height. This caculation was 
based on assumed standard row spacing of pica or 12-point 
type, with margins at the top and bottom of the screen each 
equal to one- tenth of the screen height. 

Experimental Design 
Twenty different viewers were required to read material 

presented on the TV monitor and to copy what they read on 
an inpu t/ output typewriter connected to a computer. The 
computer calcu lated the average throughput (characters keyed 
per minute) and legib il ity (percen t of characters correctly 
identif ied) for each page of material presented on the display. 

- ------- ----- --- GLARE SHIELD 

',, 
........... , 

TYPEWRITER Off·AXIS[ '' 

0 0/1 GLARESHIELD A~~L~- ___ '::::::::~ TV 
VIEWER (BELOW LINE MONITOR 

OF VISION) 

I· VIEW ING DISTANCE •I 

VIDEOTAPE 
PLAYER 

Fig. 3: Diagram of Experimental Setting (Top View) 

Each of the 14 basic combinations of vertica l resol ution 
and visual angle indicated in Fig. 2 was tested at three band­
widths. The th ree bandwidths of 2.5, 3.1, and 4.0 M Hz pro­
duced approxima tely 250, 350, and 425 lines of horizontal 
resolu tion, respectively, on the 14-inch monitor. All of the re­
sulting 42 conditions were tested with the viewer at distances 
of 10, 15, and 23 feet from the monitor but directly in front 
of i t (0 degrees off axis). 

The five conditions indicated by boxes on Fig. 2 were also 
tested (at 3.1 M Hz only) w ith the monitor placed at an angle 
to the viewer, so that she viewed the display from 10, 20, 30, 
and 40 degrees off-axis. The special low-noise tape was used 
for this portion of the experiment. The tape was also tested at 
0 degrees off axis for the five selected conditions, to allow a 
comparison of the viewers' performance with the two tapes. 

The same material was presented to al l subjects. The order 
of presentation was fixed in a counterbalanced design: the 
viewer fi rst was shown one page at each condition until all 
condit ions had been presen ted, and then shown a differen t 
page at each condition, but with the order of the conditions 
teversed . 

Stimulus Material 
All the pages of material presented to the viewer had the 

same forma t, consis ting of eight rows of seven randomized 
characters each, pl us row numbers and page number iden­
tification (see Fig. 1). The character font is a bold stroke sans 
serif type (Mani fo ld). Half of the characters were capital 
letters and half numbers; aside from this restriction, the se­
quences were completely randomized. 

Viewers 
Twenty female typists, ranging in age from 18 to 39, were 

hired through a temporary office help agency for this study. 
Each was given a comprehensive vision test to measure visual 
acu ity and detect any abnormality that would affect the re­
sul ts. A ll bu t one had at least 20/ 20 visual acuity w ith both 
eyes for bo th near and far vision (w ith glasses i f needed). The 
one exception had 20/ 20 near vision and 20/ 30 far vision. No 
serious abnormalities were found in stereopsis (depth per-
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ception), and no serious vertical or lateral phoria (muscle im­
balance was detected. 

Procedure 
Each typist came to the labora tory for one day of individual 

testing. The total testing period was about five hours, with 
frequen t rest breaks. The experimenter first explained the 
general purpose and procedure of the test, and then gave her 
detailed instructions on how to perform the task. Finally, she 
was given ten pages of practice material on video tape. Dur­
ing the practice session, the experimenter observed her per­
formance, corrected errors in procedure, and answered 
questions. 

In the actual test session, the procedure was the same for 
each page: The experimen ter posi tioned the monitor, i f nec­
essary, at the appropriate distance from the typist and set the 
off-axis viewing angle of the monitor. He then started the 
video tape p layer/recorder, and the image was displayed on 
the moni tor. When the telivision picture became stable, the 
typist pressed the Ready key on the 1/ 0 typewriter. In res­
ponse to this signal, the computer typed the first line num­
ber (01) on the typewriter. The typist then proceeded to 
copy line 01 on the display, as she perceived i t. After typing 
the seven characters, she pressed the carrier return key. The 
computer accepted the seven-character entry and typed out 
the next line number. This procedure conti nued until the 
typist had copied all eight lines of materia l on the page. If 
she wished to correct a character just keyed, she could press 
the Attention key and then rekey the entire line of seven 
cha racters. (Bu t she had to do this before she pressed the 
Return key.) If she keyed too few or too many characters in 
a line, the computer asked her to rekey the entire line by 
typing " please rekey" on her typewriter. 

A fter the typ is t finished the last line on the page, she keyed 
a period, a signal to the computer that this page was com­
pleted. The computer then calculated the amount of time (in 
seconds) between depression of the ready key and keying 
of the period, i.e., the total amount of time required to read 
the display and type what was seen. The computer also 
checked the number of errors the viewer made (and what 
each error was) and recorded th is information, iden tified by 
subject number, page number, etc., on punched cards. When 
those calculations were completed, the computer typed out 
on the viewer's typewriter the number of the next page of 
material to be copied. The experimenter then "fast-forward­
ed" the recorder to the beginning of the next page on the 
video tape. 

Equipment 
The parameters of scan l ines per character height and band­

w idth were set at the time of video tape recording. The re­
cording was made with a 525-line Granger V1000 television 
camera and control unit, a GEC 8507 high reso lution vid icon, 
and a modified Sony EV200 video recorder/ player. The band­
width of the video signal was altered w ith Butterworth seven­
pole low-pass fil ters. 

Standard Sony V-11 -60 one-inch video tape was used to 
display the 42 basic conditions, and a special Sony low-noise 
V-11-60 video tape was used for the portion of the study 
concerned with off-axis angles. The standard tape had a sig­
nal-to-noise ratio (peak-to-peak/ RMS) of 40.5 db, while the 
low noise tape had a 42.9 db S/ N ratio. 

During the test, the tapes were played back on the same 
recorder/ player, and displayed on a Conrac CQE-14/ 525/ 
1029 fourteen-inch monitor (which had horizontal sync cir­
cuits modified to be compatible with the helical scan video 
recorder). The displayed images had a surface luminance of 
20 foot-lamberts on the background and two foot- lamberts 
on the charac ters, thus obtaining a Michelson contrast- de­
fined as (Lmax-Lmin) / (Lmax+ Lmin)-of 0.82. Considerab le 
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attention was given to the reduction of reflective glare. A 
circular polarized screen was placed over the face of the 
monitor, and nonreflecttve black paper was placed along the 
walls of the room at all poin ts where glare was observable. 
A diagram of the experimental setting is shown in Fig. 3. 
(The low shield in front of the typewriter kept the typist 
from being d istracted by her own reflection in the monitor 
screen, wi thout impairing her view of the displayed material.) 

RESULTS 
Computer programs were wr itten to analyze the data col ­

lected. The average values for legibility and throughput ob­
tained with th e three different bandwidths for each of the 14 
combinations of visual angle and scan lines per character 
height, with the viewer directly in front of the moni tor (i.e., 
at 0 degrees off-axis), are shown in Figs. 4 and 5. 

Under the conditions tested, visual angle appears to be the 
predominant factor in determining video quality. In Fig. 4, 
legibi lity increases systematically from about 10 percent ac­
curacy at a visual angle of 3 minutes, to 95 percent at 8 
minutes, and finally to 98 percent accu racy with a visual 
angle of 14 minutes. 

The effect of vert ical resolution (number of scan lines per 
character height) can be seen by looking at those poin ts on 
Fig. 4 represen ting data for different numbers of scan lines 
at the sa me or nearly the same visua l angle. At 9.7 minutes, 
for exampl e, 20 and 30 lines per character height have the 
same legibil ity. At 4.7 minutes we have si milar pairs of resu lts. 
At two intervals on the visual angle scale, from 3.0 to 3.1 and 
from 6.3 to 6.5 minutes, we ca n see that a lower verti ca l 
resolut ion was more legible than a higher resolution when it 
was presented at a sli ghtly larger visual angle. Apparently at 
these levels, a sma ll difference in visual angle more than 
compensates for a la rge difference in number of lines per 
character height. 
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Fig. 4: Average Legibil ity at Three Bandwidth Settings for Test Con­
d i tions of Fig. 2 

A t most points tested, the differen t bandwidths produced 
accuracy rates that overlap or are qui te close. This was an 
unexpected resul t, since the difference in bandwidths pro­
duced perceptible differences in the dispayed image. A statis­
ti cal analysis of variance · of the results fo r the three band­
widths confirmed the concl usion that there is no significant 
difference in the effects of bandwidths under these test con­
ditions. 

The bandwidth data, insofar as they are comparable with 
the work of Seibert,OO. 11 ) appear to be consistent wi th his 
resul ts. Seibert found no significant difference in legibility 
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between 4.0 and 2.0 MHz. Legibility did begin to decrease, 
however, at 1.5 MHz. 

Clauer< 14 > investigated much the same variables, bu t under 
conditions appropriate for a single viewer seated immediately 
in front of a display (so that the visual angle was quite large). 
When the visual angle was very large, but bandwidth and ver­
tical resolution were allowed to vary, he fou nd a much more 
systematic effect of these variables on legibi lity than was 
revealed in this study. 

The results for throughpu t in Fig. 5 show the same trends 
as the legibi li ty resul ts, but are much more variable. The 
throughpu t shows a consis ten t increase from 45 cha racters 
per minu te at a visual angle of 4.0 minutes to 65 characters 
per minute at an ange of 14 minutes. The variability of the 
data may indicate that throughput is highly sensitive to mo­
tivation and to individua l di fferences. For example, the high 
throughput ra te recorded at a visual angle o f 3.0 minutes is a 
spurious effect that is probably explained by the subjects' 
lack of effort-the legibility was so bad they just gave up and 
guessed. 
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Fig. 5: Average Throughput at Three Bandwidth Settings for Test 
Conditions of Fig. 2 

At points where visual angle varied very little but vertical 
resolution was increased, the throughpu t data may be com­
pared with simi lar resul ts for legibility. Again, it appears at 
these levels a small d iffe rence in visual angle at threshold is 
more importan t than a larger difference in l ines per character 
height. 

The throughpu t fo r differen t bandwidths confi rms the con­
clusion reached from the legibi lity da ta: bandwidth had no 
significant effect in these experiments. A statistical ana lysis 
of variance of the throughput data again verified this con­
clusion. 

Figure 6 confirms the expectation that, i f the viewer is 
placed at an angle to the side of the monitor, some decre­
ments in legibility can be expected. Under conditions where 
vertical resolution and visual angle· give h igh legibili ty (better 
than 90% ) at 0 degrees off axis, there is no decrement in 
legibil ity until the off-axis angle becomes 40 degrees. Under 
less favorable condi tions, the effect of the off-axis angle is 
more severe, reducing the legibi li ty even at 20 degrees. 

The throughpu t data for the off-axis angle tests were so 
variable that no consistent trends were observed and no in­
terpretat ion is possib le. 

The tests o f performance at off-axis angles were made with 
the special low-noise tape desc ribed above. The tests at zero 
degrees off axis al lowed comparison of these resu lts w ith the 
data for these five conditions in the complete series of tests 
with d irect viewing and standard type. The boldface symbols 
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at zero degrees in Fig. 6 give the resu lts for standard type. 
Neither video tape resulted in consistently superior perfor­
manc under either of the two criteria of legibility and 
throughput. 

RECOMMENDATIONS 
What do these experimental results mean to a school 

planning the use of television in the classroom? 

First, they help to clarify a principle that is intuitively recog­
nized as sound, and once understood, is easy to apply : When 
students are to be seated at some distance from the television 
screen, any printed characters or graphic details displayed 
must be proportionately larger, to be certa in that the text can 
be read and the details discerned. We can now make th is a 
more precise recommendation by putting numeric value on 
it: In a classroom television display, we need letters large 
enough to produce at least 8 minu tes of visual angle at the 
eye of the student in the worst seat in the classroom. Ac­
cording to our results, th is should produce 95 percent ac­
curacy of recognition of random characters. (Note that we are 
unable to specify 100 percent accuracy in experiments like 
this, in which typographical and experimental errors may 
contribute to the total erro rs made.) 
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Fig. 7: Recommended "Viewing Cone" 

Second, we can specify a recom mended minimum vertical 
resolution of 15 lines per character height when small visual 
angles are involved. At 15 lines per character, the ratio o f the 
character height to the tota l d isplay height is 1/ 33, and 16 
rows of characters cou ld be put on the screen (as long as the 
screen is large enough and the students close enough to keep 
the visual angle with in the minimum of 8 minutes of arc). 

In practice, the number of scan lines per character heigh t 
is often determined not by the required vertical resolution 
but the size of characters needed for legibi lity from the worsi 
seat in the classroom. If some students must be seated at 
some distance from the monitor, characters must be large, 
and the vertical resolution may turn out to be much h igher 
than is needed. This inefficiency could be avoided by using a 
larger monitor. More characters could then be disp layed with­
out changing the character size. The monitor size could 
theoretically be increased until the characters on the screen 
had a minimum o f 15 scan lines of resolution. Another pos­
sibility w ould be to choose a nonstandard television system 
w ith fewer than 500 scan lines. This would not be economi­
ca l, though unless transmission savings were high enough to 
offset the cost o f the special equipment-not a likely pos­
sib ility. 

A th ird point is that, for group viewing of a large tele­
vision screen, we can recommend a bandwidth of approxi ­
mately to 2.5 MHz. From the results of this study and 
Seibert's work, oo.u > it appears that there is no improvement 
in performance above this point, but there is a decrement 
below this point. 

Fourth, this experiment confi rms th~ importance of the 
angle from which students view the moni tor screen. If the 
viewer's line of vision is more than 30 degrees off axis, he 
may not be able to read the displayed material accurately. 

What is the effect of these recommendations in terms of 
classroom seating arrangements? Figure 7 is a diagram show­
ing the recommended " viewing cone" wh ich would keep all 
students w ithin 30 degrees of either side o f the screen. The 
number of seats that can fit with in the cone depends on the 
size of the seats, how close together the teacher wants to put 
them, and the maximum recommended viewing distance. The 
maximum distance of the last row of seats depends on the 
size of the monitor and the relative size o f the displayed 
material. Figure 8 shows the maximum viewing distance from 
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various size monitors calculated to maintain the recommen­
ded minimal visual angle at the eye (8 minutes). It can be 
seen that if cha racters are such that they are scanned by 15 
lines (the recommended minimum), the worst seat in the 
classroom can be almost 18 feet from a 27-inch monitor but 
only 11 feet from a 17-inch monitor. The use of a larger 
monitor considerably increases the maximum seating dis­
tance and thus the number of students could be placed 
within the viewi ng cone. 

Another way to increase the maximum distance from which 
students can view the monitor is to choose larger characters, 
although this will reduce the total number of characters that 
can be placed on the display. For instance, Fig. 8 shows that 
as the character height increases from 1/33 of the screen 
height (15 scan lines) to 1/ 17 of the screen height (30 lines) 
the maximum viewing distance increases from 18 feet to 35 
feet from a 27-inch monitor or from 11 feet to 22 feet from 
a 17-inch monitor. However, the figure also indicates that the 

RATIO OF CHARACTER HEIGHT TO DISPLAY HEIGHT 
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Fig. 8 : Maxi mum Viewing Distance for Worst Seat in Classroom 
Mainta in ing a Minimal 8 Minutes Visual Angle at the Eye 

maximum number of rows of characters that could be placed 
on the screen decreases from 16 rows with the smaller 
characters to 8 rows wi th the larger. 

In many classrooms, there may not be enough space to 
fit the whole class within the recommended limits for viewing 
angle and d istance. In cases like this, it is probably better to 
have two monitors than one large set. A class fl oor p lan can 
be drawn to help to determine where the monitors should 
be placed to make the best use of the viewing cones for each 
screen. 

Many factors interact to produce an effective TV display, 
and just one thing wrong-poor contras t, glare, or bad ly 
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designed characters-can spoi l the effect of an otherwise 
good system. But, assuming that equipment and teaching 
materials are well designed, the recommendations here 
should ensure tha t the image on the classroom television is 
clear to the student in the last row. 
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ONE SMALLPRODUCT DOES NOT A COMPANY MAKE 

But one small product made us famous! Some­

times its off-the-she lf products are all that a 

company is known by. This certa inly was not 

the case at SOl. Actually, just the opposite 

was true. Only those aerospace firms with 

il luminated panel or specific readout device 

problems were aware of th is unique organiza­

tion that constantly came up with imaginative 

answers to their most intricate requests. 

Symbol ic D isplays was, and is, a "problem­

so lver." Its phenomena l growth has been 

primarily due to its success in panel illumina­

tion , caution warning systems, general control 

type boxes, and state-of-the-a rt space equip­

ment for the aerospace industry. 

But not until we introduced the Mono-bit, an 

insign ificant looking little seven-segmented 

digital readout, were we recognized universal ly . 

Don't get us wrong ... we're not complaining, 

mind you. The SOl Mono-b it is a winner al l the 

way. Its main claim to fame is its front relamp­

abil ity for easy maintenance. Just write or 

phone . . . we'll send literature which tells you 

all about it. 

In the meantime, we have more products com­

ing along just as exc it ing as the Mono-bit. Our 

company plan is rather a simple one- whether 

we mass produce off-the-shelf or one-of-a-kind 

custom products-we 'll continue as leaders in 

the f ield of interface between man and machine. 

Especia lly now . .. since everyone knows who 

we are! 

Eit:ll 
Eii:JI I SYMBOLIC DISPLAYS INC. 
!551:JI 1188 North Batavia Street/ Orange, California 92667 I Call: (714) 633-8580 
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General Chairman lou Seeberger opens Symposium Proceedings 

The very successfu l ninth annual symposium, hosted by the 
Los Angeles Chapter of SID, highlighted the dramatic in­
crease in the effec ts of the information explosion in govern­
ment, business, and education. 

General Symposium Chairman Lou Seeberger, in his wel­
coming message, said in part . .. "As it is in many human 
endeavors, diversification is the key lo long range stability. 
The speciali st who fails to keep alert to associated or related 
areas often as not finds himself ill prepared to adapt to an 
ever-changing environment." 

"So it is in display engineering. Born of the demanding 

At the Banquet, attendees meet for dinner 
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Los Angeles 

military need for information transfer to the most sophisti­
cated computer ever designed, the human being, the science 
of display is emerging from the era of a 'black art'. The 
valu e of real time data transfer is being recognized by more 
and more system p lanners. As a resu lt, the disp lay engineer 
is rapidly learning to quanti fy his con tributions to the new 
lech no!ogy." 

Ur. Peter Goldmark, President and Directo r of Research 
for CBS Laboratories, addressed the Symposium Banquet. 
Harry I. Davis, Deputy Assistant Secretary Air Force (R&D), 
delivered the Keynote Address. Excerpts from these follow. 

General shot of exh ibit area 
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Dr. Peter Goldmark addresses the Banquet 

The very erudite Professor Eric Von Hogerst rom 
(o therwise known as Vince Barnell) Featured 
Luncheon Speaker, sets SID stra ight on the 
righ t way to use the d isplay art. This spoof 
was successfully carried off, delighting the 
audience and providing an amusing entre into 
the technical sessions which followed. 

I ~JFORMATION D ISPLAY, ju ly/Augus t 1968 

Pe tro V lahos presents award to outgoing presiden t W ill iam Bethke, as 
incoming president Carl Machover watches 

ll!lllllllll 

Demonstration of the v isual paging system used for the first time at 
an SID symposium. Message is displayed on bottom hal f of screen, 
while top half d isplays session in progress. Monitors were located at 
convenient points. 

Will iam Bethke congratu lates Carl Machover on his new role as p resident o f SID. 
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Forecast for the future 

by HARRY I. DAVIS 
Deputy Assistant Secretary Ai r Force (R&D) 

Delivered at the Ninlh Annual SID Symposium, Info '68, May, 1968 

Let us begin by discussing areas in which technological 
progress is less likely than an even money bet (give or take 
a factor of five). " True" artificial in tell igence, direct inpu t 
into human memory banks, direct augmentation of human 
mental capacity by in terconnection with a computer, chemi­
cal control of character or in tell igence, verification of extra­
sensory-perception, the technological equivalent of telepathy 
and direct control of individual though t processes are just 
not conceivable by the year 2000. 

The on ly input to the brain will be through the human 
senses, and the eyeball will continue to dominate all other 
inputs to that marvelous, unmatched compu ter, the human 
b rain. How to make this more efficient is the challenge the 
members of this socie ty face. From reading the last few 
issues o f your excellent journal, it appears this problem is 
in good hands. The arti cle on command contro l display 
sys tem for NORAD, as an example, is one close to me, for 
historical and, if I may be presumptous, nostalgic reasons. 
Other articles, such as the legibi li ty of prin ted type, resolu­
tion of television displays, moving map displays, stereo­
scopic photography and holography, man -machine com­
munications and airborne sensor display requirements illus­
trate the diversi ty o f your interests, the comprehensiveness 
of your investigations, and help instill the co nfidence tha t 
the challenge of improving the inpu t to the human brain by 
th e old fashioned eyeball wi ll be successfully met by mem­
bers of this society. 

In the technical fi elds of di rect interest to the members 
of SID, the largest number of technical innovations can be 
and have been forecast. I wi ll br iefly list eighteen of them. 

The safest predictions are in you r technical area, since 
the new capabi lities are represented by items like new tech­
niques for adult educa tion, extensive centralization and in­
terconnections of personal and business information in high 
speed data processors, techn iques (possibly pervasive) for 
monitoring, su rveillance and control of individuals and or­
ganizations, use of robots, means for improving human ana­
lytica l ability, simple and inexpensive home video recording, 
time sharing of compu ters with users "on-l ine" in direct com­
munication with computers, use of computers for intellectual 
and professional assistance (translation-, teaching, li terature 
search, medical diagnosis, traffic contro l, crime detection, 
design, analysis, and intellectual collaborator), home compu­
tation to run househo ld, home education via video and 
computerized programmed learning, inexpensive rapid, high 
quali ty, color and monochrome reproduction for home and 
office use, conference TV, rapid language teaching, extensive 
use of high al ti tude cameras for mappin g, prospecting, cen-
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sus, land use and geological investigation, inexpensive design 
of " one of a kind" items by compu ter w ith automatic fabrica­
tion of the item directly from the computer print-out, and 
three dimensional photography, i llustrations, movies and 
telev ision. 

Earlier, I had mentioned some of the interes ting articles in 
the journal of your society, Information Display. One of the 
articles in the September/October 1967 issue described the 
large wall disp lay in NORAD. The November/December issue 
con tained an excellent article on "Airborne Sensor Display 
Requ irements and Approaches." I wou ld like to add a few 
comments to these two types of display. 

A study o f tactical warfare-World War II, Korea, and 
Sou theast Asia, quickly reveals that the largest source of in­
formation concerning the enemy's deployment comes from 
direct observation by humans. The human eyeball, whether 
on the ground or in aircraft, witnesses much more than is 
reported, and much more is reported than is recorded. Fur­
ther, more is recorded than is digested. So here we have a 
perishable but valuable commodity- the report from the ob­
servations of the human eyeball-which is largely untapped 
as a source of real time information for the commander. 

I now chal lenge you who are in terested in military affairs 
to consider how to use the eyeballs of thousands of obser­
vers, how to have them report their observations rapidly 
and accura tely w ith precise geographic posi tion attached to 
the reports and how to assemble all these inputs into a large, 
wall-type display. The object is to have a real time display 
of enemy and friendl y activi ty avai lable to the com mander. 
Other inputs would of course funnel into the display. We 
don' t need h igh resol ution since we are not interested in 
the exact shape and size of jeep or truck. We only wish to 
know how many there are, where they are at what t ime, 
and where they appear to be going. This does no t requ ire 
a high bandwidth data link nor a high resolu tion display. 
We are starting a development of this device wh ich we ca ll 
an activity indicator. We hope it will supplement photog-

" True artificial intelligence; direct input into 

human memory banks; control of individual 

thought processes; these are not conceivable 

by the year 2000. '' 
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raphy, which will be most useful in discovering and locating 
fixed, as contrasted to moving, targets. 

A second challenge for your consideration is the problem 
of displaying the ou tput of sensors in an aircraft, which is fre­
quently a small aircra ft with limited area on the cockpit in­
strument panel in the cockp it. It is not necessary to observe 
to members of this audience tha t a sensor, either for day or 
night use to detect targets, must provide detection ranges 
over some minimum range, perhaps a mile is a good mini­
mum, and a large field of view to enable the crew to scan 
the area. Since the sensor must provide a resolution of not 
less than one foot to iden tify trucks, with a 60° field of view, 
we mu st collect 6000 resolution elements in our sensor. Even 
if we had a display device w ith 6000 elements, if we mounted 
it on the instrument panel, the display would require dimen­
sions measured in fee t rather than inches to accommodate 
the limi ta tions o f human acui ty, especially under the non­
ideal conditions existing in a cockpi t. 

I was therefore qui te pleased to note considerations o f 
display devices other than direct viewing cathode ray tubes 
in the November ar ticle. Of particular interest to me was the 
helmet-mounted monocular device. 

When mil itary R&D is discussed, it is usual to stress re­
search and development leading to major weapon sys tems. 
These consume the largest amount o f dollars and are most 
interesting; however, work toward such systems is by no 
means the on ly objective of our research and developmen t. 
There are military problems for which such systems cannot 
ptovide acceptable solu tions. 

The world in which we find ourselves is one in which 
there are many small and weak bu t developing countries 
which need time to achieve pol i tical stability and economic 
progress. Bu t they cannot accomplish th is if they are subject 
to subversion from within and infiltration from without. The 
technical problems o f assis ting such countries to defend them­
selves lie at the other end of the spectrum from the problems 
of deterring nuclear war w hich for the past 20 years have 
been at the core of defense research and development. Yet, 
in many ways, the research and development problems re­
lated to helping these small countries are technica lly and 
managerially more difficult than the problems of deterring 
nuclear war. 

Instead of a single multibillion dollar program to develop 
nuclear weapons, we need to deal with a great many smaller 
programs to develop bi ts and pieces of hardware which 
must work under rather uncertain and unpredictable field 
conditions in a wide vari ety o f mili ta ry operations. This is 
indeed a challenging problem and one in which desirable 
goals cannot always be related to a schedule fo r attainmen t. 
The Ai r Force research and development program includes 
a wide variety of effort directed toward improving our capa­
bi lities and those of our all ies to deal w i th the prob lems of 
gueri lla warfare, infi l trati on and small sca le engagements 
conducted in close proximity to civilian populations. Tech­
niques and devices for target acquisition at night and in 
cover, such as jungles, improved high ly accurate fire control 
and weapon de livery, and specialized mun i tions are among 
the developments under way. 

Ou r objective must be not only to develop the weapon s 
we have decided we need for the operational inventory, 
but also to acquire the knowledge and experience we must 
have to make intelligent and informed decisions about what 
we need and can have next. 

The ea rly stages of research and development do not 
represen t commitments to complete any par ticu lar project ; 
rather they are aimed at providing us wi th the broades t 
range o f opt ions for ou r own fu ture developments and the 
broadest poss ibl e understandi ng of the options for weapons 
developments which science and technology may make 
available to ou r potenti al enem ies. 
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"Developing countries cannot accomplish 

political stability if subject to subversion from 

within and infiltration from without.'' 

We clearly can not develop everything which modern 
science and technology make possible. Every sys tem has its 
proponents and they are and should be heard. However, 
in the end a high degree of selectivity must be applied in 
choosing systems for full development and operational use. 
This inevitably results in cries from the disappointed, many 
of whom will assert, without much provocation, that thei r 
favored system is essential to national survival. Nevertheless, 
were we to pay heed to all of them we would be well on the 
way to national economic disaster. 

The Federal budget for research and development test and 
evaluation has experienced a steady and phenomenal grow th 
over the past twenty-five years. Even expressed in percent of 
a growing gro ss national product, the RDT&E budget has 
gone from 7/ 10s percent in 1941 to about 3 percent now. 
Recently, we have been through a period of highly accelera­
ted growth in which the in itiation of a massive space pro­
gram added to a ri sing curve of cost for development and 
acquisition of ballistic missiles resulted in RDT&E growth 
rates in the neighborhood of 20% per year. Some people 
have tended to think of this maximum achieved growth rate 
as now ordained to be the natural order of things and des­
tined to continue indefinitely. Th is trend, i f it were to con­
tinue from the level of 1966 for ten years, wou ld result in a 
Federal RDT&E budget almost as large as the total budget of 
today by th at time. However, the need to con tro l the growth 
of our research and developmen t activities shou ld not be 
regarded as a problem. It is a natural result of the healthy 
scient ific and technical posture whi ch the nation has 
attained . 

What in the recent past was primarily a problem of de­
cision on large military and industrial programs is increasingly 
becoming a problem for research and development generally, 
even down to the most basic level. Shall we invest more of 
our resources in further exp loration of the planets- manned 
or unmanned, or shall we build 300 BEV particle accelerators 
or large rad io telescopes and if so, how many and what 
kmds? We are proceeding now toward a supersonic transport 
but it is already possible to imagine a hypersonic transport. 
At what rate should we be proceedin g toward this objecti ve? 
If we are to divert more of our appl ied research from the 
defense to the civilian economy, how do we go about it? 
What should the relative ro les of the Federal Government, 
State Govern ments, and private institutions? 

W e, as a Nation, must answe r questions such as these, not 
only on the basis of the best technical judgments but with 
wisdom and foresight on how our decision will affect the 
future general welfMe, security, and economic well -bei ng 
of the Country as a whole. Enginee rs and scientists have 
much to contribute to this decision- making process but they 
must recognize the need for consideration of broad per­
spectives which encompass national objectives and publi c 
policy, as well as the technical issues. I am sure that the 
technical and scienti fic communit ies of this Coun try have 
no t only the capability, but the wi ll to play their necessary 
ro les in assu ming the con tinuation of our world leadership 
in science <:~ nd technology not only to assure our national 
security but in pursuit of the common goals o f mankind. 

49 



25,000 years of development-

by PETER GOLDMARK, 

President and Director of Research 
CBS Laboratories 

Delivered at the Ninth Annual SID Symposium, Info ' 68, May, 1968 

My associates and I at CBS Laboratories-this is the only 
commercial there is going to be tonight- are primarily en­
gaged in the field of communication technology and space 
communication systems. 

Recently we were fortunate to take part in a very am­
bitious space projec t: the lunar orbitor system, where we 
developed and finished the th ing that scanned out the 
photogrilrhs taken by the Lunar Orbitor. We sent them to 
the earth by an RCA transmitter, but recorded underground 
with our system. This was probably the first use of what 
we may call a triple scan. You are probably familiar with 
two dimensional scan, but the resolution of these lunar 
photographs had to be transmitted to the point where film­
grain became visible, because every bit of information had 
to be seen . 

I won' t bore you with what the principle of this triple 
scan is, where given enough time or bandwidth or both it 
is possible to transmit every bit of information there is and 
remove limi tation of resolution within these boundaries. 
Much has been published about it, and the only reason I 
mentioned it here is because of the many, many photographs 
which you probably have seen published. The one we are 
proudest of, and our lead for today's talk, is a view of the 
earth as seen from the moon. 

Since it was technology that made this view of our planet 
possible, I would like to share with you some o f the thoughts 
which occurred to me when I imagined looking at ourselves 
from that large distance and after reversing the telescope also 
in the time dimension. Perhaps we may be able to gain 
some meaningful perspective from the past by doing so. And 
l~arn where our responsibi lities lie for the future, as scien­
tists. There must be two very basic factors that have to be 
taken into consideration : 

so 

" The world at the mid-century is like a drum 
. . . strike it anywhere and it resounds 
everywhere. Vanishing space and scientific 
communication have turned our planet info a 
single small neighborhood.'' 

First, peop le have always lived in a changing world. Adlai 
Stevenson once observed that the expression 'We live in a 
changing world' was first uttered by Adam when he and Eve 
were being evicted from the Garden of Eden. 

Second, the world at the mid-century is like a drum ... 
Strike it anywhere and it will resound everywhere ! Vanishing 
space, globa l communication, and scientific revolu tion have 
turned our planet int,o a single small neighborhood. We must 
admit to ourselves that today we live in a world of material 
wealth and of spiritual poverty. Most of us, as scientists, are 
largely responsible for this even though, unwittingly, we have 
obl igations towards the present and towards the fu ture. Fi rst 
let's look at where we came from. 

About twenty-five thousand years ago, the capacity o f the 
human brain was one and a half liters. Today the capacity 
o f the human brain is one and a ha lf liters! A child born 
twenty-five thousand years ago and brought up in today's en­
vironment wou ld be vi rtually indisti nguishable from any 
modern chi ld, a ch ild born today. Yet, let's look at the 
changes of the differen t world we l ive in. How did it happen? 
Let's look at a graph. You can see that the population of the 
earth around the year 1200, and going back many more 
thousand years, was fai rly constan t. There have been no 
data, we can only extrapolate, but i t has grown tremendously, 
and in the 18th century, i t took off very rapidly, primari ly due 
to developmen ts in science, specifica lly in medicine, hygiene, 
nutrition and so on. Of the total number of people born 
since the discovery of America, two-thirds are alive today. I 
am happy to say, and I am sure you have heard it before, 
that 90% of all the scientists who ever lived are still alive. 

When America was discovered less than five hundred 
years ago, 1492 I believe, people on earth numbered 250 
million. Today, the population is 3 billion and w ill be 
doubled by the year 2000. Barring major changes, one hun­
dred years from now it will be 24 b illion! 

It is quite probable the increase in life expectancy has been 
a major contributor to this population growth. The next 
chart wi ll show you how life expectancy grew over the years . 
You see i t remains flat with the average of abou t 30 years 
life expectancy, remains flat over the same years where the 
population remained constant. But it made a tremendous 
impact on the population just changing from say 30 to 35 
years, 30 years before 1700, 35 years after 1800. Today, i t is 
somewhat over 70 ... I hope to be invited back here to 

INFO RMATIO N D ISPLAY, July/August 1968 

your convention in the year 2000, and I w ill tell you what 
the life expectancy is going to be then. 

Let's look at some other historical da ta. The destructive 
power, developed by man, is shown on th is chart. Gunpowder 
was the only explosive known for many, many centuries, that 
very flat insignificant line on the bottom. Then came dyna­
mite and TNT. Before dynamite, TNT was fu lminate of mer­
cury, which was just a conven ient way of exploding a cap­
su le. Suddenly, in 1945, the explosive power jumped several 
scales in Alamogordo, New Mexico, and then came the H­
bomb, and it is anybody' s guess how much higher this wi ll 
go. By the way, the ordinate is plotted in such a way as to 
accomodate both gun powder and the H-bomb, and so I 
sort of arbitrarily picked tons of TNT on a logari thm scale. 

Let's look for more pieces of statistics. Th is shows at 
which rate people were able to move, to travel. In 1600 BC 
the speed o f travel by chariot reached 25 mph. Rough ly, 25 
hundred years later, traveling became more comfortable but 
actually slower. I am talking about the English mail coach 
which moved only 10 mph ... and so did the Wrigh t 
Brothers at Kittyhawk in 1903. There were automobiles which 
traveled much faster at that time. Sixty yea rs la ter we have 
rocket planes flying at 4000 mph and manned spacecraft at 
18,000 mph. I bet anyone who would have predicted this in 
Boston and talked about i t a few hundred years ago would 
have been burned al ive at the stake. I am not kidd ing! 

We could go on and on showing similar curves, but let's 
look at just one more, and I th ink this is the most significant 
of all . Th is shows the number of books, I mean titles, not 
cop ies, published since the invention of the printing press 
by Guttenberg in the year 1450. We see that until the 19th 
century the number of t i tles increased extreme ly slowly. Bu t, 
in the year 1900, 20 million tit les were publ ished ; these are 
cumulative, all the titles published since the inven tion of 
the prin ting press. And today there are 50 million books pub-

" By the time children finish high school, they 
probably have seen 3 years of television, or 
7 5 ,000 hours, compared with 7 0 ,0 0 0 hours o f 
formal schooling . It's pretty frightening." 

lished, in the yea r 2000, the curve points towa rd 70 mi ll ion . 
We are not ta lking about necessari ly science and art on ly; 
these are all types of books. 

You will recall, when we looked at the previous graphs, 
that they showed someth ing all in common : namely, a sud­
den rise within the past 100 years. Keeping this in mind, and 
looking now at the rate at which books were publ ished, 
there seems to be a cause and effect relationship. Probably 
the most important event in the field of communication, the 
invention of the printing press, is more responsible than 
anything else for the violent up-turn of those curves we 
saw before. Let's see why. 

Back in the 15th Century, there were very few scientists. 
They were called alchemists, many of them; they were not 
regarded too well, and virtually no outside support existed 
for any kind of scien tific work-the DOD and NASA were 
not yet iiwen ted at that time. Without means of communica­
tions, experiences and ideas could not be shared with fellow 
scientis ts or taugh t to students. So, many lives were spent 
rediscovering just what somebody else had already found. In 
other words, a scientist who tried to investigate something 
new had to start from scra tch. He had no way of knowing 
what anybody else had done. He had to develop his tools, 
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" Today we have manned spacecraft flying at 
7 8,000 mph. Anyone who predicted this in 

Boston a few hundred years ago, and talked 

about it, would have been burned at the 

stake ." 

he had to develop h is theories; everything started from the 
beginn ing. And w ith the lifetime of thirty years, average, 
which today is about the time necessary for a physician to 
get his trai ning. 

As printing became more common, even though it went 
up very slowly, individual experiences and theories were 
published. This resulted in improved teaching and com ­
munica tion, the sharing of the discoveries led to more 
scientific work, and a snowball effect in learning and 
creativi ty set in. This in turn resulted, again, in more and 
more publications. Today, the major problem is how to read 
everything that is being published. 

Now, after the general characteristic of these curves, which 
you have j ust seen, i t is almost certain that th is has not been 
p lanned. Whi le techno logy has provided heal th and comfort 
and recreation for man, to a large extent i t has also been 
responsible for the majo r problems of the world today. 

For the first time, science faces a dead line upon which 
may hinge the survival of billions of people. As scientists, 
our most urgent mission today is to solve the problem of 
feeding and educa ting th is rapidly increasing population. I 
am referring to education in a broader sense, namely, how 
to teach people in the fastest and most effective way to get 
along with each other. It is evident that urban, national and 
international problems will grow as the density of population 
increases. The advances in science and technology have out­
stripped the slow changes in our behavior characteristics. 
What we have to cope with today is infi nitely more com­
plex than that baby, when he grew up, had to cope with 
25,000 years ago. 

What that baby would have learned in his life time would 
hardly suffice today for a grammar student. The alarming 
shapes of the curves here we have seen, simply ind ica te that 
we must improve and acce lerate education both for ch ildren 
and for adults. There is not enough time to say that we are 
going to improve the education of our chi ldren. If we did 
that, we wou ld merely ra ise a better generation of teachers, 
so it would rea lly be our grandch ildren who wou ld be better 
educated, again, in this broader sense. We have to educate 
today and immediate ly ourselves, the adu lts. 

The most powerful tool, the most sophisticated tool , de­
veloped by scientists is television. You have it in this room, 
you have it everywhere. I am not sure whether you are aware 
or not, that, on the average, television is watched in the 
home S1/2 hours a day. Before en tering school, chi ldren 
would have spent th ree or four thousand hours watching 
te levision, and by the time they finish high school, they 
probably have seen some 3 years of te levision, or 15,000 
hours, compared with only 10,000 hours spent in formal 
schooling. It is pretty frighten ing. 

Speaking on behal f of the tech nologists o f today, of engi­
neers and scientists, I believe we have a com mitment. We 
must put to work our talents, and we must combine forces 
w ith the best teachers and the most creative program pro­
ducers ; in order to give the adul ts and the children of th is 
world a system of education that w ill result not in the 
su rv iva l of the fit test, but in fi tness to survive! 
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NEW, high visibility 
alphanumeric readout 

The 16-segment bar configuration of this new Tung-Sol 
readout, provides a potential of 65000 letter I symbol dis­
plays. This unit offers the same high visibility, clarity and 
sharp angle viewing that characterizes the Tung-Sol dig i­
tal readout. 

In addition to fu ll alphanumeric dis­
play, f ixed letter/symbol messages 
may be displayed in selected digit 
areas. 
Th is new readout is compa t ible 
with the standard Tung-Sol d igital 
unit. Use of the same lamp banks, 
voltages and mounting techniques, 
perm its intermixing the readout 
blocks. 
Write for detailed techn ical infor­

mation. Tung-Sol Division, Wagner Electric Corporation, 
One Summer Ave., Newark, N.J. 07104. 

TUNG·SO[ 
ALPHANUMERIC READOUT 

® REG . T .M., WAGNER ELECTRIC CORPORATION 
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President's annual 

Because of technical error, portions of President Bill Bethke's annual 
report to the membership, published in the Mayl)une issue of Infor­
mation D isp lay, were prin ted in non-sequential order. Following is 
the original version of these sections : · 

To promulgate definitions and standards pertaining to the 
field of information display. 

As reported last year, the Standards and Defin itions Com­
mittee is comprised of one member from each Chapter, 
who, in turn, is Chai rman of his Chapter Standards and 
Definitions Committee. Assignments which had been made to 
the Chapters were to formulate and prepare definitions in the 
areas of (1) Resolution, (2) Colorimetry and (3) Luminance 
and Luminance Discrimination. The definitions in each of 
these areas placed emphasis upon those terms which define 
measurements of significan t display parameters. 

To date, four Chapters (Washington, Los Angeles, San 
Diego, Northeastern) have completed their assignments and 
have provided in itial drafts of proposed defin itions in the 
areas of resolu tion and luminan ce. Copies of these drafts 
have been provided to each Chapter com mittee and they are 
currently involved in critiquing and reviewing the work of the 
other Chapters. It is p lanned that the resultant material will 
be reviewed at a meeting of the National Committee prior to 
the preparation of a final recommended draft fo r submission 
to the membersh ip. 

During the past year, the new Ph iladelphia-Delaware Chap­
ter has been added, with representation to the National 
Committee, and is at work with the rest of the Chapters in 
performing the technical review mentioned above. 

I t has been extremely difficult to get this program under­
way. People talk exci tingly about i t bu t can' t get enough 
people together at one time in one place to work something 
out. Perhaps we, being engineers, might be acting too con­
servatively in not announci ng some standards and definitions 
for fear of criticism. Perhaps we should set up "straw-men" 
and let them be picked to pieces and perchance something 
constructive may come of it. 

To provide forums, by establishment of a journal and 
regular conferences, for the exchange and dissemination of 
ideas relating to the field of information display. 

One of the major functions of any Society is the exchange 
and dissemination of ideas re lating to its fie ld. In this regard, 
our symposium in San Francisco provided an excellent forum 
for such an exchange. Both the facilities and technical pro­
gram were of the highest caliber. Further, the technical meet­
ings held by the Chapters throughout the country, have also 
been extremely well chosen and appropriate to our f ield . Each 
Chapter has been invi ted to participate in national activities 
by suggesting appropriate dates for hosti ng ei ther the annual 
symposium or the techn ical meetings. The schedu le to date 
follows: 
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report 1968 

Symposium (Spring) 
1968 Los Angeles 
1969 Wash ington 
1970 
1971 
1972 

Delaware Valley 
San Francisco 

Technical Meeting (Fall) 
New York 

San Franci sco 
M inneapolis 

In addition to the normal S/0-sponsored symposium, the 
Society stru ctured a session at the Fall Join t Computer Con­
ference of AFI PS which was extremely well attended (standing 
room only). It appears that we will become a regu lar part 
of that program si nce we expect to participate in the next 
Fall Joint Computer Conference (December 1968). The So­
ciety is meeting its objectives in this area. 

To maintain a central repository for data relating to infor­
mation display and its allied fields w hich shall be accessible 
to all qualified members of the society for research pur­
poses. 

The objective of maintammg a central depository has 
always been a basic one since the origin of the Society. How­
ever, beyond the ra ther meager beginning last year (estab­
lishment of a permuted index), very little work has been 
done in this area. The Society is not meeting its objectives 
in this area and must; therefore, reassess the approach and, if 
necessary, provide financial assistance to give more impetus 
to the program. 

To encourage the scientific, literary and educational ad­
vancement of information display and its allied arts and 
sciences, including, but not limited to, the disciplines of 
display theory, display devices and systems development, 
and the psychological and physiological effects of these 
display systems on the human senses. 

The management and advancement of information display 
and its allied arts and sciences is probably the greatest goal 
we strive for. Ou r di rection has been, fi rst, to achieve a high 
level of membership who, as " disciples," cou ld spread the 
" word." Since the last report our membership has increased 
by approximately 200, for a present total of 1,500. Member­
sh ips denote an in ternational representation . In addition, 
three new Chap ters have been formed in the Society in 
St. Paul, Minnesota; in the Southwest at Dallas; and in the 
Delaware Valley at Philadelphia. 

Our membership d irectory has been revised and forwarded 
to all members. I think you will notice significant improve­
men ts in the directory which make it more usable. 

The increase in membership and number of Chapters have 
forced us to reassess our method of operation. It was felt that 
the Chapters ought to have representation on the Board of 
Directors. As a result of a petition, followed by in tensive 
study, new by- laws were prepared and voted upon and 
accepted by the membership. The implementation plans for 
the change wi ll begin this yea r. It will allow for each Chapter 
to have, ul timately, direct representation on the Board of 
Directors. In addition, it wi ll call for Regional D irectors in 
those areas where there are few or no Chapters. 
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Here's what 
Video Color offers: 

TECHNICAL ABILITY 
For any special purpose Cathode Ray Tu bes 

THIN TUBES 
Monochrome and Two Color Flat Tubes 

ULTRAHIGH RESOLUTION 
(l ess than .0005" spot size) 

FIBER OPTIC FACES 
HIGH CONTRAST 

Special Ultrathin glass substrates to elimin­
ate halation 

Projection Tubes-U ltra High Light Output 
SPECIAL SCREENS 

Any Phosphor 
High uniformity, Ultra Smooth Texture 
Low Screen Noise 
High Light Output 

SPECIAL ELECTRON OPTICS 
High Deflection Sensitivity 
High Beam Currents 
Multiguns 
High Voltages 

SPECIAL GEOMETRICS 
Back Ported Tubes 
Special Deflection Angles 

SPECIAL GLASS STRUCTURES 
Internal Target s 

FULL LINE OF STANDARD TYPES CRT's FOR 
Character Generators (Monoscopes, etc.) 
Readouts, Printers, Oscilloscopes, Radar, 
Monitors, Video Recorders, View Finders, 
Flying Spot Scanners, Back Ported Devices, 
Computers, etc. 

Video Color Corporation 
Subsidiary of DYNA RAY CORP. 

500 S. Douglas St., El Segundo, California 
Phone: 213 - 772-5251 90245 
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Never use 
less than 
the safest 

High-
Voltage 
leads 

For example: a quick connect/dis­
connect 20 KVDC connector f eeding 
t wo CRT tubes from a single termi­
nal 20 feet away. It's a compact 
lead assembly with glass and epoxy 
receptacles and silicone insulated 
leads that can be mated safely by 
hand, yet it's rated 25 KVDC at 
70,000 feet! 

• Lightweight, flexible assembly 
• Meets applicable MIL 

specificati·ons 
• RFI shielding available 
• Rated at 10 amps 
• No exposed high-voltage 
• Corona and rad iation 

resist ant 
• Foolproof assembly 

Let us design an assembly that 
meets or exceeds your requirements. 
We're the leading maker of high­
voltage, high-altitude custom lead 
assemblies. Whatever your connec­
t ion problem, write or ca ll t oday. 

AMP 
INCORPORATED 

CAPITRON DIVISION 
155 Park Street • Elizabethtown, Pa. 
7 17-367-1105 • TWX: 510·675-4561 

Circle Reader Service Card No. 22 

MASS SENSOR DETECTS 
MINUTE GRAVITY CHANGES 

MASS SENSOR·- This cruciform is a new mass sensor that provides a new means of sensing the 
presence of matter by detecting and measuring minute changes in the nearby gravitat ­

ional field. 

A new means of sensing the presence 
of matter by detecting and measuring 
minu te changes in the nearby gravita­
tional field has been developed by 
scientists at Hughes Aircraft Company's 
Research Laboratories. 

Uti l izing a technology completely di f­
ferent from previous gravi ty sensors, 
Hughes scienti sts have buil t a device tha t 
is claimed to provide the first practical 
technique for making detailed gravi ty 
surveys from a moving vehicle, such as 
an aircraft or spacecraft. 

The mass sensor, a prototype of which 
has been built, has demonstrated the 
sensitivi ty and reso lution required to ob­
tain a map of a geophysical mass distri ­
but ion. Its first application could be to 
map the mass distribution of the moon 
from a satellite orbiti ng over the lunar 
surface, scientists said. 

Measures Gradient 
The basic principle on which the sen ­

sor operates is that any mass such as a 
mountain (or lack of a mass, such as a 
crater) causes th e nearby gravi tational 
field to be slightly different at different 
points in space. The device measures 
this differential, or gradien t, in the gravi-

tationa l field, according to Dr. Robert L. 
Forward, manager of Hughes' explora­
tory studies department, who led the 
team developing the sensor. 

He explained that in order to measure 
this gradient, the sensor had to be cap­
ab le of measuring fo rces as small as 
10·11 Gs. It is the fi rst instrument to 
demonstrate tha t it can measure these 
extremely smal l fo rces and sti ll be rugged 
enough to be f lown in an aircraft or 
spacecraft, he added. 

In addition to i ts potential application 
in measuring mass distribution of the 
moon and other planets, D r. Forward 
said that the sensor also could be used 
on deep-space probes to measu re the 
mass of such sma ller astronomical bodies 
as asteroids. An airborne version, he 
added, could make rapid gravitational 
field surveys of the earth which might 
detect the presence of mineral deposits, 
such as oi l fields, and i t could also be 
used in an inertial guidance system to 
compensate for gravitational irregulari­
ties. 

The basic design consideration of any 
gravity gradient sensor is the need to 
isolate the very weak gravitational gra­
d ien t fo rces from other forces acting on 
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the sensor, he said. This is particu larly 
difficult because the sensor is operating 
in much la rger force fields such as the 
inertia l force caused by its own move­
ment. 

Isolates Weak Forces 
In addition, external electric and mag­

netic fields and even pressure from light 
waves can cause forces larger than those 
induced by the gravity gradient. The 
problem, therefore, is to d iscriminate be­
tween the various forces and islolate 
those caused by the gravity grad ient. 

This is accomplished in the Hughes 
sensor by using a ro tating four-pole 
body, in which a major portion of the 
mass is placed at the ends of two crossed 
arms. In operation, the gravity grad ient 
forces on the masses cause d ifferentia l 
torques on the arms of the rotating body 
which produce torsiona l strains at the 
center of the device. 

The torsional strains are ampli fied by 
the mechan ical resonance o f the sensor, 
and th is ampl ified force is then sensed 
by a strain transducer mounted on a 
flexura l member at the center of the 
device. Information from the transducer 
is transmitted to instruments which read 
out the amplitude and direction of the 
gravity forces. 

In Cruciform Shape 
In the prototype version of the device, 

the sensor is rotated at a speed of 16 rps 
on a friction less magne tic beari ng within 
a vacuum enclosure to p roduce near 
space-like conditions. The sensor is in 
the shape of a cruci form, using 0.5 lb 
tungsten-fi lled plastic masses on two 
stiff five-i nch luci te arms connected at 
righ t angles to each other by a torsional 
member w ith a p iezoelectric strain tra ns­
ducer. 

The torsional forces caused by the 
gravity gradient osci llate at twice the ro­
ta tional frequency of the sensor, D r. 
Forward explained, while the oscillations 
from other forces occur at the rotational 
frequency. In addition, the sensor is de­
signed to minimize the effect of other 
forces on the torsional mode. These fac­
tors, he stated, enab le the sensor to 
separate the gravity gradient forces from 
the other forces acting on i t. 

SEES G'S-The tip-w eighted cross inside a 
vacuum j am is a new " mass sensor" thai can 
detect the presence of a mass, such as a 
mountain or oil field, or even the lack of a 
mass, such as a crater. Curtis Bell, a member 
of the Hughes Aircraft Company team of 
scientists that developed the prototype of the 
world's first flyable mass sensor, prepares an 
experiment to prove the device can measure 
the tug of gravity as low as one-hundred· 
billionth " G.'' 

Signal from the transducer is trans­
mitted by a tiny battery-powered FM 
transmi tter to a receiver outside the en­
closure, from which it is demodu lated 
and fed to the readou t instrumen ts. 

Dr. Forward ind icated tha t more 
sophis ticated vers ions of the detector are 
now being fabricated and w ill be tested 
shortly, and that proposals for the design 
and fabrication of orbiti ng and airborne 
versions of the device have been sub­
m itted to NASA and the Air Force. • 

Recent Advances 
Hardback Edition 

Just Published 

Symposium Proceedings 
Th is volume documents the proceedings of the sympo­
sium, " Recent Adva nces in Disp lay Media," sponsored by 
the Electron ics Resea rch Center, NASA, Cambridge, Mass. 
Recent trends toward the d isplay of computer-generated 
information are rendering obsolete the use of traditiona l 
mechanical movements for information display. 

Keep Up-to-date 
Whi le there is a wea lth of data as to precisely what in­
formation requires display in a g iven system, no pre­
v ious seminar has concerned itself primarily at the display 
media level with the problem of how this information 
may best be d isplayed . It was the purpose of th is semi­
nar to examine the present and projected state of the 
art of the various display media appl icable to computer­
ized systems and to assist t he system designer in the 
select ion of media most appropr iate for his particular 
needs. 

Display Media • 1n 
Contents 

1. Computer-Managed Display Sys- 8 . 
te m for Advanced Commercial 9 . 
Transports 

2. Display Requirements for Ad­
vanced Manned Spacecraft 

3. Media Requirements for Ge ne ral 
Aviation 

10. 
11. 
12. 

Fluidic Displays 
Magnet ic Disp lay Devices 
Electrostatic Displays 
A Su rvey of Laser Display 
The Plasma Display- A Digitally 
Controllable, High Bri ghtness 
Display with an Inherent Mem­
ory 4. Recent Advances in Cathode-Ray­

Tube Disp lay Devices 13. M u It i c o I o r Electroluminescent 
Displays S. Carrier Inje ction Electrolumines­

(en(e 
6. Thermochromic Displays 

14. Considerations from Enginee ring 
Psychology 

7. Properties and Applications of 15. 
Photochromic Glasses 

Display Media: Summary, Inter­
polations, and Extrapolations 

Ortler your copy now! 
TECHNOLOGY PUBLISHING CORP. 
647 North Sepulveda Boulevard 
Bel Air, Los Angeles, California 90049 

GENTLEMEN: Enclosed is my check (or money order) in the amount of 
$ 10 for the just-published hardback edition of Recent Advances in Dis­
play Media. Please send it to: 

Name·------------------------------- Title __________ _ 

Company __________________________________________ __ 

Addre ss; __________________________________________ _ 

City _______________________ State _____ _ _ Zip·----
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DP-1 DIGITAL 

PLOTTER - $3550. 

Used as an on-line plotter, the DP-1 
plugs into any existing computer in­
terface without modification. Or, as 
an off-line device connected to a mag 
tape reader, the unit produces ac­
curate, fast plots of numeric data. 
You can plot up to 300 increments 
per second on ll"x114' Z-fold chart 
paper. Housekeeping software is pro­
vided at no additional cost. 

SPECIFICATIONS 
DP-1 

Maximum incremental 
speed in steps per second 300 

Incremental step size .010" 
. 005" 
.lmm 

Maximum plot size 
Y Axis (pen) 11" 
X Axis (paper) 144' 

OEM DISCOUNT SCHEDULES AVAILABLE 

UD@llil~~@[ii) I 
Instrument •.•. , .•• • , ••u•c•• ••M·~ 

495 0 TER M INAL AVEN U E, 

BE L L AI RE, T EXAS 77401 

C713) 667 - 7403 CABLE H C I N CO 
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an the moue 

Named to the posi ti on of marketi ng manager 
for the Paramus operation of Fairch i ld Space 
and Defense Systems d iv. of Fairch i ld Camer<' 
and Instrument Corp. is AUSTIN F. STUART 
Operat ions manager RICHARD T. PETRUZZELLI 
said that Stuart will be responsible for mar­
keting of electro-v isual, radiation and display 
systems developed and produced at the fi rm's 
facili ty in Paramus. 

RICHARD W. CALFEE has joined the Display 
Div. of Data Disc Inc., Palo Al to, as manager 
of thei r Video Systems Dep t. He w ill develop 
vi deo systems which use the company's vi deo 
disc storage units. Cal fee was formerly a de­
velopment engineer and an engineering grOUIJ 
manager ior I BM in Los Gatos, Cal i f. 

JACK H. VENNER has been elected a vi ce 
presiden t of Kollsman Inst rument Corp., 
Syosset, N.Y., according to DAVID B. NICH IN­
SON, president. Venner conti nues as general 
manager of Kollsman's Elect ro-Opt ics Div., 
w hich produces optical subsystems and equ ip­
ment for aerospace applications. 

MATTHEW E. jORDAN JR., has been named 
director of Computer Ti me Sales and Services 
at Management and Compu ter Services Inc., 
Phi ladelphia. President F. A. SCHLEGEL JR. 
made the announcement. Jordan was previously 
a manager in the N.Y. corpo rate headquarters 
o f MAl Equipment Corp., a subsidiary of 
Managemen t Assistance Inc. 

SID member A LLEN T. PUDER is representing 
the Electro-Optical D iv. o f Kollmorgen Corp. 
and the Macbeth Sa les Corp. on the West 
Cua' l "' a TedmiLdl Cun,ultant. Since grauuat­
ing from the Cali fo rnia Institu te of Technology 
with a MSME Degree, he has been active in 
the development of El ect ro-mechan ical, 
electro-optical, and xenon i llumina tion sys­
tems. He is located in Pasadena. 

EUGENE M . ZUCKERT, former Secretary of 
the Ai r Force, has been elected to the Board 
of The Te Co., according to CUSTER C. BAUM, 
president of the optica l research and develop­
m en t fi rm , located in Santa Barbara, Calif 
The co. is affi liated w i th Argu s Inc., Ch icago, 
manufacturer of amateur photographi c equip­
ment and optics devices and systems. 

FRANK C. CASI LLAS is now d irector of Cor­
porate Development for the Bunker-Ramo 
Corp., according to president MILTON E. 
MOHR. Casillas wi ll function o n the co rporate 
staff level , report ing d irectly to Dr. Mohr. He is 
responsible fo r the deve lopment of new busi­
ness opportunities, including merger and 
acquisition investi gations. 

HOWARD W . EMERSON has been appointed 
advert ising and sa les promotion manager for 
Master Specialties Co., Costa M esa, Cal i f. , 
acco rd ing to marketing manager JEROLD H . 
TUFT. Emerson w i ll direct the advertis ing and 
sales promotion activities, whose products in­
clude li ghted pushbutton swi tches and faul t 
warnin g systems. 

JOHN FITZPATRICK, of Huntington, N.Y., 
and GORDON H. WADSWORTH, of Rosevill e 
Ca li f., have won the two top 1967 sales awards 
issued by the Photo lamp Div. of Sylvania El ec­
tric Products Inc., according to RICHARD B. 
M ARTENSON, vp/marketin g of the div. The 
aw'ards were presented at a national marketi ng 
meet ing held in Marco Island, Fla . 

JOHN MANNIELLO has been named to f ill 
t he newly-created post o f v ice president , 
Government Operations, for CB~ Laboratories, 
according to PETER C. GOLDMARK, pres iden t 
and director of research. Manniello w i ll co­
ordinate CBS Laboratories Government pro­
grams be ing conducted through a nationa l 
network o f branch offices. 

JOHN MANNI ELLO KENNETH SPITZER 

Promotion o f KENNETH V. SPITZER from 
manager of the new Electro-Optical Devices 
Div., to general manager, with full responsi­
bility over all the operations of the div., was 
an nounced by JOHN C. MESSERSCHMITT, exec. 
vp/ chief operati ng o fficer at Amperex, 
Hicksville, N.Y. Spi tzer' s responsibi l i t ies in ­
clude R&D, manufacturing, and marketi ng 
Named vice president/ general manager of 
Amperex's Semiconductor and Microcircuits 
Div. is NORMAN A. NEUMANN, who was 
most recently wi th General Instrument Corp. 
He wi ll hold full responsibility for all activities 
o f the Div. 

JOHN GRAN~ERY has been named senio r 
sales engineer fo r digital information display 
systems at Raytheon Co.'s Equipment Div., 
W al tham, Mass. He jo ins the co . from GE, 
where he served as manager of market de­
velopment for the past two years fo r the 
Medinet Dept. 

The Conrac Div. o f Conrac Corp., has named 
JOH N W. CHISLETT sales manager, Da ta D is­
play Equipment. Prio r t o jo ining Conrac, Ch is­
lett w as assistant to the Di rector of Marketing 
at the Solar D iv. of International Harvester. 

Appointment of ALBERT V. KLIZAS as general 
marke ting manager of Transistor Electronics 
Corp. was announced by A. R. MASTERS, exec. 
vice-presiden t. He w ill be responsib le for 
marketing planning, sales and advertising of 
the M inneapolis-based f irm 's p roducts. 

THEODORE H. MAIMAN, invento r of the 
ruby laser and former president of Korad Corp ., 
has formed a new company, Maiman Asso­
ciates, in Los Angeles. Purpose of the com­
pany is to . . " help bridge the gap between 
innova tors and investors." · M ai man founded 
Korad in 1962; he left. th e company in 1967, 
after i t was absorbed by Union Carbide Corp. 

Two new appoin tments have been announced 
by In format ion Control Corp., El Segundo, 
Calif. S. V. EDENS is now se rv ing in the 
newly-crea ted post o f v ice-p resident o f Pro­
gram Management. He comes to ICC from 
h is own consulting fi rm, S. V. Edens Inc., 
whi ch he had formed to provide engineering 
and managemen t consu l ti ng services to the 
Reconnaissance and In telligence Community. 
RICHARD FRIED is now Western Regional sales 
manager, also a newly-crea ted post. He was 
previously w i th Lear Sieg ler Inc., Electron ic 
Instrumentation Div., in Anahe im. President 
G. H. GOLDSTICK made the announcements. 
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Adage Inc., has named WILLIAM F. WEST, 
Western Regiona l sal es manager, according to 
vp/marketing I. R. SCHWARTZ. West moves to 
Los Angeles from Fu llerton, where he has been 
manager of Adage's West Coast Systems Dept. 
fo r the past eigh t years. 

CLINTON CRABTREE has been appointed d i­
recto r of the computer product line at Honey­
well 's Florida Aerospace Div., St. Petersburg, 
Fla. Crabtree headed General Business Services, 
consul t ing firm in Brandon, Fla., before coming 
to Honeywell. 

RAN D W. TUTTLE has been e lected vice 
president for Advanced Technical Developm ent 
o f B-R Data Systems Inc., Silver Spring, Md., 
subsidiary of the Bunke r-Ramo Corp., accord­
ing to H. L. SHOEMAKER, vp/ general manager. 
In addition to this new posi t ion, Tuttle con­
ti nues as di rector of Advanced Systems. Elected 
vice president for Operations is JOSEPH S. 
REYNAUD, who previously served as director 
of Management Information Systems and pro­
gram manager of the contract in whi ch B-R 
Data Systems is providing services to automate 
the processes for preparation o f the A rmy's 
Annual Budget Submiss ion to Congress. 

GEORGE R. BATCHELDER, director ot mar­
ke ti ng of Mosaic Fabricat ions Div. of the Ben ­
d ix Corp. , recen tly announced appoinment of 
JOHN W. M EACHEN as sales manager for 
Field Sales Activities. H is responsibi li ties in 
d i recting external sales personnel and repre­
sentatives for Mosaic, largest p roducer and 
developer of fi ber op tics in the world , will 
include customer relations. 

Now di recto r of manufacturing at Systems 
Engineering Labs, Ft. Lauderda le, Fla., is 
ROBERT G. D ISTEFANO, who joined the co. in 
-1 965 as manager of product assurance. Prior 
to joining SEL, he w as manager of quality as­
su rance at Molecula r Research Co. 

PEK, Inc., Sunnyvale, Calif., has promo ted 
RAY L. BUNCH to the post of man ufacturing 
manager, according to genera l manager MAX 
GARBER. Bunch will be responsible for all 
phases of th e production of PEK lamps. He 
previo usly was manufacturing engineer. 

RAY L. BUNCH KENNETH MI LLER SR. 

KENNETH M. MILLER SR. has been named 
v ice president o f Computer Industries I nc. , 
and general manager of its Graphic Systems 
Div., according to co . presiden t ROBERT G. 
DEE. Los A nge les based Computer I ndustries 
is a subsidiary of Universi ty Computing Co., 
Dallas . Miller was formerly a vi ce president of 
Motorola El ectronics, Daystrom Inc., and Lear 
Jet Industries. 

JAMES E. REMMER has been elected vice 
president and general manager of the West­
wood Div. o f Houston Fearl ess Corp., accord­
ing to p resident FRED C. M EHNER. He was 
p reviously w i th Xerox Corp. in a number of 
execu tive assignments. 
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easy as 

Determine the sensitivity and 
bandwidth you will require 
for each channel, and/or the 
sweep speed desired. 
(You can go as far as 1 mv/ div 
and up to 25 MHz; c hoice of 
40 sweep ranges. ) 

Order the desired units from 
the Benrus catalog. 
(A virtually endless range of channel 
amplif ier and sweep combinations 
is available.) 

Incorporate the units into your 
system. 
(Units fit standard 31/ 2" to 7" 
racks without modification and are 
fully self conta ined, ready to 
connect.) 

You' ll be further pleased by 
the appearance, price, 

and compactness of these 
altogether new instruments. 

Write or phone for catalog #802. 

1±1 BEnRUS 
ELECTROniC InSTRUmEnTS DIVISIOn 
BEnRUS Watch Company, Inc . 

Ridgefie ld. Connecticut 06877 Telephone: (203) 438-0333 

FOR LEADERSHIP IN CRT DISPLAY WATCH BENRUS 
at WESCON Booth 1404 
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match 
makers: 
what's the best 
interactive display 
to mate with any of these? 

UNIVAC 1108 

IBM 360 

Sigma 7 

DDP 516 

or any digital CPU 

answer: ~00~~@~ 
IDIIOM??? Yes. A lot of people think so; not 
only because of its low cost. 

Programming convenience and versat i li ty of 
use are what count most to experienced com­
puter users. And IDIIOM's design features a 
unique balance and coord ination of hardware 
and software functions, an advanced Display 
Processi ng Unit and other design concepts 
th at g ive you optimum convenience and 
versatility. 

See for yourself. We' ll send you an objective 
comparison chart detailing the specs for all 
standard interactive displays. 

We're betting you'll agree that IDIIOM is the 
answer. 

Ill] I INFORMATION DISPLAYS, INC. 
333 North Bedford Road 
Mount Kisco, N. Y. 10549 
(914) 666-2936 TWX-71 0-571 -2179 
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ID Readout 
CALL FOR TECHNICAL PAPERS ISSUED 
FOR 1969 SPRING JOINT CONFERENCE 

A call has been issued for original technical papers on all 
aspects of the computer and information processing field for 
presentation at the 1969 Spring j oint Computer Conference, 
to be held in Boston. 

T. H. Bonn, chai rman of the technical program committee 
o f the 1969 conference, said papers must be submitted by 
next O ct. 7 to be considered for presentation at the May 14-
16, 1969 semi-annual conference in Boston's War Memorial. 

" The purpose o f the 1969 Conference ts to stimulate those 
engaged in research, advanced development, design and 
usage of computers and their programs to communicate their 
ideas and experiences freely through presentation of high 
quality technica l papers," Bonn said. He is assis tan t to the 
vice president of product plann ing and development at 
Honeywell's Electronic Data Processing Division. 

Free and timely communication of technical information 
has been responsible for the rapid growth of the computer 
field," he added. " It is our aim to continue and improve that 
communication in this forthcoming conference." 

He said authors should not limit themselves to the general 
fields of hardware, software, systems and applications but 
should also consider the tech nical -social aspects involving 
the use of computers. He suggested authors submit original 
ideas and experiences relating to secrecy and privacy, the 
FCC inquiry into data communications, the design and pro­
mulgation o f standards in the industry, problems of com­
petition and the direction of the industry's growth. 

Five copies of the entire paper should be submi tted, Bonn 

NEW MODULAR 
IMAGE SCANNING SYSTEMS 

From CRT face to signal output, cus­
tom tailor your high resolution scan­
ner with standard interchangeable as­
semblies by KAYE SCIENTIFIC. High 
speed optics, 16mm to 5 x 5 formats, 
manual or automatic, fu lly aligned and 
ready to turn on. 

Track Assemblies 
Mounts for all CRT's 
High Speed High Resolution Lenses 
CAT Monito ring - Spot Control 
Image Plane Focusing 
Single Frame Holders to 511 • 5" 

Roll Film Holde rs to 70mm 
Manual or Automatic Frame Change 
Precision Condenser Systems 
Photomultiplier Tubes and Mtlunts 
PMT Power Supplies and Preamps 
Shielded Light Tight Racks 

KAYE SCIENTIFIC CORP. 

533 Pacific Street, Stamford , Conne~icut 06903 1203) 324-5741 

Circle Reader Service Cord No. 27 INFORMATION DISPLAY, July/August 1968 

said, including a 100-to-150 word abstract and text of no t 
more than 7,500 words. A full set of rough illustrations, when 
applicable, should accompany the text and be keyed to i t, 
he added. Final texts will be published in the conference 
proceedings by the American Federation of Information Pro­
cessi ng Societies (AFIPS), sponsor of the Spring and Fal l joint 
Computer Conferences. 

Papers should be submitted to T. H. Bonn, Technica l Pro­
gram Committee Chairman, 1969 Spring j oint Computer Con­
ference, Honeywell EDP, 200 Smith Street, Waltham, Mass. 
02154. 

ORGANIZATION COMPLETED FOR 1968 FJ CC 
Committees for the 1968 Fall j oint Computer Conference 

December 9-11 have been completed . 
According to Dr. Will iam H. Davidow, general chairman, 

who is w ith the Palo Alto Division of Hewlet-Packard Co., 
commi ttees have been functioning for the past five months 
to plan what promises to be the largest computer conference 
held on the West Coast. 

Two vice chairmen are heading the main divisions of res­
ponsibil i ty. Thomas R. Dines of NASA's Ames Research Cen­
ter at Moffett Field is administrative vice chairman. Donn B. 
Parker of Control Data Corp., Palo Alto, is technical vice 
chairman and being assisted by Cuthbert C. Hurd of Com­
puter Usage Co., Palo Alto, who wil l make arrangements fo r 
distinguished visitors. 

The technical program is headed by Robert H. Glasser of 
Compu ter Usage Development Corp., Palo Alto, chairman, 
and Rex Rice o f Fairchild Semiconductor, Pal to A lto, vice 
chairman . Maria Robertson of Computer Usage is adminis­
trative assistant. 

Serving on the technical program committee are the fol-

They're yours for the asking. Contact your MSD rep or w rite 

lowing: james B. Angell of Stanford University, Robert Bond 
of Hewlett-Packard Co., Dr. Sidney Fernbach of University 
of California Lawrence Radiation Laboratories, Marjorie Hill 
of Control Data Corp., Paul Hodge of Memorex Corp., Warner 
King of Computer Usage Development Corp. and Marty 
Si lberberg and Roger Simons of IBM Corp. 

INTERNATIONAL TECHNICAL COMMUNICATIONS 
SYMPOSIUM 

The Society of Technica l Wri ters and Publishers will hold 
i ts fi rst international technical com munications symposium in 
Tel Aviv, Israel, December 9-"12, 1968, on the advanced state 
of the art, theory, and practice o f technica l communications. 
Papers should be submi tted to: Ken Tong, 55 Poin t A ller ton 
Rd., Hu!l, Mass. 02045. Each panel wi ll consist of speakers 
from 2 or more countries, assuring international coverage for 
each panel topic. 

LENS DESIGN 
A two-week short course will be held August 12-23, 1968, 

at UCLA, presented by the Engineering and Physical Sciences 
Extension, University of California Extension, Los Angeles. 
Instructor is Rudolf Kingslake, Director of Optical Design, 
Eastman Kodak Co., Rochester, N.Y. Description of course 
includes: various raytracing procedures in common use 
today; principal axia l and oblique aberrations of lenses; 
usua l methods for designing achromatic doublets, ap lanats, 
and simple microscope objectives. Further information may 
be obtained from: P.O. Box 24902, Engineering and Physica l 
Sciences Extension, University of Californ ia Extension, Los 
Angeles, Calif. 90024, (213 ) 478-9711 , Ext. 7277. 

A VERITABLE 
GOLD MINE OF 
INFORMATION 

These are th e most valuable set of refer­
enc e m anuals ava ilable on mag neti c 
s hieldin g m at e ri a l s and fabri c at i on 
methods . Th ey cover MSD's complete line 
of Netic and Co-Netic Alloys . MSD has 
provided over 80% o f th e magnetic shield 
designs current ly in use; its products are 
the recognized world standard in its field. 

West Coast Stocking Reps 
Tech Rep Distributor Co. 
10606 W. Pica Blvd. 
Los Angeles, Calif. 90064 
213, 836-6806 
213, 871-0055 

MAGNETIC SHIELD DIVISION Frauman Associates 
P.O. Box 969 
Menlo Park, Calif. 94026 
415, 322-8461 PERFECTION MICA COMPANY 

1322 N. Elston Avenue, Chicago, Illinois 60622 
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r:JDDJ Activities 

Alter three years of dedicated and productive service as Publica­
tions Chairman l o r SID, Lou Seeberger has resigned the position, due 
to other pressing committments. Taking over, by appointment o f 
president Carl Machover, is Rudy Kuehn, ·who served as the j ournal's 
first publications chairman . All society correspondence and technical 
manuscripts are to be submitted to Mr. Kuehn at P.O. Box 1369, 
Huntington Beach, California 92648. 

SOUTHWEST CHAPTER 
The chapter met recently at the Western Hills Inn in Euless, 

Texas. to hear C. R. Stobart, Manager of Command Display 
Systems. LTV Electrosystems, Inc., present a paper, " The 
Scribing Projector Display Technique". The paper was a 
presentation and discussion of the scribing projector large 
screen display technique, and was supplemented by an actual 
projector on display. 

DELAWARE VALLEY 
Chapter met recently to hear ). Weir Sargent, vice presi ­

dent oi Ultronics Corp., and Alan Meyers, Registered Repre­
sentative, Bache and Co., speak on "Securities Market Infor­
mation Display." The meeting was preceeded by dinner, and 
was then held at the offices of Bache and Co., Philadelphia. 

BAY AREA 
The chapter recently held an outdoor dinner at the Paul 

Masson Mountain Winery, located in the hills above Sara­
toga. A steak dinner was catered by a local res taurant, with 
the wine being provided by the Masson winery. The meeting 
was well attended by members and thei r spouses. 

LOS ANGE LES 
The chapter met for no host cocktai ls in Arcadia, to hear 

Ken Epple, of Datex Div. of Conrac Corp. , discuss the com­
pany's electronic compu ter driven scoreboard. He showed 
movies and demonstrated the scoreboard , which is to be 
used at the Coliseum in Oakland, Calif. A tour of the Datex 
Div. fo llowed the meeting. 

DISPLAY TECHNOLOGY 
A five day tutorial seminar will be offered August 26-30, 

1968 by the Polytechnic Institute of Brooklyn and the Mid­
Atlantic Chapter of the Society for Information Display. The 
seminar will be held at the new Long Island Graduate Cen­
ter of the Polytechnic Institute of Brooklyn located in Farm­
ingdale, New York. The tutorial program will include four 
(4) lectured discuss ion periods in each day's schedule start­
ing at 9:00 a.m. and lasting through 5:00 p.m. Housi ng 
facilities will be made available. The fee for each parti cipant 
wi ll be $225. which will include class notes and a seminar 
dinner. 

Registration before the deadline of August 1 is required. 
Information on this tutoria l sem inar is available from Dean 
William A. Lynch, Office of Special Programs, Polytechnic 
Institute of Brooklyn , 333 Jay Street, Brooklyn, New York, 
11201. (212) 643-2246. 
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Contributo rs from the Society for Information Display will 
include specia lists from industry and education as well as 
faculty members of Polytechn ic Insti tute of Brooklyn and 
other expert guest lecturers. 

The seminar has been planned so that participants will 
be able to conclude wi th Labor Day holiday in New York 
City and on Long Island. 

Information Display welcomes the following new members 
of SID. 

AARONSON, Gera ld, General Telephone & Elec. Labs; 
ALLEN, Martin C., Ling Group; ALTMAN, Morris, Hazeltine 
Corp .; ALWINE, Pau l R. , Jr., Control Data Corp.; AUROUX, 
Alain F., Grenoble Scientific Cen ter (France); BAAKE, Donald 
W., Hughes A ircraft Company ; BAGLEY, Robert L. , Lockheed 
Californ ia Company; BAIN, G. Stuart, Xerox Corporation ; 
BALCHEN, )ens G., Technical Un iversity of Norway; BATES, 
Arthur D., Independent Consultant; BELLOMY, Fred L., 
University of Cal ifornia at Santa Barbara; BERNSTEIN, George 
B., Naval Supply Systems Command/ R&D; BLANKENSHIP, 
M. G., Corning Glass Works; BLEAKLY, Charles)., Lockheed/ 
Missile & Space; BOLTA, John T., Tridea Electronics; BORD­
SEN, Donald T., UNIVAC ; BRANCH, James K., Photo Re­
search Corp. ; BRENNER, Bernard M ., MVR Corporation ; 
BROWN, Jack G., NAA- Space ; BROWN, Kenneth A., ITT 
Gilfillan Inc. ; BRUNS, Ronald A., Naval M issile Center. 

CARMICHAEL, Don, American Sign & Indicator Corp. ; 
CHABROL, Maurice)., Thomson lnformatique et Visualisation 
-France ; CHANDLER, Harvey B., Owens- Illinois; CHESA­
REK, Dona ld )., IBM Corporation ; CHRISTENSEN, jay, NASA 
-Ames Research Center; CLAR K, Da rrell L., Nationa l Cash 
Register Company; CLERGU E, j ean M., Thomson-l nfo rma­
tique et Visualisation- France; COLLINS, Richard F., Jet Pro­
pulsion Laboratory; CORMIER, Robert E., McDonnel-Douglas 
Corp.; DEGRASSE, Robert M ., Quantum Science Corporation ; 
de GUILLEBON, Michel M., French Navy-France; DEWEY, 
Anthony G., IBM Corporation; DUMAS, Ch rist, APSO Elec­
tronics ; DURBECK, Robert C., IBM Corporation ; DURBIN, 
Gerald T., Control Data Corporation; ECKSTROM, Will iam 
E., Honeywell Inc.; EISENMAN, Trevor W., NASA; ELDRIDGE, 
Arthur )., )r., IBM Corporation; ELKI NS, David R., Fleet Com­
puter Program ming Center, Pacific; EMMONS, Lawrence D., 
Ampex Corporation ; FICKEY, Charles )., American Cyanamid 
Co. ; FIRTH, Wi lliam G., TWS Systems Group; FLEMING, 
Gordon Ross, Energy Conversion Devices, Inc.; FRIEDMAN, 
Harold, Naval Missile Center. 

FROESS, Raymond )., IBM Corpo ra tion ; FRYER, Richard E., 
Naval Weapons Cen ter; FUJII , Tadakuni, Nippon Electric; 
GILMOUR, Robert W., Stanford Resea rch Institute; GLAESER, 
Richard A., General Dynamics; GORDON, Harold B., Harris­
lntertype Corporation ; GREEN, Melvin, Hazeltine Corpora­
tion ; GRIFFIN, John R., Tektronic Inc.; GUTTTMANN, Eric 
S., ITT Gi lfi llan Inc.; HALE, Keith F., Navy Electronics Lab.; 
HALLSTROM, John, TUAB, Teleutredningar AB ; HARPER, 
Gordon E., Varian Associates; HART, Edward A., Department 
of Defense; HAWORTH, Harjorie H., IBM Corporation ; 
HEDBERG, Carl A., Contro l Image Corporation; HEGLIN, 
Howard )., Li tton Guidance & Con trol ; HELLER, Mahlon D., 
LTV-Aeospace; HOLLOMAN, Charles, Trans-Lux Corpora­
tion ; HOLLY, john H., Hughes Aircra f t Company; HORGAN, 
Thomas B., IBM Corporation; HOWARTH, Robert F., SIO 
Visibility Lab. ; IBOSHI, Lawrence K., Hughes Aircraft Com­
pany; IVES, Henry D., National Cash Register; JANSKY, 
Curtis M., Bunker-Ramo Corporation ; JANUS, Theodore, 
Corning Glass Company; JIZBA, A. V., Chevron Oilf ield Re­
search Company; JOHNSON, Donald S., Jr., Ball Bro thers 
Research Corporation. 
KITAHARA, Eiji, Kyokuto, Boeki, Kaisha, Ltd.; KOCH, 
William H., Warnecke Electron Tubes; KORNFELD, Henry G., 
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Sperry Gyroscope; LANGNER, Guenther 0., IBM Corporation; 
LAVALLEE, Don F., Redcor Corporation; LEMMER, Robert A., 
Dow Jones & Co. Inc. ; LEPOLD, Joseph H., Genera l Electric 
AED; LORETZ, Norman F., TRW Systems Group; MARIS, 
j ohn K., Owens-Illinois Inc. ; MARTI, Norman F., Hughes 
Aircraft Company; M ASSEY, Ernst M ., Tektronix, Inc.; MER­
CIER, Daniel, SPERAC- France; M ERWIN, Roy L., Contro l 
Data Corporation; M ICKEY, Daniel D., General Electronics; 
MUSICANT. Gerald, Naval Underseas Warfare Center; 
McDOUBREY, Arthur 0 ., Varian Associates; NANCE, Doyce 
R., Texas Ins truments; NELSON, Delbert D., Goodyear Aero­
space; NELSON, Hilding Eugene, Concet Inc.; NIDAY, 
Edward R., ITT Federal Labs.; NI LSEN, Marvin H., Symbolic 
Displays Inc. ; NIXON, Nick, RCA; NORTH, Arthur, Leasco 
Systems & Research Corporation. 

O'DENTHAL, Conrad )., Tektronix Inc.; OKAMOTO, 
Howard K., Phi lco-Ford Corp.; O LSO N, Marlin E., Foxboro 
Company; O 'REI LLY, Charles C., Clifford Consultants ; OSICK, 
Walter R. , ITT Gilfillan ; PEDERSEN, Eva, Danish Atom ic Energy 
Commission ; PEIROTES, Yves ). M ., French Navy- France; 
PERSSON, Ake N., AB Projek tutueckling-Sweden; PIERCE, 
Edward W., Owens-Ill inois; PONTECORVO, A. B., The Boeing 
Company; POON, Kam, Sanders Associates; PORTER, Paul E., 
UC-Visibility Lab. ; PUTERBAUGH, W. H., National Cash 
Register; RAUCH, Conrad )., Texas Instruments; RAY, Charles 
)., Texas Instrumen ts; RAY, Charles B., Calif. lnst. of Tech­
nology; RAYNER, Harry H., UNIVAC; REEVES, Clay, Jr. , Digi­
tal Data Systems Inc. ; REYNOUDS, j ohn, Fredlen Corpora­
tion ; RITTER, Donald D., Con trol Data Corporation; ROCK, 
Henry C., Lora! Electronic Systems; RODGERS, Richard L., 
SDS; SAKOLS, James D., Lockheed ; SCANLON, John H., 
Massachusetts Institute of Technology; SCHOPPMAN, 
Wi ll iam E., McDonnell-Douglas; SCHOTT, Dan )., Sperry-

Random access--
35mm 
film 
loop proieclor 
• 100, 200, 300 frame capacity 
• choice of controls: dual dial, 

push buttons or computer 
• 3.5 sec. max. to project any one of 100 frames 
• 1 0"x15" rear projection daylight screen 

Phone Collect 319·326·0141 

MAST DEVELOPMENT 
COMPANY 

fD-JA 2212 E. 12TH ST. DAVENPORT, IOWA 52803 
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Rand. SCHREIBER, Donald E., IBM Corporation ; SHERBY, 
Thomas A., Na tional Cash Register; SI LVERMAN, Martin, 
B-Scan Inc.; SLOCUM, Gerald K., Hughes Aircraft Company. 

SMITH, Sidney M ., Jet Propuls ion Lab. ; SM ITH, Stephen F., 
~niversity of Calif. at Berkeley; STALLARD, Langdon B., 
L1~com; STANILOFF, Seldon, A., Fairchild Space & Def. Sys. 
D1v.; STANKOVICH, Donald, Aerojet General ; STARTIN, 
James V., International Computer & Tabulators Ltd.; STILL­
MAN, I. Leon, Cornell Aeronautica l Laboratory; SWEETON; 
Richard F., Kollsman Instrument Corp.; SWINNEY, Stanley 1. , 
Honeywell; TENNYSON, James F., A lb ion Optical Company, 
Inc.; TETSUKA, George M ., Jet Propulsion Laboratory; 
THUREIN, lngo P., Bonneyvi lle Power Administration· TITE 
Robert C., UNIVAC; UCHIDA, Prentiss S., Adage, Inc. ; ULM: 
P. D., ITT Federal Labs.; UTTERBACK, Raleigh E., Raytheon 
Company; VASS, Russell, U.S. Navy Electronic Systems Com­
mand ; VERDERBER, Robert )., NAA-Rockweii/Space; WALL, 
Carl E., Philco-Ford; WEl L, Raou l B., Monsanto; WEIRMEIR, 
Arnold V., Canadian Armed Forces; WERNTZ, Theodore L., 
Brookhaven Lab.; W ILLIAMS, Malsolm E., Scien ti fic Data 
Systems; WISE, Harry D., UNIVAC; Z IMMER, Karl )., Bur­
roughs Corporation; ZINN, Al fred G., Department of 
Defense. 
NEW STUDENT 

LaPLANT, William P., Jr. , University of Dayton. 

W E WELCOME THE FOLLOWING SUSTANING MEMBERS: 

CBS LABORATORIES, Stamford Connecticu t 
D. All ison, John Maniello, J. K. Moore 
THOMAS ELECTRONICS, INC- Wayne, New Jersey 
M ichael Beasty, M. L. Chater, H. A. Ketchum, Peter Seats, 
Ben Sitticase. 
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M·OVGIVES 
RADAR A 
NEW LOOK 
M-OV introduces some of the 
most advanced P.P.I. tubes for 
new radar applications. 
Take a new look at these 
brilliant features: 

* narrow angle deflection 
*flat face 
* transistor drive 
*high brightness 
* narrow neck 
* aluminised screen 
* electrostatic focus 

Final 
Screen Deflection anode 
dia. ins . angle0 vol tage kY 

F 16-10 7 37 14 
F21-10 9 41 14 
3000R 12 40 16 
4lOOR 16 50 16 

Cut-off 
y 

- 44 
+ 45 cathode 

+ 65 cathode 

+ 65 cathode 

For new catalogue with full specifications of 
M-0 v cathode ray tubes range, write to: 

Genalex 
THE M-0 VALVE CO. LTD. 
Principa l U.S . Distributor : Metropolitan Overseas Supply Corpora tion. 
468 Park Avenue South. New York 10016 Area 212 Phone : Murray Hill6·2120 
Also area representatives in most major centers 

M-0 V RADAR TUBES 
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National Technical 
Conference 

CALL FOR PAPERS 
The objective of this conference, to be held in New 
York City at the Waldorf-Astoria on November 25th 
and 26th, 1968, is to provide a valuable and rewarding 
experience by the stimulation o f thinking through: 

TECHNICAL PRESENTATIONS 
Interesting ideas and concepts are invited in papers 
that will be of general interest- as short as possible 
but as long as necessary-that get information across! 

TUTORIAL PAPERS 
Meaningful presentations are desired which wi ll pro­
vide insight and understanding to specialists of other 
disciplines in the display field. 

PANEL DISCUSSIONS 
Verbal discourses on important trends or discussions 
of future needs and requirements would be most wel ­
come-short presentations fol lowed by questions and 
answers. 

DEMONSTRATIONS 
Space wi ll be provided for individual or company de­
monstrations-papers on these interesting devices or 
systems are encouraged. 

Please send a one page typewritten abstract along 
wi th your name, address and telephone number 
by Aug. 5, 1968 for selection to: 

William M. Harni sh 
Western Union 
82 McKee Drive 
Mahwah, New Jersey 07430 

CALL FOR DISPLAYS 
In conjunction with the SID 1968 National Technical 

Conference at the Waldorf Astoria, New York City, on 
November 25, 1968, SID issues this call for demonstra­
tions. 

SID wi ll provide the space and power, free, to those 
who wish to demonstrate new ideas to other profes­
sionals who are primarily engaged in the display field. 

The demonstrations need not be sophisticated or 
product engineered-"bread board" operating models 
and "cellar projects" are perfectly acceptable. No ad­
vertising will be permitted other than a table top sign 
wi th the sponsoring company or individual's name 
imprin ted on it. 

We encourage individuals and corporations to take 
this opportunity to present new prod uct development 
to those men who are working in the same field and 
to those w ho will be specifying disp lay devices in 
future systems. 

For further information and space allotmen ts, phone 
or write: 

Richard DuBois 
Wagner Electric Corporation 

Tung-Sol Division 
200 Bloomfield Avenue 
Bloomfield, N.j. 07003 

201-748-8700 

INFORMATION DISPLAY, july/August 1968 

Call for Papers-
MAN'S ENVIRONMENT. 

- -----
~-~: § § ~:: 
===·= ·=- ·=·= = 

DISPLAY IMPLICATIONS & APPLICATIONS 

Aerial view of Marrioll Twin Bridges Motor 1-/otel, 

site of MEDIA . 

The Washington, D.C., Chapter 
Society for Information Display 

Invi tes You To Attend 
the 

Tenth Annual Symposium 
MED I A 

Man's Environment: Disp lay Implica tions & f.\ppl ications 
May 27, 28, 29, 1969 

Marriott Twin Bridges Motor Hotel 
Arl ington, Virginia 

Tutorial and research papers are sol icited. Papers should 
(a) iden tify specific aspects of man's environment in 
which Information Display can produce vital benefi ts 
and (b) consider man in his environment and the actual 
and probable improvemen ts which can be engendered 
through the intelligent and imaginative applications o f 
information display technology. The MEDIA Symposium 
theme paper is available from SID, P.O. Box 187, Ken­
smgton, Md. 20795. Five draft copies and five copies 
of a 100-150 word abstract are due before December 
15, 1968. Submi t to: H. T. Darracott, 3325 Mansfie ld 
Road, Falls Church, Va. 22041. 

Lewis Blair, left, Media Symposium Chairman, receives welcome 
from Marriott 1-io te/ Convention Manager William Emery. 
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INTRODUCING THE 
NEW ULTRA-HIGH 
RESOLUTION 
L-4238 

Spot Profile of the L-4238 
made with a Celco PC Analyzer. 

Calibration is 0.0005" /em. 
The new Litton L-4238 is a 5", 40 ° 
elect rom agnetically focused and 
deflected cathode ray tube devel­
oped for high resolution film scan­
ning and recording. The spot profi le 
shown above presents a true exhibi t 
of the L-4238's exceptional spot 
size capability - 0.0007" at the 
50% point. 

The L-4238 employs the same 
high efficiency, low noise phosphor 
screen normally used in the Litton 
high r esolution CRT family; a 
screen which is wel l known for its 
h igh light output. 

For more informati on on the 
L·4238, or a co mpl ete catalog 
describing Litton Cathode Ray 
Tubes and Accesso ry Equipment, 
contact : Litton Industries Electron 
Tube Division, 960 Industrial Road , 
San Car los, California 94070 . 
(4 15) 591 - 84 11. 

At WESCON visit our booth 3001. 

rn LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 
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DELAY BARRIER 
SHATTERED! 

The LP 300 

Integrated Solid State Light Pen 
Featuring: 

• All Solid State 
• Less Than 300 Nanoseconds Response Time 
• Touch Actuated Switch 
• Finder Beam 
• 100 Mil Or 20 Mil Resolution 

I NFORMATION CONTROL CORPORAT I ON 

1320 EAST FRANKLIN AVENUE, El SE GUHOO,CALIFORHI A 10245 I 121 31 322· 6930 I TWX 19101 348·6672 
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All readouts 
look the same 
W h ethe r it:s ~he ,well-known tube, o n e o f severa l r ear projection system s, EL, 
o r e ve n Dt ~l ~g ht s In-plane seven-segment readout, yo u can ' t t e ll the differ­
ence w h e n 1t s o ff. The re's one way you can really see the d iffe re n ce. Send us 
the coupo n on the adjacent page and borrow a Dialight d e m onstra to r unit. 

DIAL/GI-lT 
Circle Reader Service Card No. 34 

ID PraduEts 
Counter / Display Multidecade 

I.C. Decimal 
Instrument Displays Inc., Danvers, Mass., 

manufacturers of digital display un its, an­
nounces the availability of their M ini -diget 
DCU, to their counter/displays with memory 
and Binary Coded Decimal output. The Mini­
diget DCU series of decimal counter/disp lays 
is claimed to provide a se l f-contained package 
built around miniature cold -cathode disp lay 
tubes. These counters accept se ries pul se train 
input and count up to rates in excess of 2 
Megahertz. Binary coded decimal ou tput for 
further system operat ion is a part of the dis­
play. The counter/displays are avai lable in 2 
to 9 decade disp lay packages. 
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Infrared Emitter 
Monsanto Electronic Special Products Divi­

sion, St. Louis, Mo., has in troduced the M120-
C1 sem iconductor infrared emitte r designed 
to match the peak spectral sensitivity of silicon 
detectors. The emitter is a p-n diode chip 
made of gallium arsenide mounted on a 
T0-46 header. A high epoxy lens protects the 
chip and serves to co l limate the radiation. The 
M120C1 radiates 1.5 mill iwatts at a sharply 
peaked wavelength of .9 microns when the 
diode is forward based above one volt at a 
current of 100 mill iamperes. The power offers 
an improved signal to noise ratio and design 
flexibili ty when used as a companion l ight 
source for a silicon detector where semicon­
ductor rates are requ ired. Typical applications 
are said to include: card and tape reco rd ers, 
optical shaft encoders, h igh voltage isolation 
switches, photo choppers and co llimator. 
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Deflection Yokes 
CELCO, Mahwah, N.J., is now offering cert i­

fied performance in its FD428 deflect ion yoke. 
Designa ted Deflectron II, this yoke is intended 
for precision displays with high resolution 
readouts ut ilizing Cathode Ray Tubes with 
spot diameter capabi l ities to less than .oo·1 
inch . According to the company, certifi ed per­
fo rmance is defined as the resul ts of actual 
measuremen ts of specific parameters such as 
spot size, spot growth, al ignment pattern, as­
tigmati c ratio and spot size figu re of merit. 
A Certi ficate o f Performance including test 
condi tions and test results w i l l be issued wi th 
Deflectron II. 
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Rectangular Shields 
Amuneal Manufacturing Corp., Phi ladelphia, 

Pa., has introduced Rectangular Shields for 
cathode ray tub es (Types 3XP, 3SP, 3ASP, 
3AHP, 3AYP). Uni ts are claimed to be form­
fitting to the contour of the CRT b ulb; shields 
are of three-piece, die-formed construction. 
They can be supplied in four choices of 
mounting configurations, either wi th or with­
out tube support clamps. All Amuneal CRT 
Shields are hydrogen annealed, after manufac­
ture to restore and insure the optimum mag­
netic shielding properti es of the metal. 
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X-Y Recorder 
Texas Instruments Inc., Stafford, Texas, has 

announced production of an X-Y recorder. 
Designated the Contour/Riter II Recorder, the 
unit is stated to have four-pen ve rsatility for 
mul tip le X-Y plots, with repeatable accuracy 
(0.25%) in Tl's nul l-balancing potentiometric 
drive. Overlapping pens and reve rsible chart 
drive combine to make the recorder a "pro­
filing" device, sui ted to unattended recording 
of numerous types of process runs, analog 
traces of computer results and experimental or 
production test regimes. Other interesting ap­
pl ications are stated to be: pressure vs. vol­
ume, antenna radiation patterns, and analysis 
of hysteresis loops typ ically encountered in 
stress analyses and evaluation of elect ronic 
components. 
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Voltmeter 
Ross Engineering Corp., Saratoga, Cali f. , 

offe rs a high vol tage Hi-Z portable voltmeter, 
high impedance, solid state for accu rate mea­
surement of AC voltages on cables, cable 
capacitance taps, and high impedance sources. 
Range from .001 volt to 25,000 volts for both 
l ine to ground and differential phasing. Co. 
claims it is also useful for voltage presence in­
dication by means of an tenna probe or ex­
ternal contact of semiconductor cable sh ield­
ing and for measurement of voltage 
different ials from ground or shie ld currents 
originating f rom loads or faul ts. 
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Subminiature Indicator Light 
A subminiature indicator light that can re­

duce size of panels and consoles is ·now avail­
able from Marco-Oak Division, Oak Elect ro/ 
Netics Corp., Crystal Lake, Ill. The 1- in. over­
all, .340-in. diam indicator uses flange base 
T-1 lamps. It is offered wi th domed or fla t 
cylindrical high impact plastic caps and is 
available in all conventional colors, ei ther 
transparent or translucent. All operational and 
environmental requirements of MI L-L-3661 are 
met by the subminiature units, which also have 
resistance to vibration and shock, accord ing to 
the manufacturer. 
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Desk Top Information Display 
Raytheon Company, Lexington, Mass., is now 

manufacturing the DIDS-400, digital informa­
tion display systems. New England Mutual Life 
Insurance Co., Boston, Mass., is now using the 
systems for desk top information display to 
provide visible access to policyholder informa­
tion . The fi rm claims the DIDS-400 provid e~ 

direct interface between operator and com­
puter. The data transfer is under operator and 
computer control, and can be returned for dis­
play on a 6" by 9" screen, where it can be 
analyzed, updated, and returned to the com­
puter for further processing. According to the 
company, the D IDS-400 terminals are all solid­
state and use integrated circuits; and as many 
as 1040 characters can be displayed at one time 
on the screen. 
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Microminiature Lamps 
Pinl i tes Inc., Fairfie ld, N.j., now offers a mod­

ular strip incorporating incandescent lamps. 
STACK-LITE 75 is a narrow strip of molded 
plastic (.075" w ide) in which microminiature 
lamps (Pinlites) are spaced .075" apart to form 
an integral unit. These strips can be supplied 
in any length (within reason) as an inl ine dis­
play for such applications as meters, gauges, 
speedometers, etc. (particularly where the 
ambient lighting is poor). STACK-LITES can be 
stacked (as build ing blocks) for matrix appli-

cations. Figures, symbols, and letters can be 
formed by energizing the appropriate lamps, 
according to the company. 

The firm offe rs the customer a selection of 
any of its standard lens style or flat top style 
lamps as a part of the assembly, i.e.-5 ma . 
to 35 ma. at 1 '/• volts. At this rated voltage 
the life expectancy is 10,000 hours. These 
units can be wired directly into associated 
circuitry or can be plugged into a matching 
connector also supplied by P.l. 
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:······································································: • • • • • • 
: DIALIGHT CORPORATION : : . 
• 60 Stewart Ave., Brooklyn, N.Y. 11 237 • • • 
• Yes, I 'd like to borrow a d emonstrator unit. Have your representative ! 

calL No obligatio n. 

• • . . 
• • • 

My readout application is--------------------

Name _________ _____ ___ Title --------

Dept. _ ________________ Phone _______ _ 

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

Address--------------------------

City ___________ state ________ Zip _ _ __ _ 

/JIALIGI-IT 

... until theyre 
turned on. 

• • • • • . 
• • • • 

W h at a d iffer e n ce! Try wa lki n g bac k 10 feet, 20 f eet ... even 30 fee t No 
trouble w ith the sharp, bright , 1-inch high numeral s of Dialight r eadou ts even 
from extreme ang les. M odu les as low as $3.99 less lamps in 1000 lo t quant ities. 
Send coupon to borrow demonstrator unit s h own here and see for yoursel f. 

11/AL/G/-IT 
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Can a 
fine fine-scan 

camera be 
sold at a low, low 

price? 

YES. At a cost roughly half that 
of comparable cameras, the 
PB940 offers unmatched value 
for microscope work, do cu­
ment reading, data transfe r, 
quality control. You get : 
• Positive 2 :1 interlace at 875 
or 525 scan rates as 
standard equipment . 
• C lass A separate 
field mesh vid icon 
as std. equipment. 

And only the versatile Packard 
Bell PB940 offers you a choice 
of these three 'options : 
• Crys ta l -controll ed random 
interlace at 1 of 5 scan rates. 
• External EIA drives in ful l 
complia nee with RS 170. 

• Remote control. 
Write today for full 
information an d 
prices on the 
PB940 camera. F·ee 

THE VALUE LINE 

Packard B e ll 
649 Lowron<:e Drive, Newbury Pork, Calli. 91320. lui. (805)498·6601 

Circle Reader Service Cord No. 45 

! - ~-· 

new Literature 
Versatility of Digital Plotting 

System 
A tweleve-page brochure from Milgo Elec­

tronic Corp., Miami, Fla., i llustrates a variety of 
applications for the DPS-6 Digital Plotting Sys­
tem. In its second edition, the brochure shows 
the use of plotters applied to fields as diversi­
fied as civil engineering, finance, marketing, 
and construction. ·included with the system are 
an X-Y plotter, an input source and support­
ing software. 
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Quarterly House Organ Covers 
Lighted Switches, Indicators and 

Warning Systems 
A quarterly external company publ ication 

ca lled the MSC ILLUMINATOR has been intro­
duced by Master Specialties Company, Costa 
Mesa. According to the company, th is new 
publication wil t provide detailed material on 
information display and contro l devices. Pro­
ducts covered will include lighted pushbutton 
switches, word -indicator l ights, and fault warn­
ing systems and annunciators. Information will 
include new product and accessory announce­
ments, application ideas, and specialized tech­
nical data. 

The first issue, just released, details a new 
audio/visual annunciator system called AVA 
that combines the standard lighted word-in­
dicator with a corresponding pre-recorded 
voice message in to one, compact package. 
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Digital Displays Booklet 
A tweleve page booklet covering some state­

of-the-art advancements in illuminated digital 
displays has been published by the Tung-Sol 
Division of Wagner Electric Corp., Newark, 
N.J. Titled " The Second Generat ion Optimum 
Contrast Digital Contrast D igital Displays" , i t 
discusses three major develofJments which have 
improved performance of illuminated bar read­
out. The booklet also contains a description 
oi the system characteristics o f the Tung-Sol 
readou t<. 
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Easy-To-( Program Computer 
Clary Datacomp Systems, San Gabriel, Cal i f. 

has published an eight-page brochure describ­
ing dig ital computing equipment. Model DE-
600 computer can be used either as a calcu­
lator o r as a decision-making digital computer. 
Included in the brochure are solution times 
for such problems as thi rd-degree polynomial 
cu rve fit, solution of simultaneous equations, 
correlat ion and T-test, and compound interest. 
There i; also a brief summary of pre-progr;,m­
med f)rob lem-solving packages and computer 
peripheral equipment available from Clary. 
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Tube Housings 
Pacific Photometric's 16 page catalog dis­

cusses the complete l ine of Photomultipl ier 
Tube Housi ngs. Speci ficat ions and dimensions 
are given fo r ten separate types of housings 
which are designed to accommodate all lead­
ing photomultipl ier tubes. The catalog is il­
lustrated profusely with photos and graphs. 
Prices are referenced to the photomultiplier 
tube which is intended for use. 
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INFORMATION DISPLAY, july/August 1968 

Data Sheet from Raytheon 
,A data sheet describing the CK1905 Datavue 
tube is available from Raytheon Co., Lexington, 
Mass. The CK 1905 is stated to be a gas-filled 
cold-cathode, numerical indicator tube, using 
a common anode, ten cathodes in the shape of 
the numerals " 0" through " 9" and an integral 
decimal point. Designed fo r use as a di rect in­
line side-view readout device, the tube is 
stated to be sui tab le for basic counter and 
computer ci rcuits. 
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EECoSwitch Catalog 
A f ifty-four page catalog from EECo, Santa 

Ana, Ca l if., describes the complete EECoSwitch 
line of Rota ry Thumbwheel Switches. Included 
in the fully illustrated catalog is 16 pages of ap­
plication information describ ing how to select 
and use EECoSwitches. A special section also 
describes the envi ronmental and " human engi­
neering" factors which should be considered 
for various applications. 
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Computer Graphics 
System Bulletin 

Systems Engineering Laboratories Inc., Ft. 
Lauderdale, Fla., is making avai lable a product 
bulletin on the SEL 816A Computer Graphics 
System. The bulletin describes appli cations, 
specifications, functional description word for­
mat,, and customer sev ices. 
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High-Speed Camera Accessories 
A broad range o f electronic, mechanica l, 

and optical accessories is listed in the Red 
Lake Laboratories, Santa Clara, Calif., publica­
tion ACC-1167. Primari ly oriented toward the 
operation of Hycam equipmen t, the 150 refer­
enced items include products having general 
appl ication as well. 
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BI/SCAN Brochure 
A four page technical specification on the 

BIISCAN is now available from S. Himmel­
stein and Co. The literature includes funct ion­
al diagrams of the scanning system, descri p­
tion of the scanning technique, detai led in­
pu t-ou tput characteristics, etc. In addition, the 
brochure contains the description of the "scan­
ning head" techn ique which BI/SCAN utilizes 
to convert t ransient data into a stable, period­
ic signal suitable for use wi th Spectrum Ana­
lyzers. 
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NORTHERN CALIFORNIA FIRM 

SEEKING OPTICAL ENGINEER 

15 - 16 K per year - with four 
years experience in elect ro optics, 
a good knowledge of photographic 
engineering, densitomet ry and laser 
tec hnology and have elect ronic 
electromechan ic background. 

Send resume in complet e confi · 
dence to Box 120, Inform at ion Dis· 
play, 647 N. Sepulveda Blvd ., Los 
Angeles, Ca lifornia 90049. 

INFORMATION D ISPLAY, july/August 1968 

NEW 
VISIBLE LIGHT 

EMITTING DIODE 
with a brightness 

of 450 footlamberts 

Forward bias (1,=50ma) 
On-of f cycle t ime 
Wavelength range 
Brightness (1,=50ma) 
Price (in Jots of 1 000) 

(Actual Size) (Actual Size) 

Model MV10A Model MV10B 

1.65 volts 1.65 volts 
10 nsec 10 nsec 

0 0 
6500-?000A 6500-?000A 
115-300 ft l 115-450 ttl 

$4.00 to $18.00 

From film annotation to panel indicators, Monsanto's vi sible LEOs 
deliver solid state reliab il ity, miniature size, low power consumption. 
And they're available off the shelf. · 

Other Monsanto Optoelectronic Devices 
Infrared LED 

Lasers 
Arrays 

M 120B -200 microwatts rad iated power 
M I20C - 1.5 mill iwatts radiated power 
M L30C - 0.5 watts peak power output 
MA 1 OA - alpha-numeric visible array 

Monsanto 
ELECTRONIC SPECIAL PRODUCTS 

800 N. Lindbergh Blvd., St. Louis, Missouri 63166 / (314) 694-4639 or 4642 

Interested in career opportunities? Send resume to Manager 
Professional Recruiting. An equal opportunity employer . 
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ADAMS ASSOCIATES 
Bedford, Massachusetts 

AEROSPACE CORPORATION 
San Bernardino, California 

CBS LABORATORIES 
227 High Ridge Road 
Stamford, Connecticut 

GRAPHIC SYSTEMS DIVISION 
Computer Industries Inc. 
14761 Califa Street 
Van Nuys, California 91401 

BUNKER-RAMO CORPORATION 
Canoga Park, California 

BURROUGHS CORPORATION 
Defense, Space & Special Systems Group, 
Paoli, Pennsylvania 

CELCO 
(Constantine Engineering Labs. Co.) 
Mahwah, New Jersey 

COMMUNICATIONS & ELECTRONICS DIY. 
Philco-Ford Corporation 
A Subsidiary of Ford Motor Company 
Willow Grov~. Pennsylvania 

CONRAC DIVISION 
Conrac Corporation 
600 North Rimsdale Ave. 
Covina, California 91722 

ELECTRONIC COMPONENTS GROUP 
Div .• Sylvania Electronic Products Inc. 
Seneca Falls. New York 13080 

GENERAL ATRONICS CORPORATION 
Electronic Tube Division 
1200 East Mermaid Lane 
Philadelphia, Pennsylvania 19118 

HUGHES AIRCRAFT COMPANY 
Culver City, California 90230 

HUGHES AIRCRAFT COMPANY 
Vacuum Tube Products Div. 
Oceanside, California 

IBM CORPORATION 
Armonk, N.Y. 

NAC INCORPORATED 
7 · I Ginzanishi 
Chuo-Ku. Tokyo, Japan 

RADIATION INC. 
Melbourne, Florida 

STROMBERG CARLSON CORP. 
Data Products, San Diego, California 

SYNTRONIC INSTRUMENTS INC. 
100 Industrial Road, Addison, Illinois 

THOMAS ELECTRONICS, INC. 
100 Riverview Drive 
Wayne, New Jersey 07470 

TRANSISTOR ELECTRONICS CORPORATION 
Minneapolis, Minnesota 

EDP CORPORATION DISPLAYS 
Readability "par excellence" 
The only numerical display featuring: 
All metal housing. . . L·D·N-G life lamps 
Maximum reading distance and viewing angle 

r. 4 

All units are available in choice of colors, mounting style, 
voltages, etc. 

All units can be supplied completely wired with BCD to 
seven level translators or as modules. 

Also write us for our new low cost commercial version. 

EDP Corporation 
1900 N. Mills Ave., Orlando, Fla. 32803 

(305} 241-5324 
Manufacturers of: 

Timing systems 
Timing modules 
System ancillaries 

Test & Checkout Equipment 
PC Asemblies 
Subcontract and Prime Contracts 
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Beta • graphics ™ 

HARD-COPY 
CRT PRINTER 

MODEL HC610 

PRODUCES 8% X 11" PRINTS OF COMPUTER-GENERATED GRAPH· 
ICS AND ALPHANUMERICS IN SECONDS ... COMPLETELY DRY (NO 
LIQUIDS USED). 

Model HC610 is designed to be interfaced to a computer, coupled 
to a display controller or slaved to any graphical computer display. 

The Betagraphics Printer is a random-access X·Y device, featuring 
high-speed magnetic deflection, geometry correction and dynamic 
focus. Full format settling time is less than 12 microseconds, 
point-plotting rate is 500,000 points per second, line-writing rate 
IS 2 microseconds per inch and character-writing bandwidth is 
greater than 1 megahertz. 

Operation is simple, with only three controls in addition to the 
power switch - an exposure TIMER, an EXPOSE-DEVELOP switch 
for single exposure, development and delivery, and an EXPOSE 
switch for the multiple overlay or slow-buildup mode. All command 
and status interface signals are available· for remote operation. 

The Betagraphics line of peripheral display devices is here, now, 
to give you high quality computer graphics at reasonable prices. 
We'll be happy to send you complete specifications. 

Beta Instrument corn. 
377 ELLIOT ST. , NEWTON UPPER FALLS 
MASSACHUSETTS I TEL. 617 • 969-6510 
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Beta • graphics ™ 

MICROFILM 
CRT RECORDER 

MODEL MR606 

PRODUCES HIGH-RESOLUTION 35 MM. MICROFILM RECORDINGS 
OF COMPUTER-GENERATED GRAPHICS AND ALPHANUMERICS. 

Model MR606 is designed to be interfaced to a computer, coupled 
to a display controller or slaved to any graphical computer display. 

The Betagraphics Recorder is a random-access X·Y device, featur· 
ing high-speed magnetic deflection, geometry correction of the 
image and dynamic focus of the electron beam. 1500 x 1500 re· 
solvable elements are produced on film in a double-frame format. 
Positive fixed-pin registration provides ± .0005" frame to frame 
registration accuracy. 

Operation is simple, with only two controls in addition to the 
power switch - an EXPOSE-ADVANCE switch for single exposure 
and frame advance and an EXPOSE switch for the multiple overlay 
or slow-buildup mode. All command and status interface signals 
are available for remote operation. 

The Betagraphics line of peripheral display devices Is here, now, 
to give you high quality computer graphics at reasonable prices. 
We'll be happy to send you complete specifications. 
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