
computer 
J a more versat ile software system, plus sy.l~err 

More display area, a larger data base, 

the most advanced tonal display capa­
bility: all are available in Control Data .

1 
bl , corporation's Digigraphics systems. 

a .. 'WIJ G e Digigraphics Systems provide a full lfl • 20-inch d iam~ter display area: Of this, 
196 square tnches are avatlable for 

CONTROL DATA 
Digigraphics® 
270 and 274 
systems 

graphics - more than offered by any 
competitive system. The remainder of 
the CRT face is available for the dis­
play of light buttons and registers. 
These light buttons and registers are 
software defined and therefore consti­
tute a complete control capability more 
flexib le than any defined keyboard. The 
display area represents a data base of 
800 x 800 inches, definable to 0.0001 
of an inch. Zoom capability can provide 
18 orders of magnification or reduction 
of a displayed image. In a tonal mode, 
the d isplay area can be defined in 32 
intermediate levels of intensity to pro­
duce images of photographic quality. 

FCP (Function Control Package) is the 
fu lly developed software which inte-

Circle Reader Service Card No. 68 

- """ 
grates the Digigraphics display with the 
central processor and user programs._ 
This system, which is now in operation? 
has a complete set of FORTRAN calls 
which interface with the user programs 
to meet user display requirements. 

The Digigraphics 270 System operates 
with Control Data 3000-series compu­
ters to provide a complete, flexible, 
time- shared graphics capabil ity_ The 
Digigraphics 274 System can be oper­
ated as a complete system with the 
highly economical CONTROL DATA® 
1700, or can be used as a satellite to 
provide multi-console access to the 
fastest, most powerfu l computers avail­
able: Control Data's 6000 series. 

For full detai ls about today's mo~t 
advanced computer graphics systems, 
contact your Control Data sales office 
or write directly to : 

CONTROL DATA 
CORPORATION 

8100 34th AVE. SO., MINNEAPOLIS, MINN. 55440 
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The Rauland Twenty-Two 
HIGH RESOLUTION! 

HIGH BRIGHTNESS ! 

DUAL NECK! 

REAR PORT! 

... mentioned whenever high quality CRT displays are discussed. Not just a 
tube, but over a doLen distinct tube configura tions, all having the same 314 
square inch display surface with 165 inch radius of cu rvature-so close to fl at 
that we and the information display community call it THE FLAT FACE TUBE. 

A dozen different tubes? At least! Imagine all the workable combinat ions of 
these design features: 

53° , 62° and 70° deflection angles 
Electrostatic or: magnetic focus 
1000 to 2000 line resoultion 
Electrostatic or magnetic auxiliary deflection for alpha-numeric displays 
DUAL NECK for independent time base displays 
Laminated implosion panel for maximum protection 
NEW HYBRID PHOSPHOR for flicker-free, high ambient light condition 
OPHTHALMIC PORT for rear screen projection or photography 

The outstanding capabilities of THE RAULAND TWENTY-TWO are duplicated 
in our fami ly of TWELVE, SIXTEEN, and NINETEEN INCH FLAT FACE TUBES 
Also available is the TWENTY-FOUR INCH FLAT FACE TUBE-the world's larg­
est flat face display tube. Our TWENTY-TWO is the standard of performance 
and quality for computer readout in addition to large PPI and scan-converted 
radar displays. An advancing information display technology is accepting 
RAULAND FLAT FACE TUBES as the look of quality where looking really counts. 

The next time you're talking CRT displays, invite us to join the discussion. We 
don't compromise on quality-Why should you? • 

1. 12" Flat Face Tube 2. 16" Fl at Face Tube 3. 22" 
Dual Neck Flat Face Tube 4. 16" Flat Face Tube 
5. 2 2" 53 degree fl at face with ES character plates 
6 . 22" Flat Face Tube 7. 24" Flat Face Tube 
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the cover 
The total thermal energy in the enclosure represen ted by 

the fast and slovv moving molecules of air cannot be made 
to do work unless there is a difference in temperature. 

Maxvvell's " Demon" , drawn by Harold R. Bonnet, 
Illustration Croup Supervisor of Burroughs Defense Space 

and Special Systems Group, determines the precise moment 
when the valve in the partition should be opened to 

allow hot molecules to move from A to B and cold 
molecules to move from B to A. This theme 

is developed in Display With Entropy, 
beginning on page 20. 
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6 

' . 

Low cost stator type yoke 
for high grade 

commercial applications 

TYPE KY 
Fast core general purpose, 

moderate resolution, 
for 52•, 70• and go• 

1 r,6" CRT neck 

TYPE HY 
Deflectron® for high resolution 

recording storage tubes 
Scan converter 

applications 

TYPE QD 
General purpose yokes 

for ¥a" CRT neck BY 

1" storage tube CY 

for.1 Ya" 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 yoke, focus 

t ' .. _- ~ 
I .....,..,,&:. 

and alignment coils 3" 
For high resolution, 

slow scans . 
TYPE AV 172 

Low LJ2, high sensitivity 
for 42•, 52•, 10• and go• 

1 ¥~6" CRT neck 

TYPE FY 
Deflectron®, 

general purpose 
for 42• 

1 ¥!6" CRT neck 

TYPE HD 
storage tube yoke 

Scan converter 
applications 

Min yoke 
for ¥a" CRT neck 

and special unit 
construction 

TYPE MY 
.:n~r~N .. r and storage tube yoke 

for 2" CRT neck Type DY 

2%" CRT neck Type OJ 

0 
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 

MAHWAH, N.J. 
201 ·3~7- 1123 

TWX 201 -327-1435 

Circle Reader Service Card No. 4 

High quality general purpose, 
moderate resolution 

low residual, 
for 52•. 10• and go· 

1 ¥~6" CRT neck 

core, low Ll•, 
low distributed capacity 

for 52• 
1¥16" CRT neck 

high frequency 
beam modulation 
Celcaloy, ferrite 

and air core 
for 1 ¥~6" CRT neck 

TYPE AW 
yoke for 52• and 70•. 

1" and t¥,6" CRT necks 
Includes bearings, gear 

and sliprings 

TYPE RY 
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 co ill" 
For standard TV 

applications 

TYPE TV 129 
astigmatic corrector and 

dynamic focus coil 
For lligh resolution 

UPlAND. CAL 
714-982-0215 

TWX 714-556.9550. 

42• CRT 

TYPE NC 

INFORMATION DISPLAY, j anuary/February 1968 

Syntronic Yoke Specialists 
provide a complete line of e positioning deflection yokes 

e high frequency character yokes e beam centering coils 

e anti-pincushion devices e focus coils 

for all types of information displays 

used throughout the world. 

From standard continuous line scan data displays to very special high 
speed random character displays . .. Syntronic's staff of yoke specialists 

INFORMATION DISPLAY, j anuary/ February 1968 

assists engineers in designing, specifying and procuring the 
right yoke or yokes for max imum resu lts. 

An important "PLUS" is Syntronic's Product ion Capability. 
It backs up Syntronic's experienced engineering and 

design services. This is vital to the engineer who 
eventually needs yokes in production quantities. 

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

Circle Reader Service Card No. 5 9 
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Do you know what 
it takes to ntake your 

contputer draw like this? 

CaiCo111p 
that's what. 

All it takes is a CaiComp Plotting System. To get the picture, 
call or write : Dept. Y-2, California Computer Products, Inc., 
305 Muller, Anaheim, Calif. 92803. Phone (714) 774-9141. 

cteeceeeo 
Standard of the Plotting Industry 

(TALENTED ENGINEERS AND PROGRAMMERS REQUIRED-RIGHT NOW.) 

Circle Reader Sorvice Card No . 6 INFORMATION DISPLAY, January/February 1968 

It took a lifetime to create this work. 

we could print it in 158 seconds. 
Our new 2"-monoscope (Fig. 1) can generate 

over 30,000 characters per second. And our cathode­
ray printing tube (Fig. 2) can print them just that 

fast by an electrostatic print-
_

·~ ~ ing technique. 
· ; ·i~ At that rate, we could 

Fig. 1. Sylvania 2" mono- print an amount of text equal 
scope Type sc-4648• to the complete works of 
Shakespeare, some 950,000 words, in about 158 sec­
onds, based on an average of 5 characters per word. 

The secret of the monoscope' s unique character­
generating capability is in the metal­
lic character screen (Fig. 3), elec­
tronically opaque except for the 
open characters. T o generate a 
character, the electron beam 
scans only one character loca­
tion, not the entire target. 
Since a single character occu­
pies less than 1/ 100 of the full 
screen, the monoscope gener­
ates a character in 1/ 100 of 

Fig. 2 . SC-3154 high -reso­
lution electrostatiC printing 
tube with useful screen 
area of 0.16" x 8.6". 

the time of a full raster scan. 
• ........ _ .. , .. ,_ 

• HI 0 _ ll • &ABCDEFG 
ORO$ * I 
- J KLM NOP 
YZ , )( 
/ ST UV ~X 

890#@ ? • • 1 234567 .. ...... - ...... ,_ 

• 

The stencil target 
screen shown has 64 alpha­
numeric and mathematical 
symbols. But it can be made 
with additional character sym­
bols to meet your individual 
specifications including other 
languages, in any given char­
acter style. 

Fig. 3. Stencil character We recommend the 
screen from 2• m onoscope 
can be custom-designed to monoscope as a character 
your requirements. generator for: computer data 
display, a irline status boards, stock quo~at_ion 
boards, teaching machines, address-label pnntmg, 
command control center displays, racetrack tally 
boards . .. anywhere a high-resolution information 
electronic readout system is required. Sylvania Elec­
tronic Components, 
Electronic Tube 
Division, Seneca 
Falls, New York. 

SYLVANIA 
GE-NERAL TELEPHONE & ELECTRONICS 

Circle Reader Service Card No. 7 
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0161TAL? No matter! 
we can handle your computer output with 

ANAL06? 

SCOPUS II 
A unique concept in high speed film plotting 

for front or rear projection 

Actual photos taken of 7 foot 
by 7 foot ·display screen. 

100 SLIDE RANDOM ACCESS 

2000 SLIDE UNI-DIRECTIONAL 

The new SCOPUS II offers: 

. . . Plotting on 70 mm stabilized polyester film 

.. . Low logistics cost 

... Simplif ied storage and retrieval 

.. . High speed accurate display of dynamic track 
data, alphanumerics and special symbols 

... Time sharing 

... Acceptance of digital, ana log and manual inputs 

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

Available as a -

Plotting projector 

Spotting projector 

Reference projector 

in configuration as -

100 slide random access 

2000 slide uni-d irectional 

INFORMATION DISPLAY SYSTEMS 

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

Circle Reader Service Card No. 8 INFORMATION DISPLAY, January/February 1968 

There are sound reasons why. Unimax Series 9 
lighted pushbutton controls meet the require­
ments of MIL-S-22885. They feature unique 
front-panel mounting with a single screw- no 
need for sleeves or hardware. Internally bussed 
lamp circuits get r id of line jumpers and solder 
connections- and that means more rel iability 
and much lower installation costs. With Unimax 
LPB's, relamping is just a push-pull proposition. 
And our exclusive spring loaded sockets end your 
usual terminal-to-lamp continuity problems. 

More good news: you can specify custom 
messages from a wide range of display styles 
and color coding. Choose your switching- two, 
three or four pole, momentary or alternate-ac­
tion. Design your own complete assembly from 
our modularly-designed snap-on components. 

Before you turn to any more i lluminated con­
trols, why not turn on Unimax LPB's? The coupon • 

0 Yes, I would like to turn to Unimax LPB's 
before I turn on any more illuminated con­
trols. In addition to my free, personal ''Think 
Twice" button, I would like to receive your 
detailed 12 page color LPB catalog 50-1. 

0 I can't wait for the mai l. Please have your 
representative contact me immediately to dis­
cuss a particular need. 

NAME _ ___ _ ______ _ 

TITLE ___________ _ 

COMPANY 

ADDRESS--- - ----- - -

at right offers you, free, your personal Unimax , CITY ___ ___ _____ _ 

"Think Twice" button, and our detailed 12 page i STATE ZIP _ ___ _ 

NeW~Unimox rrm·~""lUm Design Ellg-ineers--Oiif 
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bp VIDEO MONITOR 
THE NEW STANDARD OF PERFORMANC 

I 
Advanced Circuit Techniques Achieve Increased 

Reliability and Improved Picture Quality 

MAINTENANCE FREE OPERATION 

All Solid State Circu itry • No periodic alignment or adjustment 
required • Highest quality components and workmanship. 

EASE OF OPERATION 
Display linearity independent of size adjustment • Unique 
deflection circuits have feedback active over entire raster • No 
sync controls - synchronization is automatic on both North 
American and CCIR Standards. 

IMAGE QUALITY 
Displays sine2 T / 2 pulse without distortion t62.5nsec) • Feed· 
back active over full video band • Unity interlace results from 
novel sync circuitry • Keyed back porch clamp assures less than 
1% black level shift for 100% video amplitude change • less 
thari 1.5% geometric distortion overall. 

OTHER IMPORTANT FEATURES 

Fully regulated high voltage and low voltage power sup· 
plies • Balanced input with loop·through facility • 46 db input 
common mode rejection • Model 6946A-Price $950. 

For more information, call your local HP" field engineer or write 
Hewlett·Packard, 100 locust Ave., Berkeley Heights, New Jersey 
07922. Europe: ·54 Route des Acacias, Geneva. 

HEWLETT. PACKARD 

COMMUNICATION INSTRUMENTS 

Circle Reader Service Card No. 32 



Directly Heated Laser Cathods 
Philips Metalon ics, Mt. Vernon, N.Y., offers 
new version of the Philips Impregna ted 

C thode for use in gaseous lasers. Tungsten 
m:trix is machi ned in to a helical coil shape 
which allows it to be heated by passm.g c.ur­
rent directly th ro ugh the tu rns; eilm ~nat~n g 
need for a sepa rate heater and heat shteldmg 
arrangement. The hollow helrx may be mount­
ed on the axis of the lase r wi thou t blockrng 

the beam. 

Circle Reader Servi ce Card No. 33 

Fast System Designing With IC's 
Cam b ridge The rmionic Co rp., Cambnd ge, 

Mass., has announced avail ability of a plu g­
able a nd patchabl e integrated circui t card as 
an additi on to its expanding li ne of digital 
p roducts. These new boards (P/N 705-0147-1) 
fea tu re cabion's exclusive cage-jack and 
each board can handle up to 8 dual in-l ine 
circuits at a time. Integrated circuit a nd the 
patchwork are on the same side of the ca rd, 
permitting the enginee r o r technician to see 
exactly what he is doing. 

Circle Reader Service Card No. 34 

IBM 1 1 30 Interface 
Compu ter Communications Inc., Inglewood, 

o ffe rs an in te rface to an IBM 1130 Compu ter 
System perm itting use of a CC-30 Commun i­
cation Stat ion as a low-cost, powe rful, remote 
communi cat ions and display link. Designated 
CC-7011 , the Channel Adapter attaches to the 
storage access chan ne l of th e 1131 central 
processor. 

Circle Reader Service Card No. 35 

48 

Counter Measure 1 
A high reliability decade counter has been 

introduced by Quasar Microsystems, Inc. 
Valley Stream, N.Y. All sil icone circuitry is 

combined in a compact modular design. The 
fi rm claims a configuration wh ich substan­
tially simpli fies installation is achieved by 
use of a Nixie tube readou t. The device is 
capabl e of counting at a rate of 0 to lmc pe r 
second ; the un it, wh ich measures 3 x 5.8 x 1 
in . is packaged in a Lexan case. 

Circle Reader Service Card No . 36 

Solid State Digital Clock 
A solid state dieita l clnrk tn furn ish accumu­

lat ion of real t ime o r e lapsed time for display 

purposes and/or the time tagging of digital 
d ata is offered by Datatron Inc., Santa Ana. 
Model 3350 utilizes from 6 to 9 Nixie ind icator 
tubes fo r visual output; d igital o utput con­
sists of binary coded decimal informat ion with 
resoultion available down to one millisecond. 
The instru ment is operated fro m an inte rnal 
crystal oscillato r, an external frequency so urce, 

or 60 Hz power line. 
Circle Reader Service Card No. 37 

Numerical Readout Tubes 
National Electronics Inc., a Varian subsidi ary, 

Geneva, Il l., has announced a series o f short, 
side view readout tubes. They are considerably 
sho rt e r than existi ng types, have flat tops and 
fit existi ng sockets. NL-900 seri es are side 
view, long life display tubes with .610 in . 
cha racters and a d ynami c ope rating life in 
excess of 200,000 hours. Max. over-all length 
is 1.635 in . a nd max. seated height is 1 .375 in. 
Max. dia . of .750 in. allows less tha n .800 in. 
center to center spacing. 

Circle Reader Service Card No. 38 

Dig ital Computer 
Elbit · Computers Ltd., Haifa, Israel, has an­

nounced the ELBIT 100, a digi tal computer 
selling lor a single quanity price of less than 
$5,000. It is designed for integration into a 
system or cont rol loop. Basic price includes 
a 1024 twelve bit core me mo ry wi th 2 psec 
cycle time, a 256 wo rd fixed memory with 
400 nsec access t ime, control panel, all power 
supplies and in terface with any standard 
Tel etype o r mechanica l tape reader. Using 
all IC constructio n, machine is micropro­
grammable for o p timizing speed of read time 
operat ions. 

Circle Reader Service Card No. 39 

Recently published, this magnetic shielding manu.al has 
already become the leading reference .book tn th.e 
industry. It is a complete Stocktng Gu1d e for Net1c 
and Co·Netic sheet stock and foil alloys. It also con­
tains detailed specifications and general fa brication 

information assembled for the first tim e. It is a 
clear and concise selection of "what's available," 

" how to specify it" and " how t o use it." In actual 
fact it isn 't a "Bestseller" ... but only because 

we don't sell it, it's free. For your copy of 
catalog No. SG-1 write : 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. Elston Ave., Chicago, Illinois 60622 

Also available: a com plete line of m agnetic ~hield 
product data sheets a nd cata logs on fabricated shtelds, 
ta pe p reserver conta ine rs, and foil. They're yours 
for the asking. 

Circle Reader Service Card No. 40 INFORMATION DISPLAY, january/February 1968 

IBM"s Systems Research Institute is now open 
to all data processing professionals. 

Seven years ago Systems Research Institute was estab­
lished to give a graduate-level data processing education 
to .IBM Systems Engineers. 

Now, SRI has opened its doors to all qualified data 
processing professionals. 

The fi rst course is now available. It's four weeks of 
intense, sophisticated education in the design of communi­
cation-based systems. 

The tuition is $1600 . 
We have a brochure that will help you decide if this 

course is what you need to keep your company ahead in 
this business. Send in the coupon. But a word of caution: 

It's no picnic. 

·------------------------~ 
IBM Data Processi ng Division, Dept. 805-G 
I 12 East Post Road, Whi te Plains, New York 10601 

Send me more information on SRI's new systems course 
for data processing professionals. 

Nan1e ______________________________________ __ 

Title ____________________ _ 

Firm ______________________________________ _ 

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

IBM~: 
Ci tY---------------------------

State _____________ Zip _____ _ 

~------------------------~ 
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YESI YOU GET THE 
]0L]E5T 

]R!5HTE5T 
MOST RER]R]LE 

CRT ]!SPLAY 
RVRILR]LE TO]RY I 

• . • , • • I • • • I • . · . . . · • · · . 

but TEC's DATA-SCREEN Display Terminal 
also gives you . . . 

I nte r fac e fl e x ibility -com p a t i b l e 
with most EDP and com munication 
syst ems, t ransmits a n d accepts any 
8-level code including ASCII, IB M , and 
EB CDI C. El ectrical int e rface signa l 
level optio n s includ e 5-vol t curr ent 
si n k 1-C logic and EIA Standard 
RS·232B. 

Keyb oa rd flexibili t y - opt ion a l input 
keyboar d s offer ed i n stan dar d or 
special key arrangements. Spe ci al 
keys fo r contro l funct i ons, in dicators 
and switch es ca n be located any· 
whe re on the keyboard. A variety of 
key styles are offered wi t h legends 
to order. 

Display flexibil i ty - i n addi tio n t o the 
CRT data d ispl ay, up to 144 fi xed 
messages can be d isplayed behind 
the b lack scr een u sing T EC's DATA· 
PANE L® Display System . Inv isible 
when o ff, m essages such as FAU LT. 
OVERFLOW, ON LI NE. ST OP, etc ., 
beco m e ins t ant l y visib l e when 
illuminated . 

• Without a doubt (our compet itors ad mit it) t his 
display terminal has t he largest .. . %" minimum 

.. . most readable, rock steady characters available in 
its field. Stroke-written messages appear in brill iant 
contrast to t he black screen of TEC's DATA·SCREEN 
Display Terminal. 

128, 200 and 5 12 character d isplay. Everything else 
you'd expect in a completely flexible CRT display is 
offered: full character repertoire; flashing cursor with 
posit ioning controls; ed iting features; character size 
and slant adjust ments; modern cab inet or rack panel 
mounting option. 

Three completely self-contained models with key· 
board, charact er generator, refresher core memory, 
solid st ate logic and power supply are offered wit h 

Send for 6 page brochure that tells all about TEC's 
DATA-SCREEN Display Terminal- t he f lexible, read­
able CRT. 

INFORMATION DISPLAY 
AND CONTRO L DEVICES 

T R ANSISTOR E LECTRONICS CORPORATION 

Box 619 1 • Minneapolis, M innesota 55424 • Phone (6 12) 941·1100 
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Tube capability is right down our alley 

Challenge has been our game for 
nearly 30 years . .. the challenge of 
desig n ing, engin eering and pro­
ducing new CRT's for special 
applications. 

We meet this ch allenge continually, 
and f rom our modern R & D and 
manufacturing facilities have come 
many "firsts" in CRT developmen t. 
O ur contributions to industry, sci­
ence and the military have earned us 
a reputation for solving the particu­
larly difficult display problem. 

T oday, as a result of our 3-decades 
of pioneering activities in tube tech­
nology, we offer one of the largest 
lines of off-the-shelf CRT's in the 
industry. Each has undergone the 
quality-controlled p roduct engi­
nee rin g and s t ringen t test ing 
required as a custom fab ricated 
item. And each will provide more 
performance per dollar in the ap­
plication for w hich i t was designed. 

Try "pinning us down" to your 
individual CRT needs, whether 

they involve multi-gun displays, 
multi-layer phosphors, special bulb 
shapes, or ultra-high resolution. 

You' ll find us " right down your 
alley" w hen i t comes to meeting 
your specs. Why not call us today 
. . . or write for our complete capa­
b ility catalog. 

GEN E RAL 
~JR~1Ru~ ~ ~~~~ cf{::~~.-~ 
PHILADELPHIA • PENNSYLVANIA 19118 
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EDITORIAL. 

Info 68 Gets Ahead 

When Lou Seeberger approached me to do thi s mini editorial on just what the 
INFO 68 logo means, I was surprised. After all, doesn't it immediately come over to 
all who see it? Obviously, it doesn' t. As a matter of fact, I ran a l ittle experiment 
among some friends of mine to discover what it symbol ized to them. Unfortunately, 
I can't repeat their replies in a professional journal, but it did clarify one th ing. I had 
better write that editorial- and fast. I can't guarantee that after reading this little tome 
you' ll have any better idea of what i t symbolizes, but you may have gotten a chuckle 
or two. 

First of all, let me absolve the rest of the Symposium Committee from any respon­
sibili ty for the logo's creation. I was responsible. However, the design of a graphic 
symbol d id involve the Planning Committee's sanction, even though they may be loath 
to admit it. 

We might consider what it isn't. It isn' t a Greek with a home permanent, and it 
certai nly isn't a bust of Ceasar (or Cleopatra, for that matter). 

Seriously, for a moment, INFO 68 was the outgrowth of a Planning Committee 
discussion in which a "catchy" keynote for the symposium was sought. INFO 68 is an 
outgrowth of Expo 67 - SID style. Once thi s phrase was adopted, a logo was required 
to graphically re late it to the whole area of information display. One of the problems 
that confronts any graphic designer is to try to express h is theme in a form that is not 
trite. One of the ways is to deal on ly with essentials. for information display, there can 
be no more basic symbol than the eye, and its information storage and therefore bank, 
the brain. 

The graphic or artistic quality of the imagry is no less important. For this reason, I 
selected a head (brain) that contains some interesting graphical qualities. If you inspect 
the head closely, you will discover a series of l ittle vignettes that illustrate certain quali­
ties once thought to be the main structure of the mind (Victorian phrenology) . These 
little pictures will become much more visible when the May/ June issue containing a 
large-scale version of this logo is published. 

The eye provides us wi th a lot more today thanks to the " explosion" of information 
technology. This explosion is not going off inside the logo's "head," as one of my less­
than-generous friends remarked upon reviewing the symbol, but in the vas t spectrum 
of activities that comprise 20th century man. This is one of the reasons that the sym­
posium will endeavor to point up information display in a variety of non-military 
fields such as medical applications and civi l uses, entertainment and the burgeoning 
field o f education. 

If the preceding rational e for the logo eludes you, a more basic explanation can 
be supplied. Symposium general chairman Lou Seeberger tells me he recently saw a 
huge replica of the logo head in Hollywood (where else) with an arrow underneath and 
a sign stating " THIS WAY TO THE HEAD." 

I believe you, Lou , but will the Society?? 

)AMES BELCHER 
Publicity Chairman 
9th Annual Symposium 
Society For Informa tion Display 
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Material included in this paper was originally prepared lor the sym­
posium lor the Advisory Group for Aerospace Research and Develop­
ment (AGARD) of the North Atlantic Treaty Organization and pre­
sented at a display symposium held at Munich, Germany on Nov. 8, 
7966, under the title " A Study of the Relationship Among Special 
Symbol Fonts, Electronics and Subjectivity. " The paper in its enti rety, 
however, is published here lor the fi rst t ime. 

INTRODUCTION 
The influence of electronic data processing equipment 

has infiltrated nearly every area af human endeavor. Solv­
ing routine accounting problems was such a blessing to 
so many that the compu ter has already justified its exist­
ence for just that purpose. It has become obvious to com­
puter manufacturers and many users that the use of com­
puters and data processors wil l continue to grow at a very 
fast rate. The computer's most ardent champion s are qui ck 
to admit that no matter how big and capable the electronic 
compu ter, i t st ill falls far behind the human in many areas. 
On the other hand, the computer can do some tasks much 
better than the human. It seems only logical then, that 
there must be a large class of problems which could best 
be solved if the human and the computer could pool their 
best ta lents and solve the problem together. 

Cathode ray tube (CRT) display sys tems are being con­
tinual ly refined by manu facturers, with the recommenda­
tions of users, for the purpose of opt im izing the man­
machine relationship. This paper deals with one facet of 
the cathode ray tube d isplay and develops a concept which 
it is hoped wil l be useful in other areas. Thi s concept of 
" entropy" was fi rst used in the science of thermodynamics 
but i t has been extended into other fields. In this paper, 
entropy is used in its "i nformation theory" sense as ap­
plied to character generation. 

To develop thi s concept of entropy, a description ot the 
information capacity (as opposed to actual information sup­
plied) as a function of basic display features is necessary. 

a b c d e 9 h m n a p q 
0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 00 00 0 0 0 00 

0 0 0 0 00 00 0 00 0 0 0 0 0 0 
0 0 0 0 0 0 0 

u v w X y 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 00 0 0 0 0 0 0 0 00 00 00 00 00 
0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 

"? ·~rol _ ' carctol 2 3 4 5 6 7 8 9 0 Sgn 
0 0 0 00 0 0 0 00 00 0 0 0 

0 0 0 
oo 3o o6 

0 0 0 0 00 00 0 00 
00 0 0 0 0 

1 oo4 
THE SIX DOTS OF THE BRAILLE CELL ARE ARRANGED AND NUMBERED THUS: 2oo5 

3006 
THE CAPITAL SIGN, DOT 6, PLACED BEFORE A LETTER, MAKES IT A CAPITAL . THE NUMERAL 
SIGN, DOTS 3, 4,5,6, PLACED BEFORE A CHARACTER MAKES IT A FIGURE AND NOT A 
LETTER. THE APOSTROPHE, DOT 3, LIKE THE OTHER PUNCTUATION MARKS, IS FORMED 
IN THE LOWER PART OF THE CELL. 

FIGURE 1: Braill e Alphabet 
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Display with entropy 

The fol lowing alphabet factors will be considered in th is 
paper : 

1. Character sets 
2. Character tont 
3. Recognition and Esthetics 

The thermodynamic concept of entropy and its rela tion 
to information capacity and consequently entropy as ap­
plied to character generation is discussed. This discussion 
is followed by several examples of character sets which ex­
h ibit va rious re lative values of entropy and the tradeoffs 
necessary to obtain the en'tropy desired. The object of this 
paper is to suggest the concept of " entropy" as it applies 
to character generation. 

CHARACTER SETS: FROM BRAI LLE TO CHINESE 
One of the simplest alphanumeric sets in use today is 

Brai lle. It is a 6-bi t code which is read directly (See Fig. 1). 
I f Braille, or its equivalent, were to be displayed on a 

r;~thorle r;~y tube the chara cter generator (CG) requi rPrl 
would be a very simple device. It would consist of the 
small amount of electronics required to d isplay, in dot 
form, the six input bits (a six bit to six bit code converter 
may be required). An example of a message displayed in 
Bra ille form is shown in Figure 2. 

0 0 0 0 0 0 0 00 0 0 0 
00 00 0 00 0 0 0 0 00 0 

0 0 0 0 0 0 0 

0 0 00 0 0 00 0 0 00 0 0 0 0 00 
00 0 0 0 0 0 0 0 0 00 00 0 
0 0 0 0 0 00 0 0 0 

00 0 0 0 0 0 0 0 0 00 0 
0 0 00 0 00 00 0 0 0 0 

0 0 0 0 00 

There is more to displays than meets the eye 

FIGURE 2: Message Displayed in Braille Form 

Most sighted people have never had any reason to learn 
the Brail le code. If the application for which we are going 
to use an alphanumeric display could justi fy teaching a new 
alphabet to the operators, the fo llowing is suggested simply 
to il lustrate a different coding method. A useful character 
set not quite as simple as Braille but certainly not as com­
plex as more familiar sets is shown in Figure 3. In th is set, 
characters are made up of three ver tical cells; each cell 
filled with one of three symbql designators, or lef t blank. 
The designators selected were the colors red, green and 
yel low. An alternative, in a set limited to black and white, 
migh t be a horizontal line, a vertical line and a plus sign 
which would be a combination of the two lines. Most of 
the displays that wil l be described in th is paper have two 
states (the dot or stroke is there or it is no t). This character 
set ha' four states (red, yel low, green and not). Thus the 
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Paoli, Pennsylvania 

versati l ity of this character set, as compared to the brail le 
set, is due to the number of available states per bi t rather 
than the number of bits ava ilable (in fact, there are only 
half as many bits per character availab le as the braille set) . 
During the development of this particular set, cer ta in con­
straints were assumed. All of the vowels con tain red and 

• A= 

2= 

• II 
B= . C= D= • 

T=: U= I V= 0 

E= • 

N= • 

W= 

3= n 4= 1 5 = a 6= 

• RED II GREEN 
FIGURE 3: Three-Color Character Set 

0 = • P= 

X= 

8= 

• YELLOW 

H= • 

a= I 

Z= nt • 

• I= • 

R= • 

9= ~ 0 = 1 

blank squares only, while the often used consonants con­
tain yellow or green only. The little used consonan ts con tain 
yellow and green combinations. The numerals contain red 
and at least one other color. These rules were selected 
because they would help the operator learn the code whi le 
costing no thing in hardware. It is obvious that a more com­
plex code could be selected which wou ld provide for spe­
cial symbols and that other rules migh t be selected wh ich 

ENGLISH 

AUTOMATIC OXYGEN SYSTEM FOR PASSENGERS 

JAPANESE 

KOREAN 

~ 7Jl ..g.;x:~%tl ~ t}if~* ' 

CHINESE 

*~Jfl§tb .. *t~~ii 
FI GURE 4 : Northwest Orient Message 

INFORMATION DISPLAY, January/February 1968 

48 EDU 48 EDU 48 IDU 

48 EDU 4S EDU 48 EDU 

4~ m~ 48 EDU 48 EOU 

48 E/DU 48 EDU 48 8COCU 

4~ I:DIJ 48 EDU 
FIGURE 5: Printing Fonts 

would aid the operator even more or be more appl icable 
to the code se lected. The number of characters avai lab le 
in this set is 4 (possible combinations) to the 3rd (number 
of ·squares) power or 4a = 64 (a standard number of char­
acters in use in present data displays). Since this character 
set is simply a translation of Roman letters and Arabic nu­
merals, the English speaking operator would need approxi­
mately the same level of training as an operator learning 
semaphore or Morse code. 

B~BBBB 
444444 

FI GURE 6: Various Fonts That May be Made by Character Generation 

Now let us consider a more complex character set. Fig­
ure 4 is a message, in several languages, to some Northwest 
Orient Airline passengers. In the oriental character sets in 
the figure, the individual characters are complex and diffi ­
cul t to draw with most CG equipment in use today. De­
pending on the use of the disp lay, it is possible that as 
many as 2000 to 5000 differen t characters may be requ ired 
in the character set. The input character word from the re­
fresh memory could be 1·1 or more bits. The decoder by 
itself would be large and the tota l quantity of information 
to be stored would be staggering. The designer would cer­
tainly be forced into finding the most efficient technique 
for informati on utilization. 

CHARACTER FONT 
Webster defines " font" as: " in print, a complete assort­

ment of prin ting types of one size and style." In prin'ting, 
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• MPF DAO CTF URN ZOI 

• KPX DJP GMW VJF WZI 

• AHU LTZ ICG YO N UAf 

• JMW YOU BVO CON RUY 

• OAS RHW INE SEC PV X 

FI GURE 7: Contrast ve rsus Resolut1on 

sets of characters of different sizes but the same style re­
quire a d ifferent print type, but on a cathode ray tube 
the size is easi ly changed electronically. Thus, when the 
word fon t is applied to electronically generated characters 
it usually only refers to the selected style. 

Figure 5 illustrates a number of different fonts used in 
printing or on posters. 

Figure 6 illustrates a varre ty o f fon ts tha t cou ld be gener­
ated by a stroke type character generator. A character gen­
erator having a high degree of font flexibi lity is one wh ich 
has th e capabi lity of being p rogrammed to provide a large 
number of styles of the same character type (Figu re 6). 
Fon t flexibili ty is a very important performance character­
istic of a character generator, because a character generator 
with a large font flexibility is also capable of being pro­
grammed to provide a large variety of special characters or 
symbols. 

RECOGNITION AND ESTHETI CS 
During a war in which friend and enemy may have a 

large variety of different types of aircraf t, a qu ick recogni ­
tion of the ai rcraft type may be very important. Recogni­
tion depends on the size of the retinal image, the quantity 
of image deta il and the human 's degree of tra ining. When 
the aircraft is very far away, the size of the retinal image is 
so small tha t the human is unable to resolve the detail re­
quired for recognition. The quantity of image detail per­
ceived is related to lighting conditions, angle of aircraft, 
camouflage, fog, specular reflections, image grey sca le and/ 
or color content, etc. The degree of training determines the 
speed wi th which the human is able to provide an accu rate 

t:IE:[DEF~HIJ 
kLMnDPQR5T 
IJUW:-:V2 ::: 
1~3'15b18ql) 
FIGURE 6 : 3 X 5 Matrix Dot Characters 
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THE SENSATION OF RRIGHTNESS IS A FUNCT I ON OF 
THE LUM ENS <MEASURE OF VISIRLE POWER> PER 
UNIT AREA IMPINGING ON THE RETINA OF THE 
EYE , THE NUMRER OF LUMENS COLLECTED RY THE 
EYE FROM A DIFFUSE SOUR[[_, AND THE AREA OF 
THE RETINAL IMAGE ROTH VARY INVERSELY AS THE 
SQUARE OF THE VIEWING DISTANCE ' IT FOLLOWS THAT 
RRIGHTNESS IS INDEPENDENT OF VIEWING DISTANCE, 

FIGURE 9: 3 X 3 Matrix Stroke Character Message 

response with the least quantity of visual information (rec­
ogn ition implies accuracy). 

The recognition of characters and special symbols in an 
electronically generated display sys tem depends on con­
trast ratio, character size, specu·lar reflections, bandwidth, 
and operator training and l ight adaptation. If the contrast 
ratio (ratio o'f character to background brightness) is very 
low, the human perception of f ine detail falls off, resulting 
in a poorer chance of recognition (Figure 7). If character 
size is too small, the human finds it difficult to resolve 
detail. 

Specular reflections (mirror-like) of lights in the room, 
off of the display surface, confuse and reduce the contrast 
of the displayed images. Insufficient bandwidth of a de­
flection amplifier may round off points, causing " B"s to 
look like " 8"s or some specia l symbols to be confused with 
others. The speed with which an operator recognizes sym­
bols is related to h is fami liari ty with those symbols, hence 
h is 'training. 

Ag[DEFGHIJ 
KLMNOP~RST 

UVWXYZ12]Lf 
!767X9D / < ) 
FIGURE 10: 3 X 3 Matrix Alphabet 

The perceptual contrast of a di splay may be a lot lower 
than the measured con trast if the operator is in a room 
where his eyes are light adapted because of certai n h igh 
ambient ligh t. Light from a desk lamp or a window that 
gets to the operator's eyes but no t to the d isplay surface 
causes th is effect. In addi tion, any ambient ligh t which re­
flects from the display surface into the operator's eyes will 
reduce contrast. On the o ther hand, if the operator is dark 
adapted and looks at a display having high brightness char­
acters on a dark background, it can be annoying or even 
painful to the eye. . 

In command and con trol, and commercial display appli­
ca tions the audience is usually " captive." That is, the oper­
ator is trained to do a job which involves the use of the 
display device. He learns special symbols and routines as 
a req uiremen t for getting the job done. It would not be 
unreasonable to ask him to learn a few changes in the al­
phanumeric set if 1t could be shown that faster recognition 
and lower equipment cost wou ld result. Figure 8 illustrates 
a very simple alphabet in which a few of the characters 
would require a little learn ing; for exampl e, M, N, Q, U, 
W, X. When composing the 3 by 5 dot characters the rule 
was that at least 2 out o f the 15 dots had to be different 
when any two characters were compared. 
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Please read the message in Figure 9. This message was 
composed using a very simple stroke charac ter in a 3 by 
3 matrix. Many of the characters lack esthetic quality but 
wi th very l ittle learning no character would be mistaken 
for any other. The complete alphabet is shown in Figure 1?. 

An example of a non-captive audience is the pasengers m 
an air terminal looking for flight information. If the flight 
posting board were to use a special high-recogni!ion ch.ar­
acter set which required learning or lacked esthetiC quality, 
the passengers would ignore the board and continually 
bo ther the agen ts. The board must be attractive and re­
quire very little learning to achieve the desi red goal. 

ENTROPY 
En tropy has been a useful concept in the field of thermo­

dynamics for many years. Entropy is a measu re of the un­
avai lability of heat energy. It follows then that low en tropy 
is desirable because it makes energy more avai lable. For 
purposes of th is d iscussion it is sufficient to say that en ­
tropy is the quan tity of hea t d ivided by the temperature 
difference at which it is avai lable. The natural processes 
tend to reduce temperature differences and so increase 
entropy. 

Is the concept of entropy really of any value in con­
nection wi th character generators or displays? Interestingly 
and perhaps fortunately the concept o f entropy can be 
very useful in the study of displays without requiring any 
knowledge of thermodynamics. However, before we drop 
the subject of heat entropy one a·ttempt wi ll be made to 
bridge the gap. 

Assume a closed rectangular box (Figure 11), divided by 
a partition into two equal parts, with each ha lf containing 
the sa me amount o f air and the sa me am ount of molecular 
energy. In the partition there is a little valve j ust larg.e 
enough to allow a molecule of air to pass ~hro~gh whe~ 1t 
is open. A l ittle demon at the valve contro l IS watchmg 
a disp lay which shows both sides of the valve. The. mput 
to the display is from tiny cameras, one on each s1de of 
the valve. The demon is able to see an image of the mole­
cu les as they approach the valve from either side. When­
ever a fast (hot) molecule approaches the valve from side 
A the demon opens the va lve allowing it to pass in to side 
B. In the same manner the demon allows slow (cold) 
molecules to pass from B to A. It is assumed that it takes 
a " bit" of information each time the demon allows a mole­
cule to pass th rough the valve. It is this informa.tion wh ich 
is causing the temperatu re diHerence between s1des A and 
B to increase. 

FIGU RE 11 : Maxwell's Demon (see cove r ) 
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FIG URE 12(a) : 2 X 4 Dot Characte r Set 

I •• • 
• II • • .I ·I • .I 

• 
•I • I • Ia • • • II •• a• .I • • •• •• .. .a I • • • • • 
FIGURE 12(b) : 3 X 5 Dot Character Set 

I f the discussion to th is point has not been adequate to 
illustrate the concept o f entropy and its connection with 
information theory a quotation from Grossman 1 is appro­
priate. " Entropy is one of those very basic and fundamen ta l 
concepts to have had such a checkered history. Query the 
general electrica l engineering practioner on his und~rstand­
ing of en tropy and you w ill elicit a pained expressiOn and 
a shudder, as though you had uncovered an ancient trau­
matic ch ildhood experience." 

3•• ,. 
r.; ~i n IJ r. 5 hi ., .:: •• u ••• 101 .. ... 

••• 25 

t=l - ~-a· t·~ 10::• f;: - l.aJ .-. c. ::::: I ..:a ·- .-. .. ... -· - - . .. 
••7 so 

t=l I~ ~··· r·J G! f;.: .-. 1 .• .1 ·=· a= ··••• ••••• 
••• ·=· ·-· ·-· ·•··• . .. 

.:· - ~ . t J - ~ - I I - ~ 
13 

• • • .• I •1 I • I I -. :·:·:·: H I...J ·:... ·~ 1..::.! : .. :::. ..•.. •:::::• ._.• ·:·:·:· :·:·:·: 
FIGURE 13 : Four Dot Character Sets 

Entropy can be thought of as a measure of d isorder. As 
Maxwell's demon worked away he was bringing abou t some 
order by separating hot and cold molecules. If we now look 
at a matrix in which characters may be drawn, the order of 
the dots determines what characters, if any, are crea ted. In 
Figure 12 two different size matri ces are illustrated .. I f every 
possible arrangemen t of the do ts was to be . cons1der~d a 
d iffe ren t character, the 3 X 5 matrix can prov1de 128 t1mes 
more characters than the 2 X 4 matrix. Each location in 
the matrix has a dot or not (binary) and if there are 15 
locations then the number of d i ffe rent possib le characters 
is 215 or 32,768. From a pure information point of view, 
the 2 X 4 matrix which can provide 256 characters would 
sat isfy most o f ou r needs but the design o f a character in 
the rea l world must take in to account some or all df the 
following: 

a. Minimum viewer train ing 
b. Esthetics 
c. Pictoria l messages 
d. Redundancy . 
Each o f the above it ems contributes to the reqUiremen t 

for a larger matrix. Each item is somewhat nebulous and 
d i fficu l t to measure. A common denominator could be a 
measu re of how much each o·f the items contributes to 
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requiring more than a minimum size matrix. The larger the 
matrix, the greater is i ts capacity for information and the 
larger is i ts po tential disorder. " Entropy" is a measure of 
d isorder. The entropy of any type character generator is 
measured in terms of its capacity for producing a quan tity 
of d isti nguishable changes. Any small distinguishable change 
in the font of a Roman character requires an informa tion 
change and therefore must be reflected in the measure of 
entropy. 

••• .lj-l 

$$~®®x~~~~~w 
n n t~ 21 • n t5 tt 25 n tt 21 

... .... 

~~ ~®~~~~~ 
FIGURE 14 : Pictorial and Special Symbols 

Fi gure· 13 illustrates point (or dot) Roman characters in 
four matrix sizes. If we are going to talk about the relative 
en tropy of d i fferent character sets or character generators 
we must agree on the method of measuring the entropy. 
For purposes o f this paper entropy wi ll be measu red in 
terms of the loga ri thm to the base 2 o f the maximum num­
ber of possi b l~ distinguishable characters which can be 
progra mmed into the character generator. The fact that the 
character generator hardwa re is frequently designed to 
provide only 64 different characters is independent of the 
number of d ifferent characters that the generator could 
be programmed to provide. In keepi ng with the above 
defini t ion, the en tropy of the generator that produces the 
3 X 5 matrix do t characters is E15. The entropy of the 
9 X 13 matrix is E1 17. These numbers for en tropy are valid 
only if the hardware does not impose any l imitation on 
the presence or absence o f do ts. In a stroke type character 
generator usually the number of strokes that could be 
drawn is so great that the character genera tor memory 
limits the entropy as is illustrated later (Table 1). 

In a 5 X 7 matrix the to tal number o f lines that could 
possibly be drawn between the 35 points is 35 X 34 X 1/2 
= 595. Each of the 35 poin ts has a line leaving i t going 
to the o ther 34 points. There are half as many lines as 
line end ings. 

t=1 E: 1: [• E F C H I J 
~; L PI fJ D P Q R 5 T 
1.1 1.1 ld 1.1 Ill -:t 

II a.. 

1~31-J r.: .. 
FIGURE 15: 3 X 5 Matrix Dot Characters (Using Circles) 
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Matrix 
3 X 3 
5 X 7 
9 X 13 

13 X 17 

M ax. No. Li nes 
36 

595 
6,786 

24,310 

The maximum number of lines column is the Entropy of 
the matrix i f the electron ics (or a character programming 
rule) do es not limi t the strokes that can be drawn. It is 
very common to have a restriction which limits the unit 
lilies that can be drawn to 1st or 2nd order neighbors. 
a. Resolution and Entropy 

The resolu tion of a disp lay surface is related to the num­
ber of individual elements into which the surface can be 
sub-divided. The grea ter the resolution, the greater is the 
information capaci ty of the display surface. It fo llow s, that, 
the resulting entropy of the di sp lay is l imited by the reso­
lution of the disp lay surfa·ce or the electronics driving the 
surface. 
b. Pictorial and Special Symbols 

In Figure 13 (4 dot alphabets) the entropy ranges from 
E15 to E63. The esthetic quality of the characters improves 
as the entropy increases, but rhe greatest difference is be­
tween the 3 X 5 and 5 X 7 matrices. To the extent that 
legibili ty depends on famil iarity and character redundancy 
the 3 X 5 matrix is poor. If a sma ll amoun t of learning is 
permissible and redundancy is no t important the 3 X 5 
matrix could prove to be usefu l. 

•• ... ... ... ... ... ... •I T I 
II r.· a .. ••• a:. r a_. rl •.a .. 
• • ;.: ... i' ;:a i' ;:a ... T r; • .. •• -:. .a .. I • 
• •a •a •I •a ., I .. 
•.i • ••• .... ••• • •• • it • .. .. .. ., • • ... • ... ~ ... • • 

"I ••• .... I ·:a "I a •• .a • 
*NUMBERS IN BOLDFACE DENOTE DOTS WHICH HAVE BEEN BLANKED 

OUT OF ALL CHARACTERS 

FIGURE 16: 3 X 5 Matrix, Il lustrati ng Redundancy 

Pi ctorial and special symbols are illustrated in Figure 14. 
The symbols in Figure 14 are the products o f stroke gen­
eration rather than the dot genera tion previously described. 
A ttempts to create these special symbols with a matrix of 
lower entropy produced unrecognizable symbols. It be­
comes apparent that good quali ty pictorial symbols requ ire 
a large entropy generator. 

c. Redundancy and En tropy 

Any feature or features (which may take the ·form of 
short line segments or do ts) possessed by a character which 
exceeds that required to identi·fy the character may be con­
sidered " redundancy." In the Bra ille alphabet there cannot 
be any redundancy because, i f j ust one point is changed 
the iden ti ty o f the character is changed to a differen t char­
acter. Since Brai lle is six binary bi ts its en tropy is E6. 

The smallest value of entropy which can be used to make 
dot Roman letters is E1 5 in a 3 X 5 matrix (Figu re 15). This 
alphabet certainly lacks esthetic quali ty and a few of the 
characters require a little learning such as M , N, Q, U, 
W, and X. The real tes t wou ld be, how quickly could a 
person learn to read using this alphabet making a min i­
mum of errors. 
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Let us assume a 3 X 5 matrix of light bulbs in which fou r 
o f the bulbs have burned out (Figure 16). Bu lbs 4, 9, 11 
and 13 are out. How much additional training and how 
many more errors would result using this alphabet? Twenty­
seven percent of the bulbs are out and some greater diffi­
cul ty in reading has resul ted. The fact that the alphabet 
can sti ll be read lby a trained operator) means that 27 per­
cent of the matrix is "redundant" information. There is 
not an abrupt cut o ff, if one more bulb was out it w ou ld 
be more di ff icult to read the cha racters. However, there 
is a trade off betw een tra ining and work ing bulbs in the 
matrix. As the number o f working bulbs decreases the tra in­
ing must increase because the characters are looking less 
like Roman characters. 
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FIGURE 17: 7 X 9 M atrix, I l lustrating Redundancy 

For diS'tant or f lash viewing the redundancy in Roman 
characters helps in the recognition process. On the other 
hand if six lights were set up in a Braille type code a tra ined 
operator wou ld have no difficu l ty reading even though 
th ere would be no redundancy per character. 

Figure 17 illustrates that the grea'ter the entropy used for 
making Roman characters, the better the esthetic quali ty 
and the greater the redundancy. Forty-one percent o f the 
bulbs are ou't in Figure 17. 

0 2 3 

FIGURE 18: line Lengths Compared 
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MATRIX STROKE LENGili OF RATIO OF NUMBER OF CHARACTERS X8Y PAIHTro SIROKI MAX,TO MIN. CHARACTER MAX. MEASURE 
ARE DRAWN IN DISTANCES MAX.* LENGTH MEMORY .NUMBER OF OF 

WITHIN MATRIX Miii:' PAINTED LINE OUTPUT LINES STROKES ENTROPY 
!COUNT POINTS) X y z 

3 13 1 1-1 
1.4 2 2 1 9 I 20 

5• 7 1 H 1.4 I z 2 1 21 105 

517 1,2,3 ...ll.. 2.8 3 3 1 14 98 1 

9113 1 1·1 
1-4 1 2 z 1 44 220 

9•13 1,2,3 2·2 
- 1- Z.B 3 3 I 23 161 

9113 1,2,3 3-3 
2.1 3 3 ( I B -2- 126 

13117 tlhru7 4·4 
2.8 - 2- 4 4 1 28 252 

* THIS IS A VECTOR SUM. 

TABLE 1: Table of Character Sets 

CHARACTER GENERATORS 

Monos cope 

Today there are many different types of generators used 
for painting characters on a ca thode ray tu be. One method 
po>sessing a high degree of font fl exibil ity is the mono­
scope. In the monoscope character generator, the character 
memory consists of characters drawn on a target inside of 
a CRT. The characters and the background have di fferent 
secondary emiss ion ratios. The electron ·beam is gross posi­
tioned to some pa rticular charac ters and then the beam is 
made to scan the desired character. The video which is 
produced at the target termina l is sent to a d isplay CRT. 
The same waveform which scans the character in the mono­
scope is also used to scan the display CRT. When the en­
tropy of the monoscope character generator is speci fied it 
should include the limctations imposed by the display CRT 
and deflection sys'tem. There is little point in generating 
a much higher entropy character in the monoscope than 
the output CRT can display. A measure of the entropy of 
a monoscope display system would be a function of the 
finest detail (maximum number of squares) in a checker 
board pattern that could be transferred from the monoscope 
to the output CRT with acceptable quality. 

The spot size, brightness and writing speed trade offs 
impose limitations on the display CRT being driven by a 
monoscope or by any type cha racter generator. W ith a 
monoscope each character is scanned wi th a small saw­
tooth (or si newave) one after the other until all characters 
in the frame are covered. The total linear distance traveled 
per frame is greater w ith a monoscope than with a s'troke 
generator for a given number and size of characters. For a 
given CRT and brightness the spot size is usually larger 
because of higher beam current. Whi le the monoscope does 
provide very high quality symbols i ts entropy is a function 
of circuit bandwidth and CRT lim i tations as is the case w ith 
other type character generators. 

Characcron 

The Charactron achieves high quality symbols by extrud­
ing the electron beam through a mask. The entire character 
is created at once as opposed to scanning or a sequence 
of strokes. The brightness is related to the current densi ty 
and the duration of on time for a given refresh rate. For 
a given beam cu rrent i f the characters per fra me increa_se, 
the on time per character and brightness decrease. The h1gh 
qual ity of the characters is ma inly be:ause of t~e very ~harp 
black to white transitions made posstb le by th1s techn1que. 
Th e charactron provides very h igh entropy characters. It 
does, however, have a practical limitation imposed by 
economic and electron opti'cal considerations. 
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Dot and Stroke 
A set of rules must be estab lished if an alphabet is to 

be designed. The first step is to establ ish the size of the 
ma trix in which the characters w i ll be drawn . Next, wi ll 
dots be pla ced at appropriate points in the matrix o r will 
Jines be drawn between app ropriate poi n ts in order to 
form the desired characters? Figure 15 is an alphabet in 
a 3 X 5 ma trix using dots arranged such that there are at 
least 2 dots out of the 15 which are different when any 
two characters are com pared. 

When a stroke character is designed, the length of strokes 
must be defined. The electronics will be designed to de­
flect the electron beam from one point in the matrix to 
another point one or more poin ts away in the X and Y 
di rections (second column in Table 1). l'he thi rd column 
of Table I speci fies the maxim um and m in imum lengths of 
painted (b righ tened) strokes such that the fourth col umn 
can be calcu lated. (Figure 18 shows a comparison o f line 
lengths for various l ines or vectors.) In a constant time per 
stroke character generator the l onger the stroke the less 
its brigh tness. The number in the fourth column is the 
ratio of the brightest to the dimmest pain ted line withou t 

brightness compensat ion . When this ratio exceeds 2 to 3 
brigh tness com pensation is desirable if not requ ired, de­
pending on cha racter quality d esired. O ne bit in the Z 
column d etermines paint o r blank. I f b rightness compen­
sa tion is requ i red, the X and Y values may be decoded to 
obtain a Z value. 

FIGURE 19: Possible lines in a 3 X 3 Matrix 

A numeral 1 in the second column requires two bits 
in the X and Y columns because a sign bi t is requ ired . The 
next step is to lay out the complete alphanumeric set using 
th e rules laid down. Every effo rt should be made to m ake 
each character or symbo l using a minimum o f strokes. 

The total number o f i nd ividual lines which can be d rawn 
in the given m atrix with line length res trictions considered, 
is the entropy of the matrix. There are 20 nearest neighbor 
(1st order) and 16 2nd order neighbo r lines possib le in a 
3 X 3 matrix, Figure 19. Two ·Jst o rder lines which fall un­
der one 2nd o rder l ine cannot be included in the to tal 
character count. 

W hen the m atrix becom es l arger than 3 X 3 it becomes 
desirable to have a general formula from Whi ch the total 
number of l ines that can be drawn can be ca lcu lated. Fig-
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5 x 7 MATRIX 

(SINGLE INCREMENT LENGTH LINES) 

·8 ·8 ·8 

•8 •8 

•8 •8 

•8 •8 

FIGURE 20: Technique for Deriving Number of Possible lines in a 
Matrix 

ure 20 suggests a technique whi ch may be employed for 
derivi ng a general equation . Nw is the wid th and Nh is 
the height o f the matrix in n umber of poin ts. The number 
by each poin t in the 5 X 7 matrix in Figure 20 is equal to 
the total number of li nes wh ich can be drawn to that point. 
l'he total of all 35 numbers is the number of l ine " ends." 
The total of all possible nearest neighbor lines in the matrix 
is equal to one ha l f o f that number since there are two ends 
per l ine. The general equation can easily be derived from 
examination of the f igure. 
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FI GURE 21: Seven Stroke Character Sets 
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N total = 5 (Nw + Nh) + 4(Nw -2)(Nh :-2J - 14. . 
The en tropy of the matrix for nearest netghbor lmes ts 

1 to the total number o f nearest neighbor lines w hich 
~~~a be drawn. The entropy ~or a number of matrices for 
dot and stroke ("1st o rder netghbor) characters is given in 

the fo llowing table. 
En tropy 

Matrix size Dot Stroke 

3 X 3 9 20 

5 X 7 35 106 

9 X 13 117 404 

13 X 17 221 796 

The entropy is the logari thm to the base two of the 
total number of characters that can be made in the matrix 
even though most of them may have no practical va lue. 

The in forma tion which goes into ·making the character 
in the matrix must come from the character generator mem­
ory. It fo llows that both the matrix and the memory ~ave 
information capacity. The smaller of the two must be gtven 
as the entropy of the character generator. Figure 21 il ­
lustrates Roman charac ters from several different size 
matrices and Figure 14 illustrates special symbols from var­
ious size matrices. 

In the 3 X 3 matrix d iscussed in Table I the max. stroke 
length is 1-1 and the total n umber o f li nes is 20. It fo_I­
Jows tha t the entropy for this case is l imited by the m atr tx 
in which the character is drawn rather than the memory 
w hich stores the information required. It should be point~d 
ou t that there are many ways in which the information may 
be cod ed and stored and decoded. The number of memory 
output lines and strokes given in Table I may not be op­
timu m but they suggest a starti ng poin t. It is hoped that 
the concept o f entropy w ill motivate some workers to 
find m ore optimum techniques for generating characters 
and special symbols. 

The entropy of the charac ter generator memory is a func­
tion of the product of the tota l output Jines and the maxi­
mum number of strokes. The object is to achieve the de­
sired character quality and symbol complexity with rhe low­
es t value of entropy. 

CONCLUSIONS 
This paper has attempted to explain and ill ustrate the 

concept of entropy as it m ay be applied to character gen­
eration. No matter what technique is used for gen erating 
characters there must be a practical and economic l imit to 
the detail (font flexibility) which can be obtained. This ap­
plication of entropy is an attempt to provide a com m on 
denominator w hich can be used as one means of compar­
ing different character generating techniques. Some of the 
techniques wi ll require further study before a nu mber for 
entropy can be given . 

Room for further investigat ion includes, but is no t lim ­
ited to: 

1. Obtain entropy number for Charactron, Monoscope 
and other character generators. 

2. Derive entropy for stroke generators hav ing lines 
drawn to 2nd and greater order neighbors. 

3. Fu rther study of entropy o f CRT graphic d isplays. 
A reasonable fi rst step for an engi neer whose assignment 

is to design a character generator is, determine the font of 
the alphanumerics and the number and complexi ty of spe­
cia l sym bols w hich wi ll satisfy the appl ication. If a nu~ber 
of approaches are under consi deration, an entropy ftgure 
for each wou ld be one reasonable basis for comparing. In 
most character generati ng tech niques there is a trade-off 
between the entropy and the speed o f generating the char­
ac ter and both of these related to cost. 

Th e concept of en tropy is certain ly not l imited to char­
acter generation. Characte r and fin ger print recognition are 
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two applications. The entire display surface has a lim ited 
information capacity and consequently entropy. The en­
tropy of a d isplay surface is related to the maximum number 
of character spaces and the number of d i fferent type char­
acters or symbols which can be d rawn in each space. Line 
d rawi ng capab ility increases the possi b le entropy by a very 
large amoun t. 

If a particu lar d isplay sys tem could p lace any one o f 64 
different characters in any one of 1000 character spaces 
on the disp lay screen, the entropy would be at least E6000 
(2G) ltiOO. 

The di splay can be thought of as part of the comm uni­
cation channel which is carrying in fo rma tion from a com­
pu ter to a human. Entropy is a tool tha t may be used to 
help measure the performance of the display system. 
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Simplified methods for determining display 
screen resolution characteristics 

by ROGER S. WALKER 
Systems Engineer 
RCA Service Company 
White Sands Missile Range, 
New Mexico 

INTROD UCTION 
The increasing requ irements fo r smal l and large screen 

disp lay systems have emphasized the need for simpli f ied 
techn iques for determining d isplay screen resol ution char­
acteris tics. This paper p resents some useful re lations to aid 
the systems designer in determ ining d isplay screen sizes, 
reso lutions, and viewing distances and areas. 

This study fi rst develops the relations fo r determining 
display characteristics of the small screen disp lay which 
uti l izes the cathode ray tube. The discussion covering large 
screen d isplays then extends the small screen rationale and 
develops additional relations to include a three-dimensional 
audience volume and thus oblique view ing condit ions. 

The Small Screen Displa~·: 
The smal l screen display o f particular interest uses the 

cathode ray tube (CRT) for electronical ly d isp laying in­
formation by either a " deflection" or " raster-scan" tech­
nique. It is princi pally used by only one viewer. Briefl y, 

FI GURE 1: Regard fo r small screen display. 

in the deflection technique, an electron gun em its a stream 
of electrons that stri ke the phosphor screen o f the CRT. 
Magnetic deflecting coils or electrostatic deflecting plates 
are then used to deflect the electron beam in such a 
manner as to sweep out the various symbols and vectors. 
The deflecti ng technique is generally used for d isplaying 
computer generated (digi tal) data. A d igi tal-to-analog con­
verter provides the interface between the d igital data and 
the analog deflection voltages. The raster-scan techn ique 
(used principally fo r te levision) uses sequential scanning 
wi th a modulated beam for d isplaying data. Picture detail 
is reproduced on the phosphor screen of the CRT by 
variations in the beam intensity. The video signal that 
modulates the beam may be ei ther camera or computer 
generated. Digital-to-video converters provide the interface 
between the compu ter-driven di gital data and the video 
signal. 
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Screen size selection in the design of a disp lay system 
is dependent on the viewing positions and viewing condi­
tions desi red. For the sma·ll screen disp lay, a single viewer 
is assumed who is typically si tuated directly in front of the 
d isplay at viewing distances from 12 to 30 inches in a 
console-type or similar working envi ronment. Thus, fo r 
all practica l purposes, viewing is dependent on the legibi lity 
requirements along rhe normal distance from the center 
of the d isplay. (See Figure 1.) 

Stud ies indicate that good symbol legibiilty requires a 
symbol dimension that subtends at least 12 minutes of 
arc to the eye, and a symbol structure that is composed of 
a mosaic of 7 x 7 or more elements (5 x 7 elements, width 
to height, is acceptable). (For discussions of alphanumeric 
symbol structure and legibi li ty, see References ·1, 2, 3, and 
5.) Fi gure 2 i ll ustrates a 7 x 7 mosaic structure describ ing 
the letter " E". 

Legibil ity of graphical data, wh ich may be composed 
of any number of elements, is more difficult to determine. 
However, typically, each element shoutd be at least re­
solvable to the eye, or be of such a dimension as to sub­
tend an arc of one m inu te or grea ter to fhe eye. Dimen­
sions of two to th ree times th is value w i ll tend to p revent 
eye strai n during prolonged viewing periods. A common 
reference between graphic and symbol legibii lty can 'be 
found by in troducing the term " resolution viewing factor, 
F." If the efement dimension, e, of w hich two adjacent 
elements of d imension e can just be discriminated for a 
viewi ng distance, D (line of sight normal to the screen), 
is given by 

e = 0.0003D, (1 ) 

FIGU RE 2: A 7 x 7 mosaic representation of the let ter " E'. 
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then the resolution viewing factor, F, can be defined as the 
ratio of a selected elemen t size to the element size that 
subten·ds one m inu te of arc to the eye, or 

e = 0.0003FD. (2) 
A symbol of d imension, L, composed of a 7 x 7 elemen t 

matrix is related to Equation (2) by 
L (0.0003) (7)FD 

or 
L 0.0021FD. (3) 

Good legib ility of both symbols and graph ics can usually 
be achieved by selecti ng a reso lution viewing factor value 
of two to th ree. At values above five, the symbol structure 
may become objectionable because the element spread in­
creases in di rect p roportion to the letter dimensions. (See 
Reference 3.) 

To relate legib il i ty to disp lay screen size, the ratio be­
tween the d imensions of the area to be viewed and the 
smal lest element wi th in this area shou ld be defined as 
indicated in Figure 3. 

This ratio, display capacity, K, defines the system reso­
lution requiremen ts. For example, if it is desired to view 
symbols w i th a 7 x 7 mosaic element structure and wi th 
minimum d imensions of 0.1 inch and 0.1 inch area (wid th 
and heigh t) wi thin a 7 inch by 9 inch area (width x h eigh t) , 

, .. H ., 

v 

·-

-~~-------------------------J 

Horizontal Display Capacity KH = ~ 

Vertical Display Capacity Kv = ¥ 
FIGURE 3: Display capaci ty. 

reso lutions of 490 el·emen ts (7 x 7/0.1) o r l ines in the 
horizontal dimnsion (KH) and 630 elements (7 x 9/0.1) or 
l ines in the vertical d imension (K,.) are requi red. 

It shou ld be no ted that in d isplays of the raster-scan type, 
the number of li nes resolution as seen by the viewer on 
the CRT is not equal to the actual number o f TV scanning 
l ines. (See Reference 6.) The actual TV scan l ine require­
men ts must com pensate for losses occurring in the camera 
or computer generati ng video systems. For camera gener­
ated video, the number of TV scanning lines is typically 
greater than the l ines reso lution required by 30 percent; 
for computer generated video, the number of TV scan lines 
is typically greater on ly by 10 to 12 percent. 

The display screen size, E, can now be expressed as a 
function of the resolution viewing factor, F, the viewing 
distance, D, and the d isplay capacity, K: 

S = 0.0003FDK (4) 
Equations (5) and (6) below re late Equation (4) in terms 

of the tube diagonal, T, for the rectangular tubes o f aspect 
ratios 4:3 and 3:4 (horizontal to vertical) and the vert ical 
d isplay capacity, K, .. 

For 4:3, T = 0.0005FDK,. (5) 
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For 3:4, T = 0.00038FDK, (6) 
Figures 4 and 5 show vertical disp lay capacity plotted as 

a function of CRT sizes (diagonal) and the product of the 
viewing distance and resolution viewing factor fo r the two 
aspect ratios 4:3 and 3:4, as determined from Equations (5) 
and (6). Thus, once the vertical disp lay capaci ty and view­
ing distances are established, the requ ired tube size can 
be obtained fo r any particular viewing condi t ion. 

For example, suppose it is desired to design a display 
system to sa tisfy the following requirements: 

(a) D isplay vectors of minimum dimensions 0.05 inch 
by 0.05 inch over a 9 inch by 12 inch (wid th to height) 
area. 

(b) Di splay symbols o f min imum dimensions 0.12 inch 
by 0.12 inch over a 7 inch by 9 inch area. 

(c) Accommodate viewers located at normal viewing 
distances of 26 and 42 inches fo r pro longed viewing period s. 

3 
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! 

FIGURE 4: Display capacity as a function of CRT tube sizes and view­
ing conditions (4:3 aspect ratio). 

Solution: For adequate legib il ty, a mtn1mum mosaic 
symbol structure composed of 7 x 7 square elements is 
selected. The display capaci ty or resolution requi red for 
both vectors and symbols may be determined as follows: 

For vectors K,. = 9/0.05 = 180 lines 
KH = 7/0.05 = 140 li nes 

For symbols K,. 9 x 7/0.12 = 525 l ines 
KH = 7/0.12 = 408 l ines. 
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FIGURE 5: Display capacity as a funct ion of CRT tube sizes and 
viewins conditions (3:4 aspect ratio). 
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FIGURE 6: Audience vo lume. 

Thus, the system must provide a vertica l resolution of at 
least 525 lines and a horizontal resolution of at least 408 
l ines. For a raster-scan type display system, camera gener­
ated video would require typ ical ly 750 scan l ines or more, 
and co mputer generated video, 600 scan lin es or more to 
provide the reso lution desi red. If the area to be viewed 
will always be of greater height than width (in particular, 
by a ratio of 3:4 - hori zontal to verti cal dimensions) , the 
3:4 aspect ratio tube size shou ld be used. For adequate 
legibi l ity an F of no less than 2.0 is selected. Then, from 

from Eq. (8) 

0=~(91 

and from above fl9utt 

C= ~ coo Cl • ~ olo Cl 001 

r!>l(o )t]Vt 'tl4 - ~ olnct - E (Ill 

ro• ( 0 )"l Vt 't'L~- H COO Cl - f oin a tE j (12) 

R1= r1 If r2 t 2d~ r1 otMrwlH R1= r2 (t3l 

R:z = r:r: If r1 +2d~r2 otMrwl11 Rt=r1 (14) 

NOTE: Audience Area Described by Arcs 
of Radii R 1 and R:r: at Centers 
C I, C3 and C2, C4 Rupectlvtly 

b-
_R1

2
- Rz

2 

4d d .. 0 (t~l 

b=O when d =O 

whlre:a. : 90-.8' 

d= ~ sin a. 

FIGURE 7: Large screen display area geometry. 
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Figure 5, tube sizes of no less than 10.1 and 16.8 i nche~ 
are required for the given viewing distances of 26 and 
42 inches, respectively. 

;; VitwinQ Screen Hei9ht H, Width W 

D= --H-
0.0003FKy 

C=~cos at- ~sina. 

r1=~2-(~ sino. -E)
2J12 

[o• ( o )•1 •12 
r2= 4 - Hcosa.-~ sina.•E J 

See Reference 4 
for Derivation 

NOTE: Audience Area Described by Arc• 
of Radii R1 and R2 at Centers 
Cl , C3 and C2, C4 Respectivety 

b:R,z-R22 d~O 
4d 

b= O when d=O 

where:a. : 90- .e 

d=~ sina. 

FI GURE 8: Guide for determinin g large screen disp lay area charac­
teristics. 

The Large Screen D isplay: 
The definitions established in the preceding section wi ll 

be used in determining the relationships of screen size, 
d isplay capacity or resolution, and resolution viewing fac­
tor for the large screen d isplay sys tem. These d isp lay char­
acteristi cs, however, must also be extended to include the 
viewi ng region (three-dimensional audience volume) and 
thus oblique viewi ng conditions. The large screen displays 
of particular interest are the video projection and fi lm 
projection displays wh ich are primari ly used for group 
viewi ng. Because the screen sizes o f the CRT are so me­
what limited (usual ly no t greater than 28 inches), video 
projection equipm en t was devised for displaying televised 
informa tion on large screens. The most common TV pro­
jection system is the Eidophor. Film projection equipment 
incl udes al l equipment tha t projects onto a screen th e in­
formation stored on a photographic fi lm. In these systems, 
light passed through the fi lm projects the fi lm image onto 
the screen. Computer control of fi lm selection ·from files 
as wel l as etching (usually via servo control or analog 
generators) oi vectors and/or alphanumeric symbols on 
the f ilm provide addi tional f lexib ili ty for real-time func­
tions. M ixing of background and dynamic changes on a 
single screen is possible by using multiple projectors. 

In Equations (1) through (6) a regard perpendicular to 
the plane containing the viewing element was assumed. 
For oblique viewing of isotropic symbols, the viewing range 
is reduced in proportion to the cosine of the angle of 
obl iquity. (See Reference 4.) Equation (4) becomes 

e = 0.0003FDK 
(7), Cos fJ 
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wl t ~:l l: 8 is the t111gle of obltquity. 
Thus, for viewing isotropi c symbols, the viewer is con­

strained to the three-d imensional volume or sphere of di­
ameter 

D (8). 0.0003FK 

The sphere is tangent to the viewing p lane at the point 
o f symbol location. For viewing symbols at any location 
on the screen, the viewer is constrained to the footba ll­
shaped volume determined from the in tersection of al l pos­
sible tangent spheres, (described by the in tersection of 
the four spheres tangen t to screen corners) as shown in 
Figure 6. The eye-level intersection of this volume is re­
fe rred to as the audience area. As described in Reference 
4, the largest audience area is obtained when the angle 
between the screen and audience area is ti lted so that 
the center of the audience volume in tersects a li ne normal to 
the screen at the screen 's center, as ind icated by the cross­
h<atched area in Figure 6. The equations derived in Refer­
ence 4 provide the relations for determining the audience 
area and screen size for this special case. The equations 
relating the audience area for the genera l case of varia­
tions in screen d imensions, height of screen above the 
floor, the angle between the planes containing the audience 
area and the screen, the reso lution viewi ng factor, and the 
display capaci ty or resolution requirements may be ob­
tained from Equation (8) and from Figure 7. 

Figure 8 provides a summary o f the calculations of Fig­
ure 7 and can be used to determine screen sizes, viewing 
areas, and viewing conditions for any particular system. 
The screen may be slanted with respect to a horizontal floor 
and audience area or perpendicular to a horizontal floor 
w i th the p lane contain ing the audience area incl ined above 
the floor. 

Suppose, for example, that it is desired to in terface a 
large screen video display with the smal l screen d isplay 
sys tem in the previous example. The screen is to be 12 

Screen 

l-----25.4ft----.-.!•l 

Et-
FIGURE 9: Determination of audience area for sc reen perpendicular 

to audience area . 

INFORMATION DISPLAY, j anuary/February 1968 

feet by 16 feet (width to height) four feet above a hori­
zontal. floo~, and perpendicular to the floor. The audience 
are~ ltnes tn the sa me horizontal plane as the floor. The 
pertph~ral dimensions of the audience area can then be 
determtned as fo lows (See Figure 9). 
From the previous example, K, = 525 lines. 
Thus, from Figure 8 

Thus, 

and 

H 
D = . 0003FK 

v 

"' = 90 - e = 0° 

d = _ H_ s inet = 0 
2 

16 
( . 0003)( 2 . )( 525) 

D H . L 
C = 2 COSet + 2 S1net = 25. " ft . 

50 . 8 ft . 

(~ sina - E)2] 112 
= 25 . 08 ft . 

(R cosa - + sina. + E}
2}/<' ~ 1) .66 t'l:. 

15. 66 thus 15 .66 ft . 

25 . 08 thu:, 15 .66 ft . 

Then since d = 0 , o = U 
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Comparison of image degredation 1n 
photographic and image orthicon systems 

by WALTER E. WOEHL 
Air Force Missile Development Center 
Holloman Air Force Base, 
New Mexico 

INTRODUCTION 
For the recording and processing of optica l control and 

surveillance data on space objects, increasing use is made 
of image tubes as receptors in place of photograph ic mater­
ials. The main reasons for this are the high quantum effi­
ciency, the real-time and digital signa l processing potential 
of the scanning image tube, and the greater radiometric 
accuracy of photoelectric over photographic methods. The 
following short remarks are intended to compare critica lly 
the various image degrading effects associated with either 
recep tor type, as well as to point out cal ib ration requi re­
ments. 

ANALYSIS OF THE PROB LEM AREAS 
The two selected receptors are being compared in the 

following performance areas which a"ffect image quality: 
1. The radiometric-sensitometric response 
2. the dynamic range 
3. the point spread function 
4. the li ne srreilrl func:tion 
5. adjacency effects 
6. the modulation transfer function 
7. contras t rendition 
8. dimensional distortions 
9. information storage capacity. 
The merits and demerits of either receptor may be judged 

from the summary evaluation. 

Sensitometric-Radiometric Response 
The photographic material responds to the integral effect 

of irradiance HA and time t in the general form 

f i GU RE 1: 
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D ensity D vs. exposure H t for an Eastman Kodak Spec· 
troscopic p late type 103-F developed = 1.97, Maximum 
dens1ty above gross fog = 2.9·; log scale for HI. 

The measured response is normally expressed as photo­
graphic density D versus exposure (H X t), and exposure 
is plotted either in ari thmetic or logarithmic scale (See Fig­
ure 1 ). 

D is defined as D = - log T, 

T = transparency of the developed emulsion 

In photographic photometry the photographic effect is 
measured with a photoelectric cell in a microphotometer, 
or microdensi tometer, so that 

For the linear portion of the photographic characteristic 
curve we have, with C = a consta nt: 

( i,._. \ 
a• Ca I_,(Nt) .: Ca (-.., T) • C• _.., 'p~.-Nc.} 

From this i t follows: 

I,.. _~ 

lo' i,--inc: ~ Cx (- I.., ( .. t) 1 a ru& 

i pl. -tr- _ T = c~t 
- Ht i ,..,_ i..c. 

The measurab le quanti ty expressing the photographic ef­
fect follows therefore as a non l inear function o f the expo­
sure (Ht), even within the linear portion o f the photog raphic 
H-0 curve. The exposure sensitivity is 

d T Corfti' 

d'(till - (Itt. )1 

In contrast to th is, in the photoelectric mechan isms of 
the image orthicon sensor the relationship between the 
measured output quantity - the photo current - and the 
input irradiance H in the ideal tube is basically linear: 
photocurrent i,aa = •' M +It', and with the linear gain by 
secondary electron emission at the target plate and the 
dynodes of the multiplier, the video current is i, :a •' H + 
b', so that the irradiance sensitivity 4 iy = •' is con-
stant, independen t of H. .,H 

Dynamic Range 

The dynamic range, in which usefu l - i f not linear -
output effects can be measu red, and calibrated, is in bo th 
systems very much dependent on the recording and pro­
cessing conditions. For photographic materials i t is known 
that one can obtain a range of 1000:1 wi th some materials 
if developed to a very low C For most practical applica­
tions, however, the emulsions are developed differently; 
for instance, the Kodak 038-01 p late is developed to a 
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density o f about 2.0 above gross fog, with a r of 1.2. This 
gives a use'fu l dynam ic range of 46.4:1. A Kodak 103F emul­
sion, developed to a useful density of 2.9 above gross fog, 
and a r of 2.0, has a dynamic range of 28.2:1. For the bene­
fit o·f target discrim ination, these higher values have to 
be used. The ways to obtain the desired r need not be 
discussed here, they are to be found in pertinent texts. 

The image orthicon receptors - image tubes with 5-10 
or 5-20 photoemissive surfa·ces - do not have a dynamic 
range of greater than 100:1 at most, unless special feed­
back circuitry is employed wh ich automatically optimizes 
the sca nning electron beam current ·in the tube. This is a 
new deve lopmen t which has just recently become avai lable 
for field use under an Air Force contract to G. E. Company. 
W ith this point-to-point feedback a range of 3000:1 seems 
possible, i f the irra•diance over the whole fie ld changes by 
this amount. If irradiance steps in the field are used, the 
controlled range is more near 500 :1. The image tubes used 
for these tests are type GL 7967/5-20 low light level image 
orthicons; they have to be specially treated for this appl"i ­
cation. Figure 2 shows a recent recording of a target - a 
grid plate, which had neutral density fi l ters #1.0 and #2.0 

SCAN 

I 

0.1 X I 

1,0 X I 

0,01 XI 

FIGURE 2: C-scope photograph of parallel slot image transfer. Rela­
tive luminance steps of 1, 0.1 , 0.01; GL 7967 image orth i­
con. Scan l ines across the slots. 

across the open slots; 1t provided a target w ith a 100:1 
step irradiance ratio w ith in the field of the orth icon. The 
image orthicon was a standard GL 7967 tube. The r curve 
has to be ·set very flat in order to be able to make the 
range of steps visible. Edge effects noticeable at the same 
time wi ll be discussed lat er. Figure 3 shows the correspond­
ing microdensitometer scan, Figu re 4 is a contact print of 
the gridplate made for comparison. If we choose to rate 

FIGURE 3: Microdensitomer scan of negative of Fig. 2; scanning sl i t 
dimens ions 125 X 125 microns. 
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0.1 X I 

I. 0 X I 

O. 0 I X 1 

FIGURE 4: Contact print of slot p late of Fig. 2, showing dimensions 
and photographic modulation response. Polaroid fi lm 
type 57, ASA speed 3000. 

image sharpness according to Higgins and Jones1, as the 
product of the mean of the square of the density gradient 
at the edge, with the density difference at this point we 
see that the image rendition for this grid is rather poor. 
Adm ittedly this has been an extreme case with a maximum 
of image degradation, including degradation due to the 
amplifier. 

The Point Spread Function 
Images from discrete point sources such as astronomical 

objects, space objects at larger distances, and in selected 
cases by point emission on reentry bodies, have normally 
an opacity distribution which is different from the intensity 
distribution in the original object point due to the spread 
function. 

In the photograph ic emulsion, the light patch entering 
it is dispersed due to turbidity and halation; in addition, 
the opacity develops as a nonlinear function of the ex­
posure and is subjected to edge effects. The grain-to-grain 
scattering reduces the contrast response for f ine detail and 
affects the spatial modu lation transfer. This loss in contrast 
cannot be reconstituted directly w ithout digital image pro­
cessing. 

The point spread function describes the two-dimensional 
distribution of the flux density in the image of the point 
object, l (x,yJ, or l(r), where the radius r is equal to (x2 

+ y')112 . As we cannot specify in detail the mechanism of 
the image spreading, it is adequate to assume a Gaussian 
flux d istribution and denote l(x,y) in the usual way by 

l(ll,y) :r i~ .., (-(;}•1>1~·~> 

The quantity which can be measured is the tota l fl ux 

r'• P(r
0

) • l l(r) K r Jt •r. 

The above description is related to the density d istribu­
tion in the photographic image by means of the H-D curve. 

In the case of the photoemissive surface, turbidity and 
scattering are not effective as the photosurface is transpar­
ent. However, in the process of liberation of secondary 
electrons at the target plate by the photoelectrons which 
come from the point image patch at the photosurface, and 
in the charge transfer process across the magnesium oxide 
target membrane, the point information becomes basic­
ally a Gauss·ian charge distribution. Now, rhe scanning elec­
tron beam on the read-out side of the target has an elec­
tron density d istribution which is also Gaussian, so that the 
video respon·se is the product of two distribution functions. 
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The si tuation becomes difficult i f in highligh ts, due to in­
complete discharge of the target charge pattern, charge 
spreading takes place resul ting in " blooming" of the point 
image, e.g., when we have the image of a very bright star. 
In this case the condition can not be described anymore 
by a simple relationsh ip, it can be compared to the photo­
graphic image growth due to internal scattering or halation. 

Ou tside this condition, though, the video response to 
the f lux density distribution in the assumed image o f the 
point source can be approximated by a Gauss ian type 
spread function . 

Line Spread Function 
The practical case of line images is present in a l ine 

spectrum o r in structural detai l of a target. The irradiance 
across the l ine is considered the dependent variable. Mathe­
matically, a relation 

describes the total flux if the li ne image is made parallel 
to the y coordinate. As a measured response we can de­
scribe the kn ife edge response, with the edge parallel to 
y and at a point Xo within the l ine image; the response is 

For the photographic medium, again turbidity and ad­
jacency effects determine the amount o f spreading from 
the geometrical image. Spectroscopists know the effect on 
the profile of spectrum lines, and the limitations to the re­
solving of fine structure. It is difficult to ca librate for these 
distortions. 

In the case of the im age tube, a charge situation sim ilar 
to the point image exists in one direction ; however, the 
electron di stri bution is affected by th e extended charge 
" ridge" on the image orthicon target surface, and the beam 
modulation, and hen ce the image transfer is different if the 
scan goes along the li ne image or across it. Therefore the 
effective spread function, or modulation response, can be 
variable. However, keeping the image tube parameters con­
stant, it is possible to calibrate the identical receptor area 
to a standard irradian ce input, and normal ize the modu la­
tion reponse obtained. It is also impor tant, that the fre­
quency response of the amplifier processing the video sig­
nal, covers the edge gradien ts present in the l ine ·image 
when scanning across the line. High frequency peaking wi ll 
also relieve the image of rhe low frequency noise compo­
nents which are par ticu lar ly troublesome. 

Adjacency and Edge Effects 

In the photographic emu lsion, these effects are present 
at the borderl ine between areas of high and low exposure, 
and are caused by a higher concentration of active agents 
in the less exposed parts during the processing, causing d if­
fusion o f the agents into the parts with higher exposure. 
The typical appearance o f the edge effect and Eberhard 
effect is sketched in Figu res 5 and 6; the high light area 

FIGURE 5: Ill ustration or the photographic edge effect. 
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shows a density peak close to the border, the low expo­
sure area has a corresponding depression of the density 
curve. In th is way, the edge gradient is falsi fied and often 
di splaced; for two adjacent images, like double star images, 
the distance between the cen troids is changed and misin­
terpreted ; the profi le o f spectral lines is fal sified . For more 
information on the mechan ism pertinent texts may be 
consul ted. An estimate o f these errors can be deduced 
from recorded squa re wave grid patterns. The image orthi ­
con sensor has simi lar effects, though based on di fferent 
mechani sm s. The transparen t photoemissive su rface should 
not introduce any effects due to variations in active centers; 
however, at the targe t electrode, the photoelectrons origin­
ating at the photosurface, release secondary electrons upon 
their impact, and the impact poin t remains with a posi­
tive charge. The target mater ial in the type tube used is 
a thin film magnesium oxide membrane with narrow spac­
ing of the target mesh . The ani sotropic properties of this 
material prevent la teral charge dissipa tion to a la rge degree, 
but there is always some spread on the reading side of 
the target so that the charge density distribution (spread 
function ) is approximately Gaussian as sta ted before. If, 
however, the object has adjacent high and low intensi ty 
areas with hi gh contrast edge gradients, the scanning beam 
is affected by the fie ld of these neighboring areas and beam 
distortion and beam bending mi srepresen t the tru e edge 
configuration - like in the photographic adjacency effects. 

The magnitude of these distortions ca n be best judged 

FIGURE 6: Illustrat ion of the pho tographic Eberhard effect. The small­
est image has the highest densi ty, irradiances being equa l. 

SCAN 

FI GURE 7: C-scope photograph of pa rall el slots as in Fi g. 2. TV scan 
li nes along the slo ts; i llu minance steps 1, 0.1, 0.01 ; stron g 
edge effects. 
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from carefully designed ca l ibrati on tests. These can also 
bring out - and help to overcome - add itional distor­
tions due to insufficient amplifier frequency respon se. Once 
more, Figure 7 and Figure 8 show as an exa mple, the re­
cording of the gr id plate which had steps of uniform lumi­
nance of 1 , 0 .1 , and 0.01. Figure 4 shows the contact print 
of thi s plate. This test shows quite obviously th at automatic 
beam current con tro l with extended dynamic range of the 
orth icon and high frequency amplifier response are manda­
tory in order to obtain l inear intensity info rmation transfer 
and small adjacency disturbances. 

Extreme low-noise preamplification as has been men­
tioned under Dyn amic Range is an additional requirement 
and has been accomplished wi th new, field effect transistor 
input stages. 

• I Hi 

. . . 

¥!{W!: : . . . . 
:;B,~ ' W ln!lm!IIIH:JIIm . 

FIGURE 8: M icrodensi tomer scan o r nPgative 0r Fig _ 7. Scan aperture 
125 X "1 25 m icron s. 

The Modulation Transfer Function 

Within the Fourier methods o f optical image evaluation, 
the spactial frequencies of the intensi ty distribution in the 
image are the Fourier components. The modulation trans­
fer fun ction r (w), descr ibes the grade o f response of the 
considered system to a spati al sine wave input at each 
spati al frequency w. Mathemati ca lly, the modulation trans­
fe r function can be expressed as the Fourier transform of 
the line spread function L(x). 

rt- . 
r (w\ .. 1.. t.. (x)e - 2'11"' wx d~~t 

I t can be measured directly by usin g precis ion sine wave 
test objects. 

Comparing the two receptor systems considered here, 
we see that in the average sensitive photographi c emulsion 
the granu larity - or photograph ic noise - limits the re ­
sponse to spati al frequencies no t hi gher than about 100 
1/mm. In addition the turbidity reduces the contrast trans­
fer from the incident aerial im age to the recorded image 
in the photograph ic medium. It has been shown elsewhere2 

that the theoretical treatment of the photographic im age 
analysis is not so di rect as the Fourier treatment of the 
lens transfer function; the scattering process within the 
emul sion is no t completely incoherent as assumed for the 
theoretical treatmen t. The result of the Fourier trea tment 
in this case is a relation between the contrast function, the 
modulat ion transfer ·function, and the modulation response.' 

We can try to apply a similar analysis to the image tube 
sensor. As mentioned before tu rbidity does not en ter here; 
ho weve r, the charge pattern on the target plate, the scan­
n ing beam diameter, and the no ise level determine the 
line cu t-off frequency - i f we use the concept of Fourier 
sine wave components as the basis of image formation. 
Now, in the image o rth icon, it is possible to apply noise 
ca ncellation and background suppression by electroni c 
means; in addi tion, i f we do digital signal processing, digi-
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:al computer integration over a convenient sampling period 
~a n be employed wh1ch tmproves the signal-to-noise ratio 
1n the ftnal _1m age reconstitution. In this way the tube 
transfer funct1on can be greatly improved up to its theoret­
ical limit given by the scann ing beam. 

A co mputer program handl ing the imaae information can 
include features like contrast enhance,.;ent, signa l sharp­
entng, and correc t1ons for edge effects and non -uniform 
sensitivity. A matrix of calibration patches has to be re­
corded for this purpose. This very general statement does 
not want to distract from the d ifficulties still inherent in 
the analog-to-digital conversion with high samp ling rates 
which is associated with fast scan, h igh resolution imag~ 
tubes. 

Contrast Transfer 

The contrast of the incident aerial image is, in general, 
reduced by the receptor medium: in the photographic 
emulsion by turbidity scattering, in the image orthicon by 
charge spreading and near-field action. Both receptors can 
be operated at will for a higher or lower Y value, the 
photo emulsion by forced processing (temperature, time) , 
and the image tube by se lection of the operating voltages 
and amplifier gain factor. In both cases, a wide dynamic 
range requires a low Y factor, which decreases contrast 
discrimination. The advantage of the image tube, as al ready 
mentioned, is its capability of electronic contrast enhan·ce­
men t - if the signal is detected properly above threshold. 

Dimensional Distortions 

Dimensional stab ility of the photographic material is 
criti cal when accurate measurements are to be made from 
photographs. Image shift can cause noticeable errors in the 
interpretation of sp ectral lines and position coord inates. 
Fo rced processin g at higher temperatures in particular 
causes non-uniform differential shrinkage. It has been meas­
ured that shr in kage increases with the age of the emu lsion 
after processing. Plate emulsion distortions, in general , are 
about one tenth of film emulsion shrinkage, except for 
Estar base. The average amount of Es tar base shrinkage is 
in the order of 0.03 percent under average humidity condi­
tions.3 Laten t image gelatine sh ifts on plates in the amount 
df 9P. have been observed, and up to 20P. in developed 
images, w ith probable error of 211- .4 ' 

5 

Other causes of d isplacement of image contours and cen­
ters are the turbidity effect, and edge and adjacency effects 
men tioned before. The latter causes errors mainly if the 
distances between two closely spaced poin t or line images 
are to be measured. The amount of the described dimen­
sional distortions cannot be accurately anticipated or cor­
rected by ca libration as th ey may vary from place to place 
and between plates or f i lms. 

If the image orthi con performance is compared with the 
effects ju st described the following typical condi tions are 
found : 

Dimensiona l image distortions are mainly caused by the 
effects of defi·ciencies df the electric and magnetic fields 
used for the operation of the image orth icon. They start in 
the image section (See Figure 9) . Here we have the simul­
taneous action of an electrical and a magnetic field. The 
photo-electrons which leave the photo surface with vary­
ing velocities and angles are accelerated by the electri ca l 
field and bent into a helix by the magnetic field, so that a 
true im age point is obtained at the target plate. They have 
to pass through the secondary-electron collecting target 
mesh which is close to the target plate. !·deal imagin g and 
focusing can be impai red by this mechanism. On the read­
in g side, beam bending due to close-by peak charge densi­
ties, and sca n deviations between image reading and image 
reconstituti on are the causes for image distortions. The scan 
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riGURE 9: Schemati c functional arrangement of image orthicon tube . 

deviations can be caused by field imperfections and by non­
linearity of the sweep current; to make these as small as 
possible, a considerable effort has been expended at various 
laboratories to develop deflection circuitry with greatly im­
proved linearity. The standard reached in this domain pro­
vides 0.2 percent linearity for the horizontal scan, and 0.02 
percent for the vertical sca-n . In general, it is possi ble in 
image tubes to account by ca lrbrating for the amount of 
distortion in the frame. A mastergrid is imaged onto the 
tube retina and the amoun t of distortion measured in the 
output image or in the digi ta l coordinate information ob­
tained if digital read-ou t o f the vi·deo location is used. If 
adequate precautions are taken, 'if temperature stabili ty has 
been reached, and the tube parameters have been main­
tained, reliable calibration can be obtained wi th in the linear 
response range df the tube. If a digital master wave form 
generator is employed, a precis ion internal grid can be in­
jected i·nto the circuit and used to monitor possible dis­
tortions. If digita l signal processing is used, the appl'ication 
o·f the corrective ca libration matrix can be incorporated in 
the data reduction computer program . 

Information Storage Capacity (Information Contents) 

As loss of informa tion content of an image is a degrada­
tion, this item enters our comparative analysis. The diffi­
culty is that information con ten ts cannot simply be ex­
pressed by the number of image poin ts which geometrically 
can be registered per umt area of the receptor. If this 
would be the case, we simply would have to state tha t the 
photo-emulsion can register about 10r. image points per 
em' (elements with 10J.L side length) whereas the image 
orthicon registers abou t 40,000 elements per em', with an 
assumed 50J.L (approximately 0.002 inch) scanning beam 
diameter, with a scanraster of 500 lines per frame, and 500 
elements per line. 

The quoted 10n image points per em' for the photo­
graphic emulsion is an upper limit set by the photographic 
"noise," which is an expression for the statistical fluctua­
tions of the developed grains ca lled granularity (.6D). It 
supposes low contrast in the object, and approximately 
linear relationship between the density varia tions (D - D) 
and the va riations in exposure (E -E) in the exposure dis­
tribution E(x, y), (D is the mean density leve l, E the mean 
exposure level). 

These . conditions are not necessarily present, and the 
effective modulation response of the photographic emul­
sion may reduce the figure quoted as information con tents 
considerably. In practical applications, the 10J.L point size 
may not be reached at all, as point spread occu rs during 
the longer exposure ti mes necessary for the photographi c 
receptor. On the o ther side, w ith the image orthicon, ex­
ternal sto~age and digital integrati on can be employed, so 
that the stgna l-to-noise ratio can be increased considerably 
- thus providing sufficient information conten ts particu­
larl y for low signal operation. 
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SUMMARY AND CONCLUSIONS 
The preceding compara tive analys is of the photographic 

and the image orthicon sensor appears to underline the 
advantage which image orthi con tubes have over photo­
graphic emulsions in certa in task areas. This means to say 
that besides the known advantages connected wi th the 
high quantum efficiency and the signal generating scan 
mechanism, image orthicon receptors give less non-account­
able, or noncorrectable image degradation. 6 

The following factors are quoted in support of this con­
tention: 

1. The relationship between the measured effect and 
the incident quanta is linear; this in i tself gives uniform and 
smaller error quantities. 

2. The modulation transfer function can be greatly im­
proved by electronic means. 

3. Contrast rendi tion can also be greatly improved by 
electronic means. 

4. Inherent random dimensional distortions can be cor­
rected by calibration and digital signal processing and 
clean-up. 

5. Image blur due to image movement can be greatly 
reduced by the possibility of short exposu res. 

Other effects are more or less similar in their influence 
on data accuracy, and have to be judged according to rhe 
prevailing cond itions. A detailed analysis must be based 
upon precision laboratory tests under controlled conditions, 
which would provide quantitative figures. The distinct ad­
vantage which the photographic sensor has, is its large in­
formation storage capaci ty. The unique advantage of the 
image orthicon is its signal-generating mechanism and th e 
digital processing capability with real time data ou tpu t as­
sociated with i t. 
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Ninth Annual Symposium 
Planning Report 

INFO '68, the N in th Symposium for the Society for Information Display now appears on 

the horizon . As readers of the Journal noted in last month 's edition, a great deal of plann ing and activity have al ­
ready gone into INFO '68. However, the best of plans cannot be put into action unless there is a group of interested 
Society members dedicated to achieving the symposium goals. In th is regard, the committee members are actively 
soliciting people in the Los Angeles area to assist in the actual operation of the symposium. These jobs entai l 
help ing in registration, assisting in the preparation of publicity releases, and other tasks. Anyone interested is 

requested to call the SID Headquarters at 472-3550 for further information or to contact the following committee 
members if interested in helping in a specific area : 

PROGRAM NOTES . .. 

Tom Curran-Arrangements 

Sam Davis- Registration 

Les Haining-Finance 

Dave Morgan-Audio Visual 

Bob Woltz-Program 

Sharon Satterfield-Lad ies Program 

Jim Belcher-Publicity 

Erwin U lbrich-Papers 

785-8361 , X-3075 

781 -8211, X-4381 

391-0711, X-2240 

849-6741 , X-256 

626-1 456 

472-3550 

887-4214 

(714) 897-0311, X-4525 

According to Program Chairman Bob Woltz, a keynote speaker has been selected. The Society is fortunate to 
have secured Mr. Harry Davis, Deputy Assistant Secretary of the Air Force, DOD, who is well known for his dy­
namic speaking abi lity and thought provoking comments. Other speakers are actively being solicited. 

AUDIO VISUAL ... 

Chairman Dave Morgan reports tha t he has added Pete Vlahos and AI Landsperger to h is staff. Pete w ill handle 
projection duties and AI will assist in the TV monitor area. Don O lker has also recently joined the committee 
staff. 

LAD IES' PROGRAM DEFINED . . . 

Ladies' Program Chai rman Sharon Satterfield has selected the Beverly Convention Bureau to assist in the 
ladies' activities. At present, the tour will include a trip to Farmer's Market, CBS Television City, and an MGM 
studio. Also included is a fashion show and luncheon at the Beverly Hi lls Hotel. Sharon has recruited a committee 
to assist her in future activities. 

PAPERS COMMITTEE ... 

Erwin Ulbrich reports that the quality and variety of papers received thus far has been very high. A tentative 
outl ine for the program includes sessions on civil, business, and military display applications. Th is arrangement 
represents a minor restructu ring of the original program in an effort to more fully integrate the papers in a meaning­
ful way. 

ARRANGEMENTS PLANNING TO HELP THE DRIVERS ... 

That old bugaboo, parking, is being looked at by Tom Curran in order to lighten the parking load for atten­
dees at the Ambassador. Tom also indicated that exh ib itor booth sales have been going very well. 

JIM BELCHER 
Publicity Chairman INFO '68 
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Activities 

The SID Board of Directors met at the Society Headquarters on 15 
November 1967. Ford Brown reported tha t the Society's assets are 
almost $50,000. 

William Bethke reported on the establishment of three new Chapters: 
Southwest (Dallas), Delaware Val ley (Philadelphia), and Minneapolis/ 
St. Paul. He also reported that activity for fo rmin g a Chapter in the 
Chicago area has resumed. A group of interested peop le in Ann Arbor 
had an organizational meeting to explore the poss iblity of a Chapter 
establishment there. The next meeting is scheduled in December. 
The question of the establi shment of a foreign Chapter, or Chapters, 
was discussed. Dr. Luxenberg was asked to look into this. 

L. Seeberger reported on progress being made for the 9th Sym­
posium to be held in Los Angeles. Approximately hal f the expected 
number of exhibito rs have already signed up. More papers are need­
ed. 

W. Bethke reported that the Fall '68 Technical Symposium will be 
sponsored by either the Mid-Atlantic Chapter or the Delaware Valley 
Chapter, while the 10th National Symposium (Spring, 1969) will be 
sponsored by the Washington D.C. Chapter. 

W . Bethke reported that SID had been accepted as an affiliate mem­
ber of AFIPS (American Federation of Information Processing So­
ciety). 

Dr. Luxenberg reported that the Department of Commerce asked 
SID to be the co-sponsor of a proposed Information Display ex­
hibit to be held in London during January and February 1968. The 
Board authorized Dr. Luxenberg to work wot!' the Department to 
find out what is involved. 

General discussion was held regarding our relati onship with our 
two publishers - Western Period icals and Information Display Publi ­
cations, Inc. A committee consisting of F. Brown, L. Seeberger, R. 
Kuehn and H. Luxenberg was appointed to negot iate new contracts 
with both pub l ishers. 

The next Board of Direc:ors Meeting is scehduled to be hPid in 
conjunction wi th the next Annual Business Meeting tentativp lv <•:herl­
uled during the 9th National Sv.-•omiun1, 22- 24 M~· i%f 

R.espectfu lly submitted, 
C. M!\ rHOVCI':, 3ecr~lary 

PROPOSED BY-LAW CHANGES 

OLD 
Article 6-Board nl n irectors 

SECTION 1: 
a. The Board of Directors shall consist of the elected officers, the 

immediate past-President and twelve Directors-at-Large. The President 
o f the society shall serve as the Chairman of the Board. 

b. Three Directors-at-Large shall represent each of fou r regions, 
such regions to be del ineated along state and national lines for each 
year by the prior Roard of DirPclors to provide appmxim;ltely equal 
rewcsent.1tion 

5ECTION 2: 
Directors-at-Large shall se rve for three years Vot ing effective for 

the first annual genera l business meeting shall elect one Director-at­
Large for th ree years, one for two years and one fo r one year from 
each region. Thereaf ter each region sha ll elect one Director-at-Large 
fo r three yea rs. Any interim v~cancies mav be fi lled by appointment 
by the Board of Directors of a • f ' '•~ ' " ' from that region until the 

Improve Display Capability with Dialco Sub-Miniature 
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ILLUMINATED PUSH BUTTON SWITCHES 
and matching INDICATOR LIGHTS 

Dialco Switches and Indicator Lights provide almost limitless applications-are flexible in 
arrangement- economical in price-and feature high reliability. 

Switches are the silent, momentary type-requiring 24 oz. (approx.) operating force. 
Contact arrangements are: S.P.S.T., normally open or normally closed; S.P.D.T. two cir· 
cuit (one normally open, one normally closed). Ratings: 3 amps, 125V A.C.; 3 amps. 30V 
D.C. (non-inductive). 

The switch is completely enclosed and independent of the lamp circuit. The light 
source is the T-1-3/4 incandescent lamp, available in voltages from 1.35 to 28V. 
Switches are made for single hole (keyed) mounting in panels up to 3/16" thick 
and mount from back of panel in 1/2" clearance hole. Switch forms for dry 
circuits are also available. 

Other features include: 1/2" or 3/4" interchangeable caps, round or square, 
rotatable or non-rotatable, in a choice of 7 color combinations. 

Circle Reader Service Card No. 14 

Ask for new 12-page 
Push Button Switch 
catalog. Do it today! 
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next election, at which time a Director shall be elected for the re­
ma inder of the term, if any. 

SECTION 3: 
Any member ?r F_ellow in good standing and residing in the region 

at t1me of nommallon 1s eilg1ble for the office of Director-at-Large 
from that region. 

NEW 
SECTION 1 : 

a. The Board of Directo rs shall consist of th e elected officers the 
immediate past-President, elected Representative from each Ch~pter 
and the Regional Representatives. The President of the Society shall 
serve as Chairman of the Board. 

b. The Regional Representatives shall be appointed each year by 
the ~no_r Boa~d of Dtrectors to represent areas of significant display 
actiVIty 111 wh1ch a chapter does not exist. The Regional Rrepresenta­
ll ves shall be responsible for the promot ion of SID interests and 
estab lishment of new chapter in those areas. 

SECTION 2: 
a. The Director elected as the Chapter Representative shall serve 

fo r three years. Each Chapter shall submit candidates for election 
from its membership. Said candidates to be elected along with nationa l 
officers at the annual election. 

b. The Regional Representative shall be appointed by the Board of 
Directors. 

SECTION 3: 
Any Member or Fellow in good standing is eligible for the offices 

of Chapter Representative and Regional Representative. 

OLD 
SECTION 4: 

Subject to the duties of Directors as prescribed by the bylaws all 
soc1ety powers shall be exercised by or under the authority of, 'and 
the bus!ness and affatrs of the society shall be controlled by, the 
Board or Dtrectors .. The Otrectors shall have all the rights and powers 
conferred upon ~~rectors by law except as otherwise expressly pro­
vided 1n the Art1cles of Incorporation or these bylaws. 

SECTION 5: 
a. The Board of Directors shall meet immediately alter the annual 

general business meeting at the place of that meeting and at such 
other t1mes and places as the Chairman may direct. 

b. A t least two-th irds of the Board, including at least two officers, 
sha ll const1tute a quorum for conducting business. Descisions of the 
Board shall be made by a majority of the quorum. 

NEW 
SECTION 4 : 

Subj~ct to the duties of Directors as prescribed by the bylaws, 
all soCiety powers shall ?e exercised by or under the authority of, 
and the bu~mess and affa 1_rs of the society shall be controlled by, the 
Board of Dtrectors._ The Dtrectors shall have all the rights and powers 
conferred upon J?trectors by law except as otherwise expressly pro­
vided 1n the Art1cles of Incorporat ion or these bylaws. 

SECTION 5: 
a. The Board of Directors shall meet within seven days of the 

annual general business meeting and at such other times and places 
as the Chairman may direct. 

b. At least two- thirds of the Board, including at least two off icers 
shall constitute a quorum for conducting business. Decisions of th~ 
Board shall be made by a majority of the quorum. 

CONCEPT DESIGN DEVELOPMENT PRODUCTION 

FOCUS COILS CERTIFIED PERFORMANCE !! 
• Astigmatic Ratio 

PRECISION MAGNETIC LENS • Spot Size Figure Of Merit 
• Hysteresis 
• Residual 

DEFLECTRON II CERTIFIED PERFORMANCE !! 
• Spot Growth 

PRECtSION HIGH RESOLUTION • Spot Size Figure Of Merit 
• Astigmatic Ratio 
• Pre-Alignment 

PRICE SLA·SH ! ! 
• Short Lead Time 

PRODUCTION YOKES 
USED ON • Fast Production Delivery 

RADAR-JAMMING DEVICE • Low Cost With Quality 

For All Your Display Problems, Call 201-327-1123 

Upland, Cal. Con3lanline Gng.ineering cl!aboraforie3 Compan'J Mahwah, N.J. 
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See it- Shield it I 
EM// RFI SHIELDED WINDOWS 

0 EMC/ GLAS panels 0 Ready to install 0 Plexiglas 
or glass 0 Circular, polarized 0 Tempered or plate 
glass 0 Colors: clear, red, amber, green, white and 
blue 0 Framed or unframed 0 Reticules or special 
markings 0 Bezels or escutcheons 0 Sizes up to 
4 ft. x 8 ft. 0 Anti-reflective coatings 0 Compre­
hensive light transmission and EMI/ RFI shielding 
data available. 

Write or call for information No. 121 

TECHNICAL WIRE PRODUCTS, INC. 

Q I 
East Divis ion • 129 Dermody St., 

,. Cranford, N.J. 07016 (201) 272-5500 

ECKNIT West Division • 427 Olive St., 
Santa Barbara, Calif. 93101 (805) 963-1867 

"SEE US IN THOMAS REG. AND EEM." 

Circle Reader Service Card No , 16 

N Q W ! for only $795 

INTEGRATED SOLID STATE LIGHT PEN 

t$ 

e J 
A 

Check these features of the LP-2 00 
• No fibre optics, photomultipliers or high voltage supplies 
• less than 3 psec response time 
• Touch actuated switch 
• Flexible cable connecting pen to process ing electronics 
• Interchangeable optical tips 
• 100 mil resolution 

INFORMATION CONTROL CO RPORATION I II· I 
1320 EAST fRANKLIN AiiNU[ , H SE &UNOO, CILITORNII 90245 / 12131 322· 1130 1 TWX 11 101 341 ·1&12 
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RATIONALE: The underlying basis for the pos1t1ons of Directors of 
the Scciey for Information Disp lay may be described by thei r funda­
mental responsibi li ti es: 

1. To represent simultaneously the chapters and na tional office in 
SID affai rs, to promulgate among the chapters the na tional policy 
and to see that society business is conducted at the chapter level. 

2. To promote the establ ishment of new chapters in those areas 
as interest and activity dictate. 

These changes allow for more direct responsibi l ity of the Chapter 
in the Board of Directors activities 

SECTION 1: 

Article 7-Nominalions and Elections 
OLD 

Cand idates for each elected office shall be se lected by th e Nom­
inating Com mit tee afte r after due deliberation as to qual i fications 
and willingness to serve, if elected, of each nominee. The Nominating 
Committee will provide a slate o f at least two candidates for each 
elected office. Said slate w i ll be submi tted to all qua l i fied members 
in good standing at least 60 days before the annual general meeting. 
Suitable steps will be taken to assure the anonym ity of th e com­
pleted ballot which must be retu rned at least 30 days before the 
annual meeting. Legibile write-in votes will be considered valid. 

SECTION 2: 
Counting of the votes will be made by an independent auditor in 

time to permit installation of newly elected officers and Direclors-al­
Large at the next general business meeting. A plural ity of the legal 
votes cast for each office will be sufficient to elect for that office. 
In cas~ of ties, the current Board of Directors will choose between 
tied candidates. 

NEW 
SECTION 1: 

Candidates for each elected office shall be selected by the Nom­
inating Com mittee after due de liberation as to qual ifications and 
willingness to serve, if elected, of each nom inee. The Nominating 
Commit tee w ill provide a slate of at /east one candidate fo r each 
elected office. Said sla te will be submitted to all qualified members 
i n go0d stand ing at least 60 d~ys before the annua l general mee ting. 
Suitable steps will be taken to assure the anonymity of the complete 
ballot which must be returned at least 30 days before the annua l 
meeting. Leg ible write-in vote< wi l l be considered va lid. 

SECTION 2: 
Counting of the votes will be made by an independent auditor in 

time to permit installation of newly elected officers and directors at 
the next genera l business meeting. A plurality of the legal votes cast 
for each office will be sufficient to elect for that office. In case of 
ties, the cu rrent Board of Directors will choose between t ied candi ­
dates. 

RATIONA LE: I t has been the experience of the Nominating Com­
mittee of the past that the current requ irement for selecting a slate 
of at least two candidates sometimes works a hardship on the com­
mittee part icu larly when candida tes are nominated for re-e lection it 
is difficult to find a second candidate who wi ll accept a nominat ion. 
Consequent ly, in the past, due to the present requ irement, i t was 
necessary to " put a man in" just to have a second candidate to meet 
the req ui remen ts of the by- laws. Since previous by-laws allowed for 
the re-election o r the succession of an officer in the same office for 
the second. term, th is particu lar requ i rement provides conside rable 
difficulty to the committee. 

Arlie/~ 10-Meelings 

OLD 
SECTION 1: 

There shall be one annu1l general business meeting conducted 
during the first two months oi each fiscal year. Such meetings shall 
be held at a time and place selected by the Board of Directors. 

N EW 
SECTION 1 : 

There sha ll be one annual general business meeting conducted 
during the fi rst five months of each fiscal year. Such meetings shall 
be held at a time and place sf'lected by the Board of Directors. 
RATIONA LE : To allow for more flexibl ity and to allow this to occur 
in the first five months. It was the consensus of the Board that this 
allowed a time to be selected wh ich d id not compete w i th other 
professional society activ it ies (i.e. IEEE, etc.) particularly since we 
expect to ho ld on ly one sympos ium w ith exhib its per year. Present 
by-laws requi re that this meeting be held in Feb ruary o r March. 
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ID Readout 
MINI-RECORDING RESEARCH 

Someday spacecraft to the Moon may store data for 500 
photographs on a one-in. sq. strip of magnetic film. And 
computers aboard these spacecraft may retain ten million 
bi ts of scientific information per square inch of fil m. 

These possibilities loom bright with a development in 
microscop ic or mini-recording achieved by two researchers 
at Cal tech's Jet Propulsion Laboratory. Dr. Dimeter I. Tcher­
nev and Dr. George W. Lewicki have succeeded in record ing 
magnetic spots or " bi ts" with diameters smaller than one 
micron, or fo rty m ill ionths of an inch, on fi lm of mangan­
ese b ismuthide. 

The reco rd ing method, which emp loys the pulsed light 
beam of a laser, has proven the f ilm can retain several 
hundred times more data than is generally stored on present 
magnetic film or tape. 

The JPL project has yielded, in the words of the research­
ers, "what we believe to be the smallest magnetic bits of 
information ever recorded." 

MINI-RECORDING: D r. Dimeter I. Tchernov looks through micro­
scope o f laser instrument as Dr. Geo rge W. Lewick i inserts magnet ic 
fi lm for tes t o f the m in iatu re record ing technique w hich they have 
developed at Cal tech's jet Propuls ion Labora to ry. Drs. Tchernev and 
Lewicki use a ruby laser light beam and special magnetic fi lm to re­
cord several hundred times more data than can presently be stored 
on comparab le size tape or film . Insert at lower left shows fi lm disc, 
less than an inch in diameter, on wh ich several million b i ts of scien­
tific informat ion can be imprinted by the laser beam. 

Writing is done with a pulsed ruby laser simi lar to the 
type used by eye surgeons to "spot-weld" detached retinas. 
The laser beam is focused on the fi lm through a microscope 
and reduced to micron size. Laser intensity was regulated 
to hea t spo ts to 360° and no more. By reducing the beam 
strength sl ightly, the researchers recorded spots only a 
hal f-m icron wide. 

"QW ICK-QUERY" 
A system which enables executives to obta in information 

from compu ters more quickly and simply has been devel­
oped by Conso lidated Analysis Centers Inc., computer serv­
ices company wi th offices in Los Angeles, New York and 
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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° 
electromagnet ically focused and 
deflected cathode ray tube devel­
oped for high resolut ion film scan­
ning and recording. The spot profi le 
shown above presents a true exhibit 
of the L-4238's exceptiona l spot 
size capability- 0.0007" at t he 
50% point. 

The L-4238 employs the same 
high eff iciency, low noise phosphor 
screen normally used in t he Litton 
high res o l ution CRT fa mily; a 
screen wh ich is well known for its 
high light output. 

For more in formation on th e 
L-4238, or a comp lete catalog 
desc r ibing Litton Cathode Ray 
Tubes and Accessory Equipment , 
contact: Litton Industries Electron 
Tube Division, 960 Industrial Road, 
San Carlos, Californi a 940 70. 
(415) 59 1-84 11. 

[8 LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 
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The man 
we want 
knows how 
we did this. 

That sharp, complex illustration will give you a good idea of 
how far we've come in cathode ray tube information display. 

Far. But not far enough. 

To go much further, we'll need a man who has spent the 
last eight or ten years working on the design of cathode 
ray tube def lection ci rcuits. A man who's fami l iar with 
deflection yoke design and, hopeful ly, with off-axis guns. 
A man who special izes in solid state, ultra-linear, high 
resolut ion equipment. 

We'l l pay handsome ly to get a man like th is (there aren't 
many of his kind around). We'l l assign h im to our Advanced 
Equipment Development Depart ment in Palo Alto. In effect , 
he' ll be an outside consultant working on the inside. Our 
" bl ue sky" man. 

If you have an MSEE (or equivalent experience), and 
want to be our Engineering Specialist in Deflection Circuits 
call collect or write_: J. J. Sims, Employment Manager: 
Dept. DC, 3939 Fab1an Way, Palo Alto, Ca lifornia 94303. 
Phone (415) 326-4350. 

~hatever rour interest in information display, we're 
mterested m you. Call or write L. H. Stallworth at the 
address shown above. 

I PHILCO IH 
WESTERN DEVELOPMENT LABORATORIES DIVISION 

An Equal Opportunity Employer 
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Washington, D.C. The process was devised by Dr. Harry 
Markowitz, known in the compu ter field as the originator 
of SIMSCRIPT, a w idely used computer prowamming lan­
guage. He also developed the mathematical theory of port­
folio selection, a technique now being used by financial 
investment resea rchers and o thers. Dr. Markowitz, co­
founder of C.A.C. I., is chairman of the board and research 
director of the company. The sys tem has been copyrigh ted 
under the name of " Qwick Qwery." Without the help of a 
programmer, the process makes it possible for an execu­
tive to obtain tailor-made reports in a ma tter of m inutes 
as compared with the delay of days or even weeks normal ly 
requi red for compu ter programming and checking. The sys­
tem is being offered by C.A .C.I. to companies or agencies 
on a lease, purchase, or service bureau basis. 

PICTUREPHONE 
Bell System's PICTUREPHONE see-while-you-talk set has 

been comple tely redesigned to incorporate additional fea­
tures that trials have shown the public wants in a video­
telephone. The improved "Model II ' sets will succeed the 
first generation sets - now providing limited commercial 
services between New York, Chicago, and Washington, D.C. 
Trials of the new set will be conducted next year at West­
inghouse Electric Corp. Service will link selected offices 
in Pittsburgh and New York. 

With Model II PICTUREPHONE set, th~ user can change 
the size of the field of view to close-up or wide angle by 
"zooming" electronical ly, display drawings and prin ted 
matter (i n a "graphics mode" of operation), move more free­
ly from side to side while rema ining " on camera," and 
change the camera focus to transmit larger scenes up to 20 
ft. away. 

Mast 
RANDOM ACCESS 

PROJECTORS 
and SERVOS 

Filmstrips or Slides 
Normal or Precision Location 
Standard or Custom Built 

To Your Requirements 
Shown is Model 132 RAP for CONTROL PANEL 
DISPLAYS, CRT OVERLAYS & VIDICON PICKUP 

-)-, 
I 

1 DO frame filmstrip projector 
0.25second minimum and 3.5 seconds maximum 

access time 
Phone: 319-323-9729 
Or Write Dept. ID 

MAST DEVELOPMENT COMPANY 
2212 EAST TWELFTH STREET 
DAVENPORT, IOWA 52803 
Circle Reader Service Card No. 20 
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The display unit of the new set- a tapered, cube-shaped 
unit with rounded corne rs - swivels through nearly a ful l 
ci rcle on a pedestal slanting up from a frosted chrome, ring­
shaped base. 

A new si licon-target television camera tube, developed 
at Bell Labs, makes the " electronic zoom" practical and pro­
vides a better picture under both poor and normal lighting 
conditions. An important feature of the new camera tube 
is that it is not damaged by direct exposu re to bright lights. 
In addition, an iris in the camera automatically compen­
sates for a wide range of ambient light intensities. 

NEW INTERFACE SYSTEM 

Realt ime Systems Inc., N.Y., has developed a general 
purpose interface system for the IBM 1130 which enables 
the computer to perform a wide variety of da ta acqu isition 
and data transm ission functions through its storage access 
chan nel. These added capabi lities now make it possible 
to use the 1130 as a fully integrated scientific computer, 
data acquisition sys tem or as a remote terminal to a larger 
central computer. 

Data acquisition func tions that can be handled using the 
1130 interface include analog and digital input, analog and 
digital output. Data transmission devices supported include 
teletype, asynchronous data phone and automatic ca ll ing 
units. These new capabilities make it possible to use the 
11 30 as both a general purpose compu ter and as a special 
purpose computer fo r laboratory and pilot p lan t data ac­
quisition and con trol systems. Laboratory instruments such 
as gas ch romatographs, mass spectrometers, automatic 
chemical analyzers and tensile testi ng machines can be t ied 
directly into the system. 

Here's what Video Color offers: 
TECHNICAL ABILITY 

For any special purpose Cathode Ray Tubes 
THIN TUBES 

Monochrome and Two Color Flat Tubes 
ULTRAHIGH RESOLUTION 

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

Special Ult rath in 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 Out put 

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

SPECIAL GEOMETRICS 
Back Ported Tubes 
Special Deflection Angels 

SPECIAL GLASS STRUCTURES 
Internal Targets 

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

Video Color Corporation 
500 S. Douglas St., El Segundo, California 
Phone: 213 · 772·5251 90245 
See us at 8th National Symposium, Booth 29 
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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 / symbol dis­
plays. This un it offers the same high visibil ity, clarity and 
sharp angle viewing that characterizes the Tung-Sol dig i­
ta l readout. 

In addit ion to full alphanumeric d is­
play . f ixed lette r/ symbol messages 
may be displayed in selected dig it 
areas. 
Th is new readou t i s compati b le 
with the standard Tung-Sol d igital 
unit. Use of the same lamp banks, 
voltages and mounting techn iques, 
permits in term ix ing th e readout 
blocks. 
Wr ite for detailed technical infor­

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

TUNG·SO[ 
ALPHANUMERIC READOUT 

®REG. T.M., WAGNER ELECTRIC CORPORATION 

Circ le Reader Service Cord No. 22 
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Business Dew1 

COMPUTER COMMUNICATIONS INC., Inglewood has 
been awarded a $215,000 contract by JET PROPULSION 
LABORATORIES to provide programming support for a 
compu ter-based communications system, the JPL Communi­
cations Processor System, which is part of the world-wide 
NASA Communications System Network ... Advanced Pro­
ducts Div., Link Group, GPL INC., has received two contracts 
totaling more than $700,000 to develop a Radar Image 
Mapper and an Orthographic Radar Restitutor. Systems are 
for the Army Engineer Topographic Labs, Fort Belvoir, Va. 
... Assets and busin ess of NORTHRIDGE RESEARCH INC., 
Van Nuys, have been acquired by TRAID CORP. The firm 
becomes part of Traid 's Photo Instrumentation Division. 

An add-on award from NASA, John F. Kennedy Space 
Center, has been awarded to HAZELTINE CORP., Little Neck, 
N.Y., for a third Digital Display Generator, bringing contract 
amount to approx. $625,000 ... CALIFORNIA COMPUTER 
PRODUCTS INC., Anaheim, has received a sub-contract to 
provide the " mil itarized" digital plotter for use in Tactica l 
Information Processing & Interpretation Systems being built 
by TEXAS INSTRUMENTS INC., Dallas, for the Aeronautical 
Systems Div., Wright-Patterson AF Base, Ohio ... SYSTEM 
DEVELOPMENT CORP., Falls Church, Va., wi ll assist the Na­
tional Military Command System Support Center in develop­
ment of a Movements Requirements Generator-Package 1, 
under terms of a one-year, $353,548 contract awarded by the 
Defense Communications Agency. 

A new firm , SYSTRONICS INC., Ann Arbor, Michigan, has 
been formed for design, manufacture and marketing of on­
line computer peripheral equipm en t. Samuel N. Irwin is 
president and founder of the fi rm .. . BUNKER-RAMO has 
sold to UNION DIME SAVINGS BANK, N.Y., for $1,400,000, 
an automated on-line system that processes instan tly every 
type of transaction for tellers in all four offices of the bank. 
System includes 36 new electronic teller machines, a new 
communications computer and a data storage capacity of 
2.1 billion bits of information. 

Otto Bernath, president, has announced format ion of 
UNIVERSAL SYSTEMS INC., with principal offices in Washing­
ton, D.C. The company will specialize in Systems Engineering 
and Systems Design in communications orien ted computer 
systems, but will offer complete services to all manufacturers 
and users of computers ... CLARE-PENDAR CO., Post Falls, 
Idaho, has received a contract award for 8,000 switches from 
the EDO CORP. , College Point, N.Y. This is the third large 
award received by the firm in as many months ... CAL-R 
INC., Santa Monica, has acquired the Ceramic Capacitor Div. 
of THE SCIONICS CORP., manufacturers of microfilm in­
formation systems, data acquisition systems and thermal test 
sys tems ... VARO INC., Garland, Tex., has constructed a 
20,000 sq. ft. building on the firm 's 58-acre main Garland site 
to provide addi tional space for production of image con­
verter and image intensifier tubes. The structure will be used 
for manufacture of microcircuits. 

DIGITAL GRAPHICS ... DIGITIZERS & PLOTTERS 
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3400 
CURVE TRACER: 

3700 SERIES 
LARGE AREA 
DIGITIZING 
SYSTEM: 

Exclusive glass scale measuring technique. Versatile 
.. . Accurate. Prepares coordinate data for computer 
use four to thi rty times faster than conventional hand 
methods. Choice of Options. 

For high-speed reduction of analog graphic data to digital form for 
computer processing and analysis. Absolute X & Y coordinates are 
automatically recorded at switch-selected increments onto punch 
cards, paper tape, or magnetic tape for direct entry to customers 
computer program. 

' 
6300 SERIES AUTOMATIC DRAFTING MACHINE 

for general purpose engineering drafting, as well as precision art work and color separation 
applications. All digital. 

A high-speed bi-directional accumulative counter, specifically designed for machine tool 
and coordinatograph readout. laboratory and engineering use. Time-saving - work-reducing. 

auto-tro1 ®©rr>J::p:)(IDI:f'~'\l;fi©DD 
6621 W EST 56TH AVENU E, ARVADA, CO LORAD O 80002! (303) 421-5670 

Circle Reader Service Card No. 23 IN FORMATION D ISPLAY, January/February 1968 

M agnetic disc +TV monitors =low cost 
graphic display terminals 

Low-cost graphic-display systems are 
now possible, using TV monitors and 
high-density parallel-readout di·sc mem­
ories. Standard television monitors are 
available than can display up to a million 
" dots" or picture elements. By generat­
ing " dots" in the proper time sequence, 
graph ic displays can be presented on the 
te levision monitors.1 Because the TV 

fiG URE ·1: Simple system uses one FPD track 
per display. 

monitors have no storage capabilities, 
the dot patterns must be regenerated or 
refreshed at a 30 to 60Hz rate to avoid 
f licker. 

High-density magnetic discs are very 
suitable for refreshing or repeating the 
dot patterns. The Data Disc FPD (Fixed­
head Parallel Digital) disc recorder has 
complete read, write, and clock elec-

READING FROM THe CHARACTeR TRACK 
AND WRITING INTO THE DISPLAY 
TRACK OCCURS DURING THE EIGHT 
VERTICAL LINES WHEN THE COLUMN 
COUNTER COMPARES WITH THE COLUMN 
ADDRESS REGISTER DURING EACH 
LINE THE APPROPR IATE SEVEN DOTS 
ARE READ FROM THE CHARACTER 
TRACK WHEN THE ROW COUNTER 
COMPARES WITH THE ASCII CODE 
ALSO DURING THE LINE THE SEVEN 
BITS READ DURING THE PREVIOUS 
LINE ARE WRITTEN INTO THE 
DISPLAY TRACK WHEN THE ROW COUNT 
ER COMPARES WITH THE ROW ADDRESS 
REGISTER 

• THIS MONITOR IS AN UNMODIFIED 
TV MONITOR OPERATING WITHOUT 
INTERLACE AT SIXTY FRAMES PER 
SECOND 

THIS DISPLAY DEMONSTRATOR 
CONTAINS FOUR MEMORY TRACKS AND 
APPROXIMATELy ONE HUNDRED FIFTY 
INTEGRATED CIRCUITS 

FIGURE 2: Photograph of display f rom a single 
track. 

1 Hendrickson, Herbert C., "A High-Precision 
Display System for Command and Control," 
fniormation Display, pp. 32-36, July/August 
1967. 
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tronics for each of 72 track·s on a single 
disc. .The disc stores the digital dot pat­
tern used to create a picture on the TV 
monitor and supplies (refreshes) the 
pattern to the CRT at a 30Hz rate. Each 
track stores 1 OOK bits at 3 megabits/ 
second. 

A simple system (Figure 1) uses one 
FPD track per display. Figure 2 is a 
photograph of a display from a single 
track. An unusual property of this type 
of display is the ability to display up to 
1 OOK points from one track without 
flicker. A small computer can be used 
to generate a picture point-by-point, 
with the point information accumulated 
on the disc as it is generated. 

For higher resolution displays, more 
than one track may be combined to 
provide much larger refresh-storage 
capacities and higher data rates. Figure 
3' (top) shows a basic system using only 
8 tracks. The bit rate of this system is 

FIGURE 3: Basic system using only B tracks. 

24 megabits/ second with a channel­
storage capacity of 800,000 bits, pro­
viding a di splay of greater than 800 X 
800 picture elements. 

For grey-scale displays, several tracks 
may be combi ned in a di gital-to-analog 
converter to give a multi -level grey­
scale ou tput. Figure 3 (center) illustrates 
a sys tem where track 1 stores a grey­
level weight of one, track 2 stores a 
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FIGURE 4 : FPD trac~ electronics composed 
of 10 integrated c ircuits and two 
power transistors. 

grey-level weight of two, and track three 
stores a grey-level weight of four. The 
converter adds these signals algebraically 
to produce an eight-level signal. 

Color displays may be generated by 
using three tracks, one for each primary 
color, as shown in Figure 3 (bottom). 
Various combinations of these arrange­
ments shown in Figure 3 may be used to 
give high-resolution displays with grey 
scale and color. 

- ~·....__________ ___ __ 

FIGURE 5: Photograph of display. 

The FPD track electronics is composed 
of 10 integrated circuits and two power 
transistors as shown in the block dia­
gram, Figure 4. 

In addition to providing refresh 
storage for TV raster-scan monitors, the 
disc can store the X and Y commands 
for an X-Y type display.2 Figure 5 is a 
photograph of such a display. 

Data Disc FPD Digital/Video Disc Recorder of­
fers up to 72 parallel-d igita l recording tracks, 
each w i th its own read, write, and clock elec­
tronics. Any t rack can be written without dis­
turbing data being read from adjacent tracks. 

'McDonald, H. 5., Ninke, W. H., and Weller, 
D. R., A Direct-View Conso le for Remote 
Computing," Proc. International Solid-State 
Circuits Conference, THPM7.3, pp. 68-69, 1967. 
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Honeywell's Radiation Center is a systems 
oriented laboratory and our only business is 
App lied Research and Advanced P roduct 
Developm ent. 

We are cu r re ntly seeking a Senio r Engineer 
capable of design ing d isplay systems for 
e lectro-optical, infrared and radar reconnais­
sance and navigation dev ices. The design 
responsibilities o f this position will require a 
substant ial knowledge o f C.R.T., fi lm, and 
other d isplay and information system s cu r­
re ntly utilized in aircraft and spacecraft. An 
MS with approximate ly 5 years desig n exper­
ien ce is preferred. 

Establ ish ed as an Applied Research an d 
Advanced Produc t Development activity less 
than five years ago, the Center will occupy a 
new 85,000 sq. ft. R&D facil ity in June, 1968. 
Current ly under construction in Lex ington , 
Mass., this laboratory is a ta ng ible demon­
stration of our past successes and commit­
ment to future growth. 

If you perfo rm best in a small group envi ron­
ment and seek an opportunity for s ignificant 
indiv idual cont ri bu tion and recognition , 
p lease direc t your resume to: 

Mr. John D. B rennan 

Honey~ell 
RADIATION C ENT ER 

1400 Sold iers Field Road, Boston, Mass. 02135 

Opportunit ies exist in other Honeywell Divisions. Send 
resumes to: F. B. Laing , Honeywe ll, Minneapolis, 
Monn . 55408. An Equal Opportun ity Employer 
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ID PraduEts 
Light Modulator 

Crystalab Products Corp., Rochelle Park, 
N.j., has in troduced the EOM-700 Elect ro­
Optic Light Modulator, f i r~t of a series of new 
Pockels cells designed to modulate the out­
puts of gas lasers from low audio through 
ultrasonic frequencies. Low beam disto rti on 
is cla imed because of high qua l ity of KDP 
crystals used in the modulators. The crystals 
are grown by Crystalab and are free of in­
clusions, strain and striae, according to the 
fi rm. Barrel threads on the modulator can 
accomodate standard Size 6 camera lens and 
filter adapters, permitting use of a va riety of 
filters and polarizers. 

Ci rcle Reader Service Card No . 25 

Pre-asembled Mounting Rack 
Master Special ties, Costa Mesa, Calif., has 

int roduced pre-assembled unitized mounting 
racks, complete with integral terminal blocks, 
to hold from one to 144 plug-in modules, in 
matrix configurations of up to 5 x 20 or 12 x 
12 individual swi tches. Installation of mounting 
rack assembly is simplified by installing the 
entore assembly into a single cutout in the 
front panel, rather than many individual cut­
outs required by conventional switches. Over­
all weight is reduced by up to 50%. Assem­
blies are available from stock. 

Circle Reader Servoce Card Nc . 26 

Nixie Tube Drivers With IC's 
New driver modules for Nixie tubes which 

use in tegrated circui ts have been in t roduced 
by Burroughs Corp., Pla infield, N.J. Two ser­
ies, the BIP-8800 and BIP 9800 are available. 

All modules accept 4 line 8-4-2-1 BCD inputs 
which are compat ible wi th TTL and DTL. All 
units of both se ries have been designed to 
exceed applicable sections of MIL-E-5400J and 
M IL-T-5422E environmental specs. 
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Portable Graphic Input Device 
Model 20 Grafat ran Graphic Input Translator 

- a low-cost, portable graphic input device 
for translating graphic informat ion contained 
on large formats such as drawings, diagrams 
and maps into ana log voltages- is now avail ­
ab le from Bolt Beranek and Newman's Data 
Equipment Div., Santa Ana. Grafatran's analog 
voltage outputs can b e used for subsequent 
analog o r digita l process ing in a wide range 

of app lications - including graphic data analy­
sis, compute r-aided design, automated teach­
ing systems, mapping, character recognition 
studies, and many other commercial and in­
dustrial applications. Model 20 consists of a 
wri ting stylus and two precision film potentio­
meters (radial and azimuth) mounted on a 
gimbal assembly. The radial potentiometer has 
a travel of 10 in., the ro tary azim uth poten­
tiometer can measure up to ·;ooo. The writing 
stylus is attached to the shaft of the radial 
potentiometer with a special an t i-parallax 
coupli ng that allows the stylus to be held at 
any comfortable angle w ithout affecting read­
ing accuracy at a given point. Friction and 
inertia 3re minimized, permitting essentially 
free-hand operation for sketch ing, tracing or 
writing. Open-circuit elect rical accuracy is 
±0.1% of full scale; mechanical accuracy is 
±1 millimeter. 
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Digital Optical Tachometer 
Digital Optical Tachometer (DOT) Model 

505460, a compact, solid state laboratory in­
strument used to measure the variable speed 
of rotating objects, is offered by Clary Corp., 
San Gabriel, Cali f. DOT features a direct digi t­
al readout in revolutions per minute. Pulse 
and analog outputs are also supplied which 
can be fed to other elect ronic intruments. 
Measurement is made by pointing the photo­
reflective probe at the rota ting object marked 
to provide f luctuation in refl ected light. 
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Sub-Subminiature Indicator light 
Vermaline Products Co., Frankl in Lakes, 

N.j ., offers B-7019 sub-subm iniature indicator 
light with 1 in. leads, for compute r and digital 
devices. It is manufactured of stainless steel 
and accomodates a T1 Bulb epoxied in place, 
6V, 12V, 30,000. Lens size is 3/16 in. diamete r 
x '/• in from panel; unit moun ts in 3/16 in. 
hole. The unit is available in many lens 
co lors and variou s variations. 
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Shielded Dynamic/ Static 
Focus Coils 

Available from Syntronic I nstruments Inc., 
Addison, Il l., two focus co i ls are d esigned 
specifically for sharp focus sophist icated high 
reso lution displays, including the new 1" neck 
diameter scanconverter storage tubes and small 
flat faced high reso lution CRTs. Approx. 12 oz. 
weight makes coi l ideal for airborne appl ica­
tions. On Type C 5215, peripheral lead exits 
make possib le closer componen t assembly; o r, 
to obtain more compact CRT shield assembly, 
Type C 5315 can be furnished with leads exi t­
ing the front surface. Spot d istortion is avo ided 
and best possib le image-to-object ratio ob­
tained by positioning the single gap fo rward, 
away from the electron gun. Fringe fields and 
field dis tortions are eliminated by carefully 
machining the top quali ty soft magnetic iron 
case to shape the focusing field with great 
accuracy. A mu-metal sh ie ld prevents magnetic 
coupling between focus coil case and yoke. 
Any combination of impedances and a variety 
of impedances are available fo r the stati c and 
dynamic coi ls. 

Ci rcle Reader Service Card No . 31 
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Single-Channel 
Oscilloscope System 

As an extension of its 7000 series of 7-
channel monitor osci lloscope systems, Cali­
fornia Instruments Corp., San Diego, has in­
troduced a new single-channel power supply, 
model 7200, which may be used with any of 
five Individual oscilloscope modules. Ext remely 
compact, the latter employs 1 x 3 in. CRT's 
and require oMiy 15/a in x 4'/• in . o f viewing 
and function-control area. They may be plug­
ged directly into the power supply or con­
nected via extension cable fo r remote opera· 
tion. 
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Miniature Photo Cells 
Six new types of miniature photo cells are 

now ava ilable from Calvert Electronics, N.Y. 
Size is less than 1/2 cu. in. Gas f i lled and vac-

uum cells are included in the range, wi th mini­
mum sensi t ivity ranging f rom 30 to 150JtA/ 
lumen. Caesium photo-cathodes are employed 
in order to g ive best response to tungsten 
illum ination; peak of spectral sensi tiv ity oc­
cu rs at 9,600 Angstroms. 
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Electro-Magnetic Digital Clock 
Numex Corp., Wal tham Mass., offers an 

electro-magnetic digi tal clock featuring time 
correcti on inpu t control and legibil ity in di­
rect sunligh t. The device uses no mechanical 
l inkages and boasts a million hour lamp life. 
Clock uses a magnetic stepping motor and 
projects a 300 ft. lambert, 11/2 in. numeri c 
display. It provides binary coded decimal 
outpu ts for use with time recording systems. 
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200-Watt Power Supply 
An advanced design solid state 200-watt 

power supply for operation of mercury short 
arc lamps has been int roduced by PEK, Inc., 
Sunnyvale. The unit is designed to provide 
optimum lamp performance in such applica­
tions as photo-resist exposure, sem iconductor 
manu facture and precision photography. Desig­
nated 701A Series, the new power supply em­
ploys a ci rcuit for contro l of maximum cu rrent 
and voltage, vol t-ampere curve slope and 
power window in order to deliver rated power 
at the lamp over a wide range of input vol t­
ages. The 701A offers more rel iable lamp 
start ing th rough a single pulse start ci rcu it, 
minimum electro-magnetic interference and 
elimination of spark gaps. Output power regu­
lation offers ±3% accuracy ; current ripple is 
less than 5% rms. The unit is rack mountable. 
Available optional accessories include a lamp 
running-t ime meter and lamp voltage and cur­
rent meters. 
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we've developed 
the industry's most 
lUCid ViSUal 
communications 
systems 
• • . and we don't even have a product nne 

Not that we don't manufacture our own components. We do. The enti re 
system, from sophisticated electron ic or electromechan ica l actuation to 
instantly perceptible, high ly communicat ive read-out. Yet we have no 
product line, for all our illuminated disp lay systems are custom-engineered 
to the exacting needs of our customers (who are the most demand ing and 
parti cu lar people around). In a sense , our product line is a vast collect ion 
of totally effect ive solutions to the most perplexing and critica l visual 
presentation problems. 

There's no mystery to the mastery we have over presentation engineering. 
We simply employ the best minds, methods and facilities. Like fully staffed 
and equipped photometric and colormetric labs that split white into an 
infinite number of parts. Like painstaking attention to human factors 
engineering. Like ingenious manufacture of imaginative designs - designs 
t hat el ic it precise sensory reactions. 

Our visual communications systems embody functiona l design, inventive 
color and lighting techniques plus absolute rei iabi lity. Our unique I ight 
met rology capabilities turn illuminating ideas into functiona l products. 
Oppenheimer Inc., Wyandotte Rd., Wi llow Grove, Pa., (2 15) 659-6000. 
Opcalite Inc., 2 110 So. Anne St., Santa Ana, Ca l if., (71 4) 546-9330. 
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1ST in uualiiY 
Only "Magnetic Radiation" 
gives a SEALofCERTIFICATION 
on all components fabricated 
. . . and guarantees complete 
sati sfaction in meeting all 
mechanical and shielding re­
quirements, as per your blue 
print specifications. 
Every component is PRECISION 
FABRICATED to within a toler­
ance of plus or minus .005 ... 
even lower where required. 
Our proved process of HYDRO­
GEN ANNEALING assures the 
highest possible permeability 
and the ultimate in attenuation. 
And our perfected SEAMLESS 
TUBE CONSTRUCTION ... 
is a significant advance in 
performance. 

* * * 
We invite your inquiry and will 
gladly submit quotations on re­
quest for Engineering Samples 
-Prototypes-Production Runs. 
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SID Sustaining members 

ADAMS ASSOCIATES 
Bedford, Massachusetts 

AEROSPACE CORPORATION 
San Bernardino, California 

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 DIV. 
Philco-Ford Corporation 
A Subsidiary of Ford Motor Company 
Willow Grove, 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 

HUGHEiS AIRCRAFT COMPANY 
Culver City, Cal ifornia 90230 

HUGHES AIRCRAFT COMPANY 
Vacuum Tube Products Div. 
Oceanside, California 

NAC INCORPORATED 
7 · 1 Ginzanishi 
Chuo-Ku, Tokyo, Japan 

RADIATION INC. 
Melbourne, Florida 

STROMBERG CARLSON CORP. 
Data Products, San Diego, California 

SYNTRONIC INSTRUMENTS INC. 
100 Industrial Road, Addison, Illinois 

Magneline® digita l indicators a re used to display random information. 

They have high readability and extremely long life. Sharp black and white 

digits are positioned electromagnetically. The number drum rotates on 

a polished shaft in a jewel bearing. Coil assemblies are encapsulated 

in heat and shock resistant epoxy. Test units have been run through 

35 million cycles without failure o r measurable wear. Applications range 

from airc raft and spacecraft instrumentation to control systems for 
heavy industry. 

WRITE FOR OUR TECHNICAL BROCHURE 

PATWIN ELECTRONICS 
M anufactured under one or more of th e following 
U.S. Patents: 2,94 3,3 13, 3 .009,140, 3 , 118,138, 
3 ,201,785 , 3,260,871. Other patents pending. 

DIV I S ION OF PATWIN, IN C . W A TERBU RY, CO NN ECTI C UT • 06720 
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new literature 

Longer Video Tape Life 
Tips on extending the l ife of video tape 

through proper handl ing and storage are con­
tained in a bulletin offered by Ampex Corp., 
Redwood City, Cali f. The tips fall under three 
main headings enti t led, " Handle Video Tape 
With Care !," " Treat Tape Gently on Your Re­
corder" and " Store Tape Under 'People Con­
ditions'." 

Circle Reader Service Card No. 53 

RFI/ EMI Designer Kit 
A special Designer's Ki t is now available 

to assist engineers in the proper selection o f 
RFI/EMI and M agnetic Shielding ma terials. The 
Kit contains samples of a wide variety o f RFI / 
EMI -Magnetic Sh ie lding materia ls, and is avai l­
able from Primec Corp., Los A ngeles, who 
manufactures a complete l ine o f RFI/ EMI and 
Magnetic Sh ielding materials, gaskets and en­
closures. 
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New Generator Brochure 
A new eight page brochure which describes 

the Kato line of A.C. generators with controls 
form 1 to 1500 ki lowatts is availab le f rom 
Kato Engineering Co., Mankato, Minn. 

Circle Read<rt Service Card No. 55 

Square Indicating Lights 
GEA-7366A, il lustrated four-page bulletin 

provides descriptions, features, ratings, com­
ponents, ording di rections and outl ine draw­
ings with dimensions for the General El ectric 
l ine of CR101 Type C square ind icating l ights. 

These l ights are sui table fo r use on motor 
con trol centers, operator panels, consoles, 
cont rol desks and for the panel build ing, 
electronic and instrumentation fi e lds. 
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Automatic Deposit Stations 
A fou r-page brochure from Milgo Electronic 

Corp., M iami, describes Lectro-Tel ler auto­
mati c depos it sta tions. The electronic bank ing 
device serves as a round-the-clock bank teller 
in locati ons such as shopping centers, office 
bui ldings, and indust rial plants as we ll as a 
supplementary telle r at the bank. I n add ition 
to its use by banks, the Lectro-Teller can be 
used to col lect cash payments for savings and 
loan com panies, department stores and util i­
ties. The two-co lor brochu re i llust rates the 
va riou s featu res of Lectro-Tel ler, including in­
dividual packaging of each deposit in p lastic 
envelopes and a validated customer receipt for 
each deposi t . The Lectro-Teller p rovides an 
i lluminated 238 square inch display space for 
advertising . 
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Functional Analog Modules 
RO Associates', San Carlos. Calif.. com­

plete new l ine of Functional Analog M odules 
for industrial con tro l, instrumen tation, and 
system applications are described in a b ro­
chure whi ch includes information on app l ica­
tions, function, speci f ications, mechanical d i­
mensions, and prices. 
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AND DISPLAY DIVERSITY 
Low Light Level TV 

Underwater TV 
Educational TV 

To a record of solid achievement in CCTV and Data Display, GPL is 
diversifying and expanding its TV and Display operations to include a wide 
variety of new applications. Currently under development are Low Light 
Leve l TV, Underwater TV and Color TV. 

Our Display progra ms include both direct CRT and projection TV types 
using a variety of digital devices including 1/ 0 equipment, digital retrieval, 
character and rector generators. 

We invite you to come speak with us concerning the new key oppor­
tun ities we have available. We can offer an atmosphere of growth and 
innovation in a we ll-estab lished and we ll-reputed organization. 

s·ENIOR VIDEO SYSTEMS: Responsibilities will include TV circuits and systems 
des ign on monochrome and color TV. Both transistor and integrated circu it 
design for deflection, video amplifiers, sync and related circuitry . 
TV CIRCUIT DESIGN: Will design so lid-state circuitry for video instrumentation 
and TV cameras. Integrated circuit applications. 
SENIOR DIGITAL SYSTEMS: Design of solid-state digital logic circuits and 
systems as they relate to video applications. Includes both transistor and 
integrated circu it techn iques. 
SENIOR DISPLAY SYSTEMS: Systems design and engineering execution in the 
areas of direct-view TV, projection TV, optical projection of film or CRT 
information, photochromics and direct-view optical. 
PROJECT MANAGER: Management of defense programs incorporating TV, 
cameras, and display systems for both ground and airborne applications. 
MECHANICAL PACKAGING: Aesthetic and innovative packaging and design of 
commercial TV cameras and assoc iated display equipment. 
LOGIC DESIGN: Logic design and testing of digital systems relating to CRT 
and other display techniques. 

Please forward resume to Mr. R. A. Steffan, GPL DIVISION, 63 Bedford 
Road, Pleasantville, New York 10570 - or ca ll collect Area Code 914: 
RO 9-5000, Extension 1241. 

GPL DIVISION 
A SUI!I SIOIAAY Q( C [ ri ( RAL I'R( C+SION ( OU+I'I.' LrH COAPOA-.TIO'I 

AN EQUAL OPPORTUNITY EMPLOYER 
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A PLAN FOR PROGRESS COMPANY 
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Some Q's & A's 
on BENRUS . 

CRT DISPLAYS 
Why 31/2" high? 

Vertical dimensions on 
standard racks are always 
multiples of 1% ". 

Then why 5%" wide? 

So you can turn it goo and mount 5 in a 1g" rack . 

What if I want a bigger screen? 

Our 5" series is 5%" high and 7" wide­
turn goo and mount 3 in a 1g" rack. 

Any mor~ questions? 
Chances are you'll find the answers in 
our Catalog # 704 which describes 
310 standard modules. 
Write or phone for your copy. 

m 
BEnRUS 
TECHniCRL PRCCUCTS CIVISICn 
BEnRUS Watch Company, Inc. 

Ridgefield, Connecticut 06877 Telephone : {203) 438-0333 

FOR LEADERSHIP IN CRT DISPLAY WATCH BENRUS 

Array of Benrus CRT Displays ready to insert in rack. 
Circle Reader Service Card No. 60 

C. J. BARTLESON, noted authority on color 
and its perception, has joined Macbeth Corp., 
Newburgh, N.Y., as vp/directo r of research. 
He was previously in charge of research on 
visual psychophysics in the Research l abs of 
the Eastman Kodak Co. in Rochester. Elected 
presiden t of the firm is WARREN B. REESE, 
who was previously exec. vp. He has been 
with the firm for seventeen years. Reese is 
also a director of Kollmo rgen Corp. 

Raytheon 's North Dighton, Mass. facil i ty has 
named JOHN l. HARLOW administrator for all 
display programs. Among current d isplay pro­
grams is an airline reservatio n system for A ir 
France which u tilizes Raytheon's digital in­
formation display systems for rapid access to 
information stored in computers. 

Standard Computer Corp's president, ROGER 
T. HUGHES, has announced appointment of 
R. PAUL NIQUETTE as vp/plant operations. He 
is responsible for design, engineering and 
manufacturing of all versions of the firm's 
IC-6000 computer and for o ther data process­
ing equ ipment and systems now under de­
velopmen t. 

WILLIAM R. MACKLI N is now director of 
marke ting for the USECO div. of li tton In­
dustries, according to BRUCE Y. CATHCART, 
div. vp/general manager. Macklin joined lit­
ton in 1963 and has served in various sales 
managemen t capacities. 

DONALD DeWOLF KING has been named 
vp/director of research for Philips l aborato ries, 
the central research facility fo r North American 
Phi lips Co., Inc. (Norelco) and its associated 
companies. Dr. Kin g is well-known in the 
field of microwaves and electro-optics. 

Joining Ferroxcube Corp. as a design engi­
neer is NOEl M. RICHARDSON. He is in the 
Memory Systems Div. in Englewood, Colo., 
and previously was wi th Collins Radio Co . and 
Martin Marietta. 

Astrodata Inc. has announced appoin tment 
of LEWIS BYRD as manager of Range Systems 
Engineering, operating out of White Sands 
Missile Range, N.M. Byrd was previously with 
the Army Electronics Com.mand as a div. 
manager for the Atmospheric Science l abora­
tory. 

LEWIS BYRD EUGENE KONECCI 

EUGENE B. KONECCI, Kleberg Professor at 
the University of Texas, has been elected a di­
rector of Appl ied Devices Corp., N.Y. electron­
ics fi rm. Dr. Konecci, fo rmer Space Council 
and NASA officia l, is a leading authority on 
aerospace technology and served as sr. prof. 
staff member o f the President's National Aero­
nau tica l and Space Counci l in the Executive 
Office in Washington 

Named to serve as national coordinator of 
keyboard sales for Micro Switch, d iv. of 
Honeywell Inc., is JOHN J. TROPSA, who 
joined the firm in 1951 as a salesman in N.Y. 
FRANK E. WILSEY, vp/marketing, made the 
announcement. 

LESTER M. CRABB is now vp, image in ten­
sifiers, for the Machlett laboratories Inc., sub­
sid iary o f Raytheon. Crabb has been product 
line m3nager for ligh t amplification tubes for 
the last three years. 
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Named to head Kollsman Instrument's new 
Elect ro-Op tics Div. is JACK H. VENNER. The 
new div. was formed from the Space Div. 
organized f ive years ago; emphasis rema ins 
on space programs. 

JACK H. VENNER TED KRAMER 

TED KRAMER now serves as Div. Mgr. for 
Photo/ Etch Co., div. of Industrial Electronic 
Engineers Inc., Van Nuys. Kramer has admin­
istrallon over all processes, production, per­
sonnel and sales fo r the firm, wh ich was 
formed as a separate div. of l EE earlier this 
year. 

Compu ter Communications Inc., Inglewood, 
Calif., has announced appoin tment of TIMO­
THY F. FOLEY as product sales manager, and 
DALE (SKIP) NEWBERG as marketing ad­
ministrator. Foley served formerly as director 
of systems marketing for Western Union's In­
formation Systems and Services. Newberg 
ioins CCI from the national sales staff of TV 
Guide Magazine and was previously associ­
ated wi th Control Data in M inneapolis. 

ASHLEY A. FARRAR has joined the corpor­
ate staff o f Sanders As<ori~tes lnr. ~nn will 
d~rect the company's marketing activities in 
the Washington, D.C. area, according to 
ROYDEN C. SANDERS JR., president of the 
company. Farrar will have offices both in 
Was}]ington and at corporate headquarters in 
Nashua, N.H. 

Gap Instrument Corp., Westbury, N.Y., has 
announced appointment of THOMAS J. COS­
GROVE as vp/manufacturing. Act ive ly involved 
in the electronics industry for more than a 
quarter cen tu ry. Cosgrove has a broad back­
ground of related experience in the admini­
stration and management of the manufacturing 
function. 

Monsanto Co.'s Organ ic Chemicals D iv. has 
consolidated its research and development ef­
forts on syn thetic and formulated f luids for 
automotive, aviation and industrial app lica­
tio ns within one majo r technical group. DR. 
W ILLIAM R. RICHARD JR. of St. louis, form ­
erly in charge of the division's technical effort 
in functional fluids, has been appointed to a 
newly created, senior pos ition of manager, 
research and development, automotive, avia­
tion and industrial flu ids. Reporti ng to D r. 
Richard will be T. P. SANDS, manager, re­
search and development, petroleum addi tives. 

Elected vp in charge of R&D for Trans-lux 
Corp. is CHARLES J. HOllOMAN, formerly 
chief eng ineer. He jo ined the f irm in 1965 to 
head development of elect ron ic communi ­
cations systems. The f irm has been involved 
in extensive research in the use of m icro­
circuitry for such disp lays in all industries. 

SALES ENGINEER 
Rea l opportunity for young, energetic engineer who knows 
electronics, computers, and is familiar with program­
ming, nLmericat control and software to move into high 
income bracket selling electronic capital goods equipment. 
Should have Bachelors Degree in engineering·electronics, 
and be under 35 yea rs of age. Outline your qualifications 
in resume to John Rolle Assocs .. 6100 Belleair Pl., 
Cincinnati, Ohio 45224. 
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Operate on: 

6V AC-DC 
10V AC-DC 
14-16V AC-DC 
24-28V AC-DC 
150-160V DC 
110-125V AC 

Bright always-easy-

to-read numerals. 

Non-glare viewing 

windows with choice 
of colors 

Available with RFI-
EMI suppression 
screen. 
Universal BCD to 
7 line translator 

driver 

10 line to 7 line 
converters for 
decimal input 

Custom translators 

be sure to see 
DIALIGHT 
READOUTS 
before you specify! 

WHY? 

Because we can prove to you 
that they are superior ... that 
they will improve the readout 
qualities needed in your appli-
cation .. . and will enhance t he 
sale of your equipment. 

What's more .. . Dialco readouts 
cost as little as 

$3.99 
each (less lamps) 
in 1 000 lot quantities 

How can we prove t his superiori -
ty to you? See the readouts for 
yourself. We're confident that's 
all the proof you'll need. Let us 
demonstrate t he product in your 
office, at your conven ience. To 
do so, circle Reader # 62 

For current catalog with 9 data 
sheets, circle reader number 
noted below. on application. 

fo.,mo" Maa•fod• m:;fadi<• •• • ligh" ~ 
D I ALI G H T c oRPORAT ION 

60 STEWART AVE., BROOKLYN, N.Y. 11237 212 497-7600 
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ID EarrespandenEe 
Sir: 

We are trying to locate an index fo r every 
magazine carried in our Information Systems 
Library. However, we were unable to find 
one for Information Display. We would appre­
ciate it if you could tell us if your journal is 
indexed. Information Display is very important 
to us and we feel it necessary to ke e p an 
account of the articles fou nd in it. 

PATRICIA OLSEN 
Information Syste ms Librarian 
The Pillsbury Co mpany 
Minneapolis, Minnesota 

{How many other readers desire a cumulative 
index in ID1 Please write, informing us of your 
interest in such a service, so that demand for 
an index can be ascertained.- Ed.] 

Sir: 
Whi le the resul ts of the experiment de­

scribed by Kinney and Showman (Information 
Display, September/October 1967) seem to be 
unequivocal, their interpretation is not. The 
authors kept the type point size constant in 
comparing lower-case with upper-case le tters. 
In many applications, the designer is interest­
ed in optimizing performances regardless of 
size. Particularly on erasable su rfaces like 
cathode tubes, the crit ical experiment would 
require a further study of the e ffects of vary­
ing type sizes on the performance as measu red 
by Kinney and Showman. W hile it may be 
t rue that in some tabu lar displays, type size 
must be minimized to crowd in as much data 
as possib le on a d isp lay, su rely there are many 
app licati ons where a few b rief comments 
appear o n a rather large surface. Before ca te­
gorically recom mending uppe r-case lettering 
for these applications, the authors must per­
form the experi ment varying type s ize. 

The authors, quoting Cornog, Rose, and 
Walkawitz, maintain that legib il ity is con­
fused with readibi lity, perceptibi lity and vis­
ibility. If so, the authors have compounded the 
confusion by recommending the choice of 
upper-case letters solely on the basis o f legi­
bility. In most applicat io ns, the criterion is 
probably intelligibifity, not legibili ty. The 
authors in saying" ... if mo re legib le means 
superior performance in all reading situations, 
then the argument will go on fo rever," imply 
that intell igib il ity is not a measurable variable. 
A possible way of measuring in tell igibi lity (to 

1 
a much closer approximation) would requi re 
the subrects to use the word that is disp layed 
to so lve a mini-problem. True, the e xperi ­
mental design would be a lot messier, but it 
would be wo rth the effort req ui red to give 
the p roblem a decen t bu rial. 

Despite my criticisms. I e njoyed the article 
and feel that the work of the Kinn ey group 
i ~ certain ly among the most ca reful experi­
mentations in legibili ty of English characters. 

Sir: 

SAMUEL A. ROSENFELD 
Auerbach Corp. 
Arl ington, Va . 

It was my good fortune to be a student in 
the course on displays given at U.C.L.A. Aug­
ust 28th through September 1st. Display Sys­
tem Engineering, taught by Messrs. H. R. Lux­
enburg and R. L. Ku ehn was very well organ­
Ized and presented. 

A great deal of pertinent information was 
packed in to the five day course. Assuming the 
cou rse to be a sample of what will be in the 
new book re leased by McGraw-Hi ll in 
November, (Display Systems Engineering by 
H. R. Luxenburg and R. L. Kuehn) it wil l be 
a very useful tool for display design engineers. 

CHARLES P. HALSTED, 
Manager 
Display Technology 
Defense, Space & Special Systems Group 
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Applied Devices .. .................................. 12 
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Benrus Technical Products Div ........... 52 
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Now avai lable with 11/z" and 3" legend 

areas, Digistrip displays meet a wide 

range of console and instrument display 

applications. Digistrip can be mounted 

horizonta lly or vertically, mounted 

directly on p.c. boards, or ganged for 

high-density readout. Digistrip I available 

with high-gain transistor drivers on 

extremely compact integral p.c. legend. 

All Digistrips available with standard 

0-9 legend, or can be supplied with 

custom read-out information. 

Write for detailed 
specification sheets 

Litton Industries, Electron Tube Div ..... 4 1 

McGraw Hill -------- ------ -------------------------· 55 

Magnetic Radiation Labs ---------------- 50 

Magnetic Shield Div., 
Perfection Mica Co ......................... 48 

Marco Oak, A Div. of 
Oak Electro; Netics Corp. ---------------- 14 

Mast Development Co. 42 

Milgo Electron ic Corp. 7 

Oppenheimer Inc. -------------------------------- 49 

Patwin Electron ics Co. __ _________ ............. 50 

Phi lco-Ford Corp. -- ------ ---·--- ------------ .. --- 42 

Rauland Corp., Special Products Div. .. 2 

John Rotte Associates -----------------·------ 53 

Sylvania Electric Products, 
Electronic Components Group ........ 11 

Syntronic Instruments, Inc. -----------------· 9 

Technica l Wire Products ---------------------- 40 

Transistor Electron ics Corp. ·--------------- 16 

Tung-Sol Div., Wagner Elect ronic Corp. 43 

Unimax Switch ----------------------·------------- 13 

Video Color -------- --- ------ ---- ---- --- -------------- 43 

II Digistrip I with high-gain 
transistor drivers 

Digistrip I 

Il lustrations are actua l size. 

display devices, inc 
2928 nebr aska a v e nue 
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santa monica , california 90404 

(213 ) 393-0385 
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Two brand new, 

important 

job-oriented books 

EXAM INE THEM 

AT HOME 

FOR 10 DAYS, FR EE 

1 DISPLAY SYSTEMS ENG INEERING. 
Edited by H. R. LUXENBERG and RUDOLPH 
L. KUEHN. 

H ere, for the first time under one 
cover, are all the essential aspects-de­
rived from different classical disciplines 
-of one of the newest and most exciting 
developments in information science­
the modern display system. Here, too, 
are concepts unique to machine/ man 
visual information transfer, introduced 
at a systems level. The fourteen contri­
butors to this fifth volume in the Inter­
University Electronics Series were se­
lected for their specialized experience 
as well as for the breadth of their knowl­
edge. The treatment features a large 
number of illustrations and diagrams, a 
mathematical level suitable for the gen­
eralist as well as the special ist, and 
unique presentations in the fields of 
photometry, colorimetry and optics. 

448 pp., $16.50 

2 MATHEMATICAL HANDBOOK FOR SCI­
ENTISTS AND ENGINEERS. 2nd Edition. By 
GRANINO A. KORN and THERESA M. KORN. 

This new edition has been substan­
tially enlarged, revised and thoroughly 
up-dated to give you quick access to a 
wealth of information in all areas of 
mathematics. Designed specially for 
engineers, scientists and others whose 
work involves mathematics and its 
methodology, this authoritative h and­
book provides reliable reference to help­
ful definitions, theorems, and formulas 
and conveniently outlines the mathema­
tical methods essential for accuracy and 
speed in today's exacting applications. 

1100 pp., $25.00 

At your bookstore or 
direct from publisher for 

r---1D DAYS FREE EXAMINATION- .. 
McGraw-Hill Book Co. Dept. 23-1 D -18 
330 West 42nd Street, New York, N.Y. 10036 

Send me the book(s) checked below for 10 
days on approval. In 10 days I will remit for 
books I keep plus a few cents for de livery 
costs, and return others postpaid. Include 
local sales tax if applicable. 

0 Luxenberg and Kuehn, DISPLAY SYSTEMS 
ENGINEERING, $16.50 

0 Korn & Korn, MATHEMATICAL HANDBOOK 
FOR SCIENTISTS AND ENGINEERS, $25.00 

Name 

Address 

City State Zip 
For prices and terms outsida U.S. write 
McCrew-Hilllnt'l. N.Y.C. 23· 1 D ·18 .J L--------------
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Now you can buy a high resolution CRT Display for $6200.00 

I. * 

How about that 
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