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We build· better monitors. 
Satchell Carlson equipment has been playing a vital role in 
television display for more than twenty years. We believe the 
reputation of the Satchell Carlson name speaks for itself. We 
have a full complement of monochrome and color video dis­
plays and RF receivers supplied to a variety of industries, the 
education market, and for security I surveillance applications. 

Many of our monitors are being applied to information re­
trieval systems. They are admirably suited for this application 
since SC Electronics' exclusive UNIT-IZED® modular, all 
solid-state construction means less heat for considerably 
longer life, Jess frequent and easier maintenance, and signifi­
cantly shorter "down time". 

' Look into.Setchell Carlson displays for your applications. If 
we don't build exactly the screen size or configuration for 
your specific needs, we have the design capability for almost 
any custom adaptation. Call or write today. 

At SC Electronics we set the pace. 

We can build one jUst for you. 
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Here's the new storage tube line­
with performance levels enhanced by a 
sil icon target - you 've been waiting 
for. Designed for a wide variety of TV 
display appl ications, these devices are 
extensions of the sil icon technology 
used in the Apollo 15 camera tube. 

RCA-C22041 is typica l of this 
family of single-ended , non-destructive 
readout storage tubes with si licon tar­
get. Use it and the companion tubes in 
such diverse applications as frame 
freeze, I ow-l ight-level T V signal en­
hancement , information storage and 
ret rieval , picture transmission over 
Prlnto·d In u.s.~ 

phone li nes, special ized graphic d1splay 
terminals, and buffer memories for 
document retrieval systems. 

Designed to operate over a wide 
range of input and output rates in a 
variety of operating modes, the RCA 
family of sil icon target storage t ubes 
includes: 

Dia. 
Type I nches 

C22041 1 
C22045 1!/1 
C22047 1 

Resolution 
L ines 

1200 
1700 
1200 

Deflection 
Method 

M 
M 
M 

Reading 
Duration 
Mins. 

5 
10 
10 

For consistent high quality and re­
l iabili ty in your display systems, look 
into RCA 's new silicon target storage 

Circle Reader Service Card No. 2 

tube line. For more information , see 
you r RCA Representative. For techni­
cal data on type C22041, write : RCA, 
Commercial Eng ineering, Section 86 D 
/ZD1, Harrison, N.J. 07029. I nterna· 
tiona I: RCA, 24 rue du Lievre, 1227 
Geneva , Swit zerland, or Sunbury-on­
Thames, U.K., or P. 0 . Box 1 12~ Hong 
Kong. 

RGI .. Electro 
•• Optics 

Published bimonthly by Information Display Publications, Inc., at 825 S. Barrington Ave., Los Angeles, Calif. 90049. Controlled circulation paid at Los Angeles, Calif . 
SUBSCRIPTIONS for U.S., its territories, possessions, and Canada $20 per y11r. Foreign countries $40 per year. 



Digivue® Display/ Memory unitS. 

Take a look at tomorrow. 
You can have it today. 
Take a look at Digivue displayjmemory units from 
Owens-Ill inois. With the ki nd of visual impact 
needed in the new age of communication. And 
then consider this combination of features never 
before available in any other single display panel: 

Inherent Memory - Flicker-free display without re­
f resh requirements. Your computer is, in effect, 
f ree to perform other operations after addressing 
Digivue display ; memory units. 

Selective Write / Erase - Digivue display ; memory 
units are dig ital display devices, with no digital-to­
analog conversion necessary. You directly ad­
dress Digivue display / memory units at individual 
display points on the panel matrix for selective 
write or erase at micro-second speeds. 

Drift-Free Images-The intersections of thin , nar­
row electrodes imbedded in the panel positively 
define all elements of the images. 

Rear-Projection - Because Digivue display / mem­
ory units are transparent they are ideally suited for 
rear-projection. You have drift-free registration be­
tween computer-generated displays and optically­
projected images. 

Design Adaptability-D ig ivue d isplayj memory 
units are flat, not curved. As a result, information 
at the edges is just as sharp and accurate as in 
the center. And a Dig ivue display ; memory unit is 
uncommonly slim-regardless of display area­
allowing for a variety of instal lation possibil ities 
. . . in desks, wal ls, drawers, consoles. 

Hard-Copy Potential - The resolution of a Dig ivue 
display / memory panel al lows for integration with 
standard office duplicating processes to produce 
page at a time hard-copy printouts of excellent 
qual ity. 

Digivue display/ memory units are available from 
Owens-Il linois in sizes ranging from 80 by 256 dis­
play lines at a resolution of 33 electrode lines per 

OwENs -ILLINOIS 
Toledo, Ohio 43601 <D 
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inch to a 512 by 51 2 display lines panel with a 
resolution of 60 lines per inch and a display capa­
bi lity of up to 4000 characters. One of them just 
has to be right for your system. 

Think what these Dig ivue display ; memory units 
can do for time-sharing appl ications, manage­
ment information systems, computer-aided in­
struction ... and dozens more including airline 
reservations d isp lays, ai rcraft cockp it d isplays, 
financial data terminals . . . in fact any display 
terminal for direct readout from dig ital computers 
or data systems. 

WHO IS OWENS-ILLINOIS? 0-1 is a multi-product, 
multi-national manufacturing and marketing or­
ganization with 140 major facilities and sales in 
excess of $1.5 bill ion a year. You may think of us 
as a packaging products cumpany, but we also 
manufacture and market a diversified product line 
that includes everything from laboratory glassware 
to inertial guidance test systems for deep-space 
vehicles.· 

AND WHY ARE WE MAKING DISPLAY UNITS? As 
a natural extension of our already broad-based 
capabi lities-in te levision bulbs, microelectronic 
products, ground glasses, new generation ma­
terials for technical, commercial and industrial 
use, and elements necessary for laser technology. 
We're committed to change, to the future, and to 
Digivue display / memory units. 

If you and your organ ization are also committed 
to the future and to opening new and more effec­
tive communications systems, we'd like to hear 
from you. We' ll send you technical data on Digivue 
display / memory units and a copy of our new full­
color brochure. 

Call or write: Jon Klotz, Marketing Manager, 
Electro/ Optical Display Business Operations A, 
Owens-Illinois, Inc. , P. 0 . Box 1035 
Toledo, Ohio43601 • (41 9) 242-6543. 
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The Sykes 2220 Cassette Tape 
Controller receives, stores and 
transmits data between termi­
nals and commun icat ions lines 
all day long. Then after you've 
gone home, it keeps on working. 
taking advantage of lower tele­
phone line rates. It does this by 
means of remotely issued com­
mands. 

Some of its other virtues are: 

Versatility 
• EIA or TTY current loop 

interface. 
• One or two transport versions. 
• Search capability- locate 

records in an average of 
12 seconds. 

• Multiple switch-selectable 
baud rates-up to 1800 baud 
asynchronous and up to 5400 
baud synchronous. 

• Variable record lengths. 
• Unattended remote operation 

or keyboard control. 
• Fu ll editing capability plus 

copying and certifying. 

Reliability 
• Uses Cassette Tape 

Transports of time-proven 
design. 

• MTBF in excess of 3000 hours. 
• Data reliability field-proven 

to be up to 10 9
• 

Economy 
• Low unit price 
• Liberal OEM discounts. 
• No programming-simple 

installation. 

Write or call for your free copy 
of the Sykes 2220 Cassette Tape 
Controller brochure and start 
moonlighting today. 

lUll I 
SYKES DATATRDNICS INC. @ 
375 ORCHARD STRE ET 

RDCHESTER,NEW YORK 14606 
[716J 458-8000 TELEX 97- 8326 
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Tokyo: October 3-5. 19n THE USA·JAPAn 
COmPUTER COnFERENCE 
Sponsored by the AMERICAN FEDERATION OF INFORMATION PROCESSING SOCIETIES 
and the INFORMATION PROCESSING SOCIETY OF JAPAN. 

Conference Chairmen : Dr. Robert W. Rector, AFIPS 
(University of California, Los Angeles) 
and Dr. Shohei Takada, IPSJ (Hitachi) 

A unique conference designed to together leaders in computer technology 
and i ts applications from the two ring countries. 
The technical sessions will stress larities and dissimilarities in 
approaches taken by people in nations to solve similar information 
processing problems. A major exhibit program wi ll feature p roducts and services 
from both countries. 
Post-conference technical tours will provide comprehensive coverage of such major Japanese 
computer manufacturing facil ities as Fuji tsu , Hitachi and Nippon Electric , Japan National 
Railways Computer Center, Nippon Telephone & Teleg raph, Public Corporation Data Center 
and Systems Laboratory and the computerized television stud ios at Japan Broadcasting 
Corporation. 
To accommodate U.S. reg ist rants, special low cost fl igh\s are planned ; tours of Japan and 
the Far East are also available. 
For registration, travel and/ or exhibit information, contact: USA-Japan Computer Conference, 
c/o AFIPS Headquarters, 210 Summit Avenue, Montvale, N.J. 07645. 
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Haue recent disolau advances 
lett uou behind? 

no need to let this haooen with the wealth 
ol information now available in 

RECEnT ADVAnCES !~ In DISPLAY ::~ MEDIA 
Uols. II \ 1111 

The newest d is play a dvances are covered in these two puler and Information Sciences • Computer 
fact-filled volumes that pick up whe re Volume I left off Processing for Display of 3-Dimensiona l Structures. 
... a nd it so ld out comple te ly! VOL. Ill (231 pp .): The Impact of Electronic Displays on 
Now they're ready to mail, and they're fille d with a wealth of Aircraft Control • Digital Printer/ Plotter Graphics Terminal • 
up-date re ports to he lp every eng ineer, syste ms d es ig ne r and An Experimental Display Processor fo r the DX-1 • Information 
display user in selecting appropria te compone nts and syste ms Acquisition, Sensing and Input: A Selective Literature Review • 
... a nd in compre he nding new theories a nd te chn iques. R&D in th'-e Computer and Information Sciences. 
Authore d b y a number of top computer display experts, these W ith the wealth of inform a tio n ava ilable he re, you can keep 
all-ne w volumes re p resent the most pertine nt, authoritative a nd a head of the technology avalanche that threatens to bury many 
up-to-date so urce of information o n co mpute r te rminals ; c ha r- of Ieday 's engineers. Recent Advances in Displa y Media , Vols. 
a cter line and curve generators; me mory discs; dig ital printers II & Ill are avai lable singly, or together a t a special price. 
a nd p lotte rs; CRT's; over-a ll syste m conside rations; and more . And re me mber, b usiness a nd p rofessio na l books are tax d e-
Contents include ... VOL. II (26 0 pp .): A Plasma Display Term- ductible (a uthority: Tre as . Reg. 1.16 2; I.R .C. 16 2), so o ct now 
ina/ • VTOL IFR Technolo gy Program • A General Descrip- a nd start making use of these va luable books to a d va nce your 
tion of the Fallout Display System (FODSJ • R&D in the Com- company and your career! 

Readu now! at this soecial oricel 
,-----------------------------------

For a limited time only! . . . 
1 Complete satisfaction guaranteed! lmmed1ate re-

Vols. II & Ill orclerecl together only $34.95 fund available on 10-day return privilege .. . we I ' ' pay postage both ways. 
Please send copies of Recent Advances m Display 

I Media, Vol. II Prices : 

I Please send _____ copies of Recent Advances in Display Vols. II & Ill together ......... .. . 

I Media, Vol. Ill One Copy (either) .. ............. . 

1 Check, Cash or Money Order enclosed (amount) _____ _ Three or more copies ........ @ 

1 Please Bill My Company in Advance (amount). ______ _ Eleven or more copies .. .... @ 

$34.95 

$20 .00 

$14.95 

$10.00 

I Company & P.O. Number _____________ _ 
Name/ Company Mail your payment, together with th is 

I (California residents: add 5% sales tax) coupon to: 
I Address TECHNOLOGY PUBLISHING CORP. 

I 
City State Zip Dept. L-8 
Date Signature 825 S. Barrington Avenue 

I los Angeles, Calif. 90049 
Please make all checks or money orders payable to: 

L_~CHNOLOGY PUB~SHIN~ COR~ ______________________ __ _ 
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Computer and Microfilm 
Combined in 

Phototqpesetting 
H. E. HAYNES 

Abstract 

Phot ot ypesetti ng on mi crofi lm denotes the genera­
tio n and recordi ng, onto a small -fo rmat med ium, 
of high-q uality text characters of a variety of 
sty les and sizes. /\ t the same t ime it imp)'ies high 
speed. Therefore, the starting poin t has to be the 
e lectronic generation of character images. In con­
trast to more conventional electronic phototy pe­
setting, the accent on speed and the small -image 
format changes t he ba lance among the factors 
which influence image q uality. T his paper dis­
cusses t he interplay of these factors, describes a 
usefu l approach to image-quality prediction, and 
presents examples of text copy having known de­
grees of quality degradat ion wh ich serve to link 
numerical descrip t ions of system performance to 
t he subjective qua lity levels they represent. 

Theoretical Background 

A great deal of theoretical and experimental invest igat ion 
has been done in the fie ld of image evaluation and imaging 
system analysis. One type of r igorous ap proach is based o n the 
deri vatio n and ma nip ulatio n of modulat ion transfer funct ions 
{MT F) which d escr ibe componen ts and systems. A second ap­
proach is in terms of the correspo nd ing sp read funct ions. 

Figure 1 illustrat es a lens imaging a n infinitesimally narrow 
sl it. The plot of light intensity in the image plane is the spread 
funct ion of the lens. Figure 2 shows conceptually a lens imag­
ing a ser ies of moving bar pat terns of d iffe rent spatial f requen-

C 1972 by Information Display Publications In c. All rights reserved. 
Reproduction in whole or in part without written permission is 
strictly p rohibited. 
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cy, and having sinusoidal varia ti on o f transmission o nto a nar­
row analyzing sli t. T he percen tage modulation of intensity of 
light emerging from the slit, plo tted aga inst spatia l freq uency 
(in the image pl ane) is the MTF curve. 

Genera ll y, t he MT F approach results in sim pler ca lcula­
tions, since it invo lves point-by-poin t mu ltip lica t ion of re­
sponse curves instead of the convo lu tion operdt iuns whit:h 
m ust be performed in combining spread functio ns. The two 
methods are however basically equivalent. T hey correspond 
respectively to time-domain and frequency-domain analysis of 
electrical networks. One or the other may be preferred de­
pend ing on the form in wh ich data is availab le, o r other cir­
cumstances. 

Figure 7: Spread function concept. 

. ......- t<IOVING SINE ·WAVE 
~ TEST OBJECT 

! j 
IMAGE PLANE 

PHOTOOETECTOR 

t -

Figure 2: MTF concept. 
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In the particular case of a gaussian spread function, it is 
fou nd that the corresponding MTF curve is also gaussian. Such 
a spread function has the form 

(1) 

where i is intensity, x is distance, and b is a constant. 
The MTF curve corresponding to a gaussian spread function 

has the form 

r = E -cf2 (2) 

where r is response (percentage modulation), f is spatial fre­
quency, and c is a constant. 

Gaussian spread functions also have the property that con­
volution of two of them yields a third gaussian function. Like­
wise, of course, point-by-point multiplication of two gaussian 
MTF's yields a third MTF wh ich is also gaussian . 

Most elements of the imaging systems involved in photo­
typesetting on microfil m have reasonab ly gaussian spread fu nc­
tions. Figure 3 shows a particu lar CRT spot profile measured 
by the sl it-analyzer method. Also shown is a true gaussian 
curve, scaled to match the CRT curve at the 50% intensi ty 
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Figure 3: CRT spread function. 
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points. Figure 4 is a representative lens MTF curve, along with 
a gaussian curve scaled to match at the 65% response point. 
Figure 5 is a published MTF curve for a typical microfilm 
emulsion, again with t he scaled gaussian cu rve. Whi le t he 
shapes are certainly not precisely gauss ian, they are reasonably 
close; thus it seems justified in the interest of simp licity to 
consider them gaussian for the present purpose. 

Gaussian spread fun ct ions and MTF curves can be com­
bined or "cascaded" by the following simple rules: 

(3) 

where w denotes width of a spread function at a specified 
intensity level, loosely referred to as "spot si ze" , EW is the 
system spread function width, or system spot size, and 
w1 , w2 -- are the component spot sizes. 

Also 1 =Jh +-h- -- -- (4) 
TI f1 f2 

where f denotes the frequency on an MT F curve at a specified 
percentage response, ~f is the frequency at which the system 
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response is th is same specified percentage and f 1 , f2 are the 
freque ncies at whi ch the various components exhibit the speci­
fied percent response. 

The specified intensity level chosen to define w, and the 
specified percentage response chosen to defin e f, can be any 
convenient values, since each is just a scale factor which fully 
defines a gaussian curve. Somewhat arbitrari ly and somewhat 
by historical accident, we have chosen va lu es of i = 50% for 
the spread function and r = 65% for the MTF curves. Thus the 
notation w0 in th is paper is understood to mean spread func­
t ion width at 50% in tensity points, and f0 is understood to 
mean spatial frequen cy at 65% response. 

It is often necessary to convert from one descri ption to the 
other. It can be shown that for gaussian curves, 

Wo = 11_ (5) 
fo 

w0 and f0 being defined in the way just described . For exam­
ple, a gaussian MTF cur·ve showing 65% response at 50 cycles/ 
mm would correspond to a gaussian spread funct ion having a 
50% intensity width 

.35 
Wo = 5o= .007 mm 

Frequently the data available for a lens or fi lm may be 
simply a "limiting resolution", defined loosely as the spatial 
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frequency at which response has dropped to 2%, or some value 
approach ing zero. In such cases an estimate of the frequency 
f0 (corresponding to 65% response) must be made. In the case 
of a gaussian MTF curve, it is found that 65% response occurs 
at a frequency 0.33 times that at which 2% response occurs. 
However, in the case of typical photographic emulsions, the 
corresponding factor is somewhat lower, being in the vicinity 
of 0.25. Lens MTF curves vary substantially in shape, but here 
again a representative factor is 0.25. As a simple and useful 
approximation, the relation 

f0 = 0.25 flim (6) 

can be used for lenses and fi lms if more complete data is not 
avai lable. Obviously, the disparity between the factors 0.33 
and 0.25 denotes a nongaussian shape; however, the use of a 
realistic factor relating limiting resolution to f0 results, in ef­
fect, in substituting for the actual curve a gaussian curve which 
coincides with the actual curve at the 65% MTF point, and is 
an optimum simpl e approach. 

Combining the effects of system elements by these methods 
assumes amplitude linearity, just as in the analogous linear 
electrical network analysis. In general, the fi lms and subse­
quent processes involved in phototypesetting are far from line­
ar, and they ordi nari ly constitute a very high combined gamma 
(contrast). The effect of restricted system MTF then appears 
as distortions of character shape, rather than as lack of "sharp­
ness" or reduced contrast in fine detail. This characteristic can 
be considered as a "hard limiting" effect act ing in addition to 
the classical MTF behavior. Any interpretation ,of the signifi­
cance of system spread function must, of co(Jrse, take this 
limit ing action into account. 

One further aspect of most CRT phototypesetting is the 
raster or stroke structure of the image. The treatment present­
ed here assumes that raster granularity is fine enough, in com­
parison to the system spread function, to be unno ti ceable. 
Thi s condition ordinarily does exist in high-quality systems . 

Application to Image-Quality Prediction 

Within the framework of th e simplifi cations which have just 
been discussed, it is possible with minimal effort to investigate 
a variety of hypothetical CRT-microfilm systems and make 
reasonable comparisons of their relative merits. A few exam­
ples are now presented, which both illustrate the methods and 
at the same time reveal trends in microfi lm systems which 
migh t not be expected. 

In evaluating image quality it is useful to normalize the 
quality factor, so as to relate it to a page dimension rather 
than to a unit of distance. The normalized merit factor, there­
fore, is indicative of true information capacity of the enti re 
format, and allows easy comparison of systems having differ­
ent format sizes. A convenient merit facto r of th is type is the 
ratio of format diagonal to spread function width, that is 

D 
M = - (7) 

EWo 

where M is the merit factor in units of " spot diameters per 
format diagonal", D is the diagonal dimension, and w0 is the 
spread function width as defined, D and ew0 being in the same 
units. 

In Figure 6 are plotted M values for several types of system 
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components against the format diagonal D (in inches) . Note 
first that in the case of CRT's of a given diameter, M is inde­
pendent of D, since the fu ll useful diameter of the tube face is 
used, regard less of film format size, by proper choice of opti­
cal magnification. (The CRT curves shown refer to 7-in ch 
tubes.) On the o ther hand, the M value for a particular film 
material increases linearly with D, since films have a certain 
resolving capability per inch or millimeter regardless of format 
size. For a diffraction-limited lens of a given numerical aper­
ture, M also increases linearly with D, si nce the diffraction 
limitation is in terms of cycles per unit d istance in the image 
and is not di rectly related to format size. Noti ce that for very 
small image formats, even a diffraction-l im ited lens of moder­
ate speed would have a smaller M value than that attributable 
to a high-quality CRT. 

In addition to these functional re lations are shown a num­
ber of actual lenses, the M values relating to performance at 
the maximum off-axis condition represented by the format 
diagonal D at which they are plotted . The lenses shown are 
generally of the relatively large-aperture category necessary for 
high-speed phototypesetting, and they represent a rather wide 
range of cost. Lens A, for example, which is an f/4 lens 
stopped down to f/5.6 and which covers a 4.3-inch diagonal, is 
seen to fall considerably short of the f/7 diffraction limit. This 
lens is of the class used in highly exacting microelectronics 
fabrication, and is in the several thousand dollar class. Lens B, 
intended for considerably larger format, has an effective speed 
of f/9 , but its performance departs even furth er from the cor­
responding diffraction limit. Lens B is of comparab le cost to 
lens A. In the sma ller format region, lens C, an f/2.8 lens, is 
seen to achieve the diffraction limit for f/6. It is also in the 
multi-thousand dollar class. Lenses D and E, of considerably 
lower capability, are in the few-hundred dollar class. Points 
labeled F 1 , F2 , G1 and G2 are hypothetical lenses discussed 
later on. 

Two trends, then, are quite evident. First, onl y for fa irl y 
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small formats do actual lenses approach diffraction limits at all 
closely, and then only at high cost; and second, there is a wide 
spread in performance among lenses intended fo r generally 
similar applications, performance being loosely correlated with 
cost. 

Figure 6 shows clearly that as format size is reduced, the 
relationship among the quality losses introduced by CRT's 
lenses and films change drastically. For la rge formats-say 
when 0 is greater than 6 inches- the CRT tends to dominate, 
although in the case of high-quality CRT's in the 1.0-mi l spot 
class, the lens choice can by no means be left to chance. Film 
resolut ion in this region is o rdinarily a mi nor factor. For the 
smaller formats, lens contributions in general become more 
severe, and film properties also come into promi nence. For 
example at a 0 value of 0.78 inch, (14 x14 mm format) the 
value of M for a 1.0-mil spot CRT is actually as good as either 
the f/7 diffraction limit or a very high resolu tion, relatively 
low speed microfil m emulsion. Therefore, in this region it is of 
li ttle avail to achieve extremely small CRT spot size. Permit­
ting a somewhat larger spot, with a substantial gain in light 
output, would support higher character writing rates with neg­
ligible loss in image quality. 

As an example of a calculation for a hypothetical system of 
this type, consider a 7-inch CRT (6-i nch useful diameter) hav­
ing a 1.5-mil spot, i.e. w0 = 1.5 mil, imaged at 4: 1 reduction 
onto 35-mm fil m having 65% MT F response at 30 cycles/mm. 
Also, suppose that the limit ing resolution of the lens is 220 
cycles/mm, or greater, at all parts of the image forma t (F 1 in 
Figure 6) . Further, since the .mi crofilm image once prod uced 
has to be enlarged for viewing or other utilization, a second 
lens must be included. Assume this enlarging lens to have a 
li miting resolu ti on of 160 cycles/ mm, slightly inferior to the 
CRT lens. (G 1 in Figure 6). Using the approximation of Equa­
tion 6, the f0 values for the lenses are 220 x 0.25 =55 cycles/ 
mm and 160 x 0.25 = 40 cycles/mm respectively. 

The f0 values for fi lm and lenses can be converted to equiv­
alent w0 values using Equation 5: 

F.l - .35 - ·35 0117 0 46 "I 1 m: Wo -T- 30 cycles /mm · mm = · ml 

CRT Lens: w0 = ~ = .0064 mm = 0.25 mil 

Enlarging Lens: w0 = ~= .0087 mm = 0.34 mil 

The CRT spot, demagnified 4: 1 to the fi lm plane, has a 
spread function width 

Wo = f = .38 mil 

The fou r contributing w val ues can now be combined accord­
ing to Equation 3: 

ew0 =)J.462 + 0.252 + 0.342 + 0.382 = 0.730 mil 

Since the format diagonal on film is 6.0-:- 4 = 1.50 inch, the 
merit factor M (Equation 6) is : 

M _ _Q_ _ 1.50 inch 2050 - EWo - 0.730 mil 

Notice that in this particular case the film is the dominant one 
of the four co mponents. 
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A different option might be to sacrifice somewhat on CRT 
spot size, thereby achieving greater light output and permitting 
the use of a higher resolution, less sensitive fi lm. For example, 
a 2.0-mil spot might permit the use of a film having 65% MTF 
response at 100 cycles/mm, i.e. f0 = 100. The corresponding 
value of w0 would be 

w0 = ~ =~= .0035 mm = 0.14 mil 

The four contri buting w0 factors wou ld then be 

Fil m: w0 = 0.14 mil 
CRT Lens: w0 = 0.25 mil (as before) 
Enlarging Lens: w0 = 0.34 mi I (as before) 

CRT: Wo =1(2 = 0.50 mil 

Combining these, 

ew0 =Jo.l42 + 0.252 + 0.342 + 0.502 = 0.670 mil 

M _ _Q_ = 1.50 inc~ = 2240 - ew0 0.670 mil 

Thus an increase of approximately 10% in M has been achieved 
by actual ly degrading the CRT spot size. 

These examples are representative of a large format on 
35-mm film. For 16-mm formats the influence of lenses and 
fi lms is even greater relative to the CRT. One fu rther example 
wi ll illust rate this. Consider again the 7-inch CRT with 2.0-mil 
spot, but with 8:1 optical reduction, the high-resolution film 
(f0 = 100 cycles/mm). and lenses of the same resolving capabil­
ity (per mm) as before. (F2 and G2 in Figure 6.) 

The four contributing w values are now 

Film: w0 = 0.14 mil (as before) 
CRT Lens: w0 = 0.25 mil (as before) 
Enlarging Lens: w0 = 0.34 mil {as before) 
CRT: w0 = 2.0 = Og2.5 mi l 

Combining, 

ew0 =jl.l42 + 0.252 + 0.342 + 0.252 = 0.51 mil 

Since the fo rmat diagonal is now 

we have 

0 =¥ = 0.75 inch 

M _ _Q_ = 0.75 inch= 1470 
- ew0 0.51 mil 

In this case the assumed lenses now dominate, even with the 
compromised CRT. Note also that theM value is substantially 
reduced from the 35 mm cases. 

Correlation with Subjective Qualit y 

Calculations of a merit factor M for a system reveal much 
about how effort and cost may best be d istributed in order to 
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achieve best results. They also indicate how various proposed 
systems can be expected to rank in image quality. However, 
the M values themselves do not provide a good basis for subjec­
tive visualization of image quality. 

In order to bridge this gap, a means of producing degraded 
images, in which theM value could be measured, can be set up 
and calibrated, and a variety of text material can be then 
reproduced with it. The subject matter can contain typograph­
ic characters of several styles and sizes. The method is as 
follows. 

A process camera is fi rst adjusted to ·1 :1 magnification , and 
a very narrow (0.5 mil ) back-illuminated slit photographed 
with it. Microdensitometer analysis of the sli t image on the 
film, in combination with the measured 0-log E characteristic 
of the film and processing, allow the intensity profi le existing 
in the optical image of the slit to be deduced. By stopping the 
lens down to very small apertures, image degradations of in­
creasing amou nts can be introduced. Figure 7 shows a number 
of w0 values derived in this way, plotted agains t effective f/ 
number. Also shown is the relationship to be expected from 
diffraction theory. At effective apertures smaller than f/40 
(effective), results for this particular lens agreed quite well 
with the calcu lated curve, indicating that the system is essen­
tially diffraction limited in this region. 

A samp le microdensitometer trace is shown in Figure 8. 
The light intensity profile derived from it is also shown. Lobes 
which arc characteristic of d iffraction images are visible. The 
shape is, of course, not t ruly gaussian; however, the true gauss­
ian curve, also plotted in Figure 8 and scaled to coincide with 
the experi mental profile at the 50% intensity points, does not 
tlifft:l Uld~l ica l ly in shape. It can be assumed, t{1erefore, that 
approximately gaussian-profile degradation effects of known 
amounts can be introduced with this experimental arrange­
men t. 

Figure 9 is the text page which was the original subject 
matter for the tests. Its overall dimensions are 8 x 10 inches 
(diagonal 0 = 12.8 inches). character sizes ranging from 5 to 
18 points are represented, and the typefaces range from bold 
sans-seri f to rather delicate serif styles. This original was of 
excellent quality, and can be considered "perfect" in relation 
to th e fairly substantial degradations introduced in the tests. 
By selecting effective f-n umbers in the range of 48 to 326, th is 
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page was reproduced with eleven " spot sizes" between 1 .2 and 
7.9 mils. The corresponding range of M values, based on the 
12.8-inch diagonal, is 10,650 to 1630. 

Exposures of the eleven negatives were carefully equalized 
using a density step tablet. Offset plates were then contact 
exposed from each negative, again with carefully controlled 
equal exposure. Proofs were then printed on an offset press, 
and these proofs constituted the end product of t he degrada­
tion process. They , of course, contain the "hard lim iting" ac­
tion mentioned earlier, since the film negative process had 
fairly high gamma (3.5) and the plate material an even higher 
gamma. Further, they include the inherent limitations of the 
printing process itself. It is therefore possible to judge from 
these proofs what the effect of a given M factor should be, in a 
system which culminates in a very high contrast image. 

Discussion 

Figure 1 0 is a set of four magnified images of a portion of 
1 0-point sans-serif text made from the printed proof pages 
which represent M values of9150, 5100,2900, and 1630. The 
origi na~ is also shown. Figures 11 and 12 are similar, but show 
a 1 0-point serif style and a 5-point sans-serif style, respective­
ly. It is obvious from these illustrations that character styles 
wh ich contain thi n " hairl ine" portions suffer most severely as 
the value of M is reduced, as wou ld be expected. Of cou rse, 
some reduction of this "drop-out" tendency could have been 
exercised by changing the "l imiting level"- for example, by 
increasing plate exposure- but this would have thickened the 
characters abnormally and might have caused fil l-ins. While the 
rendition of a particular fo nt might be imp roved this way, the 
general requirement for intermixi ng fonts ru les out such indivi­
dual treatment. 

A great deal of information can be gained from detailed 
examination of these proofs. It wil l suffice here, however, to 
make a few general observations. Fi rst, it is apparent that very 
good legibility can be provided, even for very small characters, 
with fairly smal l values of M, provided lype styles are chosen 
judiciously. In Figure 12, for exam ple, even the 5-point sans­
serif text is entirely legib le at M = 1630. On the other hand, if 
the goal is to achieve truly good character form in a typo­
graphic sense, much larger values of M are required. Reference 
to Figure 11 shows that there is a noticeable deterioration for 
M =51 00 vs M = 9150. What value of M is deemed "neces­
sary" is therefore primari ly an esthetic question. 
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" Breakthrough" is a tired word, often abused by people who get overly excited about small 
improvements. But it does describe the new role of electronics in the graphic arts. The 
breakthrough is a new way to compose the printed word electronically with a new order of 
speed and flexibility. Called video composition, it begins with a tiny electronic dot that is 
smaller than a period or flyspeck yet large enough to overshadow all the mechanical and 
photographic techniques in common use today. " Breakthrough" is a tired word, often 
abused by people who get overly excited about small improvements. But it does describe 
the new role of electronics in the graphic arts. Th e breakthrough is a new way to compose 
" Breakthrough" 1s a tire d word, often abused by people who get overly excited about small im­

provements. But it does describe the new role of electronics in the graphic arts. The breakthrough 

is a new way to compose the printed word e lectronically with a new orde r of speed and fle xibility. 

Called video composition, it begins with a tiny electronic dot that is smaller than a period or 
flyspeck yet large enough to overshadow all the .mechanical and photographic techniques in 
common use today. " Breakthrough" is a tired word , often abused by people who get overly ex­
cite d about small improve me nts. But it does describe the new role of electronics in the graphic arts. 
The breakthrough is a new way to compose the printed word electronically with a new order of 
For almost five centuries after G utenberg put together a printing system featuring movable type, the printed 
word was the most econom ical and effic ient means of distributing information - the only means of mass com­
munication. Then, in the first ha lf of the 20th century, new communications tools- radio, photographs, 
television, motion pictures, and computers, one by one, and then jointly - threatened the primacy of print. All 
the new media were basically electronic . Each provided more rapid means of spreading information. And, 
for almost five centuries afte r G ute nberg put together a printing system featuring movable type, the printed 
word was the most economical and e fficient means of di stributing information- the o nl y means of mass com­
munication. T hen, in the first half of the 20th century, new communications tools- radio, photographs, 
Fo r almost five centuries a fte r Gutenbe rg p ut together a printing system featuring movable type, the printed word was 

the most econo mica l and eff ic ie nt means of d istri buti ng in fo rmat io n - the on ly mea n s of mass communica tio n. Then, 

in the f irst ha lf o f t he 20th ce ntury, new communicat io n s too ls - radio, photographs , television, motion pictures, a nd 

computers, o ne b y o ne, a nd then jointly - th reate ned the primacy of print. All t he new med ia were bas ica lly elec­
tronic. Each provided more rapid means o f sp read ing informatio n. And , for a lmost five centuries after Gute nberg put 
together a printing syste m featur ing movable type, the printed word was the most economical and efficient means of 
di stributing information-the on ly mean s of mass communication. Then, in the first h a lf of the 20th century, n ew com­
municat ions tools -radio, photographs, television, motion pictures, and computers, o ne by one, and the n joi ntly ­
Predictably, as each new medium arose, there were prophecies of doom. Publish ing would be destroyed o r. a t least. reduced to a feeb le 
cripple. T hese reports of printing's death , to paraphrase Twain, were g rossly exaggerated. In the las t decade, the number of hooks pub­
lished anntwlly has tripled. as has rile dollar mlume of the business. The pri nting and publishing industries as a whole have grown 
th roughout the 1960s at a rate faste r than the national economy. The reasons for this growth are simple. A lthough the electronic media 
can provide almost instantaneous communication to large numbers of people, the communications themselves are transmi tted slowly. 
Predictably, as eac h new med ium arose, there were prophecies o f doom. Publishing would be destro yed or, a t least, reduced to a feeble 
cripple. T hese reports of print ing's death, to paraphrase Twa in, 11•ere grossly exaggerated. /11 rlze last decade, rile number of books pub­
lished annually lws tripled, as has the dollar mlume of the business. The printing a nd pu blishing industries as a whole have grown 
Predictably, as each new medium arose, there were prophecies of doom. Pub lishing would be destroyed or, at least, reduced to a feeble cripple. 
These reports of printing's death, to paraphrase Twain, were grossly exaggerated. In the lost decode, the number of books pub lished a nnually has 
tripled, as has the dollar volume of the business. The printing and publishing industries as a whole have grown th roughout the 1960s at a rate faster 
than the national economy. The reasons for this growth are simple. Although the electronic me dia can provide almost instantaneous communica­
tion to Iorge numbers of people, the communications the mse lves are transmitted slowly. Predictably, as each new medium arose, there were 
prophecies of doom. Publishing would be destroyed or, at least, reduced to a feeble cripp le. These reports of printi ng's death, to paraphrase Twa in , 
were grossly exaggerated. In the lost decode, the number of books published annually has tripled, as has the dollar vo lume of the business. The 
printing and publishing industries as a whole have grown throughout the 1960s at a rate faster than the natio na l economy. The reasons for this 
(A f<tst rad io or television annoum:er speaks at 150 words per minute: a fast reader ca n take in 1.500.) Moreover. the person receiving electronic communic<ttions cannot pace himself. 
He cannot speed through the un interesting. skip the unimponant. or think carefu lly and slowly about the vi tal. T he message is given. and then it is gone. As a result the media do not 
really compete. they complement. And because they do, man has been able to cope re;tsonably well with the infornmtion needs of the first part of the 20th century. But not fully, Onr 
the years, an information gotp has dcn lopcd. Knowledge- and man's ncL·d for knowledge - has been growing too fast for the communications media 10 keep up. Textbooks 'tre needed 
in vast quantities to train the prol ifer;ll ing specialists of society - doc tors. lawyers. engineers. sc ientists. teachers. accountams. tec hnicians- but they can no longer be produced in the 
customa ry time frames. Telephone books. Pil rls l ists. ca talogues. encyclopedias. dict ionaries ch~mgc almost dai ly. (A fa st radio or television announcer speaks at 150 words per 
minute; a fast reader can take in 1.500.) Moreover. the person receiving electronic communications cannot pace himself. He cannot speed through the uninteres ting. skip the unim­
portant . or th ink carefully and slowly about the vital. The message is given. and then it is gone. As 11 result the media do not really compete. they complement. And bec;:tuse they do. 
(A f a~t rad io or television annount c r spea ks at 150 words per minute; a fost reader con take in 1.500.) Moreover, the person receiving electronic communications cannot pate himself. He cannot 

spee d through the uninte resting, sl: ip the unimportant, or lhinl: careful/)' ond slow/)' about the vital. ~he message is given, and then it is gone . As a resu lt the medio do not really compete, they 

comp lement And b ecause they do, ma n has been a b le to cope reasonably well with the information needs of the first part of the 20th tentury. Bu t not full y. Over the yea rs, an information gap 

has developed. Knowl edge- and man's need for knowle dge- has been growi ng too fa st for t he tommunitotions med ia to keep up. Text books are needed in vast quantitie~ to train the prolifer· 
oting special ish of sodety-dottors, lawyen, engineers, sc ie nt ists, teachers, accou ntants, technicians-but they can no longer be p roduced in the customary time frames. Tel ephone books, porh 
li sts, totologues, encyclopedias, ditlionaries d wnge a lmost doily. (A fast ra d io or television announter speaks of 15 0 words per minute; a fast reader con toke in 1,500.) Moreover, t he person 
reteiving electronic comm unica t ions cannot pace h i m~elf. He tonne! sp eed through the uninteresting, slcip t he unimportant, or thin lc torefully and slowly a bout th e .,ita /. The meuage is gi.,en, and 
t hen it is gone. As a result the media do not really compete, they comple ment. And becou~e they do, man has been able to cope re a sonably well with the information needs of the fi rst part of the 20th 
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Conclusion 

Electronic phototypesetting on microfilm contrasts in two 
major ways with more conventional or true-size typesetting. 
Fi rst, system components other than the CRT tend to assu me 
dominant roles in determining f inal image qua li ty. These com­
ponents are the lenses and the photosensitive materials in­
volved in the total syslem. This consideration , in combinatio n 
with the general emphasis on high character writing rates 
which is characteristic of microfi lm applicat ions, may dictate 
CRT designs which are substantially different from those 
which are optimum for large format output. And second, al­
though the microfi lm formats inevitably inject quality limita­
tions, it is still possible, for at least letter-size page formats, to 
substantia ll y surpass the "excel lent legibility" level and indeed 
produ ce very creditab le typographic quality. This being t rue, 
most of the benefits of versatility and esthetic quality which 
come with true phototypesetting can be real ized in the micro­
fi lm environment. • 
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Systems Engineering, where he is presently Leader, Tech­
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techniques fo r CRT photocomposition . 
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Optical 

Character 

Recognition 

J. BRAUN BECK 

What Is Character Recognition? 

Before a process can be automated it must be clearly de­
fi ned. Man y of t he advantages gained by automation are the 
resu lt of this need for definition. When asking the quest ion 
"what is character recognition?" we can again distinguish be­
tween "what is recognition?" and "what is character?". 

What is Rec ognition? 

Recognition implies the gradation of different signals into 
classes. A musician is able to classify a tone he hears according 
to its frequency e. g. as class " c'' . This class contains viol in, 
piano and t rombone tones, low c and top c. These tones are a ll 
classed as "c" on the basis of a certain characterist ic. Criterion 
for classification is that the fundamen tal frequency of these 
tones is in a known numerical ratio to the reference frequency. 

A difficu lt classification problem is presented by the class 
"Face of Miss Gerda Schulz". This class comprises Gerda 
Schulz wearing different hairstyles, hair colours, with and 

© 1972 by Information Display Publications Inc. All rights reserved . 
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without make-u p, as well as black-and-white and coloured pho­
tographs. In spite of these variations, t he face of Gerda Schulz 
will always be recognized if one knows her, i.e. if the viewer 
has memorized the characteristics of the class. This example 
ill ustrates anot her cond ition important to recognition, namely 
the necessity of memorizing the specific characteristics of the 
class whi ch is to be recognized. Colloquially speaki ng, onl y 
thi ngs known can be recognized . The extent of memorizing 
characteristics is even closer defined in colloquial language. If 
many characteristics have been memorized of the class whi ch 
is to be recognized, the object is known well . 

Somebody who knows Gerda Schulz well wi ll a lso recog­
nize her even if greatly changed in appearance, e.g. wearing 
glasses. On the other hand, somebody who knows her less well 
will either associate her when she wears glasses with another 
class by mistake, or else not be able to classify her at all. This 
example illustrates the two possible mistakes which can be 
made in the recognition process. It is possible to associate an 
object which is to be recognized with the wrong class, e.g. to 
mistake a photograph of Gerda Schulz for one of Frieda Maier. 
In technical language this mistake is termed "substitut ion". 

[Display Engineers are primarily concerned with the display of informa­
tion to a hu man rather than to a machine. Mr. Braunbeck's article will 
be of special inte rest to those who are concerned with the nature of 
in formation and th e meaning of the term "recognition" wheth er such 
recognition is by man or machine. - Ed. ) 
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The second possibility is the assu mption of not knowing the 
girl in the photograph. Technically speaking t his is known as 
"rejection". Summing up, we can define recognit ion as the 
class ificat ion of a signal into a definite class on the basis of 
memorized charac terist ics. Whether recognition be by man or 
machine is basically irrelevant for the t ime being. 

What Is a Characte r? 

A character is a signal assigned a definite meaning agreed 
upon at some time or other. This signal can take any form, 
consisting, for instance, of a series of electric pulses, a smoke 
signal or a knot in a string. Character recognition by machine 
as practiced today is limited to alphanumerical characters. An 
alphanumerical character is a two-dimensional contrast distrib­
uted on a carrier, usually paper, and assigned a defin ite mean­
ing. Our alphabet, for example, has been assigned sounds from 
which we form our words. This need not necessarily be the 
case. Chinese writ ing, for instance, is constructed so that each 
symbol corresponds to a term. This has the disadvantage of 
there being as many groups of characters as there are terms. 
But it also has the advantage of bei ng independent of the 
language. If one is familiar with Chinese writing, one is capable 
of reading it without understanding a word of Chinese. 

It is interesting to note that in some instances, such as the 
operating instruct ions of machines, the use of symbols has 
again been reverted to. Ou r alphabet wh ich goes back to the 
Phoenicians has also evolved from symbols. "A", for example, 
is a stylized cattle head. The most important characters in 
machine reading at present are figures. A figure is a two­
dimensional black-and-whi te distribution, assigned a definite 
number. 

Figure 1 is an example of numbers belonging to the classes 
"three", "five", and "six" and "eight" together with the ir 
intermediate stages. The more liberal the defi ni tion of the indi­
vid ual classes, the wider the rounded areas in the figure. The 
number of rejects in between the classes thus diminishes. At 
the same time there is a greater risk of assigning a character a 
wrong class, i.e. obtaining substi tutes. This alternative of ob­
taining many re jects combined with few substitutes on the one 
hand, or few rejects and many substitutes on the other, is 
characteristic of the entire recognition techniq ue. 

Standardized and Stylized F ants 

Now that we have defined the problem, we can consider 
how best to impose the task of character recognition on a 
machine. It should be pointed out from the start that the 
machine is hardly capable of matching the flexibility of the 
human brain . It cannot be denied that man is extremely versa­
tile in his abili ty. He ti res easily, however, and is unreliable and 
slow. The machine on the other hand is more restricted with 
regard to change, but not susceptible to fatigue or diversion. 
Furthermore, machines usually work much faster than man 
doing the same task. It goes without saying that a car is hardly 
expected to climb stairs, yet assumed to excel by far on the 
road in speed and perseverance as compared to a pedestrian. 

The fact that the machine is less flex ib le than the human 
brain is taken into consideration in that characters are stand­
ardized and stylized. Standardization largely implies limiting 
the differences between the characters of a class. Sty I ization 
means selecting character form in consideration of machine 
recognizability. 

Figure 2 illustrates type fonts which have been sty I ized and 
standardi zed in th ree different ways. At the top is the standard 
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Figure 1: Continuous transition between classes of characters. 

ABCDEFGH abcdefgh 
IJKLMNOP i j klmnop 
Q R s T U V W X q r s t u v w x ocR-a 

YZ*+,-./yz m ~h:>:~a! 
01234567 £$:; <%>? 
89 [@!#&,] 

( =) 

AO~NU~0 t~~x+oc 

ABCDEFGHIJKLM 
NOPQRSTUVWXYZ 

OCR-A 0 12 3 4 5 6 7 8 9 
.,:i=+/$*"&1 

'-{}%?J'Yrl 
ONA~~~~i¥ 

Figure 2: Machine readable type fonts. 
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Figure 3: Parallel scanning. 
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Figure 4 : Serial scanning by means of a flying spot tube. 

font OCR-B. This fo nt has been only slightly stylized, so that 
it hardly d iffers fro m the usual typewriter or printed charac­
ters. The standard font OCR-A appearing below OCR-B is 
more strongl y styl ized, facilitating machine reading. Th is re­
duction in machine complexity and expenditure has the disad­
vantage of the characters being somewhat conspicuous. As 
they seem rather unconventional in appearance at f irst, the ir 
use has been objected to in some fields. 

Machine Reading 

Automatic reading of characters requires a series of ma­
chi ne parts which are fo und in some form or other in all 
character reading devices. The carrier containing the characters 
to be read must somehow be conveyed to the readi ng device 
and be removed again after read ing. T his necessitates a paper 
feed assembl y. In the devices now in use, very often the paper 
feed assembly is not part of the reading machine, whereas the 

--... ~ Direction o f scanning 

Figure 5: Semi-parallel scanning. 
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reader constitutes a component of the paper feeding device, 
e.g. , the document sorting machine. The characters on paper 
must then be converted into electrical signals. There is no 
specific reason for th is conversion except that electrica l signals 
can be convenient ly worked with in modern technology. This 
signal conversion is termed scanning. There are various scan­
ni ng possibil ities. Worki ng on the principle of the human eye, 
each scanni ng element can be assigned an electric channel. Th is 
method, known as "full y paral lel scan ni ng", is il lustrated in 
Figure 3. The advantage of fully parallel scann ing is the rela­
t ively small demand made on the transmission capacity of the 
ind ividual channels. The information conten t of the character 
is distributed over a great number of channels. This is the 
reason why the eye of the vertebrate is also equipped with a 
fu lly parall el scanning system. 

If the individual scann ing elements are scanned in succes­
sion, one transmission channel is all that is required. However, 
as this channel must process all the information, a high trans­
mission capacity is required of the serial scanning procedure 
illustrated in Figure 4. Television works on the basis of fully 
serial scanni ng as it would hard ly be expedient nowadays to 
operate wi th a great number of wireless transmission channels 
in paralle l. 

Technical solutions are usually fo und by compromise. The 
semi-parallel scann ing procedure illustrated in Figure 5 is also 
an example of successful co mpromise . The characte r carrier 
which must in any case be moved for the purpose of transport 
and removal, horizonta11y passes along a vert ical line of photo 
ce lls. Each individual channel need on ly possess a fract ion of 
the transmission capacity which would be required in serial 
scanning. On the other hand there is none of the rather consid­
erable line complexity involved in fu lly paral lel scanning. 

Modern data processing frequently makes use of the advan­
tages offered by the d igital techniq ue. Character readers are no 
exception. In most of t he devices scanning is thus fol lowed by 
quant izat ion of signals. Halftones, which would in any case 
play on ly a subordinate role in recognition, are therefore pur­
posely dispensed with. This renunciation is compensated for 
by the advantages of the digital technique. 

Character Recognition 

Character recognition proper, i.e., assigning character class­
es to the scanned characters, is by means of co mparing t he 
electrical signals with samples stored in the device. This com­
parison can be carried out in a variety of ways, their difference 
lying in the design complexity involved and the extent of char­
acter stylization required. 

Stroke analysis, suitable o nl y for strongly stylized charac­
ters, such as the numbers of the standard font OCR-A, involves 
relatively little expenditure. As shown in Figure 6, the scanned 
character is examined as to vertical and horizontal strokes. In 
case of semi-parallel scanning, examination is conducted by 
supervisi ng adjacent channels for dark-spot signals occurring 
simultaneously. A dark-spot signal occurring in several adja­
cent channels impl ies that a vertical stroke has appeared. Each 
channel is further equipped with a chronometer. A dark -spot 
signal delivered by a channel withi n a certain mi nimum period 
of t ime im plies that a horizontal stroke has passed this chan­
nel. The supervisory ci rcuits described above produce an elec­
trical character description as illust rated in Figure 6. Th is de­
scri ption is compared with the descriptions of the indi vidual 
character classes which were stored in the for m of diode net­
works. If it matches one of the descriptions, the recognized 
character is output in the code used by the machine connected 

Continued on page 3 1 
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Rear Projection Screens= 

A Designer's View 

J.T. MILLER 

Introduction 

The ever increasi ng use of rear projection display screens 
throughout the information retrieval industry has given rise to 
increased efforts on the part of screen manufacturers to fur­
ther improve the product with new formulations in optical 
coati ngs. Contemporary design, testing, and production of 
newer materials, particularly the acryl ic plastics, is providi ng 
new standards of quality and resolution that are challenging 
the imagination of the information display system designer. 
But just as in other ind ustries, some basic information on the 
performance characteristics and accessory features of the rear 
projection screen is needed before the designer can take advan­
tage of the fu ll potential realized by th is new screen tech­
no logy. 

Rear projection screens are widely used by manufacturers 
of computers, mi crofi lm readers, teach ing aids, and other 
audio-visual d isplays. For the course of th is present discussion 
the more mundane applications such as home slide viewing 
devices or film editing equipment will not be covered. These 
applications do at ti mes represent a considerab le market for 
screens, but their requi rements are usually centered about u­
tili ty and price rather than image qual ity and resolution. 

High qual ity rear projection screens such as those common­
ly found on comp uter readout consoies or high magnification 
ratio fi lm-based informa tion retrieval systems are the product 
of the successful merging of modern optical and chemical tech­
nology. The screens are produced in a solution which is cast as 
an optically precise film on a clear rigid plastic substrate . The 
resul t is a viewing surface that predictably diverges transmitted 

light rays into an image that possesses h igh resolu tion, sharp 
contrast, and high lumi nance at varying angles from the per­
pendicular. The screen's performance is spoken of in terms of 
di ffusion, resolution, gain, angular viewing, freedom from hot 
spotting, scinti llati on, fron t surface specular reflection, color 
accuracy, and contrast. 

Diffusion 

In order to be effective, a rear projection screen must dif­
fuse the light falling upon it in such a way that the desi red 
information wi ll appear on the screen without revealing the 
nature of the light source projecting it. The degree of diffusion 
is con tro lled by the thickness of an optical coating, and exists 
as an inverse proportion relative to total light transmission. If 
the diffusion is not sufficien t, the source of light projecting 
the desi red image wi ll show up as an uneven light distribution 
across the screen. Th is effect is called " hot spotti ng," and is 
illustrated in Figure 1. 

Close tol erance chemical and mechani cal processing has 
provided screen manufacturers with the capabili ty to accurate­
ly control the degree of ligh t di ffusion and transmission, and 
optimi ze both characteristics without hot spotting problems 
when used with proper projection opti cs. 

Resolution 

Resolution or the resolving power of a screen indicates how 
fine and detai led an image can be produced fro m a given set of 
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Figure 7: Poor quality rear projection screens are susceptible to "hot 
spotting," shown in the illustration as the rear projection light source. 
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Figure 2: A test apparatus for determining screen gain. A calibrated 
spot meter is used to take comparative readings between a known light 
source passing through a screen, and that same light source reflecting 
off a pure white magnesium carbonate block. 

illuminating optics. The resolution of a screen is closely related 
to the magnification ratio of an information display, quality of 
the microfiche or information source, and the ultimate image 
size. Eliminating the factors of the optical systems for various 
display systems which are discrete to the system in question, 
reso lu t ion at the screen face of 8 to 12 lines per mm is com­
mon in the current state of the art. When mu ltip lied by the 
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magnification ratio of the optical system, equivalent resolution 
at the fi lm plane on the order of 300 lines per mm is possible. 
Determining such resolu tion requires only a simple series of 
tests. 

To determine resol ution a calibrated target of known value 
such as the Eastman Kodak pattern, the U.S. Air Force pattern 
or one accepted by the National Bureau of Standards is pro­
jected onto the screen to be measured. In al l cases the test 
patterns have a series of bar markings of diminishing size. De­
termini ng the smal lest bar groups distinguishable with a four­
power optical Ioupe establishes, by reference to a correlat ing 
chart, the resolution in lines per mm. 

Even to the casual reader it shou ld be evident that the 
resolution of the final information system is as much a func­
t ion of the transmitting optics as the rear projection screen 
itself. Curren tl y the optics used throughout the microfilm in­
dustry and the 120 lines per mm resolution of quali ty rear 
projecti on screens complement each other. As reader opt ics 
are improved, so too will the need fo r greater resolving power 
in the rear projection screens; some high qual ity screens pro­
duced today exceed 180 lines per mm. 

Gain 

Gain of rear projecti on screens is relati ve to the screen ap­
plication and involves the abili ty of the screen to transmit 
light. It is related to screen diffusion and defined as the ratio 
of observed luminance in..-foot lamberts to incident illumina­
tion in foot cand les. 

The test apparatus shown in Figure 2 has usually been used 
to determine screen gain. Using a good quali ty spotmeter, 
comparisons are made between the light coming through the 
screen and light reflected by a magnesium carbonate block. If 
light transmission th rough the screen is greater than from the 
block, the screen is said to have a "gain." Standard screens 
usually have a gain of three when measured in th is manner. 

An easier and more defi nitive method is to place a cali brat­
ed opal glass in the screen plane and compare the transmitted 
light through the opal glass with that transmitted through the 
screen. Not only is the opal glass calibrated against NBS stand­
ards, but th is technique eliminates the need to rotate the spot­
meter. 

Gain is controlled during screen manufacturing by type and 
thickness of an op tical coating which is used to transform light 
transmission with in the substrate material. The trick is of 
course to optimize the screen gain and diffusion to meet the 
needs of the user through accurate chemical formu la tion and 
coating method. Low gain screens have the adva ntage of wider 
viewing angles, but are more susceptible to viewing interfer­
ence from ambient lighting conditions and reflectio ns. High 
gain screens produce the brigh test image possible, but fal l off 
in light intensity when viewed at wide viewi ng angles. Most 
fil m-based uni ts in use today specify a middle ground between 
maximum viewing angle and maximum gain, with a gain factor 
of 2.5 to 3.5. 

Angular Viewing 

A useful feature of rear projection d isplay screens is that 
they can be viewed severa l degrees off the princi ple axis of the 
light source or " head-on" viewing position without loss of 
image quality. 

Variations in angular viewi ng can be designed into the 
screens by adjustments in the opti cal coating formula tion and 
prod ucti on techniques to meet specific angular viewi ng re­
qui rements. In the case of small screens designed for one indi-
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vidual in high ambient light conditions, a high gain screen 
having maximum on-axis directional transmission may be pre­
ferred. If the screen is to be viewed by several persons or from 
widely spaced viewi ng positio ns, a screen with max imum view­
ing angle is desired. So long as the light in tensity ra tio between 
head-on viewing and side angle viewing is maintained with in a 
3 to 1 ratio, the human eye will not notice the fall-off in image 
brightness. 

Determination of screen bend angle can be judged with the 
use of a slide projector and a good quality spotmeter. The li ght 
source of known va lue (sl ide projector) is ad justed so that a 
predetermined number of foo t can dles of light strike the rear 
of a rear projection screen to be measured. Next a calibrated 
spotmeter is placed at a fixed distance from the other side of 
the screen (toward the coated side) and a reading is taken on 
the 0° axis as shown in Figure 3. The meter is then swung 
along an arc in increments of 5° for a total of 30° in each 
direction. From the readings taken a chart is prepared such as 
the one shown in Figure 4 to show the angular viewing charac­
teristics of the screen . 

Hot Spotting 

Hot spotting is a deficiency of the screen to diffuse light 
and man ifests itself as a halo effect on the screen surface. This 
characteristic tends to become more pronounced in the high 
gain, very di rectional type screens. A slight amount of hot 
spo tting can be tolerated in general purpose screens, but for 
high quality screens it should be held to an absolute minimum. 

PROJECTOR 

/'II I\ 
'I ' \ ' I . I \ 

LIGHT METER 11 I i I \ 

IN 5° 
INCREMENTS 

\ 
\ \ 
\ \ 
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Figure 3: A test apparatus used to measure angular viewing of a rear 
projection screen. 
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Figure 4: A properly designed and closely formulated rear projection 
screen set up for wide angle viewing should present a linear relationship 
between viewing angle and light transmission fall-off. 

The cause of hot spotti ng can general ly be traced to improper 
optical coati ng formulation causi ng uneven light diffusion over 
the screen surface. 

Color 

Tinting rear projection screens with various colors has open­
ed up new and interesti ng possibili ties for color coordinating 
the display system with accompanying control surfaces. But to 
use ti nted screens properly, three considerations must be kept 
in mind at all t imes. First is the effect a tinted screen will have 
on the viewed color spectrum of the rear projected image. 
Second is the effect this screen color wi ll have on the viewing 
ability. of the equi pment operator or viewer. And third, is the 
aes thetic consideration in matching or contrasting any proprie­
tary colors adopted by an information display system manu­
facturer. Unti l recently rear projection screens were produced 
in a neutral grey, mildly tex tured fini sh. This is a general pur­
pose color which meets most information display manufactur­
ers' needs, and is the only shade that reproduces the full color 
spectrum accurately. 

Early tinting studies co nducted with medium blue or green 
screens, chosen to match equipment panel co lors , have pro­
duced displays that are harsh on the eyes, or have reduced 
contrast excessively. Research conducted at Panelgraphic has 
produced a less intense tin t of green which is satisfactory for 
extended periods of viewing. A shade of blue-green with the 
same benefits has also been developed. 

Where very h igh contrast is desi rable, such as fine line dis­
plays, a screen t inted ye llow has proven to be most effective. 
Further research is being conducted on color shades, and suffi ­
cient data is now avai lable to be ab le to indicate what effect 
that parti cular shade wi II have on the viewer and the image. 

Based on the different effect certain colors have on rear 
projected images and data, a display manufacturer might con­
sider offering his customers a choice of color tinted screens to 
suit their particul ar applications. This might even add to sup­
plying the user with several screens in a "quick-change" config­
uration so that he could modify his viewing abili ty at will. 
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Contrast 

Con trast can be stated as the ratio between the highest and 
lowest luminances in the image. To be able to read fine detail 
images in high ambient light conditions, a high degree of con­
trast is desirable. But consideration should also be given to the 
effect that long periods of such high contrast viewing can have 
on the viewer, such as pronounced eye fat igue. Care should be 
exercised in not overspecifyi ng screen contrast where it will 
not be required, or underspecifyi ng contrast because initial 
display system tests were conducted under laboratory "l ights­
out" conditions. A standard grey screen with a gain of 3 is 
general ly considered satisfactory for most rear projection dis­
play appl ications. 

Scint illation 

Scinti llation is an undesirable characteristic in a screen ap­
pearing as a distract ing spar kling effect when the screen is 
viewed at near distances. Careful chemical formulation of the 
opt ical coati ng can usually control this effect. 

The character and quality of the project ion opt ical system 
also has a pronounced effect on scin tillat ion. The situation can 
be aggravated by a slightly out-of-focus condition. Scintil lat ion 
is a second or th ird order effect related to the magnification 
ratios bei ng used in today's informat ion displays. 

Materials, Coatings, and Physical Appearance 

Substrate 

Contemporary rear projection screens produced today use a 
clear, optically precise acrylic plast ic base in thicknesses rang­
ing between 1/16 in. and 1/4 in. Optical coatings cast upon 
this base can be of varying thickness, and use the physical 
rigidity of the base for support. The final base thickness is a 
f unction of the screen size and use, and has little if any effect 
on the performance of the coatings. The object is to use suffi­
cient thickness to maintain flatness in the image plane. An 
important consideration, too, for the rear projection screen is 
that it be free from bl emishes, cracks, and other defects that 
could effect performance or strength over the years. 

Coatings 

The previously discussed characterist ics of diffusion and 
screen gain are governed by the type and thickness of the 
optical coating applied to a screen, and will be tailored to the 
needs of the screen user. 

In add ition to the basic optical coating for rear project ion 
screens, there are accessory coatings for special appl ications. 
One of these is a special anti-glare coating designed specifically 
to eli minate ambien t lighting reflections for impinging upon 
the protected image and interfering with the viewer's abil ity to 
read the image shown in Figure 5. 

At the same time, the anti-glare coating can provide a 
screen with a very hard, durable finish that can withstand 
considerable physical abuse. Such hardness also qualifies the 
screen as a working tool in that the surface can be written on 
with soft marking pencils and crayons. Certai n versions of this 
hard fi nish also permit the use of applied graphics and tapes 
without endangering the screen finish or optical qual ity. Even 
if screen req uirements do not necessitate using the screen as a 
tool, these accessory coati ngs are valuable as a protective agent 
against abrasion, chemicals, grease, and organic compounds 
that would otherwise attack the substrate itself. 
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Figure 5: A coating devised by Pane/graphic eliminates screen glare 
caused by bright ambient /iqhting. 

Physical Defects and Tolerances 

Chemical coating processes throughout industry are con­
stantly faced with the danger of air-borne dust and debris 
contaminati ng the fin ished surface. The rear projection screen 
industry is not excepted from these problems, and has set up 
certain visual standards that maintai n the screen production 
yields with a reasonable cost and selling price framework. The 
standards are directly re lated to the level of quality demanded 
by the user, and the price lie is willing to pay. 

The defects associated with rear projection screen manufac­
turing include such self-explanatory items as edge defect intru­
sion, minor scratches, high spots, voids, and so on. The accept­
ance standards are based on how many such defects per square 
foot of screen area are allowable when related to end use. 
They wil l be outlined in the suggested specifications appearing 
later. 

Applied Graphics 

Applied graphics are markings applied to the screen surface 
at the specification of the screen user. They may be flow 
charts, line drawings, legends, boxes, symbols, cropping marks, 
etc. Colors in either opaque or transparent form may be spec­
ified in almost any color combination. The screen manufactur­
er can advise on size and color li mi tations, if any, at the time 
of initial pricing. 

Suggested Specifications for Rear Projection Screens 

For the sake of convenience, a set of specifications that are 
well within the production realm of today's screen manufac­
turers is listed below. Although not al l-inclusive, these specifi­
cations are a good starting point for the rear p rojection user. 

1. Optical Performance 

1.1 Resol ution - The image resolution capabi li­
ty at the screen face shall average 8 to 12 
lines per mm. 

1.2 Gain - The standard screen gain is to be 
approximate ly 3 as determined in the fol­
lowing manner. The gain is the ratio of the 
transmitted light on-axis through the screen 
when compared with the reflected light from 
a clean block of magnesium carbonate, white 
plaster, white chalk, or magnesium oxide in 
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the same physical position at 30° off the re­
flected light axis. Measurement should be 
made wit h a high quality foot-lambert 
meter. 

1.3 Angular Viewi ng -The luminance fall-off at 
30° viewing off the principle axis will be no 
more than 75% to 80%, such measuremen t 
taken from a central viewi ng point on the 
axis using a foot-lambert Spot Meter or 
equivalent rotated about the screen's vertical 
axis. The fa ll-off between the "on-axis" posi­
t ion and 30° on each side shall be relatively 
linear. 

1.4 Uniform Gain - The screen gain shall be uni­
form over the area of the screen withi n 10%. 

1.5 Hot Spotting - The screen shall not intro­
duce dis tortion or chromatic halo (hot spot­
ting) and shall be reasonably free of sci ntil la­
tion. 

1.6 Contrast - The screen shall offer sharp con­
trast, al lowing the viewer to read ily distin­
guish between blacks and whites. (If appro­
priate: The standard neutral gray screen shal l 
offer faithful reproduction of color images 
over the full color spectrum.) 

2. Physical and General Appearances 

2.1 The optical coating shal l be free of mottle or 
sags and offer a unifo rm surface texture. 
Both front and rear surfaces are to be free of 
scratches and blemishes which ,would other­
wise dis trac t from easy viewing when in 
operation. 

2.2 Border defect intrusion shall not extend in­
ward more than 0.10 in . from the edge. 

2.3 Allowable defects (per square foot) 
2.3.1 Related to a screen of nominal size (one 

square foot), the maximum number of 
spots is not to exceed three. Maximum 
size of lint mark shall not exceed .010 
in. 

2.4 The acrylic substrate and optical coatings 
shall withstand exposure to an ambient tem­
perature of -60°F to +160°F without evi­
dence of performance deterioration or me­
chanical deformation. 

Summary 

The technology of both the screen manufacturer and screen 
user is con t inuing to accelerate. The future needs of modern 
business, technology, education, and recreat ion wil l more and 
more turn to compact d isplays of data readily available in rea l 
and near real t ime. As the sweeping changes so prevalent in 
this past decade pass on to the future, much of the informa­
tion presented in th is article will be replaced with yet better 
and newly tailored rear projection screen techniques to meet 
yet unseen needs in information retrieval systems. • 

j. T. Miller is Operations Manager at Pane/graphic Corp., West Cald­
well, N.j. 
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there's two 
sides to 
every display 
panel ... 
and we make both of them 

We started by designing and manufacturing 
the display side of metal and pl asti c 
panels. As our skills grew in applied 
graphics and techniques for panels, cus­
tomers began to ask for more. Backlight 
it .. . eggcrate it . .. add printed c ircuits 
. . . harness it ... make it interface w ith 
the equipment . .. and on and on until 
we became specialists in solving total 
elect romechanical display problems. 

We'd like to send you a brochure that 
tell s you more about our Elect ronic Display 
Systems Division. Just write EDS, 
P.O. Box 254 West Caldwell , N. J. 07006. 

Or if you're in a hurry, 
call (201) 227-1500. 
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ID Readout 
Co mputer Sh ipments on Increase 

To computer manufacturers, 1971 was the year of discon­
tinuance, says P. j . McGovern, president of International Data 
Corp., Newtonville, Mass. "The computer makers had a net 
gain of only 60% in 1971, in contrast to 80% two years ago. 
U.S. users of EDP equipment retired or returned over $1.4 
bi ll ion worth of computers to their manufacturers. At the 
same time, they showed their basic confidence in computers 
by accepting nearly $4.3 bi llion worth of new computers to 
power existi ng and planned appl ications. 

"For the next two years, at least, our studies indicate that 
shi pments will again increase at rates of 18% or 19% rather 
than at the relatively flat levels of the last three years. At the 
same time, net yield will improve," according to McGovern. In 
effect, McGovern explains, shipments by U.S.-based computer 
manufacturers are headed up again and the rate of retirements 
has stabi I ized. 

Fl ight Train ing Control System 

Sanders Associates Inc. of Nashua, N.H., has delivered to 
CAE Electronics of Canada, the ADDS/900 system that wil l 
control a DC-10 flight training simulator for pi lots and flight 
engineers. CAE is developing the system for KLM Royal Dutch 
Airlines. 

Featuring two 21 in. CRT consoles, the Sanders system will 
be mounted inside the simulator wh ich has a hydraulical ly­
operated six-degree motion system. It will serve as the inter­
face between the instructors and the simulator's computer. 
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Boreseopes and 
Fiber Optie S~stems 

Greater Prec:ision Through 
lnc:reased Vision 

Fiber Illuminated Scopes both rigid and flexible have solved 
many problems in viewing inaccessible 

and non·destructive areas in: 

~llAII IIIlACUMIS 

~~··~· ~IHOUIJIIIU 

~-

For In/ormation about speclllc applicar;ons, send details 
~nd sketch of your requirements. 

contact ACMI INDUSTRIAL DIVISION 
1500 Bassett Avenue 

BRONX, NEW YORK 10461 
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Each display will dep ict a page of training information which 
can be selected from up to 500 pages of computer-stored data, 
including in-flight emergencies and failures. Using numbered 
function keys alongside the display, instructors can select any 
of 30 operational lines depicted on a page, directing the com­
puter to simulate the required conditions such as atmospheric 
situations, aircraft motion, weather conditions and the like. 

Each of the 30 lines may involve up to 15 items, all con­
trol led from one button, and depending on the available core 
memory, could involve up to 225,000 items. 

Auto mate d Utili ty Billing System 

The city of Richmond, Va., has automated its municipally­
operated uti lity bil ling system for water, gas an d sewer serv­
ices. The system wil l serve an estimated 110,000 customers 
including a large number of commercial clients. Single house­
hold customers will be bi lled for gas, water and sewer usage; 
commercial customers wil l be bil led for these services and also 
for suspended solids, BOD (biological oxygen demand} and 
fi reline services. The computerized system automates bill ing, 
processing of meter reading and service orders, credit and col­
lection and file maintenance. It renders one combined invoice, 
listing each service separately. 

13th Internatio na l SID Sy mposium 

This year's 13th International Society for Information Dis­
play Sym posium wil l be held on j une 6-8. Earlier it had been 
scheduled for May 23-25. The Symposium wil l be at the j ack 
Tarr Hotel in San Francisco, Calif. 

For more information about the Symposium, please con-

IASTRONICS CORP. 
PLANA R® 

ELECTRO LU MINESCENCE 

NEW EXCLUSIVE FEATURES: 

No t moisture sensi t ive. 

Avai lable having complex hole patterns. 

Larger sizes, presently up to 12" X 30". 

Continuous tone and I ine pictures without use of 
overlay. 

Avai lable in X-Y displays or 5 x 7 dot matrix on .375 
centers (2-5/8" characters) or larger. 

.Available in Alphanumeric characters up to 16 inches 
high (single lamp). 

I Astronics Corporation 
aOLID aT A T. l t.LUMINAT I ON 

300 French Rd., Buffalo, N.Y. 14227 
Tel. 716/675-2350 
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tact the Society for Information Display, 654 No. Sepulveda 
Blvd., Los Angeles, Calif. 90049, or phone them at (213} 
472-3 550. 

1972 IEEE Co nfere nce 

The 1972 IEEE Conference on Display Devices will be held 
on October 11-12, 1972, in the United Engineering Center 
Auditorium, New York City. The Conference is sponsored by 
the Electron Devices Group of the IEEE and the Advisory 
Grou p on Electron Devices. 

The program will cover al l of the disci plines re levant to the 
research, developmen t and design of electronic display devices. 
Among the areas of interes t are the fo ll owing: cathode ray 
tubes, solid state light emitters, plasmas, liquid crystals, lasers, 
holography, light valves and projection displays. Related topi cs 
such as drive address and control techniques, phosphors, fiber 
optics, electron optics, photochromics and cathodochromics, 
recording media directly applicable to displays, new phenome­
na, pertinent operational characteristics and measurement 
techniques are to be included. 

june 16, 1972, is the dead line for abstracts. Prospective 
authors must submit a comprehensive abstract approximately 
200 words long, appropriate to a 20 minute paper including 
discussion. The abstract must be written exactly as it may 
appear in the program of the Conference: complete with title, 
author(s}, company affiliation, city and state of company loca­
tion; on one side of a double-spaced typewritten page. Addi­
tional supporting material may be submitted at the discretion 
of the au thor. An original and 15 copies of all material should 
be sent to the address below. Late news papers wi ll be consid-

FLEXIBLE, EC 

Supply limited-first come, first served. Check the 
box next to the GE Vacuum Fluorescent Tube that 
meets your requirements. Typical applications: 
calculators. clocks. instruments, scales, timeJs. cash 
registers, control. etc. Fill out the coupon and send it 
to: General Electric Imaging & Display Devices, 
316 E. 9th Street. Owensboro, Kentucky 42301. 

ered if 75 word abstracts for ten minute papers are received 
before September 11, 1972. 

Mail all material to Louis N. Heynick, Physical Electronics 
Group, Stanford Research Institute, Menlo Park, Calif. 94025. 
Louis Heynick, the Conference technical program chairman, 
can also be contacted by phoning (415} 326-6200, ext. 3871. 

Applied Holography Course 

A three-day short course on "Current Directions in Appl ied 
Holography" wil l be presented j une 19-21 , 1972, in San Fran­
cisco under sponsorships of Continuing Education in Engineer­
ing and the College of Engineering, University of California, 
Berkeley. The course will meet at the Un iversity of Cal ifornia 
Extension Center. 

Both scientifi c and nonscientific applications wil l be cov­
ered with emphasis on commercial potential. Current capabili­
ties and limitations as wel l as anticipated developments will be 
discussed. 

Topics incl ude recording materials for holograph y, digital 
holography, holographic optical filtering, holographic stereo­
grams, holographic interferome try, acoustical holography, bio­
medical applications, holographic optical elements with appli­
cations to displays, holographic memories, commercial applica­
tions of memories and embossed holographic movies. 

j ohn Whinnery, professor of electrical engineering at 
Berkeley, is the UC faculty member in charge of the course; 
the program organizer is j oseph W. Goodman, associate profes­
sor of electrical engineeri ng at Stanford. 

Further deta ils are available from Continuing Education in 
Engineering, University of California Extension, 2223 Fulton 
St., Berkeley, Calif. 94720; phone (415) 642-4151. 

0 Y1938- dtsplays A.C.E.F.G,H.I.J.L,O.P.S.U 
and 0 through 9 

'Y1939-same as Y1938 but wtth decimal potnt 

'Y41 02 - displays number 1 with± and 
decimal point 

0 Y4075- same characteristics 
as Y1939 

•y 4105- same characteristics 
as Y4102 

COMPANY----------------STREET-----------------------
•Samples nor ottered on !his lorm 

CITY--------STATE--------ZIP·---------------
For l•lerarure on these. and the other 
types listed. use !he reader 
serv1ce card 

APPLICATION-------------------------------------------
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THIS SYMBOL REAFFIRMS OUR 
NO. 1 GOAL IN 1972: TO MAKE 

GENERAL ELECTRIC YOUR BEST BUY 
IN QUALITY. SERVICE, AND TOTAL VALUE 
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on the Move 
j. Kenneth Moore has been ap pointed general 
manager of Electronic Systems for CBS Labora­
tories, a division of Col umbi a Broadcasting 
System Inc., Stamford , Conn. 

Charles R. DeNet has been appointed merch an­
dising manager of Bell & Howell consumer elec­
t ro nic products, Skokie, Ill. 

Fred L. Gagnon appointed vice president­
enginee ri ng for Kollsman Instrument Corp., 
Syosset, N.Y. 

Gagnon Rosenberg 

Milton Rosenberg elected to the board of di­
rectors of Computer T ransmission Corp ., Los 
Angeles, Calif. 

William T. Altmann has joined the Business and 
Ind ustry Div. of Bunke r Ramo Corp., Trum­
bull, Conn., as di rector o f mar ke t p lan ning, a 
newl y created position. 

SEACO Computer-D isplay Inc., Garland, Tex., 
an noun ced the following appointments: 
William M. Cramer, president and chief execu­
tive office r; and board of directors members 
William M. Cramer, james Loras an d john 
Schrock . 

Inte rn ational Data Corp., New to nville, Mass. , 
appointed joseph L. Levy director of eastern 
region marketing. 

EMR Compu ter, Minneapoli s, Minn., announces 
the fol lowing ap pointments: Arthur Mintz, gen­
eral manager of EMR Compute r; Samuel N. 
Begg, district sales manager of Pittsburgh offi ce; 
Kenneth G. Westra , application analyst in Wash ­
ington, D.C., o ffice; and Norman H. Pe tersen , 
app lication analyst in Chicago distric t office. 

Ch icago Miniatu re Lamp Works, Chicago , Ill. , 
appointed Donald Tarver LED product mana­
ger. 

Blaise Cacciola named production manager and 
Raymond V. Marchant named manager o f 
p roduct e ngi neeri ng at lncoter m, Marlbo rough, 
Mass. 

j erry L. Koory appointed chairman of the Joint 
Co mp u ter Conferences Committee of the 
American Federation of Information Pro cessing 
Societies Inc. , Montvale , N. J. 

The TNT Electron ics Div. of TNT Communica­
tio ns Inc. , New York, announces the appoin t­
men t of Herbert H. Marx to the post of director 
of marketing. 

... best source for CRTS 
for all commercial, industrial, 
and military applications 

COMPUTER DISPLAY CONSOLES 

CHARACTER READERS & FILM SCANNERS 
DESK TOP CALCULATORS 

HEAD-UP. RADAR AND OTHER AVIONICS 
DISPLAYS FOR SEVERE ENVIRONMENTS 
RESERVATION COUNTER TERMINALS 

HIGH RESOLUTION PHOTORECORDING 
AND PHOTOCOMPOSITION SYSTEMS 
MEDICAL ELECTRONICS MONITORS 

PROJECTION AND SIMULATION SYSTEMS 

OSCILLOSCOPES & STUDIO EQUIPMENT 
AIR TRAFFIC CONTROL AND 
GROUND SUPPORT OISPLA YS 

OEM Discounts 
Available 

Simultaneous 
Digital 
Printing 
and Analog 
Recording 

Lawrence Becker appoin ted directo r of pro­
gramming and systems for Quante! Corp., Hay­
ward, Calif. 

Snyder-Data Inc., Beverly, Mass., a nnounces the 
appoin tment of William K. Goolishian as execu­
t ive vice presiden t and Alan M. Horlick as vice 
p resident. 

Emil W. Milan joins Eastman Kodak Co., 
Rochester, N.Y., as patent atto rney at the 
Kodak Park Div. 

Emil G. Nichols named director of marketi ng 
for DuMont Electron Tu bes Div. of Fairchild 
Camera & Instru ment Corp., Clifton, N.J. 

Herbert Freeman has been named chairman of 
the program comm ittee for the In ternational 
Federation for In forma t ion Processing Congress 
74 to be held in Stockholm, Sweden. 

Freeman Shaw 

Peter j. Shaw has been named manager of spe­
cial p rojec ts for Science Accessories Corp., 
Southpor t, Conn. 

THOMAS E L E CTRONICS, INC. 
" , r n r- ,.,. ~ ., ,( •, \' ·~r • r 1 ' , ,•,, • • q 1 • • ~ • ;iii @ CORPORATION 

340 Fordham Rd .. Wilmington. Mass. 01887 (617). 658-5500 710-347-6938 
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Information Display 
Published bimo nthly by 

Informa ti on Disp lay Publ ications, Inc. 
825 S. Barrington A ve. (213) 826-8388 

Los Angeles, Cali f_ 90049 

{Correspondence regarding feature articles, ad­
vertising, reprints and nonmembership subscrip­
tions should be directed to the above address./ 

EDITORS & PUBLIS HERS .. . .. Hal Spector 
Marti n Waldman 

ED ITOR IA L CHA IRMAN ...... R. L. Kuehn 
FEAT URE EDITORS . . . ... . .. . . T. S im kins 

C. Schmid t ........ .... .. .... M. Farley 
ED ITORI A L COORDINATOR ... B. Atch ison 
PRODUCTIO N MANAGER . .... C. Camb urn 
CIRCULATION MANAG ER .... P. Goldberg 
BUSIN ESS MANAGE R . . ....... S. Graham 
ADVERTISING .... ........ Donald Meeker 

CLOS ING DATES- Editorial closing date is 
firs t of mo n th preceding mon th of issue. Ad ve r­
tising c losing is first of mon th preceding mon th 
of issue. 
CHANGE OF ADD RESS notices should be sent 
promptly; provide o ld mailing label as well as 
new address; include ZIP code or postal code. 
Allow two months for change. 
SUBSCRIPT IONS for U.S. , its territories, pos­
sessions and Canada: $20 per year; $35 fo r two 
years; $45 for three. Single copy price, $4.00 . 
Foreign countries: $40 per year; $70 for two 
years; $90 for three years. Compl aints concern­
ing no nreceipt of magazines must be made 
wi thin four mon ths of issue ma iling date. 
EDITORIA L CO NTRIBUTIONS must be ac­
co mpanied by s tam ped retu rn envelopes and 
will be handled with reasonable care; however, 
publishers assume no responsibility for safety 
o f ar twork, photographs or man uscripts. Every 
precaution is taken to ensu re accuracy, but the 
publishers cannot acce pt responsibi lity for the 
correc tness or accuracy of the info rmation sup­
plied herei n or for an y opinion exp ressed. 

Guide to 
contributors 

1. Copy is to be typed, doub le spaced, on 
white paper. 
2. Numbe r manu script pages consecu t ive ly. 
3. Arrange material in sequence: first cover 
page containing your name and title of pape r, 
summary page next, fo ll o wed by m anuscript, 
and ending with reference page in wh ich pre­
viously numbered refere nces are identi fied. 
4. Refer to graphs, diagrams, illus t rations in 
tex t as Figure 1, Figure 2, etc. Identify material 
on back, and include your name. 
5. Send recent "mug sho t," wearing business 
suit with sh irt an d tie. Please write your name 
o n back of pictu re. 
6. Enclose recen t and brief resume, listing edu­
cati o nal background, job affil ia t ions and t itles, 
pro fessiona l acco m pl i s hm e n ts , and 
professional/ tech nical membersh ip. 

© 1972 BY INFORMAT ION DISPLAY PUB­
LI CAT IONS, INC. A LL RIGHTS RESERVED. 
REPRODUCTION IN WHO LE OR PART 
WITHOUT WRI TTEN PERMISS ION IS PRO­
HIBITED. 

CONTROLLED CIRCU LAT IO N POSTAGE 
PA ID AT LOS ANGE LES, CALI FORN IA 
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ENI FIER PC 
FACEPLATE WOULD LIKE 
TO MAKE SEVERA 

Video displays, for one. 
And business machine readouts. 
Cockpit annunciators. 
Advanced facsim ile equipment. 
We make more FO Faceplates than 
anybody - from 3" to 12"! We 
make them better, faster, and del iver 
them sooner, too . 
With more options- increased 
contrast, hard copy, off-axis filter 
characterist ics. 
And for less money. 
Really. 
There are probably several things 
we could clarify easily for you . 
Just ask. 

Contact: The Bendix Corporation, 
Electro-Optics Division, Marketing Dept. 
Galileo Park, Sturbridge, MA 01518 
(617} 347-9191 . 

g 
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GLASS 
Many users choose glass 
because of its durability, 
ease of cleaning, maxi­
mum scratch resistance 
and stability. 

ACRYLIC 
Preferred in specific in­
stances, acrylic is break­
resistantand lightweight. 

LEN SCREEN 
REAR PROJECTION SCREENS 

OFFER YOU: 
• Selection of Gain Ranges 
• Excellent Resolution 
• Moisture Resistance 
• A variety of thicknesses 
• Custom cut sizes 
• Neutral gray 
• Choice of colors 
• Polished or No-Glare 

finish 
• Hy-Dur finish available 
Te chnica l A ss istance and 
Da ta A vailable upon Request 

POLACOAT, Inc. 
9750 CONKLIN RD. 

CINCINNATI, OHIO 45242 
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New Literature 
AFIPS Survey 

A s ummary report of the 1971 American 
Federation of Information Processing Societies 
(AF IPS) Person nel Survey of the membership 
of 13 national professional societies in the com­
puter and information processing fie ld is now 
avai lable from AF IPS, Montvale, N.J. The eight­
page report contains statistical analyses of: 
membership in participating socie ties; age, sex 
and race; degree levels and source of informa­
ti on processing training; yea rs of experience in 
the information processing field; size of em­
ployer; number of years with present organ iza­
tion; number of employers worked for since 
entering the field; geographic distribution of 
work location; and salary di stribution by per­
cen tage. 
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C ircuit Ha n d le r 

A four-page brochure describes the IC-2500A 
integrated circuit handler, recently in troduced 
by Integrated Mechanical Systems Inc., Minne­
apolis, Minn., a subsidiary of Computest Corp. 
The brochure contains summary sections ex­
plaining the advantages, operation and capa­
bilities of the handler, which is designed for 
automatic feeding, contacting and sorting of 
dual-in-line packaged devices (D IP's). Overall 
handler specifications and drawings of the de­
vices are also included in the brochure. 
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Random A ccess Memories 

Sol itron Devices Inc. of San Diego, Calif., has 
released data sheets covering six 64 x 4 bit 
static and dynamic random access memories. 
The included static RAMS are: UA2264, 
UA3264, UA3864, UA 2664 and UA3664. The 
dynam ic RAMS are: UA2164, UA3164, 
UA2764, UA3 764, UA2564 an d UA3564. The 
features, operation characteristics, and availa· 
bility of each unit are di scussed in th e data 
sheets. 
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Computer Graphics 

Dynam ic Graphics Inc., Berke ley, Cal if., has re· 
leased a 14-page study enti tled "Computer 
Graphics, an Emerging Tool in Architectu ral 
and Urban Design. " The book describes a com­
puter graphics project recently completed in co­
operation with Skidmore, Owings & Merrill of 
San Francisco. The project required the genera­
tion of a series of perspective vie w drawings of 
a proposed townhouse development from the 
architec t's original site pl an and elevation draw­
ings. Original source data and all perspective 
view drawings are p resented, a long with a histo­
ry of the project and a detailed description of 
how it was ca rried out. 
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Display Storage Tubes 

An illustrated 52-page booklet provides infor­
mation on disp lay storage tubes (DST) . T he 
booklet includes background information on 
di splay storage tube operation and t heory, ap­
p I i cat ions da ta and a catalog of standard 
Westinghouse DST types and specia l tube de-

sign services. Provided by the Electronic Tube 
Div. of Westinghouse Electri c Corp., Elmira, 
N.Y., the bookle t provides technical informa­
tion on the principles of DST operation and 
inc ludes chapters on handling precautions, con­
trolling image brightness and improving display 
storage tube performance. The catalog sections 
provide a I isting of available standard DST 
phosphors and include a DST reference chart 
showing performance charac teristics of stand­
ard Westinghouse tubes. 
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Switchl ights & Indicators 

A series of single·lamp, illuminated pushbu tton 
switches and matching indicators are described 
in Bulle tin 73 issued by Con trol Switch Inc., 
Folcroft, Pa. Designed and pri ced for commer­
cial and industrial applications, the 168 units 
shown include bushing an d snap-in mounting 
styles with self-aligning lenses that won't seat 
unless lamps are in playe. In addition to techni­
cal spec ifications, the bulletin contains part 
numbers for all combinations of swi tch actions 
and c ircuits, lens styles and colors, mounting 
methods etc. 
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Parallelism in Computers 

Prentice-Hall Inc., Englewood Cliffs, N.J., an­
nounces Parallelism in Hardware and Software, 
a 51 2-page book by Harold Lorin. Examples 
an d non-mathematical language give keys to the 
problems of designing or programming high per­
formance systems, developing compilers for 
highly parallel machi nes, designi ng mu ltiproc­
essing hardware and mu ltiprogramming soft­
ware and determinin~: >Y> tcrn> ~:oals. Con ten ts 
include the following general topics: Funda­
mental Concepts of Coexistence in Ti me, High­
Speed Single-Stream Systems, Multiple Ma­
ch ines and Multip rocessing. 
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Power Line Stabilizer 

Georator Corp., Manassas, Va., announces the 
distri bution of literature outlining the com­
pany's 60 to 60 Hz power line stabilizer. Units 
detailed incl ude a 3 phase, 60 Hz, 230/460 V, 
1800 rp m brush less synduc tion motor; a 3 
phase , 60 Hz, 230/460 V, 1800 rpm induction 
L.S. motor; and a 1 phase, 60 Hz, 1 15/230 V, 
1800 rpm, CAP, start indu ction L.S. mo tor. Ta­
bles list the various in puts fo r 0.5-5.0 kVA ou t­
puts in graduated steps for each of these units. 
Similar information is given for the larger 
brushless synduction mo tors. 
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Indica tor Ligh ts 

A four-page brochure by the Eldema Div. of 
Geni sco Technology Corp., Compton, Cal if., 
detai ls the BD Series B-Lites, CD Series C-Lites 
and ED Series E-Lites, all sol id sta te indicator 
lights. Designed fo r a range of requiremen ts in 
both mil itary and commercial applications, the 
brochure emphasizes and illustrates the design 
charac teristics incorporated in each series. The 
brochu re incl udes schema tic drawi ngs for each 
series as well as full inform ation on how to or­
der by lamp number of lens shape, lens color 
and finish. Desc riptions of materials and resist­
ance are also provided. 
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BRAUNBECK-Continued from page 20 

to t he reader. If t he d escription matches none o f t h e stored 

d escript i ons, the reader will tra ns mit a s ignal of non­

recognition , and t h e c haracter is rejected . 
Complex characters, such as those of standard font OCR-8, 

can no t b e represen ted b y horizontal o r vertical strokes a lone. 
For recogni tion by m ach ine t h e entire c haracter image must be 
processed. The signals, corresponding to the character and 
gained thro ugh serial, semi-para llel or f ull y parall e l scann ing, 
a re used in assem bling th is character into an "electric image". 

Imagine a rectangu lar a rea fit ted with switches instead of t il es. 

Each o ne o f t hese ligh t-sensitive e lectronic switches is now 
turned on or off depending on whether its associa ted pic ture 
element is white o r black. T he ideal form of a definite charac­

ter class which is to be recognized will result in certain selected 
switches to be turned on. T he floating ends of all appertaining 
resistors are connected to a bus. A "resistor matrix", this being 

the technical term, of thi s k ind is bui lt up not only for one 
sing le charac ter class to be recognized but for al l o f t h em. 
From t h e fund amental laws of e lectrica l engi neering it fo llows 
that the res isto r m a trix in w h ich most of t h e resistors w ere 
switch ed o n sh o w s t h e highest voltage between its te rmina ls. 

Character Long Short Horizontal strokes 
vertical stroke vertical stroke 

Figure 6: S trol?e analysis. 

T his is ver ifi ed by co nnecti ng t h e resistor m a trices to a so­
ca lled maximum fi lter. T he ch a racter correspond ing to the m a­

t r ix wi th t h e h ighes t voltage is routed by the reade r to t h e 

follow-up device. If several resisto r matrices a ll y ield m ore or 
less equally strong vo ltages, the c ha racter is rejected. 

The m a tri x reader can read characters of any sh ape. There 

are no specific requirements with regard to sty lizatio n except 
t hat characte r p a irs may not b e too muc h a like . However, the 

matrix reader can only read one spe cific kind of type fon t. A 

reader cap ab le of readi ng a la rge number of typ e fonts , tech ni ­
cal ly known as a multifont read er , u suall y o perates on ano ther 

p ri n ciple . 
A form e lement read er is a f u r the r stage in the d evelopment 

o f stroke analysis . The character to be recogn ized is examined 

as to t h e occurrence of fo rm elements. In addition to horizon­

tal an d verti cal strokes there are curvatures, hooks, o p e n arcs, 
closed arcs, inden tation s a nd o t her form e lemen ts . The fo rm 
e leme n t reader is the most ve rsatile but a lso the m os t complex 

a nd exp en sive of al l r ead ing machines . 
In summing up it may be said that th e an swer to the ques­

tion of whether a definite font can be read by m achine is 
almost always in the affirmative today . T he question concern­
ing us no w is o n e of d es ign complexity in volved in reading a 

definite font. • 

Dr. joseph Braunbech, formerly of Hochhaus, West Germany, is now 
wor!?ing on a highly spec ialized compu ter sy stem in Vienna, Austria. 
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FREE YOKE SELECTION KIT 
Information you need t o know about s elect­
ing and s pecifying a precision yoke fo r your 
CRT disp lay. In dicates the inte raction 
between c irc u itry, CRT a nd yoke. Includes 
an application checklist t o s implify your 
work. Send fo r you r kit. 

SYNTRONIC INSTRUMENTS, INC. 
100 Industrial Road Addison, Ill. 60101 (312) 543-6444 
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CATHODE 
RAY TUBES 
WE OFFER YOU TECHNICAL ABILITY FOR 
ANY SPECIAL CRT AND DISPLAY SYSTEM 

CRT 
FIBER OPTIC FACE 
BACK PORTED 
MONOSCOPES 
HIGH RESOLUTION 
CUSTOM GEOMETRIES 

PHOSPHOR SCREENS 
ELECTRON OPTICS. 

SYSTEMS 
FLYING SPOT SCANNERS, 
MONITORS, FIBER OPTIC 
PRINTERS, DATA TERMINALS. 

DESIGN - DEVELOPMENT -
PRODUCTION - TUBES AND 
SYSTEMS. 

M. SADOWSKY S. CARLISLE P. KEEGAN 

SPECIAL PURPOSE 
TUBE COMPANY 
14746-C RAYMER ST., VAN NUYS, CA. 91405 

Tel. (213) 989-4610 
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COMPUTER 
GRAPHICS INPUT 

TERMINAL 
If you need a sensible, eco­
nomical, accurate and easy to 
operate graphic digitizing 
terminal, we at the H. DELL 
FOSTER CO. would like to 
talk to you about the RSS-
4 DP/S-R Computer Graphics 
Input Terminal. 

The bas ic system in cludes the fol­
lowing standard features: 

• A 36" X 42" digitizing area. 
( Larger tables are avai lable.) 

• Rotary optica l encoding system. 

• .001" digitizing reso lution. 

e ± . 001" digiti zing accuracy and 
repeatabil ity. 

• Six digits and sign in each axis. 

• Area measurement capability wit h 
t he Digita l Planimeter. 

• X-Y scal ing capabi lity. 

• ASR-33 T eletype and interface 
for recording capability. (Other 
recording devices and interfaces 
are availabl e.) 

• A basic system p rice under 
$10,000. 

Let us give you further deta ils on 
this second ha lf of the computer 
graphics sto ry at H. DELL 
FOSTE R CO. Call us. Let's talk 
about it. 

H. DELL FOSTER CO. 

San Antonio Office 
14703 Jones- Maltsberger Road 

Route 10, Box 239 
San Antonio, Texas 78216 

Telephone: 694-3476 Area Code 512 
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ID Products 
Counters 

Natio nwide Electric Systems Inc., Itasca, Ill . , is 
releasing its CT1 220 line of electronic counters. 
The CT 1 220 series is o b tainab le from two to 
se ve n digits in either uni-directional or bi· 
directional counting capabil ities, all contained 
within the 1% x BY, x 9 in. cabinet. T he com­
pany states the units are designed by the modu­
la r systems concept and are all solid-state in· 
corporat ing MS I and LED readouts. Op tional 
logging capabilities allow the logging (e.g. on a 
teletypewriter) of the con tents of the coun ter. 
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Hand He ld Calculator 

Burroughs Corp., Electronic Components Div., 
Pl ainfield, N.]., announces a Panaplex II panel 
display designed specifically for hand held cal-

/:: r~: ,c: ;.:: :: // :: i / i: - .-. - .-.. -·.- .. .. . 
- . 

cu lators and small instru ments operating from 
battery power. Accord ing to Burroughs, the 
uni t has a n 0.209 in. character height, a nd the 

NEW 
SPECTRA~ 1980 
PRITCHARD'" PHOTOMETER 
• MI CRO· OR TELE·PHOTOMETRY • LIGHT 
MEASURING VERSATILITY • DIR ECT READING, 
AUTO·COM P''"' • DIGITAL READOUT • 2' to 
3.2• MEASURING FI ELDS • LARGE BRIGHT 
FIELD-OF·VIEW • GREATER SENSITIVITY • 
HIGH ACCURACY 

PHOTO @ RESEARCH 
A D•v•s•on o f KOLLMORG EN Corporation 

3000 N. Ho ll ywood Way • Bu rbank. Cali f. 9 150 5 
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size of the eight digit panel is 2.65 x 0.69 x 
0.197 in. Power consumption is 0.25·3.0 mW 
per segment, depending on the brigh tness need­
ed. It is a 170 Vdc gas discharge display device, 
but the panel structure all ows the an odes to be 
driven with voltage swings an d current compati­
ble with presen t MOS techn ology. 
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Clamper/ Damper Rectifiers 

High vol tage single junction silicon rectifiers 
with selected recoveries a nd PIV 's to 1500 V 
are availabl e from Genera l Instrument Corp., 
Sem iconductor Div., Hicksville, L. l., N.Y. Ac­
cording to General Instru men t, these devi ces 
are su itabl e for use in clampi ng and damping 
app licat ions in the hori zontal deflection system 
for TV and CRT circuits. The maximum aver­
age forward current rating at 50°C is 1.5 A 
with a 1 V maxi mu m forward drop at 1 A and 
25°C. 
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Graphic Display Terminal 

The Conographic Corp., Cambridge, Mass., an· 
nounces t he in troduction of the Conograph/1 0, 
a graphic display terminal. Conograph y uses 
conic sections said to produce any curved con­
tour regardl ess of its ma thematical function. 
The company claims the generator can d irectly 
tra~sform parameters, allowing translation, ro­
tation, and deformation to be performed on a 
graphic image without the need to access any 
other data base. Cu rves can be manipula ted un­
til the desired wave·form is attained . 
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READOUT 
DISPLAY 

MAJOR 64 READOUT 
Computer driven readout displays of pic­
torial, graphic or language text material 
.. .fill ing the gap between complex CRT 
and limited dot and ba r type d isplays. 
Major 64 incorporates self decoding 
scheme and high speed random access. 

Major 64 projection readout may have 
64 messages with each message having 
up to 120 characters. Standard unit 
complete with 64 ASCI I set symb ols. 

VV':\ MAJOR DATA 
~ CORPORATION 

1796 Monrovia Ave. Costa Mesa, Calif. 

Tel. (7141646·2455 92627 
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Roll Film Liquid Gates 

Space 0 p tics Research Laboratories Inc., 
Chelmsford, Mass., is su pply ing roll film ver­
sions of its fixed and ad justable liquid gates. 

The manual film transport system of th e gates 
allows the user to reverse direction a t will and 
conver t to automatic d rive, according to the 
company. The transport mechanism handles up 
to 100 ft of any film less th an 4Y, in . wide and 
the gate can accommodate any glass pla te or 
fi lm up to 4 x 5 in. The roll film models have 
all the features of the stand ard SORL gates in­
clud ing ind ex-matching fluid an d P-grade 
Schlieren windows. 
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Color Graphic Display 

Ramtek Corp. , Palo Al to, Calif., has developed 
a standard line of raster scan graphic displays. 
The GX·200 with an al l solid state memory is a 
stand alone or cl ustered graphic disp lay system, 
accord ing to Ramtek. Sixteen 4-color or e ight 
8-color chan nels can be clustered and share a 
common com puter interface. Standard features 
include end point vector generation, multi-size 
alphanumerics, complex graphics and one bi t 
memory for every bit d isplayed. 
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Status Display Module 

Up to six captions can be evenly and individual· 
ly illum ina ted with Dial ight Corp.'s s tatus dis­
play module. Dialight of Brookly n, N.Y., s tates 
separate light-emitting diodes are individually 
con trolled to light up each caption and these 
LEOs are partitioned by adjustable barriers. 
Gallium phosphide LEOs are the light source, 
hence, the captions are illumi nated in red. The 
housing to the display can be disassemb led to 
provide access to the legend and the light barri-

• ers. 
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Fly ing Spot CRT 

A flying spot ca thode ray tube with a 30 s 
warm·up time and a 10 dB increase in SNR has 
been in t raduced for use in color slide scanners 
by Rank Precision Industries Inc. , Des Plaines, 
Ill. Accordi ng to Rank, the CRT provides the 
advan tage o f having the af te rglow vi rtually in­
dependent of beam current and scann ing speed. 
In addi tion, afterglow con trols ca n be preset at 
the ti me of instal lation withou t re quiring read· 
justmen t even afte r tube replacement. 
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Keyboard-Disp lay Unit 

A self-con tained solid s tate keyboard-display 
un it is annou nced by UniComp Inc., North­
ridge , Ca lif. The Model 522 conta ins keyboard 
C RT display, memory, power supply and com: 
muni cations interface and can be substi tuted 
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di rectly for teletype equipment. The company 
c laims the unit features selectable transmission 
rates to serve low and medium speed time· 
sharing as well as h igh·speed commu ni ca tions 
(11 0, 150, 300, 600 or 1200 band as well as 
9600 b.p.s. and higher). 

Circle Reader Service Card No. 35 

CRT Character Generator 

Kenics Electronics Inc., Stoneham, Mass., 
makes available the B-1 03 11 20 bit bipolar 
ROM LSI circui t, designed to sim plify the 
making of high speed information displays. The 
fi rm claims the B-103 generates 32, 5 x 7 dot 
code ma tri x characters ; Schottky diodes fo r an 
access time of 70 ns. ty pical; and five inputs. 
each capable of sin ki ng 20 ma at 0.5 vol ts. T he 
B· 103 ROM pair is designed for CRT d isplay 
systems where high speed and high character 
density are required. 
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Read-Only Memory 

Colli ns Radio Co., Newport Beach, Calif., intra· 
duces the MOS/LSI read-onl y memory system. 
Collins c laims the system includes a 2560-bit 
memory matrix wi th full address decoding; DC 
outp ut storage register and memory expansive 
capability; organization of 256 words x 10 bi ts, 
256 x 9 and 256 x 8; access time of 800 ns.; 
operating temperature range of -55 to +1 25°C 
and po wer su ppl y of 5 volts ±0.5 volts an d 
-12.0 ±1 .0 volts. The unit is available in either 
flat pack or DIP. 
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Diode Array 

Monsanto Co., Cupertino, Calif. , announces the 
availabi lity of a four light·em itting diode array . 
The array co nsists of fou r galliu m-arsenide­
phosphide chips on a gold-plate Kovar lead 
f rame and is intended for ind icator panel and 
printed-circuit board applications. Accord ing to 
Monsanto , the array is b right, with each diode 
having an output of 750 foot- lamberts w ith an 
input of L6 volts DC a t 20 milliam peres. 
Individu al arrays can be assem bled end-to·end 
into larger arrays. 
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Readout Array 

Major Da ta Corp. , Costa Mesa, Cali f., intro­
duces the A-20 series Read out Array , an acces­
sory to the Major 64 Readout Display li ne. The 

readout array is ex pandable from 2·20 Major 64 
readou ts. Th is allows the use r to se lect 1,280 
different messages, according to Major Data. 
Ea c h message can have 120 characters or 
symbols. The A·20 units are insulated an d can 
be stacked, s tood alone or mounted beh ind a 
panel. T he uni t permits access to any of the 
Major 64 Readout uni ts in the array. 
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LARGE FLATBED 
DIGITAL PLOTTER 
The H. DELL FOSTER CO. is 
proud to introduce the newest 
member of its fine computer 
graphics team, the RSS-700 
Automatic Digital Plotting 
System. 

Check t hese qualifications against 
those of any other plotting system : 

• D.C. printed circuit motor drive 
with digital optical encoder feed­
back to simulate stepping motors 
with variable step size. 

• Many rea l-time mathematical cal­
culations hard-wired in the system 
controller to appreciably reduce 
computer time. 

• Operational software included in 
system price. 

• Complete add-on graphic digiti z-
in g capabi lity . 

•42" X 72" plotting surface. 

e.0005" resolution . 

• ±. 00 1 " accuracy and repeata­
bi lity. 

•Numerous, optional 1/0 devices. 

eBasic syste m pric e - under 
$50,000. 

Sound li ke a useful a ddition to o ur 
team? We think so too. For more 
detailed information, contact us at 
the address or number below. We' d 
like to really get into it with you. 

H. DELL FOSTER CO. 

San Antonio Office 
14703 Jones - Maltsberger Road 

Route 10, Box 239 
San Antonio, Texas 78216 

Telephone: 694-3476 Area Code 512 
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CONSULTING 

Are you using consultants, consulting, or 
planning a consulting career? Keep up-to­
dote on what;~ going on in the real world 
of co n s u I t i ~ g: ethics, contracts, names, 
news, case hidories, fee structures, ma rket­
ing of services, consulting economics, a nd 
much more. Subscribe to CONSULTING 
NEWSWORLD. 

Read and use its Consulting Opportuni-
ties Sections 

• Consulting Contracts Open 

• Acquisition /practice) Wonted 

• Merger (of practices ) Wonted 

• Practice Wonted or For Sale 

• Consultant Wanted 

This concise and comprehensive bi­
monthly newsletter lies all facets of con­
sulting together for you. If you ore in any 
woy involved with the consulting world or 
with those in it, you will definitely benefit 
from read ing CONSULTING NEWSWORLD 
regularly. The newsletter is applicable to 
all fields, government agencies, specialties, 
institutions, and industries. 

Start yo ur annual subscription right away. 
Don•t miss this coming issue. Just write your 
nome and address on your check for $8.50 
and send it to : 

CONSULTING NEWSWORLD 
National Consulting Register 

P.O. Box 42576-W 
Los Angeles, Calif. 90050 
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Editorial 

Liquid Crqstals.. Dinosaurs? 
Are liqu id crystals destined to join the ranks of other inventions 

which were equally heralded as being all things to a ll disp lay designers? 
Assured that only minor improvements and volume production (to re­
duce costs) were needed, we were promised that the ultimate display 
e lement could be within our grasp. 

We must admit, however, that in the diverse world of d isplay applica­
tions, room has been found for virtually every light generation or mod­
ulation scheme proposed to date. Hence, we f ind the phenomena of 
gaseous d ischarge, e lectroluminescence, solid state light emission, pho­
tochromism, and many others -all utilized in one way or another to 
convey informa tion through the visual sense. 

The diffic ulty arises when a display can be characterized as being 
"equal to or better than commercial television." If color is a require­
ment the problem is compounded even further . A recen t survey asks 
why liqu id crystals have moved so sudden ly into t he forefront of d is­
plays after so many years of relative obscurity. Hopefu ll y the answer to 
this question goes beyo nd mere publicity despite earlier d isappoint­
men ts with other innovations. 

Not wishing to malign liquid crystal technology, we can assure the 
reader that d isplay devices based on nematic or any other simi lar effects 
offer considerab le promise to many aspects of d isp lay design - but not 
to all. Digital wristwatches and vest-pocket calcu lators complete with 
numerical display are severa l not-so-very-sma ll steps removed from the 
fu ll-color dynami c image wh ich is so readily accepted as commonplace 
in home te levision receivers. 

The ubiquity of the cathode-ray tube, for better or worse, is not 
easily overcome. There may very well be a place for an even larger 
number of devices than exists today. We must take pains to achieve a 
reasonable balance of enthusiasm for the you ng and new with accept­
ance of the proven and o ld. We can note in c losing that despite the 
advent of ill uminants such as the f luorescents, mercury, sod ium and 
xenon a rcs, the incandescent lamp sti ll burns brightly throughout the 
land. 

R.L. Kuehn 
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A SUBSIDIARY OF 

IEACI 

auto-trol 
oorpora.t;ion ... ~ ............ , 

Inter-Active graphics is the technical name. What 
it means is that Auto-Draft, a completely self-con­
tained hardware/software system, can turn out fin­

ished drawings in a fract ion of the time with greater 
accuracy than a whole room full of draftsmen. On top of that 

there's no time lost for runny noses, coffee breaks, or paid vacations. 
Basically, it produces finished drawings from rough sketches, photographs and other input mediums. The 
result is faster turn around time, lower costs, drawing standardization, and easy expansion as the work 
load increases. Auto-Draft can be used for general drafting, architectural drawings, mapping, generation 
of IC and PC artwork, mechanical drawing or just about any type of drafting application. 

The system is modular so you can start small and expand at an economical pace. People such as General 
Motors, Union Oil, AI can, Bell. Labs, Motorola, U.S. Navy, California Highway Department, U.S. Geological 
Survey and hundreds of others have used Auto-Trol equipment to satisfy their computer graphics needs. 
Call for an Auto-Trol Representative to survey your drafting requirements. 

AUTO-TROL CORPORATION • 6621 West 56th Avenue • Arvada, Colorado 80002 • (303) 421 -5670 

Denver, New Jersey, Atlanta, Los Angeles, San Francisco, Paris (EAC International) 


