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''At lunch today, I learned to use 
this progratntnable video generator. 

And still had titne to eat.'' 
While other RGB video generators 

take weeks to learn, ours take minutes. 
No digital training needed. No countless 
key combinations to learn. No need to 
use your PC unless you want to. Unlike 
other generators, Leader's have an inte
gral programmer (LVG-1604A and 
1603A) or are available with a program
mer unit (1601A). And you can get any 
of dozens of test patterns simply by 
touching one clearly 
marked key. 

All the 
functions 
you need. 

wide-band video transmission systems. 
Present or future. 

Analog, TTL and ECL outputs. 125 
MHz. 64-color capability. Storage of up 
to 200 display formats . Wide range of 
raster architectures, and most common 
test patterns with both stock and user
designed characters. Ability to change 
format conditions. These features are 
easy to learn-but hard to beat. 

Now you 
can choose. 

The LVG-1604A 
le ts you test even the 
most advanced high
resolution CRT's and S~~~~~a~l ~~:d1or 1Video Generator 

ca ures you need. 

You shouldn't pay 
for more functions 
than you need. So 
call us for a free 
copy of our full-line 
catalog. Pick the 
video generator 

that's right fo r you. Then, in just 30 min
utes, we'll show you how to use it. 
It'll be up and running before you finish 
your lunch. 

Call toll-free 

1 800 645 .. 5104 
In NY State 

516 231 .. 6900 

Leader Instruments Corporation 
380 Oser Avenue, Hauppauge, New York 11788 

Regional Offices: 
Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 

LEADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 
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Designing or 
buying 200MHz 
video monitors? 
We have a tool 
made just for you. 

Imagine yourself trying to design or 
evaluate a new color graphics monitor 
when the log ic to drive it is still eight 
weeks from working! 

With OPIX you can not only drive 
the monitor-you can create a full co lor 
graphics image similar to one your end 
product might produce- today! 

YOU have control of the syncs, the 
scan rate-the video image itself. Con
struct a test image that will help YOU 
best during the design or evaluation 
phase of your monitor. 
Here's what OPIX gives you: 
• 1.6-200 MHz pixel rate. 
• Selection of 256 colors from over 

16 million. 
• Text and graphics in the same image. 
• Non-volatile image storage. 
• RS-232 & I EEE-488 interfaces. 

With all this flexibil ity, you might think 
that operating OPIX has to be a night
mare. Actually, it's quite simple. You 
make changes by simply pointing to 
values with a button and "tweaking" 
them with a knob. OPIX "understands" 
the way a video display works-so it 
responds as you'd expect. 

If you have a project that needs a 
signal generator, we know you'l l l ike 
OPIX. Call us. 

( ·~~~!~~ i>A\Td® 
Elgin, Illinois 60123 
Phone (312) 888-0450 
Telex 206725 
FAX (312) 888-2802 

CALL US FOR A FREE VIDEO TAPE ON OPIX. 

Circle no. 2 Information Display 1188 1 



Size Wise! 
Smart new choice! 
A 35" autoscan color 
monitor for your 
video and computer 
applications! 

Now you can get bright, 
crisp images on a 35" 
diagonal color monitor! 

Mitsubishi's new AM-
3501R is the intelligent 
choice for your teleconfer
encing, presentation or 
other visual communica
tions needs. 

Mult iple video and audio 
inputs fulfill your video 
requirements including 
new S-VHS technology. A 
25-pin or separate BNC 
inputs interface with RGB 
sources with horizontal 
scanning capability from 
15- 35kHz. Also permits 
super-imposition of 
graphic data over video. 

A full 33-function 
wireless remote is 
included, too. 

Get the full story at 
your Mitsubishi Electric 
Industrial Video dealer 
or call 201-981-1414 for 
the dealer nearest you. 

For the sensible 
choice, be Size Wise 
with the AM-3501R 
from Mitsubishi! 

).. MITSUBISHI. 
Mit subishi Electric Sales America, Inc. 
110 New England Ave. WI Piscataway, NJ 08854 
201-981-1414 
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Cover: Elaborate 
flight simulators place 
an extra burden on the 

deflection amplifiers 
that drive them. Image is 

from the McDonnell Douglas 
Vital VII flight simulator. 
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otaiiCRTs 
are created equal. 

Equality is an appealing concept. 
But not in CRTs. 
Because in certain demanding 

applications, most notably in photo
recording, an ordinary CRT often 
will not be able to meet the required 
specifications. 

That's when you'll want the 
enhanced performance of a Litton 
tube. And the freedom it gives you 
from typical CRT problems. 

Freedom from blemishes. 
In medical imagery, a blemish or 
false shadow can be a life or death 
matter. To produce the most blemish
free screens available, we do all 
fabrication in a total clean room 
environment using exclusive phos
phor deposition techniques. 

Freedom from uneven color 
distribution. In color recording and 
film scanning, evenness of color is 
crucial. Litton is the only CRT man
ufacturer to develop a homogeneous, 
broad-band phosphor mix. This 
creates an absolutely even, full-color 
image without color hot spots. 

Freedom from poor resolution. In typesetting, equipment has been built that can project 
an entire magazine page from a 7-inch tube onto a magazine-sized piece of film with razor sharp 
resolution. That's because our monochrome screens are finer grained than the typical CRT. .. 

and because we offer the smallest spot size available. 
We offer fiber optic face plate CRTs with high optical 

coupling efficiency. 
And a real tour de force-a multi-beam gun technol

ogy capable of extremely high data recording rates and 
display density. 

Our full line of recording CRTs ranges from a palm
sized l-inch tube to a fulll4 inches and more. We can 

also design a CRT to your particular application. 
All this together makes a powerful statement. 

. And it explains why so many builders of high-performance systems carry the torch for 
L1tton CRTs. 

If y~:m have an application where resolution, 
cl~~nlmess, throughput and uniformity of color are L•tt 
cntlcal, contact Litton Electron Devices 1215 I an 
South 52nd St., Tempe, AZ 85281. (602) 968-4471 ------------ ---
TWX: 910 -950-0149. · Electron Devices 
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This month we loo k at the problems en
countered by two design teams working on very 
different high-performa nce displays. AI Pletz 
discusses the requirements for a high
performance deflection amplifier designed to 
drive CRT displays in aircraft simulators. In
creasingly , the makers of these simulators are 
demanding displays that can show a raster 
presentation on one part of the screen and a 
calligraphic, or vector, presentation on another 
part of the same screen. The customer is always 
right, but how does the engineer design a deflec

tion amp that does the job without consuming unreasonable amounts of 
power? AI tells all . 

Brian Rosen and Stan Kriz tell of the trials and tribulations of bringing 
the world 's highest-resolution commercial CRT monitor to market-and 
only one year later than planned. This monitor excited substantial com
ment at Electronic Imaging East '87 , held in Boston last November. 

And I describe a display with a 180° horizontal field of view, and the 
reasons its designers bothered. Those reasons are massive. The system of 
which the display is a part costs over $3 million, and it doesn ' t fly. 

We also have a book review by Gerald Murch, and H oward Funk' s 
column that identifies the essential articles you haven' t read. Well , I 
haven' t read them either. {There must be the nut of a New Year's resolu
tion there somewhere, but I don't think I want to find it.) 

- Kenneth I. Werner 
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Price reduction on 
video memories 

Colorado Video, Inc., Boulder, CO, has 
reduced prices across the board up to 
200Jo on its entire 490 series of video 
memories. These include single and multi
ple video frame stores, video subtractors, 
video scan converters, asynchronous video 
frame stores, and video multimemory 
recorders. In conjunction, Colorado 
Video announces the availability of an 
IBM PC interface package that offers a 
discount when an 1/0 module and a host 
adaptor are purchased together. The 
$1000 package also includes all necessary 
cabling, MS-DOS driver, and sample im
age processing program. For further in-

formation contact Cynthia Keen, Col
orado Video, Inc., P.O. Box 928, 
Boulder, CO 80306. 303/ 530-9580. 

Finlux and Hewlett-Packard 
sign supply agreement 

Hewlett-Packard Co. has signed a three
year purchase agreement with Finlux, 
Inc., Cupertino, CA. Under the agree
ment, Finlux will supply its MD512.256 
EL display to be incorporated into HP's 
3082A Industrial Touch ruggedized 
display terminal for CIM environments. 
HP chose the Finlux display for its view
ing contrast, compact size, and stable 
clear graphics. 

SAlT awarded contract 

SAl Technology (SAlT), San Diego, CA, 
a division of Science Applications Interna
tional Corp., has recently been awarded a 
$1.5 million contract by Warner Robbins 
Air Logistic Command. SAlT will design 
and develop a replacement Horizontal 
Situation Indicator for use in the Air 
Force's KC-1354 aircraft. The design 
will replace the existing analog elec
tromechanical design with new digital 
display technology. The first phase of the 
contract includes design and verification 
testing of an engineering model. The con
tract award allows the division to enhance 
its engineering capabilities and strongly 
positions it in a new area of avionic 
display. • 

MAKE FAST, COMPREHENSIVE, AUTOMATIC CRT MEASUREMENTS 
WITH THE SUPERSPOT 100 FROM MICROVISION 

CRT MEASUREMENT 
SYSTEM 

FROM 
MICROVISION 

The SUPERSPOT 100 System coupled with the 
SPOTSEEKER II Positioning System (with 
Automatic Focus) allows tully automatic 
characterization of Color and Monochrome 
CRT Displays without operator intervention. 

Measures: 

' . 

- JL 

~-lllll--1111111111111111111111111111111111-

• Luminance (Footlamberts & Nits) • Line Width, Including Color Line Width (Gaussian Fit) (1 Second) 
• Color Misconvergence (2 Seconds) • Linearity, Pincushion and Focus • Line Jitter, Swim and Drift 
• Contour Maps of Spots, Lines or Characters (10 Seconds) • Beam Landing & Crowding 
• FFT for Discrete Frequency Spectra (1024 points in one second) • High Voltage Regulation Tests 
• Real Time Display of Beam Intensity Profile (20 Frames/Second Display) • Disk Data Logging • MTF 

Provides: 

• Pattern Generation for Tests • Adjustable Cursors tor Feature Analysis 

MICROVISION • 591 West H "It A · 
ami on venue, Su1te 250, Campbell, CA 95008 • Tel: 408/374·3158 • FAX: 408/374·9394 
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I wouldn't want to appear presumptuous by 
comparing SID and my office to the U.S. 
government and the office of its President. 
Nevertheless, I suspect Ronald Reagan is also 
spending some of his time between Christmas 
and New Year's preparing his State of the Union 
message next month. In the case of our society, 
the news, as I see it, is all good and we certainly 
don't need a once-a-year opportunity to explain 
away missed goals, failed programs, or 
disagreements in directions. 

Our society remains strong and healthy, and 
it continues to grow steadily. In two weeks some 80 members of the 
program committee, all volunteers, will meet in Anaheim to arrange the 
final program for the SID '88 Symposium. Already we have received a 
record number of papers for this conference (158 at last count) and it 
promises to be a difficult task to select the best and newest papers for 
presentation at SID '88 (May 23-27 in Anaheim). Also, a record number 
of exhibitors are planning to display their products (73 companies will 
take 129 booths), leading to the safe prediction that this year's 
Symposium will again set new attendance records. 

The number of sustaining members has also continued to grow steadily 
this year and it is a real pleasure for me to welcome the new members 
every month when they join; our total now stands at 114. 

Not even the stock market crash this fall or the downward slide of the 
dollar seems to have affected us negatively. The policy instituted last 
winter of allowing chapters outside the United States to collect 
membership dues in local currency to be transmitted to the SID 
headquarters office has actually benefitted us in terms of U.S. dollars; 
we were lucky in this instance and it could have just as easily gone the 
other way. More importantly, however, this new policy, by making the 
dues payments simpler, seems to have encouraged more people to join 
SID; we now have some 315 members in Japan (a growth of 600Jo in one 
year) and some 104 members in the U.K. & Ireland Chapter. 

Our newest chapters in Canada and Dayton are doing well and had 
very active programs in the past year. We expect to receive a petition for 
a new chapter in the Detroit area at the board of directors meeting in 
January. Andy Lakatos has worked hard with the local members in that 
area who initially proposed the new chapter. 

Another major achievement this year is the publication of our new 
membership directory which is in the mail to all our members at the 
present time. It is a pleasure to acknowledge the tremendous efforts by 
Ron Feigenblatt in preparing this directory. 

The board meeting in January will be my last as president, and the 
nominations committee is now at work preparing a new slate of officers 
for election in the spring. The transition to a new set of officers will 
happen quietly, smoothly, almost unnoticed from the outside, because of 
the unselfish support of our active members. I foresee strong leadership 
and many dynamic years ahead for our society. 

- John A. van Raalte 
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High-performance 
deflection amplifiers 

BY ALFRED PLETZ 

LE ELABORATE real- time imagery re
quired in advanced CRT display systems 
is placing an ever-increasing burden on 
the magnetic deflection amplifiers that 
drive these CRTs. Nowhere a re the de
mands greater than in flight-simulator 
displays. Present trends in flight-simu
lation imagery require deflection ampli
fiers that have the dual capability of pre
senting images in calligraphic and highly 
linear raster modes. 

Deflection amplifiers 
for calligraphic displays 
Past and present flight simulators use 
calligraphic-mode C RT displays to 
generate the cockpit view of the outside 
world. A calligraphic C RT display creates 
an image by guiding the electron beam 
over the CRT's phosphor screen in any 
desired direction, much as a draftsman 
would draw with a pencil. Such displays 
are able to produce high screen brightness 
where desired by moving the electron 
beam very s lowly (or, fo r very bright im
ages, like runway strobe lights, keeping 
the beam stationary for the required 
amount of time). 

A lfred Pletz is vice president and co
founder of Citronix, Inc. , Carmichael, 
California, where he specializes in deflec
tion amplifier design. Mr. Pletz received 
his B.S. degree in electronic engineering at 
the University of California at Berkeley in 
1965 and his M. S.E.E. from Seattle 
University in 1968. Prior to joining 
Citronix, he was with CPS and Kaiser 
Electronics, where he designed CRT 
displays for military and commercial 
applications. 
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The calligraphic-mode displays are 
especially useful for producing nighttime 
images of cities and airport runways when 
a dual-phosphor beam-penetration CRT is 
used. The phosphor colors are usually red 
and green and are deposited one on top 
of the other. By changing the anode 
potential, o ne or the other or any com
bination of the two colors can be 
obtained. 

Drawing the best possible images on 
these displays requires a deflection 
amplifier of great linearity, high current 
output, and high power dissipation. The 
amplifier must generate a linear write rate 
that will produce a sufficiently bright line 
or picture. In large dual-phosphor beam
penetration CRTs, the phosphors will not 
generally produce sufficient brightness at 
rates greater than 2 in ./ J.LSec; it is the 
phosphor that limits the write rate, not 
the amplifier. 

~\;Jp-
INPUT .,. 
SIGNAL -: 

·~ ~\ DEFLECTION 
~YOKE 

f 
v 

Fig. 1: A typical linear deflection 
amplifier for calligraphic displays. 

Random jump-to times-the time it 
takes to jump from one point on the 
screen to another with the beam turned 
off-are less than write times because one 
can sacrifice linearity for speed. But the 
time is not very much less and poses no 
problem for deflect ion-amplifier design. 

Small-signal band width is an additional 
consideration . This determines how fast 
the linear write rate can be for a given 
visual reproduction of written characters. 
For instance, a sharp corner will be more 
rounded if the bandwidth is low .1 

All of these design considera tions resu lt 
in a system that typically requires a yoke 
with an inductance of 30 J.LH and the 
ability to accommodate +I - 10 A. The 
maximum linear wri te rate sho uld be on 
the order of 1. 3 A I J.LSec and the random 
jump-to rate on the order of 1.6 A I J.LSec. 
The small-signal bandwidth must be 
greater than I MHz. All of this dema nds 
a linear power amplifier or deflection 
amplifier that has an open-loop gain of 
about 60 dB , an output swing of 
+I- 50 V at +I - 10 A, and a fu ll
power bandwidth o f more than I MHz. 
The ampli fier must be able to dissipate up 
to 500 Wl axis . [See F igs. 1- 3.] 

Combined-format amplifiers 
Increasingly, users want their simulators 
to show realistic daytime scenery, which is 
outside the capabilities of calligraphic 
displays. High-resolution raster displays, 
which produce realistic scenery, have 
drawbacks for cockpit simulators. They 
can not offer the brightness range of 
calligraphic displays , and many pilots ob
ject to the staircasing in raster displays of 
horizon lines that are only a few degrees 
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Fig. 2: The small-signal frequency response of a calligraphic deflection amplifier. This 
is the actual response of a Citronix CD-100-8 amplifier driving a 30-J.I.H yoke. 

from the horizontal. 2 

The solution is to comhine the two 
types of display, but much higher perfor
mance is required from the deflection 
amplifier that produces calligraphic and 
raster formats in the same frame. When 
the amplifier is working in the calligraphic 
mode, no more is required of it than in a 
purely calligraphic application, but the 
situation changes for those portions o f the 
frame utilizing a raster presentation . 

The deflection amplifier can easily ac
commodate the horizontal-line trace rate 
since, in most cases, it is less than the 
linear write rate. The problem arises in 
the horizontal retrace time, which can be 
less than 3 J.I.Sec in some high-resolution 
raster presentations. In a deflection 
system like the one described for calli
graphic displays, a retrace yoke voltage of 
more than 250 V would be required . In
creasing one of the horizontal supply 

voltages to 260 V would increase the max
imum power dissipation to 2600 W. _ 
This change demands more complex cir
cuitry, and greatly increases the cost. 

A more efficient and cost-effective way 
of achieving fast retrace is to use a 
resonance flyback switch. Such a switch 
would remain on during the calligraphic 
mode and raster trace time. It would 
automatically open during the horizontal 
retrace [Fig. 4] to provide the required 
retrace speed [Fig. 5]. 

Linear raster 
deflection amplifiers 
When a highly linear 1000-line raster for
mat is required, the traditional resonance 
scan and retrace method can not be used. 
We can envy the efficiency of such a 
system, but geometry correction, offset 
control, and temperature stability are not 
possible with this system. In the three
c~lor CRT projection system used in 
modern fl ight simulators, the image on 
the CRT must be predistorted for it to ap
pear undistorted to the viewer at the 
designated eyepoint. T his is necessary 
because of the optical path the image 
takes before it reaches the viewer. The im
ages are usually projected from off-axis 
onto a curved screen. 3 To accommodate 
these requirements one can use the best 
parts of both deflection systems. For the 
horizontal axis one can use linear feed
back control during the line trace time 
and resonance flyback during the retrace 
time. To save on power dissipation, a 
nonsymmetrical power supply can be 
used: a higher voltage power supply for 
the trace voltage side and the lowest 
possible voltage supply for the opposite 
side. In a 1000-line raster system with the 
same deflection yoke and current re
quirements as previously specified, the 
supply voltages can be + 15 and - 35 V. 
The deflection requ irements for the ver
tical can be optimized with a larger yoke 
inductance of about 300 J.I.H. This reduces 
the yoke current to about +I - 3 A with 
a supply voltage of a bout +I- 15 V to 
accommodate the horizontal signal com
ponents for geometry correction. These 
optimizations reduce power consumption 
and production costs. To present a 
1000-line 2: I interlaced raster, the power 
dissipation is 150 W for the horizontal 
axis and 30 W for the vertical axis [Fig. 6]. 

It is therefore practical to meet the new 
deflection requirements for CRT pro
jected flight simulators by adapting the 
old flyback switch to the new generation 
o f linear deflection amplifiers. This ap-
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proach consumes more power than the 
all-resonance scan and retrace system, but Notes 
it achieves direct linear control of the 1A. Pletz, "CRT Write Rate vs. Bandwidth 
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August 1972) . JG. Liapis, ''Calligraphic and Raster 
2There are techniques for solving the Displays for Simulators," Proceedings of 
horizontal staircasing problem in raster the Society for Information Display, Vol. 
displays, but they are computationally 27, No. 4 (1986). • 
expensive. 
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Case study: developing a 
3000-line interactive CRT display 

BY BRIAN RosEN AND STAN KRiz 

I MAGE QUALITY is one of the first things 
a user notices about an interactive display 
system, and his impression often forms a 
major part of his purchase decision . 
Perceived image quality primarily depends 
upon resolution because, in current in
teractive displays, resolution is usually the 
limiting parameter. These displays simply 
do not have enough resolution to be con
sidered good in an absolute sense. Until 
display resolutions reach 1000 lines/in. or 
so, we can only say that quality is im
proving, not that it is excellent in an ab
solute sense. 

It was in this context that the authors 
began developing an ultra-high-resolution 
monochrome display in 1983. By that 
time, 1000-line displays, with 64-kHz 
horizontal sweep rates and 100-MHz 
video rates, were relatively common in 
high-performance workstation applica
tions. History indicated that display 
resolution was doubling roughly every five 
years and that by 1986, 2000-line displays 
would be available. We thought we could 
produce a display of 3000-line resolution. 
A few months of experimentation showed 
us that such performance was indeed 
possible [Fig. 1]. Actually, we changed 
the resolution specification shortly after 

Brian Rosen is p resident and Stan Kriz is 
vice president of M egaScan Technology, 
Inc., Gibsonia, Pennsylvania, a company 
they cofounded in 1985. Mr. Kriz leads 
the monitor development team at 
MegaScan. Prior to starting MegaScan, 
the authors cofounded Perq Systems 
Corp., a pioneering manufacturer of 
workstations. 
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we began. Instead of 3000-line resolution, 
the goal became 300-dpi resolution. 

Lines per frame or dots per inch? 
We did this for reasons that seemed ob
vious to us. The display industry has been 
confusing the world for decades by 
measuring resolution in lines per frame. 
Resolution is more properly measured in 
lines, dots, or pixels per inch (or milli
meter). For constant viewing distance, 
dots per inch is what counts- but how 
many dots? We were impressed by the 
laser printer and we judged its quality as 
"good" on our absolute (though subjec
tive) scale. We were even more impressed 
by the visible difference between early 
240-dpi laser printers and the later genera
tion of 300-dpi printers, even when toner 
and other marking engine improvements 
were considered. A 300-dpi CRT display 
would look like laser printer output. 

With this in mind, we actually changed 
the precise number of scan lines on the 
display after we started exhibiting it. The 
display originally had 3276 scan lines but 
we had trouble explaining how the 
300 dpi was calculated. We fina lly chang
ed the resolution to 3300 scan lines and 
adjusted the height of the screen to exact
ly II in. 

There is an additional advantage to 
300 dpi besides the visible quality im
provement. The changes in resolution 
when going from most displays to hard 
copy are hard to deal with. Having the 
display exactly the same resolution as the 
printer allows a dot-for-dot correlation 
between the screen and the paper. Since 
page scanners also run at 300 dpi-a fact 
we did not even consider when designing 

our display-documents can now be scan
ned, stored, displayed, and printed 
without modifying the raster 
representation. 

Our display, which is now in produc
tion, has the following basic specifica
tions: 

4096 x 3300 x I displayed resolution 
72-Hz noninterlaced refresh 
19-in. CRT, 13.65 x 11.00 in . active area 

CRT -the obvious 'choice 
The problems in designing such a display 
were formidable. Although we reviewed 
all the obvious display technologies, we 
never seriously considered anything other 
than a CRT-based display. We are prod
uct designers, and we had a fixed time 
limit. We needed inexpensive technology 
that would not require process develop
ment in parallel with product develop
ment. We had done CRT monitor design 
before and were familiar with its prob
lems. For similar reasons , we did not pur
sue multigun CRTs. We felt that we could 
achieve the performance levels we were 
seeking using conventional CRT technol
ogy, and that the cost of building a 
multigun CRT plus the complexify of the 
convergence mechanisms for multibeam 
designs would not yield a marketable 
product. 

Having decided on C RTs, we started by 
designing 19-in. landscape-mounted 
horizontally swept displays. This flew in 
the face of tradition because increases in 
resolut ion usua lly first show up on short
scanned portrait-mounted CRTs, often in 
small bulb sizes. But our target markets 
were electronic publishing and CAD, both 
o f which need lots of surface area. While 



Fig. 1: The authors' 3300-line (300-dpi) interactive display is the highest resolution display commercially available. Its development 
presented interesting design problems. 

we would have liked to start with color 
displays, we would have needed shadow
mask CRTs with 0.07-mm triad spacing, 
clearly not viable for rnid-1980s 
production. 

Although we were experienced display 
designers, we did not have any back
ground designing CRTs themselves. For
tunately, Clinton Electronics, Rockville, 
Illinois, had begun the development of 
just the CRT we needed, using 19V90 
glass (the same bottle used in most high
resolution 19-in. color CRTs). We were 
able to obtain some of Clinton's first pro
totypes to conduct our development. 

Design problems 
In most monochrome CRT displays, the 
spot size is about equal to the positioning 
accuracy of the sweep system. A typical 
1280 x 1024 display on a 19-in. CRT has a 
10-mil spot size matching its 100-dpi 
sweep. In most CRT typesetters, the beam 
is deliberately overlapped; that is, the 
beam diameter is larger than the position
ing accuracy. Spot overlap is desirable 
when the observer can not resolve in
dividual dots and when the width of 

features being drawn on the screen is 
greater than the diameter of the beam. A 
CRT's electron beam has approximately a 
Gaussian distribution of energy. When 
desired, overlap is usually considered ideal 
when the average energy of overlapped 
dots is uni form across a feature. 

The Clinton CRT was originally intend
ed for 2000-line systems and has a 5-mil 
spot diameter. We had to decide whether 
to search for a tube with a 3-mil spot size 
or use the Clinton tube. A nonoverlapped 
display renders small objects more 
precisely, whi le an overlapped display 
provides smoother edges. 

Deciding which way to go involves 
aesthetic and philosophical considerations, 
and the best decision for a given set of 
applications is often not clear-cut. The 
case for a nonoverlapped system becomes 
stronger when the individual dots are 
clearly visible. We found that for most 
people, 3-mil dots aren't. (Some people 
can see a single 3-mil black dot on a white 
background at 27 in., but it's hard to 
find .) We therefore decided that spot 
overlap would be desirable on a 300-dpi 
display. The final design has the original 

5-mil beam diameter and 3 .3-mil position
ing accuracy for a nearly ideal Kell factor 
of 67o/o. (It is also true that the tube ex
isted, and 5 mils was the smallest beam 
diameter we could find in an inexpensive 
and readily reproducible design.) 

Another early specification was a ver
tical refresh rate greater than 70-Hz non
interlaced. (Noninterlaced refresh is a re
quirement in our markets.) Although it 
has become acceptable to call 60-Hz non
interlaced displays "flicker-free," a large 
percentage of the population can see 
fl icker at 60 Hz in peripheral vision when 
P4-type phosphors are used . A 19-in. 
CRT viewed at 27 in. covers more than 
central cone vision, and most people see 
some flicker. Raising the rate to over 
70 Hz eliminates flicker, even peripheral 
vision flicker, for more than 95% of the 
population. We have confirmed this at 
trade shows-although most people do 
not perceive any flicker on our 72-Hz 
displays, we always find a few people out 
of a hundred who do. 

Having set the resolution, the tube size, 
and the refresh rate, a quick calculation 
shows that we needed a quarter of a 
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Fig. 2: A new technique for cooling the yoke was developed for the 3300-line display and 
has been patented. An extra winding interweaves with the deflection coil and acts as a heat 
radiator. 

megacycle horizontal sweep rate. Using 
507o vertical retrace overhead, 3300 scan 
lines at 72 Hz is about 250 kHz (our ac
tual sweep rate is 244 kHz). The chal
lenges of the horizontal sweep circuit are 
numerous. 

Line:to-line positioning repeatability 
needs to be very small: we have found 
that we require less than one tenth of a 
pixel peak-to-peak jitter. In our system, 
this means less than 67 psec. Therefore, 
the horizontal oscillator needs to be a 
very-low-noise design. We chose to use an 
LC oscillator running at 1.25 MHz. The 
subsequent 5:1 division was helpful in the 
design of the low-voltage switching sup
ply, which also runs at 250 kHz as op
posed to some submultiple. If the low
voltage supply does not operate at the 
fundamental of the horizontal sweep rate, 
any ripple can easily cause displacements 
in sequential scan lines. 

We chose to keep costs down and to 
contain the already high power dissipation 
in horizontal sweep circuitry by using a 
rather conventional resonant flyback 
design, although operating at 244 kHz. 
The monitor's horizontal period is 
4.096 !J.Sec and the retrace pulse is about 
1.2 !J.Sec, or 2907o, with the blanking 
period 1.365 !J.Sec. 

The vertical waveform generator main
tains linearity to much better than 1 Olo, 
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and no vertical linearity adjustment is 
needed. Because the screen has 3300 scan 
lines, the waveform generator and vertical 
amplifier must maintain much lower noise 
levels than the conventional single-chip 
vertical ICs that are now popular for 
display designs. 

Although the circuit design for the 
deflection amplifiers is interesting, the 
hardest problem we faced in the deflec
tion system was yoke cooling. We have 
worked hard to reduce the yoke losses to 
the lowest possible level, yet we are still 
dissipating a great deal of power in the 
yoke. New ferrites are being developed 
for the switching power supply industry 
and these will be useful for higher speed 
yoke designs. For the present, we are us
ing conventional materials. 

Minimizing noise 
An early requirement was established that 
no fan, motor, or other noise-producing 
element was to be tolerated in the 
monitor. This requirement, which was 
steadfastly adhered to over many incarna
tions of the yoke design, lead us to a new 
patented technique for yoke cooling [Fig. 
2]. The yoke includes an extra winding, 
interwoven with the deflection winding 
that loops in and out of the core. The 
loops extend away from the yoke for 
several inches. This winding acts as a heat 

sink, bringing the hot spot temperature of 
the yoke to less than 65°C above room 
ambient (not enclosure ambient) without 
disrupting the magnetic field. 

The video amplifier also occupied a 
great part of our design time. The video 
data rate on our 4096 x 3300 monitor is 
1.5 GHz, or 670 psec/ pixel. At this fre
quency, the physical characteristics of the 
CRT become an integral part of the cir
cuit. Reactance of the gun elements 
themselves is part of the final-stage video 
amp design. 

The CRT base plug provides connec
tions to all structures of the gun. We 
found it unnecessary to modify the basic 
tube design to provide special access to 
the grids. 

The hi-potential gun in the CRT re
quires conventional 30-V drive, with 
which we get substantially more than the 
specified 45-fL light output on production 
monitors. The video amplifier design does 
not attempt to reproduce any harm~mics 
of an alternating pixel video input. The 
fundamental is sufficient, especially with 
spot overlap, which seems to help here. 
Single-pixel dark vertical lines on a white 
background are quite visible on the 
screen . 

Sending a signal to the video amplifier 
is often considered a problem, with dif
ferential delay distortion in the transmis
sion line thought to be the underlying 
cause. Many designs for high-performance 
monitors have resorted to sending 
multisignal digital data to a neck-mounted 
video system, and some designs even have 
a DAC mounted on the neck. We have 
found that with 10 ft. of reasonable quali
ty coaxial cable, our video generator 
sends satisfactory signals to the video 
amplifier using a composite sync, RS-170 
style signal. 

Meeting shielding requirements 
Shielding issues figured prominently in the 
design and were among the most difficult 
problems to solve. Most OEM suppliers 
of monitors furnish their products on a 
flat plate, leaving to the customer the task 
of meeting safety and EMI regulatory re
quirements. We felt that the frequencies 
and power levels of our design would 
make this task unmanageable, so our 
standard product is delivered in a metal 
chassis meeting all safety and EMI limits. 

The problems of heat dissipation and 
EMI radiation drove the mechanical 
design. The requirements were for the 
smallest envelope that would meet the 
goal of operation at 42°C ambient with 



convection cooling and would pass FCC 
and VDE EMI requirements. Mechanical
ly, the video amplifier completely encases 
the video amp and the tube neck. The 
enclosure has separate chimney effect 
structures for the deflection boards, the 
yoke, and the video amplifier. 

Two aspects of the video generator are 
a lso interesting. One is the generation 
of a serial data stream at 1.5 Obits/ sec. 
To accomplish this, we designed a 
serializer module that accepts 8 pixels in 
parallel at 188 MHz. The module 
multiplexes the pixels into a serial data 
stream, at 1.5 GHz, superimposes the 
sync signal, and drives the coax. The 
system accepts a low-frequency (47 MHz) 
clock to which it phase locks the 1.5-GHz 
oscillator. The phase detector circuit on 
the video clock has to be capable of 
discriminating very small phase changes to 
meet the jitter specifications of the 
monitor. The pixels are buffered on the 
module before multiplexing to reduce 
skew in the data. The final digital stage of 
the serializer is a gallium arsenide (GaAs) 
shift register running at 1.5 GHz. Chang
ing to a GaAs component from a satisfac
tory silicon predecessor was done late in 
the design cycle when a price reduction 
made the GaAs cost effective. 

The display controller 
MegaScan manufactures display con
trollers for its monitors because the re
quirements for 300-dpi displays exceed the 
performance of commercial controller 
designs . Although the data rate is high, 
creating the refresh signal is not par
ticularly difficult when the serializer 
module is used. Video RAM technology 
and the newly designed video shift register 
ICs have made the job easier. The frame 
buffer, while large at 12 x 106 pixels, is 
not difficult. What is difficult is writing 
to the frame buffer at a sufficient rate to 
make interactive displays really interac
tive. Raising the resolution from 100 to 
300 dpi raised the number of pixels on the 
screen by a factor of 9. The update rate 
of the display generator must also in
crease by nearly an order of magnitude 
for the dynamic performance to remain 
where it was. 

For single-bit-per-pixel displays, the two 
primitive operations performed by a 
display controller are the RasterOp or 
BitBlt algorithm, which is a rectangular 
bit-copying operation, and the line
drawing algorithm. Current designs 
achieve RasterOp rates of 10-30 x 106 pix-

els/ sec, while line-drawing rates are 
typically 1-3 x 106 pixels/sec. We have 
designed a set of gate. arrays, using 
8000-gate 1.5-~Lm CMOS technology, 
which performs RasterOp at 88-133 x 
106 pixels/sec, and draws lines at 
32 x 106 pixels/ sec. We are able to 
achieve these rates by operating on 
patches of 8 pixels wide by 8 scan lines 
high in parallel. These 8 x 8 patches of 
pixels can be read or written to the frame 
buffer in a single cycle. RasterOp and line 
drawing operate at memory rates. 

The controller includes a frame buffer 
of 2 or 4 Mbyte of video RAM, the gate 
arrays, a 68020 microprocessor, and a 
fiber-optic link. The link connects the 
controller, housed in the base of the 
monitor, to the host interface board. It 
runs at 100 x 106 bits/ sec. Host interface 
boards for a variety of popular computer 
busses are available. We have thus far 
been unable to design a housing for the 
controller that does not require a fan 
blowing air across the memory and logic 
for operation at 42°C ambient, at an ac
ceptable cost. Although we buried the fan 

in the middle of the monitor base, we 
were unsuccessful in making the system 
totally silent. 

Putting it all together 
The project was completed with two 
teams, one for the monitor and one for 
the display. The monitor team had one 
principal designer and one additional 
-analog engineer who was added halfway 
through the project. A three-person con
troller design team produced the gate ar
rays from an architectural description to 
working silicon in 17 months using a 
Daisy PC/ AT -based CAE system. The ar
rays all worked the first time, despite the 
fact that none of the hardware engineers 
had prior ASIC experience. 

It took us a year longer than we an
ticipated to produce the display system, 
from our original investigations to 
manufactured product. When we started 
in 1983, we had anticipated a 1985 launch 
with 1986 production. We have, however, 
produced a product that meets or exceeds 
all of its original specifications. • 
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Displaying the high seas 

BY KENNETH WERNER 

"A 
~ LL ENGINES STOP," says the 
nervous U.S. Coast Guard cadet. He is 
participating in a training exercise, and 
this is the first time he's had command of 
a ship's bridge. The 1000-ton cutter slow
ly and silently loses speed in the twilight. 
Harbor lights appear against the evening 
sky. The cadet anxiously sweeps his eyes 
from left to right over a full 180° and 
back again, keeping track of surrounding 
harbor traffic and the approaching dock. 

The dock now looms close on the star
board bow. The cutter is traveling too 
fast. "Left full rudder," shouts the cadet, 
and the helmsman spins the wheel. The 
cutter slowly turns from the dock-too 
late. 

But the expected jar of ship against 
dock doesn't come. There is no splinter
ing of dock planking, no screeching of 
tortured metal. The cutter's "bridge" is 
not a bridge at all, but an elaborate 
$3.6-million simulator designed and built 
by Ship Analytics of North Stonington, 
Connecticut. All of the controls and in
struments of the Coast Guard 's two 
largest cutters are approximately where 
they would be on a real bridge, and all 
are actual units. But instead of controlling 
and monitoring real engines and a real 
rudder, they are connected to a sophisti
cated computer simulation running on a 
Digital Equipment Corporation VAX 750. 

Ship simulators-
compute quickly, move slowly 
A hydrodynamic model of the ship being 
simulated is part of the software, so at 

Kenneth Werner is the editor of Infoqna
tion Display. 
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the Maritime Training and Research 
Center in Toledo, Ohio, or at the Harry 
Lundeberg School of Seamanship in Piney 
Point, Maryland, loading different soft
ware can change the simulator's behavior 
from that of a ponderous 500,000-
deadweight-ton supertanker to that of a 
small high-powered tug. At the U.S. 
Coast Guard Academy in New London, 
Connecticut (the site of our simulated 
docking accident), the medium-endurance 
270-ft. Bear-Class cutter and the high
endurance 378-ft. Secretary-Class cutter 
are simulated. 

The hydrodynamic model also incor
porates the effects of wind, currents, 
tides, and for river navigation, the suction 
of nearby banks. The results of the 
model's calculations are seen through the 
simulated "windows" on the bridge
seven of them in Ship Analytic's "stand
ard" top-of-the-line simulator called 
Pilotship. Since each window displays a 
26° horizontal field of view, the total 
field is slightly more than 180°. In current 
models, the image for each window is 
generated by an unmodified Arcturus red
green-blue video projection unit. Each 
unit projects onto the back of a ground
glass screen. It is this image, seen from 
the front of the screen, that appears 
through the bridge window. The seven im
ages are carefully coordinated, and the 
result is a sweeping panoramic display 
[Fig. 1] . 

In addition to the bow of the ship being 
simulated (the "ownship"), 2000-3000 
objects can be simulated and displayed in 
real time. These objects include other 
ships, aids to navigation, docks and port 
facilities, geographical features such as 

islands and points of land, and architec
tural features such as church steeples
one of the mainstays of coastal 
piloting. 

Water, water, everywhere 
A 360° simulation is maintained. As the 
ownship is "turned," the windows ap
parently pan across an existing scene. In 
fact, if space and finances permit, the 
system can be expanded to provide a 360° 
field of view. Specific harbors and water
ways can be simulated for pilot training. 

The images have a typical high-reso
lution computer-graphics appearance. 
Each has a resolution of 1024 x 1024 and 
is displayed at 60-Hz noninterlaced. The 
size of the projected image varies from in
stallation to installation. In one current 
project , each of the seven displays is 6 x 
6 ft. Output to CRT monitors is possible 
for classroom exercises and for lower cost 
versions of the simlator. Although the 
display is updated every one sixtieth of a 
second, the graphic simulation requires 
about 2 seconds to respond to rudder and 
engine speed changes-essentially real 
time for shiphandling. 

The origin of all this graphic activity is 
the host computer, which contains the 
hydrodynamic model and the interactive 
scenario that plays out on the bridge win
dows. In earlier versions of the Ship 
Analytics simulator (including the one at 
the Coast Guard Academy) the host is a 
VAX 750; in later versions it is a 
MicroVAX 2. The host computer drives 
two visual processors, also Micro V AXes 
in the current model. The visual pro
cessors control one General Electric 
Graphicon 1700 S image processor for 



Fig. 1: Part of the view from the "bridge" of a shiphandling simulator. The full display spans seven "windows" with a 182° horizontal 
field of view. The display changes in response to inputs from the bridge controls, takes into account wind, currents, tides, and the pro
grammed characteristics of the ship being simulated. 

each window display, and this sends the 
appropriate images to its video projector 
or CRT monitor. 

The host computer also supplies the 
signals to the various bridge instruments: 
compass, rate-of-turn ind icator, anemom
eter, fathometer, rudder-angle indicator, 
engine-order telegraph , etc. It can also 
present a radar display driver with a plot
position display of the same situation 
presented on the visual display. 

An automatic data and control unit 
reads the inputs from the bridge controls 
and feeds them to the host computer, 
which correlates the data with the hydro
dynamic model a nd the programmed en
vironmental parameters such as wind and 
tide. This generates appropriate changes 
in the simulated speed and heading of the 
ownship, the instrument readings, and the 
visual and radar displays. Mechanical 
casualties, such as the loss of an engine or 

rudder, can also be simulated. 
The institutions using the simulators 

seem happy with them. Lieutenant 
Christine Quedens, chief instructor for the 
Coast Guard's simulator, told Jnforma
tion Display the simulator is extremely ef
fective in teaching cadets to anticipate 
course and speed changes long in ad
vance-necessary to accommodate the 
great momentum of a large ship. And ex
perienced Coast Guard o fficers who have 
used the simulator for refresher courses 
before returning to sea after a period of 
shore duty have reportedly been 
impressed. 

Sophisticated modeling and computer 
control are at the heart of this simulator, 
but its unique "feel" is clearly the result 
of its panoramic display. And that display 
results from the imaginative use of famil
iar display hardware and sophisticated 
visual processors. • 

The dock looms close to 
starboard. ctLeft full rud
der, ,, shouts the cadet and 
the helmsman spins the 
wheel-too late. But the 
expected jar doesn ,t come. 
The cutter,s ''bridge , is 
not a bridge at all, but an 
elaborate $3. 6-million 
simulator. 
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Vision 
by David Marr 
397 pp. New York: W.H. Freeman and Co. 
$23.95 paper. 

Reviewed by GERALD M. MuRCH 

In our fast-paced high-tech world, the in
sights, events, and discoveries of five 
years ago are about as newsworthy as pre
Copernican theories of astronomy. Why, 
then, in 1988 print a review of a scientific 
work written in 1980? Either the reviewer 
was very late with his assignement, or
as is clearly the case with David Marr's 
Vision-the book was published years 
before its time. Sadly, when science 
catches up to Marr, the opportunity for 
dialogue will be gone; the author of this 
challenging work died before it was 
published, his life cut short by leukemia 
at the age of 34. 

In Vision, Marr develops a concept that 
has appeared from time to time in the 
history of visual science as an untestable 
model-the idea that vision is an active, 
not a passive, process. Perceptual psy
chologists such as Fred Attneave and 
James J. Gibson have suspected that vi
sion is more than the passive infringement 
of light on a complex receptive system. 
The reason is that our visual system seems 
expressly designed to extract meaningful 
information about the external world 
from the array of light presented to it. 
But it was Marr who took the informa
tion extracting idea one step further and 
turned an interesting concept into a 
testable hypothesis. His unorthodox vision 
of vision will continue to challenge 
designers of imaging and display systems 
for years to come. 

Marr's perspective on the visual process 
was shaped by his background in com
puter science and artificial intelligence, 
The distinction between what a computer 
program does and how it does it has 
never been taken seriously, but it is this 

Gerald M. Murch directs the activities of 
the user interface research group at 
Tektronix, Inc., in Beaverton, Oregon. 
His current work emphasizes the visual 
and cognitive interface to displays. 
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fundamental distinction that makes ar
tificial intelligence a plausibility and 
points the way to a new approach to 
perception . Knowing how a computer is 
put together is very different from 
understanding the nature of computation. 
Similarly, says Marr, vision can only be 
understood as a process. The neurophys
iology of the visual system must be seen 
in the context of the information extrac
ting process of perceiving. There a re three 
levels to any information processing task, 
whether it is performed by a computer or 
by the human eye and brain: 

1. Computational theory (What is the 
goal of the computation?) 

2. Representation (How can the com
putational theory be implemented?) 

3. Hardware (How can the representa
tion be physically realized?) 

For Marr, this analysis dictates a proc
ess view of vision: "The nature of the 
computations that underlie perception 
depends more upon the computational 
problems that have to be solved than 
upon the particular hardware in which 
their solutions are implemented." More 
simply: " Trying to understand perception 
by studying only neurons is like trying to 
understand bird flight by studying only 
feathers." 

In the 1950s and 1960s, visual scientists 
searched for neural cells that responded to 
specific events in the environment. The 
assumption was that feature detectors 
responded to the fundamental building 
blocks of perception. Thus, edges and 
shapes were detected and recognized by 
matching them to stored representation. 
This approach raised a hope in the emerg
ing AI community that a similar set of 
properly coded detectors could form the 
basis of pattern recognition machines. Yet 
the effort proved overly optimistic, since 
so much of perception depends upon con
text: the same circular shape can represent 
many different things. Furthermore, an 
enormous memory would be required 
against which the features could be 
matched for recognition. These failures, 
in turn, led scientists to doubt that human 
vision functioned in the assumed manner. 
After all , human memory is also limited. 

Marr draws a lesson from this history: 
that the visual system has its own goal in 
processing external events. The goal is not 

to detect features and match them to 
stored representation; the goal is to ex
tract useful information about the outside 
world. A frog's visual system is tuned to 
"seeing" small edible moving objects. A 
fly detector need not be postulated. 

HTrying to understand 
perception by studying only 
neurons is like trying to 
understand bird flight by 
studying only feathers. , 

- David Marr 

The extraction process occurs, accord
ing to Marr, via structured seeing 
modules. The random-dot stereograms of 
Bela Julesz demonstrate the way a 3D 
module works. Each eye sees an identical 
pattern of random black-and-white 
squares. On one pattern, a central seg
ment is shifted by a prescribed number of 
dots. This produces the iJlusion of a 
square floating in space above a back
ground. No meaning is assigned and 
nothing is recognized except depth. 
Marr's visual modules can be likened to 
mathematical symbols which we can 
manipulate to perform certain tasks. Just 
as arabic numerals facilitate multiplication 
and roman numerals inhibit it, so visual 
modules can either facilitate or inhibit the 
process of information extraction. Marr 
sees the modules, or symbols, as patterns 
of light intensity falling on the retina, 
where are translated into neural represen
tations to become the computational stuff 
o f vision. 

The visual system's first task is to 
create a primal sketch of an event. Par
ticular calculations performed at this 
point impose constraints upon vision. In 
color perception, for example, images are 
analyzed for the amount of red or green 
or the amount of yellow or blue they con
tain. An image can be seen as a combina
tion of the two color channels but not as 
a combination of colors within the same 
channel. Therefore, we can perceive 
greenish yellow but not reddish green . 
The primal sketch model, states Marr, 
also explains why we can easily recognize 



,. 

rudimentary line drawings that contain 
only a few key elements of a complex ob
ject or event. Such simple drawings are 
rough sketches much like the primal 
sketches "drawn" by our visual system. 

From the primal sketch, Marr suggests, 
the brain develops a 2 1/ 2 D sketch. 
Numerous independent visual modules 
capture the 3D nature, shape, motion, 
and shading of the event, giving structure 
and location to the primal sketch. Again, 
specific constraints dictate the nature of 
the resulting perceptual experience. An ex
ample is the principle of rigidity. A 
square is projected onto a viewing screen 
and its sides systematically lengthened and 
shortened. Of the two possible visual ex
periences-a square changing in size ver
sus a rigid square moving towards and 
away from the viewer- the latter is 
uniformly perceived. 

The information contained in the 
2 112 D sketch forms the basis for the 
final 3D perceptual experience. It is only 
at this stage, says Marr, that past ex
perience is brought to bear to evoke a 
recognition or to confirm the lack of one. 

The view of vision described by Marr 
offers a strong challenge to the passive 
feature detector model. It suggests 
numerous preprogrammed processing 
modes designed to help us extract the 
visual information we need to survive in 
our world. By explaining the specific con
straints imposed upon the visual system 
and describing the modules that direct 
and select information, Marr's work gives 
direction to the designer of display 
systems. Perhaps Marr 's greatest con
tribution, though, is in giving us a general 
framework (perhaps even a theory) of vi
sion. So much of today's vision research 
is so specifically focused that the broader 
implications are lost. David Marr asks us 
to focus on the whole forest and not just 
on a specific tree. • 

As American as 
Apple Pie 

The Consumer Information Catalog is fi lled 
with helpful federal consumer publicat ions. 
It's free by wri ting-
consumer Information Center 
Department AP, Pueblo, Colorado 8 1009 

-----•;tNJi·llit¥1 ... 

Compiled by HowARD L. FUNK 
IBM CoRP. 

"PLZT Electrooptic Materials and Ap
plications-A Review," G.H. Haertling, 
Ferroelectrics (U.K.), Vol. 75, No. 1-2 
(September 1987}, pp. 25- 55. PLZT, the 
old-reliable for spatia/light modulators, 
shutters, and filters, is reviewed. 

" Evidence for Field-Assisted Thermal 
Emission of Holes from Deep Mobility 
Gap States in Amorphous Semiconductors 
from Xerographic Dark Discharge 
Measurements," S.O. Kasap, M. Baxen
dale, and C. Juhasz, Journal of Applied 
Physics, Vol. 62, No. 1 (July 1987}, pp. 
171- 173 . Good agreement is shown be
tween experiments with amorphous Se-Te 
and a depletion discharge model for the 
dark decay of the surface potential. 

"A Photoconductor for Laser Printers," 
R.B. Champ, Proceedings of SPIE Inter
national Society of Optical Engineers, 
Vol. 759 (1987), pp. 40-46. A photocon
ductor used in an IBM laser printer is 
characterized. 

"Matching Photoreceptor Response to 
State-of-the-Art Exposure Sources," M. 
Lutz, Proceedings of SPIE International 
Society of Optical Engineers, Vol. 759 
(1987}, pp. 35-39. Various light sources 
and shutters are discussed. 

"Transparent Conductive Coatings for 
Electrophotographic and Electrostatic Im
aging," I. Ritchie and J.B. Fenn, Jr., 
Proceedings of SPIE International Society 
of Optical Engineers, Vol. 759 (1987) , pp. 
30-34. Metallic and oxide coatings 
compared. 

"Hard Copy Market Overview (Color 
Hard Copy," P.R. Testan, Proceedings 
of SPIE International Society of Optical 
Engineers, Vol. 759 (1987}, pp. 54- 61. 
The title tells it all. By CAP, a well
known consulting firm. 

"Light Emitting Diode Array Elec
trophotographic Printers," E. Norman
Wilson, Information Media & Technology 
(U.K.}, Vol. 20, No.3 (May 1987}, pp. 

115-119. TCOP (total-cost-of-printing) 
figures are developed for four popular 
light-bar printers. 

"Engineering Workstation: Some 
Thoughts on Its Future Form, " P .F. Ar
thur, Computer Aided Design, Vol. 17, 
No.3 (April 1985}, pp. 115-116. Are
quirements statement. 

"System Timing Sets Microprocessor Per
formance." R. Schopmeyer, Computer 
Aided Design, Vol. 26, No. 6 (March 15, 
1987), pp. 67-70. To cache or not to 
cache. The author, from Convergent 
Technologies, discusses this question for 
an 80286-based system. 

"CAE Station Uses Real Chips to 
Simulate VLSI-Based Systems," L.C. 
Widdoes, Jr., and W. C. Harding, Elec
tronic Design, Vol. 32 No. 6 (March 
1984), pp. 167-172, 174, 176. Using a 
computer-aided engineering workstation 
for VLSI simulation. 

"The LCD Race in Europe Gets Hot," 
J .L. Schenker, Electronics (October 1, 
1987), p. 36. Thomson-CSF, General 
Electric, Olivetti, Philips are mentioned. 
Excellent table projects sales in units and 
dollars by market sector for 1987 and 
1991. 

" Realization o f a Large-Area Elec
troluminescent Display with Matrix Ad
dressing for Full Video," E. Schlam et 
al., Proceedings of the Society for Infor
mation Display: Selected Papers from the 
1986 SID International Symposium, Vol. 
28, No. 1 (1987), pp. 31-35. Our own 
Elliott Schlam describes a 512 x 640 
video EL panel. 

"Ferroelectric Liquid Crystal Display 
Capable of Video Line Address Times," 
M.F. Bone et al., Displays: Technology 
and Applications (U.K.}, Vol. 8 No. 3 
(July 1987), pp. 115-118. Multiplexing 
ferroelectric LCDs. 

"Using LEDs in Large Area Displays," 
T. Klein, New Electronics, Vol. 20, No . 8 
(April 14, 1987), pp. 44-45. A review of 
the state of the art. • 
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High-resolution matrix display 

Finlux, Inc., introduces the Finlux 
MD640.400, a new high-resolution elec
troluminescent matrix display designed for 
high-end personal computers and in
struments, factory terminals , and process 
controllers. Crisp stable flicker-free im
ages in yellow are produced by a 
subwavelength-thin light-emitting EL 
phosphor layer. The Finlux EL display 
supports both high-quality text-from 25 
lines of 80 characters-and detailed high
resolution graphics. It has square pixels at 
12-mil pitch, equivalent to 83 lines/ in. 
The solid-state EL panel and electronic 
board containing the drive and controlling 
electronics are assembled into a package 

cable. To assure reliability, the EL panel 
is produced with a proprietary atomic 
layer epitaxy (ALE) process developed by 
Lohja Corp. of Finland. Prototypes of 
the new product are available, and pro
duction shipments are scheduled to begin 
in the first quarter of 1988. Initial sample 
price, including the DC-DC converter, is 
$1650. 

For further information contact Ismo 
V. Linden, Fin lux Inc., 20395 Pacifica 
Dr., Ste. 109, Cupertino, CA 95014. 
408/ 725-1972. 

less than 0.5 in. thick. The package con- Circle no. 9 
nects to a DC-DC converter , which can be 
mounted directly on the back of the 
display or close to the display. Connec-

tions between the display and the power uv exposure systems 
supply are made through a flat ribbon 

Optical Radiation Corp. announces a new 
family of high-technology collimated 
light-exposure systems for the printed
circuit-board fabr ication industry. The 
Opti-BeamR 7000 Series product line in
cludes an entire family of UV photoex
posure systems ranging from manual two
drawer hard vacuum-type trays to op
tional high-production soft-contact trays. 
In addition, systems are available that 
provide complete automatic load-unload 
operation, as well as machines that can 
accommodate registration cameras for 
precise phototool alignment. The Opti
BeamR 7000 product line will accept film 
phototools with a 24 x 24 in. (610 x 610 
mm) standard format; 18 x 24 in. (460 
x 610 mm) or 24 X 30 in. (610 x 762 
mm) formats are available. Precision op
tics and ORC's proprietary collimated 
light source provide for superior edge 
quality and image definition. This highly 
collimated UV light energy focused onto 
the photosensitive resist or solder mask 

Circle no. 10 
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utilizes ORC's 5-kW short arc lamp light 
source. This highly concentrated col
limated light energy a llows fast exposures 
for cost-effective high production. 

For fur ther information contact Don 
Van Arnam, Optical Radiation Corp., 
1300 Optical Dr., Azusa, CA 91702 . 
818/969-3344. 
Circle no. 11 

Short arc lamp 

Optical Radiation Corp. introduces an 
ultra-stable 150-W xenon short arc lamp. 
Lamp performance is up to 10 times more 
stable and provides users with a lifetime 
up to four times industry standard. This 
light source is ideally suited for those ap
plications where arc stabi lity and lumen 

maintenance are essential. The lamp is 
currently available in two different 150-W 
configurations, and the company plans to 
int roduce 75- and 300-W configurations 
soon. 

For further in formation contact Robert 
Fleming, Optical Radiation Corp. , Lamp 
Div., 1300 Optical Dr. , Azusa, CA 91702. 
818/969-3344. 
Circle no. 12 

Image processing workstation 

Perceptics Corp. announces the NuVision 
image processing workstation a nd soft
ware for the Apple Macintosh II. Each 
Smart Memory module contains a 
dedicated digital signal processor (DSP) 
on board with the frame buffer, which 

Ora\V from a full line 
Corning now offers more than 120 
types of small special-purpose CRT 
bulbs, ranging in size from .5" to 17", 
in round, rectangular, and fiber optic 
designs. 

Non-browning bulbs are also avail
able for optimum performance dis
plays in high-voltage appl ications. 

And the superior light transmission 
of Corning bu lbs offers the bright
ness required for military applica
tions, such as cockpit displays. 

We can also deliver small bulbs with 
precision tolerances for high
resolution applications. Neck 

Materials Business 

d iameters are consistently held to 
w ithin 0.005", and alignment of 
centerface to neck varies no more 
than 0.040". 

Call on Corn ing for all your bulb 
needs. You can order off-the-shelf, 
or we can custom design bulbs to 
your specs. 

To get free technical 
information about 
Corning's CRT bulbs, 
circle the reader 
service number. 

Corning Glass Works 
MP 21-3-4 
Corning, NY 14831 
(607) 974-4305 

Circle no. 13 
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new products 

automatically increases processing power 
along with memory size. The architecture 
decouples acquisition, display, and pro
cessing functions, allowing speeds in ex
cess of standard video rates. NuVision 

features flicker-free 1280 x 1024 24-bit 
true-color display; a pixel processor for 
real-time video arithmetic/ logic and 
histogram computations; and an Apple 
Macintosh II workstation providing 

LAB ACCURACY 
BATTERY POWER 

WITH LMT SPOT PHOTOMETERS 
• Measured angular fields of 3°, 1°, 20' and 6' (Model L 1 009). 

• Manual or autoranging from 3x1 o·S to 5x1 o+6 fl. 
• Excellent photopic correction with a stable silicon detector. 

• Measures areas from 0.04 inches in diameter with attachment. 
• Operation controllable via IEEE-488. 

Seem incongruous? It used to be. 
But now with the advent of LMT's 
spot photometer, you can have 
both! Of course, if you want to use 
it in the lab where AC power is avail
able, a battery eliminator and charg
er comes supplied with the unit. Re
chargable Nicad battreries will 
power the system for over 8 hours 
of continuous measurement, more 
with intermitant use. 

L 1009 Spot Photometer 

What makes this a laboratory 
grade instrument? From the optics 
at the start, through the excellent 
photopic correction of the silicon 
detector, to the electronics at the 
end, careful attention is paid to the 
technical details to ensure a right 
answer the first time. 

The input optics are very large aper
ture for maximum light collection, 
and very well corrected for an 
undistorted image of high bright
ness for the observer. Included in 
the operators visual field is a d igital 
readout of the measured lumin
ance. 

Photopic correction is very impor
tant and a curve and tabular listing 
of the measured correction is inclu
ded with the instrument. 

The ability to control the instru
ments operation via IEEE-488 (AC 
power only) round out its laboratory 
capabilities. 

P.O. Box 85666 MB 11 6 San Diego, CA 92138 
Fax: 619-693-3670 [!f::::Jl!l Phone: 619-271-7474 Telex: 697-5323 

Circle no. 16 
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friendly user interface, image scanning, 
printing, and networking. 

For further information contact Mary 
Ann Herrick, Perceptics Corp., 725 
Pellissippi Pkwy., P.O. Box 22991, Knox
ville, TN 37933-0991. 615/ 966-9200. 
Circle no. 14 

High-speed LED printhead 
Rohm Corp's new RLH3012 and 
RLH4812 LED printheads offer 12-in. 
print widths; run at 300 and 480 dots/in., 
respectively; and feature high-speed imag
ing, vibration sensitivity, and consistent 
dot size and placement. LED bar length is 
5.41 mm at 300 dots/in., and 6.77 mm at 
480 dots/in . Emission intensity is 5.0 
p. W /steradian at 5 rnA forward current. A 
selected resistor sets emission intensity to 
the desired level. The emission intensity 
dispersion variation is ± 15 117o or ± 30% 
in the 300 dots/in. version, and ± 30117o 
for the 480 dots/ in. models. Two power 
connectors provide better power distribu
tion. The printheads focus each element 
at a specific location, and an optional 
self-focusing lens is available to provide 
the desired focus point. Light wavelength 
is set at 660 ± 10 nm wi th a spectral 
width of 20 nm at half power points. 

Light-emitting area, in p.m, is 50 x 65 for 
the 300-dots/ in. versions, and 30 x 40 
for the 480-dots/in. versions. With 300 
dots/in., one, two, or four data input 
lines are available with data transfer times 
running from 128 to 512 p.sec/ line at a 
clock frequency of 7 MHz. With 480 
dots/ in., two, four, or eight data input 
lines are available with data transfer times 
running from 100 to 400 p.sec/line at a 
clock frequency of 7 MHz. 

For further information contact Rohm 
Corp., P.O. Box 19515, 8 Whatney, 
Irvine, CA, 92718. 714/ 855-2131. 
Circle no. 15 
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Read Between 
The Lines 

L•ght Conlrol F1!m. 
Louver spacmg ::: 005 or 010· 

3M Light Control Film. 

Its closely spaced 
black microlouvers 
improve readability 
of electronic 
displays. 

3M Light Control 
Film's microlouvers 
prevent sunlight 

washout, enhance 
contrast and eliminate 
unwanted reflections. 
In addition, this film can 
be used to provide 
privacy viewing as well 
as to direct light to 
specific areas. 

Try 3M Light 
Control Film when you 
design in your next 
display. 

For a free sample 
and more information, 
call 612 -733-4403. 
Industrial Optics 
Project/3M, Building 
223-?W-06, 3M Center, 
St. Paul, MN 55144. 

Circle no. 17 3M 

How to place your ad 
Please type or neat ly print your copy, indicating headlines and 
text. Indicate what months you want ad to run. Include your 
name, address, and daytime phone number. 

Rates: $55 per column-inch (minimum) 
$10 per each add it ional line 
$10 per insertion for blind box no. 

Size: 
One column-inch = 10 lines text without heading OR 

8 lines text with 1-l ine heading OR 
6 lines of text with 2-line heading 

each line of text = approximately 6 words 
each line of heading = maximum 17 characters 
each line of heading takes up 2 lines of text 

Deadlin e: First of the month prior to issue date 

Payment: Minimum payment of $55 must accompany order. 

i Send your ad to: ID Classified, c/o Palisades Institute 
• 201 Varick St .. Suite 1140, New York, NY 10014 

Complete Guns. Stems, Cathodes, 
Other Components 

A ~~.~!~~~~~Tu!!~~~z~na~~~~~~~P Oill©a 
- (602) 887-7900 Telex 165-522 

A VIDEO DISPLAY COMPANY 

Circle no . 18 
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new products 

Gold-plated LCD 
pin terminals 

Hamlin, Inc., has developed a gold-plated 
pin terminal for LCDs. The terminals ac-

commodate military, airframe, and other 
applications where gold-plated termina
tion is crit ical. The gold is T ype I, grade 
C, class 0, and conforms to MILSPEC 
G45204. The gold is plated to a thickness 
of 0 .000030 in . over a 0. 000050-

CONNECTOR CORPORATION 
6025 N. Keystone Ave. • Chicago , IL60646·5290 • 312/539·3108 • TWX 910·221·6059 • FAX 312/539·3825 

Circle no. 21 
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0.000100-in. nickel base. The precious
metal terminals can be supplied on all 
Hamlin standard and most custom 
DILISIL pinned LCDs. 

For Further information contact Walter 
Bruenger, LCD Div., Marketing Manager, 
Hamlin Inc., Lake and Grove Sts., Lake 
Mills, WI 53551. 414/ 648-236 1. 
Circle no. 19 

Software design aid 
for thin films 

Sound Decis ions announces its new 
Multi layer In terference Program (MIP) 
software. The program was written to be 
used as an aid in the design or specifica
tion of multilayer coatings and the inter
pretation of ellipsometric data. It solves 
the electromagnetic boundary value pro
blem to compute the reflection, transmis
sion, absorption, and polarization proper
ties of multilayer thin films with as many 
as 50 layers. The program can be used 
with or without a math co-processor 
(8087, 80287), and its graphics operate 
with either the IBM or Hercules 
monochrome graphics cards . It requires 
approximately 160K of memory for 
execution. 

The data input screens and editing 
features make the program extremely user 
friendly. The program provides a 
spreadsheet-style data entry format that 
makes it very easy to construct and edit a 
multilayer structure and to specify tables 
of output data to be calculated. Output 
data files are written in a form suitable 
for importation into spreadsheet programs 
for fur ther calculations o r graphical 
presentations. Price is $134. 

For further information contact Sound 
Decisions, 6646 Clearhaven Circle, Dallas, 
TX 75252-4020. 2 14/ 404-9445 . 
Circle no. 20 

Editor's Note: This program will be 
reviewed in a forthcoming issue of ID. 
We encourage software developers and 
publishers to notify us of new packages 
relating to display design and evaluation 
for listing in our new software section and 
to submit copies of software to be con
sidered for review. • 
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Bay Area Chapter 

SID Bay Area Chapter members wel
comed Gene Adam of McDonnell 
Douglas to their October 27 chapter 
meeting. Mr. Adam's presentation, 
"Fighter Cockpits: Automa ting the O f
fice," focused on mili tary cockpit display 
technology. 

Three-dimensional display technology 
was the focus of the November 19 
meeting. Three speakers from Stereo
Graphics Corp. gave a demonstration of a 
stereoscopic TV system. StereoGraphics 
president Lenny Lipton spoke about the 
" Fundamentals of Stereoscopies and 
Multiplexer Tech-
nology." Vice president Larry Meyer and 
manager of electro-optics Art Berman 
gave presentations on " The Electronics 
and the Electro-optics of a Stereoscopic 
TV System.' ' 

Engineering 

Los Angeles Chapter 

The June 24 SID Los Angeles Chapter 
meet ing was a group effort by Gerry 
Gabel, Lisa MacKenzie, and others from 
Pixar Co. The team demonstrated and 
discussed the Pixar Image Computer 
(PI C). 

Mid-Atlantic Chapter 

"Current Trends in LCD Technology" 
was another group effort , thjs time from 
IBM at the November 10 meeting of the 
SID Mid-Atlantic Chapter. Webster 
Howard stressed the increasing impact of 
LCDs. Hiap L. Ong discussed LC 
material breakth roughs, particularly in 
supertwisted nematics. Kei-Hsuing Yang 
reviewed ferroelectric LCD advances and 

T he SCD D ivision o f Conrac. is a leading designer and manu facturer of mil i tary 
CRT's and avionic inst ruments. In a con t inuing effort to keep us at the forefront of 
a rapidly expanding industry, we are seeking .talented professiona ls in the following 
areas : 

POWER S...._Y ENGINEER 
Requ ires a BSEE or equivalen t and m inim um of 5 years experience in design of 
highly rel iable m u ltiple output low voltage swi tchmode power converters f or mili
tary applications. Must have experience with EM I suppression. 

DEFLECTION ENGINEER 
Requires a BSEE or equ iva lent and a minimum of 3 years in CRT deflection systems 
for TV or monitor app lications. M ust be able to monitor circuits for performance 
rel iability (MT BF) . 

SALES ENGINEER 
(Military Products) 

Requires BS degree or equ iva len t and 'a minimum of three years in DoD technical 
sales or program development. Must be familiar with DoD acquisition systems and 
logistics organizations. Knowledge of video and avionics marketplace is manda tory. 

MARKE IWG ANALYST 
(Military Products) 

Requires BS degree in business or ~cience, a thorough knowledge of PC systems, 
a general knowledge of information d isp lay p•oce.sing, and 2-3 y"ars "xperience in 
technical marketing administ ration with DoD or prime contractor. Administrative/ 
technical mi l i tary experience a plu s. 

Send resume including sa lary history in confidence to Z. Jackson. 

CONRAC/SCD D ivision 
A Mark IV Ind ustries Co. 
1700 S. Mountain Ave. 
Duarte, CA 91010 
EO E M/F/ HIV 
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important papers from the First Interna
tional Symposium on Ferroelectric LCs . 

Minneapolis-St. Paul Chapter 

Tom Petschauer, vice pres ident of P rint
ware, Inc., hosted the SID Minneapolis
St. Paul Chapter's October 23 meeting. 
Chapter members toured and wi tnessed a 
demonstration of Printware's facilities. 

Upcoming meetings a nd speakers 
include: 

J an. 22. Tom Werner 
Feb. 26. Bob Shurson 
Mar. 26. Richard J amieson 
Apr. 23. Vernon Born 
May 21. George Huard 

UK and Ireland Chapter 

On November 10 the SID UK and Ireland 
Chapter elected the following officers for 
1987-1988: Neil Bartlett, chairman; H arry 
Ellis, vice chairman and meetings 
organizer; Derek Washington, secretary 
and newsletter editor; and Barba ra 
Needham, treasurer. The chapter also 
elected the following committee members: 
Laurie Allard , meetings registrar; Stephen 
Elmer, membership secretary; Daphne 
Lamport, committee secretary; and David 
Marshall and Ian Shanks, committee 
members. 

The February 18 chapter meeting on 
" Hard Copy" will include the fo llowing 
topics: xerography, thermal transfer, film 
from computer, laser printing, military 
applications, newspaper applications, and 
hardware. 

Upcoming meetings include (revised 
schedule): 

Feb. 18. " Hard Copy" 
Mar. 21. "Display Industry" 
Mar. 29-30. "Color in Information 

Technology and Visual Displays" Uoint 
meeting with the Institute of Electronic 
and Radio Engineers) 

May-June. "High-Information Con
tent" Uoint meeting with lEE) 

July 18-19. Annual general meeting, 
" LCDs for TV" 

Oct. -Nov. " Military and Civilian Vehi
cle Displays" • 
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Exhibit at 

The 4th International Congress on 

Advances in 
Non-Impact 
Printing 
Technologies 
The only global conference and 
exhibition devoted exclusively to 
non-impact printing technology 

March 20-25, 1988 
The Fairmont Hotel 
New Orleans, Louisiana 

Advances in Non-Impact Printing Technology will 
provide the attendee with two important 
resources from which to gain substantial 
knowledge in this field . One is an extensive 
seminar program delivered by the industry's 
leading scientists. engineers, and marketing 
professionals. The other is a technical exhibition 
where dozens of manufacturers and suppliers 
will be displaying the very latest in non-impact 
printer systems, components, and consumables. 
Together, they provide an ideal environment for 
you and your colleagues to learn more about 
emerging technologies; see, test and compare 
new products; and exchange ideas with your 
peers. 

For a complete program brochure fill out the 
coupon below, or call SPSE at (703) 642-9090. It 
could have a substantial irnpact on your career. 

--------------1 Yes, please rush me more information. 
0 I'm interested in attending. 
0 I'm interested in exhibiting. 

Name - --------- -
Title ___ _ _ _ _ ____ _ 

c~~"Y-----------

Street Address-------- -

City ______ __ State __ _ 

Phone - - --- - ----
Mail to: SPSE-The Society for Imaging 

Science and Technology 
7003 Kilworth Lane 
Springfield, VA 22151 
(703) 642-9090 
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January 
Second International Conference on Com
puter Workstations. Patrick Mantey, 
335A Applied Science Bldg., Dept. of 
Computer Engineering, Univ. of Calif. at 
Santa Cruz, Santa Cruz, CA 95064. 
Jan. 31-Feb. 3 Santa Clara, CA 

Medical Imaging II. SPIE, P .O. Box 10, 
Bellingham, WA 98227-0010. 
206/ 676-3290. 
Jan. 31-Feb. 5 Newport Beach, CA 

February 
1988 SCS Multiconference. Simulation 
Councils, Inc., P .O. Box 17900, San 
Diego, CA 92117-7900. 619/277-3888. 
Feb. 3-5 San Diego, CA 

The International Conference on 
Technology Management. Tarek M. 
Khalil, Chair, Dept. of Industrial 
Engineering, Univ. of Miami, P.O. Box 
248294, Coral Gables, FL 33124. 
305/284-2344. 
Feb. 17-19 Miami, FL 

Fourth Annual Computer Graphics New 
York. Exhibition Ma rketing and Manage
ment, Inc. , 8300 Greensboro Dr., Suite 
1110, Me Lean, VA 22102. 703/ 893-4545. 
Feb. 22-24 New York, NY 

Flat Panel and CRT Display 
Technologies-Short Course. UCLA Ex
tension, P.O. Box 24901, Los Angeles, 
CA 90024. 213/825-1047. 
Feb. 22-26 Los Angeles, CA 

March 
Hannover Fair CeBIT '88. Hannover 
Fai rs USA lm:., 103 Carnegie Center, 
P.O. Box 7066, Princeton, NJ 08540. 
609/987-1202. 
Mar. 16-23 H annover, W. Germany 

NCGA '88. Bob Cramblitt or Nan cy 
Flower, National Computer Graphics 
Assn., 2722 Merrilee Dr., Suite 200, Fair
fax, VA 22031. 703/ 698-9600. 
Mar. 20- 24 Anaheim, CA 

Fourth International Congress on Ad
vances in Non-Impact Printing 
Technologies. SPSE, 7003 Kilworth La., 
Springfield, VA 22151. 703/ 642-9090. 
Mar. 20-25 New Orleans, LA 

India Computer Graphics. TaraS. 
Ganguli, Technology and Research 
Associates, 5 Lindsay St., Calcutta 
700087, India. (033) 29-9420. 
Mar. 22-25 New Delhi, India 

World Congress on Computing/ Interface 
'88. The Interface Group, Inc., 300 F irst 
Ave., Needham, MA 02194. 617/ 449-6600. 
Mar. 28-31 Chicago, IL 

Second International Conference on Color 
in Information Technology and Visual 
Displays. Conference Secretariat, IERE, 
99 Gower St., London WCIE 6AZ, U.K. 
44-1 -388-3071. 
Mar. 29-30 Surrey, England 

Call for Papers 

"Toward the 21st Century's Television," 
short paper contest sponsored by the In
stitute of Television Engineers of Japan. 
The contest's sponsors hope to encourage 
young scientists and engineers to think 
about the year 2000; therefore, the contest 
is limited to applicants under 40. Papers 
should focus on future devices and 
technological t rends in television engineer
ing. Best and Outstanding Paper Awards 
of $3000 and $1000 will be given at the 
ITE National Convention, July 1988, in 
Tokyo, Japan. Manuscripts should have 
"Toward the 21st Century's Television" 
as the title and the author's paper topic as 
the subtitle. Include full author name; 
birth date; nationality; affiliation and 
related work field; and complete work ad
dress with telephone, telex, and facsimile 
numbers. Papers can be up to 2000 words 
in length; should be typewritten, double
spaced , on A4 paper; and m ay include 
figures and tables . Send two copies to 
35th Anniversary, ITE Short Paper Con
test, the Institute of Television Engineers 
of Japan, Kikai-shinkou Building, 3-5-8 
Shibakouen, Minatoku , Tokyo 105, 
Japan. 
Deadline: March 15 • 
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Ad-Vance Magnetics, Inc. 
AEG Corp. 
Amuneal Manufacturing Corp. 
Applied Films Lab, Inc. 

Babcock Display Products 
Ball Electron ic Systems Div. 
BDH Ltd. 
Bendix Corp. 

Cannon, Inc. 
Cardion Electronics 
CELCO 
Cherry Electrical Products Corp. 
Clifton Precision/Special Devices 
Clinton Electronics Corp. 
Computing Devices Co. 
Connector Corp. 
Conrac Corp. 
Corning Glass Works 

Dale Electronics 
Data Images 
David Sarnoff Research Center, Inc. 
Digital Electronics Corp. 
Displays Inc. 
DISCOM/Display Components, Inc. 

EEV, Inc. 
EG&G Gamma Scientific 
Electronic Display Systems, Inc. 
Electro-Plasma, Inc. 
Endicou Research Group, Inc. 

Ferranti-Packard Electronics, Ltd. 
Futaba Corp. 

GEC Avionics, Inc. 
General Alronics Corp. 
General Electric Co. 
GML Information Services 
GTE 

George D. Harris Assoc., Inc. 
Hartman Systems 
Hazeltine Corp. 
Hewlett-Packard Co. 
Hitachi, Ltd. 
F. Hoffman La-Roche & Co., Ltd. 
Hoya Optics, Inc. 
Hughes Aircraft Co. 
Hycom, Inc. 

IBM Corp. 
Imapro Corp./lmaprim Design, Inc. 
lncom, Inc. 
Industrial Electronic Engineers, Inc. 
Infodex, Inc. 
Interstate Electronics Corp. 
Inter-technical Group, Inc. 
ISE Electronics Corp. 

K & R Engineering Sales Corp. 
Kollmorgen Corp. Photo Research 

Div. 

Litton Panelvision Corp. 
Litton Systems Canada Ltd. 
Liuon Systems, Inc. (2) 
Los Alamos National Laboratory 

Magnavox Government & Industrial 
Electronics Co. 

Magnetic Radiation Laboratories 
Microfield Graphics, Inc. 
Microphasc Laboratories 
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Microvision 
Minolta Corp. 
Mitsubishi Chemical Industries 

America, Inc. 
Mitsubishi Electronics America, Inc. 
Monitronix Corp. 

NEC Electronics, Inc. 
NEC Home Electronics (USA), Inc. 
Norden Div. United Technologies 

Corp. 

OKI Electric Industry Co., Ltd . 
Optical Coating Lab., Inc. 
Optical Radiation Corp. 
Orwin Associates, Inc . 
Ovonic Imaging Systems, Inc. 

Penn-Tran Corp. 
Philips Electronics, Ltd. 
Phosphor Products Co., Ltd. 
Photonics Technology 
Planar Systems, Inc. 
Plessey Naval Systems 
Precision Electronic Glass, Inc. 
PTK/ Rantec Div . Emerson Electric Co. 

Quantum Data Inc. 

Racal Microelectron ic Systems 
Rank-Brimar, Ltd. 
Rayt heon Co. 
The Report Store 
Ricoh Co., Ltd. 
Rogerson Kratos Corp. 

SAl Technology Co. 
Sanders Associates, Inc. 
Schou America-Glass & Scientific 

Products, Inc. 
Sigmatron Nova, Inc. 
Singer-Librascope 
Sony Corp. 
Stanford Resources, Inc. 
Supertex, Inc. 
Syntronic Instruments , Inc. 

Ta liq Corp. 
Tektronix, Inc. 
Test & Measurement Systems, Inc. 
Texas Instruments, Inc. 
Thomas Electronics, Inc. 
Thomson Electron Tubes & Devices 

Corp. 

UCE Liquid Crystal Displays 
United Enclosures, Inc. 

Venus Scientific, Inc. 
Video Monitors, Inc. 
Visual Information Institute, Inc. 

Westinghouse Electric Corp. 

Zenith Electronics Corp. 

Page 
CELCO ... . .. . .... . ..... .. .. ... ......... . .. . ... 20 
Connector Corp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Conrac/SCD Division ..... ...... . . . . .... ..... .... 25 
Corning Glass Works ............ . .. .... ... ..... . 21 
International High Voltage Electronics . .. ....... ... . 15 
Leader Instruments Corp . ..... .................. . C2 
Litton Electron Devices . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
LMT ...... .. . ......... ... ..................... 22 
Microvision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Mitsubishi Electronic Sales America . . . . . . . . . . . . . . . . 2 
NCGA ... . ........... .. .. .. .. ..... ... ...... ... 27 
Photo Research SpectraMetrics ..... . .......... . .. C4 
Precision Electronic Glass . . . . . . . . . . . . . . . . . . . . . . . . 11 
Quantum Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Southwest Vacuum Devices ... ........ ... ..... .... 23 
SPSE ...... . ..... ...... .. ... ................... 26 
Syntronic Instruments ... ...... .... .. . .. . .... . .. . C3 
3M . . ... .... . ........ .... .. ........ .... . . . ... .. 23 

Business Office 
Palisades lnsti tul e ror 
Research Services, Inc. 
20 1 Varick Street , Suile 1140 
New York, NY 100 14 
Jay Morreale, Advertising Mgr. 
212/ 620-337 1 

Sales Office
Western States 
Ted Lucas 
P.O. Box 852 
Cedar Glen, CA 92321 
714/ 337-6627 
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Deflection Components 
to maximize the 
peiformance of 
your display! 
As your displays become 
increasingly complex, 
Syntronic yokes deliver the 
sophistication ,you need. 
Whether your challenge is 
a miniature display, military 
cockpit display, or a high 
resolution display, Syntronic 
Instruments will help you 
attain optimum display 
performance. 

Syntronic is the largest 
custom designer and manu
facturer of CRT deflection 
components in the industry. 
These sophisticated 
components include 
deflection yokes, focus coils, 
beam alignment and beam 
shaping coils, micrometer
controlled alignment devices 
and related CRT mounting 
devices. Syntronic deflection 
components offer the 
sophistication you need. 

When you need ultimate 
performance from your 
display, sophisticated 
deflection components from 
Syntronic Instruments are 

the answer! 

Syntronic Instruments, Inc. 
100 Industrial Road 
Addison, IL 60101 
Phone(312)543-6444 
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Now you can 
analyze CRT displays 

accurately ... 
anytime, anywhere! 

Measuring the output of CRTs or other 
displays used to be stnctly a laboratory 
JOb-at least if you wanted it to be accurate. 
But not .3nymore. 

Now you can analyze color. intens1ty, contrast. .. 
measure line w1dth or spot size ... right on the production 
Without even stopp1ng the line. And you can do it all 
own IBM PC (or equivalent) combined with the Photo f . 
PR®-700 SpectraScan® Family of Self-Scanned Array Systems. 

The Photo Research 700 SpectraScan Family can pet form 
photometric, radiometric, colorimetric and spatial analyses of 
any light source or sample. In near real time. . 

Of course. if you demand laboratory control of your light me~~urements, 
you want the PR-1980B/USS-2 Pritchard® SpectraRadiometer. It fs the definitive 
spectral/spatial color measurement system 1n the industry today. • 

We have now adapted both of these remarkable systems to be controlled by 
your IBM PC (or equ1valent) personal computer. Or. 1f you'p;efe1_ they're available 
with a dedicated control console. It's up to you. ' f 

F1nd out how you can make your own display measurements anywhere you 
want, at any t1me. Call us at (818) 341-5151. Or write us at the address below 

PHOTO RESEARCH. 
The Light Measurement People'" 
D1vis1on of KOLLMORGEN 

9330 DeSoto Avenue, Chatsworth, CA 91311 
{818) 341 -5151 FAX: (818) 341-7070 TLX: 69-1427 Cable: SPECTRA 

WE AUSTRAliA QUI NIHON p P TY 0 Pl'l 00 22-1 4 ISRA~l ~i~::.~NV " t.~ UC'; 'Jf flo·~ ~. ~· t' Ptl ,0212)6 1r:{/. J·A~~~A~D~~b~~~C~PORAT/ON Pt, ~198852551 • FRANCE INSTRUMATSA Pto 169282734 · HOLLAND 'NTECHMIJ BV Ph 020 5696611 . 
n M l 

11 ~ '.t ·ITALY Ll OOr-.ucu:: }'liCA Ph O ~ . 1q~& )0 A DIN•...» C. MPANV Pt OJ 586 5251 ·U.K. MICRON TECHNIQUES LTD Ph 0202 841261 • INDIA PHOTONtCS 1NTEANATIONAL Ptl 366665 
- '' 41•'16 ' SWEDEN iA 'I'EN AB PI 181921100 • EUROPEAN HEADQUARTERS LUZERN SNIT lEAl AND PHOTO RESEARCH Ph (W ]16!9" 
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