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Digivu~ Display/Memory units. 

Take a look at tomorrow. 
You can have it today. 
Take a look at Digivue display ;memory units from 
Owens-Illinois. With the kind 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
fresh requirements. Your computer is, in effect, 
free to perform other operations after addressing 
Digivue display / memory units. 

Selective Write/Erase - Digivue display ;memory 
units are digital display devices, with no digi tal -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 interBections 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- Digivue di splayjmemory 
units are flat, not curved. As a result, information 
at the edges is just as sharp and accurate as in 
the center. And a Digivue display ; memory unit is 
uncommonly slim-regardless of display area
allowing for a variety of installation possibilities 
. . . in desks, walls, drawers, consoles . 

Hard-Copy Potential - The ~eso lution of a Digivue 
display /memory panel allows for integration with 
standard office duplicating processes to produce 
page at a time hard-copy printouts of excellent 
quality. 

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

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

Think what these Digivue display / memory units 
can do for time-sharing applications, manage
ment information systems, computer-ai ded in
struction . .. and dozens more including airline 
reservations displays, aircraft cockpit displays, 
financial data terminals .. . in fact any display 
terminal for direct readout from digital 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 billion 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 
capabilit ies-in television 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 organization 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-Il linois, Inc ., P. 0. Box 1035 
Toledo, Ohio 43601 • ( 419) 242-6543. 
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Haua recant disolau advances 
lett uou behind? 

no need to let thiS happen With the wealth 
ol information now available in 

RECEnT ADVAnCES ~ In DISPLAY =:.;- MEDIA 
Uols. II 1111 

The newest display advances are covered in these two 
fact-filled volumes that pick up where Volume I left off 
. . . and it sold out completely ! 
Now they're ready to mail, and they're filled with a wealth of 
up-date reports to help every engineer, systems designer and 
display user in selecting appropriate components and systems 
. . . and in comprehending new theories and techniques. 
Authored by a number of top computer display experts, these 
all-new volumes represent the most pertinent, authoritative and 
up-to-date source of information on computer terminals; char
acter line and curve generators; memory discs; digital printers 
and plolters; CRT's; over-all system considerations; and more. 
Contents include ... VOL. II (260 pp.): A Plasma Display Term· 
ina/ • VTOL IFR Technology Program • A General Descrip
tion of the Fallout Display System (fODSJ • R&D in the Com-

puter and Information Sciences • Computer 
Processing for Display of 3-Dimensiona/ Structures . 

VOL. Ill (231 pp.): The Impact of Electronic Displays on 
Aircraft Control • Digital Printer/ Plotter Graphics Terminal • 
An Experimental Display Processor for the DX-1 • Information 
Acquisition, Sensing and Input: A Selective Literature Review • 
R&D in the Computer and Information Sciences. 
W ith the wealth of information available here, you can keep 
ahead of the technology ava lanche that threatens to bury many 
of today's e ngineers. Recent Advances in Display Media, Vols. 
II & Ill are avai lable sing ly, or together at a specia l price. 
And remem ber, business and professional books are tax de· 
ductible (a uthority: Treas. Reg. 1 .162; I.R.C. 162), so act now 
and sta rt making use of these valuable books to advance your 
company and your career! 

Readu now! alibis special price! 
,---------------------------------- -
1 For a limited time only! Complete. satisfaction guaranteed! .'~mediate re-

Vols. II & Ill ordered together only $34~ 95 fund avarlable on 10-day return pnvrlege . .. we I I I pay postage both ways. 

I 
Please send copies of Recent Advances in Display 
Media, Vol. II Prices: 

I Please send copies of Recent Advances in Display Vols. II & Ill together ............ $34.95 

1 Media, Vol. Ill One Copy (either) ................ $20.00 

1 Check, Cash or Money Order enclosed (amount) Three or more copies ........ @ $14.95 

[ Please Bill My Company in Advance (amount) Eleven or more copies ...... @ $1 o.oo 
I 

Company & P.O. Number ____________ _ 
Name/ Company Mail your payment, together with this 

I (CIIIfoml• residents: 1dd 5«16 11111 llx) coupon to: 

I Address TECHNOLOGY PUBLISHING CORP. 
City State Zip Dept. L-8 

I Date Signature 825 S. Barrington Avenue 
I Please make all checks or money orders payable to: Los Angeles, Calif. 90049 
L TECHNOLOGY PUBLISHIN~ COR_!:_ __ _____ _ _ _ - --- _ _ _______ _ _ 
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Editorial 

A Unified Approach 
The interfaces between many technologies are frequen tl y ill-defined, 

partic ularly when cross-disciplined fields are involved. Conseq ue ntly, 
we may well ask whether or not d isplay systems and certain classes of 
image systems require substantially identical engineering skills. Certain
ly, most image systems include some form of visual output or "dis
pl ay ." 

The question raised is not specious if one considers the number of 
engineering divisions and subdivisions now recognized in our technolog
ical base. Whenever additional f ractionation can be avoided the entire 
technical community must benefit, to say noth ing of the recipien ts of 
its output. 

It may be a moot poin t whether a system is call ed " image" or "d is
play." On the other hand , if the required technologies are for the most 
part the same, then it wou ld be a disservice to deve lop separate termin
o logy, standards and a ll the other accoutrements of a subfield. That 
such does happen is no t necessari ly a resu lt of chauvinistic adherence to 
one's a rea of specializat ion, but rather, the communications difficulties 
which inevitably arise among different groups dedicated to their own 
causes and interests. 

In this age of comp uters, the output of imaging sensors - even of the 
photogra phic varie ty - is being increasingly processed and displayed 
using techn iques that are fundame ntally like those that have evo lved in 
compute r-based disp lay systems. Analytic evaluation of systems pro
du cing images, from whatever source, is a process that has been highly 
ref ined. The tools whi ch are requ ired t o specify, design, prod uce and 
test systems primari ly concerned with image data are avai lable . It re
mains for us to recognize that sufficient commonality is present in 
those syste ms wh ich handle images that a unified engineering approach 
is not on ly possible, but highly desirable. 

R.L. Kuehn 
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Starting with the Keynote by IBM 
Chairman T. Vincent Learson, the '72 
SJCC brings it all together in Atlantic 
City, May 16-1 8. 

The technical program at this year's 
Spring Joint Computer Conference is 
one of the most extensive ever- 37 
sessions will provide a comprehensive 
review of our developing technology 
with forecasts for the 1970's. On the 
exhibit floor you' ll find the latest 
developments in hardware, software, 
systems and services waiting your 

• 

inspection. Add featured addresses 
by Kei th Uncapher, AFIPS' President, 
and Dr. Andrei Ershov, leading Soviet 
computer scientist, and you begin to 
see the total picture. 

Plan now to obtain a unique 
' overview of changing technology and 

industry trends at '72 SJCC. Take 
advantage of the chance to exchange 
ideas and discuss mutual problems 
with an outstanding array of industry 
leaders, colleagues, customers and 
suppliers. 

It's easier than ever before to put 
yourself in the picture. New one-day 
regist rations for the technical program 
and exhibits are available in addi tion 
to full conference registration. 

Act now to receive complete 
information including housing and 
pre-registration forms. The '72 SJCC 
is an opportunity you can't afford 
to miss. And if you pre-register for the 
full conference prior to April28, 
you'll receive a discount on your 
reg istrat ion fee. 

r--------------------------, 
Act now to receive full information on the 1972 SJCC. 
Clip this coupon and mail today to: 

afips 210 Summit Ave., Montvale, New Jersey 07645. 

0 I am interested in attending-send details and reg istra tion forms. 

0 My company is interested in exhibiting at '72 SJCC- pleose send 
necessary information. 

Name __________________________________________ _ 

Company ______________________________________ ___ 

Address ________________________________________ __ 

City ____________________ Stote ____________ Zip __ _ 

~----------~---------------J 
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Here's the new storage tube line
with performance levels enhanced by a 
silicon target - you've been waiting 
for. Designed for a wide variety of TV 
display applications, these devices are 
extensions of the sil icon technology 
used in the Apollo 15 camera tube. 

RCA-C22041 is typical of this 
fami ly of single-ended, non-destructive 
readout storage tubes with silicon tar
get. Use it and the companion tubes in 
such diverse appl ications as frame 
freeze, low-l ight-level TV signal en
hancement, information storage and 
retrieval, picture transmission over 

phone lines, specialized graphic display 
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 
fam ily of silicon target storage tubes 
includes: 

Dia. 
Type InChes 
C22041 1 
C22045 1~ 

C22047 1 

R-e501ution 
Lines 

1200 
1700 
1200 

Deflection 
Method 

M 
M 
M 

Reading 
Duration 
M lns. 

5 
10 
10 

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

Circle Reader Service Card No. 3 

tube line. For more information, see 
your RCA Representative. For techni
cal data on type C22041, write: RCA, 
Commercial Engineering, Section 86C 
/ZD1, Harrison, N.J. 07029. I nterna
tional: RCA, 2-4 rue du Lievre, 1227 
Geneva, Switzerland, or Sunbury-on
Thames, U.K., or P. 0. Box 112, Hong 
Kong. 

RGI .. Electro 
•• Optics 
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A Logic Character Generator 

for Use in o 

CRT Text Disploq 

L--------------- P.A.V. THOMAS and W.E. MENN IE 

Abstract 

As part of a general graphics facil ity currently being de
veloped around a DEC PDP 8/S, th is character generator 
uses only standard logic modules to prod uce the neces
sary brighteni ng pulses for a 5 X 7 dot matrix presenta
tion. The matrix raster itself is generated by means of 
counter-registers and D/A converters which facilitates 
the generation of three sizes of characters, provision for 
subscripti ng and superscripting, carriage return to the 
left hand side or a user set margin, and line feed with 
single or double spacing. The 60 ASC II character set is 
available and an extended character set coul d be gener
ated by an extension of the same principl es. 

Introduction 

During recent years it was decided to develop a general 
computer graphics facil ity about an existing DEC PDP 8/S 
which would be capable of generating vectors and alphanumer
ic characters. This paper is concerned only with that portion 
of the system involved in the character generation and some 
possible alternatives are included at the end. 

Basic Method of Character Generation 

The basic method used is the well known 5 X 7 dot matrix 
presentation on the screen of a CRT as indicated in Figure 1 . . 

Different methods have been used in the past to produce the 
necessary brightening pulses applied in synchronism with suita
ble vertical and horizontal deflections of the beam. In the 
particular case the entire generation is produced using logic 
gates in conjunction with counter-registers. For convenience of 
reference let us assume that the dots are generated time se
quentially in the order indicated in Figure 2 so that it now 
?e~omes apparent that to produce the letter "A" of Figure 1, 
1t 1s necessary to generate brightening pu lses at relative dot 
times, 1, 2, 3, 4, 5, 10, 13, 17, 21, 24, 27, 29, 30, 31 , 32, 33. 
These brightening pulses are obtained by applying the pulse 
train of Figure 3(c) to the CRT brightness mod ulator in 

• 
• • 

• • 
• • 
• • • • • 
• • 
• • 

Figure 7: Dot generation of letter "A." 

C> 1972 by Information Display Publications Inc. All rights reserved. Reproduction in whole or in part without written permission is strictly prohibited. 
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7 e14 •21 e2a • 35e 36e 

6 e13 e20 e2.7 • 34• 

s •12 e19 ~6 • 33• 

4 ell e1a ~5 • 32• 

3 elO e'J7 e24 • 31• 

2. 9 •16 •23. 30. 

1 • a e15 e22 • 2 9e 

Figure 2: Basic dot matrix. 

synchronism with the X and Y staircase deflections shown in 
Figure 3(a) and (b). These staircase wave-forms are conven
iently generated by means of X and Y counter-registers feeding 
D/ A converters as described later. 

The basic brightening pulse generator is shown in the block 
diagram of Figure 4 . When a character code is loaded into the 
Buffer Register, a Clock oscillator is initiated whose output 
feeds a Dot Counter counting up to 36 (the total number of 
matrix points plus one used for character spacing). The out
puts of th is counter together with a delayed c lock pulse to give 
the coun ter time to settle down, are fed into the Dot Decoder 

CHARACTER BRIGHTENING 

GENERATOR PULSE TRAIN 

CHARACTER 

DATA 

BUFFER 
REGISTER 

ENCODER 

OOT 
DECODER 

LOAD ---..L- fr>T-f-__ _j 
DATA 

Figure 4: Block diagram of basic character generator. 

10 

:Tim~ 

(ll) 

Tl,.,o.. 
8 15 1Z. 2, 3 

(b) 

.,..Ti.,.t. 

Figure 3: Wave-forms to generate the letter "A ": (a) Y-deflectlon; (b) 
X-deflection,· (c) brightening pulse train. 

consisting of a set of 35 AND-gates generating the 35 discrete 
dot time pu lses (1 to 35) as shown in Figure 5. To generate the 
pul se train for a particular character, it is now necessary to 
select and combine the requ ired pulses in to a single output; 
this is achieved by the Character Encoder consisting of a series 
of OR-gates (one for each different character to be generated) 
as shown in Figure 6. The final section is the Character Selec
tor which decodes the 6-bit stripped ASCII character in the 
6-bit Buffer Register and gates the corresponding Character 
Pulse Train to the CRT brightness modulator; a simplification 
is achieved here by combining the Character Pulse Train AND-

Dot Counter 

Del eyed 
Clock 
Pulse 

bit 1 (1) 
bit 2 (0) 

bit 3 (0) 

bi t 4 0 

bit 5 (0) 

bit 6 (0) 

Dot Counter 

Figure 5: Dot decoder. 

Dot 11 

Dot 135 
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----~. -------------------------------------------------------------------------------------. 

gate and decoder AND-gate into one gate as shown in Figure 7 
which also shows the final OR'gate which permits any selected 
pulse train to be fed to the CRT. Thus the entire logic is a 
succession of AND-OR logic which is easily implemented with 
standard NAND (or NOR) logic modules. 

Reverting back now to the X- and Y-deflections, these are 
conveniently produced by using two counter-registers with 
DAC's as shown in Figure 8. The initial value of the X- and 
Y-registers must locate the 1st dot position and to achieve this 
we have the Y-value set equal to XXXXXOOO and the X-value 
equal to Zero, where XXXXX may be any binary number. The 
clock (used to generate the character brightening pulse train) 
now counts in the Y-direction using the Y-register until the 
count of 7 is reached, at which time theY-value is reset to the 
previous value of XXXXXOOO and the X-value is incremented 
by uni ty. This is continued by resetting Y and incrementing X 
at count times 14, 21 and 28 to complete the character matrix 
deflections at count 35. If now a second character were to be 
loaded it would commence with dot No. 1 lying on top of No. 
29 of the previous character. To avoid this, at the end of the 
previous character, a space of two dots is generated at an 
additional pulse time No. 36 (indicated on Figure 2) by incre
menting the X-register in the 2's posi tion. 

Modification to the Basic Generation 

So far nothing has been said concerning the scale factor or 
size of characters. Natural ly the size of a character will depend 

Dot 1 

'A' Pulse Train 

Dot# 

'Z' Pulse Train 

Figure 6: Character encoder. 
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Figure 7: Character selector. 

Load 
Character 

y 

Reg. 

Figure 8: Staircase generators. 

Counter 
Pulses 

Figure 9: Scaling. 

Brightening 
Pulse 
Train 
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Figure 70: Scripting. 

on the raster unit of the display terminal. In the particular case 
the overall design is based on a screen display area of 1024 X 
1024 raster units, which is considered reasonabl e for a text 
facility. If each character generation step on the X and Y 
counter-registers was only 1 raster unit, this would result in a 
charac ter size of only 5 X 7 uni ts or approximately 1/16 in. 
high on a 10 in . square display which is impractically smal l. If, 
however, counting is carried out at the 2's input of the coun
ters the size is doubled giving a character of about 1/8 in. 
height and about 85 characters/line, considered to be a reason
able minimum. By further changing the position of the coun
ter inputs to the 4- or 8-input points, shown schematica lly in 
Figure 9, the size may be doubled or quadrupled (up to ap
proximately 1/2 in. high ) giving any one of 3 'sizes, for conven
ience referred to as small, normal or double size. Figures 10 A 
and B show the basic matrices for two adjacent sizes from 
which it can be seen that A may be used as a capital for the B 
size or B may be considered as a subscript for the A size. If 
now the position of B is moved up to that shown at C then the 
character generated may be used as a superscript or as a mathe
matical exponent to the character at A. In fact, the logic re
qui red to accomplish this is re latively trivial - the only re
quirement being to preset the next higher Y -counter bit to '1' 
prior to the character generation so that the dot count be
comes effectively 8, 9, 10, 11, 12, 13, 14 rather than 0, 1, 2, 
3, 4, 5, 6 in each vertical count. Furthermore it will be ob
served that the C character is automaticall y spaced two dot 
positions above the top of the subscript B so that one such 
character might be placed above the other rather than to its 
right, as shown in Figure 11. This is achieved by means of a 
non-printing "back-space" character. 

Special Characters 

This naturally leads to a number of special non-pnntmg 
characters that are provided and greatly assist the user of the 
textural display, viz, Back-space (BS), Carriage Return (CR), 
Line Feed (LF) and Tabulate (TAB). Before considering these 
characters, however, we have to realize that there is one com
plication, namely, duplication of 6-bit stripped codes; for 
example the 6-bi t codes for BS and the letter X are both 
011000 (308 ); however if we consider the 7-bit codes for these 
two characters, they are 0011000 (308 ) and 1011000 (1308 ) 

respectively. Thus, if we load the 7-bit code into an extef'!ded 
Buffer Register (of Figure 4) of 7-bi ts then the normal charac
ters need sti ll use only the six least significant bits, the 7th bit 
only being used to detect the special characters and take the 

12 

• 

• . 

.... .. 
• • 

)( • " • • • • • • • • • " ••• It 

• • • • • . .. • • • • • • • • • •• • • • • • • • • • • • . .. ... 
Figure 7 7: Scripting with back space. 

necessary action. As these characters are al l non-prin ting (non
displayed) and their corresponding normal characters will be 
generated the brightness modulation must be inhibited. Con
sidering first the Back-space; when this code is detected the 
only requi rement is that the X-counter is made to count down 
instead of up while a blanked out "X" is generated ; the net 
result is that the fi nal position (dot No. 36) now corresponds 
to the previous dot No. 36 so that the next normal character 
generated is spaced back one character position. If this next 
character were to be a superscript then the result would be as 
shown in Figure 11 . Note that this also enables the operator to 
generate special pri nting characters by super-imposition of 
standard characters, if this is desired. The other three non
printing characters, the Carriage Return (CR), Line Feed (LF) 

Instruction Word 

Data Word 

COII'bined Word 

Ha: 0 - No Action 
1 - Load bits 2, 3,4 , of next data word into 

Margin Register 

R: 0 - Nonnal Character 
1 - Rotate go• Counter-clock~<ise 

S: 0 - Nonnal A/N Mode 
1 - Double A/N Mode 

L: 0 -. Ltght Pen Insensi t ive 
1 - Ltght Pen Sensitive 

lnt:OO- Nonnal Intensity 
Dl- Dim 
10- Bright 
11- Blanked 

B: 0 - No Action 
1 - Blink 

SS:OO - Nonnal Position 
01 - Superscript 
10 - Subscr ipt 
11 - Capital 

H: 0 - Nonnal CR or Double Spaced LF 
1 - CR to position in ~la rg i n Register 

or Sin~le Spaced LF 

Figure 7 2: Instruction and data words. 
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and Tabulate (TAB) will be considered together as there is a 
similarity in their mode of operation, that is, they involve a 
similar type of change in the contents of their respective regis
ters and also make use of a special Margin Register. Under 
normal conditions, the CR causes the X-counter to be reset to 
zero so that the next character is generated at the left hand 
edge of the display area. Similarly the LF causes theY-counter 
to be decremented by two character heights (16 dot positions) 
to move to a new line, leaving a one character-height space in 
between lines. A further extension of these two non-printing 
characters is made available to the user by the use of a "margin 
bit," M, in the data word of the display file shown in Figure 
12. Specifically, consider the CR function with this bit set to 
'1 '; in th is case the return, instead of being made to the left 
hand edge of the display area, is made to a position corre
sponding to a multiple of 10 small characters from the left 
hand edge, the exact multiple being dependent on the content 
of a 3-bit Margin Register. The choice of 10 small characters 
per margin position was based arbitrarily on the fact that there 
are 85 small characters/line and 8 was a convenient number of 
margin positions (a 3-bit register being able to contain 8 differ
ent values) . By analyzing the required contents of the X
register for each of the values of the margin register, as shown 
in Figure 13, it is easily established that the following rules 
must be appl ied: 

Bits 1, 2, 4, = Zero 

Bit 8 MR1 

Bit 26 MR2 

Bit 32 MR3 

Bit {)4 = One 

Bit 128 = MR1 

Bit 256 MR2 

Bit 512 MR3 

where M R 1, M R2 and M R3 are the margin register bits of 
weight 1, 2, and 4 respectively. 

The above is easily implemented by clearing the X-register, 
loading the bits, as indicated above, from the margin register 
and setting bi t 64 to '1.' 

The other similar non-printing character, Tabulate, which 
uses the same positions poses a more difficult problem as the 
tabulation requires a different incrementation of the X
cou nter to a particular tabulation position from any one of the 
10 small character positions (120 raster units) at which the last 
character was placed. One method would be to read the con
tents of the X-register into the computer, determine the next 
tabulate position and load this value back into the X-register. 
However, this would be too slow and a hardware algorithm 
was developed to correctly generate the necessary stepping in 
one character generation cycle. 1 

A number of algorithms were tried with varying success and 
the one ultimately used is similar to that used for the Margin 
Return in that the appropriate binary value in the X-register 
must be one of those in the table above. Thus if we can deter
mine the 3 most significant bits, the remaining bits may be set 
in the same manner as the Margin Return, using these 3 bits in 
place of the contents of M R 1, M R2 and M R3. 

Recall ing that the smallest character is 12 raster units wide 
means that we can ignore the 4, 2 and 1 bits as their sum is 
always less than 12. However, the algorithm shown in Figure 
14 was developed which incorporates two gates which detect 
three cases where the general algorithm fa ils and makes the 
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IIJECDIAL OCTAL BINARY VALUE MARGIN 
REGISTER 

VALUE VALUE 512 256 128 64 32 16 8 4 2 1 CON'!EtiTS 
0 000 0 0 0 0 0 0 0 0 0 0 N A 

120 170 0 0 0 1 1 1 1 0 0 0 0 

240 360 0 0 1 1 1 1 0 0 0 0 1 

;l6o 550 0 1 0 1 1 0 1 0 0 0 2 

480 740 0 1 1 1 1 0 0 0 0 0 3 

600 1130 1 0 0 1 0 1 1 0 0 0 4 

720 1320 1 0 1 1 0 1 0 0 0 0 5 

840 1510 1 1 0 1 0 0 1 0 0 0 6 

960 1700 1 1 1 1 0 0 0 0 0 0 7 

Figure 13: Tabulate and margin positions. 

necessary corrections. The logic circuit required to place the 
correct values in the 512, 156, 128 and 64 bit positions by 
means of counting in the 64 bit position is shown in Figure 15. 
Having set these four bits correctly, the remaining bits are set 
in exactly the same manner as in the Margin Return and in fact 
use essentially the same circuitry. 

If the margin bit is set to '1' in an LF data word the next 
line is placed immediately under the previous line without 
leaving a character height space between lines. Th us by 
changing this bit, the user has the faci lity of single or double 
spacing of lines of text. 

In the previous paragraphs reference was made to the Mar
gin Register without stating how this was set. In the display 
file of data to be displayed, prior to this data there wi II be a 
Mode Control Instruction also shown in Figure 12 which has 

Load ,2ll into 32 
Load ~ into 16 
Load 128 into 8 

Figure 14: Tabulate algorithm. 
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Figure 15: Circuitry for loading X register during carriage return and 
tabulate. 

one bit Ma which when set to '1' takes the content of bits 2, 3, 
and 4 of the next word {data) and loads it into the margin 
register; from then on all margin returns are to this same mar
gin until its content is changed by another Mode Control In
struction having Ma = 1. So that this item of data is not 
displayed the corresponding 7-bit ASCII code portion of the 
data is set to zero {Null Character) which causes no character 

Figure 16 (a): Character sizes. 

Figure 16 (b): Tabulation. 
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generation to take place by inhibiting the counting in the X
register. 

No special pointer character is provided but one is easily 
generated by using a standard character, such as a minus sign 
{-),as a "superscript" on the next single spaced line. 

Display Control 

The entire system is intended to be operated in an inter
active mode so that a non-storage CRT is used. As the hard
ware is capable of generating characters at a rate of about 
53,000 characters/second it could be directly driven from a 
fast 1/0 computer but with a PDP 8/S, due to its upper trans
fer rate of about 4,500 characters/second, the amount of in
formation that could be displayed would be limited. For this 
reason a separate buffer memory has been developed but is not 
described here . However, some typical resul ts, to show the 
capability of the display generator, are given in Figure 16. 
Figure 16{a) shows essentially the 3 character sizes and the 
subscripting and superscripti ng capabi lity {with and without 
backspacing the latter). Figure 16{b) shows the tabulate and 
margin return fac ilities, the numbers 0 to 7 being located by 
tabulation and the four columns of characters below being 
formed using 4 different margin settings. T hese four columns 
also illustrate the 60 possible printing characters available. 

Further Possible Modifications 

As described, the above hardware is part of a general 
graphics faci li ty and if only tex tural display was required the 
Instruction and Data Words could be combined as shown in 
Figure 12. By the addition of more NAND {or NOR) modu les 
a full 128 character set could be easily implemented; and by 
increasing the number of bits representing a character more 
characters could be generated. The main problem then is intel
ligent representation of the characters and it wo uld become 
necessary to change to a 7 X 9 dot matrix rather than the 
existing 5 X 7; th is however should not pose any serious prob
lems. 

Conclusions 

The authors claim to have developed a completely logic 
hardware alphanumeric character generator with some novel 
features that assist in manipulation of text. Although the com
plete logic and registers require approximately 215 modules, it 
provides flexibility for the generation of other printing charac
ters very conveniently and also is relatively easy to service due 
to the nature of the logic design. Furthermore, if desired, it 
should not be difficult to considerably reduce the physical size 
if LSI techniques were applied. 
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Using Interactive 
Graphics for 

Fighter Pilot Training 
KEVIN j . KINSEL LA and ANDREW j . MATTHEWS 

Abstract 
The use of interactive computer graphics promises to 
revolutionize the military's system of training fighter 
pilots for combat and save mill ions of tax dollars at the 
same time. The Navy has recently contracted with Cubic 
Corporation of San Diego to provide a new all-electronic 
system, called the Air Combat Maneuvering Range 
{ACMR). Adage Inc. in Boston is subcontracted to pro
vide the display facilities which include a "three
dimensional," real-time CRT display of air combat ma
neuvers and accompanying dynamic data on interactive 
graphics terminals. The display system accepts a three
dimensional image descri ption, in this case the maneu
vering range and aircraft with in it, and displays it as a 
precise drawing from any viewing orientation, scale and 

Introduction 

At present, tactical fighter pilots take to the air in pairs 
with the instructor fo llowi ng in a chase plane. Maneuvers are 
carried out - simulated dog fights, etc. - while the instruc tor 
fo llows the action making a running commentary to either 
pilot and/or retaining in memory the sequence of events for a 
later debriefing on the ground. The limitations of such a 
method are obvious: (1) The airborne instructor has only one 
van tage point to view the action from, plus being occupied 
with piloting his own craft; {2) In a fast-changing, com plex 
situation such as an aerial dog fight, instructors should not be 
burdened with remembering entire action sequences; {3) The 

position. The perception of dimensionality is aided by 
intensity depth cuing and aircraft scal ing; and aircraft 
closer to the observer, at any viewing orientation, is 
brighter and larger than one further away. The display 
will permit an air-combat instructor on the ground to 
view tactical dog-fights with simulated missi le firings 
from almost any vantage point by a flick of his wrist; 
wi II cut down the hardware expense of practice missile 
fir ings at drone targets; wi II give the pilot much more 
missile-f-iring practice through simulation and will im
mensely aid flight-test range safety officers in their ef
forts to identify and repair aircraft which have suffered 
damage as the result of undue strain. This paper de
scribes the imp lementation of the real-time graphical dis
play system developed by Adage. 

feedback to the trainee pilot is delayed and he obviously can
not view himself in action; {4) Actual missile firings cannot 
occur in this dog fight enactment, and when missiles are fired 
at drones, the procedure is extreme ly costly and unreali stic 
since drones are incapable of realistic aerial maneuvers - much 
as a duck hunter sneaking up on a wooden decoy is far re
moved from taking aim at a fast-moving mallard. 

With the ACMR system, a number of improvements will 
resu lt: (1) The instructor need only sit at the CRT console {see 
Figure 1) observing the air action from a wide range of rota
tional angles or even cause the display to regis ter the pilot's 
cockpit view. {2) Afterwards, for the debriefing, the instructor 
can rerun the entire sequence giving pointers as he proceeds, 

C 1972 by Information Display Publications Inc. All rights reserved. Reproduction in whole or in part without written permission is strictly prohibited. 
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Figure 1: Photograph of observer at the A GT/ 150 "3-D" console ob
serving the ACMR. 

and better yet, each trainee can see his own action from the 
instructor's viewpoi nt (much like athletes view the films of 
their games) - an immensely helpful link in the educational 
process. (3) The system, in one operating mode, will transmit 
radio tones to the trainee pilot when he is in effective cannon/ 
missile fir ing position, so he will learn directly from this Pav
lovian experience what these relative positions are. (4) The 
ACMR provides the facil ities to test pilots' missile firing ab ili
ties a much greater number of times than at present. Current
ly, each Navy pi lot is rated annually on the basis of only two 
missile firings. There is also a potential major saving from 
avoidance of air combat accidents - mid-air col lisions and 
aircraft going out of control - since the instructor will moni
tor aircraft position and al ti tude and notify pilots of impend
ing hazards. 

ACM R System Description 

The ACMR system (see Figure 2) consists of four major 
subsystems: 

1. An Airborne Instrumentation Subsystem (A IS) carried 
on each plane on the combat range which monitors air
craft performance parameters and weapons data and 
telemeters these to the ground. 

2. A Tracking Instrumentation Subsystem (T IS) consisting 
of remote unmanned stations covering the range area 
and tied to a master station. This network very accurate-

Figure 2: Diagram of ACMR system. 
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ly measures the distance to the aircraft, and communi
cates with the airborne system and the computation 
system. 

3. A Control and Computation Subsystem (CCS) to receive 
the incoming data and prepare these for displ ay. The 
CCS also monitors the system operation and performs 
missile trajectory simulations. 

4. A Display and Debriefing Subsystem (DDS) which dis
plays the range situation graphically and in alphanu
merics on three CRT's and is used as a training aid for 
range control, and to replay previously recorded flight 
exercises. It is th is system that is the subject of this 
paper. 

The Display and Debriefing Subsystem 

The DDS (see Figures 3a and 3b) consists of two identical 
consoles, each of which has three separate CRT displays (see 
Figures 4a and 4b) : 1) a storage tube summary display of 
static text messages; 2) a dynamic alphanumeric and a 2-D 

AGJI.SO 

PlAN 

Figure Ja: Top view of the DDS van. 

AGT 110 

(TELEPHONE INTERFACE) 

I 
I 

(KEYBOARD) 

I 0 (LIGHTED SWITCHES) I 0 (LIGHTED SWITCHES) I 
JOYSTICK (3-AXIS) I JOYSTICK (J-AXIS) I 
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Figure Jb: Diagram of the DDS van hardware configuration. 
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Figure 4a: Top view of a DDS console. 
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graphic display of critical ai rcraft parameters; 3) a realistic 
dynamic display of the 3-D combat range air-space. 

During actual training exercises, the first console would be 
occupied by an instructor pilot monitoring the 3-D range dis
play, a range safety officer monitoring the alphanumeric 
display and a system operator at the controls of the storage 
tube. The personnel at this console control are responsib le for 
the safety of the air combat maneuvering range. 

The second console for the DDS is functionally identical to 
the first, but will appear to the user as entirely independent. 
Normally th is console is used to replay previously recorded 
exercise tapes, although the tasks for the consoles can be re
versed. The replay operation and its display is identical to the 
live display with the additional facility of freezing the action, 
backing up the tape and the ability to produce hard-copy of 
any of the displays including the 3-D range display. 

Every 100 ms, the Control and Computation System trans
mits to the DDS the position and orientation informat ion for 
each of up to four maneuvering aircraft, a position update on 
one of the 12 additional support aircraft and extensive addi
tional information about the maneuvering aircraft (closing 
angles, hazard cond itions, etc.). At the DDS, these incoming 
data messages and the voice communication channels to and 
from the airborne pilots are simultaneously recorded on one 
magnetic tape (voice in analog form; data in digital). The dis
plays are generated f rom the data almost instantaneously. 

Status Display 

The Status Display is a storage tube unit to provide the 
observer with static information such as pilot name, aircraft 
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types, exercise name, range status, hazards, pilot performance 
errors and evaluation of missile firing results (hi t or miss, and 
why). So me displays are automatical ly presented, others are 
optional ly available by depressing a control push button. 

Alphanu meric Display 

The al phanumeric display (see Figure 5) is a dynamic dis
play of the altitude, g-force, angle of attack, and true air 
speed, for each of up to fou r maneuvering aircraft. "Thermom
eter" displays were chosen, rather than alphanumerics, because 
this type of analog presentation conveys the overall situation 
to the observer most rapidly, and as it is updated every 100 
ms, it also gives the observer an accurate impression of the rate 
of change of these important aircraft parameters. The observer 
can display the exact alphanumeric values by holding down a 
push button. When hazardous conditions are detected by the 
system, the appropria te indicator blinks and the alphanumeric 
value is added to the display. Serious hazards and range degra
dation conditions are indicated by warning lights and buzzers. 

By monitoring these displayed data, an instructor can, for 
example, warn a pilot to bottom out of a dive before his 
altitude is so low that a fast climb would put undue stress on 
an aircraft or worse, before his altitude dips below the minimal 
altitude required for a climb out a steep dive. To alert the 
instructor, warning lights can be triggered at any parameter 
value up to the maximum for the plane; thus a trainee would 
initially have very "safe" hazard parameters. Similarly, the 
range safety officer wi ll watch the g-force level on the aircraft 
to insure that if it exceeds its maximum allowable limit, the 
plane may be examined for possible structu ral damage before 
its nex t flight. Thus, pilots who try to push their aircraft to 
the limi ts of endurance, will be restrained from doing so. 

The 3-D Range Display 

The three-dimensional range disp lay (see Figures 6a, b and 

Figure 5: Photograph of the A GT/ 110 alphanumeric display. 
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Figure 6a, b, c: Sequential photographs of a rotation of the AGT/7 50 "3-D" display. 

c) presents a real istic picture of the acitivi ty in the ACMR 
airspace. The ground terrain shows the major geographic fea
tures recognizable by airborne pilots over the forty mi le square 
range. The true ground position of each maneuvering aircraft is 
indicated by a small cross on the ground. The maneuvering 
aircraft are represented as accurate drawings of the specific 
aircraft model that each represents. These aircraft are identi
fied by a numeric label which accompanies the plane on the 
CRT. When hazard conditions are detected, a f lashing label of 
the hazard and the pilot's name also accompany the aircraft. 
Attempted missi le firings detected by the airborne equipment 
t rigger a simulation in the CCS so that a trajectory for the 
missile and hi t/ miss information is generated which is also dis
played on the CRT. 

Figure ?a: AGT/750 display of the absolute coordinate list of an air
craft. 
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3-D Hardware Capability 

The three-dimensional display hardware is an Adage Graph
ics Terminal Model 150 (AGT/150). In the AGT/150 system, 
picture items which are represented by lists of coordinates in 
core are not routinely translated into a display list for each 
refresh frame. Instead, the absolute coordinates are passed 
through the coord inate transformation hardware to create the 
analog output values for the vector generator driving the CRT. 
Figure 7a illustrates the display of an absolute coordinate list 
of an aircraft, and in 7b, the same coordinate list after three 
rotations have been composed into the coordinate transforma
tion array. The following equations would describe this type 
of transformation: 

Figure 7b: A GT/ 7 50 display of the absolute coordinate list of ?a after 
three rotations. 
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X' 
Y' 

R11 *X + R12*Y + R13 *Z 

R21 *X + R22*Y + R23*Z 

In order to compose multiple sequential rotations, it is also 
necessary to compute Z' . The hardware in this system uti lizes 
the Z' output to control the intensity depth cui ng of the 
CRT display. 

Z' = R31 *X+ R32 *Y + R33*Z 

To include provision for picture scale (PS), individual scale 
(SC) , and translations (DX, DY and DZ ), the hybrid operator 
hardware in the AGT/150 actually implements the following 
equations: 

X' PS * [DX +SC*(R1 1*X+ R12*Y + R13*Z)] 

Y' PS* [DY + SC* (R21 *X+ R22 *Y + R23*Z)] 

Z' PS* [DZ + SC* (R31 *X+ R32 *Y + R33*Z)] 

In block diagram form, the organization of these ele ments 
is shown in Figure 8. The program that is processing an image 

Figure 8: Block d iagram of the coordinate transformation array. 

list to generate the CRT picture computes the matrix coeffi
cients (Rll to R33), the translations (DX, DY and DZ), scales 
(PS, SC) and in tensity gradient control values, and loads th ese 
digital values into the hybrid operator. All subsequent vector 
items in the display frame are then passed through the hybrid 
array operation. The hybrid operator is capable of performing 
the 16 mul tiplications and 12 additions indicated in fo ur ps. 
New values can be loaded in to the array at any time within a 
list, so that portions of an image can be separately rotated and 
translated by hardware operations. In order to position and 
orient the ACM R aircraft image, this hardware facility is essen
tial. 

To display the image transformed as in Figure 7b, the 
standard software display operator GRAFX would, for each 
refresh frame, process a list similar to: 

IM AGE: ROTATE abou t xt Value 1 
ROTATE abou t Y 
ROTATE abou t Z 
2-D TABLE 
END OF LIST 

Value 2 
Value 3 
F-14 Aircraft I mage Coordinates 

The GRAFX rout ine is a sequential list processor, and wil l 
compose each rotation item when found onto the cu rrent 
transformation, which at the start of each frame is set to an 
identity transform. For example, the mathematical operation 

t Hereafter referred to as ROTATE-X 
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performed to compose a ROTATE-X item onto an existing 
transform is a matrix multiplication of the incremental matrix 
of the new angle and the current matrix. 

1 0 0 R1 1 
0 sin X cos X R2 1 
0 cos X sin X R3 1 

R12 R13 
R22 R23 
R32 R33 

NEW ARRAY 

The composition of rotation items is not commutative; if 
two rotations were composed in reverse order, a considerably 
different final result might be achieved. 

The position of an aircraft in the ACMR air space is ac
curately described by knowing its X-position and Y-position 
on the ground plane, Z-position (elevation), compass heading, 
pitch angle, and bank angle. A basic image list to display a 
one-aircraft situation, with the user having overall control of 
image scale and rotation would be as follows: 

1 IMAGE: SCALE Zoom factor 
2 ROTATE-X Altitude viewing angle 
3 ROTATE-Y Azimuth viewing angle 
4 3-D TABLE Ground image coordinates 
5 DX X ground position 
6 DY Y ground position 
7 DZ Elevation 
8 ROTATE-Z Compass headi ng 
9 ROTATE-Y Pitch angle 

10 ROTATE-X Bank angle 
1 1 3-D TABL E F-4 aircraft coordinates 
12 END OF LIST 

In this list, only items 4 and 11 are actually causing the 
vec tor generator to draw visible lines. All other items are 
generating the array composition operations. Note that the 
position for the aircraft is composed onto the current overall 
transform established by items 1 through 3. The ordering of 
the composition items is essential. For example, the overall 
transform is scaled about the center to which it has been off
set, and not the reverse. 

The positioning information ..f,Pr a second aricraft added to 
the list wou ld also have to btf'composed onto the array that 
existed after the completion of item 3 (not incl uding any of 
the positional information of the first aircraft). This can be 
achieved by adding a SAVE TRANSFORM item between 
items 3 and 4. This stored transform can late r be reinstated by 
a RESTORE TRANSFORM item, and further composition 
made upon it. In this form , if this image list were expanded to 
4 aircraft, it wou ld then comprise 5 vector drawing items, 27 
array composition items, 1 SAVE an d 3 RESTORE's. 

It becomes apparent that in th is type of app lication, the 
image processing rou ti ne might be spending a majority of the 
available time within a frame (only 25 ms for 40 frames/sec) in 
composing changes to the array, and that a significant increase 
in the vector drawing capability could be achieved by remov
ing this com position load to the background processing level. 
This is true because the image processing routine is operating 
on the display interrupt level; in other words, no vectors are 
being drawn while the processor is co mposing the new array 
items. 

Processing of vectors continues entirely on an interrupt 
basis. Background processing goes on between vector starts, 
and utilizes al l the avai lable t ime between the completion of 
an image list and the frame clock to start the next frame 
(process the image list again). This is an oversimp lification of 
the problem since the AGT /1 50 has 16 interrupt levels and at 
times many of them are interleaved to accomp lish the neces
sary communication, hard-copy ouput, disk access, etc. In ad-
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dition, there are a large number of tasks which must share 
background processing in this application, so it is necessary to 
minimize the time required for the array composition compu
tations. 

Significant savings have been achieved by combining the 
three translations and three rotations to orient an aircraft in to 
one background composition operation, and by adding a 
tolerab ly accurate sine/cosine routine requiring 25 iJ.S. Special 
items have been added to the GRAFX display operator to 
permi t loading, in 36 iJ.S, of the entire transformation com
puted in the background, in comparison to the 200+ iJ.S to 
compose one rotation within the image list. The net saving of 
compu tation instructions per display frame is very small, but 
the computation can now be performed concurrently with the 
display operation, rather than sequentially with it. 

With this type of display requirement, the background com
putation techn ique has more than doubled the quanti ty of 
separately oriented items that can be displayed. This is entirely 
subjective, as it is a trade-off between the time used for com
position and the time used drawing vectors. Longer coordinate 
list, or fewer transformations, reduce the possible saving. The 
revised image list for two planes wou ld appear as : 

1 IMAGE: SCA L E 
2 ROTATE-X Altitude viewing angle 
3 ROTATE-Y Azimuth viewing angle 
4 3-D TABLE Ground image coordinates 
5 LOAD TRANSFORM Plane 1 
6 3-D TAB LE F-4 aircraft coordinate list 
7 LOAD T RANSFORM Plane 2 
8 3-D TAB L E A-4 aircraft coordinate list 
9 END OF LIST 

Changing the rotation of the three-dimensional picture, as 
shown in a sequence of photographs in Figure 6 of a static 
range situation, represents no additional burden to the proc
essor. The same amount of processor time is uti li zed for each 
frame , without consideration of the amount of coordinate 
change from a previous frame. 

Maintaining the Aircraft History Trails 

The history trail ribbon for each maneuvering aircraft 
shows the wing-tip positions for the previous 40 secon ds of 
flight (max.). The photographs here show various preliminary 
trail designs. In the final system, to help resolve any f ron t-back 
ambiguity, the right wing tip is dashed un less the aircraft is 
visible from its belly side. In that case, the dash is replaced by 
a hash-mark across the trail. When the image viewpoint is 
changed by turning a control dial, the history trail is corrected 
to portray the top or bottom situation from the new view
point. The realism of the display is enhanced by down range 
scaling appl ied to each aircraft causing them to decrease in size 
when fly ing away. Hardware intensity depth cuing is also ap
plied so that nearer vectors are brighter than more distant 
vectors. 

The history trails are described in ground and elevation 
coordinates and are computed from the aircraft location by 
computi ng the wing-tip position from the three orientation 
angles and the span of thP. wing. The length of the history trail 
can be varied from 0 to 40 seconds, controlled by an input dial 
on the control panel. The maximum of 40 seconds of history 
trail is retained in core at all times, even though only a portion 
may be currently displayed. 

In order to make the decision to add a hash-mark or a dash, 
it must be determined when the belly of the plane is visible. If 
the surface defined by the aircraft wings is vis ible from its 
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upper side, a dash is added; if from the lower side, a hash
mark. This surface can be defined by a line segment perpen
dicular to it, possibly a line from the base to the tip of the tail. 
If the Z' output of the array shows that the base of the tai l is 
logically closer to the observer than the Z' val ue for the t ip, 
then it is easy to show that the aircraft is visible from its belly 
side regardless of the orientation or viewing angles. 

In the coordinate definitions for the aircraft, the wings lie 
in the X-Y plane. And the tail extends positively in Z. The 
equation given previously that is implemented by the hybrid 
operator to produce Z' is: 

Z' = PS (DZ + SC (R31 *X + R32*Y + R33*Z)) 

A line defining the wing surface plane could run from a tail 
base of (X=O, Y=O, Z=O) to a t ip of (X=O, Y=O, Z=100). The 
Z' ouput for the base and the tip can be found by solving the 
equation and the two values compared. Analysis of the equa
tion, however, shows that the PS, DZ and SC terms are con
stants, and that the X and Y terms are 0 in each case, red ucing 
the eq uation to : 

Z' = R33 *Z 

and Z is either 0 or a positive number. For the Z' for the tip to 
be greater than the Z' for the base, the sign of the R33 term 
must be posi ti ve. 

It can be determined, therefore, whether the X-Y plane is 
visible from the +Z or -Z sides by simply looking at the sign of 
the R33 matrix coefficient; if positive, the top, and if negative, 
the belly, of the aircraft is visible. This same technique can 
also be used for X-Z and Y-Z planes by using R32 and R31 
respectively. 

Additional 3-0 Features 

Three optional three-dimensional display modes may be 
selected by depressing buttons on the control pane l. 

1) A plan view of the 1 00-mile square area that surrounds 
· the range will replace the normal display when a button 

is held down. This is necessary to monitor the activities 
of combat and support aircraft approaching the range, 
and as a quick over-view of the entire range situation. 

2) A "centroid zoom" mode allows the instructor to select 
any group of aircraft and to see a display of a portion as 
small as 1/64 of the range area containing the selected 
aircraft group. The cen ter of the enlarged display may be 
continuously adjusted to the centroid of the selected 
group; in other words the display will follow the ma
neuvering planes around the range. This mode is particu
larly important because at the largest magnification, the 
aircraft can be displayed at true scale, and their maneu
vers and interrelationships are even more realistic. 

3) The view from any pilot's cockpit of his selected target 
may be requested . This display includes the outline of 
the pilot's canopy, and the target aircraft oriented and 
scaled as it would aopear to a trained pi lot. The dynamic 
motion of the cockpit viewpoint, which is computed at 
the DDS, can cause disconcerting display effects such as 
ai rcraft apparently flying backwards through the fiel d of 
view. Various methods of indicating the dynamic motion 
and orientation of the cockpit are being investigated and 
may later be added. The ul timate extension of the cock
pit display could be to uti lize the joystick at the com
puter console as the aircraft controls, and to run a flight 
simulator program in the DDS. Continued on page 3 1 
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SPECIAL EVENTS 
MEAN EXTRA SALES I 

... and the May/June issue of I NFOR MAT ION DISPLAY is going to one of t he biggest of t hem all - the 
American Federation of Information Processing Societies' huge SPRING JOINT COMPUTER CON
FERE NCE, May 16-18 in Atlantic City, New Jersey. Your advertising in that issue gets Free Bonus 
Distribution for exposure to an estimated 30,000 attendees at that great event ... and that's a lot of good, 
solid sa les prospects! 

Your year-round advertising in I D is distributed at or near the convention, seminar and exhibition sites 
where your prime potential buyers gather in concentration . . . but May/June is real ly something special, 
with the Society for Information Display's 13th International Symposium coming on t he heels of SJCC, 
May 23-25 in San Francisco, and the 3rd Annual Canadian Computer Show fol lowing that, May 30-June 
1, in Montreal. 

Add to this I D's regular readers- nearly 12,000 strong- and you'll see you're making fantastic extra 
sales impressions at no extra cost when you 
advertise in INFORMATION DISPLAY. Still 
only $845 per b/ w page, and far less on a 
frequency basis. The May/June issue closes 
April 11, so call right now for prime selling 
position ... and results! 
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Our famous Projected Map System was one of the first major 
avionics systems to pass reliabil ity demonstration and qualification 
testing. Now we're fully qualified and flying aboard the U.S. Air 
Force A-70 and U.S. Navy A-7 E. We haven't f orgotten the U.S. 
Army either. Our PMS is now part of the Army's Tactical Ai r Guidance 
System for hel icopters. 

Backed up by more than 50,000 flig ht hours, PMS is in action 
now helping to cut pilot workload to a minimum. It's boosting pilot 
confidence. Boosting mission flexibility, too. It even makes in-flight 
target reassignments easier. 

A ll of which make our PMS the most effective interface between 
pilot and navigation system ever devised. 

Just ask the pilots w ho fly the A -7 attack fi ghters. They wouldn't 
leave the deck without us. 

For details on our PMS, write to: Avionics M arketing, Computing 
Devices of Canada Limited, P.O. Box 8508, Ottawa, Ontario, Canada 
K1 G 3M9. 

Our Projected Map System is fully qualified for the A-70/E. 

Computing Devices 
of Canada Limited 

a subsidiary of 

P.O . Box 508 • Ottawa 4 

CONTROL DATA 
CORPORAT ION 

Ontario • Canada 
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Integrated Displays 
for 

Multicrew Military 
Aircraft 

JOH N FROST and 
NORMAN F. SULLI VAN 

The avionics complex provides the Mul ticrew Military Air
craft with capabili ties for precision worldwide navigation, 
penetration of soph isticated enemy defenses, and all-weather 
targe t acquisit ion and flex ible weapon delivery . A battery of 
specialized sensors provide information to centrali zed data 
processing centers for automatic and semiautomatic conduct 
of mission operational functions. Controls and displays are re
quired to provide the interface between the human operators 
compri sing the crew and the electron ic equipment associated 
with the functional segments of the avionics configurat ion. 
The displ ays afford a monitoring capabi lity for the augmenta
t ion and/or override of automatic controls and provide the 
means for effect ing decisions and manual operat ions regard ing 
navigation update and weapon delivery, reconnaissance and 
bomb damage assessment, threat and terrain avoidance and 
numerous ancil lary and supplemen tary functions. 

The fo llowing discussion outlines some of the considera
tions involved in design of these displays and points up certain 
problem areas common to airborne displays in general. 

Sensor Data 

Radar, te levision and infrared sensors may be used to pro
vide the avionics system with inform ation regarding terrain, lo-

cation of targets and navigational checkpoints, and the loca
tion and activity of enemy defensive equ ipment under a broad 
range of environmental conditions. Requirements for rapid 
and accurate th reat identif ication and employment of counter
measures relegate much of the defensive capabil ity of the avi
onics system to automatic fu nctioning. Penetration aid s equip
ment detects the threats, identifies their nature, and imple
ments the appropriate countermeasures without the require
men t of human intervention . Computer mediation of these 
operations is utilized to provide the defensive operator with a 
concise, meaningful synthetic display of these ongoi ng proc
esses, where he may augment or override any of the auto
matically selected functions. 

The navigation and weapon delivery subsystem requ ires pre
cise high resolution displ ays be provided to the offensive op
erator to afford the acquisition of targets and checkpoints and 
accurate delivery of weapons under varying conditions of il
lumination and visibility. The multiplicity of sensor configura
tions and operational modes required to provide this full capa
bi li ty prese nt a variety of data acquisit ion formats and usual ly 
require an intermed iate processing stage to prepare the infor
mation for appropriate visual presentation. This function may 
also be employed to store the da ta to provide a display freeze 
for accurate and precise cursor laying. 

@ 1972 b y Information Display Publications Inc. All rights reserved. Reproduction in whole or in part without written permission is strictly prohibited. 
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One rather straight forward implementation of these re
quirements is shown in the block diagram of Figure 1. Infor
mation flow is separated into two paths compri sing the sensor 
and synthet ic data presentations. The cen tral computer pro
vides the symbol generator with instructions. regarding sym bol 
selections an d destinations, whereas processed sensor data is 
routed directly to the disp lays upon computer command. 
Switch ing (not shown) is provided to route any selected 
presentation to any commanded display surface. 

The design philosophy incorporated in this mechaniza tion 
of avionics sensor data display is based on the fact that infor
mation content is more full y preserved when the data presen
tation format corresponds to the sensor data acquisition for
mat. This criterion requires the sensor displ ays to be stored 
and reconstructed with a scan corresponding to the sensor 
scan. Thus, for example, PPI data is received and stored in 
range units ordered into azimuth dwell data groups, and subse
quently transmitted to the selected display in sim ilar for
mat, elim inating resolution losses associated with format 
conversion. 

Displays 

General requirements imposed on the displays are those of 
brightness, resolution, contrast, dynamic range, writi ng speed, 
etc., required for the generation and presentation of informa
tion with parameters concordant with mission objectives. The 
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Figure 7: Integrated avionics disp lays flow diagram. 
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displays mu st exhibi t sufficient br ightness to perm it satisfac
tory viewing over the range of ambients to be encountered. An 
upper figure of 50 F.L. has been assume d for controlled
ambient avionics crews tation lighting, afford ing satisfactory 
ligh ting for moving about the area, wri ting, and read ing fine 
print. In certain cases commonality of equipment may be 
achieved with the forward coc kpit configuration afford ing 
sizeable cost and logistics savings. The forward station ambi
ents may exceed several thousand F .L., however, requiring 
compromi ses in equipment design to accommodate to these 
requirements. 

Resolution parameters specified for the equipment must be 
compatib le with requirements for the operators to recognize 
targets and checkpoints in accordance with fin e detail in the 
presen tations and to afford positioning of the cursors with suf
ficient accuracy to meet mission objectives. A 735 line system 
resolution appears to be adequ ate to satisfy these requi rements 
wi thin the display size, viewing distances, and visual acu ity 
constrai nts of the display/observer interface and the limita
tions imposed by the sensors. Resolution on the order of 1000 
lines is within the state-of-the-art, but may not be cost
effective for most applications, particularly when considering 
the storage capacity required to preserve the image. 

The prime viewing surface available to the offensive oper
ator will characteristically present sensor derived information, 
suitably processed for CRT display, and overlaid with sym-
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bology as selected to indicate priority threats, flight path, cur
sors, and position coordinates. The defensive operator must 
characteristically view threat si tuation data in symbolic format 
against a background representing the surround ing air and 
ground environment. Th reat type, categories, and range of 
interest are operator selectable. Auxil iary displays are provided 
both operators for the presentation of supplementary data and 
to act as bac kup for the primary display. These auxiliary sur
faces are utilized to show alternate sensor presentations, 
written instructions or routines, numeric readouts describing 
selected parameters, or data concerning status of selected 
systems or function s. The various modes of operation are manu
ally initiated via selections adjacent to the viewi ng surface, or 
ma y be automatical ly selected in accordance with pre
established routines. 

The re liability and flexili bility availab le from this arrange
ment assures compatibility with opera tional requirements for 
backup capability and operator task-sharing. 

Display Processor Unit (DPU) 

The DPU comprises the sensor data processing center for 
the avionics displays. Its function is to accept data from the 
sensors in a variety of forms and prepare it for CRT presenta
t ion in a comprehensible format wi th a minimum loss in infor
mation content. The DPU must refresh the d isplay within the 
fli cker fusion envelope an d be capable upon external com
mand of freezing sensor data inputs. These requirements dic
tate the basic functional elements of the unit, i.e., a h igh 
capaci ty bul k sto rage capabi lity with flexible input and ou tput 
formatt ing modu les. Digital mechanization appears to offer 
the greatest promise for meeting typical requirements of accu
racy, flexibility, reliability, and resolution. Trends toward 
radar preprocessing associate digi tal outputs t ram' the sensor 
complex wi th high reso lution modes. In addition the intrinsic 
reliability and noise immunity of digital systems appears more 
attractive for most appli cat ions. 

Of the avai lable alternates to digital mechanization of the 
DPU, the scan converter tube and the direct view storage tube 
have been considered in detail. Of this latter option, the most 
outstanding candidate appears to be a four-gun device accom
modating flood, write, select ive erase, and write-th rough func
tions through the use of separate elements. Off-axis electron 
optics and mu I tip le field interactions, however, currently de
grade cursor positional accuracy beyond the limits of standard 
operational requirements. In add ition, electrostatic storage 
mesh energy requirements limit maximum write rates to about 
70,000 in /sec precluding direct freeze of high resolut ion TV 
and IR presentations. 

The scan converter tube is also regarded as less than opt i
mum for this application due to the highly inflexible design 
tradeoff fra mework the available hardware imposes. Un avoid
able storage mesh non-uniformities restrict the range of charge 
density in providing for requisite brightness variation, resulting 
in inherent dynam ic range lim itations. In addi t ion, long term 
storage requirements are incompatible with dynam ic high
speed selective erase modes. 

Among the avai lable digital mechanizations, the leading 
contenders appear to be ro tating electromechanical memories 
(magnetic drum or disc) and discrete element arrays consisting 
of MOS shift registers. The drum approach offers a low per-bit 
cost which becomes attractive for h igh capacity systems. The 
fixed speed and limited periodic acce ss nature of the device 
imposes problems in formatti ng the data for CRT prese n
tation, however, and requires the design of a fai rly complex 
input buffer to bridge this incompatibili ty. The MOS mechani
zation affords a hi gh degree of flexibi lity in memory organi za-
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tion, and can be cycled over a range of clock speeds to 
accommodate the diverse requiremen ts of the sensor in put for
mats. In addition, MOS designs appear more attractive from 
the standpo int of re liability when contrasted with the single 
po int failure vulnerabi lity of the mech anical device. 

MOS per-bit costs, however, are currentl y on the order of 1 
or 2 orders of magnitude higher than d rum costs. While the 
prognosis is encouraging, it is doubtful if MOS memories will 
cost competitive in the near future for capacities in excess of 
1.5 x 106 bits. This conclusion is derived from consi deration 
of candidate designs comprising fixed costs relative to packag
ing and peripheral circuits and variable costs as a function of 
memory capacity. Figure 2 illustrates th is case for one specif ic 
mechanization . 

"g 20 

K .. 
(PRODUCTION COSTS 
INCLUDING PACKAGING 
AND PERIPHERAL 
CINCUITRY} 

0 4-----------------~------------------~ 
CAPACITY: BITS x 10

6 

Figure 2: Comparison of MOS vs drum display processor costs for 
one specific candidate mechanization. 

Basic functional elements of the DPU include the main 
memory and associated inpu t and output buffers. Additional 
functions include precision cursor implementat ion, data com
pression and expansion, self-test and reporting, analog-digital 
data conversion, and basic t iming elemen ts. The adoption of a 
digital mechanization offers the advantage of precise insertion 
of the cursor symbol into the quantitized data, reducing the 
one sigm a error below the level of digital reso lu t ion . In one 
candiate mechan ization the symbol is positioned by a com
puter controlled index register. As the operator moves the cur
sor across the display, outputs are fed to the cen tral av ioni cs 
computer, which notes current address and con tro ls the regis
ter. Comparators detect coincidence of the index and the DPU 
video, and route high intensity in structions to the output buf
fer superseding the sto red data at the cursor location. 

Compression of intensity data appears to be a prequisite for 
any digi tal DPU mechanization in order to bring the design to 
a point of optimum cost effectiveness. Drum design s requ ire 
compression to reduce the number of read-write heads and 
data channels. The MOS impl eme ntat ions undergo a 30 per
cent reduction in memory parts-coun t when using standard 
data-compression techn iques. Th e method involves the deriva
tion and storage of intensity differences rather than utilization 
of the absolute leve l of signal amplitude. The data is reconsti
tuted in app roximately original form prior to di splay . 

The variety of compression schemes that have been ad
vanced can be ordered in a hierarchy of fidelity of recon
structed presentation, with increasing cost runn ing roughly in 
the same d irection. A popular scheme (delta modu lation) en
codes the log2 of the differe nce between successive picture ele
ments. The rationale for th is approach is based on the eye 's 
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sensitivity to intensity differences and its log response charac
teristic. The encoded data is limited to 3 bits to minimize stor
age capacity, thu s restrict ing the abi li ty of the system to re
spond with precision to large intensity changes. Discrepancies 
are resolved in succeeding iterations, however, and the effect 
minimized by the eyes accentuation of the leading edge of the 
step. A fou rth bit is added to carry the sign of the change. To 
prevent errors from propagating, the memory is reset each line 
during horizontal retrace. A block diagram of the scheme is 
shown in Figure 3. While more complex approaches are avai la
ble, the cost effectiveness of the additional ci rcuitry involved 
is questionable. Operational simulations using human subjects 
are recommended to judge the efficacy of these designs 
and generate the data required to arrive at an optimum 
configuration. 

Synt hetic Data Channel 

Symbolic information representing threat type, location, 
and lethal range must be provided to the defensive operator to 
assist in the task of threat avoidance, degradation , or destruc
tion. An adjacent display surface is util ized to provide data re
garding the automatic countermeasures employed against pri
ority threats. The observer can alter the mode of defense as 
desired through keyboard entry located on the console. The 
revised message is then displayed, verifying computer ack nowl
edgement of the change. Symbolic formats are also used to 
indicate the type and status of on-board weaponry for the ad
visement of both offensive and defensive operators. Any of 
these displays can be selected on any display surface, affording 
a maximum of operational flexibility and task-sharing capa
bility among the crew members. 

This extensive use of symbolic data imposes requirements, 
directly or indirectly, on all segments of the display system. 
Maximum symbol display requirements are determined from 
the abil ity of the operators to derive meaningful information 
from a cluttered display representing a dense threat environ
ment and by the definition of optimum formats for the 
presentation of tabular data. 

Other considerati ons involve development of a sym bol reper-
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toire acceptable to the user and possessing the characteristics 
of legibil ity and intrinsic information content. A font must be 
deri ved to yield a maximum of discriminability wh ile avoiding 
excessive CRT deflection bandwidth requirements associated 
with highly complex characters. 

High quali ty symbology may be generated on the face of 
the CRT's by linear Class A beam deflection techniques. These 
symbols are written in calligraphic style much in the same 
manner as a pen is used to form English language script. Call i
graph ic techniques are a natural fa llout of the flexible sensor 
display format philosophy which initiated the requirement for 
Class A deflection. The absence of a standard raster precludes 
the ·generation of overlay symbology through precision timing 
of beam unblan k signals (i.e., in-raster symbol generation tech
niques) and forces the choice of stroke symbology for all 
symbol presentations. 

Certain advantages are inherent to stroke sym bology, in
cluding greater legibi li ty and flexibility and simpl ified circuitry 
associated with the symbol library. Call igraphic writing is insen
sitive to interlace jitter and small symbols are not constrained 
by the inherent limitations of raste r geometry. Hardware 
requirements tend to be somewhat simpler and are not sensi
tive to precision timing and delay problems peculiar to in
raster symbol generators. 

Disadvantages of the call igraphic approach center around 
high power requirements and basic limitations in CRT beam 
deflection bandwidth capability. Care must be used in equip
ment design to minimize power consumption and provide ade
quate cooling to the hardware enclosure. Bandwidth limita
tions may be attacked from several viewpoints, including the 
use of specialized coi l design techniques. 

Moderate to low ambients in the crewstation environment 
make the eye sensistive to flicker and requ ire the symbols be 
refreshed 50-60 times a second. A message comprising some 
400 characters for example allots an average time per character 
of about 40 Jlsec including beam positioning and setting time. 
Tabu lar data presentations may be written position sequential 
ly in a fixed page format, minimizing positioning times. Threat 
situation inform ation is positioned ran domly, however, and in-
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volves requirements for long position and settling times. Con
sideration must be given to tradeoffs between the high power 
required for fast deflection and the additional size and weight 
associated with a vernier write coil. This latter arrangement in
volves the use of two separate electrically isolated deflection 
coils per CRT gun to simultaneously accomplish rap id, large 
deflection excursions, and accommodate the precision required 
for high resolution calligraphic symbology. The main coil 
posit ions the beam {using moderate power) and the index 
point, where a vernier low inductance coil moves the beam 
rapi dly to write the symbols {the main coil is also used to 
generate the various sensor displays and write the required 
vectors) . 

The Symbol Generator Unit {SGU) accepts computer de
rived data regarding symbol type, size, position, orientation 
and destination and converts the information to beam deflec
tion instructions appropriate to the CRT of interest. The infor
mation may be transmitted in analog (x, y, z) format provided 
line lengths are short and the local EM I environment is not se
vere. Digital transmission is less sensitive to noise, but requires 
the installation of high speed A/C converters at each display 
destination. 

Buffers must be provided to store the computer messages 
and provide the refresh capability to maintain a flicker-free 
display. Since the computer instructions consist of significant
ly fewer words than the complex beam deflection instructions, 
the refresh buffers are located upstream of the symbol library, 
requ iring, in effect, a dedicated library per display. This ar
rangement is shown in Figure 4. Since the buffers comprise a 
large fraction of SGU cost and bu lk, a desirable option in
volves utilization of the computer memory to provide the re
fresh function, effectively updating every symbql at the re
fresh rate. Computer cycle stealing consideratidns must be 
traded off against th is option, however, and may wel l preclude 
its adoption. 

A number of symbol generator mechanization schemes are 
available. A 16 dot matrix can be used to represent stroke ter
mination points, read ily ident ified by incremental instructions 
of 0, 1, 2, or 3 bits in x andy directions. Strokes may be gener
ated in sub-microsecond periods, and joined at these points 
in sequence to form the desired character. An alternate scheme 
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Figure 4: Symbol generator - internal refresh option. 
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involves the positioning of the beam through a predetermined 
course with unblanking at critical points in the matrix. Simple 
pat terns have been proposed, yieldi ng stylized characters at 
minimal expense. Human factors considerations requi re at 
least 16 stroke options be available, however. Characters th us 
generated offer few ambiguities, but legibility is less than opti
mum. The nature of the threat display function requires all 
commanded symbology be presented to the operator without 
error. Failure to display threat information or the display of 
misinformation may have serious consequences and requires 
the use of redundancy and self-test techniques in the design of 
the hardware. Redundant I ibraries are recommended, with 
automatic switching effected in the absence of posi tive se lf-test 
resu lts. Several alternates are possible, including the periodic 
presentation of the entire repertoire to the operator for exam i
nation. 

Displays in the Rad iation Environment 

The avionics displays must be designed to meet system 
specification requirements for the nuclear environment. Com
puter/ display interface activity is suspended during critical 
periods and controls are required to maintain the selected state 
during this time. Control panel input/output logic and 
mechanization circuitry must be designed and components 
selected to meet this criterion. Temporary loss of the displ ay 
presentation for a period of less than 16 ms will not be 
detected by the eye. 

Specific areas of concern are limited to the physical aspects 
of the cathode ray tube (in particu lar the phosphor screen}, 
MOS circuit mechanizations, and general requirements attend· 
ant to the Electromagnetic Pulse (EMP) environmen t. 

The re lative ly low ionizing deposit ion rates of the prompt 
and delayed ionizing rad iation do not seriously degrade CRT 
performance . Tests indi cate the prompt gamma pulse causes 
CRT phosphors to emit a rather subdu ed, extremely fast f lash 
of light which does not interfere appreciab ly with the ob
server 's mission performance. The tota l ionizing dose may re
sult in a 10-20 percent decrease in light transmission of the 
faceplate. This loss is comp arable to that sustained during the 
normal CRT lifetime due to the action of the electron guns. In 
addition, radiation received while exam ining targets previously 
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large number of journals in computer science, electrical 
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su bjected to nuclear attacks may be suffi cient to cause loss in 
contrast if targets are examined too close and too soon after a 

- nuclear strike. 
CRT phosphors are considered relative ly insensitive to neu

tron bombardment due to the noncrystalline structure of the 
material. Fluence levels are significantly below the levels re
qu ired to cause the coa ting to f lake off the inner surface of the 
CRT f ace . T hresholds for damage to CRT glass and internal 
electron op tics components are well above antic ip ated dosage. 

EMP's may penetrate the interior of the device but wi ll be 
appreciably attentuated by the presence of electrically con
ducting panels in the vicinity. Add i tional p rotect ion will be 
provided by the addition of magnetic shield ing around the 
backside of the CRT. Higher frequencies may penetrate, induc
ing small vo ltages and/or currents in the in ter ior conductors, 
causing temporary spuriou s beam deflections. The internal ele
ments, inclu d ing cathode, gun, and supporting structure are 
too small to pick up much signal, and are ordinar il y capable of 
w ithstanding much larger signal than those induced. 

MOS hardware is currently under consideration for the dis
play processor main storage block, as well as for the associated 
buffers . Major stores in other components, in particular there
f resh buffers in the symbol generator, are envisioned as MOS 
shift registers. T hese devices are relatively resistant to neutron 
radiat ion, but may be damaged by exposure to ionizing radia
tion. The major effect is an increase in the gate threshold 
which is cumulative with increasi ng dose and is dependent on 
gate bias applied during irradiation. T ests conducted on typical 
MOS transistors indi cate a worst case shift of less than 1 V at 
dose levels comp arable to upper limits for manned sys tems. 
Well designed digital circuits should accommodate th is change 
with no significant performance degradati on. MOS compo
nents utilized in linear applications must be rev iewed carefu lly 
for susceptibi l ity to the ionizing radiation environment. 
T ransient effects may prove to be of more significance, gene
rating photo-currents at the source and drain pen junctions of 
MOS t ransistors. 

The EMP problem is offset by the incorporation of 
total cable shield ing including connector conductive f inish and 
shield-to-connector bonding. Equipment housing is conduc
tive · and capable of bare metal -to-metal contact with t he 
connector. 

Conclusion 

High performance mi litary aircraft designed to negotiate 
complex flight profil es using precision all weather navigation, 
counter sophist icated enemy defenses, and accurately deliver 
weapons pose a special ized set of problem s to the display 
sys tems designer. While i t is not possible to out li ne all of the 
engineer ing tradeoffs associated with this design area, this dis
cussion should serve to illu strate the complexity of the system 
and the ramif icatio ns of ear ly engineering decisi ons. T rends are 
evident in the choice of digita l techniques both for data trans
mission and processing, in the adoption of high speed CRT's 
for versatile and flexible employment of data display mode op
tions, and in the use of l inear Class A deflection techniques to 
preserve sensor presentation information conten t and generate 
symbols of superior legibi li ty. It is also evident that the neces
sity for initially consider ing the avionics system as an inte
grated unit wi ll result in a display subsystem optimized for 
cost-effectiveness. • 

john Frost and Norman Sullivan are with Autonetics of North 
American Rock well, Anaheim, Calif. 
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IS YOUR FUTURE BLOCKED 
BY OUTDATED EDUCATION? 

Technological advances can make you a victim 

of obsolescence just a few years after getting 

your degree! You must continue to advance your 

pro tess ion a I skills to 

stay abreast of rapidly 

changing developments. 

If not, you're tying your

self in knots by failing 

to keep alert to what's 

new in your profession. 

Don't take chances on 

University Seminar 
Directory 

being "left behind" L-.------~ 

where your future is involved. There's too much 

at stake. Profit from the UNIVERSITY SEMINAR 

DIRECTORY, a comprehensive, what's-new 

source to help you avoid post-graduate obso

lescence. Up-dated quarterly and cross-indexed 

for convenient use, the Directory provides a 

one-source listing of short courses, seminars, 

workshops and conferences . . . all compiled 

from a survey of more than 400 national uni

versities and colleges. Your selection of courses 

·in your profession, or in related fields, is the 

most logical way to keep pace with the rapidly 

expanding developments in today's inter-related 

technologies. Be freed from the bounds of ob

solescence - order your subs<;ription for the 

UNIVERSITY SEMINAR DIRECTORY, today! 

, - ----------------------- --- --------, 
I Don't let technological progress YES! Start my personal subscript ion to University 1 

I 

Seminar Directory and send me each quarterly issue 1 

make you obsolete. published in January, April, July and October. I 
I 0 Check enclosed 0 Bill my company 0 Bill me -
1 Protect your future. Order today. start sending copies on receipt of my check I 

I Clip coupon and mall to: 0 3 Years@ $110 0 2 Years@ $75 0 l Year @ $50 I 
I UNIVERSITY SEMINAR DIRECTORY ~~~:ANY TITLE l 
I ~~ I 
1 

826 S. Barrington Ave. c iTY s TATE_ zir _ 1 I (Make checks payable t o University Seminar Direc- 1 

Los Angeles, Calif. 90049 ' tory. Foreign ~ubscribers add $10.) I 
I Date __ Signature-------- ---
L __ __ - ---- - _ ___ __ _____ __ _ _ ____ ___ j 
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ID Readout 
Computer and Data Exhibition 

More than 60 United States manufacturers of computers, 
peripheral equipment and related electronic gear have applied 
for participation in an exhibition exclusively for U.S. made 
computers and data equipment to be held in Moscow, April 
10-18, 1972. The exclusive showing of the data processing and 
communications equipment has been arranged by Internation
al Media and Exhibits Inc., Newark, N.j., in cooperation with 
the Foreign Trade Ministry and government purchasing agen
cies of the U.S.S.R. 

Equipment to be shown wi ll include: general purpose 
digital computers, data communications terminals, facilities 
and processing equipment, graphic data systems, hybrid and 
analog computers, internal memory systems, peripheral sys
tems and semiconductors and MS I circuits. 

Further information about the exhibit ion is available fro m 
Melville Morris, International Media and Exhibits Inc., 231 
johnson Ave., Newark, N.j . 07109, or call (201) 242-3320. 

CADEX '72 

Following the conference and exhibition held in 1969 on 
the subject of computer aided design, it was generally acceded 
by all who took part that another such event be planned. This 
eve n is now being organized and wi ll take place at 
Southampton University Apri l 25-28, 1972. 

The exhibition wil l be housed in the electronics block and 
associated buildings. The scope of the exh ibition wil l cover all 
aspects of engineering-oriented computer programs intended as 
an aid to design processes in spheres of ~lectrical/electron ic 
engi neering covering the range from power to circuit applica
tions and mechanical engineering for both machinery and 
structure. 

Inquiries and application forms for space should be directed 
to the Information Office, Electronic Engineering Assn., 
Leicester House, 8 Leicester St., London WC2 H 7BN. Confer
ence information can be obtained from Ann Cook, Conference 
Dept., Institution of Electrical Engineers, Savoy Pl., London 
WC2R OBL, England, or phone 01-240-1871. 

NMA Se minar 

Six industry spokesmen will assume the seer role to launch 
the ed ucational aspect of the National Microfilm Association's 
21st annual convention May 9-1 2, 1972, in New York City. 

In a theater-in-the-round setting, seminar chairman George 
Bernstein's lead-off program will focus attention on the future 
immediately ahead. Participants in the unstructured, unre
hearsed, give-an d-take session will include lan Mal lender, David 
R. Wolf, Mi lton Mandel, Allen Veaner and Frankl in Bolnick. 
Moderating the program wi ll be john R. White. 

On Tuesday, May 9, an issues and answers seminar wi ll take 
place in the morning, and a seminar on basic microfilm tech
nology will be conducted in the afternoon. On Wednesday 
morning, May 10, there wi ll be seminars on systems analysis, 
new developments in fi lm technology, microfilm marketing 
techniques, microfi lm as a mass medium and microfi lm in the 
classroom. Afternoon seminars will include micropublishing, 
systems design, large scale prod uction, data hand ling, and spec
trum of the reader. Thursday, May 11, will offer computer 
ani mation, computer output microfilming, standards, trained 
manpower, real time vs on-time, and microfil m in research 
libraries. On Friday, May 12, four workshops wil l be con
ducted: storage and retrieval, scientific and engineering uses, 
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office records and computer output/computer input micro
film. 

For further information wri te to the National Microfi lm 
Assn., Suite 1101, 8728 Colesvil le Rd., Si lver Spring, Md. 
20910. 

Joint Co mputer Confe rence 

Computer special ists and E DP users fro m the U.S. and 
abroad will convene in Atlantic City, May 16-18, for a review 
of recent developments in computer technology and expected 
trends for the 1970s. Sponsored by the American Federation 
of Information Processing Societies (AFI PS), the 1972 Spring 
j oint Computer Conference wil l be held in the Atlan tic City 
Convention Hal l. 

According to Dr. jack Bertram, Conference general chair
man, the program will include 37 sessions covering innovations 
and state-of-the-art in computer hardware, software, systems 
and appl ications. The program has been structured to allow 
the at tendee maximu m flexibi li ty in selecting sessions relating 
to his specific needs. Whether he elects to register for t he 
entire three-day program, or selects the one-day registration, 
he wi ll be able to choose from a variety of sessions designed to 
keep him abreast of the latest developments in his areas of 
interest. 

The program has been divided into six general categories: 
general applications, scientific appl ications, general and special 
purpose hardware, programming and software, computer edu
cation and computer theory and administrative issues. In
cl uded are 130 formal presentations supplemented by panel 
sessions. 

For further information, including pre-registration and 
housing forms, contact AFIPS at 210 Summit Ave., Montvale, 
N.j. 07645, or phone (201) 391-9810. 

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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INTERACTIVE GRAPHICS-Continued f rom page 20 

Summary 

The ACM R promises to set an entirely new direction for 
combat pi lot training. In recent years, the bill for pilot training 
for the U.S. militarv services has come to well over $2 billion a 
year.* Such rising costs and budget scrutiny of them have 
resulted in training cutbacks which serve to make pilots much 
less confident of their ability in the aircraft. The economical 
attempts to remedy this situation have largely been confined 
to using simulators, which, though margina lly effective, are 
really technological training prod ucts of the 1960's. The 
ACMR harnesses the electronics and computer display tech
nology of the Seventies to the task of controll ing the spiraling 
costs of weapons training and it promises to be an effective 
tool in producing capable instructors and skilled pilots. 

Bibliography 

1. M.H. Lewin, "An Introduction to Computer Graphic Terminals," 
Proceedings of the IEEE, Vol. 55, No. 9 (1967), pp 1544-1552. 

2. j.H. Myer and I .E. Sutherland, "On the Design of Display Proc· 
essors," Communications of the ACM, Vol. II , No.6 (june 1968), 
pp 410-414. 

3. T .G. Hagan and R. Treiber, "Hybrid Analog/Digital Techniques for 
Signal Processing Appl ications," AFIPS Conference Proceedings, 
Vol. 28 (1966), pp 379-388 . 

4. T.G. Hagan, Richard j . Nixon and Luis j. Shaefer, "The Adage 
Graphics Terminal," AFIPS Conference Proceedings, Vol. 33 
( 1968). 

5. W.A. Stewart, Chairman, and E.S. Wainstein, Rapporteur, Rand 

Symposium on Pilot Training and the Pilot Career: Final Report 
(December 1970). • 

*Rand Symposium on Pilot Training and the Pilot Career: Final Report, 
December 1970, p 3. 

Kevin j. Kinsella is Applications 
Engineer at Adage Inc., Boston, Mass. 
Mr. Kinsella received his M.A. in In
ternational Relations from john 
Hop k i ns University, Washington, 
D.C., and his B.S. in Management 
from the Massachusetts Institute of 
Techno logy, Cambridge, Mass. Pre
vious to his employment at Adage, he 

was a research writer for Stockholm International Peace 
Research Institute, a mathematics teacher for the Ameri
can Communi ty School, Beirut, Lebanon, and did systems 
research in the Factoring Department for the First Na
tional Ban k of Boston. 

Andrew j. Matthews is the Project 
Leader at Adage Inc., Boston, Mass., 
responsible for the design and devel
opment of the 3-D displays for the 
ACM R system. Mr. Matthews re
ceived his B.S. in Engineering from 
Boston University, and joined Adage 
in 1969 after working on computer 
applications in the U.S. Navy. His 

previous projects have included a 3-dimensional drawing 
and edi ting system, a contou r map display and editing 
system, and a variety of real-time simu lation displays. 

Working with 
shady characters 
can cost you money. 

Lear Sieg ler 's new LSI 7700 is the only 
Interactive Display Term inal that eliminates 
costly mistakes from shady characters . Its 
12-inch g lare-free screen with large, 
easy-to-read characters avoids mistakes 
caused by misreading displayed input. 

The 7700 is available in 1 ,000 or 2,000 
character versions. Both are self-contained
equipped with keyboard, control and editing 
logic, character generator, refresh memory, 
interface and sp lit screen. 

The versatile 7700 offers a wide range 
of interfaces, which include EIA standard 
AS 232, parallel transfer rate up to 15,750 
characters per second, and optional serial 
rates up to 120.000 bps. 

For more information on how to avoid 
shady characters, write today to : 

LEAR SIEGLER, INC. @ts~· 
714 No. Brookhurst Street } 
Anaheim, Calif. 92803 
(7 14) 774-1010 
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CRT FILM 
SCANNERS 

Beta SCAN 210 

Geared to the requirements of 
researchers and systems de
signers, the Beta SCAN Family 
of high resolution CRT scan
ners converts visual images on 
film to electrical information. 

• Biomedical Research 
• Image Enhancement 
• Flying Spot Scanners 
• PEPR Systems 
• Pattern Recognition 
• Digitizing Drawings 
• Film to Video Tape 

Conversion 

Featuring: 
• Raster or Random Scan 
• Twenty-Four Density 

Levels 
• Source Brightness 

Compensation 
• Linearity Correction and 

Dynamic Focus 

Also ask the Datahandlers of 
Gould about CRT display 
modules, precision displays 
and microfilm recorders. 

Gould Inc., Data Systems Divi
sion, 20 Ossipee Road, Newton 
Upper Falls, Mass. 02164. 
Telephone 617/969-6510. 

GOULD 
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New Literature 
Magnetic Sh ielding 

An eight-page two-color catalog has been issued 
by Ad-Vance Magnetics Inc., Rochester, Ind., 
describing its facilities and products. A D-MU 
magnetic shield ing materials and components 
described incl ude seven types of round tape 
data protectors and seven types of square tape 
data protectors; 312 types of quality magnetic 
shields for photomultiplier tubes; a table of 
physical characteristi cs of AD-MU shielding a l
loys and available dimensions of these alloys; 
and a description of the various steps in fabri
cating AD-MU alloys. 
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Hea lth Care Services 

" Patient Monitoring" and "Frontiers in Health 
Care," two brochures describing Xerox Data 
Systems' products and services for the hea lth 
care industry , are available fro m XDS, El 
Segundo, Cal if. "Patient Monitoring" explains 
where XDS computer-based monitor ing systems 
can be applied, the types of physiological 
signals they can monitor and the beneifts of 
using these systems. The other brochure de· 
scribes Xerox computer appl ications in the 
areas of hospital services, administration and 
health care , including examples of computer
assisted ECG analysis and clinical laboratory 
automation techniques. 
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Display/Memory Units 

An illustrated brochure describing their line of 
Digivue display/memory units has been issued 
by Owens-Illinois Inc., Toledo, Ohio. The bro
chure discusses such features as inherent mem
ory, selective write, rear projection and hard 
copy potential. Also provided is a descri ption 
of available size and resolut ion 'characteristics. 
Photographs show suggested appl ications for 
the di splay/memory units. Illustrated descrip
tions of the first three available modes, a sc he
matic diagram and discussion of the operating 
principles of the Digivue display/memory tech
nique also are inc luded. 
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Neon Indicator Lights 

A catalog describing a line of neon indicator 
lights for warning devices has been published 
by Dialight Corp., Brook lyn, N.Y. The catalog 
(L-211) lists snap-in mounting lights of both 
flashing and permanent type. Designed for 
operation on 11 0-125 VAC, the lights flash 
at a nominal rate o f 130 flashes per minu te. 
Dialight claims that complete information on 
size and moun ting of the indi ca tors is given. 
Ordering information includes choice of black 
or gray bezel with red, yellow (amber) or 
white transparent lenses. The lights are sup
plied as sealed units containin g a ll necessary 
components and circuitry on a printed circuit 
board . The end of the board extending from 
the back of the unit has eyelets for soldering 
connections. The styling of these indicators 
makes them suited for app li cations in warning 
systems where space is at a premium. 
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Light Sources 

Dr. john F. Waymouth of GTE Sylvania Inc., 
New York, N.Y., is the author of "Electric Dis
charge Lamps," a book on light sources. Mathe
ma tica l formulas, chemic·al equilibriums, types 
of electrodes, reignition voltages, measures of 
tho rium removal rates, arc-tube geometry, tem
perature variations, evaluation of theory, and 
electrolysis are some of the subjects covered. 
Dr. Way mouth discusses fluorescent lamps; high 
pressu re mercury lamps; low and high pressure 
sodium lamps, and metal halide arc lamps, in
cluding the operating circuitry of discharge 
lamps. 
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Pollution Monitoring 

A multi-paged technical report, "Monitoring 
Environmental Pollution," is available in reprint 
form from Spatial Data Systems Inc., Goleta, 
Calif. Focusing on the Santa Barbara channel 
o il-pollution disaster, the report sets forth an 
economical way to scien tifically monitor the 
aerial extent a nd amount of pollutants and, in 
addition, provide early-detection services. T he 
article, co-au thored by Dr. john Estes and Dr. 
Berl Golomb, presents enhanced images pro
duced on Datacolor film reader system, a color 
densitometer which represents the densi ty 
values of a given photograph as analog voltage 
levels of a video signal which can be displayed 
in color. 
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Select ion Guide 

A six-page product selection guide covering 
highlight parameters on the company's standard 
I ighted pushbutton switches and indicators, 
fiber-optic readouts, illuminated word indi
cators and unlighted switch assemblies is ava ila
ble from Master Specialties Co., Data Distribu
t ion Dept., Costa Mesa, Calif. The selection 
criteria are organized in tables and each product 
category is referenced to specific catalog num
bers. Included in the selection guide are com
parative design and performance data on some 
of the MSC lines. 
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Officia ls Directory 

The National Microfilm Assoc., Silver Spring, 
Md., has ready for distribution a directory of 
their officials. The directory lists names and ad
dresses fo r a ll officers, directors, committee 
members and chapter presidents. The publica
tion shows two more permanent and two more 
ad hoc committees than last year. The ad hoc 
committees created in the past year include one 
on Rehabilitation and one on Professional Cer
tification. 
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Information Systems 

Computer Comm uni cations Inc., Culver City, 
Calif., announces the availability of a 16-page 
brochure that describes and illustrates its infor
mation systems, products and services. Each of 
the computer/communication systems and 
products discussed is accom panied by a descrip
tion of the eq uipment together with pictures, 
diagrams and specifications. 
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ID Products 
Solid State Display 

A seven-segment sol id state display that re
quires low power and has a character height of 
0.19 in. is available from the Monsanto Co., 
New York. The MAN 4 is claimed to provide a 
visible display with inputs as low as 1 mA and 
1.65 V. The unit is a common-cathode device 
with a built-in red lens for improved contrast 
between the display and its package. The MAN 
4 emits 400 fl at 10 mA per second. The dis
play is contained in a standard , dual-in-line, 14 
pin package which permits mounting on 
printed-circuit display boards. The dip configu
rat ion allows several un its to be mounted with 
0.35 in. cen ter-to-center spacing. Applications 
for the MAN 4 include digital displays for desk 
calculators, instruments and portable equip
ment, as well as in f ilm-annotation sys tems. 
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Digital Counters 

Electronic Digital Counters, designed for indus
trial applications, have been in traduced by 
Electronic Research Co., a Textron Co., Over
land Park, Kans. The panel mounted counters, 
designated Series 2300, feature numerical dis
plays and provisions for remote control and 
BCD outputs. The company states, both up/ 
down and uni-directional uni ts are offered with 
up to 6 units of display. The units are 3 lbs. 
with power requirements of 115V, 50-400 Hz 
and 5 watts. 
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Display Interconnection 

Industrial Electronic Engineers Inc. {lEE), Van 
Nuys, Calif., has developed a system intercon
nection feature for their bar segment d isplays. 

An option ancillary to lEE's Series 1020, 1040 
and 1060 incandescent lamp 7 bar segment dis
plays, the feature consists of either 6 in. or op
tional lengths of flat flex ible cable soldered (or 
fastened by a terminal) to the display 's lamp 
assembly at one end and a ci rcuit board adapter 
at the other. I EE says that the adapter board is 
configu red to accept a choice of hybrid or 
monolithic driver/decoders in a DIP socket of 
the circuit board. 
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Flight Information System 

Dayton Communications Corp., Dayton, Ohio, 
introduces an airline flight information display 
system featuring a cassette tape system . Ac
cording to Daycom, the information storage 
system needs only one operator fo r all con trols 
including cassette control operation from a 
singiJ keyboard. 500,000 character systems 

' 

s torage capacity provides f light schedules for up 
to 3,000 flights on a single cassette, the 
company says, and features automatic inserting 
of all new flights. 
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Numeric Indicator 

Hewlett-Packard Co., Palo Alto, Calif., offers 
their Model 5082-7300 Solid State Numeric 
Ind icator. The display has its driver-decoder 
and memory a long with 21 ligh t-emitting di
odes mounted on the ceramics substrate, the 
company claims, and can only be addressed 
with a 4-li ne, BCD positive logic input. Charac
ters are 0 .290 inches high and the displays 
come in a 0.4 by 0.6 inch, dual in-line package 
configuration. 
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Advertisement Package 

A software package for com piling newspaper 
classified advertisements has been announced 
by Digital Equ ip ment Corp., Maynard, Mass., 
for the company's T ypese t-8 computer-based 
typesetting system. T he firm claims the pro
gram scans all advertisements on a character
by-character basis until a complete sort is 
achieved, then sorts and places each advertise
ment in proper seque nce at the same time it is 
stored on magnetic tape. The unit is designated 
Classified Ad Storage II and accep ts paper tape 
output from a DEC Typese t-8 hyphenation and 
justifica tion program. 
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LOW COST 
DIGITAL DISPLAY 

and COUNTER MODULES 
FREE YOKE SELECTION KIT 
Information you need to know about select
ing and specifying a precision yoke for your 
CRT display. Indicates the interact ion 
between circuitry, CRT and yoke. Incl udes 
an app lication checklist to simplify your 
work. Send for your kit. 

featuring: 
• Seven Segment Display 
• Memory 
• High Frequency Anti-Blur 

Circuits 
• Plug-In Flexibility 
• TTL Compatible 

:::: TR~~ ~~liN~ ~~M~I;;;~; ;~ D 
TI=II:INIX p. o. box349,phillipsburg, n.j.08B65 
INCORPORATEO 

( 201) 859-3944 
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SYNTRONIC INSTRUMENTS, INC. 
100 Industrial Road Addison, Ill. 60101 (312) 543-6444 
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RSS-4DP/S-R 
If you need a sensible, eco
nomical, accurate and easy to 
operate graphic d igitizing 
system, we at the H. DELL 
FOSTER CO. would like to 
talk to you about the 
RSS·4DP/S-R Digital Planime
ter/Scaler-Recorder. 

The basic system includes t he fol· 
lowing standard features : 

A 36" X 42" digiti zing area. 
(Larger tables are avai lable.) 

Rotary opt ical encoding system. 

.001" digitizing resolut ion. 

±. 001" digitizing accuracy and 
repeatabi lity. 

Six d igits a nd sign in each ax is. 

Area measureme nt capa bi lity with 
the Digital Pl animeter. 

X-Y scaling capabi lity. 

ASR-33 Teletype and interface 
for recording capability. (Other 
recording devices and interfaces 
are available.) 

A basic system price under 
$10,000. 

Let us give you further detai ls on 
t his second ha lf of the computer 
graphics story at H. DELL 
FOSTER CO. Call us. Let's ta lk 
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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Computerized Plotting Language 

T ymshare Inc., Palo Alto, Calif., announces a 
no n-programm er appl icatio n la nguage called 
EASYPLOT, developed to simplify computer
ized p lott ing. According to Tymshare, the 
language features program editing from a n 
exist ing data f ile and/or the terminal with 
editing; the abil ity to plot data generated by 
programs written in any com pu ti ng language; 
au tomatic, semi-automatic and manual scaling 
options; log, semi-log a nd linear scaling; and 
instructions fo r drawing grids and axes. 
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Interactive Graphics Term inal 

Princeton Electronic Products Inc., North 
Brunswick, N.j ., announces the PE P-801 inter
active graph ics terminal. According to Prince
ton, the terminal, which u tilizes the Li t hicon 
silicon storage tube as a refresh memory, offers 
high density al pha-numeric (as many as 6 ,000 
cha racters on a 14 in . screen), electronic zoom, 
selective editi ng of characters or vectors, high 
resolution vectors, long image reten tion and 
ability to refresh additiona l slave terminals. 
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CRT Power Supplies 

Venus Scientific Inc., Farmingdale, N.Y. , has 
introdu ced a trio of high voltage power supplies 
said to fulfill the requi rements of 95% of preci· 

sion CRT display applicatio ns. These un its, des· 
ignated: D-16, an adjustable a nod e supply 8-1 6 
kV @ 1 mA; E-1 0, a 0·1 kV@ 10 rnA focus 
su pply; and E-30, a 0-3 kV @ 5 rnA focus sup
ply, are regulated de to de converters featuri ng 
100 PPM stability. According to Venus, in put 
power requirements are +24 to +31 Vdc, and all 
power su pplies will regula te to .003% for varia
tions over this range. 
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Mini-Com puter Printer 

The Shepard Div. of Vogue Instruments Corp., 
New York, N.Y., in troduces the 880E, a printer 
designed to meet mini-computer printi ng re· 
quirements. The company clai ms the unit is 
intended fo r bo th on-line and off-line applica
tions, has a full line 80 character buffer and 
has a speed of 400 lines a minute at a print 
line width of 80 characters. The system includes 
IC Logic and MOS memory and can be installed 
in mini-computer locat ions. 
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Top-of-Page Formatting 

Versatec Inc. , Cu per tino, Calif., offers electro· 
static printers with top-of-the-page formatting 

on fan·fol d paper. According to Versatec, top
of-paper formatting increases the effective oper· 
a ting speed of the Versatec Matrix 300 printer 
by providing rap id paper advancement at the 
end of text, and enables matrix printers to pro· 
duce standa rd 8]!, x 11 in. formatted pages. The 
Matrix 300 prints at 300 lines per minute an d 
has over 3 ips slow speed and p roduces 80 
charac te rs per line on 8Y2 in . wide paper. 
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Fiber-Optic Readout 

A miniature 7-segment readout with a fiber
optic dot pattern character has been announced 
by Master Specialties Co., Costa Mesa, Calif. 
The company claims Model 903 readouts are 
housed in precision molded enclosures, utilize 
30·mi l dia meter optical fibers to transmit light 
to the 0.32 high by 0.19 wide character pat
tern, have individual standard plug-in bu lbs to 
si mplify maintenance and crimp type connec
tors to permi t fast panel wi ring. 

Circle Reader Service Card No. 32 

Data Modems 

Phenocopy Inc., Stamford, Conn., a nno unces 
the introduction of a series of d igital and analog 
data modems , designated the PH4000 Series; 
the fami ly includes the 4000 A (a nalog ver
sion), the PH4000SD (synch digital ), and the 
PH4000ND (non synch digital). Accord ing to 
Phenocopy, the models are designed wit h a n 
automa tic gain cont rol which compensates for 
line attenuation, and specifically for the t rans
mission of pictorial information. The units are 
comn~tible with Western Electric Series 500 
hard sets, DAA hard wire fo r DDD lines or hard 
wire to leased lines. 

Circle Reader Service Card No. 33 

Numeric Display 

T he Microwave and Optoelectroni cs Div. of 
Fairch ild Camera & Instrument Corp. , Palo 
Alto, Calif., offers a sol id-state six-digit nu meric 
disp lay - the FN 021. The model has in dividu
al monolithic digits, with decimals af ter each, 
on a common ceramic substrate. The un it can 
be plugged into standard DI P sockets or 
soldered to a pc board. T he FND21 is designed 
for multiplex d rive applications only. Said to be 
IC compatible, the product houses six digits, 
and power usage is less than 5 rnA per segment 
at 1.8 V. The characters are .122 in. in heigh t 
and feature a viewing angle of 160°. 

Circle Reader Service Card No. 34 

SANDERS 70% OFF 
720 Data Displays/ Controllers 

ALSO 
CCI CC-30 

Communications Station 

CALL ... .. ..... ...... 617/ 227-8634 
We buy/sell any Ml Nl 

AMERICAN USED 
COMPUTER CORP, 

15 School St., Boston, Mass., 02108 

Circle Reader Service Card No. 35 
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CRT Termina l 

The introduction of a message-oriented CRT 
computer terminal has been an nounced by the 
Interactive Terminals Corp., a subsid iary of The 

Bendix Corp., Sou thfie ld, Mich. The Model 
4390 Com mun ications T erminal is compatible 
with teletypes and has an on-site editing capa
bility. Features include the fol lowing: an alpha
numeric keyboard; numeric key pad; non-glare, 
40 o r 80 character/line display; swi tch
selectable transmission control; multip le inter
face capability; protected formats, f ield data 
manipulation, tabbing and line and character 
insertion/deletion, according to the company. 

Circle Reader Service Card No. 36 

Communication T erminal 

Computer Communications Inc., Inglewood, 
Calif., ann ounces the CC-30 Communications 
Station, featuring the capabi lity to generate 

CONSULTING 

Are you us ing consultants, consulti ng, or 
planning o consulting career? Keep up-to
dale on what's going on in the real world 
of consult i ng : e thics, contracts, names, 
news, case histories, fee structures, market
ing of services, consulting economics, and 
much more . Subscribe to CONSULTING 
NEWSWORLD. 

Read and use its Consulting Opportuni-
ties Sections 

• Consulting Contracts Open 

• Acquisition (practice) Wanted 

• Merger (of practices) Wonted 

• Practice Wanted or For Sale 

• Consultant Wa nted 

This concise and comprehens i ve bi
monthly newsletter ties all facets of con
sulting together far you. If you are in any 
way involved with the consulting world or 
with those in it, you will definitely benefit 
from reading CONSULTING NEWSWORLD 
regularly. The newsletter is applicable to 
all fields, government agencies, specialties, 
institutions, and industries. 

Start your annual subscription right away. 
Don't miss this coming issue. Just write your 
name and address on your check for $8.50 
and se nd it to : 

CONSULTING NEWSWORLD 
National Consulting Register 

P.O. Box 42576-W 
Los Angeles, Calif. 90050 
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and display the full APL Character Set on a 
standard black and white or color television 
set. T he company states, the units consist of a 
CC-300 TV receiver, a CC-301 TV Disp lay 
Con tro ller, a CC-302 Telephone Coupler or 
Dataphone Interface and a CC-303 APL Key
board designed to resemble a common APL 
keyboard. 

Circle Reader Service Card No. 37 

Macro-Assem bier 

A relocatable macro-assembler for mml
computers has been introduced by Pro prietary 
Software Systems Inc., Los Angeles, Calif. 
Designated Mi ni-Dua l, th e company claims the 
software will operate in ex tremely small me m
o ry environments - as low as 8 K by tes. The 
unit includes exte rnal symbols, relocation, data 
definition d irectives, macro definition d irectives 
and in trinsic functions to scan arguments of 
source statements. 

Circle Reader Service Card No. 38 

Solid State Light Diode 

Bowmar Canada Ltd., Ottawa, Ontario, Can. , 
announces a line of solid state devices. The 
firm says red light emitting diodes emit a visible 
radiation when biased in the forward direction, 
an d are avai lable with typical intensities of 
300 ft. Lamberts at 20ma. T he devices are 
avai lable in standard T0-1 8 or lead frame 
packages with p lastic lenses and are su ited for 
pi lot lights, indicator lamps a nd point light 
sou rces. 

Circle Reader Service Card No. 39 

~W- F PR OD UCTS I NC. 

This A UTOM ATIC COPY SYSTEM co n
sists of a table mounted perforated Platen 
connected by flex ible tubing to a vacuum 
contro l cabinet. Copy is he ld perfectly flat 
without edge ho ld-downs. Vacuum is ter
minated immedia tely after shutter closure, 
allowing fi lm pull-down time to be used 
for cha nging copy. The system paces the 
operator and results in improved produc
tion rates and higher qua lity microf ilm. 
May be used with any conventional m icro
film camera. 
Options include platen size and provision 
for image identification. Specify camera 
Make and Mode l when re quest ing 
quotation. 

OTHER MIC ROFILM PRODUCTS 
* Microfi che Format Coordi nator * Qual ity Control and Editi ng Readers 
* Photocopy Lamp Regulator 

Phone (303) 744-6097 
1107 SOUTH PEARL STREET 
DENVER, COLORADO 80120 
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RSS-700 
The H. DELL FOSTER CO. is 
proud to introduce the newest 
number of its fine computer 
graphics team, the RSS-700 
Automatic Digital Drafting 
System. 

Check these qualifications against 
those of any other plotting system: 

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

Many real -time mathematical cal
culations hard-wired in the system 
controll er to appreciably reduce 
computer time. 

Operational software included in 
system price. 

Complete add-on graphic digitiz
ing capabi lity. 

42" X 72" plotting surface. 

.0005" resolut ion. 

±. 001" accuracy and repeata
bility. 

Numerous, optional 1/ 0 devices. 

Basic system price - under 
$50,000. 

Sound li ke a useful addition to ou r 
team? We think so too. For more 
detailed information, cont act us at 
the address or numbe( below. We'd 
I ike to real ly 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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H 0 W do you put an Idea to• 
gether and get someone 

to accept or act on It as you want 
him to? What Is the best way to 
understand other people's Ideas 
and not be unduly Influenced by 
them? Here Is the book that will tell 
you how: 

c:l [Jib IT1 ITDilliTDCJ~lliiT c:= = IDEA 
POWER = r:a• TRI:liCS li 

-== -a r:a 
:=I -a r:a -· c:l r:a = I:D c:l r:a -I -I :=I -· -· c:= IIIIIC -I 
:=I CD IIIII 

by W. A. Mambert 
180 pages, 6" x 9", index 

Do you have to ... 

$6.95 cloth, 
$3.95 paper 

• write a personal r esume .. 
• writ e a sa les bid, proposal , 

or esti.mate ... 
• demonstrat e a product or 

technique ... 
• conduct or take an interview . 
• w r ite a letter, note, or memo .. . 
• write a technical or business 

r eport ... 
• speak extemporaneousl y .. 
• converse face-to-face with 

someone ... 
• write a class assignment . 
• p r esent a lecture or paper . 
• d iscuss or debate an idea 

or proposal . .. 

Then you need to 
read this book! 

---------- MAIL TODAY-----------

INFORMATION DISPLAY 
825 S. Barrington Ave., 
Los Angeles, California 90049 

Please send me: 
THE ELEMENTS OF EFFECTIVE 

COMMUNICATION 
__ copies@ $6.95 (cloth) 

_ _ copies@ $3.95 [paper) 

My check for S--- enclosed or my 

purchase order tt ---------

Name ------ - -------

Address _ _ __________ _ 

City ____ _ State _ _ _ ZiP'----
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correspondence 
Nov/Dec Issue 
Sirs: I liked the Nov/Dec article on plotters. 

P. Campoli 
MIT 

Cambridge, Mass. 

Sirs: The article on "Discernibility of CRT 
Gray Shades" in the Nov/Dec issue was very 
informative. 

j . Gail hard 
Norden 

Norwalk, Conn. 

Sirs: I was very pleased with your articles on 
display fonts and gray shades. 

E. Potter Jr. 
Norden Div. UAC 

Norwalk, Conn. 

Star ting the New Year 
Sirs: The technical content of the articles "An 
Autostereoscopic Three Dimensional Display" 
and "Transparent, Conductive Coatings of 
Indium Oxide" were excellent and timely- a 
good way to star t the new year! 

K. Wadman 
Mi tre Corp. 

Bedford, Mass. 

Sirs: I liked the article about three-dimensional 
displays in the jan/Feb issue. 

A. Bell 
Hughes Aircraft Co. 

Oceanside, Calif. 

Sirs: I was delighted with the guest ed itoria l 
•and the article on "An Autostereoscopic Three 
Dimensional Display" by Stover in your j an/ 
Feb issue. 

Good Work 

F. Lewis 
j ames Millen Mfg. Co. I nc. 

Malden, Mass. 

Sirs: I th in k your articles are great. Keep up the 
good work. · 

H. Peprnik 
Ferranti Packard Ltd. 

Toronto, Canada 

Si rs : The articles in the Nov/Dec issue were 
very good as usual. 

C. Messer 
NASA 

Marshall Space Fl ight Center, Ala. 

Advertisers 
Academic Press . .. .... . .. . ... . .. . 28 

Amperex Electronic 
Corporation . ...... . .... . . ... . 39 

Burroughs Corporation ..... Back Cover 

Comput ing Devices of Canada, 
Limited/A Subsidiary of 
Control Data Corporati on .... . .. . 22 

H. Del l Foster .Company . .. ..... 34,35 

Gould Incorporat ed/ 
Data Systems Division ...... . .. .. 32 

Sirs: All I can say is "Very good!" 
S. Ostu 

Fujitsu Ltd. 
Kawasaki , japan 

Sirs: Your publication is generally very good. 

Adver t ising 

T.W. Kaplan 
COM Display Systems Co. 

Lowell, Mass. 

Sirs: A breakthrough in trade publication ad· 
vertising! You have the honor, as far as I know, 
of being the first trade magazine to show a 
woman nude from the waist up - and on the 
editorial page, no Jess. (I like your choice of 
editorial headline.) Hugh Hefner, watch out! 

E.W. Lord 
Burroughs Corp. 

Plainfie ld, N.J. 
[Research-minded readers who may have 
missed our Nov{Dec '77 issue, referred to 
above, may order a copy (while the supply lasts 
.. . it's fast becoming a collector's item). The 
unintentionally risque headline cited by Mr. 
Lord reads, "Unified Display Measurements."
Ed.} 

Sirs: I enjoy each issue of 10, and I particularly 
enjoy the ads. 

We Want More 

j.B. Allen 
Texas Instruments 

Dallas, Tex. 

Sirs: There are not enough technical articles in 
10. I also think your print has poor readabil ity. 

Erratum 

G.R. Spencer 
Raytheon Co. 
Quincy, Mass. 

Sirs: Recently, the guest ed itorial on p 8 of the 
j an/Feb issue was brought to my attention. In 
describing a series of inventions in the display 
f ield, the author lists "charactron" in an ap
parently generic manner without capital ization 
or other trademark identification. 

I am sure that the failure to properly identi· 
fy "Charactron" as a trademark was inad
vertent, since other trademarks mentioned in 
the editorial were capitalized. However, it is im
portant that the trademark be used properly 
since excessive use in a generic manner could 
cause a loss in value of the trademark, wh ich is 
a valuable company asset. 

j. Duncan 
Stromberg DatagraphiX Inc. 

San Diego, Calif. 

Lear Siegler Incorporated ....... . ... 31 

Nati onal Consu lti ng Register ...•.. . . 35 

Owens-Il linois Incorporated/ 
Di givue ... . . .. . .. ..... .... .. 2,3 

RCA Electronic Components . .... . .. 8 

Ramtek Corporati on .. . . . .... . . .. . 4 

Special Purpose Tu be Company .. . .. . 30 

Syntronic Inst ruments 
Incorpor ated . .. .......... .. ... 33 

T roni x Incorporated/ 
Syscon D ivi sion . . • . . .. .. .. ... . . 33 

W. F. Products . •... .. .. . . ... .. . . . 35 
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NOW AVAILABLE- • 1ne 

INFORMAT ION DI SPL AY, March{Apr l l 1972 

• mon1tor 

... developed specifically 
for computer terminals 

and other information displays. 
• A range of sizes, 4 inches to 15 inches diagonal 
• High resolution from center to edge, assuring good 

legibility of characters 
• Excellent ratio of usable screen to total bulb size 

• Flicker-free picture, reducing eye fatigue 

• Good price/ performance ratio 

For more information on these professional CRT's for 
monitor applicat ions, contact us by mail or phone : 
Electro-Optical Devices Division, Amperex Electronic Corp., 
Slatersville, Rhode Island 02876. 
Telephone: 401 -762-3800 

Arnpere:. 
TOMORROW'S TH INKING IN TOOAY'S PRODUCTS 
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