
with the 
CONTROL 
DATA200 

User 
Tenninal 

Your computer may be hundreds · twenty 50-character lines (thirteen 
of miles away, but a CDC® 200 
User Terminal puts its computing 
power at your fingertips ... gives 
you immediate access to all the 
computing power you need, when 
you need it. Enter information or 
ask for it. Change or update a file. 
Submit a computing job. The re­
sponse is immediate. In effect, the 
computer is yours alone, regard­
less of how many others happen to 
be using it simultaneously. 

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

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

Circle Reader Service Card No. 67 

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

For full details on this and other 
Control Data User Terminals, con­
tact your Control Data Sales Office 
or write Dept. LL ·78 

CONTROL DATA 
I 

CORPORATION 

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

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

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

MSD-
TonA Y'S PRIME TASK FOR 

SCAN CONVERSION 
Military ships and aircraft now on t he drawing boards 

have eyes that see at night, under the sea, t hrough 
clouds and over the horizon. More informat ion is avail­
able than the deci sion maker can handle without special 
aid. The answer to th e problem is MUL Tl SENSOR 
DISPLAY. MSD f unnels radar, LL TV, Sonar imagery into 
a single TV display channel and permits t he controller to 
query any of the available sensors at wi ll via a bright 
display monitor. 

The enabling ingredient is scan conversion. Input 
images are stored in their natural display format on the 
st orage target of a Rauland scan converter tube. The 
readout beam dissect s the stored image int o t he fam il· 
iar TV video format. Reading and writing may be simul­
taneous and independent of each other. Display per­
sist ence is electronically cont rollable. 

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

LOW COST: 
$3.95 each in lOOD quantities. 

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

TUBE SIZE: 
0.53" diameter; 1.5" height. 

TYPE 8·5855 

LOW COST: 
$4.3 5 each in 1000 quantities. 

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

MINI TUBE SIZE: 
0.51" diameter; 1.3511 height. 

TU BES SHOWN ACTUAL SIZE 

TIME-SHARING OPERATION: 
like numerals can be driven in parallel, 
reducing driver cost s, and without sacri­
fice of brightness. 
IC-COMPATIBLE PIN CONFIGURATION: 
dual-inline layout designed for IC de· 
coder I drivers. 
OPTIONAL PIN CONFIGURATION: 
conventional plug-in type for socket 
mounting, or flying leads for direct 
soldering. 
COMBO PIN SPACER/ LEAD STRAIGHTENER: 
simplifies PC-board and/ or socket in­
sertion. 
DECIMAL POINTS: 
positioned left and right, independently 
operable. 
CHARACTER HEIGHT: 0.511 

MINI-SIZE, LOW-COST SOCKETS: 
for DC or time-sharing operation. 
ULTRA· RELIABLE : 
like all ultra-long-life NIXIE tubes. 
LONGEST STATIC LIFE: 
for demanding applications. 
SPECIAL-CHARACTER TUBES: 
+I- tubes availab le from stock. Alpha/ 
special-character tubes made to order. 
MOST COMPLETE HARDWARE BACK-UP: 
low-cost IC decoder I drivers available 
off-shelf. Custom assemblies at pro­
ductiOn costs through modular design, 
MO~T COMPLETE APPLICATIONS BACK-UP: 
destgn and applications assistance of 
the kind available only from Burroughs 
the originator of NIX IE tubes. For a 
demonstration, application notes and 
full information call -or wri te 
Burroughs Corporation, 
Electronic Components Division, 
Dept. N-17, P.O. Box 1226, 
Plainfield, New Jersey 07061 
TEL: (201) 757-5000. 
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EXPERIMENTAL EVALUATION OF THE RESOLUTION CAPABILITIES 
OF IMAGE TRANSMISSION SYSTEMS 31 

by D. R. Knudson, 5. N. Teicher,). F. Reintjes, and U. F. Gronemann 

Resolution capabilit ies of an experimental image-transmission 

system intended for a microfilm l ibrary application are 

inves tigated, using the modulation-transfer-function concept 

as a quanti tative measure of componen t and overall-system performance 
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arranged lour color transparencies to create the abstract. 
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Do you know what 
it takes to ntake your 

contputer draw like this? 

A CalComp System 
that's what. 

All it takes is a CaiComp Plotter and CaiComp Software. You .supply 
the computer and the problem, Ca l~omp.wi l l supply the graphac solu­
t ion. Call or write: Dept. Y-10, Cahfornaa Computer Products, Inc., 
305 Muller St., Anaheim, Cal ifornia 92803. Phone (714) 774·9141. 

eeect®e4i 
Standard of the Plotting Industry 

(TALENTED ENGINEERS AND PROGRAMMERS REQUIRED - RIGHT NOW.) 

Circle Reader Service Card No. 4 IN FORMATION D ISPL-\Y, Seplember/ October 1968 
INFORMATION DISPLAY, September/October 1968 

MINIATURE 
SCAN CONVERTER TUBE 

The RW-5EM is a miniaturized, dual gun, 
electrica l output storage tube capable 
of receiving an electrical input in one 
scanning mode, writing this information 
on the storage surface by the EBIC prin­
ciple, and reading out the stored infor­
mation w ith a scanning mode which is 
independent of the input. Small size and 
high resolution make this tube especially 
attractive for airborne and space applica­
tions. Increased circuit simplic ity is 
inherent since the tube requi res no dy­
namic focusing or crossta lk cancellation. 

Circle Reader Service Card No . 5 9 
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Editorial 

This issue marks the fourth anniversary of Information Display. Both the Society 
and its journal have clearly grown and matured in the intervening years, fi ll ing the need 
for a technical and scientific meeting place dealing w ith display problems. Since its 
inception, the Society journal has maintained a policy of publ ishing original material 
of significant technical merit as well as that of genera l interest. In keeping with the 
basic SID p remise that it must serve its membership, the publications activities have 
been carefully examined with the result that a number of noteworthy changes have 
been made. 

Elsewhere in this issue is an annou ncement of a new technical publication to 
appear quarterly. The Proceedings of the Society for Information Display becomes a 
natural successo r to the earlier series o f Technica l Session Proceedings. The new publi­
ca tion wi ll be typeset and composed in keeping with the best professional standards 
of the printing trades. Whereas the SID journal Information Display w ill continue to 
provide its broad coverage of industry, product, and Society news, sound technica l 
articles, and pertinent advertising, the Proceedings will offer to SID members in-depth 
and tutorial treatments of the scien ti fic and engineering developmen ts of interest to 
the display field. Thus the two publications w ill complement each other, enhance the 
advantages of SID membership, and cre<Jte a comprehensive base of display li terature. 

In order to carry out the plans for further and improved publ ications services -
more of which w i ll be announced in the near future - a larger and internationally 
represented Publications Committee has been formed. Prospective authors are en­
couraged to contact any SID chapter or regional represen tative as well as committee 
member for advice regarding possible publication. The increasing scope of Society 
publications assures that no worthwhil e paper need wai t long befo re appearing in 
print. 

RUDOLPH L. KUEHN 
Cha irman/Publications 
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Won't wash out 
in the sun. 

Our sunproof CRT is more than just a bright tube. It's an entirely new 
approach to high-ambient displays. 

Sylvania developed special phosphors, filters and polarizers to 
make a tube that minimizes wash-out under extreme light conditions­
even 10,000 foot-candles. 

The result is a full family of high-contrast display devices. 
Readouts you can read in high ambients. They're available in any 
size from 1" to 27" with resolutions equivalent to conven-
tional CRTs. You can take your choice of tube --~ 
geometries and deflection systems. 

If bright light is your problem, 
Sylvania's sunproof tubes are 
your answer. 

Sylvania Electronic Components 
Electronic Tube Division. 
Seneca Falls, N .Y. 13148 

SUNPROOF CRTs BY 

SYLVANIA 
a subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 

Circle Reader S•rvice Card No. 6 
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PROVIDES DISPLAY DESIGNERS THE POWER TO CHOOSE THE BEST 

YOKES, CIRCUITS, AND DRIVERS FOR ALL THEIR CRT DISPLAYS 

YOKE-POWER 
CELCO STANDARD CAT A LOGUE YOKES MAY BE CHOSEN 

FOR BEST PARAMETERS REQUIRED IN YOUR DISPLAY. 

LOW RESIDUAL MAGNETISM 
FASTEST RECOVERY AND RISE TIMES 
WIDE RANGE OF INDUCTANCES 

CIRCUIT-POWER 

BLANKING, AND CRT PHOSPHOR PROTECTION 
-Ce lco Blanking Amplifier And 

Phosphor Protection Circuit 

CORRECTS NON-LINEARITY ON CRT FACE 
(X), LINE SCANS; (X, Y), RASTER DISPLAYS 
-Celco linearity Correction Circuits 

MAINTAINS SPOT FOCUS OVER CRT FACE 
-Ce lco Dynamic Focus Function 

Ge ne rator And Amplifier 

CONSTANT CURRENT SUPPLY TO THE TWO 
AXES OF CENTERING, ALIGNMENT, OR 
STATIC ASTIGMATIC CORRECTION COILS: 
-Ce lco Cente ring Coil Regulator 

Mahwah, N. J. 201-327-1123 

HIGH-SPEED LOW-COST 
HIGH-RESOLUTION 
MAXIMUM SENSITIVITY 

DRIVER-POWER 

40 VOLT DEFLECTION AMPLIFIER 

BEST LINEARITY, FASTEST SPEEDS 
WITH NO RINGING NO OVERSHOOT 

16 Amp Change In 12 11-sec. 

Using 25 11-h Yoke. 

0.02% Linearity 

Amplifier Ranges Ava ilable: 
0.5 to 16 Amps 20 and 40 Volts 

Compatible W ith Ce lco Single­
Ended Yokes; W ith o r W ithout 

Quadru-Power-Sup p ly . 

Upland, Cal. 714·982·0215 
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What's happening 
today in keyboards 

is what's happening at 
MICRO SWITCH 

Typical Communications Keyboard 
Shown Below: Typical Data Preparation Keyboard 

An important key to future keyboard 
d esign is what's h ap p ening at 
M ICRO SWITCH. 

Already we have successfu lly 
launched Happening No. 1: Intro­
ducti on of complete wired and en­
coded keyboards ready to interface 
with your eq uipment. 

Shown here are two typical key­
board s. Each gives you dry reed 
switch input , solid-state-encodi ng, 
and a variety of exclusive options. 

And they provide a flexibility tha t 
is unavailable elsewhere. You get a 
custo mized keyboard . Key array, 
format, added options, code change 
- you select the features required 
for your system. 

Options include strobe and elec­
trical monitor outputs, bounce gates 
and shift. For example, two interlock 
options are provided to improve 
operator speed and efficiency. An 
electrical monitor output triggers a 
detector circuit for blocking data or 
initiating error signals. A unique two­
key rollover option permits typing 
at "burst" speeds without generating 
er roneous codes. 

MICRO SWITCH 
FREEPOR·T. IL L I N OIS 6 1032 

A D IV IS ION O F H ON E YWELL 

But that's not all. Coming very 
soon is Happening No. 2. Through 
advanced design concepts, complete 
engineering facilities, innovative as­
sembly techniques, and unique qual­
ity assurance procedures, MIC RO 
SWITCH is preparing to supply your 
every keyboard need. This means 
new relia bility and fle xibi lity in 
mass-production quantities with 
attrac tive customized appearance 
gi ving new sa les appeal to yo ur 
equipment. 

Make no decisions on keyboards 
until you see what's happening a t 
M ICRO SWITCH. Call a branch 
office or call us a t Freeport: pho ne 
815/ 232-11 22. 

HONEYWELL INTERNATIONAL • Sales and service o f f ice s In all princ ipal cities o f the world. ~anufacturing In Uni t ed St ates, Uni ted Kingdom, Canada, Netherl ands, Germany, France , Japan 
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78ar out this page. 

This Dialight demonstrato r unit (shown actual s ize) is available for your personal evaluation. 

Place it next to any readout 
you're now considering. 

Then walk back 30 feet and 
/!_rove to yourself that low-cost 
Oialight readouts are easier to read. 
The only way to be sure is to compare Dialight readouts 
with others. This little test will give you a rough idea of 
the difference. But it's not quite as convincing as the 
actual demonstration we'll be happy to provide you with 
on request. 

Dialight readout modules cost as little as $3.99 each 
(less lamps in 1000 lot quantities). They operate on 6, 10, 
14-16, 24-28 volts A C-DC, 150-160 volts DC and 110-125 
volts AC. Caption modules are avai lable ; each is ca­
pable of displaying up to six messages at one t ime. 

Windows are of non-glare type in a choice of colors. 

Options : universal BCD to 7-line translator drive r, 
10-line to 7-line converter for decimal input, RFI-EMI 
suppression screen. Custom translators available. 

To arrang e to borrow a Di al ight demonstrator unit, 
write us on your company letterhead. 

For copy of our current catalog, circle reader service 
number below. Dialight Corporation, 60 Stewart Ave., 
Brooklyn, N.Y. 11237. (212) 497-7600. 

DIAL/GI-lT 
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Now, 
from the makers 

of the best ... 

... a 
versatile 

new package 

STROMBERG DATAGRAPHICS ----------- HAS 

LONG BEEN A LEADER IN THE DISPLAY fiELD M 

STROMBERG DATAGRAPHICS PIONEERED TH£ CRT 

DISPLAYS STILL IN US£ TODAY fOR THE SAGE 

AIR DEfENSE SYSTEM fOR THE U S AIR fORCE 

• DESIGNED AND BUILT THE COMPUTER PRINTERS 

IN THE ARMY WAR ROOM PLUS AIR D£f£NS£ DIS­

PLAYS fOR THE U S ARMY e DESIGNED AND 

BUILT THE SEA SURVEILLANCE TACTICAL DISPLAY 

fOR TH£ U S NAVY ~ THE MERCURY AND GEMINI 

APOLLO CONTROL ROOM DISPLAYS fOR NASA a 

AIR TRAffiC CONTROL DISPLAYS fOR THE fAA • 

THE MOT£CS AND BASIC SYSTEMS USED BY THE 

U S MARINES TO ASSESS fRONT LINE BATTLE­

fiELD INfORMATION M AND DISPLAY SYSTEMS 

fOR A- NEW THE U S NAVY S LATEST ANTI­

SUBMARINE WARfARE PROGRAM • STROMBERG 

DATAGRAPHICS HAS BEEN DESIGNING AND. 

MANUfACTURING DISPLAYS SINCE 1958 e WE 

HAVE MORE EXPERIENCE IN DISPLAYS THAN 

ANY OTHER DISPLAY MANUfACTURER IN THE 

NATION ~ 

(Unretouched 

photograph of CRT 

d1sp/ay produced by the new 

Stromberg DatagraphFCS Sequen/Jal 

Stroke Generator) 

We 're the people who make the CHAR ­
ACTRON® Shaped Beam Tube displays. 
The CRT displays with the clearest and 

easiest-to -read characters in the industry. 

wired code strips. Economical. a version is 
currently being used in commercial data 
processing equipment. 

This new technique complements our 
overall display generation capability. It is 

used sep:Jrately and in combination with 
CHARACTRON tube systems as best fits 
the application. 

Now we've added a new dimension. 
A remarkably versatile CRT sequenual 

stroke generator utilizing an efficient new 
stroke -writing technique. It can generate 
as many strokes per character as needed: 
14. 16. 24. 32. or more. Lightweight. it only 

weighs 2 lbs. Compact. you can carry it in 
a cigar box. Rugged, the US. Navy is using 
it in the A - N EW carrier based develop­
mental system. Fast. it produces complete 
alphanumeric characters in 2 microseconds. 
Flexible. you can add or delete characters 

117 minutes. or change a complete character 
repertoire. by merely insertmg simple pre -

But perhaps the best part of all. is that 
this new stroke generator is bwlt by S trom­

berg Datagraphics- builders of the CHAR ­
ACTRON Shaped Beam Tube displays 
Everything about the exciting Stromberg 

Datagraphics Sequential Stroke Generator 
is new. and we've even retained the famous 
Stromberg quality 

Which is still the best. 

Stromberg Datagraphics, Inc. 

Moving 
more information, 

more places, 
·on time. 

DISPLAY SYSTEMS 

P.O. Box 2449 · San Diego. California 92712 
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... best source for CRTS 
for all commercial, industrial, 
and military applications 

COMPUTER DISPLAY CONSOLES 

CHARACTER READERS & FILM SCANNERS 

DESK TOP CALCULATORS 

HEAD-UP, RADAR AND OTHER AVIONICS 
DISPLAYS FOR SEVERE ENVIRONMENTS 

RESERVATION COUNTER TERM INALS 

HIGH RESOLUTION PHOTORECORDING 
AND PHOTOCOMPOSITION SYSTEMS 

MEDICAL ELECTRONICS MONITORS 

PROJ ECTION AND SIMULATION SYSTEMS 

OSCI LLOSCOPES & STUDIO EQUIPMENT 

AIR TRAFFIC CONTROL AND 
GROUND SUPPORT DISPLAYS 

Large modern production plant ... ful ly equipped R&D laboratories ... outstanding production, eng ineering 
and applications personnel ... integrated support both for short-term and long-term programs . .. professional 
owner-managed, independent company ... write or call ... we promise fast reaction to your inquiry ... 

THOMAS ELECTRONICS, INC. 
110 RIVERVI EW DRIVE. WAYN E, N. J. 07470 I Telephone 201-696-5200 I TWX 710-988-5836 I Cable TO MTRONICS 

-.ynt ·onic Yoke Specialists 
provide a complete line of positioning deflection yokes 

e high frequency character yokes beam centering coils 

anti-pincush ion devices e focus coils 

for all types of information d isp lays 

used throughout the world. 

From standard continuous line scan data displays to very specia l high 

1speed random character disp lays .. . Syntronic's staff of yoke specialists 
assists engineers in designing, specifying and procuring the 

r ight yoke or yokes for maximum results. 

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

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

Ca ll Syntron ic Yoke Specialists today for help with the 
design and production of your yokes. 

INFORMATION D ISPLAY, Septemberi October 1966 Circle Reader Service Card No. 12 

; " :. o ; ; ; . I I 

17 



11.1 

Data Display Devices 
from Raytheon 

With a Raytheon Symbolray, you 
can meet almost any data display 
requ irement for different charac­
te rs and/or symbols-rang ing from 
standard ASCI It to custom data 
displays and even hierog lyphics. 
And we can meet t he require­
ments with only an inexpensive 
change in the target font design. 

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

The output of the Symbolray is 
obtained by e lectri cally deflect-

ing th e e lectro n beam to t he 
desired charact ers on th e tar­
gets. The characters are scanned 
sequentially with a small TV 
raster. The display cathode-ray 
tube, on which the output is viewed, 
is scanned in synchronism. The 
monoscope uses e lectrostatic de­
flection and focus. 

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

Raytheon Dat aray* CRTs in­
clude screen sizes from 7" to 24". 
Electrostatic, magnetic and com-

bination def lect ion types are 
availab le for writing alphanumeric 
characte rs while raster scanning . 

For Symbolray data-or a demon­
stration - cal l your Raytheon re­
gional sales office. Or wri t e: 
Raytheon Company, Components 
Division, Quincy, Mass. 02169. 
tAmer/can Standard Code lor Informati on Interchange. 

INFORMATIO N DISPLAY. September/October 196B 

New Raytheon Projectoray* Tube pro­
duces more than double the light output 
of standard projection-type cathode ray 
tubes. The tube's output resu lts in a 
light level of 15-foot lamberts on a 3' x 4' 
lenticular screen. Expected min imum 
operating life is 500 hours, 20 t imes the 
life of a standard projection tube. 

The Projectoray's high light output 
and long l ife are due to its novel design. 
The design incorporates liquid cooling 
of the phosphor backp late. This allows 
t he phosphor to be energized with a very 
intense electron beam. At high beam 
levels, very high peak light output is ob­
tained. Th e light image is projected 
through a 5" optical window in the face 
of the tube. The electron gun is set at an 
angle to the phosphor and the deflec­
t ion system compensates for keystone 
effects. 

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

Recording Storage Tubes. The two new 
designs shown util ize miniaturized guns 
and necks to p rovide high deflection 
and focus sens itivity, result ing in sav­
ings in co il and power supply weight 
and size. They provide Ki lol ine resolu­
t ion, long storage and fast erase cap­
abi lity. The sing le-gun version is Type 
CK1537 and the dual-gun vers ion is 
Type CK1535. 

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

Dataray* Cathode Ray Tubes. Raytheon 
makes a wide range of industrial CRTs­
including special types-in screen sizes 
from 7" to 24" . Electrostatic, magnetic, 
and combination deflection types are 
available for writing alphanumeric char­
acters while raster scanning. All stand­
ard phosphors are available and specific 
design requ irements can be met. Com­
binat ion deflection or "diddle plate" 
types inc lude CK1395P (24" rectangular 
tube), CK1400P (21" rectangu lar), and 
CK1406P (17" rectangular) . 

For literatu re, call your Raytheon 
regi onal sales office. Or w r ite to 
Raytheon Company, Components 
Division, Quincy, Mass. 02169. 

•rrademark of Raytheon Company 

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

Just a featherlight (21/2-oz.) touch 
activates the switch, providing momen­
tary contact at a current rating of 0.25A, 
32V.dc. Life expectancy of the dry reed 
type is more than 100 million cyc les. 
Bounce is less than 250 microseconds. 
Yet, these switches cost less than $1 in 
production quantities. 

The contact pins snap into 0.125" PC 
board, locking the switch f irm ly in p lace 
for automatic f low soldering-thereby 
reduc ing assembly time and costs. 

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

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

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

Complete, custom-made keyboards­
using the switches described above­
are also available from Raytheon. These 
keyboards can be designed, built and 
shipped to you in min imum lead t ime. 
All assemblies are supplied with alpha­
numerics, symbols and coding to you r 
specifications. They are also available 
with data l ines, electronic interlock, 
connector to external power sources, 
and with or without case. 

Industrial Components Operation - A single source for Circuit Modules/ Control Knobs/ Display 
Devices/ Filters/ Hybrid Thick-Film Circuits/ Industrial Tubes/ Optoelectronic Devic es/ Pan el H ardware 
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90-second look at lEE's 
wonderful world of readouts 
Readouts are our special craft. Using any characters you want. Any 
colors or color combinations. Any input, BCD or decimal. Any 
input signal level. Any mounting, vertical or horizonta l. F ive sizes, 

up to 3=!11 " . Many configurations, options and accessories. Long 
lamp life (to 100,000 hours; up to 175,000 hours at reduced volt­
age). If it doesn't exist and you need it, we'll build it. 

lOH- World's most popular readout. And we've im­
proved it. Double condensing lens provides exceptional 
character brightness. Greater clarity at wider angles 
and longer distances, even under high ambient light. 
. 937" sq. viewing area. Mil-spec version available. 

160H-Exceptionally large viewing 
area ( !.56"H x 1.12"W) for overall 
size. 45 FL character brightness with 
a 6.3Y $.20 lamp. Displays messages 
simultaneously with symbols. 

80 - Large screen unit suited for an­
nunciator applications such as factory 
call systems and production control. 
3=!11 " character height can easily be read 
at I 00'. 160• viewing angle . 

120H -Miniature rear-projection nimor~First 10-gun CRT s ingle-plane display. 
readout (.62" sq. screen) easily Projects numbers, letters and words onto a fluorescent 
read from 30' under high ambient screen. No image ambiguity. No external focusing re­
light. Quick-disconnect lamp as- quired. No ambient light worries. Exceptionally wide 
sembly speeds lamp replacement. viewing angle. Ideal for instrument application. 

875 - M iniature 24-position readout assem­
bly with a cost per display of only $1.45 each. 
.620 sq. in. viewing area with overall case 
size of 1.39"H x.90"W x 3.095"D. Exceptional 
brightness, clarity. Front panel access. 

JC Driver/ Decoders -Small, reliable .units for driving JEE readout incandescent 345 - l EE's smallest rear-projection readout. View­
lamps ranging from 250 rna @ 6V to 40 rna @ 28V. Fully compatible with modern ing area .38"H x .34"W. Based lamps. Low cost. 
IC's. Accept a variety of binary codes for decimal conversion. Require normal I ndividual readouts plug into perm. wired housing 
signal Y., draw less than 2 rna per data input. l nternal data storage for pulsed oper. for quick message change. Easy front panel access. 

lnduslrial Electronic Engineers, Inc. [IE E 1. mo lomooo A•• .. "" """· coUfom;o 
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1300A X-Y DISPLAY 
HEWLETT PACKARD 

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

Extraord inarily wide de to 20 MHz bandwidth on all three axes of the 
hp 1300A X-Y Monitor gives you fast writing to display your 
alphanumer ic and graphic computer readouts accurately-using a 
min imum of your computer's time. An internal graticule, 8 x 10-inch screen lets 
you see a big, sharp picture you can read across a brightly lighted room­
without para llax error. 

The electrostatically deflected beam in the 20 kV CRT, gives you bright, 
easy-to-read displays-even when observing low rep- rate signa ls. Standard 
sensitivity is 100 mV/ in. 

The hp 1300A is an inexpensive ($1900) mon itor, ideal for your computer 
applications. Its large screen CRT and all solid -state circuitry require only 175 
wat ts and is packaged in a compact, 12 " high cabinet weighing 47 pounds 
including self-contained power supply. ' 

Get the full details on the hp 1300A X-Y Monitor f rom your 
hp f ield engineer-he can help you select phosphors, filters 
and grat icule opt ions to match the monitor to your application. 
Or, write to Hewlett -Packard, Palo Al to, Ca l ifornia 94304. 
Europe: 54 Route des Acacias, Geneva. 

HEWLETT "h ~ PACKARD 

OSCILLOSCOPE SYST EMS 
088112 
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I r, more 
information per 
frame, per 
dollar. The Link APD-5000 Microfilm Plotter has 

a 4096 x 4096 resolution that allows the 
recording of more information per frame. 

Computer-generated information is 
recorded at 100,000 points per second with 
variable line widths. Both whole value and 
incremental plotting are a part of the plotter's 
operation. The comparatively low purchase 
price includes a third generation hardware 
unit wi th third generat ion software. 

For details, write: Advanced Technology 
Sales, Department F, Link Group, 1077 East 
Arques Avenue, Sunnyvale, Californ ia 94086, 
or phone (408) 732-3800. 

LINK GROUP 
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Arlisl 's drawing depicts the proposed theatre that wil l display the new 3-D picture. 

True stereoscopic movie 

system without glasses 

by ROBERT B. COLLENDER 

In the previo us issue (J uly/August, 1968) of th is journal, in which 
the first part o f th is paper was presented, a brief discussion was pre­
sented on the problems invo lved w ith adapting grandsca le ho lography 
to the movie theatres. A discussion was presented which led to the 
conclusion that three dimensional reproduct ion should be on a unity 
magnification basis (e.g. the size o f objects in the scene captured 
should be equal to the size of reconstructed images in the wide 
screen stereoscopic theatre). 

Gabriel Lippman's lenticular system was shown expanded to its 
possible application to future theatres and the resultant problems 
associated wi th th is adaptation . were discussed. 

The author's concept was described in which the captu re equipment 
consists of a 100 foot arc o f 1500 pinholes which are uncove red 
sequential ly to expose ten sets o f horizontally-moving spherical len­
ticular filmstrips. The filmstrip's movem ent and exposure are syn­
chronized by a central control system. The resultant fi lm is specially 
processed for cent ralized p rojection. In the proposed new 3-D theatre, 
a centra lized projection booth is at the cente r of curvature of a 
cylindrica l screen and stati onary elect ronically controlled Ken cel l­
shutter selector. The pictures are released to the sc reen in a cyclic 
scanni ng t ime-multiplexed sequential overlap fashion as they rapidly 
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sweep over the semi-specularly reflect ive screen. In step with this 
sweeping myriad of pictures, an electronically ·operating shutter 
system, some 50 feet in front o f the screen, forces each eye in the 
theatre to see the appropriate perspective fo r i ts particu lar posi tion. 
Because o f th is, each person in the theatre sees a "di fferent view" 
of the scene in true stereoscopic vision. The audience w ill see the 
scene reproduced as through a large bay window (100 feet wide and 
50 feet high). 

In the last issue, an introduct ion to the theory of the system was 
given. The image dissection process was described. The mathematical 
fo rmulas were developed fo r predicting the vertical shrink-expand 
facto rs for each spatial image depending on its location wi th respect 
to the projection geometry and any given observer posi tion. A scale 
schemati c drawing of the proposed theatre was presented. A brief 
descripti on of the camera system w as given along with . a brief in­
troduction to i ls theo ry of operation. 

In the following conclud ing publ ication (part 2) o f this paper, the 
cam era system is continu ed-followed by the central processo r, the 
projectio n system, the electroni c shutter selection system and screen 
illumination calculations. 
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MECHAN ICAL CONFIGURATION OF CELL 
Fig. 28 shows a typica l cell plan view wi th i ts feed and take 

up reels and continuously moving vernier exposu re bel t re­
quiring about 3 transverse slits between adjacent p inho les 
so that it can move at a slow pace to avoid prolonged wear 
and serve to con trol sequential exposure of the p inholes. 

Basic Ce ll 
10 ' long 150 pinholes 
(11. 5 eubcells) 

:·~-=-~.-=-==~~~~-=~-~~.-~-=~~-=~~~--~ 

'\ 
'\ 

' 

I 

take up reel 
(3 • di a . ) 

fiGU KE 2fl: Ce ll mechanical ieatures 

The opt imum size pinhole can be found from the follow­
ing formula rs. 10 ': This formula considers blur due to dif­
fraction and interference effects at small aperture sizes and a 
blu rred image due to too large an aperture. D = \1 0.00007v; 
where v = pinhole to film distance (inches) and D = opti­
mum pinhole diameter (inches). For the requ ired 1.45 inch 
foca l length, D = 0.01 inch. Th is aperture could be made 10 
tim e~ this size as projection of 0.1 inch aperture on the 
fi lm behind a lecticule element does no t take up any more 
than ·1 /13th o f 80% of the element d iameter. Also this type 
o f film does no t behave the same as standard film in th at a 
larger diameter aper ture does not tend to blur the image 
formed. The smal ler pinhole diameter was selec ted because 
for a fixed required exposure time, the vernier belt speed is 
reduced by a factor o f 10. 

VERN IER SLIT-SH UTTER BELT REQUIREMENTS 
In the next section, the exposure time will be shown to be 

1/360 second. W ith a minimum width of transverse slits on 
the vernier belt of 0.01 inch (equal to the diameter of the 
pinhole) the minimum belt veloci ty equals 0.02 inch 7 1/360 
second = 7.2 inch/sec. The sli t shutter must move twice the 
pinho le di ameter du ring the required exposure tim e. 

The vernier slit belt.must be design ed such that pinholes 
40 degrees apart on the 120 degree capture arc (measured 

usable line across element 

diameter.= P 

1/ 13 X 0 . 8P 

FIGURE 29: Usab le space on emulsion beh ind lenticu lar elem~n t 
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from the imaginary cen ter of th e 100 ft. arc) are opened to­
gether and progress (say to the right) together. When the last 
pinhole on the righ t of the 120 degree arc of pinholes is 
opened, then immediately thereafter the first pinhole on the 
left of the 120 degree arc is opened to main tain the 40 degree 
spacing. This synchronism is accomplislted by the central 
power and sync station which con trols all 10 cells during 
the capture of the scene. 

CAMERA PINHOLE REQU IRED EXPOSURE TIME 
The maximum al lowab le pinho le exposure time (or " on " 

time) must be such that the information wri tten behind an 
element, for a parti cu la r pinhole, does not move into the 
area to be occupied by the pi nhole on the same elevation 
and separa ted by one sub-ce ll (see Fig. 29). 

In Figure 29, " P" is the pitch of elemen ts (from the section 
on Image Dissection Photogra phy, " P" was set at 1/15 mm). 
Therefore, 860 P = W = 2.25 inch (the 70 mm usable film 
w idth). 

element moves - - \ 
W/13 

e xposure element-x during t 
posi tion- 2 

:film plane 

element - x (si ze exaggerat ed) 
position-1 

' FIGURE 30: Efiect o f film motion during exposure time 

To assure no overlap of information behind a given ele­
ment, the fi lm must not move more than W /13 during the 
open time of any given pinhole. Therefore, the allowable 
exposure time o f any pinhole = W/13 -:-. 64 inches/sec = t 
(where 64 inches/sec = veloci ty of fi lm through the cel l). 
From thi s, the exposure time is fou nd equal to 1/360 second. 

The wiping action of any given element over a distance 
W/13 does not in any way tend to prepare the film for a 
blur during playback. From Figure 30, it can be seen tha t P 
is recorded at P; and Q at Q 1 in the same element, as the 
fi lm moves past the pinhole. This sys tem operates in the 
same fashion that w hen a line is determined by two points, 
a third point can only al ign with the other two at the time 
when all three are on the same straight line. An example of 
th is is: P;, the node of element -X at position -1 and the pin­
ho le would then release "P" to the screen. Likewise, Q ;, the 
node of element -X at posi tion -2 and the pinhole would 
release " Q " to the screen. 

CALCULAT ION OF THE NOMINAL QUANTITY 
OF COMPLETE IMAGES/FRAME 

A primary resolu tion in the matrix of elements (or spheri-
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10 take up 
reels 

2 & 3 

back 
lighting 
film holders 

continuous 
movement 

13 of 1500 vidicons 
( typ) 

recording 
system No. 

lenticular film 

FIGURE 31: Essentials oi cen tral processor 

ca l len ticu les) has been set at 15 per mi ll imeter and a 2.25 
inch square frame is shown to have 860 by 860 primary frame 
elements (that number is avai lable to be projected to the 
screen at any time). The maximum number of images that 
can be registered on a 2.25 x 2.25 frame can be ca lculated 
if the primary film reso lution is known. This resolution can 
be taken at 336 lines/mm (a typica l film resolution used in 
image dissection photography). The number of picture ele­
ments acrOSS the JensJet = 80°{, X 336 Jines/mm -;- 15 eJe­
men ts/mm = 18 lines/element. Therefore; (18)" equa ls 
approx. 320 pictures/ frame. 

In the processor and p rojection system, 320 pictures per 
frame has been selected in o rder to maximi ze fil m uti lity­
but the (13)" quan ti ty chosen for th e capture system is withi n 
these limit s and was a compromise on th e length of <J ce ll. 
The cel l length fo r an (18)" sys tem would be about 22 feet 
and unwieldly to manage. 
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THE CENTRAL PROCESSOR 
The intermediate step between the capture and playback 

sys tems (not incl uding normal develop ment procedu res) is 
the centra l p rocessor. 

The centra l processor is requ ired to accept 10 fi lm-strips 
with 1500 " effect ive" camera locations spread out over a 
100 foot arc length, and convert them to 3 fi lm strips which 
can sweep the sequential pictures onto the curved screen 
from a central location (the cylinder axis of the screen l and 
the selector slits high over the heads o f the audience. 

A lthough the sys tem proposed seems quite expensive at 
firs t, it represents a one- time expense, and is used under la­
boratory conditions whe re maintenance procedures are more 
read ily attended to. 

Figure 3·1 shows a simplified conceptual drawing of the 
proposed central processor·. The 10 fi lms from the cap ture 
sys tems are first developed to negatives and inserted in the 
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10 feed ree ls, the 10 film holders and the '10 take-up reels. 
1500 vidicons using pinholes for objective lenses receive the 
illuminated fi lm images in a pre-programmed fashion (deter­
mined by the logic box) and direct the images to the 3 
cathode ray tubes. Image dissection photography is again em­
ployed to re-photograph the images in proper sequence on 
the 3 resu ltant spherical len ticular film strips. All equipmen t 
runs automatically and in a continuous fashion, so that 1112 
hours of captured film can be processed in 25 days (if the 
equipment is run 24 hours/day). This long processing time 
is paced by the framing rate of the closed television system 
which is assumed to run at the conventional ra te of 30 
frames/sec. 

The 3 continuous and completely filled (18) 2 pictures/frame 
70 mm fi lm strips, are developed to positives and are then 
ready for projection by the 3 groups o f (3 lenses each) pro­
jectors, using a common central Xenon short arc projection 
lamp. 

PROJECTION SYSTEM 
The three 70 mm fi lm strips each use 3 projection lenses 

and all 9 lenses share the same projection lamp. The 9 pro­
jector lenses are arranged in a circle, wi th each lens pro­
jecting pictures 40 degrees displaced from an adjacent lens, 
as shown in Figure 32. 

Figure 33 shows a simpl ified drawing of the 3 groups of 3 
projection lenses each with i ts feed and take up reel. The 
numbers 1 th ru 9 indi ca te the numbers o f the projection lens 
and the arrow indicates the d irec tion of projection through 

9 

,'<_ -- f- --j typical pro jeoti on l one 

j_;~'/~ 
8 I - - 1 

1 40°t ~ 
\ ,... \ ' '-.....__ / J;>rojection l amp 
~ I \ ~ 

4 
(common ) 

1, I \ / ' ..... i- -- 5/ 
6 

FI GURE 32: R,1clial p rojection system 

the film. An adequate service loop is provided between the 
3 projection lenses. 

Si nce one strip of film w ith only one track of picture data 
is serving 3 lenses, care must be taken that each of the 3 
lenses only projects that portion of the film intended for it. 
To assu re this, a plan view of the film strip in Figure 34 
shows how the 120 degree film section for each lens is 
separated by 240 degrees of film space which is devoted to 
the remaining 2 lenses in that group. The adjacen t iden tical 
number strips (corresponding to a given projection lens) are 
<tlways projected in sequence. For example, after film section 
-·1 passes by proj ec tion lens No.1 , and was projected to the 
sc teen , sections 2 and 3 pass through whi le the number -1 
lens ro tates through 240 degrees (while not projecting) and 
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pr oj. 
lens 

1 

take up 
reel 

FIGURE 33: 3 groups of 3 project ion lenses fo r 9-facet p roject ion 
sys tem 

then the next section -1 passes by the No. 1 projection lens 
for the 120 degree sweep in projection. The service loop can 
be made any convenient length to accommodate the required 
40 degree spacing of the 2 adjacent lenses in the group. For 
example, the No. 2 projection lens may pick up any one of 
the No. 2 fi lm-sections if the processor had been program­
med to play back that particular No. 2 film section in the 
next time frame fo llowing the previous No. 1 film section 
scan by projection lens No. 1. 

projec tion l ens 
usage 

1 I I 

{ 3, 6 , 9 : 2, 5 ,8 : 1,4 , 7 : 

FIGURE 34: Plan view oi projection film strip ion-OFF limes refer to 
f ilm section 1) 

PROJECTION FILM LINEAR RATE 
Nine projector lenses revolve abou t the central projection 

point at 2.7 rev/sec. To satisfy 1500 pictures/lens per 120 
degrees of rotation, the individual projection lens frame rate 
equals 12,000 frames/second for the 9-facet sys tem. Each 
frame of the 70 mm film is 2.25 inches usable sq uare fo rmat 
and each of these frames contains approximately 320 indi­
vi dual image-dissected images. The fil m ve locity is calculated 
as ('12000 images/sec + 320 images/ frame) (2 .25 inches/ 
frame) or 7 feet/second. Th is means that the film section 
length (for 120°) for any given projector lens, is about 10 
inches. 

TOTAL FI LM CONSUMPTION FOR A 11/2 HOUR MOVIE 
FOR BOTH CAPTURE AND PLAYBACK COMPARISON 

Capture film usage 10 films x 5 ft/sec x 1.5 hour x 
3600 seconds/hour 
equals 270,000 feet of fi lm (total) 

Projection fi lm usage 3 films x 7ft/sec x 1.5 hour 
x 3600 seconds/hour 
equals 113,000 feet of fil m (total) 

In captu re: 11 .5 x 13 = 150 images per frame 
were uti l ized. 

In p rojec tion : 320 images per frame were uti­
lized. 

113,000 + 270,000 = 0.425 
150 + 320 = 0.47 
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From these two ratios, it can be seen that efficient fi lm 
usage has been closely observed. 

PROJECTION LENS FOCAL LENGTH 
AND 

KEYSTONE PROJECTION PROBLEM 
From Figure 20, the average projection distance is given 

at 133 fee t and the screen heigh t is given at 69 feet. Based 
on these facts, the projection lens focal length, for a 70mm 
format, is 4.35 inches. This va lue must also be employed in 
the cen tral processor recording system in order that the re­
corded fi lm wi ll be compatible fo r projection within the 
required geometry. 

The projection lens must be corrected for "keystone" pro­
jection so tha t the picture on the screen appears as a square 
when viewed normally to the screen. The processor- lens wi ll 
not introduce any keystone effects. The reason for not uti l iz­
ing the ca thode ray tube keystone scan circu i ts to photo­
graphically process the wedge shaped picture so that no 
corrector would be needed at the projection station, is 
simply that the resolution over the recorded frame wou ld 
then not be uniform. By using keystone correction at the 
projection station, uniform resolu tion over the entire pro­
jected picture is maintained. 

PROJECTION LENS f/NUMBER 
The maximum diameter o f the aperture in the spiral disc 

required for playback of the image-dissected pictures is 

4 . 35"-----to-i 
_L 

maxil:lum aperture size 

t 

FIGURE 35: Proj ections lens (-number de term inat ion 

ca lculated to be 0.097 inches from i ts image size in a len ti­
cular elemen t as shown in Figure 35. 

The toea! length of the spherical len ticule is cal cu lated 
at 0.133 mm from the 15 elemen ts/mm factor and the chosen 
f-2 val ue. " Delta" is shown as the image size on the fi lm, 
of the maximum sized aperture in the spi ral d isc. The aper­
ture must be small enough that the value of "del ta" does not 
occupy more than 1/18th of the lenticu le diameter. 

The projection lens f/number is then 4.35/ .097 = 45. 

OBSERVER'S VIEWING ACU ITY 
Acuity is defined as the reciprocal of minutes of arc sub­

tended at the observer's eye by two closely spaced points 
which are on the threshold of being resolved. It is known for 
example, that a person wi th 20/20 vision sees with an acuity 
of unity and the incl uded angle is 1 minute of arc. A 20/40 
person has an acuity of 1/2 and sees 2 minutes of arc, etc. 

metalized sphere reflectors 

A 

' 

----

FI GURE 36: Elevation view of project ion 

fixed spherical 
lent icular matrix 
(same pitch 

as film1 

xenon lamp 

projection angle 

continuous motion 
s pherical lenticular film 
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The 69 foot high screen will be divided into 860 hori­
zontal l ines or a separation of 0.96 inches for 70mm fi lm. This 
corresponds to 1.8 min. of arc for the far observer and 4.4 
min. of arc for the near observer. 

If 5 inch film were used, the number of horizontal lines 
would double and the resolution would improve by a factor 
of 2 or 0.9 minutes and 2.2 minutes, respectively. Unfor­
tunately, the f ilm speed doubles in the captu re and playback. 
It is also possible to double the primary film resolution which 
would allow the total quanti ty of spherical lenti cu lar elements 
in a frame-matrix to quadruple. This is no doubt the best 
approach to take in order to keep the film speed down. 

PROJECTOR CONCEPT TO IMPROVE LIGHT OUTPUT 
From figures 36 and 37, the metalized spheri ca l reflectors 

have a pitch diameter such that segments A, B and C in the 
elevation view each contain 18 spheres included in angle o. 
The surface m n p q is fi l led with spherical reflectors of this 
pitch-diameter. At the back of the film plane, a fixed refrac-

xenon lacp (stationary) 

meta11zed 
sph~~!:~ec tors 
(eta/ y) 

/ 

--- ---

FIGURE 37: Plan view or projectio n 

tive spherical lenticular matrix is placed, which has the same 
15 elements per· millimeter pitch as the fi lm strip. The Xenon 
lamp's image will be formed in each of the spheri ca l ball s, 
and hence the m n p q surface becom es a myriad of ex­
tended point sources. The myriad of bright sou rces are 
imaged by the refract ive fixed lenticu lar ma trix such that 320 
overlapping bright discs are enscribed on to the fi lm-plane 
for each of the lenticular elements. This technique tends to 
maximize the utility of the bright Xenon lamp source and 
direct the light to the moving aper ture regardless of its lo­
cation in the main aperture of the primary projection lens. 

ELECTRONICALLY CONTROLLED SHUTTERS 
BETWEEN AUD IENCE AND SCREEN 

In Figure 11 , an arc of vertical sli ts is shown between the 
audience and the screen extending between A, and B, . This 
arc length has been shown to be 104 feet and extend ing 
over a 120 degree ci rcu lar arc of 50 ft. radius. This arc wil l 
con tain '1500 electron ical ly con trol led sl its of 0.83 inch wid th . 

These parameters are derived from the thea tre layout 
geome try and cap ture requi rements mentioned earl ier. The 
theory behind slit requi rements can be found in th e section 
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"General Principle of New Approach Using Cen tra l Projec­
ti on Scan Techniques". 

Because 40 degrees (or about 35 feet of arc) is scanned 
in 1/ 24th of a second and repeated with essentially no delay, 
the requ irements are too stringen t for any mechanical selec­
tion techn iques, so the Kerr cell approach has been 
chosen. <u) 

The basic principle of the Kerr cell is shown in Figure 38. 
The light output of the cell is turned off with no voltage 

applied between cel l-electrodes because of the presence of 
cross-polaroids as shown in the figure. When a high voltage 
is applied to the cell, the plane of polarization is rotated 
90 degrees and about 30% of the incident light comes 
through the cell. These cells are known to respond in nano­
seconds and are ideal fo r this intended selecto r-applicati on. 

unpola rized 
light ' 
input 

(+) 
electrode 

FI GURE 311: Oasis or a Ke rr Cell 

transparent cell 
(filled with nitrobenzene) 

(-) 
electrode 

' ~ polarized light 
output 

The peak vol tage for maximum transm ission = V = 300 
d/ \ 1 21K vol ts or KV = 33.5 df \11. 

Where K = Kerr constant= 4 x 10··; and d and I the width 
and depth of the cell (see Fig. 39) are given in centimeters. 
For I = d = 0.83 inches, the required pulsing high voltage 
is 48 KV. 

BREAKDOWN GRADIENT OF AIR <t2
) 

An approximate rule for uniform fields at all frequencies up 
to at least 300 MH r. is that the breakdown gradient of air is 
30 peak KV/CM or 75 peak KV/inch at set level (760 mm of 
Hg) and temperature of 25 •c. 
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FI GUKE 39: Geometry or Kerr Ce ll plates 

INFORMATI ON DISPLAY, Sepl ember/Ocrober 1966 

The breakdown voltage is approximat~ly proportional to 
pressure and inversely proportional to absolute K• tem­
perature. 

If this rule is applied, the breakdown in air for this system 
would not occur under norma l conditions below about 62 
KV for a gap width of 0.83 inches. For a large margin in 
factory of sa fety, the selection of 48 KV for the Kerr cell 
pulse voltage seems adequate. This would allow the tem­
perature in the cell electrode vicin ity to rise to 150• F and a 
pressure drop to 25 inches of Hg before an arcing of elec­
trodes took place. 

KERR CELL CAPACI TANCE 
"C", in Figure 39, is the cell capacitance whi ch must be 

charged during each pulse of electr ical energy. 
Conven ient lengths (L) fo r handl ing th ese cel ls wou ld be 

abou t 4 feet. 
Since C = 3.18 Ll/d, where C is given in micro-micro­

farads, for an 1/d ratio of un ity, C = 387 micro-microfarads. 

KERR CELL APPARENT DEPTH 
DUE TO 

REFRACTION OF NITROBENZENE 
An interesting effect results in using the cel ls which are 

filled with a liquid called nitrobenzene. Because of the re­
fractive index of this solution (n = 1.553) the apparent cell 
depth is much more shallow than its actual depth. This fact 
allows observers sitting in the audience at some angle to the 
slit normal line, to see through the slit. Ideal ly the slit depth 
should be zero so that the appearance of vertical bars in the 
final picture is virtually el im inated. Figure 40 shows that the 
effect of the index of ref ra ction is to decrease the cell depth. 
38 degrees is the maximum an gle imposed on any viewer. 

nitrobenzene 
solution 
in cell 

I 
(actual depth ~ 0.63" 

of cell) l_ L----,f-__J 

/! 
light to 
observer ' s 
eye 

I 

,>1 

I ICLJRL ~0: !\ppJrenl depth o i Kerr Cel l clue It> re fr,lCi ive index or 
ni trobenzene so lulion 

DC RESISTANCE BETWEEN PLATES 
R = r'1/ LI , where " = DC resistivi ty of nitrobenzene. 

fl (none pure) = 10" ohm-em 
r• (pure) = 101

" ohm-em 
In practice, it is difiicult to attain better than 10• ohm-em. 

This is achieved by d isti llation of the nitrobenzene. 
R - 1 meg-ohm (for a clean cell) 
R'"·" = 100 meg-ohm. (In the following calculations for re­
quired driving power, etc., the practica l value of R = 1 meg­
ohm wi ll be used). 

GENERATOR POWER REQUIRED 
TO CHARGE SLIT CAPACITY 

E CV"/ " where C = Capacity in farads 
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V = voltage across plates and E = joules (watt-seconds) 
E/ t = drive power in watts; where t = the pulse wid th 

duration of the appl ied voltage. 
In a nine-facet system 40 degrees is scanned each 1 /24th 

second period. This corresponds to a pulse width of 83 
mrcroseconds. Hence, a cell pulse duty cycle is 83 micro­
seconds of 48 Ki lovolts repealed each 1/ 24th second. 
E = 387 x 10-'~ x (4~ 10~)~ = 0.477 watt-seconds 

2 
The power required to charge a cell = 

0.477 
83 X 10-" 

= 5.4 KW 

Since ' there are 12 cel ls stacked verti ca lly to make up one 
slit, th e total power requ ired to charge the entire sl i t capacity 
= 12 x 5.4 KW = 65 KW. 

RES ISTIVE POWER DISSIPATION 
Since cell resistance is 1 meg-ohm, 12 cells driven in 

para llel for the equivalent of one slit wou ld make a parallel 
load resistance of 

10';/ ,~ = 83 K ohms/s lit = R' 
The DC power dissipation in the slit is then; 

P = vv~/,t' = (48 x 1 o:: J~ /82K = 28.2 KW 

TOTAL GENERATOR POWER REQUIRED FOR 
ENTIRE SYSTEM 

The total generator power required to charge the slit 
capacitance and provide for slit resistive dissipation is 65 KW 
+ 28.2 KW = 93.2 KW. For a 48 KV generator, the pulse 
current eq ua Is 

93.2 

48 
= '1.94 Amps. 

Since 3 slits across the screen (separated by 40°) will 
always be "on" at any one time, a total generator capacity 
of 280 KW is required. NOTE: Hipotronics, Inc., carries a 
complete line of unregulated high vol tage power supplies. 
Among their line is a 50 KV - 2 Amp. supply. Three of these 
would provide the required power to drive the entire system. 

If the cells were ul tra-sonically cleaned and the nitro­
benzene distilled into them, the resistivity of 10'" ohm-em 
could theoretical ly be ach ieved and the resul tan t cell resis­
tance would then make the resistive power dissipation negli­
gible. In this case, the total system power would be 195 KW 
or 3 un its of 50 KV each wi th a 1.35 Ampere capacity would 
be used. 

FINAL STEREOSCOPIC ILLUMINATION AVAILABLE TO 
AUD IENCE 

There is no doubt that th is system tends to be inefficient 
from the standpoint of illumination to the observer. The 
f/45 projection system is inherently glossy with some improve­
ment possible by the efficien t utilization o f the spherical 
lenticule and associate extended point source illuminators (as 
discussed in "Projector Concept to Improve Light Output"). 
The Kerr Cell only provides about 30% efficiency in the 
transmission of light. The percentage of the " on to off" time 
(duty cycle) of the slits in a 9- face t system (40 degree pro­
jector separation is 3/1500 = 1/500. 

The percentage to w hich the screen illumination (given in 
foot Lamberts) is reduced in passing through the Kerr ce lls 

d I . I 1· I I . 30% - 0 06°1 an uncergorngt1esrtcutycycers 
500 

- . ro. 

Si nce the low end of the "standard" acceptable tolerance 
for indoor theatre screen illumination is 10 ft. Lamberts, the 
effective screen bri ghtness would have to be 16,600 ft. Lam­
berts. I t is obvious then, that a semi-specular type of screen is 
required. 
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From Figure 19 it was noted that any arbitrary screen 
element (x) must radiate over a 36 degree horizontal angle. 
However, it need not continuously radiate over this angle. In 
fact, it need only direct a fraction of one degree of incident 
illumination to the sl i t. As the slit moves from A to K, this 
narrow horizontally sweeping beam would have to be con­
trol led to keep the screen illumination di rected to the slit 
posi tion. 

This fan shaped beam would have a horizontal angle, de­
termined by a 0.83 inch slit wid th at a distance of 50 feet, 
and approximately a 30 degree vertical angle which would 
cover the audience. The means for controll ing such a beam 
at each of the screen's vertical elements has not been dis­
cussed within this paper, but the theoretica l light gains as a 
resul t of employing this concept w ill be men tioned. 

Figure 41 shows a theoretica l "Lambert surface" <
13

> whi ch 
has all of its radiation directed into the solid angle determined 
by the fan shaped beam. Since luminance = flux/unit sol id 
angle, if the flux is maintained constant and the solid angle is 
decreased, the luminance increases. 

dA 

hemisphere radius 

theor etical "Lambert" Surface 

FIGURE 41: Increased luminance due to compression of sol id angle 
from ideal lambert surface wi th hemisphere coverage to 
fan-shaped beam 

There are 2 7i sterad ians in a hemisphere. Assuming that 
the available light flux radiated from the ideal " Lambert 
surface" (which has an equal illumination as viewed from any 
angle) is packed into the fan-shaped beam in Figure 41, then 
the ratio ·'H/dA = the theoretical screen gain available; where 
" H is the surface area of the hemisphere and dA is the 
surface area on the hemisphere intercepted by the solid angle 
of the fan shaped beam. 

''H = 
dA X 

6 

0.83 

600 
X R 

= 8700 

Since the solid angle = surface a rea/ 1 ractin"\~, when the 
ratio o f two areas of the same surface radius is taken, the R2 

term drops out. 
Therefore, the theoretical screen gain (assuming a semi­

specular operation) is 8700. 
The screen illumination from the projected light is: 

rt B 
E where E is the screen 

4 (MN)2 

illumination in ft.-candles, " B" is the projector source bright­
ness viewed through lhe exit-pupil of the projection lens 
(in Candleslrc2l. "M " is the magnification which is unitless 
and equals the average projection throw distance divided by 
the projection lens focal length and " N" is the f-number of 
the projection lens. 

The brigh tness of the source (assuming a Xenon short arc 
5 KW source) is 3.72 x 108 candles/ft2 approximately. 

The magnification for a 133 foot throw and a 4.35 inch 
focal length is 367. " N" was previously calcu lated at 45. 
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From these figures, the screen il lumination due to projec­
tion is 1.1 ft candles. With a theoretical screen gain l imit of 
8700 and an 0.06% ou tput due to shutter-losses, the final 
available illumination to the audience = (1 .1 ) (8700) (0.06%) 
= 5.8 ft. Lamberts. 

A lthough this is below the recommended indoor theatre 
illumination, drive-in theatres operate with about 3 foot 
Lamberts of screen illumination. This is possible as the eye 
has a logarithmic response to a vast range of illumination . 
Also since the fl icker rate is only 24 cycles per second, the 
" lower" illumination rate tends to provide a flicker-free 
presen tation. 

CONCLUSION <1 •> 
Aside from the fact that ou r prosperous nation is lagging 

the rest of the world in stereo-projection systems, it is not 
progressive to assume that the silver-screen will remain flat 
forever. Pioneering initia tive, both fi nancial and experimental, 
is required to make life inside the theatre as realistic as it 
appears ou tside. 
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ABSTRACT 
The resolution capabilities of an experimen tal 

image-transmission system intended for microfilm 
library application have been investigated. The 
modulation-transfer-function concept is used as 
a quantitative measure of component and overall­
system performance. The theory of M TF is discuss­
ed with emphasis on the analogy between the 
spatial- and temporal- frequency domains. Practi ­
cal techniques for measuring the MTF's of elec­
tro-optical components are developed and res ults 
obtained from measurements made on speci fic 
components are presented. Also included in the 
paper are the conclusions which have been 
reached on line-scan requirements for a high­
resolu tion microfilm facsimile system. 
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INTRODUCTION 
During the course of investigations of techniques for pro­

viding rapid access to library information, a need has occurred 
to make experimental evaluations of the resolution capa­
bil i ties of electro-optical systems which transfer microfilm 
images from one location to another. The results of these 
evaluations are reported here. 

It is well known that photographic fi lm provides a hi ghly 
satisfactory medium for storing the alphanumeric and pic­
torial information con tained in libraries. Film is compact, 
durable, and has a high resolution capabili ty. Since it can 
accommodate information in analog (image) form, there is no 
need to digitize the information before storage. It can, of 
course, accept digital in formation, should there be a reason 
for digital encoding. 

As l ibraries become hard-pressed for storage space, there is 
a growing trend toward use of microfilm as a means for con­
serving space. Extensive use of microfilm in a library, however, 
poses serious problems of information handling and retrieva l. 
Retrieving a specific item quickly from a huge file, preserving 
film qual ity in the face of repeated handl ing, and maintaining 
accurate files, represent some of the difficulties which one en­
counters in the practical operation of a microfilm library. 
Moreover, a microfilm library does not, inherently, meet a 
highly desirable requirement of a modern library, namely that 
of providing guaranteed, rapid access to the full text of docu­
ments at stations which are remote from the store. As a means 
for providing this kind of service, the microfilm image- trans­
mission system illustra ted in Figure 1 has been investigated. 

In Figure 1 textual information is stored on microfilm and 
held in an automatic fiche-and-frame selector, w hich is under 
computer con trol. A document is ordered by entering its 
numerical address into a computer. The desi red frame of the 
microfi lm image is then posi tioned automatically in front of 
a flying-spot scanner which serves to convert the photo­
graphic image into electri cal signals. After appropriate syn­
chronizing signals are added, the composite video signal is 
transmi tted over a radio or wire transmission link to a re­
ceiver cathode-ray tube. The received image is captured on 
fi lm and made available, after development, to the user. A 
feature of the microfi lm system i llustrated is tha t each micro­
fiche frame needs to be scanned only once; the fi lm at the 
receiver serves as the loca l storage medium. Elimination of a 
refreshed display conserves bandwid th and allows the scanner 
to be time-shared among several user stations. 

A key issue in the design o f the microfilm facsimile sys tem 
is the number of scanning lines requ ired in order to repro­
duce images with acceptable quality at the remote receivi ng 
station. Related to this issue, in turn, are the design specifica­
tions for each componen t of the system in order that the re­
quired overall quality can be realized. These matters were 
examined as part of our investigations. 

In our experimen tal evaluat ion of the resolvability of the 
image-transmission system show n in Figure 1, we sought 
quantitative measurement techniques which could be related 
to the resolvability of each component of the system and to 
the overall system i tsel f. Techniques such as slit methods and 
the shri nking-ras ter method of measuring cathode-ray tube 
spot size, and knife-edge and square-wave-response methods 
for measuring spatial-frequency responses of lenses were 
employed. The results of these measurements were used to 
derive resol ution capabilities in terms of spread function and 
modulation transfer function. 

THE MODULATION-TRANSFER-FUNCTION CONCEPT 
As a prelude to the appl ication of the modulation-transfer­

function concept to an image-transmission system, a brief dis­
cussion of optical transfer functi on is presented here. The 
optical -transfer- function concept is an appl ica tion of linear-
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system theory to optical images. For a given magnification 
ratio, this function is uniquely determined by the relationship 
between the intensity distributions of the image and object 
of an optical device. If an analogy is made between spatial 
frequency, measured in cycles per millimeter, for optics, and 
temporal frequency, measured in cycles per second (Hertz), 
for networks, we can then adapt the rich body of techniques 
developed for analysis of linear networks to optical systems. 
The object-image relationship in the optical case corres­
ponds to the input-output relationship in the linear-network 
case. 

The Spread Function 
The physical signifi cance of the optical transfer function 

can be explained, using a lens as an example. Consider the 
image formed by a lens placed before a point light sou rce, as 
in Figure 2. Because of diffraction and lens aberrations, the 

OBJECT 
PLANE 

FIGURE 2: A Lens Used to I mage a Point Light Source 

image wi l l not be a point, but will be spread over a finite area 
in the image plane. The intensi ty distribution p (x,y) of the 
image of a poin t sou rce is cal led the spread function of the 
lens and looks typi cally l ike the contour drawn in Figure 3. 
The spread function may be regarded as a two-dimensional 
response of a lens to a spatial impulse, defined as a point 
l ight source with zero area and finite fl ux. A lthough spatial 
impulses can only be approximated in practice, the concept 
is usefu l for analysis of optical devices, in the same way 
that the time-impulse concept is a valuable analytical tool in 
networks. If the object in Figure 2 were a line source of in-

p(x,y) 

y 

x' X 

z' 

FIGURE 3: Two-Dimensional Spread Function of a Lens 
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fi nite length and zero width instead of a point source, the 
intensity distribu tion 1(x,y) of the image wGuld have the form 
illustrated in Figure 4. 
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FIGUR E 4: Line Spread Function of a Lens 
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This response is ca lled the line spread function 1 (x) and can 
be obtained by integrating the point spread function in one 
dimension: 

00 

£ (x) = J p(x, y) dy (l) 
-oo 

Thus 1 (x,y) is reduced to a function of x only. The line spread 
function can be used fo r the evaluation of .images in the x 
dimension whenever the intensi ty variation in the y direction 
is essentially constant; for example, lineal light sources 
parallel to the y axis. 

In cases where the spread function remains essentially con­
stant over the image areas, the len s can be considered as a 
linear spa tia l-invariant device, and the analysis is directly 
analogous to that for linear time-invarient systems; that is, the 
image intensity at any set of coordinates can be determined 
by taking a weighted sum of the impulse responses from each 
point in the object. Consider a small object on-ax is whose 
intensity distribution varies on ly in the x direction; and as­
sume the intensi ty distribution, referred to the image plane, is 
f(x) . The image intensity g(x) is the weighted sum of the im­
pulse responses from each point in the object and is ex­
pressed mathematically as a convolution integral. Thus, 

00 

g(x) = J f(x - a-) £( a- ) do-

-oo 
where a is a su bstitute vari ab le of integration . 
Spatial-Frequency Domain 

(2) 

In general, the evaluation of the convolution integral may 
be a difficult task. However, it is known from linear-system 
theory that transforming the problem into the frequency do­
main by means of Fourier transforms offers mathematical 
simplification as well as additional insi ght. 

Consider an object wi th an intensity distribution which is a 
spatial sinusoid of unity amplitude in one dimension and 
wh ich is constan t in the other dimension. The image formed 
by the lens of this spatial sinusoid can be determined from 
the convolut ion integral and is derived as follows. Let f(x) 
be the object intensi ty referred to the image plane. Then 
f(x) = lm [ei"'], where lm signifies the imaginary part of the 
operator. The image intensity distributi on g(x) is determined 
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by the convolution integral, as in Equation 2. Substituting for 
f(x-a) gives 

g(x) (3) 

-oo 
Since the line spread function 1 (a) is a real function , this 

equation can be rewri tten as 

00 

g(x) = Im [ ejwx J £(a-) e -jwo- do-] (4) 

- oo 

The Fourier transform L(w) of the line spread function is 
defined as 

1 

00 

L(w) =! £(o-)e-jwo-do­

-oo 
Therefore, the intensity distr ibution of the image is 

g(x) :: Im [ ejwx L(w) ] 

( 5) 

( 6) 

If the spread function is an even function of x, its Fourier 
transform is a real function, and Equation 6 reduces to: 

g(x) Im[ ejwx L(w)] 
(7) 

= = 
L(w) Im[ ejwx] :: L(w) f(x) 

If the spread function is not an even function of x, L(w) is a 
complex variable which can be expressed as a magnitude-and 
phase angle. In either case, the image intensity varies sinu­
soidally in the x direction with the same spatial frequency as 
the object, but with an amplitude determined by the magn i­
tude of L(w) . Thus, the Fourier transform of the spread func­
tion represen ts the spatial-frequency response of the lens and 
is analogous to the frequency response used in the analysis of 
dynamic systems. 

The comp lex-frequency response L(w) is known as th~ 
optical transfer function. Although the spatial phase angle is 
necessary for a complete evaluation of the image, the magni ­
tude is the important part of the function when considerin g 
resolution limits and i t wi ll be the primary interest in the re­
mainder of this paper. The modulation transfer function 
(MTF) is a normal ized vers ion of the magnitude and is de­
fined as the ratio of the magni tude of the response at each 
frequency to the magnitude of the response at zero fre-
quency: 

MTF = 
L(w) 

L(w) w::O ( 8) 

The primary simpl ification that resul ts from substitu tion of 
the frequency domain for the spatial domain is that the con­
voluti on integral transforms into a simple multiplication. (See, 
for example, Y. W. Lee, Statistical Theory of Communications, 
Chapter 13, John Wiley and Sons.) Th us, the amplitude of the 
image-in tensi ty variation for an object which is a spatial sinu­
soid is simply determined by the magnitude of the MTF at 
that spatial frequency. Since any fin ite object can be repre­
sen ted as a sum of sinusoids by means of a Fou rier series, the 
amp litudes of the frequency components in the image of any 
object can be determined. 

The frequency-domain approach is partially useful when 
applied to systems employing combinations of optical com­
ponents. For example, cascaded lenses, where the image of 
one becomes the object of the other, have an overall spread 
function which is the convolution of the individual spread 
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functions. In the frequency domain, the magnitude of the 
overall MTF is simply the product of the individual MTF's. 
For such systems, the effect of each lens on the overall 
image quali ty is much more easily understood from its MTF 
than from its spread function. The concept of an optical de­
vice as an image-transfer mechanism with limited spatial 
bandwid th can be quite useful in the design and analysis of 
complicated optical systems. 

When MTF's of cascaded components are combined, the 
scal ing changes of spatial frequencies caused by the magni­
fication ratios of lenses must be considered. The magnifica­
tion ratio determines the relationship between the spatial fre­
quencies in image and object planes of the lens. For example, 
10 cyclesj mm in the object plane of a lens used at a 2 to 1 
reduction ratio corresponds to a spatia l frequency of 20 
cycles/ mm in the image plane. Before the MTF's of cascaded 
components can be multiplied, all components must be 
referenced to a common plane by means of a suitable magni­
fication ratio. 

Nonlinear components (for example, photographic film) 
must be treated carefully when using MTF techniques to ana­
lyze a system. Nonlinear analysis can become quite cumber­
some and a discussion of it is not included here. Nonlinear 
behavior in the op tical domain, as in the electrical and elec­
tromechanical domains, can be handled by small-signal linear 
approximation techniques when smal l-signal conditions 
prevail. 

ELECTRO-OPTICAL M EASUREMENTS OF 
CATHODE-RAY-TUBE SPOTS 

A cathode-ray tube (CRT) is commonly used in image­
transmission systems in two differen t ways-as part of a fly­
ing-spot scanner at the transmitter and as an image-form ing 
device at the receiver. The function of the flying-spot scanner 
is to convert the input imagP. into an eiPctric-al ~ ignal. In the 
experimental system of Figure 1, the inpu t is a microfilmed 
image of a page of text and the flying-spot scanner is used 
to convert the text to a video signal. A CRT provides a spot of 
light which approximates a point source of constant intensity. 
The spot is scanned in a predetermined pattern through de­
flection of the CRT electron beam. An objective lens located 
between the CRT and microfi lm projects the scanning light 
source onto the film and the light transmitted through the 
film is detected by means of a photomul tiplier tube (PMT). 
Time variations in the ampl itude of the electrical signal from 
the PMT corresponds to the spatial variations in the densi ty 
of the microfilm image along wi th the scanning path. In 
Figu re 1 the scanning pattern is a noninterlaced raster con­
sisting of a series of un iformly spaced scan lines of equal 
length . The raster is generated by deflecting the CRT beam 
at a constant rate in the horizontal direction and at a much 
slower constan t ra te in the vertical direction. 

The receiver CRT serves to reconstruct the input microfilm 
image. The receiver CRT spot is raster-scanned in synchronism 
with the transmitter CRT spot and the receiver intensity is 
modulated in accordance with the video signal. In the system 
of Figure 1 a single frame on the microfilm is scanned only 
once; a camera is used to project and store the reconstructed 
image on 35-mm fi lm as the image is regenerated. 

CRT Requirements in Image-Transmission Systems 
The resolution of both transmitter and receiver CRT's is 

l imited by the size of the CRT light spot. The intensity distri­
bution of the spot along any linear dimension represents the 
spot spread funct ion of the CRT along that dimension. The 
narrower the spread fu nction, the closer together are the in­
dividual image elements that the CRT can resolve. Hence a 
narrow CRT-spot spread function is a prime requi rement in 
high-resolution image-transmission systems. 

Another common requ i rement for the scanner and receiver 
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CRT's is high light output. In the flying-spot scanner, the sig­
nal level at the input to the photomu ltiplier tube is propor­
tional to the CRT light intensity. At the receiver, high light 
intensity is required, particularly at high scan rates, to ensure 
sufficient exposure of the film. 

A fundamental difference in the requirements for the two 
CRT's is their phosphor response times. The decay characteris­
tics of the CRT phosphor can have a significant effect on the 
spot intensity distribution at high scan rates. A slow decay in 
light output of the phosphor after removal of its excitation 
causes a tail on the trai l ing edge of the CRT spot. In the trans­
mitter CRT this tail has the effect of widening the spread 
function of the spot in the direction of scan and thus the 
effect of degrading the horizontal resolution of the video 
signal. To minimize this effect, the CRT in the scanner in 
Figure 1 uses a P-16 phosphor, which has the fastest response 
of currently available standard phosphors; it decays to 10 per­
cent of its original intensity within 0.12 J.lsec after its excitation 
is removed. 

For an image-forming CRT as in the receiver of Figure 1, 
phosphor decay rate has essential ly no effect on the CRT 
resolution. It is the spatial distribution of the total light energy 
from the phosphor that determines the receiver image resolu ­
tion rather than the instantaneous distribution, as in the 
scanner. Hence, the slower, but more efficient, P-1 1 phosphor 
is used in the receiver CRT. 

The electron beam of a flat-face CRT tends to become de­
focused as i t is deflected from the principal axis of the tube. 
Dynamic-focus ci rcuitry should therefore be used to com­
pensate for off-axis defocusing in high-resolution systems. 
These circuits sense the horizontal and vertical-deflection 
signals and provide an appropriate variable componen t to the 
focus vol tage or current. 

The CRT spot size also tends to increase with beam current. 
Furthermore, the sa turation effects of the phosphor can 
change the shape of the intensity distribution of the spot as 
the beam current is increased, thus causing a flattening of the 
peak of the intensity-distribution curve. In the flying-spot 
scanner, the CRT spot in each area of uniform focus can be 
represented by a constant spread function since the beam 
current is constan t. In the receiver, however, the beam cur­
rent is modu lated by the video signal. The spread function 
of the receiver CRT spot is therefore dependent on the signal 
level. 

Shrinking-Raster Measurements 
One method commonly used to measure CRT spot size is 

the shrinking-raster method. A raster scanning pattern consist­
ing of equal ly spaced scan lines is generated by scanning the 
CRT beam repetitively in the horizon tal and vertical directions 
wi th the scan rate in one di rection two or three orders o f 
magnitude faster than the rate in the other direction. The 
scan lines are viewed through a microscope and the length 
of the raster in the slow-scan direction is reduced until the 
scan lines are no longer visible as individual lines. The spot 
diameter is considered to be the length of the raster under 
this condi tion divided by the number of scan lines compris­
ing the raster. The time interval between adjacent scan lines 
should be long compared w ith the phosphor decay time so 
that the light distribution for each scan line is not affected 
by the preceding scan line. Also, the beam-deflection signal 
in the slow scan direction must be free from any ripple. 

For the experimental system of Figure 1, Litton Industries 
Type 4123, five-inch diameter CRT's are used with magnetic 
deflection and focusing. The P-16 phosphor is used in the 
transmitter tube and P-11 is employed in the receiver tube. 
Shrinking-raster measurements on these tubes at beam cur­
ren ts in the 1- to 3-microamp range showed spot sizes rang­
ing from 0.8 mil to 1.4 mils. At least part of this variation is 
at tribu table to uncertainties in the measuren;ent te~hnique. 

INFORMATION DISPLAY, September/October 1968 

The shrinking-raster method of spot-size measurement is 
commonly used because it is easy to implement and because 
the only equipment required is the deflection electronics of 
the CRT and a microscope for viewing the raster lines. A 
disadvantage of the method is that it does not yield accurate, 
repeatable results because o f i ts dependence on the judge­
ment and visual acu ity o f the person viewing the raster l ines. 
The intensity of ambient ligh t during the tests can also in­
fluence results. 

The most serious disadvantage of the shrinking-raster 
method, however, is tha t it provides on ly a measure of the 
limiting resolution of the CRT rather than a measure of i ts 
response over a range of spatial frequencies. The human eye 
is generally considered capable of detecting a minimum of 
2- to 5-percent modulation of intensity. Hence, the spacing 
of the raster lines where the individual scan lines become 
indistinguishable represen ts a poin t on the modulation trans­
fer function of the CRT where the high-spatial-frequency res­
ponse is reduced to a few percent. Because on ly one point 
of the MTF curve is measured, no direct information is ob­
tained about the rest of the curve. 

If the intensity distribution of the CRT spot is assumed to 
be some analytic function (such as a Gaussian distribution), 
the shape of the MTF cu rve is implied by the function, and 
in theory, the MTF can be derived by pass ing an appropriate 
curve through the point determined from the shrinking-raster 
measurement. In practice, however, the deficiencies of the 
shrinking-raster method prevent an accurate determination 
of the MTF even if the assu med intensity distribution is cor­
rect. When the CRT is part of an image system, knowledge 
of the response over a range of spatial frequencies is impor­
tant because of the high spatial-frequency rol l-offs of all the 
componen ts and their contributory effects on the limiting 
resolution o f the overall system. Thus, a method is requi red 
for determining the modulation transfer-function of a CRT. 
In practice, a simple techn ique is to measure the spread func­
tion of the CRT spot and then to derive its MTF analytically. 

Slit Measurements 
Instruments are available commercial ly for measuring the 

spot spread function of a CRT in one dimension.' In these 
instruments a microscope serves to image the scanned spot 
on two sli ts in an opaque sheet located in the image plane of 
the microscope. The instantaneous light transmitted through 
the sl its is detected by a photomul tiplier tube and the detec­
ted signal is displayed on an osci lloscope. The spot spread 
function is determined from knowledge of the distance be­
tween sli ts, the magn ification of the microscope and the 
osci lloscope trace. 

A single-slit version of th is measurement technique which 
requires a minimum of instrumentation is presented here. 
The configura tion is shown in Figure 5. The microscope 
images the CRT spot on to a narrow slit as the spot is scanned 
at constant rate in a direction perpendicular to the sl it. A 
photomultiplier-tube (PMT) converts the light through the 
slit into an electrical signal which drives the vertical deflec­
tion channel of an oscilloscope. The effect of the microscope 
is to enlarge the CRT spot. Figure 6 il lustrates the positions of 
the sli t and the spot image in the plane o f the sli t at one in­
stan t. The output of the PMT at this instant is proportional to 
the ligh t transmitted through the slit. The total transmitted 
l igh t, in turn, is equal to the integral of the spot intensity in 
the shaded area of Figure 6. 

If the width of the sl i t is small with respect to spot size, the 
PMT signal is proportional to the intensity distribution and the 
trace o f th is signal on the measurement oscilloscope is the 
spot spread function of the CRT in one dimension. Figure 7 
illustrates the appearance of the trace. The distance between 

'For example, the two-slit spot analyzer manufactured by the Con­
stantine Engineering Laboratories Company. 
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FIGURE 5: Test Setup for Measuring CRT-Spot Spread Function by 
Means of a Single Sli t . 
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FIGURE 7: Spread Function of a litton Type 4123 CRT as Determin ed 
by a Single-Slit M easurement 
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the po ints w here the spread-function amplitude is one-hal f 
i ts maximum value is frequently used as a measure of spo t 
width. The horizontal axis of the measurement-oscilloscope 
trace can be expressed in units o f length along the x axis at 
the CRT by mul tiplying the length of the trace on the mea­
surement oscilloscope by the ratio of the scan ra tes o f the 
oscilloscope and CRT. The scan rate o f the CRT can be de­
termined by measuring the total length of the linear scan 
and the sca nning time. Delayed and expanded sweep capa­
bilities on the oscilloscope are important assets in implement­
ing these measurements. 

Experimental Results 
Single-slit spread-function measurements were made on 

both the transmitter and receiver CRT's in the experimental 
portion o f the system of Figure 1. The test conditions for the 
measurement of Fi gure 7, which is for the Litton Type 41 23 
tube, are: 

CRT beam current = 0.1 !lamp 
CRT scan rate = 4.2 in.jsec 

measurement-oscilloscope horizontal sweep rate = 50 llsecj 
em 

The CRT-spot diameter at the half amplitude of its spread 
function is determined as follows: 

hal f-amplitude width of trace = 4.1 em 
hal f-ampl itude spot diameter = d = 4.1 em x 50 

x 10"6 secj cm x 4.2 in.jsec 
= 0.86 x 10·3 in., or 0.86 mil. 

The noise on the trace of Figure 7 is caused by a combina­
tion of phosphor and PMT noise. The half-amplitude spot 
diameter was determined from an average curve drawn 
through th e trace. 

The half-amplitude diameter of the CRT spot was found to 
be sensitive to focusing current. At optimum focus, the half­
amplitude diameters o f the scanner and receiver CRT's at 1 
!lamp beam curren t were 1.2 and 1.0 mils, respectively, at 
the center of the tube face. Through use o f dynamic-focusing 
circuitry, it was possible to constrain the variations in spot 
diameter to ±15 percent o f its diameter at the center of the 
CRT at all po ints w ithin a 2.5-inch by 3.5-inch ras ter. 

Th e effect of beam current on spot size of a Litton Type 
4123 tube is illustrated in Figur!'! 8. Data for the curve were 
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F IGU~E 8: Effect of Beam Curren t on Scanner CRT Spot Size 

taken for the spo t located at the center of the tube and for a 
constant focus current. 

Figure 9 shows the influence of slow decay in phosphor 
response on th e shape o f the spread fun ction . The pronoun­
ced tail is on the tra iling edge of the trace. The trace in Figure 
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FIGURE 9: Effect of Phosphor Decay 

9 was recorded for the transmit ter CRT, wh ich uses P-1 6 
phosphor, at a scan rate of 10,000 in.jsec and a beam current 
fo 3 !lamp. For P-16 phosphor the tai ling effect was observ­
able at scan rates above 3,000 in.jsec, whereas fo r P-11 phos­
phor it became apparen t at scan rates above 6 in.jsec. 

MTF Calwlation 
The modulation trans fer function o f the CRT in the direc­

tion of scanning is the Fourier tra nsform o f i ts spread func­
tion. Determinati on of the Fourier transform of a spot w ith a 
generalized intensity distribution can be a lengthy computa­
tion which is best accomplished by quantizing the spread­
function data and using a computer to ca lculate its transform. 

The computation is greatly simpli fied, however, when the 
line spread function can be represen ted by a Gaussian func­
tion . The central-limit theorem o f probabi li ty theory states 
that the probability distri bution o f a normalized sum of n 
independent random variables approaches a Gaussian distri­
bution as n becomes large. Since the CRT spot is generated 
by bombardment of the phosphor by many electrons ran­
domly distribu ted around a point, i t is reasonable to expect 
that the CRT line spread fu nction approximates a Gaussian 
function. 

A comparison of the slit-measurement results obtained on 
the experimental system with a Gaussian curve revealed that 
the spread functions for these CRT's can be represented by a 
Gaussian function. For example, the spread function of the 
P-16 CRT measured at a beam current of 2-1-lamp and at a 
scan rate of 550 in.jsec differed from a true Gaussian curve 
by less than ± 2 percent o f its peak value. 

For a spot wi th Gaussian intensity distribution the sli t mea­
surements can be used to derive an analytic expression fo r the 
line spread 1g(x) : 

1 (x ) 
g = e 

2 
X 

- 2~ (9) 

The standard deviation ux of the Gaussian function can be 
re lated to the value x, at which the amplitude is one-half i ts 
peak value th rough use of Equation 9; the rela tionship is 
Us_ = 0.85 X r. 

() = 0 . 42 5 d 
X 

( 1 0) 

Therefore , the analytic exp ress ion for the line spread func­
ti on of the Gaussian spot can be determined directly from a 
lineal measuremen t on the trace o f the slit measurement. 
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The Fourier tra nsform of a Gaussian function is: 
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The MTF is the Fourier transform of the spread function 
normalized so that its magni tude at zero spatial frequency, 
w = O, is equal to un i ty. Since the magnitude of the Fou rier­
transform expression at w 0 is v 2'1i (ux.), the MTF of the 
Gaussian spot (MTFal is: 

MTF = e 
g 

2 2 
w () 

X X 

2 ( 12) 

where wx represents the angu lar spatial frequency in rad ians/ 
unit d istance in the x d irection. 

Equations 10 and 12 permit the MTF to be plotted from the 
resu l ts of the slit measurement. Figure 10 illustrates the MTF 
o f the receiver CRT where the spatial frequency is measured 
in the p lane of the CRT screen. 
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FIGURE 10: Modu lation Transfer Function of Rece iver CRT 

The wid th of the slit used for these measurements theo­
retically should approach zero to provide an exact sampl ing 
of the intensity distribution. However, a narrow sl i t l imits 
the ligh t transmitted to the PMT and reduces the signal-to­
noise rat io o f the measuremen ts. The ligh t transmitted 
through the slit is equal to the integral of the intensity d istri­
bution in the shaded area of Figure 6. For a Gaussian intensity 
distribu tion, numerical tables of in tegrals can be used to show 
tha t less than five percent error in the half-amplitude d ia­
meter occu rs w ith a sl it width as large as the standard devia­
tion ux. multip lied by the magnification ratio on the spot. 
With a ten-power microscope, a th ree-m il sl i t can be used to 
measu re a one-m il spot w ith a resu lting error of a few per­
cent. The relati ve insensi tivity of the measurement to sli t 
wid th is a favorable factor in the implementation o f these 
m easu rem en ts. 
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MEASUREMENT O F MODULATION TRANSFER 
FUNCTIONS OF LENSES 

Two different types of lenses are commonly used in image­
transmission systems; an objective lens, which is included in 
the transmitter scanner and in the receiver camera, and a con­
densing lens, which is employed in the scanner. The condens­
ing lens directs the light transmitted through the microfilm 
image onto the photo-cathode of the PMT. The input to the 
PMT is the tota l ligh t flux passing through the condensing 
lenses and is not a function of the spatial d istribution of the 
transm i tted light rays. By collecting more of the transmitted 
light, the condensing lenses can increase the signal level at 
the PMT, but their imaging qua li ties have no di rect effect on 
system reso lu tion. The objective lenses, on the other hand, 
provide a spatial transfer of the in tensity d istribution from 
one p lane to another, and the spatial-frequency characteristics 
of these lenses directly influence system restoration. The 
scanner and receiver obj ective lenses represent cascaded 
elemen ts of the image-transmission system and their modula­
tion trans fer functions are contributing factors of the overall 
system MTF. 

Lens Requirements in /mage-Tranmission Systems 
Because of diffraction, the image of a point light source 

which is formed by an ideal lens is a disk of finite area sur­
rounded by concentric rings, or Airy disks, whose intensity 
decreases w ith thei r diameter. This ring pattern imposes an 
upper limi t on lens resolution, and it can be shown that the 
lim it is inversely proport ional to the f-number of the lens. 
Since a low (-n umber lens corresponds to a large aperture, 
such a lens transmits a large fraction of the light avai lable at 
the object. Hence, because a low f-number offers both high 
resolution and efficient transmission of light, it wou ld appear 
that selection of the objective lenses for the scanner and re­
ceiver is reduced to the process of finding the lowest (-num­
ber lem. In practice, there are o ther important considerations, 
as discussed below. 

In practice, it is difficult and expensive to achieve a diffrac­
tion-l imited lens w ith a low (-number. Furthermore, the lens 
aberrations can redu ce its resolution well below the diffrac­
tion limit. Lens resolution generally d iminishes with increas­
ing viewing angle with respect to its optical axis, and the re­
quired field of view to cover a given object size must be 
considered in selection of a lens. Also, constraints on the 
physica l space available for the system may impose limitations 
on the lens focal length. 

The custom design and manufacture of a lens for a specif ic 
application is a comp licated, expens ive task which can 
amount to several thousand dollars. O n the other hand, a 
lens manufactured from an existing design or purchased as an 
over-the-counter item is like ly to cost a few percent of that 
of a custom lens of comparable qua lity. Hence it is often 
worth the effort of try ing to adapt the system design to ac­
commodate an exist ing set of lenses. In summary, selecti ng 
the objective lenses for the scanner and receiver involves 
tradeoffs among reso lution, light transm ission, and cost. 

In order to analyze and evaluate the reso lution capabi li ties 
of an image-transmission system, the MTF's of the objective 
lenses in the system must be known. Unfortunately, adequate 
MTF data are normally not avai lable from the lens manufac­
turer. We have therefore explored the following measurement 
techn iques which may be uti lized by individual groups as 
needed. 

Edge-Response Measurements 
The MTF of a lens can be determined directly by measuri ng 

the sinusoidal response of the lens over an appropriate range 
of spatial frequencies, or ind irectly by measuring the response 
to nonsidusoidal objects (such as a knife edge) from wh ich 
the si nusoidal response can be derived analytically. The direct 
method of measurement requires targets wi th densities that 
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vary sinusoidally in one direction over a range of spatial fre­
quencies. These targets are difficul t to produce accurately 
with high contrast at constant amplitude of modu lation over 
a wide range o f spatial frequencies. The indirect methods 
avoid the need for complicated targets, but require more 
compu tation for the derivation of the MTF. 

Both types of measurements utilize a scanning or sampling 
of the image-object intensities in order to measure their 
spatial modulation. Since the CRT is a device general ly avail­
able to the display designer, it is appropriate to exploit its 
ability to generate a scanning spot which approximates a 
point light source. As shown previously, the spatial-frequency 
response of a cascaded combination of elemen ts is the pro­
duct of the spatial-frequency responses of the individual ele­
ments. Since the MTF of a CRT spot can be determined by 
the method described in the preceding section, the MTF of a 
lens can be calculated from a measurement of the MTF of the 
cascaded combination of a CRT and lens by dividing the MTF 
of the CRT-and-lens combination by the MTF of the CRT. 

A method which requires only very simple measurement 
equ ipment for determination of the MTF of a CRT-and-lens 
combination is illustrated in Figure 11. The measurement pro-
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FIGURE 11 : Test Setup for Making Edge-Response Measurements 

cedure is as follows. The CRT spot is scanned repeti tively 
along a line at a constant scan rate. An ordinary razor blade is 
used as a sharp edge in the image plane o f the lens and is 
positioned so that its edge is perpendicu lar to the scanning 
direction of th e CRT spot. The PMT detects the amount of 
light which is transmitted by the lens past the razor blade 
edge at each instan t during the scanning of the CRT spot. The 
horizontal sweep of the measurement oscilloscope is synchro­
nized with the sweep which produces the scanning of the 
CRT spot. The plane of focus for the lens is determined by 
moving the razor blade parallel to the optical axis un ti l the 
slope of the oscilloscope trace is a maximum. 

It will be recognized that the signal detected by the PMT 
passes from maximum to minimum value as the spot sweeps 
past the knife edge, and for constant scan rate the tranisition 
time is a function of the optical characteristics of the CRT­
spot-and-lens combination. It should also be evident that the 
edge response of the optical system is analogous to the step 
response commonly used in linear network theory. Just as the 
impulse response of a network is the time derivative of its 
step response, the spread function of an optical device is 
the spatial derivative of its edge response. Th us, the spread 
function of the CRT-and-lens combination is the deriva tive 
of the measurement-osci lloscope trace obtained from the 
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edge-response tests, and the MTF of the combination is the 
normalized amplitude of the Fourier transform of the spread 
function. Measurements indicate that it is usual ly not possible 
to represen t the spread function of the CRT -and-lens combi­
nation by a simple, analytic function. As a result, the calcu la­
tions required for the derivation of the MTF from the edge 
response are quite lengthly but are easily carried out with the 
aid of a.computer. 

The flying-spot scanner and the receiver camera both use, 
as their objective lens, a Nikkor CRT recording lens with a 55-
mm focal length. A series of edge-response tests were made 
on each of these lenses. The lenses have a variable aperture 
from f-1.2 to f-11; the tests were made over the range of f-2 
to f-5.6. Figure 12 is an example of the osci lloscope trace ob-
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FI GURE 12: Edge-Response Measurement of Scanner CRT-Lens 

tained from these measurements. The trace was taken wi th 
the scanner CRT and lens at f-2.8, a reduction ratio of 6.5 to 
1, and a CRT scan rate of 550 in.jsec. These parameters were 
chosen so as to be representative of conditions that prevail in 
the sys tem of Figure 1. 

As a fi rst step in the calculation of the MTF of the CRT­
lens combination, the measurement oscilloscope trace must 
be calibrated in terms of distance units in the image plane 
of the lens. If D represents distance on the screen of the mea­
surement oscil loscope referred to the image plane of the lens 
under measu rement, 

(sweep ra te) CRT . . ( 
D = (sweep rate) OSC x (lens reductton ratto) 13 ) 

The calculation then proceeds as fo llows. The cal ibrated edge 
response, such as tha t shown in Figure 12, is quantized by 
dividing the horizontal scale into an approp riate number of 
small equal increments, and the amplitude of the response 
is evaluated for each increment. We chose eigh ty increments 
for our evaluations and in order to el imina te the noise effects 
observable in the trace, we took ampli tude measurements 
from a smooth curve drawn through the trace. Amplitude data 
were supplied to a digital computer which was programmed 
to calculate the derivative of the curve at each incremen t and 
to compute the Fourier transform of the derivative function. 
The MTF of the CRT-lens combination was calculated by nor­
malizing the amplitude of the transform as determined by the 
computer wi th respect to its value at zero spatial frequency. 
The MTF of the CRT was obtained from a sli t measurement, 
described previously, and converted to the image plane of the 
lens by mul tip lying the spatial-frequency scale by the reduc­
tion ra tio between the CRT face and the image plane of the 
lens. For a reduction ratio of x to 1, a spatia l frequency of 1 
cycle/ in . in the plane of the CRT face corresponds to x 
cycles/ in. in the image plane. Finally, the lens MTF was de-
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rived by dividing the MTF of the CRT - lens combination by 
the MTF of the CRT. The result of these calculations for the 
scanner lens at f-4 and a reduction ratio of 5.4 to 1 is illus­
trated by curve A of Figure 13. 
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FIGURE 13: Modulat ion Transfer Funct ion o f Scanner Lens 

Square-Wave Response Measurements 
It is apparent that the relative simplicity of M TF measure­

ments by means o f the edge-response method is obtained 
at the expense of considerable computational complexity. It 
may occur to the reader that a single-slit measurement, simi­
lar to that described previously for the CRT, migh t be em­
ployed for the CRT-and-lens combination. In theory, the 
aerial image of the lens can be projected by a microscope 
onto a slit to measure the spread function of the CRT-and­
lens combination, but the width of this slit compared to that 
used in the CRT measurements must be reduced by a factor 
eq.ual to the lens reduction ratio. Because the smaller slit 
and the limited aperture of the lens reduce the light trans­
mitted through the slit, it is difficult to achieve su ffi cien t 
signal level at the PMT. In the edge-response tests, all the 
light transmitted by the lens is available to the PMT for detec­
tion of the kn ife edge and an adequate signal level is ob­
tained. 

An alternative approach for measuring the MTF of the 
CRT-lens combination can be used in order to reduce com­
putation requirements wi th only a slight increase in the com­
plexi ty of the targets. The test setup for this method is the 
same as that of the edge response shown in Figure 11 except 
that a target consisting of parallel, equally spaced clear and 
opaque strips rep laces the razor blade. The target provi des 
square-wave modulation of transmission with a spatial fre­
quency equal to the reciprocal of the spaci ng between the 
opaque strips. A set of these targets covering the frequency 
range of interest can be used to measure the square-wave 
response of the CRT -lens combination as a function of fre­
quency from which the MTF of the lens can be derived. 

It was found that so-called " Ronchi ru lings" provide ex­
cellent square-wave targets. These ru l ings are manufactured 
by applying an opaque layer to a glass base and rem ov ing 
equally spaced strips of this layer by machine so that the 
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widths of the transparent and opaque strips are equal. 
These rulings are readi ly available in a one- inch 

square size over a wide range of spatial frequencies. The 
one-inch square size el iminates the edge effects that occur 
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FIGURE 14: Square-Wave Respon se Measurements of Receiver CRT­

Lens 
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with other types of targets which have a lim ited number of 
cycles, such as standard resolu tion targets with 3-bar or 5-bar 
groups at each spatia l frequency. The availabili ty and quality 
of the Ronchi rulings as square-wave targets as compared to 
sinusoidal targets is the p rincipal advantage of th is method 
over a d irect measuremen t of the sinusoidal response. 

Figure 14 shows typical oscil loscope traces obtained fo r 
the square-wave response of the receiver CRT and lens at 
spatial frequencies of 100, 500, and 1500 cycles/ in. measured 
with a lens aperture of f-2 .8 and a reduction ratio of 3 to 1. 
The square-wave responses of the receiver and scanner were 
measured over a range of lens apertu res from f-2 to f-5.6 
using a set of one-inch square rulings with spatial frequencies 
of 100, 200, 500, 1000, 1500 and 2000 cycles/in. At each 
aperture sett ing, the brightness of the CRT and the gain of the 
PMT were maintained consta nt and a trace of the response at 
each spatial frequency was photographed. 

The square-wave response is normalized by dividing the 
response at each spatial frequency by the response as the 
frequency approaches zero. At low frequencies, the shape 
o_f the response closely approx imates a square wave (see 
F1gure 14a) and the amplitude approaches the zero frequency 
response. In our tests, the response at 100 cycles/ in. was used 
to normalize the responses at higher frequencies, and the fla t 
areas at the peaks of the trace assure that this amplitude is a 
true measure of the zero-frequency response. 

The sinusoidal response o f the CRT -lens combination is 
derived from its square-wave response by using their Fourier­
series-relationship. The square-wave response, Rsc,(w), can be 
represented by the sinusoidal response, R, 111(w), in the fo llow­
ing familiar series : 

R
8

q (w) = ! [ R . (w) - -
3
1 

R . (3w) 
1T s 1n s 1n 

1 1 
+ 5 Rsin(Sw) - 7Rsin(7w) + (1 4) 

1 
-
9

R . (9w) + . .. ] 
s 1n 

Through use of a similar series for each -1/ 3R .. ,(3w), 
1/5R,co(5w), - 1/ 7R,c,(7w), .. . and adding these algebraical ly 
to. the above series, the following expression for the sinu­
SOidal response can be verified: 
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Th e resu lt of these measurements on the scanner lens at 
an aperture of f-4 and a reduction ratio of 5.4 to 1 is shown 
as curve B in Figure 13. 

Discussion o f M easurements 
A comparison of our resu lts obtained from square-wave 

response measurements with those obtained from edge-res­
ponse tes ts verifies that these methods produce reasonably 
cons1sten~ measurements. Curves A and B of Figu re 13, for 
example, illustrate the correlation between typical resu l ts from 
the t~o methods on the same lens under iden tica l condi tions. 
Judgmg from experience with these measurements and their 
repeatab ili ty, we conclude that the MTF curves are most ac­
curate in the response range from 0.8 to 0.3 and it is esti­
mated that the response is accurate with in -+-0.05 in this 
range. It i~ this middle range of response that is likely to be 
the mos t i~port_an_t area of the MTF curve in an analysis of 
the resolut1on l1m1ts o f sys tems consisting of several cas­
caded elemen ts. 
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As discussed in the second section, the resolution of a lens 
is dependent on many factors including the aperture, wave­
length of the transmitted light, and the displacemen t from the 
optical axis. The effects of the aperture on the MTF of the 
sca nner lens is illustrated by the curves in Figure 15. The 
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FIGURE 15: Variation of MTF with Lens Aperture. 

theoretical limit of resolution increases for lower f-nu mbers 
but this effect is more than offset by the aberrations caused 
by the increased lens diameter utilized for these (-numbers. 
The . results indicate that over the range of apertures tested, 
max1mum resolution is achieved at f-5.6, and this setting was 
selected fo r the scanner lens. The receiver lens resolution in 
Figu re 1 is less criti ca l than that of the scanner because it 
operates at a smaller reduct ion ratio; an aperture o f f-2.8 is 
used to increase the exposure at the film. 

The effect of the different spectral outputs of the P-11 and 
P-16 phosphors on the lens MTF is shown in Figure 16. These 
curves were derived from measurements on the same lens 
under identica l condi tions except that the P-11 CRT was used 
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as a light sou rce for one measuremen t and the P-16 CRT was 
used for the o ther measu rement. The Nikkor lens is corrected 
for the P-11 wavelength (4600 A) and the nea r ultraviolet-light 
ou tpu t o f the P-16 (3700 A)degrades the lens performance sig­
nificantly. However, the P-16 phosphor is essen tial for the 
flying-spot scanner because of i ts vast ly superior phosphor 
decay characteristics. 

A comparison of the on-axis versus off-axis performance of 
the scan ner lens is shown in Figure 17. The off-axis measure­
ment was made at a viewing angle of eight degrees, measu red 
from the optical axis which corresponds to the maximum 
angle required for viewing the corners of a 2.5-in. by 3.5-in. 
rectangular raster on the CRT with a 55-mm focal -length lens 
at a 5.4-to-1 reduction ratio. Within the accu racy of the mea­
surements, the test resul ts showed no essen tial differences 
in the lens MTF between one corner and ano ther at the same 
viewing angle or between the horizontal and vertical scanning 
di rections. The data from these measu rements provide a 
quantita tive basis for selecting the reduction ratio and aper­
ture of the objective lenses. 
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MODULATION TRANSFER FUNCTION APP LI ED TO 
SYSTEMS ANALYSIS AN D EVALUATION 

The outstanding advantage o f the modu lation transfer func­
tion over other techn iques for the evaluation of resolution is 
i ts applicabili ty to a system consisting of severa l cascaded ele­
ments. Since system MTF is the product of the component 
MTF's, MTF p lots with units o f spa tial frequency referred to a 
common plane reveal the influence of each component on 
sys tem resolu tion. 

In addition to the CRT and lens effects di scussed above, the 
resolution of an image- transmission system is affected by the 
characteristi cs of the transmiss ion channel. For a television or 
raster type of d isplay, the spatial variation of the image inten­
si ty is the resu lt of the time variation of the video signal. 
Thus, the time-frequency response of the video channel is re­
lated to the spa tia l-f requency response of the display. The 
equivalent MTF of the video channel is derived by divid ing 
the time-frequency of the frequency-response fu nction by the 
appropriate scan rate to convert from time frequency to 
spatia l frequency. Becau se o f its dependence on sca n rate, the 
equivalent MTF is d ifferent for the horizontal and verti ca l di­
rections of a raster-type d isplay. 

The experimen tal version of the image-transmission system 
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of Figure 1 transmits a single frame of approximately 4 x 106 

p1cture elements over a 4.5-MHz channel in one-half second. 
W ith this transmiss ion time, the 3.5-in. by 2.5-in. CRT raster 
requi res a hori zontal scan rate of 12,500 in./ sec and a vertical 
scan ra te o f 7 in./ sec. The time-frequency response o f the 
video channel is assumed to be down 3 db at 4.5 MHz and 
to decline at a rate approachi ng 6 db per octave at higher 
frequencies. In the horizontal scann ing direction, the 3-db 
point at 4.5 MHz corresponds to a spatial frequency of 4.5 x 
10" 7 12,500 = 360 cycles/ in. or 14.2 cyclesj mm in the 
plane of the CRT, and the equiva lent MTF passes through th is 
point, as shown in Figure 18. In the vertical scanning direc-
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tion , the 3-db point occurs at a spat ia l frequency of 4.5 x 10° 
...;- 7 in.jsec. = 6.43 x 10" cycles/ in., or 2.53 x 104 cycles/ 
mm; the equ ivalen t MTF is, therefore, essentially unity for the 
range of spatial frequencies under consideration. 

The receiver camera in Figure 1 captu res th e CRT image 
from a si ngle-frame scan on 35-mm film. Among the films 
tested thus far, Bell and Howell AHU microfilm, type 1K/ 400, 
provides the best combination of film. speed and resolution 
for this appl ica tion. Because the modulation-transfer- function 
concept is based on linear analys is, caution must be used 
when applying the MTF concept to pho tographic f ilm. In 
genera l, fi lm has a nonlinear response. In order to measure 
the response of the Bell and Howell film , test exposures were 
made of an unmodulated CRT raster over a range of beam 
currents and the resulting fi lm densities were measured with 
a microdensitometer. I t was found that with reduced develop­
ment time a reasonably linear response of film density to 
video vol tage cou ld be achieved over a density range of ap ­
proximately 0.25 to 1.2. Thus, the MTF concept is appl icab le 
in this range. 

We have not included a study of MTF o f Bell and Howell 
fi lm in ou r work, to date. Rather, we have es timated its MTF 
by comparing it w ith a Kodak microfi lm of comparab le reso­
lution. The es timated MTF of the Bell and Howell AHU film , 
based on the data for the comparable Kodak film, is show n in 
Figure 18. Note that the film frequency response is sufficien tly 
better than the response of the other system components to 
make its degradation effect on system resolution negligible 

The input to the experimen tal system is a photo-image of a 
page of tex t on microfi lm in an 11 .72 mm x 16.5 mm forma t. 
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Obviously, the quality of this image directly affects the sys­
tem output, and it is essential to obtain hi gh-q uality images 
of the textual inputs. The microfilming equipment used to 
photograph the text in this system provides a limiting resolu­
tion on the microfiche image of approximately 120 to 150 
cycles/ mm. 

Sys tem MTF 
Because the MTF of both the lens and the CRT's depend on 

position wi th respect to the optical axis, any evaluation of sys­
tem resolution must be conf ined to a specific area of the 
image. For evaluation of the experimental system, complete 
measurements were taken at five different locations-the 
center and four corners of the CRT raster. 

In Figure 19 the MTF of the sys tem components are plotted 
for the vertical scanning direction at the center of the CRT 
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raster. One can convert the units of spatial frequency, cycles/ 
page, to cycles/ unit length for any location in the sys tem by 
dividing by the verti ca l dimension of the page image at that 
location . For example, 165 cycles/ page represen ts a spatial 
frequency of 10 cyclesj mm in the plane of the microfiche 
when the page image has a vertica l length of 16.5 mm. 

The curve of the system MTF in the vertical direction at the 
center of the CRT raster is shown in Figure 20. If the limiting 
reso lution is assumed to be the 3-percent response point, (a 
va lid assump tion based on our experience) , the limiting reso-
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lution of the system is 1200 cycles/ page. We have confirmed 
this number by transmitt ing standard 5-bar resolution targets 
through the sys tem and examin ing an enlarged image of the 
resulting 35-mm film. Target groups with a spatial frequency 
of 70 cycles/ mm, corresponding to 1150 cycles/ page, have 
been resolved. 

The horizon tal scan lines of a raster are, in effect, spatial 
samples along the vertical-scan di rection. In linear-system 
theory, the sampling theorem states that any signal whose 
highest frequency component is less than hal f the sampling 
rate can be faithfully reproduced from its sam pled representa­
tion by passing the samples through an ideal low-pass fi Iter 
that passes all frequency components of the original signal 
but rejects all frequenc ies above half the sampl ing rate. If 
either the original signal or the reproducing-filter response 
has componen ts at frequencies exceeding half the sampling 
frequency, spurious components w i ll be introduced in the re­
produced signal. 

In the system of Figure 1, the signal being sampled through 
ras ter scanning is, in effect, the vertical variation in film trans­
missivi ty of the original microfilm image convolved with the 
spread function of the scanner CRT-and-lens combination. In 
other words, the spatial-frequency spectrum of the signal 
being sampled is that of the original image, multiplied by the 
MTF's of the CRT and the lens. At the rece iver the reprod uc­
ing (desampling) filter is composed, in effect, of the combined 
MTF's of the receiver CRT and lens, the film, and the view­
ing optics, including the observer's eye. W hen the electro­
optical sys tem bandwidth is so broad that it has no influence 
on system response, the minimum number of scan lines per 
raster that should be employed is twice the highest frequency 
component in the microfi lm image. 

If it is assumed that the sys tem MTF is sufficien tly broad 
to pass the spatial-freq uency spectrum required for reproduc­
ing a given class of images wi th acceptable quality, a sampling 
rate of twice the maximum frequency in that spectrum allows 
faithful reproduction of the spectrum components. If this 
sampling rate vio lates the sampling theorem applied to ei ther 
the scanner o r receiver, spurious components w ill exis t in the 
reproduced image, but the reduced response of the scanner 
and receiver at high spatial frequencies attenu ates the ampli­
tude of these spuri ous components and reduces their effect 
on image quality. 

If the spatial bandwidth of the receiver, viewing optics, and 
observer are sufficient to pass the sampling frequency, the 
individual scan lines will be perceptible in the reproduced 
image. The visibili ty of the scanning pattern in the reproduced 
image tends to reduce image qual ity and a higher scan rate 
may be required in order to reduce this effect to a tolerable 
level. 

Thus, the minimum acceptable number of scan lines is de­
termined from the highest among the following three: (1) 
twi ce the maximum frequency in the spatial-frequency spec­
trum of interest; (2) the lowest sampling rate at w hich the 
spurious components in the reproduced image are negligible; 
(3) the lowest samplin g rate at which the scanning pattern 
in the observed image is not objectionable. These cr iteria 
involve subjective evaluations of image quality. In practice, 
one evaluates empirically their combined subjective effect by 
transmi tting selected test images through the system at various 
numbers o f scan lines. 

The lim iting resolution in the horizontal direction is re­
duced at the nominal scan rate of the experimental system be­
cause of the effects of phosphor decay and the limited band­
width of the video channel. The 12,500 in.jsec scan rate 
required for the hal f-second transmission per frame causes a 
considerable en largement of the CRT spot, as discussed 
above. However, it is possible to utilize circui ts in the video 
channel whi ch com pensate for these effects, and various tech­
niques of video processin g are currently bein g investiga ted. 
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/mage Evaluations 
A primary objective of the experimen tal sys tem is to es­

iabl ish specifications for the system components required to 
provide acceptable tex tual images of technical documents at 
remote locations. Experiments have been conducted in which 
selected text was transmitted over the system with different 
system MTF and with different numbers o f scan lines. The sys­
tem MTF was varied by changing the /-number settings of the 
scanner and receiver lens. The horizon tal scan rate was re­
duced to 1250 in.jsec for these tests to avoid the effects of 
phosphor decay. 

An attempt has been made to correlate subjective evalua­
tions of the image quality w ith the system MTF in order to 
establ ish a quantitative measure of the system resolution re­
quirements. Since texts of technical documents contain a 
relatively high proportion of mathematical symbols and small 
characters such as subscripts and super-scripts more stringent 
reso lution requirements are needed for this class of text than 
for conventional text. Initial evaluations from these experi­
ments indicate that a limiting resolution of 1000 cycles/ page, 
and correspondingly, 2000 scan lines are required for trans­
mission of a typical page from a technical journal microfilmed 
at an 18-to-1 reduction ratio. A two-column page wi th ap­
proximately 70 lines/ column and an average of 8 to 10 words 
per line was chosen as a typ ical journal page. 

Our tests have demonstrated the difficulty of definitive re­
quirements for the resolution of an image-transmission sys­
tem. The subjective measure of image quality is influenced by 
many factors in addition to resolu tion. These factors include 
contrast, information content of the image, graininess and 
noise content of the image, and so forth, and the effects of 
these variables must be isolated in order to establ ish the in­
herent rela tionship between resolution and image quality. 
Our plans call for further evaluations of acceptable image 
quality through analysis o f user react ions to experim ents with 
the image-transmiss ion system. These experiments will be 
conducted as part of the Proj ect lntrex experimntal, compu­
ter-oriented library sys tem. 
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M. E. D. I. A. 
Man 's Environments: Display Implications & Applications 

lOTH ANNUAL SYMPOSIUM 

MAY 27, 28, 29, 1969 

MARRIOTT TWIN BRIDGES MOTOR HOTEL 

ARLINGTON, VIRGINIA 

Information display technology extends man's senses to help him meet face to face with his 
fellow across the Earth , scrutinize a patch of dust on the moon, shepherd hurtling vehicles through 
space or along expressways, and peer into the depths of the atom or the sea. 

Today, network television, eyes in satellites, and exploring machines are emphatic realities. 
Radar vision pierces the darkness and mist. Displays linked to computers or broadcast networks 
allow us to see and hear the men whose judgments and decisions are felt throughout the world. 

This technology provides tools through which man can better understand himself and the 
universe in which he resides. Yet, these marvels do not yet bear, in their proper fashion , on many 
pressing needs of the present. Nor, does it seem that man has thus far conceived with any scope 
or depth the complexity of times to come. 

Thus, the theme of the lOth Annual SID Symposium is M.E.D.I.A. This Symposium will con­
sider man in his environments-natural and man-made-and the actual and probable improve­
ments which can be engendered through the intelligent and imaginative application of information 
display technology. 

The program schedule outlines the environments and their facets , anticipated developments, 
and display implications and applications. These subject areas are intended to promote thought and 
response in the form of contributed papers. The keynote address will set the theme, and a panel 
discussion will conclude the Symposium with a "Challenge" to the display technology participants. 

TUESDAY, MAY 27, 1969 

Keynote Address: MAN'S ENVIRONMENTS: Natural and Man-Made 

Luncheon Speaker 

MAN 'S NATURAL ENVIRONMENT 

Consider the utilization of display 

technology to serve these areas: 

agriculture and horticulture; forestry; 

geology; geophysics; geodesy; as­

tronomy; and, oceanography. 

Cocktails & Buffet Dinner 
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Future Developments 

Ecology & Conservation 

Economic Development 

Agriculture in America 

Air & Water Pollution 

Experimental Cities 

Recreation Outdoors 

Display Implications & Applications 

Nature's Laboratory 
Computer Time Sharing between 

Home & Business 
Automation of Planting & Harvest­

ing 
Monitoring of the Total Atmos-

phere 
Controlled Environment 
Cultural Activities 
Exhibitions 
"Adventure" Playgrounds 
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MAN-MADE ENVIRONMENTS 

Social Facet 

Address society's needs and re­
quirements as these relate to: re­
search and practice of medical 
science; health and welfare; preven­
tive medicine; legal science and law 
enforcement; cultural and religious 
aspects; economics and employment; 
and urban renewal. 

Luncheon Speaker 

Educational Facet 

Providing for the learning levels 
of early learners, primary, secondary, 
university, and adults by offering 
educational opportunities such as 
academic and professional, voca· 
tiona! and agricultural, industrial and 
technical, leisure and recreational, 
and specia l types for mentally and 
physica lly handicapped. 

Cocktails 

Transportation Facet 

Moving people & vehicles to serve 
the needs of: inner-city, urban-sub­
urban, regional (megalopolis to 
mega lopolis), cross-country, cross­
continent, and inter-continental. 

Communications Facet 

A communications medium or a 
combination of media should serve: 

urban & suburban societies, 
commercial & industrial opera-

tions, 
health & medical science, 
military & defense programs, 
educat iona l & cultural activities, 
polit ical processes (local, national, 

international), 
lega l sc ience & law enforcement, 

or recreational & leisure. 

WEDNESDAY, MAY 28, 1969 

Future Developments 

Controlled Relaxation & Sleep 
Choice of Sex of Unborn Children 
Chemical Means to Improve 

Memory 
Human Hibernation 
Means for Surveillance & Control 

of Individuals 
Automatic Voting from Individual 

Homes 
Multiple-Use Dwellings 

Future Developments 

Man-Machine Training Devices 
New Educational Techniques 
TV Transmission via Phone 
Rapid Language Teaching 
Small Inexpensive TV Receivers 
Home Education via Video Tech-

niques 

BANQUET SPEAKER 

THURSDAY, MAY 29, 1969 

Display Implications & Applications 

Hybrid Personal Vehicles 
Tunneling 
All-weather Requirements 
Freight Hand I ing 
Shuttle Services 
Signaling & Routine (including 

Sequencing of Vehicles & Pas­
sengers) 

Future Developments 

Wide-band Communications Sys-
tems 

Vehicular Communications 
Alternative Trave l Routes 
Microwave Power Transmission 
"Sketchpad" 
Diagnostics: Men & Machines 
Universal Language 

Display Implications & Applications 

Multiple-Access Computers 
Thought Projection 
Therapeutic Activities 
Controlled Mating 
Electrode Insertions in the Brain 
Behavior Manipulation 
Human Engineering 
Privacy 

Display Implications & Applications 

Three- dimensional Photography 
for Movies & TV 

Computerized & Programmed 
Learning 

Time-Shared Computers & TV 
University Cities 
Specialized Institutions 
Room Temperature Superconduc­

tion 
Educational-Cultural Parks 

Future Developments 

Highway Automation 
Traffic Surveillance & Control 
Off-Highway Vehicles 
Rapid-Transit Automation 
Air-Cushion Vehicles 
VTOL Commercial Transportation 
Supersonic Air Transport 

Display Implications & Applications 

Home Data Consoles 
Navigation: Vehicle to Vehicle 
" Armchair" Visiting 
Business Conferences & Planning 
Bio-Medical Telemetering 
Remote Surgery 
Automatic Translation Devices 

"CHALLENGE" To Display Technology-Moderator & M.E.D.I.A. Panel 

EXHIBIT HOURS: 9:00 a.m.-6:00 p.m. 
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M-OVforthe 
short answer 
to high 
performance 
oscilloscope 
design 
The short 900N & 13000 with mesh p.d.a. 
extend MOV's range of C.R.T.'s. Both tubes 
give consistent high performance in com ­
pact rectangular design which makes them 
ideal for portable osci lloscopes employing 
solid-state circuitry. 

Look at these features: 

• Si ngle gun mesh PDA 

• High Sensitivity for solid-state circuitry 

• High Brightness and writing speed 

• Wide-band capabi lities 

• Aluminised Screen 

• 0.7W low wattage heater (900N) 

13000 900N 
Scan size 4in x 2;1-in 2tin x 2in 
Line wi dth 0.014in. 0.012in. 
Final 
Anode Voltage 7kV 6kV 
Deflection Factor 
Dy 1 OV /in max 25V /in max 
Dx 25V /in max 32V/in max 
Overall length 13in. Sin. 

For the new catalogue with full specifications of these and other M -OV 
cathode ray tubes write to: 

Gena lex 
THE M-0 VALVE CO. LTD. 
Principal U.S. Distributor : M etropolitan Overseas Supply Corporation. 
468 Park Avenue South, New York 10016 Area 212 Phone : Murray Hill 6·2120 
Also area representatives in most major centers 

M-0 V MESH P.D.A. TUBES 
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Call for Papers ... 

Soci ety fo r Information Display, M .E.D. I.A . Symposium, 
W ashington , D .C. May 27-29, 1969. M.E.D.I.A. (Man's En­
v ironments: D isplay Impl ications & Applicat ions) . Tutoria l 
and resea rch papers are sol ici ted. Papers shou ld (a) identi fy 
specific aspects of man's environments in wh ich Info rmation 
Disp lay Technology can produce v ital benefi ts and (b) con- · 
sid er the actual and probable improvements which can be 
engendered through the in telligent and imaginative applica­
tions of Information Display Technology. Five draft copies 
and five copies of a 100-150 word abstract are due before 
December 15, 1968. Submit to: H. T. Darracott, 3325 M ans­
field Road, Falls Chu rch, V i rgin ia 22041 . 

PLAN TO ATTEND M .E.D. I.A. 
At The 

MARRIOTT TWIN BRIDGES 
M OTO R HOTEL 

in 
A RLI NGTON, VA. 

Special Rates for M.E.D.I.A. 
& 

Family Weekend Plans 

William Etnery, /ell , Marriott Hole/ Convent ion Manager, and Lewis 

BLAIR, MED IA Symposium Chairman, review facilily plans lor exhibits 
and meetings. 
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ID Readaut 
NEW CRT 

Gordon R. Spencer, a Ray theon Company engineer, is the 
i nventor of an improved cathode ray tube w i th high angular 
resolu tion characteristics under a recen t patent assigned to 
the com pany. 

The tube uses a segmented targe t and is appl icab le to 
such systems as sonar and numerica l machine tool control 
equipment, which requ i res precise angu lar reso lution. 

W ith Ray theon si nce 1960, M r. Spencer is manager of 
cathode ray engineering for the com pany' s Industrial Com­
ponents Operation in Qu incy, Mass. He is responsib le for 
research and development in the fields o f storage tubes and 
cathode ray tube applications. 

He has 20 years' exper ience in electronics includ ing in­
·dustrial and academ ic positions, and holds three other U.S. 
patents for electron gun designs. He has presented profes­
sional papers at the Institu te o f Electrical and Electmn ics 
Engineers, American Society for Testing and Materials, and 
the National Tube Techniques conferences. 

TV MONITORS FO R NIGHT V ISION 
Hughes A ircraft Co. has awarded a contract to Conrac 

Corp. for television monitors to be used in a n ight vision 
system for combat helicop ters. The Culver Ci ty aerospace 
systems m anufacturer ordered 20 8- inch-screen and 10 14-
inch-screen mili tarized m o ni tors, at a contrac t amount o f ap­
p roxima te ly $225,000. The mon itors wil l be prodt:JCed by th e 
Instrument/Con tro ls Division of Conrac Corp., Duarte, Cal i f. 
Calif . 

The INFANT system w i ll provide bright, clear images of the 
terra in under low light level (nigh t) condi tions as a crew 
aid in target acquisition, w eapon f ire con trol, takeoff, navi­
gation, formation f lying, terrain avoidance, and land ing. 

Under the present con tract ten ai rcraft are to be equipped : 
each w ith two 8-inch and one 14- inch m on i tor. 

COMPUTER-D ISPLAY LIN K 
An electron ic display system wh ich enables sales agents 

to process airline passenger reservations faster than befo re 
possible has been put into operation by Pan American World 
Airways. 

In addition to i ts speed, the new link provides passengers 
wi th m ore efficient use of Pan Am's reservatio ns services, 
Norman P. Blake, Senior V ice President-Traffic and Sales, sa id. 

Developed j o in tly by Pan Am and Stromberg Datagraph ics, 
Inc., of San D iego, subsid iary of General Dynamics, the new 
l inkage is a forerunner of mo re sophisticated reservations and 
ticket hand ling equipment being bu il t fo r air trave lers f lying 
fu ture generation aircraft, such as the 366-passenger Boeing 
747 Superjet. 

The new display links the sales agen t directly with 
PANAMAC, Pan Am' s worldwide electronic reservations com­
p lex which serves 161 cities on six con tinen ts. In sales o ffices 
~qu ipped with the new system, agents can fu rther probe 
PANAMAC's memory banks to make reservations, retrieve 
sales records, obtain info rmation on fl igh t schedu les and 
perform o ther passenger reservations services. 

An in i tial $1.3 m illion con t ract calls for del ivery by Strom ­
berg Datagraphics of 57 desk top displays, cal led SD 111 Os, 
and associated contro l units which are being p ut into opera­
tion at the ai rl ine' s headquarters reservations office in the 
Pan Am Bu ild ing, New York. 

Pan Am is the fi rst airl ine to order the SD 1110. 
M r. Blake said the SD 1110 uni ts are being in tegrated into 

the PANAMAC system, which now uses agent sets u ti lizing 
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NEW, high visibility 
alphanumeric readout 

The 16-segment bar config uration of this new Tung-So l 
read out. provides a potential of 65000 letter I symbol d is­
plays. This unit o ffers the same high vis ib i lity , c lar ity and 
sharp angle viewing th at characteri zes the Tung-Sol d igi­
ta l readout. 

~--7 
(I 

I. v 

In addi t ion to full alphanumeric d is ­
play, fi xed I ette r I sy mbol messag es 
may be d isp layed in selected d ig it 
areas. 

Thi s n ew reado u t i s comp at i b le 
w ith the standard Tung-So l d ig ita l 
un it. Use of the sa me lamp banks, 
voltages and mounting techn iques, 
perm it s inter mix ing the r e ad o u t 
blocks. 

Write for detai led techn ical infor­
mation. Tung-Sol D ivision, W agner Electr ic C orporation, 
O ne Summer Ave., Newark, N .J. 07104. 

TUNG·SO[ 
ALPHANUMERIC READOUT 

<e: REG. T.M., WAG NER ELECTRIC CORPORATION 
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Here's the new 
standard for high 
power deflection 

amplifiers: 
+ 60 volts ............... 120 volts total 
+ 50 amps .......... . .... 100 amps peak-to-peak 
Small Signal Bandwidth ... 600 kc 

Model 1069-02 
D eflection Amplifier 

Like the other 1069 series ampl ifiers, the 1069-02 is 

de coupled and particularly well suited for high speed 
random deflection systems. 

Typically, the 1069-02 will move a cathode ray tube 
spot through 42 in 4t•s when the tube is operated 
at 25 kv. 

Litton deflection amplifiers are supplied with super­
regulated power supplies and integral cool ing systems. 

Need more information? Call us at (415) 591-84 11 or 
write to Litton Industries Electron Tube Division, 960 
Industrial Road, San Carlos, California 94070. 
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rn LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 

Circle Reader Service Card No. 19 

electric typewriters to process passenger reservations. He 
explained that the Stromberg Datagraphics units will not 
replace existing agent sets, but are being phased into the 
PANAMAC network as the system is expanded. 

The heart of the SD 1110 is Stromberg Datagraphics' 
CHARACTRON shaped-beam tube, a television-like tube 
capable of generating alphanumeric images containing over 
1,000 typewriter-sha rp letters and numbers. 

Connected to PANAMAC's central computer by commer­
cial te lephone lines, an SD 11 10 can transmit or receive data 
at the rate of 300 characters per second. The electric type­
writers are limited to 11 characters per second. 

INSTITUTE OF LI VING DEMONSTRATES 
ELECTRONIC SYSTEM AT APA MEETING 

The Institute of Living, Hartford, Conn ., one of the nation's 
outstand ing teaching and treatment hospitals, demonstrated 
its on-line electronic hospital system at the American Psy­
chiatric Association's meeting held recently. 

The display features new on-line electronic CRT visual 
display units connected to the Institute's computer in Hart­
ford. Through the use of these terminals, which are located 
at many different stations within the hospital, doctors, 
nurses, and Institute personnel can check patient status, hos­
pital census, new admissions and discharges, bed availability 
and other information relative to patient care. 

Called the Automated Master Patient Record System, it was 
designed primarily to free doctors and nurses from paper­
work so that their time could be more usefully applied to 
caring for the patien ts. The system uses terminals supplied 
by the Bunker-Ramo Corporation of Stamford, Connecticu t. 
hom these terminals, various in formation on patients can 
be entered into the system so that doctors and other person­
nel can check the status of their patien ts at any time of the 
clay hom anywhere in the hospital. 

This system represents one of the most advanced appli­
catrons of computers to patient care, and was developed by a 
computer project team under the direction of Dr. Bernard C. 
Glueck,_Jr., Director of Research, under a grant sponsored by 
the Natrona! Institu tion of Mental Health. 

VERSATILE DISPLAY CONTROL UNIT 
DEVELOPED BY A. B. DICK COMPANY 

An information display control unit-compatible w ith both 
closed-circuit television and computer data processing sys­
tems- has been developed by A. B. Dick Company. The ver­
satile unit, a sol id-state character generator using the latest 
in integrated circuit technology, provides the electronic l ink 
between the computer and the CCTV system. 

Known as the Videograph Series 990, the uni t provides 
high-resolution alphanumeric video display that is crisp and 
bright. This high resolution is achieved through use of an 
11-by-9-dot matrix for character formation, which results in 
22-line resolution due to interlaced scanning. The unit ac­
cepts ASCII binary-encoded 8-bit data from a varie ty of digital 
sources. 

The 990 display control accepts ASCI I input and generates 
an EIA compatible video signal. The unit's storage is mag­
netic-core. The refresh rate of 60 cycles per second assures 
flicker-free image. One display format is 16 lines of 32 
characters. A cursor indicates the point of entry for data on 
the CRT. When positioned over a character image, entry of 
the new character rep laces the old and the cursor is stepped 
to the adjacent right-hand character. The cursor may be 
selectively moved forward, backwards, up, down, to the 
start of the next l ine or retu rned to the upper left-hand cor­
ner of the CRT. 
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Programming Analysts I Systems Applications Analysts I Systems Engineers 

Where do you go 
from leadership in 

software? 

~ Information 
'\!!J!!} Systems 

Up, ifyou'rewith 
GE's new Infor­
mation Systems 
Group in Phoe-
nix. With a solid 

Equipment head-start on 
Division the rest of the 

industry. Pro­
vided by our 

GECOS Ill - the only operati ng system 
available today that integrates on-line and 
remote batch processing with time-shar­
ing in a single three-dimensional system. 
And backed up by advanced hardware 
concepts in everything from remote ter­
minals to third-generation processors. 

It's what you'd expect from an organiza­
tion that's increased worldwide shipments 
by 600% in 3 years. And increased its 
global lead in time-sharing via extended 
product lines and services. 

Operation '68- Phase Two 
It stands to reason that 32,000 people 
with that kind of momentum won't stand 
still. So, coming out of an encouraging 
first-half, we're setting our sights higher. 
Which is where you come in. Into a world-
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wide computer operation still relatively 
young (under 4 years). With plenty of 
room to grow. And, high upward visibility. 

Variety in 57 Languages. Plus. 
Considering GE computer systems are 
installed or on order in a host of countries 
around the world , the diversity and depth 
of our assignments is no surprise. New 
applications virtually every day. Not to 
mention new wrinkles on existing ones. 
And the key to it all- system design re­
sponsibility- rests right here in Phoenix. 
So why not come out to Phoenix (the val­
ley of the sun) yoursel f? And stake out 
your future in one of more of the follow­
ing areas: 

Programming Analysts 
Analysis and design of automatic pro­
gramming aids such as compilers , as­
semblers, sort-merge generators, operat­
ing systems. Flow chart, code, test and 
document systems software. Should have 
experience in two or more of the follow­
ing: development of compilers, operating 
systems, util ity routines, machine or as­
sembly language programming , applica-
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lions programming on medium to large­
scale computer systems. Degree or equiv­
alent. 

Systems Applications Analysts 
Design development of banking applica­
tions (specifically DDA, savings, install­
ment loans) for small and medium scale 
systems. Should have 4 or more years ex­
perience with banking or applicable busi­
ness programs. Degree or equiva lent. 

Systems Engineers 
Hardware/software design of medium to 
large-scale digital com puter systems for 
a broad spectrum of applications, includ­
ing peripheral and central processor sys­
tem design for input/output and memory 
control , etc. Specification analysis and 
design data communications systems for 
computer-to-computer and computer-to­
user interfacing. BS or MS in EE or ME 
required. 
Please send an informal resume to Mr. 
George Callender, Information Systems 
Equipment Division, Room 98-J. General 
Electric Company, 13430 N. Black Can­
yon Highway, Phoenix, Arizona 85029. 

GENERAL. ELECTRIC 
An equal opportunity employer M/F 
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THE SOCIETY FOR 

INFORMATION DISPLAY 

ANNOUNCES A NEW 

QUARTERLY PUBLICATION 

PROCEEDINGS OF 
THE SOCIETY FOR 

INFORMATION 
DISPLAY 

AVAILABLE AT NO COST 

ONLY TO SID MEMBERS 

The first issue will coincide with the 1968 

Fall Joint Computer Conference and will com­

memorate the association of the SID with the 

American Federation of Information Process­

ing Societies. Members of the SID will rece1ve 

copies by mail. 

Inquiries from non-members ar1d institutions 

should be directed to: 
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WESTERN PERIODICALS COMPANY 

13000 Raymer Street 

North Hollywood, California 
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OCR TYPE FONT PROPOSED 
The General Electric Co has p roposed a tested and eco­

nomical optical character recognition (OCR) type font as a 
United States standard. 

The type font-or type shade which allows human recog­
nition of characters read by a computer system-is the pre­
viously proprietary General Electric COC-5 (Coded Optical 
Character 5-bar code). When installed in a document hand ler, 
the COC-5 system permits users to print and re-enter com­
puter informa tion on a variety o f documents intended for 
turn-around usage, wi thou t the need for special additiona l 
peripheral equipment. 

The COC-5 has been tested for over two years on GE-200 
and GE-400 line computer systems, and was proven to be up 
to five times more economical than simi lar systems. It has 
permitted operation at more than twice the reading and 
sorting speed o f most optical-type, reader-sorter systems. 
The COC-5 can be read at speeds o f 1,200 documents per 
minu te and printed out at 1)00 lin es per minu te. 

The COC-5 technique was originally developed for use 
with the M ICR (Magnetic Ink Character Recognition) sys­
tem, which was also developed by GE and introduced to the 
banking industry in 1958. GE's MICR was accepted as a 
U.S. stan dard in 1963. MICR characters are now fou nd on 
bank checks, deposit slips and other turn-around docu­
men ts. 

Designed to supplement the E13B font used with the 
M ICR technique, COC-5 and MICR documen t handlers, in 
combination, permi t reading of records both optically and 
magnetical ly. 

SENSING TECHNIQUE 
EXPLO ITS MAN'S SQUARE DESIGN 

Man, compared with nature, is a " square." At least he's 
square when it comes to his designs. Man-made objects have 
geometric lines, patterns, and square corners whi le most o f 
na ture's designs have curves, irregulariti es, and no corners. 
These square corners in man-made objects are the key to 
a new techn ique of pattern recogn i tion now being stu died by 
the Sensor Systems Laboratory of the Systems Group of TRW 
Inc. 

Sensor systems scientist Dr. Gabriel Lowitz has taken a 
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new look at an old sensing device, the optical sl it. He has 
come up w ith a technique which could have mi li tary, indus­
trial, and scientific applications. By scanning a moving back­
ground wi th an optical slit fi tted wi th a photosensing de­
vice, Dr. Lowitz has found that electronic signatures resu lted 
when the slit passed over a regular object with corners. 

An optical sli t is a thin opening a few thousandths of an 
inch wide. Its most familiar use is in strip photography for 
aerial mapping where the image is painted l ine by line on 
the fi lm through th e optical slit. 

Presumably, one application of the sensing device would 
be the exam ination of aerial photographs to detect man-made 
objects or possib le mili tary targets. In reconnaissance opera­
tions, thousands of aerial photos are taken and each must 
be inspected for signif icant data. 

Emp loying the sli t image corner detection, thousands of 
feet of fi lm could be " quick-scanned" by an automatic pro­
cessing system which would alert the operator whenever the 
sharp-cornered man-made object appeared. Then only a few 
selected frames would requ ire close examination. 

In industrial applications, the detection technique could 
be employed to automatically read alpha-numeric computer 
characters and other graphical data. 

Dr. Lowitz believes the technique could be adapted to 
existing line sensor systems such as TV, infrared, or radar 
for "real time" detection. 

First investigations of the sl i t image techn ique began as 
par t of a company funded research program in the Sensor 
Systems Laboratory at TRW Systems Group. However, the 
U.S. Army Weapons Command, (AMSWE-RDR) , Rock Island, 
Il l., has become interested in the detection scheme and has 
awarded TRW a contract to continue fu rther studies. 

FIVE BY FI VE 
A large screen projection system that d isp lays high-speed 

computer in formation on a S x 5 foot viewing area was 
demonstrated by Sanders Associates, Inc. at the Spring Joint 
Computer Conference. The system is designed for applica­
tion in air traffic control, simulation and train ing, weather 
plotting, command and control , and related areas. 

Designated the Sanders 980* Real Time Projection Display 
System, i t can operate w ith either a front or rear projection 
screen. Any computer-generated data displayed on the sys­
tem's five-inch CRT, such as vec tors, characters, numbers, 
symbo ls, te levision or radar, are projected simultaneously on 
the large screen. When used in combination wi th a slide 
p rojector, it enables rap idly changing (real time) informa­
tion to be disp layed simu ltaneously with a fixed slide format. 
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Here's what 
Video Color offers: 

TECHNICAL ABILITY 
For any specia l pu rpose Cathode Ray Tubes 

THIN TUBES 
Monochrome and Two Color Flat Tubes 

ULTRAHIGH RESOLUTION 
(less than .0005" spot size) 

FIBER OPTIC FACES 
HIGH CONTRAST 

Special Ultrathin glass substrates to elim in­
ate halat ion 

Projection Tubes-Ultra High Light Output 
SPECIAL SCREENS 

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

SPECIAL ELECTRON OPTICS 
High Deflect ion Sensitivity 
High Beam Currents 
Mult iguns 
High Volt ages 

SPECIAL GEOMETRICS 
Back Ported Tubes 
Special Deflection Angles 

SPECIAL GLASS STRUCTURES 
Interna l Ta rgets 

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

Video Color Corporation 
Subsidiary of DYNA RAY CORP. 

500 S. Douglas St., El Segundo, Ca lifornia 
Phone: 213 - 772-5251 90245 
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0 

: what's the best 
i interactive display 
~ to mate with any of these? 
~ 
~ 

~ UNIVAC 1108 

~ IBM 360 

~ Sigma 7 
~ 

7 DDP 516 

: or any digital CPU 

! answer: ~~~~@~ 

IDIIOM??? Yes. A lot of people think so; not 
o only because of its low cost. 
~ 
~ 
~ 
0 

~ 
~ 

0 

Programm ing convenience and versatility of 
use are what count most to experienced com­
puter users. And IDIIOM's design features a 
unique balance and coordination of hardware 

~ and software functions, an advanced Display 
~ Processing Unit and other design concepts 
o. that give you optimum convenience and 
~ 
~ versatility. 
~ 

0 
~ 
~ 
~ 

0 

~ 
~ 
0 

~ 
~ 
0 

s 
~ 

0 

~ 
~ 

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

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

lit] I INFORMATION DISPLAYS, INC. 

333 North Seaford Road 
Mount Kisco, N. Y. 10549 
(914) 241-1000 TWX-710-571-2179 
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HYBR ID-DIGITAL X-Y PLOTTER 
The world's first hybrid-digital X-Y plotter was introduced 

by Electronic Associates, Inc., at the Spring Joint Computer 
Conference. It is also the fastest plo tter of i ts kind in the 
world, according to the co. 

Called the EAI Series 430 OAT APLOTTER, the system fea­
tures digital input and control, and an analog drive system 
for the plotting arm and pen. The unit thus combines the 

accuracy of digital techniques and the speed of analog in i ts 
hybrid operation. It plo ts non-segmented straight lines and 
curves over a 30" x 30" surface, and is the only plo tter avai 1-
able that controls and maintains its own optimum, variable, 
operating speed. 

Digital input signa ls to the 430 are converted tu analog 
signals for high speed drive of the plotter's arm and pen . 
The distance between any two points of a line to be plotted 
(up to 30 inches) are defined digitally, then continuous, 
single-stroke lines are plotted between the points at speeds 
up to 20 inches/second-accelerating between 0 to 250 
inches per second/second. 

The unit also features tight control over potential errors 
due to centrifugal force or overshoot. Maximum error over 
the 30" x 30" surface is .01 0" for both X and Y resolution is 
.002". 

X and Y positions of the plotting pen, and curve radi i are 
continuously determined by repetitive solutions of third­
order differential equations. Servo motors then drive the arm 
and pen smoothly to connect two data points wi th either 
a straight line or curved li ne having a pre-calcu lated radius. 
The variable velocity is also calculated continuously to be 
commensurate wi th the curvature or straightness of the line. 

The Series 430 OAT A PLOTTER can be fed from seven or 
nine track mag tape, with densitiies up to 800 bi ts per inch. 
The data is actually plotted in straight or curved line seg­
ments- but the movement of the pen isn' t stopped at the 
end of each segment. As it approaches the completion of one 
line, it is receiving the end point of the next. In effect, the 
pen and arm of the plotter conti nuously track their instruc­
tions-resul ting in smooth, continuous plots at high speed. 

FORTRAN subroutines are provided for each of the 430's 
six operating modes; i.e., Line, Free Run, Curve, Print, Point 
and Scribe. A special utility package is also available w hich 
enables the user to draw grid lines, circles, elipses, etc. The 
430 can be used with any d igital computer which has a 
FORTRAN Compiler-including IBM 360, CDC 600 Series, 
EAI 8400 Series and others. 

Printing is accomplished by EAI's optional 48-character 
symbol printer, whi ch annotates the plot with up to 350 
alphanumeric characters per minute. 
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Business news 

CONRAC CORP., N.Y., has won the electronic industry's 
largest production order for " private label" information dis­
play devices under a $7 million contract. The company will 
deliver an undisclosed number of on-line computer data 
display terminals to BURROUGHS CORP. over the next three 
years ... WESTGATE DIV. of ARVIN SYSTEMS INC., Dayton, 
Ohio, has delivered the first of four X-Y plotters to CON­
DUCTRON-MISSOURI for use in the C-5A ai rcraft flight 
trainer. The 30" x 30" X-Y plotters map out the simulated 
fli ght path on the C-SA during a regular training mission ... 
DISCON CORP., Ft. Lauderdale, has won a $110,000 contract 
from the Navy for design and development of an electron ic 
message display system. System can simultaneously display 
up to 240 characters, with letters, numbers, and symbols 
being formed by a pattern o f micro-miniature incandescent 
lamps. 

ELECTRONIC MEMORIES INC., Hawthorne, recently an­
nounced a 30% price reduction for its Micromemory 1000 
Core Memory System. In addition, the co. is introduci ng a 
1,024 words x 8 bit version to complement the existing 4,096 
words x 8 bi t model ... AIR CANADA has ordered $10 
million worth of digital information display systems from 
RAYTHEON CO. A total of 1800 television-like displays, the 
DIDS-400, will be installed in 47 cities served by Air Canada 
... INFORMATI ON DYNAMICS CORP., Reading, Mass., has 
won a $75,000 contract from the Office of Education, Dept. 
of Health, Education and Welfare to conduct a study wh ich 
wi ll provide the library and information services com mun ity 
with an in-depth analys is and history o f the experience of 
the Federal Government in automating library and informa­
tion services. 

NASA's Goddard Space Flight Center has awarded con­
tracts to DATATRON INC., Santa Ana, totaling $450,800. The 
firm will deliver over one hundred precision timing instru­
ments during a six-month period. NASA will use the equip­
ment to facili tate data reduction in its world-wide tracking 
stations for Apollo and ST AOAN. 

M ILGO ELECTRONIC CORP., Miami, has won a $3/4 
million contract from the U.S. Army Combat Developments 
Command Experimentation Command to develop and in­
sta ll a maj or expansion of the Data Acquisition and Re­
cording System at the Hunter Liggett Military Reservation, 
Fort Ord ... A $201 ,192 order for d irect view storage tubes 
to be used in military F-4 aircraft has been rece ived by 
DU MONT ELECTRON TUBES, div. of FAIRCHILD CAMERA 
AND INSTRUMENT CORP. Con tract was awarded by the 
Defense Supply Agency's Defense Electronics Supply Center 
in Dayton, Ohio. 

The Chicago Center of MOTOROLA's governmen t elec­
tronics div. has been awarded a contract for $419,000 by 
the Air Force's Rome Air Development Cen ter, to design 
and fabricate a developmen t model of a small , lightweight 
modularized advanced radar indicator ... The U.S. Army 
Map Service has awarded BUNKER-RAMO CORP. a contract 
to provide up to three computerized map-making systems 
for an amount not to exceed $3,099,999. To tal dollar value 
of the contract depends upon optional fu nding provisions 
tha t extend into 1970 ... INFORMATION CONTRO L CORP. 
has received a contract for two addi tional memory systems 
plus spares to be used in the TIPI Code Matrix Reader, total 
contract value estimated at approx. $100,000. 

The DELCO-REMY DIV. of GENERAL MOTORS, Anderson, 
Indiana, has ordered a digital drafti ng system to provide 
computerized drawings for use in an optical milling machine 
that cu ts ca ms for electrical ignition sys tems. The system was 
introduced last year by the Graphic Systems Div. of COM­
PUTER INDUSTR IES INC., Van Nuys. 
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Be positive! 
AS YOU IMPLEMENT AN INFORMAT ION SYSTEM 

THE COMPUTER DISPLAY REVIEW 

A unique service that provides a single source of 
technical and price information on computer-based 
alphanumeric, line-drawing and related display devices. 
In two volumes, (over 1,200 pages) which are updated 
three times a year, the REVIEW presents a precise. cur­
rent and objective analysis of display hardware, software, 
applications and trends. Typically, the section on line· 
drawing display equipment contains seventy·five param· 
eters and ten test results, amplified by extensive notes 
on salient features. Instruction repertoires are illustrated 
and software capabilities and limitations are described. 

COMPUTER CHARACT ERISTICS QUARTERLY 

A pocket·sized reference, completely reissued four 
t imes a year, with the technical data needed to configure 
entire syst ems or compa re hardware. In over 200 pages, 
the QUARTERLY provides comprehensive information on 
prices and operating characteristics both accurately and 
objectively. 

Twenty·eight charact eristics of more than 300 digital 
computers are tabulated. Over 800 peripherals, such as 
auxiliary storage and display units, with up to 16 char­
acteristics per device, are listed. A where·used matrix 
shows all available standard interfaces linking processors 
and peripherals, rega rdless of manufacturer. Classifica­
tions of system configurations by price, central proces­
sors by application suitabil ity, and internal storage 
characteristics by cycle time and bits per microsecond 
are provided. 

Interested? You can't afford not to be. Please check the 
reader service card, or write to Mr. John Martell 

adams associates 
IN CO RPORATED 

128 GREAT ROAD, BEDFORD, MASSACHUSETTS 01730 

108 Water St., Watertown, Massachusetts 02172 
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---·-----------------------------------------------------. .. ------------------------------------------------------~ 
THE KEY TO YOUR 
MAGNETIC 
SHIELDING 
Problems ... 
Seamless tubing 

construction 

Hydrogen anneal­
ing for maximum 
permeability 

Fabrication in all 
types of MU metal 
roaterials includ-
ing ... 

• Magnaloy 
• Westinghouse 

Hypernik 
• Hypernom 
• Carpenter 49 
• HY-MU 80 
• Mu Metal 

Customized fabri­
cation to your 
exact engineering 
specifications 

Ultimate in atten­
uation -60/-80 db 

We have perfected the art of seam­
less-tube construction in magnetic 
shielding components at a price 
comparable to or lower than the 
"old-fashioned" overlapped welded 
seam designs 

Q U 0 TAT I 0 N S submitted on re-
quest per your blue print specifica­
tions for ... 

o ENGINEERING SAMPLES 
o PROTOTYPES 
o PRODUCTION RUNS 

SEND FOR ILLUSTRATED BROCHURE 
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ID PradUEIS 
Electronic Keyboards 

Navigation Computer Corp., Norristown, 
Pa., manufac tures the NAVCOR 1050 series 
keyboard assemblies. Completely modular in 
construction, the keyboards are available in a 
wide variety o l standard configurations. Signals 
from the keys can be ei ther brought out di­
rectly or coded 10 user requi rements by a 
diode matrix. Standard keyboard configurations 
include alphanumeric models with up to 65 
keys and numeric models with up 10 16 keys. 
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Stripchart Recorders 
Stripchart recorders with integrated circuit 

electronics are produced by the Industrial Pro­
ducts div. of Texas Instruments Inc., Houston. 
The complete servo and signal electronics, 
except lor zener reference circuitry, are on a 
single board. 
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Display System Power Supply 
M odel 1584, manufactured by Power De­

signs Inc., Westbury, N.Y., is a regulated 1kV 
to 20 kVDC power supply lor the operation 
of character generator o r display CRT's and 
photomultiplier tubes. Extensive use ol epoxy 
encapsu lation permits environmen tal isola­
tion and size reduction. The power supply is 
protected against overload o r short circu it, 
the company reports. 
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Random 
access~ 
35mm 
film 
loop proiector 
• 100, 200, 300 frame capacity 
• choice of controls: dual dial, 

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

Phone Collect 319·326·0141 

MAST DEVELOPMENT 
COMPANY 

10-JA 2212 E. 12TH ST. DAVENPORT, IOWA 52803 
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Min iature Incandescent Lamp 
Precision Lamp Engineers, San Francisco, an­

nounces a 32 vol t T-1 (.125-in. diam.) miniature 
incandescent lamp. It is ava i lable either based 

or unbased. The company reports that when 
operated at 32 vo lts, the lamp draws a cu rrent 
o f 30 mill iamperes, has a bri ghtness of .200 
candlepower, and has an average life ex­
pectancy of 5,000 hours. It is butt sealetl to 
aid in l ipless undistorted end viewing. 
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Data Di splay Tube 
8rimar Radio Valves & Tubes Ltd., London, 

England, designs a 12 in. data display tube for 
alpha-numerical and graphical disp lays. The 
rectangula r tube can be used in keyboard 
terminal units fo r data links or computer in­
terrogation. 
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Your 
Heart Fund 
Fights 

HEART ATTACK 

STROKE 

HIGH BLOOD 
PRESSURE 

INBORN HEART 
DEFECTS 
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Illuminated Switch Assemblies 
Electro-Mech Components Inc., San Gabriel, 

Calif., announces a new 2PDT Illum inated 
Push Button Switch assembly. Especially de­
signed for the instrument and computer in­
dustry, it is available in both momentary and 
al ternate action modes. 
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UV Fiber Optics Faceplate 
Mosaic Fabrication Div. of the Bendix Corp., 

Sturbridge, Mass., announces a line of face­
plates fo r use in the near ultra-violet region 
of the spect rum. They are optica lly eq uivalent 
to a " zero th ickness w indow" and are reported 
to have provided li ght gains of up to 50 t imes 
the intensity of previous lens systems. App li ­
ca tions are in d irect-writing, high speed, data 
conversion systems wh ich util ize u l tra-violet 
imaging ma terials in the 200 to 400 mano­
meter range. 
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Switch-Indicator 
A switch-indicator manu factured by Bowmar 

Instrument Corp., Fo rt Wayne, Ind., is said to 
provide both visual readout and circuit con­
tinuities for control of remote d igi tal com­
puters and display devices. DC-3581 may be 
equ ipped with a vari ety of internal switching 
configurations for compatibi l ity w ith BCD, 4-
wi re, S-wire and other digi tal computer codes. 
The unit includes a backlighted featu re uti li z­
ing two 100,000-hour mi nia•ture high~re l ia­
bi l i ty incandescen t lamps in parallel behind 
the numeral be ing displayed. 
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Illuminated Push-Button Switches 
Marco-Oak, Anaheim, Cali f., a d iv. of Oak 

Electro/Netics Corp., has introduced a series 
of momentary action i l luminated push-button 
switches with independent lamp ci rcuit ry. 
SPST-NC/NO or SPDT configuration is avail­
able, depending on !erminals selected. 
Switches are rated at 125 volts ac (28 volts de), 
3 amps resistive. Four basic types are offered 
including watertight and recess mounting 
models. 
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High Voltage Power Supplies 
Beta Instruments Corp., Newton Upper Fal ls, 

Mass. , pro duces the Series HV modular High 
Voltage Power Supplies des igned specifically 
for application in CRT d isplay devices and 
systems. The uni ts are all-sil icon, solid-state 
w ith mu ltip le outpu ts for connection to the 
anode, focus grid, G-2 and fil ament. Accord­
ing to the company, the supplies featu re con­
tinuous short ci rcu it protection, adj ustable 
turn-on delay to permit fi lament warm-up and 
no overshoo t on turn-on or turn-off. 
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Portable Signal Generator 
A portable, lightweight, FM signal generato r, 

for VHF/ UHF, CW/ FM operation, is manu fac­
tured by Babcock Aerospace, Babcock El ec­
tronics Corp. , Costa Mesa, Cal i f. Designated 
the BSG-23, the crystal -controlled unit is de­
signed to test receivers, decoders, and com­
ponents of command contro l, telemetry, and 
range systems in the 216 to 260 MHz and 400 
to 550 MHz bands. A self-contained coder pro­
vides the BSG-23 with up to ten standard IRIG 
aud io contro l tones, accord ing to the com­
pany. 
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XYZ Recorder 
Spatial Data Systems Inc., Goleta, Calif., an­

nounces production of the XYZ Recorder, 
which allows the recording of XYZ data in 3-
dimensions from analog voltage inputs. The 
system is reported to produce permanent 3-D 
graphs on light-weight, removable plotting 
boards. In itial uses projected for the unit in­
clude the recording of antenna patterns, sur­
face temperatures, radar signatures and others. 
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Cold Cathode Tube Display 
A series of cold cathode tube decode dis­

play module assemblies are avai lable from 
Integ rated Circuit Electronics Inc. , Waltham, 
Mass. The assemblies are sold ready for plug 
in panel mounting. The assembly includes 
bezel frame, readout tubes and electronics. 
The devices use all integrated circuit packages 
with TTL logic. According to the company, the 
units feature interchangeability with most other 
manufacturer's devices. 
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Optical Encoder 
The Renco Corp., Santa Barbara, Calif., manu­

factures an incremental encoder constructed of 
stainless and aluminum materials. According to 
the company, the encoder features modular 
construction, output connector, solid state 
electronics, precision bearings and glass code 
disc. It is available with a wide selection of 
standard output counts which are furnished 
in single and dual format with or without zero 
reference outputs. 
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In world-wide use lor: 

Plug-in, Alpha-Numeric 
Display Panels 

A line of plug-in, alpha-numeric display 
panels for display applications ranging from 
small consoles to large wall systems has been 
announced by Ferranti-Packard Electric Ltd., 
Toronto, Canada. 

Containing one to four, 10-module lines, 
with 2.7-inch-high characters, the display pan­
els are claimed to have excellent wide-angle 
visibi lity and reflect light. Power is required 
only to change data. Operating speeds are 10, 
15, 80 or 250 characters/second. 

Interfacing to keyboards, tape readers, com­
puters or via communication circuits is straight­
forward, with the units accepting serial or 
ASCII inputs directly. A standard unit can con­
trol up to 16, SO-module lines (1280 modules) 
and can be expanded to 20, 480 modules by 
plugging in additional address units. 

Typical applicati ons are arrival/departure dis­
plays for railroad or air terminals, advertising, 
status boards o r computer-driven displays for 
operating rooms. 
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R & D • Prototypes • Evaluation. • Production 
Valuable technical assistance to customers is a way of li fe with 
our engineers. Immediate delivery from stock in any length, in .002 ", 
.004", .006" and .010" thickness, and in any width up to 19% ".Standard widths 
are 4", 15" and 19% ". Full details in Catalog SG-1. Just ask for it. 

WEST COAST STOCKING REPS 
Tech Rep Distributor Co. Frauman Associates 

10606 W. Plco Blvd. P.O. Box 969 
Los Angeles, Calif. 90064 Menlo Park, Calif. 94026 

213, 836-6806. 213, 871-0055 415, 322-8461 

Three-D Software System 
California Computer Products Inc., Ana­

heim, Calif., leases a Three-D software sys­
tem to allow a computer user to produce per­
spective drawings of surfaces. The company 
reports that the system allows the user to 
"walk around" a surface in successive draw­
ings, generates a stereoscopic view of a sur­
face and, with the CaiComp Model 835 micro­
film plotter, produce animated films auto­
matically. Surfaces can be drawn opaque or 
transparent. 

Circle Reader Service Card No. 43 

Computer Graphics Terminal 
Adage Inc., Boston, introduces its Model 

AGT/10 Adage Graphics Terminal. According 
to the company, features include a display of 
more than 4500 lines at 40 frames per second, 
and resolution of more than 100 lines per 
inch. The system provides for alphanumeric 
display with programmatic control of font and 
size. Applications include printed-circuit lay­
out, signal analysis and mathematical modeling. 
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" Twist lens" Indicator light 
The "Twist Lens" indicator light, designed 

to use the T-1 3/4 Bi-Pin based lamp, is an­
nounced by D isplay Devices Inc., Los Angeles. 
The uni·t features f ront relamping, small pane l 
area occupancy, minimum depth behind the 
panel, and high brightness when illuminated, 
the company claims. Regular T-1 3/4 lamp 
vo ltages from 6 to 28 volts are avai lable. 
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MAGN ETIC SHIELD DIVISION/Perfection Mica Company 
1322 N. ELSTON AVE., CHICAGO, IL L. 60622 . . . OR/GINA TORS OF PERMANENTL Y EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING 
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an the moue 

LEONARD 1'v\. HANTMAN, director of tech­
nica l operations for the past year, is now Tech­
nical vice president of Adams Associa tes, the 
Computer Consult ing and Programming Di v. 
of Keydata and Adams Associates Inc., Wa ter­
town, Mass. 

TH OMAS W. BURGESS has been appointed 
national sales manager for the Data Systems 
Div. o f Sanders Associa tes Inc., Nashua, N.H. 

WI LLI AM L. KACIN is now vice president 
and general manager of Photomechan isms Div .. 
Inc., subsidiary of LogEtroni cs Inc., Long 
Island. 

An Information Systems Group has been 
establ ished at Varian Associates, directed by 
THEODORE MORENO, Group vice president. 
The Group wil l initially include Va rian Data 
Machines in Irvine, Cali f. 

Working from new Master Specialties 
Offices in the Netherlands, W. W. HENN INK 
wil l be responsible for sa les and appli cation 
services in Europe. 

Two promotions announced by Beta Instru­
ment Corp., Newton Upper Fal ls, Mass.: F. 
LEE WALKER is group leader in the A nalog 
Engineering Group, and DAVID BROWN is 
group leader of the newly-formed Digital En­
gineering Depart ment. 

FRANK J, CUNNINGHAM is now vice p resi­
dent/marketing for the Defense Systems Div. of 
the Bunker-Ramo Corp., Canoga Park, Cal i f. 

CHRISTOPHER M. PAFORT has joined Moni­
tor Systems Inc., Fort Wash ington, Pa., as sales 
manager of th e recently formed Computer 
Communications and Displays D iv. 

PAFORT BRUCE 

Appointed to the newly created post of di­
rector, marketing for Monsanto Company's 
Electronics Special Products group is CLA­
RENCE R. BRUCE. 

Named manager, instrumentati on, ior General 
Atronics Corp., Philadelphia, is GEORGE 
REVESZ. AL CANNON moves to the newly 
created post of marketing manager. 

LEON WILLIAMSON, 5/0 member, is Di rec­
tor of marketing fo r Digi tal Products Corp. , 
Ft. Lauderda le, Fla. 

LELAND H. AMAYA has been elected vice 
president/operations for Alar Computer Sys­
tems Inc., Los Angeles; LEONARD KLARICH 
is vice p res ident/ market ing, a new pos i tion. 

FORDYCE M. BROWN, Nati onal 5/0 trea­
surer, is now senior vice pres ident of LogE­
Ironies Inc., Springfield, Va. He remains as 
president of Photomechanisms Div.. Inc., a 
subsid iary. 

New Connect icu t office of Programming 
Sciences Corp. , N.Y. , is headed by BARRY 
McADAM, previously manager of Technical 
Services at the home off ice. 

In charge of all manufactu ring, engineering 
and administrative funct ions at Honeywel l 's 
Data Products and Servi ces Div. in San Diego 
is WINSTON R. WILLMERT. 

United Data Processing has opened a Seattle 
branch and named WILLIAM A . BREA LEY as 
director o f marke ti ng and branch manager. 

Factsystem Inc., Chicago, has added eleven 
persons to th e staff recently. They are : 
RI CHARD PRESCOTT, systems director: CHUCK 
NEILSEN, programmer; NANCY OSTROM, pro­
grammer; MICHAEL REILLEY, programmer; 
KENNETH ZEMROWSKI , programmer; DAVID 
A. FAY, manager, Information Processing; 
JAMES J. STOODLEY, Operation Supervisor; 
DICK ENDERLE, Sales Rep resentative; STAN­
LEY GOSCH, manager, Marketing, Central Re­
gion; JACK HARDY, sales representative, and 
PAUL T. JENKINS, sales representative. 

EDWARD MEAGHER is now serving as di­
rector of marketing for Amperex El ectron ic 
Corp., Great Neck, N.Y. 

NEW 
MODULAR 

WHAT'S NEW PUSSYCAT? 

IMAGE 
SCANNING 
SYSTEMS 

Now Kaye Scientific will custom ta il or high resolution film 
or document scanners to meet specific requirements using 
newly developed standard interchangeable assemblies. 
High speed optics, 16 mm to 8W' x 14" formats, manual 

automatic, fully aligned and ready to operate. Fast 
ivery and precision performance. 

~~a;,f~ s~~!~.~~.1~o1nSct~~~;;oz rzoJ) 324-5741 

. . 
.· .· ... . . . 

I• --.:::1 INFORMATION CONTROL CORPORATION 

~ 1320 EAST FRAHKLIH AiL. ELSECUHOO. CALIFOHHIA 90145 / 12131 322·6930 / TWX I91013.S·6612 
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We offer over 200 talking pictures. 
Pick one that speaks your language. 

Our CRT's have been articulate 

rig ht from the start. Our firs t, 

thirty yea rs ago, told us we were 

on to a good thing . Some people 

didn't believe it, but that one 

spoke our language . 

Since th en we've gone on to 

develop and produce C RT' s that 

make up an e lectronic United 

Nations. 

One speaks to the weather-

man . Another to a heart specia l­

ist. The re's one that si ts on a 

desk and ta lks to bookkeepers 

or accountants. And one that 

communica tes w i th airc raft con­

trol tower personnel. One that 

strikes up a conversat ion with 

geolog ists. And even one that 

d isplays nuclear explosion data 

to anyone who cares. 

That's asking a lo t from a C RT. 

Bu t then we've always done that. 

And we'll go right on doing it. 

Because even as ou r customers 

tell us, there's almost no limit to 

what a C RT can talk about. 

Want to start a conversation 

w ith a CRT? Ca l l o r write us 

to arrange a meeting ... anytime. 

Electron ic Tube Divisi on, rtf!;;. 
General Atronics, Philadelphia, 

Pennsylvania 19118 

cA5. GENERAL ATRONICS 
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NEW 
VISIBLE LIGHT 

EMITTING DIODE 
with a brightness 

of 450 footlamberts 

60 

Forward bias (lr= 50ma) 
On-off cyc le time 

Wavelength range 
Brightness (l r= 50ma) 
Price (in lots of 1 000) 

(Actual Size) (Actual Size) 

Model MV10A Model MV10B 

1.65 volts 1.65 volts 
1 0 nsec 1 0 nsec 

0 0 
6500-?000A 6500-?000A 
115-30 0 ft l 115-450 ftl 

$4.00 to $18.00 

From film annotation to panel indicators, Monsanto's visible LEOs 
del iver so lid state reliab ili ty, miniature size, low power consumption. 
And they're availab le off the shelf. 

Other Monsanto Optoelectronic Devices 
Infrared LED MI20B - 200 microwatts radiated power 

MI20C-1.5 milliwatts radiated power 
ML30C-0.5 watts p eak power outpu t 
MA 1 OA - alpha-numeric visib le array 

Lasers 
Arrays 

Monsanto 
ELECTRONIC SPECIAL PRODUCTS 

BOON. Lindbergh Blvd. , St. Louis, Missouri 63166 1 (314) 694-4639 or 4642 

Interested in career opportunities? Send resume to Manager 
Professional Recruiting. An equal opportunity employer. 
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new Literature 

Display System Brochure 
An eight-page brochure on the Ferranti 

Argus Display System is available through the 
British firm's U.S. representative, Decision Ser­
vices International. Inc., Boston, Mass. 

The Argus System, which is used in the 
Brit ish Overseas Ai rways Corporation's BOADI ­
CEA System, is the first agent display system 
to be insta lled and operating for any major 
airl ine. Presen tly the system is operating in 
New York, with instal lations schedu led for 
M iami, Chicago, Los Ange les, San Francisco, 
Toronto, and Montreal, before the end of the 
year. 

The brochure descr ibes the comple te Argus 
system, incl uding the CRT display for both CRT 
and printer terminals. 

Circle Reader Service Card No. 52 

Data Sheet 
Oppenheimer, Inc., Willow Grove, Pa. , offers 

a data sheet detailing the commercial avail­
ability of its radiometric laboratory for the 
measurement of luminous sources which emit 
l ight in the visible spectrum. 

Principal instrument in the laboratory is a 
Linear Visib le Spectroradiometer manufactured 
by Beckman Instruments to Oppenheimer's 
specifications. Sensitivity of the laboratory in­
strument permits measurements on low inten­
sity sources with brightness levels below 1-
foot-lambert. The normalized spectral response 
of the sou rce under test is permanently recor­
ded using a chart recorder and the Cl E 
chromaticity coord inates are calculated using 
a computer which is an integra l part of the 
spectroradiometer. 

The laboratory is also equipped with a 
photometer for brightness measurements. Both 
the spectroradiometer and photometers are 
calibrated using standards traceable to N.B.S. 
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Reference Guide 
A 16-page quick reference guide describes 

over 100 different cathode-ray tubes for in­
dustrial and mil itary display applications. 

The guide contains sections describing high 
reso lution CRT's; ruggedized tube, yoke and 
shield packages; electrostatic focus and deflec­
tion CRT's; round and rectangu lar magnetic 
deflection CRT's; and specia l tube and com­
ponen t assemblies. I t also gives tube base 
diagrams and a list of pert inent li terature that 
is available from West inghouse Elect ron ic 
Tube D iv., Elmira, N.Y. 
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Hard Copy Generator System 
A four-page, two-color fully detailed bro­

chure on its RAPCOR Hard Copy Generator 
System for computer or video outpu ts is of­
fered by the manufacturer, OPTOmechanisms 
Inc., Plainview, Long Island, N.Y. The Series 
72S unit records dynamic data and imagery, 
on the instant of display_ or readout, and can 
turn out B'h" x 11" copies, comparable to 
rep roducible qual ity prin ts, at an input rate 
of three to four sheets per second. The bro­
chure describes the system's capabi lity for 
recording information displayed on a video 
moni tor or CRT, including alphanumeric, 
graphica l, and continuous tone imagery. A 
system diagram demonstrates the automatic 
operation of the RAPCOR System for rapid dry 
hard copy ou tputs. 
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Bite Indicators 
Minelco, Holbrook, Mass., is offering data 

sheets describing the electrical, mechanical , 
and environmental specifications of six "Go­
No-Go" BITE (Built-In Test Equipment) indi­
cators. The li terature details application of the 
indicators, and provides actual size photo­
graphs and schematic d iagrams. 

Model BHGM is a latching ind icator w ith 
push-button manual reset function which per­
forms magnetically. There is no d irect me­
chanical l inkage. An electrical impulse is used 
to trigger this unit and i t has negligible power 
consumption. 

Model BHG21 is a sing le coi l magnetic 
la tching unit with a high degree of vis ibility. 
There is no mechanica l wear, no filament burn 
out, and negl igible consumpt ion. 

Model BIS21 is a se lf-restoring type indi· 
cator for ON-OFF monitoring such as indi­
ca tion of power loss. It is capab le of be ing 
operated at full rated voltage over a tem­
pera ture range of f rom 6S degrees C through 
+ 12S degrees C. Electromagnetic, the indi­
cato r has no filament burn out and offers 
strong visibility. 
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Software System 
Adage, Inc., Boston, has published an eight 

page brochure describ ing the comprehensive 
standard software system furn ished with the 
Adage Graphics Terminal. Called AMOS, this 
system provides efficient commun ication w ith 
a remote centra l processo r and convenient 
local con trol of displayed images. The cap­
ability provided by AMOS makes possib le 
close, on-line interaction between the operator 
and his computing faci l i ty. 

Included in the AMOS brochure are des­
criptions of the resident moni tor, compiler, 
macro-assembler, and the d isplay editor, 
graphics operator routines, graphics applica­
tions programs, and utility and service routines. 
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Graphic Display Unit 
SDS Model 7S80 Graphic Display Unit, a 

cathode-ray tube display device for use with 
Sigma S and Sigma 7 computers, is described 
in a new data sheet. 

The Model 7S80 d isplays computer output 
data dynam ically in a graph ic form that is 
convenient and ti mely for the operator. Its use 
enhances man/machine commun ication-es­
pecially in on- line, real- time app lications. 

Included in the data sheet are physical and 
fiJnCtional descriptions of the Model 7S80, 
wh ich consists mainly of a display console and 
a primary controller. Also briefly described are 
the device's major features and functions and 
basic specifications. 
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Folder Describes Products Line 
Milgo Electronic Corp., Miami, has published 

a folder illustrating the firm's l ine of data 
communication products. The literature pro­
vides a condensed description of Milgo's 
MODEM 4400 data sets and compan ion equip­
ment. The data sets are available in models 
that transmit digital data at rates of 2000 bps, 
2400 bps and 4800 bps over uncondit ioned 
vo ice f requency channels. 

The folder includes a brief technica l sum­
mary of three models of data sets, specialized 
vo ice adapters for voice/data transm ission and 
t ra nsmission test equipment. 
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Can a 
fine fine-scan 

camera be 
sold at a low, low 

price? 

YES. At a cost rough ly ha lf that And only the versati le Packard 
of compa rable cameras, the Bell PB940 offers you a choice 
PB940 offers unmatched va lue of these th ree ·options: 
for microscope work, docu- • Cr ystal -controlled random 
ment reading , da ta transfer, interlace at 1 of 5 scan rates. 
quality control. You get : • External EIA drives in full 
• Positive 2:1 interlace at 875 compliance with RS 170. 
or 525 scan rates as 
standard equipment. 
• Class A separate 
field mesh v idicon 
as std. equipment. 

,. ~ • Remote control. 

J. ~ 
Write today for full 
informat ion and 

1m Pn~kArd D oOO p r i C e S 0 n t h e 
PB940 camera. F-ee 

THE VALUE LINE 

Packard Bell 
649 lowrc'!cl!ll Dr ive, Newbury Pori:, Colli. 91320. Toh (805) <498·6601 
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replace 
these ... 

With 
this .. 

(!i' 

.¥ 
save more than $3. 00 ea. L_______!___!_l ____J 

New Low Cost 
Replacement 
tor Numeral1, + and 
-Readouts! 
The Signalite A 261 neon la1np has been 
designed to Teplace digital 1·eadout 
tubes in ove1· 1·ange, posi­
tive and minus display of 
digital voltmeteTs, an d 
simila?' readout equip­
ment. The Zig hted elec­
t?·ode length is compa?·­
able to standard Teadouts. INCORPORATED 

T he low cost A 2 61 neon NE~TuNE, NEw .JERsEv o7753 

lam,p also has a space saving Telephone: (201) 775-2490 

advantage and long life. 

lil A General 
Instrument 
Company 

A261 Neon Lamp Priced As Low As 30¢ 

WTite joT detailed specification sheet 
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30!i 

SID Sustaining 
members 

ADAMS ASSOCIATES 
Bedford, Massachusetts 

AEROSPACE CORPORATION 
San Bernardino, California 

CBS LABORATORIES 
227 High Ridge Road 
Stam ford, Connecticut 

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

BUNKER-RAMO CORPORATION 
Canoga Park, California 

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

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

COMMUNICATIONS & ELECTRONICS DIV. 
Philco-Ford Corporation 
A Subsidiary of Ford Motor Company 
Willow Grove, Pennsylvania 

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

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

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

HUGHES AIRCRAFT COMPANY 
Culver City, California 90230 

HUGHES AIRCRAFT COMPANY 
Vacuum Tube Products Div. 
Oceanside, California 

IBM CORPORATION 
Armonk, N.Y. 

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

RADIATION INC. 
Melbourne, Florida 

STROMBERG CARLSON CORP. 
Data Products, San Diego, California 

SYNTRONIC INSTRUMENTS INC. 
100 Industrial Road, Addison, Illinois 

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

TRANSISTOR ELECTRONICS CORPORATION 
Minneapolis, Minnesota 
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High 
Voltage 

CRT 
Power 

Supplies 
Custom 

Designed 

This custom designed Head-Up Dis· 
play power supply met the requ ire­
ments listed below and solved a 
unique space and weight problem 
as well. 

• Outputs: 
15 KVDC, 400 p.a pk. 
1.7 KV (adj. 1.4 to 2 .0 KV), 

±30 Jl.a 
300 VDC, ±15 Jl.a 

• Ripple: 0.5% 
• Regulation ±0.1 % 
• Vo lume: less t han 50 cu. in. 
• Weight: 3114 lbs. 
• Temperature: 

-55· c to 110°C 
• Ref. to MIL·STD-826 
• MIL-E-5400 
• Input: 

115 V, 400 cps MIL-STD-704 
Try stumping us with your problem. 
We'll put everything we have into 
S<?lving it . and probably come up 
w1th a des1gn that saves weight and 
space. Wnte or call for details today. 

AMP 
INCORPORATED 

CAPITRON DIVISION 
155 Park Street • Elizabethtown, Pa. 
7 17-367-1105 • TWX: 510-675·4561 
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NOW! LESS THAN 
$30.00*!! AND THREE 
YEARS TO QUALIFY** 

PHASE II OF WANLASS' O.E.M. 
SAME LOW PRICES! IMPROVED 
SPECIFICATIONS 

AND NOW THREE RATINGS TO CHOOSE FROM-
30-60-120 WATTS WITH FOUR VOLTAGE 
RANGES EACH! FROM 3.6-60 V.D.C. 

-­WANLASS TYPE 60·0EM·3 
ECONOMY 

by 
QCCICN 

SPECIFICATIONS 

A. C. INPUT: 105-12SV, 57-63Hz, 1 phase 

U { 
3.6 to 60 watts at 

0. C. 0 TPUT: 60 watts or 5 amperes m aximum 

REGULATION: .:±::1 % for ± 10% line change 
±1 % for no load to full load 

RIPPLE: 

GROUNDING: 

PROTECTION: 

0 .1% + IOMV rms maximum 

Floating out put ; either pos iti ve or 
n egative m ay be g rounded. 

Automat ic short circuit protection 

30-0EM 5'"H x S" W X S" L; 5~ max. DIMENSIONS 
& WEIGHTS: 60-0EM 7"H X 5"W x 7" l ; 7 :: max. 

120-0EM 7"H X 5"W X l O"l ; 12 # max. 

CONSTRUCTION: 

TEMPERATURE: 

Open Chassis t ype fo r OEM system s 

o•c to 4s·c 

PRICES MODEL NO. 60-0EM-3 

1. 9 
10.24 
25.49 
50 . 99 

100 . 999 
1,000. 9 ,999 

• 10,000 ·up 

$50.00 
47.50 
45.00 
42.50 
36.00 
31.00 
27.00 

** ASK US ABOUT OUR EXTENDED 
CONTRACT PLAN WHICH MAY 
QUALIFY YOU FOR THE 
LOWEST PRICE BASED ON YOUR 
REQUIREMENTS FOR THE NEXT 
THREE (3) YEARS! 

~ 
~ 

WANLASS ELECTRIC COMPANY 
A SU BSIOtARY or AMBAC 1NDUSIRIU me 

1540 EAST EDINGER AVENUE 
SANTA ANA, CALI FORNIA 92707 
PHONE 71 4 546-8990 TWX 910-595-1526 
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Now K&E offers digital 
plotting paper and film 
any way you want it. 

(We'll even give you some free.) 
K&E's new CoMSTOC"' fills the crying need for a truly 
comprehensive, compatible line of digita l plotting 
papers and film. One that matches the special 
individualized requirements of people in engineering, 
highway planning, business, meteorology .and 
many other fields. 

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

So it's only logical that CoMsroc joins our family 
with a l ine that includes: 1) high transparency 100% 
rag tracing paper, suitable for plotting in either ink or 
penc il, and admi rable for reproduction; 2) ALBANIZED~ 

copy paper that produces jet-black, smudge-free 
copies with conventional reproduction methods; 
3) film, with the famous K&E drafting surface, virtually 
indestructible because it's based on Mylar®, not acetate. 

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

CoMsroc materia ls can be used on practically all 
major-name drum-type equipment. Our prices are 
competitive . . . but CoMsroc performance is hard to 
beat. As sticklers for quality cont rol we engineer 
consistency in for you. 

See for yourself . Send fo r free samples of 
CoMsroc paper and f ilm. You won't be lieve digita l 
plotting media could be so compatible. 

CREATIVE PRODUCTS 
FOR THE CREATIVE ENGINEER 

KEUFFEL & ESSER CO. 

KEUFFEL & ESSER COMPANY 
300 Adams St., Hoboken, N.J. 

Yes, I'd like to get free samples of K&E CoMsroc 
digital plotting paper and film. 

Name ______________________________ ___ 

Position ______________________________ _ 

Company ____________________________ ___ 

City State Zip Code _ _ _ 

--------------------------~ 
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Beta • graphics ™ 

HARD-COPY 
CRT PRINTER 

MODEL HC610 

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

Model HC610 is designed to be interfaced to a computer, coupled 
to a display controller or slaved to any graphical computer display. 
The Betagraphics Printer is a random-access X·Y device, featuring 
high-speed magnetic deflection, geometry correction and dynamic 
focus. Full format settling time is less than 12 microseconds, 
point-plotting rate is 500,000 points per second, line-writing rate 
is 2 microseconds per inch and character-writing bandwidth is 
greater than 1 megahertz. 
Operation is simple, with only three controls in addition to the 
power switch - an exposure TIMER, an EXPOSE-DEVELOP switch 
for single exposure, development and delivery, and an EXPOSE 
switch for the multiple overlay or slow-buildup mode. All command 
and status interface signals are available· for remote operation. 
The Betagraphics line of peripheral display devices is here, now, 
to give you high quality computer graphics at reasonable prices. 
We'll be happy to send you complete specifications. 

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

MICROFILM 
CRT RECORDER 

MODEL MR606 

PRODUCES HIGH-RESOLUTIOit 35 MM. MICROFILM RECORDI 
OF COMPUTER-GENERATED GRAPHICS AND ALPHANUMERICS. 

Model MR606 is designed to be interfaced to a computer, coupled 
to a display controller or slaved to any graphical computer display. 
The Betagraphics Recorder is a random-access X-Y device, featur­
ing high·speed magnetic deflection, geometry correction of the 
image and dynamic focus of the electron beam. 1500 x 1500 re­
solvable elements are produced on film in a double-frame format. 
Positive fixed-pin registration provides ± .0005" frame to frame 
registration accuracy. · 
Operation is simple, with only two controls in addition to the 
power switch - an EXPOSE·ADVANCE switch for single exposure 
and frame advance and an EXPOSE switch for the multiple overlay 
or slow-buildup mode. All command and status interface signals 
are available for remote operation. 
The Betagraphics line of peripheral display devices is here, now, 
to give you high quality computer graphics at reasonable prices. 
We'll be happy to send you complete specifications. 

EB. Beta Instrument corp. 
377 ELLIOT ST., NEWTON UPPER FALLS 
MASSACHUSETTS I TEL. 6 17 • 969-6510 
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