
computer iJrllphits 
l~em More display area, a larger data base, 

a more versatile software system, plus 
the most advanced tonal display capa
bility: all are available in Control Data •z b.l , Corporation's Digigraphics systems. II., '"I , e Digigraphics Systems provide a full lfH1 N 1 • 20-inch diam~ter display area_. Of this, 
196 square mches are available for 
graphics - more than offered by any 
competitive system. The remainder of 
the CRT face is available for the dis
play of light buttons and registers. 
These light buttons and registers are 
software defined and therefore consti
tute a complete control capability more 
flexible than any defined keyboard. The 
display area represents a data base of 

CONTROL DATA 
Digigraphics® 
270 and 274 
systems 

BOO x BOO inches, definable to 0.0001 
of an inch. Zoom capability can provide 
1B orders of magnification or reduction 
of a displayed image. In a tonal mode, 
the display area can be defined in 32 
intermediate levels of intensity to pro
duce images of photographic quality. 

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

Circle Reader Service Card No. 94 

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

The Digigraphics 270 System operates 
with Control Data 3000-series _compu-:t:.l 
lers to provide a complete, · "fleX:fble:, .. ,....." .... ""·~· 
time- shared graphics capabil ity. The 
Digigraphics 274 System can be oper
ated as a complete system with the 
highly economical CONTROL DATA® 
1700, or can be used as a satellite to • 
provide multi-console access to th~.r,~· - ~ · 
fastest, most powerful computers avair~ · . . 
able: Control Data's 6000 series. 

For full details about today's most 
advanced computer graphics systems, 
contact your Control Data sales office 
or write directly to: 

8100 34th AVE. SO., MINNEAPOLIS, MINN. 55440 

J 
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new readout tube 
made tor 

volume production ... 
and 

nriced accordingly! 
The Amperex ZM1000 is the first dig i

t al numerical indicator tube, designed 
from the ground up to provide big eco
nomies both in initial cost and in appli
cation. It sells at over a dollar below 
competitive types, and the price-break 
grows with the volume. 

We scrapped every notion about how 
to make numerical indicator tubes and 
developed a completely new design t hat 
offers unsurpassed pe rfo rmance and 
reliabil ity at mass-production prices. 

Every ZM1000 has a built-in decimal
point indicator. Use it if you wish- or 
i gno re it .. . i n either case, there's no 

additional cost f or the decimal. Th e 
ZM1000's large numerals are clearly leg
ible at 35 feet, yet an 8-digit readout can 
be installed in only 6 inches of panel. 

Superior design makes the ZM1000 
more economical to use, too; it plugs 
directly into its printed circuit board and 
then the whole board is dip-soldered 
high-temperatu re tube base and al l. 
Tube sockets are el iminated- hand as
sembly is elim inated ! 

As for driver ci rcuits, we can provide 
you with complete designs, data, parts 
and instructions for many driver t ypes, 
in cl ud i ng s i I icon-contro l! ed -swi t ch 

Circle Reader Service Card No. 1 

(SCS) memories or ring counters and 
diode/ transistor decoders. 

• Dynamic life expectancy 200,000 hours 
• Height of numeral . ... ......... 0.6" 
• Tube diameter .. . .. . .......... 0.75" 
• Height of Tube ....... .... ..... 1.67" 

Fo r complete informati on on the 
ZM1 000 digital, numerical indicator tube 
and on Amperex co mponents f o r 
indicat or-d river circu its, writ e: Amperex 
Electronic Corporation, Sem iconductor 
and Receiving Tu be Division, Dept. 371, 
Slatersvi lle, Rhode Island 02876. 

Ampere» 
TOMORROW'S THINKI NG I N TODAY'S PRODUCTS 

INFORMATION DISPLAY, Sept./Oct. 1967 
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How much less 
programming time, 

computer time, 

plotting time, 

with Milgo DPS-6? 
Other systems: 52 steps DPS-6: 16 steps 

Is the example shown typical ? No. Nor is yours. But the savings are. In an 
actual case involving 600 program steps, DPS-6 beat the nearest competitor 
by an even 100 steps; in another: 1000 steps were reduced to 700. 

How? With the Milgo Digital Plott ing System you output only the end points 
on lines to 42" long - the plotter does the rest. There is never a second tier 
subroutine to compute the length of a line! Result: reduced computer pro
gramming, reduced computer output t ime, reduced plotting time. 

The Milgo DPS-6 includes a choice of off-l ine readers, plus either a vertical 
or horizontal plotter. And the system provides for all standard digital inputs 
including magnetic tapes recorded in either gapped or gapless format on 
7 or 9 tracks. It also accepts a straight analog input. 

Send for brochure and copies of plots. 

Milgo Electronic Corporation 
7620 N. W. 36th Avenue, Miami, Florida 33147 

Phone 305 - 691-1220. TWX 81 0·848-6588 

IN FORMATION DISPLAY, Sept./Oct. 1967 Circle Reader Service Card No. 3 7 
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The IBM detective. 
Sherlock Holmes never found clues this fast . 
Mr. Holmes had on ly Dr. Watson and the Baker Street 
Irregulars to help h im track dow n trouble. 

An IBM Customer Engineer has a lot more help. He 
has the resources of the entire IBM Field Engineering 
Division to help him swiftly track dow n and co rrect 
malfunctions in systems and programs. 

For example, the Field Engineering Division provides 
a special d iagnostic aid called the IBM 1050 Termina l 
Tester. W ith it, a Customer Engineer can monito r and 
detect most circuit mal functions in remote termina ls 
wi thout tying up the computerorthe phone lines. Thus, 
troubles are usua lly fou nd fast and corrected quickly 
while the system goes right on working. 

And if a real tricky problem gives him trouble, an 
IBM Customer Engineer can pick up the phone and call 
an IBM technical information center where experi
enced specialists stand ready to counsel and advise
armed w ith circuit diagrams, service manuals and proy 
gram documentation. 

But chances are the Customer Engineer won' t have 
to make that call. 

He's an experienced trouble-shooter himsel f w ho 
can handle most situations single-handedly. That' s the 
way he's been trained. 

If Sherlock Ho lmes had had resources like this to 
help him, Moriari ty w ouldn ' t have had a chance. 

INFORMATION DISPLAY, Sept./Oct. 1967 

WHT PAT SD% MCB.E TO DB.AW 
PlCTUB.ES FICM CCMPUTEIS ? 

Why let money go down the dra in . . . up to $1700 per un it 

WHE~ ~::~~ O~~lt;RAPHI£ :;corder 
offers every spec. every feature of competition? 

ONLY 

$2850. 
Offering Z-fold chart paper with bidirectional 
movement . .. requires only 3 volt signal of any 
shape ... and 18,000 increments/ min. speed 

1? EVENT MARKER 
PLUS OPTIONS lJ'> CHART INDEXING 

. . 
~. · : 

WRITE ' 
TODAY . 

houston 

DMNIGRAPHIC 
corporation 

a subsidiary of houston instrument corporation 
4950 Terminal Ave./ Bellaire, Texas 77401 
(713) 667 7403 / cable HOI NCO 

INFORMATION DISPLAY, Sept./Oct. 1967 

~ INFINITE SCALE EXPANSION 

Perspectives 

Sales Curve 

Structure Designs 

Circle Reader Service Card No. 4 

Apparel Designs 

MONA 
38-20-38 

And Even . .. 

OEM inquiries 
invited from : 

IBM UNIVAC CONTROL DATA 
BURROUGHS HONEYWELL 

RCA NCR GE 

If we missed you, 
Sorry- Write anyway. 

9 
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YOKES 

DEFLECTRONS 
Ultra High Reslflution Yokes 

Type HD 

For 40° Flat Faced Scanners, 
Computer Readouts, 

Side-Looking Radar, Mapping. 

PIN CUSHION CORRECTORS 
Electromagnetic 

Straight Sides 
to 0.1%. 

Use with CELCO 
Micropositioner for optimum accuracy 

TV CAMERA COILS 
for 3" Image Orthicons Type 1.0. 

Deflection Yoke, Focus and Alignment 
Coil Assemblies to meet your specs. 

MAGNETIC LENS 
for High Resolution CRT's 

Type NC 

For correction of CRT distortions. 
Consists of static and dynamic 

focus and astigmatic coils. 

DEFLECTION COMPONENTS 
for the DISPLAY INDUSTRY 

AMPLIFIERS 

20V ALL SILICON DRIVERS 
Type DA·PPN-3 

3, 6, 12 amp X·Y amplifiers 
matched to your yoke and response 

requirements. Available with 
regulated power supplies 

40 VOLT DEFLECTION DRIVER 
All Silicon Type RDA·PPGN·l 

With regulated Quadru-Power Supplies. 
12 amp change in less than 9 p..sec. 

0.02% linearity. 

RASTER GENERATOR 
All Solid State Type 2 SG-1 

i!M --· 

r _; ~ .• -~ ~~ · 1 
•· • i• - .r ...... 

Two Ramp Units in one panel. 
Ramps from 20 p..sec to 100 msec. 

Adjustable de offset. 
Compatible with CELCO Drivers. 

MAHWAH, N. J . 
201-327-1123 

TWX 201-327-1435 

Circle Reader Service Card No. 5 

INSTRUMENTS 
DISPLAY MEASUREMENT LAB 

Two-Slit CRT Spot Analyzer on X·Y 
Traverse quickly ascertains spot size, 

line width, and X·Y coordinates. 
Easily determines linearity and 
positional accuracies as well as 

phosphor characteristics. 

X·Y TRAVELING MICROSCOPE 
Mounted on X·Y Traverse. 

Line Straightness, spot positions and 
line positions measured with a high 

degree of repeatibility. 
Use for aligning yokes, 

focus coils and field correctors. 

CRT DEFLECTION SYSTEM 

Contains all deflection, focus and 
corrective coils, micro-positioners for 

each, your CRT, complete shielding 
from all stray magnetic fields. 

Use for automating assembly lines, 
a reader of bubble-chamber photos. 

UPLAND, CAL 
714-982-0215 

TWX 714-556-9550 
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All New! Remarkable MSC space-saving, 
rack-mounted, plug-in, lighted pushbutton switches! 
MASTER SPECIALTIES COMPANY 800 SQUARE TELLITE® 
SWITCH ... today's state-of-the-art li15hted pus~button switch! 
All new in concept, all new 1n ~es1gn. Conce1ved t~ r~duce 
installation time and costs . . . des1gned to ~educe. umt s 1 z~ to 
the practical minimum compatible w;th fmg~r-t1p operat1_o_n, 
yet provide optimum legend area for the display versatility 
made possible by 4-lamp_ operation. From t~e pre-assembled 
mounting rack and termmal block_ assef!1blies to cnmp-type 
wiring and plug-in switch or word ;nd1catmg un ;ts, the Senes 
800 Square combines the best of tod?y's adva~ced technol~gy 
for functional reliability with smart, s1mple s_tylmg to establ ish 
new standards of excellence in information display and cont_roli 
Write today for Catalog 2027 ... and ask for a demonstrat1on. 

SIMPLIC ITY OF OPERATION! 

Plug-in units can be installed or 
removed from pre-wi red racks 
w i thout d isturbing solde red 
connections . .. are held in p lace 
by locking arms. The display 
screen light capsule is easi ly 
pul led out and to one side for 
QUick relamping or legend and 
color fi l ter change f rom the 
panel front .. . without too ls! 
Operating safety i s assured by 
dividers between the units that 
prohibit sw itching of more than 
one un it a t a t ime. 

MASTER SPECIALTIES COMPANY 1640 MONROVIA • COSTA MESA • CALIFORNIA 92627 ' (714) 
642

•
2427 

' TELEX 
6

"
78433

· 

,. ., (4081 245-9292 • Winter Park, Florida (305) 647-0100 
Re ional Offices: Huntsvil le, Ala. (205) 536-7415 • Costa Mesa. Cal if. (714) 642·0114 • Sunnyvale, ~"6'7cl1 • Syracuse. N.Y. (315) 479-9191 • Valley Stream, 
• t h icago Ill. (3121 282-7112 • Waltham, Mass. (617) 893-1020 • Haddo~~el 'gs:9~5J60Uo~;ton Texas (7 131 228-2294 • seatt le, wash. (206) 546·5161. 
L.l., N.Y. (5161 561·2334 • Cleveland, Ohio (216) 851·9700 • Dallas, Texas (2 · • • 
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Do you know what 
it takes to ntake your 

contputer draw like this? 

CaiCoiDp 
that's what. 

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

<eeect®e4D 
Standard of the Plotting Industry 

(TALENTED ENGINEERS AND PROGRAMMERS REQUIRED- RIGHT NOW.) 

Circle Reader Service Card No. 7 
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provide a complete fine of e positioning deflection yokes 

e high f requency character yokes e beam centering coils 

e anti-pincushion devices e focus coils 

for all types of information displays 

used throughout the world. 

standard continuous line scan data disp lays to very spec ial high 
u~-.. . ., ..,,, .. u random_ character displays ... Syntronic's staff of yoke specialists 

ass1st s engineers in designing, speci fying and procuring the 
right yoke or yokes for maximum results. 

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

design services. This 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. 

Circle Reader Service Card No. 9 INFORMATION DISPLAY, Sept./Oct. 1967 

TV convertible-
12 popular 
line rates. 
Closed-circuit system features 
quick change to choice of rates 
from 525 to 1225 lines. 
Why limit your research TV to a single 
line rate? Our VlOOO system gives you 
wide "first choice" and lets you convert 
economica lly to other line rates when nec
essary. Idea l for microscopy, ultraviolet, 
infrared, image storage, X-ray, or any proj
ect requ iring high precision and stabi lity. 
Small, rugged, and re liab le. In CCTV flex i
bil ity, G/ A has the answer now. ,Request 
complete techn ical information.; 

1601 Ca liforn ia Avenue, Pa lo Alto, Cali fornia 1 (415) 321-4175 • 8 18 18th Street NW, Wash ington, D.C. I (202) 298·7125 

IN FORMATION D ISPLAY, Sept./Oct. 1967 Circle Reader Service Card No. 10 
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Data Display Devices 
from Raytheon 

The presentation you see above 
was generated by a Symbol ray* 
Cathode Ray Tube identical to 
the one lying on the console. A 
new typ e o f mo n oscope, th e 
Symbolray can generate alphanu
merics f rom electrical signals for 
cathode-ray d isplay or f o r hard 
copy print-out. The p resentati on 
here is shown on a Raytheon tube 
(CK141 5) used in a Raytheo n 
DI DS-400 d isplay system. 

A~ economical method of gener
atmg characters. Priced at less 
than $100 in quantities of 1 000 
the Symbolray provides a ~or~ 
economical method of generating 

electro nic displays than usi ng 
large numbers of circuit cards. 

The outpu t of the Sy mbo l ray 
operating as a monoscope is ob
tained by elect rically defl ecting 
the electron beam to desi red 
characters on the target and scan
ning them sequential ly with small 
raster. The disp lay cathode ray 
t ub e o n w hi c h thi s o ut p ut i s 
viewed is scanned in synchron ism. 
When the Symbol ray method is 
used in conjunction with buffer
me mo ry t echni ques, fu l l mes
sages can be disp layed- as 
shown above. The Symbol ray tube 
uses electrostatic def lection and 

focus, and is availab le in designs 
with 64 and 96 characte r matrices. 

Raytheon's wide range of Data
ray* CRTs cover the screen sizes 
f rom 7 to 24". Electrostatic, mag
netic and combination deflection 
types are availab le fo r wr iting 
alphanu meric charact ers whi le 
raster scanning. Raytheon a lso 
offers combination def lection or 
"diddle p late" types and all stand
ard phosphors. Or, Raytheon can 
meet your special CRT design 
requ irements. 

Fo r more inform atio n- o r a 
demonstration -call or write your 
Raytheon regional sales office. 

INFORMATION D ISPLAY, Sept./Oct. 1967 

New Raytheon Projectoray* Tube pro
duces more than double the light 
output of standard projection-type 
cathode ray tubes. The tube's light out
put is 30 ,000 foot l amberts, which 
results in a light level of 15-foot lam
berts on a 3' x 4' lenticular screen. 

The tube's expected minimum oper
ating life is 500 hours- 20 times the 
life of a standard proj ect ion tube. 

The Projectoray 's high light output 
and long life are due to its novel 
design. The design incorporates liquid 
cooling of the ph osphor backplate. 
This allows the phosphor to be ener
gized with a very intense electron 
beam. At high beam levels, very high 
peak light output is obt ained . 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 deflect ion sys
tem compensates for keystone effects. 

Datavue* Side-View Tubes. New Type 
CK8650, with num erals close to the 
front, permits wide-angle viewing. These 
side-view, in-line visual readout t ubes 
display single numerals 0 through 9 or 
preselected symbols such as + and -
s igns. Their 5/a"-high characters are 
easily read f rom a d istance of 30 feet. 
Less than $5 each in 500 lots, they also 
cost less to use because the bezel and 
fil t er assembly can be el iminated and 
because their mating sockets are inex
pensive. 

Recording Storage Tubes. The mmla
ture tubes shown here are Raytheon's 
single-gun (CK1518) and dual -gun 
(CK1519). They provide high resolution, 
long storage, and fast erase capability. 

Raytheon electronic input-output 
storage devices feature the above ca
pabilities and immediate readout. In
formation can be written and stored 
by sequent ial techniques or by ran
dom-access writing. Complete, gradual 
or selective erasure is possible. 

Raytheon storage tubes are readily 
available for appl icat ions in radar scan 
conversion, slow-down video, signal 
processing , signal enhancement, time 
delay, and stop motion. 

Dataray " Cathode Ray Tubes. Raytheon 
makes a wide range of industrial CRTs 
-including special types-in screen 
sizes from 7" to 24". Electrostatic , mag
netic, and combination deflect ion types 
are available for writing alphanumeric 
characters while raster scann i ng. Al l 
standard phosphors are available and 
specific design requirements can be 
met. Combination deflection or "diddle 
plate" types include CK1395P (24'' rec 
tangular tube), CK1400P (21" rectangu
lar), and CK1406P (17" rectangular). 

Datavue* End-View Tubes. Raytheon 
makes round (CK8421) and rectangular 
(CK8422) Datavue indicator tubes on 
automated equipment capable of high 
production rates an d top quality. The 
CK8422 rectangular tube is also avail 
able with decimal point, ± symbols, and 
in other special vers ions. Both round and 
rectangular types fit existing sockets 
and conform to EIA ratings. These ultra
long-life tubes are designed for 200,000 
hours or more of dynamic operat ion. 

,.. 

Send Reader Service Card for litera
ture on the : 

Symbolray CRT 11 
Proj ectoray CRT 12 
Datavue Indicator Tubes 13 
Recording Storage Tubes 14 
Dataray CRTs 15 

Or call your Raytheon regional sales 
office. Or write to Raytheon Company, 
Components Divis ion, Qui ncy, Mass. 
02169. 

"Trademark of Raytheon Company 

Industrial Components Operation-A single source for Circuit Modules/ Control Knobs/Display 
Devices/ Filters/ Hybrid Thick-Film Circuits/ Industrial Tubes/ Optoelectronic Devices/ Panel Hardware 

INFORMATION DISPLAY, Sept./Oct. 1967 
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MAGNETIC 
INTERFERENCE 
IN DIspLAYS CRTSoct;"""'"";"" 

STOPPED PERMANENTLY BY 
NETIC CO-NETIC SHIELDS 
Designed and Fabricated by 
Magnetic Shielding Specialists 
New shield designs meet the new va ried 

shielding specifications for information displays 

and systems ... for f ields ranging from a few 

gammas to several thousand gauss. 

Over 80% of all magnetic shield 

designs currently used were 

engineered and designed here. Th is 

design experience is yours ... for 

prototype development and cost 

effectiveness with qua I ity control. 

Photomulti plier & CRT Shields 

Scan Converter Tube Shields 

Receiving Tube Shields Direct View Storage Tube Shields 

SHEET STOCK also available for 
your fabrication. 

DELIVERY 3-4 WEEKS 
IN MOST INSTANCES. 
Request Short Form Catalog No. 67. 

Applications 
Military Command & Control Systems 
Strategic Systems 
Tactical Systems 
Computer Display Systems 

Unique Features of Netic & Co-Netic Shields 
Provide permanently effective shielding 
Insensitive to ord inary shock 
Minimally retentive 
Provide up to 80 db attenuation 

Circle Reader Service Card No. 16 INFORMATION DISPLAY, Sept./Oct. 1967 

0161TAL7 

Actual photos t aken of 7 foot 
by 7 foot d isp lay sc reen. 

No matter! 
we can handle your computer output with 

SCOPUS II 
A unique concept in high speed film plotting 

for front or rear projection 

100 SLIDE RANDOM ACCESS 

2000 SLIDE UNI -DIRECTIONAL 

ANAL067 

Actual phot os taken of 7 foot 
by 7 foot display screen. 

The new SCOPUS II offers: Available as a -

. . . Plotting on 70 mm stabil ized polyester f ilm 

. .. Low logistics cost 

. . . Simplified storage and retrieva l 

Plotting projector 

Spotting projector 

Reference projector 

. . . High speed accurate display of dynamic t rack 
data, alphanumerics and special symbols in configuration as -

. .. Time sharing 

. . . Acceptance of digita l ana log and manual inputs 

INFORMATION DISPLAY SYSTEMS 

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

2000 slide uni-directional 
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New fiber-optic CRTs. 

They direct-record 1 MHz signals. 
A new Sylvania fiber-optic CRT enables 
Honeywell's Test Instruments Division 
to make an oscilloscope with recording 
speeds nearly 100 times faster than pre
vious instruments. It can record re
sponses of from de to 1 MHz. 

Honeywell's Model 1806 Visicorder 
is a single-channel, 4-axis unit. It uses 
the electron beam of the fiber-optic 
CRT to record continuous transient 
data on standard oscillographic paper. 

Sylvania's new SC-4082E CRT has 
an improved electron gun for initial fine 
spot resolution. Spots have a diameter 
of 4 to 7 mils-compared to 15-30 mils 

for conventional scopes. 
This tube contains more than 35 mil

lion fibers-each of 10 to 15 micron 
diameter. They retain the initial small 
spot size as it's conducted from the face 
of the CRT to the recording film . 

The SC-4082E has the world 's larg
est fiber-optic faceplate-3 x 5". It uses 
a P 16 phosphor and has electrostatic 

focus and deflection. Helical resistor 
post-deflection acceleration gives it 
high writing rate and high .deflection 
sensitivity with minimum distortion. 

Sylvania has designed a world of 
high-resolution CRTs. With fiber-optic 
facepl ates and with full faceplate ar
rays. There's a variety of sizes and types 
- using magnetic or electrostatic deflec
tion and focus. And with various screen 
phosphors-aluminized or non-alumi
nized. Fiber size range: 4 to 75 microns, 
depending on application. 

Sylvania Electronic Components 
Group, Seneca Falls, New York 13148. 

SYLVANIA 
GE

5

N
1

ER%L TELEPHONE & ELECTRONICS GT&E 
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It's never a problem to read read· 
outs if they're equipped with Polaroid 
ci rcular polarizers. Our polarizers im
prove readability from every angle by 
increasing contrast. In daylight. Or 
even in brightly lighted room s. 

polarizers c 

But now you don't have to take 
our word for it. Send for our new bro· 
chure, and we' ll include 3 samples of 
our circular polarizers (amber, neutral, 
and green). They' ll help you see very 
clearly why many major display and 

instrument manufacturers are now 
using Polaroid circular polarizers. 

Write Polaroid Corporation, Po· 
larizer Sales, Department 59, Cam· 
bridge, Massachusetts 02139. 
Polaroid Circular Polarizers. 
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maximum shielding protection 
Only Magnetic Radiation Laboratories gives you a Seal of Certification 
on all components fabricated .. . and guarantees COMPLETE CUS
TOMER SATISFACTION in meeting all mechanical and electrical 
requirements, however critical the application, as per your blue print 
specifications. 
As SPECIALISTS in the field of magnetic shielding . .. we are technically 
qualified thru knowledge and experience to assist our customers in 
Engineering Design, Development and Production. 
We have perfected the art of SEAMLESS TUBE CONSTRUCTION •• • a signifi
cant advance in quality and performance. 
Every component is precision fabricated to exact blue print specifications 
to within a tolerance of plus or minus .005 ... and in special cases, plus 
or minus .001 . 
Magnetic's proved process of HYDROGEN ANNEALING assures the highest 
possible permeability and ultimate attenuation. 
Every finished component is inspected and laboratory analyzed to make 
certain it meets exact specifications and shielding requirements. 
WE INVITE YOUR INQUIRY and will gladly submit quotations on 
request. per your blue print specifications, for .. . engineering samples-

prototypes-production runs. 

Circle Reader Service Card No. 20 

F CERTIFICATION 

whatever the 
application 

Our experience in the production and 
fabrication of magnetic shielding com
ponents embraces practically every phase 
of the Electronic Industry, wherever 
shielding is a PRIME requirement. 

• COMMUNICATIONS NAVIGATION 
• RESEARCH AND DEVELOPMENT 
• AERIAL SURVEILLANCE 
• INFORMATION DISPLAY 
• INSTRUMENTATION 
• AIRBORN RADAR 
• OSCILLOSCOPES 
• AEROSPACE 
• COMPUTERS 
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IDTEiiRATED SYSTEmS SUPPORT 
makes the BR-90 DISPLAY ANALYSIS CONSOLE the best friend your data base can have 

We're systems people. That's why, when you add a BR-90 Display Analysis Console to your data handling system, 
we can back it up with a unified support program that begins anywhere along the line: 

• thorough examination of systems objectives 
• operations analysis to translate user require- • simulation and test of operating problems 
ments into system function and design objec- and procedures in our On-Line Center-before 
tives your system is installed 
• integrated hardware and software imple- • installation and integration of the console 
mentation into your system 
• programming that will get the most out of • integrated field support to keep your system 
your computer-BR-90 system operating at top efficiency. 

If you need to get data out where you can see it-manipulate it-store it-then a BR-90 Display Analysis Console 
belongs in your data handling system. The BR-90 is system-compatible. Not just for today. But right through the 
years, modifiable as your system requirement changes. 

If you want more information: 
Call H. A. Kirsch (213) 346-6000. Or contact your local Bunker-Ramo field representative. 

llj THE BUNKER-RAMO CORPORATION 
DEFENSE SYSTEMS DIVISION 

8433 FALLBROOK AVENUE · CANOGA PARK. CALIFORNIA 91 304 • (213) 346-6000 
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The new seri~s 1000 fro~ AAI tests integrated circuits at a rate of about 180 tests per 
seco~? · At th1s speed_, cn.sp, clear readout is imperat ive. That's one of the reasons AAI 
spec1f1ed I EE. rear proJ~CtJon. readouts. It's the World 's most readable readout because 
of the exceptionally bnght Single-plane display. 

. AAI ~I so w~nted ~readout as attract ive as their ci rcuit tester. 1 n addi t ion, t hey needed 
dJspla.ys 1n vano.us ~1zes, colors, symbol.s, characters and w ords. This they could only 
get With rear p~ojectJon readouts. And th1s they got with the 1 EE Series 340, 1 20 and 1 0. 

If you des1gn, ma~ufacture or market a product requiring visual disp lay, specify 
I EE readouts. They cant be matched for readability, aesthetics or versatil ity. That's what 
AAI discovered. 

The Rear Projection Readout: When a lamp at the rea r of the readout 1s lighted, it 
illumina.tes o~e of 12 film messages, focuses it through a lens system, 
~nd projects 1~ onto the front v iew ing screen. The displayed message 
IS c learly projected on a single plane, with no obstruction from 
unlighted fi.laments. It is extremely versatile, since anyth ing that can 
be put on film can be displayed on an I EE readout. 

"1-Double-E," the world's largest manufacturer of rear 
projection readouts. Industrial Elect ron ic Engineers, Inc., 
7720 Lemon a Avenue, Van Nuys, California 91405. ~ 
Represented in principal cities around the world. ~ 

"When you're testing 
6,000 circuits an hour 

' readout makes the difference." 

Raymond W. Wells. V.P. & General Manager. AAI Pacific Division 

Circle Reader Service Card No. 22 
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Editorial 

Computer-D riven 

Large Screen D isplays 

A battlefield commander sees a tactica l situation develop
ing on a 10 x 10 ft. display in fron t of him. 

A bank president and board of directors view multi -col 
ored graphs of the previous day's transactions displayed 
on a 100 sq. ft. d isplay. 

The mayor and chief of pol ice for a large metropolitan 
area study a mu lti-colored 12 x 12 ft. display of the dy
namic flow of tra ffic superimposed upon the map of the 
city. 

The captain of a naval vessel si ts in his combat informa
tion center and watches a mul ti -colored large screen display 
of the battle situation. 

The above situations are feasible, but the question to be 
posed to the Information D isplay community is : when will 
the appropriate large screen display hardware become avail
able? Some hardware is available today, but many improve
ments must be made in order to make the equipment more 
sui table to military and commercial applications. Military 
applications requi re a higher degree of rel i.abi lity, maintain
ability, transportability, and cost effectivity than is presently 
avai lable. Commercial applications dictate lower ini tia l and 
lifetime costs. Future military and commercia l applications 
will also specify faster w ri ting speeds in order to make the 
displays more adaptable to computer control. The challenge 
to improve existing devices or develop new ones is very 
formidab le. 

Existi ng large screen display methods do not approach 
the performance o f the CRT. Comparatively, the CRT offers 
greater flexibility, higher reliabi lity, faster writing times, 
higher resolution, and a more erasable picture than large 
screen displays. Th e major problem associated with the de
sign o f a large screen display is the amount of energy re
quired for a large viewing area. A 20 ft. lambert presenta
tion on a 100 sq. ft. large screen disp lay requires 100 times 
the luminous energy (lumens) as a one sq. ft. CRT display 
of the same brightness. As the required energy increases 
so do the cost and technologica l problems. The inadequa
cies of present-day large screen displays are due to the lack 
of solutions for the technological-economic problems. 

Presen t-day projection systems emp loy glass slides, plastic 
fi lm, oi l film, sol id state l ight valves, lasers, and specia l 
CRT's. Film systems involve photographic, thermoplastic, 
photochromic, and dielectric film techniques. With film 
techniques, in formation is deposited on the fi lm by elec
tronic means and then projected on a screen by controll ing 
the transmission or d iffraction of a fixed light sou rce. In 
scribing systems, an initially opaque slide or film is electro
mechan ically scribed and a f ixed light source projec ts the 
image on a screen. The oil film modulator uses a fixed light 
source and an electronically defor mabie oil film to produce 
a display. With the light valve approach, a fixed light source 
is modulated by an electrically sensitive solid state device, 
projecting an image on the screen. The laser projection sys
tem uses a laser light source modu lated and deflected by 
special materials. In cathode ray tube projection systems 
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a special CRT is used to project information. 
There are also non-projection large screen displays wh ich 

employ a controlled source of ligh t. One method uses a 
crossed-grid electroluminescent panel in which discrete ele
ments are controlled. The th in fi lm light emitter uses semi
conductor diode materials in a manner sim ilar to the elec
trolum inescent panel. An array of minute gaseous cells or 
incandescent lamps can also be used with a crossed-grid 
approach. All these methods emp loy discrete light sources 
in which the resolution is determined by the size and spac
ing of each individual element. 

One non-projection large screen display approach is the 
digital plotter. No integra l l ight source is used, but the plot
ter relies on room ill umina tion to produce a v isible display. 

As can be seen, a large variety o f large screen display 
techn iques have been employed. The great variety of ap
proaches must be a clue to the inadequacy of available 
techniques. At the present time the laser d isplay is generat
ing a con~irlF>rable amoun t of interest; will this be the " ulti
mate" large screen display? The gaseous discharge tube 
array has aroused interest too, w i ll i t fi nd general use? Or 
w i ll it take a number of different types of large screen dis
plays to satisfy all customer requirements? 

Where does the multi -colored display fit in? Certai n large 
screen techniques are more adaptable to color than others. 
The addition o f color enhances the display presentation, 
but increases the cost. The customer will have to decide 
if he wants a color presentation, bu t the trend is heading 
toward at least a three-color large screen display. 

The computer-driven large scren display field is wide 
open today, waiting for industry to come up with higher 
performance, lower cost techniques. It will take a good 
deal of money and manhours to accompl ish this task. The 
question remai ns - can anyone in the Information Display 
commun ity afford to develop an acceptab le la rge screen 
display? Or, can they afford not to? 

THE AUTHOR 

SAMUEL DAVIS 
Li tton Systems Inc., 
Data Systems Div. 

SAMUEL DAVIS is presently a project engineer in the Data 
Systems D ivision of Litton Indus tries . He is engaged in sys
tem design for tactical data d isplay systems. Recent work 
has included the design of circuits and systems related to 
computer-driven displays, man-machine interface systems, 
character generators, large screen d isplays, electrolumine~
cent d isplays, and deflection amplifiers. He obtained h1s 
B.S.E.E. in 1956 from Case Institute of Technology and has 
done graduate work there and at U.C.L.A. 
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Decisions 
Decisions 
Decisions 

The executive life isn't all fun and games. Decisions 
have to be made. Big decisions. Critical decisions. 
Fast decisions. Decision makers need informat ion. 
Lots of it. Accurate and up t o the minute. Quick. Clear. 
Concise. That 's where we come in. Ours is a visual 
information system. One that connects the decision 
maker directly with his computer. From any point in 
the country. With our DIDS-
400 and a random access 

computer, data can be entered continuously, "as re
ceived. " It can be edited or updated in seconds. Re
t rieval is instant aneous. Display is clear and flicker
free. The complete system is versatile, reliable and 
surprisingly low in cost. For complete details on the 
DIDS-400 write: Marketing Manager, Display & 
Information Processing Systems, Raytheon Company, 

60 First Ave., Waltham, 
Massachusetts 02154. 
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The Command and Control 
Display System for NORAD 

by KARL ). Z IMMER, P.E. 
Burroughs Corporation 
Pao li, Pennsylvan ia 

ABSTRACT 

This paper on the Command and Control D!sp lay System 
for NORAD describes the hardware and operatiOnal featu r~s 
of a large wall-display system presently used by the U.S. A1r 
Force at Cheyenne Mountain in Colorado, U_.S.A_. A bnef 
description of the Combat Operati~n Center IS ~1 ven, and 
the type of information which the d1splay s~stem_ 1s capabl.e 
of presenting for the NORAD Commander-m-~h1ef .and h1s 
ba ttle staff is ep itomized. The primary concern 1n th1s paper 
is wi th the theory and operation of the Camera Processor 
Projector Unit; however, b rief attention is given to the oper
ation of this unit in conjunction with a central computer 
and an electronic bas ic d isplay unit. The generation of seven 
color p rojection d isp lays from blac~ and .wh ite fi l ~ i.s de
scri bed, and the deta ils of processmg th1s f ilm w1thm 10 
seconds are set fo rth. The major components of the CPPU 
and thei r particul ar operating featu res are exp lained, and a 
represen tation of each of the modules is furn ished. Details 
of the redesign of a new i nterchangea~ l e xe~on lamp m.od
ule are discussed, and the problems 1n des1gnmg a sh1eld 
to protect the fragile condenser optics are noted. Some of 
the advantages and d isadvantages of the CPPU a r~ pomted 
out. A summary of detailed operating charactenstiCs and 
engineering data regarding the function of the CPPU are 
presen ted in an Appendix. 

INTRODUCTION : NORAD OPERATION 

Deep inside the sol id rock of Co lorado's Cheyenne Mount
ai n in the center of the United States there has now been 
crea ted a means by w hich man can view the overall battle 
situation o f the entire North American continent. The name 

FIGURE 1: NORAD Combat Operat ions Center, Command Post 
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of th is instal lation is the North American Air Defense Com
mand 's Combat Operations Center (NORAD-COC). Th is 
vault- li ke site contains many smal l display consoles and a 
large wal l display. By their use the Commander-in-Chief, 
known as CINC-NORAD, and h is batt le staff can observe 
and evaluate reports on air-breathi ng threats and on the 
status of NORAD forces. In addition, from remote electronic 
surveillance equipment these observers receive inputs from 
the Ballis tic Missile Early Warning System. Th us, through the 
advantages of the panoram ic view furnished by all these 
types of information, CINC-NORAD and his staff can make 
command decisions and can execute them qu ickly and ef
fective ly. 

The Command Post (CP), where the ba tt le staff sits, is 
arranged on three levels to give all persons a d i rect view 
of the 12-foot by 16-foot rear p rojection screen. A view of 
the CP showing the seating and the screen is given in Figure 
1. Here, by the touch of a button, a seven-color d isplay ca n 
be updated automatically or " on demand" as often as every 
10 seconds. 

One m ight ask, " W hy was a 'real time' display system not 
chosen?" Actually, real time systems were proposed at the 
time, but they were unacceptable since they cou ld not match 
the operational capabil ity of a camera processor projector 
system having only a 10-second delay for updating. 

The NORAD Large Group-Display System can be de
scribed as a computer-controlled, seven-color, high-resolu
tion, rapid-processing, large-screen projector. It is capable 
of presenting map outlines, a large variety of specialized 
symbols, and tabulated "alphanumerics'' (letters and numer
als used singly or in combination) - all in contrasting or 
coded colors. The combinations of displayed information 
are l imited only by the repertoire of map outlines, symbols, 
and characters which have been programmed into the mem
ory of the computer. 

FIGURE 2: large Group-Disp lay Equipment 
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The Large Croup-Display Which Generates Seven-Color 
Pro;ections 

The Large Group-Display System equipment, shown in 
Figure 2, consists of two major units: (a) the Basic Display 
Unit (BDU), which contains the display generation and con
trol equipment and (b) the Camera Processor Projector Unit 
(CPPU), which produces the large-screen projected image. 
This paper is primarily concerned with the Camera Process
or Projector Unit, hereafter referred to as the CPPU. How
ever, a few commen ts about how the BDU fits into the sys
tem are in order. A representation of the Large Group
Display System is presented in Figure 3. 

FIGURE 3: Informa tion Flow Through La rge Gro up-Disp lay System 

In the operating mode, the BDU receives color-coded dis
p lay information from the computer; this information has 
been identified by appropriately coded words and is then 
stored in the BDU memory. Upon receipt of the computer 
command to go inlu a display cycle, the BDU extracts this 
stored information from its memory, converts it from digita l 
to analogue format, and displays it on a 5-inch cathode ray 
tube (CRT). Since the ultimate projected display is to be in 
seven colors, the full data load stored in the BDU is dis
played on the CRT in a three-sequence color cycle. This 
means that three disti nctive patterns of information are se
quentially presented on the CRT and photographed on the 
three-frame film chip in abou t 700 mill iseconds. Refer to 
Figure 4 for a representation of the arrangement o f the com
ponents of the CPPU and of the film path through the equip
ment. 

FIGURE 4 : Schemati c Diagram of Camera Processor Projecto r Unit 
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In the creat ion of these three images, the three shutters 
of the three-frame camera wi ll open and close for each 
color cycle so that the appropriate frames will be exposed 
to obtain the prima ry and secondary color combinations. 
Upon completion of this color exposure cycle, the fi lm
processing cycle for the CPPU is in itiated. The f ilm is de
veloped by a conventional si lver hal ide b leach reversa l 
process, after completion o f wh ich all three f ilm areas 
will be projected simultaneously on the screen through th ree 
separate lenses and three p rimary color fi lters - red, blue 
and green. M ixin g or adding the primary co lors in pairs 
produces magenta, cyan and yel lo, whereas mixing a// three 
primary co lo rs w il l produ ce wh ite on the screen. This gives 
a total of six distinct and contrasting colors and wh ite. 

Actua lly, the composi te seven-color projection image is 
generated from three b lack and white nega tives like the 
three frames noted in Figure 5. Although these patterns are 
made on b lack and white fi lm, w hen they are projected they 
are individually illuminated by light passing through a di f
ferent primary color fil ter. These three images, if projected 
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FIGURE 5: Three-Frame Black and W hi te Fi lm Chip 
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FIGURE 6 : Three-Frame Fi lm Chip in Primary Colors 
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FIGURE 7: Composite Seven-Color Disp lay 
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side by side, w ou ld appear as three separate pictures in the 
three primary colors as shown in Figure 6. 

However, when a three-frame film chip is inserted into 
the projection gate of the CPPU, each frame is individually 
projected by a sepa rate lens in such a manner that all three 
patterns fall precisely on top of one another. As a resul t, 
the composi te seven-color display is achieved as shown in 
Figure 7. 

General D escription of the CPPU 

For an understand ing o f how the Camera Processor Pro
jector Unit pho tographs and processes the black and w hite 
f ilm, it w il l be he lpfu l to refer again to Figure 4. The func
tion of this un it is to photograph the CRT image on 35-
mi llimeter fi lm , chem ically develop the f ilm, reverse the 
ba ckgrou nd, and then to project the th ree images perfectly 
on the 12-foot by 16-foot rear projection screen . A delay 
of only 10 seconds w i ll occur between the updating signal 
and the updating itsel f. Whi le the new d isp lay is being 
pho tographed and processed, the old d isplay is kept on 
the screen continuously until about 1 second before the 
new di splay is p rojected. During th is 1-second interva l, or 
" bl ink-time," a shu tter interrupts the projected light path 
w hi le the two films are being interchanged. 

For projection purposes, the symbols, characters, and 
lines appearing on the f ilm are transparent, w hereas the 
background is kept generally dark and opaque. Th is process 
is achieved chemica lly by the following four steps: 
STEP 1: FI RST D EVELOPMENT 

After the f ilm has been exposed in the camera, i t is 
drawn into a developing head for 4 to 6 seconds wh ile 
the exposed areas are converted to opaque silver; this con
version produ ces a negative image. 
STEP 2: BLEACHING 

The fi lm is next drawn into a second processing head, 
where it is held for another 4- to 6-second interval, during 
whi ch the opaque si lver images are d issolved or bleached. 
The resu lt is that the photographed data appears as a clear 
transparent area. The background of the film, however, 
w h ich has not had its emulsion exposed to light, still con
tai ns unexposed silver halide. 
STEP 3: FLASH EXPOSURE 

When the fil m is drawn into the projection stati on, it 
is exposed to the extremely bright light of a 5000-watt 
xenon lamp, with the resu lt that the rema ining si lver hal ide 
on th e background of the film is exposed, or "flashed." 
STEP 4: SECON D D EVELOPMENT 

Within a split second the "flashed" background is de
veloped. Th is action ca uses the exposed silver halide to 
p rodu ce an opaque background. Since no further bleach
ing action takes p lace, the background rema ins da rk. 

No intermed iate or fi nal wash ing is used, nor is the fi lm 
fi xed, since i t is not kept for record purposes. Actually the 
w iping action o f the head seals perm its very li ttle carry
over or contamination of the chemicals. As a result, f i lms 
do no t show signs of deterioration or yellowing even 
after 6 months. The resulting film density will p roduce an 
image having a contrast ratio in excess of 100 :1. 

The Film Drive 

After the BDU has presented its three-color cycle on the 
CRT and the three camera shutters have exposed the film, 
the CPPU receives a signal to start the processing cycle. A 
timing elemen t then provides a seq uence of signals neces
sa ry to produce the foll owing events: 

A continuous drive system imparts the necessary inter
m ittent motion to the sprockets by means of a Geneva 
mechani sm. 

The sprocket drive pull s the film from the camera gate 
and positions it in the develop head, where it is permitted 
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to remain for 4 to 6 seconds. 
A second film transfer moves the same three frames into 

the bleach head, where they again remain for 4 to 6 sec
onds. While the new chip is being processed, the o ld dis
play is kept in the projection gate and visible on the screen. 
The slack loop has developed to abou t the size shown in 
Figure 4. 

During the next 1-second interval the following sequence 
of events takes place: 

a. First a light shutter, not shown in Figure 4, interrupts 
the light path and blanks out the d isplay for approximately 
·1 second. 

b. Wh i le the old film chip is pulled out of the projec
t ion gate, the newly processed film chip is transferred from 
the b leach head and accurate ly pos itioned in the projection 
gate. 

c. An optical vacuum plate pulls the fil m ch ip flat at 
the rear whi le the second develop and rinse bath is applied 
to the fi lm emu lsion. 

At the end of th is 1-second interva l the shutter is again 
opened, and the new image is p rojected on the screen. 

Film Splicer 

Although not shown in Figu re 4, there is an electronic 
film splicing modu le, wh ich allows the operator to make 
a quick splice of the end of one f ilm spool to the begin
ning of a new spool. Duri ng con tinuous operation the 
spl icer el iminates the need to shut down the machine, 
drai n all the heads, rethread the new film through the gates 
and heads, and then reestabl ish the f low of the chemicals. 
A new roll of fi lm is sp liced onto the end of the o ld roll 
w hile the previous p rojection is sti ll being viewed on the 
screen . Be fore the next fi lm can be processed, it is neces
sary to update the fi lm rap id ly three times in order to 
clear the exposed (fogged) film. This updating takes only 30 
seconds ; the total operation can be accomp lished in 5 m in
utes ; then the machine is again ready for normal operation. 

Chemical Supplies and Pumps 

The chemical system consists of two chemical banks, each 
of which has three tanks. Each bank contains 2-l iter tan ks 
of developer, bleach, and rinse solutions good for 12 hours 
of operation. When the first bank is exhausted, a solenoid 
valve automatically draws chemicals from the second bank 
for another 12 hours of uninterrupted operation. The de
pleted tanks can then be refil led and the cycle repeated 
for conti nuous operation . Circu lation of the chemicals is 
ach ieved by a pump which draws the f luids through the 
heads under negative pressure. The negative pressure system 
is used to prevent spillage of liquids in the event a head 
sea l or tubing connection were to fai l. 

FIGURE 8: Develop/Bleach Processing Head 
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Film Processing Heads 

The processing heads whi ch apply the developer and 
bleach solutions to the film emu lsion are fi tted with u ltra
sonic transducers which vibrate for intermittent periods. 
This action aids in effecting uniform processing of the fi lm 
and also prevents the buildup of excessive residues around 
the rubber seals. A picture of the processing head without 
the ultrasonic vibra tor is shown in Figure 8. Each process
ing head con~ain s three cavities, one opposite each exposed 
area of film. These are designed to permit the proper 
amount of processing chemicals to flow uniformly across 
the film emulsion from bot tom to top. This upward flow 
of chemi ca ls prevents any air bubbles from being trapped 
in the chambers and from thereby reducing the effective
ness of the chemical reactions. A pressure platen applies 
slight p ressure to the back side of the film and thus helps 
to confine t_he solu tions withi n the rubber seal surrounding 
the processmg chamber. The chemi cals flow th rough the 
heads at the rate of approximately 17 liters (4 gallons) per 
hour and are kept at 60 degrees Centigrade (140 degrees 
Fahrenhei t). 

Projection Head Assembly 

After the film is removed from the bleach head, i t is 
draw~ i nt~ t~e proje~ti_on head, a device shown in Figure 
9. Th1s umt IS a prec1s1on assembly which asures that the 
seven-color projection system operates wi thout excessive 
color fri~ging; _that is, the assembly causes the three images 
of the film ch 1p to be proJected precisely on top of one 
another. Thus there is no overlapping at the edges. 

FIGURE 9: Projection Head Assembly 

Lamp Cooling Requirements 

For proper lamp operation the manufacturer notes that 
the recommended air velocities must be maintained around 
the three cri ti cal regions of the lamp, namely the upper 
and lower lamp seals and the bulb itself. Insufficien t air 
velocities around these regions wi ll cause the seals to get 
too hot and resul t in premature fai lure. Too much air or 
cooling w ill cause the arc to be unstable and produce a 
nonuniform light. 

Calc_ulation of in itial air flow and aperture size were 
mad~ m or~er_ to a rr i v~ at an empirical design for the lamp 
hou~mg: Th1s mformat1 on was then used in the design and 
fabncat1on of a full-scale plastic model of the lamp as
sembly. The model included a dummy lamp and the neces
sary top and bottom supporting structures, three simulated 
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len~ cells, and the actual blower unit intended for the final 
des1gn. The transparent test model, shown in Figure 11 w 
then u~ed to take air velocity measuremen ts with the a~ 
of a p1tot tube and sta tic pressure gage. A fan was used 
to s~pply an air flow of 270 cubic feet per minute. Special 
restncted-throat sections of varyi ng sizes were made and 
tested to provide the increasing air velocities required at 
the critical areas from the bottom to the top of the lam 
v:-'i th a constant fan speed it was possible to modify t~~ 
s1z~ and the s ha~e of the open areas at the various critica l 
reg1ons surroundmg the lamp until the required air veloci
ties were attained. 
. In add ition to sa tisfying the coo ling requ i remen ts speci

fi ed for the lamp itself, i t was also necessa ry to dissipate 
the rad1 ated energy which stri kes the inner walls of the 
lamp housing. This dissipa tion was accomplished by means 
of a series of segmented annular openings along the inner 
walls of the lamp housing. These openings provided a cur
ta in of cool ing air from the bottom to the top of the mod
ule. After the proper air flow was established inside the 
plastic model, the experimentally determined dimensions 
were incorporated into the design of the actual lamp 
module. 

Design of a Protective Lamp Shield 

To establ ish the requirements for a shield which would 
protect the condenser opti cs, it was first necessary to ana
ly~e, and then. to simulate, the effects of a catas trophic lamp 
failure. The v1olen t failure of an operating lamp having 30 
atmospheres of internal pressure very closely resembles an 
explosion; thus the analyt ic approach was used to calcu
late the equivalent energy of th is explosion in terms of 
energy release of TNT. These resu lts were then converted 
into equivalen t amounts of black powder which could read
ily be packaged and discharged electrically inside a simu
lated glass bulb. 

In general, . the t~ansmission of energy of an exploding 
lamp occurs m vanous forms, but f lying particles, shock 
waves, and thermal radiation are the most important hazard
ous effects. From the appearance of the damaged lens 
sys tems resulting from earlier lamp explosions, it was con
cluded that shock waves were the most damaging agent 
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FIGURE 10: 5000-Wat t Interchangeable Xenon Arc Lamp Module 
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and that flying particles and thermal shock were only o f 
secondary importance. These assumptions, however, were 
proven incorrect in one of ~he series of explosion tests 
which were conducted for th1s purpose. 

Three approaches were employed to obtain estimates 
of the released energy during the failure of the bulb. 

Method I used knowledge of the power consumption of 
the bulb and made assumptions abou t the energy distri
butions for heating, excitation of the xenon atoms, and for 
ionization of the gas column. 

Method If employed the Helmholtz free energy functions 
and assumed no change in internal energy. 

Method Ill took into account only the pressure potential 
between the initial and final state of the bulb. 

Based on different assumptions, these determinations 
gave di fferen t estimates of the energy re leased, which var
ied from 1.25 to 3.40 grams of black powder. In spite of 
the dispersion, however, these estimates provided a good 
basis for the experimen tal simulation. 

Experimentation 
For the simulated explosion tests, a number of dummy 

pyrex bulbs were designed and blown to provide the flying 
glass particles. One and 2-gram black powder electric squibs 
in combination were then sealed into the dummy bulb to 
facilitate detonation from a safe distance. For each test, 
the charged dummy bu lb was placed inside a cylindrical 
housing fi tted w ith three lens cells to si mulate the actual 
lamp modu le as closely as possible. Th e protective shield 
under test was then placed around the lamp and in front 
of the lens cells. Detonation of the black powder charge 
shattered the bulb and propelled the flying glass parti cles 
into the pro tective shield . The results of this impact de
termined how well the shield could contain the flying 
glass fragments and prevent them from damaging the fragi le 
lens cells. The purpose in designing the shield was to create 
a device which would contain or impede all flying glass 
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FIGURE 11: Transparent Model of Xenon Lamp Housing 
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particles large enough to damage the exposed fens cells 
an? yet permit smalle_r, harmless particles to go through the 
sh1eld. At the same t1me the protective shield was to have 
a minimal effect on the light transmitted from the bulb 
passed through the optical system, and displayed on th~ 
screen. Different protective shield configurations were test
ed, each with varying charges of b lack powder ranging from 
1 to 3 grams. 

After 12 tests, one shield design was found to be satis
factory. This was a sp irally wound cyl inder made of stain
less steel wi re having a diameter of 0.011 inch and welded 
at every jo in t into a 3/16-inch mesh. The proper control o f 
the heat for the weld was very important so that the wire 
would not be burned or weakened unnecessari ly. The re
sul ting cyl inder was 3-3/16 inches in diameter 6 inches ta ll 
and was fi tted w ith four verti ca l 1/8-inch 'stainless steei 
rods we lded to it. The final screen assembly, shown in 
Figure 10, was then held in place by a specia l top and 
bottom adaptor which was secured to the lamp housing. 

Three Axis Orthogonal Adjustment 

Because of the high temperatu res produced in the lamp 
module, it is necessary to be ab le to adjust the arc center 
of the operat ing lamp after the assembly has become ther
mally stabil ized. In addition, any adjustments which are 
made must not induce any strains in the glass envelope, 
as these wou ld result in the premature failure of the lamp. 

To satisfy the above conditions, a special three-axis ad
justing mechanism shown in Fi gu res 10 and 12 was designed 
around a spherical joint attached to the top of the lamp. 
This joint, which supports the total weight of the lamp, 
is free to pivot about its own center while being translated 
along any axis of the th ree-axis adjusting mechan ism. This 
freedom of motion is essen tial to the lamp in the hot oper
ating condition so as to eliminate any twistin g or unneces
sary straining of the lamp stem. The bottom o f the lamp 
is fitted wi th a ball -shaped adaptor which permits the lamp 
to pivot and also freely slide up and down inside a loosely-

FI GURE 12 : Rear View Photograph of Xenon Lamp Module 
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fitting, fi xed ceramic bore (the bottom lamp insulator) while 
adjustments are being made at the top. 

Adjustments made to the arc center by moving the top 
of the lamp along any of the axes of the three-axis drive 
mechanism can readily be observed on the small projection 
screens provided at the rear of the lamp modu le. These 
screens, which can be seen in Figure 12, present an image 
of the arc itself as it is projected through a pinhole aper
ture in the rear of the lamp housing. Once the correct posi
tion of an arc image has been outl ined (traced or drawn) 
on the three small screens, it is a simple matter to reposi
tion the arc center of the same lamp or any replaced lamp 
in the same three-dimensional space. Such adjustments of 
the three-axis adjusti ng mechanism are made with the aid 
of a sma ll crank inserted through the muff, or ch imney, 
which surrounds the lamp module when it is operating 
on the machine. 

Interchangeable Lamp Module 

Because of the constant requiremen t to keep downtime 
at a minimum and to permit the quick replacement of an 
expended (or exploded) xenon arc lamp, it was necessary 
to provide a second interchangeable lamp module, com
plete w ith lamp and condenser optics, in a standby condi
t ion. For this purpose, a mobile cart shown in Figure 13 

FIGURE 13: Spare Lamp Module on Mobile Carl 

was designed on which to mount the interchangeable lamp 
modu le on a mounting identical with the one used on the 
CPPU. The cart is provided with the same air blower, power 
connections, high-vol tage ignition circuit, and lamp operat
ing con trols used on the primary equipment. With this ar
rangemen t the entire lamp module assembly can be checked 
and aligned to assure its proper functioning long before 
it wi ll be required on the machine. In this ready-to-use con
dition, the module, once checked, is protected wi th a 
cover and placed near the prime equipment. 

Removal and rep lacement of a lamp module on the CPPU 
is expedi ted by the use of a large indexing key and three 
simple hold-down clamps. On ly two electrica l connections 
are needed to reconnect the lamp into the operat ing ci r-
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cuit. Once the lamp is reconnected, the CPPU covers can 
be put on and normal operation resumed. 

Ozone Hazard 

Cooling air flowing around an operating xenon lamp 
which is rad iating intense ultraviolet energy results in the 
generation of ozone, an unstable but highly toxic gas. The 
concentration of ozone is kept at a safe level by a tight air 
duct which extends around the lamp module and which 
is kept under sligh t negative presure. A special el ectrical 
interlock assures that the fans w ill always be operating be
fore the lamp is ignited and also that they will run for 
twenty minu tes after the lamp has been tu rned off. 

Xenon high-pressure arc lamps are idea lly suited for th is 
type o f large-screen projection sys tem because they pro
vide an extremely bright li ght source from a very small and 
very stable arc. They are always ready for ignition and pro
vide a light sou rce having a color spectrum which closely 
resembles natural daylight. 

Operational Use 

The foregoing information refers to the seven-color CPPU 
which is presently in daily use at NORAD. Figure 14 shows 

FIGURE 14: NORAD La rge Wall-Display Presentation 

a si tuation display whi ch is typical o f those seen by CINC
NORAD; it includes a background map, superimposed no
tations, and summary data. As an operational piece of 
equ ipment, the CPPU was designed to work reliably for 
22 hours per day. In actua l operat ion it often exceeds th is 
design objective. Trained maintenance men are needed to 
service the unit. Detailed operating chaarcteristics and re
lated engineering data are summarized for reference in the 
Appendix at the end of this paper. 

CONCLUSION 

Up to this point the discussion has covered the major 
components required for a seven-color projection system 
using rapid processing fi lms and chemicals. Simpler three
color machines of th is type would require the same com
ponents bu t would eliminate the need for critical position
ing of the fi lm to achieve precise projection of images. 
As a resul t these machines would be less expensive. Like
wise a machine using color film projection or only black 
and white projection wou ld be further simpli fied in tha t 
i t cou ld use single-cav ity processing heads and much less 
fi lm for each updating. In addition, i t wou ld use a smaller 
hght source and only a single optical system for the camera 
and the projector. Such mach ines would use considerab ly 
less chemicals and much less power and would permit 
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the use of a simpl ified Basic Display Unit to provide the 
necessary electronic inputs. 

The fu tu re refinements o f film processor projectors will 
see great improvements. These will include reduced ma
chine size, reduced updating time, and el imination of 
"blink" time. The new machines will supply "hard copy" 
of the displays for handout, they w i ll be able to recall past 
presentations, and they will use little or no fi lm and con
siderably smaller amounts of chemicals. 

APPENDIX 

Camera Processor Projector Unit Characteristics 
425L Program, NORAO 

Operating Features 

Updating time 8 to 13 sec, depending on freshness of chemica ls 
Blink time Approx imately 1 sec 

Optical Ratios 

CRT to camera 

Film to screen 

Display 

Available colors 

2.25 in. x 3.00 in. (5.72 em x 7.62 em) to 
0.687 in. x 1.00 in. (1.75 em x 2.54 em) 
0.687 in. x 1.00 in. {1.75 em x 2.54 em) to 
12 ft x 16 ft {3.66 m x 4.88 m) 

Red, blue, yellow, green, cyan, magenta, 
and white 

Symbol size 
Maximum number of 

symbols 

2.88 in. x 2.16 in. or 1.44 in. x 1.08 in. 

1500 symbols and 500 lines 
Brightness 

Con trast rati o 
Co lor fr ing ing 

CRT type 

Repertoire 

10-ft lambers over 75% of screen for white 
characters 
In excess of 100 :1 

• Less than 0.12 in. {0.31 em) over 12- ft x 16-ft 
(3.66-m x 4.88-m) screen 

5 CEP 11 alum inized-magnet ic deflection 
128 symbols 

Symbol generation time 58.5 !'Sec to 11 7 !'Sec, depending on char
acter size 

Wri ting speed 

Film 

Type 

Chemicals 

Develop, bleach, 
and rinse 

Head temp and 
f low rate 

Lamp Module 

1250 in. per sec (31.75 m per sec) 1 line 
or symbol 

35-mm Recordak Posi tive. Estar base, per
forated SP 714 

4 l i ters each per 24-hr operating period 

Develop, bleach and rinse: 137° to 141 •f 
(sa• to 61°C) at 4 gal per hr (17 liters 
per hr) 

Lamp Osram XBO 6500 wf1 high-pressure, short
arc lamp operated at 5000 watts 

5000-watt operating cha racteristics: 
Operating vo l tage 40 VDC 
Operating current 125 amp 
Light intensity 23,000 cand les 
Luminous flux 230,000 lumens 
Average brightness 65,000 cand les per em' 
Arc size 2.3 x 9 mm 
Bulb dia 2.401 in. {61 mm) 
Lamp length 20.275 in. {515 mm) 
Bulb temp 8oo•c 
Seal temp 23o•c max 
Operating pressure 30 alm 
Cold pressure Several atm 

Lamp adj ustments Controlled independent XYZ orthogonal ad
justments on strai n-free top bulb support 
made wh ile lamp is burning. Strain-free 
bottom bulb support w i th no-fri ction slide 
and rocking capabi l ity 

Arc posi tion 3 pinhole projectors with calibrated screens 
verificat ion to veri fy ) -dimensiona l arc posi tioning with

in .010 in. (0.25 mm) 
Modu le Replace

ment time 
Igniter 

10 m inutes 

Osram B-6500/SP wi th 50,000-vo l t starting 
pulse. 12-in. x 10- in. x 6- in. (30.5-cm x 25-4-
cm x 15.2-cm) size; 15-lb weight 
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CPPU Reliabilit)' 

Inheren t MTBF: 

Inherent MTTR: 

Machine Size 

Dimensions 

Power Consumption 

Lamp: 
CPPU circu i ts 

and 
BDU inputs: 

179 h r based on SPERO tests Dec 1965 
0.23 hr. 

62 in. x 54 in. x 55 in. 
{157 em x 137 em x 140 em), 
excluding stack 

5000 w 

8000 w 
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The Relative Legibility of Uppercase and 

Th is paper reports work performed at The MITRE Corporation l or the 
Electronics System Divi~ion under Contract Number AF 19(628)-5165. 

ABSTRACT 
The re lative legibilities of common words typewritten in 

all-uppercase and all-lowercase letters were studied in three 
experiments. Human subjects identified the words shown 
one at a time for a short period. All -uppercase printing was 
found to be significantly more legible than all-lowercase in 
al l three experiments. The "word- form " of all -l owercase 
words was not found to in fl uence word identification. The 
use of uppercase letters is recommended for d isp lays. 

SECTION I 
INTRODUCTION AND BACKGROUND 

The designer of system displays has a special problem in 
legibility whenever a display does not provide the ordinary 
contextual meaning, the spacing and punctuation, and does 
not have the high resolution of the printing press to aid 
the viewer's reading. The display designer needs every ad
vantage he can get, and any reasonably attainab le increase 
in legibi lity is worth having. (See Ref. 10 for a discussion 
of current problems.) Many displays use all capital letters, 
but since the average reader is trained to read lowercase 
printing, it may be possible to make gains in display legi
bility by using lowercase symbols. Th erefore, it is worth
whil e to determine whether lowercase letters are more legi-
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ble than uppercase letters for reading tasks l ike those found 
with system displays. 

There are several reasons for suspecting that lowercase 
symbols are better. Several investigators have reported that 
lowercase prin ting is read faster and more accurately than 
is all -uppercase printing.2• 15, 17, 18, 20 Tinker has repeatedly 
drawn attention to the effects of lowercase wordform in 
making words more legible_l'Z., 13, 16· 17 The difference in 
word-form between a lowercase and uppercase word is 
shown in Figure 1, in the manner of Tinker. It is conceivable 
that word-form wou ld help lowercase words retain superior 
discriminability when they are seen alone or ou t of the 
con text of common phrases. 

At the same ti me, there are severa l experiments in which 
the uppercase letters and words were found more legible. 
Tinker,16• 17, p.59 Paterson and Tinker,13 Berger,1 Hodge,8• 

9 

and Forbes, Moscowitz and Morgan6 al l found that capi ta l 
letters and words in all capitals were correctly perceived 
fa r ther from the eye than were lowercase letters or words. 
Hodge9 also found that words in al l capitals were of super
ior legibi lity to words printed with an initial capi tal and the 
rest of the letters in lowercase. Berger disagrees with Tinker 
on the benefits of lowercase word-form ; " Form of words 
as such due to differences in group ing of constituent letters 
appears to have no specific influence upon [the distance 
thresho ld of recognition] of words."1, P· 222 (i tali cs his). These 
findings support the contention that uppercase letters would 
be better for use in sys tems w herever unordinary reading 
tasks are involved . 

There are also experiments wh ich support neither upper
case nor lowercase prin ting. Crook, Hanson and Weisz,

5 

in an elaborate study of several typographical variables, 
found that "Capitals could be read more read ily than lowe~
case when occupying the same prin ting area." (See their 
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Lowercase Typewritten Words by GLENN C KINNEY 
and DIANA J. SHOWMAN 

The MITRE Corpo ratio n, 
Bedford, Mass. 

Abstract and Figure 1.) Unfortunately, they used one kind 
o f task for lowercase and another kind of task for upper
case, wh1ch makes a direct comparison depend upon a 
we1ghted "le~ib .i l ity score" they developed. Fox7 compared 
low~rcase prmtmg w1th all -capital printing in which the 
c~p1tals were of the same size, and occupied the same line 
d~stance, as the smaller lowercase. He found no significant 
d1fferences between the two letter cases in speed and ac
curacy of reading when the subjects were instructed to read 
for comprehension alone. He also found no differences in 
comprehension when the subjects were instructed to read 
as rapidly as possible, and no differences in average rate 
of readmg. Paterson and Tinkerl 3 showed headlines to sub
Jects w1th the exposure held constant at 180 milliseconds. 
They reported no di fference between uppercase and lower
case letters. Tinker19 studied the ra te of eye blinking wh ile 
readmg text pnn ted e1ther 111 all-uppercase or in all-lower
case letters. His data show more blinks when reading the 
lowercase letters, but the differences were reported to be 
not statisti ca lly significant. HodgeS found no difference in 
the distance threshold of confusion between the large and 
small lowercase letters, concluding that the legibility of 
lowerc.ase letters depends largely upon the smaller details 
of the~r const~uction. Since his concl usion in this regard is 
probably applicable to the uppercase letters also, one is left 
to guess about the relative perceptibility of detail in upper
case letters. 

In ~dd ition to differences in experimental resul ts, there 
are differences of opinion. The two extremes are repre
sented .by Tmker17 and Hodge.9 Tinker w ro te, " The use of 
all .cap1tals should be d ispensed with in eve ry print ing si t-
uati on " 17, v.as Hodg t " Th d . a . : . e wr.o e, e ata were mterpreted 
s 1nd1catmg that, for opt1mal performance, si ngle-word in

ftrumen t panel labels shou ld be printed in all uppercase 
et ters · .. ", and he noted " The lack of agreement between 
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t~ese findings and a la rge portion of the legibility research 
literature . .. ".9• v.aa There are opinions between these ex
tremes all of which make it clear that the issue is not re
solved. 

!serve I SERVE 

r<rre-arm DREAM 

~ CLEAN 

~ COLOR 

~ SMOKE 

rrnountJ MOUNT 

!fi'oorl FLOOR 

~ LABOR 

@rS?eJ TASTE 

[i'oufji) TOUCH 

FIGURE 1: Showing word-form, after Tinker, of words in al l lower
case letters (left), and their counterparts in all uppercase 
letters (right). These ten word-fo rms were those of Ex
periment 3, and the words above were taken from the 
li sts used and are shown here with the same type face. 
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Part of the confusion has arisen because diffe rent writers 
use the term "legibility" with different meanings. As Cor
nog, Rose and Walkowicz point out, " In the legibility litera
ture, there is much confusion and overlap in the usage of 
the terms legibility, readability, perceptibility and visibility." 

" In general, legibility refers to the characteristics .of print~d, 
written or other displayed meanmgfu l symbolic materral 
which determin e the speed and accuracy wi th which the 
materi al may be read or identified." 4• p.l , 2 Obviously, if 
" more legible" means "superior performance in all reading 
situations," then the argument will go on forever. 

Yet, the data of the l iterature are in agreement on at least 
two counts. There seems to be no doubt that first, standard 
text is read more rap id ly and accurately in lowercase than 
in uppercase prin ting, or tha t second, capital letters and 
words are read at a greater distance than lowercase of the 
same point size. 

STAND YOUR GROUND. DON'T FIRE UNLESS Fl 

Stand your ground. Don' fire unless fired 1234567890 
12 point Bernhard Gothic Medium 

STAND YOUR GROUND. DON'T FIRE U 
Stand your ground. Don't fire unl 1234567890 

14 point Bernhard Gothic Medium 

STAND YOUR GROUND. DON'T 
Stand your ground. Don 1234567890 

18 point Bernhard Gothic Medium 

STAND YOUR GROUN 
Stand your ground. 123456 

24 point Bernhard Gothic Medium 

STAND YOUR GRO 
Stand your grou 123456 

30 point Bernhard Gothic Medium 

FIGURE 2. Showing the symbol sets for different point sizes in one 
style. Taken from A Specimen Book of Types by permis
sion of The lexington Press, Inc., lexington, Mass. 

Poin t size is a term for the size of a set of uppercase 
and lowercase syrnhols as shown in Fi gure 2. It is clear 
from inspection of Figure 2 that the letters of a given point 
size are of different heights and various widths (see Figure 
3 for o ther type faces) . Since the distance at which a letter 
can be correctly perceived is proporti onal to the size o f the 
letter (within rather narrow limits), a comparison of upper-
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case and lowercase letters or words using a given point size, 
and using the distance of correct perception as the measure 
of legib ility, is biased in favor of the uppercase letters. Thus, 
it is easy to understand the results of experimen ts like those 
of Hodge.8• 9 

It is also easy to understand why the lowercase letters 
are found to be more legible when the measure is speed 
of reading. One reason is that subjects have much more 
reading experience with lowercase printing th an with up
percase printing. A second reason is tha t the letters' widths 
in lowercase are smaller, and the denser printing puts more 
words to the inch and req uires fewer inches o f visual scan 
per word or ph rase. Fu rthermore, many experiments on 
speed of reading use a standard English text, such as news
paper articles or common sentences. In this ci rcumstance, 
the redundan cy of words and phrases enhances ease of scan
ning lowercase prin ting more than uppercase because more 
print is scanned per inch with the smaller lowercase print
ing, and the more print scanned, the more likely is the see
ing of a redundant word or phrase. Thus, experiments on 
speed o f reading find that lowercase printing is more legible 
than uppercase in precisely those situations best suited to 
give lowercase printing the advantage. 

What about the reading situation of a visual display in 
a mi litary system? Which form of printing has the ad
vantage. there? The question of in terest may be answered 
in part by experimenting on the speed and accuracy of 
word recognition under reading and viewing conditions 
similar to those found w ith d isplays. This paper reports 
two such experimen ts. In add ition, the effects of word
form on speed and accuracy of iden ti f ication of lowercase 
words were examined in a third experiment. The experi
ments and thei r resu l ts are described below; greater detai l 
is given in the ori ginal paper from which this article is 
takenl l The results u.nd conclusions for each experiment are 
discussed after the description of the third experiment. 

s m i 1 e S M I L E 

BECOME b e c o m e 

C H I E F c h i e f 

a c c e p t A C C E P T 

r a t h e r RA TH E R 

F I F TY f i f t y 

KNOWN k n o w n 

0 u g h t 0 UGH T 

REPORT r e p o r t 

e i g h t E I G H T 

FIGURE 3 : Showing the f irs t ten words from the two l is ts, and with 
the type face, o f Experiment 1. 
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Purpose 

SECTION II 
EXPERIMENT 1 

This experiment compared the recognition time of sub
jects reading common words typed in uppe:case letters 
w ith the recognition time for the same words m lowercase 
letters. Since each word was seen in isolation and in a 
random sequence, there was no redundancy between words, 
as there wou ld be in a normal sentence, but there was re
dundancy between letters, of course. It was assumed that 
the amount of redundancy in the words approximated the 
redundancy found in many system displays, and that the 
resu lts of the comparison would apply to these system sit
uations. 

The words were shown at random in two lengths (five 
letters and six letters), and in the two letter cases. Thus, 
the subject did not know in advance which word, nor which 
letter case, would be shown next. Each word was shown 
for 100 milliseconds, and each subject was told, before his 
data were taken, that the experiment was a study in per
ception time. 

Apparatus 
Sixty common five-letter and six-letter words14 w ere 

typed wi th one space between each letter on a length of 
whi te adding machine tape w ith an IBM standard electric 
typewriter with a carbon ribbon. A second list (List 2) of 
the same words was typed in the same manner as List 1, 
except that in Lis t 2 the words which were in lowercase 
in List 1 were in capi tals, and the words which were in 
cap ital s in List 1 were in lowercase (see Figure 3) . 

The words were shown in a Gerbrands tachistoscope to 
each su bject. Each field was illuminated by wh ite f luores
cen t lamps, and was painted flat white. A small rectangle, 
larger than the word, was drawn in the center of the pre
exposure field to allow the subject to fix his eyes where 
the words would appear. The subject saw a lighted fie ld 
all the time, with a brief exposure of the word in the center 
of a white field preceded and followed by a plain white 
field with a rectangle in the center. The brightness of the 
pre-exposure field was 7.5 ft-L, and the white part of the 
tape in the test field surrounding the words was 9 ft- L. A 
timer started when the subject pressed the button, and 
stopped when the subject spoke into a microphone. Equip
ment delays were negligible. 

The heigh t of uppercase letters subtended 13 minutes of 
arc at the subject's eyes. The height o f the tall lowercase 
letters subtended 13.5 minutes of arc, and the 13 small 
lowercase letters subtended 9.5 minutes of arc. These visual 
sizes were, therefore, well above threshold size. 

TAB LE I 

Mean response times and errors for 
both letter cases in Experiment 1. 

Mean Response Number 
Time in Seconds o f Errors 

Uppercase .552 21 
Lowercase .576 23 

Procedure 

Percentage 
Error 

1.5% 
1.5% 

The subjects, 30 MITRE employees, were tested one at 
a time. Each subject was instructed to call out each word 
as quickly as possible, and to guess if he was not su re ·of 
a word. The su bject looked into the tachistoscope, and when 
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his eyes were fixated on the rectangle and he was ready 
to see the word, he pressed a button. The experimen ter re
corded the reaction time to each word and whether the 
response was correct or incorrect, and advanced the tape 
to the next word, af ter which the subject again pressed his 
button when he was ready to see the next word. Half of 
the subjects were shown List 1 and the other hal f List 2; 
subjects were assigned to lists at random. 

Results and Conclusions 
The mean response times and errors are shown in Table 

I. The difference between the means is statist ically signifi
cant (correlated t = 4.44, p < .005), but the difference in 
frequency of error is not. 

Conclusion 1. Common words typed w ith one space be
tween adjacent letters are recogn ized more quickly when 
printed with all-uppercase letters than with all -lowercase 
letters, there being no difference in accuracy. 

enough ENOUGH 

dance DANCE 

PRESS press 

change CHANGE 

MOMENT moment 

STRIKE s trike 

HONOR honor 

watch WATCH 

THING t hing 

voice VOICE 

FIGURE 4: Showing the f irst ten words from the two l ists, and w ith 
the type face, o f Experiment 2. 

Purpose 

SECTION Ill 
EXPERIMENT 2 

The second experiment was done to see if the results 
of the first experiment depended upon the inter-letter spac
ing, which may have favored the uppercase words. Th~re
fore the words were typed on an IBM Executive typewnter 
with Modern type and a variable inter-letter spacing whose 
typed output looks more like regular printing (see Figure 4). 
In most other respects, this experiment repeated the first 
one. 

Apparatus and Procedure . 
The apparatus and the procedure were the same as 111 

Experiment 1 except that a new list of 60 five-letter and six
letter words was compiled. 

Twenty-seven of the 30 subjects in Experimen t 1 served 
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as subjects in Experiment 2. Fourteen subjects saw one list 
and thirteen saw the other, again being assigned at random. 

Results and Conclusions 
The mean response times and errors are shown in Table 

II . The difference between the means is statistically signifi 
cant (correlated t = 2.00, p < .05). The error frequencies 
were too small to permit statistical analysis. If the errors 
in Experiments 1 and 2 are pooled (uppercase = 24, lower
case = 34), the difference is not statistically significant (X2 

= 1.72, .10 < p < .20). 
Conclusion 2. Common words typed with style and spac

ing similar to ordinary print are recognized more quickly 
when printed in all-uppercase letters than in all -lowercase 
letters, there being no difference in accuracy. 

Uppercase 

Lowercase 

Purpose 

TABLE II 

Mean response times and errors for 
bo th letter cases in Experiment 2. 

Mean Response Number 
Time in Seconds of Errors 

.525 

.534 

SECTION IV 
EXPERIMENT 3 

3 
11 

Percentage 
Error 

0.4% 
1.7% 

This experiment on the effects of word-form was sug
gested to the authors by some of Tinker's commer)ts. He 
wrote, " . . . total word-form is more important in perceiv
ing words in lowercase than in all capitals where perception 
occurs la rgely by letters. This conclusion is supported by the 
fact that words in lowercase yielded more misreadings than 
words in capitals. In the lowercase print, the incorrect word 
frequently had a total configuration or form similar to that 
of the stimulus word."17• P-59• 60 Also, " ... 'word-form' is 
absent when printed in all capitals."l2, P-25 It follows· that 
the influence of word-form can be studied by examining 
the distribution of errors made when subjects read words 
in lowercase. 

This is to say that if words in lowercase are of, say, 10 
different word-forms (see Figure 1), and are shown to sub
jects who make errors in reading the words, then the words 
which we re given in error should be words whose form is 
the sa me as the form of the word that was actua lly shown 
when the error was made. At least, the errors made should 
be distributed proportionately more to the sa me form than 
to different forms. 

If (a)the subject were shown words in both uppercase 
and lowercase in random sequence, and (b) the same guess
ing procedure were followed for both cases, and (c) each 
word appeared in both cases, then h is erroneous responses 
to uppercase words could be used as an indicator of his 
guessing preferences. Since each word would be in both 
uppercase and lowercase letters, the uppercase words fall 
into two classes, those whose lowercase counterparts are 
of the same word-form as the word shown, and those whose 
lowercase counterparts are of different word-form. There
fore, the subject's distribution of errors made for uppercase 
words (whi ch lack word-form) is the best estimate of h is 
guessing preferences in the absence of word-form. This 
distribution is thus the distribution expected to occur with
out the effects of word-form, and it may be compared di
rectly to the distribution which occurred with the lower
case words where the effects of word-form should appear. 
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The hypothesis is that when the subject guesses wrongly, 
he chooses a lowercase word whose form is the same as 
that of the lowercase word shown. 

If each word, in both letter cases, were first shown to 
the subject at an exposure time too short for ready recog
nition, and if the time were increased by small steps until 
correct identification occurred, a sample of erroneous re
sponses would be generated. Finally, the exposure time re
quired for correct recognition of uppercase words could be 
compared to that fo r lowercase words as another way of 
examining the comparative legibilities of the two letter 
cases. 

Apparatus and Procedure 
Of the 20 test words, two words o f each of 10 word 

shapes were ch osen. The term "word shape" here refers 
to the distribution of tall letters and small letters in a word 
typed in lowercase, which give the word a characteristic 
outline, after TinkerP The 10 word shapes used in this 
experiment are shown in Figure 1. Four practice wo rds had 
shapes different from any of the test words. 

The test list was typed as in Experiment 2 (see Figure 1). 
Each word appeared once in lowercase and once in capitals, 
the order of words on the list being random with respect 
to letter case, word shape or alphabetic order. Two other 
lists, given to the subject as a reference to choose from in 
responding, contained the same words ; all the words were 
typed in capitals on one list, and all were in lowercase on 
the other list. The reference lists con tained four words (two 
test words and two extra words) of each of the ten word 
shapes. 

TABLE Ill 

Total erors made by all subjects in Experiment 3 when the words 
were of the same or different word-form than the word actually 
shown. The errors made with uppercase were taken as the cor
rection for guessing preferences. 

Uppercase 
Lowercase 

Same 
Word-form 

28 
46 

Different 
Word-form 

187 
239 

The words were shown in the tachistoscope as described 
previously. Seven subjects, all screened for 20/20 visual 
acuity, w ere tested. Each subject was told, before data were 
taken, that the experiment was a tes t of guessing prefer
ences, and not to worry about making errors. Each word 
was shown several times in succession, with each exposure 
of the word 2 milliseconds longer than the last exposure, 
until the subject guessed the word correctly one or two 
times. The su bject was required to guess at each exposure 

TABLE IV 

Errors made by all subjects in Experiment 3 on the trial immed
iately before a correct word identification when the words were 
of the same or different word-form than the word actually shown. 
The errors made with uppercase were taken as the correction for 
guessing preferences. 

Uppercase 
Lowercase 

Same 
Word-form 

18 
26 

Different 
Word-form 

105 
102 
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of a word, choosing a word from the two reference lists 
before h im. Each word was shown at least two times and 
not more than eight times. The subject's response was re
corded for each word at each exposure time it was shown. 

Results and Conclusions 
The errors made by all subjects were pooled, and are 

shown in Table Ill. With the distribution for uppercase 
errors as the expected frequencies, the distribution of lower
case errors to same or different word-form was not signifi
cantly different from chance (X2 = 2 .52, .10 < p < .20). 

Another, and si milar test of the same hypothesis was made 
for those errors which immediately preceded a correct word 
identification (see Table IV). Again, the di stribution of low
ercase errors to same or different word-form was not sig
nificantly different from chance (X2 = 3.34, .OS < p < .10). 

Uppercase 
Lowercase 

TABLE V 

Exposure Time in Milliseconds 
4 and 6 8 10 12 and 14 

59 39 12 11 
22 48 33 19 

Conclusion 3. Word-form, as defined here, has no sig
nificant effect on the recognition of lowercase words seen 
in isolation. 

The frequencies of occurrence of the fi rst correct word 
iden tifications for both uppercase and lowercase words are 
shown for different exposure times in Table V. The data 
for 4 and 6 milliseconds, and for 12 and 14 milliseconds 
were too small for a Chi Square analysis . . The distribution 
shown in Table IV is significant ly different from chance 
expectancies (X2 = 29.77, p < .01), and indicates that words 
in all-uppercase letters were recognized correctly at shorter 
exposure times than were words in all -lowercase letters. 

Conclusion 4. Common words seen in isolation are rec
ognized more quickly when printed in all-uppercase letters. 

SECTION V 
DISCUSSION AND RECOMMENDATION 

The time required by subjects to recognize words and 
speak them correctly was shown by the first two experi
ments to be shorter for uppercase than for lowercase print
ing. The third experiment substantiated these two find ings 
by showing that correct word identification occurs at a 
shorter exposure time when the words are printed all in 
uppercase letters. These findings were made when the 
words were seen free of the usual contextual cues and vis
ual scanning habits. It appears that, for applications o ther 
than ordinary printing, the uppercase letters are to be pre
ferred. 

Since the actual di fferences in response times were all 
small, it might be argued, on the basis of the literature, 
that lowercase is to be preferred because of the advantages 
of word-form. Th is argument is unsound in view of the re
sults of the third experiment. Here, not only was there no 
significant effect of word-form, but the uppercase words 
were seen at shorter exposure times. Finally, since the oc
currence of errors in all three experiments was in favor of 
the all-uppercase printing, the superior legibility of all
uppercase words in this study seems unambiguous. 

It is recommended that uppercase letters be used in 
those applications other than ordinary printing. Such ap
plications are found in many military, government, and com
mercial displays. 
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Means for 

ABSTRACT 
A means is described for improving the apparen t resolu

tion of a television system withou t an increase in band
width. The technique depends on the short term temporal 
integration characteristics of the observer's visua l system 
and involves a minimum of electronics. By use of a suitable 
switching time delay in one of the oscilla tors, the raster 
lines are displaced by a discrete fraction of the height of 
one line at the start of each frame, while maintaining pre
cise in terlace at both camera and monitor throughout both 
fields of the frame. Tests for accuracy of recognition of 
random alphabetic characters indicated improvements over 
a standard raster scan as great as 75% for the smallest 
characters employed. 

INTRODUCTION 
Video space communications are and wi ll continue to be 

power l imited. Because of the direct relationship between 
power and bandwidth, bandwidth limitations must neces
sa rily be imposed. Commercial television is also bandwidth 
limited, but for a d ifferent reason. The available channel 
w idths have been l im ited in order to permit a reasonable 
number of competi tive channels within the total amount 
of electromagnetic spectrum available. 

Transmission bandwidth in turn determines the total num
~er of pic~ure elements which can be transm itted per uni t 
t1me. Gettmg th e most possible information out of these 
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• 
ImprOVIng apparent 

elemen ts thus becomes a matter of utilizing them most ad
vantageously. For the time frame during which they were 
established, the present RETMA standards represent a sur
prisingly good first approximation of requirements neces
sary to provide the home viewer w ith a reasonably good 
picture. The 30 Hertz frame rate avoids objectionable flick
er, and the use of two interlaced fields per frame avoids 
di fferen tial vertical brigh tness of the pictu re. 

Since the establishment of these standards, a number of 
techniques have been developed for bandwidth reduction 
for special purposes. Before categorizing these, some fur
ther discussion is required. Television ordinari ly implies 
repetitive random presentation . Therefore, a technique ap
plicable to a single picture is not necessarily equally ap
plicable to multiple pictures which must present contin
uous imagery without objectionable flicker or discontin
uities, "continuous imagery" in this case meaning frames 
presented at rates above the visual flicker threshold of the 
observer. 

For a single picture, it becomes appropriate to consider 
that major changes in gray or hue level do not occur be
tween every elemen t, and that therefore, bandwidth can 
be conserved by transm itting in formation on ly when a gray 
level or hue change has occurred. For a simple cartoon 
character displayed on a standard TV raster, this could 
resu lt in a major reduction in bandwidth. For pictorial ma
terial , the bandwidth reduction which might be possible 
cou ld vary widely. To transmit continuous imagery via mu l ti
ple frames wou ld thus require that the number of gray scale 
or hue changes for each frame be counted; from this, a 
probable number of raster lines which could be transmitted 
be approximated, a second count of changing elements 
made w i th th is number of raster l ines to make certain that 
the avai lable bandwidth has not been exceeded (in which 
case, higher order approximations would be needed), and 
the pi cture finall y transmitted. The complexity of the equip
ment required to do this is not parsimonious. 

For continuous imagery, o ther techniques requiring less 
in the way of brute force mechanization have been tried. 
Systems involving irregular in terlace for example, are typi
fied by those of L. F. Mayle1 and P. M. G. Toulon. 2 Neither 
o f these have any compatibil ity with presen t broadcast 
stan dards, and both are subject to regu lar line "crawling" 
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television resolution 

which provides an annoying distraction. More recent varia
tions of these techniques have been introduced by Dr. 
Deutch of Brooklyn Polytechnic lnstitu te,3 and E. Smierciak 
o f the ITT Industrial Laboratories4

• Both of these latter sys
tems have concentrated on obtain ing a major reduction in 
bandwidth while avoiding fl icker and maintaining some 
graceful degradation of picture qua lity, as opposed to our 
aim of improving picture quality while maintaining existi ng 
bandwidths. 

The most successful technique thus far developed for 
increasing picture quality for a given bandwidth has been 
that of apertu re correction as employed by CBS Laborator
ies. This method takes in to account the fact that the elec
tron beam is moving at all times, and that there is a meas
urable delay in the phosphor response and decay. Thus, if 
th ree successive picture elements are stored, it is possible 
to modify the signal for the middle element before it is 
transmitted, so as to take into account the correlation from 
previous and fo llowing elements. A major improvement in 
gray scale rendition and in sharpness thus occurs. Horizontal 
apertu re correction is relatively easy to achieve, since i t is 
necessary to store and compare only th ree elements at any 
one time. Vertical aperture correction is, on the o ther hand, 
extremely diffi cult, since all picture elemen ts in three scan 
l ine (approximately 1200 elemen ts for a standard 525 l ine 
system) must be stored to allow the comparison. 

The techn ique which we have studied resulted from the 
casual observation that a single frame of motion picture 
film when viewed under a magni fier has surprisi ngly poor 
resolution when compared with the apparent quality of the 
pictures projected at normal frame rates on a large theater 
screen . Under the hypothesis that at least some of th is ap
parent difference resulted from the random grain structure 
of the photographic emulsion and the ability of the human 
visual system to perform a short term temporal integration 
of the information in different frames to piece together the 
most probable picture content, it appeared that this phe
nomenon should be equally appl icable to television. 

If one thinks o f the TV raster as a "grain" (not to be con
fused with the phosphor grain, which is orders of magni
tude fi ner), existing RETMA standards dictate that the raster 
should appear in th e same position on each success ive 
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frame, and this then does not yield the same effect as that 
occurring w ith motion picture fi lm. Instead of using the 
existing o• phase re lationship between horizontal and verti
ca l oscillators continuously, it merely becomes necessary 
to change to a new phase relationship at the start of each 
frame and to maintain th is precise relationship throughou t 
both fields of that frame, again changing to a new phase 
relationship at the start uf the next frame. Furthermore, this 
is required at both the camera and monitor in order to 
maintain the correct positional rela tionsh ips of imagery. 

This serves to displace the raster by a fraction of the 
width of a raster line on each successive frame, so that 
the visual system can perform a temporal integration of the 
different information in the different raster " grains." 

Systems Implementation 
It is possible to implement the desired change in the posi

tion of the raster in a number of ways incl uding (1) using 
a su itable switchable time delay network in one of the 
oscillators, (2) disconnecting the ground on the vertical os
ci llator and adding a small bias vol tage at th is point, the 
amount of the bias being changed every frame and kept 
fixed for both fields of that frame, or (3) using camera 
and p ictu re tubes having both electrostatic and electromag
netic deflection so that one deflection system can be used 
in the normal ~anner and the other can supply the addi-

NIB NON-INVERTING BUFFER 
FF BISTABLE MULTIVIBRATOR 

TRIGGER 

TRIGGER 
VERTICAL 

OSCILLATOR 
IN 

MONITOR 

FIGURE 1: Block diagram of modified closed circui t T.V. system 
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tional deflection required in the horizontal or vertical (or 
both) planes. For our research, we used the first o f the 
above-listed techniques. 

The available system consisted of a Dage Model 91 
Camera, a Dage Model 420 Camera Contro l Unit, a Dage 
Type 431 Dual Transistorized Synchronizing Generator, and 
a Miratel Model LV14M Monitor. 

The circui try described below illustrates the method by 
which we modified this system in order to obtain the de
sired phase shifts between frames while maintaining the 
interlaced fields within each frame. For explanatory pur
poses, a si mple frame sequence (the series of inter-frame 
phase shi fts) has been chosen for illustration. However, 
once the block diagram of Figure 1 is understood, it be
comes an easy matter to visualize which additional blocks 
wo uld be required to set up any frame sequence desired. 

For what follows; H is the duration of one scanning line, 
which in a 525 line system is 63.492 usee, and V the dura
tion of one fie!d, which in a 30 frame per second system 
is 16.689 msec. 

The raster configuration of the illustrative system pos
sesses twice as many lines as it would normall y, and the 
lines are equidistan t from one another. In oth er words, 
each two frames interlace in the same manner as each two 
fields interlace. Figure 1 represents the black box added 
to the existing closed circuit television system to provide 
the desi red raster confi gu ration, and shows the relationship 
of th is black box to the balance of the system. Figure 2 
presents numbered waveforms correspond ing to the num
bered locations in Figure 1. 

NUMBER DESCRIPTION 

I. VERTICAL DRIVE 
FROM SYNCHRONIZING 
GENERATOR 

2. FF I 

3. FF 2 

4. FF 2 

5. NONOELAYED 
PULSE TRAIN 

6. DELAYED 
PULSE TRAIN 

7 AND GATE I 
3 AND 5 

8. AND GATE 2 
4 AND 6 

9 OR GATE 
7 OR 8 

FINAL TIMING 
SEQUENCE 

Ov 

' 
Ov I 

If--~ 
_:j~-' _ ___, 

I !--------' 

Ov 

inJ 
I 
I 

FIGURE 2: Waveforms correspondence to the numbered locations in 
Figure 1. 

From these Figures, it can be seen that the vertical drive 
pulse from the Sync. Generator is first formed into a group 
of pulse trains, each of which is delayed by the desi red 
amount with respect to the original pu lse train. In this par
ticular case, one train is not delayed and the other is de
layed by H/4. Th ese trains are then broken into pulse pairs, 
each of which retain the 63.492 usee. timing between the 
leading edge of the first pulse of the pa ir and the leading 
edge of the second pulse. This timing relationship allows 
consecutive fie lds to interlace in their formation of a frame. 
The vari ous pulse pairs are then recombined into a pulse 
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tra in which has the desired in ter-pulse-pai r timing, allow
ing the frames to be shi f ted with respect to one another and, 
in th is case, the frames to be interlaced. The newly formed 
pulse train is now split into two trains. Both tra ins receive 
fina l shaping by a monostable multivibrator before pro
ceeding to their respective vertical osci llators - one in the 
camera and the other in the monitor. 

Sys tem Test 
Rath er than using standard resolution charts and relyi ng 

on purely subjective judgment as to the amount of reso
lution attained with the modfied versus unmodified sys tem, 
it was decided to test the abi li ty of experimental subjects 
to identi fy small capital letters presen ted on the monitor. 
For this purpose, a series of cards, each containing one 
hundred random capita l letters, was prepared using a Leroy 
lettering guide. These cards were photographically enlarged 
and reduced to yield the desired increments in character 
size, placed 45" in front of the camera and evenly illumi
nated at 400 foot candles . Experimental subjects w ere given 
the task of identifying the characters on the moni tor whi ch 
was located on the other side o f a partition. Ambient illumi
nation at the mon itor was maintained at 1.7 foot candles, 
and the tube brightness and contrast adj usted to yield a 
highlight brightness of 4 foot-lamberts and a character 
brightness of 0.75 foot-lamberts. Subjects were given com
plete liberty to select thei r viewing distance. 

During prel iminary tests, several scan variations were pre
sented. All of the experimental scans showed significant 
improvement over the standard scan. Fu rthermore, no ex
perimental scan showed significant improvement over any 
other experimental scan. For this reason, the later and more 
comprehensive test was limited to a comparison of the 
standard scan and the H/4 scan previously described. Five 
female subjects were used and material presented in 
counterbalanced order as to type of scan, so as to eliminate 
any effects due to practice. All subjects started wi th the 
largest character size and viewed progressively smaller char
acters on each trial. No time constraints were placed on 
subjects. Each subject was tested w ith a total of seven dif
feren t character sizes on each of the scan patterns. 

Test Results 
The mean improvement in recogni tion accuracy for the 

experimental scan over the standard scan for the five sub
jects at each of the characte r sizes used is depicted in Fig
ure 3. As might be anticipated, for the larger characters 
where recognition is relatively easy, there is li ttle improve
ment. However, when the task becomes difficu lt, improve
ment in recognition may be as great as 75% when data 
are corrected for chance effects. A t test for difference in 
means gave a value well beyond the .9995 level of signi fi
cance, and it should further be noted tha t all subjects per
formed better on the experimental scan. 

Several video engineers who viewed the monitor ex
pressed concern over the apparen t lack of system stability, 
as evidenced by the shifts in raster posi tion. Of the fi ve 
subjects, on the other hand, only one noted a difference 
between the experimental and standard rasters without 
being directed to look for such a d ifference. Of the re
maining four subjects, each o f whom had an opportunity 
at the end o f the test sequence to repea tedly shift between 
the two rasters, one subject was completely unable to d is
cern any difference. Fi nally of the four subjects that did 
become aware of a difference, two indicated a mild pref
erence for the standard raster, one a mild preference for 
the experimental raster, and the last subject had no pref
erence. 

The effect here then was that rather than viewing mater
ials behind fixed bars, all portions of the material could be 
seen at one time or another as as the bars changed loca
tion . To some exten t, the effect resembled that achieved 
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FIGURE 3: Improvement in recogn it ion level for experimental scan 
over standard scan. All data corrected for scores attribut
able to guessing. 

with the Wobbulator principle5 wherein a high frequency, 
low amplitude signal is imposed on the vertical oscillator 
of the monitor so as to red uce the apparent sharpness of 
the scan lines. It should be noted, however, that the use 
of the Wobbulator principle results in a decrease rather 
than an increase in resolution since information is displaced 
from its true position on the tube face. To uti lize this prin
ciple at both camera and monitor synchronously, bandwidth 
would have to be increased radically to provide the re
qui red synchronizing signal. 

As again might be anticipa ted, improvements in recog
nition accu racy were not constant for all letters; rather, 
major improvements resul ted from reduction of confusion 
between somewhat similar letters, such as P and R, 0 and 
Q, or Y and T. Limitation of tes t material to such easi ly 
confused letter pairs could easily increase the measured 
differences between the scanning systems. 

CONCLUSIONS 
At the very least, th is study has demonstrated that the 

human visual system can, in fact, perform short term tem
poral integration, and that differences between scanning 
systems can be quan tified w ith a high degree of accu racy 
providing that stationary test patterns are employed. With 
moving imagery only subjective data are available in that 
we have satisfied ourse lves that there is no objectionable 
ghosting or o ther obvious pictu re defect when such moving 
imagery is presented using the modified scan. 

It should scarcely be necessary to belabor the point 
that the improvement in resolution obtained here is con
fined to the vertical d imension. The combinaiton of th is 
with horizontal aperture correction, however, remains a 
distinct and easi ly implemented possibility, so as to im
prove picture sharpness in both dimensions. 

It should further be pointed out that the technique is 
equally applicable to color systems providing that a mon itor 
is employed wh erein the dimensions of the color dot matrix 
Pattern are appreciably smaller than the height of a raster 
line. 

The alphanumeric character sizes used in the test ranged 
in height from two to four standard raster lines. The use 
of al phanumeric characters of these sizes is certainly not 
recommended for norma l viewing ; rather, the use of ex
tremely small characters provided a convenient means for 
testing sys tem performance. For absolute identification of 
such characters, existing standards recom mend that vertical 
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height sou ld encompass at least seven raster li nes. 
While ou r work has been limited to the use of a closed 

circuit system in which iden tical changes were made in 
the signals to ca mera and monitor, it sould also be pointed 
out that there should be applicability to commercial TV 
transmission, and no requirement for mod ification of home 
receivers. It shou ld merely be necessary gradually to change 
the phase between horizontal and vertical oscillators during 
the li nes normally lost during vertical retrace. If the sync 
signals w ere appropriately mod ified at the transmitter to 
accompl ish this, any reasonably well-regulated home TV 
receiver shou ld foll ow th is, since most such sets have rela
tively free running oscilla tors. Another approach that w ould 
produce a ras ter that is closer to the one that was actually 
tes ted in the laboratory would be to mod ify the equal iz
ing and serration pulses to produce an interframe phase 
shift of H/4. It should be noted that, as yet, this has not 
been attempted by th is laboratory and, therefore, may or 
may no t be feasib le. 

Finally, the degree to which the modified scan may be 
expected to improve the recognizability of detailed imagery 
must certainly be a function of the specifics of that imagery, 
and any final evaluation must thus await broader use of 
scan modified systems. In view of the simpl icity of the re
qu ired circu itry and the absence of any grossly annoying 
p ictu re deficiencies, it is hoped that wider usage may be 
made of th is principle. 
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The case for the moving map display 

by S. N. ROSCOE, 
Manager 
Display Systems Department 
Hughes Aircraft Company 

WHY MAP DISPLAYS 
To the best of my know ledge, optical moving-map dis

plays were fi rst proposed in 1949 by a group of pilot-psy
chologi sts at the University of illinois Aviation Psychology 
Laboratory as a superior means of presenting the aircraft 
position information made available by the new rho-theta 
radio navigation system then known as DME-Omni. Labora
tory simulation experiments at the University of Ill inois and 
flight evaluations of experimental un its by the former CAA 
at Indianapolis during the early 1950s were sufficiently suc
cessful to confirm the optim istic hopes of the investors and 
proponents. An example of typical resu lts is shown in Fig
ures 1 and 2. 

In all of these tests no pilot ever became lost wh ile f ly
ing wi th a map display. Private pilots and even non-pi lots 
usi ng map displays could navigate as well as experienced 
instrument pi lots using conventional instrum ents. Perhaps 
even more su rpri sing was the finding that pilots controlled 
ai rspeed, altitude, attitude, and heading sign ificantly better 
under IFR conditions w hen using a map display, presumably 
because less attention was required for navigation tasks. 

Based on these findings and special operational requi re
ments associated with the SAGE air defense ground envir
onment, the United States Air Force adopted an optical map 
display as part of the MA-1 aircraft and weapon contro l 
system in the F-106 al l-weather interceptor. These systems 
have been in routine operational service throughout the 
1960s (Figure 3). During these years the rel iabi l ity and serv
iceability of map displays have become comparab le to those 
of other basic aircraft displays. As a bonus, Air Defense 
Command pilots have saved several F-106s by making in
strumen t let-downs and low-altitude IFR approaches follow
ing complete communication and radio navigation system 
fai lures by using the map display in its dead-reckoning mode 

Whi le effective for its intended purposes, the map dis
play in the F-106 performs only a few of the many functions 
o f which such flexible dev ices are potentially capable. By 
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using the map display as a means of displaying the results 
of certain MA-·1 system self-test routines, it was discovered 
that the map display provides an extremely effective means 
for flight crews and maintenance personnel to communi
cate with their on-board computers. 

The use of a map display to show self-test routines and 
to provide a means for the crew to talk to an on-board 
compu ter was more ful ly exploited in the map display 
and associated controls of the ASG-18 fire control and navi-

FIGURE 1: Fligh t Path Recordings of the best and worst solutions to 
four terminal area navigation problems flown by instru 
ment pi lots using a map-type pictorial navigation disp lay. 
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FIGURE 2: Flight Path Recordings of the best and worst solutions to 
four terminal area navigation problems flown by instru
ment pilots usi ng conventional symbo lic fl ight displays. 

FIGURE 3: The Hughes MA-1 Map- type Pictorial Navigation Display 
in operational service in th e Convair F-1 06. 

gation system originally intended for the F-108. The develop
ment o f this advanced sys tem was continued following the 
cancel lation of the F-1 08, and it has been undergoing Air 
Force flight evaluation in the YF-12A at Edwards Air Force 
Base for the past three years. The use of the map display 
for the manual insertion of aircraft, target, destination, and 
TACAN station position coordinates has also proved to be 
a simple and effective way for the crew to talk to the ASG-
18 system in flight. 

Despite the success of map displays in interceptor air
craft, their potential value is even greater in tactical aircraft. 
During the development and flight testing of tactical radar 
and navigation systems at Hughes Aircraft Company, it has 
become evident that the full effectiveness of high-resolution 
surface-mapping radar is real ized on ly when used in con-
junction with a moving-map display. . 

The greatest single aid an operator can have in inter
preting a radar ground map is knowing what he is looking 
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at or, more precisely, the relative position of what he is 
look.ing for. Such knowledge can be achieved through in
tenstve pre-fltght study of charts, aerial photographs radar 
imagery, etc., or by in-flight reference to such m;terials. 
The use of electronic markers on the radar display, showing 
the expected position of navigation checkpoints or pre
planned targets, may also be effective in l imited applica
tions. But by far the most effective aid to the operator is 
to present on a moving-map display the relative positions 
of the principal surface objects that should be visi ble and 
identifiable on the radar display. While a great deal of 
improvement in charting techniques is required to take full 
advan tage o f this mode of operation, impressive progress 
is being made, particularl y by the USAF Aeronautical Chart 
and Information Center . 

In tactical ai rcraft, the value of a movi ng-map display as 
a primary cockpit navigation device is greatest when flying 
devious routes at extremely low al ti tudes. Under such cir
cumstances, the range of visibi·Ji ty is severely limited even 
under ideal weather conditions. Even a slight departure from 
a pre-planned flight path can result in a missed checkpoint 
and possibly a d isoriented crew. With the highly accurate 
self-contained navigation sensors now available, pre-planned 
point-to-point navigation is effective wi th standard flight 
instruments, but far greater tactical flexibility is afforded if 
the outputs of such sensors are presented directly to the 
crew in terms of continuous, instan taneous position on a 
moving-map display. 

Thus, an optically-projected moving-map display, used in 
conjunction with appropri ate cockpit controls, appears to 
be a most effective device developed to date to assist an 
aircrew in performing the fo llowing functions: 

1) Low-altitude tactical navigation, particularly at ni ght 
or in poor weather and when departures from pre
p lanned routes are advantageous or required. 

2) Interpretation of surface-mapping radar or other high
resolution, real-time, imagery-produ cing sensors. 

3) Updating sel f-contained navigation systems by refer
ence either to visual or radar position fixing. 

4) Initiating and interpreting in-flight system self- test 
routines or performing the same tests on the ground. 

In addition to these four principal functions a number o f 
inciden tal functions may be provided at li ttle cost. Among 
these are the display o f check lists and other procedural 
instructions, maintenance information, and terminal area 
traffic procedure diagrams. 

Map Display Design /sues 
Critica l issues in the design of map displays fal l into 

several major categories including : 
1) What shall be presented, i.e., the in formation content. 
2) How i t shall be prese nted, i.e., the rules for encoding 

information. 
3) How the display shall be supported, i.e., questions of 

chart logistics. 

WHAT SHOULD BE PRESENTED 
The information required on charts is hi gh ly mission de

pendent. It seems to me obvious that the in formation re
quired by the Air Defense Command in the F-106 or the 
YF-12 is qui te different from that needed by the Tactica l 
Ai r Command in the F-1 11A which in turn is diffeernt from 
that most suitable for a heavy logistics transport such as the 
CSA. The emphasis that some place on the use of photo
graphic copies of standard charts in map displays is un
fortunate ·in my opin ion . I fully realize that developing com
plete new chart series for various major classes of mi ssions 
is an extremely expensive undertaking, but I believe tha t 
the improved results will warran t the expenditu re. 

In tactical aircraft, for examp·le, the types o f data that 
mu st be presen ted represent two distinct classes. The first 
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class consists of relatively unchanging long-lead-time ma
terials such as map presentations of theater areas, terminal 
areas and aircraft and test procedures. The second class 
consi~ts of tactical data which requires a qu ick reaction
time capability if it is to serve as a truly useful mission aid. 
Items such as current data on defensive deployments in 
tactical areas and readily available display of alternate at
tack and departure corridors offer a potential for invaluble 
assistance to the combat crew. This means a requirement for 
a storage capacity sufficient to hold the unchanging items 
and a technique that permits daily changes in the stored 
material. 

HOW INFORMATION SHOULD BE PRESENTED 
The optimum character istics for electronically generated 

or optically proj ected charts differ greatly from those for 
charts pri nted on paper. These differences also warrant the 
preparation of special charts. Optimum charts for optical 
projection in the cockpit environment and for use in tac
tical operations differ from conventional flight charts in 
content, symbology, scale, print size, con trast, and color. 

To be most effective the charts should be relatively un
cluttered, bold in their lettering and o ther symbology, and 
of high resolution and contrast. Charts of at least two, and 
possibly as many as four, different scales should be pro
vided: at least one to a re latively gross scale for en route 
navigation and the other to a scale approximately four or 
five times as fine for local area operaHons such as position 
fixing, weapon delivery, traffi c control, and landing. Each 
type should contain only information related specifically to 
its in tended operational use, to avoid cluttering the char t 
and allow the use of a bold format. A single master chart 
to a third sca'le encompassing the en ti re operational area 
and showing the location and iden tity of all char ts avai lable 
in the display is also high ly desirable. 

Map displays create the greatest single source of l ight 
generated within the cockpi t at night, even when dimmed 
to the same level as o ther displays. The total luminous flux 
emitted by the display can be reduced at least an order 
of magnitude by the use of negative white on black charts 
(whi te figures on a black background). I f the preservation 
of dark adaptation at night is important, as it surely is in 
tactical aircraft, then the advantage of th is type of presenta
tion is very great. Th is type of presentation can also be 
used with particular advan tage in conjunction w ith color 
coded dynamic symbols. 

If the map display is to be most effective as a fl ight in
strument or as an instrument for assisting the operator in 
the interpretation of high-resolution imagery from real
time surface-mapping sensors used in locati ng targets and 
navigation checkpoin ts, then the map presentation must be 
oriented rela'tive to the aircraft's flight path or heading. 
W hen the momen tary function of the display is to present 
alphanumeric information such as radi o frequencies, run
way headings, place names, or terrain elevations, then it is 
equally important that the printing be right side up to 
minimize operator reading errors. These combined require
ments call for a dual mode of presentation providing either 
heading-up or north-up map orientation. 

Another classic question is: what should move, the air
craft symbol or the map? Obviously there are advantages 
and disadvantages to both schemes. Ten years ago I was 
positive the aircraft should move against a fixed map as 
it does on practically all early map displays built during the 
1950s. Now I am almost equally convinced that, on balance, 
having the chart move provides more really important ad
vantages. The biggest single advan tage is that it reduces the 
frequency with wh ich charts must be changed by the crew. 
Even if charts were changed automati ca lly, frequent chart 
changing is objectionable, and operating near the edge of 
a fixed chart restricts the field o f view about the aircraft. 

46 

HOW MAP DISPLAYS SHOULD BE SUPPORTED 
This is a most important problem in terms of its implica

tions for display design. Unfortunately it is a topic about 
which I have more questions than answers. For many rea
sons map display systems should be designed to employ 
microfilm charts rather than hard copy paper charts or full 
scale film transparencies. Microfilm is much easier to trans
port and handle, and a far greater chart capacity can be 
provided in a display employing microfi lm. 

The difficult questions have to do with where and how 
the charts are to be produced with timely updating and how 
they are to be distributed to their worldwide users wi th a 
minimal delay. For most aircraft/m ission applications charts 
might be updated as infrequently as perhaps once a month. 
In this case they could be produced by a cen tral agency and 
distributed in mi crofilm cassettes by air mai l or mil'i tary air 
transport. But consider the case of the tactical aircraft re
quiremen t to d isplay such data as current defensive deploy
ments on the map d isplay charts. Here a rapid reaction is 
required, and techniques thus far proposed for meeting this 
requirement are something less than attractive. 

DISPLAY EFFECTIVENESS 
The considera tion of what constitutes an effective map 

display is vital. A tactical crew operating at low altitudes and 
high speeds in enemy territory simply does not have the 
time to physically manipulate currently available maps in 
the process of verifying aircraft position. The problem is 
almost as difficult for an all-weather interceptor pilot or a 
logistics transport crew. A tru ly effective map display should 
provide informa tion at a glance with a bare minimum of 
operator interaction. This readi·ly available information 
should be presented in a form which facil'itates the corre
lation of displayed position wi th visua l sightings and/or 
with sensor presentations. It is th is provis ion of no t only a 
single indicator of aircraft position, but the corroboration 
of one indication with a second or third which provides the 
navigational assurance that can significantly enhance the 
success of a mission. 

S. N. ROSCOE has had more than 20 years of exper
ience in the field of engineering psychology, and in fact 

was the fi rst human factors engi
neer in the electronics industry 
with a doctorate in engineering 
psychology. j o ining Hughes in 
1952, he formed the Cockpit Re
search Group to develop the ad
vanced controls and displays re
quired by the Hughes f ire cont rol 
and navigation systems. Before 
com ing to Hughes, Dr. Roscoe 
was Assistant Professor of Psy

chology at the University of Illinois, where he engaged 
in contract research related to flight displays and con
tro ls. During World War II , he was a pi lot in the Air 
Force. 

At Hughes, Dr. Roscoe has been a participant in and 
the director of several major display and control pro
grams. He was active in the de·1elopment of the Hughes 
MA-1 and ASG-18 fire contro l systems and made major 
cont ributions to the d isplays and controls used in those 
systems. Dr. Roscoe has been primarily responsible for 
the advent of operational map-type horizontal situation 
displays in military aircraft and for the use of dynamic 
simulation as a design too l in developing radar displays 
and other high resolution image producing sensor sys
tems. He served as Technical Director o f the display and 
con trol portion of the Apollo Spacecraft proposal of the 
McDonnell-Chance Vought -Hughes-Lockheed team. 
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ID Readout 
NEW FAMILY 

Phi/co-Ford Corp. has entered the desk-top computer 
terminal field with a family of small and low-cost informa
tion display and entry products. Dr. Walter B. LaBerge, 
Philco-Ford v/p and general manager of its WDL Division, 
sa id the products wi ll be assembled and marketed by WDL's 
Philco Houston Operations, situated near Houston and ad
j acent to the Manned Spacecraft Cen ter (MSC). Philco Hous
ton is a major support contractor to MSC. The products are 
" for use in any system in which operators are called upon 
to make compu ter-assis ted decision s," said' Robert T. Ben
ware, Philco Houston's director. 

Using one of the terminals, an operator may en ter data 
into a computer, view data collected by a computer, or 
request a computer to undertake various calculations, he 
explained. " The terminals also eliminate the ' language bar
rier' we commonly as~ume to exist between men and their 
compu ters," Benware said. Communications are in plainly 
written Engl ish and in formats already familiar to operators. 

A typical unit consists of three elements - a typewriter
l ike keyboard, a TV monitor, and associated electronics for 
generating and storing messages. 

Benware explained operation of one of the displays: 
An operator types out his message on the keyboard. As 

he types, the message appears simu ltaneously on the unit's 
TV monitor. When he completes the message, he reviews it 
fo r accuracy, then depresses a button to dispatch it to a 
computer. The computer signals him via the unit when it 
has accer:>ted the message. If h is message is a request for 
data, the information is flashed to him immediately on the 
model's TV monitor - in plain English and in famil iar busi
ness or operational formats. 

LOCKHEED TO APPRAISE BUDDING 
COMPUTER GRAPHICS TECHNOLOGY 

A major movement to explore the promise of the famil
iar television screen for the nation's space effort has been 
announced by Lockheed Missiles & Space Co. 

The Su nnyvale firm said it has won a $67,590 contract 
from NASA's Marshall Space Fligh t Cen ter to analyze the 
young field o f "computer graph ics" wi th an eye to NASA 
use. 

"We're at the Wright Brothers stage in computer graph-
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ics," says Eugene K. Fisher, LMSC head of Computer Aided 
Design. "Our object is to provide the best man-computer 
relationship possible." 

The government's Huntsville, Ala., space center began 
investigating computer graph ics in 1964, and since then has 
been working independently to improve its ski lls. The new 
contract with NASA/Marshall offers the first rigorous test 
o f those skills. In preparing for the Marshall project, Fish
er's group studied application of computer graph ics to 
design of electronic circui try - in wh ich an engineer using 
a light pen can ou tline a complex circuit directly on the 
TV screen - and also to the design of hypersonic re-en try 
bodies, structural dynamics and traj ectory analysis. 

NEW RECORDER PRINTS WI TH NO 
MOVING PARTS IN WRITING PROCESS 

An en tirely new system of data recordi ng and immediate 
visual presen tation - combin ing electrostatic printing and 
integrated digital electronic circu its - has been developed 
by Varian Associates, Palo Alto, Cali f., for use in aircraft, 
aerospace and the military. The new Statos I recorder prints 
data in direct writing form wi th a frequency response to 
3,000 cycles per second with no moving parts, ink, arcing 
or heat in the recording process. According to the Varian 
Recorder Division, the accu racy, simplicity o f operation and 
high frequency response make the new instruments idea l
ly suited for recording such phenomena as missile vibra
tion, temperature, pressure, shock, acceleraNon and tele
metry data. 

The same recording breakthrough has resulted in a 50-
channel even t recorder, ca lled Statos II, for continuous log
ging of sequence of relay operations, radar timing and tele
metry. 

TRI-NATION SYSTEM 
A mockup of the multi-purpose data display conso les to 

be used in a tri -nation Air Defense Ground Environment 
(ADGE) system was given its first public showing at the 
Belgian AF's Aerospace Electronics show. Hughes Aircraft 
Co.'s Fullerton, Calif., div. designed and buil t the console 
for Belgium, the Netherlands and West Germany. It is typi
cal of multiple uni ts to be installed in underground, bunker
type sites in the three nations to provide an air defense 
system. A simi lar sys tem has been purchased by the Swiss 
government and the Japanese Air Self Defense Force. The 
system now being installed in the three nations wi ll become 
part of the $308 mi lli on NATO Air Defense Ground Envir
onment network, schedu led to provide early warning and 
weapons control over a system extending from Norway to 
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FIBER OPTIC 
CATHODE 
I TUBES 

Litton specializes in fiber optic 
cathode ray tubes for high resolu
tion and dry process film recording 
and scanning. Tube configurations 
ava ilable include: Large area, round 
tubes such as the 5", L-4221 fiber 
optic CRT illustrated; line scan 
recorders from 2%" to 11"; square 
types from 1" square useful screen 
to 2V4" square for contact frame 
recording on 70mm film. 

Special opt io n~ for all tubes 
include spherical inside faceplate 
grind for intrinsic linearity correc
tion, specia l coatings such as di
chroics for large screen projected 
displays, and a range of numerica l 
apertures and fiber sizes. 

All standard phosphors are avail
able as well as special types for 
high ultra-violet output. Contact 
Electron Tube Division, 960 Indus
trial Road, San Carlos, Ca lifornia. 
(415) 591-8411. 

rn LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 

Circle Reader Service Card No. 24 

Turkey. The ADGE system will provide surveillance and de
tection, identification and tracking of potential air threats 
as well as provide " to the target" control of each nation's 
in terceptors. Each site util izes long-range radar; advanced 
digital display consoles, and an integrated communications 
data link net fo r instant voice and digital communications 
between installations. The NADGE program is headquartered 
in England. In addition to Hughes, members are France's 
Thomson Houston-Hotchkiss Brandt; England's Marconi Co., 
West Germany's AEC Telefunken, and the Netherlands' N. 
V. Hollandse Signaa/apparaten. 

REMOTE LABORATORY CHROMATOGRAPHS TI ES INTO 
A SINGLE CENTRAL COMPUTER SYSTEM 

Atlas Chemical Corp., Wilmington, Delaware, has placed 
on-line a computer controlled chromatograph data acquisi 
tion and reduction system. The system handles the data re
duction requi rements of 24 chromatographs in two separate 
laboratories located more than a mile apart. 

Developed by Realtime Systems Inc., N.Y., the new sys
tem represen ts the first successful installation processmg 
chromatograph signals from a remote location via telephone 
circuits. An SDS 92 general purpose digital computer P.ro
vides the data reduction requirements for both laboratones. 
Realt ime Systems Inc. fu rnished all of the hardware and 
software plus complete sys tem implementation, installation 
and start-up. 

The sys tem includes the equipment for mon itori ng and 
digitizing signals from both thermal conductivity and flame 
ionization detectors. Th e computer program integrates re
sponse peaks, resolving overlapped peaks and shoulders 
and stores the results in the computer memory. The mem
ory also stores data such as names and properties of hun
dreds of compounds being analyzed, along with the speci
fications of dozens of different analysis methods. By re
ferring to stored information, the computer interprets col
lected data and types out a complete analysis report. The 
report identifies compound names, the amounts present il1 
the sample, relative response factors and relative retention 
times. Automatic instrument calibration by internal or ex
ternal standards is incorporated. 

LOW-COST D ISPLAY ON THE WAY 
Results of a recent development at MIT makes the goal 

of a low-cost graphic display for t ime-shared computers 
closer, accord ing to the institute's Electronics Systems Lab
oratory. The MIT display console was designed for Project 
MAC research program on time-shared computers. It sends 
and ~eceives both alphanumeric characters and d rawi ngs. 
The display includes a direct-view CRT, typewriter keyboard, 
and a simple graphic input device. Laboratory engineers 
specu late that the prototype terminal could be built in 
large quantities for about $5000 each. John Ward, ass.' t 
director of the systems laboratory, says that for graph1c 
display, image storage is more promising than the "~ontin 
uously refreshed" CRT display. High speed electroniCS for 
rewriting the picture are not needed, whi le conventional 
displays must be refreshed by redrawing 30 to 40 times a 
second to eliminate fl icker. The display uses a standard 
high resolution Tektronix five in. storage tube, a 94-sym?ol 
standard keyboard, an electro-mechanical input dev1ce 
called the "mouse," and a control unit. The contro l is con 
nected to a telephone line, providing analog voltages to 
drive the display screen and establ ishing the format for the 
keyboards and graphical input signa ls to be sent to the 
computer. 

INFORMATION DISPLAY, Sept./Oct. 1967 

1967 INTERNATIONAL ELECTRON DEVICES MEETING 
Integrated Electron ics will be the subject highlighting the 

keynote session of IEEE's 1967 In ternational Electron De
vices Meeting (IEDM) to be held this year at the Sheraton 
Park Hotel in Washington, D.C., October 18-20. 

Setting the stage for this important aspect of the con
ference, the opening session w i ll feature invited papers in 
four major areas of technology covering both digital and 
linear developments. The session will not only provide cov
erage of important technological approaches to integrated 
electronics, but also important applications to military, in
dustrial, computer, and consumer electron ics. 

In the digital area, two papers wi ll cover large-scale in
tegrated technology; one on MOS and one on bipolar de
sign. The MOS paper will describe recent developments, 
including four-ph ase design techniques and w ill discuss 
MOS application to industrial equipments such as desk 
ca lculators and peripheral computer gear. The b ipolar LSI 
paper will describe recent developments and appl ications 
to general purpose computers. 

One of the papers covering the linear area will be de
voted to microwave integrated electron ics involving hybrid 
technology and its application to phased array radar sys
tems. The other paper will describe developments in linear 
integra ted circuits for consumer applications. 

REAL-TIME AERIAL RECONNAISSANCE 
RECORDER-DISPLAY 

A real -time airborne recorder-display system has been 
developed and delivered to the U.S. Air Force by Genera/ 
Electric's Electronics Laboratory under the sponsorship of 
the Air Force Avionics Laboratory, Dayton, Oh io. 

Utilizing a thermoplastic record ing techn ique, the equ ip
ment permanently records radar, infrared, and electro-op
tica l information in a strip map form. Within mill iseconds 
after actual recording, th is information is projected optically 
on a rear-projection screen for rea l-time, in-fl ight viewing. 
A ground-based display, delivered w ith the airborne equip
ment, permits replay of the airborne tapes so that detai led, 
post-flight evaluations can be made. 

The thermoplastic recorder-display provides higher reso
lution, wider dynamic range, real-time display capability, 
and elimination of chem ical film processing. The recorded 
image, projected in real-time on the screen, contains ap
proximately 8000x 5000 picture elements in a 3 x 2 in. area 
of the thermoplastic tape. 

IMAGE ORTHICON BLASTS OFF 
A Genera/ Electric image orthicon flew a "fi rst" duri ng 

the Gemini 2 fligh t. The 3-in. magnetic 1.0. was a highly 
specialized tube developed by the Pickup Tu be Operation, 
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Syracuse, N.Y., for an image intensification experiment -
one .o.f several performed. The experiment, employing a 
te lev1s1on camera and record ing system, was designed to 
mvest1gate a method of making possible identification of 
ea rth features by an aslronaut in nigh t t ime. Image orthi
cons, although superior to videcons in sensitivity at low 
light levels, have not until now been considered suitable 
for TV cameras in space applications. Development of a 
tube w ith a delicate, ultra-thin target that will withs tand 
shock, vibration and stresses encountered in every phase 
of the flight, opens the way for all types of space video 
operations usi ng IO 's. The tube performed as p lanned and 
su rv ived the handling and the fl ight without physical or 
functional damage. 

INF068- 9TH ANNUAL SYMPOSIUM 

Plann ing Activities continue for the Society's 9th Annual 
Symposium, to be held in Los Angeles at the Ambassador 
Hotel, May 22-24, 1968. The symposium's planning com
mi ttee, directed by Chairman Lou Seeberger, has issued a 
call for papers in the area of Medical, Civil, Educational, 
Military and Entertainment d isplay appl ications and/or sys
tems. 

A Logo incorporating the symposium theme INFO 68, 
which was designed by Publicity Chairman Jim Belcher, has 
been incorporated in specially designed symposium letter
heads for use by committee members. 

Current activities of the symposium comm ittee are fo
cused in the areas of Registration Planning. Th is activ ity, 
which is headed up by Sam Davis, is pu rsuing methods to 
faci litate registration of the 600-700 engineers and scientists 
who are expected to attend the symposium next year. Pre
registration will be encou raged by use o f both reduced 
registration fees and a surprise registration gift. 

Other major activities are being conducted in the Pro
grams area where Chairman Bob Woltz, is conducting a 
search for both keynote and luncheon speakers. 

Next yea r's symposium is also plann ing to use more so
phisticated Audio-Visua l Aids, according to Dave Morgan, 
who is directing that phase of the activity. 

COMPUTER-COMPATIBLE SYSTEM 

A new system which saves data processing time by mak
ing seismic digital recordings computer-compatible, before 
they reach the processing center, was recently placed on 
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PEK high wattage xenon arc 
lamps are manufactured 
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mind-reliable p erform 
ance. And, when we say per
formanc e we mean such 

features as long life . .. constant-level 
luminous output ... maximum arc sta
bility ... dependab le glass-to-meta l 
seals. 0 In short, PEK lamps are built to 
do their jobs-engineered to perform up 
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tion, instrumentation, search light and 
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xenon arc lamp performance when you 
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the market by Mandrel Industries, Inc. , a subsidiary of Am
pex Corp., Redwood City, Cal i f. 

james E. Buescher, manager of M andrel' s electro-technical 
labs division, said the SUM-IT System solves a traditional 
problem encountered in processing seismic data obtained 
from " low energy surface sources," as opposed to the con
ven tional methods using buried dynamite charges. 

"Before such seismic data is fed into computers for pro
cessing, the seismic recordings must be strengthened and 
clarified . This. is accomplished by compositing, or adding 
up, seJSmJc f1eld records, a process called summation" 
Buescher explained. ' 

Field summation using an log methods has already been 
done. However, w ith the advent of digital recording, th is 
summation necessarily moved to the compu ter centers. 
This meant tying up equipmen t at the computer level to 
process large numbers of digital tape recordings. The SUM
IT System performs this summation digitally in the field 
and at the same time the system is recording the original 
data. In this way predetermined numbers of composite 
records are ready for the computer when they reach the 
processing center. 

'QUICK-TRIGGERED' CAMERA HELPS 
SCIENTISTS STUDY COSMIC RAYS 

A balloon-borne cosmic ray detector equipped with a 
" quick-triggered" 35 mm camera that automatically photo
graphs "events" or spark trails 24 miles above the earth 
is servi ng as a laboratory for University of Rochester scien
tists. 

During the past two years the Un iversity's researchers 
have taken their high-flying spark chamber to Texas, India 
and Australia to study cosmic rays at the top of the ea rth 's 
atmosphere. The studies are conducted under a research 
grant from the National Science Foundation and the AF 
Office of Scientific Research. 

Encased in a 125-lb., egg-shaped canis ter, nicknamed 
" Humpty Dumpty," the cosmic spark chamber is carried to 
an altitude of 125,000 ft. by heli um-fi lled balloons that 
measure 200 ft. across and have a volume of three million 
cu. ft. After each f light, which lasts 10 to 18 hours, the 
padded canister is parachuted back to ear th. 

The camera which provides the scientists w ith a complete 
record of the "events" of each flight was made by the 
Flight Research Division, Giannini Scientific Corp ., Rich
mond, Va. 

The balloon-suspended spark chamber, designed by j. G. 
M. Duthie, assistant professor of physics, and Robert A. 
Majka, electrical engineer at the University of Rochester, 
was developed specifically for the study of gamma rays. 
The gamma rays are detected by the charged particles they 
produce in a piece of lead on top of the spark chamber. 
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M IRAGE DESIGNED FOR COST EFFECTIVENESS 

A new display, the Microelectronic Indicator for Radar 
Ground Equipment (MIRAGE), recently delivered to the Air 
Force by General Electric's Heavy Military Electronics Dept., 
will provide hundreds of thousands of dollars in Cost Sav
ings over the next few years when the operational equip
ment is in the field in quantity. Developed under contract 
to the Rome Air Development Center, (RADC), .the display 
uses a techn ique initially investigated by GE, to rep lace 
gear tra·ins, synchros and other mechanical devices with a 
Digital Differential Analyzer as a si mpl ified method of in
dicating beam direction. The equipment could be used as 
a one-for-one replacement for the curren tly operational AN/ 
UPA-35 Indicator Group for Radar Sets and incorporates 
the latest microminiaturization packaging techniqu es. 

CALL FOR PAPERS- SjCC 
The 1968 Spring joint Computer Conference will be held 

in Convention Hall, Atlantic City, N.j . April 30-May 2. 
Original papers reporting on any aspect of the computer or 
information processing field in breadth or depth, from hard
ware to software and theory to practice, are invited. Five 
copies of complete, but not necessarily final, drafts must 
be submi tted by October 30, 1967. These must be type
written double-spaced on one side only, shou ld not exceed 
6,000 words, and must include copies of all figures properly 
numbered. Each page should contain the name of the senior 
author and be sequen tially numbered. All copies should be 
sent to: Prof. T. R. Bashkow, Technical Program Committee 
Chairman, 1968 SJCC, Dept. of Electrical Engineering, 1312 
S.W. Mudd, Columbia Un iversity, N.Y., N.Y. 10027. 

BETTER COMPUTER DATA TRANSMISSION 
By applying mathematical formulas, an IBM Corp. engi

neer can determine how to detect errors and their effects 
on efficiency in transmitting computer data over telephone 
lines. 

Cesar R. Velasco of IBM's Kingston, N.Y., laboratory found 
that by applying the formu las, it is possible to determine 
the type of error-detection system that should be imp le
mented -- matching the system to the computer users' 
needs, and presented his findings at the IEEE International 
Conference on Communications. Using mathematical formu
las in his study, he correlated error-detection schemes and 
transmission methods to calcu late efficiency rates. 

Also studied were two transmitting methods - synchron-
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NEW, high visibility 
alphanumeric readout 

The 16-segment bar configuration of this new Tung-Sol 
readout, provides a potential of 65000 letter I symbol dis
plays. This unit offers the same high visib ility, clarity and 
sharp angle viewing that characterizes the Tung-Sol digi
tal readout. 

In addition to full alphanumeric dis
play, fixed letter/symbol messages 
may be displayed in selected digit 
areas. 
This new readout i s compa t ible 
with the standard Tung-Sol digital 
unit. Use of the same lamp banks, 
voltages and mounting techniques, 
permits intermixing the readout 
blocks. 
Write for detailed technical infor

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

TUNG·SO[ 
ALPHANUMERIC READOUT 

® REG. T.M ., WAGNER ELECTRIC CORPORATION 
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ous and start/stop. The synchronous method works on a 
precise, clock-like basis and is more direct and faster than 
the start/stop technique in which a signal to stop takes 
longer than other information signals to transmit. Detector 
check bits can take up val uable information space, lowering 
efficiency. Sometimes the ratio is so lopsided that there are 
more check bits than information bits being transmitted. 

SPERRY STUDIES " GAS TUBE" APPROACH 

/ 

Experimental "gas tube" flight display that el iminates 
the need for moving parts is stud ied by technician at Sperry 
Rand Corp. in Phoenix. Each small metallic segment on glass 
plate forms a separate cathode, which will be individually 
connected to sol id-state ci rcuitry. A second plate with trans
parent anode coating will later be mounted in front of the 
cathode plate, with neon gas sealed in space between. 
When voltage is applied between anode coating and auto
matically se lected cathode segmen ts, glowing gas (viewed 
through anode plate) forms numerals or letters in the four 
center patterns. Supplementary data, such as " miles" or 
"X 10," are illumina ted in the rectangular blocks, and seg
men ts of the outer pattern represent heading pointers when 
lit. 

The Naval Ordnance Systems Command will lease 15 
HONEYWELL computers valued at $7.9 mi ll ion; primary job 
of the computers will be to form a naval ordnance man
agement information system tha t will standardize NOSC 
data processing as it relates to management, fiscal and tech
nical matters. 

A new computer language that wi ll cut time spent in 
technical information searches from hours or days down to 
minutes-or even seconds-has been developed by LOCK
HEED M ISS ILES & SPACE CO. Dr. Roger K. Summit is de
veloper of the new information retrieval language known 
as D IALOG. Summit forsees a wide range of appli cations 
for Dialog including engineering data, personnel data and 
real estate informa tion . .. Erwin Tomash, president of DATA 
PRODUCTS CORP., Culver City, Calif. revea led the terms of 
th e Co.'s agreement to purchase over 85 % of the shares of 
stock in UPTIME CORP., Golden, Col. Uptime Corp. manu
factures ca rd reade rs and punches which are sold as peri-
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pheral input and outpu t devices to compu ter manufacturers 
and users .. . Dr. R. C. Mercure, Jr., vp of BALL BROS. RE
SEARCH CORP. announced the acquisi tion of the business of 
MIRATEL ELECTRONICS CO. Ball Bros. Research, a diversi
fied electronics and aerospace subsidiary of Ball Bros. Co. 
Inc., will operate Miratel as a division ... The award of a 
$3.5 mi llion contract to EG&G, Inc., for development and 
production of weather chart transmission and recording 
equipment was announced by the Air Force Sys tems Com
mand's Electronic Systems Div., Bedford, Mass. Designated 
as a weather plotter transmitter and receiver, the device will 
enable the Air Force to transmi t weather maps, wind and 
cloud charts from weather forecast centers to operati ng 
bases five times fas ter than the present system. 

DISCON CORP., Ft. Lauderdale, Fla. has been awarded a 
con tract in excess of $40,000 to design and fabricate a 
Single Mirror Optical Tracker for the U.S. Naval O rdnance 
Test Station, Pasadena, Cali f. The new optical tracker wi ll 
be en tirely self-con tained, including its own power suppli es, 
digital shaft encoders and servo drive sys tems ... W. L. Max
son, Jr., presiden t of MAXSON ELECTRONICS CORP., in
formed stockholders that the TELEMAX compu terized travel 
reservation system is now fully operational. The system pro
vides travellers with a printed confirmation in five seconds 
... VARIAN announces the acquisition of DECISION CON
TROL INC., Newport Beach, Calif. Eleven yea r old DCI is a 
manufacturer of digital computers and related electronic and 
mechanical equipment. The firm employs approximately 230 
people, and current backlog stands at abou t $3.5 million 
... A $4,800,000 contrac t for des ign, development and ini
tial p roduction of advanced air traffic con tro l equipment 
was made by the U.S. Air Force (on behalf of the Air Force, 
Navy and Federa l Aviation Agency) to the WHITTAKER 
CORP. The team, headed by Whittaker, consists of Whit
taker, Los Angeles and TASKER INDUSTRIES, Van Nuys, Cali f. 
... GENERAL TELEPHONE & ELECTRONICS CORP. an
nounces the acquisition by a GT&E subsid iary, SYLVANIA 
ELECTRIC PRODUCTS INC., of the assets and business of 
ULTRONIC SYSTEMS CORP. A total of 364,817 shares of 
GT &E preferred stock w as issued in the transaction. 

NORTRONICS DIV., NORTHROP CORP. has been award
ed a con tract to study prel iminary designs o f an advanced 
airborne photo-tracking uni t. The Air Force Eastern Test 
R-ange, Patri ck AFB, Fla ., issued the contarct . . . GRAPHIC 
CONTROLS CORP., Buffalo, N.Y. filed a registration state
ment with the SEC seeking registration o f $3,500,000 of con
vertible subordinated debentures, due 1987, to be o ffered 
for publ ic sale through underwriters headed by DOMINICK 
& DOMINICK INC. The Co.'s principal p roduct lines are 
recording charts and continuous data p rocessing forms. Net 
proceeds of its deben tu re sale will be appli ed to the pur
chase of a GE t ime-sharing compu ter sys tem and equipmen t, 
machinery and equipment to produce recording charts and 
continuous data process ing forms, to the re ti rement of short
term bank loans, and for genera l corporate purposes ... A 
technical conference entitled " Advanced Composites - A 
Structural Design Perspective" will be held in Denver Colo., 
at the Denver Hilton Hotel, Sept. 19-21 , 1967. The primary 
emphasis of the Sept. conference will be on the structural 
design and hardware development aspects of the advanced 
composites developmental program, highlighting the areas 
of aircraft structures, hel icopter rotor b lades, re-entry ve
hicles and aeropropu lsion sys tems ... U.S. Naval Sh ip 
Systems Command, Washington, D.C., has selected GEN
ERAL ATRON ICS CORP. to supply a large production run 
of po rtable osci lloscopes bui l t to mi ltiary specif ica tions. 
ELECTRON IC INSTRUMENT DIV. of General Atroni cs, 
designer and builde r o f the fu ll y m ilitarized osci lloscope, 
An/USM-11 7, will handle the production run. 
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GRANGER ASSOCIATES reported nine months earnings 
of $5,003,617, up from $3,801,419 for the corresponding 
period a year ago. Earnings per share were 46 cents and 
25 cents respectively, after taxes ... CALIFORNIA COM
PUTER PRODUCTS INC., Anaheim, Ca lif., has received a 
$750,000 follow-on production contract from the U.S. 
Armv's Frankford Arsenal, increasing an original order for 
equipment for field testing of the Army's computerized 
artillery fi re con tro l systems to $1 ,900,000 .. . VARIAN, 
Palo Alto, Calif., has acqui red DECISION CONTROL INC., 
which has been renamed VARIAN DATA MACHINES, and 
will be operated as a wholly-owned subsid iary .. . SANG
AMO ELECTRIC CO., Springfield, Ill., and INFOTEC INC., 
N.Y., have signed an agreement for the joint developmen t, 
manufactu re and marketing of electron ic data processing 
equ ipment. Sangamo expects to participate to the extent 
of a 20% interes t in lnfotec . .. Librascope Group, GEN
ERAL PRECISION INC., Glendale, Calif., and COMPAGNIE 
GENERALE DE TELEGRAPHIE SANS FIL, Paris, have reached 
a long-term agreement in the field of airborne, multi-col
ored "head-up" displays which are designed for use in 
military and commercial aircraft. These displays are systems 
which project vita l navigation and aircraft-attitude informa
tion to infinity through the windshield so the pilot can 
view this information without having to refocus h is eyes 
from the exterior to the instrument panel. 

CONRAC CORP. has opened a d istrict sales office in Pa lo 
A lto, Calif. The Corp., listed on both the American and 
Pacific Coast Stock Exchanges, includes eight operating divi
sions which p rovide sensing and control instrumentation for 
both industry and aerospace ... PHOTOMECHANISMS has 
acqui red the assets and business of SCANOPTIC, INC., 
Woodside, N.Y. Pho tomechanisms will conduct the business 
fo rmerly conducted by Scanoptic through the Scanoptic Div. 
of Photomechanisms which wi ll be located at their Hun ting
ton Station plant. Both Franz Ehrenhaft, former'president of 
Scanoptic, and Dr. Seymour Rosin, a fo rmer di rector of Scan
optic and i ts chi ef optical designer, will continue to be 
avai lable as consul tants to Photomechanisms on optical de
sign ... The first demonstrations of an infra-red light beam 
used to transmit information is being shown by IBM CORP. 
at Expo 67 in Mon treal. An infra-red light beam is being 
used to carry stock quotations from the Montreal Stock 
Exchange across the St. Lawrence River to the Canadian 
Government's Expo 67 pavi lion - a d istance of almost two 
m iles .. . Beverley A. Shaw, an engineer in RAYTHEON 
CO.'s MICROWAVE & POWER TUBE DIV., has been award
ed a patent for an improved cathode heating structu re fo r 
power tubes and travel ing wave tubes . Tube designs based 
on the invention shou ld provide higher heater efficiencies 
and longer heater li fe , thus contribu ting to higher re liabi l
i ty and lower costs in electronic systems such as radar and 
communications . .. The SOCIETY O F PHOTO-OPTICAL 
INSTRUMENTATION ENGINEERS held its 12th Annua l 
Techni ca l Symposium at L.A.'s International Hotel, Aug. 7-
11, 1967. Co-sponsored by the U.S. Ai r Force Systems Com
mand & Office of Aerospace Research, the seminar had as 
its theme " Photo-optical Instrumentation - Toward a bet
ter image o f Science & Technology" .. . To help its engi
neers keep pace wi th the scientific revolution , LEAR SIEG
LER, INC. has established a tele-lecture link between its 
Instrument D iv. in Grand Rapids, Mich., and M ichigan State 
University, sixty miles away. This two-way telephone link 
enab les the engineers to continue studying and work to
ward advanced degrees. 

A Navy contrac t total ing $575,000 for lead-computing 
weapons delivery sights has been awa rded to CHICAGO 
AERIAL INDUSTRIES INC., Barrington, Ill. The sights are 
schedu led for use on Navy/Grumman A-6A In truder all 
weather at tack bombers . 
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Here's what Video Color offers: 
TECHNICAL ABI LITY 

For any special purpose Cathode Ray Tubes 
THIN TU BES 

Monochrome and Two Color Flat Tubes 
ULTRAHIGH RESOLUTION 

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

Special Ultrath in glass substrates to elimin· 
ate halation 

Projection Tubes - Ultra High Light Output 
SPECIAL SCREENS 

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

SPECIAL ELECTRON OPTICS 
High Deflect ion Sensitivity 
High Bea m Currents 
Multiguns 
High Voltages 

SPECIAL GEOMETRICS 
Back Ported Tubes 
Special Deflection Angles 

SPECIAL GLASS STRUCTURES 
Internal Targets 

FULL LI NE OF STANDARD TYPES CRT's FOR
Character Generators (Mon oscopes, etc.) 
Rea~outs, ~rinters, Oscilloscopes, Radar, 
M ~ n rto rs, Vrdeo Recorders, View Finders, 
Flytng Spot Scanners, Back Ported Devices, 
Computers, etc. 

Video Color Corporation 
500 S. Douglas St., El Segundo, California 
Phone: 213 · 772-5251 90245 

Circle Reader Service Card No. 27 

Television 
Engineering 
Manager 
Due to continuing expansion, a leading metropolitan 
New York area producer of television systems 
has an excellent growth opportunity in its engineering 
deparb11ent for a television engineering manager 
to direct activities in the area of high resolution 
military TV systems. 

Candidates should possess heavy experience in 
product planning, proposal preparation, direction 
of R&D programs, personnel and budgetary control. 

SALARY RANGE $18,000 -$25,000 
Commeusurate with Experience 

To arrange a prompt confidential interview 
please send resume including 
salary history to: 

BOX 910 
INFORMATION DISPLAY 
647 NO. SEPU LVEDA BLVD. 
LOS ANGELES, CALI F. 90049 

An Equal Opportunity Employer ( M/ F) 

Circle Reader Service Card No. 28 
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Activities 

The Society for Information Display welcomes the follow
ing new members: 

ACKERMAN, Robert- Doug/as Aircraft Company; ADAMS, 
R. A.-A. B. Dick Company; ADAMS, Roy L.-Philips Elec
tronics; BANKS, Billy M.-Cenera/ Electrodynamics ; BARTH, 
Hugh-Emerson Electric Company; BELLOFIORE, Michael
TIME Inc.; BONNER, john-Texas Instruments; BUMILLER, 
Donald-Norton Company; CALVERT, Thomas-LTV Elec
trosystems; CAUNTER, Peter- Orbafilm; COLLIGAN, Thom
as E.-Sanders Associates; COLLINS, Charles-lnfotec Inc.; 
DAVIS, Robert- Texas Instruments; DeLOOF, John-Hughes 
Aircraft Company; DEMKO, John - Electronic Associates 
Inc. ; DERSCH, Wtlliam--Boeing Missiles; ELION, Herbert
Mass. 

ERICKSON, Marvin-Battelle Memorial Institu te; FERGU
SON, Milton-Hughes Aircraft Company; FORD, Allan
Sanders Associates; FRAGER, Arne-Adage Inc. ; FREDMAN, 
Irwin-Data Systems Analysts, Inc. ; GILBERTSON, Lyle
Univac Federal Systems Division; GOODE, George-Texas 
Instruments Inc.; GRANTEER, David-Tektronix Inc.; HICKS, 
Roberts-The Thorson Co.; HUNT, Geoffrey- British Embas
sy-DRDS; ISENBERG, Shelden-Warnecke Electron Tubes, 
Inc.; KOCHMAN, Arthur - Douglas Aircraft Company; 
KOPFF, Andre-Pantronics, Inc.; KUYPERS, Ned- Hewlett
Packard; LEVI, Bernard-C.S.F.-France ; LOUCHHEIM, Wil
liam, Jr.- Naval Ship Engineering Center; MARCUS, Jean
Compagnie DeSignaux Et V ' tntreprises Electriques; MARK
KANEN, Carl-Fairchild Camera & Instrumentation; M ILLER, 
Robert-Magnavox; MITCHELL, Jack- LTV Electro Systems 
Inc.; M IYAJI, Koh-ichi-Matsushita Research Institute, Tokyo 
Inc.; MURRAY, Gordon-Hughes Aircraft Company. 

McCAUSLAND, Ronald- Hazeltine Elec. Corporation; 
O'BRIEN, Robert-Bio-Dynamics Inc.; O'DONNELL, Wi ll iam 
-Department of the Navy; OEHLER, Philip-Autonetics, 
PARKS, William-jonker Corporation; POTTS, Jerry-Scien
tific Data Systems; REX, Robert- University of California at 
Riverside; RODDEN, Wi lliam-Texas Instruments Inc.; RO
GOFF, Cerardo-Sanders Associates; ROSANES, Albert
Haze/tine Corporation; SCHAUSS, Edward-Optics Tech
nology Inc.; SIMPSON, Anthony-Sussex University; SISK, 
William- LTV Computer Center; SOUSA, W alter-The Mitre 
Corporation; STEGINSKY, Paui- NRA Inc.; STETTINER, Rich
ard- Link Croup CPI; WHITE, Robert-TNT Communica
tions Inc.; WOLKE, John- john C. Wolke Safes Association; 
WRIGHT, Th eodore-Westinghouse Electric Corporation. 
New Student Members 

LOEHNDORF, Chris-University of California at Los An
geles (UCLA); STETSON, Robert-MIT. 

CHAPTER NEWS 
The American Documentation Institute has extended an 

invitation to the Society to appoin t an SID member for 
official representation in their Liaison Committee. Mr. Sol 
Grossman of Western Periodicals has accepted the position 
of National Liaison Rep resentative between ADI and SID. 
Mr. Grossman is a member of both the American Docu
mentation Institute and the Society for Information Display. 

The Bay Area Chapter has been inactive due to the su m
mer vacation period. Upon completion of the 8th National 
Symposium in San Francisco, the Steering Committee held 
a final d inner meeting. Chairman Don Cone expressed 
thanks to all those who helped with the Symposium. 
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A Forum on Man's Envi ronment : Display Implications & 
Applications, will be held at the Willard Hotel, Washington, 
D.C. on November 16, 1967. The Washington, D .C. Chapter 
was authorized by Mr. William Bethke, President of the 
Society, to organize a forum to identify specific aspects of 
man's environment in which information display can pro
duce vital benefits immediately and in decades to come. 
Mr. Hal Darracott is chair ing a committee to select speak
ers for the Forum. Mr. Petro Vlahos has accepted an invi 
tation by the Chapter to be the Moderator and to deliver 
the Challenge of M.E.D.I.A. to the technology. Actively par
ticipating in M.E.D.I.A. plans are J. McGuire, L. Gardner, E. 
Pickett, M. Gunzebrg, D. Doucette, M. Russell and L. Blair. 

A recent meeting was held in Dallas to plan the forma
tion of a Southwest Chapter of the Society. In attendance 
were approximately twelve members from LTV, Tl and 
General Electric Dynamics. A set of chapter bylaws were 
drawn up, and a petition was written, which is currently 
being circulated among Southwest Chapter members, to 
obtain the required number of signatures for chapter rati
fication. The petition and proposed bylaws cover a chapter 
territorial area of Arkansas, Louisiana, New Mexico, Okla
homa, and Texas. The following temporary officers we re 
appointed to represent the chapter during its fo rmation 
period: Acting Chairman, C. R. (Ch uck) Stobart, LTV Electro
sys tems, Acting Vice Chairman, Larry Pipken, Texas Instru
ments, and Acting Secretary, Ted Falconer, Texas Instru 
ments. It is planned to complete ratification of the local 
chapter and to hold a general organizational meeting some
time this Fall. Any person interested in becoming a mem
ber should contact one of the above individuals for more 
details of the chapter fo rmation, or contact C. R. (Ch uck) 
Stoba rt, LTV Electrosystems, P. 0. Box 6118, Dallas, Texas 
75722. 

HONORS AND AWARDS 
We all recognize the importance of the widest participa

tion possible of the members of the Society for Information 
Display in selecting members and others for Honors and 
Awards. The informa tion which fo ll ows has been prepared 
to assist the membership of SID i n perform ing thi s duty 
and taking advantage of the p rivi lege to do so. 

The Bylaws of the Society for Information Display charge 
the Honors and Awards Committee with reviewing candi
dates fo r election to Fellow and making such recommenda
tions to the Board of Directors, and with recommending 
such honors and awards as may become appropriate to 
SID. 

A Fellow is described as a member elected by the Honors 
and Awards Committee from nominations at large made an
nually of ou tstanding engineers and scien tists in the infor
mation display field who have made w idely recognized and 
significant contribu tions to the advancement of that field . 

Policy has dictated that to be a Fellow, the candidate 
must first be a member o f th e Society. 

Las t year, the Boa rd of D irec tors established The Frances 
Rice Darne Memorial Award , to be awarded to a Society 
member for an outstanding technical achievement (as op
posed to teaching, publica tion, or service) in, or contribu
tion to, the display fie'ld. The first such award has yet to 
be made. 
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However, a Special Citation was awa rded for service to 
SID. 

Other awards may be made in one or more of the fol
lowing categories : 

1. Outstanding technical accomplishment in the fi eld of 
information d isplay or all ied sciences. 

2. Outstanding contribution to the li terature of informa
tion displays or allied fields. 

3. Outstanding service to the Society. 
While awards and honors are made on ly to members in 

good standing, prizes may be given to anyone. Specific 
definitions of these terms are: 

Hono~-:- a _rank or position of prestige being a symbol of 
d1stmct1on. 

Award - symbolic evidence for recognition of meritor
ious accomplishment. 

Prize - cash or equivalent (such as merchandise schol
arships, savings bonds, etc.) earned for outs'tanding 
perfo rmance. 

In order for the Commi ttee to perform its duties effective
ly and efficien tly, suggestions and nominations for Honors 
Awards and Prizes must be in ~ ts hands prior to January 1, 
1968. Any member of ~he Soc1ety for Information Display 
may make su_ch _suggestions. The award of Fellow requires 
that the nommat1on be attested to by at least five (5) mem
bers in good standin g. Suggestions and nominations must 
be accompanied by substantiating material setting forth 
quali fyi ng evidence. 

The Honors and Awards Committee urges your earliest 
con~i~era_tion of the matter o f Honors and Awards. By wide 
part1C1pat1on of the membership SID will honor members 
and others justly, equitably, and in a timely manner. 
. The Committee may be addressed via the National Of

flee, local chapters, or at 502 Kentucky Avenue Alexandria 
Virgin ia 22305. ' ' 

SAMPLE FE LLOW NOMINATION FORMAT 
(Length as Required) 

Nomination to the grade of Fellow is submitted by: __ _ 
chapter 

or region. 
, a member in 

good standing of the Society for Information Dispiay is here
by submitted for election to the grade of Fellow of the 
Society. Thi s nomination is officially sponsored by the fo l
lowing f ive members in good stand ing, whose signatu res 
attest to the fact: 

(1) 

(2) ------ ------
(3) ------------
(4) 
(5) 

The recognized and significant contributions to advance
ment of the Information Display field and the puropses of 
the Soc1ety for Information Display for which this candi
date is proposed include: 
Below is a brief biographical sketch of the Nominee: 
Attested and forwarded to the Honors and Awards Com-
mittee this day of 196 by : I --.- 1 

Chapter Chairman or Regional Director 
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Makes 
Problem 
Solving 

\,, Simple 
·~ rn~~-ffi~ _c. is--a-~~ ~:~5:.==::~ -~~~:~ 
1FLEXI8

1

LE II ... ,.""'-.. It t I 

i I IDIIOM can be used alone 'or interfaced with I any co~puter. It has a versatile _instruction 
i 1 repertoire that uniquely suits it to such appli-
1ji< cati?ns as compu~er·(!ided-cdesign, simulation, 

"- on-lme -process _ control, computer-aided in
struction, management information, command 
and control, information retrieval human 
factor studies, medical research, a~d more, 
and more, and more. 

SELF-CONTAINED 
IDIIOM has its own programmable, expa nd
abl_e, 4096 x 16 bit, random access memory. 
It 1s free standing and requires no external 
computer for mes~age composing and editing, 
for light pen trackmg, or for display refreshing. 

PEOPLE LANGUAGE 
IDIIO_M ~cc~pts input directly in your language 
and 1s 1deal for man-machine dialog. With a 
light pen, keyboard, track ball or otl\er man
input device you feed graphic or alphanumeric 
data directly into the computer and your an
swer comes back as graphics or alphanumerics 
-immediately usable without conversion. 

PROBLEM SOLVING MACHINE 
IDIIOM, because it solves so many kinds of 
pro~lems so efficiently, solves your problem of 
~uymg e_nough of the right kind of computa
t ion equ1pment for a variety of appl icat ions. 
Whether your basic need is for display or com
putation, whether your system can operate 
Independently or must be interfaced with your 
present equipment, IDIIOM is your answer. If 
interfaced with your present computer, IDIIOM 
greatly expands computer useability because 
only large scale data manipulation and storage 
need be done in the central computer. 
IDIIOM comes with a wide variety of options to 
suit it to a wide variety of appl ications. 

IDIIOM is another advance from IDI. 
Want more data? Drop us a card for the descriptive 
brochure. 

II•J I INFORMATION DISPLAYS, INC. 
333 N. Bedford Road, Mt. Kisco, N.Y. 10549 

P. 0 . Box 68B (914) 666-2936 
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New display system talks back 

Profile of SST is shown on CRT display of Tasker Industries' new Series 9000 Modular Display System. 
Line drawing on scope shows effect o f secondary shock waves on SST at Mach .01-03. Typewri ter 
allows non-technical personnel to " talk" to any of the thousands of computers currently in use. 

A new computer information display system 
aimed at aiding industry and government in 
identifying problems caused by the world's 
population exploswn has been produced by 
Tasker Indust ries, Van Nuys, Calif., eleven year 
old electronics contractor. The real-time Series 
9000 Modular Disp lay System is the culmina
t ion of three years of intense company spon
sored development. 

The new system allows busi ness managers 
and o ther nn n-technica l employees to "ta lk" 
to compu ters using a large CRT d isplay with 
a typewriter keyboard . Advantage of the sys
tem, according to marketing manager M. E. 
Forgey, is the rapid display of graphic infor
ma tion. An opera tor can produce line drawings 
and words on the screen, thus conversing with 
the computer on his design co ncepts, and re
ceive appropriate verifications. 

Data inputs can be analog, digital, o r a com
bination, and dynamic data can be presen ted 
against static backgrounds. An opera tor can 
edit, update, delete and retrieve sto red in 
formaliQn. He can also moni tor and control 
programs via the display. A se ries of the 9000 
Displays can be time shared w i th one com
puter cen ter and carry out separa te and unre
lated functions. These include gear train com
puta tions, stress analys is, electronic ci rcuit de
sign, program progress charting and variou s 
managemen t func tions. 

Logic and circuit networks in th e Seri es 9000 
are divided into funct ional modu les, each of 
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which performs a distinct operation. The inter
face unit is the key element which permits 
the system to accommodate any type of com
puter with distinct interface characteristics and 
command structures. The interface unit not 
only accomplishes physica l connection of sig
na ls between a computer and a display, but 
acts as a command fo rmat translator. This 
characteristic of thE' interface unit causes 
computer commands to be transla ted into a 
command language suitable for contro l o f the 
individual functiona l modules and, conversely, 
it tran sla tes data, which is generated at the 
display, into a command language compatible 
with the associa ted m mputer. 

Basic modules of the display system, which 
provide the positional and in tensi fyi ng signa ls 
for driving the electron beam o f the CRT, are 
composed of the video and deflect ion module. 
Composit ion o f the video and deflection mod
ule is in many ways dependent upon the par
t icular CRT and the desired performance char
acteristics. Several of the parameters are 
inter-related altho ugh, genera lly speaking, CRT 
tubes with less than 92° deflection angles can 
achieve significantly higher writing speeds and 
beam movement veloci ties than the 92° deflec
tion ang le CRT for any given amplifier size. 
Functio n of the vi deo and deflection module 

is to rece ive horizonta l (X) and vert ical (Y) 
deflection vol tages plus video gating (Z) sig
nals from o ther functional modules and trans
form th ese into signals whi ch will deflect the 

elect ron beam to a position o n the CRT face 
as p rescribed by the X, Y inpu t voltage analogs. 

Function of the pos'tion modu le is to accept 
digital position commands f rom the in terface 
unit or a ref resh memory and convert th is 
digita l position into an equ iva lent pai r (X and 
Y) of ana log position vol tages. Depend ing upon 
the selected CRT size, and desired posi t iona l 
resolut ion, the posit ion module can accom
modate up to 4096 grid divisions in each of 
the two axes. 

The control unit in itself does not perform 
any single function for a given display opera
t ion, bu t rather, i t functions as a sequencer for 
the control of all o ther functional modules and 
the routing of data between the interface unit 
and the funct ional module. 

The modules which have been described 
above form the basic elements which are 
necessary for the pos it ioning and intensifica
t ion of the CRT electron beam. 

Addition of a vector l ine generator modu le 
provides the capability to interpret digital 
commands into equ iva len t vo l tage excursions 
which will cause the " paint ing" o f intensi fied 
li nes on the face of th e CRT. These vector 
l ines afford the disp lay a graph ics capab il i ty 
for the presen lalion o f line segments in any 
direct ion w i th lengths of essentially 0 (one 
grid division) to a fu ll screen diameter. The 
video gati ng networks associated with the 
vector generator permits any desired l ine to 
blink at a p redetermined rate or to appear 
as dashed or dotted segments. 

for the display o f alphanumeric cha racters 
andjor special symbols, a character generator 
modu le is added, the funct ion of which is to 
accept digital commands and translate these 
into equivalent small signal excu rsions in the 
X and Y axes which describe the selected sym
bo l. The character generator module has a 
wide flexibility in both symbol style and reper
toire. In most cases, wh en characters are to 
be d isplayed, they will occur in formatted posi
tion s, as in the case of text. In order to 
acco mplish lh is positional arangement of char
acters to form text, a forma t generator module 
is included which serves to modulate the main 
posit ion coordinates for the spacing of cha r
acters and the spacing of l ines of characters. 

The remaining funct ional modules perforrn 
anci llary functi ons to enhance o pti onal features 
of the display system. The refresh memory is 
an optional uni t, which is included in disp lay 
systems whenever there is a desire to lessen 
the storage and input-output transfer rate re
quirement on the computer. Where a refresh 
memory is not included as a part of the display 
sysiem, refresh ing of the display must be 
accomplished by repetit ive transfer of display 
frames from the compu ter at some rate be
tween 30 - 60 t imes per second. The selection 
of a refresh rate for ei ther computer refresh 
or loca l ref resh is dependent upon th e quant ity 
o f data to be displayed and th e l igh t outpu t 
requirements for fl icker-free presentations. Al
though delay l ine memories and drum mem-
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to manually control a set of d isplay commands. 
Some typical funct ion key labels include: line 
erase, page roll -up, store message, light pen 
plot, etc. 

The bowl ing-ball modu le, also known as 
a track-ba ll , is l ikewise an operator aid wh ich 
provides a faci le means of pos i tion ing a cu rsor 
to any g iven poin t on the CRT face in a very 
accu rate manner, without precise manual man
ipu lations. Some of i ts uses are in estab l ishing 
the end points of vecto rs to be d isplayed on 
the CRT or for "hooking" any desired display 
element on the CRT screen. 

The light pen module, offe red as an option, 
provides the capabi lity for the operator to com
munica te w i th elements of the display (vectors, 
characters and points) in a manner compar
ab le to the use o f a wand or pointer. This 
capab ility enables the operator to hook any 
displayed elemen t and through servoing, via 
the computer software program, he may, in 
effect, draw graphic presentations on the dis
p lay. The ligh t pen itself merely de tects the 
presence o f l ight with in a matter of a few 
m icroseconds after the electron beam has 
caused phosphor i llu mination within the aper
tu re of the l igh t pen . Modi fication of the 
d isplayed data fo r generation of new d isplay 
data by this techn ique is accomplished pri
marily by the software rou t ines wh ich utilize 
these t ime-dependent signals. 

Effect of shock waves on SST stand out in top view. 

aries are offered and can accommodate many 
of the refresh req ui rements, it has been our 
experience that the Tasker 9000 Series high
performance characteristics are best satisfied 
by means of a magnetic core memory. A 
typical memory's size which satisfies a majori ty 
of the Series 9000 appl ications is 4096 words 
with 16 bits per wo rd, hav ing a full-cyc le t ime 
o f 2 m icroseconds. 

The keyboard modu le, offered as an opt ion, 
is ut i l ized for the en try of alphanu mer ic andj or 
specia l symbol ic data into the refresh memory 
or the computer for pu rposes of the disp lay 
composition, editing or inst ruct ions pertinent 
to a data base. In most appl ications the num
ber and type o f symbols provided on a key
board are a dupli cate of the symbol repertoire 
available from the character generator module. 
In these cases where the associated computer 
is accomplishing the refresh operations and 
software cont rol of display generation, editing, 
and the l ike, it is often more advantageous 
to accomplish an interface directly from the 
keyboard to the computer lf O bus as opposed 
to t ransferring keyboard data via the interface 
un it and direct memory access channel of the 
associa ted computer. 

Programmable function keys, usuall y a group 
of 16 - 32, are individual push-type swi tches 
which are used to in i tiate discreet operations, 
ei ther wi thin the d isplay system o r v ia soft
ware rou tines in the associated computer. In 
effect, i t is an aid wh ich allows the operator 
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Chart shows typical SST fuel burn rate vs. altitude and time on CRT of Tasker new Series 9000 
Modular Display System. 
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Glass tubes obsolete? ... Look again! 

' 

One gun or twelve, short neck or long, 
round face or rectangular, fibre optics or standard . •• 

*You can take ETC to mean Electronic 
Tube C orporation ... or unlimited cathode 
ray tube capability. Either definition poin ts 
to the pacesetter of the C RT industry. 

ETC g o t off to an early start in the 
mid- thirt ies when the cathode ray tube 
was considered a lab oratory curiosity. 
T oday, with the emphasis on solid s ta te 
technology, ETC is one of the largest 
suppliers of CRT's to science, indust ry 
and the military. 

ETC can supp ly 150 d ifferent tubes 

from stock but our specialty i s the design 
and fabrication of tubes which never ex
isted before ... to do challengin g n ew jobs 
that couldn' t be done before. 

To design, deve lop and test t ubes for 
such specialized applications ... to produce 
them under the most exacting quality con
t rols . . . calls for outsta nding engineering 
know-how and capability. This kind of 
capability is a byword a t ETC. It contrib
utes to the overall superiority of even the 
lowest price CRT. 

Circle Reader Service Cord No. 30 

Why n ot call in this sp ecialized capa
bility when you are in n eed of CRT's
standard or cus tom designed. Whatever 
your requirements, you' ll see more d is
play per dollar on an ETC tube. May w e 
show you why? Write t oday for our free 
new catalog. 

GENERAL 
~JR~1Ru~ ~ ~~~~ c!{::~:~~ 
PHILADELPHIA • PENNSYLVANIA 19118 
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ID PraduEts 
Non-Sna p Pushbutton Switches 
New non-snap, lo w-bounce versions of an 

industrial, snap -actio n pushbutton switch are 
now being offered by Con trol Switch Div., 
Controls Compa ny of Ame rica, Folcroft, Pa. 
The switches featu re less than 1 microsecond 
con tact bounce a fter t ransfer, and are designed 
speci fica lly for fast computer circuits. Desig
nated B5200 and BW5200 Series, the switch 
un its complemen t the company's snap-act ion , 
mo istu reproof, W100 Se ries pushbutton switch
es. BW5200 Series switches a re mois tureproof; 
B5200 Ser ies sw itches a re not. The switches are 
part o f the fam il y o f un iform-pane l-appearance 
sw itches from Contro l Switch. Within th is 
family, many d iffere n t rat ings, c ircu its, and 
operating characteristics can be se lected wh ile 
s t il l mai n taini ng a uni form appearance across 
the switch pane l. B5200 and BW5200 Series 
switches are rated for loads o f 3 amperes re
sistive, 1 ampere inductive, and 1 ampere 
lamp at 28 volts de or 120 volts 60 and 400 
Hz ac. They incl ude 3 circuit arrangements, 
18 mounting styles, and cho ice of red or black 
pushbuttons appropri ate to momentary, non
snap action . The switches a re also ava ilab le 
as B5250 and BW5250 Seri es in 1/2 and 3/4-in. 
sq. and 9/16-in. diame ter keyboard plunger 
caps. 

Ci rcle Reader Service Card No. 31 

G raphic Input System 

A new type o f graph ic input system which 
al lo ws an o pera tor to trace or sketch materia l 
fro m hard copy o r pro jected images d irec lly 
in to a compu ter has been anno unced by its 
deve lope r, Data Equ ip men t Division of Bolt 
Berane k & Newman Inc. , San ta Ana, Cali f. 
Designated the G l/360, the device interfaces 
BBN/ DE's 1010A to the IBM System 360 line 
of compute rs and may be physically mounted 
in the console of an IBM 2250 display CRT. 
Graphic input is independent of any display or 
tracking on the 2250, the firm claims. The new 
device has a maximum resol u tion of 100 points 
per inch . Interface logic in the GJ/360 is sa id 
to al low the programmer to specify the rate 
at wh ich the central processor is interrupted 
to input graphic data. Programs can specify 
both an elapsed-ti me criterio n and a change
in-stylus position criterion wh ich must be satis
fied before the next graphic data point is 
delive red to the p rocessor. This e li minates the 
possibi lity of e ncum be ri ng the computer w ith 
the processing of redundant data. 

Circ le Reeder Service Cord No. 32 
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Readout Tube 
National Electronics, Inc., a Varian Subsid

iary, Geneva, Ill., has annou nced a new num
erical readout tube, w ith an inverted base, 
NL-874. It is mounted ve rtical ly with the base 
at the top to p~rmit optimum use of pane l 
spacing. ND-874 is a s ide view, long life, d is
play tube with .310" characte rs, 0 to 9. NL 1874 
requires a minimum de supply of 170 vo lts 
at max imum cathode curren t of 3.0mA aver
age, m inimum - 1.5mA ave rage. Preb ias li mits 
- 50V to 120V de. Dynam ic operating li fe -
200,000 hou rs. Other ve rsions ava ilable are : 
NL-875 with left hand decima l point; NL-876 
with right hand de cimal po int; NL-877 w ith left 
and right hand decima l points; NL-884 with + 
and- only. 

Circle Reader Service Card No. 33 

Nixie Tube Features 
Highest Packaging Density 

Product ion of a new n ixie tube, type B-5560, 
has been annou nced by Bu rroughs Corp. Elec
tronic Componen ts Div., Plai n field, N. j., manu
facturers of nixie tubes, driver mod ules, mem· 
ory components and memory systems. This new 
tube features the largest possible character 
height (0.52") in the tube bu lb d iameter (0.6") . 
This feature perm its th e equ ipmen t ma nufac
turer to produce a physica lly sma ller d isplay 
whi le mai n ta! n ing h igh readability. Compa red 
lo the most popu lar nixie tube (standard rec
la ngu Jar), the B-5560 only has a 15% sma ll er 
character he ight, bu t a 24% sma ller tube width. 
Compared to the sma llest tube (m in iatu re rec
tangular), the new B-5560 has a 68% large~ 
character height in only a 28% wider bulb. 

Circle Reader Service Card No. 34 

AC/ DC Converte r 
A new AC/DC conve rter w ith 70 db dynamic 
range, frequency response from 5 Hz to 5 MHz 
and 300 microvolt sens itivity has been an
nounced by Pacific Measurement Inc., Pa lo 
Alto, Calif. The converter, Model 1008, is 
suited for swept freq uency measurements an d 
fo r use w ith d igita l vo ltmeter.s. Circu itry em
p loyed includes a MOS FET rectify ing detecto r 
circuit. 

Circle Reader Service Card No. 35 

Decimal Translator 
Shelly Assoc., El Segundo, Calif., has devel

oped the TR-1 00, a solid-state PC board which 
translates d ecimal code. The TR-100 can be 
used with al l seve n-bar segmented d isplays 
now ava ilable, the co. cla ims. Measuring 1 'l's 
in . x 2lfs in . (not incl uding the connector 
solder tabs), the translator offers a solid-state 
modu le comp rised of si li con plana r semicon
ductors, wave soldered to a p rinted ci rcuit 
board. Opera tin!l te mperature range is -20° 
to + 1oo•c. 

Circle Reader Service Card No. 36 

for : 
• Mechanical Interface 
• Electrical Interface 
• Human Factors 
• Form Factors 
• Exterior Finish 

Why compromise your All
MIL A/ N system by using a 
commercial ' scope? 

All-MIL (to M IL-E-16400), 
fully t ransistorized fjt) . 
'scopes are now available in 
standard rack and portable 
(18 lbs.) bench models- in 6 
to 10 MHz bandwidth- com
plete with accessories an d 
plug-ins for non-obsolescence. 

Wider b andwid th s and u n
usual form factors and per
formance characteristics are 
av ailable on a cus tomized 
basis. 
In Preplanning Your Nex t 
System Design, W hy Not
Leave the Display Work to 
Us? 
Call or write for free con
sultation on YOUR ' scope 
problem. 

C 8 NUUL 

cA~ 

GENERAL 
ATRONICS 
ELECTRON IC INSTRUMENT DIVISION 
PHILADELPHIA PENNSYLVANIA 19118 

Circle Reader Service Card No. 37 59 
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NEED THIS 
SPACEP 

Specify TNR-70A Digital 
Readout for 1-C or 
Discrete Circuitry 

Handles the job in % the 
depth. How? NWV:NiJ 
With this 
m ono l i th ic 
silicon circuit. Complete de· 
coder/driver package, with 
NlXl P tube and bezel, is 
only 1%" deep. Accepts 1-
2·4-8 binary coded decimal 
inputs a nd p roduces 10 
mutually exclusive outputs. 
Here's you r answer whe re 
space is a critical factor. 
Prices as low as $22.75 
without tu be in 100-299 
quantities. Write for com
plete information. 

(!}IIUIUI'OUC11S COftP. 

For complete information, contact 
your local TEC-Rep, or write direct. 

INFORMATION DISPLAY AND CONTROL DEVICES 

TRANSISTOR ELECTRONICS 
CORPORATION 

Box 6 19 1 
Minneapolis, Minnesota 55424 

Phone (6 12) 941·1100 

Circle Reader Service Card No. 38 

Profile Monitor Oscilloscope 
A profi le monitor oscilloscope which has 

10-millivo l t full-scale defl ection and disp lays 
up to 100 channels of information has been 
announced by the Industrial Products D iv., 
International Telephone and Telegraph Corp. 
The inst rument, designated PM 703, is de
signed for rea l time tran sducer output displays 
of temperature, pressure, or other physical 
phenomena. In the process control f ield the 
PM 703 reportedly eliminates the need for 
daily calibration o f process control inpu ts. The 
17-in . alum inized screen tube of the instru
ment gives flicker-free display, the co. claims. 
The PM 703 has opt imum tran sducer co mpati 
b ili ty, in te rlocking capacity and individual 
channel gain control. The oscilloscope is ol 
solid-state design and has an automatic warn
ing system and automa tic shutdown. 
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Plotter 
The 1140 Variplotter, designed to satisfy the 

recording requirements of analog computers, 
is available from Instrument D iv., Elect ronic 
Assoc. Inc., North long Branch, N.J. The 11 
in. by 17 in. Varip lotter features static and 
dynamic accuracy of ± .075%. Slewing speed 
is 30 in./sec. on each axis, and repeatab ility is 
0.05%. The 1140's reference capabilities include 
internal zener reference supplies for each axis 
and swi tch selectab le external compu ter ref
erence. The external referen ce includes dual 
provisions for ± 10 and ±100 vo l ts. Fixed scale 
factors are selected by push buttons whi le 
fixed and variable modes are swi tch-selected 
for each axis. The variable scale factor con
trols provide up to 100% attenuation on all 
f ixed ranges. Input impedance is SDK ohms/ 
vo lt fu ll sca le through 1 volt/in. A ll other 
ran ges are 1 megohm constan t. Input imped
ance fo r all fixed sca le fac tors is maintained 
when in the variable mode. Paper is held down 
by a reportedly maintenance-free vacuum sys
tem with distributed air flow for B'h x 11 in. 
or 11 x 17 in. paper. The recording area meas
ures 10 x 15 in. 
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Tactical Video 
Reeves Inst rument Div., Dynamics Corp. of 

Am eri ca, Garden City, N.Y., announces a tac
tical video mapper that generales, contro ls 
and tran smits video mapping data for use wi th 
radar d isp lays. The mapper is designed for 
use by weapons con trollers in ba ttle area radar 
air control posts. It is an all sol id-state device 
used for transmitting and superimposing an 
image o n a rada r plan posi tion indicator (PPI). 
A tran sparent plastic material map is illumi 
nated and the light coming through is de
tected by a vidicon whose sweep is synchro
nized with the PPI. The ou tpu t o f the vidicon 
is sent through a video amplifier to the PPI. 
The synchronized image, superimposed on th e 
PPI , is in range and azimuth sca le with the 
radar return. Relative ran ge and azimuth to 
tactical notations made on the map can be 
determined on the PPI. An operational posi
t iona l erro r of less than 2% o f map radius is 
maintained. This vid eo mapper is designed 
for use in conjunction with ground based 
radars. O ther mappers are avai lable fo r sur
vei llance and airport aircraft operations. 
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Readout Tube 
The ZM1000 readout tube, designed for high

volume production readout panels, has been 
developed by Amperex Elect ronic Corp. , Slat
ersvi lle, R.I. The high temperature design of 
the tube base permits the PC board to be 
dip-sold ered wi th the tube inserted. This meth
od reduces the need for sockets. However, 
should individual design requirements neces
si tate sockets, the ZM1000 can be adapted for 
thi s purpose. The co. claims that other fea
tures of the tube include a built-in decimal
point ind icator, accurate readability up to 35 
ft., compact construction for the installat ion 
of an B-digi t readout in 6 in. of panel space 
and a life expectancy of 200,000 hr. Driver cir
cu i t designs are avai lable with related data, 
parts, and instructi ons for all driver types: sili 
con-controlled-switch (SCS) memories or ring 
counters, diode/ transistor decoders and for 
special applications 

Circle Reader Service Card No. 42 

50-MHz O scilloscope 
A lab-quality 50-MHz Oscilloscope in a 30-

lb package, fully ruggedized to meet military 
requirements with respect to shock, vibrat ion, 
temperature, and humidi ty, has been intro
duced by Hewlett-Packard, Palo Al to , Calif. 
Model AN/USM-281 is a versatile, dual-channel, 
SOMHz Oscilloscope that meets all its elec
trical speci fications at temperatures from 
-28°C to + 6o•c and in 95% humid ity up 
to 6s•c. It is drip-proof, complying with Mll-S-
108, and i t meets the RFI specifi cations of Mll-
16910C, Class I. It withstands shock tests of 
1, 3, and S f t 400-lb hammer blows in th ree 
axes, in accordance with M ll-S-901. Mean time 
before failu re of th e all sol id-state instrumenl 
is 5000 hours under the terms of Ml l -HDBK-
217. 
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New X-Y Recorder From Tl 
A new X-Y recorder, offering convenience 

features coupled wi th a high resolut ion 
in recording, is announced by Texas Inst ru
ments Inc., Houston. Designated the "function/ 
ri ter'' recorde r, the new inst rum ent uses hu
man-engineering techniques to create a mult i
purpose instrument suitable fo r many different 
installations. Plug-in " fu nct ion modules" per
mi t the reco rd er to be q uickl y converted fo r 
use in a variety of app l icat ions. By ut i l izing 
proven so lid-state servo systems al ready in 
producti on by Tl , and through the use of en
closed infini te-resoluti on slidewires instead of 
hel ical-wound resistance elements, high pre
cision is insured, while deadband problems are 
eliminated, according to the fi rm. 

Ei ther vert ica l or horizontal mounting of 
the recorder is possible, without special fittings 
or accessories. In addi tion, when the instru
ment is used as a tabletop un it, the recording 
surface may be angled to 45 or 90° from the 
ho rizontal to allow visibility o f the recording 
even when the operator is seated. Both 8'h 
x 11 in. and 11 x 17 in. charts can be used. 
Ei ther X or Y axes may be geared to time 
func tion, while the interchangeable "function 
modules" permit quick modi ficatio n for the 
job at hand. Three modules are presently avail
able: a single range signal- input module, a 
time-sweep/signal attenuator module and a 
multi- range attenuator module. 
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Visible Array 
The MVA 300A 5 x 7 Array offered by Mon

santo, St. l o ui s, is a sol id state read-out made 
w ith thirty-five MVt-101A gallium arsenide 
phosph ide d iodes mounted in a metal heat 
sink. The anode is common to the heat sink, 
and the cathodes are addressed individually 
from the rear o f the display. The array can 
be used to display all numbers, letters and a 
variety of special characters. Each element is 
lit when forward biased 10 to 100 ma at about 
1.65 volts. The display is used for visual read
out and film annotation appl ications which 
require solid-sta te reliability, high brightness, 
small size and low power consumption 
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Xenon Arc lamp 
PEK Inc., Sunnyvale, Calif., introduces a line 

of AC opera ted xenon long arc discharge lamps 
for use in cont inuous operation app l ications 
such as materia ls testing, reproduction devices 
in graphic arts and photography, and repeating
type printers. The lamps employ quartz wall 
construction and may be water cool ed w ith 
PEK's quartz wate r cooling j ackets. Model XEL-
2500 requi res a power input of 2500 volt amp 
for a luminous flux o f 77,000 lumens at 3300 
cd/cm' brightness. Model XEL-6000 requi res a 
power input of 6000 volt amp. for a luminous 
flux of 215,000 lumens at 3000 cd/cm' bright
ness. Average l ife of both units is approxi
mately 600 hr., the firm states. 
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For Space Applications 
Ruggedized CRTs for space applications, de

signed by Thomas Electronics, Inc., Wayne, 
N.j., for use aboard the Gemini 8 and 11 space
craft, are now availab le for general use. In 
the Gemini spacecraft, the 2E13P11M CRT was 
used as a high resolution photorecording de
vice, and another 1 hom as CRT, the 5M33P4M, 
was used as a display. Ruggedized CRTS are used 
in space missions to w i thstand the shock and 
vibration encoun tered in l ift-off, separatio n, 
and re-entry. 
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Transistorized Indicating lights 
Transistorized indicating lights are offered by 

Genera l Elect ri c Co., Schenectady, N.Y. The 
CR108 Type G indicating l ights reportedly meet 
the applica tion requiremen ts for computers, 
data processing eq uipment and communica
tions and contro l systems using printed or in
tegra ted circuits. Inpu t signals required to 
actuate the l ights are: Neon- ON, 0 to 2 volts 
d-e; OFF, 3.6 to 6 volts d-e. Incandescent -
ON, 0 volts d-e at 1.4 ma; OFF, 6 vo lts d-e. 
The lights may be mounted from the rear of 
the panel w ith a single knurled nut and back
washer. The co. claims that lights mount in 
a lfe in. dia. ho le on centers as close as 19/32 
in. and on panel thickn esses as close as 1/6 
to 3/16 in. Both incandescent and neon forms 
will operate in temperatures ranging from 
--4o•c to 65°C at 95% humidity. Removable 
color lamp ca rtridges are available for the in
candescent form in amber, red, blue, green, 
clear and white translucent or whi te trans
parent. 
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BRIGHT 
BOLD 
CHARACTERS 
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new light on control panel design 
Marco-Oak Presslite® switches give you instant light and 
color check of system s tatus. They're the smallest illumi
nated pushbuttons available with contact ratings of 5 or 
15 amps up to 120 vac . .. maximum body width or 
diameter is less than %.0 Independent and isolated 
lamp circuits to indicate switch mode or remote sys
tem status mean less panel space, greater design 
latitude. Snap-action assures long contact life with a 
wide safety margin even beyond rated currents. 

Presslite switches are available with a variety of op
tions: SPDT or DPDT, alternate or momentary action, 
midget flange base, incandescent or neon lamps (with 
ballast resistors built into switch base). Ten basic cap 
styles (including Press-in caps in six sizes and shapes) give 
you a full color range. Matching indicators and recess panel 

mo"ntlng '''P''" •l.o . Ito :: :'~h:~·~ ::P,..,Hto ~tMog. 
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A div is ion of OAK ELECTRO / NETICS CORP 
207 S. Helena St., Anaheim. California 92805 
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Packaged Generators 
Kamag 14 packaged brush less generators have 

been developed by Kato Engineering Co. , Man
kato, Minn. The generators are available in 
single bearing to be connected directly to 
industria l engines, and in two bearing for 
engine connection through coupling or for 
coupl ing or belt connection to an electric 
motor or other type prime mover. The Kamag 
14 generators come in either single or three 
phase and with either 50 or 60 cycles wi th 
ratings from 10 through 60 KW. They have a 
direct connected rotating exciter and a ter
minal box mounted voltage regulator with 
manua l voltage adjustment and built-in series 
boost. Ball bearings are the double shielded 
cartridge type. The feet are cast w i thin the 
endbel ls and the excite r and the rotat ing 
rectifiers are part of the shaft. 
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low-Cost CRT Ramp Generator 
An inexpensive auxiliary time-base generator 

fo r any large-screen app lication has been an 
nounced by a div. of International Telephone 
and Telegraph Corp. The KS 2760 Ramp Gen
erator provides all waveforms necessa ry to 
produce a tri ggered time base for the CRT 
display. For other precision timing applications, 
the instrument is said to offer accuracy, sta
bility, and ±0.1-percent linearity. Sensitivity 
is 250 mil livo lts to 5 vo l ts. The instrument has 
full lockout for com pletely stab le triggering. 
The con trols can adjust parameters for almost 

any requi rement. 
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Visual Communication Terminal 
The Uniscope 300, a visual commun icat ion 

terminal designed for instantaneous viewing 
of computer-stored in formation, has been de
veloped by th e Univac Div., Sperry Rand Corp., 
Pa. The equipment consists of a keyboard w i th 
b1 keys, a CRT display screen and an asso
ciated cont rol un it. Uniscope 300 can be used 
as a se l f-con tained unit o r in a mul ti-station 
version providing up to 48 keyboard displays 
directed by one contro l unit. The unit's screen 
has a 10 x 5 in. v iewing area, and 16 lines 
o f information w ith up to 64 characters in each 
line can be presented at one time. Added 
overlay keys can have 122 different combina
t ions which give 4880 possible special func
ti ons. The compu ter may also send unsolicited 
messages, ind icated by an audio and visual 
alarm signal. 
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Video Amplifier 
Beta Inst rument Corp. , Newton Upper Falls, 

Mass., has announced availab il ity of M odel 
VA1367 Gamma-Corrected Video Amp l ifie r, a 
DC coupled ·10 mhz, all-sili con, so l id state 
plug- in amplifier which features a gamma-cor
rected transfer function to produce a l onear 
relationship between CRT light outpu t and in
put v ideo dri ve. The model is said to employ 
feedback and temperature-compensation to 
provide opti mum gain stab ili ty and tempera
ture independence, and may be d i rect-coupled 
to the CRT grid o r AC-coupled to a DC re
storing level. I t is ful ly compatible w i th all 
other modu lar display sys tem components 
manufactured by lhe fi rm. 
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Electronic Tester 
The Spectra Optoliner is a high resolution 

electronic tester for all types of television 
cameras. Used in place of the " light box" type 
of resrers, il has none of the variables usuall y 
associated with rliese testers, such as uneven 
l igh ting, oprical misalignment, poor lineariry, 
etc. Also, the Op tol iner is small and portab le, 
(weight : approxima tely 4'/2 lbs; length : less 
than 14 inches). In use the Opro liner threads 
di rectly into the lens mount of the TV camera. 
Standard rest pallern sl ides are inserted into 
the Optoliner and are i lluminated by a built
in lighling sys lem. An external meter monilors 
the fool candles and color temperature of the 
illumination at the test pallern image plane. 
The Specrra Optoliner was developed by the 
Photo Research Corp., Hollywood, Calif. 
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Plug-In Switch Modules 

According lo Master Specialties Co., Costa 
Mesa, Calif., their MSC 800 Square Tell ite Plug
in switch is the fi rst lighted pushbullon switch 
to inrroduce the use of crimp-type wiring 
terminals ro connect switches. Rear moun ted 
pin-type terminals are plugged into the ter
minal block held capti ve on th e rear of the 
mount ing rack assembly, allowing easy install a
tion or remova l w i thout turning power off or 
disconnect ing other parts. Matrix type mount
ing racks, that will accommodate up to 144 
switch modules in configurations of 5 x 20 or 
12 x 12 max., are shipped completely assembled 
and ready for installation. The swi tch mounts 
on 0.800 in. centers, requi ring 36% less pane l 
space than conventional designs. 
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Tungsten Halogen Projector 
Development of a tungsten halogen projector 

lamp wirh an internal reflector has been an
nounced by Sylvania Elecrric Products Inc. 
The new lamp, designated BCK, uses a Tru
Focus base and socket and is interchangeable 
wi th exi sling CZA ir.candescen l projector 
lamps. Sylvania developed the Tru-Focus base 
and seeker in 1956. 

The 500-watt BCK lamp has an average rated 
life of 50 hours, twice the life of the CZA lamp. 
Sy lvania developed the new lamp under an 
arrangemen t with the A i requipt Manufacturing 
Co. which will use i t in a line o f new slide 
projectors. The lamp has an all-tungsten in
ternal structu re including the reflector. The 
support slrucrure requ i red for the C13D fi la
men t and infernal reflecto r also are made of 
tungsten. 
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Fan Delivers 575 CPM of Air 
Rotron Manufacturing Co. Inc., Woodstock, 

N.Y., announces the Caravel fan that delivers 
575 cu. ft. of cooling air per min. at free de
l ivery. The des ign of the Caravel, which meas
u res 10 in. in dia. and 3'h in. in depth, in
corporates a die cast aluminum venturi and 
polycarbonate propeller. The sound level meas
ures 45 db SIL The fan weighs 5 lb. and re
vo lves at 1700 RPM. The Caravel is available in 
two models, 115 VAC - 50/60 cycles single 
phase and 230 VAC - 50/60 cycles single 
phase, and has been designed to meet UL 
speci fications. 
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Interfacing Family of 5 MHz, 
1/C logic 

The in troduction o f a new family of 1/C 
logic, with an overall thruput rate of 5 MHz, 
is provided by Logic Systems Inc., San Diego. 
Employment of both DTL and TTL logic classes, 
and certain discrete circu i t elements through
ou t the broad, 70-3000 Series, give the design 
engineer greater flexibili ty in obtaining com
pat ible inlercommunicat ion w ith various types 
and speeds of logic, generally required in com
plex system or test objectives. Basi c operat ion 
is NAND log ic. Card size is 5.800 x 2.500 in., 
(usable) and mating is provided by 47 pin Elco 
connecto r(s) accommodating most wiring tech
n iques. A single +5 V regulated supply is 
required for most cards. All boards have dis
crere keying positions, to preclude accidental 
mis- location, and test poin ts. Standard logic 
drawers, holding 60 cards w i th power supply 
or 90 without, and occupying 5'/• in. of rack 
space are avai !able. 
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Lighted Pushbutton line 
Designared the " Unimax LPB Series 9", the 

new l ine of Unimax Swi tch, Div., Maxson Elec
troni cs Corp., Wallingford , Conn., consists of 
four-lamp l ighted panel conrrols des igned to 
meet the requi rements of MIL-S-22885. Features 
include single screw mounting, two-step re
lamping and factory- installed interna l lamp 
bussing. The Unimax LPB's are offered with 
customized messages in a wide range of dis
play styles and color coding. They are available 
with two, rhree or four pole momentary or 
alternate act ion switch ing. For maximum fl exi
bility in rhe selecriori of componenrs, the 
swi tches are of modular design. An added lea
lure of the new line is an ordering system 
which permits the switches to be chosen by 
component groups, whether for a complete 
assembly or for a separate sub-assembly. 
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Serial Memories 
Anderson Laboratories Inc., Bloomfie ld Conn., 

has int roduced the type 3641 magnetrostric
tive serial memories for appl ication in com
puter printer sections to se rve as lemporary 
storage buffer memories. The serial memories, 
which use aluminum die casring, are avail
able with or without electronics. The type 
3641 memories are non -retu rn-to-zero, in-and
out, unity gain 'packages in whi ch the bipo lar 
elemenl is clocked and the NRZ section is not. 
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LiD hi 
Measure-
ment 
rroblems7 

See us for the solution. 
Gamma Scientific has combined 
experience, innovation and 
craftsmanship to create the 
most comprehensive line 
of precision light measurement 
instruments and systems 
available today, including: 
• Transistorized photometers 
• Interchangeable 

photomultipliers 
• Complete accessories 
• Spectroradiometers 
• Calibrated light sources 
• Telephotometers 
• Photometric microscopes. 
Phone us for .. . 
• Application assistance 
• New light measurement 

techniques for R&D, 
production and quality 
control. 

For our latest catalogue 
contact: Sales Manager, 
Dept. 111, Gamma Scientific, 
Incorporated, 2165 Kurtz Street, 
San Diego, Calif. 92110. 
Immediate problems? Call 
collect 714/ 291/ 2230. 
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3,000 .. 
LUMENS'~ 

:X: The new Ultrabrfght: 
illumination system, developed for 

SELECTROSLIDE 2 x 2 slide pro

jectors, delivers twice as much illu

mination as presently available 

Xenon slide projector modifications; 

four times as much as previous 

Selectroslide models; six times as 

much as 500-watt projectors. Now 

available on all "SL" series SELEC

TROSLIDE projectors except the 

SLM. Write for complete information. 
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spindler E sauppe inc. 
1329 grand central 
avenue I glendale 

ca l ifo rn ia I 91201 
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New Advances 
The Alpha-Lite, recently developed micro

miniature, modular, multi-filament, alpha-nu
meric readout display by Pinliles Inc., Fairfield, 
N.J. has added features for greater versatility. 

In addition to the ini t ially developed units 
with pigtail leads, the Alpha-Lite is now being 
produced with a microminiature plug-in ter
mination allowing for mixed use with modular 
Midgi-Lites. Separate plug-in decimal point units 
are available in all Midgi-Lite sizes. The Model 
43 Alpha-Lite is now compatible w i th the 
Model 04-30 Midgi-Li te. Both units have cha rac
ter heights of only V•". Overal l dep th of these 
uni ts is on ly 5/16" and the overall height is 3/a". 
The width of the Model 43 A lpha-Lite is .335", 
while the Model 04-30 Midgi-Lile is only .275". 
Midgi-Male drivers and encoders are now ava i l 
able for both units. Each Alpha-Lite contains 
a complete alphabet, complete digit, and num
erous symbols. Each Midgi -Lite similarly con
tains a complete digit. Both the " 43" and the 
"04-30" operate on 8 milliamps/segment at 
3 volts. 

Circle Reader Service Card No. 64 

Video Transmission 
And Termina l Equipment 

A new line of long haul v ideo transmission, 
receiving, and distribution equipment has been 
announced by the RAM Telev ision Products 
Div. of Canoga Electronics Corp. Designated 
Series VT-5000, the new equipment features 
balanced or unbalanced cable compensation in 
multiple runs in excess of 40,000 f t. and single 
runs up lo 10,000 ft. Additional feat ures include 
low cost (almost one-half compared to com
p~tilive equipmen t). al l so l id state circuitry and 
the equipment exceeds specification GEEIA-X-
2049C. Standard enclosure is only 3V>" high 
and has been designed for a 19" rack or wall 
mounting. A modular packaging design per
mils any standard receiving or transmitting 
enclosure to be customized to the users par
ticular appl ication without the inherent costs 
associated with customized equipment. The 
standard plug-in modules offer the user flexi
bility for either standard or hybrid configura
tions. Single or multiple runs for balanced 
(124 ohms) or unbalanced (75 ohms) cab le 
compensation can be easily accommodated 
through proper selection of modules within 
each standard enclosure. 
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Arc lamp 
A new high-performance 1600-watt xenon 

arc lamp for applications in solar simu lation, 
scientific instrumentation, color projection and 
other areas requiring high intensity light 
sources, has been in t roduced by PEK Inc. , 
Sunnyvale, Calif. The lamp, Model X-1600A, 
features ribbon-seal construction to provide 
security against v ibration damage and insure 
reliabi l ity under severe environment conditions . 
Average brightness of the X-1600A is 75,000 
Cella/em~ (rated) with equivalent color temper
atures of about 6,000°K. The lamp is DC oper· 
aled, requiring an igni t ion vo ltage of 40 Kv. 
Operating vo l tage is 24+3 vo l ts. Rated average 
l ife (under recommended operating conditions) 
is 2,000 ho urs. 
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lntervalometer Available 

Traid Corp., Glendale, Calif., announces an 
automatic "trippi ng device" that activates a 
35mm cine pulse camera. This device, the Traid 
Model 390 Sol id State ln terva lometer, was 
originally tested and bui l t to operate wi th the 
Neyhart Automax 35mm Cine Pulse Camera, 
d ist ributed by Traid. The lntervalometer can 
provide five different pu lse rates and converts 
110 vo l t AC to 28 vo l t DC. It has no gears, 
motors or moving parts. Output pulse is vari
able between 10 and 250 mill iseconds. Built-i n 
power supply del ivers 5 amps at 28V DC to 
camera motor. Counter keeps track of f rames 
exposed. Input power is 115V AC 60 CPS. 
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Remote Driver / Decoder Card 
Industrial Electron ic Engineers, Inc., Van 

Nuys, Ca l if., manufacturer o f "Display-Mates", 
(Driver/Decoders and Readouts sold as a com
plete unit). now announces the availabil ity of 
a 4'/2 " by 5" remote Driver/ Decoder Card . Pos
sessing al l the capability of standard lEE de
coders, the "Card" has numerous driving appli
cations other than readou ts, such as relays, 
printers and other peripheral devices. Top 
specifications include 4-line BCD inpu t and 
10-12 decimal ou tpu ts. The un i t features for
bidden code reject ion and both memory and 
non-memory options are avai lable. 
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In strument l ig ht Source 
Instrument and contro l markings that glow 

safely without external power in a select ion of 
colors are possible wi th new Betalights -
self-contained light sources manufactured by 
Conrad Precision I ndustries, Inc., N.Y. Beta
ligh ts are said to have a usefu l life of 20 
years or more without external power or the 
need of replenishment, replacement or atten
tion. They are suited for applications where 
batteries or conven ti onal electrical wiring are 
impractical, as in instrument dia ls and con
trols, chassis illuminat ion, probes, test equip
ment, etc. Bela l ights consist of a phosphor- l ined 
glass tube containing a minute amount of 
radioactive Tritium gas. Beta partic les strike 
the phosphor coating, causing i t to glow like a 
small electric light. 
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r CALL FOR PAPERS 
Ninth National Symposium 

of the 

Society For Information Display 

Papers are solicited for five Symposium Sessions covering the 
Explosion of Display Technology now occurring. Emphasis should be 
on Display Systems and their applications to the problems of modem 
society. It is desired to have five areas covered. 

CIVIL 
MEDICAL 

MILITARY 
EDUCATION 

ENTERTAINMENT 

This Symposium, which is sponsored by the Los Angeles Chapter of 
SID, will be held May 22, 23, and 24, 1968 at the Ambassador H otel. 
Please send Definitive Abstracts by November 3, 1967 to: 

ERWIN A. ULBHICH, JH., Papers Chairman 
INFORMATION SYSTEMS SUBDIVISION 
Douglas Space Center 
5301 Bolsa Avenue 
Huntington Beach, California 92646 

Telephone: 714 - 897-0311, Ext. 3757 

Inquiries regarding Exhibits should be directed to: 
INFO '68 EXHIBIT MANAGEMENT 
A. BYRON PERKINS & ASSOCIATES INC. 
3951 E. Huntington Drive 
Pasadena, California 91107 

Telephone: ( 213) - 795-9561 
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R I ndom 19" RACK OR 

CABINET access INSTALLATION 

35mm 
film 
loop proiector 

• 100, 200, 300 frame capacity 
• choice of controls: dual dial, 

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

Phone Collect 319·323-9729 

MAST DEVELOPMENT 
COMPANY 

EDUCATIONAL SYSTEMS OIV. o 2212 E. 12TH ST. 

DAVENPORT, IOWA 52803 
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Sustaining members 
ADAMS ASSOCIATES 
BED FORD. M ASSACHUSETTS 

AERO SPACE CORPO RATION 
SAN BERNARD INO. CALIFORNIA 

BENSON-L E H N ER CORP. 
VAN N UYS, CALIFORNIA 

BUNKER- RAMO CORPOR ATIO N 
C ANOGA PARK, CALIFORNIA 

BURROUGHS CORPORATION 
DEFE N SE. SPACE & SPECIAL SYSTEM S GROUP, 
PAOLI, P A. 

CELCO 
(CO N STANTINE ENG INEERI N G LAB S. CO .) 
MAHWAH. N E W JERSEY 

COMMUNI C ATIO NS & ELEC TRONICS 
DIV. 
PHILCO·FORO CORPORATION 
A SUBSID IARY OF FORO M O TOR COM PA NY 
W I LLOW GROVE. PENNSYLVANIA 

CONRAC DIVISIO N 
G I ANNINI CONTRO L S CORP. 
COV IN A, CA LI FOR N I A 

ELEC T RONIC CO MPO NENTS GROUP 
DIV ., SYLVANIA ELECTRO NIC PRODUCTS INC. 
SENECA FALLS. NEW YORK 13080 

HU G H ES A IRCRAFT COMPANY 
VAC UUM TUBE PRODUCT S DIV . 
O CEA NSIDE. C ALl FOR NI A 

NAC INCORPO RATED 
7· 1 GINZAN ISH I 
CHUO .K U , TOKYO. JAPA N 

RADIATION IN C . 
MELBOUR N E , FLORIDA 

STROMBERG C A RLSON CORP. 
DATA PRODUC TS, SAN D I EGO, C ALI FORNIA 

SYNTRO NI C INSTR UM E NTS INC. 
100 INDUSTRI A L ROAD. ADDI SON, ILLINOIS 
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new literature 
Indicator Lights 

Datalites, a system of indication sui ted for 
computer, data processing and automation ap· 
pl icat ions, are displayed in Catalog L-160F from 
Dial ight Corp. , Brook lyn, N.Y. Among the 
series features described are: cho ice of plug
in incandescent or neon lamp cartridges ; data 
caps fo r use w ith hot-stamped or engraved 
legends; data strip or data mat rix " packages" 
for use in program and instrumentation panels; 
and data twin dual lamp indica to r l ights. The 
ca l talog provides 12 pages o f data, speci fica
tions, drawings. lamp charts and ordering in

formation. 
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Synchros 
il lustrated bul letin W 757 gives complete di

mensional data, electrical, and mechan ica l 
spec ifications for both size 8 and size 11 
BUWEPS Synchro lines factory stocked by IMC, 
Maywood, Calif., Western Division. Both syn
ch ro families are comprised of Con trol Trans
former, Control Transmitter, and Cont ro l Dif
ferential Transmitter (CT, CX and CDX) uni ts. 
developed and manufactured in accordance 
wi th Ml L-Q-20708; quality control is main
tained under MIL-Q-9858A. Each unit is con
st ructed of stainless stee l throughout, with 
precision stainless steel shielded ball bearings, 
for e fficient!, long-l i fe operation at tempera
tures from -55 to +125° Cen tigrade. 

Circle Reader Service C3rd No. 72 

Magnetic Shield 
To help engi neers and procurement peop le 

obtain magnetic shields properly fabricated to 
the desi red appli cation , newly published time
saving four-page Data Manual 187 is offered 
by Magneti c Shield Div., Perfection Mica Co., 
Ch icago. The manual i llustrates numerous types 
and confi gu ra tions of Netic and Co-Netic non
shock sensi t ive magnetic shields which are said 
to have m inimal retentivi ty and do not require 
periodic annealing. Magnetic and physical en
vi ronment, shield con figurat ion and perform
anCE· requirements are among the topics dis

cussed. 
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Teflon Insulated Terminals 
The advantages of using Press-Fit Teflon

insulated te rminals for assembly line produc
tion are described in an i l lust rated e ight-page 
book let ava ilab le from the Ci rcui t Hardware 
Div. of Sealectro Corp., Mamar'oneck, N.Y. 
Among the instructive p roduct ion sequences 
explained in the book let are the dri ll ing and 
punch ing o f chassis holes and the insert ion of 
terminals by hand or p ress. 
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Video Tope 
Bulletin T-107, describing the features and 

l isting the prices of 142 Series video tape for 
use wi th VR-1500 and VR-660 Seri es closed 
circui t videotape recorders is available from 
Ampex Corp., Redwood Ci ty, Ca lif. 
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Magnetic Tope 
"Evaluating Performance of Digital Mag

ne:ic Ti!pe" is now available from Memorex 
Corp., Santa Clara, Cal if. The bulletin explains 
the 1esting philosophy for wea r resistance, de
scribes tests used to evaluate dropout inci 
dence, and detai ls some of the mo re sign ifi
cant variables which affect accuracy and relia

bi lity. 
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Photoelectric Keyboard's Format 
lnvac Corp., Waltham, Mass., has published 

a two page data sheet describing the new 
Photoelectric Keyboard, Series PK-200. This 
data sheet lists the various format and func
tion optior1s that make this keyboard particu
larly applicable to dala handling and communi
cat ion systems requiring unusua l or cu stomized 
keyboard capabili ty. Of added importance are 
the availability of custom coding (up to 14 
bits) and the use of photoelectric techniques 
to elim inate contact bounce and minimize 
RF I/ EM I. Data Sheet PK-200. 
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Spectrum Analyzers 
New booklet describes the operating princi

ples of Federal Scientific Corp.'s ubiquitous 
spectrum analyze rs, which produce high-reso
lution spectra for frequency bands as wide 
as 10,000 Hz in rea l-t ime. The techn ique o f 
digital delay line l ime compression ~nd there
by frequency dilation is described wi th operat
ing parameters that app ly to the latest versions 
of th e instrumen t. The booklet published by 
the New Yo rk firm includes a block d iagram 
o f the system employed. Applications of Ubi
quitous spect rum analyzers to underwater 
acoustic signal processing, vibration and noise 
analysis, real-time speech dynamics, and radar 
data processi ng are illustrated. 
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Visual Simulation System 
An opt ical pickup that prO\•id es pitch, roll, 

and yaw motions through the use of integral 
servo-driven elements to p rovide a fixed point 
of perspective and thu s lend realism to v isual 
simulators, is described in a paper current ly 
being distribu ted by Pho tomechanisms, Inc., 
Huntington Station, N.Y. The article discusses 
the use of v isual simulation equipment for 
engineering evaluation and train ing; identifies 
key design prob lems; and describes a practical 
means of presenting a rea l ist ic scene to the 
tra inee in a simulator cockpi t. 
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Pushbutton Switich 
Two new data sheets are availab le from Mas

ter Specialties Co., Costa Mesa, Ca li f. No. 3027 
details the company's panel-mounted building
block pushbutton switch featuring removable 
colored pushbuttons, co lored face nuts and 
snap-on switch modules. Supplement sheet 
4030 describes MSC's line of panel plugs whrch 
are designed to cover panel cutouts reserved 
for future installati on o f pushbutton swi tch
l i tes or word indicator-lites. 

Circle Reader Service Card No. 80 
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Neon Pilot Lights 
Complete designers l ine of neon pi lot lights, 

providing both function and beau ty are de
sc ribed i n the 12-page, illustrated design guide 
released by Indust rial Devices, Inc., Edgewater, 
N.J. The gu ide, whi ch includes a review of the 
O mni-G iow 1000 series, Glo-Dot, Omni-Giow 
2600 series and Line-0-Li te product lines also 
develops how to select the right seri es and 
individual unit for specific app li cations. Two 
pages are devoted to " Guide to Pilot Light 
Selecti on. " Th is secti on outl ines the design 
considerations which affect ultimate choi ce of 
a p i lot light. 
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Indicating Devices 
Bulletin M R102 illustrates 16 different models 

o f indicating devices offered by The A. W . 
Haydon Co., Culver City, Calif. Included are: 
microminiature " BITE" (Bu i l t-In-Test-Equip
ment) indicators which mon itor circuit or sys
tem performance to meet D OD sys tems readi
ness requir eme nts; mi l i tary and industrial 
elapsed t ime indicators and events counters; 
sweep scale and digita l stop clocks; and a new 
laboratory stop clock. 
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Relompoble Holders 
Eldema R-Li tes - a product fa mily of re

lampable holders and lens caps for the midget 
flange-based T-13/• incandescen t and T-2 neon 
bulbs - are described in a new series of data 
sheets. The fami ly of Eldema R-Lites compri ses 
f ive p roduct groups - each wi th lamps and 
lens caps replaceable from the front of a 
panel. Featu res of the five groups described 
in the data sheets include: RM and RN series : 
both meet M IL-L-361 . RM is for incandescen t 
lamps; the RN series with a bu i lt-in resistor 
is for neon lamps. Availabl e in stan dard and 
waterproof types, with high impact plasti c 
lenses, front-panel mounting in 15/32" holes 
from Eldema, Compton, Calif. 
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Display System 
The elements of a total system capabi li ty 

which interfaces the Sanders 720 Data Display 
System wi th the IBM System/360 are described 
in a six-page brochure available from Sanders 
Associates, Inc., Nashua, N.H. The new Sand
ers' 731 D isplay Communicatio ns Buffer, in
clud ing an 10 contro l, multiplexer, transmis
sion control and synchronous modem adapter 
are described. The brochure depicts schemat· 
ics for both remote and local connections for 
the model 731, a modular bu ffer un it w hich 
funct ions as a high-speed parallel or serial in
terface between the I BM System/360 and th e 
Sanders 720 Display. 

A complete g lossary of simple sou rce lan
guage for the company's Autograph file main
tenance program is provided. Au tograph is a 
powerfu l Sanders software package for en try, 
retrieval , revision and manipulat ion of data 
f iles using Sander's 720 on- line with System/ 
360. 
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DIG is a non-contact, long-travel, ultra-precise 
digital linear measuring instrument. With accur
acy from two to twenty times greater than other 
methods, it may best answer your inspection and 
quality assurance needs. It can implement nu
merical control for single or multi-axis manual or 
automatic machine tools. Its precise position 
sensing makes it valuable for use with positioning 
equipment in layout work, microcircuit mask 
registrations, photogrammetry and other precise 
measuring tasks. 

DIG is a nnique system. It scans, optically, a specially ruled, precise 
glass scale. DIG measures from any point to any other point without 
accumulative or counting errors-even after fast traverse. Measurement 
is absolute-not incremental or fringe count-does not depend on cwnu
lative count and associated memory. Scale readout in fifty-millionths, 
ten-thousandths, or one micron least count. Optional coded decimal out
puts available to provide remote printout, storage or feedback. 

R emote display and command consoles as well as special systems can 
be supplied. For complete details write for our DIG Catalog 38-2110, 
Bausch & Lomb, 31945 Bausch Street, Rochester , New York 14602. 
• Trademark 

BAUSCH & LOMB (i) 
In Canada. Bausch & Lomb Opt ical Co. , Ltd., 16 Grosvenor St .. Toronto, Ontario. 
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FOR SHAFT POSITION 0 -999 FOR 360° ROTATION 

accurate Consists of 223/5 OPTICAL ENC_ODER: Cyclic BCD, 
non-ambiguous, low torque, long l1fe. 

rel.lable S12 C SIGNAL PROCESSOR: amplifies, discriminates 
and translates to 8421 BCD. 

I Cost P5 POWER SUPPLY: for encoder and signal processor. ow D3-9 DISPLAY CABINET: incorporating BCD to deci-
mal converter and power supply. May be placed at a convement 
remote location. 

Total System $1,278.50 
Delivery from stock. 

BALDWIN ELECTRONICS,INC. 
llOl McALMONT • P. 0. BOX 627 • UTILE ROCK, ARKANSAS • PHONE 501, 375-7351 

MINIATURE 

T-1 INDICATOR 

LIGHTS FOR 

EVERY 

APPLICATION 

Illuminated hardwa re for a 
wide va riety of console and 

instrument display f unctions, 
utilizing m iniature lamps. 

Off-the-shelf or custo m designed. 

Write for detailed 
specification sheets 

Illustrations are actual size. 

QUICK-LENS 
M icro-m inia ture 
front-relampable in· 
dicator lights. Uses 
T-1 grain-of-wheat 
lamp. from 1.5 to 
28 v. lnterchangable 
lenses. 

MINI-LENS 
Provides minimum 
spacing between 
lights. Front relamp
able with interchang
able lenses. Can be 
RFI shielded . 
Threaded body for 
direct mounting to 
panel. 

FLUSH-LENS 
A new design for 
panel mounti ng with
out protrusion. Re· 
lampable, RFI 
shielded, waterproof 
and relampable. In· 
terchangable clear or 
colored lenses. 

TRANS-LENS 
Front relampable in
dicator light, util
izing high-gain t ran
sistor driver. Clear 
or colored inter· 
changable lenses. 
Extremely compact 
circuitry on integral 
o.c. board. 

devices, display • InC 
2928 ne braska avenue 
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santa monica, california 90404 

(213) 393-0385 

an the moue 
JOHN P. BREYER recen tly joined the Inter

nati onal Data Corp., Newtonville, Mass., as 
vp/ research. He will work . directly _with cus
tomers in prepa ring specoal 1zed stud1es 1n the 
field of information processing technology. He 
formerly was with Honeywell EDP. 

A new firm, Computer Graphics Inc., has 
been established in Rockville, Mel., to serve 
engineering, industry, bt~siness and scoence 
in the acqujsit ion and util 1zat,on of automated 
graphical equipmcnl and 1ech111ques. The film 
was founded by JOHN 5. HELD. a charter 
member of SID, who serves ~s pres1clent. 

DR. A. S. HOAGLAND, IBM Corp. , has been 
named General Chai rman of the 1968 SJC~, 
which will be held in Atlantic Ci ty, N.J . Apr il 
30 • May 2. Since the first US computer con
ference in 1951, attendance has grown from 
200 people to last year's international au?1ence 
of 5 000 registrants and more than 10,000 VISitors. 

El,ection of EMIL LANDEFELT to th e office 
of VP/Administration and Finance D iv. of In
formatics Inc. , Sherman Oaks, Calif., was re
cently announced by p resident WALTER F. 
BAUER. Before joining Informat iCS, Landefelt 
was with Operations Research Inc. 

The N.Y. firm of Federal Scientific Corp. 
recently elected two vice presidents, MARK R. 
WEISS and RICHARD S. ROTHSCHILD. We1ss 
current ly heads the co.'s work in automatiC 
speech recognition and speech analys1s sys
tems, wh ile Rothsch ild is responsible for the 
f irm's Ubiquitious Spect rum Analyzer prod
uct line deve lopment and sales. 

RICHARD F. MILLER has joined. Duncan 
Elect ronics Inc., manufacturer of precos1on po
tentiometers and o ther electromechan ical de
virP<, "' m"n"gPrl 'l"" l ity "«uranc:e. He wil l be 
responsible for all qua lity aspects of des1gn 
and production. 

Appointed to the newly created position. of 
Director/International Marketmg for Vana_n 
Data Mach ines, Newport Beach, Calif., IS 
ROBERT K. LOWRY. He will be respons1ble ~or 
overseas marketi ng and services fo r the entire 
l ine, with particular emphasis on the new lme 
of Data 620-1 16/18 bit systems computers .. 

EARL j . McCARTNEY, research engmeer 1n 
Spery Rand's Electro-Optics Group 1n Gre~t 
Neck, N.j., received the Institute o f Nav1gat1on s 
annual Samuel M. Burka Award for the out
standing technical paper publ ished i~ the In
stitu te's journal. His paper, " The R ~ng Laser 
Inert ial Sensor" appeared in the Autumn, 1966 
issue of the journal " Navigation." 

JOHN MARSHA LL is now a Product Group 
Manager for the D isplay and Equ1p~ent dept. 
of Litton Industr ies Electron Tube D 1v., accor~
ing to FRANK ). KELLY, dept. mgr. Marshall IS 
respons ible for the d esign, d eve lopment and 
production of high resolution CRTs and display 
devices. . 

ROBERT F. GEIGCR has jo ined "ln format1on 
Systems Co., as Director of marketing, accord
ing to an announcemen t by M . 0. KAPPLER, 
president of ISC. a Lear Sieg ler Co. Ge1g~r 
will be responsible fo r marketmg t_he film s 
services in the area of space and m1ssile sys
tems, range operations and scheduling, telem
et ry data processing, and military command and 
control. · d 

ROBERT A. BEAUDETTE has been appo~nt e 
Documentatio n .'\dmin istrator for Stromberg
Carlson's Data Products Div., San D1ego. He 
p reviously wa s with Teawell Inc. , San D1ego, as 
an advertising accoun t execut1ve. 

Bunke r-Ramo Corp., Canoga Park, has an
nounced two new appointments. F. ). McKEE 
is now vp/operations for B-R Data Systems Inc., 
Si lver Spring, Mel., a subsid iary of the company. 
HAROLD L. SHOEMA KER has been elected vp/ 
genera l manager of B-R. He will continue as 
di rector of th e US Army's ADSAF program. 
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GORDON L. PENHARLOW is now manager 
of data control and in formation retrieval in 
the Corporate Information Div. of Elect ro
Optical Systems, Inc., a subsid iary of Xerox 
Corp. 

HARRY W. WILCOX, JR., manufacturing super
intendent of Sylvania's Commercial Electron ics 
Div. at Bedford, Mass., has been elected vp 
-manufactu ri ng of Granger Associates, Pa lo 
Al to, Ca li f. 

New sales engineer for Memorex Co rp., 
Santa Clara, Cali f ., is STEPHEN WALSH. He wi ll 
cover the Northern Ca l iforn ia area ou t of the 
company's d ist rict office in Belmont. 

PETER SIEN-KWEI PAO w ill assume the posi · 
tion of eng ineering manager of Communica
tion Electron ics Inc., Rockville, Md., and w ill 
direct all th e firm's eng ineering activities. 
Pao, a founder of Astra Commun ications Lab
oratory, returns to CEI after a fou r-year ab
sence. 

JAMES A. NOTTINGHAM is now vp and 
gen. mgr. of Sperry Rand's Sperry Piedmont 
D iv. Nottingham has been division manager 
since 1961. 

New appointments at D. B. Mill iken Co. , 
Arcadia, Calif., include: LOUIS F. MEYER as 
director of marketing; GI LBERT J. PENDLEY 
as field engineer on the W est Coast; and DUD
LEY A. WARNER as field engineer for the 
mountain states territory. 

DALLAS L. TALLEY is now Sales Manager at 
Systems Eng ineering Labora tories Inc., Ft. 
Lauderdale, Fla. Announcement was made by 
RICHARD D. FELTY, VP/Marketing. Talley wi ll 
have in i tial responsib i l i ty for expand ing the 
marketing penetration and customer service 
coverage. 

DALLAS L. TALLEY CHARLES J. MARSH 

CHARLES J. MARSH is now the new vp and 
di recto r of marketing for Comcor Inc., a 
wholly-owned subsidiary of Astroclata Inc., 
Anaheim, Calif. 

ROBERT L. HADDOCK has been named d i
rector-engineering for the Con trol and Com
munica tions Div. of Rad iation Inc., Melbourne, 
Fla. Haddock wil[ report directly to RALPH 
JOHNSON, vp and gen. mgr. of the div ision. 

IRWIN C. SHONEMAN is the new manager 
of Avion Electronics Inc.'s Naviga tion Display 
Laboratory in Paramus, N.j. Sheneman w i ll be 
responsible for all of the design and develop
ment of navigational pictorial d isplay equip
ment. 

LT. COL. JOSEPH G. CARLEY, JR. (USAF, Ret.) 
has joined The Bunker-Ramo Corp. Defense 
Systems Div. as the director o f advanced pro
grams. Carley will be primari ly concerned w i th 
the company's development of an integrated 
approach to command and control problems. 

RICHARD D. BOUCHER has been appointed 
Memorex vp-manufactu ri ng, of the company's 
newly-formed Supplies D iv. Bo ucher unt i l re
cen tly was director of manu facturing for the 
magneti c tape manu factu ring organ izat ion, 
Santa Clara. Also join ing the new division w ill 
be STANLEY W. MEYERS, who has been named 
VP- technical staff. 
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LOOI< 

LISTEN 

YOU ARE LOOKING AT 
THE FACE OF THE MOST 
VERSATILE SWITCH
INDICATOR EVER MADE! 

Actua·l Size 
R2900 Series 

The R2900 Series Switch-Indicator is easy to install, 
lightweight and small. 

• Up to 6 poles 
• Legend divisions both 

physically and in 
color 

• Alternate or 
momentary actuated 

• .781 " square 
mounted 

• Holds four T 1% 
base lamps 

• Front relamping 

type or combination • Universa l mount for 
in one switch varying panel 

• Various button styles thicknesses 

Send tor complete information 

..... ~ RADAR RELAY 
"11111111 A TELEDYNE COMPANY 

1631-lOth ST., SANTA MONICA, CALIF. 90404 • PHONE (213) EX 3-9631 
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1. ( ) they want to 
help the colleges 

You were right if you checked No.2. 

American corporations want to make 
sure there will be enough college-trained 
leaders to fill the management jobs open 
today and in the future. 

This is good insurance for business. 

And the need, we must remember, isn't 
getting smaller. 

World trade is developing fast; business 
is getting more competitive, more com
plex; science is introducing new prod
ucts and processes rapidly. 

College-trained men and women are 
needed, in increasing numbers, to plan 
and direct the activities of business. 

E DUCATION 

Publish ed as a publ ic service in cooperation wi th The Adverti sing 
Council and t he Council for Financial Aid to Education 

2. ( ) they need the 
leaders colleges train 

But the colleges can't do the training job 
alone. They need classrooms, labora
tories and facilities, yes. But even more, 
they need backing to maintain a staff of 
top-notch teachers. 

This is the human equation that makes 
the difference in reaching the margin of 
excellence needed in the U.S. 

This is everybody's job, but especially 
industry's. 

Of course American business wants to 
help the colleges, so you were also right 
if you checked No. 1. College, after all, 
is business' best friend. 

GIVE TO THE COLLEGE 
OF YOUR CHOICE 
SPECIAL TO MANAGEMENT -A new booklet 
of particular interest if yo_ur company ~as 
not yet ·estab lished an a1d-to-educat1on 
program. Wri te for: 
"The Rationale of Corporate Giving", -;: __ ::::~::.:"' ~ 
Box 36, Times Square Station 
New York, N.Y. 10036 
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New! RF Shielded 
New! Front-Mounting 

Innovations 
from Eldema, 
manufacturers of 
the industry's broad
est line of cartridge lites 
and holders. Eldema's C-Lite 
Cartridge and D-Holdercombina
tion provides both incandescent 
or neon panel lites. Now D-Hold
ers with the added reliabili ty of 
RF shielding and the added f lexi
bi lity of front-mounting. Eldema 
plug-in cartridge lites are inher-

ELDEMA 

ently rei iable, simple to 
install, and easy tore

place. Ava i lable in a 
large range of lens shapes, styles, 
and colors. Matching push 
switches util izing C-Lites are also 
ava ilable. Eldema cartridge li tes 
and holders conform to MIL-L-
3661. Write for complete bro
chure and free samples. 
Specify reliability and flexibili ty 
- specify Eldema ... where inno
vation is a way of lite. 

A Division of Genisco Technology Corporation 
18435 Susana Road I Compton, California I (213) 774-1850 
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CONVERT RADAR, 
SONAR, AND IR DATA 

TO TV DISPLAY 
WITH THE 

ELECTRO STORE® 
• • • • • • • • • • • • • 

This TV display is a composite of a com~ 
pass reference superimposed on a stored 

ppi display. It is an example of how the 
Electrostore Model 221 can convert ra~ 
dar data to a high resolution TV picture. 

M odel 221 Electrostore 
~r ~- .. r, · ~.,.. ... 11 ·: single-gun storage tube 

HJW Input/Output Response ».,_ ''I • • 10 MHz or 20 MHz A.:.._i_ Input Amplitude 

lJ 
Required 0.7 vol ts to 

.!.:: • 2.0 volts p-p 
• Deflection Amplitude 

. I 5 volts P·P 
~ ' Deflection Response 

. • , • ··~...._ DC to 800 KHz 
Programmer Optional 

The Model221 scan-conve rter uti lizes 
a cathode-ray record ing storage tube. 
Input video s ignals and deflection 
information are applied to the tube 
through various ampli fiers and con
trol c ircuitry. Data is stored w ithin 
the tube in the form of a raster, c ir
cular, or spiral scan. This information 
can be read off periodically through 
appropriate amplif iers without de
stroying the stored data. The input 
can be up-dated per iodica lly and the 
stored information erased partially 
or in its ent irety. By introducing the 
proper signals, the Electrostore can 
convert a variety of formats to TV 
display, i.e. computer-to-TV, radar
to-TV, JA-to-TV, or sonar-to-TV. 

Write for technical memos and application 
notes covering the Electrostore. 

• .Z izncrge 
... ~ .... instruments 

... 223 Crescent Street 

• 
Wal tham, Mese. 02154 
T e I. (617) 894-8200 

A DIVISION OF 
DASA CORPORATION 
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Display and digital equipment engineers: 

Spearhead development of 
computer-based instruction systems 
at RCA in Palo Alto, California 

RCA Instructional Systems, in 
the San Francisco B ay area, 
h eads Radio Cor poratio n of 
America's full-scale entry into 
the field of educational technol
ogy. In t h e fi r st major joint 
undertaking of its kind by indus
try and education , our highly 
competent nucleus staff is work
ing in close collaboration with 
nat ionally-known educators -
such as Stanford Universit y's pioneer in computer
based instruction, Dr. Patrick Suppes. 
Their task : to study, create, and test total educational 
systems aimed at coping with the problems created by 
enormous increases in student population, and in both 
volume and complexity of knowledge. The market : all 
levels of education. 
At one level alone, the President's Science Advisory 
Committee has urged colleges to spend $400 million a 
year on computer-based instruction by 1971 . 
Today, RCA Instructional Systems offers you ground
floor opportunity for career growth in this rapidly 
expanding field. You'll work with RCA's Spectra 70, 

first computer family to utilize 
monoli t hic integrated circuit r y 
and cross the threshold into t he 
third generation. And be backed 
by the full spectrum of RCA prod
ucts, skills, and services in such 
areas as communications, switch
ing, displays, publishing, and 
field services. 
If you are an en gineer experi
enced in educational systems 

analysis, electronic display development, and/ or com
puter systems design, we'll like to talk to you. Current 
efforts include: development of concepts for advanced 
computer-based instructional systems; design of ad
vanced CRT displays and electronic data entry devices; 
and design of t he elements of digital processing and 
communications systems for use with computer-based 
information. Areas of work are: digital circuits; digital 
logic design; packaging; human factors engineering ; 
display devices design; and analog circuit design. 

To inquire about career opportunities at RCA, send 
your resume to A. J. Tasca, RCA Instructional Systems, 
530 University Avenue, Palo Alto, California 94301. 

• 

An Equal OppoTtunity E mploye-r 

The Most Trusted Name in Electronics 
® 
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It's just an ordinary airmail stamp. 
Until you put it under ultraviolet 
light. T hen it turns into a glowing 
super stamp that lets the Post Office 
sort 30,000 letters an hour! 

Sylvania phosphors did the trick. 
After seven years of research. Several 
thousand were tested before two were 
selected from Sylvania. 

Now, the phosphors are simply 
added into the stamp ink. A red-orange 
for airmail, a green for the rest. When 
the let ters come in, they are fed 
through special electronic equipment 
that cancels and sorts them automati
cally. 

Sounds simple, but it took some do
ing. The phosphors not only had to 
luminesce brightly under ultraviolet, 

but had to be as fine as confectioner's 
sugar (normally antagonistic char
acteristics). 

Altogether , we offer hundreds of dif
ferent phosphors. Some detect counter
feiting, some illuminate safety devices, 
some coat fluorescent tubes, some trace 
air currents, some make plastics glow, 
some brighten your TV picture. 

Maybe we can solve your materials 
problems too. After all, we 've been a 
leading phosphor producer for over 25 
years. We're also a leader in tungsten, 
molybdenum, specialty ind 1.istrial inor
ganic chemicals, and semiconductors. 

For information, wri te to Sylvania 
Electric Products Inc., Chemical & 
Metallurgiqll D ivision, T owanda, 
Pennsylvania 18848. 

SYLVANIA 
GENERAL TELEPHONE & ELECTRONICS 
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