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. . . mantioned whenever high quality CRT disploys ane discussed. Mot just a tuba,
but over a dozen distinct wbe configurations, all having the sama 314 square
inch display surface with 165 inch radius of curvature—so close to flat that we
and tha information display community call it THE FLAT FACE TUBE.
A dozen differant twbes ? At least | Imagine all the workable combinations of
these design featunes
53 and TO degrea deflection anghes
Electrostatic or magnetic focus
1000 v 2000 line resolution
Electrostatic or magnetic auxiliary deflection for alphanumerics
Dual neck and redr projection configurabiong
DOptional laminated implosion protection
The outstanding capabilities of THE RAULAND TWENTY-TWO are duplicated
in our family of TWELVE INCH and SIXTEEM INCH FLAT FACE TUBES. Also
available is tha TWENTY-FOUR INCH FLAT FACE TUBE—the world's largest flat
face display tube, Our TWENTY-TWO is the standard of performance and quality
in large PPl and scan-converted radar displays. An advancing information display
technology is accepting RAULAMD FLAT FACE TUBES as the lock of guality
whera looking really counts.
The next time you're talking CRT displavs, invite us 1o join the discussion. We
don't compromise on quality—Why should you ?
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Telaphone (312) 647-B000 "Mﬂ" ot iy
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The first powerful beam of alectrons to pulse down the nar- NEW
" §ochid parmlln
row (18 mm) 2-mile path beneath the Stanford hills was right feth Ecastiag.

on targel. This hed bean insured by a parallel beam —irom a ep-fraed vidwing

Spectre-Physics CW gas laser —establishing alignment within
hall a millimeter over the total length of the Stanford Linear
Accelarator.

The laser radiates continsously down an evacuated €0-cm ACTIML MIE
aluminum tube, the basic supporl girder for the accalaralor,
Alignment may ba checked —evan during acceleralor opara-
tion—at any of 277 target points along the ube's lenglh, sim-
ply by F-l,‘.lwnring a Frasnal lens into position within the tuba. A
detection system at the far end is capable of resolving a shilt
of 0,025 mm af the selected target point,

Withaut the lasar system, convantional alignmant tech-

Here it is! Our all-new NIXIE tube—the industry's lowest-  Dealers across the country.
coaf elecironic readout®, and one sure to usher in a whole new Before you freeze & new ign, before you ecommmit
generation of low-cost digital instrumeniation, company o & costly and irreversibly uneconomical position,
Bui—dor't be misled by it low, low cot. s all NIXIE  call, wire or write for samples of profotype quantities.
tubs—in name, in ign, in construction, in performance, in ﬂ::rm,-.mb:m—lh: low cost of the new NIXIE tube
quality, in long, trouble-free life. B-5440 precludes consideration of other types of nume
Important new design and manufacturing techniques have  resdouts such as electro-luminescent and projection types whe

niques would have been uncerfain or impractical, and soma .

avan impossible® The Specira-Physics Model 115 halium-
naan gas laser usad in the system is described, along with
six other lasers of advanced Stabilite™ design, in a néw color
brochure. For your copy, write us at 1255 Tarra Balla, Moun-
tain Wiew, California 94040. In Europa, Specira-Physics, 5.A.,
18, rus Saint-Piarre, Box 142,
1701 Fribourg, Switzerland. ﬂﬁpe:tra-Phy&‘ics ]
]
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made its low price posible. Mow check the important new  cost is a major factor. Get a real NIXIE tube.mmrm!NleE

features shown—they make the néew NIXIE tube more fune-
tional and easier 10 use.

The new MIXIE tube Type B-5440 is available now—from
stock—baoth from the factory and from Burroughs Siocking

tube performance and acceptability.
Use the reply card for full information on the new WIMIE
tube and complete readout-application assistance,

* 5405 inm guaniities af [0,

Paly Bwrroughr manfocrares NIXTE Tubes

@ Burrﬂ'uﬂhﬂ Cﬂrpnrntiun ELECTROMIC COMPOMENTS DIVISION

PLAINFIELD, HEW JERBEY OTOS81

Sep us &t MEC, Booths 728-730 / Ses we at 154, Booth 1320
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ALL NEW DIGISWITCH 19687 CATALOG
including new, reduced price lisf

MNow the most complete catalog on thumbwheel switches ever published,
is vours for the asking. It includes descriptions of all DIGISWITCH and
MINISWITCH thumbwheel switches, technical data on each, lruth tables
showing codes and electrical output configurations available, dimensional
blue prints of each model, standard performance specifications, nive revised
prices, order blanks, plus general information such as typical apphcations
and binary reference tables. Copies will be mailed free of charge with-
out obligation. Lise the coupon below or call your Digitran repréesentative.

THE DIGITRAN COMPANY
_ A Division of Endevco Corporation
* } BSS South Arrcyo Parkway, Pasadena, California
Fhona: F13/449.-3110
SIS ARD DebrimeTEH ARE MANUTSEFERLE URODE 5. FRRENTS 1,685,500 A0 DIILTRE DTHEN PAfCHTS FEHE
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IF RESOLUTION AND RECOGNIZABILITY ARE IMPORTANT TO YOU,
WE WOULD SUGGEST THAT YOU USE THE NEV TD 8484 VIDICON
IN YOUR TELEVISION CAMERA,

MANUFACTURED BY
GENERAL ELECTRODYNAMICS CORPORATION
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For further information on THE COMPUTER DISPLAY REVIEW,
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Master Specialties
Company Series 90E
Miniature
Tellite Switch....

Versatility!

R STy
IN INFORMATION DISPLAY,
FAMEL LAYOUT AND STYLE

IM OPERATIONAL MAINTENANCE
AND QUICK MODIFICATION

GET MAXIMUM CONTROL
I MINIMUM SFACE WITH
THE SERIES 90E
ILLUMINATED PUSHBUTTON
EWITCH

l wWide Choice of Electrical Charac-
ferintics —eany o Inetall snd wire.

Specily ZPOT or 4POT srap-action seiches in
momeniary or abernsio action, or in momen-
by schion wilh holding coil. Lamp Chouis
irchade G, 12, or 28 voll, or special neon lamp
115 woll. Mount from he panel front using
imipgrafied mounting slesves. WMo bracikets or
hardware bo sheow from the pared Tront, Al
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| With the new Millgo Digital Ploiting Sysiem, you digital inputs ples straight analog. B accepis
Volume 3 Number 5 .‘_-:fp!f.'n!u-.-‘fﬂnrm'h'r P output only the end poinis on lings wp fo 42  magnelic tapes recarded in sither gapped, gapless
long — Hhie plofler does the rest . . . with no  of long recoed formal An optional core storage

delesiorafion ol - the plotler’s normal dynamis  Bulfer allpws up bo 10800 bits belween gaps
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ARTICLES

Mult-Sensor l}ispl:q.-.t—'["n.w:l A pproaches
by M. D. Harsh Page 24

Reviews results of an RCA survey of signal display in
multi-sensor systems, and analyzes these results.

I Sk Theler Gten o Now...save programming steps on every plot
Presents a detailed discussion of TBM's graphic I3I'|F:|i'l}'.
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tvisual display
{ Interactive Displays for Document Betrieval
- 1:!}' H. Borke and H. . I’Iumaugh ]-""-IJ.;L' 47 :
W'm Iﬂﬂmnl‘w Describes SDCs Bibliographic On-Line Display, an in-
" tersctive doowment storage/retrieval system.
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Why IEE rear-projection
readouts make good reading

Mot the kind of good reading you'd curl
up with on a rainy night, Bot & more
important kind if you're designing
equipment that requives message dis
play. Reason ia that IEE readouts nre
the most readabls readools around. I
yoii"ve seen Uhiem, you know thic ta be
fact. If you kaven't ns yet, here is why
sair Peadeuts make such good reading:

SINELE-PLANE PRESENTATION

Mo visusl hash of tandem-stacked fila-
ments. IEE readouts are minintore
rear-projectors that display the re-
quired messages, one at & time, on a
non-glare viewing seresn. Only the
maessnge that's “on™ is visible

EASY-TO-RELD CHARACTERS

Since 1EE readouts can display any-
thing that can be put on flm, you're not
limited ta thin wire filament, dotted, or
segmented digits. Order your I1EE read-
owts with familiar, highly legible char-
acters that meet laman fectors and Mil
Spec requirements, This section from
our sample type sheet gives you an e
of the atylea avmilnble that offer opti-
mal strokefwidth/height ratio for good
legibility.

BALARCED ERIGHTMESS [CONTRAST RATED

The chart below iz o reascnable fac-
simile of character brightness nnd how

it affects readability. The background
I8 eometant, but the brighifhess | HEPeiies
from left to right. You can draw your
own copclurions, nrmed with the fact
that IEE readouts give you up to ¥
fiot lambarts af brightness. Brightness,
hvwrever, isn't the sole factor in judging
readability. Background contrast is
equally important—a fact we've simu-
lated helow, reading from left to right.

Obviously, brightness without contrast
af vies veraa, doesn't do much for read-
ability. A balaneed ratio of both gives
you the erizp legibllity of 1 EE readonis.

11

WIDE-RHGELE READABILITY

IEE'"s unigue combination of single-
plane projection, fAat viewing screen,
halanced ratio of brightness/contrast,
and big, bold characters makes for
wide-angle clarity and long viewing
distances.

OTHER WAYS |EE READDUTS MAKE GO0 SENSE

Ax if the superior veadability of our
readonts weren™t enough, hore are n
few remsons why 1EE readouts make
good pense in other areas:

.“

INFIRITE DFSPLAY YERSATILITY

Becanse our rendouts nse lamps, lenses,
film, and & screen, they can display lit-
erally anything that can ba put en film.
That means you hkave up to 12 message
poaitions with each readout to disploy
any combination of letters, words, num-
bera, aymboels, and even colors]

FIVE SITES TO FICK FROM
IEE readouts new come in Ave sizes
providing masimum charscter heights
of %=, %, 17, 27, and 3%". The amnllest
iz the now Series 340 readeaut that's
only %~ H x %~ W, yet can be read from
a0 fest away. Tho Inrgest, the Series
gl, iz clearly legible from 100 feet away.

EASY TO OPERATE

IEE readouts are avallable with volt-
age requirements from 6 te 28 wolts,
depending on lamps specified. Commar-
cinl or M3 lamps may be i, with up
to 50,000 hours of operation per lamp,
Lamps may be raphdly replaced without
toods of any kind.

Dy readonts operate from straight

decimal input or will aecept conven-
tional binary eodes when used with TEE
low-current driver/descders,
For more proal why IEE rear-projec-
Hon readsits make good reading, send
us your inguiry, You'll see for yourself
whi they've been making the boat seller
list, vear after year!
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ECITCREIAL

WINDOW ON THE WORLD

Let us jowrney fato the 19701980 erm and speculate on
what types of display devices and systems might exist, Such
speculation may disclose 0 number of exciting technical
challenges which would be of valse in directing our long-
range research amd development efforts. In particular, let
s conabder future applications of display technology to the
home, baginess and government environments.

]rnu_gine xil!l:il:lg in yomar heemne im Front of & l,li;:plu.!.' SCTEETH
enjoying wisual acoess to major libraries, university  class-
romms, art centers and musewms of the world. Programm
would be completely ab your command. The display woul
appear in full eolor and possess lithographic guality. Ima-
gine taking a visal vacation I!II‘EIII;‘EI‘-“IIF own  MNational
F‘u;trh;_, with the camern onder VHHIT contmsl, Add thres di-
mensional viewing and “vou are there”, A home displny
of this type would be truly a “Window on the World”, The
same system could provide o televised plone service and
represent a major convenience in shopping for all forms of
houschold needs,

Ini the business environment, moch las been written re-
garding the utility of computed displays for real-thme man-
agement control and rapid retreval and dissemination of
sctentific mformation. An ﬂll.|l|l|, if rt grculvl'!r. mnpact gonle
be mude by applving display technology to routine basines
functions, For example, imagine an awtomated porchasing
function in which the user could dial divectly Into any man-
ufacturers catalog, electronically tum the pages, select, order
and bill within a few seconds. Similarly consider the applica-
tion of display technology to & nationwide or even world-wide
letter transmittal service. The ever increasing flow of paper
wiork from personal letters o business and government cor-
respondence will virtually necessitate a mail system wherein
no paper is physically transported,

The military command and control centers of the future
will feature Fall-color ulira-high resolution displays of suf-
ficient brighiness for viewing under normal ambient lighting.
These centers will be interconnectecd Ir_l.' a world-wide com-
munication satellite system for interchange of both alpha-
numeric and Mgh definition video. Although computer driven
displays will certainly be of continuing valse, future com-
mamd dizplayvs will abbo permit real-time viewing of miitary
engagements. This capability could aveid misinterpretation
of events and contribute one more safeguard to World peace.
A system  permitting rapid overall evaluation of World
events would no longer be considered a prerogative of high
level military personnel, but an indispenzable tool of & mod-
ern military orgnnization.

It is apparent that many, if not all, of these “Window on
the Waorld"® (H'.'."ﬂ;'l.:. svstems will b :"mp|ﬁt1ﬂnrh:l HENOD We
can already see many of the components and subsystoms
recedving intensive development effort. Ultra-wideband op-
Heal transmission channels, capable of simultaneously trans-
mitting all television broadeasts in New York City, have been

INFORMATEON DISFLAY, SEPTEMAIRDCIOBE, 1084

demonstrated. Earth contmd of o television camera on the
moeon d= a reality and satellite transmission of conventional
television s an evervday occurrence. Compasters with nano-
second computing times are at least in the design stage. High
:qmﬂl facsimile transmisgion of entive books has been dem-
onstrated, Furthermose, advances in holography point the
way o three dimensional displays. There ane, however, two
critical areas where device development has lagged, A truly
i resabution monochrome or eolor caomera 8 & missing
link, due in part to the adoption of the 525 line tebovision
standard. The second device development which is even fur-
ther behind iz the all important display deviee. A major
breakthrough is needed o generate ultra-high resolution full
color displays, We can no longer settle for minor pedformance
improvemnents based on existing techniques. What is needed
is far greater research efforts to explore both pew and old
ph}ﬂmﬁl phenomena applicable to display generation,

“Window on the Warld” is a technical challenge. The newls
to be met by research are apparent. Its benefits to individual
membere ol our wociety in terms of lelsure tme activities,
education, defense of our country and improving our econ-
omy are of immeasurable value, Let us each contribute what
we can according to our talents,

DR. G. J. CHAFARIS
Northeast Regional Director, 51D

Goorge Chafaris iz a member of the Mid-Aflantic Chapler
of the Society for Information Display. He i also a North-
eist Replonal Director of the Society. Dr. Chofaris received
hix BSEE degree from phe Universify of Wisconsin in 1944,
He then fﬂ-imn'.i' the Los Alomos Alomic Bomb J'..u'bm'dinqr
iwhere by wpaz rn,r:.':gnf in the d'mi,!_;.ri aned devclepment of cir-
chiffry for wirclorr fesl purposes,

In 1948 he Bogen producte sfudies of the Unfcersity of
iMinals recoiving the MSEE and PID degrees in 1947 and
1851, respectioely. While ar the Ulndeersity he was asocimhed
with the Belatron program av a research assistont and woas
alvo a feaching assistent in the Department of Electrical En-
gineering,

Im 1851, Dr. Chafaris joined Ceneval Electrie’s Electronies
Lalworatory ot Syracuse, Now York where he engaged i ad-
vanerd  development and application of electronic storage,
dizplay and imaping deviees o commereiel and military sys-
tems, fn 1959 he estallished the Lalwratory’s Data Recoed-
ing and Display Subsection. Ax manager of this group, he
grides research and development on new reconding and dis-
play  decices and systems based on thermeplastic, ol film
and photegraphic media, He holds three patents in record-
ing and display and & a member of Sigma Xi, Eta Keppa
Nu and [EEE.




YOKE SPECIALISTS

COMPLETE LINE for every Military and Special Purpose in PRODUCTION

QUANTITIES or CUSTOM DESIGNED to your specific requirement.

» ‘I'Flu for all 7", 1%", 12" and ﬂ-‘i"" neck & Special designs for color displays.
dis. CRT's—only a few representative types o o iobls with serles aldisg fisld de-

are illustrated.
# Core materials to suit your reguirements. sign or with parallel (bucking) fisld design.

» Special test instruments can establish your yoke deflection parameters to an accuracy of =0.1%.
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Data Display Devices
from Raytheon

The presentation you see above
was generated by a Symbolray®
Cathode Ray Tube identical to
the one lying on the consola. A
new type of monoscope, the
Symbaolray can genarate alphanu-
merics from electrical signals for
cathode-ray display or for hard
copy print-gut. The presentation
here is shown on a Raytheon tube
(CK1415) used in a Raytheon
DIDS-400 display system.

An economical method of gener-
ating characters. Priced at loss
than $100 in guantities of 1,000,
the Symbolray provides a more
economical method of generating

THIS PRESEMTATION IS BEING VIEWED OGN &
RAYTHEGON DIDS-400 DISPLAY SYSTEMW USING

A RAYTHEON CK1414 SYHBO ¥
LEAY CHARAD -
GENERATING CHET ted

THE SYMBOLRAY TUBE USES

PFRINCIPLE AND HAS A MATRIX OF &4
ACTERS IN AN axa ARRAY. THE TUBE
INCHES | N DIARETER AND 11 [MCHER

T34 BATROBAD
nK ; l.n[‘.‘{|}

CDEFGH]T -'-‘L*'"{"F"ﬂ-’fﬂl.l'-'m:-.-;;

}'\-‘.E:ﬂll 'K ®m

electronic displays than using
large numbers of circuit cards.

The output of the Symbolray
oparating as a monoscope is ob-
tained by electrically deflecting
the electron beam to desired
charactars on the target and scan-
ning them sequentially with small
raster. The display cathode ray
tube onwhich this cutputis
vigwed is scanned in synchronism.
When the Symbalray method is
used in conjunclion with buffer-
memory technigues, full mes-
sages can be displayed —as
shown above. The Symbolray tube
uses electrostalic deflection and

focus, and is available in designs
with 84 and 96 charactar matrices.

Raytheon's wide range of Data-
ray* CRTs cover the screen sizes
from T to 24", Electrostatic, mag-
natic and combination deflection
types are available for writing
alphanumeric characters whila
raster scanning. Raytheon also
offars combination deflection or
“diddla plate" types and all stand-
ard phosphors, Or, Raytheon can
meet your spocial CRT design
requirameants.

Formore infarmation—ar a
demonstration=call or write your
Raytheon regional sales office.

INFORMATION DASPLAY, SEFTLMBIR/OCTORIR, 1984

MNew Raytheon Projectoray® Tube pro-
duces more than double the light
pufput of standard projeclion-lype
cathode ray tubes, The wbe's light aut-
pul ia 38,000-feat lambearta, which
resulta in @ light lavel of 15-foof lam-
berts on a 6 x B lenficular screen
The tube's expocied minimum opors
ating life is 500 hours =320 timess the
ife of & standard projection lube
The Projectoray's high light sulpal
and long e are dud 1o its nowvel
design. The design incerporates liquid
coaling of the phosphor backplote.
This allows the phosphor to ba sner-
gized with a vary intense olectron
baam. At khigh boam levela, vary Figgh
poak light culput is obtained. The
light image & projected through a B
aplical window in the face of the tuba,
The electron gun £ ek at an angle to
the phosphor and the deflection sys-
tem compensales for keystone offects

Datavue® Side-View Tubss. Mew Type
CEBSSD, with numerals close to the
front, parmits wide-angle viewing, Thase
sidesvimw, indling visual resdout tubes
digplay single numarals O thraugh 8 or
proselected symbols such as + and —
signe. Their H-'-"-lli{.'.h characlers ara
easily read from a distance of 30 feet.
Less than 55 ecach in 500 lots, they also
cost less to use bocause the bezel and
filbter assembly can ba aliminated and
bacauss their mating seckets ang fnox-
pEnE e

Datastrobe® EMT Readoutl Subsystem
can display up o GO EREAQEE {en ChEr-
pelars, symbold, and schématics) al a
cosl of lass than 55 per massage, whan
purchasad in produciion quantities

These mossagoes can ba ona lino of
eight to fen characters, fwo lines of 40
charactors, or theae linos of 105 char-
aclers. A fypical display arsa measures
%" high by 2" wide. Model EMBE Data-
strobe has twice the display capacity —
can display 120 mossages, sither singly
or v messages simulfaneously, Other
fermats ase easily accommodated

A complete digital readout subsystem
compalible with integrated sircuita, the
Datastrobe includes -;j{\l{"r_ldl'uj drlwing
and display funciisns

Recording Storage Tubes. The minia-
ture tubos shown here are Raytheon's
single-gun (CK1516) and dual-gun
(LCK1518). They provide high resalu-
tion, long storage, and fast crase ca-
pability.

Raytheon slectronic input-output
slorage devicos feature the above ca-
pabilitios znd immediala readout. In-
formation can be wrilben and stosad
by seguential technigues or by ram-
dom-access writing. Complete, grad-
wal or selective srasure is possible.

Haytheon storage tubes are readily
available for applications in radar scan
conversion, slow-down video, signal
processing, signal enhancement, timo
delay, and siop motion

Datavune® End-View Tubaes, These tubes
ara aasily road in high ambiant light —
do not wash out like other displays.
Errongous readings due to segment
failure do mot occur because the char-
acters are fully formed. Raytheon
Datavue End-View Tubes (it axisting
sockots and conform 1o EIA ratings.
Modala nclude reund (CKBAZ1) and
raclangular (CKBE4Z2), Ultra=lomg-life
ftypes are designed “for 200,000 hours
or more of dynamic operation

Send Reader Service Card for lifera-
tudriy o tha

Symbalray CRT 13
Frajectoray CRT 14
Recording Storage Tubas 15
Datastrobe Readoul Subsystem 16
Datavue ladicatar Tubes 17
D.ir:l';l'f CRTs &

O eall your Raytheon reglonal sales
affice, Or write to Raytheon Company,
Companants Diviston, 147 Speing Sireat,
Lexcingion, Mass, 02173,

“Trademark ol Ripihean Campany

Raytheon Components Division— A single source for Transistors/Diodes/Integrated Circuits/
Industrial Tubes/Contral Knobs/Panel Hardware/Raysistors/Circuit Modules/Display Davices
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Full color data display with OPTOmechanisms
rapid access processor /projection system

Only 10 seconds from computer to full color data
display—front or rear projection, This advanced OPTO-
mechanisms' rapid up-date system delivers vital data
for Command and Control Centers on theatre size
sereens with 3 symbol brightness of over 20 foot lam-
berts. The system processes film images by direct
reversal and provides extremely high rezalution pres-
entations, at short throw distances, for group viewing.
Mo dark room is required. OFTOmechanisms” compact
Camera-Processor-Projector is completely self-con-
tained and self-programmed. A fully detailed bulletin
of this wnique data display system Is available.

FATINT MO 3.001.170 snd 3105009

BLACK AND WHITE
CAMERA/PROCGESSOR/PROJECTOR

OFTOmechanisms’ black and white data display systems fea-
ture negative or direct positive film processing with a resalu-
tion range of 50-B0 lines per mm. These compact, fexible,
and fully self-contained systems recond, process and project
data in only 8 seconds. They are easily integrated with ebec-
tronke sub-systems. Typlcal
applications: data and instnu-
méntaticn display, redar, air
traffic contral, radiclogical and
other medical applications.

or Tamﬂehnnisms Ine.

ENGINEERS HILL, PLAINVIEW, L1, N. Y.

(516} GE 3-B100 TWH:; CODE 515-433-9690

SPECIAL CAMERAS — PHOTOMETRIC DEVICES — OPTICAL TACHOMETERS — RAPID FILM PROCESSORS — PROJECTORS — DPTICAL TRACKERS
STERED VIEWERS — SATELLITE DETECTORS — MEASURING INTERFEROMETERS — STERED COMPARATORE — LINEAR MEASURING TABLES
STAR SIMULATORS — MEGATIVE TO POSITIVE FILM VIEWERS — ANGAE GENERATORS — FIBER OPTICS APPLICATIONS — RRNSE FINDERS
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Pens belong

1n drafting...

Geo Space’s revolutionary DP-203 Digital
CRT Plotter uses a CRT's electron beam for
plotting. Does away with messy ink receptacles
and skipping ballpaint pens. An electron beam
positions up to 96 million plotted data points
over an entire 2300 sq. in, surface o within
215 bit. That's =.0025 of an inch in the 200
dppi plotting mode, Match that accuracy with
a pen plotter!

Do you require multiple copies of any
plot you produce? The positive film images
of the Geo Space DP-203 CRT Plotter can
be wsed to produce multiple Ozalid or
Xerox copies at a cost of only pennies apiece.

On=line plotting is now a practical,

core buffers and controllers of vesteryvear,

not i Plotting!

Using Geo Space furnished ALPACA® linkage
software, you can produce detailed contour or
cartographic maps, electronlc schematics, PERT
charts, tabular charts, annotated drawings and
the like, One-pass annotation to describe and
label your primary images
Another important benefit—up to 32 levels
of intensity shading can be program selected
to enhance the tonal contrast of your com-
pleted imagery. Background area shading also.
Want more information on the most
advanced plotting penpheral available today
for digital computers? Write or call Geo Space
Corporation, Computer Division, A Subsidiary
of Westec Corporatron, 3009 South Post

Telephone: F13/MA 2-4570.

economic reality. Gone are the separate @Il Dak Road, Houston, Texas 77027

(S(E0]) S[PANC(S

COMPUTER DIVISION
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[BM announces
-access files

r SYSTEM/360

Model 20

Now, the lowest-priced 1BM
BEYSTEM /360 gives you a level of
performance never before possi-
ble in a low-cost syatem.

1M’ Made] 20 provides divect-
aecess capabilities with the simple
addition of the 2311 Disk Storage
Dirive...in two models similar to
the high-performance drives pre-
viously available only with larger
models of S¥YSTEM /260,

The 2811 features on-line stor-
age of up to 10.8 million bytes;
access times as fast as 60 milli-

geconds ; & data transfer rate of
156,000 bytes per second ; and in-
terchangeable disk packs.

If you are a Model 20 user, the
2311 means you can handle &
much broader range of business
applications.

You can use systems approaches
that let you reach into the system
and aelect any record vital to the
control of your company. You
can call for on-the-spot manage-
ment information...and get it in
seconds,

Cirtle Raadlid Tarvice Card Ma.

Moving up to a Model 20 disk
ayatem is made easier with 1IBM's
Report Program Generator, a
proven programming language
that will be expanded to support
disk and disk-tape systems.

And you can add this dimen-
sion of direct access to your Model
20 for as little as 2576 a month.

What better way to have a com-
puter system keep pace with your
company’'s growth?

SYSTEM /360 was designed that
wWay,
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SEE WHAT'S HAPPENING...
SOLVE MAN-MACHINE
COMMUNICATION
PROBLEMS

DATA « PAMEL Display Systems convey farmaticn
claarly and concisely with graphic worsatility mewn
Balar nvaiable, You get & new workd of '-rl-.'tl.‘ll:'-:-"l in
styling and panel layout . . . information on display with
an antealy now ook, Alpha-numaric messages and
ayrrabols are brilliantly wvisible behind planos of glare-free
graphic gray glass. Only Sluminated indications ane
wisible. Operators are nol coniused by the visual
presence af non-indicating indecators—thay suffer

less wisual fatigus, make Tewar arrorg.

Only the DATA « FAMN EL Display Syateqm concapl can
give you such Mlitude in selecting the sire, shape, cplor
and location of messages . .. and of overall Qimansons
DATA « PAMEL Digplay Systemns can ba custom designed
as a complete elecironic assembiy ready Lo oparate

fwla multipin connesiors) fromm the Lignal vollages of
any analog. digital ar hybeid system. Swilehas, I a wide
varety of types and actions can be mounied in the
pansls as an integral part of the DATA « PANEL Display
System. Write for new, full gtory brochurs, spacifications
and gedering information

VERSAIILITY

Hare's prool of wisual clarity: Dedigned for the "

‘I.':I" 4 Digaal Computer of Ganarsd Frecision Inc s, Lnk Groep, this
DATA . PANEL Dssplay System had 459 geparate message
digplays. But, ke operator sees only the important llumsnatad
massagos, Permanently visible legends {Iower hall of panal}
can be provided as desired. This panal alss includes readouts
pnd pushbuttons for altarnats, mementary und inbelock swiches,

gas input, beft, 1o main load breaker, right. #ales repons, iInvisiole whan
off. appear in oblof in Doses located at appropfmle poents on The panee
Picicaial displays and symbols are perrmansntly vialie

T Al- PIAIN EL

SYS8TEMTE

"y proal of visusl versatility: Al LEtle Gypdy Powdd Plamnt of Louisis
&Ik p ¥ ¥

ana Poser & Light Company, all phases ol & Eldam EarRrALing plat

maond ceirg Sy Rlem ane pecicanally digplayes] én Gne ladge pans Frem

TEC-LITE D

DiaPLAY

Transistor Electronics Corporation

Minneapolis, Minnesota 55424
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Sehaal principals
study 8 Ureled Fund
agency thak prowices
the handicepped with
Bt worational trann-
ing mnd work,

> |
D

Unkaa laadars chat . . _— |
with & child Baing ] : -

melpad By rehabiia- -

fin, Rursng amd F =
ether United Fund
[ 24k L=

| _—
I

A )

An industrialist in-
spects sn agency that
provides & ““day
cump” ler childram
ol working mathisn,

Bank presidents ca
af & family whose
hree childrem were
adopted through an
agency of the Unided
[Fufid.
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Attorneys. mambars
of & United Fund
campaign commit-
tew, wisil an agency
that helpa youth, the
aged 5nd (he reedy.

Your

Fair Share
Giftis
insured

When you contribute your fair
share to your local Linited Fund
or Communmnity Chest campaign,
you can be certain that your gift
will be handled in a business like
Manner,

Business, laber and the pro-
fessions are strongly represented
among the volunteer community
leaders who visit participating
agencies belore each campaign
to study their programs, per-
formance and value to the com-
munity.

To these volunteers, a United
Way dollar looks like one of their
own, 1o e budgeted, allocated
and spent where it will accom.
plish the most good. Their active
interest in both the humanitarian
and business side of United Way
operations i5 your assuranci
that your United Way gift will
truly work many wanders,

Your Fair Share Gift ==,
isworking 4 £9at
Py Wi ers 4
THE UNITED WAY mwms’
IS milllen familied banafil by child csne,
Tfamily weiwice, yolh puidance,
Fadth pregrama, disssbsr reliel snd

sneraices for Bhe Aemed Forcen
from 10,000 Uniled Way agencies.




Multi-Sensor Displays—
Two Approaches

Abstract

The display of signals from two
or more information-gathering sen-
sors on a single monitoring device
has become an increasing problem
in military detection and sorveil-
lance systems. During the past year,
RCA has made a concentrated
study of the basic functional re-
quirements of multi-sensor display
systems, and has also observed
carefully the development of proto-
type multi-sensor systems which
utilize RCA devices and those of
other manufacturers. Simultaneous-
ly, analyses were made of the per-
formance capabilities of the differ-
ent classes of display devices
which relate to the basic functional
requirements of such display sys-
tems. This report reviews the re-
sults of these analyses.

General Requirements

Such requirements of multi-sensor
display systems as display luminance,
resolution, ruggedness, and weight con-
servation are assumed to be essentially
identical to those of single-sensor display
systems currently used in high-perform-
ance aircraft. However, the multi-sensor
display systems differ quantitatively
from the single-sensor display system in
that the time required to synthesize a
complete frame may vary widely as the
different sensors are interrogated by the
command of the observer. The multi-
sensor system, therefore, must have the
capability of variable image persistence.
This persistence must be readily pro-
grammed to be consistent with the data
rate of the sensor system being moni-
tored at any given time. The range over
which image persistence must be pro-
grammable depends upon the mix of
sensors being monitored. A typical multi-
sensor display system may require modes
of operation as tabulated below. For
each mode, a qualitative measure of the
persistence required is noted.

Mode Persistence
Terrain avoidance (shades of gray) Medium
Terraine following (E-scan) Medium
Flight situation (contact analog) Short
B-scan radar Long
LLLTV Short
PPPI (terrain-mapping) radar Long
Infrared Medium

For short-persistence modes, it is
taken for granted that the frame rate
exceeds the flicker-frequency-threshold
of the human eye. It is assumed, also,
24
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that the display format in these cases
is approximately that adopted as stand-
ard in the TV industry, i.e., rectilinear
raster scan line rate — 15,750 Hz; frame
rate = 30 Hz; interlace ratio = 2:1. The
medium- and long-persistence modes are
assumed to involve frame periods be-
tween 0.5 second and 20 seconds.

Two possible solutions to the multi-

sensor display problem are as follows:

1. An approach in which the ulti-
mate display device is a storage
tube which has a programmable
persistence: short enough on the
one hand to accommodate TV
data rates (a few milliseconds)
and long enough on the other
hand to present radar data (sev-
eral seconds). This procedure is
identified in this report as the
Display-Storage Tube (DST) ap-
proach.

2. An approach in which signals in
the short-persistence modes, where
data rates approximate those of
standard TV systems, are applied
directly to the ultimate display de-
vice. The ultimate display device
in this case is a cathode-ray tube
providing high brightness. Signals
from sensors requiring long or
medium  persistence, however,
should be converted to a TV time
base for display on the cathode-
ray tube. An appropriate convert-
er is the Scan-Conversion (elec-
trical-output) storage tube. This
method is identified in this report
as the Scan-Conversion/Cathode-
Ray Tube (SC/CRT) approach.

It is evident that the SC/CRT ap-

proach requires an additional tube and
associated circuits. It is equally evident
that final choice between these two

systems cannot be made without a sys-
tematic review of the less obvious per-
formance characteristics of these two
different approaches.
Qutline of Analysis

The success of a multi-sensor display
system for many weapons systems de-
pends upon the ability of the ultimate
display device to present to the observer
a high-quality, TV-type picture in at
least one and possibly several modes of
operation. This report, therefore, begins
with a Comparison of DST’s and CRT’s
as TV Display Devices. Because it is
equally important that the longer-per-
sistence operating modes present a max-
imum of information to the observer, a
Comparison of the DST Approach with
the SC/CRT Approach in a PPI Dis-
play System follows. In the Summary,
these comparisons are briefly evaluated
and appropriate conclusions drawn.

Comparison of Display-Storage

Tubes (DST's) and Cathode-

Ray Tubes

(CRT's) as TV Display Devices

For comparison purposes, a tube in
each classification was hypothesized and
the following parameters fixed:

Nominal diameter .7 inches
Neck diameter .........._.. ¥s to 1 inch
Phosphor screen voltage ... 15 kilovolts

Phosphor screen current ..
TV raster aspect ratio ..... :
Deflection method ... Magnetic
Phosphor color ... Yellow-green

.500 microamperes
4

A P20 phosphor was chosen for the
DST screen. The phosphor used in the
CRT screen was a developmental type,
better suited to handle high instantan-
eous current densities associated with
this class of tube. This developmental

ASSUMED RASTER SIZE (EACH TUBE TYPE)
35" x 4.67"

Sm—) S

HALF DEFLECTION
ANGLE =17.7°

be—1

HALF DEFLECTION
IGLE = 35°

ESTIMATED WEIGHTS
DT

DST AND SHIELD - 8.00

DEFLECTING YOKE - .70

FOCUSING COIL - .63

%.33LB.

CRT

CRT - .89

DEFLECTING COIL - .88

CORRECTING MAGNET - .74

FOCUSING COIL - 63

5.14LB.
FIGURE 1: Weight and size comparison of DST
and CRT.
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phosphor, like the P20, provides yellow-
green luminescence but has a higher
red component.

The other parameters selected for
each class of device, such as focus
method, deflection angle, and over-all
length, were considered appropriate and
reasonable.

Most performance values for the CRT
were taken directly or extrapolated from
measurements and calculations made ex-
pressly for this analysis. For the DST,
some data were obtained from measure-
ments of RCA tubes, some from pub-
lished data offered by other manufac-
turers for DST devices. Resolution in-
formation was extrapolated from data
contained in Phase II Summary Develop-
mental Report for Research and De-
velopment to Improve the Resolution of
Iatron Direct View Storage Tubes. This
summary covers work conducted by ITT
from March 2, 1964 to June 2, 1965 on
Navy BuShips Contract NObsr-87264
SF-00803, Task 9487.

Information in this report, therefore,
represents a judgment on the state-of-
the-art for both classes of devices. As
both arts are relatively mature, any
basic improvement in the performance
levels discussed later are unlikely, un-
less unforeseen invention occurs. Finally,
every effort was made to make the
assumed conditions of evaluation con-
sistent, e.q., the conditions from which
the luminance values were derived are
consistent with the conditions from
which resolution values were derived.

Size and Weight

The over-all dimensions of the DST
and the CRT are shown in Fig. 1 to-
gether with estimated tube weights and
the weight of necessary shielding and
externally mounted components. The
relatively high beam voltage employed
by the CRT is assumed to obviate the
need for complete magnetic shielding;
however, a neck shield should be used
for this tube. The estimated weight
of a suitable electromagnetic focusing
coil for the CRT, 10.63 1b., is included
in Fig. 1; the electrostatic focusing de-
vice, mentioned elsewhere, weighs less.
Ruggedness

Both the DST and the CRT have
been successfully ruggedized for use in
military aircraft. The CRT, because of
its simpler structure, is generally more
rugged.
Power Consumption

Because of the DST’s smaller deflec-
tion angle and lower electron-beam
velocities, the DST deflection system can
be made to require substantially less
power than that of the CRT. (The
equipment manufacturer can best esti-
mate the power requirements of the
deflection circuits for the two types of
tubes.) In general, the total power con-
sumption for a CRT-type TV monitor
is in the range of 50 to 100 watts.
INFORMATION " DISPLAY, SEPTEMBER/OCTOBER, 1966
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Estimated power consumption of the
two types of tubes, excluding circuits,
is as follows:

DST
Flood heater -..ccnmnminins 11.30
Flood grid 1 . 40
Flood grid 2 _. 0.05
Flood grid 3 ............. 0.01
Flood grids 4, 5, and 6. .. 0
Collector ................ ... 0.04
Viewing screen = Tl
Write heater ... 1.90
Write grid 2 ...... . 0.40
Write focus coil ... ... 040
Total oo 21,60 watts

CRT
Heater .counannasran o i 3030
Grid 1 . 0
Grid 2 . 0
Grid 3 . A

Anode ..o

TolAl i e 104G Watts
Pattern Geometry

Because the display picture is pre-
sented on an essentially flat surface,
some pincushion distortion can be ex-
pected. A measure of this distortion is
the extent to which the sides of a
nominally square raster, with corners
just inscribed within the useful area,
bow inward. For the DST which is as-
sumed to have a half-deflection angle of
17.7°, this bow is about 0.038 inch. For
the CRT which is assumed to have a
half-deflection angle of 35°, the bow
is about 0.055 inch.

Pincushion distortion can be reduced
through modification of the deflection
voke. However, yoke modification can
reduce over-all resolution. Another
method of reducing pattern distortion
requires the use of static correction mag-
nets. Although this approach is satisfac-
tory for CRT displays, it is not recom-
mended for DST displays, because mag-
nets severly distort the flood-beam col-
limation fields.

Luminance (Brightness)

DST’s have been typically rated in
terms of saturated or equilibrium lumi-
nance. This rating is the luminance
level to which the phosphor screen is
excited when the storage mesh is “writ-
ten” to a potential sufficiently close to
the flood-cathode potential. This condi-
tion indicates that conduction of flood-
beam electrons to the phosphor screen
is at a maximum. This concept does not
apply to CRT luminance because a
properly-operated CRT does not exhibit
luminance saturation in an equivalent
sense. (See the section on Transfer Char-
acteristics.) However, to allow at least
a rough comparison, the CRT luminance
was calculated by assuming that its
screen (beam) current was equal to the
DST screen current under conditions of
saturated brightness. A value of 500
microamperes was assumed to be rea-
sonable. The following luminance values

were obtained:

DST CRT
1450 footlamberts 1030 footlamberts

The apparent luminance advantage
of the DST must be evaluated properly.
In practice, considerations of display
quality (resolution and gray-scale re-
production) probably will require that
the operating level of the DST is set
substantially below that of the saturated
luminance. Therefore, the systems ana-
lyst must weigh the apparent luminance
advantage of the DST with other evi-
dence presented in this report, particu-
larly in the sections on Resolution and
Transfer Characteristics.

Resolution

The term “line-width,” is defined in
Fig. 2. Line-width may be measured
approximately by the shrinking-raster
technique or, somewhat more objective-
ly, by the use of a slit photometer to
inspect luminous-flux-density ~ distribu-
tion across a displayed trace. If the
stated luminance level is assumed to
be 50 per cent of the luminance values
given above, reasonable line-widths at

DISTRIBUTION OF LUMINOUS FLUX IN A DIRECTION
NORMAL TO DISPLAYED TRACE

STATED

— LUMINANCE
(L)
! ‘
L LINE WIDTH ——|

FIGURE 2: Definition of line width as used in

the paper.
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FIGURE 3: Line-width change as a function of
luminance.
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FIGURE 4: Factors contributing to point-to-point
nonuniformities in over-all transfer
characteristic of DST.

the center of the display are as follows:

DST CRT
0.012 inch 0.007 inch*
B 0.012 inch**
"lUsing high-voltage electrostatic or magnetic focus
ens.
°9Using low-voltage (unipotential) electrostalic fo-
cus lens.

For completeness, it is also necessary
to indicate the order of magnitude of
line-width degradation as the electron
beam is detlected to the edge of the dis-
play. The following values are estimates
of the ratio of line-width at the edge to
line-width at the center. In each case,
dynamic focus corrections are assumed.

DST CRT
1.25:1 1.5:1

Finally, the change in line-width as a
function of luminance level to which the
display is driven must be considered.
As shown in Fig. 3, the line widths
have been normalized to the wvalue
measured at a relative luminance level
of 0.5.

Uniformity

Provided that the input signal is
constant in the CRT, point-to-point uni-
formity of display luminance over the
display area is controlled, for all prac-
tical purposes, by the uniformity of the
phosphor screen and its backing alumi-
num layer. Measurements indicate that
a typical ratio of maximum luminance-
to-minimum luminance is 1.17:1.

The factors which influence uniformi-
ty in the DST are considerably more
complex. An understanding of these fac-
tors may be obtained by reference to
the series of transfer curves in Fig. 4.
Curve 4a shows the writing-beam trans-
fer characteristic. Writing-beam current
denotes the current actually reaching
the storage surface plane. Thus, writing-
beam current may vary from point to
point at the storage surface because of
variations in electron transmission of
the collector mesh.
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Curve 4b shows the transfer charac-
tertistic that relates the magnitude of
charge developed on the storage surface
to the incident beam current. For a
fixed scanning speed, the slope of this
characteristic depends upon the beam
diameter, the thickness of the insulator,
the dielectric constant of the insulator,
and the secondary-emmission ratio of
the insulator. All can vary with position
on the storage surface.

Curve 4c shows the transfer character-
istic of the storage mesh on which the
insulator is deposited. The slope of the
characteristic depends upon transmission
of the storage mesh, the thickness of the
mesh, and the arrangement of adjacent
elements (collector and viewing screen).
The intercept of this curve on the lumi-
nance axis depends upon the transmis-

sion of the storage mesh and the dis-
tribution of current density in the flood
beam delivered from the flood gun
through the collimation system. Although
it cannot be illustrated by a set of static
characteristics, translation of. the char-
acteristic exists as a result of differences
in levels to which preceding erasing
events have charged the storage surface.
No attempt has been made to indicate
the magnitude of variations to be ex-
pected in the individual transfer func-
tions shown. Control of the factors which
influence point-to-point variations in the
over-all transfer characteristic of the
DST is substantially more difficult than
in the case of the CRT.

Fig. 5 shows the variations in the
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FIGURE 5: Measured point-to-point nonuniform
ities in over-all transfer characteris-
tic of a typical DST.
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over-all transfer characteristic, measured
at several points on the useful display
area of a typical high-quality DST. The
luminance ratio varies with the level of
the input signal, but it may be taken
to be at least 1.5:1.
Transfer Characteristic

In television-system design, the trans-
fer characteristics of the associated com-
ponents are vital. The camera tube, the
amplifier channel, and the display de-
vice must have transfer characteristics
that are complementary if relative scene
luminances are to be preserved in a con-
trolled fashion in the final display. The
gamma of a camera tube is typically less
than unity. As shown in Fig. 6, however,
the gamma of a CRT is greater than
unity. Thus, the gamma correction of
the intervening amplifier channel may
be relatively modest and, in fact, may
not be necessary in some instances.
However, the transfer characteristic of
the DST exhibits a gamma that varies
with luminance level, and falls to a low
value as saturated luminance is ap-
proached. Therefore, because the gam-
mas of the camera tube and the DST
are not complementary over a significant
range, amplifier gamma correction be-
comes difficult if the amplitude of the
camera output signal varies as a result
of changes in the illumination of the
scene being televised. The shape of the
DST trans[ir curve also illustrates why,
in practical situations, the operating
luminance level usually is well below
saturated luminance level. This condition
results, in part, from the excessive video-
drive voltage necessary to attain lumi-
nance levels above 75 per cent of
saturation.

Erasing

Erasing is not required with the CRT
because picture information is auto-
matically cleared by the natural decay
of phosphor luminance following excita-
tion. Erasing in the DST can be ac-
complished with a programmed sequence
of erasing pulses, usually applied during
the field-flyback interval. Although such
erasing is relatively straightforward in
principle, it can be complicated by a
number of factors in practice.

First, the nature of the erasing char-
acteristic should be considered. Fig. Ta
shows such a characteristic for erase
pulses having an amplitude equal to the
cutoff potential of the storage-mesh
transfer characteristic. Although the
length of the erase pulse necessary to
achieve 80-per cent clearance of previ-
ous information is relatively short, the
clearance of the remaining 20 per cent
takes considerably longer. Also, erase
pulses of this amplitude tend to result
in a reverse-image effect. Accordingly,
the usual practice is to employ an erase-
pulse amplitude somewhat higher than
the value that just produces storage
surface cutoff (a mode sometimes called
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FIGURE 7: Typical DST erase characteristic.

erasing “blacker-than-black”). This erase
characteristic is shown in Fig. 7b. The
practice, however, tends to intensify
mesh-interference moire effects. In gen-
eral, the adjustments necessary to
achieve an erasure that aveids image
smear interact with the adjustment of
writing video-drive and bias, and there-
by complicate adjustment of the DST.

Second, the bright flash which ac-
companies each erase pulse must be
suppressed. In the usual DST, this sup-
pression involves “dunking” the high
voltage applied to the viewing screen
to two or three kilovolts. Because of the
stray capacitance of the viewing screen,
it is highly desirable that the individual
erase pulses should be as long as pos-
sible. This condition usually leads to
erasure during the field-flyback interval.
Two objections to this practice are evi-
dent: (1) display luminance tends to
decrease from the top of the picture to
the bottom, because the time over which
luminous flux is integrated by the ob-
server's eye is greater for the earlier
lines in the TV field than for the subse-
quent lines, and (2) the field-flyback
interval cannot now be used to prevent
symbology as is desired in some systems.
The “dunking” voltage swing can be

Teduced greatly by the addition of an

electrode to the tube for this purpose.
The “dunking” pulse rise time can be
reduced, therefore, without excessive ex-
penditure of power. Yet, while the addi-
tional electrode, which is a mesh screen,
enables more flexible erasing routines,
it also increases the possibility of moire
effects, decreases tube ruggedness, and
increases tube cost.
Ease of Setup

Adjustment of the DST is more com-
plicated than adjustment of the CRT.
Proper collimation of the flood beam,
which is critical in attaining optimum
display uniformity, is of particular con-
cern. Inprovement in this area is offered
by factory-collimated DST’s. In these
tubes, the manufacturer encapsulates
part of the collimation circuit within the
tube-magnetic-shield interspace after ad-
justing the collimation to an optimum
level. This practice removes the burden
of collimation from the frequently-un-
skilled field maintenance technician,
Operator Adjustments

The operator usually controls display

e R R R R R R ————

Juminance in DST indicators by manu-

ally rotating a crossed Polaroid® filter
assembly. An alternate control method
is to adjust the high voltage applied to
the viewing screen. This method should
be avoided, however, because the change
of viewing-screen voltage tends to inter-
act with and disrupt previous adjust-
ments for optimum resolution, optimum
writing, and erasing balance. Controls
for the adjustment of writing-gun bias,
focus, and video-drive voltages are usual-
ly not available to the pilot because of
their critical nature.

In an indicator using a CRT, it is
possible to provide these controls be-
cause adjustment for optimum display
performance, including luminance level,
is no more critical than for the familiar
entertainment TV set. Although military
practice usually demands a minimum of
controls, there is the psychological ad-
vantage of offering these three adjust-
ments to the pilot who then has a
sense of control over the data being
presented to him.

Summary

In terms of general display quality
(as affected by resolution, uniformity,
transfer characteristic, and similar char-
acteristics), the CRT is a more effec-
tive TV display device than the DST.
Even with regard to output luminance,
where the DST appears to have an ad-
vantage, there is considerable evidence
to suggest that in practical operating
situations this apparent advantage is not
realized.

Comparison of the DST Approach
with the Scan-Converter Cathode-
Ray Tube (SC/CRT) Approach in a
PPI Display System

To some extent, the details of a com-
parison study depend upon the type of
radar display under consideration. In
this report, display parameters are those
of an offset sector PPl indicator, as
shown in Fig. 8. In each case, the origin
of the sector and the locus of maximum
range are assumed to be tangent to the
bottom and top, respectively, of the
useful display diameter. The displayed
sector occupies a total angle of 90° and

¢ 7 P
4 2
b #
N o
USEFUL
DIAMETER
OF DISPLAY
DEVICE

FIGURE 8: Assumed geometry of sector PPI dis-
play as used in the paper.

°;[f'1rademnrk of Polarcid Corporation, Cambridge,
ass.
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is scanned at a rate of % Hz, ie., the
time to scan from left to right and to
return is 2 seconds. Although this analy-
sis does not involve range or radar
PRF explicitly, both approaches are
consistent with airborne radar practices.

In this comparison, the DST approach
employs the seven-inch DST hypothe-
sized in the preceding section. For the
SC/CRT approach, a corresponding sev-
en-inch CRT is used as the ultimate dis-
play device. The scan-conversion tube is
the RCA Developmental Type C22001
Graphechon.

Other devices suitable for this pur-
pose are the transmission-control (Re-
cording) storage tube or the landing-
control (Metrechon) storage tube, both
of which offer capability of so-called
nondestructive readout, ie., very long
storage times. The Graphechon was
chosen for the following reasons:

1. Display system used in most high-
performance aircraft do not re-
quire extended storage of images.
The Graphechon is inherently
more rugged because it has fewer
fine-mesh screens (one compared
with three or four).

3. Both nondestructive readout types
require normal incidence of the
reading and writing beams, and
therefore, are more critical to set
up and to adjust for optimum
performance.

4. The Graphechon can be made
shorter for a given storage-target
size, and thus for a given resolu-
tion.

5. The Graphechon does not require
carrier-frequency  techniques to
prevent feedthrough of input-
video signals to the output-pre-
amplifier channel.

Block diagrams for the two approaches
applied to a simple two-sensor display
system (a TV camera and a radar
receiver) are shown in Figs. 9 and 10.
The need for two synchronizing genera-
tors in the SC/CRT is controlled by the
compatibility of TV camera rates with
those considered optimum for the scan-
conversion process. This study assumed

\
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non-compatibility in this respect, but a
single synchronizing generator may be
possible in other specific systems.

Size and Weight

The equipment manufacturer is best
qualified to estimate weights and vol-
umes of total systems for the two ap-
proaches. However, estimated weights
for the tubes and intimately associated
components are provided for guidance
purposes. These weights appear in Fig.
1 for the DST and CRT, and in Fig. 11
for the SC (RCA-C22001). Outline di-
mensions for the C22001 encapsulated
in a typical magnetic shield-support as-
sembly are also shown in Fig. 11.
Dimensions for the RCA Developmental
C22007, a shorter tube, appear in Fig.
12 for comparison.
Power Consumption

Power consumption values are shown
below for the SC alone. (Power con-
sumption values for the DST and CRT
were given previously.) The total sys-
tem power consumption is best deter-
mined by the equipment manufacturer:

Heatars (2) cosinsenns e 120
Cantrol grds (2} «onvimansimces B
Writing grid 2 ... .. 0.03
Writing grid 3 ... .. 0
Writing grid 4 .. .. 0.01
Reading grid 2 ... .. 0.06
Reading grids 3 and 5 .. 001
Reading grid4 ... 0
Total oo 1.85 Watts
Ruggedness

The RCA-C22001 Scan-Converter is
rated for operation in modern high-per-
formance fighter aircraft. This tube is in-
herently less rugged than a CRT because
of its extra gun and the relatively fragile
target, yet it is more rugged than the
DST, which has an additional fine-mesh
structure. Furthermore, the mesh struc-
tures of the DST are substantially larger
in area and tend to have “drum-head”
resonances in the frequency ranges en-
countered in aircraft vibration profiles.

The consequences of tube failure in
the two approaches are of interest. In

TV] \\

either approach, failure of the ultimate
display device makes the over-all system
inoperative although failure is less like-
ly to occur in the CRT. For the SC/CRT
system, however, failure of the storage
device does not affect those sensors
which generate signals that are fed di-
rectly to the CRT. The significance of
these observations can be judged only
by the weapons systems analyst.
Pattern Geometry

Both the reading and the writing
rasters of the C22001 exhibit some pin-
cushion distortion because the storage
target of this device is a plane surface.
However, because the deflection angles
are equal on both sides of the SC target,
distortion introduced by the writing gun
is cancelled by that of the reading gun.
Freedom from geometric distortion of
the radar pattern in the SC/CRT ap-
proach requires control of the linearity
of the three deflection systems, rather
than the one system of the DST ap-
proach.

Luminance

The saturated luminance in the DST
approach is the same as that shown
earlier for TV display service, i.e., 1450
footlamberts, because DST luminance is
not a function of the area of the dis-
played picture, but rather of the area
covered by the flood beam. However,
the practical operating luminance of the
DST system will probably be much low-
er. As in the case of the display of TV
signals, other considerations probably
will reduce the luminance of the DST
well below the saturated level.

Luminance of the SC/CRT approach
is somewhat less than the 1030 foot-
lamberts given previously because the
assumed PPl-sector pattern requires a
readout display raster on the CRT that
is tangent to the assumed useful display
diameter of six inches. Under this con-
dition, with an anode voltage of 15
kilovolts and a beam (phosphor screen)
current of 500 microamperes, CRT lumi-
nance is 480 footlamberts.
Resolution

Comparison of the cascaded resolu-

RADAR _ o
kil CAMERK RADAR v ]
RCVR _FCAMERA
VIDEO ERASE| |SYNC. » SYNC.
DRIVER CKTS. GEN, — =T j’\c
. GEN. 8 / GEN. &
DRIVER % DRIVER _?
S\ SYNC.
P VIDEO GEN.
g [ e SCAN ORIVER| "1 ]
- i = & SCaN 1 Ly
? DEN. 81| bs
DRIVER|| PS.
—HV VIDEO —HV
-HV | | DEFL. +HV i PRE- s
Ps. | |DRIVER PS. S, AMP S, -
VIDEO
© L e & " |DRNER =

FIGURE 9: DST approach to multi-sensor display
system.
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FIGURE 10: SC/CRT approach to multi-sensor
display system.
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/=
f
WEIGHT
TUBE AND SHIELD - 2.95
DEFLECTING YOKES (2) - 1.03

3.98 LB.

FIGURE 11: Typical size and weight for Graphe-
con Type C22001.

ESTIMATED WEIGHT

TUBE AND SHIELD - 1.30

DEFLECTING YOKES (2) - 0.28

FOCUSING COIL (1) - 0.17
145 LB,

FIGURE 12: Typical size and weight for Graphe-
con Type C22007.

tion characteristics of the SC tube, the

video amplifier between the SC and the

CRT, the CRT, and the television raster

process with the resolution characteris-

tics of the DST requires the introduc-
tion of a resolution-defining concept
more amenable to the analysis than the

“line-width” definition introduced pre-

viously. Such a concept is the frequency-

response function, used herein to de-
scribe the resolution characteristics of
the several devices. This term, some-
times referred to as the spatial-frequency
characteristic or modulation-transfer
function, is discussed in detail in a series
of papers by Dr. O. H. Schade. (See

Reference 1.)

Although convenience dictates a dif-
ferent technique, the frequency-response
function can, in principle, be measured
for a display device in the following
manner:

1. The beam scans the phosphor screen
repetitively to produce a single
straight trace. The scanning wave-
form is a linear sawtooth.

2. The electran-beam intensity is modu-
lated by a sine wave having a fre-
quency which is a multiple of the
line-scan frequency. Thus, the signal
produces a series of alternately bright
and dim spots of light.

3. A photometer with a narrow slit
oriented orthogonally in the direc-
tion of scan is used to inspect the
pattern of light spots. The width of
the slit must equal a fractional part
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of the expected electron-beam width.
4. As the photometer is moved with

uniform speed in the direction of

the line scan, the resulting output
current varies sinusoidally.

5. By use of a modulating frequency
which allows only a few spots to be
presented per display diameter, the
peak amplitude of the sine-wave
photocurrent signal is noted and as-
signed the reference value 1.0.

6. Steps 1 through 5 are repeated for
increasing values of modulating fre-
quency until the photocurrent amp-
litude drops to a small fraction of
the reference value.

7. A plot of this data gives the fre-
quency-response function in terms
of relative response versus spatial
frequency in cycles per unit length.
Analogous techniques may be used to

obtain the frequency-response function

of such electrical-ouput devices as scan-
conversion storage tubes.

In the analysis of a system of cas-
caded components, individual frequency-
response functions are multiplied, fre-
quency by frequency, to obtain the over-
all function, as is done in the analysis
of cascaded amplifiers. All frequency-
response functions must be based upon
the response to a sine-wave input. In
many instances, frequency-response
functions, particularly those of TV
camera tubes, are based upon measure-
ments which use a square-wave input
signal. In the instance of electrical-out-

- 10.0"

put storage tubes, such as scan-convert-
ers, the frequency-response function
often is measured by the so-called ortho-
gonal write-in/read-out method. The
curves of Fig. 13, based upon theoretical
considerations (Reference 2), illustrate
the effect of the measurement method
upon the shape of the frequency-re-
sponse function. This function may be
used to determine single limiting-resolu-
tion and equivalent-bandpass values
which are used sometimes to describe
the resolution performance of a display
device or a system.

The frequency at which the frequency-
response drops to a low value, usually
0.02 to 0.04, is the limiting resolution
value. The limiting resolution in TV
lines per unit length is double the limit-
ing resolution in cycles per unit length.
The reciprocal of the limiting resolution
in cycles per unit length is approximate-
ly equal to the line width, as described
earlier in this report.

When the equivalent bandpass of a
display system is given, it is equated to
that of a hypothetical display system for
which the frequency-response function
is unity within and zero outside of the
stated bandpass. Equivalent bandpass
N. of a real display system may be de-
termined by point-to-point squaring of
the measured sine-wave frequency-re-
sponse function followed by a determina-
tion of the area beneath the squared
curve.

The choice between limiting resolu-
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FIGURE 13: Effect of measuring technique on
shape of frequency-response func-
tion.

tion and equivalent bandpass as an ap-
propriate index of device or system reso-
lution is conditioned by the functional
requirements of the display system. If
an object in the sensor’s field of view
must be distinguished from another ob-
ject in close proximity, the limiting
resolution concept may be most useful.
However, if a general, faithful reproduc-
tion of the real world is important, the
equivalent-bandpass concept may be
preferred over an analysis based upon
either single-valued index.

The frequency-response function of
the seven-inch DST hypothesized for
this study is shown in Fig. 14. Basic
data for the curve were taken on a five-
inch RCA DST. In plotting these data,
however, the spatial-frequency axis was
scaled to conform to the hypothetical
seven-inch DST. The equivalent band-
pass N. for this tube was calculated to
be 168 cycles per display diameter. Be-
cause the limiting resolution is approxi-
mately 500 cycles per display diameter,
the following hypothesis is made:

If this DST is used in an offset-

sector PPI display in conjunction

with a radar system having unlim-
ited receiver frequency response,
infinitesimally narrow beam angle,
infinitesimally short pulse length,
and a 10,000-yard range; then two

high-reflectivity targets, each 10

vards square and separated by 10

vards of essentially zero reflectiv-

itv, would be barely distinguish-

able in the display as separate

targets. It is assumed that the op-

erator is free to control ambient

illumination and to inspect the

display as closely as he chooses.
Whether or not this condition is accept-
able from a weapons system standpoint
involves considerations beyond the scope
of this study.

For the SC/CRT approach, the sys-
tem designer can manipulate several

30

SPATIAL FREQUENCY-CYCLES/UNIT LENGTH (]

4 100

\

AN

4 6 8 100 2 4 6
SPATIAL FREQUENCY-CYCLES/DISPLAY DIAMETER

FIGURE 14: Frequency-response function for 7-

inch DST

system parameters for optimum over-all
performance; viz., TV raster standards,
amplifier bandpass, and amplifier re-
sponse-shaping functions such as aper-
ture correction. The values chosen for
this study are believed to be typical.
Separate consideration must be given
to the resolution performance in the di-
rection of the raster line structure and
in the direction orthogonal to this struc-
ture.

Resolution in the direction along the
raster lines is a function of the resolu-
tion of both scan-converter storage tube
and display CRT as well as of the char-
acteristics of the intervening amplifer
channel. Fig. 15 shows frequency-re-
sponse functions for these system ele-
ments. The CRT curve conforms with
the line-width data discussed previously.

The SC-curve data were measured by
the orthogonal write-in/read-out tech-
nique and were transformed to the sine-
wave-frequency-response-function form
necessary to this study in accordance
with the curves of Fig. 13. The assumed
amplifier characteristic is for a system
which includes a gradual-cutoff, band-
width-limiting filter. (See Reference 1,
Part 3 Fig. 82.) The temporal-frequency
cutoff was chosen to give a spatial-fre-
quency cutoff of approximately 600
cycles per display diameter. This cut-
off was calculated to be about 17 MHz
for a 30-frame per second, 2:1 interlace,
1:1 aspect ratio, 945-raster-line TV for-
mat with normal blanking percentages
(90 percent field, 83 percent line). The
frequency-response functions for these
three elements were cascaded to give
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FIGURE 15: Frequency-response functions of ele-
ments of SC/CRT system, and of
over-all system, in direction of rast-
er lines.
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the over-all response function shown in
Fig. 15. Note that the spatial-frequency-
cutoff (limiting resolution) value is ap-
proximately the same as for the DST.
The equivalent bandpass N., however,
is somewhat higher; namely, 177 cycles
per display diameter.

Resolution in the direction orthogonal
to the raster structure is a function of
the raster line number and of the fre-
quency-response functions of both the
SC and the CRT. Certain restrictions
are placed on the latter to ensure that
the final picture exhibits continuity and
thus appears to the observer to have no
more than a minimal superimposed line
structure. Although accounted for in the
analysis, the details of these restrictions
are not discussed here, because they do
not present any systems problems more
complicated than underscanning the SC
tube’s storage target in the direction or-
thogonal to the raster structure. This
mode is necessary to modify the SC
tube’s frequency-response function in
that direction. The applicable frequency-
response functions and their cascaded
product are shown in Fig. 16. The spa-
tial-frequency-cutoff value is compar-
able to those shown previously although
the equivalent bandpass, 157 cycles per
display diameter, is slightly lower.

In the preceding discussion it was as-
sumed that display resolution in the di-
rection along the raster lines should be
approximately equal to resolution in the
perpendicular direction. For many types
of displays, such as normal TV and cen-
tered-PPI radar, this condition is de-

sirable. However, in sector-PPI and B-
scan radar-display systems, it may be
undesirable, because a radar sensor typ-
ically provides higher spatial-information
content in the range direction than in
the azimuth direction. Consequently,
the systems designer may consider or-
ienting the raster-line direction on both
SC and display CRT so that it corres-
ponds to the direction of aircraft motion.
In conjunction with this orientation, sys-
tem resolution can be increased in the
raster-line direction, at the expense of
amplifier signal-to-noise ratio, by an in-
crease in amplifier bandpass and/or by
use of amplifier aperture correction. The
merits of this technique depend ulti-
mately upon the practical ability of the
observer’s eye to accept additional de-
tailed information.
Uniformity

For the DST approach, the uniform-
ity described earlier in connection with
TV displays is also valid for radar dis-
plays. For the SC/CRT approach, the
non-uniformities of SC and CRT de-
vices are cascaded. A typical non-uni-
formity characteristic for the C22001
Graphecon is shown in Fig. 17. This il-
lustration represents the output signal
corresponding to an input-signal se-
quence written uniformly across a di-
ameter of the storage target. The level
of input-signal drive was such that the
output-signal level at the center of the
storage target was about 75 per cent of
the saturated-signal level. The magni-
tude of non-uniformity is approximately
the same as that of the DST. Unlike
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FIGURE 16: Frequency-response functions of ele-
ments of SC/CRT system, and of
over-all system, in direction perpen-
dicular to raster lines.
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DST non-uniformity, however, it is sym-
metrical and, therefore, amenable to
electrical correction. Such electrical cor-

FIGURE 17: Output-signal uniformity of C22001.

rection can consist of two parts:

1. Background shading may be com-

pensated for by additive mixing of
line and frame-rate parabolic wave-
forms with the signal from the
SC tube.
Signal shading may be compen-
sated for by modulation of the
gain of the preamplifier system
with similar parabolic waveforms.
The only performance penalty an-
ticipated is a decrease in ampli-
fier channel signal-to-noise ratio
as a function of distance from the
display center, Basic signal-to-
noise ratio of the SC/amplifier
combination is quite high, as indi-
cated in a later section.

The uniformity performance of the
cascaded SC/CRT combination is es-
sentially equal to that of the CR1' alone,
if the preceding compensation is applied.
Persistence (Storage) Characteristics

The choice of persistence (signal-de-
cay rate) for most favorable perform-
ance of the display indicator in the sec-
tor PPI-radar mode is subject to the
operator’s preference. However, for
ground mapping in a high-speed air-
craft, there should be little carryover
of the displayed signal from azimuth
scan to azimuth scan. If such carryover
occurs, the result is a smeared presenta-
tion. For this reason, the assumption is
that image persistence of displayed sig-

Lo

nals should decay to about 10 per cent

in one azimuth scan cycle, (in this case,
two seconds).

With regard to persistence, there is
little to choose between the DST and
the SC/CRT approaches. In both cases,
decay time may be controlled over fair-
ly wide ranges. In the DST approach,
decay rate is controlled by adjustment
of the erase-pulse duty factor. With the
SC, the reading-beam current and/or
the storage-target voltage are adjusted.
The shapes of both decay characteristics
are similar over normal ranges of oper-
ation. In this respect, Fig. 7 (DST) may
be compared with Fig. 18 (SC). In both
cases, decay rate is a function of input
signal level, ie., decay time increases
with level of input signal. The curves
of Fig. 18 show how SC decay rate and
characteristic shapes change with con-
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FIGURE 18: “Persistence” characteristics of C22001

trol parameters. Normally, backplate
voltages more negative than about —7
volts are not used because they result
in the saturation (amplitude compres-
sion) of higher level input signals, even
though they increase the decay time.

Signal-to-Noise Ratio

The characteristics of a storage device
can influence the signal-to-noise ratio of
a radar-display system in two opposing
ways. First, noise introduced within the
display system may tend to obscure low-
amplitude signals, such as those from
ground targets of low radar reflectivity.
Second, the integrating properties of
storage devices employed in radar-dis-
32

play systems may be used to improve
the detection of radar signals obscured
by radar-receiver noise. Noise introduced
by display-system components is con-
sidered first.

As noted in the section on DST uni-
formity, the threshold for display of
low-level signals is not constant as a
function of position on the useful dis-
play area. (See Fig. 5.) Therefore, low-
level signals displayed on a DST may
be either superimposed on, or obscured
by, display-luminance variations that
may be termed coherent noise. These
variations usually have a spatial fre-
quency of only a few cycles per display

diameter. Sometimes, moire effects, re-
sulting from the presence of two or
more mesh screens in the path of the
writing and flood beams, introduce co-
herent noise at a spatial frequency great-
er than 100 cycles per display diameter.
The level of coherent noise of this type
is such that a reasonable estimate for
DST signal-to-peak-noise ratio is 10.

Insignificant coherent noise signals in
Graphecon-type, scan-converter storage
tubes can be cancelled readily. (Refer
to the previous discussion of SC uni-
formity.) Howedver, noncoherent noise
is introduced into the SC output signal,
primarily in the first stage of the output
preamplifier. Although coherent and
noncoherent noises in a display do not
create the same subjective impression,
it may be of interest to indicate, for
comparison, the signal-to-noise ratio of
the SC/CRT system. For this purpose,
calculation of noise-signal amplitude in-
volves preamplifier equivalent-input re-
sistance, effective output capacitance of
the SC, and amplifier frequency-response
function, including the effect of aper-
ture correction, if employed. The curves
of Fig. 18 show that the desired persist-
ence characteristic, i.e., the decay in
signal level from 100 per cent to 10 per
cent in two seconds, is obtained readily
with a backplate voltage of about —6
volts and an initial peak-signal current
of 1.0 micorampere. Use of this current
value in Schade’s Equation 78 (Refer-
ence 1, Part 3), with suitable values for
the other parameters, produces a signal-
noise ratio for a theoretical flat channel
expressed as:

213 x1x10°
[R] = C (le) 12 (.ﬁf) a2
— (213) (10*) (10°)
(46 x10°7) (136) ** (17 x 10")**

This value now is modified by the
factor identified by Schade as Vm
(Table XVIII, Reference 1) to allow for
the shape of the amplifier frequency-
response function. For this purpose, it
is assumed that the shape, as shown in
Fig. 15, includes effects of peaking but
has no aperture correction. The modi-
fied value is then given by:

o IR s
SN="pm==7g =@

=57

Because this value represents peak
signal-to-RMS noise ratio, it can be di-
vided by six to obtain an approximate
peak signal-to-peak-noise ratio of 12.5
for the SC/CRT system.

The problem of weak-signal detection
in air-to-air radar modes of operation
must now be considered. In this situa-
tion, experience suggests that the gain
of input amplifier channels is best set
so that the DST or the SC is operated
in the lower mid-range of the over-all
transfer characteristic. Signals obscured
by radar-receiver noise are then detected
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by the integration properties of the stor-
age device. Random noise pulses charge
the storage surface to a level lower than
that of the radar-return signals, which
are coherent over several range-scan per-
iods because of finite antenna beam
width. Thus, radar-return signals appear
at a higher output level than does the
integrated noise pattern. Detection is
improved not only because of this con-
dition but also, perhaps equally, because
radar signals persist longer. No attempt
has been made to evaluate quantitative-
ly the relative merits of the DST and
the SC/CRT approaches in this instance.
However, rough operational simulations
of the two approaches have been set up
in the laboratory, with generally similar
results.

Transfer Characteristic

The over-all transfer characteristic of
the DST was explained in the section
which discussed the TV display prob-
lem. (See Fig. 6.) The same general
characteristic is obtained in radar modes,
except that the curve is compressed in
the direction of the input-drive axis.

A measured transfer characteristic for
the C22001 Graphecon is shown in Fig.
19. The transfer characteristic of the
over-all system can be obtained by cas-
cading this characteristic with that of
the CRT display device (Fig. 6) and
the intervening amplifier. The amplifier
may have gamma correction at the op-
tion of the system designer.
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FIGURE 19: Transfer characteristic of C22001.

Optimization of Components

A DST designed for use with TV
signals is quite sensitive to changes in
operating voltages, such as writing-gun
bias, when operated in a radar mode.
To a first approximation, a tube de-
signed to write a complete picture in
1/30 second at a given level of writing-
beam current requires only 1/30 of this
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

beam current when operated in a radar
mode having an azimuth-frame time of
one second. Thus, if the video-drive
voltage in the TV mode is in the order
of 30 to 40 volts, video drive in the
radar mode must be decreased to a level
where writing-gun power-supply hum
voltages, bias shifts, and stray control-
grid-circuit leakages begin to influence
the quality of the display. Some expe-
dients may be devised to alleviate this
problem, e.g., the use of cathode degen-
eration in the radar mode or the use of
a “tetrode” writing gun in which ad-
justment of the screen-grid voltage
changes the effective gu of the gun.

The need for fast DST erasing speed
in the TV mode of operation introduces
still another problem when the tube is
used in the radar mode. Regardless of
the method used to minimize erasing
time, i.e., high floodbeam current dens-
ity, thick storage insulator, or steepened
storage-mesh transfer characteristic, each
method tends to increase the rate at
which residual gas ions counteract the
dynamic erasing process. Because gas
jons tend to concentrate at the center
of the display, another factor is intro-
duced which can lead to display non-
uniformity. This latter display effect be-
comes more pronounced as the erase
rate is decreased to prolong viewing
time.

These difficulties show that a DST
(or any tube, including the SC storage
tube) which is designed to encompass
a wide range of operating conditions is
not likely to give optimum service over
the total range. With the SC/CRT ap-
proach, the individual components can
be tailored for operation over more re-
stricted ranges: the CRT optimized to
give the best possible TV display; the
SC optimized to give the best service
for processing radar-type signals.

Ease of Setup

Setup considerations for the DST were
discussed in the comparison of TV dis-
play devices. The same considerations
apply to the radar mode except for the
increased sensitivity of the device men-
tioned previously. '

Setup of the Graphecon-type SC tube
is generally easier, not only because the
transefer characteristic can be tailored
for a narrower range of operation, but
also because there is no requirement for
the electron beams to be collimated.

Summary

The foregoing analysis suggests that
display of radar signals can be handled
at least as effectively by the SC/CRT
approach as by the DST approach. In
some respects, e.g., uniformity, resolu-
tion, and ease of setup, the SC/CRT
approach can be made to have an ad-
vantage. In terms of the number of sys-
tem components and possibly in power
consumption and display luminance, the

DST approach may be more attractive.

General Summary
Multi-Sensor Displays —
Two Approaches
In the preceding analyses, an attempt
was made to provide the systems design-
er with a comparison of the merits of
two suggested solutions of the multi-

sensor display problem. The assignment

of significance to the several individual
factors considered is not within the ex-
perience of tube designers and fabrica-
tors, and has been left to the avionic-
systems expert. However, the following
observations may be relevant:

1. The SC/CRT approach appears to

offer:

a) Superior display quality in
short-persistence modes of op-
eration, e.g., TV modes,

b) At least an equivalent display
quality in longer-persistence
modes of operation, e.g., radar
modes,

c) Considerable flexibility for fu-
ture system modifications and
additions.

2. The DST approach appears to of-
fer:

a) Higher luminance output in
some modes of operation,

b) Fewer system components,

¢) System space and weight ad-
vantages. (Note: This advan-
tage is valid only in a multi-
sensor system having a single
final display of relatively small
size. For multiple final displays
or for larger single displays,
the advantage shifts toward the
SC/CRT approach. The use-
ful display size at which the
advantage shifts is not well de-
fined, but it is probably in the
range of 6 to 10 inches.)
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—by Russell |. Houldin

Abstract

Computer displays with graphic

capabilities have added a new di-
mension to data processing by
making information more access-
ible and more easily assimilated.
Summaries, graphs and charts can
be quickly retrieved and viewed on
many screens simultaneously. Sev-
eral of the more advanced displays
are beginning to link the creativity
of man and the calculating power
of the computer for design applica-
tions.
" The IBM Graphic Displays are
among such versatile systems —
extending the data processing pow-
er of IBM System/360 to handle
graphic and design information in
scientific, engineering and manage-
ment applications.

Computer-programmed line draw-
ings and alphanumerics are stored
in a local display buffer and dis-
played on a 21-inch CRT. Alpha-
numeric information can be origi-
nated or modified off-line from the
computer by a keyboard. Applica-
tion-oriented instructions can be
sent to the computer by an over-
lay-coded Programmed Function
Keyboard. A light pen gives the
operator detection, tracking and
sketching capabilities.

The display systems are avail-
able in models for single or multi-
ple console installations. Multiple
installations use control units, each
attaching up to four display con-
soles.

Basic Display Characteristics

The display area of the CRT is 12
inches square. A 10-bit X and Y magnetic
deflection system locates the beam at the
intersections on a grid of 1024 by 1024
raster units. A P7 phosphor was chosen
for long life and medium image fade
out. A regeneration rate of 40 cps was
chosen to provide a flicker-free image.

Line width is one and one-half raster
units. Beam deflection velocity is held
constant to achieve uniform intensity
over the length of the line. Beam de-
flection time is proportional to the num-
ber of raster units of deflection in the
direction (horizontal or vertical) of great-
est beam movement. Four data bytes
(32 bits) are required to define each
graphic X-Y coordinate.

Buffering

A local buffer relieves the computer
of the heavy regeneration workload im-
posed by a CRT display. In addition, the
buffer is used with the character gener-
ator and alphanumeric keyboard to as-
semble and edit messages before they
are transferred to main computer stor-
age.
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Vector Generation

Basic graphic capabilities are point
plotting, beam positioning and drawing
of vertical and horizontal lines of un-
limited length and 45° lines of limited
length. The vector graphics feature per-
mits a straight line to be drawn between
any two X-Y coordinate addresses.

Two graphic modes are available:
absolute and incremental. Information in
absolute mode is drawn to the coded
X-Y coordinates. Incremental mode in-
formation is coded as the number of
raster units to be moved. A pattern
coded in incremental form is preceded
by an absolute positioning coordinate.
The beam then traces the incremental
mode image relative to the absolute
positioning coordinate. A frequently-used
pattern can be coded once in incremental
mode and then displayed in multiple
locations by changing the absolute posi-
tioning coordinate. Point plotting in
either absolute or incremental mode is
also possible.

Absolute mode deflections may be of
any length while incremental mode de-
flections are limited to 63 raster units.
This limitation makes it possible to code
each incremental beam deflection in two
data bytes (16 bits) instead of the four
(32 bits) required for absolute mode
deflections — doubling the number of
vectors that can be stored in the local
buffer and halving the access time re-
quired to bring each vector from the
buffer.

Alphanumeric Keyboard

An alphanumeric keyboard is used to
compose and edit messages. A variable
number of storage positions can be re-
served by the programmer for message
composition from the keyboard. When
the entire message is composed, dis-
played on the screen, and visually veri-
fied, it is transferred to main storage.

A symbol, called the cursor, is shown
on the CRT to identify the position at
which the next character from the key-
board will be displayed. The cursor sym-
bol is a dash and is displayed beneath
the character position as an aid to the
operator. It can be positioned by pro-
gramming or by using the keyboard.

The cursor can be advanced or back-
spaced either in single-space or continu-
ous mode. It can also be “jumped”
through an entire character field and
intervening graphic into the next char
acter field.

Character Generation

Characters can be created in two
ways:

IBM Graphic Display System...

@ Having the computer create them
out of individually-addressed points
or vectors; and by

® Using the character-generator fea-
ture to translate character codes
into the sequence of analog signals
needed to trace them on the CRT.

The character generator will display
a font of 63 characters at higher speeds
and with less buffer space than can be
executed in graphic mode. Each char-
acter is stored in the buffer as a single
data byte (8 bits). After it is retrieved
from the buffer, the character is de-
coded and broken down into a sequence
of strokes (straight-line beam deflec-
tions) by a logic matrix.

These strokes detine the end points
in a 3-bit X and Y coordinate system.
They also drive a special high-speed,
magnetic-deflection character yoke which
modulates the field generated by the
main graphic yoke.

To draw characters, the beam is first
positioned at the X-Y coordinate at which
the first character is to appear. The first
character is then brought from the buffer
and drawn by short, high-speed motions
of the beam under control of the char-
acter yoke. Upon completion of the
character, the beam is automatically
spaced to the starting point for the
next character in the line. If the line is
filled, the beam will automatically be
positioned at the first character position
of the next line.

A “New Line” code can be used to
terminate a line without filling it up. A
“Null” code reserves a character space
in the buffer which is invisible to the
display. It is used for deleting letters
or words without leaving gaps in the
message.

The standard set of characters con-
sists of 63 alphabetical and numerical
characters and special symbols. Either of
two character sizes can be selected by
programming: basic, or large (1-1/2
times basic size). The basic-size char-
acters provide 3,848 character positions
on 52 lines of 74 characters each. The
large-size characters provide 1,715 char-
acter positions on 35 lines of 49 char-
acters each. An unlimited number of
special symbols of any size can still be
formed by individually-addressed points
or vectors.

Keyboard information is entered di-
rectly into the display buffer for each
key depression and then displayed to
the operator via the character generator.
For consoles which do not contain the
character-generator feature, the keyboard
information is returned to the controlling
computer. The characters can then be
coded in graphic form by computer pro-
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

Characteristics 2250 |
Basic Graphics Standard
Absolute Vectors Optional
Incremental Vectors Optional
Local Buffer Size 4K or 8K
Local Buffer Access 4 usec/byte
Character Generator Optional
Alphanumeric Keyboard Optional
Function Keyboard Optional
Light Pen Detect Optional
Graphic Design Optional
Number of Control Units Note 1
Cable Length (maximum) 100 ft.

Notes:
1. Control unit built in.
2. 32K shared between 2250 IIl's

TABLE 1: Display console characteristics

2250 11 Information
Standard Incremental Vectors
Standard
Standard
Note 2

1.0 usec/byte
Standard
Optional

Absolute Vectors

Optional
Standard
Standard
4 per 2840 I Basic Characters”
2,000 ft. Large Characters®

TABLE 2: Quantity of vectors or characters displayed

2250 | 2250 11(2) 2250 111(4)
16 raster units 2370 2800 2800
3l * 4 2300 2400 2400
63 " " 1730 1825 1825
6 " ¥ 1340 2125 1400
3 = " 1340 2070 1400
63 t 1340 1825 1400
127 " " 1200 1250 1250
511 " % 465 465 465
1023 " b 250 250 250

The 2250 III's are separated from their control units by 100 feet of cable.
Performance will vary with cable length. The regeneration rate is 40 cps.

“The message used was Lincoln's Gettysburg Address.

2100 2100 2000
1750 1750 1650

gramming and returned to the console
buffer for display.

Programmed Function Keyboard

The Programmed Function Keyboard
is a portable 32-button unit with an in-
dicator light for each button. The indi-
cators are set by computer command and
can be used to instruct the operator
which functions can be performed. The
function of each key and indicator is
program-defined by inlerchangeable cod-
ed overlays. Key and light functions are
identified by nomenclature on the over-
lays.

Depression of a button causes the com-

BEAH LOADING ANALYSIS
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FIGURE 1: A possible application is to use the
light pen to vary the load, point of
load, and dimensions of a beam.
The computer then determines new
shear, moment, and deflection val-
ues, and plots them in the display.
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puter to be interrupted for transmission
of the button’s code. An 8-bit binary code
punched into the overlay and sensed by
switches is transmitted to the computer
at the same time. The computer then acts
on the displayed image as directed by a
subroutine associated with the overlay
code and key selected. For example, the
subroutine might direct the computer
to enlarge, reduce or delete the image

.displayed.

Light Pen Detection
The light pen — a hand-held, pen-like
device — permits the operator to identify
a character, point or line to the com-

puter for subsequent action. When the
pen is pointed at a portion of the image
and enabled with a switch, the address
at which the information is stored in the
local buffer is transmitted to the com-
puter. The computer will then modify
the image or take other action specified
by the program.
Graphic Design

Display systems with graphic design
features use light pen buffer orders
to accomplish the following additional
functions:

@ Movement of incremental mode

images with a tracking symbol;

FIGURE 2: An engineer demonstrates the dis-

play system's ease of accessibility.
Power supplies are located under
the CRT yoke. The panels on either
side of the power supplies contain
the logic and analog deflector cir-
cuits which swing shut after servic-

ing.
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@ Sketching — by positioning a track-
ing symbol and entering the screen
coordinates into the buffer;

® Branching to other buffer locations;
and

@ Multiple display of incremental-
mode images stored once in the

buffer.

Console Qrganization

The 2250 Model III display console
and 2840 Model 1I multiplex control
unit are used together in multiple-con-
sole installations. A simplex control unit
is built into the 2250 Model I console.
The Model III will be described.

Absolute vector data bytes are accu-
mulated in X and Y assembly registers
at the display console. When the pre-
vious beam motion is complete, the new
coordinate is immediately transferred
from the assembly registers into the de-
flection registers, and another graphic co-
ordinate is requested from the buffer.
Therefore, the time required to bring an
X-Y coordinate from the buffer largely
can be ignored since it is overlapped
with beam deflection for the previous
vector. This approximately doubles the
number of vectors that can be displayed
without flicker.

Incremental vector data bytes are ac-
cumulated in separate registers and added
to the contents of the X-Y deflection
registers. The sums are accumulated in
the assembly registers. The remainder
of the operation is the same as for ab-
solute vectors, Obtaining the increment-
al vectors and computing the new abso-
lute vector coordinates are overlapped
with deflection for the previous vector.

The high-speed character yoke modu-
lates the beam around the position held
in the X-Y deflection registers. A blanked
absolute vector is normally used to posi-
tion the beam for the first character. The
characters are broken down into line
segments (strokes) at the control unit,
and are transmitted to the display con-
sole one stroke at a time. Each stroke
contains three bits for X deflection, three
bits for Y deflection, a blank/unblank
bit and an end bit.

A “1” in the end-bit position accom-
panying the last stroke of the character
starts an add sequence in order to com-
pute the position of the next character
in the line. When the add is complete,
the new X position is transferred into
the X deflection register. If an overflow
out of the X adder takes place — indi-
cating that the line is full — the X-deflec-
tion register is set to zero and a Y add
is initiated to position the beam at the
first character-position of the next line.

The line can be terminated prior to
overflow by placing a New Line code in
the buffer. The control unit translates
this into an unique stroke code which
— when decoded by the control unit —
forces an X-adder overflow. Blank and
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FIGURE 3:

FIGURE 4:

y ¢ Lo a |
The 2250 Model | main control logic
is in servicing position. The logic
gates swing up and fan out for ease
of servicing. A maintenance panel
provides trouble-shooting capability
off-line from the computer.

The IBM display systems are direct-
view CRT display consoles designed
for single- or multiple-console in-
stallations. Multiple units can be
separated from their control units
by up to 2000 ft. of cable. Detec-
tion, tracking and sketching can be
performed with a light pen.
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FIGURE 5: A possible application is to con-
struct a circuit with the light pen
and programmed function keyboard.
Components are selected from the
table at the right with the light pen.
The circuit location is identified with
the pen and computer action is in-
itiated through function keys.

null codes are also sent to the control
unit as unique stroke codes. The blank
code causes the beam to space to the
next character position, while the null
code results in no motion of the beam,

A minimum of two and a maximum of
nine strokes are used in a character.
Using a variable number of strokes per
character keeps display time to a mini-
mum. Consequently, display time varies
from character to character.

Button and overlay codes are trans-
mitted from the Programmed Function
Keyboard directly to the computer via
the control unit. The keyboard is inter-
rogated by the control unit once each
regeneration cycle; if a button has been
depressed, an interrupt to the computer
program is generated. The keyboard indi-
cator lights are driven from a register
set by computer command.

Alphanumeric keyboard data are en-
tered into the control unit buffer at the
address occupied by the cursor. The cur-
sor appears as a solid line under the char-
acter which will be replaced by the next
keyboard entry. An unique stroke code
preceding the cursor strokes causes a
dc bias current to be sent into the char-
acter yoke. This produces a downward
shift of the character matrix and results
in the cursor being displayed under the
character. One bit in each buffer loca-
tion is reserved for the cursor. The cur-
sor bit will occupy the location of the
character under which it is to be dis-
played. Since two characters are stored
in each buffer location, an odd-even
trigger is used to identify the character
associated with the cursor.
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FIGURE 6: The display shows a three-dimen-

e YN

sional view of the structural mem-
bers of a bridge. Function keys are
used to call for other views or for
expansion or contraction by the com-

puter.

The control unit interrogates the con-
sole for alphanumeric keyboard data once

“each regeneration cycle. If a key has

been depressed, the characted stored at
the buffer location occupied by the cur-
sor is replaced by the keyboard data
entered, the odd-even trigger is comple-
mented and the cursor is moved to the
next higher buffer address.

Advance, backspace and jump keys
produce cursor motion without altering
the message. The end and cancel keys
transmit control information to the com-
puter. The end key indicates that the
message is complete, while the cancel
key requests that the data field be
erased.

The graphic-design light pen collects
light emitted by the CRT phosphor and
pipes it through a fiber bundle to an
amplifier located in the console frame.
A detection signal is sent to the control
unit which then takes action in accord-
ance with the program stored in the
buffer. Light-pen tracking and sketch-
ing can be performed without computer
interraction. Entire range entities coded
in incremental mode can be moved on
the screen via the tracking symbol. An
image entity can be identified to the
computer program for action, expansion
or contraction for example, by trans-
mitting the buffer address of the image
entity to the computer.

Control Unit Organization
The control unit contains the System/
360 data channel controls, a 32k-byte
buffer, a character-stroke generator and
multiplex control logic. Any portion of

the buffer can be assigned to any at-
tached console. Each console’s location
in its display program is maintained in
its own buffer address register. The ad-
dress register contents are modified by
a common buffer-address counter which
can be incremented or decremented.
Image regeneration is started or stopped
independently for each console by com-
puter command. An unconditional trans-
fer order at the end of each display
program starts the next frame of the
image.

The execution time required to dis-
play a flicker-free image is 25 milli-
seconds. Images requiring less than this
amount of display time will be held to
a 40-cps regeneration rate and there-
fore to a constant intensity by a special
buffer order called the set regeneration
timer (SRT). This order must be stored
in the buffer as part of each image.
Each SRT starts a 25-millisecond timer
which is sampled the next time an SRT
order is decoded. Program execution is
delayed after each SRT until the 25
milliseconds has elapsed.

The consoles share buffer cycles
through interleaved accesses to the buf-
fer. Buffer access time is 2.0 microsec-
onds per byte pair. Each order requires
one or more buffer accesses, each abso-
lute vector two accesses, each incre-
mental vector one access and each char-
acter one access. Each console is polled
sequentially for buffer service requests
to assure equal priority. Buffer access
for one console and polling for the next
service request takes place concurrently.
This effectively eliminates polling de-
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lays. In periods of heavy regeneration de-
mand, buffer efficiency will approach
100 percent.

Data is transmitted directly to the
console one byte (or stroke) at a time.
Characters are held in buffer registers
and translated into strokes for trans-
mission to the console. The stroke gen-
erator is multiplexed between consoles
in the same manner as the buffer. A
separate clock and polling ring is used
in order that the stroke generator can
function independently of the buffer
and generate strokes concurrently with
buffer access for another console.

Graphic data is also held in buffer
registers until it can be transmitted to
the consoles. Transmission is over the
same lines as used for strokes and is
controlled by the stroke-generator clock
and polling ring. This was done to mini-
mize the number of registers, controls
and transmission lines required.

Transmission of data to and from each
console is over a coaxial cable which
can be up to 2000 feet in length. This
allows the consoles to be located in
actual work areas rather than be re-
stricted to the computer room. Con-
venience to the operator is a necessity
if the consoles are to be used for every-
day design jobs. Because of the expense
of a 2000-foot cable, the number of
signal lines was held at 20. This was
accomplished by designing a computer-
type interface with separate order, con-
trol and data lines.

Orders are placed on the lines in a
five-bit binary code. Enter-basic-character
mode and enter-incremental-point plot
mode are examples. Control signals are
not coded and require one line per func-
tion. Examples are data sampling pulses
sent to the console and light pen re-
sponses returned to the control unit.
Nine of the lines are used for data trans-
mission (eight data, one parity) in either
direction. Over these lines, character,
graphic and function keyboard indicator
bytes are sent to the console and key-
board and console-status information is
sent to the control unit. The status byte
is returned to the control unit in re-
sponse to a Read Status command once
every regeneration cycle. This byte is
used to inform the control unit that a
keyboard operation has taken place or
that a parity error has been detected.

Regeneration Timings

The execution time of a display pro-
gram is determined by order-execution.
time, data-display time and buffer-access
time. The number of consoles operation
simultaneously and the length of cable
between each console and the control
unit will also affect the operation of
multiple-console systems.

The execution time required for the
control order portion of a program can
be approximated by summing the num-
38
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tions can easily be slipped on to
the 32-button programmed function
keyboard. The computer identifies
an overlay from its own code punch-
ed into the edge where it is sensed
by switches (concealed by the dark
frame). As many as 256 different
overlays can be used.

FIGURE 8: Results of an experiment are dis-
played as points and a curve is
fitted to them by the computer.
Points deviating so far from expect-
ed values as to be questionable
can be deleted with the light pen
and a new curve computed.

FIGURE 7: Overlays labeled for specific applica-
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ber of order byte-pairs and multiplying
the total by buffer-access time. The dif-
ference between this and 25 milliseconds
is the time available for actual image
display. It is therefore desirable to
minimize the number of orders in each
display program.
Beam positioning time can be deter-
mined from the following formulas:
1. N <16
Positioning time — 8 microseconds
2. N=18
Positioning time —8 -+ 92
(N - 16) microseconds
1007

FIGURE 9: The 2250 IIl display console con-
tains the logic, magnetic deflection
system, manual-input devices and
power supplies. Adders are used to
compute the next character position
and to convert incremental-mode
vectors into absolute X-Y screen co-
ordinates. Accumulation of the next
vector in the assembly registers is
overlapped with beam deflection for
the previous vector.

Where:

N equals the number of raster units
of the axis (X or Y) having the greater
change. For example, when the X-axis
change is 100 raster units and the Y-
axis change is 1023 raster units (full-
screen deflection) then N is equal to
1023.

For points, add one microsecond to
beam-positioning time to allow for in-
tensification after beam motion has been
completed.

The formulas can be used directly
to compute the time to reposition the
beam to the start of a new line when in
character mode. However, when in
graphic mode, the beam-positioning time
is not always equivalent to actual elapsed
time between adjacent beam deflections
and cannot be used in computing exe-
cution time for a display program. Ob-
taining the next graphic mode X-Y co-
ordinate is overlapped with beam motion
for the X-Y coordinate being displayed.
This time includes polling for huffer-

2840 MODEL IT COMTROL UNIT

PROGRAMMED
FUNCTION
KEYBOARD

t

service requests, bulfer access decision
and data-low  logic  delays and  cable
delavs. The sum of these delays often
exceeds beam-positioning time for short
deflections and results in a wail he-
tween adjacent beam motions,

Character-execution time is dependent
upon the number of strokes required
to draw the character. An average of six
strokes is required for each visible char-
acter, Spacing, null and new line “char-
acters” are each equivalent to a one-
stroke visible character. A text message
with a normal complement of spaces will
average five strokes per character posi-
tion. The time required to return to the
beginning of a new line can be com-
puted from the beam-positioning for-
mula. For practical purposes, total mes-
sage-return time is proportional to the
number of characters in a message and
is independent of the number of lines
used. This assumes that all lines start
at the left-hand margin and that new-
line “characters” terminate each line
“ter the last visible character.

A
KEYBOARD

INTERFACE
CONTROL

X INCREMENTAL
VECTOR REGISTER

Y

L X ADDER

Y
X ASSEMBLY Y ASSEMBLY
REGISTER REGISTER . FARDER

¥ INCREMENTAL
VECTOR REGISTER
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X DEFLECTION ¥ DEFLECTION

REGISTER REGISTER
STROKE
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X -D/A

STROKE - D/A
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CONVERTER

Y -D/A
CONVERTER
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System 360
Data Channel Address o~
Counter
Address No.2.No. 3 Address
Interface 32 K Console Register __:_:__:_ Register
Control Buffer Poller No. 1 No. U4
|
o’ S
Register
7
Buffer No 2' NO 3 Bu:ffer
Register p—————— Register Service
No. 1 No. 4
Requests
Characters
Characters
Console Stroke
G
Graphics Follsz PRETHAE Graphics
I v v
2250 III - _ 2250 III
No. 1 No. 2 No. 3 No. 4
FIGURE 10: The 2840 Model Il control inter-
faces with a System/360 computer i— w i
data channel. It time-shares a buff- ) @ stoke | X, [ Xy [ X, [ Yy [ ¥y |¥, | 8 | E
er and stroke generator among the 7 % =7
2250 Model |Il display consoles. / < olol ol Al s s
Two to four consoles can be at- J 7
tached. The control system is asyn- r’ 5 el el il alr el
chronous in order to avoid delays 3 7
for consoles not requiring buffer or 3 T lae| 1| o|lo | 1] o
stroke generator service. Y o4 &
(4) H 4 o | af o] oo | o |
3
2
i B = Blank/unblank bit
E = End bit
0 _t

FIGURE 11: The letter “F", superimposed on an
X-Y grid, shows a typical character-
stroke format. Four strokes are re-
quired (their end points have been
numbered). The binary information
delineating the beam’s coordinates
are contained in the character-stroke
table, The 1 in the “B"” column
shows that the beam is blanked on
stroke 3 while retracing a line.
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Character Size
Characteristics Basic | Large
Height 0.16" | 0.24"
Width 0.12" | 0.18"
Positions/Line 74 49
Lines 52 35

INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

|

Recording Media

Editor's Note

This article is an initial draft of
the first portion of Chapter 7, ‘‘Re-
cording Media'’, of the book, Dis-
play Systems Engineering, by H. R.
Luxenberg and R. L. Kuehn, which
is to be published in the spring of
1967 by McGraw-Hill; it is pre-
printed here by permission of the
publisher. The remainder of the
chapter deals with image resolu-
tion, image contrast, and sensitom-
etry, and is fully annotated.

Introduction

This chapter will discuss certain se-
lected methods by which computer gen-
erated information may be prepared in
hard copy form for any of a number
of reasons. These reasons include im-
mediate viewing, storage for delayed
viewing, dissemination for remote view-
ing, generation of a reproducible master
for mass reproduction, or to serve as an
intermediate in a film-based group dis-
play system.

The hard-copy material may be clear,
translucent or opaque, of metal, paper,
or plastic. It may or may not require
a specially sensitized or treated surface,
and may range in size from a 16 mm
frame to a 75 x 100 cm (or larger)
sheet.

Viewing may be either by direct
(front) lighting, rear illumination, or
projection by reflection or transmission.

Reproducible masters may be com-
puter prepared for any of the major
means of reproduction, e.g. litho (direct
or offset) relief, intaglio, stencil, spirit,
diazo, dye transfer or electrostatic, in
some cases directly, in others with the
aid of one of the standard graphic arts
procedures.

The copy may be either monochro-
matic or full color, miniaturized for op-
timum storage, hand holdable or wall
size, and may have a full grey scale
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(either by inherent continuous tone
properties or by screening) or only a
binary grey scale.

The topics to be covered are:

1. Methods of Recording

2. Silver Halide Materials and Pro-
cesses

3. Non Silver-Halide Materials and
Processes

4. Characteristics of Recording Media

Methods of Recording

Generation of hard copy may be whol-
ly mechanical, either digitally as by
driving type hammers, or analog, as by
driving an inked pen or an engraving
scriber. Generation might be optome-
chanical, where a beam of light is me-
chanically deflected over the surface of
a photosensitive surface. The deflection
may be electro-optical rather than me-
chanical. The recording might be elec-
trical (as in some facsimile processes),
magnetic (as in magnetostatic record-
ing), or thermal (where a heated stylus
is used to produce a physical or chemi-
cal change in a recording medium).

The primary concern here, however,
will be electronic recording methods, in
which an electron beam is deflected to
trace out the desired information. Two
principal means of electronic recording
will be covered. These are:

1. Direct beam recording

2. Indirect (optical) recording
In the first the electrons are deposited
directly on the recording surface, and
the image is “developed” by any of a
number of means. In the second method
the electron beam activates a phosphor
and the resulting light pattern is re-
corded on a photo-sensitive medium.
These two classes of electronic beam
recording will be discussed in greater
detail in the following sections.
Direct Beam Recording

Electrons may be deposited on a non-
conducting surface by a cathode-ray
tube envelope, or, more practically, by

and R. L. Kuehn

Product Manager
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Electro-Optical Systems Inc.
Pasadena, California

bringing the electrons through the face
plate along fine wires embedded in the
glass surface. The latter approach is
simpler to implement.

The wires may be arranged in a 2-
dimensional array so that the entire
image may be formed at a single “ex-
posure”, or the wires may be arranged
in a linear array, with the receiving
material moved in synchronism with the
electron beam scan. Since provision must
be made to transport the receiving ma-
terial past the face plate for successive
recordings, the linear array is more
widely used as it permits a continuous
rather than an intermittent type trans-
port to be used.

The electron pattern is, of course,
not visible but must be “developed”. A
discussion of development techniques
will be deferred to a later section, where
the related photoelectrostatic techniques
are discussed.

Since direct beam recording is essen-
tially a contact process, the maximum
image size is limited by the dimensions
of the cathode-ray tube face plate. Most
cathode-ray tubes made for direct beam
recording have a rectangular face plate
with a large aspect ratio, 10:1 or great-
er, and use either a linear array or at
most, a matrix of seven to ten lines of
wires so that a complete line of text
may be imaged at one time.

Indirect (Optical) Recording
In the indirect (optical) recording
methods, the visible image on the phos-
phor face plate of the cathode-ray tube
is recorded on a photosensitive medium.
Since most of the generally used photo-
sensitive media are sensitive only to the
blue and ultraviolet portions of the
spectrum, special cathode-ray tubes with
ultra-violet output phosphors and/or
ultra-violet transmitting quartz face
plates are required or preferred in many
recording applications.
As will be discussed in detail below
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many sensitized materials are so slow
that only “contact” printing is possible.
For this purpose special cathode-ray
tubes are available with fibre optics face
plates. The fibres may be arranged eith-
er linearly or in a rectangular matrix,
as are the wires in the direct beam re-
cording tubes. The fibres “transfer” the
image from the phosphor backing of
the face plate to the front surface for
maximum resolution.

For optical printing, as opposed to
contact printing, conventional face
plates are preferred, for maximum im-
age linearity.

Silver Halide Materials

The best known of the photosensitive
recording materials is the conventional
silver halide type. It is by far the most
sensitive and versatile of all available
materials and it is available in a wide
range of spectral characteristics, speeds
and resolving powers, as well as having
full color capabilities. For these reasons
it is the most widely applicable of all
photosensitive media. The following sec-
tions describe the capabilities of silver
halide materials from the standpoint of
the display systems engineer. For addi-
tional information the reader is referred
to the classic texts of Neblette (1) and
Mees (2).

Silver halide emulsions consist of a
dispersion of silver halide crystals in
gelatin. Negative emulsions contain var-
ious proportions of silver bromide and
silver iodide. Positive emulsions contain
various proportions of silver chloride
and silver bromide crystals. The crystals
range in size from sub-microscopic to
around 5 microns. The speed of the
emulsion varies directly with the parti-
cle size; the image resolution, of course,
varies inversely with crystal size.

Silver halide crystals themselves are
sensitive only to light in the near ultra-
violet, violet and blue regions of the
spectrum. The addition of properly se-
lected dyes to the emulsion will extend
the spectral sensitivity of the emulsion
{to cover the entire visible spectrum
and the near infrared) since the light
energy absorbed by the dyes is trans-
ferred to the silver halide crystals.

The effect of light on a silver halide
crystal is the decomposition of portions
of the silver halide crystal so that ex-
posed crystals contain atoms of free sil-
ver, With certain print-out emulsions
the image is directly visible, but very
long exposures are required. In order
to reduce exposure requirements, the
energy required to render the latent im-
age visible is added by a developer.

Conventional Development

In conventional development, the ex-
posed silver halide grains are chemically
reduced to silver. Actually all of the
grains will be reduced to silver with suf-
ficiently long development, but those
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exposed crystals which contain silver
specks are reduced most rapidly by
many orders of magnitude. The devel-
opment of unexposed crystals produces a
background density referred to as fog.

After development, the image is
“fixed” by converting the undeveloped
silver halides into water soluble com-
pounds and washing these away, to ren-
der the image permanent.

Two Stage Development

In conventional development, precise
control of time, temperature and replen-
ishment rates is required to obtain pre-
dictable and repeatible results. An alter-
nate approach is the use of a two stage
developer. In this approach the exposed
film is first saturated with a solution
containing most of the developing com-
ponents. When the gelatin has been
saturated with this solution, the film
is transferred to an activator solution,
usually an alkali, which enables the ab-
sorbed developing agents to operate to
completion. Time and temperature con-
trol is not critical since the process is
allowed to proceed to completion, and
replenishment is not required since the
development products do not contamin-
ate the more critical first solution. Fix-
ing is done as in the conventional pro-
cess. The two developing solutions are
extremely stable and have very long
shelf and operational lives.

Activator/Stabilizer Development

This approach is related to the two-
stage development except that here the
emulsion is saturated with the develop-
ing ingredients before exposure, usually
during manufacture. The activator is
generally an alkali, as in the two-stage
process. Development by activation is
in the order of seconds, and the pro-
cess is thus nearly dry (“damp-dry”)
since little moisture is absorbed by the
gelatin, To maintain this “damp-dry”
advantage, conventional fixing and wash-
ing is not customarily used. Instead a
stabilizer is used which renders the un-
exposed silver-halide crystals insensitive
to light. The entire activator/stabilizer
process can be performed within a few
seconds. Films which are to be used
with this process must not have the
opaque anti-halation backing found on
many films since this will not be re-
moved during processing. The images
are not archival, but have a useful life
measured in months. Archival quality
can be obtained by conventional fixing
and washing, at a later time.
Monobath Development

In this development technique a single
solution containing both the developing
and fixing agents is used. While the de-
veloper is reducing the exposed grains
to metallic silver, the fixer is converting
the unexposed grains to a water soluble
compound and carrying them into solu-
tion. This process is generally allowed

to proceed to completion, but time and
temperature control may be used to vary
the image contrast as desired.

Reversal Processing

Films processed by any of the pre-
ceding methods have negative images;
that is, highlights and shadows are re-
versed from those in the original scene.
To obtain a positive image without the
need for a second generation image, re-
versal processing is used. In reversal
processing the image is developed as in
conventional processing. The reduced
silver is bleached away. The entire im-
age area is then uniformly exposed to
render all previously unexposed, and
hence undeveloped silver halide grains
developable. The film is then developed
to completion. While fixing is not whol-
ly necessary, it is generally performed
for archival quality, particularly when
the second development is not allowed
to proceed to completion. In one appli-
cation of reversal processing to projec-
tion displays, only three solutions are
used. The first is a developer, the sec-
ond the silver bleach, and the third is
a monobath containing both developer
and fix. The film is projected immedi-
ately upon removal from the bleach
(thus providing the overall second ex-
posure required) in a liquid gate for
cooling, The circulating fluid contains
the monobath and the image is devel-
oped during projection within a second
or two.

An interesting sidelight on reversal
processing is the lower graininess and
sharper image of a reversal processed as
compared to a negative processed im-
age. This is because an emulsion con-
tains silver halide crystals of a range
of sizes. The “fastest” crystals are the
large crystals. These are the ones de-
veloped during the first development.
Thus the grains forming the reversed
image are the finer grains in the emul-
sion,

Two additional methods for obtaining
non-reversed silver halide images with-
out the additional steps required in re-
versal processing are the auto-positive
and the photo solubilization techniques.
One disadvantage of these methods, at
least from the display standpoint, is the
reduced speed of the materials.

Autopositive materials depend upon
the Herschel effect for their behaviour.
The Herschel effect is the name given
to the ability of long wave radiation be-
yond the normal spectral sensitivity of
the emulsion to “destroy” a latent image
produced by shorter wave radiation. In
practice, a blue sensitive material is first
thoroughly pre-exposed. The desired im-
age is exposed with yellow light and the
film is then processed normally, to pro-
duce a direct positive.

A variant autopositive process makes
use of the solarization effect, in which
a severe over-exposure of radiation to
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which the emulsion is sensitive will ac-
tually inhibit the developability of the
exposed crystals, thus producing, in ef-
fect, the equivalent of non-exposure.

The photosolubilization process de-
pends upon the increased solubility of
exposed silver halide crystals (over non
exposed crystals) in the fixing solution.
This effect may be strongly enhanced
by the incorporation of certain additives
in the emulsion.

Photosolubilization processing involves
“fixing” the image first, in total dark-
ness, then developing in bright light.
The fix dissolves the silver halide grains
at a rate proportional to the amount of
exposure. The remaining (originally un-
exposed) grains are then fully exposed,
and when developed, produce a posi-
tive image. Post-development fixing is
thus not required. Photosolubilization re-
quires a developer and fix, as in con-
ventional processing, but these are used
in the reverse order!

A quasi-reversed image may be pro-
duced by treating a negative with a
combination vellow toner and bleach.
The block silver image is thereby re-
placed with a yellow dye image. This
yellow image remains a satisfactory neg-
ative for printing on blue sensitive ma-
terials. When placed on a matte black
background and viewed by reflected
light, the yellow negative appears as a
black and yellow “positive”.

Negatives may be projected as posi-
tives by making use of the temperature
sensitive characters of fluorescent ma-
terials. By projecting the negative with
a source rich in infrared radiation on a
fluorescent screen uniformly illuminated
by ultraviolet light, a positive image is
formed. The dark areas of the negative
have the luminance of the glowing phos-
phor, and the clear areas of the phos-
phor appear dark because of the infra-
red “quenching”,

These last two methods do not affect
the speed characteristics of the film
used.

Diffusion Transfer Processing

This process produces an archival posi-
tive image, and a negative image which
may be made archival by conventional
processing. Diffusion transfer process-
ing is very nearly dry. In this a mono-
bath, either a liquid or a jelly, is applied
to a mnonlight sensitive material which
is then pressed in intimate contact with
the unprocessed negative.

The monobath contains a developer
and a silver halide solvent. While the
exposed grains in the negative are being
developed, the unexposed grains are be-
ing carried into solution. The receiving
material contains a non-visible micro-
scopic dispersion of silver in gelatin.
The silver halide solution plates out its
silver on the grains in the receiving ma-
terial. Little lateral diffusion takes place,
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and because of the plating process, there
is very little granularity in the trans-
ferred image.

The positive is formed. rapidly. More
time is required if the negative is also
to be preserved to permit all of the un-
exposed silver halide to be dissolved.
Archival preservation of the negative
and removal of the anti-halation back-
ing on the negative requires convention-
al fixing and washing. The positive is
archival, and no fog level is present in
the image.

Color Formation

Silver images are black, due to the
opacity of the silver. The silver may be
bleached away, either as part of the de-
velopment process or afterwards, and
replaced by transparent dyes, the dens-
ity of which is proportional to the
amount of silver originally present. In
films with multiple emulsion layers,
each layer may be selectively dyed, by
using different couplers in each emul-
sion. This process forms the basis for
color photography. In the Land Pola-
color process the color formation pro-
ceeds simultaneously with the diffusion
transfer processing.

The clear areas of the emulsion may
also be tinted to produce a two-tone ef-
fect.

It is important to the display engineer
to note that color film (or monochro-
matic film which has been dye-toned)
has far less tendency to buckle or shrivel
(or even melt!) during projection. This
is because dyes are transparent to infra-
red radiation whereas the finely divided
silvers grains, act like black bodies and
absorb nearly all incident radiation.

Relief Images and Dye Transfer

The exposed areas of a silver halide
gelatin emulsion can by proper develop-
ment be selectively hardened, i.e. made
less water soluble than the unexposed
areas. It is thus possible to bleach away
the silver, leaving a completely clear
film, and, with warm water, wash away
the gelatin in the unhardened areas to
produce relief image. The relief image
(referred to as a matrix) may be used
to print duplicates in any desired color,
since it will imbibe dyes in amounts pro-
portional to its thickness. The dyes are
transferred to a receiving layer by me-
chanical contact. This process has not
been used to any extent in display sys-
tems, but forms the basis for the Tech-
nicolor release print process and for
certain graphic arts and office copying
processes.

Non-Silver Halide
Materials and Processes
The non-silver halide materials and
processes have found their principal ap-
plications in the graphic arts, but at
least three classes of processes have
been adapted to display systems use.
These three classes, and their principal

subclasses are:
I. Diazotype
A. Dye Diazos
1. Dry Process
2. Moist Process
3. Negative Process
B. Thermal Diazos
C. Vesicular Diazos
II. Photochromics
A. Organic
B. Inorganic
II1. Photoconductive Electrostatic
A. Pigment Development
1. Direct
2. Indirect
B. Heat Development
The restriction of the following dis-
cussion to these three classes is not
meant to imply that other available tech-
niques have no place in display systems.
Rather, it could be accepted as a chal-
lenge to investigate the applicability of
these well-developed techniques. The
best single source of information on non-
silver halide systems is Kosar (3).

Dye Diazos

Azo, from the Greek azote (without
life, i.e. incapable of supporting life) is
the chemical combining form meaning
nitrogen. Diazonium compotnds popu-
larly referred to as diazos, are organic
compounds containing pairs of nitrogen
atoms. Diazonium compounds, which
are generally pale yellow in color, can
react with colorless “couplers” in an al-
kaline environment to form brilliant azo
dyes. The choice of the diazoniumcoup-
ler combination determines the color of
the dye.

Diazonitm compounds are decom-
posed umder irradiation by ultraviolet
light into colorless, chemically-inactive
compounds, releasing free nitrogen in
the process. The decomposed diazonium
is incapable of reacting to form a dye.
These basic properties of the diazonium
compounds form the basis for the
widely used diazotype reproduction pro-
cesses.

Two such processes, the moist and
the dry, are in common use. In the dry
process the coating contains one or more
couplers, a weak acid to inhibit prema-
ture coupling, and various other (gen-
erally proprietary) ingredients for mois-
ture control, image stability, etc.

After exposure to ultraviolet light of
those areas of the coating which are to
become colorless, the coating is treated
with aqua-ammonia vapor to neutralize
the acid and the azo dye is formed in
the unexposed areas.

In the moist process the coating con-
tains neither coupler nor inhibiter, and
development is by application of the
coupler solution. The process uses very
little solution, and produces a damp-dry
output.

Negative Working Diazos
The standard dye diazos are positive
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working, that is, exposed areas are clear
(on transparencies) or colorless (on
opaque stock). In photographic terms,
the copy is a positive duplicate of the
original. A number of methods for mak-
ing negative working diazos, which pro-
duce negative from positive originals are
available. The best known of these pro-
cesses, the vesicular process, is so wide-
ly used in display systems that it will
be discussed in a separate section below.

Only two other processes of the many
available will be discussed here. These
have been selected for discussion, not
because of their greater applicability to
display technology, but because they are
illustrative of the great variety of ma-
terials available in the current state-of-
the-art of diazo technology, and yet are
easily understood by the non-chemist.
The rapid rate of advance in diazo tech-
nology is definitely comparable to that
of silver-halide technology and new and
potentially useful display materials are
being developed at a rapid rate.

The auto-coupling, negative working
diazos, not commercially satisfactory be-
cause of the critical exposure control
required, depend on the fact that the
ultraviolet decomposition products of
certain diazos can serve as couplers for
the same, or another, diazo. A controlled
exposure can be used to partially de-
stroy the diazo compounds in what
would normally become a clear area.
This permits these areas to darken
through auto-coupling. An ultraviolet
exposure is then used to destroy all re-
maining diazos, and a negative image is
thus produced. High image contrast is
still possible by using a combination of
a fast diazo to produce the auto-coupler,
and a slow diazo to produce the nega-
tive image.

The diazosulfonate negative materials
depend upon the property that light (or
heat) will restore the coupling capabil-
ity to a diazosulfonate. Upon exposure
to light through the clear parts of a
negative the diazosulfonate will disas-
sociate into diazonium and sulfite ions.
Development in an alkaline coupler so-
lution will then form a dye in the ex-
posed areas and wash away the unex-
posed diazo sulfonates, leaving unex-
posed areas clear.

Some commercially available diazo
sulfonate materials produce a low con-
trast pale yellow or orange image on a
clear background. The image contrast is
unsatisfactory for visual use, but the
yellow areas have a higher ultraviolet
opacity than most darker dyes; better
second generation conventional diazo
duplicates are thus possible with yellow
intermediates, than with blue or black
ones.

Thermal Diazos
Thermal diazos are processed by heat
alone. The diazonium compounds and
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the coupler are both in the emulsion
layer but will react with each other only
at elevated temperatures.

Thermal diazos in black on thin beige
paper stock are well known because of
their use in one class of office copying
equipment, but newer thermal diazo
materials on transparent and translu-
cent, tinted stocks, with vivid colors,
suitable for use in overhead projector
graphic displays have been developed.
Because computer generated print-outs
on opaque paper can be converted to
projectable transparencies by this pro-
cess, the mechanism will be briefly dis-
cussed.

Unlike ordinary diazos, which require
a one sided, translucent original, with
ultraviolet-opaque markings, thermal di-
azos may also be used with opaque
(even two sided) originals, provided
only that the markings are infrared ab-
sorbing.

The printing process is a reflex con-
tact printing process; that is, one in
which the illumination passes through
the thermal diazo on its way to the
original, The coating and base material
of the thermal diazo are translucent to
visible and infrared radiant energy. A
high energy lamp source is used and
the incident radiant energy is absorbed
in the opaque markings producing in-
tense local heating, which is transferred
by conduction to the thermal diazo
emulsion, producing a duplicate image.
The radiant energy from the clear areas
of the original are reflected out and
away. Simultaneously the ultraviolet
component of the radiant energy decom-
poses the remainder of the diazonium
compound so that it will be insensitive
to further heating.

The obvious advantage of the ther-
mal diazos over the conventional dye
diazos is the dry development feature,
involving neither liquids nor possible
ammonia fumes. There is no theoretical
reason why a satisfactory family of ultra-
violet exposing, heat processing dye
diazos suitable for display systems can-
not be developed. The problems in-
volved are primarily of a materials na-
ture. To quote from Kosar (3):

“It is obvious . . . that to solve the
problem of heat development of diaz-
otype papers, it is necessary to employ
a diazo compound of high thermal
stability, azo components of high
coupling energy, and alkali-generating
agents which are stable at normal
temperatures but which decompose
rapidly and completely at the devel-
oping temperature. To make such a
selection is not a simple task. The
thermal stability of diazo compounds
varies slightly according to their struc-
ture and they start to decompose
around 120°C.”

Development temperature must be
high (on the order of 150°C), in order
to permit image densities, comparable

to that of ammonia processed diazos, to
form rapidly (within 5-10 seconds) be-
fore decomposition degradation takes
place.

Vesicular Diazos

Vesicular materials are materials in
which light scattering centers are es-
tablished by exposure to radiant energy.
The best known vesicular material is
Kalvar, which employs a diazo sensiti-
zation, although vesicle images can be
produced by photolytic decomposition
of ferric ammonium citrate, photo-de-
polymerization of polyketones, and a
variety of other photosensitive reactions.

The primary requirement for a vesic-
ular material is a clear base, which can
be locally ruptured to form microscopic
light-scattering vesicles. In Kalvar, the
diazo sensitizer is embedded in a
thermo-plastic resin coated in a thin
(0.012 mm) layer on a (usually) trans-
parent polyethylene base. Exposure to
near ultraviolet light frees nitrogen gas
from the diazonium compound. The
sudden application of heat at tempera-
tures ranging from 80°C to 150°C for
times ranging from fractions of a second
to several seconds (time and tempera-
ture are not critical) causes the nitro-
gen to expand rapidly, thus rupturing
the material.

The heat energy required to develop
the image is on the order of 5 cal/cm?/
mm (total thickness). The most conven-
ient heat applicator consists of a pair of
rotating heated metal rollers.

Following development, the material
must be desensitized by uniformly ex-
posing the processed image, and then
permitting the released nitrogen to
diffuse slowly at temperatures below
110°F. The image may, however, be
projected immediately if the projection
source is ultraviolet free, or if the tem-
perature at the film gate is held below
110°F. The image is as durable as the
base support material.

A reversed image can be produced
by permitting slow diffusion after the
first exposure, following this with an
overall second exposure and heat devel-
opment,

The speed of vesicular materials is
generally considered to be three to five
times that of the sensitizing material be-
cause the scattering coss-section, while
still molecular in size, is larger than the
original capture cross-section due to the
gas expansion.

When viewed under transmitted light,
as on a light table, the appearance of
a vesicular image is that of a very low
contrast (clear and translucent) nega-
tive of the original. When projected on
a screen the image appears as a high
contrast negative of the original. If the
original were a silver halide negative
image of bright characters on an other-
wise unilluminated cathode-ray tube
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face plate, the screen image would, of
course, be a positive image of the cath-
ode-ray tube display (bright characters
on a dark background),

The contrast of the projected image
is greater at smaller projection system
(projection lens and condenser) aper-
tures, but the highlight illuminance is
then lowered.

The reason for the tremendous differ-
ence in projection and direct viewing
contrast is due to the large ratio of spec-
ular and diffuse densities.

The translucent areas scatter light,
rather than absorb it, when diffuse light
(as from a light table) reaches the im-
age from the rear; this causes the trans-
lucent areas to appear almost as lumin-
ous as the clear areas, hence a low
image contrast. When nearly parallel
light (as from a narrow aperture pro-
jection condenser) passes through the
clear areas, nearly all of the transmitted
light enters into the projection lens to
reach the screen, The light passing
through the translucent portion is scat-
tered nearly uniformly through a hemis-
phere, and only the rays within the
narrow angle subtended by the projec-
tion aperture will be able to reach the
screen. Hence the projected image con-
trast is quite high,

When viewed by reflected light on a
black background, the translucent areas
appear a pinkish white, the clear areas
appear black, and the image appears as
a low contrast positive.

Photochromic Materials

Photochromic materials include both
organic and inorganic compounds which
can be cycled through color changes by
applying energy in different spectral
bands. The majority of the compounds
are clear or colorless under white light
(sunlight, daylight, tungsten, etc.),
which contains a large proportion of in-
frared energy, and are dark after ex-
posure to near ultraviolet energy. Of
course the mere act of viewing the im-
age in white light will cause it to fade,
with the rate of fading depending on
the particular compound and the amount
of infrared energy contained in the white
light. The use of a projection source
free of infrared will permit longer per-
sistence images. The persistence may be
controlled by varying the proportion of
infrared permitted to fall on the image.

Several colors are available, although
not with closely matched persistence
characteristics, and subtractive multi-
color images are possible, either by
physically sandwiching several sheets to-
gether (including a map background if
desired), or by using a sequence of re-
lay lenses which successively image one
transparency upon the next. The latter
approach is not practical for more than
two transparencies (for example, a single
map background and a single photo-
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chromic transparency, because of the
light losses inherent at each step).

Photochromic materials are negative
working, with ultraviolet exposure, al-
though there is no reason why they may
not be prefogged with ultraviolet and
selectively erased with infrared.

Photochromic materials have the ma-
jor advantage of reusability, because the
materials may be recycled many times;
this factor alone would make their use
appealing. An additional advantage in
target tracking displays is the controll-
able image decay. In target tracking
applications, each track will have a tail
proportional in length to its velocity,
and the disappearance of older portions
of the tail as the target moves on avoids
the clutter present in scribing projection
displays.

Where this feature is not desirable,
the disadvantage of image transiency
outweighs the advantage of reusability.
As will be noted below, certain electro-
static processes also offer erasability (al-
though non-selective) and reusability, as
well as greater sensitivity.

Electrostatic Processes

Electrostatic processes depend upon
an increase in conductivity of certain
materials (photoconductors) upon ex-
posure to light. The two major classes
of electrostatic processes are the trans-
fer and the direct processes.

In the transfer process the latent
electrostatic image is transferred from
the light sensitive material to a receiv-
ing sheet which may be either opaque
or clear; the latter material offers the
possibility of preparing projectable trans-
parencies. Offset and spirit masters may
be directly generated by the transfer
process. In the direct process the light
sensitive material is coated on the paper
or other support which will carry the
final image. Since the available coatings
are opaque, the direct process does not
permit the direct preparation of trans-
parencies.

In the transfer process the photo-
conductive material is most frequently
a thin layer of vacuum-deposited vitre-
ous selenium on an aluminum (or other
metal) drum or plate.

The plate or drum is placed in a dark
chamber and is sensitized by being
moved past one or more fine wires
biased, relative to the metal base, to a
potential of 6000 to 8000 volts. Either
positive or negative bias may be used;
in the following discussion a positive
potential will be assumed.

At these elevated potentials, a corona
is formed about the wire(s) due to the
high potential gradient. The surround-
ing air is ionized and the positive ions
are driven from the wire to the photo-
conductive surface. The surface is uni-
formly charged to a potential of some
500 to 800 volts.

In total darkness the half-life of this
charge is several hours; under high am-
bient illumination the half-life of the
charge is measurable in seconds. The
net result of a selective exposure, as
from a cathode ray tube display, a trans-
parency, or an opaque image, is to pro-
duce a potential or charge distribution
pattern on the photoconductor surface.

The electrostatic contrast of the
charge image (that is, the difference
between the maximum and minimum
potentials on the photoconductive sur-
face) is a function of the contrast of
the optical image, the time between
sensitization and exposure, the exposure
time, and the time between exposure
and development. Obviously, contrast
will be zero for both very short and
very long exposures, there is thus an
optimum exposure time for a given im-
age luminance range. (Exposure re-
quirements will be discussed in detail
in the latter part of this chapter in the
completed work. )

At this stage the latent image must
be developed. One form of development
consists in applying a solid toner bear-
ing a charge opposite to that originally
deposited on the photoconductor. Solid
toners consist of micron-sized particles
of fusible resin or plastic to which col-
ored dyes or pigments have been added.
One method for charging the toner par-
ticles is to use a two-component devcl-
oper, in which the toner particles are
mixed with larger particles, the carrier
beads. Friction between the carrier
beads and the toner particles creates
opposite electrostatic charges on each,
and the toner particles cling to the car-
rier beads. When the toner-coated car-
rier beads are spread over the latent
mage, the toner deposits itself at points
of maximum charge gradient on the im-
age. This method of development is
most suitable for line copy or textual
data; large dark areas do not develop
satisfactorily.

The toned image is then transferred
to its final support (paper, plastic, etc.)
by contact, using a high potential charg-
ing system, similar to the one used for
sensitization, to expedite the transfer of
charge from the photoconductive ma-
terial to the receiving material. Residual
toner is removed from the photocon-
ductive plate by brushing and vacuum-
ing, so that it may be re-used. The trans-
ferred image is “fixed” by heat, to fuse
the thermoplastic toner to the support.
If it is desived to re-use the material,
the heating may be omitted and the
image erased by brushing away the
toner.

Note that the process as thus described

is not suitable for forming images of
bright characters on a dark background
cathode ray tube. Raster scan displays,
with dark characters on a white raster,
or photographic images with no large
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They fit where others won't go!

Burroughs Sphericular
Optic Readout Devices

use 12 Hudson T-134
TU-PIN Lamps mounted

on a base less than 17 square!

Hudaon 7-1% TU-PIN LAMPS ARE PROBLEM SOLVERS

Designers like this lamp because its unique tapered base
saves significant socket space, as in the Burroughs appli-
cation above. Shorter than others too, yet with the entire

filament above the base there is
no sacrifice of light output.

Hudson TU-PIN lamps plug
right in from the front, mak-
ing installation and service
easy and eliminating any
need for expensive sockets.

APPLICATION POTENTIAL

Color

Coded

ACTUAL SIZE

Up to .020”
less diameter
and .055”
shorter than
other TU-PIN
type lamps.

Suitable for components in readout devices, printed cir-
cuits, transistor protecting current-limiting devices, indi-
cators and wherever sub-miniature ldmps are used. As
the first to make these lamps commercially available we
have more experience with their application than anyone

else. May we help you?

: Waite for new catalog.

leMm LAMP COMPANY

550 EIm Street, Kearny, New Jersey 07032

MINIATURE LAMP SPECIALISTS
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black areas will record in an acceptable
manner. Screened halftone images which
contain visible dot structure even in the
densest areas will also reproduce satis-
factorily.

Special techniques have been devised
for the development of continuous tone
images, or images with large solid areas.
These involve the use of a development
electrode and either powder cloud or
liquid spray toners. These techniques
also permit positive-to-negative as well
as positive-to-positive processing, by
proper selection of the potential on the
development electrode, and the polarity
of the toner charge (1). Multicolor im-
ages may be formed by successive trans-
fers to the receiving material of proper-
ly toned images.

The direct electrostatic processes use
paper or other supporting material coat-
ed with an insulating binder containing
zinc oxide or some other photoconduct-
ive material. The material may be re-
peatedly resensitized and multicolored
images may be formed by successive im-
aging and toning.

Neither the toner methods of devel-
opment, nor the transfer techniques, are
dependent upon the method by which
the charge distribution has been estab-
lished. Thus, they apply equally well to
the direct beam recording methods de-
scribed under - the subheading “Direct
Beam Recording”, above. One develop-
ment method, originally devised for di-
rect beam recording, has also been
adapted to processing photoconductive
images.

In the thermoplastic recording pro-
cess, development involves heating the
thermoplastic base on which the charge
pattern is stored. The base is held in
contact with an oppositely charged metal
plate. The material is softened by the
heat and the attraction between the sur-
face bound charges and the backing
plate causes the surface to deform in
accordance with the charge distribution.
The resulting image is not directly vis-
ible to the eye, but may be projected
with a Schlieren optical system (which
converts the wvariations in refraction
angles at the deformed surface into a
variable luminance image at the screen).
The image may be erased by reheating
the thermoplastic base.

A closely related process is frost re-
cording in which a nonerasable light
scattering image is formed by heating
the exposed ‘photoconductive thermo-
plastic.
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Interactive Displays
For Document Retrieval
by H. Borko and H. P. Burnaugh

System Development Corporation

Abstract

Interactive computer systems es-
tablish a dialog between the man
and the machine. By means of dis-
plays, the user receives immediate
feedback of the results of his ac-
tions, and he is able to modify his
decisions in order to obtain a system
response that is most relevant to
his needs.

BOLD (Bibliographic On-Line Dis-
play) is an example of a highly
automated interactive document
storage and retrieval system that is
in operation at System Development
Corporation. It enables the user to
browse through the data base by
subject categories or search for
specific documents. The response
is rapid and the resulis are satis-

fying.

The Problem

BOLD (an acronym for Bibliographic
On-Line Display) was designed to be a
highly automated and versatile docu-
ment storage and retrieval system. The
objective was not simply to automate,
but through automation, to achieve a
high degree of operational efficiency and
user satisfaction.

The procedures followed in most exist-
ing retrieval systems are awkward and
entail a considerable time delay. The
user transmits his request to an infor-
mation specialist who translates it into
a search formula — a set of retrieval
terms that are compatible with the index
terms used in the information system.
Retrieval is usually a two-step process
in which document identification num-
bers are obtained. The results of the
search are reviewed for reasonableness
by the information specialist, and after
a delay of hours or days, the material
is sent to the requester. More often than
not the user is annoved by the delay he
has encountered and is suspicious of the
results achieved. He may receive some
irrelevant dicuments and may not re-
ceive some relevant documents that he
believes are in the system.

In contrast, a person gets a much
greater feeling of satisfaction when he
uses a traditional library. There, he may
browse among the shelves selecting and
examining books at random or in a given
subject location. He may look through
the card catalog under various subject
headings seeking documents with promis-
ing titles. Finally, if he is not sure of the
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best way of searching for specific infor-
mation, he may ask someone for help.
It is important to note that a library
search procedure is “interactive” in the
sense that the user interacts directly with
his data and receives immediate feed-
back on the results of his search. Un-
questionably, this sense of direct contact
contributes to the user’s satisfaction and
to the efficiency of the system.

The BOLD system was designed and
programmed to provide the user of the
computerized retrieval system with the
same kinds of capabilities that he finds
helpful when using a library. The de-
sired characteristics are as follows:

(a) Language must not be a barrier.
Ideally, the user should be able
to state his requests in natural
English, or failing this, the com-
puter should help him express his
needs in an acceptable language.
Certainly, the system would fail,
if the user [first had to learn pro-
gramming.before he could retrieve
information.

(b) The user must be provided with
information about how documents
are organized and classified with-
in the system. He must be al-
lowed to explore the content of
these categories just as he would
browse among the books on the
shelves of a library or cards in
a catalog file.

(¢) When preparing a search request
for specific material, the user
must be helped by the system
to word this request correctly just
as he would be helped by a li-
brarian in a manual system.

In essence, a computerized document
storage and retrieval system must make
it easy for the human user to interact
with the machine in order to retrieve
relevant material and screen out irreele-
vant material. BOLD has been designed
with these characteristics in mind.

The System Environment

BOLD operates within the System
Development Corporation (SDC) Re-
search and Technology Laboratory. It
is programmed for use with the IBM
Q-32V computer and Time-Sharing Sys-
tem, a very large computer complex
with a 64K word core memory and auxili-
ary storage on drums, discs, and tapes.

In practice, the user has no direct
contact with the computer. He sits at

FIGURE 1: BOLD inquiry station.

one of more than a dozen user stations
at SDC or at a remote installation. The
inquiry station consists of a teletype-
writer and a cathode-ray-tube display
with a light pen.

() Allows the user to formulate his
requests in natural langnage with
very few computer-oriented re-
strictions.

(d) Displays retrieved information on
a teletype or CRT console,

(e) Copies the retrieved information
on a magnetic tape for off-line
listing.

The utility and versatility of these
programs will be explained by describing
the operations of the BOLD system.

The Interactive Environment

BOLD is an interactive system, which
means that a dialog is established be-
tween the user and the system so as to
enable the user to request and obtain
relevant documents from the collection.
The requests and the system’s responses
are stated in as close an approximation
to natural language as is possible. Ideally,
the user with only a knowledge of the
English language and a skill in typing
should be able to establish a rapport
with the machine. Although this ideal
may never be fully achieved, a great
deal of human eginering skill has gone
into the project so that it could be ap-
proximated.

Interactive Displays and the Browse Mode

The BOLD inquiry station consists of
a teletypewriter and cathode-ray-tube
display unit (See Figure 1). The user
interacts with the system and requests
information by typing on the teletype-
writer. He may also make certain re-
quests by using the light pen and the
display scope.

After he has logged in and the data

base and program tapes are loaded, the
system reports this fact by typing . . .
THIS STATION IS NOW UNDER
THE CONTROL OF THE BOLD SYS-
TEM OPERATION INSTRUCTIONS R
OBTAINED BY THE REQUEST: IN-
STRUCTIONS/
Simultaneously the display shown in
Figure 2 will appear on the scope. This
display defines the ten light-pen ac-
tions that are available to the user.

The user begins by flashing the “B”
character with the light pen or typing
BEGIN/ on the teletypewriter. Com-
mands such as BEGIN, SEARCH,
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MISSILITE “MIX OR MATCH"...

solves your panel indication problems

Creative design results when yvour panel is planned
with Missilite® Indicator Lights. Clean, compact and
functional, they give your panel etfective presenta-
tion, reliable operaticn, flexibility in arrangement and
reduced maintenance costs, Available in a wide variety
of sizes and shapes, They oifer further options |
single or multiple array (honzontal or verticall, choice
of legend colors and styles, tao- or three |._1r"-r'- rieli
ability, parallel or individual lamp operation. Also,
“Press-to-test” feature, R.F.l. shielding, lamps or leg-
end plates removable and replaceable from front of
panel. Get help with your panel design, write today
tor the Missilite Catalog
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At Monmouth Medical Center, SYSTEM/360 checks in—-checks out...

George Bartel, Hospital Administrator,
has big plans for Monmouth Medical
Canter, Long Branch, New Jersay,
That's why SYSTEM /[ 360 is thera.

Just a few weeks after its arrival,
SYSTEM [ 360 took over patient
hilling, and went on to automate all
administratne paperworik,

Mime more days, and SYSTEM ) 360
converted the process 1o dirgct-
acoess disk files. An aasy tramsition
with 1BM SYSTEM/ 350 Basic
Cperating System [(BOS/ 360

for short].

After information is enterad, it can be
processed in microseconds.

This opens an entirely new realm of
operations —a real-time Hospital
Information Systam.

A complate information hookup

is planned. Keyboard communica-
tions will connect SYSTEM /360

to vital areas— nurges’ stations, X-ray,
pathology, pharmacy and olhars,

Mew infarmation can be antered
immédiately. 3ervices ordered and
vialidated. Treatmants reviewed by
instant printowt. Drug control data
dizplayed. Resources scheduled
and allocated.

The goal— the most efficient use of
facilities and time.

and starts a new era.

Monmouth Meadical Center is
growing. And SYSTEM /360 Is ready
to meet this growth, because the
System's modular design makes it
easy to expand, to solve mone
problems, to take on mone
informatien-nandling chorgs,

Monmouth Medical Center fikes its
I8M SYSTEM) 360,

S0 do hundreds of other companies
in all kinds of industries.

They like its performance, spead
and versatility.

‘We think you will, too,

IBM
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THan lay CEHTR DRI o |'|'||I.!:"E'| |.|: II'=.!|"-
Iermms IO |'-'|||;| il '\-\.lll'-'iill sk [.1'I.II.!:-

m Eram :l|| i||::..|:|'\;.|||n|. SpHe :|'!|'\-\.| THITEER 1!1"'}:-
the wser fommuolate his request bor in
[ormation inte n wenrch red e e LTk E]
ol ..|_:;:.||.l..":1 ;:.-c'!l'n. termis. Imo oan diber-
AhveE S5, I1|-:' ST ||'|||:|':-\.|‘c '!!r'li:- |I'\I
inhermoga g thee chictiomary

By ‘way of illustration, bet s suppose
the wser is doing rescarch in the field
of space travel, He is preparing o requorl
bl ‘_.I'||'\. l-\.l:ll'llll_r_ .|'|-_! hie wishes to '\-l'.l_ill
||'|. \||“|:-||'-||| r'>| |r'!.'l\. ik articies |1|
sits ot the ndguiry Station, and after e
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svatem B8 in opemdtion he bherins b
interregating the dictonary fo determine
'.I.'!'|'i| :'| l.|.'|:.||_|-\. L 1 he used s III-CEI"'. EErms
for retrieval purposes
The following dinlog takes place
SPACESHIPS?
THESE MAY BE BRELATEL "Iy
SPACESHIPS
SPACESHIP CABINS
SPACESHIFS
SPACESHIFS
SPACESHIFS
*EMNLY
SPACE?
THESE MAY BE RELATED TO
SPACE
SPACE CAPSULES
SPACE CHARGES
SPACE ENVIRONMENTAL
COMDITIONS
SPACE FLIGHT
SPACE FLICHT — CONTROL
SPACE FLICGHT — SURVIVAL
SPACE MEIMCINE
"CONTINUENYES
SPACE MEDICINE
EFFECTIVENESS
SPACE NAVIGATION
SPACE FERCEFTION
SPACE FPROBES
LPACE RECOVERY SYSTEMS, 1N
EL SECUNDO, CALIF
SPACE SCIENCES LAR., GENERAI
ELECTRIC C0., PHILADELFHIA,
PA.
SPACE SHIPS
*CONTINUETNO
LUMAR FLIGHTS?
"WNOT POUND
MOON FLIGHTS?
*NOT FOUND
MARS FLIGHTS?
*MNOT FOUINLD
MOODNT
THESE MAY BE RELATEL T
b3 L
MM
MO
*EMNLY
LUNARE
THESE MAY BE RELATELD T
LUNAR
LUNMAR PROBES
*EMNLY
MARSF
THESE MAY BE RELATED TO MARS
MARS
MARSH CHARLES AL
MARSHALL JORMN AL
"EMNLY
He beoins by .|-\.L|'|_lh whether SPACE-
S5HIPS &= an inddex term. He types
the word Followed by a epeestion mardk,
The svstem '-c"\-i'\l-.':l::'\- that in wddition o
SPACESHIFS there ane
mther shmtlar terms that ane also osalsle

e words The sveiem fnds e

POWER SUPFPLIES
STABILITY

ATMOSPHERE

related terma by diving the query word
im half and Jx ating all imlex terms that
start with the same combinsiion  of
letters,

IMFORMATION FSPLAY, SIFTIMEIE DL TOARR, 1988

FRGLRE & Search matriz of refrieved documents.

The user, now recognizing that the
term SPACESHIFS .-1:|i!_:_'|'.r be too spe-
elfle, asks for Information about the more
general term SPACE. Apain the system
responds with similar terms. Mote that
the word SPACE by itself it not an index
teren for it is alwavs uwsed in combina-
tHon with another word. In response to
o dictionary inquiry, the system types
seven ifndex terms and then asks the
user whether he wishes it to continnee

request. He selects gix terms and formo-
lates these into a search request by indi-
cating that he would like to have dis-
played the list of document mumbers that
contning any one of these six tesms; that
is, he combines these terms by means of
am OR rather than an AND logle, al-
'.'|'.-:|'.|é.'_]|. both the AMD and NOT |-|gic'
are also available.
He makes his request as follows:

SPACE SHIPS OR LUNAR PROBES OR

MARS
i

25 ENTRIES ARE REFD BY
ENTRIES ARE REF'D BY
ENTRIES ARE REFD BY
ENTRIES ARE REF'[} BY

¥
i3
13
3

=

*END

SPACE FLIGHT OR SPACE FROBES

15 ENTRIES ARE REFD BY
f ENTRIES ARE REFD BY
*END
SEARCH/
5l ENTRIES

MOON OR

SPACESHIPS
LUNAR FROBES
OO

MARS

SPACE FLIGHT
SPACE FROBES

After two such inguiries, the user fecls
he has enough information on this subject
.'..|'u_:| tries some other terms. Some of the
words ha tries are not index terms, bt
i his interaction he finds enough that
are.

As a result of this dinlog, and with
e infosmation | I'l;ﬁ phtnined, he i
now in a posibion (o formulate a search
IFORMATION DISPLAY, SIPTIMERS OCTORE, 1845

Mote that when the user types a request,

as distinct from interrogating the dic-

tonary, he does not use a question mark

The system tells him how many entries

in this data base (1745 abstracts) are

referenced by each term.

He now orders the system b

SEARCH/

and e system 'rl':i|:||-|'||'|:-; that there are

LA L
¥ BLFR
FE I EACLARDRF

FIGURE 7: Wiewiag the refrieved absiract,

531 ENTHIES
Since there i a total of TO documents
which have been Indexed by these six
termE, it is cledar that aome decuments
were indexed by more than ome,

The svstem beeates these 51 documents
and displavs the list by identification
_'|'_|'|1|H_'| ..|:||:| index  term. T!‘l'i'- Il'i'-'J:ll.I.:.
appears on the scope (Figure ), Note
that all the documents are not able to
be displayed at one time. OF the 5]
entries anly 37 have been searclisl, The
user may now remove references to the
documents that are of lesser interest. He
does this by light-pennimg “R" and the
document number. Hy |'i!_:|'.l penning the
™ or continue character, mew docus
ment references will be displayed. He
may alsa rearder the arrangerment of the
display by light-penning the "E” char-
acter aned bwo docEment membsers  that
he wishes o -e':'.l.l'-.lrll.,'l:'

Let us suppose that in this case the
nser decides that he is more interesbed
i SprEce “'qll to Murs than he & in
I|:|E||: ]:lllll_ll."_"\._ ]:Ill.lll:llll'. |I|||.I.|.'|||'|.I =.‘]}'
276082 which contains the terms
SPACESHIP, MARS, and SPACE
FLIGHT. is of most interest, He moves
Bt ot the head of the list |'|:. |4.'r!'|.u'|!_'|i1|g
iix location with the document that was
previously  first.

Should the user decide to keep a
permanent copy of the display for future
references, he types

TYPE DISPLAY/
and the information is transferred from
the seope to the teletype. This informa.
tion would be identical to Fipure &
cxpept for the subsecquent exchange that
hasz been made

];l_'[.\_l“l r1_'||'_|¢'=':i||:;'| -q,1.-|:||r"i ol rhl' a2l
documents tlat have besen ndexed by
one or mare of the six retrieval terms,
the wer would like to have more infor-
mation about their contents, FHe mEny
obtain this information by simply 11.|_1-i!1g

[Cantimmd on paa 30 | 53




Attendance of 1000 Anticipated
For Boston Meeting Nov. 18-20

An estimated 1000 persons vitally con-
cerned with Information Display tech-
nology will attend the 7th National Sym-
posium of the Society for Information
Display at the Hotel Bradford, Boston,
Mass., Oct. 18-20.

According to Glenn Earl Whitham
(Raytheon Co.), General Symposium
Chairman: “We have had excellent re-
sponse to our call for papers. This has
enabled us to select an authoritative
group of papers. In fact, we have
dropped some we would have liked to
utilize.

Glenn Earl Whitham

General Chairman
7th National SID Symposium

“As a result of the fine selection of
technieal papers available, the program
committee has inaugurated the proce-
dure of selecting four standby papers,
which will be published in the Proceed-
ings whether or not the papers are pre-
sented.

“Regarding the Proceedings, we are
hopeful that they will be available for
distribution at the Symposium for the
first time in SID history.”

Theme of the Symposium is “Informa-
tion Display as an Emerging Discipline”.

All activities are centered in the Hotel
Bradford, which is located in the heart
of Boston’s theatre district.
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Technical Papers

Robert C. Shuppert (Raytheon), Sym-
posium Papers Chairman, has announced
plans for six sessions at which thirty-
two technical presentations will be made.

Technical Session hours are 10 a.m.
to noon and 2 to 5 p.m. on Tuesday,
Oct. 18, and 9 a.m. to noon and 1:30
to 4:30 p.m. on both Wednesday, Oct.
19, and Thursday, Oct. 20.

Exhibits

According to Frederic C. Hills (NA-
SA/ERC), Symposium Exhibits Chair-
man, early exhibits registrants included
Sylvania, Litton, Celco, Image Instru-
ments, Corning Glass, Polaroid, Adams,
Beta Instrument, Thomas Electronics,
and others.

Exhibit hours are 10:30 a.m. to 9 p.m.
on Tuesday, Oct. 18; 9 am. to 9 p.m.
on Wednesday, Oct. 19; and 9 a.m. to
6 p.m. on Thursday, Oct. 20. Exhibits
will also be conveniently located at the
Bradford.

Field Trips

John Ward (of Project MAC) has
arranged a field trip to the MIT Mul-
tiple Access Computer, and another,
possibly to a major electronic military in-
stallation in the Boston area, is being
arranged.

Luncheon & Banquet

The Keynote Luncheon follows the
morning technical session on Tuesday,
Oct. 18.

The annual banquet will be the even-
ing of Wednesday, Oct. 19, following
the customary cocktail party. Entertain-
ment is planned for the banquet.

These are the only two formal dining
activities during the Symposium.

Ladies’ Program

The following arrangements are being
made for ladies visiting the Symposium
with their husbands:

TUESDAY: Coffee in the morning; a
special luncheon at a Boston restaurant
of interest; and a specially-arranged ses-
sion on cosmetics and makeup in the
afternoon.

WEDNESDAY: A sightseeing tour
through Old Boston’s historic suburbs,
including Lexington and Concord, with
luncheon at The Wayside Inn.

THURSDAY: A sightseeing tour
through New Boston, including the Pru-
dential Tower, followed by a theatre-
matinee in the afternoon.

Symposium Officials

In addition to those mentioned above,
Symposium officials include Lester C.
Smith (President, Image Instruments),
General Symposium Co-Chairman — Pro-
gram; Joseph E. Bryden (Raytheon),
General Co-Chairman — Arrangements;
Robert T. Schwartz (Raytheon), Chair-
man, Publicity and Registration; Harry
Poole (Raytheon), Recording Secretary;
and Norman E. Fine (President, Beta
Instrument), Financial Chairman.

Proceedings

Tth SID Symposium Proceedings are
available to all SID members without
charge, and to others at $15 per copy
(from Western Periodicals, North Holly-
wood, Calif.).

Technical Papers

Six technical sessions are planned, at
which a total of 32 papers are available
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Tube capability is right down our alley

Challenge has been our game for
nearly 30 years . . . the challenge
of designing, building, and testing
special CRT’s for special applica-
tions. We meet this challenge, con-
tinually, through the know-how
and creativity of our champion
CRT research team, comprising
some of the most advanced minds
in the technology.

From our modern research and
development facilities have come
many “firsts” in CRT development.
Electrostatic deflection plates, alu-

minized screens, reticular optics,
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

and flying spot scanners are some
of our pioneering achievements.
And our contributions to industry,
science and the military have
earned us a reputation for solving
particularly difficult tube problems.

Today, in addition to virtually un-
limited capability in special CRT
design, we offer the largest variety
of off-the-shelf tubes in the indus-
try. Each has undergone the qual-
ity-controlled product engineering
and stringent testing required as a
custom fabricated item. And each

will provide more display per dol-
Circle Reader Service Card No. 27

lar in the application for which it
was designed.

Try pinning us down to your indi-
vidual CRT needs, whether they
involve multi-layer phosphors, spe-
cial shapes, ultra high resolution,
or multi-guns. You’ll find us “right
down your alley” when it comes
to meeting your specs. Why not
call us today . . . or write for our
complete capability story.

GENERAL
ATRONICS (™=
ELECTRONIC TUBE DIVISION CA—T;:.;?
PHILADELPHIA +  PENNSYLVANIA 13118
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382 The new Ultl.‘abﬂght
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.

spindler € sauppé inc.
1329 grand central
avenue / glendale
california /91201

J
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for presentation. These are:

SESSION 1: Display Devices and
Techniques — I. Chairman is John E.
Ward, Assistant Director, Electronic
Systems Laboratory, Massachusetts In-
stitute of Technology.

SESSION 1II: Information Processing
as a Function of Display Format. Chair-
man is Dr. Dwight E. Erlick, USAF Be-
havioral Sciences Laboratory, Wright-
Patterson AFB, Dayton, O.

SESSION III: The Observer: Human
Factors and Performance. Chairman is
George Grant, Managing Scientist, Dun-
lap and Associates Inc.

SESSION 1V: Display Devices and
Techniques — II. Chairman is Alvin S.
Luftman, Program Manager, Display,
Storage and Industrial Tubes, Industrial
Components Operation, Raytheon Co.

SESSION V: Display Systems. Chair-
man is Ben Warringer, Principal Engi-
neer, General Dynamics Electronics.

SESSION VI: Display Standards and
Measurements. Chairman is Dr. Carlo P.
Crocetti, Chief, Display Techniques
Branch, Rome Air Development Center.

Papers to be presented at the various
sessions include:

Session |

Non-Linear Optical Filters, by Ken-
neth P. Lally, Senior Staff Engineer,
Huyck Systems Co.

ABSTRACT: A new class of compos-
ite optical filters has been developed
which exhibits markedly different trans-
mission properties in opposite paths
through the filter. In one direction, op-
tical energy may be efficiently trans-
mitted with only moderate effective at-
tenuation. In the opposite direction the
filter will almost totally absorb optical
energy, with negligible specular or dif-
fuse reflection. These “easy” and “hard”
transmission characteristics inevitably
draw comparisons to a “diode” for en-
ergy transfer at optical wavelengths.

The unusual transfer function of these
filters is obtained by a combination of
both active and passive optical media
and in part exploits the irreversible emis-
sion properties of fluorescent materials.
The paper will present a theoretical
model of such a filter and will analyze
its physical behavior in terms of simple
classical optics theory. This work is be-
ing supported by National Aeronautics
and Space Administration, Electronics
Research Center. °

Application of Thermochromic Ma-
terials in Display Devices', by R. P. Bor-
kowski, L. N. Finnie, M. Kornblau, D.
Grafstein, and E. Hilborn, Aerospace Re-
search Center of General Precision Inc.,
and NASA/ERC.

ABSTRACT: The feasibility of using
thermochromic materials in display de-
vices is currently under study. These

1 This research is being supported by NASA’s Elec-
tronic Research Center, Cambridge, Mass., under
Contract NAS 12-89.

materials exhibit color changes when
heated and revert back to their original
color when cooled. The observation of
the color change depends on a change
in reflection and not on the emission of
light, as is the case in electroluminescent
materials. Thus, displays utilizing ther-
mochromic materials are visible under
wide ranges of ambient illumination.
Two prototype numeric display devices
have been constructed in which pure
ternary compounds, Ag,Hgl, and Cu,
Hgl,, were used as the thermochromic
display materials. These prototypes gave
high contrast images and demonstrated
the feasibility of devices of this kind.
Various new thermochromic materials
have been prepared. Some of the more
important properties of thermochromic
materials, such as their stability, reversi-
bility, thermodynamic characteristics and
contrast will be presented. Experiments
will also be described in which a laser
beam was employed to “write” on a
thermochromic material, and others in
which the thermochromic material was
substituted for the phosphor in a cath-
ode ray tube. ®

A Solid-State Matrix Display Employ-
ing Gallium Phosphide Diodes, by A.
Kawaji and H. Shiraki, both of Semi-
conductor Division, and T. Ando and T.
Okubo, both of Central Research Labor-
atories, all of Nippon Electric Company
Ltd., Tokyo, Japan.

ABSTRACT: This paper describes a
solid-state diode matrix display employ-
ing Gallium Phosphide light source,
which has been devised to investigate
the possibility to be used as a solid-
state display.

The matrix is composed of 4 (row),
5 (column) diodes, which emit the light
of about 7000 A in wavelength with a
quantum efficiency of about 0.5% when
forward biased by 4-8 volts while they
hardly do when back biased below 8
volts.

By making use of the above men-
tioned characteristics of light emissive
properties, the diode matrix was scanned
by two separate scan generators for a
row and column lines, respectively.
Characters, 0 to 9, were successfully dis-
played on this device by a row pulse
and signals from “And Gate” of column
and character generator signals.

According to the experiment with this
display device, the scanning speed per
one word is 40 wsec and light intensity
of a diode is 30 foot-lambert at the cur-
rent of 80mA.

As far as the characteristics of light
emission from GaP diode, it is shown
that the color changes continuously from
red to green with the increase of cur-
rent as well as the doping conditions
with donors and acceptors. [

Session I
Development and Evaluation of an
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Aircraft Photochromic Pictorial Navi-
gation Display, by James E. Brown,
Bunker-Ramo Corp.

ABSTRACT: This paper describes the
development and application of a pho-
tochromic display device for the purpose
of presenting aircraft navigation and
landing information. The device was of
the rear-projection type. The display
screen consisted of a six by eight inch
screen upon which the simulated track
of an object such as an aircraft was
displayed. The track appeared as a small
dark moving comet-like trace which was
superimposed over any one of six back-
ground slides. These background slides
were used to present the navigation dis-
plays. Development of the navigation
slides for use in the display was predi-
cated upon considerations of the vehicle
performance, mission requirements and
the equipment limitations. The rationale
for the development of the navigation
display slides is discussed.

Once the navigation displays were de-
veloped and fabricated, the photochrom-
ic display device was used in the Mark
IV System Test. The Mark IV System
was a simulator research aircraft system
which utilized many new display-control
concepts.

Results of the Mark IV System Test
are compared with those of another sim-
ilar but separate study. The implication
of this comparison is that pictorial navi-
gation displays of the type developed
for the photochromic display hold a high
degree of promise for the aircraft situ-
ation. The problems of developing these
displays to realize their full potential is
one which the hardware engineer and
the display designer must work together
to solve. ®

The Interaction of Display Mode and
Keying Performance, by Dr. Richard L.
Deininger, Bell Telephone Laboratories.

ABSTRACT: Initially, the studies re-
lating to the interaction between the
characteristics of the display and the
speed and accuracy of keying will be
reviewed. Emphasis will be placed on
the importance of population stereotypes
regarding the relation of the display and
the responses in determining perform-
ance. Then the discussion will turn to
the relation of keying speed and accur-
acy to display characteristics and to
human short term memory. A study will
be reported in which the display mode
produced significant and large differ-
ences in keying performance relecting
the characteristics of human short term
memory. ®

Evaluation of Probabilistic Displays,
by Dr. George N. Ornstein, North Ameri-
can Aviation, Columbus, O.

ABSTRACT: Many situations in which
humans are required to act are probabil-
istic in nature. That is, the human is
required to respond in a situation where
he is presented with uncertain or fallible
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

information. In such a situation, it may
be useful to present information to the
human using a display in which the es-
sential probabilistic structure of the in-
formation is preserved and explicitly
presented. This paper presents a study
of four different probabilistic displays.
The effectiveness of operators in esti-
mating probabilities using these displays
and in making decisions with such dis-
plays is evaluated and compared with
the effectiveness of operators using a
non-probabilistic (conventional) display.
The results support the feasibility of
probabilistic information presentation. ®
Constructing Data Pictures, by Dr.
Ronald M. Pickett, Harvard University
School of Public Health, and Dr. Ben-
jamin White, Lincoln Laboratory, Mass-
achusetts Institute of Technology.
ABSTRACT: The use of graphic dis-
plays for presenting data to human ob-
servers is well known and documented.
The advantages appear to be due to the
fact that measures can be sensed more
directly when shown as geometrical
properties in some physical model than
when presented in the form of arbitrary
symbols. If we represent a measure by
its conventional symbol, “2” for example,
it is in no visible sense half of four or
one-third of six, but when it is repre-
sented by a length of line or by the
position of a point it is. Conventional
graphic displays are largely limited to
the “length of line-position of point”
approach. This has been partly a matter
of habit, but mostly a matter of con-
venience and economy. Large amounts
of data from many research disciplines,
however, has forced us to explore for
some more global graphic techniques.
Developments in computer graphics have
made a number of new approaches
economically feasible. The present paper
will suggest some new approaches to
graphic displays in which data measures
control a wide variety of geometrical
properties in a data picture. The result-
ant displays may take on the appearance
of some substance or process, and the
subjective “data analysis” may be in the
form of certain physical descriptions of
the display such as descriptions of its
softness, flexibility, jaggedness, bushy-
ness, etc. Some static and dynamic ex-
amples of such displays will be pre-
sented. ]
Display Design Standards Based Upon
Human User Requirements, by Dr. Wal-
ter F. Grether, USAF Behavioral Sciences
Laboratory, Wright-Patterson AFB.
ABSTRACT: For information dis-
plays to serve their purpose of commu-
nicating information they must be de-
signed to match human capabilities for
information reception and comprehen-
sion. Available data about human visual
and perceptual capabilities, and the de-
sign of displays to match these, is being
compiled into a revised chapter on “Vis-

PERIPHERAL DATA-PROCESSING
INSTRUMENTATION

s 45

Digitize Measuring Instruments
such as

Optical-Train Stereoplotters,
Comparators, and Coordinatographs,

X-Y Coordinate Plotters

X, Y, Z Measuring and
Recording in Photogrammetry
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ual Presentation of Information” for the
Human Engincering Guide to Equip-
ment Design. These handbook data will
cover the subjects of: (1) General Dis-
play Principles; (2) Visual Detection,
Identification, and Estimation; (3) Work-
place Illumination; (4) Visual Coding;
(5) Warning and Signal Devices; (6)
Mechanical Indicators; (7) Electronic
Displays; (8) Printed Materials; and
(9) Projection Displays. This paper will
describe the status, objectives, and gen-
eral content of the handbook chapter.
It also will give selected samples of the
types of data and design recommenda-
tions it will provide. L
Session I

Extending Image Reproduction Sys-
tem Analysis to Include the Observer,
by Calvin K. Clauer, International Busi-
ness Machines Corp.

ABSTRACT: Information display sys-
tems can be roughly classified as either
image reproduction or image synthesis
systems. The image reproduction sys-
tems produce a visual display which is
an analog reproduction of an existing
source pattern as exemplified by photo-
graphic projection and closed circuit
television® displays. The technique of
employing a modulation transfer func-
tion (MTF) to characterize image repro-
duction systems of all kinds has been
found to be very useful for performing
predictive analysis. While such analyti-
cal methods are effective for character-
izing physical image systems, they have
not provided quantitative evaluation of
the display from the observers’ view-
point,

By plotting the contrast threshold
function of a “standard observer” on the
same coordinates as the system modula-
tion transfer function, difference values
can be obtained which represent the ob-
jective physical modulation transfer (or
contrast) above threshold. A rationale
is presented for employing the reno-
tated Munsell value scale as a psycho-
physical response scale in this supra-
threshold region. The procedure for con-
verting the physical modulation levels
above threshold to this psychophysical
response scale is described. Finally, the
advantages of this procedure are demon-
strated by examples. (]

Evaluation of some Display System
Parameters with Human Performance
Measures, by Calvin K. Clauer, A. S.
Neal, and R. L. Erdmann, International
Business Machines Corp.

ABSTRACT: The physical parameters
which affect display “quality”, such as
screen luminance and contrast, are well
known and readily measured. However,
display system designers need to know
how the user of the display, the human
observer, will perform as a function of
many display parameters. Traditional
human factors literature is helpful, but
such sources usually treat the human
58

visual process at threshold levels and
typically consider only one of the many
physical parameters at a time. There-
fore, human performance measures are
generally necessary to evaluate the ef-
fects of specific parameters in the supra-
threshold situation of complex real dis-
play systems. Subjective judgments, such
as preferences for various physical para-
meters, can also be obtained, but such
criteria show high variability and are
frequently misleading.

In a study conducted with a rear pro-
jection teaching machine, human per-
formance measures were used to evalu-
ate certain display parameters. The phys-
ical parameters of screen luminance,
ambient illumination and image polarity
(positive or negative) were investigated.

In another study, television displays
were compared to film displays to de-
termine points of equal “quality”. The
physical parameters were character size,
television bandwidth and film image
size. The human performance measure
was legibility, i.e., the percent of cor-
rectly identified letters. Preference in-
formation was also obtained which clear-
ly demonstrated the discrepancy which
is often found between subjective judg-
ments and objective performance meas-
ures. )

Pulfrich Space Form, by H. B. Til-
ton, Optical Electronics Inc.

ABSTRACT: A little-known stereo
effect, the Pulfrich stereophenomenon,
is capable of producing stereo depth
from single displays in a dynamic situ-
ation. A virtual depth excursion is gen-
erated by a stimulus point (target)
moving horizontally, when the observer
receives unequal binocular retinal il-
luminances (obtained, for example, by
viewing with a neutral density filter be-
fore one eye).

The effect is attributed to the exist-
ence of a significant time delay be-
tween retinal stimulation and receptor
response, and the resulting differential
delay that exists when viewing a la Pul-
frich. This differential delay in a dy-
namic display produces a retinal image
disparity resulting in stereo depth. The
subjective space form so produced is the
Pulfrich space form (PSF).

Indications are that applications may
exist for the Pulfrich effect in some
areas of 3-D data display. ®

Human Factors in the Design of Air-
borne Television Displays, by Miss Bev-
erly M. Hillman, Aerospace Systems Div.,
Radio Corporation of America.

ABSTRACT: Recent advances in the
capability of electro-optical imaging sys-
tem, particularly with respect to light
sensitivity, have caused an increasing in-
terest in television displays for military
aerial operations. Each type of mission
calls for its own particular design charac-
teristics to optimize operator effective-
ness. This paper will discuss the variables

involved in television viewing related to
visual interpretation.

The principal variables which must be
considered are: (1) The mission charac-
teristics, (2) The imaging system, includ-
ing contrast rendition, line coverage and
signal-to-noise properties, (3) Human
visual capabilities, in terms of resolution
and contrast perception and search time,
and (4) viewing conditions such as kine-
scope size and shape and the ambient en-
vironment. ®

Some Problems in the Display of In-
formation for Weather Forecasting, by
Donald B. Devoe, Applied Research Lab-
oratory?, Sylvania Electric Products Inc.

ABSTRACT: Weather forecasting rep-
resents a type of data processing char-
acterized by large amounts of heterogen-
eous data that must be analyzed rapidly
as a basis for critical decisions. The pre-
processing and display of this informa-
tion in a form suitable for interpretation
and prediction by the forecaster merits
more study, particularly in the light of
recent advances in the techniques of
computer-aided analysis and display. This
paper discusses the nature of today’s
visual aids to forecasting, some of the
strengths and weaknesses of these aids,
and the potentialities of adapting ad-
vanced concepts of data display to weath-
er forecasters’ requirements, as revealed
in a survey of Air Force weather fore-
casters. The results of a pilot study are
reviewed and discussed. The study in-
volves an optical simulation of a possible
advanced weather forecaster’s console
that permits the forecaster to select aids
by pushbutton action, with capabilities
for some superposition and animation.
The reactions of experienced weather
forecasters to this capability are sum-
marized. Potential problems for future re-
search are discussed. °

Numerical Displays Evaluation (STAND-
BY Papir), by H. ]J. Caulfield, Texas In-
struments Inc.

ABSTRACT: Displays forming a part
of a complex system serve the purpose
of transfering information to a viewer.
The viewer acts on the basis of received
information. Even if his reaction is per-
fect (i.e., if we postulate an ideal view-
er), his actions may have a detrimental
effect on mission performance if he has
not received the proper information. The
effect of mistransfer of information on
mission performance can be assessed
mathematically. Such an analysis, pre-
sented here, leads to a numerical display
evaluation index, “I”, with the following
properties:

(1) “I" quantifies mission success on

a ratio scale, i.e., any similar
quantification can differ from “I”
only by a scale factor,

(2) “I” does not consider such impor-

2 This research was supported by the Air Force
Systems Command, USAF, Electronic Systems Di-
vision, under Contract AF19(628)-5176.
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SCOPUS |

A UNIQUE CONCEPT IN HIGH SPEED FILM
PLOTTING FOR FRONT OR REAR PROJECTION

-
L

100 SLIDE RANDOM ACCESS CO

NFIGURATION

The new SCOPUS 11 Plotting Projector offers:

B Low logistics cost, simplified storage and retrieval,
large storage.

B High Speed, accurate, front or rear display of dy-
namic track data, alphanumeric and special symbols.

M Time sharing of data.

M Acceptance of inputs from digital and analog com-
puters and manual control units.

THE CONCEPT:

SCOPUS 1I® plots on an opaque coated 70 mm stabil-
ized polyester film. This new, unique plotting medium
offers vastly simplified random access and extra long
length films for single frame advance. The use of film
simplifies storage and retrieval problems, providing a
new low in the cost of logistics.

SCOPUS 118 Plotting, Reference and Spotting projec-
tors can be used in a wide range of display system
applications in single or multiple projector units.

For an immediate technical consultation as to how our
concept applies to your system requirement contact:

Belock Instrument Carpﬂration/ﬂispla y Department
112-03 14th Avenue, College Point, L. I., New York 11356
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tant parameters as cost, esthetics,
weight, etc., and

(3) “I” can only be approximated in

any real case.

A method is derived, without positing
of results, whereby an arbitrarily good
approximation to “I” can be obtained.
Introduction of a single plausible as-
sumption permits great simplifications.
Both the general and the simplified ap-
proaches are discussed in terms of in-
formation theory, game theory, and sig-
nal detection theory.

The limitations of this entire approach
in those cases in which the system mis-
sion is ill-defined (e.g., television, mov-
ies) are discussed. Non-numeric evalua-
tion of such displays is discussed. ]

Session 1V

High Resolution Multi-Color Storage
Tube, by Phillip P. Damon, Hughes Air-
craft Co.

ABSTRACT: A color display storage
tube having resolution and environment-
al ruggedness equal to monochromatic
display storage tubes has been demon-
strated. Color characteristics may be op-
timized by electronic means external to
the tube with this novel design. Applica-
tions are suggested. In addition to the
color-shift display, a monochromatic half-
tone mode of operation in one of several
colors is provided. °

Magneto-Optic Properties of Electro-
plated NiFe Films and their Characteris-
tics as Display Elements and Devices, by
Lewis E. Somers, General Electric Co.

ABSTRACT: Electroplated NiFe films
have a number of properties which, when
combined properly with magnetic drive
fields and colloidal suspensions of ferro-
magnetic particles, provide a useful dis-
play device. The optical activity of the
device can be characterized by an optical
grating, the period and direction of which
can be adjusted both magnetically and as
a material property. The properties of
the magneto-optic device and the result-
ant display characteristics are presented.

It is possible to fabricate monochrome,
color and black-and-white displays. Di-
rect view and projection displays are
possible. These have all been fabricated;
their characteristics are presented. Tech-
niques for developing grey scale and 3D
displays are also presented. °

A New Device for Versatile Display
Systems — The Electrostatic Storage Dis-
play Tube, by Jan Engel and Arthur M.
Eldridge Jr., International Business Ma-
chines Corp.

ABSTRACT: A novel approach to the
storage and display of information has
been recently described by the authors.?
This is a technology which combines the
intrinsic charge storage property of a
dielectric membrane and the high speed,
high resolution capability of a newly de-

47, M. Engel and A. ]J. Eldridge Jr., 24th Annual
Conference on Electron Device Research, IEEE,
Pasadena, California (June 29, 1966).
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veloped electron gun with an independ-
ent optical system to provide high con-
trast, bright, large screen display.

These ideas have now been incorpor-
ated in a new sealed tube which does
not require the use of vacuum pumping
equipment. This tube essentially separ-
ates the writing/recording function from
the actual display function and thus pro-
vides several significant advantages over
conventional storage display tubes. The
write gun can be designed for high reso-
lution at very high writing speeds. It does
not need to draw a high current since
no phosphor has to be lit. On the other
hand, the optical display system can be
independently designed to fit a number
of specific applications from high density
recording on film to bright, flicker free,
theatre size displays. Other advantages
include resolutions of the order of 2000
TV lines per useful field of view, writing
speeds variable from about a frame/hour
to better than commercial TV speeds,
storage times of over one month (requir-
ing no electric power), and up-date or
cycle times of less than 3 seconds. ]

PSIN-EL-PC Display, by Richard D.
Stewart, General Electric Co.

ABSTRACT: The discovery of a light-
emitting negative-resistance PSIN diode
(P-region-Semi- Insulating region-N re-
gion) diode has provided a new and
highly successful approach toward the
implementation of a solid state light emit-
ting display.

The PSIN diode is a single crystal semi-
conductor device fabricated in GaAs, ex-
hibiting a negative resistance character-
istic. In the low impedance state, optical
emission takes place from the face of the
diode. The wavelength is 8870 A4, in the
near IR.

Because of the negative resistance char-
acteristic, these devices can be assembled
into an X-Y matrix, and electrically pulsed
into either an emitting or non-emiting
state.

Conversion of the IR image to a vis-
ible image can be best accomplished with
an EL-PC image converter.

The ability of the PSIN diode to pro-
vide a memory to the display, eliminates
the need to continually refresh the dis-
play surface.

A 400 element (20 x 20) display is
presently being assembled under con-
tract DA28-043-AMC-01486(E), with
the U.S. Army Electronics Command.
Operation and fabrication of this display
will be described. L]

Basic EL Designs for Space and Mili-
tary Applications, by R. W. Christensen
and W. R. McKeirnan, Sylvania Electric
Products Inc.

ABSTRACT: A new dimension in vis-
ual displays, as well as lighting, was
made possible with the advent of elec-
troluminescence (EL). EL offers almost
limitless flexibility in customized dis-

plays, as well as standard numeric and
solid area displays.

By their inherent nature, EL readouts
are especially suited for stringent mili-
tary and space display applications. Out-
standing features of these ruggedized
devices include solid state reliability,
hermetic seal, low power consumption,
compact panel design, low reflection,
wide viewing angle (almost 180°) and
light weight.

This paper will present two basic EL
readout panel designs: hermetically
sealed, metal-glass variety and the all-
glass design. They will be discussed along
the lines of design, fabrication, develop-
ment, “in-house” evaluations and quality
testing. The all-glass design is a recent
development and has a potential for lar-
ger area displays and provides optimum
pin-electrode segment registry. ®

The Cathode Ray Tube — A Child of
Compromise; (StanpBy Paper) by D.
G. Cowden and A. D. Johnson, Sylvania
Electric Products.

ABSTRACT: Todays information dis-
play system design engineer is faced with
the complex problem of specifying the
optimum cathode ray tube to interface
the system to the observer. Quite often
standard “off-the-shelf” items will not
meet his specific requirements and he
must request a special design from the
tube manufacturer.

To achieve the best possible results
in the design of a cathode ray tube it is
first necessary to determine the ideal
tube. Then it must be decided which
features are most important and which
can be compromised without significant-
ly affecting system performance.

Some of the factors discussed are size
of display, deflection and focusing meth-
ods, phosphor responses and receptors,
sensitivity, resolution, brightness and
power requirements. Several tube de-
signs are presented. Their most impor-
tant characteristics and features are dis-
cussed from an application standpoint in
contrast with those which permitted
some compromise. ®

Session V

The Design and Development of a
Computer-Driven Electroluminescent
Vertical Scale Indicator, by J. A. Pelle-
grino and W, C. Vesser, Aerospace Pro-
ducts Research Corp.

ABSTRACT: The design and devel-
opment of a digital computed drive elec-
troluminescent (EL) vertical scale indi-
cator under contract NAS 7-420 with the
National Aeronautics and Space Admini-
stration involved the application of ad-
vanced state-of-the-art techniques to the
production of a complete spacecraft qual-
ity instrument. The presentation describes
the design configuration, developmental
problems, and the solutions chosen for
the production of the completely solid-
state instrument. Emphasis was placed on
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

size, weight, power, reliability, and dis-
play readability consistent with condi-
tions encountered in a spacecraft envir-
onment. Factual and detailed data pre-
sented describe digital microcircuit, EL
lamp controls, and EL lamp selection
and performance results. The EL lamp
brightness regulated display concept util-
ized is described in detail. The design
approach was proven by the construction
and test of an instrument,

The production of the instrument is
presently underway and it will be eval-
uated by NASA in a simulation environ-
ment. The flexibility provided by this de-
sign will allow displays color combina-
tion, observer impact evaluation and
functional presentation method evalua-
tion necessary to provide solid-state in-
struments that can support man’s expand-
ing effort in the exploration of space. ®

A Multicolor Laser Digital Data Dis-
play System, by Charles E. Baker and
Larry L. Pipken, Texas Instruments Inc.

ABSTRACT: A large-screen, digital
data display system which is presently
being developed will be discussed. This
real-time, projection display system is
particularly suited for on-line operation
with a digital computer. Coherent light
from red, blue and green lasers is modu-
lated and deflected to produce a 512-
by 512-point, seven-color display. System
specifications call for a 15-foot-lambert
brightness display on a 6-foot by 6-foot
rear projection screen. The design is such
that the resolution can readily be in-
creased to 1024 by 1024 points,

This laser display system differs from
the previously described television type,
raster scan laser displays in that all 262,
144 points of a computer-generated im-
age are stored magnetically and repro-
duced 60 times a second to generate a
flicker-free display image. The means of
scanning is such as to insure nearly per-
fect linearity and color registration.

The display’s update rate is limited
only by computer information transfer
rates and can exceed one million bits per
second.

The optical and electronic design of
the display will be described with par-
ticular attention being given to laser se-
lection, light modulation and deflection
techniques and image storage. Photo-
graphs of actual display operation will
be shown. (]

A 200 KHz Phonevision System, by
Sid Deutsch, Polytechnic Institute of
Brooklyn,

ABSTRACT: A 200 kc/sec phonevi-
sion system will be described. Since it is
not possible to fully depict visual effects
by means of slides, a motion picture of
experimental results will also be demon-
strated (if facilities are available).

The picture contains 100,000 elements.
Since the given bandwidth is equivalent
to 400,000 elements/sec, the frame fre-
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quency is approximately 4 cycles/sec. In
order to minimize flicker with such low
frame rates, pseudo-random dot scan is
employed in conjunction with a medium-
persistence phosphor. The system specifi-
cations are as follows:

Frame frequency 3.75 cps

Bandwidth 196,830 cps

Total elements 324 x 324 = 104,976

Coarse scan 60 cps x 4860 cps

Coarse scan elements 81 x 81

Random scan elements 4 x 4

The bandwidth of 200 kc/sec repre-
sents a reasonable compromise between
cost and quality.

As implied in the above listing, a single
field consists of 81 x 81 = 6561 elements
which are deposited in 1,/60 second. Each
of these elements is slightly displaced,
during subsequent fields, in a pseudo-
random fashion. During 16 fields, the
entire roster of 6561 x 16 = 104,976 ele-
ments is covered.

The pseudo-random motion is pro-
vided by four square waves (30, 15, 7.5
and 3.75 cps) that can be synchronized
with a single reset pulse. °®

Evaluation of Narrow Bandwidth TV
Displays, by Dr. Lloyd Kaufman, Dr.
James Lincoln, and Colin Pitblado, Sper-
ry Rand Research Center.

ABSTRACT: The design of a narrow
BW TV for transmission over acoustic
channels is being investigated. Among
the problems associated with such a sys-
tem are the identification of the proper-
ties of various scan formats which maxi-
mize the amount of usable information
which can be conveyed by the system,
and the determination of the limits of
the observer’s ability to make the kinds
of discriminations which might conceiv-
ably be required with the use of such a
system. The approach being followed in-
volves performance of certain visual tasks
selected to develop and sample relevant
perceptual criteria. Among these tasks
are discriminations of simple shape and
line orientation, recognition of familiar
faces, and determination of thresholds
for angularity and curvature. Also under
study is the possible advantage afforded
by stereoscopic viewing as opposed to
ordinary two-dimension presentation.

Special attention is being given to
pseudo-random dot scans, dot-line inter-
laces, and scans which are spatially quan-
tized, since conventional line scans at
the reduced bandwidths under study re-
sult in frame rates which are unsuitable
for practical use.

Basic results and technical considera-
tions will be discussed. @

A Programmable Display Synthesiz-
ing System for Man-Machine Communi-
cations Research, by Jack ]. Hatfield,
NASA Langley Research Center.

ABSTRACT: Much of the experiment-
al development required in the area of
flight control-display interface design can

be accomplished in the time-proven re-
search simulator; however, present dis-
play panel implementaiton methods have
inherent deficiencies. This paper reports
on the investigation and development of
a new concept for research simulator dis-
play, the purpose of which is to provide
for a more effective, less costly, and less
time-consuming means of creating dy-
namic instrument replicas. This new con-
cept employs the synthesis of desired in-
strumentation at the control-display in-
terface of the man-machine loop utilizing
a programmable electronic display sys-
tem.

Examples of synthesized flight displays
are exhibited. System performance is dis-
cussed and compared with that of con-
ventional computer-CRT stylized dis-
plays. The advantages of electronic ani-
mation with regard to programability,
program complexity, regeneration rates,
and image characteristics for certain
classes of displays are presented. ®

High Density Tape Recording of Re-
duced-Bandwidth TV Signals (STANDBY
Parer), by Phillip Balaban, Polytechnic
Institute of Brooklyn.

ABSTRACT: The system described
here was developed in order to record
the pseudo-random scan television signal
developed by S. Deutsch,

The objective was to record a 61.44
KHz video signal and the associated sync
signals on a % inch tape running at 15
inch/sec.

The difficulties which arise in such a
task are two-fold:

a) Bandwidth limitations of the re-
corder;

b) Flutter and skew of the recorder.

Since a tape recorder at this speed has
a bandwidth of around 40 KHz, time di-
vision multiplexing was used to reduce
the signal into two 30.72 KHz signals.

The problem is to reassemble the sig-
nals at playback. This is a difficult task
since these signals are shifted in time
randomly by flutter and skew. Experi-
ments disclose that the skew is linearly
distributed across the tape; therefore, by
knowing the time shift at two tracks at
any instant, we can predict the position
of the appropriate sample at any other
track,

For skew and flutter compensation
purposes two reference signals are re-
corded on the two outer tracks of the
tape.

The phaseshift of the reference signals
at playback is used as a measure for the
skew prediction system for each track.

Thus the video signals are sampled at
the correct value. In order to reassemble
the samples in the correct time sequence,
they are stored in four analogue memory
cells. The memory cells are read out with
the aid of an oscillator which is in turn
synchronized to average reference sig-
nal. The deflection waveforms are also
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generated synchronous to this oscillator.
Together with the reference signals, the
frame sync signals and the audio signal
are recorded.

The experimental setup uses only four
tracks. Since eight tracks can be recorded
on a % inch tape, a 240 KHz signal can
easily be recorded, using the same tech-
niques described above. This frequency
is currently considered to be suitable for
good visibility phonevision. [

Session VI

A Display Specification, by W. C.
Vesser and J. A. Pellegrino, Aerospace
Products Research Corp.

ABSTRACT: In the process of pro-
curing an electroluminescent (EL) dis-
play panel it was necessary to develop
(1) a definition of the display require-
ments and terminology consistent with
the manufactures terms; (2) specify the
product required in measurable para-
meters and (3) establish the measure-
ment techniques, instruments and pro-
cedures. )

Some Notes on Measuring Performance
of Phosphors Used in CRT Displays, by
J. E. Bryden, Raytheon Co.

ABSTRACT: The technique used for
measuring brightness of a cathode ray
tube display has considerable bearing on
the results obtained. Line and raster type
measurements are compared and it is
shown that there are advantages to be
obtained by measuring the brightness of
an isolated line with a spot photometer.
However, this instrument can only be re-
lied upon if certain precautions are taken;
these are discussed.

Finally, a brief investigation of flicker
and its relationship to refresh rate for a
few screen materials has produced some
interesting results. In particular, it is
shown that persistence is not a good cri-
terion for the critical frequency. e

Human Performance Standards in Dis-
play Specifications, by Glenn C. Kinney,
The MITRE Corp.

ABSTRACT: A good specification
makes the procurement of display equip-
ment both simpler and cheaper. To be
a good one, a specification must clearly
describe what is wanted, and this is the
basis of interest in the development of
standards. Since a visual display is a de-
vice to be used by a human observer, it
follows that a good specification must
clearly describe a device suited to human
use. While other details of the display
equipment may also be described, the
main emphasis in such a specification is
on how well the display permits the hu-
man to perform. In other words, it seems
sensible to develop standards of human
performance for use in specifications.

All of these combine to help direct
the efforts of the display industry, both
builder and buyer, toward the develop-
ment of standards of display excellence
based on display usefulness. Present ef-

forts on standardization must be directed
toward these goals or the result may be
standards for equipment, but not neces-
sarily for displays to be used by people. ®

Eye Movement Technique to Measure
Visual Search Behavior, by Richard J.
Schiffler, RADC (EMEDI), Criffiss Air
Force Base.

ABSTRACT: One of the missions of
the Display Techniques Branch at Rome
Air Development Center is to identify
variables which influence visual search
behavior, investigate their interactions
and specify standards which should be
used in designing and evaluating Large
Scale Display Systems. In the informa-
tion Techniques Section of the Display
Techniques Branch, this research has
been two-pronged. First, “in-house” and
contractual efforts primarily in the area
of psychophysical studies (color specifi-
cations, coding, TV resolution) and sec-
ondly, display criterion development.
This latter has as its purpose the devel-
opment of a metric to evaluate the in-
formation transfer potentiality of Large
Scale Display designs.

In the area of Visual Search, the In-
formation Techniques Section has recent-
ly turned its attention to the develop-
ment of an eye movement device which
would aid in evaluating the influences
of various display parameters and be an
additional diagnostic tool in the criterion
development field. This paper will pre-
sent the approach used in developing this
device and a more detailed explanation
of possible uses of the apparatus. e

Two-Slit Spot Measurement, by John
M. Constantine, CELCO.

ABSTRACT: Presents in great tech-
nical detail the theory and practice of
CRT spot measurement utilizing proper
slit lens combinations; evaluates varia-
tions which accrue with variations in
measurement techniques and equipment;
discusses precautions which must be
taken in using the resolution data speci-
fied in CRT specifications for evaluation
of applicability with a particular dis-
play. [e]

Capacity and Optimum Dimensions of
Displays for Group Viewing (STANDBY
Parer), by Dr. Helmut Weiss, Aeronu-
tronics Div., Philco Corporation.

ABSTRACT: Concerned with the
viewing conditions in a captive audience,
the author answers the questions: How
much information can a display screen
convey, how large an audience can it
serve, and how should audience and
screen be arranged for best efficiency?

These relationships are important to
the systems man, who should be aware
of the limited capacity of a group display
(and the cost of pushing its utilization
too high), to the architect who lays out
the audience, and to the designer who
determines the parameters of the equip-
ment. ®
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Would you believe a
CalComp plotter and any
computer can draw pictures
like these in seconds?
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Call or write Dept. Y10, California Computer Products, Inc., 305 Muller, Anaheim, California 92803. Phone (714) 774-9141.
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The Fall Joint Computer Conference

Representative Jack Brooks, of Texas,
who last year authored the Brooks Bill
dealing with the acquisition and use of
computers in the Federal government,
will address a luncheon of the 1966 Fall
Joint Computer Conference Nov. 9, in
San Francisco.

Brooks has indicated to R. George
Glaser, general conference chairman,
that he will discuss the significance of
automatic data processing with the gov-
ernment.

The FJCC, slated Nov. 8-10 at the San
Francisco Civic Center, will present
nearly 50 technical sessions. The Jack
Tar Hotel is conference headquarters.

Exhibits will be housed in 247 booth
spaces occupying the major part of
Brooks Hall in the Civic Center. Ac-
cording to Raymond D. Smith, SCM
Corp., Oakland, Exhibits Committee
Chairman, more than 100 exhibitors will
participate. More than half the booth
space was contracted for as early as
May 1.

Contractual arrangements for exhibit
space are being handled by H. G. As-
mus, executive secretary, American Fed-
eration of Information Processing Socie-
ties, 211 East 43rd St.,, New York 10017.
AFIPS is the principal sponsor of FJCC.

Exhibit layout is shown in the dia-
gram to the right. Portraits and titles
of committee officials for FJCC are pre-
sented below.
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user’s choice...with the BR-90

COMBINED ELECTRONIC AND PHOTOGRAPHIC DIS-
PLAYS...REAR-PORTED CRT...STORED PROGRAM
LOGIC ... These and other exclusive features combine
to make the BR-90 the most versatile and flexible con-
sole available today.

Whether your computer system is used for on-line
man/machine communications, off-line data manipu-
lation, or both—you'll find the BR-90 compatible. And
it can be added to your existing system with little or no
change in your input/output programs or equipment.

The BR-90 lets you express your problem in your
language ... not the computer’'s. Simple, changeable
keyboard overlays allow you to tailor the BR-90's dis-
play functions to suit your system’s requirements,
growth demands, and changes.

You tell us what your requirements and applications
are...we'll show you how the BR-90 can solve your
problems.

For further information contact the Bunker-Ramo sales
office nearest you NOW.

Offices are located in Waltham, Mass.; Dayton, Ohio.;
Rome, N.Y.; and Washington, D.C. Or write: H. A. Kirsch,
The Bunker-Ramo Corporation, Defense Systems Division,
8433 Fallbrook Ave.,Canoga Park, Calif. 91304. Telephone:
(213) 346-6000.

L

THE BUNKER-RANMO CORPORATION
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MINIATURE PACKAGED SCAN CONVERTERS

. . « New Products for Avionics . . .

SUBMINIATURE SCAN CONVERTER MODULE
INCORPORATING RW-13 TUBE

TUBE TYRE
SERIAL NOD

PACKAGED MINIATURE AND SUBMINIATURE SCAN CONVERTER TUBES
FOR MULTI-SENSOR DATA STORAGE AND PROCESSING

The Warnecke RW-5EM and RW-13 are specially designed to meet the growing demands. for pa?kaged
miniature and subminiature scan converter tubes. In their complementary packagq of shield, coils and
leads, the tubes meet the requirements for the MIL-E-5400 military airborne environment.

Small size has been achieved without sacrificing resolution. The RW-5EM resolves 1200 TV lines fmd
the RW-13 resolves 840 TV lines, at 50% relative output amplitude for orthogonal -writing and reading.

The storage surface is of the EBIC type, and information can be stored indefinitely until readout.
Readout time can be custom tailored from a single scan to several thousand depending upon the

application.

Theé tubes feature a capability for quick erase of all stored information, or erasure of selected
information.

Magnetic focus guns have been designed to eliminate the need for dynamic focus.

TYPICAL PACKAGED SIZE AND WEIGHT

1334” long x 3” dia. 6 Ibs.
23, Ibs.

RW-5EM
RW-13 10” long x 2" dia.

A\ WARNECKE

ELECTRON TUBES, INC.
175 WEST OAKTON STREET, DES PLAINES, ILL. 60018
PHONE (312) 299-4436
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M. D. Harsh

M. D. Harsh is
Manager, Display
Tube Product De-
velopment, RCA
Electronic Compo-
nents and Devices.
He obtained his
BS/EE from Drexel Institute of Tech-
nology, and did graduate work at Frank-
lin and Marshall College. Since joining
RCA in 1950, most of his work has been
on design and applications of electrical-
output storage tubes, display storage
tubes, and special-purpose cathode ray
tubes. He holds three patents and has
written several technical articles. He is
active on the JEDEC subcommittee pre-
paring storage tube test methods.

Russell J. Houldin

Russell J. Houldin
is responsible for
IBM 2840/2250 dis-
F @ play system devel-

— opment engineering.
‘(h He received a Bach-

. elor of Science in

EE from Brown University in 1954, and
is an active member of the IEEE. He
joined IBM in 1954 and has been work-
ing on graphics-oriented projects since
1962. Prior to his current assignment

he was an engineer in tape transmission
development.

Dr. H. R. Luxenberg

Dr. H. R. Luxenberg, a charter mem-
ber and first president of the Society
for Information Display, presently heads
Lux Associates, Sepulveda, California, a
consulting firm. His work has appeared
in Information Display on several occa-
sions. A complete biography may be
found on page 44 of the May/June 1965
issue of ID, Vol. 2 No. 3.

Rudolph L. Kuehn

Rudolph L. Kuehn, who is chairman
of the Society for Information Display’s
Awards Committee, has recently accept-
ed a new position with the Night Vision
Warfare Department, Electro-Optical
Systems Inc., Pasadena, Calif.; he was
formerly with Giannini Controls Corp.
His biography appeared on page 13,
Jan./Feb. 1965 ID, Vol. 2 No. 1.

Howard Burnaugh

2 Howard Burnaugh
° is a member of the
Language Process-
ing and Retrieval
Staff in the Tech-
nology Directorate
at System Develop-

ment Corp. He received a BS CheE from
the University of Missouri (1956) and
is continuing studies in mathematics and
systems engineering at UCLA. He joined
SDC as a programmer for the display
area of the SAGE system. Following
this assignment he has developed var-
ious interactive gaming systems and dis-
play manipulation systems. He is pres-
ently engaged in research, with Co-
author Borko, on information retrieval.

Dr. Harold Borko
is Associate Head,
Language Retrieval
Staff, Technology
Directorate, System
Development Cor-
poration Research
and Technology Division. He is primar-
ily engaged in research, automatic in-
dexing and classification, and the de-
velopment of automated systems for
information retrieval. He was an Army
psychologist until 1956, then joined Rand
Corporation until SDC was formed in
1957. He received his AB from UCLA
(1948), and his MA (1949) and PhD
(1952) from USC. He is President-elect
of the American Documentation Inst.

Dr. Harold Borko

AN IMPORTANT ANNOUNCEMENT ABOUT DISPLAYS . . . A REPRISE

If you saw our advertisement in past issues, you may recall that we have described CRT
displays for specific computers. IDI has probably sold displays for more different

computers than any other manufacturer . . .

including displays for the 160A, 250, 360,

425, 440, 490, 520, 1107, 1108, 7094, DDP 24, DDP 116, DDP 224, PDP 5,
PDP 8, and Spectra 70.

And we take interface responsibility.

These are “building-block™ systems. Various CRT packages, function generators, and
input devices can be economically combined to meet your exact requirements.

If you are concerned with computer-aided design, management information, simulation
— in short, with information displays — write for data sheet 127-666. (We will send

a few others also).

At the Fall Joint Computer Conference be sure to see our Computer Control Display operating

in Booth 1019.

1D}
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AGARD-NATO Eleventh Symposium
Features Display Technology

Chairman

Eleventh Technical Symposium

AGARD-NATO

Dr. Irving J. Gabelman, director of the Advanced Studies Group at Rome
Air Development Center, Griffiss AFB, Rome, New York, is program chairman
of the Eleventh Technical Symposium sponsored by the Advisory Group for
Aerospace Research and Development (AGARD-NATO).

The symposium — which is devoted to ‘‘Displays for Command and
Control Centers'" — is being held at the Kunstlerhaus in Munich, West Ger-
many, November 7-10.

This symposium will familiarize military and civilian NATO scientists and
engineers with the present ‘'state-of-the-art’ in the field of data displays and
show potential users and designers how these displays can be integrated into
command and control systems.

Technical papers presented at the symposium will outline the advant-
ages to be gained by the use of data displays, give the requirements for such
display systems and point out the capabilities and limitations of the next
generation of display systems.

It will also stimulate an increased awareness within NATO of the poten-
tialities of display systems for command. and control functions.

In addition to the technical sessions at the symposium, a visit to Erde-
funkstelle Raising, Deutsche Bundespost (Satellite Tracking Station for Tele-
communications) is planned for Wednesday afternoon, November Sth.

Attendance at this unclassified technical symposium is by invitation
from AGARD national delegates or panel members. It is normally restricted
to qualified persons from NATO nations whose presence will be a contribu-
tion to the symposium.

The technical program at the symposium consists of the following
sessions:

Monday, November 7th Wednesday, November 9th

2:00 - 5:00 p.m. 9:00 - 12:00 a.m.

Military Requirements and Application Techniques 1

Moderator: Mr. R. Lees Moderator: Mr. D. Coulmy (France)
(United Kingdom)

Thursday, November 10th

9:00 - 12:00 a.m.

Techniques I
Moderator: Mr. E. Keonjian (USA)

Tuesday, November 8th

9:00 - 12:00 a.m.

Human Factors

Moderator: Dr. G. Ulbricht (Germany)

Thursday, November 10th

2:00 - 5:00 p.m.

Hardware and Components

Moderator: Mr. D. Bosman
(Netherlands)

Tuesday, November 8th

2:00 - 5:00 p.m.

Computer Aided Displays
Moderator: Mr. S. Alexander (USA)

Dr. Irving J. Gabelman

ITT

COMPUTER DISPLAYS

State of the Art Computer Controlled Displays —
Computer Grade Quality and Reliability —Industrial Price

CRT DISPLAY UNITS for Graphic and Alpha-Numeric Display

CG 200 CHARACTER GENERATOR

For alpha-numeric display use.

Produces character display waveforms
from BCD input codes.

Draws high quality characters, using
stroke techniques with automatic
corner-rounding.

Uses plug-in character codes to facili-
tate changes in symbols or input
codes.

Permits computer control of character
intensity and size.

Is supplied with 36 user-designated
characters, expandable to 128 char-
acters.

Full Alpha-Numeric Character Set.

40 microsecond average character-
drawing time.

CG 200

KM 906 THREE-COLOR DISPLAY OSCILLOSCOPE

Mode!l | CRT Usable

No. Size | Screen Area | ReSOlution

i Video Jum
Sensitivity Bandwidth | Scan T?me

KM 906 | 19" 10 x 10" 15 line/ecm

=+5 volts for
full screen | PCto 10 Mc.| 25 usec.

KM 105 COMPUTER DISPLAY OSCILLOSCOPE

Model | CRT Usable . : 5 Tidea Jum
No. Size | Screen Ares Resolution Linearity Sensitivity Scan Time
KM 105 | 21" | 10x10” | 25 line/cm 1% b yolleton | 19 wsec,

Rear-ported CRT Displays

Hybrid Deflection CRT Displays }Available on special request.

Special Size CRT Displays

VG 201 VECTOR GENERATOR

For graphic CRT displays.

Draws straight line vectors of any
length.

Uses absclute coordinate input data.

Normally mounts in the DD-101 Inter-
face Unit.

Full screen vectors.

Automatic intensity compensation for
writing beam speed.

100 microsecond vector time.

DISPLAY SYSTEMS

Custom system design using standard
assemblies.

Complete display system capability.

* May be assembled rapidly and eco-
nomically from standard equipment.

* May include other elements, such as
I?tcai memories, console keyboards,
etc.

* Vary widely in application and scope.
An interested and rapid response
awaits your inquiry.

LP 303 LIGHT PEN
AND AMPLIFIER

For operator use with CRT-displayed
data.

Provides computer identification of spe-
cific symbols or character.

Uses flexible fiber-optics cable.

DD101 DISPLAY CONTROLLER

Computer control of switching between
character, vectors and points.

Interfaces available with most com-
puters.

For computer-display linkage.

Converts binary inputs to precision ana-
log positioning voltages and internal
control signals.

Interacts with the computer on a re-
quest-response basis.

Accepts any polarity computer input
signals.

Operates directly from 36-bit or 48-bit
input-output data channels.

May be supplied with an assembly reg-
ister for use with narrow 1/0 chan-
nels.

T Qnetruments—
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A versatile film reading system with electronic readout and . . .

10 MICRON ccoen

880 8 6

Precise measurements free of optical
distortion and vibration.

Richardson Model R-660 Film Reader

This is our finest system for semi-automatic recordings of
X, Y, and O coordinates of projected film images. A unique
measurement system provides laboratory tolerances and high
speed efficiency for repeatable accuracy of less than 10
microns. Model R-660 features electronic readout of data
into punched cards, tape, or typewriter records. Interchange-
able film transports designed for 16mm, 35mm and 70mm film
sizes make this a most versatile system.

We invite your inquiries on this and other Richardson
designed film systems.

Also Available — New catalog of precision Film Transports

for all film sizes.

PROJECTION LAMP
Tooew DICHROIC MIRROR

CONDENSER \

APERTURE
FILM PLANE

CONDENSER

PROJECTION LAMP
Joow
RETICAL

BEAM SPLITTER /
PROJECTION LENS

REAR PROJECTION SCREEN

Optical
Schematic

Richardson Camera COmpaNY  ».o. Box 9187 = PHOENIX, ARIZONA 85020 = PHONE 602/944-2671

o
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ID Readout

Flexible Aperture Display

Electro Tec Corp., Ormond Beach, Fla,, has just begun
intensive development of a “Flexible Aperture Display”
(termed FAD). Several engineering models have been con-
structed and, according to George K. Pandapas, the firm’s
president, it can be actuated by a variety of means, electro-
mechanical, mechanical, pneumatic, etc. He told ID the
firm is presently evaluating prospects in various develop-
ment areas. According to Stanley Stephenson, ETC director
of research, the device lends itself nicely to use with a 35-
element alphanumeric display, or equally well to a 7-bar
over 14-bar segmented readout: “As such, it has numerous
potential applications, including brokerage boards, airline
terminal displays, as a sequential counter, or in non-se-
quential readouts. It utilizes a flexible membrane, to which
a button-type or bar-type plunger projects. It can utilize
any color up to and including translucent, for backlighting.”
One advantage cited: The higher the ambient light, the
greater the contrast and visibility. Plungers can be translu-
cent, for backlighting, or can be impregnated with a buffer
to provide a glow. Although ETC is primarily known for
slip rings and relays, the firm in recent years has engaged
in major research in advanced information display tech-
niques. Other areas of ID interest, aside from FAD, include
a two-axis solid-state scanner (licensed to Monsanto), and
a single-axis solid-state scanner (in-house R&D).

Fluid Digital Memory Holds With Power-Off

A display-oriented advance in fluidics technology was
registered when the NASA Electronics Research Center,
Cambridge, Mass., accepted delivery of a read-write fluidic
memory which holds its stored data through any number of
power shutoff cycles, without the use of moving mechanical
parts. Developed by the Astromechanics Research Division
of Giannini Controls Corp., Duarte, Calif., the unit incorpo-
rates an alphanumeric display and punched-card reader.
(Both of these peripherals are also pure fluid devices de-
veloped by Giannini.) Basic to the accomplishment is a
fluidic technique described by the company as proprietary.
Designed to demonstrate the feasibility of a mnon-volatile,
non-destructive-readout  fluidic data storage, the memory
has a three-bit capacity. Any one of eight letters of the
alphabet is entered by inserting a conventional punched
card into the reader. The three-bit code corresponding to the
letter is thus entered into the memory — where it will re-
portedly remain indefinitely, regardless of how often it is
read out, or how often power is removed. Only reading in
a new letter will alter the contents of the memory.
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

Lighted
Pushbutton Switches

"

USECO offers
greatest capacities, smallest sizes.

USECO’S ORCON switches combine exclusive multi-
circuit capacity, isolated contacts, sliding-wiping action,
independent light circuit and connector convenience in
34" and 11/16" diameter sizes. Standard and custom
available. Plus indicator lights, ganged assemblies,
multi-light units, adapters and accessories. For brochure,
contact USECO, 13536 Saticoy Street, Van Nuys, Calif.
91409. (213) 873-3520.

il
g a e a @ Division of Litton Industries
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You can’t beat
the Tung-Sol
Digital Readout
for brilliance

Average brilliance of 1000 foot-lamberts of clear,
white light at only 4 volts makes the Tung-Sol DT1511
the brightest display available. The high contrast be-
tween illuminated characters and the flat, dull viewing
panel provides utmost visibility under every condition
of ambient light. Excellent standards of performance
can be achieved with as little as 2.5 volts.

Whenever power is on, the binary number stored in the
memory is available as a trio of air-signals. The air-pressure
signals are said to be compatible with Giannini Controls’
own fluid logic devices and with most other digital fluidic
elements — such as the Harry Diamond Laboratory designs.
The fluidic display uses reflected light behind a rectangular
matrix of small round dot-like apertures. By means of the
same fluidic technique, the input signals “unblank” the
appropriate dots so that they pass light to the viewer, form-
ing the required alphanumeric character. This approach
allegedly lends itself to displays of any desired size, bright-
ness, or complexity. In the next phase of its research pro-
gram, Giannini will work on analog fluidic computing
elements, particularly an infinite-input-impedance amplifier.
The company contends all existing analog fluidic amplifiers
act as heavy loads on their signal sources, leading to distor-
tion of the source signals, severe limitations on “fan-out”
(the number of amplifiers which can operate from one
signal source), and large steady-state and dynamic errors.

Giannini expects to deliver an amplifier to NASA this
vear which will respond to and amplify input signals in
the form of pneumatic pressure (steady-state or dynamic),
but which will require no steady-state mass flow whatever
from the signal source. However the amplifier presumably
will be capable of supplying output power (in the form of
mass flow) or a zero-flow pressure signal.

"Blackboard-by-Wire" Teaching System

gl

plement. In addition to the TV monitor and loudspeaker at
each classroom reception point, the system includes an
equipment unit and a question-indicator panel and micro-
phone which allow students to ask questions and discuss
ideas with the instructor. A light-indicator panel on the
instructor’s desk-type transmitting console signals him when
a student wishes to interject a question or comment. Provi-
sion is made for use of light pen by the instructor.

Securities Quotation Displays

Two new brokerage quotation facilities have been de-
scribed in detail by the manufacturers in the increasing
trend toward full automation of quotations and their display .

The first, by Ultronic Systems Corp., New York City, is a
visual display system for real-time reporting of trading on
the stock exchanges. Operating electro-mechanically, the
system presents characters reporting each transaction on an
endless belt moving from right to left. Thousands of small
discs on the belt, each having a white and dark face, are
positioned by compressed air to form letters and numerals.

The second is the development of a smaller version of the
electronically controlled 45-ft. securities quotation display
at the New York Stock Exchange by Recognition Equip-
ment Inc., Dallas, Tex., for Trans-Lux Corp. for utilization
in brokerage firms. Thousands of small discs are mounted on
an endless belt which moves right to left across the display.
Bright green 2-in. characters, formed as jets of air flip the
discs, will move across a black background at speeds up to
900 characters a minute. The units are capable of displaying
a variety of information such as weather data, management
information, and status reports.

LDX-EDP Advances Railway Operations

A Xerox LDX fascimile system and electronic data proc-
essing has been installed in the Southern Railway System
(headquarters are in Atlanta, Ga.) to increase car distribu-
tion efficiency and report car locations accurately. As a
freight train enters the Southern system, a way-bill which

We can solve your

MAGNETIC SHIELDING
PROBLEMS

with

‘MAGNALOY

a mu-metal material

T

*MAGNALOQY ... a Nickel-Iron alloy

of extra-high permeability, designed to give the ultimate

in shielding attenuation—Hydrogen annealed for maxi-
mum permeability—guaranteed by our Seal of Certi-
fication.
ALSO AVAILABLE. .. our “MAGNALOY’’ Foil
+ + « an .004 light gauge mu-metal material for special
shielding applications.

AS SPECIALISTS IN THE FIELD

of Magnetic Shielding Components . ..

We are qualified—technically and thru extensive ex-
perience—to serve you from an engineering and con-
sultive basis, and to assist you in the design of com-
ponents to meet your specific Magnetic Shielding re-
quirements at highly competitive prices.

ON YOUR STAFF BUT NOT ON YOUR PAYROLL

* Quotations submitted on request, per your Blue Print, for
Engineering Samples—Prototy pes—Production Runs

e Engineering design assistance and consultation

o Precision fabrication to your exact engineering speci-
fications

e Hydrogen annealing with ‘‘Certification’’ on all fabri-

identifies the car and its cargo is inserted into the LDX
scanner. A fascimile is instantaneously made at the Atlanta
Center by an LDX printer. When all of one train’s waybills
are in, the data are transcribed to punched paper tapes.
The computer can report, on immediate demand, the exact
location of each train, car and cargo in the system. It can
also give an instant breakdown of car distribution, car
utilization, commodities being transported, and total billing.

Visors, hoods, or other light shades are unneces-
sary. The seven-segment characters are surface-flush
and require no supplementary optics. There is never
any ‘“‘crosstalk” and no stray reflections.

For all the facts, including physical and electrical
specifications, write for Bulletin T-431. Tung-Sol
Electric Inc., Newark, N.J. 07104.

TV Camera/Cytoscope Aids Med Students

A TV camera connected to a cytoscope and utilizing a
special fiberoptic illuminating system may soon enable an
entire class of medical students to look together inside a
functioning organ. Research to develop the device was
announced by Dr. John K. Lattimer, chairman of the Dept.
of Urology at Columbia University College of Physicians and
Surgeons, New York City. A grant of $128,000, from the
Commonwealth Fund, supports the research. The device
would be made possible by the binding together of approx.
200,000 fiberoptic rods. A light source at one end would
throw a cold light of great intensity through the rods into
the patient’s bladder. A TV camera attached to the cytoscope
would transmit the picture to television screens so that
students could follow the surgeon’s procedures. Color photo- eiilon

tg};aphs nnd' n?otm.lzl .pmh”'if. have already been made with e Production delivery geared to your scheduled require-
1s system as an aid in teaching. ments.

Optical design of the characters
and high surface illumination
permit extreme-angle viewing.
(Photo at 150° angle)

All viewing surfaces in the
illustrations are unretouched.

TUNG-SOL

HI-OPTICS
DIGITAL DISPLAYS

The most thoroughly engineered
readout on the market.

General Telephone and Electronics Corp. has announced
development of an electronic teaching system that transmits
voice communications and handwriting over telephone lines
for long distance illustrated lectures. A spokesman said the
new integrated system provides high-quality visual display
handwriting, diagrams, formulas, equations, and other gra-

Computer in Digital Mapping System

L ]
A system for automatically drawing maps from aerial !
photos for the Army is being developed by the Itek Corp., of i T .
Lexington, Mass., under a contract from the Army’s Geodesy, phone / Radlatlﬂn lahﬂratﬂl‘les, Inc-
Intelligence and Mapping Research and Development Agency

5
1

: 4 7325 West North Avenue e River Forest, Il
P o Phone 771-7172 e Area Code 312

72 Circle Reader Service Card No. 39

phics on a TV monitor within a classroom, thereby supply-
ing an important, convenient, economical educational sup-
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

(GIMRADA). A Model 3100 computer, by Control Data
Corp., Minneapolis, Minn., will be utilized by Itek to control
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966
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Here's what Video Color offers:

TECHNICAL ABILITY

For any special purpose Cathode Ray Tubes
THIN TUBES

Monochrome and Two Color Flat Tubes

ULTRAHIGH RESOLUTION
(Less than .0005" spot size)

FIBER OPTIC FACES

HIGH CONTRAST
Special Ultrathin glass substrates to 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 Deflection Sensitivity

High Beam Currents

Multiguns

High Voltages

SPECIAL GEOMETRICS
Back Ported Tubes
Special Deflection Angels

SPECIAL GLASS STRUCTURES
Internal Targets

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

Video Color Corporation

500 S. Douglas St., EI Segundo, California
Phone: 213 - 772-5251 90245

Circle Reader Service Card No. 41

operation of electromechanical scanning and printing units
(used to scan high-resolution stereo photographs), and to
produce the finished maps and corrected photographs. Along
with correcting various types of distortion, the computer
will process photo information to detect slight differences
in stereo photos that indicate ground relief or elevation.

Tactical Video Mapping

A system for rapid, accurate recording and display of
vital airspace control information in a tactical situation has
been developed by the Surface Div., Westinghouse Defense
and Space Center, Baltimore, Md. Called TAC-MAP (TAC-
tical video MAPping), the system is compatible with
tactical radar Plan Position Indicators (PPI's). Developed
for tactical air control system elements operating in the
field, the system can also be utilized without modification
for other types of radar control centers such as ship and
shore naval, and military and space command. TAC-MAP
utilizes a slow-scan vidicon camera synchronized to a radar
trigger pulse, and produces a video map or other informa-
tion for display on associated PPI's. Maps are produced by
hand-tracing of geographic features, coordinates, and other
information from operational maps onto a translucent or
transparent overlay. The overlay is immediately scanned by
the camera, producing an accurately-scaled image on con-
nected PPI's. Expansion and off-centering of the PPI images
can be selected as desired. Original position accuracy, as
traced directly from an operational map, is maintained.
Mapping information in a tactical situation which may be
plotted includes permanent information, such as principal
geographic features, natural boundaries, fixed navigational
aids and airfields; and, dynamic information, such as
plotted coordinates of a specific target, location of a for-
ward air controller, drop zone, temporary or mobile naviga-
tional aid, turning or initial point, the outline of free strike
areas, gun-defended positions or flak corridors.

Man-to-Man Graphic Communications

Introduction of a new, compact, facsimile communication
system — the Alden 4 Dispatch —is scheduled for the fall
of 1966 according to the manufacturer, Alden Electronic &
Impulse Recording Equipment Co., Westboro, Mass. It is
of modular construction and modern design, will be housed
in a compact, roll-around console unit that can be quickly
moved to various operating positions for ease of use. The
console will provide facsimile transmission and automatic,
unattended reception of graphic information for both in-
house and long-distance communications using ordinary
telephone lines. It can include push-button internal voice
facsimile switching, Data-Phone subset, voice communica-
tions, and dictating equipment. The Data-Phone subset can
provide automatic switch-over so that the recorder will
operate as an unattended slave to the scanner signal. The
Alden 4 presents a change of emphasis for Alden Electronic
which, in the past, has produced systems for broader com-
mercial uses. It is described as a “person-to-person” system,
and is for office use. Handwritten or typewritten memos,
newspaper clippings, and patent abstracts are a few exam-
ples of the graphics it will transmit and receive over national
telephone circuits with high fidelity, according to Alden.

India Establishes $7 Million Computer Net
The government of India has announced plans to establish
a nationwide computer network beginning later this year.
An agreement signed in Washington by Indian Ambassador
B. K. Nehru and James H. Binger, chairman of Honeywell
Inc., covers ten computers, valued in excess of $7 million,
that will form the first stage of the new government informa-
tion system. Honeywell will provide the computers. “The
system will tangibly improve India’s economic and adminis-
trative posture,” said K. S. Sundararajan, minister of eco-
INFORMATION DISPLAY, SEPTEMBER/OCTOBER, 1966

nomics at the Indian embassy in Washington. He described
it as one of the first attempts by an Asian government “to
organize, correlate and make use of vital data by automated
means.

Initially the computers will be used for water and power
network analyses, income tax processing, labor statistics,
licensing and import-export control. Four units will be in-
stalled later this year in the New Delhi offices of the Central
Water and Power Commission, Central Board of Revenue,
Ministry of Labor, and at the office of the Directorate Gen-
eral of Technical Development (DGTD), Ministry of
Finance. Additional systems will go into operation in 1967
in New Delhi, Bombay, Calcutta and Madras, to support
the government’s expanding computational needs, and to
provide computing services for other government depart-
ments not initially included in the information network.

Installation of the computers “constitutes the first phase
of a long-term program to bring India’s government modern
tools to match its modern administrative goals,” Mr. Binger
stated. He said additional equipment will be added as the
program expands. The first ten computers are being sup-
plied by Honeywell under a special arrangement with the
Indian government. The computers are medium-size Honey-
well 400 systems of a type used by numerous organizations
in this country and abroad. C. W. Spangle, vice president
and general manager of the firm’s electronic data processing
division, said the agreement “provides us with an oppor-
tunity to enter a potentially significant market for our prod-
ucts, at the same time it provides India with the means to
develop its own ambitious programs at a favorable cost.”
Honeywell will provide supplies, spare parts and technical
training in addition to the computer equipment, and will
establish a support organization in India in the next several
months “to assist in implementation of the program and to
evaluate future potential markets for our EDP equipment
in that area of the world.”

Air Force Shops for 100 to 160 Computers

Letters of interest from vendors of commercially available
electronic data processing (EDP) computer systems are
being sought by Electronic Systems Division of Air Force
Systems Command. Between 100 and 160 new EDP systems
will be acquired to replace and update EDP equipment in
the Base Level Data automation Standardization Program
throughout the Air Force in the civil engineering and ac-
counting and finance areas. The exact number of new
systems will depend on the size and cost of configurations.
Up to four configurations of a basic computer system may
be proposed. They will contain high-speed central processing,
immediate access storage, magnetic tape and punched card
input/output devices. Address inquiries to Electronic Sys-
tems Div., Hanscom Field, Mass. (617) 274-6100, Ext. 5322.

Photographic Recorder Utilizes Laser Beams

Autonetics Div. of North American Aviation has an-
nounced development of a new photographic recorder which
utilizes a laser beam to generate images. Recently delivered
to the Air Force for additional evaluation, the laser light
recorder could be utilized for high-quality, high-speed pic-
ture transmission similar to present-day facsimile transmis-
sion of news photos or pictorial information from radar or
TV recon sources. A helium-neon laser, focused to a spot
0.0004 in. diam., is employed to sensitize a fine-grained,
high-resolution photographic film. The closely-spaced lines
form an image much the same as that on a TV CRT. Only
one ten-thousandth of a watt of light power is needed
for operation. According to Autonetics’ Dr, 1. H. Swift,
Director, Electro-Optical Laboratory, Torrance, Calif., the
device is capable of recording all the image detail of a
normal TV picture on 0.1 sq. in. of photographic film.
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INTRODUCING:

THE LARGE SCREEN,
HIGH RESOLUTION L-4192

FOR LOW NOISE
FLYING SPOT SCANNING

The L-4192 has been designed for high resolution flying spot
scanning applications where it is desired to reduce phosphor
loading and effective phosphor noise while retaining high
light output. The tube employs a 9", 40° envelope, 26" long
and is electromagnetically focused and deflected. Spot size
is 33 microns. The faceplate is flat with a useful phosphor
screen diameter of 838". The highest known phosphor screen
quality in the industry is produced by a special Litton phos-
phor deposition technique. The more widely used phosphors
are available, such as P16, P24 and P11, among others.

Use of this large diameter CRT in scanning or recording
systems permits greater optical reduction, thus decreasing
phosphor loading for a given resolution at the film plane.
This allows realization of higher light output with a resultant
improvement in scanning system signal-to-noise ratio.

Tube mounts and electronic equipment are available for
this tube as well as for other CRT’s.

For information on this equipment and the complete line
of display devices, write San Carlos, California or call (415)
Lytell 1-8411.

LITTON INDUSTRIES

ELECTRON TUBE DIVISION

San Carlos, California / Canada: 25 Cityview Drive,
Rexdale, Ontario / Europe: Box 110, Zurich 50, Switzerland
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TWO-SLIT SPOT ANALYLZER

FOR DETERMINATION OF CRT SPOT CHARACTERISTICS

With the CELCO Two-Slit CRT Spot Analyzer

—a scientifically designed and fully calibrated instrument -
high standards of resolution may now be specified.

HALF AMPLITUDE SPOT DIAMETER

5 mV/em

1 em = 001" 20 pusec/cm

CONTRAST RATIO BAR CHART

175 250 350 500 1000
Elements/in P16 Phosphor 700 1400

DOUBLE LINE METHOD

(2 line raster pcrcllel to single slit)

3 sweep signals needed, raster must
be moved vertically. Measurement of
line spacing must be made on CRT face
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10 pysec/cm

P11 PHOSPHOR or FACE NOISE

5 psec/cm

TWO-SLIT METHOD
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(Single line raster parallel to slit pair)
Only 2 sweepsignals required.
Distance calibration is locked into
analyzer. No measurement on CRT face

C;ondfanfine Cijngineering o[)aéoralorie:i Company

MAHWAH, N. J.

TWX 201-327-1435

UPLAND, CAL.
714-982-0215
TWX 714-556-9550
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__—0n the move

Richard A. Roderick has been named
southwestern regional numerical control
mgr. for Bunker-Ramo Corp., Cleveland,
0., and will continue to have offices
in Braniff Tower, Dallas, Texas.

Dr. Milton E. Mohr, pres. of The
Bunker-Ramo Corp., will serve as pres.
and chmn. of the board of the firm’'s
newly-created subsidiary, B-R Data Sys-
tems Inc. which will be based at the
parent firm’s Silver Spring, Mr., facility.
Other officers are: 0. R. Lodge, VP and
gen'l mgr; Willard D. Murphy, VP/
Finance; and Samuel B. Sterrett, sect’y.

James P. Whitfield has been named
mgr.,, mktg. admin., a new post at Data
Products Div. of Stromberg-Carlson
Corp.

Amperex Electronic Corp., Hicksville,
L.I.,, N.Y., has promoted Hank Steenbeke
to Western regional sales mgr. and
Arthur F. Kelly Jr. to ass’t renewal
sales mgr.

John L. Moser has been appointed dir.
of systems engrg. and Harvey Cohen has
been named mgr. of advanced programs
for Scientific Data Systems, Los Angeles.

Switcheraft Inc., Chicago, has an-
nounced the promotions of Clyde J.
Schultz to the newly-created position of
industrial sales mgr.,, and Anthony F.
(Hank) Anderson to the post of distribu-
tor sales mgr., succeeding Tom Dowell.
Dowell will head his own electronic
manufacturers rep organization handling

S

both distributor and OEM accounts in
Kansas, Missouri, Iowa and Nebraska,
with the main office being located in
the Greater Kansas Cily area.

Donald E. Young has been elected VP/
Corporate Communications by the Board
of Directors of Burroughs Corp., De-
troit, Mich. In his new post, Young will
have the responsibility of developing
and directing the firm’s internal and
external communications with employees
and the public.

Walter Hanstein Jr., formerly with
Burroughs Corp., has joined Automation
Engineering Laboratory Ine., Stamford,
Conn., as VP. Hanstein will be in charge
of technical implementation for AEL
Development and Research 1Ine. and
AEL Food Automation Inc.

George J. Vosatka has been elected
to the post of VP/Mktg. and E. E, Lande-
feld has been appointed dir. of ad-
ministration for Informatics Inec., Sher-
man QOaks, Calif,, it was announced by
Walter F. Bauer, pres.

Robert F. Anderson has been pro-
moted to the newly-created post of dir.
of industry mktg., and Jerome Tagg has
been named to the new post of mgr. of
information technology, mktg. education
dept., of Honeywell Inc.'s electronic data
processing division.

John V. Sigford has been named
operations mgr. for Setchell Carlson,
Minneapolis, Minn., newly-acquired sub-

sidiary of Marquette Corp.

Richard H. Baker has joined Manage-
ment and Economics Research Inc., Palo
Allo, Calif.,, as director of electronic
industry research. Baker was formerly
with Stanford Research Institute, and
Digital Control Systems, San Diego, Calif.

TRW Systems, Redondo Beach, Calif.,
has appointed Edwin A. Goldberg to the
position of manager for its newly-formed
Guidance System Development Depart-
ment, Guidance and Navigation Labora-
tory, Electronic Systems Division. The
department Goldberg heads is responsible
for the design and development of guid-
ance and navigation systems including
gyrocompasses, inertial attitude refer-
ences, and strapdown guidance systems.

CORRECTION

Because of a typographical error in
which a type line was transposed, an
item appearing in this column in the
July/August issue of Information Dis-
play, announcing appointment of William
J. Burros as Controller for Dialight Corp.,
indicated that the firm is located in Sil-
ver Spring, Md., which is not the case.
Dialight is located at 60 Stewart Avenue,
Brooklyn, N.Y. 11237. Information Dis-
play regrets the error.
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e Needsonly 115 Vac
e Minimum Crosstalk

Mahwah, N. J.

fassst!

* 40 VOLT ALL SILICON

DEFLECTION DRIVERS

12 Amp Change in
Less than 9 usec
With 25 uH Yoke

0.02% Linearity

e Direct Conversion Ein to | out

e dc to Pulses and Complex Waveforms
e Compatible with Single-ended Yokes
e No Synthesizing Networks Required

Gmfanfhn &gfnuu‘ng a&!ﬂm!oﬂ‘ed Cfm,m,

YOKES Circle Reader Service Card No. 44 YOKES

Upland, Cal.

e All Solid State

e Linearity Better than .5%

e 10% to 90% Duty Cycle

e Sweeps from 20 usec to 100 msec
e External Trigger or Sync

cmdfanﬁm agfnun'lg ogx!omforha ampany

NEW

RASTER GENERATOR

DUAL SWEEPS

2 SG-2BR
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The Computer Display Review. A subscrip-
tion service of Adams Assocaites, Cam-
bridge, Mass.

The Computer Display Review is in-
tended as an information source for
those individuals associated with com-
puter-driven graphic displays of any type.
The loose-leaf volume making up The
Review, is not a book in the normal
sense of the word and hence is difficult
to review against the usual criterion. It
is, rather, a compendium of results of an
extensive study conducted by Adams As-
sociates, and could be looked upon as a
sort of De Luxe Display Survey for those
primarily interested in computer graph-
ics.

The organization of The Review is ex-
cellent and comprehensively traces the
development of the computer-driven dis-
play art to the present day. The tutorial
treatment of Software Techniques is es-
pecially complete and I believe this is
the first time such a total discussion has
been generally available.

The sections dealing with description
and evaluation of equipments form a
particularly useful listing of hardware
largely because of the objective compari-
son found in the evaluation sections. The
fact that additional equipment and new
evaluation sheets can be added substan-

tially strengthens the value of such a
catalog because of the rapid pace of ad-
vancement in our industry.

The true value of such a service as
offered by The Computer Display Re-
view will essentially be determined by
how well the up-dating task is carried
out, If the volume is not frequently serv-
iced, its timeliness, and hence its value,
as a source of current display technology
will decrease. T would expect that the
professional quality reflected in the ini-
tial issue of The Review would be ex-
tended into the maintenance task. — L.
M. SEEBERGER, SID Publications Chair-
man.

Fundamentals of Display Systems by
Harry H. Poole. Published (1966) by Spar-
tan Books, Washington, D.C., and Mac-
Millan and Company, Limited, London.
403 pages + x pages. $19.50

A better title for this book might have
been A Compendium of Display Systems,
for it is a reasonably well-written and
comprehensive description of virtually
every device, equipment, system, and
technique used to present visual informa-
tion to an observer.

The underlying fundamentals of the
displays described in this book are really

developed in the fields of geometric-phys-
iological-physical- and electron-optics,
solid state physics, mechanics, etc., all
of which are briefly touched upon but
hardly in a fundamental manner. In fact,
the entire approach to the subject mater-
ial is pragmatic including such nonfunda-
mental information as trade names of de-
vices, military specifications imposed on
general electronic equipment, “. .. meth-
ods of bypassing environmental restric-
tions”, and considerations in the design
of power supplies.

The book is divided into five parts
and four Appendices, Part I—Cathode
Ray Tube Techniques, Part II—Other
Display Techniques, Part III-Display
Systems, Part IV—Related Areas, and
Part V—Future Display Techniques.

Part 1 starts with a brief review of
cathode-ray tube principles followed by
a narrative description of contemporary
specialized cathode-ray tubes (i.e., flat,
storage, color, printing, beam shaping,
etc.), which leaves the impression that
this is the basic building block on which
the remainder of the text is to be struc-
tured. Verv rapidly, however, the author
departs from electronic cathode-ray dis-
plays into photographic and optical sys-
tems, electromechanical devices, solid

o

and Decimal Counter/Driver.
m 15 MH; Counting Rate
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ELECTRONICS, INC.

a varian subsidiary
PHONE: (312) 232-4300 - GENEVA, ILLINDIS, U.5.A
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Readout Tube Drivers

TTL Integrated Circuit Drivers

LIGHT MEASUREMENT PROBLEMS?

.7/ CHECK GAMMA SCIENTIFIC
®

Specializing in instruments and systems for light
measurement, Gamma Scientific combines
experience, innovation and craftsmanship in its
broad line of products, including:
Photomultiplier Photometers « Calibrated Light
Sources e Telephotometers  Photometric
Microscopes « Complete Accessories.

state displays and in general the text
becomes a stew of everything about dis-
plays that can be crammed into 400
some odd pages.

Part II includes chapters on Large
Screen Techniques-Projection and Dis-
crete, Individual Display Units (alpha-
numeric indicators) and Display Peri-
pheral Devices (symbol generators, mem-
ories and controls). Part III includes
chapters on Introduction to Display Sys-
tems (engineering considerations), Tele-
vision, Radar, Computer Generated Dis-
plays, and Miscellaneous Applications
(plotters, facsimile, ete.). Part IV deals
largely with disciplines involved in de-
signing displays such as Human Engi-
nering and Optics, and ends rather be-
latedly with a chapter on Luminescence.
Part V presents first a chapter on Present
Display Performance followed by Future
Display Techniques (which really isn’t
future at all but rather describes present
techniques still in a development stage).
A strange omission lies in the subsection
under Light Modulators where both the
Kerr and Faraday effects are mentioned
but the more widely used Pockels effect
and crystal modulators based on it are
left out.

Since mathematical relations, graphs,
and tables are not derived or referenced
the reader new to the subject matter will
not easily be able to pursue research

along any specific line of investigation.
References in general are poorly handled
since they are found at the end of some
chapters, and at the end of the book
listed by chapter, but are not indexed to
the text. Even when indexed by chapter,
references are found in strange places,
e.g., Destriau & Ivey’s definitive paper
on electroluminescence is referenced to
Chapter 17, Luminescence, but electro-
luminescence is introduced in Chapter 7;
Soller, Starr, and Valley’s classic work on
Cathode Ray Tube Displays is found ref-
erenced to Chapter 12, Radar Displays
(Systems), but cathode-ray tubes are in-
troduced in Chapter 1. Other very basic
references have been omitted such as
Electron Optics by Maloff & Epstein,
Television by Zworykin and Morton
which might have better replaced less
fundamental papers.

In attempting to relate all displays in
one book the author has inadvertently
demonstrated how unrelated many of
them are, and in the process dissipated
his efforts on fields that are already well
documented and to which he brings no

mnew insight. Thus standard television and

radar systems could have been omitted
and the section on Computer Generated
Displays expanded — or the TV and
Radar sections could have been restricted
to slow scan techniques, unusual scan-
ning geometries, ete. Certainly the space

used for a picture of a typical home tele-
vision receiver (p. 199) could have been
put to better use unless the book is in-
tended for inclusion in a time capsule to
be retrieved 1000 years hence.

A glaring omission in any fundamental
book on displays is a long overdue and
definitive discussion of resolution; the de-
velopment of relationships between the
common measures of resolution in radar,
television, optics, photography, etc.,
would be a great service to workers in
the display field.

The book cannot be considered by it-
self as a text, handbook, or catalog of
devices although it contains elements of
each of these; however, it does make
fairly interesting reading. The narrative
descriptions are clear and lucid and in
general the writing style and English are
good (except for occasional technical
vernacular — like the use of the word
“monochrome” to mean black and white) .

Some of the devices and techniques
described may shortly become electronic
oddities and as such have little lasting
value to designers of displays. For the
most part, however, many practical ap-
proaches to the design of displays are
described in the book which is largely
hardware and equipment oriented, and
it is here that the book’s true value must
be measured against its cost. — R. A.
Davipson, Charter Member, SID.

BRIGHT
BOLD

READOUTS

MINIATURE NEON

PILOT LIGHT
ASSEMBLIES

1-piece body ideal for space limitations.
BNE SERIES has compact lens system
protruding slightly above panel. BNF
SERIES’ lens system extends more for
greater illumination. BND SERIES’ pilot
assembly protrudes beyond panel to
provide maximum light intensity.

AL : ELECTRONIC

PRODUCTS, INC.

LAWRENCE. MASSACHUSETTS

designed for National Readout Tubes.
Now available : Decoder/Driver

m Compatible with all side view
and end view readout tubes.

For the latest catalog
contact: Sales
Manager, Dept. 302,
Gamma Scientific, Inc.,
5841 Mission Gorge
Road, San Diego, Calif.
92120. Specific
problems? Call collect

REQUEST 714-282-2178.

BULLETIN

“See us at IS4 Show, Booth 1107"

GAMMA SCIENTIFIC, INC.
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CHARACTERS

MAXIMUM
RELIABILITY

Need more data? Ask
for Catalog L-181.

Modular Display

l u ] 5
digit
DIALCO
Foremost Manufacturer of Indicator Lights

per digit
1000 lot quantities

DIALIGHT CORPORATION

60 STEWART AVE., BROOKLYN, N.Y. 11237 Area Code 212 497-7600
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B

LOW COST $
NUMERIC
READOUT i

MINIATURE SIZE, compact, incandescent nu-
meric readouts have new-type, long-life 30,000
hour lamps. Machined aluminum stack-plate
design permits close side-by-side mounting. Digit
size 3" high. Specify 6V or 14V model.

SHIPPED PREPAID WHEN CHECK ACCOMPANIES ORDER

A L : ELECTRONIC

PRODUCTS.INC.

LAWRENCE. MASSACHUSETTS
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WHEN
YOU CAN'T

AFFORD

TO FAIL,

USE

CFT-AmEr i

Men in space rely on Magnelina
Digital Indicators and you can too,
Sharp black and white digits are
positioned electromagnetically.
The number drum rotates on a
polished shaft in a jewel bearing.
Coil assemblies are encapsulated
in heat and shock resistant epoxy.
Test units have been run through
35 million cycles without failure
or measurable wear, Digit sizes
range from 745;" x 146" for air and
space craft mounting to jumbo
models for control towers, mills
and foundries.

WRITE FOR
OUR TECHNICAL
BROCHURE

Mamulacturad under U5, Palernts:
2,943,313; 3,009, 140; 3,118.138:
3,201,785

I —_—

ELECTRONICS

& DivWisiDM OF
THE FPATENRT BUuTFOM SOEHPAMY

WATERBURY, CONMN, ODBT2O0
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new technical products

Deflection Amplifier

Betn Instrument Coop., Mewton Upper
Falls, Mass., announces the avadlability of
15 ﬂ]l-'hllll.ﬂlll ...,'I.._I-q:.g._. IIHIII_'I_'!.II.IT L!l_'ﬂl'l.l:l.nrl
amplifier. The package Features high deflec-
tion performance characteristics at an eco-
mamical price, sccording to the mamifactur-
er. Designed for application in any CRT or
shoeame binlse |_1|'l.|!-'|.‘|:r sy EeE |_l|r'||.'|||:].'i|'||] TR =
melic dellection, the unit is a de coupled
operational-type difference amplifier.

Capable of sopplying up to 12 amps of
deflection current fo a |'|Ir\r\-|_'|'|:r-|_1:!|.||.'||l_-|.] il
fection codl, the moduls has two identical
channels of power amplification — ome for
X deflection ared one for ¥ deflection. Out-
stanstling Features include excellent lnearity,
wide bandwidith, and stabde operation, ac-
cording to Beta. Becamie the amplifier is
de-coupled throughout, it may be utilized in
mndom point plotting or alphasumeric de-
Flecbanry .1.|!|:|":1i|_':1[|r_||n azs well as Tor rasfer or
ofher pericdic scan formats

Cirghy Bageder Sarviea Cadd Ma. 51

Video Amplifier

Beta Instrument Corp., Newlon Upper
Falls, Mass., announces the availability of
its Model VASME video amplifier, for CRT
and storage fube display systems It is a
te coupled, 10 Mhz, all-silicon, solid state
amplifier which featares plug-in conven-
jence with economy, accosding to  Beta.
The unit i a leedback amplifier, to pro-
vide optimum lineanty and gain stability,
and it may be directly coupledd to the CAT
grid or ac-coupled to o de restoring level.
The wunit §s alwo reported to be folly com-
patible with all other modular display sys-
tem components mamifactared by Bata.

Clogls Badar Servins Civd Mo 53

Circuit Indicator

Eledtro-Mechanical Instrument Co., Per-
kasie, Pa., manofacturers of woltmeters,
ammeters and cinoal Indicafors, has intro-
duesd A new minfafure circult  Endicator,
the Model B0, Requiring only 2 millivatts
il [ 7] apHrale, :l:;| IR snIrEn g ﬂll]:r
[LACHE &n ||n||;|]|_| |_|:.' 46K [n. [H‘.il!”ll
by 0406 fn. (height), it finds application
as a batbery cosdition indicitor, circiit
monitar, amd similar uees ax an incdicator
of woltages so bow that a pilot light will not
operate, It is available in both flag-bype
and painter-type confiqurmtions.

Cirela Rabder Ssrvics Cand Ma, 53

Microcircuit Step/Repeat

Royal Tendth Corp., Mew York, ofles
itz Misomex step and repeat Model 101
[a complete re-design of the fim's Model
T3] which features vemier sefting step
dials which can be set to 0U00MS inch.
Magnifylng readers are mounted on both
the X and ¥ dimenslons o dey man and
chiock rosulty beforo the master |'||.L1r. %]
actisally prodicsd. The enlire amil is oom-
pact and operates in both axis fully avte-
matically, sccording to the mamsfscturer,

Circle Mpdder Torvicw Card Ma. 34

Multiphex Fiber Optics

1'|.1:| -Diptic Yvstems [ne., Paraimoiand, Calif .,
has announced & new bype AST polymer
fiber light bundle that offers Ty advan-
tages over the glass type, according to the
mamielsctiuner, Tersied h‘u:liplrl‘: hignidles,
they provide mpreved Fexibility and are
almost indestroctible. The bundles repart-
edly provide transmisséon charscteristics sus
pethor to glass, especially In the ir and viclet
Fegiong af the spectram, I.I;ﬂll boss  Tromm
bubbles and chipped daddicg is elininated.
Monsbreakable characteristics allow the use
of a Ehin, Hghtwelght sheath mather than
the bulky sainless steel convolubed fube
ugially requined with glas, Two tvpes of
light sources mre available.

Civly Bemader Servips Card o, 35

Readouf Indicators

Alco Electronie Products Ine., Lawrenos,
Mass, anncunces the avadlability of fz ser-
ied of remdout indicators for high isbensity
display, Brightly-fluminated %-in.  digits
are indicated on an engraved locite plate;
the figures are marked as o seres of white
dots, The plate is edge-lighted by a new
type of incandescent lamp, the Arm states.

The lamps, which are soldered in place
1o eeclizee EPEOpET -t ac] jwhllﬂl'lh "G
stabee] #a Bave a life Lot ety o Fraim
000 o S0L000 howrs. Owerall size of the
indicatars i 2%in. kigh by E-In. wddeg
narrow width i stated to allow more read-
outs to be installed and displayed in lim-
ited space areas. The onits are available
Im 8- amd 1d-voll models

Civhy Redde! Sorvitd Card Moo 56

DC Differential Amplifier

A do difterential operational amplifier
[{Model 301) which is stated to provide
prilers-of-magnitudde  better  offset, drift,
(it ||:||! gtllillk:lluﬂ-nll::h_- ;|:-|_-|J'|:'|ru'mr:|-1-.|_- [|ull
prosent-diy FET amplifiers i3 avatlable
fram Analog Devices Ine., Cambridge,
Maxz, Completely solid-state, the 301 is
fully encapsalated into a 28 in by 08 in.
mioclale for direct mounting on prinl.m[ cir-
cudt cards.

Typleal applications bor the 301 inclode:
imtegradors with Hme comstant of an hour
oF mare, very bw nolse smplifiers, pre-
:||:|i1|:ri|'r\. fiar operation with i'llr.r.l}r]n“'l‘l'll."'
sl other high impedance sources, diffes-
ential amplifiers requiring high bovels of
common mocde volage, follower amplifiers
with the minimum of source loading, log-
arithmic and other wide dynamic mnge
amplifiers requiring signal swing over mine
arders-of-magnitude, sample-apd-hold  ame-
plificrs capable of storing low-level signals
on small value capacIlars, and  eommbd s
tions of the above roquirements,

Circle Auaidew Serew Card Neo 3T

200W Short-Are Lamps
Ihnination Industries Ioc., Sonnyvale,
Calsf,, has apnouneed a serles of 200-w mer-
cury shorf-are lampa with fwe luménous
efficilencies up o 50 lomens/w, Termed
IMFOIEMATION DISPFLAY, SEPTEMBERADCTORER, 1964

SUCCESSFUL
STEPS TO COMPUTER
AIDED GRAPHIC DESIGN

Take a giant step with Benson-Lehner's new family of graphic digitizing and reduction systems. Now, |

L

With the Large Area Record Reader (LARR-V), digitizing of engineering drawings, plans, and maps with
output to punched paper tape or punched cards is quickly accomplished. For high volume jobs, an I1BM
compatible 556 bpi magnetic tape output is available,

GARD output is directly usable for numerical control, computer or drafting systems, Resolutions of .0017,
010", .050", .100", .250" and .500" are standard. Grid offset, absolute and incremental outputs, and
special commands are all included with GARD.

For computer aided design—simple or complex —rely on Bensen-Lehner for proven systems every step of the way.

DQ benson-lehner corporation 14761 CALIFA STREET, VAN NUYS, CALIFORNIA + 7817100
v ooe
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ALL THIS

IN THE SERIES BX

BOX SWITCH

® UP TO 4 POLES OF SWITCHING _
1-A, 1-C, 2-C & 2-A in this MOMENTARY ACTION pushbutton Switch
(or D, F or G contact forms on special order).

@ INTEGRAL SLIDE CONTACTS
Silver-plated spring-tempered phosphor bronze contacts
rated 250 ma., 30 watts max., A.C. non-inductive load.

e ADJUSTO-CLIP* PUSH-IN MOUNTING
Instantly adjustable clips for front-of-panel “snap-lock”
mounting; for panels 3/64" to 17/64" thick.

e BEST LOOKING BEZEL IN THE BUSINESS
Low silhouette bezel pleasingly frames switch button;
acts as an attractive escutcheon plate.

e SUPER SPACE SAVING SIZE
Mounts in matrixes on 11/16” centers in either of two planes.
Takes only 114" behind panel depth.

® CYBERNETICALLY DESIGNED BUTTONS
Handsome finger-fitted concave design: choice of white,
black, red, green — other colors and/or identifying
legends on special order. 7/64" button stroke.

e MOLDED BODY ENCLOSES CONTACTS
Protects against dust and dirt . . . prevents bending or
disfiguring contacts caused by excessive handling.
Terminal identification molded into case.

e AND INCOMPARABLE QUALITY, TOO!
Built with the very finest materials manufactured
in perfectly matched molds . . . with the “solid"”

feeling action you expect only from the
most precisely engineered switches!
Ideal for computers, data processors,
telephones and telephone

equipment, etc. * Patent applied for

WRITE FOR BULLETIN 169
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Type IIT Series, they are capable of opera-
tion on either ac or de, and are available
with or without starting electrodes. Con-
struction is of clear, fused quartz, with es-
pecially processed tungsten electrodes. They
are extremely intense sources of uv and vis-
ible radiation.

Either a 2- or 3-electrode type is avail-
able in a 4.1- or 4.75-in. overall length, suit-
able for new equipment designs. They are
interchangeable in all existing fluorescent
microscopes and other fixed designs, incor-
porating 200-w short-arc lamps. Advantages
claimed include constant output over lamp
life, extreme arc stability on dc operation,
and compact arc size for easy collimation.
Chief applications include photo-resist ex-
posure, photocopying, color TV exposure,
uv illuminators, slit illumination, and micro-
scope illumination. Characteristics include
liminous flux 10,000 lumens, arc size 0.10
by 0.07 in.; minimum starting voltage 10 kv;
average luminance 33,000 candela/cm. sq.,
average dc-operational-life 400 hrs.

Circle Reader Service Card No. 60

Variable-Scan TV Monitor

ITT Corp’s Industrial Products Div., San
Fernando, Calif., has introduced an all-solid-
state 17 in. variable-scan-rate television
monitor with unusually high resolution, It
can reportedly accept a variety of fast hori-
zontal scan rates and horizontal axis drive.
Its unbalanced wideband horizontal ampli-
fier will accept a 15-kc¢ sawtooth without
requiring large amounts of power. Maximum
spot velocity is 1 cm/microsec forward
(positive) and 3 cm/microsec for retrace
(negative ).

A 15-kv acceleration potential and a
spherical-faced CRT permit 1000-line reso-
lution at the screen center, and not less than
500 lines elsewhere. Deflection is magnetic
and focusing electrostatic. Intensity modu-
lation is provided. The all-solid-state system
has a very low drift of less than 5 mm per
8 hrs. Vertical sensitivity is 0.1 v/em with
full-screen deflection to 7 ke; 3 db is down
at 50 ke with l-cm deflection. Horizontal
sensitivity is 0.5 v/em with a 15-kc saw-
tooth full-screen deflection capability.
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Digital Encoding/Display System

A digital shaft encoder featuring unusual
separation between encoding transmitter and
digital readout has been announced by
Theta Instrument Corp.; Saddle Brook, N.J.
Up to 10,000 ft. separation will not affect
either life or performance. Such distances
would result in brush burn-up in conven-
tional systems due to the capacitive discharge
from interconnecting cables, according to
Theta. In addition, the new Series 10 en-
coder will directly drive several parallel sets
of readouts and printers without the need
for either code conversion or further power
amplification.

Finding application as an analog-to-digital
converter, the encoding system interfaces
with readouts and printers rather than digi-
tal computers, Specifications include speed
at 1500 rpm intermittent, and 1000 rpm
continuous. Accuracy and resolution are 1
part in 10,000. Life is 25 million revolutions.
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Inter-8 Weave Cables
Magnetic Shield Division, Perfection Mica
INFORMATION DISPLAY, SEPTEMBER/QCTOBER, 1966

Co., Chicago, offers inter-8 weave cables of
unusual design which substantially reduce
magnetic field pickup or radiation. Cables
can be fabricated with compatible alloy
wires for thermocouple applications, with
plain copper wire for applications where
junction EMFs are a problem, or with tinned
wire. Increased magnetic or electrostatic
shielding effectiveness can be realized by
weaving outer shielding braids of Co-Netic
or copper over the basic cable.

Dielectric separation between dual layer
sheaths is normally PVC but other insulat-
ing media may be used. On braided shields,
a final insulating outer jacket is used. Wire
sizes range from 24 to 36 AWG. Wire insu-
lation can be PVC, Teflon or any other de-
sired dielectric. Cables of No. 24 AWG wire
are available in continuous lengths up to
2,000 feet. Continuous length limitation is a
function of wire size. Inter-8 cables using
special wire can be fabricated in small lots
for experimental and special application re-
quirements.
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Precision Film Reader

Richardson Camera Co. Inc., Phoenix,
Ariz., has designed a precision film reader,
the 660, which will enable an operator to
make semi-automatic measurements of X,
Y, and O coordinates along with providing
entry of auxiliary data into punched card
records of images recorded on 16, 35 and
70 mm sprocketed film formats with high
speed and comparator accuracy. The unit
features low distortion optical projection with
automatic selection of 5X, 10X, and 20X
magnifications.

The choice of bi-directional film transport
modes offered include single frame, multiple
frame to frame, variable cinemotion (all pin
registered ), and fast flow motion. The en-
tire transport and buffered film reel system
are mounted on an X-Y stage. Digitization
of this joy stick manupulated stage provides
coordinate readout accuracies of better than
10 microns, A rotatable retical and separate
light source are used to provide reference
for O and X, Y measurements. This retical
is mounted in the proximity of the movable
film frame stage so that the image of the
film frame and the image of the crosswire
retical are both projected through the same
objective lens. This not only eliminates error
due to lens distortion but abates any error
due to lens vibration. The reader has been
designed to afford maximum reliability, ease
of operation, maintainability and safety.
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Pushbutton Random Access
A new development from Houston Fear-
less, Los Angeles, called the FilmCARD
Reader (patent pending), gives 4-second
access to any page in a total file of 67,500
microfilmed pages. The desired record,

selected by pushbuttons on the control-

panel, is located and displayed full size
on a screen at the front of the Reader. The
unit is a desk top, self-contained, micro-
fiche reader which contains a file of up
to 750 filmcards (microfiche), each of
which contains 90 microfilmed pages, pro-
viding a total of 67,500 pages of informa-
tion. Any amount of additional file stor-
age can be contained in external magazines
and be quickly interchanged with identical

magazines in the Reader.

Operation is by use of a standard 115 v,
60-cycle, ac outlet. Overall size is approxi-
mately 16 in. by 22 in. by 21 in. Custom
models are available to specifications. Spe-
cial optional features include a printer for
hard copy output, increased internal capaci-
ty to 100,000 pages, COSATI and NMA
formats, random access computer peripheral
equipment, dual screen models, look-ahead,
replaceable storage files, and numerous
other features.

Circle Reader Service Card No. 65

Subminiature Neon Lamps

Two new subminiature neon glow lamps,
the A1B and the AIC, have been intro-
duced by Signalite Inc., Neptune, N. J. for
use as indicators in appliances and other

MIDGI-LITE

DIRECT VIEWING of incandescent light bars (no
projection. .. no light-piping) permits: lowest pow-
er of any device — total power, from 50 milliwatts;

e
/ﬁ
Y.

The digital readout (MIDGI-LITE) is available in 5 standard sizes*
with character heights from 1/8” to 1/2” . . . the alpha-numeric
readout (ALPHA-LITE) is available in two standard sizes* with 1/4”

*CUSTOM SIZES AND SYMBOLS AVAILABLE TO MEET YOUR REQUIREMENTS . ...

T0 USE WHERE HIGH INTENSITY, LOW POWER, LONG LIFE, LIGHT WEIGHT
AND SMALL SPACE ARE REQUIRED--NO MOVING PARTS!

qualified for aircraft use/designed for avionics, ordnance, shipboard applications

ALPHA-LITE

wide viewing angle since all light bars are on the
same plane; excellent readability even in direct
sunlight; smallest volume to character height.

and 3/8” high characters. Encoders and drivers (MIDGI-MATE) are
available to mate with all MIDGI-LITES and ALPHA-LITES. All are
offered with a variety of terminations.

MIDGI-MATE

WRITE OR CALL TODAY

pll/lllfé’s ]//16'. 1275 BLOOMFIELD AVENUE, FAIRFIELD, N. ). 07007 / (201) 226-7724
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devices. The ALB i a stancisd bhefhiness
lamp aned the ALC ix a high brightnes Bang,
Light emfpust of the high brightrss kmps
geserally nans approcimately ben timses that
rlr |_||-_- 1.14.1||_.|:|r|| llrl.;:hllll.—“ LI.||I|h amd can
'Il-.' mu|:i|:|.' »;||:|-q'ru_'|| wneler mormal  rocan
lizhting conditions. Standard  beighiness
lamaps are used where nonmal lighting condi-
tiors are low ned o lower liglt level ix de-
'\«.'irl;'l_:|I asch ax on electrie blankegs.

Bath I.J_||I]|-'¢ are """I'i"l’."-"'l' In & clear glass
tube which is 0.244 in. max, in diametor
and 0.5 In. max. in length. Lesds are 1 in.
cepper, The lamps may be provided with
e without & current Hmilting resistor in ace
cardamnce with specilications.
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High-Speed Stroke Writers

& series of highespesd stroke  writess
that can prodece symbals for CRT diz-
plays at speeds as Fast as 4 p sec per symbal
hazs been anmoinced h:. Tasker Inmstnaments
f'.-ljrp._ Wan "'a'll_'a"a_ Calil. A |.'||i|‘-|_'ll1nﬂ fimg-
tiom-gemeration technigie pernils customie-
ing modular printed circwit cands e give
unlimied charncter style and reperioire, as
reuizedl by specific progams o comtrol
CarEikils, .'|<|.-|]'!-l|'||.‘||r ta  efther hlﬂ]‘l-aﬂh‘rﬂ.
random-access wriling systoma of Tormsited
sysberns, the Model 401 can operate From
remote location (up fo 50 feet) and cam
drive ss many as 30 nonparallel displays.

Camds can be custoen-bail o Th't'rl'!'lli."f
'I'irtl,l‘l,"!' any ;\.]|:|:|'H;| il ':.!ull:lt,u,ll._ riﬂ_'ulr_' bl
character that can be made up of 20 or
fewer stradght line segments. Line segment
length amd directon are ot limdted amd

MAGNETIC SHIELDING

MADE EASY
APPLIED IN SECONDS

Cut to any size or outline
with ordinary scissors

Co-Matic and Matic foils are ideal for initiad labora-
tory of experimentsl avaluation ... ates for produs-
tian applications and automated cperations. Dra-
matically enhance component performance by
slopping degradation from unpredictable magne-
tic fisdds. Whan grounded, foils slso shield electro-

all '\:«'I:IIHII'\-\. ane  written  with  conitinismis,
l.‘-l'lrl"l:l:tl'l.] Ii'l" sepmenlE @l o comstand e
that assures wniform  line intensity  and
birightmess.
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Microwave TV Transmitter

Brown Engineering Coos Electronic Svs-
tems [Mv., Huntsville, Alz., has -:Irn-lnguﬁ:l
a solid state microwave lelewision  Erams-
mabher hﬂ'l“_.llillg bess itham 10 Tha. Designed
for aperation on an S-band frequency, the
uiit has appications o closed-clreuit TV
systems for aerospace, inchastrial and edwca-
thonal purposes.

Measuring 1 ft. ||:||||5 ]:].' 4 in. ||:i|,;||_ e
tramsmilfer ix in & sealed aluminume-mag-
nesium housing that permils operation in all
emnvirneamsEnts, i|1|.'|l.|ri|l1|{ ouler space  amd
undlerwater. It prodoces 20 milliwatts wt
BR800 meegacycles amd operafes on 28w
[after warmup), I simplified dexign s
feported Bo: wiilize fewer and smaller come-
ponents;  requine les power than similar
units: amd be highly reliable and mgged.
The wnig rr|:-.:'|r|:-r-|ll:.' can be atibized with any
TV equipment having a T5-chm input fn-
pedance.

Circle Msader Servicd Card Ma, 04

Mindature Decade Counter

Umited Computer Co., Tempe, Arlz., an=
nounces ihe mamulactare of dis Model F1S42
integrated cleeudl decwde counter. The unidl
e 1-11700 i high allowing ose in thin 1%
im. high rack mounted systems, New hright
inglane display has ¥ in. high mumbers and
can be read over wide viewing angles.

el Tramulrmer  able Shisiding

atatically. They are nol significantly affectsd by {

dropping. vibration or shock, and do nol require | |
periodic annealing. Available in thicknesses from
J02 i radls 4%, 15, and 19-378" wide, High atten-
uation o weight ratio possibilities, Every satellite
and virtually all guidance devicesincrease reliability
with Metic and Co-Metic alloys, saving valuable

space, weight, time, and maoney.

i
MAGHETIC SHELD DIVISION

-
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Decwiles monint on 1 in cenbers. Countlng
-.Lu,'l;\-llil\. are de o 3 millien eoumts pef
secomd. The unit is available with 10-line
decimal or BCD electrical outpul. Sapply
violtsge dv 0 3.3 v af 120 ma. For logic snd
5 v oac (0 o 400 'q::.|||'1. Freg !.l||l|h. Sangle
1.'|,|l|.|;.‘l|_l melels are aln available, The it
measures 111716 in. H x 1 in. W = 55 in.
L wedght ix 3 ounces.
Circie Mwuedei Sinrrice Casd W 70

High-Sensitivity CRT

Amperes Electronic Carp, Hickzville, L.1.,
M.Y., smnoumces the D13-2T CRT which
feabizes high sensitivity far s lemgth and
‘face size, It s a 5-in round fat-face gen-
eralpurpose display tobe Intended for wes
in precision instruments. Its short length of
13.5 inches makes it espechelly subted For
ase in tramsistorized equipment. The fulse
Features electrostatic focusing and deflection
ard incosporates a helical distributed P.DUA
system. Its vertical sensitivity &5 13 v cm
and horizontal sensitivity is 27 v em,
Ussfial scan area = § & 12 om, and spot
sze iz 0012 in. The Amperex D13.27 util-
iz deflection blanking elecirodes, thos al-
lowing blanking circultry to be referenced
ia H:lqlu:n,i.

Girchy Beder Serdicy Cord Mg, 7]

Video Converter

Caolorado Video Inc., Boulder, Colo., has
imtroducsd & vides comverter which pro-
vides a "dlowescan™ TV sigmal from stamd-
ard “realstime” wideo inputs. Completely
sodid-state, the amdt achieves converséon by
meand af sampling rather than saorage tubes,
thus providing superior rum]ul.'iun, Erey
scabe, and shading characteristics, scoording
to the mammbnctsrer,

The model 200 may be nsed for nareow-
el visual commmunications, video process-
ing, or az a computer inpuf device for data
analysiz. Slowsscan frame rates are varis
from 5 to G0 seconds, amd elther analog or
digital outputs may be selocted.

Circle Basder Service Card Mg, 72

Drum Type Incremental Plotters

California Ceompater Prodiscts I, Ana-
heing, Calif., anbounces the availability of
iti Models 685 and 6683 drome-tvpe digital
incremental plotters which operste at asyn-
chronous incremsental sbep rabes up to three
B Elee -.|.'|nr|-|_'\-|! af stamdard Models 565
and 363, Compatible with all CalComp on-
line interface wmits amd off.line tape onits
{ Models 470, TS0, T80, TT0 and 780], elec-
tronbes are meounded in & desk style console.

Tt ['|||"|llrn |_:|r-||'.:"|l|' wwitch selectéon of
wither 0.01 in. or 0005 i step sine, Model
865, with a 12-inch drum, opemtes at -
cremental  speedls of B0 stepsisec. im
000F [n, step size and 430 stepsfsec, in the
00 im. step siee. Model BE3, with a 30-
inch drum, operates ol corrmponding spesds
of T and 350 sepsfeee.

Ciole Mimder Service Caodl o, 73
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Yes, for a limited time only, you
can receive a free copy of this helpiul
new book, with absolutely no obli-

gation! Just mail the coupon,

Published by DYMNAIR, the lead-
ing manufacturer of video distribu-
tion switching equipment, this book
describes the most commonly used
methods of switching video and other

high-speed information.

The photographs shown are sam-
ple pages reproduced direcily from
“Video Switching Technigues" and
are typical of the material presented,
Pictorial diagrams, supported by
casy-to-understand text, charts and
tables, make system design simple.

The book mcludes useful design
information for a multitude of sys-
tems, both video and audio. . . sim-
ple and complex, (High-speed data
can be switched using the same tech-
niques.) It covers everything from a
basic single-output monitor switcher
to complex dial-controlled, solid-
state switching systems which can

INFORMATION DESPLAY, SEPTEMBMIRQCTORER, 1568

conirel hundreds of inputs and hun-
dreds of outputs. The problems in-
volved in selecting the basic type of
swilcher for a particular application
are discussed with the exact equip-
ment detailed for many systems,

DYMAIR switching equipment is
installed in numerous facilities
throughout the warld, We have sup-
plied remote-controlled, solid-state
systems with as many as 14,000
crosspoints, One system provided in-
dependent selection of 135 inputs by
390 separate monitor locations —
probably the world's largest solid-
state switching system.

The practical building-block con-
struction techniques used in solid-
state DYNATE equipment allow
systems of virtually any size fo be
easily assembled, Plug-in modular
eiched circuit boards are used
throughout, assuring case of main-
tenance. Custom conirol panels can
be provided to suit almost any re-
uirement.

DYNAIR alse manufactures a
variety of other television equipment,

D Rk I e e L {
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If you switch signals

...you need this book.
(It’s FREE from DYNAIR!)

including solid-state modulators and
demodulators, solid-state modular
video amplifiers, and solid-state side-
band analyzers,

If you wse this tvpe of equipment,
you might like to receive either our
complete catalog or literature on spe-
cific devices; DYMNAIR product in-
formation is available upon request
— just write, outlining your needs.

FiEdrmayvica. Fae.
LU R UL Rl Lo
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£360 FOSCRAL BLYD, » SAM DIEGO, CALIF, I
TIF BB & PHOKE (T14) SEIG310 |
Plesss wand mn o free copy of "Video |
Bwitching Technlgues" I
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CRT
DISPLAYS to

# SCHEEM
COLOR
DISPLAYS

LARGE

Whether vour computer

output must be diz-
played to a group for manage-
ment or command decizion, or
permanently recorded for analy-
gia, a Photomechanizms system
will do it Tor vou most efficiently.

Large Sereen Display Systems by
Photomechanigms photographi-
cally record monitored events and
display them in a variety of col-
ora in near real time. Present
gystems are particularly well
suited to applications where large
amounts of data must be dis-
played and changed regularly.

Hard Copy Generating Svslems
by Photomechaniams can be cus-
tom aszsembled from modular
subsystems to meet your specifi-
cations for capacity, sensitivity,
and cost. Four basie systems are
currently available to fit most
applications.

Fast, full-coloy display for deci-
gion making or clean, permanent
prints for record and analysis—
Photomechanisms enginesar-
peientists can help you do what
you want with your computer
output. Drop us a line today.

Ing g gt ated

1S Stapir Place, Hund inglen $18cian, Fea Tock 11744
T4 Cirele Resder Service Cand Na. 16

Multistation Annunciators

Mew 278 Series anmunciabors -;l.\,t'.lln]:nl 1]
by the Komy Manufacturing Coo, Seattle,
I|'|-'.I'--'||I |:-r\:|'u||.-|' -:1.'|I|||:-'||'|:|' [EIOETRTS af in-
elicatining for the '\-\.-I'\'Cllll'rH'\'l':I apeefabicns of &
svsbema  or !l_n momiloring the stabus awf
wveral sy erE -||1|l.||!.|'|l-l:vl.l'-|}'. Featureil
are captive legend-lampholders  desirable
for adrboees e EkpmEnls, Each indicating
|.|.|||]|h|:-\'.-:|r:' orstales twa T LE midged Hange
II.'I'lI' I.I'"il"i. 'H.'II iI'II AT Doy .|.|}\I.'|' rl'lll'.'l I.III'
fromt of the assembly without use of tools
Depression of the lampholder releases am
infernal  latch I|'.-|'|:'!|.II'|I:\||I. J."l:ll.'.l.ll;.t the
.|.||:|L||:-:|||_||_'r o be extrpacied, Plvoting the
lamplaolder on the retaining pin exposss the
lamps for replacensent.

The annunciators are fabricated in o wide
varbely of Ereays o sl Enelivlichisal rh;ll.in.'-
menks. Uuisfosn engraving s .|-\.1.1|||Ij:'|i'h.|'||-|i
i @ ||lg¢-|||_| space of 0135 I':- 1.1 fnch. Trams-
lurent white plastic legend plates light red,
green, blse, amber, or white when the
'|.|I'.||_'". are Hlaminated,

LDl Wuuder Sorvice Card N 77

Additive Color Rear Projector

Ghnnini  Scientific Corp., Santa Ana,
Calif., ansounces the desdgn and develop-
meenk of an sdditive color rear projector TO
mm virwer b0 bhe ased in eomjunction with
malisersor reconnakssance reconds, under
the sponsorship of Rome Air Developrment
LConter, Ceriffiss AFB, MN.Y.

The projector incorporates three additive
oolor channels amd ope :rfr:i_'lll_'l_' :_'il:'l:ll!-r].
A aleren !lrl:-;l,,:ll m ]:-d_- 'lIIq'_III|||:l_'I! Fl,:nr slhered
viewing. The four chanmels can be zimul-
tanecusly or independently scanned in x
andl v mepdles and are also Independently nod-
justable for x and ¥ franslatiom amd Emage
refnfian aboul (he |:-;Hi|:-.|'| and & and ¥ ALes,
Each channe] has 5X, 10X, and 20X magni-
fications varishle = 5%, and incorporates a
Film traneport scoommodating 100 fr of TO
TEITS |1I'.:|H-:‘rr'||!||-|'\-|! Fibme, Twa reas paajection
sereend are  provided for  viewing, each
crquipped with a movable 3X loop for addi-
Homal mapnification.

Civghy Reade’ Fervice Cand Mg, TR

Display,/ Recorder
Gtraza Industrics’ Data Handling Dept.,

El Cajon, Cabif.,, amnonnes production of
ita Model 1131 DMsplay/Recorder. The umit
utilizes & 16-im, CRAT (P-T phosphor} for
visnd ‘Il"'l'l""' af up o iR .|..|:-\'.'|.|.'|||:|!-c'II|.
symbsalz. Symbods camn 474 |:'!.1|'|'|! al any af
1024 x 1024 rapdon Bocations on the sereen,
(57} tha r1||||;:|:||':|| can be |.'l'\.1|!|I.I:||1|"'|!. ta
aperate B AN et minle where -1_.'||'-|J-c-|
fallows '.:|'III.!H_\.I [ similar fo EypuewTIler Opera-
Hom ).

The display = sgqunipped with a ligghst peem
which can deteet o1 symbal or a ::-II:.:l-\.'
paimlE O i :ll.ll'.r'\.l carve. A& mamesl inter-
gt |‘||'\-|‘.|'.|| ;|:|||'.|."\. '\.L:j:;l'.uﬁ o tha  Eexl
frame or switching owver to recomding. B
cording of B fll frnmes/sec. takes place an
A5 mm mlcrall (16 mm n:-|:|1:|;||'\-_l,|| with
the cameera looking at a Gdn, CAT (P11
|'\.|:-;|l\.|_1||-:|r_l u.;l:'| !:.Il I'J_-.-:-]:'I.m-.
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Incamdescent Pilot Light

Trelusgrial Devices ||:-\.'I Edlgwwales, M. _I.,
has amnounced the .|l..|||:n|||if'il:. af & mew
incandlescent pllot Hght — the Series ZHN
Mind-Slicle. This attractive and economios
'|:-|||q |:|¢:'|I wars  slicle-base |.|I'||='|'\-. fits inbo
ain 11708 in ||.||'.-|'| hiale, and i svailakle
in & varety of lemses including clear, ned,
amber, green, blue amd yellons

The lansps are said o be extremely longs
lived, migged sl relisble, aesd are avadl-
abile from 4 o 120 I'I.-:"|:||'.||.'||1'||I if '.I||'||'||r
I|1||=; Ty |3.e- |_||:-1||I rrlllrl |1|-_' !rrul! of bl
panel without special tools. The bamg itself
Is extremely hoight amd & easily wisible
ancler all ambiest lght cooditions, aopond-
g bu the umifecinrer. Tl Series 2500
.-.h'..l_-l||h|'_|r & held e the |,'|.|I'.-|'| !lf. ETI1TLS
of & mew |'\.:\.|.||| Rerdpus ki 1
pending ) which avtomatically limits the
degree of torgue it can be mbjected bo —
therely eliminating the possibility of strips
|_|i'.||.: '|h|_' .I'\-\.'!.-C'IIIII:-:::a Hsrlf,

ing eul | palent
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Signal Processing Siorage Tube
Warnecke Electron Tubes Ine, Des
Plaimes, 1., announces the availability af
a high resolistdon versiom of s dual-gun
RW.-5 mbnkaiure sforage fube for video data
[roacesd g I}a_'xigu:ltl_'l_] e AW-SEM, the
new tnbe is capable of resolving a minimam
of 1200 TV lnes on o target of 1-in.-diam
Storage Hmes from o frecton of & second
up 1o a e mbniabes can be [ELL LS lidedll, The
I;l,q'j-e' LIRS 1'||'|_'I:r|:n|||.|:|'.:‘.1q: Focas amd dellec-
tion om both write and read gsides, In sz
and shape, the tohe iz idenbical o the
firm's AW-S, uwtilived n video dsia proces-
sor in both groumsd amd airborme applica-
tiond, The tizbe meels the althome environ-

mentn]l reguiresments of MIL-E-54040

Ciscle Rwader Sarvige Caodl N, 31

Implosion-Protected TV Tube

A 3m, LI0" Besck-and-white televison
pi-;tl'rll tnl'u'_ rlq,'\..rilm-:l as the |.|:'|.;|'-.r -
mercial CHT having ils own infegral Em-
pleslon protection system, 8 avallible from
the Westinghouse Electronic Tube Division,
Elmira, N.Y. The rectangualar fube, in adedi-
oy By R i|||;||rr\-|i|||| profection  syslem,
I\'I-'I.:'T'\. ‘Irl'.l'r 'III.IIHIr I’I':llllli"l l.l:l.'ll HL 19T
%27 . in. viewing area; special tinted glas
for improved picture contrast; four integral
mounting brackefs, or “ears”  that fscil-
tate cabinet moanting: ol constraction that
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FAIRCHILD
cleans the beam!

New electron optics provides unassisted focus and astigmatism correction

B NO DEFOCUSING and astigmatism, with increased reso-

WITH DEFLECTION lation.

Fairchild calls this “the clean beam
tube™ because of the excellent spot size
aver the entire useful screen area. Dry-
namic of programmed correction is Aot
required to compensate deflocusing or

Breakthrough at Foirchild! The Fair- astigmaiism resulting from deflection,
child clean-beam twbe, KC 2656, is a Thizs tube is the result of extensive

Write or call for fafermed applica-
tion assisfance on the new KC 2656, or
ask for our new 48-page catalog listing
B MO ASTIGMATISM aver & 000 jubes that we make.

B HIGH WRITING SPEED WORLDVE LEADING MANUFACTURER

OF DISPLAY TUBES

new 12-inch electrostatic deflection and rescarch and development which pro-
focus CRT with a new electron gun. duced new departures in  deflection FAI H:H I Ln

The electron gun design represents n structure and electron gun design, The
maper breakthrough. This design pro- design changes have improved the com-

vides increased writing speed and sig- patibility between the beam gencration DUMONT ELECTRON TUBES
nifleanily reduced deflection deflocusing amdd beam deflection functions.

§ BEiDe O el SR BAD iRLTEIMENT CE-ERSEEF Dk

CLIFTON, H.J
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CRT

DISPLAY SYSTEM
BUILDING BLOCKS

& CHRT AND COIL MOUNTS

* SAWTOOTH GENERATORS

# DEFLECTION AMPLIFIERS

& DYNAMIC FOCUS AMPLIFIERS

® DYHAME FOCUS GINERATORS

& LINEARITY CORRECTION CIRCLITS
® VIDED AMPLIFICRS

¥ ELANEING AMPLIFIERS

8 PHOSPHOR PROTECTION CIRCUITS
# STATIC FOCLS REGULATORS

® AND MORE

Visit us at the SID show,
Boston, October 18, 159, 20

. Beta
I Instrument
Corporation

3T? ELLIQT 50., NEWIL UHHER FALLS

MASSACHUSETTS J TEL, 81T = DEOG510

Cirgly Byacdar Farvicw Card No., 53

i= adaptable to tube types differing ondy
in electrical charactesistics,

The implosion protection system is com-
prised esentially of a metal fm band
angl a steel femsion strap. The metal sim
band, switably marved o ft mmuoply around
the periphery of the tube face, & epoxy
bonded to the glas. A steel tension strap
is then prestressed tghtly ower the rm
bapd ancd mechandcally clinched (0 place
to maintxin a residual tension in the system.
The mousling bcketz are positioned s
that the tube can be wed interchange
ably with tubes using altermative Empbasion
protection, such as the “Hlled rim™ system.

Eircle Resder Services Card Ma. B4

Portable Metic,/Co-nefic Chamber

Magmeiic Shield Div., Perfectios Mica
Ca., 'Ehll_:'lﬂ:tl. odlers Ba |H.Fﬂ=|l-.|.='l'l:' Metic/ Co-
netic  shickled chamber for performascs
test  evaluation of  magnetically-sensitive
components or small systems where un
avoidable magnetic fields are present. The
dual cell izolakes sensitive components oF
senall sysbema froen ambient magnetic fields
dizring  performance testing, assuring  ace-
curate evaluation. The cell measares 30 in.
cube inside, has 24 in.x 24 in. chieldesd
linged door with spring latch, and two
shiclded cable entrées ad rear. Dhaal separate
lamina comtruction comsists of Netic 53-5
ouler laver for diverting higher level mag-
netic fields, amd Co-Netic AA imner layer
for maximam sttenuston of low bevel Felds.

Both materfals are relatively  mon-shock
senaitive, non-reteslive amnd da nol reguire
periodic ammealing. Proper spacing and ade-
quake mipport B provided by a lightvweight
8 in. aluminum bar stock frame, For oom-
|1|.HE' I.hlrl!h'll.ﬂ bty when doos (=
clased, the Co-Netic layer overlaps the
fnner shield system. Far easy portability,
four converdently.located handles are pro-
vided.

Circle Besdor Serwice Card Fg, 05

Adaptive Spectrum Analyzer
Federal Scientific Comp., New York, an-
nounces  procdoction of it Model &0
Ubiguitpus™  Spectrum  Analyzer for om-
line use with dynamic signals, Speech, wi-
heation, shock, and other phencenena with
thme-varying specira are among the felds

af application. The complete chamcteriza- |

tion of o =ignal whose spectrel composi-
tion wverles rapldly ds acenenplishesd with

CTNLTRL rr-l_'\-||||r|||;‘jr resalivtion  and Ay 6=

dependent ohservations per second, In con-
trast, a zignal whese apectral characteristics
are stationary i completely  characterized
through the wse of fne frequency resolu
tiom amed few measurements por secod,

The Model G -.!rnlhn'i;:.l_l:. 10U -
pondent  frequency resolution elements per
peoand  whose frequency-time  digtribution
can be allocated in nccordance with shgnal
dynemdes. Salient Teatures  inelisde:  com-
T!i\]l"'hl:r' strmnal barseones :||,!:'-|L|Ii'\.'r fmpll_ll.'u_':"
amalysis over 8300 Hz rnge; bandwidth
variable from 25400 Hx; dynamic manges
to GO db; ohility to capture transients in
am internal memory For analysis and play-
back: opticnal digital m,:ﬂpu.:r The unit is
all solid-state, has & [128-in. fromb pasel,
andl power consumplion is TS w.

Circle Bepder Servics Card Mg, 35

Random access
slide
projector

Model 136-5U
256 slides
short-way- home search
= 3.1 second average access time
= & 0005 slide locating accuracy
CRT overlays | Briefing systems
Froduction contral | Educational tv
Dispatching | Surweillance

MAST DEVELOPMENT
COMPANY

Dﬁ'l'ENmﬂT |ﬂ||'|rﬁ. « Fhone 3]19-323-9729
Ewedni Jarvice Dped Bo. AT

Luxurious and carefree
comfort in the heart of

BEVERLY HILLS...

110 ofractive
rooma, Pt

house witer
with TV ond
iadia durroed
the baoutiful
Figwre—sigh
wimAing [T
Dwlicioan dising
in Eha

CAFE CARLTOM
Contnental

flaver is
wrvice and

shyling, GIMLY
STEPS AWAY
FROM THE Fio

FABULOUS E-ﬂj?fﬁ
For Rapsrvotlions

BEVERLY HMHILLS

EHOPPIMNG
I Haw Yorks Flozo 2.5&00
I g $otw 2.5038

AREA.
A LI HOTIL

THE BEVERLY CARLTON

PAC0 W, Dlympiz Bhd., Bavarly Hillu
Phepnas CEggtvigw 5-5221

Taletype 2132781778
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Transient Record/Reproducer

Evans Associntes, Berkeley, Calif., has in-
tredluced its Model 848 transtent reconder/ ne
producer, which will record single transient
events, of selected intervals of continoous
analogue datn. Input signals, mnging from
sul-millisecomd down o misutes duration,
mre sampled, stored, and are svailable at
Eny subseruent time desired. The basic
"\Indel 848 reproduces 258 sequential data
pontg in time, with & prosision for adding
o, i meddular Eashion, 1024 or 40545 addi-
thonal podnds,

The reprodhece mode 5 monsdestructive;
:-n:rucquﬂl.lly, the storexl signal may be
megoneraled  contineously & oa  repetitive
waveform, (ther features provided are
mtomatic mnoothing on output, & conmese-
tion for computer prOgramaming, amd podnt-
ly=paoint interrogation. Applications include
making Fourler analyses of fast ane slow
transiends, ulilizing conventional oesdlbo-
seopes i displays requiring  storage, and
recorvering  elusive, oncecnly  waveforms,

Ciaghy Meader Sarvice Casd Mo, 39

Digital Shaft Encoder

A digital shaft encoder festuring unsual
separation  between  encoding  transmitter
and digits]l resdost bes been  amounced
by Theta Iestnement Cosp., Saddie Brook,
N, . Up to 10,000 feet separation will nel
alfect wither life or performance, Theta
itates. Such distances would resalt in brush
burmeup In conventional systems due o
the capacitive discharge from ntercosninec-
ing cables

The Seriea 10 encoder will directly drive
Y l,::ul! iHIl'.I."l'l sarils wal :|':-||,||,.|l||h. ..ilu,l |_|r|l|l,u|_ln
withoat the need for either code comversion
or Frther power amplification. Finding
application as an analog-to-digital cenventer,
the emcoding system iz novel because it
interfaces with resdouts amd printers mather
than digital computers. Specifications are:
speed, 15300 mpm intermdttent and 1000 npm,
continmcns; scourscy and resalation, 1 pan

In 10000, ared life, 25 million revelstions.

Circle Beasder Service Card Ho. 30
Random-Access Projector System

Spindler & Sauppe Inc, Gleodale, Calif,
anneunoes the introdection of a 192-slide
capacity projector system capable of oom-
plete rendomeaccess slide selection, called

INFORMATICON DafeiAY, JEPTEMBIR /OCROBER, Ihad

the Selectroslide.

Twoe Selectmslide propectors are elec-
trically coupled 10 a  specially-designed
confrol consols, Both projectors focus on
the same scroen {either front or rear pro-
joction ), providing a totsl of 192 slides,
Random selection and projection of all
slides, ms well o focus adjustment and
onSstanclby gwitching of both projectors,
i pcoonplished by the remote comtrol
comaale,

Cirehe Reader Service Cand Mo 1
Micromin Pushbutton Switches

A mew line of micro-miniature push-
button rotary switches has heen ansnnnesed
by Janco Coep., Barbank, Calif, mansafac-
turers of rotary amd  solencid  operated
switches, Feaburing printed-ciroult constrocs
thon amd extreme ease of operstion, this
latest Janco pushbation rotary  switch &8
designed to meet and exosed the enviroo-
mentsl requircments of MIL-5.22710.

Called the “Space-Saver™ pushbatton -
tary switch, it ix actusted by depressing the
bistton on the front of the switch. A win-
dow i provided for readout where white
digits on & black backgroumd indicate switch
positions, The switch iz avadlable in 8 10,
or 12 positions i all standard  codes.
Mechanical and electrcal life charscter-
istics are sid to have capahbilities of J00,000
revodutions. Electrical raling canmies 3 ATES
comtineous, makes and breaks 0,125 amps
risiotivie, and has an  inidal contact e
sistance of 0003 ochms maxdimem. The
swibch measores 1020 x 1.020 x 0350 wide.
Weight is 1 ounde maximuen.

Circle Resder Service Casl Mo, 22

Pamel Malers

lideal Precision Meter Co. Inc., Brooklymn,
M.Y., offers its Hne of panel meters, inchud-
ing o series of eight sizes of cblong meters
measuring from 1% in, o 7 dn. The meters
feature “vision-depth™ styling for Function-
ol beauty; rim-fo-rim scales for easier, meore
accarmte semding; and ragged constraction
of high-impaet thermeplastic material.

Banges of the meters are for all sand-
arel de lvpes antd ac rectifier types. Other
series fypes which are availabde inclede a
orw group of long-scale d=inch panel me-
ters which have 250* arc scales.

Circle Basdar Sarviee Card Na. 33

[ﬁ,g,it-i!f Readouts

Tung-50l Electric Imc., BNewark, '
has iotroduced single digit readouts, each
capable of representing 21 stamdard alpha-
nuamseric characters in & seven  segmented
bar configurstion, Single digis are stad
together to form desired word length amd
ire held in Tﬂm |:|:.I a lightweight frame
which nlso serves s n mouenling  bracket
Minlature Encanilosces) |:|.'|'||3'|-5.. anel \M‘iﬂ'-
he-silvered  light pipe segments  achieve,
reports Tung-Sol, the highest practical hril-
lanice in the industry {500 fi-Lamberts
mim. ], The undls sre reposted to Dealune
150" wida 1|||1|r' whrwing, :ll_-gilgillh: wnrface
reflections, asd enabatrocted i|1-|;|'|.'|r|n|.'I n-
line presentation.

The units are reported to be particulasdy
suitable for semd-conductor clrcuiry and
maihile npp'llt-.llinm hecaase af thelr bw
voltage requirements, sl size,  light
weight, aml ease of maintenance. Electrical
requirements are 4 ¥ ac/de and 0070 ampy
lamp (B lampsfdigith. The readouts have
been designed and tested o withstand the
reqalremnents of MIL-E-5400, sccording to
Tang-Sal.

Cirgly Readww Servic Card Mo, B4

Fadar Recording System

Predision Instrament Ca.,, Palo Alee, Calif,,
ti memaifactaring and marketing B new
FI-TI Raildasr Becording System. The sve-
tein [ consdating of a PLTIN broadband
video aml instrumentation magnetic  tape
recorder and & mdar interface coupler) Is
capable of recording up to BS minates of
continusas of bermbifent radar data on a
10 inch reel comtaining 3500 feet of 1-inch
video tape, Uilising the PI-TI00, it i
possible o recond complefe 20 mdar in-
Formntbon, inclsding single speed swncloo
information and compoesite video signal com-
posed af radar vides mived trigger wideo
bandwith of 4.0 Me. The antenna azimuth
information & recorded on ome auxiliary
track fo provide an absclule posithon. A
second suxilivry track iv avallable for vaice
wimE A ki

Upan playback, the inferface equipment
extracts pulses from the composite video,
trigger signals bor the FFI amd symchro
position  information for the PPl azimath
servis, Some of the broader applications
for the mystern inclade playback of westher
information, detailed analysis of flight for.
mations and training. The stopscan and
vari-scan features of the system provide
for lomg term nnalysis of single frames as
well as varinble speed plavback in both
directiona,

Gimle Bapder Borvin Cand Na. ¥5

Raster Generator

C-E].m, Mihwuhl :"\', j T O [||.|;|
nvallabdlity of a mew raster generstor de-
signed particulardy for CELCO deflection
vilbe amplifiers. The instnement b rock
monnbed amd consists of two mmp genera-
tows hdased = 5w sl |Ir-|'|l||||.:| with @om-
|:|.11Il|'|l|l.l|:|.' variable coniral, Each has four
cverlapping sweep perice ranges providing
vantinnous adjustment from 20 microseconds
to 100 milliseconds. Rasters with a wids
range of frequencies can be quickly dis-
plaped. The unit measures 19 in, by 85 in,

by 10 i, amd hs 10 Tha,
-":lvlﬁr Eareed Card No. 36
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How can you get the most
squint -proof detail
on closed-circuit TV?

PP R AR R

UnFelsichiad Bhalo Ol memror o

Granger Associates
has the answer

G/ A's new high-résolution TV system lets you read & lefter or digit
“0 eccupying only 1/ 15,000 of the picture area. You can view broad
—— opnes—like a situation display, an airport runway, or @ bank of
panel meters —and see all the critical details, Or you can pat an entire letter-
size document on the screen and read any part. Series V1000 TV systems use
as many 33 1225 scanning lines and a 30 Mc video bandwidth
to produce pictures with four times the® @ clarity of conveniional
525-line, B Mc systems. Get in touch with G/A for the most advanced
closed-circuit TV systems avallable any- where today,

Granger

A ciates

AN B, OFPCETESITY Dk gay s

1601 Califarnia Ave., Palo Alba, Califarnia | Telephone: 321-417 5/ TWX: 910-373-1291
Granger Associates Ltd., Fox Oak (Flat), Seven Hills Rosd, Wallon-on-Thames, Surrey,
bngland [ Weybridge 44842 Pk Mander 4 Casdl s, 140
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BROWSES or lght-penning the appro-
priate BROAYSE symbal.

The system responcs to the BROWSE
commmaned with

INPFUT ATTRIBUTES WANTED
This iz the machine’s way of :L'.Li:ng.
whether the user wishes o have dis-
ph:rﬁ:t the title of the article, the ;|'|I||:r::|-|'l
the index terms, or the complete ab-
siract. If e doesn’t know what choices
be has, he types

LIST ATTRIBUTES
and the system responds with

ALFHA
CORP-AUTHOR
AUTHOR
CONTRACT
XTERM
DIVISION
DATE

TITLE
ABSTRACT
*END

In this instance, the user wishes o
see all available information and o he
selects ABSTRACT, The system now
dizsplays on the scope all available in-
formation on each of the docoments in
descending order. The first abstract fo
appenr on the scope i of document
#AD-278082 (Figure 7). Note that the
abstract i not complete because of lack
of room. The rest of the abstract can be
obtalned by light-penndng ihe “C" char-
ke,

Should an immediate permanent record
be wanted, it can be obtained by the
comamand

TYFE DISPFLAY/

In this manner the user can boowse
thm:lg'h the entire set of 51 entries that
have been retrioved in response o his
request or that subset of documents that
he has oot removed from the display.
He may save any information that ap-
pears for future referenoe,

User Satisfaction

The BOLD information storage and
retrievn]l svstem enables the user to for-
matlate and modify his requests. He may
gearch through the store of available
infermation. He can, on the spaot, deters
ming which documents are relevant aned
which are not, After sewing the abstracts,
he can determine and record the number
of thoss documents that bhe wishes to
reac] in their entirety. He interacts with
the system, and when he leaves the in-
quiry station he leaves with the fm'lul.g
that he has obtained most of the rele-
vant material that the system has in
store, The FEEPOThES his been nl.]:-il:!. and
the experience has been a satisfying one,

Refarances
1. Bumangh, H. F. Data Base CGencrator
far the BOLD System, SDC Documend
TJ.F-EH'H?.-‘I'I.’L-‘I’JJ' Janusary 1968,
Bamaugh, H. . Retrieval Program for
the BRIy System, SO Document TM-
806, 002,00, Jamuaxry 1966,

PHFORMATION DISPLAY, STPTEMBER 'QOCTOBER, 96
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This is Sylvania’s new 19-inch SC-4448. It gives you high
resolution and brighiness—even at a writing rate of 1,000,000
inchy/sce,

This tube uses the spiral approach. For superior display
with minimum pattern distortion—and without complicated
carcurlry,

The helical resistance coating inside ihe spiral tube allows
accelerating voltage to be uniformly increased along the
length of the bulb between deflection plates and screen. This
permiis a higher ratio of final anode voltage to second anode
voltage —wilhoul excessive patiern distortion.

Cn the 5C-4448, there's a direct-viewed aluminized screen

., : o
. %Q L;:'

e

and spiral post deflection acceleration. Deflection plate leads
are brought out through the neck—to minimize lead capaci-
tance. Deflection and focus are electrostatic.

And there's n special geometry control electrode for maxi-
miuam pattern linexrity.

For new ideas in CRTs, keep an eve on Sylvania. We intro-
duced low heater power cathodes (1.5, 1404, electro-
static printing fubes, potted high-altitude CRTs, prealigned
packaged assemblies, rear-window 1% display tubes —and
19 sparal necelerator tubes. We can custom-design and fabri-
cale the most sophisticated CRTs you can specify,
Sylvania Electronic Components Group, Sylvanis Electric
Products Inc., Seneca Falls, New York 13148,

SYLVANIA

TSRk AT OF

. | P |
GENERALTELEPHONE & ELECTRONICS (Jr]-ih
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(Caabmged freen page B9 )
Module Socket Kit
Robirson-Mugent Inc., New Albany, Ind,,
has anoounced production of s “Make-
UrsCran™ Module Socket Kit #1, an addi-
thon o the fine's regular lines of integmted
circait sockets, fabricated and tran-
sistor sockets, mindature pin contacts, oo-
axial cable splices and other products. The
kit is reported to be an economdeal andt
comlaining all of the slements necessary to
work up a cusiemn sockel assembly  for
laboratary, protolype of testing applications,
Cirgls Resdar Servios Card Ma. 58
Frinting Maching
Esstern  Marking Machine Coap., [slamd
Park, LI, N.Y., announces the availability
of 2 Model RGAMK high-spesd machine
for printing flat or slightly lmegular peo-
iucts. Pieces placed o8 a comvevar mecalve
the image from a printing roller as they
pass uriler the printing head. By transpes-
ing the two lower roflers, the n ine may
be comverted to direct printing. Printing
width s 2 inches, and production mte is
betaseen 20 and G000 units per howr, RKe=
verse type of coomomical photoengravings
meay ke utilized with the dy affset method
of orinting.
Circhs Muader Servica Card Mz, ¥
Calibrator & Voltmeter
Ballantine Laboratories Inc, Booston,
‘M.)., announces the availability of s Model
421A acidc high voltnge callbrabor with
mssncinted Model 2421 error computes, de-
signed peimarily for the calibration of elec-
trande voltmeters and oscilloscopes, Ballan-

lime reports that any desired ac or de
valtage may bo sel, with three knobs, o
an accuracy of 0155 o 100 v, amd 0U3%
at D110 v,

Two new valtmeters recently introduced
by Ballaptine are its Model 323 & trae
s all solid-state unit capable of operation
from a self-comtained rechargesble battery
of from a 115930 v, 50400 hz Power
source having a frequency band of From
10 hz to 20 Mhz: and itz Model 303—with
rechargeable battery or same power souroe
ax the I23 bui havimg & frequency land
of from 2 ke to 6 Mhz,

Cirele Rasdur Sarvice Cand M. 100

Xemonm & Mercury Arc Lamps

Hhumination Isdustries, Inc., Sunmywale,
Calif., offers itz complete lse of xenon and
mereury short-ame lamps and appeopriate
PR n||1-|1|.'lu. xemon-line  lamps are
for de operation and inchede 2. and 3-
cloctiode models for 35, 75 amd 150 walts
with a J-slectrode model only for S00-watt
operaliin,

The msercury shomt-are lnmps inchude the
following options: 100 watts, 2 amd 3 elec-
trocles for de operation; 200 walts, X or 3
clectrodes for ac/de cperation; 350 watts,
2 electrode do operation; and, 500 watis,
2 electrode d¢ operation. A wide assort-
ment of power supplies which are “avail-
able inclode CA-35% for xemon lamps ol
A5 walls and smaller; CA-T5/100 for T5-
wilt xemomn and 100 watt mercury; Ci-
A5 for 150-watt menom; and CA-200 For
2M-vmtt mercary.

Circie Asader Service Caed We. DO

New Literature s

Decimal-Yisual Translator
Shelly Assnciates, El Segunda, Calif.,
offers Bulletin 660610, describing the new
TH-100 Decimal to Vinsal Teanslsioe, a
ligh-refliability moduls for translating deci-
mal coibe into scourately energized seven-

bar display segments.
Circla Rasder Service Card Ma. 183

Indicator Lights

Dialight Cosp., Brooklyn, NY., offers
a lB.page, fully-illustrated catalog which
presents a wide array of miniature and large
indicator light (many of which mest or
ougped the requiremsents of MIL-L-3861,
acconding to the manufacturer) for ase
with neon or incandescent light souwnces,
Also inchuded are tamper.proof open-type
assemblies ard lens caps for panel mounting.

Covered in the catalog are Indicator lights
for mounting in G032, 77008, 10718 and | in,
clearance hales — each fully documented
with data, materials and finishes, and eata-
log numbsr charts to |l|11|1HE:,r selecHon and
procurement, Hol-stamped or engraved leg-
ends are avaflable with maey serdes for
rewd-out applications. Lamp charts are alsa
prm'id:d. giving & complete listing of the
appropriate lamps for the series of imdica-
tor lights in question.

Ciehs Rageder Bivicn Cacd e 00
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AEROSPACE CORPORATION
Sk BERMAERSIMG, CALIMIRNLA

CELCO

ECNETANTIHE CRIREEmING Lafii. &8
HARHWAH, HEW JTREEY

COMMLUNICATIONS & ELECTRONICS
(=}

PHILCO CORPEATION

& BUBSIDIARY OF FORD MOTOR COMPANY
WiLLSw diEsiE, FEMEETLYARNIA

COMNRAC DIVISION
D ANMIN] CONTRILE CORE,
BALTHEOEL, CALIFTEHIA

FAIRCHILD DUMOMNT
LABCRATORIES

CLIFTOM, HOW JERBEY
HUGHES AIRCRAFT COMPAMNY

VACULIE TUSE FEODUCTE DIV,

SEEANMBIDE. CALEFFOmRES

ITT FEDERAL LABORATORIES

A QIVIEION OF INTERHATEMAL, TELEPFHONE
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" WANT A CHANCE TO DISPLAY YOUR TALENTS?

THE DATA SYSTEMS DIVISION OF LITTON INDUSTRIES

IZ CURRENTLY OFFERING UNIQUE OPPORTUNITIES FOR
\ IMFORMATION AND SYSTEMS DISPLAY EMGINEERS }

WHAT YOULL BE DOING

—

e

You will be involved in the design and development of advanced
microelectronic display systems utilizing multiple gun CRT
techniques. Your assignments will include systems design,
development of overall specifications, and advanced circuitry
and electronics to meet the system requirements. For these
projects we need graduate engineers with experience in high
resolution cathode ray technigques, storage tube display equip-
ment, scan convertor techniques and circuitry and application
of microelectronic technigues to display equipment.

WHAT WEWVE DONE

The Data Systems Division is notable for the design and devel-
opment of the highly mobile MTDS (Marine Tactical Data Sys-
tem) and the ATDS (Mavy Airborne Tactical Data System) for
the E2A aircraft. We are engaged in the following systems
work: air defense, air traffic control, command and control,
data processing and display, reconnaissance, space informa-

tion and surveillanca.

—

LE-285, 25 Magacycle Radar Sweap Converlor
This unil Scepls reded sweep dals inbm &
Radar Anmulh Corwerior, symbod posiion
dAsla Prom @ compaler, Bnd Sanwert thiria
for applicabion fo a display console. Tha high
ipetnd capability of fhe ursl, ulilcing po
imasity integrated orowts, permrbs deply of
high resalulion fwesgd M Ewar ranges than
prsiously possible, with no seilching des
lurbances, Current mede: inbegrated cirguits
wnd DRI 10 Analod Converiomg are wied

WHAT WERE DOING MOW

Typical of current DSD projects are these advancements:

Agtwanced Daplay Connls

Tk Advassind Display Contole o 6 product
of Litlon’s condinuing program bo develop &
ling ol deiplay modules, sth which displgi
i suik Ibe waried spplications cam be con
jbrucied. Dmphasis bas been pliced o
shandardizabon of comporsnis, reduciion e
weight amd power, and advanced divpiay
fechmgues. Modules designed snd oo
striscted irclude Rader Aziraih Comverior,
Symbol Ganeradies, Dala Entry snd RasSoul
Uni s, and bogh electr omagretic and slecing
abales CRT Deiplary Linits

Irv Egral Elpypertaniiy Enyfonrr -

Littem"s Entry Query Control Console
Desigred &5 &0 irderface wnil 1or Ldlon's
L300 hine of Mecroslecironi: Compulem, the
EQCC replaces The keybosrds and puil
Butions usually found om Compeder ooniral
consshes. Wailh (he sdvartaps of being o
grammable, it can be afored o any type of
operalion or bvel of operator shill, 1 s cons
plelely e confpined, with mucrpebecknon
wymibal penacalor and micisles ien Bowar
SUppEs.

[B LITTON INDUSTRIES DATA SYSTEMS DIVISION
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on APOLLO BINDER FOR

Spacecraft illuminated II:F:::E:'I’IE:J e
pushbutton switches iR A "

(a two-year supply)

$4.50

Mow you can build an Information Display reference |-
brary and retaln bl-monthly issuves of the Journal Intact
in & beautiful gold-and-white vinyl binder. Twehe figxi-

ifggﬂ‘

1 [ This array is just part of the parade of Eldema lites
for industry, which range from instrumentation panel

neon or incandescent lamp fypes and complete assem:-
blies incorpoerating transistorized driver networks,

ble steal rods hold & teovear supply of (D, permitting
easy entry and removal without damage to your coples.
Gold lettering on the binding and front cower provides

lights and test equipment indicators to commercial pilot
lights and computer data readout and display. [ [ Most
standard types are avallable off-the-shelf from wour kocal

[ O Specify Eldema, where reliability comes in just the
saze, shape and oolor you neéed ! [ [ Representatives and
destributors in principal cities. Write or call teday for

I"E-!ﬂjl' identification. Relnforced ghiflening throughout and
durable, easy-to-clean vinyl covering make this binder a
handsome addition to your office or home library. Order
your binder today. Send check or money onder foc

Elderna distributor. Our line of pilot lights includes single

specifications and quotations. [ [
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