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.~ FOR THOSE IN COMMAND OF THE SITUATION..,

...AN LTV DISPLAY SYSTEM... |

To provide fresh, vital ...two and three dimensional tracking data
projected against any reference background ... in color. .. with wide
range choice of symbology . . . at the near real time speed now possible
with the new LTV 7000 electro-mechanical projectors®. . .
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. This is a brief insight into an LTV display system . . . indispensable FOR
i THOSE IN COMMAND OF THE SITUATION . . .

More than 70 versatile LTV display systems are in operation for missiles,

satellite and space tracking, shipboard CIC, air defense and battlefield
command.

Contact LTV today for information about complete ‘‘Dynamic Plotting *THE NEW LTV 7000 HIGH SPEED X

Projection Displays'’ in all sizes for air, sea or land installations. LTV DISPLAY SYSTEM PROJECTOR PLOTTER
Military Electronics Division, P. O. Box 6118, Dallas, Texas 75222. | Full-scale excursion time 60 milliseconds

Adjacent symbols per sec. 20
‘ TV Random symbols per sec. 10
MILITARY ELECTRONICS | inesions: 12”long 77 wide 113 high

A DIVISION OF LING-TEMCO -VOUGHT INC
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FOR DECISION MAKERS:

A Digital Plotter That Lets You
Watch It AHappen ...As It Happens

Now you can navigate . . . test the
endurance of an engine . . . track an
aircraft, spacecraft or submarine—all in
real time and with digital accuracy.

Model 502 Flatbed version of CalComp’s
line of digital incremental drum plotters
introduces high speed, high resolution
plotting of digital computer output—on
a 31" x 34" area that lets you watch
everything that happens. .. as it happens.

A few advantages of the digital incremental principle
in general, and the Model 502 Flatbed in particular,
are listed below.

* You are sure of long term, stable, drift-free opera-
tion ¢ Alphanumerical and special symbols may be
drawn at full plotter speed (18,000 steps/minute—
.01 inches/step) = There are no scale factors to adjust,
and origin setting is completely under program control
* A wide range of existing charts and maps (up to
size 34" x 38”) may be used * Unique "Cal-Hold"”
holds or releases most papers at the flick of a switch
e The 502 Flatbed accepts all 500-series drum plotter
programs without modification ¢ You can operate it
on-line or off-line with most digtal computers.

For additional advantages, write ""Marketing”.

COOLOOMP

STANDARD OF THE PLOTTING INDUSTRY

CALIFORNIA COMPUTER PRODUCTS, INC.
305 Muller Avenue, Anaheim, California « (714) 774-9141




How can you get the most
squint-proof detail
on closed-circuit TV?
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Unretouched photo of monitor screen

Granger Associates
has the answer

G/ A's new high-resolution TV system lets you read a letter or digit
“ow occupying only 1/15,000 of the picture area. You can view broad
I scenes—like a situation display, an airport runway, or a bank of
panel meters —and see all the critical details. Or you can put an entire letter-
size document on the screen and read any part. Series V1000 TV systems use
as many as 1225 scanning lines and a 30 Mc video bandwidth
to produce pictures with four times the { @
525-line, 8 Mc systems. Get in touch with
closed-circuit TV systems available any-

G/Aforthe most advanced
where today.

Associates

AN EQUAL OPPORTUNITY EMPLOYER

1601 California Ave., Palo Alto, California / Telephone: 321-417 5/ TWX: 910-373-1291

Granger Associates Ltd., Fox Oak (Flat), Seven Hills Road, Walton-on-Thames, Surrey,
England / Weybridge 44842
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ow do you visualize real time computer data . . .
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continuously, completely, for command decisions ?

One Military Command
does it with 50 of these.

This is a Kollsman Data Display Projector. It is a modu-
lar unit that is built up into systems for displaying real
time command or control data from analog or digital
computers or manual input sources, on a large screen.
The display systems enable commanders to base deci-
sions on visual interpretation of continuously displayed,
Computer-processed data.

Why was it selected for this important mission? Partly
because of its performance—real time response and high
contrast ratios...plus a repositioning accuracy of 0.03%.

~

Partly because of its rugged construction, dependability
and ease of maintenance. And partly because of its proven
capability in actual service installations.

For command control or training missions, or for air
traffic control, Kollsman Data Display Systems with their
solid-state circuitry and advanced electro-mechanical
components provide the sure performance their sensitive
roles demand.

Write for complete specifications to Display Systems,
Kollsman Instrument Corporation, Elmhurst 73, N.Y.

Kollsman §I&

INSTRUMENT CORPORATION yasioiary or

ELMHURST, NEW YORK 11373 [Ho0aRo KoLsuan

Subsidiaries = Kollsman Motor Corporation = Kollsman Instru-
ment Ltd. (Great Britain) a Kollsman System Technik (Germany)

Circle Reader Service Card No, 4
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ARTICLES
Scan Converter Tubes and their Applications
by G. T. NALT it SRS Page 14
Conclusion of a two-part article on scan conversion. Theory
underlying the two types of electronic scan converter tubes,
single- and dual-gun, and an analysis of characteristics and
application techniques pertaining to specific tubes currently
available, !
Information Display in a Vehicular Traffic Control % ‘
System of the Post-1970 Era 9
by Edith Bairdain. e ssmompmrmmmmssimsmn e PAGE 34 |
A control system for the superhighway of the future is
. .. described. The system would incorporate computer and |
verex V y P s
with Amperex Vidicons, electronic peripheral equipment, highway traffic enforce- w/#
pre-tested and pre-selected ment procedures, and specialized designs that must govern |
to match your the information display components of such a system. J
specific application ‘ _ ) ,inz
With three Amperex low filament- Photometric Units 2 .
current (0.6W) Vidicon types to choose by H. R. Luxehberg . o sommmsimsrs: xm=bage 39
from—pre-selected for you by Amperex s o T T e
—_the 55850 AM—for low cost applica- }}\‘\\!.d‘tl-d\.anfcty o.f”ph(:lmmtljuIumtsh‘m. mn (urrcnt-} LIT'. n.1
tions, the 8483 for all conventional ap- t 'ILI ll(] $ OI' _"‘l]"t“"“np ‘{U“i’g‘rf”’ I].Y‘ P oStometr_yi psyc Iw ogY
plications, and the 55850 S for the most i’tm other disp ay-allied |.~.pr ll’fCS. ome identica ufmts
exacting commereial and broadeast ap- have two or three common names. Various units are often ) 6,02
plications...with each Amperex type incorrectly used or defined. This is an effort to clarify the TN
offering unparalleled tube-to-tube uni- confusion which exists in this basic area of display. Y
formity (each tube comes with its own 6 )
test data, covering all important param- 92}
eters) and with each and every Am- FEATURES 6,92
perex vidicon providing you with sen- 5,921
sitivity and resolution second to none, GUEST EDITORIAL .oz TR e Page 11 $.92
outstanding lag characteristics and ID AUTHORS ‘ 5,921
amazingly uniform Operation tl]I'Ollgh- ID READOUT Rt st LS S e ”Pdge 44 6-.
out its life...with all this and more | 77 T e e I T p e e U ARSI Pdge 47 6,92(
(our vidicons are packed and shipped IDD PRODUCTS ...comusssmoinnssrsnsinssaiiizasssomm-cnmmsssmmnnnmsnsmsmsmmm s Page 50
in individual gimble-stabilized eontain- SID SUSTAINING MEMBERS ..o, Page 62
ers) getting the exact number of tubes ID ADVERTISERS .. .. .. Page 62 I
you need . . . of the quality you need... T
at the right price...is now a safe bet,
no longer a gamble!
For complete data, write: Amperex
Electronic Corporation, Tube Division, THE COVER '
Hicksville, Long Island, N. Y. 11802,

Elements of a complex Information Display system are integrated here in
concept by artist George Guon, Graphic Design Group, TRW Space Tech-
nology Laboratories, envisioning field plot, electronics, and human controller.

SEa ¥

Amperex

IN CANADA® PHILIPS ELECTRONICS INDUSTRIES, LTO., TORONTG 17, ONT
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'Ile Put
ﬂ Incandescent Lamps

Film This Big

0rz
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123
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Package This Big

(shown actual size!)

Now, You Have the Smallest Rear-
Projection Readout in the World!

It Displays Characters This Big.

All the versatility, readability, and reliability of our
patented rear-projection readouts are now available in
the world’s tiniest theatre: the 3" H x 1" W IEE
Series 340. We’ve managed to fit everything but a pro-
jectionist in there to give you a choice and clarity of
message that no other type of readout can match —
regardless of size!

The tiny 340 uses film to project any message: num-
bers, letters, words, symbols, colors. Anything you can
put on film! You’re not limited to crudely formed char-
acters that look strange to the eye. Choose type styles
that human-factors tests prove to be most readable!

Your message appears clearly and sharply on a single-plane screen. There’s no
visual hash or camouflage-netting effect from unlit filaments. The 340 may be tiny,
but your message appears big, up to an easily read 34” in height!

HERE'S HOW IT WORKS:

All IEE readouts are
passive, nonmechani-
cal devices built for
long life. An input sig-
nal through the proper contact illuminates
the desired lamp, projecting only the selected
message through the lenses onto a non-glare
viewing screen. This one-lamp-per-message
concept eliminates character misreadings
caused by partial failures.

CLICK, IT'S IN
CLICK, 1T'S 0UT!

For quick, easy
lamp replace-
ment or change
* of message,
just press the
front of the 340, pull the whole
unit out! Permanently wired base
remains in assembly!

E SEND TODAY FOR COMPLETE INFORMATION
INDUSTRIAL ELECTRONICS ENGINEERS, INC.
7720 LEMONA AVE. » VAN NUYS, CALIFORNIA ¢ PHONE: (213) 787-0311 « TWX (213) 781-8115

REPRESENTATIVES IN PRINCIPAL CITIES

a Reader Service Card No. 7

CALL YOUR NEAREST IEE REPRESENT
FOR A DEMONSTRATION AND

APPLICATION

ALABAMA

Huntsville

MEDCO OF MELBOURNE, INC,
Suite 90, Holiday Office Center
205-881-3721

ARIZONA

Phoenix

GRAMER AND COMPANY
444 W, Camelback Road
602-279-1231

CALIFORNIA

Van Nuys

INDUSTRIAL ELECTRON:C
ENGINEERS, INC.

7720 Lemona Avenue
213-787-0311

Palo Alto

McGILL AND McGILL
809 San Antonio Road
415-321-0905

San Diego

L. L. STOAKES

4438 Ingraham Street
714-274-6281

COLORADO

Denver

HYER ELECTRONICS COMPANY
E. Bellview & Valley Highway
P. 0. Box 22227
303-771-5285

CONNECTICUT

Hamden

ELTRON ENGINEERING
SALES, INC.

2341 Whltney Avenue

203-288-9276

FLORIDA

Indialantic

MEDCO OF MELBOURNE,
7£4 Wavecrest Drive
305-723-6924

ILLINGIS

Chicago

MAGNUSON ASSOCIATES
5633 W. Fullerton Avenue
312-622-6322

KANSAS

Leawaod

POLY-ONICS, INC.
4434 West 90th Terrace
913-648-4173

INC.

" MARYLAND

Ashton

BIECHLER ASSOCIATES, INC.
17733 New Hampshire Ave.
301-924-4507
Baltimore

BIECHLER ASSOCIATES,
7353 Yorktowne Drive
301-825-8222

MASSACHUSETTS

Newtonville

ELTRON ENGINEERING
SALES, INC,

246 Walnut Street

617-332-6975

MICHIGAN

Southfield

S. STERLING COMPANY
21250 10Y, Mile Road
313-442-5656

MINNESOTA

St. Paul

MAGNUSON ASSOCIATES
1246 West 7th Street
612-227-8495

MISSOURI
Hazelwood
POLY-ONICS, INC.
47 Village Square
Shopping Center
314-837-0597

NEVADA

Las Vegas

SYSTEMS DESIGN
CORPORATION

900-1 West Bonanza

702-382-3037

INC.

INFORMATION

ATyy
INFORMATION.

NEW MEXICO
Albuquerque

HYER ELECTRON|G
1st National Bank §|,,°MF i
(S:une |12&13$
entra an M -
505-268-6744 10 NE,

NEW YORK

Baldwin

B. B. TAYLOR COR L

2270 Grand Avenup PORM]

516-223-8000

Rochester

OSSMANN CDMPONENT
SALES CORP

830 Linden Avenue

716-586-4940

Syracuse

OSSMANN COMPON
SALES C o

5958 Mallay Road East

315-454-4477

Vestal

OSSMANN COMPONENT
SALES COR

Vestal Parkway East

P. 0. Box

607-785-9947

NORTH CAROLINA
Bethania

THE CANDOR COMPANY
919-924-1480

OHIO

Cleveland

S. STERLING COMPANY
5827 Mayfield Road
216-442-8080

Dayton

S. STERLING COMPANY
3300 S. Dixie Drive
513-298-7573

OREGON

RAY JOHNSTON CO.
1011 N.E. 69th St,
Seattle, Washington
(206) LA 4-5170

PENNSYLVANIA
Millersville

BIECHLER ASSOCIATES, INC:
P. 0. Box 38 |
717-872-2793

Pittsburgh
RUSSELL F. CLARK COMPANY
10517 Lindberg Avenue
412-242-9500

TEXAS
Dallas
NORVELL ASSOCIATES, INC.
P. 0. Box 20279
214-357-6451

Houston
NORVELL ASSOCIATES, INC-
112 Meyerland Plaza
713-665-0558

WASHINGTON
Seattle

RAY JOHNSTON CO
1011 N.E. 69th St.
(206) LA 4-5170

CANADA
Ottawa, Ontario 10
WHITTAKER ELECTRONICS M8
42 Howden Avenue
613-722-7658

Roxboro, Quebec {10
WHITTAKER ELECTRONICS 15
P. 0. Box 216
514-684-3000

Weston, Ontario g 1100
WHITTAKER ELECTRONIC
1885 Wilson Avenue
416-247-7454

New Westminster,
British Columbia

3
WHITTAKER ELECTRONICS ¥
324 Decaire St.
604-936-2244

DISPLAY, MAY/JUNE, !



EDITORIAL

SHOULD WE TRUST
OUR COMMON SENSE?

I was recently privileged to see a very large seven color
| display system whose screens covered an entire wall. It was
‘one of the latest creations in the display art and I was im-
3 mediately impressed.
ANY Not having any idea as to what kind of information was
I 1o be displaved nor who was going to look at it and take
) what action, my impressions were based on those things that
R | were visible and obvious.
~ Even after cleaning my glasses I found the characters dif-
L ficult to read. I wondered why the blue colors were so dark.
\NY ¢ The reds weren't too bright either compared to green or
white. Some of the ecolors had a noticeable color fringing
which 1| promptly attributed to inferior lenses.

I was a little confused about one color and wasn’t sure
whether it was blue or green. After finding both a blue and
a green on the seréen, I decided it was half way between,
that is, blue-green.

By this time the neck muscles had tired a bit from look-
ing up at such a steep angle. I thought what a shame it was
that the best viewing positions were occupied by projec-
tors instead of people. Sure enough, when squeezed in be-
‘tween the projectors and looking through a small window I
found 1 had an excellent view.
 Since T was already squeezed up against a projector, I
| looked inside and was embarrassed to discover that the de-
| Signers had indeed used good lenses and the highest quality
dichroic filters. T could see the three primary colors, red,
blue and green, I recognized this as the classical additive
@lor scheme where by addition vou make all the other
Colors,

Scientifically speaking, these were the finest possible filters
and this was the correct way to record, transfer and repro-
Huce colors, This technique is well established in color
Photography, color printing and in color television.

. What was wiong? My common sense tells me that the
lors I saw on the display were of nonuniform brightness
‘ Md were ynpleasant and difficult to identify. Should T trust

MY common sense in the face of all the scientific and engi-
-"?ennu back-up? The measurements, charts and curves, tell
" these are the correct techniques for reproducing color.
an‘? of a sudden it occurred to me that color systems are

Ntended to create color, but to reproduce it. Color rep-
0 Eits an input. A good color system has no color of its own.
= O tourse, if you look inside the system you see various
- 018 and color filters, but these are part of the internal
'ﬁgﬁrﬁt keeping process and are not necessarily pleasant to

;INF
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The color display system must have a suitable color input,
otherwise you should change the rules (and filters) to per-
mit the display to create those lively colors which occur in
nature.

The customer who bought a seven color system may not
know that it is capable of reproducing all those lovely
colors one sees on the color charts at the paint store. There
is little reason not to select colors that are equally bright,
pleasant to look at and readily recognized.

I like color. It is expensive, but it evokes an emotional
response. I was wondering if it was necessary to display seven
colors or would four nonadditive, nonfringing colors do
as well?

That big screen bothers me a little. I saw the same movie
on my 2l-inch TV set that [ had previously seen on a 142-
foot drive-in screen and, as I recall, I got about the same
information in both cases. Of course, there probably isn’t any
connection between movies and information display systems.
No doubt, there are good reasons why a screen should be a
certain size. Ordinarily you would think it was related to
the size of the audience.

I asked my wife about it, not expecting an answer, but
she promptly replied with a smile, “Big screens are for big
people and little screens are for little people.”

PETRO VLAHOS
Editorial Advisory Board, SID

Petro Viahos is a Charter Member, Society of Information
Display, and past Chairman of the Los Angeles Chapter. He
is presently @ member of the Editorial Advisory Board.

My. Vighos holds an EE degree from the University of
California. He is currently on the Special Studies Staff, De-
fense Systems Division, at System Development Corp.,
which he joined in 1960. He initially worked with displays
as an engineering group head at Douglas in 1941, and later
with radar displays at Western Electric in 1944.

From 1946-60, Mr. Viahos was engaged in R&D for the
Motion Picture Research Council, where he did extensive
work in acoustics, lighting, projection optics and screens,
eamera rate stability, 3-D, and special photographic proc-
esses. This work tesulted in several patents, including three
widely used systems for traveling matte photography which
led to his receipt of a Motion Picture Academy Award with
two associates at the most receni presentations.

Mr. Vlahos has lectured on information display at UCLA,
and on television recording techniques at USC.

B




 for HIGH SPEED film plotting projection-
performance-reliability—and low cost displays. .
focus on BELOCK

At last . .. a high-speed Scribing Projection Plotter
featuring a low-cost, non-breakable plotting mate-
rial. The BELOCK SCOPUS-II®P has drastically cut
operational costs and simplified logistics considera-
tions through the use of spooled 70MM stabilized
polyester film. The film is a transparent base for a
non-chipping scribable coating available in a wide
range of opacities and with pre-recorded back-
ground reference data. Also available are spotting
and reference projectors, character generators,
computer interfaces and manual input equipment.
Large or medium sized rear and front projection
screens or folded optics consoles are provided with
input data from either analog or digital computers,
keyboards, or manual control panels.

Whatever your projection display requirements . ..
general purpose computer output display ... train-
ing devices . . . aerospace tracking . . . command and
control or management data (PERT)... write, call
or TWX.

a - 1
== X o B
= & LY i
- s 7
— |
v
W
SGOPUS II -
PROJECTOR tl
1 c
BELOCK a
INSTRUMENT . . n
IB e e i Attention: DISPLAY DEPARTMENT ?k
College Point, New York 11356 Phone area code 212, 445-4200 TWX: Area code 212-539-7660 | ot
B
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oA
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Get the complete picture on this ... @O* tube

We like to call the M1156 our “newswor-
thy” CRT, Designed for use in a special TV

nescope, it was on the scene to monitor
the PGA Golf Tournament, both political
fonventions and the Inauguration, as well
2s other newsworthy events, It established
New highs for comprehensive data display
:h'n a three-inch round face... high resolu-
‘on, high deflection sensitivity, high light
Output,

Typical of ETC’s tube capabilities, the
Performance characteristics of this special
flectrogtatic CRT make it equally suitable

Or transistorized oscilloscopes and flying

spot scanner applications. In fact . . . if
you've got a requirement for high fre-
quency display in a small area, we'd like
to hear about it,

Actually, designing for high resolution
is nothing new to us. We built the small-
est electrostatic CRT ever made for a
portable radar display. And we've pio-
neered in such CRT developments as fibre
optics, multi-layer phosphors, rear window
viewing and multigun tubes.

A leading supplier of CRT’s to science,
industry, and the military, we can supply
over 150 different models from stock.

Circle Reader Service Card No. 9

.:-‘t- <

These off-the-shelf models have all ben-
efitted from the same kind of specialized
know - how, precision engineering and
process controls that have made ETC a
standard of quality in CRT technology.

For the complete picture on ETC, our
standard tubes and design capability, write
today for our free new catalog.

GENERAL

ATRONICS
ELECTRONIC TUBE DIVISION
PHILADELPHIA +  PENNSYLYANIA 13118

GENERAL

S\




This is the conclusion of an originally-
planned three-part article. The balance is
being published in a single unit, instead of
two installments, because of extreme inter-
est in this topic by the Journal's readers.
Part I was published in Volume 2 Number

Summary

The scan converter tube describied jp g
paper is a special Cathode Ray Tuba el
for the bright display conversion of

2, Mar./Apr., 1965 issue.

Scan Converter Tubes
And Their Applications

by G. T. Nagy

Single Gun Storage Tubes

The single gun tubes are built with
electron gun control electrodes, electro-
static or magnetic focusing and deflec-
tion, similar or identical to conventional
CRT. The storage tubes, however, don’t
have phosphor screens and don’t produce
visible images. Instead, they have a
dielectric target which stores the elec-
trical information while scanning with
the electron beam. This modulated beam
forms a pattern of electrostatic charges
on the target surface.

There are three types of single-gun
storage tubes with different target sys-
tems and, therefore, with different read,
write, and storage functions. The three
types of single-gun storage tubes are:

1. Bamier grid storage tubes

2. Transmission grid modulation

tubes

3. MTI storage tube

Barrier Grid Storage Tube

The barrier grid storage tube, is de-
signed for storing electrical input sig-
nals and delivering electrical output sig-
nals. This type of tube was first de-
veloped 20 years ago; and since, with
several improvements, a number of
manufacturers produce a comparable
tube of this type. The characteristics of
this tube were inflected to special ap-
plicational requirements. The applica-
tions vary from single-tube to multiple-
tube arrangements for storage, scan con-
version, MTI and many others.

Physical Description

The barrier grid storage tube (Figure
15) differs from other types of single
gun storage tubes in the target and
storage assembly. The tube, built in a
glass envelope as a conventional CRT,
consists of three basic assemblies:

1. Electron gun and primary optics

2. Target assembly

3. Secondary optics
14

Electron Gun and Primary Optics

The electron gun, a relatively conven-
tional design, is a high resolution —
cathode, grid, anode-triode or tetrode
type located in the neck of the tube.
The cathode is an axial type indirectly
heated. The acceleration high voltage
in a range of —1000 to —2000 v is con-
nected to the cathode. The heater trans-
former should have, therefore, insulation
of a minimum of 2500 v. The control
grid cut-off voltage is about 100 v be-
low cathode voltage. The anode is not
grounded and is about on —150 v poten-
tial. The tube employs electrostatic fo-
cusing and uses a low-current consump-
tion, symmetrical-type focus electrode.
There are two pairs of deflection plates
for x and y beam deflection. The de-
flection plates are enclosed in a deflec-

tion plate shield. This shield provides an
attenuation of the capacitive coupling
of large, high-frequency signals between
deflection plates or control grid and tar-
get section which include actually the
output signal electrode. There are ap-
plications where the requirements are
to store a large number of bits of in-
formation. This requires an electron gun
providing a spot small enough and well-
focused. Naturally, it requires also a
target surface where the stored charge
will not spread by leakage or secondary
emission dissipation. The target of this
kind will be discussed later. The current
electron gun design can produce a spot
size less than 0.003 in. with a beam
current of about 5 uA and a drive of
30 to 70 v.

Target Assembly

The target assembly of the barrier
grid tubes are composed of three main
components:

1. A conductive backplate, as a solid
thin metal disc.

2. A thin sheet of insulator, as a high
quality mica to serve as dielectric. This
insulator can be sprayed on one side
with an emitting material but can be

traffic control displays. In recent yearg
device was further developed for say,
other display systems, for storage,
conversion and signal integration.
tubes developed by several manufaptyp
are designed with different target syste
and, therefore, different operation Brin;.
ciples. The theory of the target systor
and operation principles, storage capab
ties and properties are discussed. Tha o,
major types of tubes, the single and gya
gun tube construction and their appy;
tions, are described in a form which shq
the usefulness and further potentia| f
the future of this device.

used with or without it.
3. A metallic screen, the barriey grid X

as a woven or electro formed megh,
Those parts of the target assembly!

are formed into a sandwich whose cross ¢

section is shown in Figure 16.

One side of the dielectric film is cop. [

tacted with the thin metallic backplate,
The other side of the dielectric sheet
the side which eventually is coated with
emitting material, is in contact with the
metal megh, the barrier grid. The ratio
of the spot size and the size of the areas
or “fields” formed by the barier gridf,
are resolution problems. The resolution
is a primary parameter of the storage
tube; and, therefore, a further discussion
of this component is worthwhile. )

The mesh as an integral part of the
target have fields, areas formed by the !
squares of the mesh and the thickness
of the mesh, called “fence.” By scan: |
ning the target with the electron beam,
with a spot size in order of 0.001” dia,
it is a very remote possibility that the:
active spot should fall into the area of
one field. Even with a smaller spot size;
the finest spot would fall, at least, on
four adjacent fields. This is, in fact, the §
case if the spot size is not greater than'
one field of the barrier grid.

The function of the barrier grid is ©

localize the spread of secondary elec:
trons into the field from where they
came. ' \ pair

The reading phase, however, does ﬂotf y o Wit
allow higher fence size above somé | ning
value, because at this point the fend® | —reac
would collect most of the secondaly lish
electrons during scanning with the reat 1
ing beam. Here, at this point an OP"'-’, Rea
mum size of mesh fields has to i [I,
determined. 8 pla

A finer mesh certainly would incre«"?‘:{ =
the resolution; however, it becomes 4 |
ficult to collect the secondary electr®™ ang
on the collector electrode below a €@ .
tain minimum size. If the fence is {08% "
high and the field too small, only ";?L it
secondary electrons from the center é -
the field would be able to clear ! will
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All other electrons from the side
field become trapped and pass

fence-

he X .
o ‘t, to the mesh. An experimental opti-

onl,'m value of the ratio of field/fence
!

0 petween 1.0 and 3.0. For a proper
s-ign of the mesh, the two most im-
de;t;'ml factors are the high optical trans-
rf,;qinn and the rugged construction.
ﬂ“;.';nntlwr important design considera-
on is the capacitance formed by the
urqet elements to each other and to
:;llc secondary optics and output elec-
trodes: [igure 17 shows the target capac-
itors of the tube.

€~ 2000 — 2500 pF

~ 5000 — 5500 pF
C = 1000 — 1500 pF

N e ———

electrodes during both writing and read-
111g.

2. Simultancous Write and Read
Mode. An input signal is fed to the
backplate and an output signal is taken
from the collector. This arrangement is
for a MTI or a radar fixed target can-
cellation operation. Here the output sig-
nal is proportional with the difference of
two successive input signals.

3. Erase Phase. There are two ways
to erase or remove written information:

a. Destructive reading

b. With change of d-c¢ bias if elec-
trodes as backplate, collector and con-
trol grid while scanning with a high
energy unmodulated electron beam.

Target Behavior Analysis

energy distribution will be analyzed with
secondary electrons leaving the target
with “Z” axis directed energies. Second,
an equipotential plane, closely spaced
and parallel to the target, will approxi-
mate the effect of the screen on the
electron optics in front of the target.
Further assumption is the scanning
beam rectangular across section with
constant current density,

Nonuniform parameters, as screen
transmission ratio variation, secondary
emission variation, dielectric uneveness
or nonuniformity, are disregarded. The
secondary emission ratio is K > 1. The
electron beam scanning beam is constant.

Figure 15. Barrier Grid Storage Tube.

The distribution of the space current IHEATER = .6 AMPS
to various electrodes in a field of sec- [ g
C —x5_1p pF ondary emission depends only upon \

" gri i CATHODE Ki: -1200V

esgh g C electrode geometry, spuce charge effects [ ——CONTROL GRID Gl ADJUSTABLE

emb] ‘oll = 8—12 pF and electrode voltages. It can be ob- e e iy

> Cross © gacondary Optics tained either by energy ‘dlstubutlon Is I |-—Focus D A s
Sec (E) or angular distribution Is (@) of BETWEEN -100V & -1150V

| The secondary electrons from the target
s con- | surface are collected by the collector
<plate, | electrode. This is a cylindrical electrode
sheet, cdose to the target. The outside wall of

secondary electrons. Figure 18 shows a
typical energy distribution curve where
an energy interval (E, E + AE) is plot-
ted against the energy E. It is assumed

——== DEFLECTION PLATES Y
[ ———=DEFLECTION PLATES X

COLLECTOR A3

1 with he tube is metallized and forms a shield ) —= OUTPUT
th the ;tu'ound the collector. This shield makes that .th'e ele.ct1'01]s.(zn11'tt§d. b{ the. target ity
> ratio. | it possible to apply input signals to the 0?011” m this el{)elgdy.‘llnten./ah. (’IT},HS }gfn- e
backplate without being capacitively :(laztiocl?elve R A B G e L A4;;1::ZLIZATION
ppsfemeil 10 the-collectm. In Section I, the secondary emission SAERIER GRIDAS
Principle of Operation energy is equal to the primary beam e
The scanning electron beam is focused ~ energy. The section II, is a secondary HSIEdRACE B TR
on the target surface by the electrostatic electron field distribution caused by a
of the focus electrodes and is deflected by two rediffused primary beam. The primary INPUT
:;int:: Figure 16. Cross Section of Target Assembly.
scan- ‘; i EMITTING MATERIAL The Maxwellian energy distribution for
beam, the parallel plane geometry of the stor-
7 dia,, BARRIER GRID —=§ age tube target system is shown in Fig-
at the 8 ure 19.
rea of GUN o The total integral of thi ve gi
g ELECTRON BE-AM 0o gral O 1S curve gives
t size, 1: —_—— =" — P § the total secondary emission current den-
1st, on sity or, in other words, the product of
ct, the: § 8 the beam current and the secondary
r than 2 emission ratio.
The Maxwellian energy distribution
1 is to DIELECTRIC BACKPLATE curve shown in Figure 19 is expressed
, elec: in the form:
> they.
| Pﬂ}r of electrostatic deflection electrodes. beam here is reflected to the surface di _ 8 E'Ez here E > 0
es 0SS Ylfh such focused and deflected scan- only after passing through a more or dEz RS Sy =
some | Mng electron beams, the writing and less thick layer of a target material.
fenc.e r.c“di“g of information can be accomp- The third section III, is the field of
ondazly Shed in various modes: interest regarding the storage tubes. This Figure 17. Target Capacitors of Barrier Grid Tubes.
2 reati:' L. Successive or Sequential Write and is the energy electron volt region where =~ BARRIER GRID TARGET SURFACE
1 Opbe » fead Modes: true secondary electron emission occurs COLLEGTOR
to - a Input signal fed to the back- and where the secondary emission ratio [Tl
- Dlate g output signal taken from the is greater than unit. An analysis of the b
1Cl'ea,sfc_'_: Ackplate., secondary electron energy distribution o F
es d’s‘ : b. Input signal to the backplate based on the Maxwellian energy dis- 3
ectrﬂf;_ lll(l,nn!put signal from the collector. tribution theory would result in some p
a Cio e Input signal to the control grid indications to discharge currents. | ]\\
15 thel N outpyt signal from the backplate. Disregarding the angular energy dis- -
ly to‘f, l\ b d. Input signal to the control grid tribution, assumptions can be made re- Lmile=ie
1terth€;‘ ¢ output signal from the collector. garding the secondary electron field be- CcoLL
ar = : ¢ bias should be applied to the fore the target. First, the Maxwellian
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Figure 18. General Shape of the Energy Distribution of Secondary Electrons.

In this expression “i” is the current
density, E. is the target potential and
eE. the secondary electron energy in the
direction of “z” axis. The symbol “e”
is the electron charge.
Discharge Factor

The discharge factor is a ratio of a
voltage difference V - Vi, which is the
change in voltage of one target element
during one passage of the beam and
the target initial voltage difference from
equilibrium

V-V,
de = \%
where

V = charging voltage applied to
the target or the initial poten-
tial difference of target from

equilibrium.
Vi, = potential difference of target

from equilibrium after one
scan with the electron heam.

Seqential Operation
Writing Phase (Figure 20)

The backplate potential in writing
mode is +20 to +50 v, while the bar-
rier grid is at ground potential. The
dielectric target surface following the
backplate potential initially becomes
--20 to +50 v more positive. The elec-
tron beam modulated with the input
video signal scans the target. Because
of the backplate potential, the barrier
grid prevents secondary emission at
points where the beam current is high
and charges the storage surface nega-
tively. According to the beam currents
varied by the modulation, a charge pat-
tern will be written in the storage sur-
face depositing negative charge carriers.
It is assumed that before the writing
phase the target was brought to equi-
librium potential uniformly.

Reading Phase (Figure 21)

The backplate and barrier grid are
now both on ground potential while the
written pattern on the target surface is
more or less negative according to the
writing beam modulation. The reading
beam unmodulated scans the target with

16

an energy where the secondary emission
ratio K > 1. While the read beam scans
the target, the secondary emission cur-
rent varies from point to point accord-
ing to the written pattern or number of
electrons deposited during writing. This
varying secondary electron current will
appear on the collector capacitor as the
output video signal. The collector elec-
trode potential in both reading and writ-
ing phase is highly positive relative to
target potentials. The reading process
discharges the target toward the equi-
librium potential. To control the noise
from the barrier grid, the mesh is treat-
ed in such a manner that the secondary
emission ratio from the barrier grid is
unity. Generally, the noise is an a-c com-
ponent related to the target diameter
and fine grain noise caused by surface
irregularities. Usually the ratio of the
output signal to one-half the total noise
amplitude is in order of 16:1. The ap-
proximate possible gray level is, there-
fore, 15.

Erase and Prime Phase (Figure 22)

The storage surface is positive with
several volts in respect to the screen.
The modulated beam scans the target,
bringing it uniformly to equilibrium
potential. The secondary emission ratio
will then be unity.

Simultaneous Operation

The principle of this type of opera-
tion such as MTI was discussed earlier.
The barrier grid tube operates in this
mode as a signal subtractor and does
not use modulated electron beams. The
input signals are applied to the back-
plate and proper shielding has to be
provided to prevent capacitive coupling
to the collector. With this provision, the
output signal is taken from the collector.
This output signal is proportional to the
difference between two successive input
signals. D-C bias should be applied to
the electrodes also.

The cancellation ratio is in order of
25 to 1 in the barrier grid tubes. This

Figure 19. Maxwellian Energy Distributjg,
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Figure 20. Writing Phase.
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sellation ratio means the ratio of a
m",.en( input signal to the residual
cul't' signal. Under ideal conditions, a
llent input signal of constant ampli-
on the backplate does not create
t signal on the collector.

rﬁclm'r
(4]
:;l:v outptl : )
r,,,,gmissitm Grid Modulation Tubes

This typPe of single-gun storage tube
 qlso pased on the secondary electron
on such as the barrier grid tube

jssi
e'“tlswith a different target system and
bu rent operating principles. This tube

iffe
L?ﬁ{ developed and is presently manufac-
il

wred by Rnytheon_ Corp.omtion ;md' is
gmilar to the l‘Jurn?r grid tube having
qeveral applications in storage, scan con-
version and radar fields.

physical Description
®  This single-gun storage tube (Figure
93) is also a form of a CRT which
offers no visual display but stores elec-
pical information. This tube is built
with two major assemblies:
1, Electron gun and electron optics
9. Target assembly

o, D e o — L

Flectron Gun and Electron Optics

The recording storage tube is built
with a high resolution tetrode-type elec-
ton gun. The acceleration voltage is
about 5000 v. The tube requires mag-
netic deflection. It has an electrostatic
focus electrode or magnetic focus soil
to be used by either one or a combina-
tion of both. In front of the target is a
lens system so that the incident primary
electron beam stays perpendicular to
the target during scanning. A large po-
tential difference between the accelerat-
ing anode shield and the storage screen
causes a retarding electric field between
the first screen and the storage screen.
In this electric field, during scanning
and different deflection angles, the pri-
mary beam electron trajectories are ef-
fected by the angle of incident and the
cam is reflected at too large incident
ingles (Figure 24).

This effect of refraction, caused by
the decelerating electric field, can be
Woided if the primary electron beam
strikes perpendicularly the first screen
M all positions during scan. The two
®llimating electron lenses between the
Wode and the first screen is located at

¢ center of the deflection. The elec-

0 beam with this collimation will
Sttike the screen perpendicularly for all
eflection angles.

Target Assembly
o e target assembly of the storage
© € has a decelerating screen, a storage
flrre(im and a collector plate. The first
ecelerating screen is placed in the
| e where the primary beam is focused.
| Wi:?] A woven wire or electroformed mesh
[ ! an optical transmission as high as
“Sslb]e. Behind the first screen is the

%V“g@ screen. This comprises a thin

e wire or electroformed mesh, simi-

- —

-

oy
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Figure 23. Single-Gun Transmission
Modulation Tube.
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lar to the first screen. One side of this
sereen is coated with the storage ma-
terial, a dielectric. This is done by
evaporation in vacuum, and the thick-
ness of this coating is controlled to a
size which just leaves the holes of the
screen open (Figure 25).

In the earlier model (Raytheon
QK357), this vacuum-evaporated coat-
ing was on the side of the screen that
faces the collector plate. The later de-
velopments find many disadvantages of
this arrangement.

L. Between write and read phase, the
collector plate has to be switched from
—300 v to +300 v which caused switch-
ing transients in the output video ampli-
fier,

2. The erase speed becomes very
slow.

3. Ringing of the
which increases the noise.

4. The primary beam, which was
focused on the screen, has to pass the
aperture of the screen and return to
the storage surface facing the collector
after reaching the reflecting field be-
tween screen and collector.

The electron beam spot size, passing
the aperture of the storage screen, in-
creases in diameter 50 percent or larger
and returns to the storage surface. This
results in a decrease of the resolution.

The improved QK464 or QK685/
CK7571 tubes have the storage surface
on the electron gun side of the storage
screen, and the electron beam impinges
directly on the storage surface. The
resolution increase in the collector plate
can be kept on a fixed-positive potential
and eliminate the switching transients.

storage screen

Principles of Operation

The various modes of operation of the
tube CK7571/QK685 are:

1. write phase

2. read phase

3. erase

4. prime
Writing Phase

The modulated electron beam scans
the storage surface with a beam energy
where the secondary emission ratio
K > 1. The decelerator screen collects
the secondary electrons and the modu-
lated beam creates a positive charge pat-
tern on the storage surface. The poten-
tial of the storage surface at each point
corresponds to the modulation of the
electron beam (Figure 26).

The storage screen is switched to a
high-positive potential from the low po-
tential of the prime phase. The stor-
age surface, by maintaining a more nega-
tive potential than the screen estab-
lished by the prime phase, simultaneous-
ly increases the potential by the same
amount. Then the modulated electron
beam writes a pattern as a positive
charge on the storage surface.

The writing can be accomplished also

17
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Figure 27. Reading Phase.

by modulation of the storage screen ele-
ment with the information to be writ-
ten. A simultaneously scanning continu-
ous electron beam stores this information
on the dielectric surface. The advantage
of such a writing mode is that the d-c
potential of the storage screen remains
the same through all operating phases
and does not need switching. The high-
er the writing video voltage applied to
the storage screen in this writing proc-
ess, the more negativity will be charged
on that particular point of the storage
surface by the simultaneously scanning
electron beam. In this writing mode,
therefore, the storage surface can be
discretely charged more negatively, de-
termined by the position of the electron
beam at any particular instant, By scan-
ning one frame, a complete charge pat-
tern will be written.

Figure 29. Modulated Electron Beam Process.
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Figure 28. Erase and Prime Phase.

Reading Phase (Figure 27)

The unmodulated electron beam scans
the target and passes through the screens
to the collector plate. The potential on
the storage screen is switched to a low
value, Jower than which will be seen by
the priming. The storage surface follows
this potential change, maintaining the
written in potential differences. During
read mode, therefore, the stored charge
pattern on the storage surface is actually
negative with respect to the cathode,
except at the points where no video in-
formation was written in. The electric
field formed by this charge pattern
modulates the passing through an elec-
tron beam, similar to the control grid in
an electron tube. The output current
of the collector plate will vary as the
function of the stored charge pattern
as the beam scans the storage surface

/SCREEN MESH

700V{— — —
680V

+20V

STORAGE
SURFACE

Figure 30. Modulated Storage Screen Process.
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in the reading phase. Because the
tial on the storage screen ig B
negative to the cathode, the chgpg, @
tern will not be destroyed \Vith
reading beam and can be regq s
times over an extended period Oée

Erase and Prime Phase (Figure 28)

Erasing the written informatiop
the same as “writing until equilily A
if the writing is accomplished with 1y :

4
lated electron beam. In fact, the p
process occurs by a modulated Sto
screen writing mode; but, in thjg oi
the writing potentials are not the ."
as the erase potentials. With high b [ F;’[
current density, the unmodulateq e ‘
tron beam scans the target with hy
secondary emission ratio and the gt "
age surface becomes positive Unﬁl,‘
reaches the decelerator screen Dotengiy]
At this time the whole storage surface‘f
uniformly positive charged and any pﬁ i
vious written pattern disappenré. 9
erase in both writing modes, the storgge |
screen potential is switched to g hi% y
positive potential, well about the critjg |
potential where K = 1. The storage |
surface follows the screen potentjgl |
while the high energy scanning electroy |
beam raises it to the equilibrium potep. §
tial.

The priming phase is necessary ol
if the stored information is in a form gf!
a randomly writen mode and not, fo
instance, at a TV raster mode. The pring
phase brings a uniform charge distribiy
tion to the storage surface. The storag
screen potential is below critical poten
tial. The scanning unmodulated electral
beam, therefore, deposits negative elé
trons until the storage surface potentid
uniformly decreases to cathode potentist

An automatic prime or destructity
reading can be achieved with control 83"
the collector potential and control of th
reading beam energy. This will contiff
the amount of reflected electrons froff ™
the collector back to the storage screél -
The number of electrons reflected va no-
inversely with the collector potenti tio}
Figure 29 illustrates a complete perio® al]
with modulated electron beam and FIEE
ure 30, a periode with modulated sty
age screen. thef

MTI Storage Tube 3 tq
This tube was developed recently frof
MTTL It has a small size, 1 in. in diamé® M
and 6 in. in length. The accelera®ipy
voltage of the electron beam is onlf¥n ]
few hundred v. Compared with the PE§ o
vier grid tube and in addition t0 Sk
above mentioned advantages, it h® 5
continuous dielectric target without S8k,
screen and, therefore, higher can¢® i
tion ratio, less noise and higher 1% N
tion in MTT operation. I
10y

Physical Description (b

In Figure 31 the outlines of the o
are shown with electrostatic (leﬂ""‘i
and focus. However, in most ﬂPp]

|
{
{0
"

o
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’tx," u have to be established in order to un-
h?lor‘ ‘ derstand the signal cancellation tech-
ntia?; niques of this tube. First, an equivalent
ool f circuit is shown in Figure 32 which gives
, el the relationship between a cathode and
pf;" a target with the nonlinear characteris-
'Ora ok tics of the electron beam. This equivalent
hié']i ' circuit represents one single element of
el the dielectric layer. As seen from the

R' = COMPOSITE

OF R, AND NON-
LINEAR RESISTANCE

i

trol of (N 32, Equivalent Circuit.

contrd , ; .
s from this tube used magnetic deflection

focus coils which provided better
mmance, The tube, in a size similar
! Vidicon pickup tube, uses a con-
mal electron gun, The target is a
I ackplate in contact with a dielec-
L Aver, The collector electrode and
Mg is in front of the target similar
¢ barrier grid tube. The continu-
orget surface, without any screen
»\ITIt’ gives. advantages to this tube
Operation.

les of Operation

T:'fe St(fanning electron beam focused
arget surface is a low energy
t has r'r;l""sﬂllming a square raster scan,
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circuit, the dielectric target such as semi-
conductor has an RC time constant as
an element and an RC time constant as
the whole target surface. As indicated,
the dielectric resistance R is much higher
than the output load resistance R,.
Therefore, R, the high resistor in series
with R load resistor, limits (to a very
small value) the output current in case
of d-c or very low frequencies. However,
the capacity of the dielectric constitutes
a short circuit for the high frequencies.

A square wave or step input, further-
more, causes a pulse output due to the
differentiating network consisting of C
and R,. This is the basic signal cancel-
lation at each point of the target surface.
The dielectric layer, with the backplate
biased to positive potential with respect
to cathode, forms a rectifier action for
the charging process of the low energy
beam in a negative direction. It emits
a conductivity through the dielectric to

Figure 34. Single-Gun Tubes.

the backplate so an equilibrium voltage
between dielectric surface and backplate
can be established.

In Figure 33 there are the curves of
charging rates versus the dielectric sur-
face potentials. The static load line theo-
retically represents the resistivity of the
whole dielectric, the dynamic load line,
and the output resistor R;. During every
scan for each of two points of the stor-
point of the storage surface during each
scan, the output current is Aim which
indicates a moving target on a change in
input for one point.

Performance

According to the manufacturer’s pre-
liminary specification, performance of
this tube is given as:

1. Resolution: for MTI functions, ap-
proximately 250 x 250 picture elements
in a square on the storage surface.

2. Cancellation Ratio: from 50:1 to
300:1 according to the desired resolu-
tion.

A, = INITIAL GHANGE IN OUTPUT
'm  FOR INPUT CHANGE
AV, (MOVING TARGET)

Al = DIFFERENCE IN OUTPUT
{ FOR DIFFERENCE AVk
IN INPUT AT
EQUILIBRIUM
(FIXED TARGET)
DYNAMIC
LOAD LINE (Rl)

EQUILIBRIUM
SURFACE POTENTIALS
AND CURRENTS

STATIC LOAD LINE (R)

v
-.I AV l—-— b

STORAGE SURFACE POTENTIAL

CHARGING RATE
3

Figure 33. Charging Rate Diagram.
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Figure 35. Dual-Gun Storage Tube (EBIC).

3. Cancellation Time: 1 to 10 scans.

4. Repetition Rates: TV horizontal
trequency to 60 sec.

5. Output Current:
0.5 pA max.

Dual-Gun Scan Converter
Storage Tubes

Where electrical signals for video in-
formation should be converted into one
scanning rate or scanning mode to an-
other and this process has to be per-
formed simultaneously, dual-gun scan
converter tubes should be used. The
simultaneous high-speed writing, read-
ing and erase capability makes this type
of tube more versatile than the single-
gun version (Figure 34) for conversion
of a number of display patterns. They
are designed for data processing ap-
plications for continuous transfer of sig-
nals with high resolution, controllable
storage time and scan conversion,

With different target systems and op-
erating principles, there are three types
of dual-gun tubes:

1. EBIC tubes

9. Transmission grid modulation tubes

Approximately

Figure 36. Very High Writing Speed Dual
EBIC Tube (Rauland R6253).
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3. Fiber
(FOPT) tube
age surface, the cathode voltage dif-
ference AVk,, if the output current is a
very small Aie, is the difference also in
equilibrium currents. If this AVx voltage
difference occurs, however, by the same

EBIC Tubes

The development of the EBIC sys-
tem and tubes with target, operating
under this EBIC principle, started in
1946 when the TELRAN Airborne Navi-
gation System was developed. The basic
need for the tube and system was the
conversion of radar PPI displays into
TV raster format to increase the in-
formation content through storage inte-
gration and high brightness. The early
models of this tube had two electron
guns but both on one side of a target.
They were experiments with magnetic
and electrostatic deflection systems. The
later developments, and this is also the
recent form of the tubes, built the two
guns on common axis on opposite sides
of the target (Figures 35). This type
of tube is manufactured by several manu-
facturers with some differences in speci-
fication and size.

Physical Description
The dual-gun tubes with EBIC target
system can be described in three major
assemblies:
1. Writing electron gun and optics
2. Reading electron gun and optics
3. EBIC target system.

Writing Electron Gun and Optics

The electron gun of the writing side
is a high resolution tetrode or pentode
type. The acceleration anode is ground-
ed and the cathode on the high voltage
negative potential. The indirect-heated

Optics Photon Transfer

SIGNAL OUTPUT

cathode heater should have a filamepy
transformer insulated for about 10
because this high velocity writing beam !
operates usually at 6 to 10 kv. Thi
high velocity writing beam is focused
usually with an electrostatic focus, Whic}_fj&'
electrode is built into the gun; this
can be, however, magnetic focusing also,
It was found that the high voltage sidel
of the electrostatic focusing is adequate.
for most of the applications. For good
resolution, the writing side uses mag:
netic deflection.

There are some very high writing
speed, dual-gun scan converter, storage!
tubes which employ electrostatic focusing
and electrostatic deflection with a specisl
constructed Helix “y” deflection system
(Figure 36). The tube was develope,d‘[

MAGNETIC

FOCUSING COIL
= 150

S 3 100
d1 ’{ 2 ‘

ERASING
ELECTRODE

Figure 37. Normal Operation of Read Gun.
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i pe reading gun assembly is generally
o to the writing side; however, it
L s a medium velocity electron
9 with the cathode at negative 1 - 2
bet! otential. To achieve a high resolu-
Y ith this lower aceeleration voltage,
i of the EBIC tubes have magnetic
mﬂ;,s and magnetic deflection on the
ﬁding side. Some of the latest EBIC
ube types add to the gun construction
“erasing electrode” which is used
for fast erasing of the written informz}-
ion. This fast erase should be used if
] it pecomes necessary to remove written
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MAGNETIC
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ERASING
ELECTRODE
w e

figure 38. Erasing Operation of Read Gun.

iformation before it fades away by .

itself. The storage surface has to be
brought to equilibrium fast with a high
current reading beam where large num-
bers of electrons impinge on the storage
surface. This erase operation of the read-
ing beam doesn’t have to be well fo-
cused, and the reading gun has to supply
only the high current electron beam.
The reading beam in normal reading
phase is in any order of 1 or 2 pa. The
beam used for erase should be approxi-
I mately 100 pa. The new type of reading
g and its operation, which includes
the special erase electrode, is shown in
Figire 37 and Figure 38.

i
|

y
l A READ GUN
[ ELECTRON BEAM INTENSITY
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TYPICAL POTENTIAL OF ERASING
ELECTRODE WITH RESPECT TO CATHODE

Hectrode in addition to the focus lens.

¢ erase electrode is at anode poten-

b

} The erase electrode is a cylindrical
!

| ia]

an. A normal reading phase. The d,
- Perture let through only a fraction of
¢ electron beam, which is Ffurther
( used by the focus lens and leaves
£ gun through the aperture d,. This
“tron beam leaving d. is approxi-
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fgure 39, Read Beam Current with Erase Electrode.

mately 1 wpa. The erasing electrode
is switched to a negative voltage when
operated in erasing mode. This turns
this electrode into a prefocus device,
and almost all the electron beams go
through aperture d,. In focusing this
beam with the focus lens, all the elec-
tron beams enter and leave aperture
d, also. This beam, focused twice in
order to get through most of the gen-
erated electrons, is not focused anymore
on the storage surface while scanning
to erase it. However, this is a high
energy electron beam and removes the
written information fast by bringing
back the storage surface to equilibrium.
The beam intensity can be controlled by
the control grid also. The beam current
reaches almost 200ua by having the
control grid at cathode potential.

The curve in Figure 39 shows the
beam current versus the cathode-erase
electrode potential. Point A of the curve
is the normal reading phase operation
where the control grid is on zero bias
and the beam current is approximately 8
to 10pua. The B point on the curve with
the high beam current indicates the fast
erase mode.

Target System

The EBIC target system in a dual-
gun tube is shown in Figure 40. In the
EBIC dual-gun scan converter tubes, this
target system is built and located in the
center of the tube between the two elec-
tron guns. The backplate, in contact
with a dielectric, or in the recent de-
velopment doped semiconductor storage
layer is a thin metal plate. The very thin
backplate faces the writing gun. Two
cylindrical electrodes, the shading cor-
rector and the collector electrode, are
between the target and the reading gun.

The simple target construction and
the continuous solid storage material
without mesh construction eliminates the
need of a collimating lens system. The
tube used “stiff” beams on both the
write and read sides without collimation
before approaching the target.

Principles of Operation and Performance

The basic principles of the EBIC sys-
tem were discussed earlier in the paper.
This signal recording system is utilized
in the dual-gun scan converter storage
tubes with EBIC target.

Assumed a start of operation with the
reading electron beam, which unmodu-
latedly scans the target with medium
energy, about 1 to 2 kv acceleration
voltage. The collector electrode is posi-
tively biased with respect to the back-
plate. The backplate is on ground poten-
tial. The acceleration voltage for this
primary electron beam is chosen so that
the secondary emission ratio K is larger
than unity. The positive biased collec-
tor electrode creates an electric field
and attracts the secondary electrons leav-
ing the storage surface. Those electrons

leaving then and arriving at the EBIC
target, therefore, become more and more
positively charged to a certain potential,
which is the equilibrium with the collec-
tor potential. At equilibrium potential
the secondary emission ratio “K” is unity.
The secondary electron current then be-
comes constant and does not result in a
video output signal through the capaci-
tor of the output circuit on the collector.

The shading corrector between the
collector electrode and dielectric surface
provides a correction for the stored in-
formation on the edges of the target.
The cylindrical shape electric field cre-
ated by the secondary electrons extract-
ed by the collector is too high in high-
light pictures at reading phase and
shows distortions at the edges of the
target. The shading corrector with a dif-
ferent d-c bias than the collector is
shaped and located so that its electric
field creates a compensating distortion
to correct the collector field.

Next the electron beam from the writ-
ing gun strikes the positive charged tar-
get on the backplate side. The electron
beam is modulated with the input video
signal. The high energy beam has an
acceleration potential of about 6 to 10 kv.
This high energy beam is able to pene-
trate the thin backplate and reach the
storage material. The storage layer, as
an insulator in contact with the back-
plate, represents a high resistivity from
backplate to storage surface in absence
of the electron beam. The beam, how-
ever, penetrating through the backplate
ionizes atoms along its path, induces a
conductivity in the storage material at
the point of impact.

The writing beam in this way creates
a number of moving electrons, A cur-
rent is induced at the written point and
creates a short circuit between storage
surface and backplate. This point of
the storage surface is, therefore, brought
to a less positive potential toward the
backplate potential according to the
beam energy varied by the modulation.
At points where the writing beam modu-
lation brought the beam energy to zero,
the storage surface remained on equi-
librium potential.

By actual operation, the writing and
reading beams scan the target simul-
taneously on each side. The reading
beam activity tends to charge the EBIC
target in the positive direction, while the
writing beam short circuit tendency, at
the same time, decreases this potential
at one particular point. In order to
operate this simultaneous scan into an
output signal, the intensities of both
beams and the backplate to collector
voltage have to be adjusted properly. It
emits a “remanence” or “persistence” ef-
fect which is the time during which
a written new bit of information fades
out below the noise level.

The simultaneous scan of the target
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Figure 40. EBIC Target System.

by both electron beams raises the pos-
sibility of a cross talk as it exists by
other types of storage tubes or in some
extent in earlier EBIC tubes.

In the EBIC target cross talk can
exist if electrons created with the writ-
ing beam go through the storage surface
into the reading side, directly or indirect-
ly by creating fast re-emitted electrons.
In such EBIC tubes a video cancella-
tion circuit can be used. The writing
electron, which causes cross talk by
reaching the storage surface, results in
a signal of the same polarity on the
collector and on the backplate. The read-
ing beam electron, however, by re-
emitted secondary electrons causes a
signal of one polarity on the collector
and the opposite polarity on the back-
plate. The cancellation takes place by
subtracting opposite polarity output
signals.

The recently developed EBIC tube
targets, with their material and thick-
ness, prevent any cross talk; therefore,
no need exists for any such protective
circuitry.

The previously mentioned remanence
or persistence of the EBIC tubes are
adjustable by controlling the backplate
to collector bias voltage. The persistence
is proportioned with the collector equi-
librium voltage, as the larger the voltage,
the longer the persistence. The reading
beam energy, however, is reversed with
the persistence — the higher the beam
energy, the shorter the persistence.

To erase written information while
being read, the following steps should
be taken:

1. The erase electrode should be
switched from ground to a negative
potential.

2. The control grid bias should be
lowered toward zero, corresponding to
the erase speed to be achieved.

3. The backplate should be switched
from ground potential to a negative
voltage.

4. The AGC circuit keeps the output
video voltage on a certain level

5. With all previous potential charges,
the reading gun scans the target surface.

The erase time of written informa-
tion can be varied with the above con-
trol process from 1/30 sec to one minute.
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Dual-Gun Transmission Grid Modulation Tube

The early development of storage
tubes with transmission modulation tar-
gets produced experimental one- to three-
gun devices. For several reasons, re-
garding the field of applications, the
production settled for some time by the
single-gun tube type.

The desire of advanced air traffic
control systems demanded later a scan
converter tube which stores radar pic-
tures simultaneously and doesn’t need
three or four steps for a full cycle of
writing, reading, and erasing processes.

Figure 41. Dual-Gun Transmission Modulation Tube.
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Figure 42. Schematic of the Dual-Gun Tube.
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. gle-gun transmission modulation tubes.
siné writing and reading sides are es-
Th‘:i,]]]v identical between them in the
e of the target system. The tube,

er
(:el"t e . ro (i :
iherefore, possesses three basic assem

blif'Write side gun assembly and optics

9. Read side gun assembly and optics
g, Target

wiite and Read Side Assembly

There are two tube types in produc-
, which differ in the write side as-
ly only. One of them has electro-
focus electrodes, the other, how-
uses magnetic focus only. The
i construction of the write and read
side i the same high resolution tetrode
type s described by the single-gun tube.
Figure 42 shows a schematic of the tube
electrodes and electronic lenses. Both
sides provide electronic lenses for col-
limation of the beams. Both the read
and write electron beams acceleration
voltage is 5 to 6 kv.

Target
In Figure 41 there is an expanded

view of the target assembly. There are
four screens with a fine mesh structure,
made with an electro-forming process or
woven wire. The mesh is about 750 to
1000 wires per in. The center screen,
which is the storage screen and similar
to the single-gun target, is coated on
one side with a thin layer of dielectric
material. The dielectric surface faces the
wiiting gun side. It has to be noted
that in this operation the writing elec-
tron beam has the erase function, and
the reading beam reads the stored in-
formation only, This operation will be
discussed later, The storage screen of
the dual-gun tube is identical with the
single-gun tube described and is shown
in Figure 25. As shown in Figure 41,

tior
semb
staﬁc

' the write side of the storage screen is

the collector screen and the write decel-
erator screen; and on the read side, the
read decelerator screen.

Principle of Operation

In many applications, the dual-gun
Storage tube has several advantages as
tompared with the single-gun tubes. In
Operation, the dual-gun tube can read
out information continuously, even dur-
Mg the simultaneous writing with the
Witing gun, The single-gun tube re-
fuires electrode voltage switchings for
“liferent phases of operation. The dual-
Sn tube, however, does not need any
gotentiul change on the electrodes dur-
ilg hormal operation while writing, read-
8 and erasing simultaneously. At par-
‘W or total prime of the storage screen,
t'h-y the "writing gun needs potential
ge and can be read out during prim-
g Operation.
Wm,-ng '
fn[;ll‘he writing beam modulated with the

it video signal scans the target

o
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(Figure 43). The collimating lens sys-
tem Lw provides an orthogonal incident
angle of the electron beam passing
through the decelerator and collector
screen. The writing side operates with
a cathode, and storage screen voltage
will provide a secondary emission ratio
K >> 1. This corresponds on the sec-
ondary emission curves (Figure 44) to
a point above the critical potential and
is approximately 300 v for fast writing
speeds. As will be seen later, the total
primed storage surface is negatively
charged. The writing beam causes sec-
ondary emission and the storage surface
loses electrons. While the writing beam
scans the whole storage surface accord-
ing to the modulation, it becomes more
or less positively charged and a stored
charge pattern will be established.

Reading (Figure 45)

The written charge pattern leaves the
storage screen modulated with points
negative, less negative or positive
charged. The scanning unmodulated
reading beam through collimation sys-
tem L. and L. passes the decelerator
screen with 90 deg incident angle. The
reading beam also passes the storage
screen to the collector electrode. The
storage screen with its 5 v dielectric
surface to cathode potential and its nega-
tive charged points is more negative
actually than the read cathode. The
beam at the negative charged points
can be completely cut off, establishing
the “black” level, while the positive
charged points let through the full ener-
gy reading beam establishing the “white”
level. The charge pattern between the
two extreme points represents the vari-
ous grey shades. The storage dielectric
is negative with respect to the electron
gun cathode, the electron beam, there-
fore, does not strike the storage screen,
allowing a long readout time.

One of the difficulties at the dual-
gun transmission modulation system is
the cross talk. Figure 42 schematic shows
that the reading beam signal is collect-
ed on the collector electrode as an out-

Figure 44, Secondary Emission Curve.
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put signal. Simultaneously, the writing
beam strikes the same screen by cross-
ing it while scanning the storage sur-
face. This crossing of beams results in
a cross talk., This situation can be elimi-
nated by RF modulation techniques. The
RF cancellation method uses a 30 to
60 mc high frequency carrier signal
to modulate the reading beam. This re-
sults in the output of a high frequency
carrier, the output is sensitive to the

high frequency only cancelling any cross
talk.

Figure 43. Writing Beam Operation.
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Erase and Prime

To remove a written piece of informa-
tion from the target in order to write
a new one, priming or erasure of the
charge pattern is necessary. The prim-
ing or total removal of a charge pattern
could be accomplished by scanning the
target with an unmodulated electron
beam. For this process, both the writ-
ing or the reading beam can be used.
The storage screen in this phase has to
be operated below the critical potential
(Figure 44) so that the secondary emis-
sion ratio K < 1 and storage surface

become uniformly negative charged. In
case of selective priming, the portion of
the target has to be scanned only where
it is desired to remove the written in-
formation.

To erase information, the storage
screen potential has to be raised above
that value used for writing. The storage
surface, scanned with an unmodulated

= CRITICAL POTENTIAL

V3 (POTENTIAL OF STORAGE SURFACE
RELATIVE TO CATHODE)
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beam, will be brought to a uniform
positive equilibrium potential. For sub-
sequent writing after such erasure, the
storage surface has to be primed.

FOPT Tuhes

The FOPT is another type of target
used in this third type of dual-gun scan
converter storage tube. This tube is
actually a small CRT on the write side
and a vidicon pickup tube on the read
side coupled through a fiber optics and
built in a common glass envelope. The
CRT portion, with a high velocity modu-
lated beam, writes the information into
a storage type phosphor screen, actually
producing a visible picture. The low
velocity modulated read beam, actually
a vidicon pickup tube, reads the writ-
ten information through the fiber optics
coupling. The resolution of such tubes
is about 600 TV lines due to fiber optics
limitations.

Physical Description

Figure 46 shows the outline of the
tube and the construction of the FOPT
target. Both the write and read gun are
conventional high resolution electron
guns, both sides with electrostatic focus
electrodes. In the center is the FOPT
target with the fiber optics, on one side
the vidicon photoconductor, and on the
other side the CRT phosphor screen.

Principle of Operation

The fiber optics, with a diameter of 1
in.,, and 0.1 in. thickness, have about
10 u fibers. The fiber optics disc con-
ducts the light with very little loss of

Figure 45. Reading Beam Operation.
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light energy. .
The electron beam actually excites the

phosphor on one side of the fiber optics
and photons are emitted and transferred
through the glass fibers in the fiber op-
tics to the photo conductor. The read
gun teads the transferred information
similar to a Permachon type vidicon pick
tube.
Writing

The high energy writing beam scans
the phosphor screen and generates light
as in the CRT. The photons emitted
from the illuminated phosphor screen
are transferred through the fiber optics
and excite the Permachon photoconduc-
tor. It is assumed, that prior to the writ-
ing, the photoconductor potential was
brought to equilibrium with the read
gun cathode potential.

Reading

The reading of the stored information
is similar to a Permachon type vidicon
storage tube. The illuminated areas of
the photo-conductor have increased con-
ductivity, and the electrons move the
positive signal electrode. During scan,
with the read beam on the illuminated
and more positive areas, negative elec-
trons are deposited and the result is a
video output signal.

Erasing.

The phosphor screen will be illuminat-
ed with an unmodulated writing beam
above the level required for normal writ-
ing. The target, therefore, can be erased
with or without reading the target. Fig-
ure 47 shows the available dual gun tube.

\.—

READ GUN

Figure 46. FOPT Scan Converter Tube.
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Applications
The scan converter storage 4
. 5 % Ubpg
used in several applications, Sinpl
and dual-gun as well, where o8
tion would be recorded in nfopy
Som ,
pattern and scan rate; and thig (8
mation has to be read oyt in o
other scan format or scan rate,
be able to update in whole o sele
by erasing the written informatig, o8
fraction of a second. The ﬂppli.: 3
vary from a one tube version ¢, 10
tiple tube arrangements, depen din m
the nature of the input signalg and g
required form of the output,
The equipment that actually ye,
the development of the first.smm
verter storage tube was the RB'
(Radar Bright Display Equipm
used for air traffic control ang
verted PPl input signals into TV ,
bright display. |
The first units, the RBDI-] and &
were manufactured by DuMont g
used RCA licensed Franchicon ; use RF |
gun scan converter tubes. Several expog | circuitry
mental units of improved equip
(RBDE-3 and -4 manufactured by A&l The W
miral) were equipped with RCA 758 tubes or )
dual-gun tubes and are presently g gun tubd
operation at several FAA air traffic ¢op | fion cir
trol centers in the U.S. 1 tems. By

tion USC

Deflectiont

y
\

Another similar unit, the RBDES| proper §
manufactured by Raytheon and equipped] magneticp
with a Raytheon CK1383 dual-gun tubg| diive ci

switching

is also in operation at FAA air traff
control centers. A simplified block dia modes  f¢ |
gram of the RBDE-5 is presented il Flectrosts

Figure 48. All of this equipment is useﬂ This § ‘

with PPI raster inputs and TV rast&} biag volt
scan outputs for a bright CRT display netic foef
2 built i

Circuitry of Scan Converter Systems Eel EY,::]“.
The scan converter tubes require{ dynamic

certain number of circuits with high§ The dyi}

performance in order for them to funth focusing

tion effectively. The circuitry involved} ference

is, in general, of the same natwe {0

the basic scan converter equipment and

consists of:

Input and output circuits
Deflection system
Electrostatic or magnetic optics
Switching system

Protecting circuits.

U 03 Bt

Single-gun, single tube, and multif
tube systems are shown in Figure %
and TFigure 50. A dual-gun tube SI§
tem, Figure 51, shows the basic blo
diagrams. The tubes used in these blo®
diagrams are transmission modulati®®?
type tubes. ‘

General Electrodynamic Corp., G
land, Texas, has in standard prodi®
tion, the fully transistorized CECGO
scan converter system with plug in inP*
and output units for universal use. /&
ure 52 shows a block diagram of U5
system. This equipment is a standd®
item providing a PPI input or a sl
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! jnput into TV raster output ver-
2

o0, converter block §
| 0 her scan converter systems bloc &
beg o0 Y (Othe : 3
e ms with dual-gun EBIC tubes are & &
Blewgm diﬂﬂ"“ - : & o
nfo Buy wn in Figure 53 and Figure 54. s S
e o lfour 53 shows the equipment for a P ¥
. i:; Fl%c 7702 and Figure 54 for a tube
" go;:;‘k ;;'W'-S CK1383 [RAYTHEON TRANS.MOD, |2 MAGN, [MAGN, 4,5 | MAGN MAGN. [4.5
[ “ - . ICK7702 |RAYTHEON TRANS, MOD. |2 MAGN ELSTA1 3.5 | MAGN, MAGN. 3.5
; T]]O?lq,v' [It a"d output C|.rc“.ts i 7539 RCA EBIC 2.25| MAGN. |EL.STAT| 10 [MAGN. MAGN, |2
fc eChf This includes the mput amphher, out- R6215 |RAULAND EBIC 3 |maGN. [ELsrtat] 10 |macN.  [MacN. 2
N.)n ing ¢ ﬂmp]i“el- and circuits to prevent R6233 |RAULAND EBIC 3 MAGN. [ELSTAT| 10 |MAGN MAGN.  [I.25
]l(?iltim‘j‘ p ! talk. The input amp]ifier is chosen R6253 |RAULAND EBIC 3 | ELSTAT|ELSTAT 10 |MAGN. |MAGN. li.25
to mu]‘( cl‘os [)\’i(le the pl'O]_)EI’ g"l.ill 'md ])Z’l“d’ R3098 |RAULAND EBIC 3 HELIX EL.STAT| 8 MAGN. MAGN. [1.25 525
7 T < ‘ : MAGN,
l!mg o vi(lth for the Sigllﬂl to be fed into the 7828 GEC EBIC 2.5 | MAGN. |ELSTAT{ 7.7 |MAGN. MAGN, [i.2 1000
and th! “;[iﬁ“g side or phase of the tube. The RW-5 |WARNECKE EBIC 1 MAGN. [ELsTAY] 6 |MAGN, |macN. |12 850
““tput \Ji(leo ill]‘lp]ifiel', beSideS g;lill xll]d iw-ﬁ WARNECKE EBIC 2.5 | MAGN ELSTAT| 8 MAGN MAGN. 1.2 1200
e u. . : & . o Ww-7 WARNECKE EBIC 2.5 | MAGN ELSTAT] 8 MAGN. MAGN, 1.z 1200
"ELI? e bn!ld\"l(.“h! should be built as L]O?e WX -4640| WESTINGHOUSE| FOPT 1 MAGN. [ELSTAT| 5 [MAGN. |ELSTAT (.3 600
’RBDCOI]. 055|NC to lhe (’)lllpllt elech'ode m WX-482 1| WESTINGHOUSE| FOPT 1 EL.STAT.|EL.STAT EL.STAT.| EL.STAT. 600
: E-I m’der to prevent additional noise gen- G413 | RCa EBIC 2.25| MAGN. [EL.STAT| 11 |MAGN, [EL sTAT|2 75
:]%ment) aration. All the amp]iﬁgrs ShOlI]d be de- F3200 |LT.T. TRANS, MOD, |2 | MAGN. [EL 5747 3.6 |MaGN.  |EL.sTAT|3.2 | 1200
- con. sigllb‘d to maintain a high signal-to-noise
Tasten | ratio. Transistor circuits (tube or hybrid) Figure 47. Dual-Gun Tubes.
4 be used. The cross talk cancella-
)1‘1t fjon uses several techniques, but some Figure 48. Simplified Block Diagram for RBDE-5.
dand we REF oscillators and RF processing
n ;
1 expual.' circuitry.
: €11~ i
uipment | Deflection Systems RADA
P o ; R TV TV
or read side of dual-gun
‘by Ad-| The write ead s1 d U-gu VIDEO SCAN VIDEO _|GONTROL RACK| VIDEO v
A 7539 | wbes or write or read phase of single- GCONVERTER iesESiRLT BRIGHT
ently i [ gun tubes has to employ proper deflec- DISPLAY
ffic con. | tion circuits for the tube deflection sys- L
ems. For electrostatic deflection, the Z‘Q}@gXTORS
RBDE.S | proper sweep generation circuits; for
- : 2 )
quipped magnetic deflection, the higher current
tube. | drive circuits. For single-gun tubes, the TV
un tubg, | " A : : SYNCHRONIZER
¢ traffie | vitching  circuits switch the scanning
ock dia | modes for write or read phases. N
. : . . : DEO
:n'ted 13 s Eectrostatic or Magnetic Optics .
- 1s use This includes the circuits, usually d-c
V_ raster | bias voltages to the electrostatic or mag- MAD SPECIAL
display. netic f_ocus systems for collimating optics GENERATOR PURPOSE
built in the tubes. The voltage should e
—— be controlled manually or, in case the TEST
squire & dynamic focus is needed, automatically. PATTERN
ith high 4 The dynamic focus circuit provides a GENERATOR
to funcé focusing field to compensate for the dif-
mvoler forence in electron beam path lengths
ture 10f . ;
vt and Figure 49. Single-Gun Tube Block Diagram.
1
VIDEO YIDEO
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pti P REGULATOR !
e OPERATING
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gure SIGNALS SWITCH
ube SY:; ) T ]
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we l)]O >
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i1se. l;‘{s g I I j ,
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for various deflection positions. This ap-
plies to either a special magnetic focus
coil or to the electrostatic focus electrode.

Switching System

Because the single-gun tubes operate
in sequential write and read modes, a
switching circuit is required to switch
the deflection system and electrode d-c
biases to the proper operative modes.

Protecting Circuits

The tubes, either single- or dual-gun,
use a high current density electron beam
in order to achieve high resolution and
small spot size. This small spot should
destroy any target if it would stop for
some length of time on a point of the
target. Therefore, an interlock circuit
should be incorporated in order to cut
off the electron beam in case of failure
of either sweep circuit.

Typical Examples of Applications
Single Gun Single Tuhe Systems
Slow Scan Input — TV Raster Output

The slow scan system, Figure 55, is
used in space, military, aircraft or tele-
phone line narrow bandwidth TV trans-
mission applications. The slow scan tele-
vision frame, in the order of a % sec to
2 minute frame time cannot be observed
on a conventional CRT.

The scan converter tube converts this
long frame time into a non-flickering
TV raster, a 30-frame-per-sec display.
The tube in the writing phase writes the
received slow scan picture line by line
into the target. The writing beam should
be deflected in the slow scan rate and
synchronized with the received synchron
signal.

In the read mode, the written infor-
mation will be received by the electron
beam scanning with a 30-frame-per-sec
TV rate. The TV rate picture is dis-
played on the monitor. The picture is a
nonflickering, still picture with the dura-

tion of the slow scan frame rate.

Freezing a Single Frame Picture

From a standard TV picture any
frame can be stored and frozen with
proper gating of the input (Figure 56).

This one frame stored picture can be
read out with any TV frame rate and
displays a continuous still picture. This
permits us to study any important mov-
ing scene for some length of time.

Freeze High Speed Motion Picture Framg
For research purposes, , hi
motion study can be performeq
ing one frame of a high Speeq
Figure 57). Using, for nstance
light and a camera, during
of the strobe light, the pictyyy ©
frozen through the camera ty,
scan converter target. This Writty, o Ml
frame can be displayed then f, lm !
and study. Vie
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Figure 50. Single-Gun Multiple Tube Block Diagram.

Figure 51. Dual-Gun Tube Block Diagram.
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Figure 52. GEC Scan Converter System 6021 Block Diagram.
Figure 53. Block Diagram for Tube 7702.
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Figure 54. Scan Converter System with RW-5 Tube.
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Figure 55. Slow Scan — TV Raster System.
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Figure 56. Single Frame Storage. Figure 57. Freeze High Speed Motion. Figure 58. Signal Integration i
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Figure 61. Random Input Display.

Integration of Low Quality and Intensity Signals
This application is a signal-to-noise
ratio increase of a signal of low level
(Figure 58). With several written scans
each line of information, on the same
line as in previous scans, is superim-
posed. The signal repeated several times
builds up faster on the target than the

the camera tube in slow scan pattern
and written in the scan converter tube.

Information Change Detection

Figure 60 illustrates this application
where the storage tube reads difference
signals only, which have not previously
been written. This is actually a MTI or
fixed signal cancellation. This applica-
tion is used in radar and astronomical
tracking.
Random Input Signal Integrated Display

Digital computer and symbol genera-
tor sources are random inputs and should
be written on the target in random scan
with x and y position voltages (Figure
61). The alpha numerics or similar pat-
terns can be displayed with the scan
converter in a TV raster and flicker free
form. This will prevent an additional
load from the computer which, other-
wise, would be forced to supply informa-
tion in a 30-frame-per-sec rate. With a

ER Figure 60. Change Detection. noise. In many fields this application time share operation using the vertical
= T can be used; pictures, otherwise not  retrace time to write in the information, |
1ST SCAN 3RD SCAN visible, can be displayed for an extend- the efficiency can be increased. The tube
\ ; ed time. is switched alternately from the write
S ( READ ONLY NEW Low Light Level Picture Integrations mode during vertical retrace to read
VIDEO SIGNAL o i . N
r%wunz AND READ CONTINUE TO This is another method to improve the during the raster scan.
. ey RS e ekl signal-to-noise ratio of low light level . .
signals (Figure 59). The integration of  Single-Gun Multiple Tuhe Systems |
ALARM the signal occurs in the camera tube With single-gun tubes and sequential ‘ |
G HENAL itself through an extended time exposure.  write and read modes, two or more !
PROCESSOR The integrated signal is scanned from  tubes can be used in a system in a time
Figure 62. Continuous Output System.
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Figure 64. Continuous Output with no Break.

share operation. This will provide a con-
tinuous input or output in both without
simultaneous operation required.

Continuous Output With Sequential Input
As can be seen in Figure 62, a low

TELEVISION
COCKPIT DISPLAY

GROUND MOVES
IN DISPLAY

RADAR WRITES
PICTURE OF
GROUND LINE-
BY-LINE

OVERLAY OF
DISPLAYED
AREA

Figure 65. Side Looking Radar Display.

light level camera scans a frame every

Slow Scan Input
Continuous Qutput (Figure 63)
This is, for example, a spacecraft ap-

plication where slow scan television sig-
nals are received from the space craft.
Frame rate should be one frame every
2 sec. Erase phase can be inserted into
the vertical retrace time. Alternately,
using two tubes for writing and reading
storing each received frame, a TV raster
continuous display can be achieved in
the form of still pictures changing every
2 sec.

Slow Scan No Break Input

This is a three-tube operation and the
slow scan frame rate is 5-frames-per-sec.
(Figure 64). There exists a very small
break in the input signal flow. With
three tubes, it is possible that this slow
scan frame rate can be erased after each
reading with a TV raster scan. Although
the pictures received are “still” pictures,

time share operation. N

Side Looking Radar Display (Figure gg) >

This is a gradually programming Scenp ‘

recording process by reading the mogt
recently updated section of a write
picture, as it is being updated. An gy

-

LEET HAND
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FACES

CAMERA

MAGE
INTERSIFIER [ RIGHT HAND
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HALF SILVERED
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X-RAY SOURCES 3 pRMENSIONAL
IMAGE SEEN
THRU POLARIZED
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Figure 66. Three Dimensional Display.

"

craft with such equipment, passing over

weeps
| targets |
appears

play.

frames
This ca

3 sec. Using two scan converter storage it does not appear as a break in the pic- an area, can display such a side-look: } W:Sld.l
tubes, each frame from the camera will ture changes. ing radar picture. Elhil(l:ile.
be written alternately into the target in The steps taken by the three tubes The advancement of the selected patif =
one of two tubes. In this alternate opera- are: of the stored information is line by ling { te; line
tion, tube “A” is reading a still picture, 1. Write every third frame while the writing follows it line by line; the ned
tube “B” is erased and also a new 2. Read the respective third frame This is a two-tube operation with &by = 4
frame is written in. Next the two tubes 3. Erase and prime special circuit and gives a continuous §
switch functions. This operation gives a The switching time for each tube and display containing the immediate situa:
continuous non-flickering picture. each step is every 0.2 sec, and it is a tion with some of the past information: l
Sy 1
(
Figure 67. PPI to TV Raster Conversion. p?\“‘ C
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o 60 pimensional Displays (Figure 66)
Twﬂ,gmmge tubes write a stereo pair
sicture successively exposed by an
of ,l source. Two television monitor dis-
3177 “the stereo images and the stor-
P]“"!Tubcs will be viewed through pola-
ag‘el viewers. This way a three dimen-
e al picture can be obtained. The read-
? 0"‘:,{ the storage tubes is simultaneous
‘".gl a TV raster. This way the X-ray
::;i:\tion danger is eliminated.

pual-Gun Single Tube Applications
padar pPi to TV Raster Conversion (Figure 67)
The first application of the‘ scan con-
verter storage tube for air traffic control
was this radar picture conversion. The
wide range of control of storage time
makes it possible to gradually erase and
cﬂngequcntly overlay successive mdn}'
qveeps and produce a trail of aircraft
targets on a bright display, just as it
appears on a high persistance radar dis-
play.

with this method, the radar display
can be viewed in a normally lighted
room. There is more control over the fad-
ing time of the target return signals;
and the converted TV raster radar pic-
tures can be displayed on remote moni-
tors, as many as desired.

Slow Scan— TV Raster Conversion

This slow scan conversion process is
completely continuous and does not need
waiting for whole frames to be written
in (Figure 68). However, no overlap
is desirable between two successive
frames received from a space vehicle.
This can be done with dual-gun tubes
which have the ability for selective ex-
posure. This operates like a shutter
which is moving down the display. It
erases the old information along a shut-
ter line completely, while above the line
the new information will be painted on
the new picture as it is being received.

by NEW
PICTURE

SLOW sCAN

WpyT
STANDARD
TELEVISION SCAN
OUTPUT

OLD PICTURE

—

Figure 68. Slow Scan — TV Raster Conversion.

Signal Integration

This is the dual-gun tube version of
k:\e signal-to-noise ratio improvement of
SCV level signals (Figure 69). Repetitive
im‘:{‘s are superimposed in this operation
: the simultaneously reading TV raster
l‘l"tpllt emerges the desired picture slow-
* out of the background noise.

|
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Sonar — TV Raster Conversion

This is also one type of a slow scan
TV raster conversion with the special
spiral input pattern (Figure 70). The

INTEGRATING
STORAGE TUBE

FIRST 10TH 100TH
SCAN SCAN SCAN
Figure 69. Integration of Low Level Signals.

input is the received sonar scan from a
transducer; and the desired display is
the information as received, retaining
the immediate past information. With
the storage tube the display is uniform
all over the picture, in the center and
on the edges, because of the storage
ability of the tube.

TELEVISION
DISPLAY

£7 ,:2

SONAR SCAN TELEVISION
INPUT SCAN OUTPUT

TRANSDUCER

Figure 70. Sonar — TV Raster Conversion.

Airborne Doppler Radar MTI

This application of scan converter
storage tubes is used in low altitude,
high speed aircraft. The storage tube
processor consists of electronic timing
circuits, alternately read and write, and
a stored matrix of range video ampli-

tude of a 20-mi duration (Figure 71).,

WRITE KIIHII)

I

Ll T
[l

Figure 71. Airborne MTI Display.

The reading process is orthogonal to
the writing, providing frequency trans-
lation of each range interval. The scan
converter storage tube performs simul-
taneous write and read cycles and gives
continuous radar scan coverage. The out-
put of the storage tube through the
Doppler processor gives the MTL

Dual-Gun Multiple Tube Applications
Random Input Signals to Color Projections

In Command and Control Displays
where a large screen color display is

required, a screen color presentation can
be accomplished with three scan con-
verter tubes (Figure 72). The com-
puter and symbol generation input is
fed to three scan converter tubes. They
are connected with proper registration
to each gun of the color projector
through an electronic switching circuit.
This produces a screen color display
with storage capability of the scan con-
verter storage tubes. The picture pro-
duced can be erased completely or up-
dated selectively as desired for such
large displays.

V"lri’:{ T{Eﬂ‘)
X —t
VIDEO

Xwy —

—
VIDED,
F— | |SREEN
Xy

FROM
COMPUTER

BLUE

IV
PROJECTOR

CCMPUTER
INTERFACE

l

Figure 72. Color TV Projection of Random
Input Signals.
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This is a moving picture in 6 colors.
It shows a commander what’s happening all over the map.
While it’s happening.

Imagine. In enough colors to clearly identify all elements of the detaill

A clear, detailed picture of a defense exercise. Events situation. ‘ of S;Z‘
happening rapidly over thousands of square miles. An unlimited range of numbers, symbols and words. AnY fion 8
All the information the command-and-control center_needs, kind of line, straight, curved, irregular. A
graphically displayed in any desired size at any number of Only the information that’s essential for a decision. Supef”™ sl ol
locations. fluous data removed or restored at will, any portion of the ‘Ei

Inrealtime, continuously updated by high-speed computers.  display blown up for concentration. The big picture or 2 = '
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detaileq closeup. The name of this remarkable system is Vigicon. It’s made
Small screen, large screen, multiple screens. Any number up of modules that come off the shelf (our shelf). You can
toii) '®mote monitors showing all or portions of the informa-  have a small system or a huge one. The only difference is the
N on the main display. i number of modules you need to do your job.
! A permanent record, recallable at any time for review and Right now Vigicon is at work in military and space appli-
WMalysis, or for problem simulation. cations. But lots of other people will use it someday.
Xtreme accuracy. Extreme reliability. Very moderate cost. Vigicon’s picture of its own future is exceedingly bright.

NORTHROP
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by Edith Bairdain

Information Display in a

Vehicular Traffic Control System

Of the Post-1970 Era

Introduction

A system to provide a means for con-
trol of highway vehicular traffic is one
of the most urgent requirements of the
next decade. The information display
components of such a system will rep-
resent a principal use of electronic in-
formation display technology in the post-
1970 era. The predicted flow of traf-
fic in this country by 1975 presents a
national problem of the first magnitude.
This paper (1) defines that problem,
(2) describes an approach toward solu-
tion, and (3) discusses a conceptual
system resulting from that approach,
with emphasis on the kind of informa-
tion display such a system would con-
tain.

Requirements for Traffic
Control System

Traffic control may be the nation’s
major internal problem. Actually, traf-
fic control is only part of a larger prob-
lem involving the movement of people
and goods from one location to another
throughout the country. Treatment of
the problem will require attention to
means for movement of people and
goods by rail, sea, and air, as well as
by highway vehicle. To bring the prob-
lem into manageable proportion, how-
ever, we will confine the subject here
to highway vehicular traffic control. The
overall requirement is discussed in terms

of (1) its background, and (2) lack
34

of present highway system facilities to

fill the need.
Background

As more people continue to drive
more miles each year, more and better
roads are demanded and constructed;
as better roads are extended, more and
more people buy and drive more and
more vehicles greater distances, and so
the spiral goes, with each factor — in-
creasing population, improved roads,
and increasing vehicle production —
adding impetus to each other factor.
According to the detailed analysis made
by the Bureau of Public Roads, the 838
billion vehicle miles driven in 1964 rep-
resented a 4.6 percent increase over
1963. The 1963 figure was 4.5 percent
higher than in 1962,

These statistics are stressed here be-
cause the proposed solution may seem
too costly even to warrant considera-
tion unless it is placed in the perspec-
tive of the magnitude of the problem.
The problem itself costs this nation bil-
lions annually in traffic accidents and
congestion. Accident statistics are alarm-
ing now and are worsening. To measure
present cost in terms of human life,
traffic accidents are a leading cause of
death in the United States.

To measure cost in dollars and cents,
highway accidents cost this country over
$7 billion in 1962 and it is estimated
that the annual figure will be $9.5 bil-
lion by 1975. This probably conservative

Abstract
This paper proposes the ap.
tion of systems analysis ang D
techniques developed in Space
military systems technology
problem of national highway vg
lar traffic control. A contro)
comprised of computer zp
tronic peripheral equipment, |
mation display equipment, higp.!
traffic enforcement persane?
regulatory procedures is descrip,
with emphasis on design ansmh—
tions that must govern the infg 9
tion display components of g
system. A Vehicular Traffic Conget
System would be designed tg ag
trol the overwhelming increas
vehicular traffic over the nation
system of highways projected
the next few decades.
display in such a system will ray
sent perhaps the most wides
use of electronic information dP
technology in the post-1970 g

y change
[ safety
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Thel
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teractig
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estimate means that in the next deg
the nation will pay over $75 billig
dollars as the cost of traffic accident
if we continue our present highwiy
behavior pattern. There is no way
caleulating the loss in terms of brokey
lives, pain, and social disorganization:
Congestion statistics are not so alam
ing now as they will become. We hawe!
some indication of what they will beJ
come from instances of parkway ag-,
proaches to a city clogged with thow
sands of unmoving vehicles after a hob
day period. The cost of traffic conge
tion in terms of lost productive effil ¥ traffic

has never even been estimated, In ot Syste

words, the traffic problem is exorbit Thel
ly costly now in terms of human B8 g i
and in dollars and cents; the probl o : |
if not dealt with boldly and in wholt 5

F ; : o Serve
will come to the question of whetits
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traffic in some areas can move at ment. |
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at any cost. n tepl
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lated examples of factors that may -
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quired now to make it possible 0 24 omp ‘\

plement controls that must be proV'g
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standards exist that will adapt cons =g
tion of the highways to the ne 3}
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. Qur task is to develop the means
p [mfflt--lu,l.,”ing traffic flow through the
C{i3970 network of highways. (By
Pos’t—tw]lillﬂ traffic” is meant the orderly
*eon of V(fEEClllall' traffic with a maximum
flosY {{et}’ and a minimum of delay.) The
uf_ s “raffic” includes movement of
o as well as vehicles.
, OPFhl,S is restated to define the overall
:{ sirement the proposed traffic control
red! m is to fill: The problem is to de-
I syste a means for the orderly flow of
vg;qlz-u]nr traffic with a maximum of
\'e{ IW and a minimum of delay over a
:I;t?mlwide network of highways in the

+.1970 era.
If post-1

Solution Approach

Techniques developed for definition
and solution to problems in military and
ace system design can be employed

i solution of the nation’s vehicular traf-
S fie pmb]em. .

The traffic situation has been re-
searched for years by people experienced
in traffic control and various research
disciplines. Volumes of data exist, The
roblem has not yielded to this many-
>side{l attack, and the need for major

changes in our approach to highway
safety and traffic control has long been
| recognized.

The existing problem results from
many specific factors and from the in-
teraction of various combinations of

le_cadu these factors. It cannot be corrected by
!?llllﬁﬂ- changes in any one factor, nor by un-
idents | coordinated changes in several factors.

shway' ) The total problem must be attacked

ay “f with all individual factors and their
)"’k@ interdependencies placed in proper per-
atiol | spective. The enormous complexity of
alamms ) this task requires the most powerful
> have | method of study yet developed — the
1 be’ “total systems study” approach which
y 8P% % has evolved from large-scale military and

thot= | space system research.

, holi In this section the system approach
onges L is (1) defined, and (2) applied to
effort | traffic control.

ther
° System Approach Defined

sitants

n life & The systems concept of design and
yblen; de‘v'eiopment is essentially the synthesis
wvholes | ® & group of components designed to
hethef | *'Ve a given set of purposes. The sys-

at M components are the man, the equip-
ment, the procedures used, all selected
4 terms of the total function and all
nctioning together within a specified

=

ev:rgi[lle "Wironment, Because of the time lag
V 9 setween realization of the need for a
; Ystem, design, and final implementa-

ay b8t
ay iy Hon, components must be developed

if L
ereth’ﬂ Iﬂ":fr lime and often at widely separated
e 2 i tions. An overall system approach
15i a1 "ecessary to insure compatibility be-
0. e ‘ 6 €en g)) components and to bring a
Wi OMpletely ; i i
i | s ely integrated system into being.
B b V) : .
’Stru:? tem Approach Applied to Traffic Control
s | System has been defined as a com-
I
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plex of components designed to function
for a given purpose within a specified
environment and for a specified user.
Components of a traffic control system
include man, employment, procedures,
and their interdependencies. The speci-
fied environment is the network of high-
ways operated under state and national
control. The specified user is the motor-
ing public of the nation and the public
officials charged with responsibility to
facilitate traffic flow. The highway sys-
tem analysis would give detailed con-
sideration to the vehicle, driver of the
vehicle, and to the equipment, computer
programs, and personnel and procedures
which would serve to facilitate move-
ment of driver and vehicle over the high-
ways. These factors, (a) system environ-
ment, (b) system user, and (c¢) system
components, are the proper subject of
a traffic control system analysis.

System Environment

Major environmental factors in which
a vehicular traffic control system will
operate will be that of a network of
highways and a complex of state and
national government regulations and
controls.

It is essential to plan highways now
to meet the most extensive future needs.
There is a limit to the urban and sub-
urban land that can be given over to
highway use. A highway traffic system
analysis would consider a network of
highways, those available at present,
their condition and quality; those already
under construction for which concrete
plans exist, and those envisioned for
future construction. This information, to-
gether with existing information as to
predicted population growth, future
population centers and transportation
needs, would provide a basis for the
mapping of a nationwide network of
highways that should be available by
1975. Attention would be directed to
such factors as weather conditions in a
given geographical area (recurrent fog
over a specific stretch of highway, or
sudden sand storms on another), and the
consequent effect on traffic safety and
congestion. The effect of highway de-
sign itself on traffic flow is another ex-
ample of the considerations involved in
the layout of a highway net for future
needs. The planning of the network
of superhighways and an exact mapping
of the locations and characteristics of
each segment is a major portion of the
system analysis. Actual provision of the
highways themselves is outside the defi-
nition of the vehicular traffic control
system discussed here and designed to
regulate the flow of traffic on the
highways.

The government regulations and pro-
cedures which control the state and

national highways and which dictate
issue of driver and vehicle licenses are

also a part of the environment within
which the system will function. Laws
regulating traffic, the restrictions apply-
ing to vehicles which may be operated
on the highway, individuals who may
be allowed to drive on the highways and
constraints applying to vehicle operation
are critical factors and must receive con-
sideration in system design. This fact
makes registration and licensing pro-
cedures followed by each state a major
systems analysis consideration. The
standards that vehicles and drivers must
meet will determine registration and
the issue, suspension or revocation of
licenses. The type of vehicular models
in use during various time spans of the
system, operating characteristics of these
vehicles, their weight, speed and safety
features are pertinent factors in the
systems analysis. The weight of the
vehicle and the range of speeds will
affect the regulations enforced on the
highway. These regulations, in tum, af-
fect the design of the vehicle and its
use. Driver requirements must receive
attention. Today, certain standards must
be met in order to obtain a license to
operate a vehicle on the public roads.
The level of these standards determines
the kind of driver behavior we can ex-
pect and must design the system to
meet. On the other hand, changes in
driver requirements will affect system
operation and the practices that may be
employed in its use. As superhighways,
automobile design and transportation
needs develop, the characteristics of
people who can operate vehicles ef-
ficiently under resultant conditions of
speed and complexity will make driver
licensing standards more stringent.

System User

Major consideration will have to be
given to the use made of the present
highway system. While government
standards for issue of driver and vehicle
licenses define system use to a large
extent, other factors also furnish system
user considerations. Operations research
and safety and accident research data
accumulated over the years can be used
to arrive at the projected needs which
will bring the system into being. Facts
reported in long-term studies, such as
those provided by the Bureau of Public
Roads, furnish data required in user
considerations. Research data on opti-
mum driving procedures; on driver selec-
tion; on attitude and motivation of the
driving public; on human abilities and
limitations in relation to vehicle design
and highway safety; on alcohol, drugs,
fatigue, and sleep in relation to driver
behavior, must be part of the analysis.

System Components

System designers must be aware of
the most sophisticated communications
equipment and techniques. Various types
of equipment must be assessed in terms
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of filling system requirements. Capa-
bilities and limitations of various com-
puter equipment of programming tech-
niques would figure in the system analy-
sis. Major attention would be directed to
the human component of the system, and
documentation of the procedures re-
quired to operate, maintain, and use
the system. Analysis must include speci-
fication of the skills, background, and
training required for the new jobs the
system would generate, and the train-
ing methods designed for use in up-
grading skills to enable present high-
way system personnel to fuction ef-
ficiently in the future system. The kind
of information received and transmitted
by system personnel and user would
dictate system design. The needs and
requirements of personnel in various
areas of highway control, such as mainte-
nance personnel and traffic enforcement
personnel, would receive intensive con-
sideration.

System analysis is a continuing proc-
ess. Modifications taking place in any
part of the system must be assessed for
effect on other parts of the system. As
the system is developed, the system
analysis would serve as a tool in assess-
ing the implementation phases of the
system, and as an evaluative instrument
in determining the degree to which com-
ponents meet specified requirements.

A Vehicular Traffic Control System

The envisioned vehicular traffic con-
trol system resulting from this systems
study would, in brief, involve a complex
of electronic devices associated with a
large central computer containing all
driver and vehicle registration numbers,
programmed information display for out-
put to motorists, system personnel, en-
forcement personnel, highway mainte-
nance personnel and state highway and
traffic authorities. The motorist would
receive electronically displayed informa-
tion before and after entering the con-
trolled superhighway giving current con-
ditions of road accessibility, weather con-
ditions, unusual delays and the current
speed limits which assure smoothly flow-
ing traffic under those conditions. High-
way agencies and system personnel
would receive automated record keep-
ing assistance and the information on
highway and traffic conditions required
for their function.

The system is discussed here in terms
of (1) a brief functional description of
the equipment and (2) an overall de-
scription of the operating system.

Equipment

Major equipment components would
consist of (a) computers, (b) com-
munications network, (c¢) peripheral in-
put devices and (d) peripheral output
devices.

Computers
The computer equipment required
36

would have to provide enormous stor-
age capacity. It would contain data on
all licensed drivers and vehicles and
provide other computer capability. Com-
puter programs would provide the com-
puter routines used to scan and check
registration numbers; to output lists and
reports (driver information, license ex-
piration dates); to place special requests
for hold or stop information on a specific
car or driver; and to output the neces-
sary display information to system per-
sonnel and the motoring public. This
could be furnished by a satellite system
of computers, together with sophisticated
switching center equipment. Because the
system would require the greatest stor-
age capacity that computer technology
permits, data processing and storage
equipment now in the design stage
would be anticipated for use in system
implementation.

Communications Network

The communications network would
consist of transmission lines interconnect-
ing large-scale computers, input and out-
put devices and automated switching
centers. These would be capable of car-
rying the number of messages necessary
to provide almost instantaneous check of
traffic entering the superhighway.

Peripheral Input Devices

Input equipment must be available at
each location where driver and vehicle
registration licenses are issued or re-
vised. This input device would consist
of a modified electric typewriter key-
board and would transmit the typed
symbols through electronic impulses to
the central computer at the same time
a typed copy was produced. Similar in-
put devices would be provided for use
by system personnel to address the sys-
tem with data or weather conditions,
special hazards, car or driver wanted for
inquiry, or to input information applic-
able to specific functions such as mainte-
nance or special reports.

The electronic scanning device located
in each car check area would be a
major input equipment item. The elec-
tronic scanner would be capable of sens-
ing registration numbers displayed for
the purpose, as the vehicle rolled
through the check station, and trans-
mitting the numbers to the computer
for legality check.

Counting devices on the highway
would input traffic density data to the
computer automatically. This informa-
tion would be used with other input
data under program control to specify
current highway accessibility and driv-
ing regulations.

At some time in the future, equip-
ment will include input devices within
the vehicle so that the motorist can
query the system directly.

Peripheral Output Devices
The requirement for information dis-

play immediately responsive to o '
conditions would dictate electmn
trol associated with the COmpyp
tem, and the most succinet digy
mat consistent with intelligent d
making. o
Output devices would consist gf =
types of electronically generateq 3
mation display to convey Up-to-,
ute information as to road Condi
weather condition, speed alloweq
accessibility of road segment, T} gt
types of display would include "‘:_' oints
signs, large wall display and . 8 st al ]
and printout display of informgg, ?‘3‘ -
quired at traffic control lleadqu oy
agencies and highway stations, anq g 5 wed t' “
display to both system perso“ne]; :‘ismn N
would

motoring public.

The Operating System yice WY
The operating system can be g

cussed from the viewpoint of ()

motoring public and (b) highway gee'd

cies and system personnel. 2

The System for the Motorist
The system will provide for the n
ist the information required for
sponsible driver behavior. The first:
formation the driver will receive will
that informing him of the conditigy y
the portion of highway he is aboutgl Majd
enter. This information will be displaggl design {
to the driver before he reaches [l operat
access road and in time for de adapta
while an alternate route may be ch ample,
The second use of the system by hicle
motorist would be at the highway type 1
check point. The information displ
portion of the electronic regist
scanning device would inform the d
if he is to continue highway entry,
for a specified time, pull off in the
area for manual check or leave the hig
way. As the vehicle enters the highwa
the especially equipped car check ._,2’ evolv
tion would scan the driver and vehit changy
license electronically; the number woullf tem S§
be transmitted to the central compuléy contrch
for check as to legality and as {0 'l:he
possible “wanted for inquiry” StO?f. tion &
tached, then a “go ahead” or “sti fccessy
signal transmitted to the check Po ters
for the motorist’s view. If the restraii¥
signal should be transmitted, pertin&y
information would be sent to COMEH
and enforcement output devices S
taneously for appropriate action. )
information display could consist of @

coded lighted signals with a silli®
message written in the lights, SUCH
red “move to hold area,” yellow !
for green,” or green ‘go.” The Y€
light would serve to space entering
fic as conditions dictated. This SPA=
would be under computer contr® @8 4
response to level of highway congeSTl  veia
Determination of highway satur®® 5‘ ind

would be based on the number o ‘@8 rapeg
per lane, spaced so as to maintain g W
flow under current conditions. The & INFOR
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ety

=3 com

d have information before enter-

oY je highway not only as to accessi-

S iE pat also as to speed limit under
bi]ityf conditions. Thus, on highway
ity the driver would be assured of
sothly {lowing traffic at the speed
li pated. ; ; i
The driver wnl} be prowdgd informa-
while travelling on the highway and
exit points: Electronically generated
Jinated displays located at roadside
ml-mts would furnish information as to
m-.l] conditions the driver must con-
'_BCIK en route on the controlled high-
slde,r Fixed roadway displays could be
wa)d' to indicate unchanging information
qich 85 exit 1)0ints., de_stinations fmd
Jistances. At th_e exit point, theQ driver
ould again drive past a scamming de-
u hich would serve to inform the

yice W 2 :
er that the driver had left the

wmput

il woad. This data would be used in the

puter-genemted statement of toll
charges prepared for periodic billing to
the holder of the registration, and also
stored for historical information for con-
trol agency use. A printout card show-
ing distance travelled and amount of
charge would be output. The driver
could take this card for his records if
desired.

Major changes in future motor vehicle
design will change the mode of vehicular
operation. The system will have to be
adaptable to such changes. For ex-
ample, speeds will be greater; the ve-
hicle will lock onto a moving conveyor-
type roadway for portions of travel. The
nature of information display required,
the display locations, and symbology
used will be dictated by the charac-
teristics of the new highway, vehicle,
regulations, and driver.

Use of the system will itself bring
about changes in addition to normally

* evolving change. One such expected

change, given the highway control sys-
tem suggested, is the display of traffic
control information within the vehicle.
The same computer-generated informa-
tion that would appear on an approach
access road or on a control headquar-
ters wall display could also generate
a display within the vehicle itself.

g t0n planning a trip, the motonisf cou!d
: :!m a report of traffic conditions in
uch the same manner as rush hour
Zi'lr;‘;.rebm'ts. are re‘ceived now giving
% eANt. conditions. 'Ihesg po’s‘t~}97() de;
g 0\:_ reports would provide “trip maps
e tf“g the best route, when the wuul_d-
pumlr;'l\'ellcr queried the system by in-
8 proposed departure time, point
. Yeparture; and destination. Taking

Va;]’mﬂr‘:(rmmt a!l' of the condi.tions pre-
! Dea&- and pro_]ected,.a routing would
X i-ll on a_vulen display within the

cle, showing best point, travel route,

in ; A S ps
deexxt point within a specific time

V . S
le:hen the motorist actually initiated
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the trip of whatever distance, he would
depart from the garaging point, over
local streets and roadways not a part
of the controlled highway system. On
nearing an approach road to the access
point he had chosen, he would tune in
the Vehicular Traffic Control System.
Here audio-visual display would furnish
information to direct his travel. Here
the analogy can be made to present
day air traffic control when a plane pre-
pares for approach and landing at a
particular location and may be diverted
to another terminal if conditions war-
rant. It is appropriate that we look to
aerospace design standards that will
serve vehicular traffic control, consider-
ing speeds future vehicles will employ
and the more responsible attitude re-
quired of drivers.

We may also expect vehicular high-
way traffic to be planned in coordina-
tion with available water, air, and rail
transportation facilities in the post-1970
era.

The System for System Personnel

Highway agency and system person-
nel would receive all of the information
concurrently with its transmission for
driver display on the area of highway
under responsibility. This would be pro-
vided by large wall screen displays,
showing the area of the highway net-
work under scrutiny, in map form and
would reflect conditions being signalled
to motorists on the road. System head-
quarters would receive tabular wall dis-
plays giving a summary of conditions
over specified time periods, giving de-
tails as to accidents or other unusual
occurrences, or notifying of an attempt
by an illegal driver-vehicle to enter at
a specific access point. The same in-
formation would appear concurrently in
printout, readout and audio form as
required. Enforcement personnel (high-
way patrol, checkpoint and highway sta-
tion monitor personnel) would receive
information by readout and audio dis-
play of conditions requiring their atten-
tion.

Various functional areas such as high-
way maintenance headquarters would re-
ceive information as to conditions re-
quiring maintenance attention and
current status of specific highway seg-
ments by wall, printout, readout and
audio display as appropriate. The com-
puter would also furnish records to keep
maintenance scheduling and records cur-
rent. All control agencies would draw
upon the computer for current and his-
torical records and for data processing
functions.

The system would provide invaluable
records for use in future planning by
system control headquarters.

The use of presently available design
tools and techniques may be expected
to bring second generation changes in
traffic control and basic highway design.

The basic queuing theory developed for
predicting the utilization of communica-
tions networks is divectly applicable to
traffic control. Our highway of the
future can have deliberately introduced
delays at the access points and toll
booths to keep traffic moving smoothly
on the highway. The computer would
contain data on performance of the vari-
ous types of vehicles and would sort
the queued vehicles so that the slower
moving would be prevented from enter-
ing certain access points during periods
of peak traffic and redirected to alter-
nate routes, under computer control.

The computer would contain complete
historical data on each section of the
highway. These data would be used to
schedule highway maintenance so that
those sections most likely to introduce
traffic delays would receive highest pri-
ority. Similarly, methods of detection
and removal of disabled vehicles from
the highway could be modified to mini-
mize traffic delays and danger to other
vehicles.

Finally, the computer would maintain
long-term historical records of the traf-
fic handled and the causes of delay for
each section of highway. These records
would serve as a guide for the design
of the next generation of highways and
traffic control system. The computer will
furnish the measured capabilities of the
post-1970 highway control system for
design of the post-1985 system.

Summary

To summarize, we have discussed the
urgent need today and the absolute de-
mand tomorrow for a control system to
provide for orderly movement of vehicu-
lar traffic over nationwide networks of
highways projected into the future. We
have said that the most feasible ap-
proach to solution of the gigantic prob-
lems ahead lies in the application of
system analysis and development meth-
ods to the problem.

The control system will operate in an
environment of superhighways honey-
combing the nation, accessible to every
population center, and will consist of a
giant computer with associated elec-
tronic equipment that will receive, trans-
mit and display information necessary
to travel the highway and to control
that travel in orderly flow.

However, it is necessary to build for
present modes of transportation bear-
ing in mind the fact that both vehicular
design and the need for motor vehicular
transportation will change drastically.
We have looked at what some of these
changes may be.

It is our task to bring into being the
system that will meet the needs of the
future, and make use of the technical
skills and design abilities that are rep-
resented in impressive concentration here
today.
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Introduction

Even a casual investigation of the
jiterature  of the display-allied fields,
e.g. optics, photography, photometry,
and psychology, to nmame but a few,
reveals that a wide variety of photo-
metric units are in current use. Further-
more, many identical units have two or
three common names; and it is not un-
common to see the units incorrectly
used or defined in both technical papers
and procurement specifications. Table I,
Photometric Units, has been prepared to
clarify the interrelaticnships.

It will be observed that there are
three systems of units — the English, the
MKS, and the CGS — but that there are
only four physical quantities of sig-
nificance. These are luminous flux, lumi-
nous intensity (also called candle power
or intensity), luminance (also called
photometric brightness or simply bright-
ness), and illuminance (or illumination).
There are two sets of units of luminance,
one is generally used for self-luminous
surfaces, the other for non-luminous sur-
!nces. This distinction, however, is un-
Mmportant and either set will suffice.
'Furt]wrmore, since the English system
5 customary in engineering applications,
the most useful set of units for display
S¥stems work consists of the following:
the lumen, the candle, the foot-lambert,
id the foot-candle. In the following
#cetions, these units will be defined, and
Some notion of their magnitude will be
Even by citing typical values for familiar
Situations,

Conversion factors between the vari-
0“3_ sets of units will not be given here;

e derivation should be obvious from
si: definitions. While tables of conver-
3 N factors do appear in various hand-
:f’}\'s. the blind use of such tables is not
in‘:mfnended because the simple rela-
mnsh'liﬁ between the various units be-
let\e tl})smn‘ml. Nothing that one square
A er is approximately ten square feet

ore nearly 10.76), the following rule-

Iy
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 Photometric Units

by H. R. Luxenberg

[This paper is one section of a report entitled Dis-
play Techniques for Digital Weapons Control Sys-
tems, prepared by Q. L. Bonness and H, R. Luxen-
berg of The Bunker-Ramo Corporation for U.S. Naval
Ordinance Test Station (NOTS), China Lake,
California, under contract number N60530-10519.]

Summary

Even a casual investigation of
the literature of the dispiay-allied
fields, e.g. optics, photography, pho-
tometry, and psychology, to name

but a few, reveals that a wide
variety of photometric units are in
current use. Furthermore, many
identical units have two or three
common names; and it is not un-
common to see the units incorrect-
ly used or defined in both technical
papers and procurement specifica-
tions. This paper shows that there
are only four physical quantities for
which units are required, defines
the most commonly used units, pro-
vides some notion of their magni-
tudes by citing typical values for
familiar situations, categorizes these
units as being either in the MKS,
CGS or English systems, and relates
alterpnate names for identical units.

of-thumb relating luminance and illumi-
nance units is easy to recall:
1 English unit =~ 10 MKS units =
1 milli-CGS unit.

The conversion factor of 7 between the
two types of luminance units is easily
found from the relation

47 steradians = 1 sphere, hence,

1 lumen/steradian = 7 lumens/

quarter-sphere.

Very frequently when brightness in per-
area units appears in a formula, it is
associated with a factor of 7; lambert
units absorb the « factor. This is one of
their major advantages (another will be
given below. For example, if B is the
brightness of an object, the illumination
on the retina of the eye in trolands,
through a pupil of D mm, is given by
T B (312 * if B is in candles/m?, and

by B (-?)2 if B is in meter-lamberts.

Luminous Flux: The Lumen

The fundamental photometric unit is
the lumen. It has the dimensions of
power, and may be converted to power
units, e.g. watts, by applying an ap-
propriate conversion factor. The con-
version factor varies with the spectral
distribution of the radiant energy. For
ultraviolet and infrared energy, there are
zero lumens per radiant watt; for spec-
tral green (555 mu) light, there are 680
lumens per radiant watt. If only radiant
watts in the visible range are considered,
the number of lumens per visible radiant
watt is a measure of the efficiency of
a radiant source as a visible stimulus.
A typical incandescent lamp produces
100 lumens per visible radiant watt. This
number should not be confused with the
efficiency of a lamp which is given in
lumens per input watt, For a typical in-
candescent lamp the efficiency measured
in this manner is around ten. The dif-
ference between the two numbers rep-
resents the input power which is dis-
sipated by conducted and convected
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TABLE 1
PHOTOMETRIC UNITS
Physical Quantity Physical Significance English MKS CGS
Luminous Flux visual power, analogous to lumen lumen lumen
wattage
Luminous Intensity lumen/steradian in a specified  candle candle candle
(for point sources) direction
Luminance candles/unit area or candles/ft? candles/m? candles/cm?
(for extended sources) lumens/steradian/unit area nit stilb
in. a specified direction
Luminance meter-lambert
(for non-luminous surfaces)  lumens/quarter-sphere/unit area  foot-lambert apostilb lambert 1
in a specified direction blondel T
D . . o :
[luminance lumens/unit area foot-candle meter-candle  cenfimeter-cand|q
lumen/ft? lumen/m? lumen/cm?
lux phot ,
Other Units: 1) milli-lambert: 10-3 lambert
2) nox (obsolete): 10-3 lux |
3) skot (obsolete): 10-3 apostilb ‘\“.
4) canc_jela: correct name for the current s’randarld candle. (In 1948 the luminance of a black body at the temperature of solidifying ;' J‘{
platinum was defined to be 60 candelas/cm?®.) This was equal to 58.9 == 2 international candles. The terms candle and candel
are used interchangeably today; although, strictly speaking, candela is correct. ‘ !
5) troland, luxon, photon (obsolete): llluminance units (all are equal) for retinal illumination in experimental psychology. The illumina- ‘ d
tion on the retina through a pupil of diameter D mm of the image of an object of brightness B meter-lamberts is defined to be | 1§
B <~12? >2 trolands. Thus the retinal illumination produced by an object of 1 meter-lambert luminance when the pupil diameter is | i
2 mmis 1 troland. | ‘
6) apparent foot candle (obsolete): foot-lambert ‘ | |
7) effective foot candle (obsolete): foot-lambert |4
I{
1 Nl
| measuj
| area
heat and non-luminous radiation. The are 47 steradians around a point. cause of this fall off of intensity of -"‘-".I f:rt:e' I
lumen is useful to describe the power . tion with departure from the surface of sull
of a projection system. A typical 8 mm Luminance: The candle/foot* normal (while apparent brightness 68} a6
home movie projector (500 watt lamp) And the foot-lambert luminance is constant), a surface of L T
has a useful' output of 50 - 75 lumens. Since practical emitters have extend-  area with one candle per unit area g ¢ © F
A typical 35 mm slide projector (500 ed surfaces, their luminance may be de-  nance radiates only = lumens into &) oo
watt lamp) has a useful ouput of seribed in terms of the number of can- forward hemisphere, while a POBIEE  foo. 3
500 - 1000 lumens. dles per unit projected area of the source of one candle radiates 27 lumely (. o
surface. Since luminance, like intensity, into a hemisphere. % implig
Luminous Intensity—The Candle 1s a functim.\ of the direction being con- Candle pe‘r-nnit-ara:-a ]ur.nilmnce ‘_",‘ nancd
i sauils S ] ¥ the: o sidered, projected area rather than actual are customarily used in rating lamp f'l hem
e ¢ ;\::31 e:zn::it?e:lnel‘)‘ffuf ooir:tesolll:'::le- area is used, the projt.action] being on the ments or other light sources f(n"Pm’,, | radia]
e . ¥ 4 PO plane normal to the direction considered. tion systems. Lambert units (centimetéfas d
per unit solid angle, the steradian. The Note that a surface which appears uni-  meter-, and foot-) of luminance 88 ed gf
stt.fm.dmn o the solid angle included formly bright from all directions actu- physically smaller than the cm*respon naned
within A cu'{:u!;u" cone whose apex half- ally emits less flux (fewer lumens) in ing canci]e-per-uuit—area units of TuMWESE i e
;lngle? ]ls 'apprn‘xtmzl.tely 323_ d.egrefﬁ. A the directions away from the normal to  nance by a factor of 7; thus one cand®®{  sourd
‘1enuslt7 wtm__;g“?;“p‘g,ses @ steradians, the surface. For definiteness assume a per-unit area unit and = lambert U“' Ax
‘mIOC ol _"l"‘. stera‘_ 1-:111.5. finscti i area surface with a luminance in all represent the same luminance. Thus * ond, |
the“ dgﬁgg‘;{ fl;:)rf':mtll?:a l;o:‘n : l::;::g: 3\ (]iz'ectiolw:q of one cmld]e. per unit area.  surface of unit area .with a luminzl_I:l n;)el"
80 watt incendescent Jamp I approii- When viewed from a direction making  of 1 lambert unit radiates 1 Jumen 1% tI‘iI e
el 60 vandla gawer {1 cindle pow- an angle @ with the normal to the sur-  the forward hemisphere. _ . ngy
er/watt); larger lamps are more effi- face, Vthe‘nplzarenf or Qm;f:cted_ area is Wh-lle the two sets of units nm)’e 3
wient, saulles ues Toss s, A nibotmal cos @ units. T he intensity in this dn:ec- used interchangeably wherever a M® 8 |
T A 2 e L. tion must be cos @ lumens/steradian,  ure of luminance is required, the foot ] .
radiating source of 1 candle power radi- in order that the luminance remain one  lambert is customarily used to descr'e i
ates 47 lumens into space, since there lumen /steradian /unit projected area (i.e. the brightness of a display surface whetlS8 in al
T Useful output is defined as that reaching the sercen, one candle/unit projected area). Be- er it be self-luminous or not. . IN
P INFORMATION DISPLAY, MAY/JUNE: '9, 1
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llluminance: The Foot-Candle

Ilumination level or illuminance is
measured in terms of lumens per unit
area of a surface illuminated from an
external source. In English units, one
lumen of incident light per square foot
of surface produces an illuminance of
one foot-candle. For a perfectly reflect-
ng, uniformly diffusing surface, the
screen  brightness in  foot-lamberts is
lumerically equally to the illuminance in
foot-candles, by definition. This is be-
cause the one lumen per square foot
mplicit in the one foot candle illumi-
hance is “re-emitted” into the forward

emisphere by a one foot lambert
radiator,

Note that actual rather than project-
:: area is involved here. Thus the illumi-
: ce of a given surface will be lowered
% It is turned away from the light

Irce fewer lumens will be intercepted.
I MKS unit, the meter-candle-sec-
» 15 used in photographic work to
asure [ilm exposures, while most avail-

k € exposure meters are calibrated in
tglish units,

e

: ’lﬂright{less and F:or'lt.rast

‘iqél,)liltness is not the stgmfic_mlt f{}CtOl’

Foa‘ ay legibility. Contrast is. Bright-
MATION DISPLAY, MAY/JUNE, 1965

theatre screens.

3 Brightness values compiled from:

TABLE 11
TYPICAL BRIGHTNESS, FOOT-LAMBERTSS

Surface of the sun 4.8 x 108
Surface of a 60 watt frosted incandescent bulb (“hot spot”) 36,000
Surface of a 60 watt “white” incandescent bulb 9,000
Surface of a 15 watt fluorescent tube 3,000
White paper in direct sunlight 9,000
Clear sky 2,000
Surface of moon, bright area 750
White paper on office desk 25
Pulsed EL mosaic panel 20
TV raster 20
Light valve, 10" x 10" diffusing screen, 2 Kw lamp 20
Theatre screen open gate 16

Note that pulsed EL mosaic panels have brightness comparable with TV raster or open gate

D. G. Fink, TELEVISION ENGINEERING HANDBOOK, McGraw-Hill, 1959.

IES LIGHTING HANDBOOK, THIRD EDITION, Illuminating Engineering Society, 1959.
REFERENCE DATA FOR RADIO ENGINEERS, I. T. and T. Corp., 1949.

MEASUREMENTS AND CALCULATIONS BY THE AUTHOR.

ness is generally specified because it is
a relative invariant of the equipment
whereas contrast is generally a function
of ambient lighting. Brightness is also
specified because it is obvious (!) that
the higher the brightness, the greater
the visibility under higher ambient light.
This is not necessarily true, since some
displays of lower intrinsic brightness
have better visibility than far brighter
ones.

Furthermore, unnecessarily high bright-
ness may be a luxury where ambient
lighting is subject to control, since it
has been determined experimentally that
where observers have control over ambi-
ent lighting for reading they tend to
choose lower values than are generally
considered optimum. For example, un-
der a controlled test?, when the maxi-
mum available illuminations were 10,
30, and 45 foot-candles, the observers
selected 5, 12, and 16 foot-candles as
the optimum values.

The required brightness of a display
should be obtained by the following
procedure. First, select, preferably at
the lowest acceptable level, the ambient
light desired at the work station, and by
means of a mock-up measure the am-
bient light falling on the display sur-
face. The source(s) of ambient illumina-
tion should be relocated, collimated or

otherwise shielded to reduce this to a
minimum. Acceptable contrast ratios
are: for white symbols on a black back-
ground, 5:1; for line drawings or text
on a white background, 25:1; for pic-
torial scenes, 100:1.

From a knowledge of the reflectivity of
the display surface (unless it is glossy,
unity is a conservative estimate) the
brightness of the background is ob-
tained, and multiplication by the de-
sired contrast ratio will specify the
brightness required of the symbols. For
example, if the ambient illumination on
an electro-luminescent alphanumeric dis-
play whose luminance is ten foot-lam-
berts can be held below two foot-can-
dles, the resulting contrast of 5:1 will be
adequate for good legibility. If, how-
ever, the observer is working at a desk
where the illumination is 50 foot-candles,
a sheet of white paper will have a lumi-
nance of 40 foot-lamberts and the 4:1
brightness difference between paper and
display may prove annoying. Since the
display brightness cannot be raised, the
working lighting can be reduced. If the
observer is given control over the am-
bient lighting, he will find an optimum
(for him) working level.

2 A. C. Stocker, “Displays, Papers and Lighting,"
Information Display, Vol. 1 No. 1, pp 16-286,
September/October 1964.
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rc\mlution in engineering design. Display
¢ design on a “TV” screen. Change

jues. Try new arrangements. Let

Vi sYSTEM/360 calculate performance,
n redraw the design automatically.

i

c\re 4

SYSTEM/360 can also
type, tape, print,
punch, draw, photograph
or answer a telephone.

No one but IBM offers you so
many ways to use a computer.

No other manufacturer makes it
80 easy to choose and to use a Man-
agement Information System sized
right for your company.

IBM SYSTEM/360 offers you a
choice of eight central processors.
Over fifty different units to put in-
formation in or get it out of this
System. Two kinds of core storage.
Two types of visual display units.
F(}ur types of direct-access storage.
Five types of data communications
terminals. And much, much more.

If you are a milk company, you
May need only a simple card system

Iy,
ORMATION DISPLAY, MAY/JUNE, 1965

to improve route accounting. We
can help you.

If you are a wholesale grocer,
you may need small interchange-
able direct-access disk storage to
keep up to date on inventory. We
can help you.

If you are a large manufactur-
ing company, you may need 16
high-speed tapes, 3 billion char-
acters of direct-access storage and
high-speed communications with a
satellitecomputer. Wecanhelp you.

An engineer may need a visual
display that lets him make changes
in designs instantly on a cathode
ray tube. He may need printed out-

Circle Reader Service Card No. 11

put in the form of graphs or con-
tour maps. He may need only 2,048
words of core storage or over 2 mil-
lion words.

In any case, we can help him tai-
lor SYSTEM/360 to his needs.

We designed SYSTEM/360 to
adapt. When your problems
change, you modify the system, you
don’t abandon it for a new one.

And we don’t abandon you. Our
people are on call any time they can
help you.

They always will be.

SYSTEM/360-The Computer
with a Future.
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Projection Readout |

DEGODER-DRIVE

Operate incandescent lamped projection readouts directly from
logic levels without relays, level converters or power amplifiers!

"

Fast, silent and highly reliable TEC-LITE TPD Series
Transistorized Display Drivers control incandescent lamps
of projection readouts with logic signals as small as 1ma.
Completely compatible with the signal levels and codes of
conventional or integrated solid state systems, the compact
TPD Series lamp driver and signal decoder does not create
transients on signal lines normally associated with relay-type

lamp control devices.

Even with BCD decoder and memory options, the TPD
does not exceed the mounting dimensions of the projection
display. By combining the TPD Series integrally with the
readout, no wiring is required between the readout and the

driver. In addition, high current is confined to the readout
and to the panel area; valuable space in logic cabinets is not

used for decoder-driver cards;
the cost of designing, building
and testing driver packages is
eliminated.

Designed to control 6, 12 or
28 volt lamps in IEE Series
10000 and 120000 Projection
Readouts, versatile TPD Ser-
ies provides decimal readout
from decimal, 4-wire & 8-wire
binary coded input signals
of various levels. Prices start
at $45.45 in 10-29 quantities.*

For Integrated Circuit ap-
plication specify MTPD Series!

*Does not include IEE readout,
socket assembly or lamps.

1. .2 3.
Other TEC-LITE transistor control-
led readout devices compatible
with signals and codes of solid
state systems include:

1. Segmented Neon Readouts
with high brightness display

2. Alpha-numeric Readouts us-
ing Neon Display Tube

3. Eletctro-Luminescent Read-
outs

TEE LITE

INDICATING
DEVICES

s W

INDICATORS

S=E=EE

DATA-PANEL

Ll 36l2] || H

READOUTS

i

TEC-SWITCH

Transistor Electronics Corporation

Box 6191

Minneapolis, Minnesota 55424

Phone (612) 941-1100

TEC-LITE indicators are protected by one or more of the following patents: U.S. Pat, Nes, 2,985,874, 3,041,499;
3,116,480; Australian Pat. No. 244,756; Belgian Pal. Nos. 604,246 and 637,379; Canadian Pat. No. 686,506;
French Pat. No. 1,291,911, Italian Pat, No. 674 .414; Swiss Pat, No. 376,541; British and German patents pending.
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G. T. Nagy

Mr. Nagy’s biography appegy, ol
last issue of Information Di.x-p]ay g n
first installment of his article, 2 )

Dr. Edith M. Bairdain

s

|
Dr. Edith I
is currently . 1|
visor of the (g, B ‘
le’ld COlltl’Ol P ‘ il
nel Subsyster .‘ { ‘
of the ITT pat |
Information o ‘
Division, !

Included in her professional pegper
bilities are systems analysis, de J i
ment of design criteria and opepygts
requirements, and direction of jy
factors studies for large-scale infopm
tion processing and display systemg.' )
ditional experience during the pagt fo
years has involved activity in the gl
of group interaction, human Percepfig
and learning. i

Prior to her current affiliation, '

Systen'd

Bairdain was Project Director in g 5

development research at Columbig "3

versity in N. Y. and a congultant §! d
several governmental and  indusigy m

agencies. 1 /1

Dr. Bairdain received B.S. and MA

degrees from Columbia University. Sk
was awarded a o
:

Ph.D. degree [fion
Emory University.

|
i om
‘

Charter  menl
and first president!
the Society for Il

|
mation Display, B
H. R. Luxenberg
currently a mem:
of the technical st
at the Bunker-Rai
Corporation, Canoga Park, Calif. =
Previously, he was Vice l’resfd
and Dir. of Engineering at Houst®
Fearless Corp.; Manager, Display DeS
Ramo-Wooldridge Corp.; Manager, C
puting Center, Litton Industries; 85
Simulation and Analysis Group, Remis
ton-Rand UNIVAC Division; and (192
52) Research Physicist.

From 1942-45, Dr. Luxenberg sei¥ l
as Weather Officer and Instructol &
Meteorology, in the Aleutian Islands &8

His computer experience ranges M8
operation, checkout and maintenanc®=
the Natn’l Burcau of Standards Wes®H
Automatic Computer to |)rop;ramﬂ} ,{ .
logical design, system analysis and ST
lation for many command and cO™S8
systems. He has recently been cOm“2s
trating on problems of image enhd™ q
ment, data display and data storagé %5

retrieval. } L
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Dr. H. R. Luxenberg }
A
%
|
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| TWO-SLIT SPOT ANALYZER

FOR DETERMINATION OF CRT SPOT CHARACTERISTICS

An Original Celco Design

Spot Diameter at 2” to Left of Center

RIA T[T T
lO "}‘E

SPOT MEASUREMENTS ON 5” HIGH RESOLUTION CRT

IIVMH

aremarmra

.001”" /em
Half Amplitude Spot Diameter = .001”

@ SPOT SIZE AND PHOSPHOR NOISE

@® GAUSSIAN SPOT — HALF AMPLITUDE POINTS

@ SPATIAL FREQUENCY DISTRIBUTION

@® MODIFIED LINE WIDTH — SINGLE SLIT

The CELCO Two-Slit Spot Analyzer is a complete
system for measuring spot characteristics on the
face of high resolution Cathode Ray Tubes under
dynamic conditions and without the customary de-
pendence on operator decisions. This device, cali-
brated in our laboratories, enables the user to make
spot size measurements using o standard oscillo-
scope for the read-out of half amplitude points or
other resolution references.

The Analyzer lens systems focuses the CRT spot on
a pair of slits mounted in the goniometer and the
unmodulated spot is scanned across the calibrated
slits. Variations in light output are picked up by the
photo-multiplier and this output fed to an oscillo-

Phosphor or Face Noise

350

Elements per inch

@ SINE WAVE RESPONSE

Contrast Ratio Bar Chart

500 700 1000

@ ABBERATION MEASUREMENT

@ CONTRAST RATIO METHOD

@ LINEARITY DETERMINATION

scope. A pair of Gaussian distribution curves are
presented on the face of the scope using an ap-
propriate time base as determined by the analyzer
calibration. The slits may be rotated to examine the
spot for astigmatism or other abberations.

Spot sizes of .0002” to .020” can be measured
using various lenses, slits and bar charts.

This versatile instrument has become an invaluable
aid in research and development as well as in pro-
duction testing and inspection of CRT’s. Phosphor
research, phosphor characteristics and other photo-
electric measurements may be carried out. Ask our
engineering staff for full details.

L

Condlanh'ne gnginéering o[aéoraforiea Company

MAHWAH, N. J.
201-327-1123
TWX 201-327-1435

UPLAND, CAL.
714-982-0215
TWX 714-556-9550
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5-BEAM CRT PROVIDES REAL-TIME DISPLAY
WITH SIMULTANEOUS PHOTOGRAPHY OF DATA

Five separate and distinct displays on
one tube face-plate together with a rear-
view optical window for photographic
recording or map projection are two of the
features that make the Du Mont type KC
2296 of more than usual interest to design
and project engineers. Successfully meet-
ing a number of unusual operating param-
eters, the KC 2296 is utilized in a military
aircraft navigational application, but
numerous other uses are possible for this
type and other cathode-ray tubes which
may be designed around the multi-gun,
rear-view window concept.

Time, distance, angular displacement,
pressure, acceleration, telemetry...in fact
any kind of data that can be translated into
voltage format can be displayed and photo-
graphed at the same time. With PPI radar,
five sets of data can be superimposed on
maps projected on the face of the tube
through the optical window. The data (e.g.,
positions of aircraft or other targets) are
then viewed in real-time relationships to the
map. Any standard or special phosphor, or
any graticule configuration, can be supplied.

Actual phosphor used in the KC 2296 is a
double layer phosphor with a high efficiency
visual component and high energy blue
component for maximum results with blue
sensitive film.

With KC 2296, information is displayed
on the internal graticule, on the inside of the
tube face-plate, making both front and rear
views free of parallax. A special phosphor
deposition technique allows the graticule
lines to be essentially free of phosphor and
sharply visible from both front and rear.
The five electron guns are independently
controllable, and each beam is positioned
to scan a separate screen area, except for
two beams which coincide. The tube can
as readily be designed so that each gun
sweeps the entire display area, or any
selected segment. Each electron gun is
electrostatically focused and deflected.

The rear-view optical port includes such
design innovations as freedom from distor-
tion, and the internal graticule may be
illuminated by a special side-lighting tech-
nique for sharp, clear photographic prints.

RECENT DU MONT ADDITIONS TO
CATHODE-RAY TUBE TECHNOLOGY

New application requirements in instru-
mentation, radar, character display, and
other display and readout use have seen
significant advances by Fairchild's DuMont
Laboratories in essential types and charac-
teristics. Following are several areas which
may be of specific interest to systems man-
agers and project engineers concerned
with display and readout problems.

Higher Resolution

Newest designs produce tubes with reso-
lutions of 1,000 lines per inch in electrostatic
types with electrostatic deflection. Resolu-
tion of 2,000 lines per inch is achieved in
magnetic deflection tubes. High resolution
electrostatic types achieve deflection sensi-
bilities of 15 mv/trace width at writing
speedsinexcess of 10" trace widths/second.

Deflection Sensitivity

Deflection factors in currently available
tubes are 1 volt/cm and 7 volts/cm in the
signal and time axis respectively when
operating at a screen potential of 15 KV.
These types are available with conventional
or with fiber optic face-plates.

Large Screen Radar Display
with High Resolution

Flat face radar display tubes have been
produced for high ambient viewing with

Circle Reader Service Card No. 14

resolution capabilities of 2,500 lingg o,
the 20-inch useful screen diamete, i
display brightness. g

Large Diameter All Electrog

¢
High Writing Speed 18

For high-speed computer readoUt' tantl
random access and time-sharing raday d
plays, DuMont has a complete pg,,
of large diameter electrostatic focug 5.
deflection CRTs with high writing gpes
and high deflection sensitivities, ki

It makes particular sense to look the
leader for cathode-ray tubes — or fq,
other special purpose tube. No other Mang,
facturer is better equipped to desigy and
build special purpose tubes for your specme‘
application demands. E

—
’-o—s.soo--|
T — |
I ‘\
o\
18% :
T ! | )\g\\;_
|
R YY[[J¥Y

KC 2296 is 18'2" overall, has 77 diagenal, 5"
square face. Deflection and acceleration elec-
trodes are brought through tube wall to collar
base to minimize L and C of leads.

A new Du Mont tube catalog is yours for
a postcard. It describes hundreds of the
more than 4,000 types of cathode-ray, stor-
age, photomultiplier and power tubes avail-
able from Du Mont. Write for it today.
Du Mont Laboratories, Divisions of Fairchild
Camera and Instrument Corp., Dept. 3C, 750
Bloomfield Avenue, Clifton, N. J.

T a3
FAIRCHILD
g e

DU MONT LABORATORIES
ELECTRONIC TUBE DIVISION
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er News
chfgfq ANGELES: The Los Angeles Chapter enjoyed an
ally lucid presentation by Erwin A. Ulbrich, Chief

i
“r';u'selct Engineer, Advanced Technology, NAA, S&ISD, at
PlolMay dinner meeting. Mr. Ulbrich spoke on an “Ad-

i ced Lunar Spacecraft Landing Simulator” which de-
I?bed techniques and equipment for pilot training in a
¢ Apollo lunar mission. By means of slides and movies he
ibed the various cues and displays which an astronaut
ould use in landing a spacecraft on the moon. Details of
‘;g simulation equipment were shown which included some
o; the unique engineering required to produce the dynamic
cues SO necessary to realistic simulation. On June 24th, 1965,
the Los Angeles Chapter will hold its annual business and
technical meeting at the Engineers’ Club. The business event
of the evening will be the establishment of a slate of officers
for the 1965-1966 election. For the technical portion of the
meeting, the Chapter is privileged to welcome Donald E.
putler, West Coast Project Engineer, COMSAT Corpora-
tion. He attended the “Early Bird” launch and has assembled
descriptive project material including a soon-to-be released
film, into a presentation that promises to be a close inside
Jook into the past, present and future of COMSAT. MID-
ATLANTIC: The Mid-Atlantic Chapter’s March meeting was
a double feature. First we were given a guided tour through
the Bunker-Ramo Teleregister Division’s facilities in down-
town New York. We were shown many of the details of
their stock quotation board system of both the old mechanical
type and also the latest rotating magnetic drum memory
system with desk-type cathode ray display units that will
provide selected requested data. We also saw the system
where a telephone inquiry actuates a drum with sound on
film recording to provide a spoken stock quotation. The
drum carries a complete vocabulary of words which are
switched in the proper sequence to form the message. The
second part of the meeting was a talk by Al Loshin from
Airborne Instruments Laboratory. He spoke on “Commercial
On-Line Computer-Display Equipments”. Mr. Loshin’s talk
was basically a review of the state-of-the-art of computer dis-
play equipments, and he also discussed his ideas as to the
future improvements that would be made in the next few
years,

ost-
escr

Business Notes and News

InrFormaTICS INC., subsidiary of Darta Propucts CORP.,
plans to acquire the assets and business of CPM SysTEMS
Inc,, a software firm specializing in advanced management
techniques MiLco Erectronics Comrp, has acquired
ControL TecHNOLOGY INC., a firm which specializes in soft-
Ware . . . Berock InstruMEeENT Corp. has purchased 50%
Interest in INTELECTRON CORP. . . . INTERNATIONAL BUSINESS
Machives Corp. has awarded a contract to Brake Con-
STRUcTION Co. for construction of a 240,000 sq. ft. facility
Bear Gaithersburg, Md., to accommodate the staff of IBM’s
EDERAL SysTEMs Div. . . . Xerox Core, has been awarded
4 contract by Rome Air Development Center to develop
& selective photo-copier for use in computer systems that
Automatically translate foreign scientific and technical ma-
erial . . , Burroucns Core., ELECTRONIC COMPONENTS Div.,
235 announced a significant price reduction for five types of
s Nixie (Reg.) indicator tubes LockHEED-GEORGIA
0. is employing an Erectronic Associates Inc. Data-
Plottey (Reg.) in providing design drawings of large military
d commercial aircraft. .. LFE ELecTRONICS Div., LABORA-
h_?‘"""_ ror ELecTrONICS, INC., has received $220,000 in con-
v;;(:ts from the Army Electronics Command for spares for
Tous electronic equipments supplied by the firm . . . ITT
DUsTRIAL Propucts Div. has unveiled its new bargraph

|
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and all-solid-state monitor oscilloscopes . . . STROMBERG
CarLson Corp., subsidiary of GENErRAL DyNamrcs CORP.,
has agreed to purchase for cash the business and assets of
INrorMATION Propucts Corp., subsidiary of RENwELL IN-
pusTRIES Inc. . . . Tur Bu~Nker-Ramo Corp. has an-
nounced an unusual new [light information system for air-
lines, called “Brite-Wall”, which employs a bank of varied
CRT’s on a wall display 8 by 24 feet in area . . . CALIFORNIA
CoMmpPUTER Propucts Inc. has been. awarded a $150,000
cost-plus-fixed-fee study and design contract by NASA/
Goddard Space Flight Center to continue contractual work
in the weather satellite field.

Technical Meetings

The Institute of Navigation will conduct its twenty-first
annual meeting June 21-23, in conjunction with the Society
for Information Display, at the Edgewater Inn Marina Hotel,
Long Beach, California. Official host is the Guidance and
Control Systems Div., Litton Industries. Tentative program
plans include sessions on “Maps and Charts”, “Navigational
Displays”, and “Navigational Satellites” . . . The Society of
Photographic Scientists and Engineers conducted a seminar
June 3-4 at New York’s Plaza Hotel.

Vigicon Display System

Chuck Blaney, applications engineer for Vigicon Systems, by Northrop
Nortronics, makes an adjustment on one of the Vigicons; display can be
observed al the left. The Vigicons are widely used in both military and
aerospace display applications, The Vigicon family was developed to
meet exacting demands of a wide variety of display applications. In
combination with appropriate auxiliary equipments, the vltracompact
modular units form systems ideally suited to the exiremely complex re-
quirements of airborne, shipboard, and ground-based command and con-
trol centers, for purposes ranging from localized search and rescue to
global combal situations. Systems consist of three major elements, data
receiving, data processing, and data presentation. They utilize a wide
assortment of data acquisition and data processing equipments. Presenta-
tion may be made with any of the three basic types of Vigicon systems:
The Plotting Projector generates any desired form of line imagery; the
Reference Projecior utilizes prepared slides fom a storage magazine; the
Spotting Projector places dynamic data onto the screen like the Plotting
Projector, but depicts instantaneous vector position at all times without
leaving a permanent trace. The modular projectors can present data in
any of six colors by means of a 6é-filter turret surrounding the light source
within the projector; color is either manually- or remote-controlled.

High-Resolution TV System

Command Center situation displays containing a great
amount of detailed information can be viewed from remote
locations using a new high-resolution system introduced by
Granger Associates, Palo Alto, Calif. The system displays
about four times as much information as can be conveyed
by conventional 525-line systems, according to Granger. It
is suitable for viewing large wall displays, maps, status
boards, alphanumeric printouts, TTY page printers, radar
screens, and similar visual data. An alphanumeric character
occupying only 1/10,000 of the monitor sereen can be read
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AN IMPORTANT ANNOUNCEMENT ABOUT DISPLAYS FOR UNIVAC 490 USERS

Economical CRT Computer Controlled Displays, compatible with the UNIVAC 490,
are now available from INFORMATION DISPLAYS, INC. (formerly RMS Asso-
ciates, Inc.). fron
ot =
1% 5%

0

All solid-state (except for 21" rectangular CRT), these displays write up to 80,000
points or characters per second. Light pens, vector generators, size and intensity con-
trols, buffer memories, and other equally useful options can be included.

40«

it

One typical UNIVAC 490 compatible display is the IDI Type CM10009. This unit
operates over Dataphone and includes the CURVILINE® Character Generator, vector

generator, circle operator, mode control, core memory, and auxiliary line drivers. The
price of the CM10009 Computer Controlled Display is approximately $90,000.

Other combinations to meet each user’s requirements can be assembled from the
assortment of standard options.

Please write or call for complete information.

NOTE TO USERS OF OTHER COMPUTERS — IDI probably has delivered dis-
plays compatible with your computer . . . too!

Circle Reader Service Card No. 15
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/Video Color Corporation\

!
Industrial Tube Division l

INFORMATION DISPLAYS, INC.

102 E. SANDFORD BLVD. « MOUNT VERNON, N.Y. 10550« 914 OWens 9-5515

offers

designed
to
reduce!

TECHNICAL ABILITY
For any special purpose Cathode Ray Tubes
ULTRAHIGH RESOLUTION i
(Less than .0005" spot size)
FIBER OPTIC FACES :
HIGH CONTRAST ‘
I
1

Special Ultrathin glass substrates to eliminate
halation

SPECIAL SCREENS
Any Phosphor

High uniformity, Ultra Smooth Texture 3
Low Screen Noise '
High Light Output ‘

SPECIAL ELECTRON OPTICS

e R-2900 Series Q LITE reduces

~ panel space requirements, re-
“duces weight, and reduces total
installation cost. Only .687
I' Inches square, this switch-
= Al‘ight weighs up to 75% less
than comparable units. Contains
four T-1% lamps.

Maximum light intensity in multi-
color applications. Easy front of
nanel mounting. No extra holes.
0 toals. Single bracket for all
panel gauges. Relamping from
front of panel. For complete infor-
mation contact:

2

RADAR RELAY

a division of Teledyne, Inc.

1631 10th Street, Santa Monica, Callfornia, Phone (213) 870-8741
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High Deflection Sensitivity
High Beam Currents
Multiguns
High Voltage
SPECIAL GEOMETRIES
Back Ported Tubes
Special Deflection Angles
SPECIAL GLASS STRUCTURES
Internal Targets
FULL LINE OF STANDARD TYPES
CRT’s FOR —
Character Generators (Monoscopes, etc.), Read-
outs, Printers, Oscilloscopes, Radar, Monitors,
Video Recorders, View Finders, Flying Spot Scan-
ners, Back Ported Devices, etc.

Video Color Corporation

\%] 729 Centinela Avenue Inglewood, California /

Phone: 213-678-8192 90302

Circle Reader Service Card No. 17 i
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ase, In multi-camera systems, the scene to be viewed

ith €f “selected by pushbuttons at each monitor; monitors
can *° I;;L_-;uteal 1500 ft. from the camera or at much greater
can h{i(,.,- using accessory booster amplifiers, The system,
'stn,l],t;lt‘eti Series V1000, employs a 30 me video bandwidth
? Irmc of the 8 me bandwidth commonly used in closed-
in P :t TV, consequently, has about four times the resolving
g’ It ¢an be obtained with a choice of 12 line rates
l’o“’elggfj to 1225 lines/frame. Resolution of 800 lines in
.m]| horizontal and vertical can be obtained. Linearity is
O%] cometric distortion less than 2%; signal-to-noise ratio,
40’ db or better.
Digita|'t0'wdeo System for NASA/Huntsville

geientists in Huntsville, Ala.,, will soon save travel time
by using TV consoles to monitor data received from space
ehicles launched 700 miles away at Cape Kennedy, Fla.
"egtead of travelling to the Cape, many of the scientists will
f-zmﬂin at the Alabama facilities and view TV and other
raphic displays of digital launch data. The equipment which
gtreseut‘s the digital data to the video clisp}ays h‘as been
sroduced by Stromben:ndr!san_ Cor}), in San Diego for
istallation at Marshall’s Operations Support Center.

computer-Driven Visual Display System

A computer- driven visual display system will be installed
at the Carnegie Institute of Technology computation center
in Pittsburgh this summer by Philco Corp. The complex
CRT system, being built to Carnegie Tech. specifications, is
one of the most sophisticated known. It was adapted from
Philco’s Real-Time Electronic Access and Display (READ)
System. It will consist of a controller and three consoles,
permitting the operator to manipulate high-resolution alpha-
numeric and graphic digital data in a velatile manner on the
face of the CRTs. Uses will include computer programming
and debugging, problem solving, and instruction.

TV Pictures Played from Phonograph

Westinghouse Electric Corp. has developed an electronic
system that plays TV pictures from a phonograph record.
Together with a series of still pictures, voice and music
come from the same long-play disc. Both the audio and video
signals are present in the grooves of the record, and both
are picked up by phonograph needle. Up to 400 pictures
and 40 minutes of voice and music are present on the two
sides of a 12-inch 33% rpm recording, called a Videodisc.
The system is called Phonovid. Without modification, Phono-
vid can be integrated into existing closed-circuit and standard-
broadcast TV systems.

Integrated Aerial Survey/Electronic Photo-Mapping

Kollsman Instrument Corp. has built the first prototype
of a new class of advanced airborne electronic photography
systems that completely integrates aerial surveying and
photomapping techniques with computer control. Nick-
named an “airborne surveyor and map maker”, the system
is capable of photomapping 30 to 40 thousand square miles
a day, and to collect detailed data about where the photos
were taken, as well as from what altitude and angle.

Spaceflight Mission Analysis ‘'‘Theater”

A large-screen, multicolor spaceflight display system for
real-time analysis of all future space missions is now being
installed at NASA’s Goddard Spaceflight Center, Greenbelt,
Md., by Northrop Corporation’s Nortronics Div. The dy-
namic projection system was expected to be completed in
time for use in the Gemini/Titan-4 mission. Tracking data
are to be processed through an IBM computer complex and
immediately projected in a variety of colors on a five-foot-
square screen against appropriate reference data. The sys-
tem will utilize six Nortronics Vigicon projectors, including
plotting units and a reference projector loaded with a range
of prepared background slides.

OSCILLOSCOPE 290
PRESENTS THE BIG

PICTURE IN MANY
WAYS, ANY COLOR
e ——

PROJECTION OSCILLOSCOPE

DALTO 290

A Real Time Display for a
wide range of applications—
from alphanumeric readout
to master plotting-hoard dis-
play — the OSCILLOSCOPE
290 is the ultimate in big-
screen oscilloscope projec-
tion for both large and
small groups. In either direct
or rear-view projection, the
OSCILLOSCOPE 290's needle-
sharp picture presents the
facts with the clarity and
trilliance required by the
most critical of audiences.

The OSCILLOSCOPE 290 may
be used over a wide variety
of subjects including: alpha-
numeric displays for com-
puter read-out . . . combat
information-center displays
. . . master plotting board
displays . . . basic training
in electronic wave forms . . .
projection of airline sched-
ules. ..radar target acquisi-
tion . . . aircraft position
plotting for control-tower op-
erators, etc.

The DALTO PROJECTION OSCILLOSCOPE 290 combines high
brightness and resolution with wideband linear deflection ampli-
fiers to provide top quality images capable of filling a 12

ool screen.

Schmidt optics and CRT are the same as used in the famous
Dalto TV Projectors. The electronics may be remoted or joined
as shown. P4 phosphor is standard for white display, other
colors or multi-color also available. Automatic beam regulation
protects CRT regardless of rate or amplitude.

DAL'TO

ELECTRONICS CORP.

NORWOOD, N.J

INF
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Small Neon Lamp

Circon Component Corp., specialists
in microminiature components, has an-
nounced a new micromin series of four
neon lamps only 54-in. long. They offer
smaller size in both standard and high-
intensity versions. Long electrodes cre-
ate maximum light output for use in
indicator and signalling applications.

Models are also available with integral
internal ballast, which controls the in-
ternal resistance of the lamp at optimum
value when fired, so that the current
and light output remain correct. The
new lamps are interchangeable in any
lampholder designed to use No. 327,
328, 330 and 331 incandescent lamps.

Circle Reader Service Card No. 19

Audio/Video Modulator

DYNAIR Electronics, Inc,, San Diego,
Calif., has developed a solid-state audio/
video modulator for closed-circuit TV
applications. Termed the Model TX-4A
“Dyna-Mod”, the new unit features high
reliability, low power consumption, and
more compact construction. It is avail-
able for use with either separate video
and audio inputs, a combined video
and multiplexed 4.5-mc input, or sepa-
rate video and 4.5-mc aural inputs. Out-
put in each case is a standard VHF TV
signal very similar to that of FCC
licensed broadcast transmitters. Units
are available for operation on any VHF
channel and most special frequencies.

Circle Reader Service Card No. 20

Two-Gun CRT

Electronic Tube Div., General Atronics
Corp., Philadelphia, Pa., has developed
a new two-gun cathode ray tube espe-
cially developed for wuse with fully-
transistorized circuitry. The new tube,
termed ETC Type M1212, offers full-
scan by both guns over the entire 4%-
in. of useable screen on the 5-in. rec-
tangular face. Fully electrostatic, the
M1212 features new performance highs
in light input, resolution and deflection
sensitivity. The use of additional elec-
trodes permits excellent geometric cor-
rection, according to the manufacturer.

Circle Reader Service Card No. 21

Transmitter Tube Socket

Connector Corp., Chicago, Ill., is offer-
ing a new Type 444 transmitter tube
socket which offers low loss at very
high frequencies. Excellent heat, arc
resistance and loss factor are provided
by the glass filled alkyd and ceramic
insulations. Socket is vented to provide
maximum cooling of tube base and
anode contact area by convection.

Voltage breakdown characteristics are
enhanced by appropriate barriers be-
tween contact positions and all-molded
construction including mounting ears.
For maximum life and low contact re-
sistance, contacts are of beryllium cop-
per silver plated gold flash. Type 444
mates with Amperex DX245/8505,
DX 274/8603 and tubes that have similar
magnoval basing with offset anode con-
tact.

Circle Reader Service Card No. 22

50

1D Products

CRT System Components

Beta Instrument Corp., Newton Upper
Falls, Mass.,, is now offering a wide
variety of plug-in and other components
for use in CRT display systems. Modules
offered include: SG101 sawtooth voltage
generator, an all-silicon-solid-state unit
for applications requiring a linear-sweep
signal; DA103/104 deflection amplifiers,
solid -state high-deflection-performance
packages for systems employing mag-
netic deflection; DF110 dynamic focus
generator, a solid-state plug-in unit for
display systems where dynamic focus
correction is required; DF111/112 dy-
namic focus output amplifier; FR115
focus coil regulator, a highly stable,
adjustable source of dc¢ current to a
focus coil for CRT or storage tube dis-
play applications; and BA120 blanking
amplifier, for beam blanking during the
retrace period of a raster scan, or for
beam wunblanking in a random access
point plotting display.

Circle Reader Service Card No. 23

Data Synthesis System

McDonnell Aircraft Co., St. Louis,
Mo., has announced development of a
new data synthesis system which con-
sists of logic circuitry, a three-axis
drive mechanism controlled through a
digital servo loop, the model, and a
motion picture camera. The camera is
equipped with a beam-splitting arrange-
ment to allow data annotation to be
simultaneously projected onto the film.

Annotation can be in many forms;
analog, such as deviation from pro-
grammed flight path; artificial horizon;
or in digital form, as might be pre-
sented on an electronic counter, time
display, or the actual input data in
engineering units. The camera, mounted
atop the data annotation console, is bore-
sighted on the cg of the model, with
several mounting positions available to
accommodate cg changes caused by
varied model positioning.

Circle Reader Service Card No. 24

Gallium Phosphide Lamps

Ferranti Electric, Inc., Plainview, N.Y.,
has introduced a new subminiature gal-
lium-phosphide junction device which
emits red light when passing current
in the forward direction. The new type
of light source is based on radiative
recombination at the PN junction. It is
suitable for a variety of instrument and
indicator applications where small size
and low operating current are important.

The lamps are approximately 0.03-in.
in diam., and provide electroluminescent
radiation at 7000 angstroms. Seven lamps
are presently available giving minimum
light intensities ranging from 1.5 to 20x
10-5 candelas when driven by 50-mA
pulses of 1 millisec. duration. A l-amp.
pulse of 1 microsecond may be passed to
increase this brightness by a factor of 20.

Circle Reader Service Card No. 25

Electro Optic Modulatoy

The Isomet Corp., Palisades
N.J., has announced the availapy Y
an integral electro optic light mo‘l"&_
assembly. Designated EOS 419 it 10
integral assembly consisting of ’Dol K
quarter-wave retardation pj, ea
Isomet Electro Optic Light Mogy1al
and an analyzer. All elememu “lg
mounted on calibrated circleg
of independent rotation, thyg
any combination of fast axig
tions. In addition, three adjustin
provide for accurate alignment, \
Alignment of the fast axig of ¢
quarter-wave plate with the tran
sion axis of the polarizer a"()ws
achievement of a transmitted intene
which follows a sine squared peg ~‘f;
with respect to applied voltage, It
quarter-wave plate is rotated 45°, 1
response may be achieved, By reve
the entrance and exit faces, the gygju
becomes a Senarmont compensatoy g
calibration of the EOLM for retap,
tion vs. voltage. 3

Oa-:f
allgye
Orjeng:
£ Sepay
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Miniature Storage Tube

Warnecke Electron Tubes Inc,,

storage tube having numerous applies
tions for the storage and processing g
video signals. Termed Model RW-5, {
is a miniaturized, dual-gun, electricgh
signal storage tube which uses a solld
dielectric film as the storage medium

The tube, which is 13-3/16 in. long b
1-47/64 in. max. diam., has resolutio
capacity of 840 lines/target diam an

information in the form of an electrics
signal with a scanning mode independ
ent of the input.

Circle Reader Service Card No. 27

Reflex Autocollimator f

D. B. Milliken Co., Arcadia, Califiy
has introduced a reflex autucollimauﬁl:,
system that permits the user to obsé .JJ{
image quality under high magnificatiol®
directly from the film in the camerd:
as exclusive distributor for Richter Clng
Equipment, the manufacturer.
The reflex autocollimator ch o’eﬂj"
camera lens systems for 14 points: fock
plane accuracy, overall lens qualibe
visual resolution, photographic Ies e
tion, astigmatism, chromatic cm’recmw

spherical correction, flatness of &%
pher rrection a Lures ‘
. |
|
|

=

coma, contrast, best working aper E
correct adjustment of lens to CAMg
squareness of lens with optical axis: :&‘}
flatness, finish and parallelism of fill€
The test pattern used in the alaﬁ#
collimator makes possible imme‘;wﬁ}f‘
evaluation of the image returned g
the camera optical system. Sinc€ idw
ccllimator’s optical elements are "" w8
aligned, the user can easily examin® 1
off-axis image quality of a lens. ‘
Circle Reader Service Card No. 28 [
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WHEELS DOWN

EL lets you create your own readout language...and at low cost!

The versatility of Sylvania EL makes it
adaptable to so many uses. In combina-
tion with gauges and measuring de-
vices, its high visibility is ideal for
indicating readings in process instru-
mentation, telemetering, timing, pro-
gramming, flows, pressures, levels, and
so on. You name it.

Once we know your requirement, the
rest is in the hands of Sylvania engi-
neers who custom-design EL to suit the
problem.The readout can be designed to
fitmany forms—often letters ornumbers,
or even bar graphs, pie charts, direc-

tional arrows or STOP-GO indicators.

Remember, too, that it's easy to add
static symbols of any type or shape to
your EL display, whatever its applica-
tion. And because no costly tooling is
involved, it's also relatively inexpensive.
Using either photographic or special
printing processes, the symbols of your
choice are transferred to EL quickly,
expertly and accurately.

The many features of EL are ideal for
display requirements that call for relia-
bility, minimum power consumption,
light weight and compactness. Always

clearly readable, the modern-looking
numbers and letters have no lines or
gaps separating them. EL's long life is
directly traceable to its basic solid state
design and construction using phos-
phors instead of filaments. And unlike
other readouts, EL is not subject to cat-
astrophic failure, nor is it adversely af-
fected by turning the display on and off.
Consider versatile EL for your next
display application. Call in your Sylvania
sales engineer, or write to Electronic
Components Group, Sylvania Electric
Products Inc., Box 87, Buffalo, N. Y.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

NEW CAPABILITIES IN: ELECTRONIC TUBES « SEMICONDUCTORS « MICROWAVE DEVICES « SPECIAL COMPONENTS « DISPLAY DEVICES
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Special characteristics:
anode VOITAZE . . ... . ssibinwbanis et snaisatis ?
beam current and/or brightness. .. ... .. .. 2
spot size: center,.......7 edge.. .........7
scan speeds and conditions. ............... ?
type of deflection. . ......... .. .. ... ... .. ?
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\ dimension?
’(AS/—usable screen? ——

MAIL US A PICTURE OF
THE CATHODE RAY TUBE
YOU NEED...

e INM

&—— type of anode—

connection:
button?
lead?
type of focUSL.. . 5ot s < o itiesim SRR T ?
type of phosphor. . ... .. ... .. ... .. ?
environmental conditions. .............. ... ?
application.. ... . . swsemssmmssmmsmmas ?
QUARLIEY. . ¢ oo 2 W T SRR T as s ?
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and we may find it
-1 our shelves, ready
for delivery !

e's 4 good chance we can meet your industrial
Thai‘lilaty {ube needs with one of 100 production
i mgl gefore you g0 into a special development
aer;nr. check first with Westinghouse. Also, many
acial requirements can be met by only minor

changes from an existing tube type.

For a better perspective of
westinghouse capabilities,
revolve the page 90°.
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fyou need a special cathode ray tube, we have the
People to design it, and the facilities to manufacture
L. The model shop, pilot line, engineering labs and
environmental test facilities are tops—and they're
flexible, From them have come: Tubes with .00065
mcr_. Spot sizes @ Ultra-smooth cataphoretically de-
Posited screens @ Ruggedized tubes to meet ex-
tffﬁrl‘ife environmental conditions @ High resolution
Yith electrostatic micro deflection to display sym-

Is ® Practical low video drive gun adapted to
Wransistorizeq circuitry.

Tlcai Outthis page and mail us a picture of your spe-

:':ii Needs or talk to your local electronic component

W95malt~!r1ey are in fifty-two sales offices all
¥ the country, Electronic Tube Division, Elmira,
1 You ¢an be sure . . . if it's Westinghouse.

We never forget how much you rely on

Westinghouse (W)
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25-In. TV Monitor

Conrac Div., Giannini Controls Corp.,
Glendora, Calif,, has introduced a 25-in.
monitor which the firm claims provides
a picture area comparable to that cur-
rently available in 27-in. models. It is
designed for use in closed-circuit TV
installations in schools and colleges,
transportation terminals, and industrial
plants.

Designated CEA25, the instrument can
display the same number of lines of air-
line information in the same type-size
as the 27-in. models. Center resolution
is 800 lines, corner resolution 600 lines.
A separate synchronizing channel with
independent gain control assures excel-
lent interlace and stability regardless of
contrast control setting,

Circle Reader Service Card No. 31

Audio Projection System

Hudson Photographic Industries Inc.,
Irvington-on-Hudson, N.Y., has intro-
duced a new automatic projection sys-
tem offering flexibility and quality of
2X2 slides plus the action and effec-
tiveness of professional sound motion
pictures. Heart of the new system is the
HPI Controlashow (Reg.).

The Controlashow will synchronize
sound from any standard stereo tape
recorder with two automatic slide projec-
tors; it will dissolve one slide projector
image into the other smoothly and auto-
matically; and it can be used to pro-
duce, as well as present, a completely
automatic tape-cued slide dissolve pro-
gram at the touch of a single button.

Circle Reader Service Card No. 32

New Film Viewer

Itek Corp. announces the availability
of a new and versatile photointerpreta-
tion unit, It is a variable-width, rear-
projection film viewer featuring a high-
quality optical system, variable mag-
nification, and a film-handling system
that moves the film at various speeds
without damaging delicate image areas.

It was especially designed for quick
and precise examination of projected
enlargement of aerial photography. The
viewer handles film widths ranging from
35 mm to 9.5 in. on reels up to 10.5 in.
diam.

Four standard wmagnifications are
available, 3X, 6X, 12X, and 30X. These
provide the photointerpreter a clear,
exact screen projection which maintains
an even, sharp image. Located within
immediate reach of the seated operator
are controls to select magnification,
adjust focus, position film, set illumina-
tion, vary film scan speed, and vary
film slew speed.

Circle Reader Service Card No. 33

Alternate Action Switch

Transister Electronics Corp., Minne-
apolis, Minn.,, has introduced a new
alternate-action push-on push-off switch
incorporating an independent indicator.
It has been designated the ABL Series
Button-Lite. A non-indicating version
designated ABS Series Button-Switch is
also available. ABL Series utilizes a
midget flanged-base neon or incandes-

SELECTROSLIDE
PROFESSIONAL
PROJECTORS

'[mflmlmﬁ, 4

MODEL SLX-750 — 96 slide
Random Access — Eleven
models to choose from

Selectroslide offers more exclusive fea-
tures—and more flexibility—because
Spindler & Sauppe builds the only com-
plete line of professional projectors and
accessories. Check the broad range of
capabilities:

Random access instantly projects any
selected slide, regardless of sequence.

Digital readout—displays slide number to
audience or lecturer for notation and recall
or review (exclusive with Selectroslide).

Film strip attachment—converts from slide
to film strip projection (exclusive with
Selectroslide).

Slide Commander—radio controls slide
change up to 150 feet from projector.

Speed Dissolve changes images without
darkening screen, lends an appearance of
animation to still slides.

Multiple screen, or split screen effect
achieved by proper arrangement of multi-
ple projectors.

Rear projection with special wide angle
lenses (17 lenses and 1200 watts available).

Sound synchronization attachments avail-
able for use with any tape recorder. Spe-
cial continuous playbacks for exhibits.

Remote command — permits slide change
and other cue signals to operator,

NEW Slide Projection Guide will help you
get the most out of your A-V presentations.
Send $1.00 to:

SPindler‘_r

2201 Beverly Blvd., Los Angeles, Calif. 90057
Phone (213) 389-1288
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advanced circuits
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deserve the most

advanced CRT,
the Amperex D 13-27

Check this unique combination of features:

e Short Length, 13.5 in.
» Vertical Sensitivity, 13 V/cm
» Horizontal Sensitivity, 27 V/cm
¢ Scan, 8 x 12 cm
* Spot Size, 0.012 in.
¢ Face, 5" flat
» Utilizes Deflection Blanking Electrodes

(this allows blanking circuitry to be referenced to ground)

For complete specifications and applications assistance on the D 13-27
and other new Amperex Cathode Ray Tubes, ‘'write: Amperex Elec-
tronic Corporation, Tube Division, Hicksville, L. I., New York 11802.

Amperex

IN CANADA: PHILIPS ELECTRONICS (NDUSTRIES, LTD,, TORONTQ 17, ONTARIO
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CRTLENGTH
| L B8 max.
SV 55V

cent lamp replaceable from th
of the panel and button lenseg arg 8
able in 13 colors with Fresne] diff'

rings in transparent colors. ABS oM
lenses are available in six trangy i
cclors and black. i\

Rated for dry-circuit application

loads up to 100 ma, the two serjq
housed in a body 9/16-in. digy |
1%-in, long, with a two-circuijt d(; 8
break switch to control two SQD
circuits. o

Circle Reader Service Card No. 3g

Biquinary Readout Tube

National Electronics, Inc., Geneyy -
has introduced a new biquinary g
viewing numerical readout tube, te -
Model NL-5030. It is a long life .o
cathode, neon glow tube (1isp1:zying' i""
in. high numbers from 0-9. The bl!'
nary configuration permits the use
fewer components in the driving 4
cuitry and the use of less decogyy
components. ]

NL-5030 has a maximum ioniztj
voltage of 160 v dec, requiring 3 min
mum supply voltage of 160 v dec. It ps
be used at higher anode voltages wj
the proper anode resistors. The apg
current ranges from 1.5 to 3.0 ma {
with a typical value of 2.25 ma de,

Circle Reader Service Card No. 37

“Line Filament Lamp

Los Angeles Miniature Products,
Gardena, Calif.,, has introduced a pg
spaghetti thin-line filament lamp sexg
which the manufacturer claims will gig
40 times more light than conventions
lamps. The lamps come in five T
and T-1 sizes from a 1-in. by 6-v {aj
readout to an 11.5-in. by 48-v phold
copy lamp.

A lamp and resistor, or two lamj
in series, can be run off line currél
eliminating need for filament traos
former. All lamps, aged and selecls
for high reliability, have 25,000-hol
life at rated volts and can be operaté
up to 1609 of rated volts. Lamps &
available with silvered backs to incres
intensity.

Circle Reader Service Card No. 38

Real-Time GP Computer

GFI Computers, Encino, Calif., &
introduced a MARC I real-time generss
purpose computer featuring integrats
circuitry throughout. Primary applit®
tion areas for the new machine are dal¥
reduction, data logging, process contt®t
automatic checkout, communicati0®®
control, and systems surveillance. li'

MARC I features a built-in mult
programming system with eight leVé®
of priority and seven external int®
rupts. Also incorporated are self-cheé®
ing, memory content retention after i
chine shutdown, command-at-a-time ’x
ecution switch, and 38 discrete machi ‘
commands. It is organized around °2
expandable 2048-word, 16-bits/word €%
memory having 2.5 microseconds Cl"om
time. Command execution rate is 50,
sec.

Circle Reader Service Card No. 39
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Were big in dlsplay systems

Photo of Air Defense Display Console

We’ve delivered hundreds of display
systems to the Air Force, Army, Navy,
NORAD and FAA. They range from micro-
film recorders and CRT consoles to
large screenwall displays. They’re used
in our nation’s most advanced com-
mand and control, air traffic and in-
formation retrieval systems.

So, if you're looking for expert help in
data display, write Burroughs Corpora-*
tion, Defense & Space Group, Paoli,
Pa., or phone 215, NI 4-4700, Ext.237. &)

Ask for the new 20-page brochure Burroughs COPPOPatiOH Ric el

““Display Systems from Burroughs.”"

Circle Reader Service Card No. 40




Remote CR Indicator

ITI Electronics, Inc., Clifton, N.J.,
has announced availability of its Type
IT-271 Remote Cathode-Ray Indicator,
a display device which can be easily
integrated into system controls and
equipment racks. The CRT has a 5-in. flat
face, and is contained in a Mu-metal
shield connected to the circuit chassis
by a 7-ft. cable, permitting flexibility in
layout of the system.

Identical vertical and horizontal ampli-
fiers provide dc to 100 ke response with
1 v/in. sensitivity, Relative phase shift
is within two degrees to 50 kc; long-
term spot drift is =+ %4-in. max. Z-axis
coupling is provided. All supply voltages
are regulated with a total accelerating
potential of 4 kv.

Circle Reader Service Card No. 41

Remote Clock Indicator

Industrial Electronic Engineers Inc.,
Van Nuys, Calif.,, has introduced new,
remote, digital clock indicator packages
which utilize various models of the firm's
rear-projection readout devices.

The new IEE clock indicator units are
available in packages with up to 11 rear-
projection readouts to indicate seconds,
minutes, hours, days, etc. Each assem-
bly is packaged in an attractive housing
with a common viewing screen for the
readouts. All readouts are pre-wired and
ready to plug into a timing system for
operation, and are available with either
decimal or binary input.

Circle Reader Service Card No, 42

WE'LL DESIGN

Photometric Microscope

Gamma Scientific Inc., San Diego, has
announced its Model No. 700-10 photo-
metric microscope which measures the
light from extremely small areas, 0.0001
to 0.04 in. in diameter. It can be cali-
brated in foot lamberts or microwatts per
square centimeter/steradian/nanometer.
Either calibration is traceable to NBS.
It was especially designed to measure
spot size and brightness of CRTs, and
the light output characteristics of elec-
troluminescent elements and neon dis-
play indicators, but has many other ap-
plications.

The microscope couples, by means of a
fiber optics probe, into either the Gam-
ma Scientific Model 700 log linear photo-
meter, or the Model 721 linear photo-
meter. The microscope has X and Y posi-
tioning controls so that the measure-
ment area can be exactly positioned with
relation to the surface being measured.

Circle Reader Service Card No. 43

High-Voltage Converters

Mil Associates, Inc.,, Hudson, N.H., has
announced availability of Series A high-
voltage converters for use with photo
multipliers, ion sensors, Geiger-Mueller
tubes, fission detectors, and electro-
meters, among other applications.

Heart of the Series A converters is
the monolithic multiplier developed by
Mil Associates to assure high-voltage
integrity. The converters occupy only 3
cu. in. of space and weigh less than 4 oz.

Circle Reader Service Card No. 44

YOUR MAGNETIC SIIIElIl

About 80% of all magnetic shield designs

now in use originated here.

Maybe it's because our designs work. Maybe our
designs work because we've had the most experi-
ence. All are good reasons to contact us.

Netic and Co-Netic magnetic shields are the recog-
nized standard all over the world for military, labora-
tory, industrial and commercial applications. They
are insensitive to ordinary shock, do not require
periodic annealing, and have minimal retentivity, A
few typical applications are illustrated. Our design

department is yours.

@s#:u

CRT Shield Complex

Scan Converter Shield

-

Sectlonallzed P.M. Shield

Magneti;ally _Shielded Room |

Nesting Cans

MAGNETIC SHIELD DIVISIUN

Perfection Mica Company

1322 N. ELSTON AVENUE,

CHICAGO,

ILLINOIS 60622

ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING

56

Hybrid Vidicon
General Electric’s Electronj,
nents Div,, Schenectady, NY, ]
nounced development of an """3\ &s
“hybrid” vidicon which will pey 1al
design of smaller, more lig
high-resolution TV cameras for
space, industrial and cmmuercmi
The vidicon employs a new metl
magnetic focusing and eluho“‘tatiu
flection. Called Focus Projectign
Scanning (FPS), the new Pickup tialy
particularly adapted for such SPac
plications as star trackers ang TV
ance for missiles, and for portable bl’
field TV surveillance cameras, Com ;
cial uses could include color TV Calmans
and educational TV, portable colorc ;L;
camera, gage monitoring and blant
curity surveillance.
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Microfilm Printer/Plotter

Burroughs Corp. is now Producing.
Digiprint high-speed microfilm pllntl'
plotters which operate at printing Pates
up to 85,000 characters/sec., or plotting
rates of better than 5000 line segmenge:
min. b

A variety of options allow on or gff
line operation, BCD or binary inpyy

from rur
matic Dhilfi
The unt

absolute or relative designation of |jys z;y ég%cs",
drawing, electronic selection of up h resistive @
four symbol sizes, and up to 225 symbols amps; optl
Details are available from Burroughs tage }atin'
Laboratories, Ann Arbor, Mich. and frequi
Circle Reader Service Card No. 46 480 cps.
DT con
Underwater TV | ca.]
Kental Div., Cohu Electronics Inc., S * Ned
Diego, has announced development of l‘ Cal-Glo
complete underwater closed-circuit T'f‘ offering a
system that will operate down to 1300 peedout. IR
ft. in fresh or salt water. Heart 008 Readout (
the system is a Cohu 2000 series mina=" especially
turized TV camera 12 in. long and 3 3 computer
diam., equipped with a special und ) It featu
water housing and 1300 feet of conu'ol tem, inclu
cable. for displa
The camera has a fixed-focus half-indl J on the
lens with remote focus control on 3{ lamp asse
Cohu 3900 control unit and a standatl epitaxial
vidicon tube. Attached to the Lan‘lelfl’;I ter confi
is a mercury vapor lamp (400 w) thi from 1ouw-
will withstand 5000 psi and has a ®SE  The read
angle pre-focused floodlight. The svsteﬂl high, and
is available in 525 or 729 scan lines an 3 0z. 1t u
10 me bandwidth. cial T-1 1
Circle Reader Service Card No. 47 Ploys a
Connector
Flange Lamp Adapter of
Frank W. Morse Co., Boston, Masty
has announced a midget flange lagﬁ i
socket adapter (Part No. 420) Wil
offers a simple, effective and inexpel [—
sive means to install T-1-% midget f1afes
base lamps. It holds lamps such as
327, 330 and 334 in any miniature Scree& s
base socket without requiring add \ane L Rt P
lenses or colored jewels. A nylon fld ) - '
permits side lighting for full 180° v LAY,
bility. Also offered are miniature ‘*cre lan
socket shells together with speed- d Kilping
fasteners, making a complete comPiy tional
assembly for panel mounting a midss tee (¢
flange base lamp. i
Circle Reader Service Card No. 48 INFQRMAH
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Table Electroplotter
{,ﬂson-Lehner Corp., Van Nuys, Calif.,
B}dlal‘b’ of United Gas Corp., has de-
ubs d a new solid-state large table
slotter (LTE), The LTE system
s a complete contouring package
“_ffmm-gc—scale computer applications for
ol‘ct delineations in minute detail of
i_'face contours, weather maps, and
smographical features.
prhe LTE produces report-quality
hs and maps rapidly and accurately
m digital computer-generated output
fwesl From either program or operator
ti‘;trﬂh it plots points, symbols, or alpha-
‘cumerit‘ characters, and draws straight
or contour graphs from digital input

data.

graph
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Phase Sequence Relays

Master Specialties Co., Gardena,
calif,, now has available 84 standard
configurations of phase sequence relays
for automatic monitoring of three-phase
power to prevent current of incorrect
sequence from entering vulnerable cir-
cuitry, to prevent three-phase motors
from running backward, or for auto-
matic phase correction.

The units are designed to rigid mili-
tary specs. Hermetically sealed, they are
for GSE or aerospace use, and feature
resistive contact ratings of 2, 3, or 10
amps; optional line-to-neutral input vol-
tage ratings within a 69 to 277 v range;
and frequency ranges of 54-66 or 320-
480 cps. Units offer SPST, SPDT, or
DPDT contact arrangements.

Circle Reader Service Card No. 51

New Projection Readout
Cal-Glo Co., El Segundo, Calif., is
offering a new Shelly 12-message digital
readout. The Shelly Driver-Augmented
Readout (Model DAR-100) is designed
especially for operation with low-power
computer or integrated circuit systems.
It features a miniature projection sys-
tem, including an assembly of 12 lamps
for displaying twelve different messages
on the readout’s viewing screen. The
larpp assembly contains 12 silicon planar
epitaxial transistors in a common-emit-
ter configuration to drive the lamps
from low-power (decimal) signal sources.
The readout, which is %-in wide, 1%4-in.
igh, and 3%-in, long, weighs less than
9z, It uses standard mil and commer-
tal T-1 lamps, 3 through 28 v, and em-
bloys a 14-contact printed-circuit-type
onnector with 0.125 centers.
Circle Reader Service Card No. 52

Errata

In a photograph on page 30 of the
last issue of INFORMATION DIS-
PLAY, the person identified as Sher-
Man M. Boyd was actually Roy
Kilpinnen, member of the Fifth Na-
'onal Symposium Publicity Commit-
e (chaired by Wendell S. Miller).
\“'--..._
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W! COMPLETE DESIGN FREEDOM

In LIGHTING EFFECTS
¢ SWITCHING FUNCT_IONS

»

... IN ONE COMPACT UNIT

*hittel "‘Multi-Switch’' Patent Applied For

SWITCHCRAFT SERIES 37000, 38000
illuminated littel .

EVIUILITIIES W] I TICHY

MULTIPLE STATION PUSH-BUTTON SWITCHES

YOU'RE THE BOSS. Now, you no longer need design switching functions
and control panel lighting to accommodate what’s available to you—
because Switchcraft's revolutionary new llluminated littel “Multi-Switch”
gives you virtually unlimited combinations of lighting effects and switching
functions from stock, without a custom-built price penalty. Check these
features:

PICK A COLOR—ANY COLOR! Choose the kind of highly visible
ab illumination that is cybernetically correct for your special appli-
cation: single color buttons, dual colors or twin lamps (for
redundancy). Red, Green, Blue, White, Yellow.

Single Color  Transparent clear or translucent solid colors; or split-face in-
serts for “flip-flop” lighting (alternate lighting of top and
bottom lamps). Lights can be “ON" when button is in either
the “IN" or “OUT" position or permanently “ON" when button
is in the “IN" and “OUT" positions. You can engrave or hot-
stamp the large rectangular-shaped display screens—or as an

splitFace added plus—behind-display screen legend inserts have a spe-
cial matte surface for in-the-field identification. And, lighting

effects can be changed in seconds—even in the field. Unexcelled for
prototypes!

UNLIMITED SWITCHING FUNCTIONS

Up to 6 PDT in only .6 sq. in. panel space! Positive inter-lock with fool-

proof, fail-safe lock-out; or non-lock momentary action; or all-lock (accu-

mulative lock); or push-to-lock, push-to-release . . . or any combination on

a single frame! Combines lighting and switching—cuts installation costs

and space requirements by 50% or more. 1 to 18 stations per row. Ganged

and coupled matrixes, electrical lock-up and release, solenoid release

available. Switching power range, up to 15 amps, 114, HP, 125/250 V.A.C.

FOR EXPERT FACTORY-TRAINED ASSISTANCE

Switcheraft has a unique network of local factory-trained distributors to give you expert
assistance in writing specifications, and supplying Multi-Switches from stock at factory
prices, Write for the name of your Switchcraft Factory Trained Multi-Switch Distributor
and/or Engineering Specification Catalog $-323.

5559 North Elston Avenue, Chicago, Illinois 60630
Ganada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto, Ontario
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Everything currently worth knowing
about Cadmium Sulphide Cells and
their applications is included in the
new, free Amperex manual, “Light Sen-
sitive Semiconductor Devices.”

Theory, Practice, even Specific Appli-
cations and Circuitry are treated in
depth in one or more of these chapters:

® Physics of Solids

a Photometric Concepts: The Prop-
erties of Photosensitive Devices

m Construction of Photosensitive
Devices

m Principal uses of Photosensitive
Devices

® Device Data

Here, at Amperex, we put theory into
practice by manufacturing the most ad-
vanced and comprehensive line of CdS
Cells in the business. The line incorpo-
rates the latest manufacturing tech-
niques and materials : sintered CdS, her-
metic-sealing, a unique flat space-saver
package...for the ultimate in perform-
ance, uniformity and stability. Devices
can be had off the shelf in virtually
every usable configuration, sensitivity
and power level, Applications assistance
is, of course, available.

For your free copy of “Light Sensi-
tive Semiconductor Devices,” or fur-
ther information on
Amperex CdS Cells,
write, on your firm’s
letterhead: Amperex
Electronic Corp., Tube
Division, Hicksville,
L. I., New York 11802.

Amperex
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SOCIETY FOR
INFORMATION DISPLAY

SIXTH NATIONAL SYMPOSIUM

28-30 September 1965
New York City

PAPERS CALL

The Sixth National Symposium will present papers in four half
day sessions. Three of these sessions will consist of 20 minute
presentations followed by a 10 minute question period. The
fourth session will consist entirely of five minute presentations.

There will be no restrictions on subject matter except that it
should be related to displays. Individual sessions will be organ-
ized around broad areas, tentatively consisting of:

1. Physics and chemistry and their myriad subdivisions and
combinations, such as electronics, optics and photochemistry.

2. Psychology and physiology, including psychophysics, infor-
mation transfer and personnel hazards.

3. Systems science and art, including display/computer/user
interface, programming and specific applications.

Authors should strive for both scientific rigor and excitement,
and the papers must be defensible to maintain the high standards
of the Society.

The short five minute papers should be exciting, challenging,
speculative, provocative or even controversial.

Persons with contributions in these areas are encouraged to
submit papers for presentation at the Symposium.

Five copies of a 500 word abstract and summary, together with
author's name, title, employment, affiliation, and brief biography
should be submitted before 28 June 1965 to:

EDMUND J. KENNEDY
6260 Evening Road Rome, New York 13440

FF-7-5162
330-3616

Home
Office

Telephone Numbers:
(Area Code 315)

Authors of papers related to work performed under government
contract are reminded that it is the author's responsibility
to_receive appropriate release from the cognizant government
agency. All sessions will be unclassified.

INFORMATION DISPLAY, MAY/JUNE
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you won't look down

NEW Raytheon Side-View
Numerical Indicator Tubes

Because of their unusual design, the new
Raytheon digital, in-line miniature indica-
tor tubes offer several important advan-
tages over conventional top-viewing indi-
cators. For one thing, their unit cost is
lower. They require less mounting depth,
allow close horizontal spacing and display
large characters for the available viewing
area.

These new Raytheon Side-View Numeri-

®

cal Indicator Tubes also feature conven-
tional non-segmented characters for
maximum readability, low power con-
sumption, exceptional reliability and ultra-
long life. Raytheon Side-View Numerical
Indicator Tubes are available with numer-
als 0 to 9, characters + and —. Types with
custom characters can also be provided.
A mating Raytheon tube socket is avail-
able at low cost.

while raster scanning.

. MORE NEW RAYTHEON DATA DISPLAY DEVICES

New Datastrobe Digital Readout System (at right)
features muiti-digit display from a single light
source, shared solid-stale logic and true 4-bit BCD
input. .. (Left) Special cathode-ray tubes, available
in many sizes, combine electrostatic and magnetic
deflection for writing alpha-numeric characters

-~ Nk
RMATION DISPLAY, MAY/JUNE, 1965

For complete information on RAYTHEON DATA DISPLAY
DEVICES — or for an operating demonstration — write
to Raytheon Company, Components Division, Industrial
Components Operation, Lexington, Mass. 02173
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SID Sustuining Members

AEROSPACE CORPORATION

SAN BERNARDINO, CALIFORNIA

COMMUNICATIONS & ELECTRONICS
DIV.

PHILCO CORPORATION
A SUBSIDIARY OF FORD MOTOR COMPANY
WILLOW GROVE, PENNSYLVANIA

CONRAC DIVISION

GIANNINI CONTROLS CORP.

GLENDORA, CALIFORNIA

FAIRCHILD DUMONT
LABORATORIES

CLIFTON, NEW JERSEY

HUGHES AIRCRAFT COMPANY
VACUUM TUBE PRODUCTS DIV.
OCEANSIDE, CALIFORNIA

ITT FEDERAL LABORATORIES

A DIVISION OF INTERNATIONAL TELEPHONE
AND TELEGRAPH CORPORATION
NUTLEY, NEW JERSEY

LING TEMCO VOUGHT

MILITARY ELECTRONICS DIVISION
DALLAS, TEXAS

NAC CAMERA SERVICE COMPANY

7-1 GINZANISH!
CHUO-KU, TOKYO, JAPAN

RADIATION, INC.
MELBOURNE, FLORIDA
STROMBERG CARLSON CORP.

DATA PRODUCTS
SAN DIEGO, CALIFORNIA

SYLVANIA ELECTRONIC TUBES

DIV., SYLVANIA ELECTRONIC PRODUCTS, INC.
SENECA FALLS, NEW YORK

TELEVISO ELECTRONICS DIVISION

DOUGHBOY INDUSTRIES
WHEELING, ILLINOIS

| annotation,

'@ *°COMPREHENSIONe

COMPIX

a magnetic tape-driven plotter

PRODUCES SHADES

and contours, coordinates, circles, maps,
columns,

at fifty 12 x 18-inch plots
per hour regardless of complexity.

graphs, text, charts

62
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ITT F-3013A

Very high resolution ; fast writ-
ing speed; high brightness,
1-ms erase.

ITT F-3013B

Resolution to 120 shrinking
raster lines/inch; writing
speeds to 500,000 inches/sec-
ond; brightness to 1250-ft.
lamberts, fast erase.

ITT F-3015

Compact electrostatic-deflec-
tion version which features
very high resolution; writing
speeds to 500,000 inches/sec-
ond;high brightness, fast erase.

Self-collimating features available with all of the above tubes.

Compact 5°
Storage Tubes

3 New High-Reliability Types

Three compact new 5-inch storage tubes
by ITT combine exceptionally large
viewing area with greatly reduced over-
all length. They are designed for rugged-
ness, will withstand 10G vibration. A
high-resolution, on-axis writing gun
greatly reduces the distortion in the
scanned pattern and simplifies equip-
ment packaging.

COMPACT . .. Only 7.5 inches long
for EM deflection and 10 inches long for
ES deflection, 5.5 inches in diameter . . .
designed for space-critical, solid-state
display applications.

RELIABLE. . . Application-engineered
for exceptional shock and vibration
resistance.

VERSATILE . . . For a variety of air-
borne multiple-mode displays: terrain
and turbulent-weather avoidance; fire
control; navigation; guidance—PPI;

sector scan; B-scan; mixed modes—
radar, TV.

FOR DATA . . . Write: ITT Electron
Tube Division, International Telephone
and Telegraph Corporation, P. O. Box
100, Easton, Pa.

electron tube division

IN;
FORMATION DISPLAY, MAY/JUNE, 1965
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found
instantly

via

Control Data’210

remote data entry
and retrieval!

The exact whereabouts of 125,000 railroad freight cars can be pinpointed
from second to second by New York Central’s Car Tracing Centear. Clerks
at Control Data 210 Computei-Remotes like the unit shown here simply
type in a query, press their trasismit key, and see the answer flash on the
screen. Access time — ahout 140 milliseconds — virtually instantaneous!
Answers that previouslv reuirec up to several hours to obtain.

The 210 operates like an orli.iary alpha-numeric typewriter, with video-
screen display of input and output taking the place of ‘‘paper’ for both
query and response. Screen can display 1000-character messages. Control
unit logic handles in excess of 20,000 entries an hour. Up to 63 stations
can be tied into the system and provide simultaneous access for all. And
any typist can use a 210 after just minutes of instruction.

Options available cover a variety of application, and there are input
interfaces for digital computers, telephone subsets, and other digital
sources. Let our systems applications engineers explain how the 210
adapts to your needs. Write or call today for an appointment.

- it — A |

1820 COMO AVENUE SAINT PAUL, MINNESOTA 55108 + 646-6371
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