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

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

The entry/display station has
a 14" screen with a capacity of
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twenty 50-character lines (thirteen
80-character lines optional). The
photoelectric card reader has a ca-
pacity of 100 cards per minute.
Its 1,000-character buffer gives
it a throughput equal to that of
larger, more expensive readers. In
line printers, you have a choice be-
tween an 80 column or 136 column,
300-line-per-minute reader. Either
device may also be used for off- |
line card listing.

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

CONTROL DATA [

CORPORATION X

B100 34th AVE. S0., MINNEAPOLIS, MINN. 55440 /

= =
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Other applications:

o Ultra fast (3 KMc) transient pulse
recording and telemetry

o Wave form analysis

 Slow scan readout

o Data storage and readout

e Signal processing

« and many more.

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

SCAN CONVERSION

Military ships and aircraft now on the drawing boards
have eyes that see at night, under the sea, through
clouds and over the horizon. More information is avail-
able than the decision maker can handle without special
aid. The answer to the problem is MULTI SENSOR
DISPLAY. MSD funnels radar, LLTV, Sonar imagery into
a single TV display channel and permits the controller to
query any of the available sensors at will via a bright
display monitor.

The enabling ingredient is scan conversion. Input
images are stored in their natural display format on the
storage target of a Rauland scan converter tube. The
readout beam dissects the stored image into the famil-
iar TV video format. Reading and writing may be simul-
taneous and independent of each other. Display per-
sistence is electronically controllable.

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

LOW COST: :
$3.95 each in 1000 quantities,

HIGH BRIGHTNESS:
time sharing up to 12 digits,
or for DC operation,

TUBE SIZE:
0.53" diameter; 1.5 height.

TYPE B-5835

LOW COST:
$4.35 each in 1000 quantities.

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

MINI TUBE SIZE:
0.51” diameter; 1.35” height.

TUBES SHOWN ACTUAL SIZE

Niqroriahtness ! tubes;

TIME-SHARING OPERATION:

like numerals can be driven in parallel,
reducing driver costs, and without sacri-
fice of brightness.

IC-COMPATIBLE PIN CONFIGURATION:
dual-inline layout designed for IC de-
coder/drivers.

OPTIONAL PIN CONFIGURATION:
conventional plug-in type for socket
mounting, or flying leads for direct
soldering.

COMBO PIN SPACER/LEAD STRAIGHTENER:
simplifies PC-board and/or socket in-
sertion.

DECIMAL POINTS:

positioned left and right, independentiy
operable.

CHARACTER HEIGHT: 0.5"

MINI-SIZE, LOW-COST SOCKETS:

for DC or time-sharing operation,
ULTRA-RELIABLE:

like all ultra-long-life NIXIE tubes.
LONGEST STATIC LIFE:

for demanding applications.
SPECIAL-CHARACTER TUBES:

-/ — tubes available from stock. Alpha/
special-character tubes made to order.
MOST COMPLETE HARDWARE BACK-UP:
low-cost IC decoder/drivers available
off-shelf. Custom assemblies at pro-
duction costs through modular design.
MOST COMPLETE APPLICATIONS BACK-UP:
design and applications assistance of
the kind available only from Burroughs,
the originator of NIXIE tubes, For a
demonstration, application notes and
full information call or write

Burroughs Corporation,

Electronic Components Division,

Dept. N-17, P.0. Box 1226,

Plainfield, New Jersey 07061

TEL: (201) 757-5000.

Burrough -
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Do you know what

it takes to mak.e your ; A“Refreshingu
computer draw like this? | new s torage Tube

“Refresh” your alpha-numeric display with the exciting new
Alphechon storage tube, Smaller than any other single-
ended, non-destructive read-out storage tube previously
available, this entirely new device can accept incoming
signals (even over telephone wires), store them, and read
them out as TV signals.

*.

i‘ s
: This small (6.75” long), low-cost tube is sure to become an

important new component in data distribution and read-out
‘ systems where computer-generated alpha-numeric

messages are to be displayed on conventional TV monitors.

Although the Alphechon storage tube is designed to
operate over a wide range of input and output rates in a
variety of operating modes, the Alphechon is characterized
at a writing time of 1 TV frame, an erasing time of 1 TV
frame, and may be continuously read out at TV rates for
more than 2 minutes.

y.
i

For more information on the Alphechon and other RCA
Display Storage Tubes, see your RCA Representative or
your RCA Industrial Tube Distributor. For technical data,
write: RCA Electronic Components, Commercial
Engineering, SectionE1782 , Harrison, N.J. 07029.

A

A CalComp System

that’s what.

All it takes is a CalComp Plotter and CalComp Software. You supply
the computer and the problem, CalComp will supply the graphic solu-
tion. Call or write: Dept. Y-8, California Computer Products, Inc.,
305 Muller St., Anaheim, California 92803. Phone (714) 774-9141.

CO0COMVG

Standard of the Plotting Industry

(TALENTED ENGINEERS AND PROGRAMMERS REQUIRED — RIGHT NOW.)

8 i e
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We offer over 200 talking pictures.
Pick one that speaks your language.

Qur CRT's have been articulate
right from the start. Qur first,
thirty years ago, told us we were
onto a good thing. Some people
didn't believe it, but that one
spoke our language.

Since then we've gone on to
develop and produce CRT's that
make up an electronic United
Nations.

One speaks to the weather-

CENERAL

=)

TRONIE g

man. Another to a heart special-
ist. There's one that sits on a
desk and talks to bookkeepers
or accountants. And one that
communicates with aircraft con-
trol tower personnel. One that
strikes up a conversation with
geologists. And even one that
displays nuclear explosion data
to anyone who cares.

That's asking a lot from a CRT.

Circle Reader Service Card No. 6

But then we've always done that.
And we'll go right on doing it.
Because even as our customers
tell us, there's almost no limit to
what a CRT can talk about.

Want to start a conversation
with a CRT? Call or write us
to arrange a meeting ... anytime.

Electronic Tube Division, 0.
General Atronics, Philadelphia,
Pennsylvania 19118

GENERAL ATRONICS
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you canchange

the face of CRT'...
and bring light
out of the shadows.

Bendix Fiber-Optic Faceplates have brought Cathode Ray

Tubes a long way.

What's left behind in the shadows? Spot halos. Inadequate

contrast. Slow writing speed. Ambient light.
Distortion of position linearity.

Now, with a Bendix Faceplate, phenomenal
things can happen to your next tube or sys-
tem design. You’'ll get a light gain of at least
thirty over conventional faceplates. Contrast
is extraordinarily sharp. Spot halos are
gone, allowing high signal-to-noise ratios.
Spot size is better. Zero thickness windows
eliminate parallax, so you can record di-
rectly from the faceplate with even relatively
insensitive dry-process films. Writing speed
is greatly increased. And your total system
power consumption can be decreased be-

Electronics

cause of the possible lower anode voltage. You can even

curve the inside of the Bendix Fiber-Optic Faceplate to cor-

the Broadest Line of F acepiate Glass Natenals

100

OXaABE

o
3
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F oogzs» 29
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BOPxO

CiE W 2500 1500 ant
Woawe Length Millim rons. i

Typical* spectral response of var-
ious Bendix faceplate glass types;
transmission measurements taken at
/4" thickness (core glass)

*Actual spectral transmission will
vary with tube design, photo-cath-
odes and phosphors used, plate
thickness, contrast, and fiber pack-
ing fraction.

200 400
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rect spot position linearity.

Tube designers using Bendix fiber optics
have changed the CRT industry! Now let us
help you develop your prototype for the
optimum in transmission, resolution and
contrast, in any configuration, in any size up
to 12" (larger sizes are available on special
order). Cost? Not as much as you think!
There's a new light on the face of CRT's . ..
and Bendix has put it there!

Write for a copy of the “Fiber Optics Hand-
book” and complete data on Faceplates.
Bendix — Mosaic Fabrications Division,
Galileo Park, Sturbridge, Mass. 01518.
TEL: 617 /347-9191. TWX: 710/ 347-1190.

"



Something to look forward to

Dumont’s space-saver cathode ray tubes
for cockpit head up display systems are
now successfully meeting the most
exacting demands of both military and
commercial users.

Dumont’s head up display line includes the
KC 1887 and KC 2667 panel types, the
KC 2722 binocular variety and the

KC 2672 and KC 2778 projection

models. Where limited cockpit space
and conditions call for advanced
CRT design, choose Dumont . . .
and we’ll give you something good
to look forward to.

These miniature CRT’s are not only
compact with high light output, but
are ruggedized and offer extremely
good resolution and small spot size,
making them adaptable for high For more detailed specifica-
ambient qockpit conditions and cations and information, write us,
severe environments. today !

WORLD'S LEADING MANUFACTURER
OF DISPLAY TUBES

FAIRCHILD

DUMONT ELECTRON TUBES

A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION
TELEPHONE (201) 773-2000 TWX 710-989-7149
750 BLOOMFIELD AVENUE «CLIFTON,NEW JERSEY 07015
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A secret weapon, eh? I can tell you right now, if the
new DW “Multi-Switch” doesn’t save on space and
cost, it’s going to be a dud!

That's the point. Switchcraft designed this compact
pushbutton switch to do both. It's not just a scaled
down version of an existing ‘‘Multi-Switch".

I'll buy your design philosophy so long as you haven’t
sacrificed the versatility and quality we’ve been accus-
tomed to on your larger switches. And, don’t forget
economy.

Let's tackle your points one by one, and see how the
new Series 65000 DW “Multi-Switch” shapes up!

We've guaranteed versatility by using simplified modu-
lar construction. Essentially, the switch consists of a
frame up to 18 stations long, latch bar for function
control and switching modules that provide up to 2C
(DPDT) circuitry.

Fig. 1

Series 65000 DW “Multi-Switch" assembly

¥ JRY 1% 1 10 R A RS

Latch Bar

Switch Module
i
gt
Y =X

&

Fig. 1 shows how these elements are combined to com-
plete the switch. The latch bar and mating actuator
configuration determine the functional operation, such
as: Interlock, All-lock, Non-lock and even special
functions.

Frame

i

We dorn't have space to cover all the versatility details,
such as, printed circuit terminals, pushbutton engrav-
ing, accommodation for mounting with Tinnerman
nuts, etc. JUST CIRCLE THE READER SERVICE
NUMBER FOR NEW PRODUCT BULLETIN #174.

INFORMATION DISPLAY, July/August 1968

on the new

DW
“Multi-Switch,”

An example of quality construction is the rigid frame,
and double-wipe contactors used for extreme reliabil-
ity. Fig. 2 shows how the ‘U” shaped contactor pro-
vides positive contact and minimizes “bounce”. Also,
the molded nylon pushbutton actuators are an integral
pari of the module. They can’'t be lost or pilfered.
Our quality story ties right into economy. You can't
buy a better made, compact multiple-station push-
button switch for the money.

Fig. 2

“U" Shaped Contactor “13” shaped design |

\ provides
positive
: contact

Terminal Board Switch Terminal

We'll accept the commercial, only because you have
the reputation to back it up. The design looks great,
but what about ratings and special circuit applications?

Typical ratings for silver-plated contactors would be
3 amps. A.C., 0.5 amps. D.C. 125v. non-inductive. For
dry circuit applications, gold flashed contactors and
terminals could be furnished. As usual, we're glad to
engineer specials to accommodate your volume
requirements.

I'll probably have more questions after we get a few
samples on test. In the meantime, I'd like certain
members of my staff to get complete engineering de-
tails on the DW “Multi-Switch” switch.

Just have them drop us a request on your company
letterhead for complete technical scoop. Also, we'll
add their name to our TECH-TOPICS mailing list to
receive this engineering-application magazine every-
other month. Over 10,000 engineers find the applica-
tion stories very interesting and useful in their work.

SNM\TTMIWAY 1Y
5531 N. Elston Ave.
Chicago, Il1. 60630

*Patent applied for
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YOKE SPECIALISTS

COMPLETE LINE for every Military and Industrial Purpose in PRODUCTION

EDITORIAL

QUANTITIES or CUSTOM DESIGNED to your specific requirements

‘ ® Yokes for ALL types of %", 1", 1%", 12", and 2%" neck dia.

SID In the year to come | CRT'sonly representative types are shown.

® Wide variety of coil impedances in both push-pull and single-
ended configurations.

® Most experienced yoke engineers in the industry, plus complete
production and testing capability.

® Special designs for all types of computer and high speed char-
acter displays.

The gratifying success of the 9th National Symposium was a tribute to the imagina-
tion and effort of the host Los Angeles chapter. They really gave us something to shoot

at for future meetings.
At the same time, the excellent attendance of members and visitors is also indica-

MICROMETER—
CONTROLLED PRECISION
COIL ALIGNER

For fast, convenient alignment
of yokes and focus coils in (1)
ultra precision displays and fly-

PRECISION ELECTRO-
MAGNETIC FOCUS COILS

for 26", 1%", 24" and

other neck dia. CRT's.

All designed for ultimate focus,
Negligible effect on spot size |
when properly aligned to beam.

ANTI-PINCUSHION DEVICES, |

both PM and EM types

Eliminates CRT geometrical pic-
ture distortion. Type P7 perma-
nent magnet anti-pincushion

assembly requires no current |

...occupies small space...

tive of a steadily growing interest in the field of Information Display. This pattern of iﬂ%SDDtSCﬂﬂﬂifsrr?gdp(r%)t;?;’g- wha ipnd e — Decipies s

; £ e : Ay ratory research a e atic types (all sizes)—low easily adjustable...mounts

growth and progress affords ch_alIenges and opportunities for all of us in SID, particu evaluation. Exclusive inde- power or high power. Dynamic- | directly on standard yokes. .. |

larly to the new officers, the directors and chapter leaders. = ! pendent micrometer adjustment static combinations (12" neck 3 available in wide choice of mag- |
The administration of Bill Bethke as president has helped in providing continuing of pitch, yaw, horizontal and | dia.)...compact single gap | \  net strengths with tight toler-
direction to the Society and its activities. It is reassuring to note that Bill and many vertical translation.. . with design ... or double gap de- ances. Type P8 electromagnetic
: ey il X ib baloadatdh; {.51D. On behalf of firm precision locking. Exclu- sign to simplify circuitry by coil anti-pincushion assembly
associates of his team will continue to contribute to the leadership of 5ID. On behalt o MODEL Dasag  Sive true precision control and eliminating coupling between has very high precision con-
your new officers, | would like to express our thanks to the membership for entrusting exact repeatability, plus rugged | static and dynamic coils. Wide struction . . . allows convenient
to us the stewardship of the Society during the coming year. construction. For full details re- range of coil resistances avail- ‘ front panel adjustment. For full
quest catalog page. able. For full technical details, TYPE P8 technical details request catalog

A development of interest is the apparent intention of several universities to offer
courses in Information Display subjects. We have established an Academic Committee
to consult and advise colleges on course content. Dr. H. R. Luxenberg will head this
group. Two other new committees will help ensure our sound growth. They are: Inter-
Society Committee—Bill Bethke, chairman; and the By-Laws Review Committee—Bob
Klein, chairman.

Through these and other measures, we hope to accelerate the Society’s growth
and to enhance its stature. But the major source of SID’s strength and growth continues
to depend upon vigorous and imaginative activity in the Chapters. The national organi-

SHIELDED DYNAMIC

FOCUS COIL

For sharp focus applications up | .
to 25kv accelerating potential, | =

such as scan converter storage
tubes and flat faced high reso-

lution CRT's. Static and |

request catalog pages. Please
specify your CRT and- beam
accelerating voltage.

PRECISION STATOR YOKES
for 144" neck dia. CRT's.

High efficiency and accuracy |

'* which also provides excep-
tionally low astigmatism and
residual magnetism. Push-pull

‘achieved by stator type core ||

page.

LARGE L.D. YOKES for 214"
neck dia. CRT's.

ingle-ended and push-pull de-
igns especially for charactron
CRT's to give minimum twisting
or distortion of characters. Suit-
able also for precision displays

zation will endeavor to stimulate such activity in any appropriate manner available. One dynamic coils combined into a | TYPES Y58-Y60-  or single-ended coils for time m,E “ “_“with other types of 2%4" neck
such program is to prepare and circulate summaries of Chapter activities as described TypEcagaz  Single gap to ease alignment yo2YBdfor  shared sweep displays, char- Up to 60° dia. CRT's. Request catalog
R Pl S b S and_position. Gap in forward | 42 -:’;6,7“ . acter displays and others. Deflection sheet for full details.

g reports. Request position for superior focus and | Deflection Request catalog sheet for full Angle

Exciting developments are coming about in the technology of Information Display
and its applications. We can play a vital role in this progress.

C. MACHOVER
President, Society for Information Display

marketing of display devices, ser-
VO components,  gyroscopes,
bombing and navigation systems,
and precision lest equipment,
Mr. Machover was Manager of
Sales for Skiatron Electronics
Television Corporation before
joining Information Displays, Inc

catalog page

TYPES V21
& V22

best image-to-object ratio.

VIDICON YOKES & FOCUS
COILS for 1” Vidicons

IN VOLUME PRODUCTION
NOW. For both commercial and
military applications. Engineer-
ing Service available. Special

' catalog page.

MAGNETIC SCAN-

CONVERTER DEFLECTION

details.
COMPACT ROTATING COIL

#89  YOKES for 1% neck dia. CRT's

For Radar Plan Position Indi-
cator and all other rotating coil
applications. Versions available
with dcoff-centering coils. Com-

Up to 52° and 70°  tjon into any equipment design.
Deflection Only 3%" 0D x 211/ " long. For

technical details request catalog |
page. [
|
|

&

ENCAPSULATED MINIATURE

PRECISION YOKE for 7" or
1” neck dia. CRT's.

Push-pull and single-ended
coils available in a wide range
of inpedances for transistor

Rl During the past seventeen designs for all types of 1" vidi- | plete in aluminum housing con- | T drivers or vacuum tube circuits.
vears, Carl Machover has been cons including electrostatic taining deflection coil, slip rings u m,ff. Features electrically balanced
concerned with the design and focus magnetic deflection types. | and brush assembly, drive gear D‘:"min“ windings with equal deflection

For full technical details request | TYPE Y25-R Series and bearing for easy installa- Angle sensitivities. Close angular

tolerances of the display are
achieved by precise construc-

tion. Epoxy encapsulated to |
withstand extreme environ- |

ments. For full technical

details, request catalog page.

For lnginllrili[ assistance in solving your display pn'itl'n:.' pleass

contact our nearest representative:

Prior to that, he was Manager of Applications Engineer-
ing for the Norden Division of United Aircraft Corpora- ~ YOKES X Boston-New England:............coooovininninnnniinn.. 617-762-3154
Sk Stator Design for standard 1% MOWN Tl v cnerivateravan ssaviinsta s bansevesioa e a1 2R 03 121
] inch neck diameter scan con- Philadelphia Area: 215-789-2320
Mr. Machover holds two patents on gyroscope devices, ; i et kRSP RN E SR T T  RANT P AR AR SRR ’
' verter storage tubes. High reso- Washington-Baltimore Area:...............c0vvvvnnneeenn.., 202-628-1023

I¥ the author of Iwa books o) gyiqseppics Sand fsevera| lution, geometrical accuracy and MnNERPOIIS: . ....voueevruenorieonestesesnanenennoncrsnens - §12-920-1046
articles on displays. Mr. Machover is a member of IEEE, TYPES sensitivity are combined to offer Los Angales: 3 213-283-1201
Sigma XI, Tau Beta Pi and Eta Kappa Nu. He holds the C3287/C3528 power savings, p[qs ultimate et .‘15'311' 1
B.E.E., Rennselaer Polytechnic Institute, and has done L R e el e

precision magnetic field is
{‘
" /INSTRUMENTS. INC.

achieved by combining short . po
overall length and small ears ’
with the proper distribution, in- ;
rtion and extreme care in
= o
e 100 Industrial Road. Addison, Illinois 60101, (20 miles west of Chicago) Phone 312, 543-6444

Graduate study, New York University.

construction. Magnetically
| shielded designs also available.
| Request catalog sheet for full
| details.

Specialists in Components and Equipment used with Cathode Ray Tubes
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ENGINE AIRCRAFT RADAR
“"|GNITION SYSTEM g{‘{sﬁ’:&-\:ﬁm INSTRUMENT

CHECK OUT_SCOPE

~\BRIGHT TOWER
CAB DISPLAY

TV CAMERA
MONITOR

g

TN

RESERVATION AGENTS
COMPUTER DISPLAY

/

RADAR AIR TRAFFIC
CONTROL

FLIGHT INFORMATION~_
MONITOR

1

CRTS FOR ADVANCED SYSTEMS

When you travel by air — you travel Thomas

Thomas' know-how can be one of your
strongest assets. May we be of service?

From reservation computer display to flight
arrival monitor, for your safety and convenience,
every moment of the trip, the airline industry
depends on cathode ray tubes most probably
designed and produced by Thomas Electronics.
Next time you have a CRT requirement, remember
you can depend on us too.

For further information on avionic CRTS or
for tubes in computer, medical electronics,
oscilloscope or any other display or recording
applications, write or call.

HOMAS ELECTRONICS, INC.

100 RIVERVIEW DRIVE, WAYNE, N.J. 07470 / Telephone: 201-696-5200 / TWX: 710-988-5836 / Cable: TOMTRONICS
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(/s | 1300A X-Y DISPLAY

L[ﬁ 7l HEWLETT PACKARD

POWER ASTIGMATISM INTENSITY Focus TRACE ALIGN

'

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

Extraordinarily wide dc to 20 MHz bandwidth on all three axes of the
hp 1300A X-Y Monitor gives you fast writing to display your
alphanumeric and graphic computer readouts accurately—using a
minimum of your computer’s time. An internal graticule, 8 x 10-inch screen lets
you see a big, sharp picture you can read across a brightly lighted room—
without parallax error.

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

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

Get the full details on the hp 1300A X-Y Monitor from your
hp field engineer—he can help you select phosphars, filters
and graticule options to match the monitor to your application.
Or, write to Hewlett-Packard, Palo Alto, California 94304.
Europe: 54 Route des Acacias, Geneva.

oanj12

HEWLETT ' ﬂ‘; PACKARD

OSCILLOSCOPE SYSTEMS
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nimo
10-Gun CRT Display
unretouched

Gas Discharge Tube
unretouched

The difference is clear.

Until now, tube readouts left some-
thing to be desired. The multi-plane
gas discharge display tube is a real eye-
strainer, particularly under high am-
bient light or at a wide viewing angle.

Now we have the nimo™ 10-gun
CRT display. Now, every character
or message can be displayed on the
same sharp, clear plane. No feedback
...no image ambiguity...no external
focusing ... no ambient light worries.

IEE put eight years of Research
and Development into nimo™. Thou-
sands of tests in every possible envi-
ronment achieved an uncommon clar-
ity with noticeable hardware savings.

We came up with plenty more. A
Cathode Ray Tube display controlled
by a 10-volt swing at O current which
produces a base operating brightness
of 100 FL. Unequalled viewing power,
even under direct sunlight. All images

The uncommon readout.

Circle Reader Service Card No. 13

displayed equally near the tip of the
tube, with unmatched wide-angle
viewing.

In all, there are 12 clear advan-
tages to the new nimo™ 10-gun CRT.

Why not arrange with IEE for an
eye-opening comparison? Phone...or
drop us a line; you’ll get an immediate
response. Industrial Electronic Engi-
neers, Inc., 7720 Lemona Avenue,
Van Nuys, Calif. (213) 787-0311.

INFORMATION DISPLAY, July/August 1968
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Now K&E offers digital
plotting paper and film
any way you want it.

(We'll even give you some free.)

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

It's a natural for us—and for you. K&E is the the sharpest reproduction.)
company that already makes over 10,000 products ComsToc materials can be used on practically all
related to the business of getting information down on major-name drum-type equipment. Our prices are
paper and reproducing it efficiently. competitive...but ComsToc performance is hard to

So it's only logical that Comstoc joins our family beat. As sticklers for quality control we engineer
with a line that includes: 1) high transparency 100% consistency in for you.
rag tracing paper, suitable for plotting in gither ink or See for yourself. Send for free samples of

K&E’s new ComsToc fills the crying need for a truly
comprehensive, compatible line of digital plotting
papers and film. One that matches the special
individualized requirements of people in engineering,
highway planning, business, meteorology and

many other fields.

pencil, and admirable for reproduction; 2) ALBANIZED® ComsToc paper and film. You won't believe digital
copy paper that produces jet-black, smudge-free
copies with conventional reproduction methods;

3) film, with the famous K&E drafting surface, virtually
indestructible because it's based on Mylar®, notacetate.

plotting media could be so compatible.

CREATIVE PRODUCTS
'%*E FOR THE CREATIVE ENGINEER
KEUFFEL & ESSER CO.

—————— ————— o ———————— R — T (s

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

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

Name

Position

Company

e e e s S S S e i e S e e

—-——_.—_——.———.——-—-—-——_.———.—-——_—
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. Data Display Devices
i from Raytheon

A Symbolray* monoscope can generate almost
any presentation you can think of. Hierogiyphics, anyone?)

With a Raytheon Symbolray, you
can meet almost any data display
requirement for different charac-
tersand/or symbols—ranging from
standard ASCII' to custom data
displays and even hieroglyphics.
And we can meet the require-
ments with only an inexpensive
change in the target font design.

An economical method of gener-
ating characters. The Symbolray
monoscope provides amuch more
economical method of generating
displays than using circuit cards.
Only 2” by 127, it costs less than
$100 in quantities of 1,000.

The output of the Symbolray is
obtained by electrically deflect-

ing the electron beam to the
desired characters on the tar-
gets. The characters are scanned
sequentially with a small TV
raster. The display cathode-ray
tube,onwhichthe outputisviewed,
is scanned in synchronism. The
monoscope uses electrostatic de-
flection and focus.

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

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

bination deflection types are
available for writing alphanumeric
characters while raster scanning.

For Symbolray data—or a demon-
stration — call your Raytheon re-
gional sales office. Or write:
Raytheon Company, Components
Division, Quincy, Mass. 02169.

tAmerican Standard Code for [nformation Interchange.

THE SYRDOLRAY TUBE USES THE MOMOS{QPE
PAINGIPLE AND HAS A MATRIX OF &4 CHAR
ACTERS IN AW 8XE AARAY THE TUBE I¢ 2
INCHES 1N DIAMEYER ANO 12 INCHES LONG

VIV BATEIRARCOEFGHT SJKLMNOPORSTUY MY Z ]
X EemIBOLC!Y EER T S 13 PR Y
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New Raytheon Projectoray* Tube pro-
duces more than double the light output
of standard projection-type cathode ray
tubes. The tube's output results in a
light level of 15-foot lamberts on a3’ x 4’
lenticular screen. Expected minimum
operating life is 500 hours, 20 times the
life of a standard projection tube.

The Projectoray’s high light output
and long life are due to its novel design.
The design incorporates ligquid cooling
of the phosphor backplate. This allows
the phosphor to be energized with avery
intense electron beam. At high beam
levels, very high peak light output is ob-
tained. The light image is projected
through a 5” optical window in the face
of the tube. The electron gun is set at an
angle to the phosphor and the deflec-
tion system compensates for keystone
effects.

Datavue* Side-View Tubes. New Type
CKB8650, with numerals close to the
front, permits wide-angle viewing. These
side-view, in-line visual readout tubes
display single numerals 0 through 9 or
pre-selected symbols such as + and —
signs. Their 54"-high characters are
easily read from a distance of 30 feet.
Less than $5 each in 500 lots, they also
cost less to use because the bezel and
filter assembly can be eliminated and
because their mating sockets are in-
expensive. Many end-view types of
Datavue tubes are also available.

-"/
et /’I
o o=

/ /f/
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Recording Storage Tubes. The two new
designs shown utilize miniaturized guns
and necks to provide high deflection
and focus sensitivity, resulting in sav-
ings in coil and power supply weight
and size. They provide Kiloline resolu-
tion, long storage and fast erase cap-
ability. The single-gun version is Type
CK1537 and the dual-gun version is
Type CK1535.

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

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

For literature, call your Raytheon
regional sales office. Or write to
Raytheon Company, Components
Division, Quincy, Mass. 02169,

*Trademark of Raytheon Company

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

Just a featherlight (2'2-0z.) touch
activates the switch, providing momen-
tary contact at a current rating of 0.25A,
32V.dc. Life expectancy of the dry reed
type is more than 100 million cycles.
Bounce is less than 250 microseconds.
Yet, these switches cost less than $1 in
production quantities.

The contact pins snap into 0.125” PC
board, locking the switch firmly in place
for automatic flow soldering—thereby
reducing assembly time and costs.

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

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

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

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

Industrial Components Operation— A single source for Circuit Modules/Control Knobs/Display
Devices/Filters/Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panel Hardware
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How many colors can you get on the face of a CRT that has only one electron
gun and no shadow mask?

Right now, Sylvania can give you 4 or more. And the “no-shadow-mask”’
ce| means your display is as sharp and bright as monochrome; the “one-electron-gun”

means your back-up deflection circuitry is almost as simple.

AND CRT COMPONENTS We do it by using two faceplate phosphor layers, each one a different color.
(You can order any 2-color combination of red, green, blue orwhite you wish.) Low
voltage actuates one phosphor, high voltage the other. Midrange voltages mix the
High quality general purpose, basic phosphor light outputs to produce colors somewhere in between.

Low cost stator type yoke Low LIz, high sensitivity

cummerciafr;:ﬁil::agtriﬁ:: - for 42°, 52;; 72;;‘;“ 9“; m““”f&ﬁ:‘;!‘éﬁ:;‘ We make multicolor CRTs now in 5", 10" and 19" round sizes and a 21"
f T WRERG for 52° 70° and 80° rectangular size . . . but on special order we can make them just about any size you
174" CRT neck ' wish. They display all types of visual information: waveform, alphanumeric, pic-
el R torial or any combination.
TYPE KY TYPE FY i TYPE AY We recommend them for: air traffic control systems; military IFF systems;
Fast core general purpose, Deflectron®, Fast core, low LIz, ‘ SYL stock market quotation units; airline and other transportation status boards; teach-
moderate resolution, general purpose % low distributed capacity ing machines; electronic test equipment; computer readouts . . . anywhere a multi-
for 52°, 70° and 90° for 42° =N

174" CRT neck 17" CRT neck

M , for 52° color display can facilitate comprehension.
' ] : 17" CRT neck E Sylvania Electronic Components, Electronic Tube Division, Seneca
-, ) y ' & Falls, N.Y. 13148
TYPE HY ' TYPE HD - TYPE GD
Deflectron® for high resolution o _ Recording storage tube yoke Writing yoke for high frequency - .
Y ’1‘&7’. : Scan converter

recording storage tubes beam modulation
Scan converter applications Celcaloy, ferrite

; applications and air core - J‘,
for 17" CRT neck A

i TYPE QD TYPE QY TYPE AW

i General purpose yokes Miniature yoke Rotating yoke for 52° and 70°,

for %" CRT neck
and special unit

17 and 174" CRT necks

for %” CRT neck BY Includes hearings, gear

construction and sliprings
17 storage ture CY
 for 1% storage tuhe CYT TYPE MY TYPE RY
Coils for centering and beam

Low resistance version of type BY ) Character and storage tube yoke

\ Riaable faF ypes for 2 CRT neck Type DY alignment, aiming, flooding

for 173, CRT neck

CY and CYT
2%3” CRT neck Type DJ
TYPE YY TYPE DY TYPE KC
Pincushion corrector, Pincushion corrector, Focus coil, dynamic
electromagnetic, permanent magnet for high resolution
low cost, ‘ Specials available Many other standard ; =8 COLOR
general purpose types available 3 THESE
- ORANGE
TYPE L : TYPE M TYPE HLF
Vidicon yoke, focus Hybrid vidicon yoke, 17 Vidicon yoke, focus
and alignment coils 17 Magnetic deflection coil ) ' and alignment coil 17 COLOR
I:'ur slow scan, with shielding = For standard TV o . THESE
high resolution applications | YELLOW
TYPE WV TYPE HV TYPE TV 129
Image Orthicon yoke, focus Image Orthicon yoke, focus Static astigmatic corrector and
and alignment coils 3” and alignment coils 3” ' dynamic focus coil
For high resolution, ' For standard TV For high r eg;i“g;g
‘ ; slow scans : applications
TYPE AV 172 "™ & 1vpe TV 172 TYPE NC

Condfanh'ne gngineering c[]agoraloriea Company

; MAHWAH, N. J. UPLAND, CAL.
201-327-1123 714.982-0215
TWX 201-327-1435 TWX 714-556.9550
e NE & ELECTRONICS
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As you like it

It’s that easy to design your own keyboard for any information handling "

system using the IKOR Universal Keyboard with 8 data-bits Toms ’
[ a3 . ad

available for coding both shifted and/or unshifted char-
acters. A completely different all-electronie principle of
be supplied with either serial or parallel output. " | linkages to fail; no lights to

< burn out or become masked by

operation (patents pending) provides for error-free

performance plus the ability to interface with

any system. It permits you to specify virtually

any keyboard configuration without requiring
major modification of the basic design and can

A minimal maintenance procedure is incorpo-
dust or dirt. These are but a few of the design

advantages. The IKOR keyboards look like, feel
like, and operate like the best electrical type-
writers available. The IKOR keyboard
functions without error at all speeds. But

rated into this simple, highly reliable design —
coding is contained in each key;

there are no cross-bars or

you can find that out and much more by
asking us for a demonstration at your con-
venience. IKOR will work with you on special
requirements, in the development of special designs and -
will provide systems engineering services to assure electrical
and mechanical interfacing to your satisfaction.
IKOR Incorporated, Second Avenue, Northwest Industrial Park,
Burlington, Massachusetts 01803 — Telephone (617) 272-4400

e

\ True stereoscopic movie
system without glasses

Artist's drawing depicts a typical scene being photographed by the new capture system. System contains a 100 ft. arc of 1500 pinholes which are un-
covered sequentially to expose ten sets of horizontally-moving spherical lenticular filmstrips. Filmstrips’ movement and exposure are synchronized by
a central control system. Resultant film is specially processed for centralized projection.

825 seat capacity—120 degree field of view

by ROBERT B. COLLENDER

proach to the age-old problem of stereo pictures which must

ABSTRACT

Various stereoscopic systems are discussed and the prob-
lems inherent with each enumerated. Among them are grand
scale holography and lenticular screen-multi-camera and pro-
jection systems for a proposed zoneless wide screen viewing
criteria within the theatre. Zone system two-picture auto-
stereo techniques with their inherent problems are also
mentioned briefly.

The writer’s design is presented for an entirely new ap-
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be projected to a large audience; provide an extended field
of view both horizontally and vertically, not restrict the posi-
tions of view within the bounds of the auditorium’s viewing
area; present a unity sizing of original scene to synthe‘tic
playback; minimize complexity of theatre projection equip-
ment and completely eliminate the requirements for optical
aids at the observer’s eyes.




Arlist's drawing depicts |

—_———v_—

INTRODUCTION

Some people inclined to think asthetically and scientifically
have pondered the motion picture enigma for years. Why is
it that the real world must be synthetically portrayed without
the third dimension on the motion picture screen? Isn't it
only natural that the scenes inside the theatre should appear
equivalent with nature? In 1953, the third dimension illusion
was portrayed while the audience wore glasses—but not
everyone wears glasses in the real world! What is the big
problem? Why can’t the audience just sit in the theatre and
look through a 100 ft. wide by 50 ft. high bay window and
perceive the same impression as if they were transported to
the scene and looked through the window—and do this
without any sort of optical aid at the eye?

The author has studied this apparent enigma for about 20
years and concludes that there is more than ample justifica-
tion for the delay in duplicating the illusion of nature. There
is a vast _difference in object-space and image-space. Object-
space exists— may be verified by the senses and the ob-
server may move in relation to the object—but image-space
must be synthetically generated in a volume where only
space exists and yet the observer must be free to move into
lth|‘s space (within limits) to examine the images. For example
it is entirely possible to synthetically generate a 3-D moviné
colored image of a beautiful woman. The observer could be

allowed to approach the image until his eyes are touching ;
and actually pass through to the opposite side of the ima g_l_t
but the sensation of feel would not be present (unlessgth

brain was tapped by other stimuli). i

This paper will attempt to acquaint the reader with
_few of the basic problems of true stereoscopic illusion aIIow?
ing _the observer free movement with respect to the syn-
thetzc images and complete elimination of any sort of optical
aid at the observer’s eyes. This paper will merely touch on
stereo illusion systems which do not give the observer free-
dom of movement—but still eliminate the need for glasses,

Several stereo systems exist and are still being considered
that provide two-picture stereo (as a common stereoscope;
view) to a limited number of people (say 100) in which their
lateral movement is severely restricted (to about 2 inches)
This sort of restriction can be quite tiring over extendeci
periods of viewing and the screen included angle of view is
always small. A basic characteristic of the image is that every-
one sees the same two pictures to make up an identical
stereo pair. Unfortunately, distortion is prevalent similar to
2-D pictures where people view a flat screen from various
angles. Both Russia and France have used this system for

several years. lvanov and Savoye!" are the respective inven-
tors.

he proposed th 2 i i ;
Tl D GERIC g|n|i(;nar\i Gl.eﬂmgia::tl.wl\'l;l(l 1\[N\I:I cl;5||)<E.ly the new 3-D picture. Centralized projection booth is at the center of curvature of a
: : = conlrolle nroce BrS £ i i
el o) s an b é ed err cell shutter selector. Fach person in the theatre sees a “different view' of the scene
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ure as through a large bay-window.
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A more desirable situation exists where within the seating
area of the theatre no viewing dead zones are prevalent, and
where observers can be encompassed by the familiar wide
screen picture without the need for optical aids at their eyes.

stereoscopic systems which fall between the 2-picture and
the infinite-picture systems will not be considered here as
they still suffer from viewing dead zones.

If a goal is to present a system which can be viewed from
any position in the audience space and the head of some
movie star should fill the screen, a smooth change in per-
spective from one side of the auditorium to the other would
necessitate that the image appear gigantic in depth as well as
width and height. In the limited system just discussed, we do
not have this problem, because the subtended angle auto-
matically adjusted to each viewer and the actor’s image ap-
peared to hover over the head of the person seated just
in front of any given viewer, regardless of his position in the
theatre.

In the unlimited system, where the viewer has position
freedom, the gigantic image is generated by the ratio in size
of the “capture window” and the “playback window”. This
means that the camera equipment would provide a “small”
window in viewing the actor and since the “large” theatre
screen window is required, the actor appears as a giant. A
basic problem in this giantism, which tends to rule it out,
is the extreme lack of viewer proximity to the space charac-
ter. Not only are the x and y dimensions of the image in-
creased by this ratio, but the distance of subject to camera
window is also expanded by this factor in playback. Since the
observers are remoted now, the depth illusion also subsides
and the quest for added realism has been defeated. There-
fore, the only way to justify the realism of the added dimen-
sion is to provide for a one to one correlation between the
scene and the reproduction.

Much talk of late has been given to the hologram, believ-
ing that this marvelous innovation will eventually solve the
enigma. Since the window width in the capture of the scene
has been shown equal to the theatre window size (in order to
retain the impression of depth and the same relative proximity
of space images to real objects) the hologram frame size
would have to be 50 feet high and 100 feet wide (since the
theatre screen size for the large audience required has been
set at this level).

It is well known in holography that the scene parallax cap-
tured depends on the size of the hologram plane and its
distance from the scene objects. An active coherent source
would not suffice for infinity capture because the inverse
square law would under-expose the background and over-
expose the foreground. Trying to get sufficiently powerful
pulse laser sources (to freeze the motion on the hologram
and still provide adequate coherency over these great dis-
tances) introduces staggering problems.

Even if 100 foot wide 2000 line/mm resolution film could
be made with 50 foot high frames, the required film ac-
celeration at 24 frames/second would pull it apart. Even
though the size of the playback could be increased by chang-
ing the frequency between capture and playback rendition,
the small window capture and the receded projected image
during playback defeats the intended purpose.

If the holograph concept is ever to be employed on a
grand scale for wide screen theatres, it should use passive
light from nature and the 100 ft. by 50 ft. window have a
myriad of sensors which link a practical recording media. In
reverse (or playback), it should have a 100 ft. by 50 ft. trans-
ducer which is controlled by the recorder media. In con-
cluding, applications of holography to the wide screen-large
theatre are more remote and impractical than any of the
alternate techniques which are known to date.
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A much more economical system is described next which
wil! give the required illusion with equipment available today.
Preceding the description of this equipment, a brief intro-
duction will be given to the unaided viewing system dis-
covered by Lippman in the early part of this century and how
these techniques apply to a theoretically ideal method which
will then lead into a new approach conceived by the writer.

Gabriel Lippman‘®! (1908) discovered that a 3-D picture can
be formed by using a photographic plate with a multitude of
small pinholes in front of it. In preparation for a discussion
of G. Lippman’s system, the differences between a lens and a
pinhole in recording an object (e.g. a candle) will be shown
(Figures 1-a and 1-b).

Candle
object film

FIGURE 1a: Image formation with lens

_Q pinhole B
N
-
gt
s -~
= 5 o
~ M e
i R B image
o
T g / ) ~
P 7 ~
i it
film
Candle
object

FIGURE 1b: Image formation with pinhole

Figure 1-b is analogous to Figure 1-a except that in 1-a,
the image is formed by a lens and the image in 1-b is formed
by a pinhole. Note the line drawn through the object’s point
—P—and the lens node in Figure 1-a; this forms image point
P, on the film which is identical to P; formed in 1-b excepl
that due to Angle A, more light is gathered in 1-a to form the
picture.

Figure 2 shows the basis of Lippman’s system. A separale
small picture is formed behind each lens on the film. A lens
shall be substituted for a pinhole.
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Lenticule
surface

imaginary eye

-

FIGURE 2: Lippman’s lenticule capture system

If the imaginary eye is to see Point P of the object, it must
look in the direction of the node of lens—X (or along the P
to Py line. If the film was processed into a transparency and
viewed as shown, it would not give 3-D because no segrega-
tion of the individual pictures can be made unless the ob-
server looks through the lens array.

A conjugate image of the array of pictures must be for-
med by transferring the pictures back through the identical
lens-array onto a new film plane in a one to one correspon-
dence (see Figure 3).

light 2nd film plane

diffuser 7 lenticule surface

Source
lamp

\ i

reconstructed
imare

FIGURE 3: Lippman’s lenticule playback system

imsge is line of light

cylinder
lens

collim:ted
light

cylinder
lens

FIGURE 4a and 4b: Geometry of image formation in cylinder lens

If the observer’s eye occupies the same position as in Figure
2 and looks toward lens X, he sees point P; and the image
appears at distance D just as the object did in Figure 2. Note
that the resolution of the resultant picture is degraded by the
diameter of lens-X which subtends angle B at the eye.

A tremendous simplification to this system can be made if
itis noted that only lateral information for the two eyes need
change—but the vertical information can be the same (most
people keep the line joining their two eyes nearly horizontal
when viewing a picture). This is not a requirement however
as it has been shown that a plus or minus 45 degree tilt ir;
the interoccular line is acceptable for adequately viewing this
form of stereoscopic pictures.

The spherical lenticular structure then changes to a cylin-
drical lenticular structure (see Figures 4-a and b)

~-2 film
/ 4
arbitrary point //,/ ~
on object s i
s -
L
PV

1/79
773

e
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FIGURE 5: Any point in scene forms line on film

The cylindrical lenticule cannot be used directly in the
p_hotographing process, as it will not form an image (see
Figure 5). Any point on the object will form a line on the
film. If viewed through the cylindrical lenticule, the point
would then be viewed as a line. To avoid this and still use
the simplified approach of cylinders instead of spheres, the
stereoscopic photograph is taken through a lens that moves in

CAPTURE SYSTEMS USING
CYLINDER LENTICULES

film plane

cylinder lens
array

lens movement
FIGURE 6a
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ecvlinder lens
g film plane

several stationary lenses
FIGURE 6b

front of the cylinders. An alternate method is to permanently
install several lenses in front of the cylinders, as in Figures
6-a and b.

In both these systems, the parallax captured is equal to
the excursion distance of the lens or the distance between
first and last fixed lenses. Figure 7 shows the basic principle
involved in forming proper images on the film plane.

Note that the object point P is formed as a point behind
each of the cylinders; the geometry being that the point P
line up with both objective lens node and cylinder lens node,
(e.g. 3 points align to determine a fourth point along the
line).

cylinder / e

A : lenticu
objective lens
l\ﬂ 5
\\& SR
/ T

i2

Plan view

objective lens

Elevation view

FIGURE 7: Plan and elevation views of image formation in cylinder
lens camera

Another way to accomplish the offset of P; behind cylin-
drical lenticules is to move the entire camera (lens and plate)
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relative to the scene, (usually in an arc about the scene’s
center) and at the same time move the cylindrical lenticule
array laterally by the diameter of one lenticule during this
excursion. This technique as shown in Figure 6a, is limited to
still photography due to the accurate alignment required be-
tween the film plane and lenticules and the movement of
objective lens. The system in Figure 6-b however, has only
the problem of close alignment rather than moving lenses.

The number of lenses required is easily seen in Figure 8
o be governed by an extension of sight-lines from the ob-
server at a maximum distance to the nearest object in the
scene. The spacing of the two sight-lines at their intersection
with the lens array is equal to the minimum spacing of ad-
jacent lenses (e.g. lens A and lens B in Figure 8).

From the prior discussion it may be evident that the Figure
6-b system could provide movies in 3-D without glasses
provided the viewing area is small. Assuming that a one to
one correlation in size between scene and re-constructed
images is required—and a maximum frame size of four
inches square is used, then the viewing screen would also
have to be four inches square.

line of cylinder
lenticules
line of spherical lenses

lens
A

(]

<t ~ -

P
lens | i
B proximity

. 'of lenses
maximm I required nearest
distance for [ object
observers :

FIGURE 8: Spherical lens proximity shown in composite camera and
playblack cylinder lens system

The conjugate images would be viewed through cylindrical
lenticules arranged directly over the projector’s aperture and
at least 16 of the 4 x 4 inch square plates would appear per
second. Projector alignment problems are stringent, because
the vertical elements on the film plane must not jitter beyond
tight limits or the great “light-lever” between the image ele-
ment and the cylinder lenslet nodal element will cause the
image to violently jitter, This jitter results in a spatial change
(Z-direction) as well as an X-directional-change. Theatre sys-
tems, however, require a 100 time enlargement and projec-
tion is required. The number of capture lenses in the array
line of spherical lenses goes up by 100 times to satisfy the
proportionate decrease in observer’s interoccular separation,
and the picture alignment requirement increases proportion-
ately. Calculations show that movies displayed to an audience
of 1000 persons by this technique would require film frame
alignment of one-half micro-inch. Space image size would
also increase by 100 times and familiar objects would appear
giant size (giantism). To avoid giantism and alignment prob-
lems, a wide base of cameras are required—each taking its
own picture—the number of cameras required is effectively
750 over approximately a 50 ft. arc to satisfy about 800 to
900 persons, if the cameras are arranged concaved fto the
scene captured. If arranged convexed to the scene captured, a
100 ft. arc or 1500 cameras are required. This corresponds
to one camera every 0.83 inch. Figures 9-a and 9-b show a
workable system but impractical due to the vast amou‘nt.of
film required and the inherent waste of film. A system similar
to this was suggested by H. E. Ives @ in the early 1930's.

In Figure 9-b, Point Q on the screen is defined by all the
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light from projector P, incident on cylindrical lens element Q.
The angle F takes up several information bits that had been
recorded on the film in Figure 9-a by C,. The resolution of
this system suffers by this averaging effect of the light in angle
F compressed to Q on the screen. Hence all information cap-
tured (for example by C .) aside from Q within the angle

FIGURE 9a: (Camera) extensive lateral array of cameras

Q) defined

reflective
screen

FIGURE 9b: (Projector) extensive lateral array of projectors

F, is wasted. There is no restriction to the width of cylinder
lens element, however, and the separation should be such
that the closest observer cannot resolve two adjacent cylin-
der lens-elements,

In Figure 9-b, the scene-image will have exactly the same
shape, size and location as the original scene-object and can
be projected in full color. The audience can sit as close to
the reproduced image as desired provided they do not ob-
struct the projector-array. The array may be above or below
the audience.

Economically, this system is not justified at present, but it
is conceivable that as electronic picture systems are improved
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and subsequently made plentiful and reduced in cost—750
pickup tubes could scan the scene—750 recordings made on
some media that can compress and retain resolution (e.g.
thermoplastic tape or magnetic tape) and 750 individual elec-
tronic pictures projected (e.g. eidophor process) from a scan
of the recorded information. This method would eliminate
handling of 750 separate film strips but would still suffer
from the stringent requirements to project from 750 extended
light sources which presents an impossible logistics problem.

To review some of the basic problems discovered to this
point: an array of 750 cameras are required (for a concaved
arc to scene system) which could be vidicons to avoid film
handling; the tremendous expense ‘in accurate lenses and
complexed circuitry; extended arc of projectors which equals
the length of the camera array and quantity of separate pro-
jectors; the vast amount of power required to operate the
750 projectors; the reliability and logistics problems; the
vast amount of unused data which is thrown away by the
directional element selectivity of individual screen cylindrical
lenticules; the complexed theatre circuitry to drive the in-
dividual projectors from the recording media, and light and
size servos for each of the 750 projectors.

Since the example selected in Fig. 9 was the concaved
system to the scene, the quantity of equipment must be
doubled for the wide screen techniques implied at the be-
ginning of this paper. That is, about 1500 units are required
for a 120 degree system.

As the writer's design philosophy unfolds, the reader will
note the following: 1500 capture points will be used over an
extended 100 foot convexed arc to the scene but will em-
ploy simple pinholes in place of expensive lenses, and special
spherical lenticular film in 10 units which can conveniently
be transported to the scene. An intermediate processing phase
will take about 25 days of continual processing for a 1% hour
show. This processing will prepare the geometry of presenta-
tion to allow centralized playback of the information by 3
projector-units revolving about the center axis of a cylinder
screen at 2.7 rps. Kerr-cell electronically controlled selector
shutters 50 feet in front of the screen will properly regulate
and select correct information from the screen to be applied
to each eye in the auditorium. The seating capacity will be
825 people and the included angle of view will be 120
degrees.

Every person will see the scene from a different position
and the relative spatial position of image to original objects
will be the same.

All 3-D systems which are continuous (giving the observer
complete freedom) and eliminate the vertical variable, suffer
from image expansion or image shrinkage with distance in
depth and this phenomenon is strictly a function of capture
and playback geometry and affects viewers farther from the
screen more than close to the screen. This problem and its
compromises will be discussed in details to follow. There will
be a total of three films for the projectionist to handle and
only one central light source will be required to illuminate
the entire screen.

Sufficient experimental evidence over the past 20 years on
equipment similar to what will be described here has accredi-
ted the process as being sound in theory and practice
(4, 5, 6)

Dr. H. E. Ives > commented around 1930 that optical scan
systems using high speed cameras and projectors seemed a
feasible approach. At that time only slow emulsions were
available which precluded serious consideration of this ap-
proach. It may also be of interest in passing, that Dr. Nikolai
A. Valyus, Professor of Physics in Moscow in his recent book
““Stereoscopy”, (Focal Press, New York 1966,) indicates that
the latest stereoscopic research in Russia is also involved
with multi-picture hi-speed scanning techniques.
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GENERAL PRINCIPLE OF NEW APPROACH USING
CENTRAL PROJECTION SCAN TECHNIQUES

In Figures 10 and 11, the basic philosophy is shown for the
capture and projection geometry. The arc A, B. in Figure 10
has the same radius about “C” that arc A, B. in Figure 11
has about Pg. This geometry shows how an arbitrary scene
point (P) in Figure 10 is reproduced at at P; in Figure 11.

In Figure 10, arc A. to B. is an array of several capture
points (which will be shown equivalent to 1500 pinholes,
later). The near scene object point “P” for the farthest imagi-
nary observer with left and right eyes E;,;and Egr;shown con-
verging on P, generate sight-lines that intersect the arc at
C. and C, respectively. The number of capture points equals
the number of times the distance between C, and C, goes
into the arc length A, to B.. Each “effective” camera’s optical
axis intersects at C. The optical axis for C, and C, are a, and
a, respectively. The sight lines from E;,, and Eg; to P make
angles £ and B with a, and a, respectively. Hence, P is photo-
graphed on the film plane for C at P;, and P is photographed
on the film plane for Cy at P;,. The pictures are sequentially
photographed along arc A. to B. so that C is shot then C,,
etc.

Figure 11 shows how the same geometry is used to gener-
ate the scene image which appears identical to the scene
ohject in Figure 10. Since all of the camera’s optical axes in-
tersect in ““C”, then a single projector with a sweeping optical
axis at Py that has the same angular velocity as the apparent
sequential movement of the several camera optical axes, tends
to simulate the sweeping action. At the location of the arc,
the array of cameras is replaced with vertical slits As to Bg
that can be triggered electrically to open in sequence. The
number of slits equal the number of cameras. At a distance
of about twice the slit arc radius, a concentric reflective
screen is placed. The angle of projection of the sequential
pictures thrown from Py is made less than the camera. At a
distance of about twice the slit arc radius, a concentric re-
flective screen is placed. The angle of projection of the se-
quential pictures thrown from Py is made less than the
camera field angle so that the same field angle is subtended
by the projected frame on the screen at the corresponding
slit.

It can readily be seen from this geometry that the same
angles £ and B are generated by the projected pictures so
that P;, intersects the screen at Py . and P, intersects the
screen at Py,. At this time, P; can only be seen by eyes lo-
cated physically at Er, and Ex which are at the same relative
position as Ey,, and ERi in Figure 10.

The action of the projection system in Figure 11 is to sweep
a successive series of pictures (1500) across the A¢ to B, arc
which successively overlap on the screen and simultaneously
sequentially trigger open the corresponding slits. This has the
net effect of forcing all eyes behind the arc to see a true
stereo picture.

In Figure 12, a general system concept block diagram is
shown for the capture system, the camera film development
central processor station, the projector film development and
the playback system. From this diagram the reader can see
briefly what elements will be used to form a complete stereo-
scopic system.

PRINCIPLE OF IMAGE DISSECTION PHOTOGRAPHY

Image dissection photography ‘' offers a unique method
of reducing the required film strip length compared to record-
ing the same quantity and size pictures on standard motion
picture film. A decrease in film length of 2 to 3 orders of
magnitude is obtained when this form of photography is
compared with standard two-dimensional contiguous frame
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recording. Because the film speed can be materially decreased
and adequate primary frame resolution is retained, this form
of photography has been selected for the new true stereo-
scopic system.

In image dissection photography a high resolution film is
placed in close proximity with a matrix of spherical lenticules
which have a very small f-number. The number of lenticules
in the matrix equals the total number of picture elements
desired in the primary picture. The advantage of this arrange-
ment over a conventional camera is that several very ac-
curately registered superimposed full-frame sized images (on
the order of 1000) may be placed on a single frame of film.
Once the required system resolution has been established
from a study of all necessary viewing parameters, the frame
size, primary focal length and the quantity of elements can
be ascertained.

In Figure 13, the primary lens focal length is chosen small
relative to the nearest object in the scene so that all rays
emanating from any given point on the object (e.g. distant
“arrow’””) will be approximately parallel. Therefore A, B & C
come from the arrow “tip” and D, E and F come from the
arrow “tail”. If the primary lens is obstructed, the rays pass
through the lens as indicated by primed symbols. That is, all
the arrow “head” rays converge on n, and all the arrow
“tail” rays converge on n,. With no obstruction, n, and n,

scene object

film plane
for ¢

screen

scene image

FIGURE 11: Geometry of new playback system

would image smooth discs of light on the film plane. The
diameter of the light disc on n, would extend from d to f
and on n, from a to c. The disc intensities would be. con-
trolled by the intensity of light from the tail and head of the
“arrow object”, respectively. _
The purpose in image dissection is to break up these solid

31




discs into many individual points of light. This is conveniently
accomplished by completely blocking the aperture of the
primary lens except for a roving aperture indicated in Figure
13 as an “arbitrary aperture”. The size of the aperture de-
pends on the primary lens and lenslet focal lengths, and the
guantity of dissection points on the light disc.

If the aperture is placed at “M”, an image of the arrow tail
appears at d and the head appears at a. If the aperture moves
to 0", the tail and head shift to e and b, respectively. If the
aperture moves to “N,” the tail and head shift to f and c,
respectively. This same reasoning can be applied to any
other points on the object and any other lenslet elements in
the matrix. As the roving aperture moves anywhere within
the primary lens aperture, a large quantity of dissected
images are recorded on the film. High speed motion pictures
are possible because it takes only a short time for the aper-
ture to move over its own diameter. It has been found in
practice that about 80% of the area behind the lenslets can
be devoted to image formation. The remainder is lost in
boundary transitions between lenslets.

Figure 14 shows that the camera f/number is not affected
by the small aperture stop at the primary lens (focal length
= f) since it is located at infinity for the small lenslet. The
camera system f/number equals f/; or the f/number of the
lenslet alone. This number can vary and depends on the
shape of the lenslet (but generally runs about 2).

The first spherical lenticular matrix film was prepared in
1928, It had a celluloid surface covered with a series of fine
spherical lenses in a honeycomb arrangement. There were 15
lenses per millimeter length, and therefore 225 lenses per

rsquare millimeter of surface. The corrugations in the film were
made by a drum which had been engraved by hand.
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FIGURE 13: Basic image dissecting camera

PROJECTION OF IMAGE DISSECTED PICTURES

Since optical systems tend to be reversible, in order to
retrieve the overlapping myriad of images from each of the
frames and to do this in the same sequence as they were
recorded, the roving aperture is given some sort of regular
movement in the capture which is made identical in the
playback. One way this is usually done is to use a wheel
with holes arranged in a spiral pattern such that when one
hole has scanned the primary lens aperture, the next hole

PLAYBACK

semi- Specular
screen

—
I

24)

.__,+_
processor cells

identical to camera cells

o

DEVELOPING STATICHN (3- POIITIV

Projector
Cen t#al drive
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o 3

I

Film
™ drive Control

FIGURE 12: Block diagram of proposed system (Sound system not shown)
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FIGURE 14: Low f-number of camera equals f-number of lenslet, not primary lens

begins its scan at a slightly different elevation (see Fig. 15).
The three processor cameras that photograph the CRT images,
and the projection system, will use this sort of regular motion.

With this technique of image dissection, projection light-
losses tend to exceed capture losses by quite a large margin.
This is primarily due to the requirement for a small diameter
moving aperture at the primary lens. The projection f-number
generally resulting from this restriction is about f/45. How-
ever, additional light may be concentrated on each dissected
point by providing an identically pitched matrix of spherical
lenticules between the film and an extended multi-point
source lamp. A further discussion of this will be presented
in the projection section.

In order to avoid a lapse in time between frames, the film
in the camera, processor and projector, will run at a constant
but different rate. This will assure equal time separating ad-
jacent images regardless of their position along the longitu-
dinal axis of the film strip.

roving aperture
shown with a
regular motion

rotates gpiral hole
disc

primary lens
aperture

FIGURE 15: Image selector disc

SCENE IMAGE COMPRESSION AND
EXPANSION COMPROMISES

As mentioned briefly in the previous introduction, all 3-D
systems which are continuous (giving the observer complete
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freedom) and eliminate the vertical variable, suffer from
image expansion and image shrinkage.

An example of this would be that a space character's image
as it moves from near to far tends to flatten out to some'’
degree. This, of course, is better than if it should “increase”
in height with distance, because that would contradict normal
perspective changes with distance in nature. Mathematically
this variation of image height with distance can be predicted
exactly and allowances made to minimize the effect by ad-
justing Lhe position of the screen with respect to the slits and
controlling the maximum distance from the slits that the
audience may extend.

Figure 16 shows a superimposed capture and playback
system from which these geometrical relationships are cal-
culated.

Figures 17 and 18 shows parts of Figure 16 separately. In
Figure 17, the arbitrary scene object is located between the
slit and the screen and in Figure 18, it is placed beyond the
screen.

DESCRIPTION OF PARAMETERS IN
FIGURES 16, 17 AND 18

d = eye to slit distance
D, = slit (or camera) to object O; distance
a, = apparent height of Oy in theatre
ha = actual height of O,
F = slit to screen distance
D = slit (or camera) to object O, distance
ar — apparent height of O in theatre
he = actual height of Oy
Let K = the ratio of apparent height that any given scene
object appears to an observer located anywhere
in theatre to the height that the same object
would appear in the original scene to an observer
in the same position that he occupies in the
theatre.
aII . SR
Ko = _h“‘(for an object in front of screen position)
dg .
Ky = ‘E‘ (for an object beyond the screen position)
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FIGURE 16: Viewing geometry translated from the actual scene to the theatre

By geometric calculations in Figures 17 and 18, it is shown
that the general formula for K, and K; are the same.

For a fixed observer position, the only variable in the equa-
tion is the distance from the camera to any object whether it
be D, (for an object in front of the screen) or D; (for an
object beyond the screen).

dln + 1
A general formula for K then is, K = dﬁ F+ 1 (eq. 1)
F screen
K, = ®n
h]'.l
RV S
K = "o
A/ )

FIGURE 17: Ohject hetween slit and screen

4

Where D is the distance from the camera (in the capture
of the scene) or from the slit (in the projection of the scene)
lo the object or the object’s image respectively.

Note as D becomes small, K increases—which means that
the apparent size of a fixed height object (e.g. a person) as he
approaches the camera would increase. Conversely, the ap-
parent height for a fixed height object (e.g. a person) as he
moves away from the camera would appear to decrease to a
fixed observer in the theatre. These apparent changes in
height of moving objects in the z-dimension (or the depth
dimension) are over and above the normal changes due to
perspective change caused by the variation in subtended
angle at the observer’s eye.

From equation 1, if F (the slit to screen distance) is made
large relative to d, then K approaches unity for distant ob-
jects. If F were equal to D, then K equals unity. This leads to
a practical value for F equal to about %2 of the farthest ob-
server’s distance from the slits or about 50 ft. for the theatre
size intended.

For the desirable geometry in the theatre, the actual mag-
nitude of this variation can be calculated and limits set if it
becomes too ridiculous,
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The nearest observer will be 12 feet from the slit. The
tarthest observer will be 100 feet from the slit. F = 50 feet.

A logical range of depth for the location of spatial objects
in the scene would be from about 10 feet from the slit to
infinity-

Table 1 shows the apparent changes in the vertical height
of near and far objects for three widely separated observer

positions in the theatre.

TABLE |
Position of Chserver to Apparent size of image
Observer Slit Distance viewed compared with an
(feet) object size of unity

Near Infinite

Object Object
Close 12 1.25 0.81
Far 100 0.64 0.33
Mid 56 .88 0.48

THEATRE LAYOUT GEOMETRY

A 120 degree screen was selected because it most nearly
fills the observer’s horizontal field of view and with the pro-
posed rotating central projection system allows an “off to on”
duty cycle of 2 to 1. That is, any given scanning projector
sweeps 120 degrees of pictures onto the cylindrical screen
and then remains off for 240 degrees before il returns again.
Because of this fact there are two segments of film equivalent
in length to the 120 degree scan that are blank. These 2 blank
sections are utilized to slow the system down and employ
2 more projection lenses to scan these sections of the film.
In order to prevent flicker, a 24 cycle repetition rate has been
chosen. If the 2 blank sections of the film corresponding to
the circular arc from 120 to 240 degrees and from 240 to
360 degrees were not filled in, 3 projectors each spaced
120 degrees and moving 120 degrees in 1/24 second would
be required to maintain a flicker-free picture. This would
call for an exceptionally high projection rate since 1500 pic-
tures will be projected by any given lens as it sweeps over
the 120 degree arc. By adding 2 each projection lenses to
each of the 120 degree projectors, each projector is now re-
placed every 40 degrees and the rotational rate has been
decreased by a factor of 3. There are now 9 projectors using
3 pieces of film revolving at 2.7 rev/sec about the central
common-light source.

B camers.
position

FIGURE 18: Object beyond screen
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Typical
screen
element

FIGURE 19: Stereoscopic theatre scale layout (plan view)

With the screen placed at a radius of twice the slit level
radius, and a 40 degree separation of projected pictures, no
overlap on the screen occurs if the angle subtended at the
slit by the frame width of any given projected picture is no
more than 76 degrees. This value then requires that the pic-
tures be captured from the scene at a 76 degree field angle.

Figure 19 shows the proposed layout plan view of the
theatre. Arc AB subtends 120 degrees at the center axis of
projection. Anyone within m n o p g r s will see through
this entire window arc AB. In the shaded area, the observer
sees less than AB. For example, along line EF, he sees arc
CB and along line GH he sees arc AD. In other parts of the
shaded area he sees more of arc AB until along lines SE or
rG he sees all of arc AB. The cross-hatched area represents
added seats at the auditorium front which will allow observers
to see arc KL or arc DC, depending on where they are lo-
cated in the cross-hatched area. There is a 12 foot buffer
zone between the closest seat and the slit position.

Note that point X (a typical screen element) must radiate
light to the successive 500 slits arranged in sequence and
extending over arc AK. This total angular sweep amounts to
36 degrees. In the projection section under screen gains, it
will be found that very high screen gains can be realized by
creating a fan shaped beam which reflects from a screen
element (e.g. x) and sweeps successively over the 500 cells
(e.g. between A & K) during the 1/24th second scan of any
of the nine projectors.

Figure 20 shows the theatre layout from an elevation view
showing that the projection station will be located 53’ above
the ground level and throw a keystone shaped picture (to
compensate for the angle of projection to the screen) at an
average throw distance of 133 feet. This high projection sta-
tion is required so that projector rays will miss the slits and
still allow the audience to get an approximately normal view
of the screen through the slits. The slit height is shown at 48
feet and the screen height at 69 feet. The audience floor
will be on a 16 degree incline to the horizontal.
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FIGURE 20: Stereoscopic theatre scale layout (elevation view)

Figure 21 shows the seating layout dimensions and the
number of seats are calculated from the rules that the front
to back seat spacing is 3 feet and the side to side seat spacing
is 22 inches. A total of 825 seats fit into the area of accep-
table viewing as determined by the theatre layout plan view
of Figure 19.

87.5+ >
46,3 31. 20—
—»{ 10!
m
T / F
62.5" rear front
= — = 221

i

Q

Total seating capacity = 825 people (based on

3! between seat rows and 22" between seats side to side.)

FIGURE 21: Stereoscopic theatre seating layout (best seats are in front)

CALCULATION OF TOTAL CAPTURE POINTS
: OVER 120" ARC

From the plan view of the theatre, the farthest observer
from the slits will be 100 ft. This observer is used as a basis
for determining the minimum number of capture points and
hence the pitch of the slit-selector cells used in the theatre
at a 50 foot radius from the central projection point. The
$6th0d‘ for' determining this quantity is equivalent to that
220{\:(::1“:; if\;viyic?;;}?e lenticule system and again in Figure

Parameters shown in Figure 22 h th i ignifi
e g ave the following signifi-
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S = minimum separation of adjacent capt
points in the camera system and also tl}:e
width of a slit-selector cell in the theatre ;

= 25 F
S — . =
d+ F
Where F = slit to screen distance, and
d _—

distance of the farthest observer from the slit
selector with left and right eyes Er. and E
respectively. ) ¥

R = F = 50ft, d = 100 ft
S = 0.83 inches N = total number of
capture points or
cells/360°.
Therefore,
a
= S - = 4520
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FIGURE 22: Minimum camera separation

CONFIGURATION OF CAMERA SYSTEM

The camera system presents a very complex problem.
The_ camera array must physically occupy the same arc—
radius and arc length as arc AB in the theatre plan view.
Th‘is corresponds to a 50 ft. radius and a 104 ft. arc length.
This 104 ft. arc length must contain 1500 equally spaced
cameras. Each camera must have a frame rate of 24 frames/
second and be sequentially scanned to be compatible with
the sequential scan of the projection system.

Figure 23 shows the arc of cameras with their 1500 ex-
tended optical axes intersecting at “O".

The array of cameras will be broken up into 10 cells each.
Each cell will be approximately 10 feet , 4 in. square with a
feed reel at one end and a take-up reel at the other end. Each
cell will contain “effectively” 150 cameras.

The sequence of pictures will be such that cameras 40
degrees displaced from each other in the arc AB will always
be triggered in parallel as the pictures are sequentially cap-
tured across the entire arc AB. This 40 degree separation cor-
responds to 3.3 cell lengths. Therefore the time to scan

through 150 cameras on one cell is 1/3.3 x 1/24 sec = 1/79
sec.

INFORMATION DISPLAY, July/August 1968

ce
%/24‘3‘.]:1 se B
A typ 40
\\ 40° 400\5/,,
\< x

-~ -

120 degree—104" arc of 1500 “Effective” cameras with

FIGURE 23: g rc \ iy
common optical axis intersection at “O

Since each of the 1500 “effective” cameras captures 24
pictures per second, the total number of images captured
per second equals 36000.

The 10 ft. cell length is easily handled by a crew of two
men during set up at the scene site.

1500 lenses have been replaced with 1500 pinholes and
each cell has been divided into sub-cells of 13 pinholes each
(e.g. one pinhole on axis and 6 above and 6 below the axis
(see Figures 24 and 25). The time to scan a sub-cell is 1/910
seconds.

With reference to the description of image dissection in
Fig. 13, it was shown that even though the roving aperture
(in this case the fixed pinholes arrayed over plus and minus
14 inch from the optical axis) moved off the optical axis of
the system, the primary lens “effectively” brought each of
the off-axis aperture locations into the on-axis position. Verti-
cal parallax of 1 inch will not affect the resultant picture
since the closest object will be 10 feet from the pinhole
array and the vertical variable in the scene has been discarded
(as mentioned in the introduction). Note the 10 ft. long
plastic cylinder-lens which serves to bring each of the 150
pinholes in the cell, on axis.

As the film moves continuously over the cell length, about
72,000 full-frame pictures are being registered in their matrix
islands so that no two pictures at any time have any of their
picture elements superimposed on the emulsion.

elevation of 5
pinhole spaces

Fhotes

ubcell subcel
No. 1 No., 2

(10.8")

FIGURE 25: Camera cell—front view
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The film format is a 2.25 inch square and therefore as the
film moves from left to right (as in Figure 25) we can examine
one elevation level (e.g. 5 pinhole spaces down from the
film centerline or pinhole No. 2 in each subcell will be at
the same elevation level). If the film moves at least 2.25
inches per 1/24th second (the frame-rate of each individual
pinhole) then any one pinhole (e.g. No. 2) does not write
any more than one picture in a given frame area.

f.l.=1.45" 3]
for 76 degree
capture required)

W= 2,25" T

A ¢
mm spherical
lenticular
film light block

10' cylinder primary lens (plastic)

vertical range of
13 pinholes = 1 inch

—

FIGURE 24: Camera elevation—one subcell

From Figure 26, a given frame moves such that in one sub-
cell length its relative position with respect to the next pin-
hole at the same elevation as the last one, is 1/13th of the
frame width at the time this pinhole opens and receives its
image. Therefore, from the figure, the film velocity equals
the distance the frame leading edge travels divided by the
time it takes for 4 openings of the No. 1 sub-cell No. 2 pin-
hole plus the time differential between two adjacent No. 2
pinhole openings. This velocity equals 10.8 + 0.173 = t,
or approx. 5 feet per sec.

From Figure 27, the f-number of the spherical lenticule
element determines the maximum capture angle ¢ allowable.
Any angle wider than & would cause any given lenticule's
image to overlap the image of its adjacent lenticule.

11.5 subcell point

0.83" spacing between

subcell

3
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10.8 inches
1l subecell

No.2 pinhole
subcell-1
opens at t=0

film movement
__’_

FIGURE 26: Determination of camera film velocity in each cell

The 76° included angle (Table 2) was dictated by the
viewing geometry which gives an audience of 825 people.
If an f/1 system was used, the audience seating capacity
would be reduced to 400 people due to a restricted capture
angle of 53 degrees. However, one advantage of this would
be a forward movement of the rear seats which tends to give
less shrinkage appearance to space characters.

q_"‘f_B"
N = £/D

© = 2 tan™! 1/2N

(=]

]

1
2}

lenticular element

FIGURE 27: Cell f-number

TABLE Il
F-Number of Spherical Lenticules (N,)—
(See Figure 27)

N, # (degrees)
0.5 90

0.64 76

1.0 53.2

14 39.3

2.0 28.1

This article continues in the September/October issue
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Legibility requirements for
educational television

ABSTRACT

To find out how classroom seating affects the
student’s view of a televised lesson, the quality
of a video tape display was evaluated at distances
equivalent to that of the last row of seats in a
classroom. Displays of alphanumeric symbols al-
lowed quantitative performance measurements
that can be generalized to other types of images.
The legibility of the televised symbols was mea-
sured in terms of the accuracy with which viewers
could copy the random character sequences on
an input/output typewriter connected to a com-
puter. Four variables were tested: (1) scan lines
per character height; (2) bandwidths of 2.5, 3.1,
and 4.0 MHz; (3) visual angle formed by the dis-
played character at the eye; and (4) the off-axis
from which the monitor was viewed.

As expected, accuracy improved as the visual
angle and number of scan lines increased, and
was reduced as the off-axis angle increased. The
average number of characters keyed per minute
was also measured, with similar, but less consis-
tent, results. Though viewers could often per-
ceive the bandwidth differences, the results
showed no significant effect of bandwidth on ac-
curacy or throughput. Tests with a special low-
noise video tape also revealed no significant
effect on performance.

These results are translated into recommenda-
tions for classroom viewing, indicating the
maximum distance and angle from the monitor
within which students should be seated.
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ALAN §. NEAL

THE NEED FOR EXPERIMENTAL DATA

In more and more American schools, television takes its
place beside, or replaces, the blackboard. Books and articles
are written to tell the schools how to use TV in the class-
room. Experts offer advice on how big a screen to buy and
where to place it. (1-7) For a room of standard size, most
recommend a monitor with at least a 21-inch screen, and
preferably 24, They estimate 15 to 20 students could watch
a 21-inch screen, while the 24-inch might serve as many as
20 to 25. Most agree that the monitor should be placed four
or five feet off the floor, and students should be at least four
to six feet from it. How far away they can sit depends on the
size of the screen; 12 to 15 times the screen width is the re-
commended maximum. Another important factor is the angle
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Fig. 1: Sample Display at 4.0 MHz and 30 Lines per Character Height
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from which the student views the screen. According to the
experts, his line of vision should never be more than 30 to 45
degrees to the left or right of the screen center. Such general
guidelines, though apparently sensible, are not founded on
experimental evidence. Very little research has been done on
the best television system for the classroom. We need to con-
sider not only the size and placement of the TV monitor, but
the quality of the TV itself.

The TV quality may become even more important when,
as is often the case, the material displayed was originally pre-
pared for some other purpose. If printing or other fine detail
appears in a television movie, a teacher might assume that the
producer made it big enough to see. In fact, because of basic
differences between television and film quality,(8) as well as
the discrepancy between the intended and actual image size,
some movie frames may be quite unintelligible when seen on
TV.

The quality of a TV system can be evaluated by having
viewers perform a task requiring the use of the display, and
then measuring their performance on the task. Only such em-
pirical studies can give us a real grasp of the relevant variables
affecting television displays.t®8) Frequently, the task assigned
is the identification of standard English letters and numbers.
The size and familiarity of the alphanumeric symbols simplify
testing and scoring, and the results can be generalized to
other picture details of comparable size and resolution.

Shurtleff(®) reviews the technical literature on television
quality and discusses the interactions between display vari-
ables, particularly resolution and character size, He reports
several studies that evaluated the TV quality in terms of
human performance measurements. A number of variables
have been studied in this way, including properties of the
image itself, such as character size, font, and polarity (black
on white, or white on black), as well as factors in the display
{brightness, contrast, resolution).

Of these studies, perhaps the most relevant for education is
the work of Seibert.(19:11) He attempted to determine how
legible displayed characters are at different angles and dis-
tances, for a range of character sizes and horizontal and ver-
tical resolutions.

Unfortunately, Seibert does not give full details of the
physical characteristics of his TV display, and his measure-
ments do not include conditions in which the displayed
characters are large and the viewer is some distance from the
screen. Such conditions, which would result in a relatively
high vertical resolution but a very small visual angle (the
angle that might be drawn from the viewer’s eye to the top
and bottom of the object viewed), would be typical for stu-
dents viewing television from the back rows of the classroom.

In many cases, classroom television will rely on material re-
corded on video tape, in which video noise, dropouts, and
sync instability are more likely to occur, with consequent
degradation of picture quality. For this reason, empirical
measurements of viewer performance with materials recorded
on video tape are of concern.

The classroom teacher and the AV director want to know
how large detail or characters must be on the screen, how far
away from the screen the last row of seats can be, how far to
the side of the TV a student can sit, and how good the TV
system itself must be, In order to answer these questions, the
following study was designed.

AN EXPERIMENTAL STUDY OF TV QUALITY
Experiments were conducted to evaluate the quality of a
television display of images recorded on video tape. Display
quality was measured in terms of accuracy or legibility, de-
fined. as the percentage of randomized alphanumeric
characters which viewers could correctly identify. Legibility
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was chosen as a measure sensitive to small changes in th
image. Random character sequences (see Fig. 1) were used te
avoid the problems associated with recognition of words o(;
varying familiarity. They served as the equivalent of very un-
familiar words (as many words may be to a young student)
requiring recognition of each and every character. (The usé
of legibility as a performance measure is discussed in refer-
ence 12, and the problem of legibility of words in reference
13.)

The following physical characteristics of the television djs.
play were investigated:

a. Scan lines per character height—the number of raster
scan lines crossing each character, a function of the character
size and the vertical resolution of the display. Vertical reso-
tion, in turn, is a function of the size of the monitor and the
total number of displayable lines (about 500 lines on standard
American TV).

b. The bandwidth of the video display, which partly deter-
mines the horizontal resolution. Three bandwidths—2.5, 3.1,
and 4.0 MHz—were tested.

c. The visual angle subtended by the displayed character at
the eye. This imaginary angle drawn from the cornea of the
eye to the top and bottom of the character viewed is a func-
tion of the character size and the distance between the
viewer and the TV monitor. The visual angle may be thought
of as a measure of the effective character size “in the eye of
the beholder.”

d. The off-axis angle from which the monitor is viewed. The
off-axis angle is the angle between a line drawn perpendicular
to the face of the TV screen and a line drawn from the TV
monitor to the viewer,
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Fig. 2: Viewing Conditions Tested (All experimental points are equi-
valent to a viewing distance of at least 14 feet from a 21-inch
or 24-inch monitor. Box indicates points of additional tests at
off-axis viewing angles.)

In addition, one part of the study compared the legibility
of characters displayed on two types of video tape—one a
standard tape, and the other a higher-priced tape with a low
noise level.

Figure 2 is a plot of vertical resolution versus visual angle
showing the conditions tested in this study. The points were
chosen to represent conditions that were calculated to be
equivalent to the view from the last rows in representative
classrooms. The combinations of vertical resolution and visual
angle, though tested with the 14-inch monitor in this experi-
ment, would be equivalent to a viewing distance ranging from
14 feet to 43 feet from a 21-inch classroom monitor.
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e at the right of the graph gives the number of rows

f characters that can be placed on t_he screen given the num-
2 cof scan lines per character height. This caculation was
Eg;ed on assumed standard row spacing of pica or 12-point
type, with margins at the top and bottom of the screen each
equal to one-tenth of the screen height.

The scal

Experr'menta.' Design . -
Twenty different viewers were required to read material

resented on the TV monitor and to copy what they read on
an input/output typewriter connected to a computer. The
computer calculated the average throughput (characters keyed
per minute) and legibility (percent of characters correctly
identified) for each page of material presented on the display.
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Fig. 3: Diagram of Experimental Setting (Top View)

Each of the 14 basic combinations of vertical resolution
and visual angle indicated in Fig. 2 was tested at three band-
widths. The three bandwidths of 2.5, 3.1, and 4.0 MHz pro-
duced approximately 250, 350, and 425 lines of horizontal
resolution, respectively, on the 14-inch monitor. All of the re-
sulting 42 conditions were tested with the viewer at distances
of 10, 15, and 23 feet from the monitor but directly in front
of it (0 degrees off axis).

The five conditions indicated by boxes on Fig. 2 were also
tested (at 3.1 MHz only) with the monitor placed at an angle
to the viewer, so that she viewed the display from 10, 20, 30,
and 40 degrees off-axis. The special low-noise tape was used
for this portion of the experiment. The tape was also tested at
0 degrees off axis for the five selected conditions, to allow a
comparison of the viewers’ performance with the two tapes.

The same material was presented to all subjects. The order
of presentation was fixed in a counterbalanced design: the
viewer first was shown one page at each condition until all
conditions had been presented, and then shown a different
page at each condition, but with the order of the conditions
reversed.

Stimulus Material

All the pages of material presented to the viewer had the
same format, consisting of eight rows of seven randomized
characters each, plus row numbers and page number iden-
lification (see Fig. 1). The character font is a bold stroke sans
serif type (Manifold). Half of the characters were capital
letters and half numbers; aside from this restriction, the se-
quences were completely randomized.

Viewers

Twenty female typists, ranging in age from 18 to 39, were
hired through a temporary office help agency for this study.
Fach was given a comprehensive vision test to measure visual
acuity and detect any abnormality that would affect the re-
sults. All but one had at least 20/20 visual acuity with both
eyes for both near and far vision (with glasses if needed). The
one exception had 20/20 near vision and 20/30 far vision. No
serious abnormalities were found in stereopsis (depth per-
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ception), and no serious vertical or lateral phoria (muscle im-
balance was detected.

Procedure

Each typist came to the laboratory for one day of individual
testing. The total testing period was about five hours, with
frequent rest breaks. The experimenter first explained the
general purpose and procedure of the test, and then gave her
detailed instructions on how to perform the task. Finally, she
was given ten pages of practice material on video tape. Dur-
ing the practice session, the experimenter observed her per-
formance, corrected errors in procedure, and answered
questions.

In the actual test session, the procedure was the same for
each page: The experimenter positioned the monitor, if nec-
essary, at the appropriate distance from the typist and set the
off-axis viewing angle of the monitor. He then started the
video tape player/recorder, and the image was displayed on
the monitor. When the telivision picture became stable, the
typist pressed the Ready key on the /O typewriter. In res-
ponse to this signal, the computer typed the first line num-
ber (01) on the typewriter. The typist then proceeded to
copy line 01 on the display, as she perceived it. After typing
the seven characters, she pressed the carrier return key. The
computer accepted the seven-character entry and typed out
the next line number. This procedure continued until the
typist had copied all eight lines of material on the page. If
she wished to correct a character just keyed, she could press
the Attention key and then rekey the entire line of seven
characters. (But she had to do this before she pressed the
Return key.) If she keyed too few or too many characters in
a line, the computer asked her to rekey the entire line by
typing “please rekey” on her typewriter.

After the typist finished the last line on the page, she keyed
a period, a signal to the computer that this page was com-
pleted. The computer then calculated the amount of time (in
seconds) between depression of the ready key and keying
of the period, i.e., the total amount of time required to read
the display and type what was seen. The computer also
checked the number of errors the viewer made (and what
each error was) and recorded this information, identified by
subject number, page number, etc., on punched cards. When
those calculations were completed, the computer typed out
on the viewer’s typewriter the number of the next page of
material to be copied. The experimenter then “fast-forward-
ed” the recorder to the beginning of the next page on the
video tape.

Equipment

The parameters of scan lines per character height and band-
width were set at the time of video tape recording. The re-
cording was made with a 525-line Granger V1000 television
camera and control unit, a GEC 8507 high resolution vidicon,
and a modified Sony EV200 video recorder/player. The band-
width of the video signal was altered with Butterworth seven-
pole low-pass filters.

Standard Sony V-11-60 one-inch video tape was used to
display the 42 basic conditions, and a special Sony low-noise
V-11-60 video tape was used for the portion of the study
concerned with off-axis angles. The standard tape had a sig-
nal-to-noise ratio (peak-to-peak/RMS) of 40.5 db, while the
low noise tape had a 42.9 db 5/N ratio.

During the test, the tapes were played back on the same
recorder/player, and displayed on a Conrac CQE-‘I4/52._5/
1029 fourteen-inch monitor (which had horizontal sync cir-
cuits modified to be compatible with the helical scan video
recorder). The displayed images had a surface luminance of
20 foot-lamberts on the background and two foot-lamberts
on the characters, thus obtaining a Michelson contrast—de-
fined as (Lmax-Lmin)/(Lmax+Lmin)—of 0.82. Considerable
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from which the student views the screen. According to the
experts, his line of vision should never be more than 30 to 45
degrees to the left or right of the screen center. Such general
guidelines, though apparently sensible, are not founded on
experimental evidence. Very little research has been done on
the best television system for the classroom. We need to con-
sider not only the size and placement of the TV monitor, but
the quality of the TV itself.

The TV quality may become even more important when,
as is often the case, the material displayed was originally pre-
pared for some other purpose. If printing or other fine detail
appears in a television movie, a teacher might assume that the
producer made it big enough to see. In fact, because of basic
differences between television and film quality,(8? as well as
the discrepancy between the intended and actual image size,
some movie frames may be quite unintelligible when seen on
TV.

The quality of a TV system can be evaluated by having
viewers perform a task requiring the use of the display, and
then measuring their performance on the task. Only such em-
pirical studies can give us a real grasp of the relevant variables
affecting television displays.(8) Frequently, the task assigned
is the identification of standard English letters and numbers.
The size and familiarity of the alphanumeric symbols simplify
testing and scoring, and the results can be generalized to
other picture details of comparable size and resolution.

Shurtleff(®) reviews the technical literature on television
quality and discusses the interactions between display vari-
ables, particularly resolution and character size. He reports
several studies that evaluated the TV quality in terms of
human performance measurements, A number of variables
have been studied in this way, including properties of the
image itself, such as character size, font, and polarity (black
on white, or white on black), as well as factors in the display
(brightness, contrast, resolution).

Of these studies, perhaps the most relevant for education is
the work of Seibert.(19:11) He attempted to determine how
legible displayed characters are at different angles and dis-
tances, for a range of character sizes and horizontal and ver-
tical resolutions.

Unfortunately, Seibert does not give full details of the
physical characteristics of his TV display, and his measure-
ments do not include conditions in which the displayed
characters are large and the viewer is some distance from the
screen. Such conditions, which would result in a relatively
high vertical resolution but a very small visual angle (the
angle that might be drawn from the viewer’s eye to the top
and bottom of the object viewed), would be typical for stu-
dents viewing television from the back rows of the classroom.

In many cases, classroom television will rely on material re-
corded on video tape, in which video noise, dropouts, and
sync instability are more likely to occur, with consequent
degradation of picture quality. For this reason, empirical
measurements of viewer performance with materials recorded
on video tape are of concern.

The classroom teacher and the AV director want to know
how large detail or characters must be on the screen, how far
away from the screen the last row of seats can be, how far to
the side of the TV a student can sit, and how good the TV
system itself must be. In order to answer these questions, the
following study was designed.

AN EXPERIMENTAL STUDY OF TV QUALITY
Experiments were conducted to evaluate the quality of a
television display of images recorded on video tape. Display
quality was measured in terms of accuracy or legibility, de-
fined. as the percentage of randomized alphanumeric
characters which viewers could correctly identify. Legibility
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was chosen as a measure sensitive to small changes in the
image. Random character sequences (see Fig. 1) were used to
avoid the problems associated with recognition of words of
varying familiarity. They served as the equivalent of very un-
familiar words (as many words may be to a young student),
requiring recognition of each and every character. (The use
of legibility as a performance measure is discussed in refer-
ence 12, and the problem of legibility of words in reference
13.)

The following physical characteristics of the television dis-
play were investigated:

a. Scan lines per character height—the number of raster
scan lines crossing each character, a function of the character
size and the vertical resolution of the display. Vertical reso-
tion, in turn, is a function of the size of the monitor and the
total number of displayable lines (about 500 lines on standard
American TV).

b. The bandwidth of the video display, which partly deter-
mines the horizontal resolution. Three bandwidths—2.5, 3.1,
and 4.0 MHz—were tested.

c. The visual angle subtended by the displayed character at
the eye. This imaginary angle drawn from the cornea of the
eye to the top and bottom of the character viewed is a func-
tion of the character size and the distance between the
viewer and the TV monitor. The visual angle may be thought
of as a measure of the effective character size “in the eye of
the beholder.”

d. The off-axis angle from which the monitor is viewed. The
off-axis angle is the angle between a line drawn perpendicular
to the face of the TV screen and a line drawn from the TV
monitor to the viewer.
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Fig. 2: Viewing Conditions Tested (All experimental points are equi-
valent to a viewing distance of at least 14 feet from a 21-inch
or 24-inch monitor. Box indicates points of additional tests at
off-axis viewing angles.)

In addition, one part of the study compared the legibility
of characters displayed on two types of video tape—one a
standard tape, and the other a higher-priced tape with a low
noise level.

Figure 2 is a plot of vertical resolution versus visual angle
showing the conditions tested in this study. The points were
chosen to represent conditions that were calculated to be
equivalent to the view from the last rows in representative
classrooms. The combinations of vertical resolution and visual
angle, though tested with the 14-inch monitor in this experi-
ment, would be equivalent to a viewing distance ranging from
14 feet to 43 feet from a 21-inch classroom monitor.
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The scale at the right of the graph gives the number of rows
of characters that can be placed on the screen given the num-
ber of scan lines per character height. This caculation was
based on assumed standard row spacing of pica or 12-point
type, with margins at the top and bottom of the screen each
equal to one-tenth of the screen height.

Experimental Design

Twenty different viewers were required to read material
presented on the TV monitor and to copy what they read on
an input/output typewriter connected to a computer. The
computer calculated the average throughput (characters keyed
per minute) and legibility (percent of characters correctly
identified) for each page of material presented on the display.
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Each of the 14 basic combinations of vertical resolution
and visual angle indicated in Fig. 2 was tested at three band-
widths. The three bandwidths of 2.5, 3.1, and 4.0 MHz pro-
duced approximately 250, 350, and 425 lines of horizontal
resolution, respectively, on the 14-inch monitor. All of the re-
sulting 42 conditions were tested with the viewer at distances
of 10, 15, and 23 feet from the monitor but directly in front
of it (0 degrees off axis).

The five conditions indicated by boxes on Fig. 2 were also
tested (at 3.1 MHz only) with the monitor placed at an angle
to the viewer, so that she viewed the display from 10, 20, 30,
and 40 degrees off-axis. The special low-noise tape was used
for this portion of the experiment. The tape was also tested at
0 degrees off axis for the five selected conditions, to allow a
comparison of the viewers’ performance with the two tapes.

The same material was presented to all subjects. The order
of presentation was fixed in a counterbalanced design: the
viewer first was shown one page at each condition until all
conditions had been presented, and then shown a different
page at each condition, but with the order of the conditions
reversed.

Stimulus Material

All the pages of material presented to the viewer had the
same format, consisting of eight rows of seven randomized
characters each, plus row numbers and page number iden-
lification (see Fig. 1). The character font is a bold stroke sans
serif type (Manifold). Half of the characters were capital
letters and half numbers; aside from this restriction, the se-
quences were completely randomized.

Viewers

_Twenty female typists, ranging in age from 18 to 39, were
hired through a temporary office help agency for this study.
Each was given a comprehensive vision test to measure visual
acuity and detect any abnormality that would affect the re-
sults. All but one had at least 20/20 visual acuity with both
eyes for both near and far vision (with glasses if needed). The
one exception had 20/20 near vision and 20/30 far vision. No
serious abnormalities were found in stereopsis (depth per-
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ception), and no serious vertical or lateral phoria (muscle im-
balance was detected.

Procedure

Each typist came to the laboratory for one day of individual
testing. The total testing period was about five hours, with
frequent rest breaks. The experimenter first explained the
general purpose and procedure of the test, and then gave her
detailed instructions on how to perform the task. Finally, she
was given ten pages of practice material on video tape. Dur-
ing the practice session, the experimenter observed her per-
formance, corrected errors in procedure, and answered
questions.

In the actual test session, the procedure was the same for
each page: The experimenter positioned the monitor, if nec-
essary, at the appropriate distance from the typist and set the
off-axis viewing angle of the monitor. He then started the
video tape player/recorder, and the image was displayed on
the monitor. When the telivision picture became stable, the
typist pressed the Ready key on the 1/O typewriter. In res-
ponse to this signal, the computer typed the first line num-
ber (01) on the typewriter. The typist then proceeded to
copy line 01 on the display, as she perceived it. After typing
the seven characters, she pressed the carrier return key. The
computer accepted the seven-character entry and typed out
the next line number. This procedure continued until the
typist had copied all eight lines of material on the page. If
she wished to correct a character just keyed, she could press
the Attention key and then rekey the entire line of seven
characters. (But she had to do this before she pressed the
Return key.) If she keyed too few or too many characters in
a line, the computer asked her to rekey the entire line by
typing “please rekey” on her typewriter.

After the typist finished the last line on the page, she keyed
a period, a signal to the computer that this page was com-
pleted. The computer then calculated the amount of time (in
seconds) between depression of the ready key and keying
of the period, i.e., the total amount of time required to read
the display and type what was seen. The computer also
checked the number of errors the viewer made (and what
each error was) and recorded this information, identified by
subject number, page number, etc., on punched cards. When
those calculations were completed, the computer typed out
on the viewer's typewriter the number of the next page of
material to be copied. The experimenter then “fast-forward-
ed” the recorder to the beginning of the next page on the
video tape.

Equipment

The parameters of scan lines per character height and band-
width were set at the time of video tape recording. The re-
cording was made with a 525-line Granger V1000 television
camera and control unit, a GEC 8507 high resolution vidicon,
and a modified Sony EV200 video recorder/player. The band-
width of the video signal was altered with Butterworth seven-
pole low-pass filters.

Standard Sony V-11-60 one-inch video tape was used to
display the 42 basic conditions, and a special Sony low-noise
V-11-60 video tape was used for the portion of the study
concerned with off-axis angles. The standard tape had a sig-
nal-to-noise ratio (peak-to-peak/RMS) of 40.5 db, while the
low noise tape had a 42.9 db S/N ratio.

During the test, the tapes were played back on the same
recorder/player, and displayed on a Conrac CQE-14/525/
1029 fourteen-inch monitor (which had horizontal sync cir-
cuits modified to be compatible with the helical scan video
recorder). The displayed images had a surface luminance of
20 foot-lamberts on the background and two foot-lamberts
on the characters, thus obtaining a Michelson contrast—de-
fined as (Lmax-Lmin)/(Lmax+Lmin)—of 0.82. Considerable
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attention was given to the reduction of reflective glare. A
circular polarized screen was placed over the face of the
monitor, and nonreflective black paper was placed along the
walls of the room at all points where glare was observable.
A diagram of the experimental setting is shown in Fig. 3.
(The low shield in front of the typewriter kept the typist
from being distracted by her own reflection in the monitor
screen, without impairing her view of the displayed material.)

RESULTS

Computer programs were written to analyze the data col-
lected. The average values for legibility and throughput ob-
tained with the three different bandwidths for each of the 14
combinations of visual angle and scan lines per character
height, with the viewer directly in front of the monitor .8y
at 0 degrees off-axis), are shown in Figs. 4 and 5.

Under the conditions tested, visual angle appears to be the
predominant factor in determining video quality. In Fig. 4,
legibility increases systematically from about 10 percent ac-
curacy at a visual angle of 3 minutes, to 95 percent at 8
minutes, and finally to 98 percent accuracy with a visual
angle of 14 minutes.

The effect of vertical resolution (number of scan lines per
character height) can be seen by looking at those points on
Fig. 4 representing data for different numbers of scan lines
at the same or nearly the same visual angle. At 9.7 minutes,
for example, 20 and 30 lines per character height have the
same legibility. At 4.7 minutes we have similar pairs of results.
Al two intervals on the visual angle scale, from 3.0 to 3.1 and
from 6.3 to 6.5 minutes, we can see that a lower vertical
resolution was more legible than 4 higher resolution when it
was presented at a slightly larger visual angle. Apparently at
these levels, a small difference in visual angle more than
compensates for a large difference in number of lines per
character height.
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Fig. 4: Average Legibility at Three Bandwidth Settings for Test Con-
ditions of Fig. 2

At most points tested, the different bandwidths produced
accuracy rates that overlap or are quite close. This was an
unexpected result, since the difference in bandwidths pro-
duced perceptible differences in the dispayed image. A statis-
tical analysis of variance’ of the results for the three band-
widths confirmed the conclusion that there is no significant
difference in the effects of bandwidths under these test con-
ditions.

The bandwidth data, insofar as they are comparable with
the work of Seibert,(10.11) appear to be consistent with his
results. Seibert found no significant difference in legibility

42

between 4.0 and 2.0 MHz. Legibility did begin to decrease,
however, at 1.5 MHz.

Clauer(1) investigated much the same variables, but under
conditions appropriate for a single viewer seated immediately
in front of a display (so that the visual angle was quite large).
When the visual angle was very large, but bandwidth and ver-
tical resolution were allowed to vary, he found a much more
systematic effect of these variables on legibility than was
revealed in this study.

The results for throughput in Fig. 5 show the same trends
as the legibility results, but are much more variable. The
throughput shows a consistent increase from 45 characters
per minute at a visual angle of 4.0 minutes to 65 characters
per minute at an ange of 14 minutes. The variability of the
data may indicate that throughput is highly sensitive to mo-
tivation and to individual differences. For example, the high
throughput rate recorded at a visual angle of 3.0 minutes is a
spurious effect that is probably explained by the subjects’
lack of effort—the legibility was so bad they just gave up and
guessed.
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Fig. 5: Average Throughput at Three Bandwidth Settings for Tesl
Conditions of Fig. 2

At points where visual angle varied very little but vertical
resolution was increased, the throughput data may be com-
pared with similar results for legibility. ~Again, it appears at
these levels a small difference in visual angle at threshold is
more important than a larger difference in lines per character
height.

The throughput for different bandwidths confirms the con-
clusion reached from the legibility data: bandwidth had no
significant effect in these experiments. A statistical analysis
of variance of the throughput data again verified this con-
clusion.

Figure 6 confirms the expectation that, if the viewer is
placed at an angle to the side of the monitor, some decre-
ments in legibility can be expected. Under conditions where
vertical resolution and visual angle give high legibility (better
than 90%) at O degrees off axis, there is no decrement in
legibility until the off-axis angle becomes 40 degrees. Under
less favorable conditions, the effect of the off-axis angle is
more severe, reducing the legibility even at 20 degrees.

The throughput data for the off-axis angle tests were SO
variable that no consistent trends were observed and no in-
terpretation is possible. )

The tests of performance at off-axis angles were made with
the special low-noise tape described above. The tests at zero
degrees off axis allowed comparison of these results with the
data for these five conditions in the complete series of tests
with direct viewing and standard type. The boldface symbols
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at zero degrees in Fig. 6 give the results for standard type.
Neither video tape resulted in consistently superior perfor-
manc under either of the two criteria of legibility and
throughput.

RECOMMENDATIONS
What do these experimental results mean to a school
planning the use of television in the classroom?

First, they help to clarify a principle that is intuitively recog-
nized as sound, and once understood, is easy to apply: When
students are to be seated at some distance from the television
screen, any printed characters or graphic details displayed
must be proportionately larger, to be certain that the text can
be read and the details discerned. We can now make this a
more precise recommendation by putting numeric value on
it: In a classroom television display, we need letters large
enough to produce at least 8 minutes of visual angle at the
eye of the student in the worst seat in the classroom. Ac-
cording to our results, this should produce 95 percent ac-
curacy of recognition of random characters. (Note that we are
unable to specify 100 percent accuracy in experiments like
this, in which typographical and experimental errors may
contribute to the total errors made.)
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Fig. 7: Recommended *“Viewing Cone"

Second, we can specify a recommended minimum vertical
resolution of 15 lines per character height when small visual
angles are involved. At 15 lines per character, the ratio of the
character height to the total display height is 1/33, and 16
rows of characters could be put on the screen (as long as the
screen is large enough and the students close enough to keep
the visual angle within the minimum of 8 minutes of arc).

In practice, the number of scan lines per character height
is often determined not by the required vertical resolution,
but the size of characters needed for legibility from the worst
seat in the classroom. If some students must be seated at
some distance from the monitor, characters must be large,
and the vertical resolution may turn out to be much higher
than is needed. This inefficiency could be avoided by using a
larger monitor. More characters could then be displayed with-
out changing the character size. The monitor size could
theoretically be increased until the characters on the screen
had a minimum of 15 scan lines of resolution. Another pos-
sibility would be to choose a nonstandard television system
with fewer than 500 scan lines. This would not be economi-
cal, though unless transmission savings were high enough to
offset the cost of the special equipment—not a likely pos-
sibility.

A third point is that, for group viewing of a large tele-
vision screen, we can recommend a bandwidth of approxi-
mately to 2.5 MHz. From the results of this study and
Seibert’s work,(10:11) it appears that there is no improvement
in performance above this point, but there is a decrement
below this point.

Fourth, this experiment confirms the importance of the
angle from which students view the monitor screen. If the
viewer’s line of vision is more than 30 degrees off axis, he
may not be able to read the displayed material accurately.

What is the effect of these recommendations in terms of
classroom seating arrangements? Figure 7 is a diagram show-
ing the recommended “viewing cone” which would keep all
students within 30 degrees of either side of the screen. The
number of seats that can fit within the cone depends on the
size of the seats, how close together the teacher wants to put
them, and the maximum recommended viewing distance. The
maximum distance of the last row of seats depends on the
size of the monitor and the relative size of the displayed
material. Figure 8 shows the maximum viewing distance from

43

JUE R




various size monitors calculated to maintain the recommen-
ded minimal visual angle at the eye (8 minutes). It can be
seen that if characters are such that they are scanned by 15
lines (the recommended minimum), the worst seat in the
classroom can be almost 18 feet from a 27-inch monitor but
only 11 feet from a 17-inch monitor. The use of a larger
monitor considerably increases the maximum seating dis-
tance and thus the number of students could be placed
within the viewing cone.

Another way to increase the maximum distance from which
students can view the monitor is to choose larger characters,
although this will reduce the total number of characters that
can be placed on the display. For instance, Fig. 8 shows that
as the character height increases from 1/33 of the screen
height (15 scan lines) to 1/17 of the screen height (30 lines)
the maximum viewing distance increases from 18 feet to 35
feet from a 27-inch monitor or from 11 feet to 22 feet from
a 17-inch monitor. However, the figure also indicates that the
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maximum number of rows of characters that could be placed
on the screen decreases from 16 rows with the smaller
characters to 8 rows with the larger.

In many classrooms, there may not be enough space to
fit the whole class within the recommended limits for viewing
angle and distance. In cases like this, it is probably better to
have two monitors than one large set. A class floor plan can
be drawn to help to determine where the monitors should
be placed to make the best use of the viewing cones for each
screen.

Many factors interact to produce an effective TV display,
and just one thing wrong—poor contrast, glare, or badly
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designed characters—can spoil the effect of an otherwise
good system. But, assuming that equipment and teaching
materials are well designed, the recommendations here
should ensure that the image on the classroom television js
clear to the student in the last row.
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ONE sua rroicr DOES NOT A COMPANY MAKE

But one small product made us famous! Some-
times its off-the-shelf products are all that a
company is known by. This certainly was not
the case at SDI. Actually, just the opposite
was true. Only those aerospace firms with
illuminated panel or specific readout device
problems were aware of this unique organiza-
tion that constantly came up with imaginative
answers to their most intricate requests.

Symbolic Displays was, and is, a “problem-
solver.” Its phenomenal growth has been
primarily due to its success in panel illumina-
tion, caution warning systems, general control
type boxes, and state-of-the-art space equip-
ment for the aerospace industry.

But not until we introduced the Mono-bit, an
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insignificant looking little seven-segmented
digital readout, were we recognized universally.

Don't get us wrong . .. we're not complaining,
mind you. The SDI Mono-bit is a winner all the
way. Its main claim to fame is its front relamp-
ability for easy maintenance. Just write or
phone . .. we'll send literature which tells you
all about it.

In the meantime, we have more products com-
ing along just as exciting as the Mono-bit. Our
company plan is rather a simple one—whether
we mass produce off-the-shelf or one-of-a-kind
custom products—we'll continue as leaders in
the field of interface between man and machine.

Especially now . .. since everyone knows who
we are!

g
f / SYMBOLIC DISPLAYS INC.
1188 North Batavia Street/Orange, California 92667/ Call: (714) 633-8580

Circle Reader Service Card No. 19
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General Chairman Lou Seeberger opens Symposium Proceedings

The very successful ninth annual symposium, hosted by the
Los Angeles Chapter of SID, highlighted the dramatic in-
crease in the effects of the information explosion in govern-
ment, business, and education.

General Symposium Chairman Lou Seeberger, in his wel-
coming message, said in part . . . “As it is in many human
endeavors, diversification is the key to long range stability.
The specialist who fails to keep alert to associated or related
areas often as not finds himself ill prepared to adapt to an
ever-changing environment.”

“So it is in display engineering. Born of the demanding

At the Banquet, attendees meet for dinner
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military need for information transfer to the most sophisti-
caled computer ever designed, the human being, the science
of display is emerging from the era of a ‘black art’. The
value of real time data transfer is being recognized by more
and more system planners. As a result, the display engineer
is rapidly learning to quantify his contributions to the new
lechnology.”

Dr. Peter Goldmark, President and Director of Research
for CBS laboratories, addressed the Symposium Banquet.
Harry 1. Davis, Deputy Assistant Secretary Air Force (R&D),
delivered the Keynote Address. Excerpts from these follow.

General shot of exhibit area
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The very erudite Professor Eric Von Hogerstrom
(otherwise known as Vince Barnett) Featured
Luncheon Speaker, sets SID straight on the
right way to use the display art. This spoof
was successfully carried off, delighting the
audience and providing an amusing entre into
the technical sessions which followed.
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Petro Vlahos presents award to outgoing president William Bethke, as
incoming president Carl Machover watches

Demonstration of the visual paging system used for the first time al
an 5ID symposium. Message is displayed on bottom half of screen,
while top half displays session in progress. Monitors were located at
convenient points.

g J i #1{
William Bethke congratulates Carl Machover on his new role as president of SID.

47




Let us begin by discussing areas in which technological
progress is less likely than an even money bet (give or take
a factor of five). “True” artificial intelligence, direct input
into human memory banks, direct augmentation of human
mental capacity by interconnection with a computer, chemi-
cal control of character or intelligence, verification of extra-
sensory-perception, the technological equivalent of telepathy
and direct control of individual thought processes are just
not conceivable by the year 2000.

The only input to the brain will be through the human
senses, and the eyeball will continue to dominate all other
inputs to that marvelous, unmatched computer, the human
brain. How to make this more efficient is the challenge the
members of this society face. From reading the last few
issues of your excellent journal, it appears this problem is
in good hands. The article on command control display
system for NORAD, as an example, is one close to me, for
historical and, if | may be presumptous, nostalgic reasons.
Other articles, such as the legibility of printed type, resolu-
tion of television displays, moving map displays, stereo-
scopic photography and holography, man-machine com-
munications and airborne sensor display requirements illus-
trate the diversity of your interests, the comprehensiveness
of your investigations, and help instill the confidence that
the challenge of improving the input to the human brain by
the old fashioned eyeball will be successfully met by mem-
bers of this society.

In the technical fields of direct interest to the members
of SID, the largest number of technical innovations can be
and have been forecast. | will briefly list eighteen of them.

The safest predictions are in vour technical area, since
the new capabilities are represented by items like new tech-
niques for adult education, extensive centralization and in-
ferconnections of personal and business information in high
speed data processors, techniques (possibly pervasive) for
monitoring, surveillance and control of individuals and or-
ganizations, use of robots, means for improving human ana-
lytical ability, simple and inexpensive home video recording,
time sharing of computers with users “on-line” in direct com-
munication with computers, use of computers for intellectual
and professional assistance (translation, teaching, literature
search, medical diagnosis, traffic control, crime detection,
design, analysis, and intellectual collaborator), home compu-
tation to run household, home education via video and
computerized programmed learning, inexpensive rapid, high
quality, color and monochrome reproduction for home and
office use, conference TV, rapid language teaching, extensive
use of high altitude cameras for mapping, prospecting, cen-
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Forecast for the future

by HARRY I. DAVIS
Deputy Assistant Secretary Air Force (R&D)
Delivered at the Ninth Annual SID Symposium, Info ‘68, May, 1968

sus, land use and geological investigation, inexpensive design
of “one of a kind"” items by computer with automatic fabrica-
tion of the item directly from the computer print-out, and
three dimensional photography, illustrations, movies and
television.

Earlier, | had mentioned some of the interesting articles in
the journal of your society, Information Display. One of the
articles in the September/October 1967 issue described the
large wall display in NORAD. The November/December issue
contained an excellent article on “Airborne Sensor Display
Requirements and Approaches.”” 1 would like to add a few
comments to these two types of display.

A study of tactical warfare—World War 1l, Korea, and
Southeast Asia, quickly reveals that the largest source of in-
formation concerning the enemy’s deployment comes from
direct ohservation by humans. The human eyeball, whether
on the ground or in aircraft, witnesses much more than is
reported, and much more is reported than is recorded. Fur-
ther, more is recorded than is digested. So here we have a
perishable but valuable commodity—the report from the ob-
servations of the human eyeball—which is largely untapped
as a source of real time information for the commander.

I now challenge you who are interested in military affairs
to consider how to use the eyeballs of thousands of obser-
vers, how to have them report their observations rapidly
and accurately with precise geographic position attached to
the reports and how to assemble all these inputs into a large,
wall-type display. The object is to have a real time display
of enemy and friendly activity available to the commander.
Other inputs would of course funnel into the display. We
don’t need high resolution since we are not interested in
the exact shape and size of jeep or truck. We only wish to
know how many there are, where they are at what time,
and where they appear to be going. This does not require
a high bandwidth data link nor a high resolution display.
We are slarting a development of this device which we call
an activity indicator. We hope it will supplement photog-

“True artificial intelligence; direct input into
human memory banks; control of individual

thought processes; these are not conceivable
by the year 2000."
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raphy, which will be most useful in discovering and locating
fixed, as contrasted to moving, largels.

A second challenge for your consideration is the problem
of displaying the output of sensors in an aircraft, which is fre-
quently a small aircraft with limited area on the cockpit in-
strument panel in the cockpit. It is not necessary to observe
to members of this audience that a sensor, either for day or
night use to detect targets, must provide detection ranges
over some minimum range, perhaps a mile is a good mini-
mum, and a large field of view to enable the crew to scan
the area. Since the sensor must provide a resolution of not
less than one foot to identify trucks, with a 60° field of view,
we must collect 6000 resolution elements in our sensor. Even
if we had a display device with 6000 elements, if we mounted
it on the instrument panel, the display would require dimen-
sions measured in feet rather than inches to accommodate
the limitations of human acuity, especially under the non-
ideal conditions existing in a cockpit.

I was therefore quite pleased to note considerations of
display devices other than direct viewing cathode ray tubes
in the November article. Of particular interest to me was the
he!met-mounted monocular device.

When military R&D is discussed, it is usual to stress re-
search and development leading to major weapon systems.
These consume the largest amount of dollars and are most
interesting; however, work toward such systems is by no
means the only objective of our research and developmenl.
There are military problems for which such systems cannot
provide acceptable solutions.

The world in which we find ourselves is one in which
there are many small and weak but developing countries
which need time to achieve political stability and economic
progress. But they cannot accomplish this if they are subject
to subversion from within and infiltration from without. The
technical problems of assisting such countries to defend them-
selves lie at the other end of the spectrum from the problems
of deterring nuclear war which for the past 20 years have
been at the core of defense research and development. Yet,
in many ways, the research and development problems re-
lated tc helping these small countries are technically and
managerially more difficult than the problems of deterring
nuclear war.

Instead of a single multibillion dollar program to develop
nuclear weapons, we need to deal with a great many smaller
programs to develop bits and pieces of hardware which
must work under rather uncertain and unpredictable field
conditions in a wide variety of military operations. This is
indeed a challenging problem and one in which desirable
goals cannot always be related to a schedule for attainment.
The Air Force research and development program includes
a wide variety of effort directed toward improving our capa-
bilities and those of our allies to deal with the problems of
guerilla warfare, infiltration and small scale engagements
conducted in close proximity to civilian populations. Tech-
niques and devices for target acquisition at night and in
cover, such as jungles, improved highly accurate fire control
and weapon delivery, and specialized munitions are among
the developments under way.

Our objective must be not only to develop the weapons
we have decided we need for the operational inventory,
but also to acquire the knowledge and experience we must
have to make intelligent and informed decisions about whal
we need and can have next.

The early stages of research and development do not
represent commilments to complete any particular project;
rather they are aimed at providing us with the broadest
range ol options for our own fulure developments and the
broadest possible understanding of the options for weapons
developments which science and technology may make
available to our potential enemies.
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“Developing countries cannot accomplish
political stability if subject to subversion from

within and infilfration from without."'

We clearly cannot develop everything which modern
science and technology make possible. Every system has its
proponents and they are and should be heard. However,
in the end a high degree of selectivity must be applied in
choosing systems for full development and operational use.
This inevitably results in cries from the disappointed, many
of whom will assert, without much provocation, that their
favored system is essential to national survival. Nevertheless,
were we to pay heed to all of them we would be well on the
way to national economic disaster.

The Federal budget for research and development test and
evaluation has experienced a steady and phenomenal growth
over lhe past twenty-five years. Even expressed in percent of
a growing gross national product, the RDT&E budget has
gone from 7/10s percent in 1941 to about 3 percent now.
Recently, we have been through a period of highly accelera-
ted growth in which the initiation of a massive space pro-
gram added to a rising curve of cost for development and
acquisition of ballistic missiles resulted in RDT&E growth
rates in the neighborhood of 20% per year. Some people
have tended to think of this maximum achieved growth rate
as now ordained to be the natural order of things and des-
tined to continue indefinitely. This trend, if it were to con-
tinue from the level of 1966 for ten years, would result in a
Federal RDT&E budget almost as large as the total budget of
today by that time. However, the need to control the growth
of our research and development activities should not be
regarded as a problem. It is a natural result of the healthy
scientific and technical posture which the nation has
attained.

What in the recent past was primarily a problem of de-
cision on large military and industrial programs is increasingly
becoming a problem for research and development generally,
even down to the most basic level. Shall we invest more of
our resources in further exploration of the planets—manned
or unmanned, or shall we build 300 BEV particle accelerators
or large radio telescopes and if so, how many and what
kinds? We are proceeding now toward a supersonic transport
but it is already possible to imagine a hypersonic transport.
At what rate should we be proceeding toward this objective?
If we are to divert more of our applied research from the
defense to the civilian economy, how do we go about it?
What should the relative roles of the Federal Government,
State Governments, and private institutions?

We, as a Nation, must answer questions such as these, not
only on the basis of the best technical judgments but with
wisdom and foresight on how our decision will affect the
future general welfare, security, and economic well-being
of the Country as a whole. Engineers and scientists have
much to contribute to this decision—making process but they
must recognize the need for consideration of broad per-
spectives which encompass national objectives and public
policy, as well as the technical issues. | am sure that the
technical and scientific communities of this Country have
not only the capability, but the will to play their necessary
roles in assuming the continuation of our world leadership
in science and technology not only to assure our national
security but in pursuit of the common goals of mankind.
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25,000 years of development—

by PETER GOLDMARK,

President and Director of Research
CBS Laboratories

Delivered at the Ninth Annual SID Symposium, Info ‘68, May, 1968

My associates and | at CBS Laboratories—this is the only
commercial there is going to be tonight—are primarily en-
gaged in the field of communication technology and space
communication systems.

Recently we were fortunate to take part in a very am-
bitious space project: the lunar orbitor system, where we
developed and finished the thing that scanned out the
photographs taken by the Lunar Orbitor. We sent them to
the earth by an RCA transmitter, but recorded underground
with our system. This was probably the first use of what
we may call a triple scan. You are probably familiar with
two dimensional scan, but the resolution of these lunar
photographs had to be transmitted to the point where film-
grain became visible, because every bit of information had
to be seen.

| won't bore you with what the principle of this triple
scan is, where given enough time or bandwidth or both it
is possible to transmit every bit of information there is and
remove limitation of resolution within these boundaries.
Much has been published about it, and the only reason I
mentioned it here is because of the many, many photographs
which you probably have seen published. The one we are
proudest of, and our lead for today's talk, is a view of the
earth as seen from the moon.

Since it was technology that made this view of our planet
possible, | would like to share with you some of the thoughts
which occurred to me when | imagined looking at ourselves
from that large distance and after reversing the telescope also
in the time dimension. Perhaps we may be able to gain
some meaningful perspective from the past by doing so. And
learn where our responsibilities lie for the future, as scien-
tists. There must be two very basic factors that have to be
taken into consideration:

- E——

“The world at the mid-century is like a drum
... strike it anywhere and it resounds
everywhere. Vanishing space and scientific
communication have turned our planet into a
single small neighborhood.”

First, people have always lived in a changing world. Adlai
Stevenson once observed that the expression ‘We live in a
changing world’ was first uttered by Adam when he and Eve
were being evicted from the Garden of Eden.

Second, the world at the mid-century is like a drum . . .
Strike it anywhere and it will resound everywhere! Vanishing
space, global communication, and scientific revolution have
turned our planet into a single small neighborhood. We must
admit to ourselves thal today we live in a world of material
weaith and of spiritual poverty. Most of us, as scientists, are
largely responsible for this even though, unwittingly, we have
obligations towards the present and towards the future. First
let’s look at where we came from.

About twenty-five thousand years ago, the capacity of the
human brain was one and a half liters. Today the capacity
of the human brain is one and a half liters! A child born
twenty-five thousand years ago and brought up in today’s en-
vironment would be virtually indistinguishable from any
modern child, a child born today. Yet, let's look at the
changes of the different world we live in. How did it happen?
Let's look at a graph. You can see that the population of the
earth around the year 1200, and going back many more
thousand years, was fairly constant. There have been no
data, we can only extrapolate, but it has grown tremendously,
and in the 18th century, it took off very rapidly, primarily due
to developments in science, specifically in medicine, hygiene,
nutrition and so on. Of the total number of people born
since the discovery of America, two-thirds are alive today. |
am happy to say, and | am sure you have heard it before,
that 90% of all the scientists who ever lived are still alive.

When America was discovered less than five hundred
years ago, 1492 | believe, people on earth numbered 250
million. Today, the population is 3 billion and will be
doubled by the year 2000. Barring major changes, one hun-
dred years from now it will be 24 billion!

It is quite probable the increase in life expectancy has been
a major contributor to this population growth. The next
chart will show you how life expectancy grew over the years.
You see it remains flat with the average of about 30 years
life expectancy, remains flat over the same years where the
population remained constant. But it made a tremendous
impact on the population just changing from say 30 to 35
years, 30 years before 1700, 35 years after 1800. Today, it is
somewhat over 70 . . . | hope to be invited back here to
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your convention in the year 2000, and | will tell you what
the life expectancy is going to be then.

Let's look at some other historical data. The destructive
power, developed by man, is shown on this chart. Gunpowder
was the only explosive known for many, many centuries, that
very flat insignificant line on the bottom. Then came dyna-
mite and TNT. Before dynamite, TNT was fulminate of mer-
cury, which was just a convenient way of exploding a cap-
sule. Suddenly, in 1945, the explosive power jumped several
scales in Alamogordo, New Mexico, and then came the H-
bomb, and it is anybody’s guess how much higher this will
go. By the way, the ordinate is plotted in such a way as to
accomodate both gun powder and the H-bomb, and so |
sort of arbitrarily picked tons of TNT on a logarithm scale.

Let's look for more pieces of statistics,. This shows at
which rate people were able to move, to travel. In 1600 BC
the speed of travel by chariot reached 25 mph. Roughly, 25
hundred years later, traveling became more comfortable but
actually slower. | am talking about the English mail coach
which moved only 10 mph . . . and so did the Wright
Brothers at Kittyhawk in 1903. There were automobiles which
traveled much faster at that time. Sixty years later we have
rocket planes flying at 4000 mph and manned spacecraft at
18,000 mph. | bet anyone who would have predicted this in
Boston and talked about it a few hundred years ago would
have been burned alive at the stake. | am not kidding!

We could go on and on showing similar curves, but let's
look at just one more, and | think this is the most significant
of all. This shows the number of books, 1 mean titles, not
copies, published since the invention of the printing press
by Guttenberg in the year 1450. We see that until the 19th
century the number of titles increased extremely slowly. But,
in the year 1900, 20 million titles were published; these are
cumulative, all the titles published since the invention of
the printing press. And today there are 50 million books pub-

"By the time children finish high school, they
probably have seen 3 years of television, or
15,000 hours, compared with 10,000 hours of
formal schooling. It's pretty frightening."

lished, in the year 2000, the curve points toward 70 million.
We are not talking about necessarily science and art only;
these are all types of books.

You will recall, when we looked at the previous graphs,
that they showed something all in common: namely, a sud-
den rise within the past 100 years. Keeping this in mind, and
looking now at the rate at which books were published,
there seems to be a cause and effect relationship. Probably
the most important event in the field of communication, the
invention of the printing press, is more responsible than
anything else for the violent up-turn of those curves we
saw before. Let's see why.

Back in the 15th Century, there were very few scientists.
They were called alchemists, many of them; they were not
regarded too well, and virtually no outside support existed
for any kind of scientific work—the DOD and NASA were
not yet invented at that time. Without means of communica-
tions, experiences and ideas could not be shared with fellow
scientists or taught to students. So, many lives were spent
rediscovering just what somebody else had already found. In
other words, a scientist who tried to investigate something
new had to start from scratch. He had no way of knowing
what anybody else had done. He had to develop his tools,
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“Today we have manned spacecraft flying at
18,000 mph. Anyone who predicted this in
Boston a few hundred years ago, and talked
about it, would have been burned at the
stake."

he had to develop his theories; everything started from the
beginning. And with the lifetime of thirty years, average,
which today is about the time necessary for a physician to
get his training.

As printing became more common, even though it went
up very slowly, individual experiences and theories were
published. This resulted in improved teaching and com-
munication, the sharing of the discoveries led to more
scientific work, and a snowball effect in learning and
creativity set in. This in turn resulted, again, in more and
more publications. Today, the major problem is how to read
everything that is being published.

Now, after the general characteristic of these curves, which
you have just seen, it is almost certain that this has not been
planned. While technology has provided health and comfort
and recreation for man, to a large extent it has also been
responsible for the major problems of the world today.

For the first time, science faces a deadline upon which
may hinge the survival of billions of people. As scientists,
our most urgent mission today is to solve the problem of
feeding and educating this rapidly increasing population. |
am referring to education in a broader sense, namely, how
to teach people in the fastest and most effective way lo get
along with each other. It is evident that urban, national and
international problems will grow as the density of population
increases. The advances in science and technology have out-
stripped the slow changes in our behavior characteristics.
What we have to cope with today is infinitely more com-
plex than that baby, when he grew up, had to cope with
25,000 years ago.

What that baby would have learned in his life time would
hardly suffice today for a grammar student. The alarming
shapes of the curves here we have seen, simply indicate that
we must improve and accelerate education both for children
and for adults. There is not enough time to say that we are
going to improve the education of our children. If we did
that, we would merely raise a better generation of teachers,
so it would really be our grandchildren who would be better
educated, again, in this broader sense. We have to educate
today and immediately ourselves, the adults.

The most powerful tool, the most sophisticated tool, de-
veloped by scientists is television. You have it in this room,
you have it everywhere. | am not sure whether you are aware
or not, that, on the average, television is watched in the
home 5% hours a day. Before entering school, children
would have spent three or four thousand hours watching
television, and by the time they finish high school, they
probably have seen some 3 years of television, or 15,000
hours, compared with only 10,000 hours spent in formal
schooling. It is pretty frightening.

Speaking on behalf of the technologists of today, of engi-
neers and scientists, | believe we have a commitment. We
must put to work our talents, and we must combine forces
with the best teachers and the most creative program pro-
ducers; in order to give the adults and the children of this
world a system of education that will result not in the
survival of the fittest, but in fitness to survive!
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NEW. high visihility
alphanumeric readout

The 16-segment bar configuration of this new Tung-Sol
readout, provides a potential of 85000 letter/symbol dis-
plays. This unit offers the same high visibility, clarity and
sharp angle viewing that characterizes the Tung-Sol digi-
_tal readout.
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In addition to full alphanumeric dis-
B play, fixed letter/symbol messages
& may be displayed in selected digit

{, areas

l. This new readout is compatible
with the standard Tung-Sol digital

L/ unit. Use of the same lamp banks,

voltages and mounting techniques,

permits intermixing the readout

blocks.

Write for detailed technical infor-

mation. Tung-Sol Division, Wagner Electric Corporation,

One Summer Ave., Newark, N.J. 07104.

TUNG-SOL
ALPHANUMERIC READOUT

® REG. T.M., WAGNER ELECTRIC CORPORATION
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President’s annual report 1966

Because of technical error, portions of President Bill Bethke’s annual
report to the membership, published in the May/June issue of Infor-
mation Display, were printed in non-sequential order. Following is
the original version of these sections:

To promulgate definitions and standards pertaining to the
field of information display.

As reported last year, the Standards and Definitions Com-
mittee is comprised of one member from each Chapter,
who, in turn, is Chairman of his Chapter Standards and
Definitions Committee. Assignments which had been made to
the Chapters were to formulate and prepare definitions in the
areas of (1) Resolution, (2) Colorimetry and (3) Luminance
and Luminance Discrimination. The definitions in each of
these areas placed emphasis upon those terms which define
measurements of significant display parameters.

To date, four Chapters (Washington, Los Angeles, San
Diego, Northeastern) have completed their assignments and
have provided initial drafts of proposed definitions in the
areas of resolution and luminance. Copies of these drafts
have been provided to each Chapter committee and they are
currently involved in critiquing and reviewing the work of the
other Chapters. It is planned that the resultant material will
be reviewed at a meeting of the National Committee prior to
the preparation of a final recommended draft for submission
to the membership.

During the past year, the new Philadelphia-Delaware Chap-
ter has been added, with representation to the National
Committee, and is at work with the rest of the Chapters in
performing the technical review mentioned above.

It has been extremely difficult to get this program under-
way. People talk excitingly about it but can’t get enough
people together at one time in one place to work something
out. Perhaps we, being engineers, might be acting too con-
servatively in not announcing some standards and definitions
for fear of criticism. Perhaps we should set up "straw-men’
and let them be picked to pieces and perchance something
constructive may come of it.

To provide forums, by establishment of a journal and
regular conferences, for the exchange and dissemination of
ideas relating to the field of information display.

One of the major functions of any Society is the exchange
and dissemination of ideas relating to its field. In this regard,
our symposium in San Francisco provided an excellent forum
for such an exchange. Both the facilities and technical pro-
gram were of the highest caliber. Further, the technical meet-
ings held by the Chapters throughout the country, have also
been extremely well chosen and appropriate to our field. Each
Chapter has been invited to participate in national activities
by suggesting appropriate dates for hosting either the annual
symposium or the technical meetings. The schedule to date
follows:
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Symposium (Spring) Technical Meeting (Fall)

1968 Los Angeles New York
1969 Washington San Francisco
1970 Minneapolis
1971 Delaware Valley —
1972 San Francisco e

In addition to the normal SID-sponsored symposium, the
Society structured a session at the Fall Joint Computer Con-
ference of AFIPS which was extremely well attended (standing
room only). It appears that we will become a regular part
of that program since we expect to participate in the next
Fall Joint Computer Conference (December 1968). The So-
ciely is meeting its objectives in this area.

To maintain a central repository for data relating to infor-
mation display and its allied fields which shall be accessible
to all qualified members of the society for research pur-
poses.

The objective of maintaining a central depository has
always been a basic one since the origin of the Society. How-
ever, beyond the rather meager beginning last year (estab-
lishment of a permuted index), very little work has been
done in this area. The Society is nol meeting ils objectives
in this area and must; therefore, reassess the approach and, if
necessary, provide financial assistance to give more impetus
to the program.

To encourage the scientific, literary and educational ad-
vancement of information display and its allied arts and
sciences, including, but not limited to, the disciplines of
display theory, display devices and systems development,
and the psychological and physiological effects of these
display systems on the human senses.

The management and advancement of information display
and its allied arts and sciences is probably the greatest goal
we strive for. Our direction has been, first, to achieve a high
level of membership who, as “disciples,” could spread the
“word.” Since the last report our membership has increased
by approximately 200, for a present total of 1,500. Member-
ships denote an international representation. In addition,
three new Chapters have been formed in the Society in
St. Paul, Minnesota; in the Southwest at Dallas; and in the
Delaware Valley at Philadelphia.

Our membership directory has been revised and forwarded
to all members. 1 think you will notice significant improve-
ments in the directory which make it more usable.

The increase in membership and number of Chapters have
forced us to reassess our method of operation. It was felt that
the Chapters ought to have representation on the Board of
Directors. As a result of a petition, followed by intensive
study, new by-laws were prepared and voted upon and
accepted by the membership. The implementation plans for
the change will begin this year. It will allow for each Chapter
to have, ultimately, direct representation on the Board of
Directors. In addition, it will call for Regional Directors in
those areas where there are few or no Chapters.
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Here's what
Video Color offers:
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TECHNICAL ABILITY
For any special purpose Cathode Ray Tubes

THIN TUBES
Monochrome and Two Color Flat Tubes

ULTRAHIGH RESOLUTION
(Less than .0005” spot size)

FIBER OPTIC FACES
HIGH CONTRAST
Special Ultrathin glass substrates to elimin-
ate halation
Projection Tubes—Ultra High Light Output

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

SPECIAL ELECTRON OPTICS
High Deflection Sensitivity
High Beam Currents
Multiguns
High Voltages

SPECIAL GEOMETRICS

Back Ported Tubes
Special Deflection Angles

SPECIAL GLASS STRUCTURES
Internal Targets

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

Video Color Corporation
Subsidiary of DYNA RAY CORP.
500 S. Douglas St., El Segundo, California
Phone: 213 - 772-5251 90245

Circle Reader Service Card No. 21
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Never use
less than
the §afest

oltage

~ leads

For example: a quick connect/dis-
connect 20 KVDC connector feeding
two CRT tubes from a single termi-
nal 20 feet away. It's a compact
lead assembly with glass and epoxy
receptacles and silicone insulated
leads that can be mated safely by
hand, yet it's rated 25 KVDC at
70,000 feet!

« Lightweight, flexible assembly

* Meets applicable MIL
specifications
RFI shielding available
Rated at 10 amps
No exposed high-voltage
Corona and radiation
resistant

* Foolproof assembly
Let us design an assembly that
meets or exceeds your requirements.
We're the leading maker of high-
voltage, high-altitude custom lead
assemblies. Whatever your connec-
tion problem, write or call today.

AMP

INCORPORATED

CAPITRON DIVISION

155 Park Street » Elizabethtown, Pa.
717-367-1105 » TWX: 510-675-4561

Circle Reader Service Card No. 22

MASS SENSOR DETECTS
MINUTE GRAVITY CHANGES

MASS SENSOR—This cruciform is a new mass sensor thal provides a new means of sensing the
presence of matter by detecting and measuring minute changes in the nearby gravitat-

ional field.

A new means of sensing the presence
of matter by detecting and measuring
minute changes in the nearby gravita-
tional field has been developed by
scientists at Hughes Aircraft Company’s
Research Laboratories.

Utilizing a technology completely dif-
ferent from previous gravity sensors,
Hughes scientists have built a device that
is claimed to provide the first practical
technique for making detailed gravity
surveys from a moving vehicle, such as
an aircraft or spacecraft.

The mass sensor, a prototype of which
has been built, has demonstrated the
sensitivity and resolution required to ob-
tain a map of a geophysical mass distri-
bution. Its first application could be to
map the mass distribution of the moon
from a satellite orbiting over the lunar
surface, scientists said.

Measures Gradient

The basic principle on which the sen-
sor operates is that any mass such as a
mountain (or lack of a mass, such as a
crater) causes the nearby gravitational
field to be slightly different at different
points in space. The device measures
this differential, or gradient, in the gravi-

tational field, according to Dr. Robert L.
Forward, manager of Hughes' explora-
tory studies department, who led the
team developing the sensor.

He explained that in order to measure
this gradient, the sensor had to be cap-
able of measuring forces as small as
10" Gs. It is the first instrument to
demonstrate that it can measure these
extremely small forces and still be rugged
enough to be flown in an aircraft or
spacecraft, he added.

In addition to its potential application
in measuring mass distribution of the
moon and other planets, Dr. Forward
said that the sensor also could be used
on deep-space probes to measure the
mass of such smaller astronomical bodies
as asteroids. An airborne version, he
added, could make rapid gravitational
field surveys of the earth which might
detect the presence of mineral deposits,
such as oil fields, and it could also be
used in an inertial guidance system to
compensate for gravitational irregulari-
ties.

The basic design consideration of any
gravity gradient sensor is the need lo
isolate the very weak gravitational gra-
dient forces from other forces acting on
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the sensor, he said. This is particularly
difficult because the sensor is operating
in much larger force fields such as the
inertial force caused by its own move-
ment.

|solates Weak Forces

In addition, external electric and mag-
netic fields and even pressure from light
waves can cause forces larger than those
induced by the gravity gradient. The
problem, therefore, is to discriminate be-
tween the various forces and islolate
those caused by the gravity gradient.

This is accomplished in the Hughes
sensor by using a rotating four-pole
body, in which a major portion of the
mass is placed at the ends of two crossed
arms. In operation, the gravity gradient
forces on the masses cause differential
torques on the arms of the rotating body
which produce torsional strains at the
center of the device.

The torsional forces caused by the
gravity gradient oscillate at twice the ro-
tational frequency of the sensor, Dr.
Forward explained, while the oscillations
from other forces occur at the rotational
frequency. In addition, the sensor is de-
signed to minimize the effect of other
forces on the torsional mode. These fac-
tors, he stated, enable the sensor to
separate the gravity gradient forces from
the other forces acting on it.

SEES G’S—The tip-weighted cross inside a
vacuum jam is a new “‘mass sensor” that can
detect the presence of a mass, such as a
mountain or oil field, or even the lack of a
mass, such as a crater. Curtis Bell, a member
of the Hughes Aircraft Company team of
scientists that developed the prototype of the
world’s first flyable mass sensor, prepares an
experiment to prove the device can measure
the tug of gravity as low as one-hundred-
biflionth “G.”

The torsional strains are amplified by
the mechanical resonance of the sensor,
and this amplified force is then sensed
by a strain transducer mounted on a
flexural member at the center of the
device. Information from the transducer
is transmitted to instruments which read
out the amplitude and direction of the
gravity forces.

In Cruciform Shape

In the prototype version of the device,
the sensor is rotated at a speed of 16 rps
on a frictionless magnetic bearing within
a vacuum enclosure to produce near
space-like conditions. The sensor is in
the shape of a cruciform, using 0.5 Ib
tungsten-filled plastic masses on two
stiff five-inch lucite arms connected at
right angles to each other by a torsional
member with a piezoelectric strain trans-
ducer.

Signal from the transducer is trans-
mitted by a tiny battery-powered FM
transmitter to a receiver outside the en-
closure, from which it is demodulated
and fed to the readout instruments.

Dr. Forward indicated that more
sophisticated versions of the detector are
now being fabricated and will be tested
shortly, and that proposals for the design
and fabrication of orbiting and airborne
versions of the device have been sub-
mitted to NASA and the Air Force. ]
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While there is a wealth of data as to precisely what in- |
formation requires display in a given system, no pre- !
vious seminar has concerned itself primarily at the display '
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art of the various display media applicable to computer-
ized systems and to assist the system designer in the
selection of media most appropriate for his particular

Recent Advances in Display Media

Hardback Edition
Just Published

1. Computer-Managed Display Sys- 8. Fluidic Displays
tem for Advanced Commercial 9. Magnetic Display Devices

Transports 10. Electrostatic Displays
2. Display Requirements for Ad- 11. A Survey of Laser Display
. . vanced Manned Spacecraft 12. The Plasma Display—A Digitally
symposu]m ProcGEdlngs 3. Media Requirements for General Controllable, High Brightness
Aviation Display with an Inherent Mem-
This volume documents the proceedings of the sympo- 4. Recent Advances in Cathode-Ray- ory -
sium, “Recent Advances in Display Media,“ sponsored by . Lube: Dlspl.ay Pevnces ) 13. M.ulh:olor Electroluminescent
" : . Carrier Injection Electrolumines- Displays
the Electronics Research Center, NASA, Cambridge, Mass. fal 14, Consldesafions From Enginesriig
Recent trends toward the display of computer-generated 6. Thermochromic Displays Psychology

information are rendering obsolete the use of traditional 7. Properties and Applications of 15. Display Media: Summary, Inter-
mechanical movements for information display.

Order your copy now!

may best be displayed. It was the purpose of this semi-
nar to examine the present and projected state of the

Name

Photochromic Glasses

TECHNOLOGY PUBLISHING CORP.
647 North Sepulveda Boulevard
Bel Air, Los Angeles, California 90049

GENTLEMEN: Enclosed is my check (or money order) in the amount of
$10 for the just-published hardback edition of Recent Advances in Dis-
play Media. Please send it to:

Contents

polations, and Extrapolations

_Title

Company

Address

City

State. Zip.
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DFF-LIN
ON-INE

DP-1 DIGITAL
PLOTTER - $3550.

C@MPL@T.,

Used as an on-line plotter, the DP-1
plugs into any existing computer in-
terface without modification. Or, as
an off-line device connected to a mag
tape reader, the unit produces ac-
curate, fast plots of numeric data.
You can plot up to 300 increments
per second on 117x114’ Z-fold chart
paper. Housekeeping software is pro-
vided at no additional cost.

SPECIFICATIONS
DP-1

Maximum incremental
speed in steps per second | 300

Incremental step size .010"
.005"
.Imm
Maximum plot size
Y Axis (pen) LI
X Axis (paper) 144’
OEM DISCOUNT SCHEDULES AVAILABLE
houstamn
mnstrument DIVISION OF BAUSCHS LOMB (@)

4950 TERMINAL AVENUE,

BELLAIRE, TEXAS 77401
(713) 667-7403 CABLE HOINCO /
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oh the move

Named to the position of marketing manager
for the Paramus operation of Fairchild Space
and Defense Systems div. of Fairchild Camera
and Instrument Corp. is AUSTIN F. STUART
Operations manager RICHARD T. PETRUZZELLI
said that Stuart will be responsible for mar-
keting of electro-visual, radiation and display
systems developed and produced at the firm's
facility in Paramus.

RICHARD W. CALFEE has joined the Display
Div. of Data Disc Inc., Palo Alto, as manager
of their Video Systems Dept. He will develop
video systems which use the company’s video
disc storage units, Calfee was formerly a de-
velopment engineer and an engineering group
manager for IBM in Los Gatos, Calif.

JACK H. VENNER has been elected a vice
president of Kollsman Instrument Corp.,
Syosset, N.Y., according to DAVID B. NICHIN-
SON, president. Venner continues as general
manager of Kollsman’s Electro-Optics Div,,
which produces optical subsystems and equip-
ment for aerospace applications.

MATTHEW E. JORDAN JR., has been named
director of Computer Time Sales and Services
at Management and Computer Services Inc.,
Philadelphia. President F. A, SCHLEGEL JR.
made the announcement. Jordan was previously
a manager in the N.Y. corporate headquarters
of MAI Equipment Corp., a subsidiary of
Management Assistance Inc.

SID member ALLEN T. PUDER is representing
the Electro-Optical Div. of Kollmorgen Corp.
and the Macbeth Sales Corp. on the West
Coasl as a Technical Consullant. Since gradual-
ing from the California Institute of Technology
with a MSME Degree, he has been active in
the  development of  Electro-mechanical,
electro-optical, and xenon illumination sys-
tems. He is located in Pasadena.

EUGENE M. ZUCKERT, former Secretary of
the Air Force, has been elected to the Board
of The Te Co., according to CUSTER C. BAUM,
president of the optical research and develop-
ment firm, located in Santa Barbara, Calif
The co. is affiliated with Argus Inc., Chicago,
manufacturer of amateur photographic equip-
ment and optics devices and systems.

FRANK C. CASILLAS is now director of Cor-
porate Development for the Bunker-Ramo
Corp., according to president MILTON E.
MOHR. Casillas will function on the corporate
staff level, reporting directly to Dr. Mohr. He is
responsible for the development of new busi-
ness opportunities, including merger and
acquisition investigations.

HOWARD W. EMERSON has been appointed
advertising and sales promotion manager for
Master Specialties Co., Costa Mesa, Calif,,
according to marketing manager JEROLD H.
TUFT. Emerson will direct the advertising and
sales promotion activities, whose products in-
clude lighted pushbutton switches and fault
warning systems.

JOHN FITZPATRICK, of Huntington, N.Y.,
and GORDON H. WADSWORTH, of Roseville
Calif., have won the two top 1967 sales awards
issued by the Photolamp Div. of Sylvania Elec-
tric Products Inc., according to RICHARD B,
MARTENSON, vp/marketing of the div. The
awards were presented at a national marketing
meeting held in Marco lIsland, Fla.

JOHN MANNIELLO has been named to fill
the newly-created post of vice president,
Government Operations, for CBS Laboratories,
according to PETER C. GOLDMARK, president
and director of research. Manniello will co-
ordinate CBS Laboratories Government pro-
grams being conducted through a national
network of branch offices.

KENNETH SPITZER

JOHN MANNIELLO

Promotion of KENNETH V. SPITZER from
manager of the new Electro-Optical Devices
Div., to general manager, with full responsi-
bility over all the operations of the div., was
announced by JOHN C. MESSERSCHMITT, exec.
vp/chief operating officer at Amperex,
Hicksville, N.Y. Spitzer's responsibilities in-
clude R&D, manufacturing, and marketing
Named vice president/general manager of
Amperex’s Semiconductor and Microcircuits
Div. is NORMAN A. NEUMANN, who was
most recently with General Instrument Corp.
He will hold full responsibility for all activities
of the Div.

JOHN GRANBERY has been named senior
sales engineer for digital information display
systems at Raytheon Co.’s Equipment Div,,
Waltham, Mass. He joins the co. from GE,
where he served as manager of market de-
velopment for the past two vyears for the
Medinet Dept.

The Conrac Div. of Conrac Corp., has named
JOHN W. CHISLETT sales manager, Data Dis-
play Equipment. Prior to joining Conrac, Chis-
lett was assistant to the Director of Marketing
at the Solar Div. of International Harvester.

Appointment of ALBERT V. KLIZAS as general
marketing manager of Transistor Electronics
Corp. was announced by A. R. MASTERS, exec.
vice-president. He will be responsible for
marketing planning, sales and advertising of
the Minneapolis-based firm’s products.

THEODORE H. MAIMAN, inventor of the
ruby laser and former president of Korad Corp.,
has formed a new company, Maiman Asso-
ciates, in Los Angeles. Purpose of the com-
pany is to . . . “help bridge the gap between
innovators and investors.” “Maiman founded
Korad in 1962; he left. the company in 1967,
after it was absorbed by Union Carbide Corp.

Two new appointments have been announced
by Information Control Corp., El Segundo,
Calif. S. V. EDENS is now serving in the
newly-created post of vice-president of Pro-
gram Management. He comes to ICC from
his own consulting firm, S. V. Edens Inc.,
which he had formed to provide engineering
and management consulting services to the
Reconnaissance and Intelligence Community.
RICHARD FRIED is now Western Regional sales
manager, also a newly-created post. He was
previously with Lear Siegler Inc., Electronic
Instrumentation Div., in Anaheim. President
G. H. GOLDSTICK made the announcements.
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Adage Inc.,, has named WILLIAM F. WEST,
Western Regional sales manager, according to
vp/marketing 1. R. SCHWARTZ. West moves to
Los Angeles from Fullerton, where he has been
manager of Adage’s West Coast Systems Dept.
for the past eight years.

CLINTON CRABTREE has been appointed di-
rector of the computer product line at Honey-
well’s Florida Aerospace Div., St. Petersburg,
Fla. Crabtree headed General Business Services,
consulting firm in Brandon, Fla., before coming
to Honeywell.

RAND W. TUTTLE has been elecled vice
president for Advanced Technical Development
of B-R Data Systems Inc., Silver Spring, Md.,
subsidiary of the Bunker-Ramo Corp., accord-
ing to H. L. SHOEMAKER, vp/general manager.
In addition to this new position, Tuttle con-
tinues as director of Advanced Systems. Elected
vice president for Operations is JOSEPH S.
REYNAUD, who previously served as director
of Management Information Systems and pro-
gram manager of the contract in which B-R
Data Systems is providing services to automate
the processes for preparation of the Army's
Annual Budget Submission to Congress.

GEORGE R. BATCHELDER, director ot mar-
keting of Mosaic Fabrications Div. of the Ben-
dix Corp., recently announced appoinment of
JOHN W. MEACHEN as sales manager for
Field Sales Activities. His responsibilities in
directing external sales personnel and repre-
sentatives for Mosaic, largest producer and
developer of fiber optics in the world, will
include customer relations.

Now director of manufacturing at Systems
Engineering Labs, Ft. lauderdale, Fla.,, s
ROBERT G. DISTEFANO, who joined the co. in
1965 as manager of product assurance. Prior
to joining SEL, he was manager of quality as-
surance at Molecular Research Co.

PEK, Inc., Sunnyvale, Calif., has promoted
RAY L. BUNCH to the post of manufacturing
manager, according to general manager MAX
GARBER. Bunch will be responsible for all
phases of the production of PEK lamps. He
previously was manufacturing engineer.

RAY L. BUNCH KENNETH MILLER SR.

KENNETH M. MILLER SR. has been named
vice president of Computer Industries Inc.,
and general manager of its Graphic Systems
Div., according to co. president ROBERT C.
DEE. Los Angeles based Computer Industries
is a subsidiary of University Computing Co.,
Dallas. Miller was formerly a vice president of
Motorola Electronics, Daystrom Inc., and Lear
Jet Industries.

JAMES E. REMMER has been elected vice
president and general manager of the West-
wood Div. of Houston Fearless Corp., accord-
ing to president FRED C. MEHNER. He was
previously with Xerox Corp. in a number of
executive assignments.
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Determine the sensitivity and
bandwidth you will require
for each channel, and/or the
sweep speed desired.

(You can go as far as 1 mv/div
and up to 25 MHz; choice of
40 sweep ranges.)

Order the desired units from
the Benrus catalog.

(A virtually endless range of channel
amplifier and sweep combinations
is available.)
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Incorporate the units into your
system.

(Units fit standard 314" to 7"
racks without modification and are

fully self contained, ready to
connect.)
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You'll be further pleased by

the appearance, price,

and compactness of these
altogether new instruments.
Write or phone for catalog #802.

BEINRUS

ELECTRONIC INSTRUMENTS DOIvISION
BEMNRUS Watch Company, Inc.

Ridgefield, Connecticut 06877

FOR LEADERSHIP IN CRT DISPLAY WATCH BENRUS
at WESCON Booth 1404
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match
makers:

what’s the best
interactive display
to mate with any of these?

UNIVAC 1108

IBM 360

Sigma 7

DDP 516

or any digital CPU

answer: |10

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

Programming convenience and versatility of
use are what count most to experienced com-
puter users. And IDIIOM’s design features a
unique balance and coordination of hardware
and software functions, an advanced Display
Processing Unit and other design concepts
that give you optimum convenience and
versatility.

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

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

INFORMATION DISPLAYS, INC.
' I 333 North Bedford Road

Mount Kisco, N. Y. 10549

(914) 666-2936 TWX-710-571-2179
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CALL FOR TECHNICAL PAPERS ISSUED
FOR 1969 SPRING JOINT CONFERENCE

A call has been issued for original technical papers on all
aspects of the computer and information processing field for
presentation at the 1969 Spring Joint Computer Conference,
to be held in Boston.

T. H. Bonn, chairman of the technical program committee
of the 1969 conference, said papers must be submitted by
next Oct. 7 to be considered for presentation at the May 14-
16, 1969 semi-annual conference in Boston’s War Memorial.

“The purpose of the 1969 Conference is to stimulate those
engaged in research, advanced development, design and
usage of computers and their programs to communicate their
ideas and experiences freely through presentation of high
quality technical papers,” Bonn said. He is assistant to the
vice president of product planning and development at
Honeywell’s Electronic Data Processing Division.

Free and timely communication of technical information
has been responsible for the rapid growth of the computer
field,” he added. “It is our aim to continue and improve that
communication in this forthcoming conference.”

He said authors should not limit themselves to the general
fields of hardware, software, systems and applications but
should also consider the technical-social aspects involving
the use of computers. He suggested authors submit original
ideas and experiences relating to secrecy and privacy, the
FCC inquiry into data communications, the design and pro-
mulgation of standards in the industry, problems of com-
petition and the direction of the industry’s growth.

Five copies of the entire paper should be submitted, Bonn

NEW MODULAR
IMAGE SCANNING SYSTEMS

From CRT face to signal output, cus-
tom tailor your high resolution scan-
ner with standard interchangeable as-
semblies by KAYE SCIENTIFIC. High
speed optics, 16mm to 5 x 5 formats,
manual or automatic, fully aligned and
ready to turn on.

Electric Optical Systems
Design and Manufacture

Track Assemblies Roll Film Holders to 70mm

Mounts for all CRT's Manual or Automatic Frame Change
High Speed High Resolution Lenses Precision Condenser Systems

CRT Monitoring — Spot Control Photomultiplier Tubes and Mbunts
Image Plane Focusing PMT Power Supplies and Preamps
Single Frame Holders to 57 x 5" Shielded Light Tight Racks

KAYE SCIENTIFIC cor.

533 Pacific Street, Stamford, Connecticut 06903 (203) 324-5741
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said, including a 100-to-150 word abstract and text of not
more than 7,500 words. A full set of rough illustrations, when
applicable, should accompany the text and be keyed to it,
he added. Final texts will be published in the conference
proceedings by the American Federation of Information Pro-
cessing Societies (AFIPS), sponsor of the Spring and Fall Joint
Computer Conferences.

Papers should be submitted to T. H. Bonn, Technical Pro-
gram Committee Chairman, 1969 Spring Joint Computer Con-
ference, Honeywell EDP, 200 Smith Street, Waltham, Mass.
027154.

ORGANIZATION COMPLETED FOR 1968 FJCC

Committees for the 1968 Fall Joint Computer Conference
December 9-11 have been completed.

According to Dr. William H. Davidow, general chairman,
who is with the Palo Alto Division of Hewlet-Packard Co.,
committees have been functioning for the past five months
to plan what promises to be the largest computer conference
held on the West Coast.

Two vice chairmen are heading the main divisions of res-
ponsibility. Thomas R. Dines of NASA’s Ames Research Cen-
ter at Moffett Field is administrative vice chairman. Donn B.
Parker of Control Data Corp., Palo Alto, is technical vice
chairman and being assisted by Cuthbert C. Hurd of Com-
puter Usage Co., Palo Alto, who will make arrangements for
distinguished visitors.

The technical program is headed by Robert H. Glasser of
Computer Usage Development Corp., Palo Alto, chairman,
and Rex Rice of Fairchild Semiconductor, Palto Alto, vice
chairman. Maria Robertson of Computer Usage is adminis-
trative assistant.

Serving on the technical program committee are the fol-

lowing: James B. Angell of Stanford University, Robert Bond
of Hewlett-Packard Co., Dr. Sidney Fernbach of University
of California Lawrence Radiation Laboratories, Marjorie Hill
of Control Data Corp., Paul Hodge of Memorex Corp., Warner
King of Computer Usage Development Corp. and Marty
Silberberg and Roger Simons of IBM Corp.

INTERNATIONAL TECHNICAL COMMUNICATIONS
SYMPOSIUM

The Society of Technical Writers and Publishers will hold
its first international technical communications symposium in
Tel Aviv, Israel, December 9-12, 1968, on the advanced state
of the art, theory, and practice of technical communications.
Papers should be submitted to: Ken Tong, 55 Point Allerton
Rd., Hull, Mass. 02045. Each panel will consist of speakers
from 2 or more countries, assuring international coverage for
each panel topic.

LENS DESIGN

A two-week short course will be held August 12-23, 1968,
at UCLA, presented by the Engineering and Physical Sciences
Extension, University of California Extension, Los Angeles.
Instructor is Rudolf Kingslake, Director of Optical Design,
Eastman Kodak Co., Rochester, N.Y. Description of course
includes: various raylracing procedures in common use
today; principal axial and oblique aberrations of lenses;
usual methods for designing achromatic doublets, aplanats,
and simple microscope objectives. Further information may
be obtained from: P.O. Box 24902, Engineering and Physical
Sciences Extension, University of California Extension, Los
Angeles, Calif. 90024, (213) 478-9711, Ext. 7277.

FLECTROMAGNETIC
SHIELDING DATA FOR
EERING AND PROCUREMEN

PERFECTION MICA COMPANY
1322 N. Elston Avenue, Chicago, lllinois 60622

4

They're yours for the asking. Contact your MSD rep or write

MAGNETIC SHIELD DIVISION

SHIELD Divisiy

- —
— —
i

A VERITABLE
GOLD MINE OF
INFORMATION

These are the most valuable set of refer-
ence manuals available on magnetic
shielding materials and fabrication
methods. They cover MSD’s complete line
of Netic and Co-Netic Alloys. MSD has
provided over 80% of the magnetic shield
designs currently in use; its products are
the recognized world standard in its field.

West Coast Stocking Reps

Tech Rep Distributor Co.
10606 W. Pico Blvd.

Los Angeles, Calif. 90064
213, 836-6806

213, 871-0055

Co-Netio

SHIELD

St Frauman Associates

P.O. Box 969
Menlo Park, Calif. 94026
® 415, 322-8461
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Activities

After three years of dedicated and productive service as Publica-
tions Chairman for SID, Lou Seeberger has resigned the position, due
to other pressing committments. Taking over, by appointment of
president Carl Machover, is Rudy Kuehn, who served as the journal’s
first publications chairman. All society correspondence and technical
manuscripts are to be submitted to Mr. Kuehn at P.O. Box 1369,
Huntington Beach, California 92648.

SOUTHWEST CHAPTER

The chapter met recently at the Western Hills Inn in Euless,
Texas, to hear C. R. Stobart, Manager of Command Display
Systems, LTV Electrosystems, Inc., present a paper, “The
Scribing Projector Display Technique”. The paper was a
presentation and discussion of the scribing projector large
screen display technique, and was supplemented by an actual
projector on display.

DELAWARE VALLEY

Chapter met recently to hear J. Weir Sargent, vice presi-
dent of Ultronics Corp., and Alan Meyers, Registered Repre-
sentative, Bache and Co., speak on “Securities Market Infor-
mation Display.” The meeting was preceeded by dinner, and
was then held at the offices of Bache and Co., Philadelphia.

BAY AREA

The chapter recently held an outdoor dinner at the Paul
Masson Mountain Winery, located in the hills above Sara-
toga. A steak dinner was catered by a local restaurant, with
the wine being provided by the Masson winery. The meeting
was well attended by members and their spouses.

LOS ANGELES

The chapter met for no host cocktails in Arcadia, to hear
Ken Epple, of Datex Div. of Conrac Corp., discuss the com-
pany's electronic computer driven scoreboard. He showed
movies and demonstrated the scoreboard, which is to be
used at the Coliseum in Oakland, Calif. A tour of the Datex
Div. followed the meeting.

DISPLAY TECHNOLOGY

A five day tutorial seminar will be offered August 26-30,
1968 by the Polytechnic Institute of Brooklyn and the Mid-
Atlantic Chapter of the Society for Information Display. The
seminar will be held at the new Long Island Graduate Cen-
ter of the Polytechnic Institute of Brooklyn located in Farm-
ingdale, New York. The tutorial program will include four
(4) lectured discussion periods in each day’s schedule start-
ing at 9:00 a.m. and lasting through 5:00 p.m. Housing
facilities will be made available. The fee for each participant
will be $225. which will include class notes and a seminar
dinner.

Registration before the deadline of August 1 is required.
Information on this tutorial seminar is available from Dean
William A. Lynch, Office of Special Programs, Polytechnic
Institute of Brooklyn, 333 Jay Street, Brooklyn, New York,
11201. (212) 643-2246.

60

Contributors from the Society for Information Display will
include specialists from industry and education as well as
faculty members of Polytechnic Institute of Brooklyn and
other expert guest lecturers.

The seminar has been planned so that participants will
be able to conclude with Labor Day holiday in New York
City and on Long Island.

Information Display welcomes the following new members
of SID.

AARONSON, Gerald, General Telephone & Elec. Labs;
ALLEN, Martin C., Ling Group; ALTMAN, Morris, Hazeltine
Corp.; ALWINE, Paul R., Jr., Control Data Corp.; AURQUX,
Alain F., Grenoble Scientific Center (France); BAAKE, Donald
W., Hughes Aircraft Company; BAGLEY, Robert L., Lockheed
California Company; BAIN, G. Stuart, Xerox Corporation;
BALCHEN, Jens G., Technical University of Norway; BATES,
Arthur D., Independent Consultant; BELLOMY, Fred L.,
University of California at Santa Barbara; BERNSTEIN, George
B., Naval Supply Systems Command/R&D; BLANKENSHIP,
M. G., Corning Glass Works; BLEAKLY, Charles J., Lockheed/
Missile & Space; BOLTA, John T., Tridea Electronics; BORD-
SEN, Donald T., UNIVAC; BRANCH, James K., Photo Re-
search Corp.; BRENNER, Bernard M., MVR Corporation;
BROWN, Jack G., NAA—Space; BROWN, Kenneth A., ITT
Gilfillan Inc.; BRUNS, Ronald A., Naval Missile Center.

CARMICHAEL, Don, American Sign & Indicator Corp.;
CHABROL, Maurice J., Thomson Informatique et Visualisation
—France; CHANDLER, Harvey B., Owens-lllinois; CHESA-
REK, Donald J., IBM Corporation; CHRISTENSEN, Jay, NASA
—Ames Research Center; CLARK, Darrell L., National Cash
Register Company; CLERCUE, Jean M., Thomson-Informa-
tique et Visualisation—France; COLLINS, Richard F., Jet Pro-
pulsion Laboratory; CORMIER, Robert E., McDonnel-Douglas
Corp.; DEGRASSE, Robert M., Quantum Science Corporation;
de GUILLEBON, Michel M., French Navy—France; DEWEY,
Anthony G., 1BM Corporation; DUMAS, Christ, APSO Elec-
tronics; DURBECK, Robert C., IBM Corporation; DURBIN,
Gerald T., Control Data Corporation; ECKSTROM, William
E., Honeywell Inc.; EISENMAN, Trevor W., NASA; ELDRIDGE,
Arthur )., Jr., IBM Corporation; ELKINS, David R., Fleet Com-
puter Programming Center, Pacific; EMMONS, Lawrence D.,
Ampex Corporation; FICKEY, Charles J.,, American Cyanamid
Co.; FIRTH, William G., TWS Systems Group; FLEMING,
Gordon Ross, Energy Conversion Devices, Inc.; FRIEDMAN,
Harold, Naval Missile Center.

FROESS, Raymond )., IBM Corporation; FRYER, Richard E.,
Naval Weapons Center; FUJII, Tadakuni, Nippon Electric;
GILMOUR, Robert W., Stanford Research Institute; GLAESER,
Richard A., General Dynamics; GORDON, Harold B., Harris-
Intertype Corporation; GREEN, Melvin, Hazeltine Corpora-
tion; GRIFFIN, John R., Tektronic Inc.; GUTTTMANN, Eric
S., ITT Gilfillan Inc.; HALE, Keith F., Navy Electronics Lab.;
HALLSTROM, John, TUAB, Teleutredningar AB; HARPER,
Gordon E., Varian Associates; HART, Edward A., Department
of Defense; HAWORTH, Harjorie H., 1BM Corporation;
HEDBERG, Carl A., Control Image Corporation; HEGLIN,
Howard ., Litton Guidance & Control; HELLER, Mahlon D.,
LTV—Aeospace; HOLLOMAN, Charles, Trans-Lux Corpora-
tion; HOLLY, John H., Hughes Aircraft Company; HORGAN,
Thomas B., IBM Corporation; HOWARTH, Robert F., SIO
Visibility Lab.; IBOSHI, Lawrence K., Hughes Aircraft Com-
pany; IVES, Henry D., National Cash Register; JANSKY,
Curtis M., Bunker-Ramo Corporation; JANUS, Theodore,
Corning Glass Company; JIZBA, A. V., Chevron Qilfield Re-
search Company; JOHNSON, Donald S., Jr., Ball Brothers
Research Corporation.

KITAHARA, FEiji, Kyokuto, Boeki, Kaisha, Ltd.; KOCH,
William H., Warnecke Electron Tubes; KORNFELD, Henry G.,
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Sperry Gyroscope; LANGNER, Guenther O., IBM Corporation;
LAVALLEE, Don F., Redcor Corporation; LEMMER, Robert A.,
Dow Jones & Co. Inc.; LEPOLD, Joseph H., General Electric
AED; LORETZ, Norman F.,, TRW Systems Group; MARIS,
John K., Owens-lllinois Inc.; MARTI, Norman F., Hughes
Aircraft Company; MASSEY, Ernst M., Tektronix, Inc.; MER-
CIER, Daniel, SPERAC—France; MERWIN, Roy L., Control
Data Corporation; MICKEY, Daniel D., General Electronics;
MUSICANT, Gerald, Naval Underseas Warfare Center;
McDOUBREY, Arthur O., Varian Associates; NANCE, Doyce
R., Texas Instruments; NELSON, Delbert D., Goodyear Aero-
space; NELSON, Hilding Eugene, Concet Inc.; NIDAY,
Edward R., ITT Federal Labs.; NILSEN, Marvin H., Symbolic
Displays Inc.; NIXON, Nick, RCA; NORTH, Arthur, Leasco
Systems & Research Corporation.

O’DENTHAL, Conrad ]., Tektronix Inc.; OKAMOTO,
Howard K., Philco-Ford Corp.; OLSON, Marlin E., Foxboro
Company; O'REILLY, Charles C., Clifford Consultants; OSICK,
Walter R., ITT Gilfillan; PEDERSEN, Eva, Danish Atomic Energy
Commission; PEIROTES, Yves J. M., French Navy—France;
PERSSON, Ake N., AB Projektutueckling—Sweden; PIERCE,
Edward W., Owens-lllinois; PONTECORVO, A. B., The Boeing
Company; POON, Kam, Sanders Associates; PORTER, Paul E.,
UC—Visibility Lab.; PUTERBAUGH, W. H., National Cash
Register; RAUCH, Conrad ]., Texas Instruments; RAY, Charles
J., Texas Instruments; RAY, Charles B., Calif. Inst. of Tech-
nology; RAYNER, Harry H., UNIVAC; REEVES, Clay, Jr., Digi-
tal Data Systems Inc.; REYNOUDS, John, Fredlen Corpora-
tion; RITTER, Donald D., Control Data Corporation; ROCK,
Henry C., Loral Electronic Systems; RODGERS, Richard L.,
SDS; SAKOLS, James D., Lockheed; SCANLON, John H.,
Massachusetts Institute of Technology; SCHOPPMAN,
William E., McDonnell-Douglas; SCHOTT, Dan J., Sperry-

Rand. SCHREIBER, Donald E., IBM Corporation; SHERBY,
Thomas A., National Cash Register; SILVERMAN, Martin,
B-Scan Inc.; SLOCUM, Gerald K., Hughes Aircraft Company.

SMITH, Sidney M., Jet Propulsion Lab.; SMITH, Stephen F.,
University of Calif. at Berkeley; STALLARD, Langdon B.,
Litcom; STANILOFF, Seldon, A., Fairchild Space & Def. Sys.
Div.; STANKOVICH, Donald, Aerojet General; STARTIN,
James V., International Computer & Tabulators Ltd.; STILL-
MAN, I. Leon, Cornell Aeronautical Laboratory; SWEETON;
Richard F., Kollsman Instrument Corp.; SWINNEY, Stanley 1.,
Honeywell; TENNYSON, James F., Albion Optical Company,
Inc.; TETSUKA, George M., Jet Propulsion Laboratory;
THUREIN, Ingo P., Bonneyville Power Administration; TITE,
Robert C., UNIVAC; UCHIDA, Prentiss S., Adage, Inc.; ULM,
P. D., ITT Federal Labs.; UTTERBACK, Raleigh E., Raytheon
Company; VASS, Russell, U.S. Navy Electronic Systems Com-
mand; VERDERBER, Robert J., NAA—Rockwell/Space; WALL,
Carl E., Philco-Ford; WEIL, Raoul B., Monsanto; WEIRMEIR,
Amold V., Canadian Armed Forces; WERNTZ, Theodore L.,
Brookhaven Lab.; WILLIAMS, Malsolm E., Scientific Data
Systems; WISE, Harry D., UNIVAC; ZIMMER, Karl J., Bur-
roughs Corporation; ZINN, Alfred G., Department of
Defense.
NEW STUDENT

LaPLANT, William P., Jr., University of Dayton.

WE WELCOME THE FOLLOWING SUSTANING MEMBERS:

CBS LABORATORIES, Stamford Connecticut

D. Allison, John Maniello, J. K. Moore

THOMAS ELECTRONICS, INC—Wayne, New Jersey
Michael Beasty, M. L. Chater, H. A. Ketchum, Peter Seats,
Ben Sitticase.

MAST[El

a0 i 5
flm °
loop proiectop

« 100, 200, 300 frame capacity

e choice of controls: dual dial,
push buttons or computer

e 3.5 sec. max. to project any one of 100 frames
e 10"x15” rear projection daylight screen

Phone Collect 319-326-0141

MAST DEVELOPMENT
COMPANY

ID-JA 2212 E. 1214 sT. DAVENPORT, |0WA 52803
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MOV GIVES
RADAR A
NEW LOOK

M-OV introduces some of the
most advanced P.P.1. tubes for
new radar applications.

Take a new look at these
brilliant features:

s narrow angle deflection
% flat face

% transistor drive

# high brightness

% narrow neck

s aluminised screen

% electrostatic focus

Screen  Deflection :r:ggle Cut-off

dia. ins. angle® voltage kV A%
F16-10 7 37 14 —44
F21-10 9 41 14 +45 cathode
3000R 12 40 16 +65 cathode

4100R 16 50 16

For new catalogue with full specifications of
M-0V cathode ray tubes range, write to:

—|—65 cathode

Genalex

THE M-O VALVE CO. LTD.

Principal U.S. Distributor: Metropolitan Overseas Supply Corporation.

468 Park Avenue South, New York 10016 Area 212 Phone: Murray Hill 6-2120
Also area representatives in most major centers

M-O V RADAR TUBES
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National Technical
Conference

CALL FOR PAPERS
The objective of this conference, to be held in New
York City at the Waldorf-Astoria on November 25th
and 26th, 1968, is to provide a valuable and rewarding
experience by the stimulation of thinking through:

TECHNICAL PRESENTATIONS

Interesting ideas and concepts are invited in papers
that will be of general interest—as short as possible
but as long as necessary—that get information across!

TUTORIAL PAPERS

Meaningful presentations are desired which will pro-
vide insight and understanding to specialists of other
disciplines in the display field.

PANEL DISCUSSIONS

Verbal discourses on important trends or discussions
of future needs and requirements would be most wel-
come—short presentations followed by questions and
answers.

DEMONSTRATIONS
Space will be provided for individual or company de-
monstrations—papers on these interesting devices or
systems are encouraged.
Please send a one page typewritten abstract along
with your name, address and telephone number
by Aug. 5, 1968 for selection to:
William M. Hornish
Western Union
82 McKee Drive
Mahwah, New Jersey 07430

CALL FOR DISPLAYS

In conjunction with the SID 1968 National Technical
Conference at the Waldorf Astoria, New York City, on
November 25, 1968, SID issues this call for demonstra-
tions.

SID will provide the space and power, free, to those
who wish to demonstrate new ideas to other profes-
sionals who are primarily engaged in the display field.

The demonstrations need not be sophisticated or
product engineered—"bread board” operating models
and “cellar projects” are perfectly acceptable. No ad-
vertising will be permitted other than a table top sign
with the sponsoring company or individual’s name
imprinted on it.

We encourage individuals and corporations to take
this opportunity to present new product development
to those men who are working in the same field and
to those who will be specifying display devices in
future systems.

For further information and space allotments, phone
or write:

Richard DuBois
Wagner Electric Corporation
Tung-Sol Division
200 Bloomfield Avenue
Bloomfield, N.J. 07003
201-748-8700

INFORMATION DISPLAY, July/August 1968

Call for Papers—

MAN'S ENVIRONMENT.

Aerial view of Marriott Twin Bridges Motor Hotel,
site of MEDIA.

The Washington, D.C., Chapter
Society for Information Display
Invites You To Attend
the
Tenth Annual Symposium
MEDIA
Man's Environment: Display Implications & Applications
May 27, 28, 29, 1969
Marriott Twin Bridges Motor Hotel
Arlington, Virginia

Tutorial and research papers are solicited. Papers should
(a) identify specific aspects of man’s environment in
which Information Display can produce vital benefits
and (b) consider man in his environment and the actual
and probable improvements which can be engendered
through the intelligent and imaginative applications of
information display technology. The MEDIA Symposium
theme paper is available from SID, P.O. Box 187, Ken-
sington, Md. 20795. Five draft copies and five copies
of a 100-150 word abstract are due before December
15, 1968. Submit to: H. T. Darracott, 3325 Mansfield
Road, Falls Church, Va. 22041.

R T

Lewis Blair, left, Media Symposium Chairman, receives welcome
from Marriott Hotel Convention Manager William Emery.

INTRODUCING THE
- NEW ULTRA-HIGH
RESOLUTION
I-4238

Spot Profile of the L-4238
made with a Celco PC Analyzer.

Calibration is 0.0005" /cm.

The new Litton L-4238 is a 5", 40°
electromagnetically focused and
deflected cathode ray tube devel-
oped for high resolution film scan-
ning and recording. The spot profile
shown above presents a true exhibit
of the L-4238's exceptional spot
size capability —0.0007" at the
50% point.

The L-4238 employs the same
high efficiency, low noise phosphor
screen normally used in the Litton
high resolution CRT family; a
screen which is well known for its
high light output.

For more information on the
L-4238, or a complete catalog
describing Litton Cathode Ray
Tubes and Accessory Equipment,
contact: Litton Industries Electron
Tube Division, 960 Industrial Road,
San Carlos, California 94070.
(415) 591-8411.

At WESCON visit our booth 3001.

LITTON INDUSTRIES
ELECTRON TUBE DIVISION

INFORMATION DISPLAY, July/August 1968
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DELAY BARRIER
SHATTERED!

The LP 300

e

Integrated Solid State Light Pen

Featuring:
@ All Solid State
Less Than 300 Nanoseconds Response Time
@ Touch Actuated Switch
@ Finder Beam
@ 100 Mil Or 20 Mil Resolution

INFORMATION CONTROL CORPORATION

=

1320 EAST FRANKLIN AVENUE, EL SEBUNDO,CALIFORNIA 80245 / [213) 322-6830 / TWX (910] 348-6672
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All readouts
look the same

Whether it's the well-known tube, one of several rear projection systems, EL,
or even Dialight's in-plane seven-segment readout, you can't tell the differ-
ence when it's off. There's one way you can really see the difference. Send us
the coupon on the adjacent page and borrow a Dialight demonstrator unit.

DIALIGHT

Circle Reader Service Card No. 34

ID Products

Counter/Display Multidecade

|.C. Decimal

Instrument Displays Inc., Danvers, Mass.,
manufacturers of digital display units, an-
nounces the availability of their Mini-diget
DCU, to their counter/displays with memory
and Binary Coded Decimal output. The Mini-
diget DCU series of decimal counter/displays
is claimed to provide a self-contained package
built around miniature cold-cathode display
tubes. These counters accept series pulse train
input and count up to rates in excess of 2
Megahertz. Binary coded decimal output for
further system operation is a part of the dis-
play. The counter/displays are available in 2
to 9 decade display packages.
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Infrared Emitter

Monsanto Electronic Special Products Divi-
sion, St. Louis, Mo., has introduced the M120-
C1 semiconductor infrared emitter designed
to match the peak spectral sensitivity of silicon
detectors. The emitter is a p-n diode chip
made of gallium arsenide mounted on a
TO-46 header. A high epoxy lens protects the
chip and serves to collimate the radiation. The
M120C1 radiates 1.5 milliwatts at a sharply
peaked wavelength of .9 microns when the
diode is forward based above one volt at a
current of 100 milliamperes. The power offers
an improved signal to noise ratio and design
flexibility when used as a companion light
source for a silicon detector where semicon-
ductor rates are required. Typical applications
are said to include: card and tape recorders,
optical shaft encoders, high voltage isolation
switches, photo choppers and collimator.
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Deflection Yokes

CELCO, Mahwah, N.J., is now offering certi-
fied performance in its FD428 deflection yoke.
Designated Deflectron 11, this yoke is intended
for precision displays with high resolution
readouts utilizing Cathode Ray Tubes with
spot diameter capabilities to less than .001
inch. According to the company, certified per-
formance is defined as the results of actual
measurements of specific parameters such as
spot size, spot growth, alignment pattern, as-
tigmatic ratio and spot size figure of merit.
A Certificate of Performance including test
conditions and test results will be issued with
Deflectron 1.
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Rectangular Shields

Amuneal Manufacturing Corp., Philadelphia,
Pa., has introduced Rectangular Shields for
cathode ray tubes (Types 3XP, 35P, 3ASP,
3AHP, 3AYP). Units are claimed to be form-
fitting to the contour of the CRT bulb; shields
are of three-piece, die-formed construction.
They can be supplied in four choices of
mounting configurations, either with or with-
out tube support clamps. All Amuneal CRT
Shields are hydrogen annealed, after manufac-
ture to restore and insure the optimum mag-
netic shielding properties of the metal.

Circle Reader Service Card No. 38
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X-Y Recorder

Texas Instruments Inc., Stafford, Texas, has
announced production of an X-Y recorder.
Designated the Contour/Riter || Recorder, the
unit is stated to have four-pen versatility for
multiple X-Y plots, with repeatable accuracy
(0.25%) in TI's null-balancing potentiometric
drive. Overlapping pens and reversible charl
drive combine to make the recorder a “pro-
filing” device, suited to unattended recording
of numerous types of process runs, analog
traces of computer results and experimental or
production test regimes. Other interesting ap-
plications are stated to be: pressure vs. vol-
ume, antenna radiation patterns, and analysis
of hysteresis loops typically encountered in
stress analyses and evaluation of electronic
components.
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Voltmeter

Ross Engineering Corp,, Saratoga, Calif.,
offers a high voltage Hi-Z portable voltmeter,
high impedance, solid state for accuratée mea-
surement of AC voltages on cables, cable
capacitance taps, and high impedance sources.
Range from .001 volt to 25,000 volts for both
line to ground and differential phasing. Co.
claims it is also useful for voltage presence in-
dication by means of antenna probe or ex-
ternal contact of semiconductor cable shield-
ing and for measurement of voltage
differentials from ground or shield currents
originating from loads or faults.
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Subminiature Indicator Light

A subminiature indicator light that can re-
duce size of panels and consoles is -now avail-
able from Marco-Oak Division, Oak Electrof
Netics Corp., Crystal Lake, Ill. The 1-in. over-
all, .340-in. diam indicator uses flange base
T-1 lamps. It is offered with domed or flat
cylindrical high impact plastic caps and is
available in all conventional colors, either
transparent or translucent. All operational and
environmental requirements of MIL-L-3661 are
met by the subminiature units, which also have
resistance to vibration and shock, according to
the manufacturer.
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Desk Top Information Display

Raytheon Company, Lexington, Mass., is now
manufacturing the DIDS-400, digital informa-
tion display systems. New England Mutual Life
Insurance Co., Boston, Mass., is now using the
systems for desk top information display to
provide visible access to policyholder informa-
tion. The firm claims the DIDS-400 provides
direct interface between operator and com-
puter. The data transfer is under operator and
computer control, and can be returned for dis-
play on a &’ by 9" screen, where it can be
analyzed, updated, and returned to the com-
puter for further processing. According to the
company, the DIDS-400 terminals are all solid-
state and use integrated circuits; and as many
as 1040 characters can be displayed at one time
on the screen.
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Microminiature Lamps

Pinlites Inc., Fairfield, N.J., now offers a mod-
ular strip incorporating incandescent lamps.
STACK-LITE 75 is a narrow strip of molded
plastic (.075” wide) in which microminiature
lamps (Pinlites) are spaced .075 apart to form
an integral unit. These strips can be supplied
in any length (within reason) as an inline dis-
play for such applications as meters, gauges,
speedometers, etc. (particularly where the
ambient lighting is poor). STACK-LITES can be
stacked (as building blocks) for matrix appli-

cations. Figures, symbols, and letters can be
formed by energizing the appropriate lamps,
according to the company.

The firm offers the customer a selection of
any of its standard lens style or flat top style
lamps as a part of the assembly, i.e.—5 ma.
to 35 ma. at 1% volts. At this rated voltage
the life expectancy is 10,000 hours, These
units can be wired directly into associated
circuitry or can be plugged into a matching
connector also supplied by P.I.
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DIALIGHT CORPORATION

call. No obligation.

0000000000000 0000000000000C00RCROORROROOO0R0R00PR00PPRRORREOORARORRORGD

60 Stewart Ave., Brooklyn, N.Y. 11237

Yes, I'd like to borrow a demonstrator unit. Have your representative

My readout application is

Name Title

Dept. Phone
Company

Address

City State Zip

00000000000 00000000000000000000000000000000000

DIALIGHT

00200000 C000000000000OTROR000000R0000000000000

..until theyre

turned on.

What a difference! Try walking back 10 feet, 20 feet . . . even 30 feet. No
trouble with the sharp, bright, 1-inch high numerals of Dialight readouts even
from extreme angles. Modules as low as $3.99 less lamps in 1000 lot quantities.
Send coupon to borrow demonstrator unit shown here and see for yourself.

DIALIGHT
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NINE FURTY

Can a
fine fine-scan
camera be
sold at a low, low
price?

YES. At a cost roughly half that  And only the versatile Packard
of comparable cameras, the Bell PB940 offers you a choice
PB940 offers unmatched value of these three options:

for microscope work, docu- * Crystal-controlled random
ment reading, data transfer, inferlace at 1 of 5 scan rates.
quality control. You get: « External EIA drives in full
* Positive 2:1 interlace at 875 compliance with RS170.

or 525 scan rates as = * Remote control.
standard equipment. Write today for full
s Class A separate information and
field mesh vidicon prices on the
as std. equipment. PB240 camera. r.es

e )
220 [B] Pockard Bon

m————
THE VALUE LINE

Packard Bell

449 Lawrence Drive, Mewbury Pork, Calil. 91320, Tel: (805) 478-6601
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New Literature

Versatility of Digital Plotting
System

A tweleve-page brochure from Milgo Elec-
tronic Corp., Miami, Fla., illustrates a variety of
applications for the DPS-6 Digital Plotting Sys-
tem. In its second edition, the brochure shows
the use of plotters applied to fields as diversi-
fied as civil engineering, finance, marketing,
and construction. Included with the system are
an X-Y plotter, an input source and support-
ing software.
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Quarterly House Organ Covers
Lighted Switches, Indicators and
Warning Systems

A quarterly external company publication
called the MSC ILLUMINATOR has been intro-
duced by Master Specialties Company, Costa
Mesa. According to the company, this new
publication will provide detailed material on
information display and control devices. Pro-
ducts covered will include lighted pushbutton
switches, word-indicator lights, and fault warn-
ing systems and annunciators. Information will
include new product and accessory announce-
ments, application ideas, and specialized tech-
nical data.

The first issue, just released, details a new
audio/visual annunciator system called AVA
that combines the standard lighted word-in-
dicator with a corresponding pre-recorded
voice message into one, compact package.
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Digital Displays Booklet

A tweleve page booklet covering some state-
of-the-art advancements in illuminated digital
displays has been published by the Tung-Sol
Division of Wagner Electric Corp., Newark,
N.J. Titled “The Second Generation Optimum
Contrast Digital Contrast Digital Displays”, it
discusses three major develonments which have
improved performance of illuminated bar read-
out. The booklet also contains a description
of the system characteristics of the Tung-Sol
readouts

Circle Reader Service Card No. 48

Easy-To-C Program Computer

Clary Datacomp Systems, San Gabriel, Calif.
has published an eight-page brochure describ-
ing digital computing equipment. Model DE-
600 computer can be used either as a calcu-
lator or as a decision-making digital computer.
Included in the brochure are solution times
for such problems as third-degree polynomial
curve fit, solution of simultaneous equations,
correlation and T-test, and compound interest.
There is also a brief summary of pre-program-
med problem-solving packages and computer
peripheral equipment available from Clary.
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Tube Housings
Pacific Photometric's 16 page catalog dis-
cusses the complete line of Photomultiplier
Tube Housings. Specifications and dimensions
are given for ten separate types of housings
which are designed to accommodate all lead-
ing photomultiplier tubes. The catalog is il-
lustrated profusely with photos and graphs.
Prices are referenced to the photomultiplier

tube which is intended for use.
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Data Sheet from Raytheon

,A data sheet describing the CK1905 Datavue
tube is available from Raytheon Co., Lexington,
Mass. The CK 1905 is stated to be a gas-filled
cold-cathode, numerical indicator tube, using
a common anode, ten cathodes in the shape of
the numerals /0" through “9” and an integral
decimal point. Designed for use as a direct in-
line side-view readout device, the tube is
stated to be suitable for basic counter and
computer circuits.
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EECoSwitch Catalog

A fifty-four page catalog from EECo, Santa
Ana, Calif., describes the complete EECoSwitch
line of Rotary Thumbwheel Switches. Included
in the fully illustrated catalog is 16 pages of ap-
plication information describing how to select
and use EECoSwitches. A special section also
describes the environmental and “human engi-
neering” factors which should be considered
for various applications.
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Computer Graphics
System Bulletin

Systems Engineering Laboratories Inc., Ft.
Lauderdale, Fla., is making available a product
bulletin on the SEL 816A Computer Graphics
System. The bulletin describes applications,
specifications, functional description word for-
mats, and customer sevices.
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High-Speed Camera Accessories

A broad range of electronic, mechanical,
and optical accessories is listed in the Red
Lake Laboratories, Santa Clara, Calif., publica-
tion ACC-1167. Primarily oriented toward the
operation of Hycam equipment, the 150 refer-
enced items include products having general
application as well.
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BI/SCAN Brochure

A four page technical specification on the
BI/SCAN is now available from S. Himmel-
stein and Co. The literature includes function-
al diagrams of the scanning system, descrip-
tion of the scanning technique, detailed in-
pul-output characteristics, etc, In addition, the
brochure contains the description of the 'scan-
ning head” technique which BI/SCAN utilizes
to convert transient data into a stable, period-
ic signal suitable for use with Spectrum Ana-
lyzers.
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NORTHERN CALIFORNIA FIRM
SEEKING OPTICAL ENGINEER

15 - 16 K per year — with four
years experience in electro optics,
a good knowledge of photographic
engineering, densitometry and laser
technology and have electronic
electromechanic background.

Send resume in complete confi-
dence to Box 120, Information Dis-
play, 647 N. Sepulveda Blvd., Los
Angeles, California 90049.
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NEW
VISIBLE LIGHT
EMITTING DIODE

with a brightness

of 450 footlamberts

|

(Actual Size) (Actual Size)

Model MV10A Model MV10B

Forward bias (I:=50ma) 1.65 volts 1.65 volts
On-off cycle time 10 nsec 5 10 nsec a
Wavelength range 6500-7000A 6500-7000A
Brightness (I:=50ma) 115-300 ftL 115-450 fiL
Price (in lots of 1000) $4.00 to $18.00

From film annotation to panel indicators, Monsanto’s visible LEDs
deliver solid state reliability, miniature size, low power consumption.
And they're available off the shelf. '

Other Monsanto Optoelectronic Devices

Infrared LED MI20B — 200 microwatts radiated power
MI20C —1.5 milliwatts radiated power
Lasers ML30C —0.5 watts peak power output

Arrays MA10A —alpha-numeric visible array

Monsanto

ELECTRONIC SPECIAL PRODUCTS
800 N. Lindbergh Blvd., St. Louis, Missouri 63166 / (314) 694-4639 or 4642

Interested in career opportunities? Send resumé to Manager
Professional Recruiting. An equal opportunity employer.
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SID Sustaining Members

ADAMS ASSOCIATES
Bedford, Massachusetts

AEROSPACE CORPORATION
San Bernardino, California

CBS LABORATORIES
227 High Ridge Road
Stamford, Connecticut

GRAPHIC SYSTEMS DIVISION
Computer Industries Inc.
14761 Califa Street

Van Nuys, California 91401

BUNKER-RAMO CORPORATION
Canoga Park, California

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

CELCO
(Constantine Engineering Labs. Co.)
Mahwah, New lersey

COMMUNICATIONS & ELECTRONICS DIV.
Philco-Ford Corporation

A Subsidiary of Ford Motor Company
Willow Grove, Pennsylvania

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

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

GENERAL ATRONICS CORPORATION
Electronic Tube Division

1200 East Mermaid Lane
Philadelphia, Pennsylvania 19118

HUGHES AIRCRAFT COMPANY
Culver City, California 90230

HUGHES AIRCRAFT COMPANY
Vacuum Tube Products Div.
Oceanside, California

IBM CORPORATION
Armonk, N.Y.

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

RADIATION INC.
Melbourne, Florida

STROMBERG CARLSON CORP.
Data Products, San Diego, California

SYNTRONIC INSTRUMENTS INC.
100 Industrial Road, Addison, Illinois

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

TRANSISTOR ELECTRONICS CORPORATION
Minneapolis, Minnesota

voltages, etc.

Manufacturers of:

EDP CORPORATION DISPLAYS

Readability “par excellence”

The only numerical display featuring:

All metal housing... L-0-N-G life lamps
Maximum reading distance and viewing angle

All units are available in choice of colors, mounting style,

All units can be supplied completely wired with BCD to
seven level translators or as modules.

Also write us for our new low cost commercial version.

tDP Corporation
1900 N. Mills Ave., Orlando, Fla. 32803
(305) 241-5324

Timing systems Test & Checkout Equipment
Timing modules PC Asemblies
System ancillories Subcontract and Prime Contracts
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Beta - graphics ™

HARD-GOPY
CRT PRINTER

MODEL HCE10

PRODUCES 8%2 X 11~ PRINTS OF COMPUTER-GENERATED GRAPH-
ICS AND ALPHANUMERICS IN SECONDS . . . COMPLETELY DRY (NO
LIQUIDS USED).

Model HC610 is designed to be interfaced to a computer, coupled
to a display controller or slaved to any graphical computer display.

The Betagraphics Printer is a random-access X-Y device, featuring
high-speed magnetic deflection, geometry correction and dynamic
focus. Full format settling time is less than 12 microseconds,
point-plotting rate is 500,000 points per second, line-writing rate
is 2 microseconds per inch and character-writing bandwidth is
greater than 1 megahertz.

Operation is simple, with only three controls in addition to the
power switch — an exposure TIMER, an EXPOSE-DEVELOP switch
for single exposure, development and delivery, and an EXPOSE
switch for the multiple overlay or slow-buildup mode. All command
and status interface signals are available’ for remote operation.

The Betagraphics line of peripheral display devices is here, now,
to give you high guality computer graphics at reasonable prices.
We'll be happy to send you complete specifications.

Beta Instrument Gorp.

@ 377 ELLIOT ST., NEWTON UPPER FALLS
MASSACHUSETTS / TEL. 617 + 969-6510
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Beta - graphics

MIGROFILM
GRT REGORDER

MODEL MRG0G

PRODUCES HIGH-RESULUTION< 35 MM. MICROFILM HECDRDII!LG"' @
OF COMPUTER-GENERATED GRAPHICS AND ALPHANUMERICS.

Model MR606 is designed to be interfaced to a computer, coupled
to a display controller or slaved to any graphical computer display.

The Betagraphics Recorder is a random-access X-Y device, featur-
ing high-speed magnetic deflection, geometry correction of the
image and dynamic focus of the electron beam. 1500 x 1500 re-
solvable elements are produced on film in a double-frame format.
Positive fixed-pin registration provides ==.0005” frame to frame
registration accuracy. |

Operation is simple, with only two controls in addition to the
power switch — an EXPOSE-ADVANCE switch for single exposure
and frame advance and an EXPOSE switch for the multiple overlay
or slow-buildup mode. All command and status interface signals
are available for remote operation.

The Betagraphics line of peripheral display devices is here, now,
to give you high guality computer graphics at reasonable prices.
We'll be happy to send you complete specifications.

Y Beta Instrument Gorp.

@ 377 ELLIOT ST., NEWTON UPPER FALLS
MASSACHUSETTS / TEL. 617 = 969-6510
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