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Processins: List of Stories 

Stories: 
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7. Jupiter's GRS 
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Application Arpa! Medical, Anatomical, 

Splcclive disolution on CAT scan of heart. 
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Application Areal Archaeolo~ical, Art It .(Varo-P"ck -st"le cruci fiction 
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Focus: Window 

MasscolTIP 

'2. Winkler video 

'3 HF' Plotter 

') Jun~ Brannen video 
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i Juns Dfannen: architectural video 
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~~QIIO/Ment.orSraF"hics: DesiSn an alarm clock 
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J Bit.stream, dpsisnins l et.t.ers 
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GE: video of turbine blade 
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Buildin~ an Ima~e: List of Stories 

In enclosuT'e: " (\'\.~ 
./1. Blinn's ~oblet. 

J 2 • Gouraud's wife 

130 Newell's and then Phon~'s transparenc~ 
J;:. Ra~ tT'acin~: checkerboard and sphel'€~: I'eal 

ilTla~es 

I 5. antialiasin~, pencils from Cadcentre 

J 6. ea r 1 ~ t.e:·:tu re n,al'" and bump maF·· ........... 

J 7. Teapot: Ada~e, teapot and ima~es 

J 8. TerI'ain: S~mboJ.j.cs, Weidhaas, Kobrick J D~ 

-

I -----.-----~. ____ .. __ ___ _ ____ . 

8a. Fractals: ima~es (seYeral stories) and 
Tektronix 4014 + VAX 

8b. Cellular Automata : Toffoli/Multer and Wolfram 

9. Si~~raph slides + soft text on VT100+11/70: 
(put onto slides the composite seGuence for Pt 
r.:e~es ) 

:1.2. Holo~T'c~m of artificial scene Benton 

13. Holo~T'am of population Dutton 

14. Trees, Aono 
~ 

15. Adyertilin~ video 



File No: 29 

Graphics for Simulation, Education and Games: List of Stories 

1. Zoetrope 

2. Plato 

3. Education and Simulation Video 

4. Flight Simulator on NEC 

5. Macpaint 

6. PDP-l Spacewar + Spacewar by General Computer Co on the Mac 



In 1974, need ins real-world data with which to te.t COMPuter 

Methods For autoMatic reccsniticn of three-diMensicnal obJects, 

Allan Newell chose an everyday obJect, a teapot FroM his kitchen. 

AFter sketch ins seueral views of the uessel, Newell selected 

several dozen points, Measured their locations on the drawinss, 

and entered their coordinates to approxiMate the teapot's shape. 

Other OOMPuter sraphio researohers soon besan to borrow this set 

of data, usually to test their own surFaoe-renderins procedures. 

Durins the late 1970's it seeMed that no one could publish a 

paper on 3-D shaded COMPuter sraphics without illustratins it 

with an oblisatory teapot, M~de shinY, dull, Metallic, textured 

or spotted with reFlections. 

To your leFt, a oabinet houses Newell's original ceraMic teapot 

itselF, il~inated by three sets of colored lights in a 

Miniature stage set. Each light souroe's color is controlled by 

a oorresponding dial on the control panel in Front of you. On 

your right is a calor Monitor upon which an Adase 3000 display 

controller renders· Newell's original data describing the teapot 

as a SMoothly shaded iMage, with siMulated colored illUMination. 

You are invited to experiMent with lishtins both the teapot and 



its COMPuter siMulation: Seleot one of seven oolors for any of 

the three lisht sources by rotatins its dial on the oontrol panel 

to the hue you want to use. Then press the button marked 

"RENDER" to oause the COMPuter to simulate the lishtiris oondition 

you have Just created, redrawins the imase with appropriate 

coloration and hishlishtins. 

The demonstration illustrates some of the potential of OOMPuter. 

sraphics as a tool for siMulatins the lishtins of theater and 
lh \.) ",-.l Q '-?r 

Motion picture sets, which normall~ entails very labor-intensive 

and tiMe-consumins experimentation. Even with this siMPle set of 

three lisht souroes, each capable of displaYins a sinsle 

intensity of seven colors (or turned off entirely), there BPe 512 
G.1\"e. 

different lishtins effectsA possible. 

(other(~ffect~possible: rotation: texture Mappins: transparencY: 
. ". ,,_. __ _ ~ __ --.J 

bUMP mappins; variations in specularity: backdrops) 

Credits: 

Teapot: donation of Allan Newell, 1984. 

Teapot Data; donation of James Blinn, JPL, 1984. 

Display Hardware: Adase 3010 display controller and color 

Monitor donated by Adase, Ino., Billerica, Mass. 

Software: FSa and Solid 3000 software paokases donated by 

Adase, Inc. 

Software iMPlementation: Allan Sadoski, Maynard, Mass. 



COMPuter-aniMated Holographic Mapr 1978 

"AMerican Graph Fleeting" is a cOMPuter-generated aniMation of 18 

decades of population growth and change of the United States. It 

Mav be the first aniMated Map t~ be produced as a holograM. To 

generate the iMageSr census count. of population bv countv were 
- . 

mapped as surfaces, with their h.ight proportional to population 

densitv. One surFace was cOMPuted for each vear durins the period 

1790 to 1970; this set of 181 Maps was shot a~ a lS-MilliMeter filM 
. - . 

aniMation, which was then oPticallv transformed into an asseMblage 

of minute holograms. Each of the 1,000 fraMes in the 45-second 

se~uence occupies a thin vertical strip on the holograM Mounted 

inside the plastic cvclinder. This "Multiplexed" or "integral" 

holograM ForMat, invented bv Dr. Stephen Benton of Pola~oid, can be 

used to exhibit anv filM clip without the rieed 'or laser light to 

displav its contents. 

Produced by GeoFfrev Dutton, Laboratorv For COMPuter Graphics and 

Spatial Analvsis, Harvard Universitv. MuseUM purchase. 
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(A~ 
Upon enterins The :&'fioIi!O!LD::r MUgeuM, YOU walked throush ~ ~ 
~l,.acuuM·-tube COMPuter, built For the U.S. Air Foroe 

tv.. ~ 
• lteUoJee", 1958 a-m:r--tS&2."'-De9isned For real-tiMe air deFen 

.c::a-.;:;..,--- -. 
~sag~'~r he SeMi AutoMatic Ground 

~ OOMPuter Featured the First operational Uge of interactive 

COMPuter srap~~ Each :§ib 'Iu (""en) SAGE sitesC~ed ~t ~ 
~~ ---------=---

9~a ~~n of North AMerican airspace. FroM their 

consoles the SAGE operatpr9 could identiFy and Follow all 

aircraFt wit h i nth e i r·~ , . t; e . n d 1-1l1li7 A..D 

. ~ tNt'" ~ fMLc{ ~p~ OJAJ ~ f/v-m ~ 
t YPlns. ~f\no k yboard9~~eie iRsluded 

i-R the SASE eeilstfi..eSlt\ all interaction wa9 throush pointins at 
~ 

inForMation on the 4aABele displays and settins switches. The 

interactivity and resolution of this workstation reMained 

unMatched by cOMMeroial sraphios SysteMS until the early 1970's. 

Each SAGE site had several dozen operator's oonso1es di9playins 

data on 20-inch cathode ray tubes (CRTs) like the unit 9hown 

here. Operator9 viewed line drawinss of ooa9tline9 and radar 

blips coverins their seotor9 of airspace. InForMation about 

aircraFt and their Flisht paths oould be called UP by pointins to 



a blip with a lisht sun and flippins switches to indicate the 

type of inforMation desired. such as aircraft identifiers. 

COMPass headinss. velocities and destinations. 

This input device was used by SAGE console operators to interact 

-------with radar data. It is one of the earliest uses of the lisht pen 

arrd MIT's T)( 0 CBf'lIPute-'P-h The active portion is ~ a tube 

containins a photosensitive eleMent Mounted behind a lens. 

Pointins the sun at a~\ spot of light on the screen and press ins 

its trigser caused the device to senerate a pulse; the prosraM 

Monitorins the light 

position of the beaM 

sun would then look UP the current~ 
S(~ 

on the ~y. By Matchins this location 
1 

to one in the list of coordinates currently beins displayed. the 

COMPuter could identify the object selected by the operator. 



Computer Graphics Technology 

Computers need special input devices to take in 

postional information, and special output devices, 

capable of rendering pOints, lines, color and shading 

in order to draw images. Some of the many unique input 

and output devices invented over the past twenty-five 

years are displayed here. 



SAGE Graphics 

Upon entering The Computer Museum, you walked through 

the AN/FSQ 7 (SAGE air defense system) computer. This 

machine represents a milestone in the use of interactive 

computer graphics. From their consoles the SAGE 

operators could identify and follow all aircraft within 

their region through pointing at information on the 

screens and setting switches, with no need for typing 

commands. The interactivity, resolution and reliability 

of the 1958 SAGE system remained unmatched by all but a 

few commercial graphics systems until well into the 

1970's. 



SAGE Cathode Ray Tube, Hughes Charactron, c. 1958 

Each SAGE operator console displayed data on a 20-inch 

cathode ray tube (CRT) like the one displayed here. 

On their screens operators viewed continuously updated 

radar blips of planes on a regional map. Information 

about aircraft and their flight paths could be called up 

by pointing to a blip with a light gun and setting 

switches to indicate the type of information desired, 

such as flight identifiers, compass headings, velocities 

and destinations. 

SAGE Light Gun, IBM, 1958 

This input device was used by console operators to 

select aircraft displayed on their screens -- one of the 

earliest uses of the light pen. Its active portion is a 

tube containing a photosensitive element mounted behind 

a lens. Pointing the gun at a spot of light on the 

screen and pressing its trigger caused the device to 

generate a pulse; the program monitoring the light gun 

would then look up the current position of the beam on 

the screen. By matching this location to one in the 

list of coordinates currently being displayed, the 



computer could identify the object selected by the 

operator. 



Storage Tube Oscilloscope, Tektronix Model 564, 1955 

An oscilloscope is an electronic instrument which 

displays electrical signals graphically. The Tektronix 

564 was the first oscilloscope to incorporate a display 

that could freeze rapidly changing waveforms on the 

screen, the direct view storage tube (DVST). Images are 

stored as patterns of electrical charges on a metal grid 

behind the face of the tube. The screen itself thus 

remembers the image -- no external memory is required. 

Here the Model 564 is displaying sound signals being 

generated by the microphone in front of you. Speak or 

whistle into the microphone to create waveforms on the 

screen. 



Sectioned Direct View Storage Tube, Tektronix 

The Tektronix Model 564 storage tube became the basis 

for a generation of vector display terminals, such as 

the ARDS terminal and the Tektronix 4000 series of 

terminals. Like a mechanical pen plotter, a DVST draws 

points or lines, leaving a trace of light on the face of 

the tube wherever the beam has drawn. The screen itself 

remembers the traces, without requiring the computer to 

redraw them. To erase an image, the screen is flooded 

with electrons; this causes a brief but bright flash of 

green light, followed by a pause of a second or so as 

the screen stabilizes. Although a DVST can draw fast 

enough to create the illusion of movement, the "green 

flash" effect when erasing the screen makes it 

unsuitable for dynamic displays. 



Plasma Display Panel, IBM, 1984 

Plasma displays are light-emitting raster display 

screens, as are video cathode ray tubes (CRT's). 

Unlike CRTs, however, they are true flat panel 

displays. Lightweight, thin and rugged, plasma panels 

are suitable for use in vehicles and portable 

computers. They contain a transparent plate etched 

with a fine grid of holes, sandwiched between a pair of 

transparent layers. The holes in the grid are filled 

with low pressure gas, which emits points of light when 

activated by electrical impulses directed at them 

through a grid of fine wires. Once lit, a cell remains 

glowing until it is deliberately extinguished. Each 

cell in a plasma display, therefore, can "remember" its 

(on or off) state, like the screen of a storage tube. 

Unlike storage tubes, however, plasma panels can be 

selectively erased, pixel by pixel. 



Drawing Vectors 

To locate the positions of points and lines, display 

devices divide their screens into a fine grid of 

squares, like invisible graph paper. One corner of the 

grid is called the Origin, and has the coordinate 

position of (0,0). The opposite corner marks the 

horizontal and vertical limits, and typically might 

have coordinates of (1024,780). One draws lines 

(vectors) by sending the device their endpoints, as a 

list of number pairs in the order in which the lines 

are to be traced. This is somewhat like communicating 

instructions for a connect-the-dots game over the 

telephone. 

You can get a feel for drawing shapes using pairs of 

coordinates by simulating the process on this 

Etch-a-sketch tablet. The left-hand knob controls 

horizontal movement, the right-hand knob vertical. To 

draw in those four directions is simple, but to draw 

diagonally requires considerable coordination. Vector 

display devices do so by varying the relative speeds of 

horizontal and vertical motion according to the angle 

at which they are drawing. 



Input Device Text: by GHD 9/26/84 os: KS: GD: 

Input of Graphic Data 

Computers can build up graphic images by combining simple 

objects such as cubes, spheres and cylinders into more 

complex shapes. Most real objects, however, are too 

irregular to be convicingly described this way. To 

capture their shape, they or drawings of them must be 

traced by hand, yielding points, lines and areas in the 

form of numerical coordinates. This process is known as 

digitizing. A variety of devices for the input of vector 

data are displayed here. In general, they measure 

distances down and across a flat surface (although several 

work in three dimensions), generating a series of 

coordinate pairs as one traces drawings or objects. Not 

shown here are devices which digitize images in raster 

form, such as video cameras. You can see one in action at 

the "Anatomy of an Image" exhibit by the gallery entrance. 



Light Pen, Interactive Computer Products, 1984 

Light pens are used to locate, draw and move objects 

displayed on video terminals. Working on the same 

principal as the SAGE Light Gun, they are one of the 

simplest input devices. They are also one of the most 

interactive; graphic feedback is usually immediate, and in 

the same location that one is pOinting. Light pens allow 

freehand drawing, as demonstrated originally by 

Sutherland's seminal "Sketchpad" system created on MITis 

TX-2 computer in 1962. 

Donated by Interactive Computer Products, Inc. 



Rand Tablet and Stylus, Rand Corporation, 1962 

The Rand Tablet was one of the first devices for the input 

of freehand drawings. Its pen-like stylus sensed pulses 

of electricity coursing through the tablet's fine grid of 

conductors, fixing a position within one one-hundreth of 

an inch across the tablet's 11-inch square surface. The 

user could enter lines or positions by pointing and 

enter their coordinates by pressing down on the stylus. 

Donated by the Rand Corporation, 1984. 



BitPad One, Summagraphics Corporation, c. 1975 

The digitizing tablet became a common component in 

interactive computer graphic systems during the 1970's. 

The Bit Pad One by Summagraphics is representative of the 

range of page-sized tablets used in many graphic 

workstations and as accessories to microcomputer systems. 

It is capable of distinguishing points as close as two 

thousandth of an inch apart across its II-inch surface. 

Donated by Summagraphics Corporation 



Transparent Digitizing Tablet, Scriptel Corporation, 1984 

Rather than reading out locations from a grid of wires, 

this digitizer measures resistance across a conductive 

layer deposited on glass, producing a totally transparent 

digitizing surface. Transparency lets users place artwork 

or menus under the tablet, protected from being torn or 

stained. The tablet can also be laminated onto the 

display screen of an interactive workstation, or backed 

with frosted glass onto which slides can be projected for 

tracing. 

Donated by Scritpel Corporation, 1984. 



"Intelligent" Digitizing Cursor, Altek Corporation, 1982 

The manual digitization of artwork such as electical 

schematics, mechanical drawings and maps is exacting, 

error-prone work. This Altek Apache scanning cursor was 

the first digitizer cursor capable of correcting for small 

errors in tracing lines. Its one-tenth inch "bullseye" 

contains a photosensitive array which senses the edges of 

lines being followed. The operator only has to keep the 

bullseye on the line being followed, and the cursor's 

electronics can compute the center of the line to an 

accuracy of two thousandths of an inch. This enables most 

operators to use the full accuracy of their digitizers, 

generate fewer serious errors and suffer much less 

fatigue. 

Donated by Altek Corporation, 1984. 



Crystal Globe, MIT TX-O Computer, 1963 

In 1963, MITis Electronic Systems Laboratory created a 

graphic display system, nicknamed "Kluge". This was 

the first interactive graphics workstation, one which 

allowed both input and output of geometric information. 

This "crystal globe" was the input device -- an early 

prototype of what has come to be called a joystick 

control. Instead of moving a lever, however, the user 

grasped a clear plastic hemisphere, pushing and rotating 

it. Like a joystick, its main use was to indicate 

directions and rates of movement; this permitted users to 

move objects around on the TX-O display, and to orient 

them in three dimensions. 

Twisting the ball activated different switches organized 

in three groups of four, one group for each axis of 

rotation. Seven different positions could be sensed along 

each axis, allowing 343 unique positions to be encoded. 

Donated by John Ward, Massachusetts Institute of 

Technology. 



Space Tablet, Micro Control Systems, c. 1980 

As Computer-aided Design (CAD) techniques became prevalent 

in mechanical engineering, the need to digitize the 

shapes of 3-dimensional objects became commonplace. 

Digitizing even a small mechanical part is difficult if 

the input device can record only 2 dimensions at a time. 

This instrument uses one of several approaches to 

measuring the shape of small objects. Each joint of the 

digitizer's arm houses a high-precision potentiometer 

which senses the angle between the arms meeting there. 

Knowing these angles, the lengths of its arms and a little 

trigonometry, the Space Tablet can calculate the 

3-Dimensional coordinates of the tip of its stylus, and 

send this information to the computer. 

Donated by Micro Control Systems, Inc., 1984 


