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This paper gives a technical description cf various

computer graphics programs developed on the Sigma 7 computer.
Terminals used are the Adage 100 and the Tektronix 4002-4010.
Commands are Metasymbol rrocedures which access Metasymbol library

subroutines;

programs can also be coupled with FORTRAN programs.

Available, Inexpensive graphic terminals are reviewed. Relatively
minor changes are required to adapt the coding to terminals using
different graphic coding. Graphics software is discussed, and the
apolications of graphics to teaching physics is emphasized. (RR)
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atstract

This paper describes grephics programs using the Adage ARGS

100 or Tehuronix £002-4010 Terminals, developed for BT and

UTS ca the 3igma 7. As with previous software.develcpment on
his 2reliech, grarniic conmznds are ¥atasymbol procedures which
access Motasymbol library subroutiues. Prograns can be coupled
with ZCRTEAN prbg“ars. Exemples of the commands available and

. 5f grazhiec usage in teacning enviroaments are discussed.
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software, and finally I will mention our applicaticas ¢f grap

in teaching physics.
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otner memory is nceded for refreshing the picturc. The disad-
vantages are that selective erasing is not possible, and e:ésing
takes one-half second. So we cannot show éynamicélly changing
materiai. 3Both of the terminals wé have used in our project,

the ARDS 100A and the Tektronix 4002, are of this tyvpe. Several
others are available, including the Computek and.the Conographic.
A spectacular price break recently occurred with the Tektronix

announcerent of the 4010, which sells in guantities of one for

$3,5850.

The Princeton Electronics Terminal is a second type of terminail,
fased on a selectively erasable nmemcry tube. Its one-inch storage
tuze couples to a TV screen by meaas of a scan converter. The

tube can alsc carrv TV material. This %ferminal seems very pro-

- -

mising, but I don‘t know how reliable it is.

A thiré inexpsnsive graphic terminal is based on the plasunz diSf
play panel, as developed by Project Plato (University of Illinois)
and Libby-Owens-Ford. So far no Plato terminals are available

for general purchase; only one exists at the present moment within
ithe project. But large nunkers are Said to b2 forthcoming soon.
The scurce of iight is a plasma discharge at individual point.

The electrcnics ¢f tiie display provide an irherent interaal mem-
ory, aind & point c¢zrn be turned off as well as on. The terminals
currently beiag precduced require a2 20+bit byte for input, and so

wouléd not be suitable for general purpose computers.
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A fourth inexpensive graphic terminal uses local refresh momory,
e¢nd perhaps internal processiné capabilitics;: the Imlac has a
mini-computer with memory as ﬁart ofi the terminal. Aas reflreshing
must be dcne from local nemory, the amouni of materizi that can
be displaved is dependent upoa hcw much memory is present an

how much terminal prcairamming is used.

Another strategy is to use a disk to refresh a nurker of termi-~
nals, usnally TV sets with keyboards. The cost of one "terminal
is large, but when the disk can be prorated to many terminais,

the cost is reasonable.

Given these competing technolcgies, the user is in a Zortunate
position. This competition promises us better anc cheaper
graphics in the next few v2ars. The Tektronix 4010, mentioned
above, is already cost—compétitive yith the better haxdcopy and
alphanumaric CRT terminals.

Grapaicss in BTM and UTS

terminals under either BTM or UTS on the Sigma 7. none cen effi-
ciently ke used for graphics without system changes. Th2 basic

problen is that poth timesharing systems are alphanumeric in

. orientation, assuming that they are sending characters out, waile

the terminals must have carefully coastructed corkinatlions of
eight bits, sent out just as is, in order to draw iines. To

nformation are

[N

spacify a point on the screen, four bites of



usually scnt. These are structured in the sofitware to give a

13-2it ¥ and & 10-bit Y, plus auxiliary information such as
L. . . L . S Terminal
wnet«2r the bcam is on or oif, whether the line is dasned, et

- . - - through C-
(Cenerelly several graphic modes are possible.) Hence the pro-

- . as with 37
gram must be able to send out any 8-bit code. -

The 3igma timesharing systems place several obstacles in the way

s <. . — - . Ouxr strat
of getting such graphic ouiput. Internal-codes are EBCDIC while

: - -~ s e oqs ca s a special
terminal codes are ASCII. Hence the monitor, thinking it is

be dor.e.
dealiang with choracters, "translates" from one ccde *to the other.

Curthermore the monitor may also check to see whethexr the char-

. . ; . , _ . i - Unfortuna
acter ic a printable character, and refuse to send it out if it
UuTs z2llow

ig no%, or it may supply unwanted carriage returns. These "iIea-

1 - N ' . . is 72 cha
tures" zre lethal to graphics! e can attempt to untangle within

. " T . . . , carriage
our program the "translation” that the communicaticn service has
supplied, but this is clearly not efficient. We need simply the

sy ) - . . a carriag
ahility to send out any 8-bit code whatsoever, without transla-

. s character
tiorn, 2nd nothing else. -
descripti

- .: PR . . s so turn i
In BTM terminal output, character by character, is done witih a

CiL3. To do graphics, our systen programmners added several

CAL4s t& the system. They work in wayvs similar to the CAL3--

- . . . . exhaps
they send out the "character®” in register 0--but they dc no code P
X . ) . . is the @
translatioa ¢r chacking for the printabie character. These
. o . also pre
changes are relatively simpie.
use. Ag
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Cur experiences with UTS are more recent, and still incompi
UTS in spite of its name is 'also oricnted toward character IO.
Terminal 10 is done in a way very similar to disk and tape IT,
through CaLls and the use ©of DCBs, in particular M:UC. Again,
as with 3TM, translation is routinely Sona. Censidcrably more
£lexibility exists in principle, because we can specify terminail
type; at present, however, only a few types are implementec.

Qur strategy in graphics is to use the H:DZVICE proéedure tc set
a special bit in the DCB3 indicating that no translatior is to

be dorie, and then to output in the usual way.

Unfortunately this alone is rot sufficient. As yvou may Xnow

UTS 2llows the user to specify a platen size. The default size
is 72 characters. At this ppint UTS supplies, gratuitously, &
carriage return and iine feed in the IO stream. Unfortunately
this is death to some graphics--the Tektronix termiral intexprets
a carriage return as indicating that it should ¢o back %o the
character mode! So in the midd;e of the curve, letters of rasion
description appeér. We can set the platen size as a user, &nd

so turn it off, but pedagegically it is unfortunate, tc say the
least, to start a program giving instructions to the user that
may be meaningless tc him. With somewhat more-effert it can
perhaps be setvby a CAL, but ealy with some aldditions. If paging
is the default option for vour terminals, this will obviousl&
also present problems, dbut at UCI we turn paging off Zor normal

use. Again, this should be allowable in & CaL.
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Although the above chahges provice the possibility cf UT3 graphics,
there does scem to be a way more consistent with the gencrai

UTS philosophy. A CAL allows you to speciff the terminal type,

so it would be natural to allew as 5 terminal type ‘“graphics,"”
meaning 20 translation or additioral characters whatsoever. How-
ever thic is somewrat a matter of taste, and UTS users may have

dz2as as to what would be most natural.

be

other

In any case these system changes make it possibie to do graphic
ovtput iIn either BTHM or UTS. You wiil note that we have not
ciscussed the cuestion cf graphic input, which seems to be a
tougher problem. Although one of our graphic terminals has &an
inexpensive tablet asscciated with i%x, and both have joy sticks,

we have not vet been able to use either of these devices. We

3

111 nave to face scme now problems besidecs just the guestion
07 avoiding the translation tables. We are worried, for example,
that high speed graphic input, say as the student draws a curve,

may swamp the input buifers.

Diglog &2ftwazre for “racshics

Bzfore raviewing basic graphic software, I will comment briefly
about our software strategy in developing teaching materials,
becsuse graphic software is an axtension of our alfeady existing
package. ‘“his package was described at a previcus XDS Users
Group meeting, and is fully documented. Those interested in

farther details should write or talk to me.
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Our teaching programs
imbedded FORTRAN subroutines.
procedure calls, each procedure call carryv.ng

functions necessary in a teaching progran.

the progrzms our tecachers have wanted.
preseat we have about 150 procedures in our system.
TASYMBOL libxacy routires.

of the flavor of the thing, here is a
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we dc a good bit of internal file writing, for record keeping
DusposSes, as the students run programs. We xeep deorailed fiies

on what dialogs are used, what system errors occur, ané what
Tz=3pcnses we could not analvze. We ao not send error messages

co the studerts. Most of our dialcgs are far too long to £f£it

into cecre in cne pilece, either 3TM or UTS, so Wwe support overlays.
We allow the studernt, at the author's discretion, to leave a program
before finishing and coice back at the same point; a file stores

the current status information, which can be excensive.

Graphic procedures ware designed to augment our already existing
teaching procedures. As in octher developmental werk, we firsc
nad graphic teaching pregrams runiing on a primitive basis, using
manufacturer supplied FORTRAN routines thiat wes adapted tc the -
Sigma. Eased on our experience, we then cdesigned the procecdures
I will describe. You can find a full description of the grapnic
orcocadurzes in the Appendix. Here I wiil only try to give you a

sample ¢f what is available.

D

1 describe a hypothatical program, one that we have dis~
cussad but oot developed. Suppose that we want to allow students
to fi;e a iunar ander from the earth to the moon. Students are
allowed to pick the initial velocity ané the angle. The moon
is Totating; we take its motion as a circle. We are seeing
evarrihing in the earth's frame of reference. We want then to
launch theis lunar landing module several times, perhaps profiting

by previous misses of the moon. Hence we gresent a series of

ERIC | . 3
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pictures where we see the motion of his lunar landing device.

Let's suppaese that we allow as iany as four shots. So four pic-
tures will appesar on the screen at one time. We also need aax-
il'ary'information, prompting the next veloéi-y and directicn,

and indicating success or lack of success in the previous shot.

So we need to divide the screen into four areas, or windows, and
leave some room for writing messages. So the screen may &ventuslly

iock like this:

. e W W P S b s L A fore
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Tha first graphic dizlog command we issue is a DEVICE command:
DEVICE (ARDS, TEK)

The graphic coding for diflerent terminals is different., so the
prcgram must know which terminal the student is using. Althouga
at the mement we only support ARDS and Tektronix, a relatively
staall change in the programs would support other graphic termi-

nals ané adl them as optisns. Thus the same program works on

several different terminals.

Our next graphic command erases the screen, s© that we can draw

our orbits. It is obvious:

The option HOME indicates that the cursor is to be moved to the
tor of th= screen, so now alphanumeric2l information will appear

there.

Scrme description and instructions may now be written to the stu-

aent; no graphics are involved, so we proceed.

Next we might ask the student for launching infermation. It
is nelpful to have this appeax above the associated picture.
TO move the beam t& a particular point on the screen we use a

SEZTPCINT rommana:

. whole screen

. specificaticri

SETPO0INT S

This refers t@

The cGifferent§
the terminalsl]
SETPOINT

In a program,
the beam is o

store hkis inp
Now we want ¢
neath the wri

for graphic

in inches Ircii

WINDOW

O
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aunching information. It
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ERIC
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SETPOINT {F&'2',FS'8")

This refers to inches from che lower left corner of the screen
The different screens we use have different orientations, and
sc it may be necessarv to specify th: s separateliy for each of
the terminals, as in the £following more complicated variant:
SETPOINT (ARDS, (Fs'2',Fs'8')}, (TEK, (F53'1.5',F8'5.5%;
In a program, you would use only one of these commancds. After

the beam is pleced, nongraphic ccmmands guery the student and

store his input in appropriate locations.

Now we want to draw the orbit. We want the curve 0 £ill not

. whole screen but only a box in the upper left-hand cormer, und

reath the writing 3just done. We declare this area as a window
for graphic output. We specify the windew by giving distances

in inches from the lower left for two corners, and again this

. specification can be different for different terminals.

WINDOW (FS'1',F8'4.5'),(FS*3*,FS'6.5"'),BOX

»la
Lt ot

the

er-
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The option BOX indicates that a box is to be drawn about the

window.

Distances are necessary in specifying basic information for SETPTCINT,
ané WINDOW, but in plotting the curves we would like to use num-
bers in the form they cccur within our computation. Let us sup-

pose for the purposes of the computation we make the moon's 200,000

niles our distance "unit." We might choose differently. With

>

this choice we mighf want to make a window roughly three units

on each side, going from - 1} to + 13, both horizontally and ver-
tically. HNote that we have picked 2 scuare window, S0 we will
nct distort the picture. We specify the scale by the following
pcocedure:s

-

SCALE tFS'=1.5',FS'1.5'), (FS'~1.5',FS'1.5"}

Trhe SCALE applies to whatever window has just been set; when

W= specify a new window, w2 also mus;.remember Lo reset the scale.
S far we have nc data to plot, even though w2 have querieé the
student about wvelocity and angle. The ccmputation will be cone

by calling th:¢ ¥ORTRAN subroutine. It is a typical numerical
scluticn of a differential eguation, with three gravitational
forces: the sun'‘s, which is essentially a constant, the earth's,
ar2 the mocn's. A gocd first approximation is to assume the

ncon is moving on a circle. Remember that we are going to view

s from the earth's frame of referenée. Cn return from the

13

subrouctine we i
represent the
want to return
lunar landing
that we do not
show the initi
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So we want to
rath: the eari
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y‘dg basic information for SETPOINT,

subroutine we have in arrays (say X and Y) the N points waich
represent the path of the lunar lander. We probably also would
want to return with the position of thie moon at the tima the

lunar landing crosses the moon's orbit, if it does; I assume

that we do not plot the moon's circular path but that we simply
show the initial position at the moment of launch and th=.finzl
pOsition at the orbit intersection.

So we want to.draw three bodies before we start plotting the

path: the earth and two moon positions. The first two will always
be at the same location, (0,0) for the earth, and (1,0 for the
mocn. A smell circle might be interesting for the three, but

I won't go through the details.

Now we finally ‘'plot the patzh of the lunar landing. The folileowing

is all it takes:
CURVE - {X,Y,.N)

It's not quite as simple as it looks; some experimentaticn may

be needed within the FORTRAN program to get a reascnable curve.
Remember that on our graphic terminal we draw a series cf straight
line segments. (Some terminals draw curved iines, but not those
we have used.) HKence we want eacugh line segments so tha:t they
are sufficiently small and the curve looks reasonaole, not choppy-
On the othex hand, if we put in too manyv segments, drawirg the

curve will take an enormous amount of time even at the 1200 »aud
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rate we use. Remember that four characters are gencrally sent 30 teachine
for each aew point on the curve, although some terminals allow to play withy
short vectors that can be specified with less infcimation. initial con

This should be enough to give you an idea of the graphic proce- We can creatj
. - . y )’
dures. Consult the Appendix for further details, as I have not even wita tnog

covered all the Procedures. For cxample, we often want to draw modern deviqy

beled axes, so we do have a procedure for that. Also we want us to do a

not just two-dimensional curves but we want projecticns in three students anyf

ensions, along with their axes. So the curve and -axis routines

a0
!.

ailcew specification ©f three variakles, as well &s two. The
- . - . > i 1
scftwarz tak:s care of the projections. particularl

Graphics in Teaching Physics . When the st

Cur last example, to show how t¢ use the graghic procedures, - of terminal
2isu bagins to display the power of graphics in physics teaching, and then he
All cemputer uses in education are at an =arly stage at present, directions, |
and we have rzlatively less experierice with graphics than with ing nature.
nanumeric uses. Relatively little student experience exists elaborate t§

T -
—ardh

fu

with graphics; however the potentialities seem tremendous. the studeatf
as a progra
I will describe a graphics physics teaching program in classical what option

. - - . . . - . 3
wechanics, cdeveloped primarily by Richard Ballard of the Physics or doesn’t

Computer bevelopment Project. This program provides, with the this progra
rotica of one particle systems, a range ¢of experience for che
student far bsyvond what he can acguire in his everyday life or

in a well equipped phvsics laboratory. One of the difficulties
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in tcaching about moticn is that the student has litcle opportunity
to play with the variables which affect how things move--Zforces,

initial conditions, constants in the eguations, wasses, etc.

We can_create cnly a few types of forces in a laboratory. and

even with these it is &ifficult to eliminate friccion, although
modern devices such as the air track and the air table, allow

us to do & better job than previously. We cexrtainly cannot cffer
students any laboratory or practical experience wiih spaces <ther
than configuration space, although such spaces as velocity space
and prase space play a major role in cux thinking about mechanics,
particularly as we move beyond the most elecmentary considerations.

Wher the student first enters the program he is asked which type

. of terminal he is using, as indicatad in our previous discussien,

and then he is asked if he wants directioms. If he reguaests
directaons, these turn out to be minimal, and mostly of an encourag-
ing nature. The full facilities.in this program are far tco
elaborate to explain initially. The directions giver ernccurage

the studeat to explcre and @y thi;gs, represanzing the program

ac a program of discovery; ‘They tell him to ask questioans or ask
what options are available- if he doesn't understand.s>mething

or doesn't know what to do. Compared with many teaching programs,
this program is extremely'permissive froﬁ the student's point

of view, for it does not “"drive" him alcng a path.
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Just what 1s drawn is.dependent on what force law was selected.
Whenever we come into a new force law, evergthing is set wiéh

some initial conditions, and the computer is alwéys in a2 condition
to plot somethiag. In the harmonic oscillator program we initially
plot position versus time for suitable initial conditions and

the mass and spring constant both equal to one. In plotting

at 1200 baud the curves come on at about the rate you would draw
taem by hand, so we have some feel of the process hapgpening in

tim2; curves do not appear instantaneously as with graphics at

faster bhaud rates.

The student doesn't kacow the values of the various constants set,
but he can ask guestions. He can ask, "What is X?" or "What is
K2" or "X = 2." & variable recogaizer in the program can identify
&lmost any physically meaningful wvariable, provided it can be

preset and is not a dynamic conseguence of the calculation.

e may start by exploring what hapsens if he uses different initial
conditions than those originalily specified., He may quickly plot
dozens of curves with different initial conditions, until he

is satisfied that he understands how varying initial conditions

affect tlie motion. whken the student wants to show several plots

on the same screen {(no erasc between), he can us2 the term “"overplot."

lile changes initial condizions by typirg equations, just the way

.

ou would expect; thus he types "X = 29 to set the initial position

o

tc 2. He can also change the mass or spring coastant oxr any physi-

al guantity associated with the foice he is exploring.

0]

Ahfter directions he is as:
different things to diffe
motions are available, or
way that seems reasonable
in physics by specifying

We don't ask for the forc
that is a primary method
many cases the studeat’s
incomplete, and tﬁen we

wants 2 central force, he
power law or a Yukawa o
a force the program chec:
and also provideé him an

analytic expression cont

After the force is selac
If he ‘is a true beginnexr
are available. If he ty
we record his reguests i
improvement of the pros:z
randomly selected advic
of the facilities avail
times. Too muca fiound
being requested. XMany
to graph (or plot or 1l¢

generated the graph.
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After directions he is asked to select a motion. This can mean
t force law was selccted.
. : different things to differeant students. He can ask about what
. evervthing is set with
. . motions are available, or he can *ry to specify a system iR any
uter iIs always in a condition
) way that seems reasonable. Commonly we delineate different wmotions
cillator program we initially
Lo in physics by specifying the force, and that is what we want.
initial conditions and
We don't ask for the force, because we want the student to learn
2l to one. In plotting
that is a primary method for identifying physical systems. 1In
out the rate you would draw
) many cases the studeat’s force specification turns out to be
the process hapgening in
£ ke

(28

incomplete, and then we suggest the options available;

ously as with graphics at
wants & central force, he 1s queried a5 to whether he wants a

power law or a Yukawa force. When he does successfully specify

B . a force the program checks to see if it has understood him correctliy.
I the various constants set, :

and also provides him an analytic expressioa for the force. This

. "What is X?" or "What is .
. . . analytic expression contains' the constants a student can change.
br in the program can identify .

iable, provided it can be
. After the force is selected, the student is asked, "What now?”
ce of the calculation. 4
If he is a true beginner, he may have little idea of what facilities

) L . . are available. If he types things we are unabla to interpret,

ns 1f he uses different initial

. : we record his reguests in a dislk file, for inspection later during
cified. He may quickly plot
L. L. improvement of %the program, and we cive him various pieces of :
conditions, until he

',.l

[o8

2
. L. o randoaly selected advice, designed to give him a better view
varyinc initial conditions .
of the facilities available. 32ut we only let this happen a faw
wants to show several plots - i :
times. Too much f£ioundering leads to a graph being Jrawn without
-}, he can usz the term "overplot." . .
. . . . being requested. Many stuleats suggest that thcey would like
irg ecuations, just the way
i .. L. to graph {or plot or lock at) the metion, so they will have airesdy
2" to set the initial position :
. . . generated the graph. -
r spring constant or any physi-~

ce he is exploring.
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It may then occur to the student to look at something besides

positions. A natural possibility even Zor & beginning student
details, of the

is velccity versus time. He does this with "PLOT V,T" or "PLOT
V VS T." A faw brave students try £o plot three variables at alter?ng the ti
tiiis stage, such as X versus V versus T, and are happy to discover thirgs as kinec
that we do indced cover this situation, plotting in perspective. the validity of

Hoewever many students must be prodded to study mctions in nonphysical

spoces or with more than two variables. So the dialog

with great ran

-~

Now let me mention auxiliary fuactions at the disposal of the for hours in arg

possibilities.

student, It may turn out that a curve is all near the origzxin,

not using most of the screen. In that case he or she may want interesting pn

to meve closer to the picture, perhaps several times, to blow the program.

it up tc reasonable size. Another scaiing situaticn allcwable is was visiting,
- s - : £
to change the scale separatzly on each of the variables. We allow as a model of

that bv using multiplicaiicn; if he wants to chznge the scale both forces as
on the axis so that he shows 10 times the time. he says T*.l. We were surpr:

-

Wnenever the student makes any change the system responds with where in the

-~ Py .- S . ~q -
UIONE to let him know that it has been racognized. particle was

analysis, loo:
Several facilities are also provided to give wavs of "reading™® revealed that

the three-dimensioral plots. He can specify RCTATE, which move linearly depecii
: . PRy . . . . - - e Y g 3 A R
axes around into the other positions, so that he 1s looking within a wiceg

’ye
[

“de

2t the same curve frem a2 different perspective or he can ask

for ihe negative values ¢of one or alil of the variables to be . The binary st

. . . . ’ . . - - P
dasiied, so that he can see when the curve goes through the cocrdinate interesting ©

planes. He can set up families of curves, wherz a series of curves ’ in that area,

ERIC | o 13
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with some changes from cone to tile next are plccted over and over,
without intermediate erasures. -He can also alter the caleulaticnal
details, of the numerical solution of the differentizl equétion.
alter;ng the time step between the calculations; Ly locking a= such
things as kinetic energy versus potential =energy he can check on

the <validity of the calculation.’

So the dialog provides the student a rich mechanical. environment,
with great rénge of controllable possibilities. We can work

for nours in any small subject area and only begin t» see the
possibilities. A number of visiting professionals_have ciscovered
interesting physical information, unknown t< us before using

the program. Thus when Gunter Schwarz from Florida Sta;e University
was visiting, he took the two force center situation, used primariiy
as a model of a planet in & Einary star system, and speciiied

bath forces as positive powers of the distance, the third or fourthn.
We were surprised to note that when w2 started the pariicle some- .
where in the region between the twc centers, the path of the

particle was extfemely like a Lissajou figure. An immediate tarminal
analysis, looking at force components, and a later analytic analyéis
revealed that to a good approximaéion each force component vas

linearly dependent on the correspending position cooxzéinatz,

within a wide range of choices of force liaw!
The binary star situatioa generally has been very gocd feor getting

interesting orbits, many of which are known to the professionzls

in that area, but hardly known to the general physics comnunity,

20 -
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We are now assembling a repertoire ¢f such orbits to exhibit te

visitors.

Grzphics are absclutely essential f&r the type of teaching eaviron=-
ment just described. Other graphics programs aiso exist, where

we try td exploit the use of picture drawing in the teaching
situation. I think you can see, even from this one example,

why we ave so excited about the future possibilities of graphics
for teaching.

0y
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