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Physics Simulation System for Student Practice
Atsushi MANABE

Abstract : A system of physics simulation practice has been introduced in the introductory physics
education of a College of Technology in Japan, in which students (age 19) can make their computer
program by themselves including the numerical integration of equation of motion and the graphical
presentation of the results. A graphic utility (MYGRAPH) is developed to make the student
programming in class unit (40 students) easy and interesting.

The practice of student is designed to investigate the several phenomena by reproducing them in
computer applying the related physical law and adapting the proper model for each phenomenon.
The phenomena listed for the practice include the realistic one such as free fall under air resistance
and the complicated one such as the non-linear pendulum showing chaos behavior.

The example of a practice is shown for case of the falling rain drop with various radius, in which
the inertial air resistance is found dominant for almost all radius from pouring to drizzling rain and
the viscous drag is found effective only for misty rain.

The educational effect of this practice system is discussed together with the description of student
impressions and opinions in Appendix 1. The main part of the source code of MYGRAPH is given in

Appendix 2.
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1) DefineViewPort Vnum, X1, X2, Y1, Y2
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3) OpenViewPort Vnum, Color, BorderColor

4) SelectScale Snum

5) AutoAxis Vnum, Snum

6) PutlLabels AS$, B§, C$, Color

T7) PlotDataPoint Form$, Color, X, Y

8) DispData X Y, Label$, Data
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DefineViewPort 1, .2, .8, .2, .7

DefineScale 1, 0, 6, 0, 120
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DO

V=V+G=*DT (T4 7—)

Y=Y +V*DT
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“ $INCLUDE : ' MYGRAPH93.BI’

CLS

DefineViewPort 1, .2, .75 .1, .4
DefineScale 1, 0, 5, 0, 120

OpenViewPort 1, blue, black

AutoAxis 1, 1

PutLabels “Y (m”, “RZEHET", “SEC”, red

DefineViewPort 2, .2, .75, .5 .8

DefineScale 2, 0, 5 0, 60

OpenViewPort 2, blue, black

AutoAxis 2, 2

PutLabels "~ V (mw/sec)”, "ZE TiEE", “SEC”, red

DefineViewPort 3, .01, .1, .1, .8
DefineScale 3, 0, 1, 0, 120
OpenViewPort 3, black, yellow

G=-2981
Y = 100
v=0

T=0:DT=.005

DO
V=V +G*DT
Y=Y +V=*DT
=T +DT

SelectViewPort 1
SelectScale 1
PiotDataPoint “Dot-L”, green, T, Y

SelectViewPort 2
SelectScale 2
PlotDataPoint “Dot”, yellow, T, -V

SelectViewPort 3
SelectScale 3
PlotDataPoint “Scircle-L”, black, .5, Yold
PlotDataPoint “Scircle-L”, green, .5, Y
Yold = Y

LOOP WHILE Y > O

END
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‘ $INCLUDE : ' MYGRAPH93. B’

DefineViewPort 1, .2, .7, .1, .4
DefineScale 1, 0, 10, 0, 60

OpenViewPort 1 , blue , black

AutoAxis 1, 1

PutLabels “Y (m)”, "FAEDZET", “T (sec)”, yellow

DefineViewPort 2, .2, .7, .5, .8
DefineScale 2, 0, 10, 0, 10

OpenViewPort 2 , blue , black

AutoAxis 2 , 2

PutlLabels "~V (m/sec)”, “ETEE", “T (sec)”, red

DefineViewPort 3, .05, .15 .1, .8
DefineScale 3, 0, 1, 0, 70
OpenViewPort 3 , black , yellow

Pl =3.1416 : G = - 9.81

WaterDensity = 1000 : AirDensity = 1. 29
AirViscosity = . 0000168

Radius = . 001 "HEEE (m)

Cd = .48 ERERN

Mass = WaterDensity * Radius ~ 3 * P} x4 / 3
K1 = 6 * Pl * AirViscosity * Radius / Mass

K2 = .5 % Pl * Cd * AirDensity * Radius ~ 2 / Mass
T=0:DT=.01:Y=50:V=0

DO
A=G-KI *xV+K2*xV=*V
V=V +A=x*xDT
Y=Y +V*DT
T=T+0DT

SelectViewPort 1 : SelectScale 1
PlotDataPoint “Dot”, green, T, Y

SelectViewPort 2 : SelectScale 2
PlotDataPoint “Dot”, yellow, T, - V
DispData 7,5,”V =",V

SelectViewPort 3 : SelectScale 3
PlotDataPoint “Scircle-L”, black, .5, Yold
PlotDataPoint “Scircle-L”, green, .5, Y
Yold = Y

LOOP WHILE Y > O

END
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2-a) Include File, MYGRAPH93. BI -

DECLARE SUB DefineViewPort (Vnum AS INTEGER, VPX1!, VPX2!, VPYl!, WPY2!)

DECLARE SUB OpenViewPort (Vnum

AS INTEGER, Col AS INTEGER, Border AS INTEGER)

DECLARE SUB SelectViewPort (Vnum AS INTEGER)
DECLARE SUB DefineScale (Snum AS INTEGER, sXmin!, sXmax!, sYmin!, sYmax!)
DECLARE SUB SelectScale (Snum AS INTEGER)

DECLARE SUB Axis (Xint!, Yint!,

TicX!, TicY!, LabelSign AS INTEGER)

DECLARE SUB AutoAxis (Vnum AS INTEGER, Snum AS INTEGER)

DECLARE SUB PlotDataPoint (Form$, Col AS INTEGER, X AS SINGLE, Y AS SINGLE)
DECLARE SUB LabelY (X AS SINGLE, Y AS SINGLE, Label$)

DECLARE SUB LabelX (X AS SINGLE, Y AS SINGLE, Label$)

DECLARE SUB PutLabel (Place$, Title$, Col AS INTEGER)

DECLARE SUB PutLabels (LeftTop$, Top$, RightBottom$, Col AS INTEGER)
DECLARE SUB DispData (X!, Y!, Label$, Dat!)

DECLARE SUB WindowMessage (X%,
DECLARE SUB InputMenu (X%, Y%,

Y%, ItemNum%, Title$, Message$(), FLAG%)
ItemNum%, Title$, Message$(), Anstype$(), Ans$(), FLAG%)

DECLARE FUNCTION SelectMenu% (X%, Y%, ItemNum%, Title$, Message$())
DECLARE FUNCTION ROUND! (X AS SINGLE, Ord AS SINGLE)

DECLARE FUNCTION Order! (X AS SINGLE)

CONST REVERSE = 8 : CONST BLINK = 16

CONST black = 0 : CONST blue =

1 : CONST green = 2 : CONST cyan = 3

CONST red = 4 : CONST magenta = 5 : CONST yellow = 6 : CONST white = 7

CONST xpix = 639 x = 0 - 639 for PC9800, FMR, IBM
CONST ypix = 399 y=0- 399 IBM —— 349(EGA) 479(VGA)
CONST xtext = 80 ’column = 1 — 80
CONST ytext =25 ~  row=1-25 IBM - 25(EGA) 30(VGA)
CONST aspect = 1 ’for CIRCLE command
2-b) MYGRAPH93. BAS - - e
> Utility MYGRAPH --———- Source Program —————-

>

>

by Dr. Atsushi Manabe (Ube College of Technology, Japan)
’ 1993 For PC9800, FMR,

IBM compatible

> $INCLUDE: ’ MYGRAPH93. BI’

P COMMON Variables, shared in all subs in MYGRAPH

DIM Vx1(8) AS INTEGER, Vx2(8) AS INTEGER, Vyl(8) AS INTEGER, Vy2(8) AS INTEGER

DIM Xmin(8), Xmax(8), Ymin(8),

Ymax (8) ’——— Scale Range

COMMON SHARED /MGP1/ Vx1() AS INTEGER, Vx2() AS INTEGER, Vyl() AS INTEGER, Vy2() AS INTEGER
COMMON SHARED /MGP2/ Xmin(), Xmax(), Ymin(), Ymax()

COMMON SHARED /MGP3/ ViewPortNumber AS INTEGER, ScaleNumber AS INTEGER

P shared in user program and MYGRAPH — for MENU sub —

DIM SHARED mess$(1 TO 22), Anstype$(l TO 20, -1 TO 10), Ans$(1 TO 22)

SUB DefineViewPort (Vnum AS INTEGER, VPX1, VPX2, VPYl, VPY2) STATIC

’Define the View Port Region.

Vnum = 1 to 8 :View Port number
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VPX1 etc. = 0 to 1  VPXIKVPX2 VPYIKVPY?2
Vx1(Vnum) = CINT(VPX1 * xpix)
Vx2 (Vnum) = CINT(VPX2 * xpix)
Vy1 (Vnum) CINT(VPY1 * ypix)
Vy2 (Vnum) = CINT(VPY2 * ypix)
END SUB

i

H

SUB DefineScale (Snum AS INTEGER, sXmin, sXmax, sYmin, sYmax) STATIC
’Define the Scale of number Snum : Max and min of Xaxis and Yaxis
Xmin(Snum) = sXmin
Xmax (Snum) = sXmax
Ymin(Snum) = sYmin
Ymax (Snum) = sYmax
END SUB

SUB OpenViewPort (Vnum AS INTEGER, Col AS INTEGER, Border AS INTEGER) STATIC
’Open the renewed View Port of Number Vnum
’Col 1is background color and Border is border color of the View Port
ViewPortNumber = Vnum
VIEW (Vx1(Vnum), Vy1(Vnum))-(Vx2(Vnum), Vy2(Vnum)), Col, Border
END SUB

SUB SelectViewPort (Vnum AS INTEGER) STATIC
’Select the specific View Port as active View Port
ViewPortNumber = Vnum
VIEW (Vx1(Vnum), Vyl (Vnum))-(Vx2(Vnum), Vy2(Vnum))
END SUB

SUB SelectScale (Snum AS INTEGER) STATIC
’Select the specific Scale as active scale in the active View Port
ScaleNumber = Snum
WINDOW (Xmin(Snum), Ymin(Snum))-(Xmax(Snum), Ymax (Snum))
END SUB

SUB PlotDataPoint (Form$, Col AS INTEGER, X AS SINGLE, Y AS SINGLE) STATIC

’Plot data (x,y) with color Col on active viewport with active scale definition
’Plotting Symbols are given by Form$ as,

’ Dot Dot-L Dot-LL (Ex: Dot, dot, DOT, d and D are all allowed)
’ 0Circle OCircle-L. OCircle-LL and SCircle SCircle-L SCircle-LL

’ OTriangle STriangle and Line BoxLine PaintLine

DIM R AS SINGLE

I = ScaleNumber

p =3 ’radius in physical cood.
xp = PMAP(X, 0)
R = PMAP(xp + rp, 2) - X ’radius in screen cood.

SELECT CASE Form$

CASE “dot”, “Dot”, ”“DOT”, ”D”, ”d”
PSET (X, Y), Col

CASE “dot-1”, “Dot-L”, ”“DOT-L”, "D-L”, “d-1”
CIRCLE (X, Y), R/ 2.5, Col, , , aspect
PAINT (X, Y), Col

CASE “ocircle”, “Ocircle”, ”OCIRCLE”, "0C”, “oc”
CIRCLE (X, Y), R, Col, , , aspect

CASE “ocircle-1”, “Ocircle-L”, “OCIRCLE-L”, "0C-L”, “oc-1"
CIRCLE (X, Y), R* 2, Col, , , aspect
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CASE “scircle”, “Scircle”, ”SCIRCLE”, “SC”, ”"sc”
CIRCLE (X, Y), R, Col, , , aspect
PAINT (X, Y), Col
——————————— ( % an omission of a middle part ) ———-————-
CASE ELSE
END SELECT
END SUB

SUB Axis (Xint, Yint, TicX, TicY, LabelSign AS INTEGER) STATIC
’Xint is position of Y axis, Yint is that of X axis
*if Xint < Xmin or Xint > Xmax , Y axis is not drawn, same for X axis
>X-Tics are put on from Xmin to Xmax, Y also
>ABS(TicX) is tic interval
>TicX > 0 —— up tic TicX < 0 — down tic , TicY also
’LabelSign 0 —— small tic without label
’ 1 —— large tic with label
’ 2 — medium tic without label
’ 3 — axis without tic and label
********* (7 B% an omission of a middle part ) —-

SUB AutoAxis (Vnum AS INTEGER, Snum AS INTEGER)

> Automatic standard axis processor

> This sub is constructed using Axis sub.

—————————— (e B% an omission of a middle part )

SUB LabelX (X AS SINGLE, Y AS SINGLE, Label$) STATIC
> To display Label$ into active ViewPort with coordinate (x,y) of active scale.
’ Label$ is put just under the point (x,y).

—————————— (+ B% an omission of a middle part )

SUB DispData (X!, Y!, Label$, Dat!)

’Use LabelX, COLOR is to be set outside
Label$ = SPACE$(2) + Label$ + SPACE$ (1) + STR§(Dat!) + SPACE$(2)
LabelX X, Y, Label$

END SUB

—————————— (# B& an omission of the rest )



