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Motivation

Scientific problem
Theory, Numerical simulation, Experiment J
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I. Stoll: Mechanics € ElMa

Force field to be inserted into the Newton’s law of motion F = m-a
F=

® =0 (zero force)

e —konst (constant force)

® = m- g (gravitational field)

® = —k - x (simple harmonic oscillator)
® = —b - v (friction force)

e generally f(r,v,t)

® = g(E + v x B) (Lorentz force)

and so on ..

and so on ...




Sreenshot: Pendulum basic @ spreadsheet

F G H 1 1] K L [ N o 3 Q R s
m 1,00 T o1
9 9,81 m/s*2
dt 003s
| 100]m
|

Theta [rad)



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/1D_Pendulum_Basic/

Sreenshot: Pendulum basic @ processing
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1 function setup() {

2 createcanvas(we 400);
3 m=2

4

3.14/10; // Pendulum initial angle theta
@; // Initial angular velocity
; // Center point

nction draw() {
background(220);
// physics
t=t+dt;
F=-msgxsin(theta)
epsilon = (F/m)/1; //m\gulm acceleration
omega = omega + epsilon * dt;
theta + omega * dt;
xp =

-1  sin(theta); // X coordinate of pendulum ball
g cos(theta); //'Y coordinate of pendulum ba
Jrrakic

ppm=100 //scale it to the canvas (from meters to pixels)
Line(Cxppm, @, xpxppm, yp+ppm);

ellipse(xpxppm, yp*ppn, 20, 20);
27 3

> See example

DA


https://editor.p5js.org/vojtech.svob/sketches/vTEaAkgs

Objectives

(World) Pendulum ... as a gate to physics

Numerical simulations point of view

® A comprehensive, as simple as possible numerical approach to the Pendulum
problem using Euler scheme for solving ordinary differential equations (ODE)
developed under various Computer Algebraic Systems:
® spreadsheet (Excel, LibreOffice Calc, Google, gnumeric),
p5* processing,
jupyter notebook (python),
octave (matlab).

® Wide range of simple examples (ready to be used for education)

® Way to avoid the complex math problems (ODE) in the (early) physics
education.
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Initial value problem

Let's have a general force field F(t,x, v) applying on an object of a mass m,
having some initial conditions ty, vy, Xo:

e Differential solution: having dt time progress: a = F/m, then v(t) = fz adt,

t
and x(t) = ftz vdt
® Discrete solution: having At time progress, in principal, we are looking for a
time series of object position (tg, Xo), (t1,x1), .-(tn, Xa): a;i = Fi/m, then
Vig1 = Vi +a- At, and xj41 = x; + v - At



Discrete solution - towards algorithmization

Recurring principle/algorithm

ideal for computer algebraic systems

Having At time progress, in principal, we are looking for a time series of object
position (to, Xo), (t1,x1), .-(tn, Xn): a;i = F;/m, then vi11 = v; + a- At, and

Xit1 = X; + vi - At
time F(t, x, v) a(t) v(t) calculation x(t) calculation
to Fo = F(to, X0, Vo) ao = Fo/m vo (initial cond.) xo (initial cond.)
t1 = to + At F1:F(t1,X1,V1) 31:F1/m vi = v + a1 At X1 = xp + At
th =t + At F, = F(tz,X27 V2) a = Fz/m Vo = v; + asAt X2 = x1 + At
th =th1+ At | Fop= F(th, Xn, Vn) | @ = Fn/m | vy = Vo_1 + anAt | Xp = Xq—1 + Vo AL




FEuler method solving ODE - the principle

Let an initial value problem be specified:

y:f(t7y)7 y(tO):yO

Approximative solution

Xt

Tangent
—~_ Local discretisation error
/ \x(tm)
X(ta) Exact solution
4
- Yn+1 :yn+h f(tmyn)a
X(t)
» h > thy1 = th + h

Figure: credit:[Szal4]



FEuler method solving ODE - repetition (loop)

A

A, As Ay
Aj

Ao

—>»>

Figure: credit:[Wik20a]



Sreenshot: Let’s dive into a problem

0t order ODE: Constant force
Fext =k

A B C D E F G H 1 K o
Tt F a dt
2 0000 10,000 5000 m
3 0010 10,000 5,000 F_ext
4 0020 10,000 5,000
s 0030 10,000 5,000
G 0,040 10,000 5,000
7 0,050 10,000 5,000 &
8 0,060 10,000 5,000
9 0070 10,000 5,000
10 0,080 10,000 5,000 B
11 0030 10,000 5,000
12 0100 10000 5,000
13 0110 10,000 5,000 40004
1a 0120 10000 5,000
15 0130 10000 5,000 =
16 0140 10,000 5,000 <
17 0,150 10,000 5,000 ‘£ 0009
18 0160 10,000 5,000 -
19 0170 10,000 5,000
20 0180 10,000 5,000 2,000
21 0190 10,000 5,000
2 0,200 10,000 5,000
) 0210 10,000 5,000 1000
2 0,220 10,000 5,000
25 0230 10,000 5,000
26 0240 10,000 5,000 .
a7 0250 10,000 5000 0.000 0300 0.400 0,600 0800 00
28 0260 10,000 5,000 tlsl
29 0270 10000 5,000
30 0280 10,000 5,000
31 0290 10000 5,000
2 0300 10,000 5,000
£ 0310 10,000 5,000
u 0320 10000 5,000
3 0330 10000 5,000
3% 0340 10,000 5,000



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/0stO_ConstForce/

Sreenshot: Let’s dive into a problem

1°t order ODE: Friction force
Fext —b -V

A B C D E F G H 1 ]
1t F a v b 1,000
2 0,000 1,000 dt 0,010
3 0,010 -1,000 -1,000 0,990 m 1,000
4 0,020 -0,990 -0,990 0,980
5 0,030 -0,980 —0,980 0,970
6 0,040 -0,970 -0,970 0,961
7 0,050 ~0,961 ~0,961 0,951
8 0,060 ~0,951 ~0,951 0,941
9 0,070 -0,941 -0,941 0,932
10 0,080 -0,932 -0,932 0,923
1 0,090 -0,923 -0,923 0,914
12 0,100 -0914 Q—
13 0110 -0,904 -
14 0,120 -0,895
15 0,130 -0,886
16 0,140 -0,878 1,000
7 0,150 -0,869
18 0,160 -0,860
19 0,170 -0,851 0,800
20 0,180 -0,843
2 0,190 -0,835
2 0,200 -0826 |g
23 0,210 -0,818 | E 0600+
2 0,220 -0810 Q>
2 0,230 -0,802
2 0,240 -0,794 0,400-]
7 0,250 -0,786
28 0,260 -0,778
29 0,270 -0,770
30 0,280 —0,762 0.2009
El 0,290 -0,755
) 0,300 -0,747
£ 0,310 -0,740 o ; ; ;
34 0,320 -0,732 0,000 0,500 1.000 1,500 00
E5 0,330 -0,725 tls]
3 0,340 -0,718 © g g
£l 0,350 -0,711 -0,711 0,703
38 0,360 -0,703 -0,703 0,696

» See example



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/1stO_Friction/
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Free fall set-up

om
Vo ‘F=m*g Equation of motion:
. Fext = —mg,
a= Fext/m
dv/dt=a
dx/dt = v

Figure: Experiment set-up
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A spreadsheet approach

time F(t,x,v) a(t) v(t) calculation x(t) calculation
to Fo = F(to, x0, o) | a0 = Fo/m | v (initial cond.) xo (initial cond.)
t1 = to + At Fi=F(ti,x,vi) | aa=F/m | v =w+ ailAt X1 = xo + i At
tp =t + At Fr = F(t2, x2, v2) a=F/m| w=w+aAt X2 = x1 + At
t, = tp_1 + At Frn = F(tn, Xn, Va) a, = F,/m Vp = Vo1 + anlAt | xp = xp—1 + V,p At

Let us have a force in a cell L2, object mass in a cell 12, time advance in a cell 14,
initial height in a cell E4 and initial velocity in a cell D4, then

row column A column B | column C | column D column E

4 0 -L2 B4/12 any number any number

(v initial cond.) | (xo initial cond.)

5 Ad+14 -L2 B5/12 D4+C5*14 E4+D5*14

6 A5+14 -L2 B6/12 D5+C6*14 E5+D6*14

7..N-1 . . . . .

N A(N-1)+14 | -[2 BN/I2 D(N-1)+CN*14 | E(N-1)+DN*I4

So it is possible to specify only row #5 and then use copy row #5 and paste
special to the consequent rows from #6 to #N.



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/1D_FreeFall_Basic/

Sreenshot: Free fall (numerical and analytical

A

B

Discrete solution

t
[s]

0,00
0,03
0,06
0,09
012
015
018
021
024

[N]

-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81

a
[mys/s]

-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81

v
[m/s]

-8,83
-9,12

comparison,)

F G H 1 J
Analytical solution
m 1,00 kg
9 9,81 mfs/s
003

¢
all

981N
1,0Ls

5004
100 ]
E anof
=
200

1,004

Numerical soltion
Analytical solution

140



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/1D_FreeFall_Basic/

A spreadsheet approach cont.

row column A column B | column C | column D column E
4 0 -L2 B4/12 any number any number

(vo initial cond.) | (xo initial cond.)
5 A4+14 -L2 B5/12 D4+C5*14 E4+D5%*14
6 A5+14 -L2 B6/12 D5+C6*14 E5+D6*14
7.N-1 | . . . . .
N A(N-1)+14 | -L2 BN/12 D(N-1)+CN*14 E(N-1)-+DN*14

A more convenient way is to name basic parameters, e.g. Let us have a force in a
cell L2 named F, object mass in a cell 12 named m, time advance in a cell 14
named dt, initial height in a cell E4 and initial velocity in a cell D4, then

row column A column B | column C | column D column E
4 0 -F B4/m any number any number

(vo initial cond.) | (xp initial cond.)
5 Ad+dt -F B5/m D4+C5*dt E4+D5*dt
6 A5+dt -F B6/m D5+C6*dt E5+D6*dt
7.N-1 | . . . . .
N A(N-1)+dt | -F BN/m D(N-1)4+CN*dt E(N-1)+DN*dt



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/1D_FreeFall_Basic/
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A processing approach

function setup()

createCanvas (200, 500); // width, height

m=1 // [kg] mass of the object

x=5 // initial position

v=0 // initial velocity

g=9.814 //[m/s"2] gravitational constant Lisbon
F=-mxg

dt=0.003 // [s] time advance

t=0 // [s] initial time

function draw() {
background (220); // try to comment it
// Physics
t=t+dt // time evolution
a=F/m // acceleration "evolution”
v=v+axdt // velocity evolution
x=x+v*dt // position evolution
// Drawing

// ... into canvas widthxheight and origin left—up corner

x_.canvas=height—x*100 // 1m=100pixels & rotate
circle (100,x-canvas,20)
if ( x<=0) {F=0,x=0} //Good to stop it

it

upside —down

F=m*g


https://editor.p5js.org/vojtech.svob/sketches/p_VGqDX5

Sreenshot: Free fall

& > C (Y @ nhttpsireditor.p5s.org/vojtech.svob/sketches/p VGGDX5
M PFC =N Gy BnTvel BnTrelo Bm Akwal Bw krowH B GM B Dg @ GW @ #0 @ GMrm Bm Osobni Bw Dule [ Galleries B Viol @ YT MW Bck

v Help v

function setup() {
createCanvas(200, 500); // width, height
m=1 // [kgl mass of the object
x=5 // initial position
v=@ // initial velocity
g=9.814 //[m/s"2] gravitational constant Lisbon
F=-mig
dt=0.0@3 // [s] time advance

t=8 // [s] initial time

function draw() {

background(220); // try to comment it

// Physics

t=t+dt // time evolution

a=F/m // acceleration "evolution"

v=v+axdt // velocity evolution

x=xtvkdt // position evolution

// Drawing

s into canvas widthxheight and origin left-up corner

x_canvas=height-x*10@ // 1m=100pixels & rotate it upside-down O
22 circle(108,x_canvas, 20

20 if (x<=1 ) [(F-e,
¥

//Good to stop it

» See example



https://editor.p5js.org/vojtech.svob/sketches/p_VGqDX5
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A python@Jupyter notebook approach

m=1 # [kg] mass of the object

x=5;# initial position

v=0 # initial velocity

g=9.814 #[m/s"2] gravitational constant Lisbon
F=mxg

dt=0.003 # [s] time advance

t=0 # [s] initial time 5

Time = []
Position =[] ’
while x>0: 2
t=t+dt # time evolution
Time.append(t)
a=F/m # acceleration "evolution” ’

v=v+axdt # velocity evolution sl
x=x+v*dt # position evolution
Position .append(x)

from matplotlib import pyplot
pyplot.plot(Time, Position)
pyplot.xlabel("t_[s]"');pyplot.ylabel('x-[m]");


http://buon.fjfi.cvut.cz/raws/CTU4WP@ELAB/examples/PythonJupyterNotebook/1D_Freefall_Num/model.html

Sreenshot: Free fall

¢ 5 C 0 @ localhostsasomotebocksimodelipynb

M OBC =N mon M mTo

> See example

A B Ko BGH B0 @ GW @0 @ GMm MOy M Dwie M Gilres B Vol @Y7 B BGGM = Spinde MW

' Jupyter model Last checkgoint pled pér sekundami (autosaved) A [ oo

Fle  EdU View st Cel  Kemel  Widges  Hep msea| |pynona O
+[3]@ B 4 v Hrn M oo -

In (1):] mel # [ko] mass of the object
x=5;# initial position
v=0'# initial velocity
9=0.776 #[n/s"2] Gravitational constant Bogota

# 2] tine advance
e

n [2): Time = [
Position=[]

t=t+dt # tine evolution
Tine.append

a=F/m # acceleration "evolution”
vradt § velocity evolution
xextv*dt # position evolution
Sokition.append ()

In [4):[from matplatiis dagort pypict
pyplot.plot(Tine, Position;
DAoL AL (517) Sovplot.viabel ('x [n]');

xim)

Q% % O

oo

DA


http://buon.fjfi.cvut.cz/raws/CTU4WP@ELAB/examples/PythonJupyterNotebook/1D_Freefall_Num/model.html
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Simple harmonic motion
2.2 Pohyb kmitavy

2.2.1 Harmonicky oscilator

Uvazujme jednorozmeérny pohyb cdstice hmotnosti m napriklad podél osy ©, na niz pusobf sila F, =
—kx , k> 0. Je to ziejmé sila konzervativni a éastice ma v tomto silovém poli potencidlni energii

Ur) = % Ea?. (1)

Aditivni konstantu jsme volili tak, aby potencidlni energie byla nulovi pii & = 0. Céstice mé pii pohybu
urciton energii E, kterd se zachovéva, je integralem pohyhu; pritom musi platit podminka E > U(x). Lze
tedy Tici, ze se castice pohybuje v symetrické, parabolické potencidlové jame a w lezi v mezich —A < o < A,
kde A je amplituda, nejvétii vichylka (ohr. 2.8).

Ukazeme, ze takova castice bude vykonavat netlumené harmonické kmity s

-
w =y =, 2

Tato soustava se proto nazyva harmonicky oscildtor a mé zdsadni vyznam ve vsech oblastech fyziky.
Jeji dilezitost je v tom, e jakoukoli symetrickou potencidlovon jamu mizeme pro malé kmity vady aproxi-
movat jamou parabolickou a harmonicky oscilator tedy obecné popisuje libovolné kmitavé pohyby s malou
amplitudou. Jeho duleziton vlastnosti je 1 to, ze jeho vlastni ihlova frekvence (ktera je jedinym parame-
trem charakterizujicim harmonicky oscilator) nezavisi na amplitudé a ze perioda kmiti je vidy stejna
nezavisle na pocatecni vychylee.

Pohybovon rovnict harmonického oscilatorn

mi=—kax (3)



Sreenshot: Basic SHO

SHOBasic.xls - Gnumeric
Fle Edt View Insert Format Toos Sttsts Data Help

‘ al@ v « =[mem

G 5 m i x «

¥ am am e —

3 o1 “ioo ol E¥ —

i o2 B o Too

s a0 e e oo

w a0 o B oo

i ot e B oo

iz e o3 B T

i a7 o3 o T

i G B Er Too

i 130 o B oo

» 1o ois o oo

il 10 o3 e oo |,

3 160 o5 e T

E 150 018 ET T

e 150 o o Yoo

2 2,20/ 0,83 -0,52| 1,00 o

5 35 Gee B oo

% a0 o B oo

] i D En Too

S £ o] o T

) 3 T Soos Too

= T Fi .

5 o o3 o oo

5 e o a5 oo
e o o 100 | 1o

i 330 o5 o6 T
3o oes o2 T

5 30 oo G Too

b 130 oz oss S 1w | ) Py ey ey o

s i3 Goe 10 P

> See example



http://buon.fjfi.cvut.cz:5002/NumericalModelling/Presentation/examples/Spreadsheets/1D_SHO_Basic/
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Sreenshot: Experiment setup
(credit: The Physics clasroom)

> See example


https://www.physicsclassroom.com/class/vectors/Lesson-2/Horizontal-and-Vertical-Components-of-Velocity
https://www.physicsclassroom.com/class/vectors/Lesson-2/Horizontal-and-Vertical-Components-of-Velocity

Sreenshot: Spreadsheet approach



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/2D_HorizontalLaunch_Basic/

Sreenshot: Processing approach

Fle v Edt v Sketen v Hep v

[ R PR —

> sketcnis® Saved: 35secondsago  Preview

* function setup() ¢
reatcCanvas(S08, 500); // width, height
m=1 // Tkg] mass of the obj
<5 /7 initial position
vhley-a 1/ initial velocity
£9.814 //[n/s*2] gravitational constant Lisbon

£;Fx=0
@-o081 1/ [s] tine advance
t=0 // [s] initial tine

© function  draw) ¢
background(220); // try to comment it
// Physics
+dt // tine evolution
Fx/m // acceleration “evolution"

Fy/m // acceleration "evolution"
vyeaysdt 17 velocity evolution
y=y+vyxdt // position evolution
7/ brawing

. into canvas widthxheight and origin left-up corner
x_canvas=x<108 // In=100pixels & rotate it upside-down
y_canvas=height-y«100 // In=180pixels & rotate it upside-down

circle(x_canvas,y_canvas,20)
if ( x<=0 ) (F=0,x-0} //Good to stop it
0

DA


https://editor.p5js.org/vojtech.svob/sketches/3O2OUtpW
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Runge Kutta method

Let an initial value problem be specified:

y:f(tvy)y Y(to):)/o

Y1 = Yn + ¢ (ki + 2ka + 2ks + ka) ,
tn+1 - tn+ h

Yo+ hks

Yo+ hka/2
yo+hky /2

ki = h f(tn, yn),

kQIhf<t,,—|—ﬁ,yn—|—ﬁ>7

Yo

2 2
h k;
fo fo+h/2 fo+h k3:hf<tn+§7yn+?2>7

ko=hf(t,+ hy,+ ks).
Figure: Slopes used by the classical
Runge-Kutta method [Wik20e]



Runge-Kutta versus Euler method

- Exakte Losung
- Klassisches Runge-Kutta
- Heun

- Euler (halbe Schrittweite)

~o— Euler

Figure: Runge-Kutta methods for the differential equation y’ = sin(t)? - y [Wik20e]
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Sreenshot: odeint: Python solver

» See example

Z Jupyter model (auosaved)

File  Edt  View insent  Cell  Kemel  Widgets Help

B+ 3 BB 4 ¥ HRen B C B coe v e

In [1]:

In [10]:

In [11):

mpor( numpy as np
import matplotlib.pyplot as plt
from scipy.integrate import odeint

.6 #with friction
dTheta_dt(Theta, t):

return [Theta[1], -b*Theta[1] -g/l*np.sin(Theta[®])]
Thetad = [np.pi/10, 0]

= np.linspace(0, 5, 200)

ThetaSolution = odeint (dTheta dt, [np.pi/10, 01, t)
ThetaDraw = ThetaSolution
T=2*np.pi*np.sqrt(L/g);print ("T=42.2f s"%T)

T=3.39 s

plt xlabel("t [s]")
plt.ylabel("Theta [rad]")

Pt Hitle( Pendulun simulation*)

plt.plot(t, Thetabraw);

Pendulum simulation

tis]

Trusted

A

Logout

|python3 ©



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/PythonJupyterNotebook/Pendulum_odeint/Screenshot.png
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Foucalt pendulum

Figure: [Wik20b]




Foucault pendulum - dynamic equations

Coriolis force:
d
Fex = 2de—}t/ sin

dx .
Fey= f2mQE sin @

Restoring force (small angle approximation):

Fgx = —mw?x

_ 2
Fgy=—mwy.

Then dynamic equations:
Figure: Foucault pendulum -

setup d?x
dt?

d?y ) dx .
prolaia yf2QIsm<p.

d
= —w’x + 2Qd—}; sinp



Sreenshot: Foucault pendulum @ processing

€ v 3 v 4t v C @ A v Kk hupsieditorpsisorghojtech svobisketches/DMGINICG K
radians per day.  simple method B e [—
rfacecan b vsed o Gescrib the otatio angleof te swing i of s
rom th perspective of an Earth-baund coordinate system wih s xaxis pointing ast and s -
s oining ot he recession o he pendulum i descrioed by the Corals orce. Consder

planar pendulum with natural frequency @ in the smal angle approximation. There are two forces
acting on the pendulum bobs the restoring force provided by gravity and the wire, and the Coriolis ‘
force. The Coriols force at latitude o s horizontal in the small angle approximation and s given by
function setup() {
createcanvas(wn 400);
https://en. wikipedia!
i
8

g/wiki/Foucault_pend

dz
Foy = —2m0T sin
v Fraatd

; (48+52/60)/360:2+P1;5-9.832
Where s the rotations frequency o Earth, ., is the component of the Corilis force in the x- //Panthec e
direction and ., s the componentof the Corols force inthe y-direction. Winh 360 J
h restoring forc, inthe smal-angie spproximation s given by =28 0)/360424P1;5=9.632
B = -mtr :
J— 5.832 JIFCRH

10 "B I 39 aoppe| U5iNG Newton's aws of motion this leads to the rotati

system of equations. .
Pz, ody
22 o120 sin
ra a e
& dz unction draw
R R el Ol
B Lol Jorserenes
T e = Switching to complex coordinates 2 = x + iy, the FOxC24mOnegarvysin(phi);Fcy=-2smnegarviss
e Tt b T e equations read ingohiy i
553 Foucault pendolum otates anticockvise P o e i
e Hemspher. e example sows ae @ Fexe-mronegaze;Fy
that one i Par precessas 271- anch sderes N ax (Fvwhx)/m o
iy, 3king 318 hours per ration o firstorder in £ this equation has the solusion
O (e ey e vxmxki‘ vg;\z,fy«m

1ftime is measured in days, then © = 21 and the pendulum rotates by an angle of ~2nsin o during e
one day:

Related physical systems (¢t
Many physicalsystems precess n a similar manner to &
Foucault pendulum. As early a5 1836, the Scottsh
mothemaician Edvard Sang contrived and explained the
precession of a spinning 1op. In 1851, Charles Wheatstone
1241 described an apparatus that consists of a vibrating
sprng that s mounted on top of a disk o that it makes a
cdamle gt e ik To s b sk sotat
sciltes n a pane. when the disk s tu eof

» See example



https://editor.p5js.org/vojtech.svob/sketches/DMgIN9Cq
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Sreenshot: Satellite motion @ processing

function setup() {
createCanvas(400, 400);
kappa=6.672E-11
=

function draw() { ®
background(220);

Sqre(sq(x)+sq(y))

Fg=kappaxm+M/(sq(r))

Fx=-Fgx(x/r);Fy=-Fgx(y/r)

axcximsayFirm

vx=vxraxdt; vy=vyray*dt

1pp=100000
circle(200,200,2+6. 378E6/mpp

if (r>6.378E6) {clrcle(100+x/mpp 200+y/mpp,10)}
//circle(200+x/mpp, 200+y/mpp,10)

> See example

DA
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