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First of all ...

Companion website

http://buon.fjfi.cvut.cz/wp

=

This presentation (in latex) .. to be
reused/adapted for education.

All used examples (ready to be used
for education).

Other relevant info.
Resources.
Nov. 2021 + tracker intro
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Motivation

Scientific problem
Theory, Numerical simulation, Experiment
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Figure: Pendulum analysis @ [Hen20]

Figure: Soberenia Pendulum



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 tg, vg, xo:

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

1
and x(t) = ftz vdt
® Discrete solution: having At time progress, in principal, we are looking for a

time series of object position (to, Xo), (t1, X1), --(tn, Xn): 3; = F;/m, then
Viyzi=Vi+a- At, and Xiy1 = X; + Vi - 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; = F;/m, then v;11 = v; + a- At, and

Xiy1 = X; + V- At
time F(t,x,v) a(t) v(t) calculation x(t) calculation
to Fo = F(to, x0, Vo) ag = Fo/m vo (initial cond.) xo (initial cond.)
t] =ty + At F1:F(f17X1,V1) 31:F1/m vi = v + a1 At x1 = xp + i At
th = t; + At F> :F(tQ,X27V2) ar :Fz/m Vo = v; + a At X2 = x1 + wAt
th=tr1+ At | Fo=F(ta, X, V) | @an=Fa/m | vp = Vo1 +anAt | Xo = Xp—1 + VoAt




FEuler method solving ODE - the principle

Let an initial value problem be specified:

y:f(tvy)7 y(tO)zyO

Approximative solution
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Figure: credit:[Szal4]



FEuler method solving ODE - repetition (loop)
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Figure: credit:[Wik20a]



Sreenshot: Let’s dive into a problem

0™ order ODE: Constant force
Fext - k

A B C D E F G H 1 K o Q
(G F a dt
2 0,000 10,000 5,000 m
3 0,010 10,000 5,000 Fext
4 0,020 10,000 5,000
5 0030 10,000 5,000
6 0,040 10,000 5,000
7 0,050 10,000 5,000 &
8 0060 10,000 5,000
9 0,070 10,000 5,000
10 0,080 10,000 5,000 5
1 0090 10,000 5,000
12 0100 10,000 5,000
12 0110 10,000 5,000 40004
1 0120 10,000 5,000
15 0130 10,000 5,000 =
16 0,140 10,000 5,000 4
17 0,150 10,000 5,000 £ 200
1 0,160 10,000 5,000 K
19 0170 10,000 5,000
20 0180 10,000 5,000 2,000
21 0190 10,000 5,000
22 0,200 10,000 5,000
23 0210 10,000 5,000 1.0004
2 0220 10,000 5,000
i 0230 10,000 5,000
2 0,240 10,000 5,000 .
7 025 10000 5000
) 0,260 10,000 5,000 sl
2 0270 10,000 5,000
0 0280 10,000 5,000
3 0290 10,000 5,000
2 0,300 10,000 5,000
£ 0310 10,000 5,000
34 0,320 10,000 5,000
ES 0330 10,000 5,000
36 0,340 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
ik 0,090 -0,923 -0,923 0,914
12 0,100 -0,914 o T
13 0,110 -0,904 ’
14 0,120 -0,895
5 0,130 -0,886
6 0,140 -0,878 10004
7 0,150 -0,869
18 0,160 -0,860
19 0170 -0,851 0,300
20 0,180 -0,843
21 0,190 -0,835
22 0,200 -0826 |@
2 0,210 -0,818 | E 06004
24 0,220 -0,810 0>
2 0,230 -0,802
% 0,240 -0,794 04004
2 0,250 -0,786
2 0,260 -0,778
2 0,270 -0,770
30 0,280 -0,762 0:200
El 0,290 -0,755
3 0,300 -0,747
3 0310 -0,740 0. . . .
34 0,320 -0,732 0,000 0500 1,000 1,500 2,000
3 0,330 -0,725 tls)
36 0,340 -0718 © g g
37 0,350 -0,711 -0,711 0,703
£ 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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© 1D problem in cartesian coordinates: free fall




Free fall set-up

Om
Vo ‘F=m*g Equation of motion:
b 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

B

Discrete solution

[s]

-9,81
-9,81
-9,81
-9,81
-9,81
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-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
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-9,81
-9,81
-9,81
-9,81
-9,81
-9,81
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-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
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Analytical solution

H

1,00 kg
9,81 mfs/s
0035

A
tall

9.8L N
101s

x[m]



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=vtaxdt // 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 it upside—down
circle (100, x-canvas ,20)
if ( x<=0) {F=0,x=0} //Good to stop it


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 s
s
Time = []
Position =[] g
while x>0: 2
t=t4+dt # time evolution )
Time.append(t)
a=F/m # acceleration "evolution” B ——
v=v+axdt # velocity evolution )

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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Figure: Pendulum setup.
credit:[Wik20b]

Pendulum set-up

Equation of motion:

F = —mgsinf = ma,
a=—gsinf
d?s d?0
=ge e Tl
d’0 g .
W + ZSInQ = 0,
d?6

= + %9 =0 (small angle approx.).
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A spreadsheet approach
modification from translational to rotational system

time F(t,0,w) e(t) w(t) calculation 0(t) calculation
to Fo = F(to, 00, wo) €0 = Fo/m wo (initial cond.) 0o (initial cond.)
t] =ty + At F1:F(t1,91,w1) 51:F1/m w1 = wo + 1At 01 = 6p + w1 At
th = t; + At F, :F(fQ,GQ,wz) €2 :Fz/m wy = w1 + At 0y = 01 + wr At
t, = th_1 + At | F, = F(tn, 0n, wn) €n=Fo/m | wp=wp_1+ €At | 0, =0,_1+ w,At

Let’s specify and name basic parameters: object mass in a cell J1 named m, time

advance in a cell J3 named dt, length of the pendulum in J4 named /,

gravitational constant in J2 named g, initial angle 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 B4/m any number any number

(wo initial cond.) | (6o initial cond.)
5 A4+dt -m - g - sin(E4) B5/m D4-+C5*dt E4-+D5*dt
6 A5+dt -m - g - sin(E5) B6/m D5+C6*dt E5+D6*dt
7..N-1 .. .. . . .
N A(N-1)+dt | -m- g -sin(E(N — 1)) BN/m D(N-1)+CN*dt E(N-1)+DN*dt



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

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

«>cCc0
=M

& https//editor.psjs.org/vojtech.svob/sketches\VTEaAkgs
BC =N MGy BmTve] M Trelo Bm Akual B Knowd B GM B Dg @ GW @ #0 @ GMrm W Osobni @ Due

M Galleries B Viol @ YT W BckgM = Spinek B WP

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

Sreenshot: Pendulum basic @ octave (matlab)

rgren
e s
Dk kG e o s

nec1)-t

note(s)-theta
=
24 ptoccrine, mgte)
= a7
T et | »
o



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/octave/PendulumBasic/
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Sreenshot: Pendulum with friction

c [} 3 F G H 1 J K L M N o
eps omega theta Envelope m 1,00 kg T 2015
rads2  rads rad g 9,81 m/s++2
X 0,31 031 -031 dt 003s
-303  -0,09 031 031 -030 I 1,00m
-292  -018 0,31 030 030 b 1,00 kg/s d 0,50 1/s
-2,78 0,26 0,30 030 030
-262 034 029 030 029 5
-245 041 0,28 029 029
-226 048 0,26 029 028
-2,05 054 024 028 028
-184 0,60 023 028 027 0.30
-161  -0.65 0,21 027 027
-138  -0.69 019 027 027
-114 072 0,17 027 026 0.204
-089  -075 014 026 0,26
-065 077 012 026 025
-040  -0,78 0,10 025 025
-016 0,79 0,07 025 025 0109
007 078 0,05 025 024 |
030 077 0,03 024 024 |E
0,52 -0,76 0,00 0,24 024 |'g 0.00q
073 074  -0,02 024  -023 |&
092 071 -0,04 023 023 |F
110 -068 006 023 023 0104
127 -064 008 023 022
142 -060  -010 022 022
155  -055 011 022 022
166  —050 0,13 022 -021 0209
176 -045 014 021 021
184 -039 015 021 -021
19  -033 016 021 020 ~o.30
194 -028 017 020 020
19  -022 018 020 020
19  -016 018 020 019
155 00 019 015 019
192 -004  -019 019 019 .
187 001 -019 019 -019
181 007 019 019  -018


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

Sreenshot: Pendulum with friction @ processing
o

function setup() {
createCanvas(400, 400);
m=2

t
theta = 3.14/10; // Pendulum initial angle theta
omega // Initial angular velocity

C =2; // Center point

unction draw() {
background(220);

/1 physics

t=t+dt

F=-mxgxsin(theta)-bx(1xomega)

epsilon = (F/m)/1; //angular acceleration

omega = omega + epsilon * dt;

theta = theta + omega * dt

xp = C - 1 * sin(theta); // X coordinate of pendulum bal
yp = 1 x cos(theta); // Y coordinate of pendulum ball
/1draw it

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

ellipse(xp*ppm, yp*ppm, 20, 20);

=5

» See example

DA



https://editor.p5js.org/vojtech.svob/sketches/qHurFykr
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Sreenshot: Pendulum with friction - phase space

A B | ¢ | o G H 1 ] K L M N o P Q R
t ‘eps ‘omega m ,00 kg T 2,01s
Is) radis*2  rads 9 .81 m/s*+2
de ,03's |
I ,00 m
b ,00 kg/s. d 0,50 15
| |

omega [rad/s]

DA


http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/1D_Pendulum_Friction_PhaseSpace/
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Energy of the Pendulum

Figure: credit:[Lee20]



Sreenshot: Pendulum - energy conservation analysis

A s c o 3 F G H 1 J K L ] N ° P
G F ep: omega  theta Potential energy  Kinetic energy  Total energy m 1,00 kg T 2015
2 sl N] radjs*2  radjs rad ) ) 1 [ 9,81 m/s**2
3 0,00 0,00 031 048 0,00 0,48 dt 0015
4 001 -303 -002 031 048 0,00 0481 1,00 m
5 001 -303 -0,03 031 048 0,00 048
6 001 -303 -005 031 048 0,00 048
7 002 -303 -006 031 048 0,00 048
8 003 -303 -0,08 031 048 0,00 048
9 003 -302 -0,09 031 048 0,00 048
10 004 -302 -o11 031 047 0,01 048
1 004 -301 -012 031 047 001 048
12 004 -301 -014 031 047 001 048
13 005 -300 -015 031 047 001 048
18 005 -299 -017 031 047 0,01 048
15 006 -299 0105
16 006  -2,98 -0, T
17 007 -297 -02)
18 007 -29 -02
19 008 -295 -02)
2 009 -294 —02 ™
21 009 -29 -02)
2 010 -291 -02)
2 010 -290 -03 ool *,
2 011 -288 035 % \
2 011 -287 -03 %
2 012 -285 -03 &
27 0,12 284 -03| & \
28 013 282 -03
2 013 -280 -03
30 014 -279 -04
31 014 277 04|
32 015 -275 -04
£ 015 -273 -04
3 016 -271 -0.4|
3 016 -269 -04
36 017 -266 -04 T T T T o
> oI 264 “od o 020 040 B3 080 100 120
38 018 -262 05| time (5]
39 018 -259 -0.5: 0.26 034 013 048

» See example


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

Sreenshot: Pendulum - small angle approrimation

rd



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/examples/Spreadsheets/1D_Pendulum_SmallAngleApprox/
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Sreenshot: Two pendulums

function setup() { _
createCanvas(400, 400); t=48167s
m=2
1-2.705
/fhitps:  fen-wikipedia.ore/wiki/Gravity_of_Earth
18 //equator T1=3.3
-832 //po
.02

s

.14/10; // Pendulun initial angle theta
-0; // H\H al mgmar velocity

function draw() {
ba kgmu d(zzo)‘

7/ Firet pcumlum

Fl=-mgl*sin(thetal)

epsilont (F1/m)/1; //angular acceleration

omegal = omegal + epsilont * dt;

thetal = thetal + omegal * dt;

xp| C1 - 1 * sin(thetal); // X coordinate of pendulum ball
= 1 x cos(thetal); //°V coordinate of pendulum ball

//draw it

ppn=100 //scale it to the canvas (from meters to pixels)

Tine(Cl+ppm, 0, xplxppm, ypl+ppm)

ellipse(xpl+ppn, ypl*ppm, 20, 20);
//"Second pendulun

F2=-mxg2ssin(theta2)

epsilon2

(F2/m)/1; //ar\gulnr acceleration

a2
P2 = C2 - Gt sinthetaz); /7 X coordinate of pendulun ball
yp2 = 1 * cos(theta2); //¥ coordinate of pendulum
//draw it
ppn=100 //scale it to the canvas (from meters to pixels)
line(C2+ppm, @, xp2+ppm, yp2+ppm);
ellipse(xp2+ppm, yp2+ppm, 20, 20);

textSize(20); text("t = "+nf(t,0,2)+" s", 150,50);

B

» See example

DA


https://editor.p5js.org/vojtech.svob/sketches/vXqfkyzU
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Pendulum in Prague

| =1.637 m, g = 9.810 (Charles Univ.) or 9.834 (Wolfram) or 9.813 (Wiki) m/s?

Parameters: J



http://kdt-40.karlov.mff.cuni.cz/
https://www.wolframalpha.com/widgets/view.jsp?id=e856809e0d522d3153e2e7e8ec263bf2
https://tinyurl.com/yx85ozfn

Sreenshot: Pendulum “advanced” @ processing

/Author:Pavel Kuriscak
N =24.25

function setup() { 2
createCanvas(400, 400); Period = 2.566

ppm = 100;  // Number of pixels per meter

// Pendulum e theta
// Angular velocity

// Center point
/ Length of pendulum

4
7 t=o; // Current time

8  num_swings = -0.25; //Number of swings

) period = 0;

22 function draw() {

3 background(220);

24

25 old_th = th; //Remenber theta before calculation

+ v_thxdt;

£ licinfthy. Y onrdinate of nendulum hall
v

» See example

DA



https://editor.p5js.org/vojtech.svob/sketches/qes6mq_o

Sreenshot: Pendulum in Prague

Pendulum in Prague
Ideas for World Pendulum - WP @ELAB

plot -

Experiment view

i, Www.ises.info I 123

Pay | sop | [High resolution 1a0)

i#, Www.ises.Info

time 5 (each section is 15)

Length control

80cm 100 cm 120cm 0cm 1537

.

Release control

v | sor. [High resolifon 7| TN T



http://kdt-40.karlov.mff.cuni.cz/

Period

via Gnuplot

set datafile separator ',";plot 'data.csv’ u 1:2

Be zeeaaa s



http://buon.fjfi.cvut.cz:5002/CTU4WP@ELAB/Pendulums/Prague/data.csv
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World Pendulum

Parameters:
|~281lm, g~98m/s?



http://groups.ist.utl.pt/wwwelab/wiki/index.php?title=World_Pendulum

Sreenshot: Pendulum

“advanced” @ processing

B e

> sketchjs

2
3+ function setup() {
createCanvas(400, 400);

4
5
6 ppm=100; // Number of pixels per meter
7 th 1; // Pendulum angle theta
8 7/ Angular velocity
9 // Center point
10 // Bogota set-up
11 z 815 7/ mp //groups. ist.utl.pt/wawelab/wiki/index. php?title=World_Pendulun and
12 // https://www.wol framalpha. con/widgets/view. jsp?
ld—e356809e8d522d31 53eZe7eBec263bf2|
14 dt = 1/50
15 t= // Current time
16 num_smngs = -0.25; //Number of swings
17 period =
1a 3}
20' function draw() {
backxmund(ne),
22
23 old_th = th; //Remember theta before calculation
24
25
26 th;
27 v_th + a_thxdt;
28 it
29
30
31 - Lxsin(th); // X coordinate of pendulum ball

Saved:Iminuteago  Preview



https://editor.p5js.org/vojtech.svob/sketches/ni4EgKh-
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To be continued..
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The physics classroom: Pendulum motion.
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2020.
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Conservation of energy.
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2020.
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tutorial/.
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2014.
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