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Python: Elastic body simulation

Downloadable script:

apple_sim.py
Sita (M) £l Stata sprezystosci (Sprezystosd) il Re<tart
L1 1]
Symulacja Masy Sprezystej
40
EEm Grawitacja
mm Wiatr
Simulation Vectors (Polar) 31 B Predkost
270°
\-b— Gravity 307 !
225¢ -»— wind :
-»— \elocity 25 4 :
Net Acc :
|
= |
E 201 i
pVelocity > |
|
|
it 4 |
pSravity 15 |
o paind o
180 priiind 0 :
10 4 !
|
|
|
1 f
|
|
|
0 T T T + T T T
—20 -15 -10 =5 o] 5 10 15 20
X {m)
90° Speed and Acceleration vs Time
25 | —— Speed (mys)
Acceleration (m/s?)
201
Time: 7.30 = W i
Position: (0.00, 5.07) S 15
Velocity: (0.00, -3.49) g
Acceleration: (0.00, -9.81) 10 4
Het Acceleration: 9.31 m/s®
Gravity Force: 1.47 H
Wind Force: 0.00 N 57
Friction Force: 0.00 N
0 T T T T
0 1 2 3 4 5 6 7

PY: Elastic Mass Simulation

This article explains how a script works to simulate the movement of an elastic mass under the
influence of gravity, wind and friction, using the libraries Tkinter, Matplotlib i NumPy.

Physical constants and initial conditions

g 9.81 # Przyspieszenie ziemskie (m/s”2)
m 0.15 # Masa pitki (kg)
restitution = 0.7 # Wspotczynnik sprezystosci (odbicia)
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https://wiki.ostrowski.net.pl/lib/exe/fetch.php?media=narzedzia:apple_sim.py
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friction coefficient # Wspotczynnik tarcia

We use basic constants from physics:

e Gravitational force: (F g=mg)
e The rebound of the ball from the ground occurs with a reduction in vertical velocity by the
coefficient of elasticity: $$ v_{y, Btext{po}} = -v_{y, \text{before}} \dot e $$

Force and acceleration calculations

Code:

Fw = wind force
ax_acc Fw / m
ay acc -g

According to Newton's 2nd principle of dynamics:

* The wind force generates horizontal acceleration: $$ a x = \frac{F_{wind}}}{m} $$
e Vertical acceleration is equal to the Earth's acceleration: $$ a y = -g $$

Kinematics of motion

VX += ax_acc * time step
vy += ay acc * time step
X += vx * time step + * ax_acc * time step**
y += vy * time step + * ay acc * time step**

We use the basic equations of kinematics:

$$v=v 0+ a\cdot \Delta t\\s =s 0 + v\cdot \Delta t + \frac{1}{2} a \cdot \Delta t™2 $$

Ground bounce and friction

y y min:
vy -vy * restitution
abs (vy :
vx -= \dots \text{(sita tarcia

Kinetic friction force:

$$ F_{text{friction}} =\l m W g \\ a_{text{fiction}} = \frac{F_{\text{tarcia}}}{m}=\EE EHE N
EEEEEEEEENOS$S
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Force vectors and diagrams

The code draws vectors:

e Gravity - always downwards
e Wind - horizontal
e Speed - dynamically

draw arrow(x, y, vx * scale, vy * scale, 'purple'’

Vectors in the polar diagram

draw polar arrow(polar ax, angle, magnitude, color

This section converts the force and velocity values to polar coordinates. This allows the user to
observe their directions and relative values.

Graphs of speed and acceleration

current speed np.sqrt(vx**2 + yy**
net acc np.sqrtliax_acc**2 + ay acc**

These values are added to the lists and drawn in real time.

Summary

This script is an example of a dynamic simulation of motion in a two-dimensional force field, taking
into account:

e Gravity

e Wind as an external force

e Elasticity on impact with the ground.
e Dynamic friction at low speed

Thanks to the graphical interface, the user can manipulate the parameters and observe the physical
effects in real time.
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