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1 General Remarks

• Deadline for the report is Tuesday, 13th November 2012, 10:00.

• To hand in your report, send it to your tutor via email

– Olaf (olenz@icp.uni-stuttgart.de; Thursday, 14:00 – 15:30)

– Jens (smiatek@icp.uni-stuttgart.de; Friday, 8:00 – 9:30)

• Please attach the report to the email. For the report itself, please use the PDF format (we will
not accept MS Word DOC files!). Include graphs and images into the report.

• If the task is to write a program, please attach the source code of the program, so that we can
test it ourselves.

• The report should be 5–10 pages long. We recommend to use LATEX. A good template for a
report is available.

• The worksheets are to be solved in groups of two or three people. We will not accept hand-in-
exercises that only have a single name on it.

2 Cannonball

2.1 Simulating a cannonball

In this exercise, you will simulate the trajectory of a cannonball in 2d and where it hits the ground.

At time t = 0, the cannonball (mass m = 2.0 kg) has a position of x(0) = 0 and a velocity of

v(0) =
(

50
50

)
m
s .

To simulate the cannonball, you will use the simple Euler scheme to propagate the position x(t) and
velocity v(t) at time t to the time t+ ∆t (∆t = 0.1 s):

v(t+ ∆t) = v(t) +
(F(t)
m

)
∆t (1)

x(t+ ∆t) = x(t) + v(t) ·∆t (2)
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The force acting on the cannonball is gravity F(t) =
(

0
m× g

)
, where g = 9.81 m

s2 is the gravitational

constant.

The Euler scheme can be derived from a second order Taylor expansion of the position and velocity
in the time:

v(t+ ∆t) = v(t) + ∂v(t)
∂t

∆t+O(∆t2) (3)

x(t+ ∆t) = x(t) + ∂x(t)
∂t

∆t+O(∆t2) (4)

Task (? points)
Write a Python program that simulates the cannonball until it hits the ground ({x}1 ≤ 0)
and plots the trajectory.

Hints on preparing the report

• Whenever you are asked to write a program or script, hand in the program or script together
with the report. In the report, you can put excerpts of the central parts of the code.

• When a program should plot something, it might be a good idea to include the plot into the
report.

Hints for this task

• For those of you that do not know Python (yet), you can ask your tutor to give you a template
for the program, where only the central parts are missing.

Note that we will not give you a program file, but an image or a print-out, so that you will
have to type the program into a text editor yourself. This is not meant to annoy you, but will
help you to learn Python quicker.

• The program that you start writing in this task will be successively extended throughout the
whole sheet. Therefore it pays off to invest some time to write this script cleanly!

• Throughout the script, you will use NumPy for numerics and Matplotlib for plotting, therefore
import them at the beginning:
from numpy import *
from matplotlib.pyplot import *

• Model the position and velocity of the cannonball as 2d NumPy arrays:
x=array ([0 .0, 0.0])

• Implement a function compute_forces(x) that returns the force (as 2d NumPy array) acting
on the cannonball at position x.

• Implement a function step_euler(x, v, dt) that performs a single time step dt of the Euler
scheme for the position x and velocity v. The function returns the new position x and velocity
v.
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• In the main program implement a loop that calls the function step_euler() and stores the new
position in the trajectory until the cannonball hits the ground.

• Store the positions at different times in the trajectory by stacking them onto a variable:
# i n i t t h e t r a j e c t o r y
traj = x[:]
# append a new v a l u e o f x t o t h e t r a j e c t o r y
traj = numpy.vstack (( traj, x))

• When the loop ends, plot the trajectory.
plot(traj[:,0], traj[:,1], ’-’)
show ()

2.2 Influence of friction and wind

Now we will add the effect of aerodynamic friction and wind on the cannonball. Friction is a non-
conservative force of the form Ffric(v) = γ(v−v0). In our case, we assume that the friction coefficient

is γ = 0.1 and that the wind blows parallel to the ground with a wind speed vw (v0 =
(
vw

0

)
m
s ).

Task (? points)
• Extend the program from the previous task to include the effects of the aerodynamic
friction.

• Create a plot that compares the following three trajectories:
– trajectory without friction
– trajectory with friction but without wind (vw = 0)
– trajectory with friction and with strong wind (vw = −50)

• Create a plot with trajectories at various wind speeds vw. In one of the trajectories,
the ball shall hit the ground close to the initial position. Roughly what wind speed
vw is needed for this to happen?

Hints

• Extend the function compute_forces(x) so that it also takes the velocity v as argument and
add the friction force.

• Wrap the main loop into a function so that you can create several trajectories at different values
of γ and vw in a single program.

• The constants γ and vw that are needed in the functions compute_forces() can either be mod-
elled by global variables (use the keyword global), or by extending the functions compute_forces()
and step_euler() by corresponding arguments.

• You can add legends to the plots like this:
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# make a p l o t w i t h l a b e l " f ( x ) "
plot(x, y, label= "f(x)")
# make t h e l a b e l s v i s i b l e
legend ()
# show t h e graph
show ()

3 Advanced integrators: Solar system

. . . to be completed . . .
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