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Exercise 6
Euler method and the Two-body problem

(Hand out: 22.05.2023, hand in: 30.05.2023 12pm)

1. Task Euler method for the harmonic oscillator (5 P)
The source code example in the lecture calculates the solutions x(t), v(t) for a harmonic oscil-

lator, i.e., for a force F (x) = −x, so that ẍ = d2

dt2
x = −x.

a) Compile and run the program code, plot its output (you may use the redirection operator
> of the shell), e.g., with gnuplot, together with the analytic solutions for x(t), v(t). (2
P)

b) Reduce the number of calculation steps per period to n = 101 and nout = 5. What is the
impact on the accuracy of the solution for x? Plot the output for visualization together
with those of subtask 1a). (1 P)

c) Modify the program so that it uses the Euler-Cromer method (implicit Euler method)
and the same parameters as in subtask 1b). Plot again the output and conclude on the
achieved accuracy. (2 P)

2. Task The Kepler problem (10 P + 2 BP)

Below, we want to model the motion of a planet orbiting the sun. For this simulation we have
to solve the coupled system of equations
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with help of the Euler-Cromer method. The motion of the planet should be visualized with
help of Xgraphics.

a) Use Cartesian coordinates x, y and astronomical units. The equations (1) can be set up
“separately” for each of the two coordinates (array!). (1 P)
By which term are the equations for the x- and y coordinate coupled? (0.5 P)

b) Structure the program with help of functions (4 P):

i. int main(): Call of the function initial(). Call of the functions euler() and
output() in an infinite loop

ii. void initial (...): Initializing the necessary variables and constants, especially
for the initial conditions.
Set always y(t = 0) = 0 and vx(t = 0) = 0. User input of the following parameters:
Size of the time step ∆t, number of time steps between two consecutive draw actions
(output), initial value x(t = 0), intial value vy(t = 0). Check user input.

iii. void euler (...): Implementation of the Euler-Cromer method, incrementation of
the running time t (we will need this quantity for the next exercise).

iv. void output (...): Graphical output via Xgraphics. Plotting the Sun (yellow),
and the orbiting planet (blue) at its current position.

Pay attention to the visibility of variables and functions.
Bonus: Every function should be in its own file (name = function name). Compile these
files separately, e.g., g++ -c euler.cpp, and link them finally together as shown in task
4 in exercise 5. (2 BP)
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c) Verify the properness of your program by considering the special case of a circular obit
with x(t = 0) = 1.
How must vy(t = 0) be chosen to obtain a circular orbit? (1 P)
How small must be ∆t at least to get a stable cicular orbit? (0.5 P)

d) Modify the program by implementing also alternatively the the Euler method. (1 P)
How must the time step size ∆t be chosen to get a stable orbit with the same intial values
as for the Euler-Cromer method (0.5 P).

e) Implement a function float energy(...) to calculate the total energy E or the specific
energy E/m on the trajectory (1 P):

E =
1

2
mv2 − GMm

r
. (2)

For the same initial values as for 2c), how must the time step size ∆t be chosen to conserve
the total energy E? Which algorithm is better in conserving the energy? (0.5 P)


