
MA3469 Practical Numerical Simulations

Assignment 2 Due: October 26th, 2010

Please send the whole assignment as a single E-mail message to dima@maths.tcd.ie, attaching
all files required to run the code and generate the data files (if used). For plots, send just the plot

command line if no other gnuplot commands have been use, otherwise attach the whole configuration
file.

1. Plot the energy E and angular momentum L as functions of any coordinate or
velocity for the solution of two-dimensional Kepler problem, obtained by Euler-Cromer
method for τ = 0 . . . 300 and various fixed time steps h. Measure the magnitude of the
fluctuations in E and L and plot these as functions of h within a reasonable range of h.

2. Do (a) the same using adaptive-step Runge-Kutta 2nd
−order method, plotting the

results in terms of eps = atol = rtol instead of h. (b) Plot lifetime of the original system
as a function of eps. Hint: you can clearly observe the moment when the body escapes
to the infinity either at E(τ) or vx,y(τ) plots – both the energy and velocity become
approximately constant after the decay of the system.

3. Do the Question 2 using the plain Euler method.

4. Do the Question 2 using Runge-Kutta 4th
−order method, which for the vector

1-st order ODE ~̇y = ~F (~y, τ) can be written as

~y(τ + h) = ~y(τ) + h
~κ1 + 2~κ2 + 2~κ3 + ~κ4
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where

~κ1 = ~F (~y, τ),
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~κ4 = ~F (~y + h~κ3, τ + h).

Will the system decay at all in this case?

Optional:

5. Find out which maximal level of accuracy can be achieved with adaptive-step
methods implemented in Q2-Q4 above. For each method, try to identify if you are
limited by the running time of the code or precision of floating-point arithmetics. If
latter is the case, modify your code to use the long double floating-point type and check
for how much this improves the maximal achievable accuracy of the results. Use a
PowerPC-based Mac or any other non-Intel machine if possible.


