
Physics with Matlab and Mathematica Exercise #10 6 Nov 2012

This is (probably) a mathematica exercise.

This exercise is about numerical solution of a second order differential equation. It can be
done with either matlab or mathematica, although I’ll be using the latter for the class
time demonstration, and will refer to that here.

An object of mass m moves in one dimension x according to Newton’s Second Law F = mẍ
with a force F (x) = ax2 − bx. Assume that a and b are positive constants.

Numerically solve for x(t) with initial conditions ẋ(0) = 0 and x(0) = x0, and plot the results.
Solve and plot for 0 ≤ t ≤ tMax where tMax is large enough for you to see the behavior as
t → ∞. Let x0 takes on each of three values of your choosing, but with the constraints

1. |x0| � b/2a

2. x0 close to −b/2a but a little larger (i.e. closer to zero)

3. x0 close to −b/2a but a little smaller (i.e. farther from zero)

You’ll need to put in numerical values for everything in order to solve Newton’s Second Law
numerically. You are welcome to choose whatever values you want for a, b, and m, but you
may want to play around with them a little to make the plots look nice.

What is so special about x = −b/2a? You might try solving and plotting for x0 = −b/2a to
get a big hint. You might also plot the potential energy U(x) = −

� x
0 F (u)du for a bigger

hint. The integral is simple, but you can ask mathematica to do it for you; no need for a
numerical integral here, though.

Email your executed notebook for this assignment, complete with com-

ments, to the standard address. You should also include a pdf output

file of your executed notebook.


