


Problem 2

The first order correction to the ground state energy of a particle confined to the interval
0 < x < L is given by:

dE1 =
2
L

Z L

0
dx sin2

⇣px
L

⌘
dV(x)

for some potential perturbation dV(x). For the rest of the problem take:

dV(x) =
e�10p2x/L

10 + (x/L)

a) Compute dE1 using the Trapazoidal, Simpson, and Gauss-Legendre methods with N =
2n points. Plot your estimate of dE1 as a function of n from n = 1 (N = 2) to n = 9
(N = 512). Comment on the convergence of your results.Which method converges most
quickly and why?

b) Compute dE1 using Romberg Integration. How many Romberg iteration levels does it
require to achieve a fractional tolerance of 10�3? 10�6? 10�9?

Problem 3

The dimensionless gravitational 2-body problem (in the limit that one mass is much heav-
ier than the other) can be written in the form:

d2x
dt2 = � x

r3
d2y
dt2 = � y

r3

where
r2 = x2 + y2

Express this system of two coupled second order equations as a system of four coupled
first order equations. For initial conditions x = 0.25, y = 0, vx = 0, vy = 1 solve this
system using the 4th order Runge-Kutta method with stepsize h for h = 0.01, h = 0.001,
and h = 0.0001. What are the initial energy and angular momentum of this system?
For the time period t = 0 to t = 1 plot the trajectory of the particle and the change in
the energy and angular momentum (relative to the initial value) as a function of time.
Explain the behaviour you observe. At what point in the orbit to the energy and/or
angular momentum change the most and why?
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