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1. The equation
d2y(t)

dt2
= f(y, t)

can be solved using the Verlet algorithm

yn+1 = 2yn − yn−1 + h2fn +O(h4)

where
fn = f(yn, tn)

The Verlet algorithm can also be written on the ”velocity Verlet” form

yn+1 = yn + hvn + (h2/2)fn

vn+1 = vn + (h/2) ?

This algorithm was used when you solved the Fermi-Pasta-Ulam problem. Can you add
what is missing at the question mark. (3p)

2. In a molecular-dynamics program one can sometimes find the following (pseudo-)code.

rij = rj − ri

rij = rij − L ∗ [rij/L]

It implements a certain useful technique. Explain the technique and state when it can be
used. (5p)

3. Consider the molecular dynamics simulation technique and temperature scaling. You
would like the temperature to decay exponentially to Teq,

T (t) = Teq + (T (0) − Teq)e
−t/τT

with some decay time constant τT . The instantaneous temperature can be changed by
scaling the velocities at each time-step according to

vnewi = α
1/2
T voldi

Give the expression for αT . (5p)
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4. Consider a one-dimensional integral

I =

∫ 1

0
dxf(x)

Explain how you evaluate this by simple Monte Carlo integration. This should include an
explanation of how you estimate the error. (5p)

5. Consider a one-dimensional integral

I =

∫ 1

0
dxf(x)

that you would like to solve using the Monte Carlo method. Explain how the error can be
reduced using a weight function

p(x) with

∫ 1

0
p(x)dx = 1

(5p)

6. Explain the idea behind error estimation for correlated values using block averaging. No
explicit formulas are required. (5p)
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