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1. Consider Newton’s equation of motion for a harmonic oscillator
d2
_ da(t)
dt?
Rewrite this as a set of first-order ODEs. (4p)

= —kz(t)

2. The Hamiltonian for the Fermi-Pasta-Ulam problem can be written as

N
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It can be solved using the velocity Verlet algorithm
At?
ui(n + 1) = ui(n) + Atvi(n) + —Z—ai(n)
At
v(n+1)= vi(n) + 5 [ai(n + 1) + a;(n)]
with
ai(n) =7

Can you add what is missing at the question mark. (4p)

- /0 ' dof(z)

Explain how you evaluate this by simple Monte Carlo integration. This should include an
explanation of how you estimate the error. (4p)

3. Consider a one-dimensional integral

4. Explain the idea behind error estimate for correlated values using block averaging. (4p)
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5. Consider the wave equation
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with the boundary conditions, for z =0 and =z = L,

and discretize y(z,t) according to

Yy = y(Tj, tn)

Describe how the boundary conditions can be implemented. (4p)

. Consider Poisson’s equation

0Pu(zx, 8u(z,
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with the discretization

Uil ~ Wig t Uizt | Uil T 2Uig T UG-l
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Introduce the transform
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and compute pp, , according to
J-1J-1
~ TSy ] ..
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One can then express iy, as
am,n = Am,nﬁm,n

Give the expression for Am 5. (4p)

. Describe the difference between the Jacobi and the Gauss-Seidel relaxation method for the

solution of an elliptic PDLE. {4p)




