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Computer Simulations
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Sampling methods

We want to draw random numbers distributed according to the distribution
glr) = rexp(—zx) forz 20,

1 = {1+ =) exp(—=z).

which has the cumulative distribution function G'/(r) =
(a) Can the inverse transformation method be used to sample from the distri-
bution g(x)? Explain.
(b) We construct an envelope function based on
exp(—T)
hx = .
Moy R
Show that the cumulative distribution function of h(r) is given by

Hiz) =1 = exp(—+/T)

(c) Calculate the inverse cumulative distribution function H~"(u) and explain

why h(r) can be used as the basis of an envelope function for g(z]).
(d) Explain the steps necessary touse H ' (i), where uis a uniformly distributed
random number, to draw samples from the distribution glx).

2. Monte Carlo simulations
We perform a Monte Carlo simulation of N magnetic particles that can translate
and rotate in three dimensions. When an external magnetic field with intensity

B, is applied in x direction, the | {amiltonian is given by

H=Ho— M:B:,

with M, being the total magnetization in = direction.

(a) Write down an expression for the ensemble average (M,). The phase space
consists of the positions " and orientations w" of the particles, but may

also be approximated as a discrete set of microstates.
(b) Tosimulate the translations, the following Monte Carlo moves are proposed
v =r+au,
where a is the step size and u is a vector with three numbers, each drawn
from the uniform distribution between 0 and 1. Explain whether this Monte
Carlo algorithm will converge to a stationary distribution.
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Muolecular dynamics simulations
(a) Inthe long-time limit, the time average of an observable A is defined as
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where we have additionally averaged over Niie initial conditions charac-
terized by positions and momenta ri'(0) and p'(0). In the limit where ,
e total number of configurations compatible with a given ensemble,

equals th
the ensemble average is defined as
Ninit

1 :
(AR) = —— 3 Ar}(0),p}(0),)

Under which circumstances are the expressions for A and (A(t)) the same?
wise additive interaction potential, how does the compu-
number of particles NV in

In the case of a pair
d cutoff

tational cost of the force calculation scale with the
the system? You may discard the effects of boundary conditions an
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—

distances.

u did not succeed in answering part (a), the ensemble averages at these values may be denoted
no

1d (M, )2, respectively.



