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1 Box-Müller Transform

In order to generate a Gaussian distribution from random numbers, one can not easily
dice the distribution, since the distribution function F (x) for the Gaussian probability
density function can only be calculated numerically. In the following, use the Box–
Muller method to show that the joint distribution function F (x1, x2) is the product
of two Gaussian functions.

The Box–Muller method:

1. Choose two independant random numbers from a uniform distribution between
0 and 1 (u1, u2). Then calculate v1 = 2u1 − 1 and v2 = 2u2 − 1.

2. Combine these to s = v2
1 + v2

2.

3. If s ≥ 1 go back to the first step. Else proceed.

4. x1 = v1

√
−2

s
ln s and x2 = v2

√
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s
ln s are two independant random numbers that

follow the standardized Gaussian distribution.

(a) Calculate the probability that x1,x2 lie within a circle of radius R: F (R) =
P (
√
−2 ln s ≤ R), and calculate the probability density function f(R).

(b) Show that the combined distribution function F (X1, X2) = P (x1 ≤ X1, x2 ≤ X2)
is the product of two Gaussian distribution functions.

(c) Implement the Box-Muller-Method, generate 1000 pairs of uniformly distributed
random numbers and transform them into random numbers following a Gaussian
distribution.

(d) Plot the distributions of x1, x2 and the x2 versus x1 and determine the correlation
coefficient of x1 and x2.



2 Interaction Rates

A beam with 100 particles per second, randomly distributed in time, traverses a medium
with an interaction length λ.

(a) what is the probablity distribution for the interaction points in units of the in-
teraction length?

(b) how can the distribution from (a) be sampled using a uniform random number
generator U(0, 1)?

(c) simulate the number of interactions occuring in layers with a thickness of 0.01λ
and 1λ within 1 s and histogram the frequencies

(d) which distribution describes the result from (c)?

(e) what is the distribution of times between the arrival of particles at the target?

(f) what is the probability for a particle to arrive within the 2 ms readout time of a
detector (“dead-time”)


