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Exercise 5 (2 points): Probability distribution function of an observable

If random variable X is distributed according to the distribution function P (X = x) = P (x), show
that the observable F = f(X) is distributed according to the distribution function

P (F = f) = P (f) = 〈δ(f(x)− f)〉.

Exercise 6 (2 points): Central moments of the Gaussian distribution

Show that, for the Gaussian distribution

P (x) =
1√

2πσ2
exp

{
− (x− x0)2

2σ2

}
,

the central moments are given by

〈(∆x)n〉 ≡ 〈(x− x0)n〉 = σn(n− 1)!!.

Use this result to �nd the �rst four moments and �rst four cumulants.

Exercise 7 (3 points): Characteristic function

Calculate the characteristic function G(k) ≡ 〈e−ikx〉 for the following probability distribution functions:

• Homogeneous distribution,

Pa(x) =
{

1/2a, −a < x < a
0, otherwise ;

• Exponential distribution,

Pλ(x) =
{
λe−λx, x ≥ 0

0, otherwise ;

• Gaussian distribution (P (x) as in Ex. 6)

Exercise 8 (3 points): The Poissonian limit of the Binomial distribution

The Binomial distribution for n events to occur from N trials with single-event probability p is

Pp,N (n) =
(
N

n

)
pn(1− p)N−n.

Show that, for �xed mean λ = pN , this distribution reproduces the Poisson distribution in the limit
that the number of trials N becomes large.

Bitte Rückseite beachten!−→
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