
Mathematical Statistics Exam 2016-10-26 at 14:00–19:00
Centre for Mathematical Sciences MASA01 A
Lund University Probability theory

Complete solutions to all problems are required. Models should be specified, approximations and conclusions should
be specified and motivated.

Problems 1, 2 and 3 can give a maximum of 10 points each. Problems 4, 5 and 6 can give a maximum of 20 points
each. The maximum total on the exam is 90 points. The limit for Pass (P) is at least 45 points, and the limit for High

Pass (HP) is at least 67 points.

Only the paper sheets provided by the institute in the exam room shall be used, both for solutions and for
sketches/notes.

Each problem solution shall start at the top of a new paper.

Write your ID number on each paper that you hand in.

Red pencil or pen is not allowed.

Only statistical tables provided by the institute are allowed. No other tables or formula sheets are allowed.

The results of the exam will be posted at the latest 2016-11-07.

1. Let (Ω,F ,P) be a probability space. Assume that A,B ∈F are such that

P(A) = 0.5,P(B) = 0.2,P(A∪B) = 0.6.

Calculate P(A\B). [10p]

2. A hub or node for internet traffic can in be in five different sensitivity/security positions called
A1,A2,A3,A4,A5, with probabilities P(A1) = P(A2) = 0.01,P(A3) = 0.18,P(A4) = 0.3 (the node can
be in exactly one of the five positions and it can be in no other than these five positions). One performs
a stress test to see whether the hub crashes (during a predetermined time of fixed length) and one notes
that the hub crashes with probabilities 1/2,1/2,1/4,1/8,1/10, respectively, in the five positions.

(a) Calculate the probability that the hub does not crash. [5p]

(b) Calculate the probability that if the hub does crash, it is in fact in position A1. [5p]

3. Let X ,Y be two independent r.v.’s. with probability density functions

fX(u) =

{
1/10, 0≤ u≤ 10,
0, otherwise,

fY (u) =

{
e−u, u≥ 0,
0, otherwise.

Let U = min(X ,Y ).

(a) Find the probability density function of U . [5p]

(b) Calculate P(5 <U ≤ 6) and E(U). [5p]
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4. Suppose X is a r.v. with distribution function

F(x) =


0, x < 0,
1/8, 0≤ x < 1,
1/4, 1≤ x < 2,
1/2, 2≤ x < 10,
1− 1

2 e−(x−10), x≥ 10.

(a) Determine the density f of X . Specify also which measure µ that f is density with respect to,
and what type of r.v. X is. [10p]

(b) Determine E(X) and Var(X). [10p]

5. Electrical components, in sanitation equipment for extreme radioactive environments (such as after a
nuclear accident), have life lengths T1,T2, . . . ,Tn (in seconds) that can be assumed to be independent
and with the same distribution function F , that is however only partially known: One knows only that
the probability that Ti > 60 seconds is 0.01. How many electrical components do you have to start
with in order have at probability that is bigger that 0.9 that at least one electrical component functions
after 60 seconds? [20p]

6. Suppose that we make ”independent” coin toss experiments, with a coin that shows ”head” a propor-
tion of times equal to p. Let Ω = {x ∈ R∞ : x = (x1,x2, . . .),xi = 0 or 1, for each i} and F = P(Ω).
Let X be the number of times that we have to toss a coin until we get ”head”, for the first time.

(a) Motivate why X is a r.v. Determine an appropriate probability mass function for X . [10p]

(b) Let An = {ω : X(ω) = n}. Define

A = ∪∞
n=0 A2n+1.

(We can call A ”odd number of tosses needed to get ’head’ for the first time”.) Motivate why An

and A are events. Calculate P(A). [10p]
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