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Please upload your solutions as a single PDF file to the Ubungsgruppensystem at https://uebungen.physik.uni-
heidelberg.de. You can hand in your solutions in pairs of two.

Exercise 1.1 [5 points]: General properties of probability spaces

A probability space is defined by a sample space ) of elementary events, an event space JF (typically
the power set of €2) and a probability measure p(A) for all A € F. Use the axioms from the lecture to
show the following statements:

1. p(A) < p(B)for AC B.
2. Forany Aq, As, ... € F holds:

p( D Ai) < iP(Az‘)-
=1 =1

3. For Ay, As, ...A,, € F holds:

p( ﬁ Ai) >1—n+ En:p(Ai)-
=1

i=1

Exercise 1.2 [6 points]: Card games

Consider a well-shuffled deck of n cards from which you draw k& < n at random at the beginning of a
game.

1. Show that the number of possible starting hands is given by:

()=

2. Characterize the probability space (2, F, p) corresponding to this random experiment.
Now consider a standard deck of cards (7-10, J, Q, K, A in four colors) from which you draw 4.
3. What is the probability that all of them are of the same color?

4. What is the probability to draw at least one ace?



Exercise 1.3 [4 points]: Probability weights

1. Consider Q = {z1,x2,x3,...} and wi,ws,... > 0 with Z := Y w; > 0. For A C Q, we
define:

=1

where:

5, (A) = lforx; € A
o "~ J0else

Show that p is a probability measure on €2, i.e. satisfies the axioms A4-A6.

2. Consider a box whose volume is divided into n non-overlapping volumes V1, ...V,,. You know
that there is a particle inside the box but you do not know in which part of it. How can you
characterize the random experiment of opening the box and finding the particle in one of its
volumes?



