
Midterm Probability Theory

March 29, 2018, 12.00-14.00

• This midterm consists of six questions and a table. You can obtain 36 points. Your
grade is given by (4+number of points)/4.

• You may use a simple calculator, but it is not allowed to use a graphical or a program-
mable calculator.

• Explain your answers clearly.

1. We have a drawer with n ≥ 4 socks. Three of these socks are red and the remaining ones
are black. We choose 2 socks randomly, without replacement.
(a) [3 points] There is one value of n so that the probability that both socks are red is equal
to 1

2 . Which value of n is that?

In the rest of this question we take n = 7.
(b) [3 points] Let X be the number of different colors we obtain. Compute Var(X).
(c) [3 points] Let A be the event that that both socks have the same color and B the event
that at least one of the socks is red. Compute P (A|B).

2. [3 points] On the island of liars, each inhabitant lies with probability 2
3 . You overhear

an inhabitant making a statement. Next you ask another inhabitant whether the inhabitant
you overheard spoke truthfully. Compute the conditional probability that the inhabitant you
overheard spoke truthfully given that the other says so.

3. Suppose that it takes at least 10 votes from a 12-member jury to convict a defendant.
Suppose also that the (conditional) probability that a juror votes a guilty person innocent is
0.2, whereas the (conditional) probability that a juror votes an innocent person guilty is 0.1.
Suppose also that each juror acts independently and that 65% of the defendants are guilty.
(a) [3 points] Compute the probability that the jury renders a correct decision.
(b) [3 points] Compute the probability that a randomly chosen case leads to a conviction.

4. Suppose that A and B are events for which P (Ac) = 0.3, P (Bc) = 0.4 and P (A∪B) = 0.88.
(a) [2 points] Compute the probability that A occurs but B does not.
(b) [2 points] Are A and B independent?

Please turn over!



5. Let X be a continuous random variable with density function

fX(x) =

{
cx(1− x) if 0 ≤ x ≤ 1,
0 otherwise.

(a) [2 points] Compute c.
(b) [3 points] Compute the cumulative distribution function FX(x) of X for all x ∈ R.
(c) [3 points] Compute Var(3X − 7).

6. For this question you need the table. The diameter of a 1 euro coin is normally distributed
with an expectation of 23.25 mm and a standard deviation of 0.10 mm. A vending machine
accepts only 1 euro coins with a diameter between 22.95mm and 23.45mm.
(a) [3 points] Compute the probability that a euro coin is not accepted by the vending machine.
(b) [3 points] Let X be the diameter (in mm) of a 1 euro coin. Compute for which value d
we have

P (|X − 23.25| < d) ≈ 0.95.
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