
Midterm Exam Probability Theory
March 25, 2019, 12.00-14.00

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

• You may use a simple calculator, but a graphical or programmable calculator is not
allowed.

• Explain your answers clearly.

1. A 3-person basketball team consists of a guard, a forward and a center. A person is
chosen at random from each of three of those teams.
(a) [3 points] Compute the probability that the three selected players do not form a com-
plete team.
(b) [3 points] Compute the probability that all selected players play the same position.
(c) [3 points] Let A be the event that at least two of the three selected players play the
same position and B the event that at least one of the three selected players is a center.
Compute P (A ∪B).

2. [3 points] You have five coins coloured red, blue, white, yellow and orange. Apart
from the variation in colour, the coins look identical. One of the coins is unfair and when
tossed it comes up heads with probability 3

4
. The other coins are fair. You have no further

information about the coins, so a priori you can assume that every coin has probability
1/5 to be the unfair coin.
Suppose that you take the blue coin, toss it three times, and that on all three tosses heads
comes up. Given this event, compute the conditional probability that the blue coin is the
unfair one.

3. Two athletic teams play a series of at most 5 games. Suppose that one of the teams
is stronger than the other and wins each game with probability 0.6 independent of the
outcomes of the other games (the other team wins each game with probability 0.4; there
is no possibility of a draw). The first team to win 3 games is declared the overall winner,
and as soon as one of the teams has won 3 games, no additional games are played. Let X
be the number of games that are played.
(a) [3 points] Show that P (X = 3) = 0.28, P (X = 4) = 0.3744 and that P (X = 5) =
0.3456.
(b) [3 points] Compute the variance of X.
(c) [3 points] Would it be more profitable for the weaker team if a series of at most 3 games
is played and the first team to win 2 games is declared the overall winner? Support your
answer with a calculation.
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4. The lifetimes of computer chips produced by a certain manufacturer are normally dis-
tributed with expectation µ = 14× 105 hrs and standard deviation σ = 3.0× 105 hrs.
(a) [3 points] For this question you need the table. Show that the probability that a chip
has a lifetime that is less than 7× 105 hrs is approximately 0.010.
(b) [3 points] Consider a batch of 200 of these chips and let Y be the number of chips that
have a lifetime less than 7×105 hrs. Give an approximation of P (Y ≤ 2) by approximating
a binomial distribution by a Poisson distribution.

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

fX(x) =


4x if 0 ≤ x < 1

2
,

4− 4x if 1
2
≤ x ≤ 1,

0 otherwise.

(a) [3 points] Show that fX is indeed a density function and compute the cumulative dis-
tribution function FX(x) for all x ∈ R.
(b) [3 points] Compute the expectation of X.
(c) [3 points] Compute P

(
X

1−X
> 4
)
.
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