
Exam Probability Theory
June 30, 2020, 8.45-11.30

• This exam consists of six questions and a table. You can score 45 points.

Your grade is given by (5+number of points)/5.

• You may use a simple calculator, but a graphical or programmable calcu-

lator is not allowed.

• Explain your answers clearly.

• You have to keep track of the time yourself. Make sure that you stop at

11.30 (or 30 minutes later if you have extra time) and upload your answers

as one single pdf via Canvas within 10 minutes.

• If you want to stop before the end time of the exam, ask permission of

your TA via the chat. Please only do this if you would have to wait more

than 15 minutes until the end time of the exam. After the TA gives you

permission, upload your answers as one single pdf via canvas within 10

minutes and additionally let know to the TA in the chat when you have

finished uploading. You can then leave the meeting, but it is not allowed to

have any communication with other students about the exam before 12.00.

• If you need to go to the bathroom, let the TA know in the chat and wait

for permission. If you don’t get permission within 2 minutes, just go and

mention when you are back.

• If Corrie Quant wants to contact you regarding your exam, she will send

you an email before Thursday July 2nd 10.00. Please check your VUmail

on Thursday July 2nd in the morning.

• Please start each of the six exercises on a new page!

• Good luck!
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1. A fair die is thrown twice. Let X be the maximum of the two outcomes.

(a) [3 points] Compute E(X).

(b) [3 points] Draw the cumulative distribution function FX(x) of X.

(c) [3 points] Compute the conditional probability that one of the outcomes is

‘two’, given that X = 5.

2. At a political meeting there are 4 liberals and 3 conservatives. We choose

three people uniformly at random to form a committee. Let A be the event that

there is at least one liberal in the committee and B the event that there are more

liberals in the committee than conservatives.

(a) [3 points] Compute P (A).
(b) [3 points] Compute P (Ac [ B).

3. [3 points] A gambler has a fair coin and a biased coin in his pocket. The biased

coin shows heads with probability
3
4 and tails with probability

1
4 . He selects one

of the coins at random (so each of the coins has probabily
1
2 to be chosen) and

flips it three times. Let X be the number of times he obtains heads. Compute

the conditional probability that he selected the biased coin, given that X = 2.

4. Let X be a random variable with density function

fX(x) =

(
1
8(x+ 1) if �1  x  3,

0 otherwise,

(a) [3 points] Compute the variance of X.

(b) [3 points] Compute the density fY (y) of the random variable Y := X2
. Dis-

tinguish between the situations y  0, 0 < y  1, 1 < y  9 and y > 9.

5. Suppose that X and Y are jointly continuous random variables with joint

density function

fX,Y (x, y) =

⇢
xe�x(1+y)

if x � 0 en y � 0,

0 otherwise.

(a) [2 points] Show that X is exponentially distributed with parameter 1.

(b) [2 points] Show that the marginal density function of Y is given by

fY (y) =

⇢ 1
(1+y)2 if y � 0,

0 otherwise.

(c) [2 points] Are X and Y independent (don’t forget to explain your answer!).

(d) [3 points] Compute E(X|Y = y) for y � 0.

Please turn over!
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6 Let X1, X2, X3, . . . , X100 be independent exponential random variables with

parameter 1. Recall that this implies that E(Xi) = 1 and Var(Xi) = 1.

(a) [3 points] Use the Central Limit Theorem to approximate

P (97.5 < X1 + · · ·+X100 < 115).

(b) [3 points] Compute P (X1 > 2X2).

(c) [3 points] Compute Cov(X1, X1 � 4X2).

(d) [3 points] Compute the density function of Z := X1 +X2.
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Table  

Area φ(x) under the standard normal curve to the left of x 

 

 


