
Statistics & Probability (191506103)

Makeup Exam (with 7 questions and 3 tables)

Wednesday 20/01/16, 08:45 – 11:45 Full Marks : 35

1. Suppose X is a so-called shifted exponential r.v. In particular, its probability density function
(pdf) is given by fX(x) = e−(x−1), for x > 1. Suppose the r.v. Y is defined as Y = 1

X−1 .

Derive the pdf of Y . [4]

2. Suppose that the random variablesX and Y have the following joint probability density function:

f(x, y) =
1

2
xy, for 0 < x < y < 2 and = 0, elsewhere.

(a.) Find the marginal pdf of Y . [2]

(b.) Find the conditional pdf of X given Y = y (where 0 < y < 2).

Calculate, also, P (X > 1
4 |Y = 1

3). [2]

(c.) Recall that E(X|Y ) is a random variable, which is a function of Y . Express the random
variable in terms of Y . [2]

3. For a certain kind of flower bulb it is known that 3% of the bulbs do not germinate. The bulbs
are packaged and sold in boxes of 10 with the guarantee that at least 9 of the 10 bulbs will
germinate.

(a.) What is the probability that an arbitrary box will not have the guaranteed property? [2]

[If you do not find the answer in (a.), assume it to be 0.05 for the following questions.]

(b.) A big shipment of 1000 boxes was received by a dealer. What is the probability that at most
30 of these boxes will fail to satisfy the guarantee? Give as accurate an answer as you can
from the materials provided. [Answers obtained directly by using an advanced/graphical
calculator would not be accepted.] [4]

4. Suppose X and Y are independent normal random variables with expectations 0 and 2 and
variances 1 and 4, respectively. Define a new random variable Z := 2X + 3Y . Use the moment
generating function (mgf) technique to find the probability distribution of Z. Recall that the
mgf for N(µ, σ2) is given by m(t) = exp

(
µ t+ 1

2σ
2 t2
)
. [3]
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5. Suppose a population can be modeled by a probability density function given by

f(x) =
1

2
(1 +

√
θ x), −1 ≤ x ≤ 1,

where 0 < θ < 1 is an unknown parameter.

(a.) Show that the mean of this population is given by µ =
√
θ
3 . [1]

The variance can be shown to be σ2 = 3−θ
9 .

(b.) Find the method of moment estimator for θ based on a random sample X1, X2, . . . , Xn from
this population. [1]

(c.) Is your estimator in part (b.) unbiased for θ? Explain. If it helps you may consider n = 3
for this part. [2]

6. An article in Medicine and Science in Sports and Exercise considered the use of electromyostim-
ulation (EMS) as a method to train healthy skeletal muscle and effect thereof on the performance
of the sporters. EMS sessions (consisting of 30 contractions of four second duration at 85 Hz)
were carried out three times per week for three weeks on 17 randomly chosen ice hockey players.
After the therapy, a ten-meter skating performance test (among the 17 players) resulted in an
average time of 1.1 seconds and a standard deviation of 0.09 seconds.

(a.) Calculate a 95% confidence interval for the time an ice hockey player is expected to take to
skate 10 meter distance after going through an EMS training as above. Clearly mention the
model that you use in your calculation. [3]

(b.) What would you have expected the confidence interval to be – narrower or larger – if one
had studied more hockey players?

Would your expectation regarding the length of the interval materialize in reality, if one do
study more hockey players? Explain. [2]

7. It is a popular belief that cancers of the brain or nervous system are affected by cell phone use.
In a study of 420095 Danish cell phone users, 155 subjects developed such cancer (based on
data from the Journal of the National Cancer Institute as reported in USA Today).

(a.) Should cell phone users be concerned about cancer of the brain or nervous system? Answer
the question by performing a statistical hypothesis test for the claim that cell phone users
develop cancer of the brain or nervous system at a higher rate than the rate of 0.0340%
for people who do not use cell phones. Because the issue is greatly sensitive, use a 0.01
significance level. [5]

(b.) What is the P-value of the test in part (a.) ? [2]

Final grade =
{score on exam

35
× 9 + 1

}
(rounded off to an integer)
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