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Question 1

A cell-phone tower has a circular coverage area of radius 10 Km. If a call is initiated from a
random point in the coverage area, find the probability that the calf comes from within 2 Km
of the tower. '
Consider the duration of a cell-phone call. For the sample space () = [0, oo}, find the
probability that the duration is between 5 and 7 minutes.

Three bits are transmited across a noisy channel and the number of correct receptions is
noted. Find the probability that the number of correctly received bits is two, assuming bit
errors are mutually independent and that on each transmission the probability of correct
reception is A for some fixed 0 <A <1.

The number of hits to a popular website during a 1-minute interval is given by X random
variable. Find the probability that there is at least one hit between 3:00 a.m and 3:01 a.m if
rate prameter is 2 hits per minute. Then find the probability that there are at least 2

hits during this time interval. |

(5+5+5+5 Marks)
Question 2

Due to an Internet configuration error, packets sent from Mbabane to University of Eswatini
are routed through Ntontozi with probability 3/4. Given that a packet is routed through
Ntontozi, suppose it has probability 1/3 of being dropped. Given that a packet is not routed
through Ntontozi, suppose it has probability 1/4 of being dropped.

i.  Find the probability that apacket is dropped.

ii.  Find the probability that a packet is routed through Ntontozi when it is not dropped.

b) An electrical system consists of four components.
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The system works if components A and B work and either of the components C or D works,
The reliability (probability of working) of each component is also shown in the graph. Find
the probability that

i.  The entire system works
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ii.

b)

b)

b)

component C does not work, given that the entire system works. Assume that the four

components work independently.
(5+5 Marks)

Question 3

Let X denote the life time (in hundreds of hours) of a certain type of electronic component.
These components frequently fail immediately upon insertion into the system. It has been
observed that the probability of immediate failure is 1/4. If a component does not fail
immediately, the life-length distribution has the exponential density:

_[e™, x>0
fla) = {O Otherwise

Find the distribution function for X and evaluate P(X > 10).
(10 Marks)

If X is a random variable characterized by the pdf f(x) = le™* ,x > 0 variable with

parameterd = 1, Show that K® moments of X is &L
(10 Marks)

Question 4

A company prices its hurricane insurance using the following assumptions:
i, Inany calendar year, there can be at most one hurricane.
ii.  Inany calendar yeat, the probability of a hurricane is 0.05.
iti.  The number of hurricanes in any calendar year is independent of the number of
hurricanes in any other calendar year.
Using the company’s assumptions, calculate the probability that there are fewer than 3
hurricanes in a 20-year period.
(10 Marks)

An insurance policy on an electrical device pays a benefit of 4000 if the device fails during
the first year. The amount of the benefit decreases by 1000 each successive year until it
reaches 0. If the device has not failed by the beginning of any given year, the probability of
failure during that year is 0.4. What is the expected benefit under this policy?

(10 Marks)
Question 5
The probability function for random variable X is
£ = {2"5, x=1,2,..
0, otherwise
Find the probability function of a random variable U = X* + 1,
(10 Marks)

The probability function of a random variable X is given by
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x*/ ~3<x <6
187
fCo =
. 0, otherwise
Find the probability function for the random variableU = §(12 - X).

(10 Marks})

Question 6

A company manufacturing pacemakers is testing a new electrode. The electrodes must adhere to
a silicone substrate for at least 20 years. The company is going to test the hypothesis that the
mean adherence time is 20 years vs. the alternative that it is less than 20 years at the significance
level o = 0.05. The experiment will be conducted with a sample of 25 volunieers. Assume that
the population distribution for the adherence time is approximately normally distributed.

The average adherence time for the pacemakers in the 25 volunteers is found to be 18.8 years
and the standard deviation of the sample is found to be 3 years.

a) Is the null hypothesis rejected?
(10 Marks)

b) If the company wants to decrease the probability of making a type 1 error without
increasing the sample size, should the critical value be increased or decreased? Justifly
your answer.

(5 Marks)

¢) Find the 95% confidence interval for the population variance o
(5 Marks)

Question 7

A company manufacturing light bulbs is testing a new model. The company is going to test the
hypothesis that the mean life time is 1000 hours vs. the alternative hypothesis that it is less than
1000 hours at the significance level = 0.02. Assume that the population distribution for life time
is approximately normal. A sample of 16 light bulbs are found to have sample mean X = 987.5
hours and sample variance $* = 400.

a) State the critical region and answer whether the null hypothesis Hy is rejected.

(12 Marks)
b) Find a 90% confidence interval for the population variance o’

(8 Marks)
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