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Exercise 1 (7 Marks)
For the ABO blood typing system, each person has exactly one of 4 blood types, A, B, O

or AB. Two random people attending a blood donor clinic have their blood type recorded.

1. Explain why this is an example of a random experiment and give the sample space of the

experiment.

Solution: [2 Marks] This is a random experiment because in any running of the exper-
iment a different set of 2 people from the population could be selected and so the resulting
blood types will be different. We do know, however, that the 2 blood types will each be one
of the four possible types and so there is a well defined sample space.

In defining the sample space we should assume that the two people are distinguishable so
that an outcome is an ordered pair of blood types.

S = {(A,A), (A,B), (A,O), (A,AB), (B,A), (B, B), (B, O), (B, AB),

(O,A), (O,B), (O,O), (O, AB), (AB,A), (AB,B), (AB, O), (AB,AB)}

2. Let C be the event that the two people have the same blood type. List the outcomes in

C.

Solution: [1.5 Marks] We have

C = {(A,A), (B, B), (O, O), (AB, AB)}

3. Let D be the event that at least one of the people has blood type AB. List the outcomes

in D.

Solution: [1.5 Marks] We have

D = {(A,AB), (B,AB), (AB,AB), (O, AB), (AB, A), (AB,B), (AB, O)}

4. List the outcomes in C ∪ D and hence give the outcomes in the events (C ∪ D)c
and

Cc ∩ Dc.

Solution: [2 Marks] Since

C ∪ D = {(A,A), (A,AB), (B, B), (B,AB), (O, O), (O,AB),

(AB, A), (AB,B), (AB,AB), (AB,O)}

Thus,

(C ∪ D)c = {(A, B), (A,O), (B,A), (B, O), (O, A), (O,B)}

Now by the De Morgan’s Law we obtain

Cc ∩ Dc = (C ∪ D)c = {(A,B), (A,O), (B, A), (B, O), (O, A), (O, B)}
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Exercise 2 (6 Marks)
Three married couples have purchased 6 adjacent seats in a row at the theater. The seats

numbers are A10, A11, A12, A13, A14 and A15. Suppose that they take their seats in a

random fashion.

1. What is the probability that Faisal and his wife Nada sit next to each other in seats A10
and A11?

Solution: [1.5 Marks] There are 6 people so there are a total of 6! = 720 different
seating arrangements that can be made.

There are 2 ways that Faisal and Nada can sit such that they are in seats A10 and A11
There are 4! = 24 ways the other four can be arranged in the remaining 4 seats.

P (Faisal and Nada in A10, A11) =
2 × 24

6!
=

48

720
=

1

15
≈ 0.067

2. What is the probability that Faisal and Nada sit next to each other?

Solution: [1.5 Marks] There are 5 possible pairs of seats in which Faisal and Nada can
sit and be next to each other. They are (A10, A11), (A11, A12), (A12, A13), (A13, A14)
and (A14, A15). For any such pair of seats, the probability that John and Paula sit there is
0.067 from part (1). They are clearly mutually exclusive since Faisal and Nada can only sit
in one pair of seats. Hence

P (Faisal and Nada sit together) = 5 ×
1

15
=

1

3
≈ 0.333

3



3. What is the probability that every husband sits next to his wife?

Solution: [1.5 Marks] If all three couples are sitting together then one couple must
be in (A10, A11), one must be in (A12, A13) and one must be in (A14, A15). There are
3! = 6 ways we can assign the couples to their pair of seats. Once the seats have been
decided there are 2 ways to arrange each couple so there are 23 = 8 arrangements for each
assignment of seats to couples. Hence

P (Every couple sits together) =
6 × 8

6!
=

48

720
=

1

15
≈ 0.067

4. What is the probability that at least one of the wives sits next to her husband?

Solution: [1.5 Marks] Let us number the couples 1, 2, 3 and define Bi to be the event
that couple i sits together. The event that we are interested in is the union of these three
events. We can the following property of the probability

P (B1 ∪ B2 ∪ B3) = P (B1) + P (B2) + P (B3) − P (B1 ∩ B2)

−P (B1 ∩ B3) − P (B2 ∩ B3) + P (B1 ∩ B2 ∩ B3)

From part (2) we see that

P (Bi) =
1

3
, for i = 1, 2, 3.

In part (3) we found

P (B1 ∩ B2 ∩ B3) =
1

15

Also it is clear that

P (B1 ∩ B2) = P (B1 ∩ B3) = P (B2 ∩ B3)

so all that remains for us to do is find P (B1 ∩ B2), the probability that couple 1 and couple
2 both sit together.

For couple 1 and 2 to both sit together there are 6 sets of seats that they can occupy:
[(A10, A11) , (A12, A13)], [(A10, A11) , (A13, A14)], [(A10, A11) , (A14, A15)], [(A11, A12) , (A13, A14)],
[(A11, A12) , (A14, A15)] and [(A12, A13) , (A14, A15)].

For any such set, there are 2 ways to decide which couple goes in the pair with the lower
numbers. Once that has been decided each couple can rearrange themselves in 2 ways so
there are 23 = 8 ways to arrange the people when we have decided what seats are for which
couple. This means there are 2 × 8 = 16 possible seating arrangements for each of the six
sets of seats listed above and so there are 6 × 16 = 96 possible ways that couple 1 and
couple 2 can both sit together.

P (B1 ∪ B2 ∪ B3) = 3P (B1) − 3P (B1 ∩ B2) + P (B1 ∩ B2 ∩ B3)

= 1 − 3 ×
2

15
+

1

15
=

2

3
≈ 0.667
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Exercise 3 (6 Marks)
A worker has asked his supervisor for a letter of recommendation for a new job. He

estimates that there is an 80% = 0.80 chance that he will get the job if he receives a strong

recommendation, a 40% = 0.40 chance if he receives a moderately good recommendation, and

a 10% = 0.10 chance if he receives a weak recommendation. He further estimates that the

probabilities that the recommendation will be strong, moderate, or weak are 0.7, 0.2 and 0.1,
respectively.

1. How certain is he that he will receive the new job offer?

Solution: [1.5 Marks] Define the events A that she gets the new job, B1 that she
gets a strong reference, B2 that she gets a moderate reference and B3 that she gets a weak
reference. From the question we can write

P (A|B1) = 0.8, P (A|B2) = 0.4, P (A|B3) = 0.1

P (B1) = 0.7, P (B2) = 0.2, P (B3) = 0.1

From the Law of Total Probability we have

P (A) = P (A|B1) P (B1) + P (A|B2) P (B2) + P (A|B3) P (B3)

= 0.8 × 0.7 + 0.4 × 0.2 + 0.1 × 0.1

= 0.56 + 0.08 + 0.01

= 0.65

2. Given that he has receive the offer, how likely he feels that the recommendation he has

received is

Solution: [1.5 Marks] Bayes Theorem tells us that

P (Bi|A) =
P (A|Bi) P (Bi)

P (A)
, for i = 1, 2, 3.

• strong;

Solution: [1.5 Marks] Using Bayes formula we get

P (B1|A) =
P (A|B1) P (B1)

P (A)

=
0.8 × 0.7

0.65

=
0.56

0.65
≈ 0.861
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• moderate

Solution: [1.5 Marks] Using Bayes formula we get

P (B2|A) =
P (A|B2) P (B2)

P (A)

=
0.4 × 0.2

0.65

=
0.08

0.65
≈ 0.123

• weak?

Solution: [1.5 Marks] Using Bayes formula we get

P (B3|A) =
P (A|B3) P (B3)

P (A)

=
0.1 × 0.1

0.65

=
0.01

0.65
≈ 0.015
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Exercise 4 (6 Marks)
A discrete random variable, Y , has probability mass function

pY (y) = c(y − 3)2, y = −2,−1, 0, 1, 2.

1. Find the value of the constant c.

Solution: [2 Marks] Writing the probability mass function as a table we have

y −2 −1 0 1 2

pY (y) 25c 16c 9c 4c c

We need to choose c such that the sum of the probability mass function is equal to 1.

The sum of the probability mass function is

2
∑

y=−2

pY (y) = 55c

and so we have

55c = 1 =⇒ c =
1

55
≈ 0.018

2. Give the cumulative distribution function of Y .

Solution: [2 Marks] First we will write the probability mass function with the appro-
priate value of c.

y −2 −1 0 1 2

pY (y)
25

55

16

55

9

55

4

55

1

55

Thus we get the cumulative distribution function

FY (y) =



























































0 for y < −2

25

55
for − 2 6 y < −1

41

55
for − 1 6 y < 0

50

55
for 0 6 y < 1

54

55
for 1 6 y < 2

1 for y > 2
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3. Find the mean and variance of Y .

Solution: [1.5 Marks] The mean (or expected value) of Y is

E[Y ] =
2

∑

y=−2

y × pY (y)

= (−2) ×
25

55
+ (−1) ×

16

55
+ 0 ×

9

55
+ 1 ×

4

55
+ 2 ×

1

55

=
−50 − 16 + 0 + 4 + 2

55

= −
60

55
≈ −1.091

The variance is best calculated as Var[Y ] = E [Y 2] − (E[Y ])2 where

E
[

Y 2
]

=
2

∑

y=−2

y2 × pY (y)

= (−2)2 ×
25

55
+ (−1)2 ×

16

55
+ 02 ×

9

55
+ 12 ×

4

55
+ 22 ×

1

55

= 4 ×
25

55
+ 1 ×

16

25
+ 0 ×

9

55
+ 1 ×

4

55
+ 4 ×

1

55

=
100 + 16 + 0 + 4 + 4

55

=
124

55
≈ 2.2545

and so

Var[Y ] =
124

55
−

(

−
60

55

)2

=
124

55
−

144

121

=
1364 − 720

605

=
644

605
≈ 1.064
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Exercise 5 (6 Marks)
Let X posses a density function

fX(x) =

{

dx2 (1 − x) 0 6 x 6 1
0 elsewhere

1. Find the value of the constant d.

Solution: (3 Marks) Since fX is the probability density function of a given random
variable then we need to choose d such that the sum of probability distribution function is
equal to 1, i.e.

∫

+∞

−∞

fX(x)dx = 1

The integral of the probability distribution function is

∫

+∞

−∞

fX(x)dx =

∫

1

0

d · x2 (1 − x) dx

= d ·

∫

1

0

(

x2 − x3
)

dx

= d ·

[

x3

3
−

x4

4

]1

0

= d ·

(

1

3
−

1

4

)

= d ·

(

4 − 3

12

)

=
d

12

and so we have

d

12
= 1 =⇒ d = 12.

Therefore, the continuous random variable X has the probability density function

fX(x) =

{

12x2 (1 − x) 0 6 x 6 1

0 elsewhere
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2. Give the cumulative distribution function of X and P
(

−1

2
6 X 6

1

2

)

.

Solution: (3 Marks) By definition the cumulative distribution function is given by

FX(x) =

∫ x

−∞

fX(t)dt

Then we distinguish the following three situations:

• 1st case: x 6 0, so t 6 x 6 0. Thus we have fX(t) = 0 and so

FX(x) = 0

• 2nd case: 0 < x < 1, then

FX(x) =

∫ x

−∞

fX(t)dt

=

∫

0

−∞

fX(t)dt +

∫ x

0

fX(t)dt

= 0 +

∫ x

0

(

12t2 − 12t3
)

dt

=
[

4t3 − 3t4
]x

0
= 4x3 − 3x4

• 3rd case: x > 1, we have

FX(x) =

∫ x

−∞

fX(t)dt

=

∫

0

−∞

fX(t)dt +

∫

1

0

fX(t)dt +

∫ x

1

fX(t)dt

= 0 +

∫

1

0

(

12t2 − 12t3
)

dt + 0

= 1

Therefore, the continuous random variable X has the cumulative distribution function

FX(x) =











0 for x 6 0

4x3 − 3x4 for 0 < x < 1

1 for x > 1

We have

P

(

−
1

2
6 X 6

1

2

)

= P

(

X 6
1

2

)

− P

(

X 6 −
1

2

)

= F

(

1

2

)

− F

(

−
1

2

)

= 4

(

1

2

)3

− 3

(

1

2

)4

− 0

=
8 − 1

16
=

7

16
≈ 0.4375
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Exercise 6 (9 Marks)

Part 1

The probability that a patient recovers from a stomach disease is 0.8. Suppose 20 people

are known to have contracted this disease

1. What is the probability that exactly 14 recover?.

Solution: (3 Marks) Let X be the number of recovered patients from a stomach
disease. Then the distribution of X is

X ∼ binomial (n = 20, p = 0.80) .

Then the probability that exactly 14 recover is given by

P (X = 14) =

(

20
14

)

(0.8)14 (1 − 0.8)20−14

=

(

20
14

)

20!

14! × 6!
(0.8)14 (0.2)6

=
20 × 19 × 18 × 17 × 16 × 15

6 × 5 × 4 × 3 × 2
(0.8)14 (0.2)6

= 19 × 17 × 8 × 15 (0.8)14 (0.2)6 ≈ 0

2. What is the probability that at least 10 recover?

Solution: (3 Marks) We have

P (X > 10) = 1 − P (X < 10)

= 1 − P (X = 0) − P (X = 2) − · · · − P (X = 9) ≈ 1

11



Part 2

A machine is used to automatically fill 355 ml milk bottles. The actual amount put into

each bottle is a normal random variable with mean 360 ml and standard deviation of

4 ml. What proportion of bottles are filled with less than 355 ml of milk?

Solution: (3 Marks) Let X be the amount of milk in a randomly chosen bottle. Then,
the question tells us that X ∼ Normal(µ = 360, σ = 16) and

P (X < 355) = P

(

X − µ

σ
<

355 − 360

4

)

= P (Z < −1.25) [Z ∼ Normal(0, 1)]

= P (Z > 1.25)

= 1 − P (Z 6 1.25)

= 1 − 0.8944 = 0.1056

12



Solutions - Final Exam

Instructors: Drs. A. Ben Ghorbal, A. Berkaoui and A. Ahmad

Sections: 171, 172, 173, 174, 175, 176

Total Marks Score

Exercise 1 9

Exercise 2 14

Exercise 3 9

Exercise 4 8

Total 40



Exercise 1 (9 Marks)

A. The following data represents the temperature high in degrees Centigrade of 10 consecu-
tive days in April in a certain city:

23, 27, 25, 20, 12, 8, 6, 12, 15, 17.

Find the followings:

(i) the mean x

Solution: [1.5 Marks] Using the definition of the mean we get

x =
6 + 8 + 12 + 12 + 15 + 17 + 20 + 23 + 25 + 27

10

=
165

10
= 16.5

(ii) the median x̃.

Solution: [1.5 Marks] By reordering the data given above we get

6, 8, 12, 12, 15, 17, 20, 23, 25, 27

Then, the median is given

x̃ =
15 + 17

2
= 16

(iii) the mode.

Solution: [1.5 Marks] Since the number 12 is repeated two times then the mode

is 12.
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B. A sample of three calculators is selected from a manufacturing line, and each calculator
is classified as either defective or acceptable. Let A, B, and C denote the events that
the first, second, and third calculators respectively, are defective.

(a) Describe the sample space for this experiment with a tree diagram.

Solution: [1.5 Marks] Let “D” denote a defective calculator and let “A” denote an

acceptable calculator. Since the experiment consist to select three calculator in ordered way

so we have the following tree diagram

Then the sample space is given by

S =
{
DDD,DDA,DAD,DAA,ADD,ADA,AAD, AAA

}

Use the tree diagram to describe each of the following events:

(b) A.

Solution: [1 Marks] We have

A =
{
DDD, DDA, DAD, DAA

}

(c) B.

Solution: [1 Marks] We have

B =
{
DDD, DDA, ADD, ADA

}

(e) A ∩ B.

Solution: [1 Marks] We have

A ∩ B =
{
DDD, DDA

}

3



Exercise 2 (14 Marks) PARTS A, B AND C ARE INDEPENDENT.

A. The sample space of a random experiment is {a, b, c, d, e} with probabilities 0.1, 0.1, 0.2,
0.4, and 0.2, respectively. Let A denote the event {a, b, c}, and let B denote the event
{c, d, e}. Determine the following:

(a) P (A)

Solution: [0.75 Marks] We have

P (A) = P (a) + P (b) + P (c) = 0.1 + 0.1 + 0.2 = 0.4

(b) P
(
AC

)
= P (A′)

Solution: [0.75 Marks] We have

P
(
AC

)
= 1 − P (A) = 1 − 0.4 = 0.6

(c) P (B)

Solution: [0.75 Marks] We have

P (B) = P (c) + P (d) + P (e) = 0.2 + 0.4 + 0.2 = 0.8

(d) P (A ∪ B)

Solution: [1 Marks] Since A∪B = {a, b, c, d, e} which is the sample space, then

P (A ∪ B) = 1

(e) P (A ∩ B)

Solution: [1 Marks] Since

A ∩ B = {c}

thus

P (A ∩ B) = P (c) = 0.2

4



B. If A, B and C are mutually exclusive events with P (A) = 0.2, P (B) = 0.3, and
P (C) = 0.4, find the following probabilities:

(a) P (A ∪ B ∪ C)

Solution: [1 Marks] Since the events are mutually exclusive, therefore

P (A ∪ B ∪ C) = P (A) + P (B) + P (C) = 0.2 + 0.3 + 0.4 = 0.9

(b) P (A ∩ B ∩ C)

Solution: [1 Marks] Since A ∩ B ∩ C = ∅, therefore

P (A ∩ B ∩ C) = 0

(c) P (A ∩ B)

Solution: [0.75 Marks] Since A ∩ B = ∅, therefore

P (A ∩ B) = 0

(d) P
(
(A ∪ B) ∩ C

)

Solution: [0.75 Marks] We recall that

(A ∪ B) ∩ C = (A ∩ C) ∪ (B ∩ C) = ∅

Thus,

P
(
(A ∪ B) ∩ C

)
= 0

(e) P
(
AC ∩ BC ∩ CC

)

Solution: [0.75 Marks] We have

P
(
AC ∩ BC ∩ CC

)
= P

(
(A ∪ B ∪ C)C

)

= 1 − P (A ∪ B ∪ C)

= 1 − (0.2 + 0.3 + 0.4) = 0.1
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C. Samples of a cast aluminum part are classified on the basis of surface finish (in mi-
croinches) and length measurements. The results of 100 parts are summarized as follows:

Let A denote the event that a sample has excellent surface finish, and let B denote the
event that a sample has excellent length. Determine:

(a) P (A)

Solution: [0.75 Marks] A denote the event that a sample has excellent surface

finish, therefore

P (A) = 0.80 + 0.02 = 0.82

(b) P (B)

Solution: [0.75 Marks] B denote the event that a sample has excellent length,

therefore

P (B) = 0.80 + 0.10 = 0.90

(c) P (A | B)

Solution: [1 Mark] Using the definition of the conditional probability we get

P (A | B) =
P (A ∩ B)

P (B)
=

0.80

0.90
=

8

9
= 0.889
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(d) P (B | A)

Solution: [1 Mark] Using the definition of the conditional probability we get

P (B | A) =
P (A ∩ B)

P (A)
=

0.80

0.82
=

80

82
= 0.9756

(e) Are the events A and B independent or not? Justify your answer

Solution: [1 Mark] Since we have from the previous

P (A | B) = 0.889 and P (B | A) = 0.0.9756.

Thus P (A | B) 6= P (B | A) and so the events A and B are not independent.

(e) If the selected part has good length, what is the probability that the surface finish is
excellent?

Solution: [1 Mark] Let

– C denote the event that the selected part has good length;

– D denote the event that the surface finish is excellent.

Thus,

P (D | C) =
2

10
= 0.20
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Exercise 3 (9 Marks)

A. The following table shows the probabilities of 0 through 4 companies that will be running
out of business in a given year:

x 0 1 2 3 4

fX(x) = P (X = x) 0.25 0.3 0.15 0.2 0.1

1. Verify that this is a probability distribution.

Solution: [2 Marks] Since

0.25 + 0.3 + 0.15 + 0.2 + 0.1 = 1

2. Find the mean and standard deviation of the distribution.

Solution: [2 Marks] We have

x 0 1 2 3 4

xfX(x) 0 0.3 0.3 0.6 0.4

x2fX(x) 0 0.3 1.2 5.4 6.4

Then by using the previous table we get

µ =
∑

x

xfX(x) = 0 + 0.3 + 0.3 + 0.6 + 0.4 = 1.6

σ =
√

Var(X)

=

√∑

x

x2fX(x) − µ2

=
√

(0 + 0.3 + 0.6 + 1.8 + 1.6) − (1.6)2

=
√

4.3 − 2.56 =
√

2.7 = 1.643168
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B. Let X posses a density function

fX(x) =

{
kx2 (1 − x3) 0 6 x 6 1

0 elsewhere

1. Find the value of the constant k.

Solution: (1.75 Marks) Since fX is the probability density function of a given

random variable then we need to choose k such that the sum of probability distribution

function is equal to 1, i.e.

∫
+∞

−∞

fX(x)dx = 1

The integral of the probability distribution function is

∫
+∞

−∞

fX(x)dx =

∫
1

0

k · x2
(
1 − x3

)
dx

= k ·
∫

1

0

(
x2 − x5

)
dx

= k ·
[
x3

3
− x6

6

]1

0

= k ·
(

1

3
− 1

6

)

= k ·
(

2 − 1

6

)

=
k

6

and so we have

k

6
= 1 =⇒ k = 6.

Therefore, the continuous random variable X has the probability density function

fX(x) =

{
6x2 (1 − x3) 0 6 x 6 1

0 elsewhere

9



2. Give the cumulative distribution function of X.

Solution: (1.75 Marks) By definition the cumulative distribution function is

given by

FX(x) =

∫ x

−∞

fX(t)dt

Then we distinguish the following three situations:

– 1st case: x 6 0, so t 6 x 6 0. Thus we have fX(t) = 0 and so

FX(x) = 0

– 2nd case: 0 < x < 1, then

FX(x) =

∫ x

−∞

fX(t)dt

=

∫
0

−∞

fX(t)dt +

∫ x

0

fX(t)dt

= 0 +

∫ x

0

(
6t2 − 6t5

)
dt

=
[
2t3 − t6

]x

0
= 2x3 − x6

– 3rd case: x > 1, we have

FX(x) =

∫ x

−∞

fX(t)dt

=

∫
0

−∞

fX(t)dt +

∫
1

0

fX(t)dt +

∫ x

1

fX(t)dt

= 0 +

∫
1

0

(
6t2 − 6t5

)
dt + 0

= 1

Therefore, the continuous random variable X has the cumulative distribution function

FX(x) =





0 for x 6 0

2x3 − x6 for 0 < x < 1

1 for x > 1

10



3. Give the mean and the variance of the random variable X.

Solution: (1.5 Marks) Since X is a continuous random variable then the mean

is given by

E[X] =

∫
+∞

−∞

tfX(t)dt

=

∫
1

0

t6t2
(
1 − t3

)
dt

=

∫
1

0

6
(
t3 − t6

)
dt

= 6

[
t4

4
− t7

7

]1

0

= 6

(
1

4
− 1

7

)
= 6

3

28
=

9

14

The variance is given by

Var[X] =

∫
+∞

−∞

t
f
X(t)dt − (E[X])2

=

∫
1

0

t26t2
(
1 − t3

)
dt − (E[X])2

=

∫
1

0

6
(
t4 − t7

)
dt − (E[X])2

= 6

[
t5

5
− t8

8

]1

0

−
(

9

14

)2

= 6

(
1

5
− 1

8

)
− 81

196

= 6
3

40
=

9

20
− 81

196
=

36

980
=

9

245

11
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Exercise 4 (8 Marks)
Imagine that, it is collected data about the weights for 500 students from Al-Imam Muham-

mad Bin Saud Islamic University. It is found that the mean weight for that sample data µ = 68
kilogram and standard deviation σ = 219 kilogram. After testing the data, the study shows
that the weights of the students are normally distributed, find how many students weight

1. Between 54 kilogram and 70 kilogram.

Solution: (3 Marks) Let X be the students weight in a randomly chosen. Then, the

question tells us that X ∼ Normal(µ = 68, σ = 219) and by using the normal distribution

table we obtain

P (54 6 X 6 70) = P

(
54 − 68

219
6

X − 68

219
6

70 − 68

219

)

= P (−0, 06 6 Z 6 0, 01) [Z ∼ Normal(0, 1)]

= P (Z 6 0, 01) − P (−0, 06 6 Z)

= P (Z 6 0, 01) − P (−0, 06 > Z)

= 0.5040 − 0.4761 = 0.0639

2. More than 84 kilogram.

Solution: (3 Marks) We have

P (X > 84) = 1 − P (X 6 84)

= 1 − P

(
X − 68

219
6

84 − 68

219

)

= 1 − P (Z 6 0, 07) [Z ∼ Normal(0, 1)]

= 1 − 0.5279 = 0.4721
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Exercise 5 (8 Marks)
A store sells clothes for men. It has 3 different kinds of jackets, 7 different kinds of shirts,

and 5 different kinds of pants. Next to the store, there is a Library which sells books, it has 8
different mystery books and 4 different history books.

Find the number of ways, a costumer can buy:

1. One of the items from the store.

Solution: (3 Marks) The number of ways is

3 + 7 + 5 = 15

2. One of each of the items from the store.

Solution: (3 Marks) The number of ways is

3 × 7 × 5 = 105

3. 3 books from the Library.

Solution: (3 Marks) The number of ways is

C(12, 3) =

(
12
3

)
=

12!

3! × 9!
=

12 × 11 × 10

6
= 220
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Exercise 6 (8 Marks)
The probability that a lab specimen contains high levels of contamination is 0.10. Five

samples are checked, and the samples are independent.

1. What is the probability that none contains high levels of contamination?

Solution: [4 Marks] Let Hi denote he event that the iith sample contains high levels

of contamination. Thus, since the samples are independent we get

P
(
HC

1 ∩ HC
2 ∩ HC

3 ∩ HC
4 ∩ HC

5

)
= P

(
HC

1

)
P

(
HC

2

)
P

(
HC

3

)
P

(
HC

4

)
P

(
HC

5

)

= (0.90)5 = 0.59

(ii) What is the probability that exactly one contains high levels of contamination?

Solution: [4 Marks] We have five possibilities for this situation:

• A1 = H1 ∩ HC
2 ∩ HC

3 ∩ HC
4 ∩ HC

5 ;

• A2 = HC
1 ∩ H2 ∩ HC

3 ∩ HC
4 ∩ HC

5 ;

• A3 = HC
1 ∩ HC

2 ∩ H3 ∩ HC
4 ∩ HC

5 ;

• A4 = HC
1 ∩ HC

2 ∩ HC
3 ∩ H4 ∩ HC

5 ;

• A5 = HC
1 ∩ HC

2 ∩ HC
3 ∩ HC

4 ∩ H5.

The requested probability is the probability of the union A1 ∪ A2 ∪ A3 ∪ A4 ∪ A5 and these

events are mutually exclusive. Also, by independence

P (Ai) = (0.90)4(0.10) = 0.0656

Therefore,

P (A1 ∪ A2 ∪ A3 ∪ A4 ∪ A5) = 5
(
(0.90)4(0.10)

)
= 5(0.0656) = 0.328
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EXERCISE 1. (7 MARKS) 
 

The following display gives the number of Friday newspapers published in each of the 11 

district of Kingdom of Saudi Arabia during 1430. 

39 25 28 10 14 93 25 22 19 31 33 

1) (1.75 MARKS) Find the sample mean. 

2) (2.25 MARKS) Find the variance 
2

s and standard deviation s . 

3) (3 MARKS) Find the quartiles Q1, Q2. 

SOLUTIONS 

1. MEAN = 30.82 

2. s
2
 = 494.76    s = 22.24 

3. Q1 = 19  , Q2 = 25 

 

EXERCISE 2. (10 MARKS)  
 

PART A.   Suppose that a parking contains 24 cars where only six cars are BMW and 4 

cars are Mercedes. Four cars are selected at random and without replacement for daily use. 
1) (2 MARKS) What is the probability that exactly one car in the sample is a BMW one? 

2) (2 MARKS) What is the probability that at least one car is BMW in the sample?  
3) (2 MARKS) What is the probability that exactly one car is BMW in the sample and exactly 

one car is a Mercedes? 

SOLUTIONS 
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PART B.   At a certain gas station, 40% of the customers use regular gasoline 

91 (event A1), 35% use super gasoline 95 (event A2), and 25% use diesel (event 

A3). Of those customers using regular gasoline 91, only 30% fill their tanks 

(event B). Of those customers using super gasoline 95, 60% fill their tanks, 

whereas of those using diesel, 50% fill their tanks. 

a. (1.75 MARKS) What is the probability that the next customer will request super 

gasoline 95 and fill the tank  2A B ?.  

b. (1.75 MARKS) What is the probability that the next customer fills the tank? 

c. (2.50 MARKS) If the next customer fills the tank, what is the probability that 

regular gasoline 91 is requested? Super gasoline 95 is requested? Diesel 

is requested? 

SOLUTIONS 

SOLUTION 

 

a.  P(A2  B) = .21 

 

b. P(B) = P(A1  B) + P(A2  B) + P(A3  B) = .455 

 

c. P(A1|B) = 264.
455.

12.

)(

)( 1 

BP

BAP
 

P(A2|B) = 462.
455.

21.
 , P(A3|B) = 1 - .264 - .462 = .274 

 

 

)|()()(12.3.4. 11 ABPAPBAP 

)(21.6.35. 2 BAP 

)(125.5.25. 3 BAP 
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EXERCISE 3. (8 MARKS) 
 

PART A.   An oil exploration company currently has two active projects, one 

in KSA and the other in Kuwait. Let A be the event that the event the Saudi 

project is successful and B be the event that the Kuwaiti project is successful. 

Suppose that A and B are independent events with P(A) = 0.4 and P(B) = 0.7. 

a. (2 MARKS) If the Saudi project is not successful, what is the probability that 

the Kuwaiti project is also not successful? Explain your answer. 

b. (2 MARKS)  What is the probability that at least one of the two projects will 

be successful? 

SOLUTION 

a. Since the events are independent, then A and B are independent, 

too. (see paragraph below equation 2.7.  P(B|A) = .  P(B) = 1 - .7 = .3 

b. P(A  B)=P(A) + P(B) – P(A)P(B) = .4 + .7 + (.4)(.7) = .82 

PART B.  A total of 46% of the voters in a certain city classify themselves as 

Independent, whereas 30% classify themselves as Liberals and 24% as 

Conservatives. In a recent local election, 35% of the Independents, 62% of the 

Liberals, and 58% of the Conservatives voted. A voter is chosen at random.  

a) (2 MARKS) What fraction of voters participated in the local election?  

b) (2 MARKS) Given that this person voted in the local election, what is that he 

or she is an Independent. 

SOLUTIONS 
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EXERCISE 4. (15 MARKS) 
 

1) The random variable X has a binomial distribution with n = 10 and p = 0.01. 

Determine the following probabilities. 

a. (1.25 MARKS)  5P X    

b. (1.25 MARKS)  2P X    

c. (1.25 MARKS)  9P X    

SOLUTION 

 

2) Automobiles arrive at a vehicle equipment inspection station according to a Poisson 

process with rate λ = 10 per hour.  Suppose that with probability 0.5 an arriving 
vehicle will have no equipment violations. 

a. (1.50 MARKS) What is the probability that exactly 10 arrive during the hour?  

b. (1.50 MARKS) What is the probability that exactly 10 arrive during the hour and all 

10 have no violations?   

SOLUTION 

P(y arrive and exactly 10 have no violations) 

 = P(exactly 10 have no violations / y arrive).  P(y arrive) 

 
10 (10)

(10 successes in  trials when .5)
!

y

P y p e
y

    

 

10
10 10 10 (10) (5)

(.5) (.5)
10 ! 10!( 10)!

y y
y

y e
e

y y


  

      



MAT 301 & MAT 141 & STA 141 FINAL EXAM 

 

IMAMU                                                          Page 6 of 6 

3) Let Z be a standard normal random variable,  0,1Z . 

a. (1.50 MARKS) Calculate the following probabilities (1.51 2.25)P Z  .  

b. (1.50 MARKS) Determine the value of the constant c that makes the probability 

statement correct:  0 0.195P Z c   . 

 

4) (3.25 MARKS) Suppose only 40% of all drivers in Florida regularly wear a seatbelt.  A 

random sample of 500 drivers is selected.  What is the probability that fewer than 175 

of those in the sample regularly wear a seatbelt? (HINT: consider X the normal 

distribution with mean 500 0.4 200np      and standard deviation 

500 0.4 0.6 10.95npq      ).  

SOLUTIONS 

500, .4, 200, 10.9545n p       

( 175) ( 174) (normal 174.5) ( 2.33) .0099 P X P X P P Z        
 

EXERCISE BONUS (3 MARKS)  

Let X = the time between two successive arrivals at the drive-up window of a local bank. 

If X has an exponential distribution with 1  , compute the following: 

a. (1 MARK) The expected time between two successive arrivals. 

b. (1 MARK) The standard deviation of the time between two successive arrivals. 

c. (1 MARK) ( 5)P X  . 

SOLUTIONS 

 a. ( ) 1/E X  =1 

 b.  1/  =1 

 c.   
(1)(5) 5( 5) 1 1P X e e

      = 0.9933 

  






















































