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10 Probability

• Discuss terminology. This chapter has many words that can be confusing for
learners.

• This chapter provides good opportunity for experiments and activities in class-
room.

• Union and intersection symbols have been included, but “and” and “or” is the
preferred notation.

• The prime symbol has been included, but “not” is the preferred notation.

• It is very important to define the events: fair dice, full deck of cards etc.

10.1 Revision

Exercise 10 – 1: Revision

1. A bag contains r red balls, b blue balls and y yellow balls. What is the probability
that a ball drawn from the bag at random is yellow?

Solution:

To get the probability of drawing a yellow ball, we need to count the number of
outcomes that result in a yellow ball and divide by the total number of possible
outcomes. The number of yellow balls is y and the total number of balls is
r + b+ y. So, the probability of drawing a yellow ball is

P (yellow) =
y

r + b+ y

2. A packet has yellow and pink sweets. The probability of taking out a pink sweet
is 7

12 . What is the probability of taking out a yellow sweet?

Solution:

Since there are only yellow and pink sweets in the packet the event of getting a
yellow sweet is the complement of the event of getting a pink sweet. So,

P (yellow) = 1− P (pink)

= 1− 7

12

=
5

12

3. You flip a coin 4 times. What is the probability that you get 2 heads and 2 tails?
Write down the sample space and the event set to determine the probability of
this event.
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Solution:

The sample space is the collection of all the ways in which a coin can land when
we flip it 4 times. We use H to represent heads and T to represent tails. The
sample space is

S =


(H;H;H;H) (H;H;H;T ) (H;H;T ;H) (H;H;T ;T )
(H;T ;H;H) (H;T ;H;T ) (H;T ;T ;H) (H;T ;T ;T )
(T ;H;H;H) (T ;H;H;T ) (T ;H;T ;H) (T ;H;T ;T )
(T ;T ;H;H) (T ;T ;H;T ) (T ;T ;T ;H) (T ;T ;T ;T )


We want to compute the probability of the event of getting 2 heads and 2 tails.
From the sample space, we find all the outcomes for which this is true:

{(H;H;T ;T ); (H;T ;H;T ); (H;T ;T ;H); (T ;H;H;T ); (T ;H;T ;H); (T ;T ;H;H)}

Since there are 6 outcomes in the event E and 16 outcomes in the sample space
S, the probability of the event is

P (E) =
6

16
=

3

8

4. In a class of 37 children, 15 children walk to school, 20 children have pets at
home and 12 children who have a pet at home also walk to school. How many
children walk to school and do not have a pet at home?

Solution:

Let E be the event that a child walks to school; and let F be the event that a
child has a pet at home. Then, from the information in the problem statement

n(E) = 15

n(F ) = 20

n(E and F ) = 12

We are asked to compute n(E and (not F )).

n(E and (not F )) = n(E)− n(E and F )

= 15− 12

= 3

5. You roll two 6-sided dice and are interested in the following two events:

• A: the sum of the dice equals 8

• B: at least one of the dice shows a 1

Show that these events are mutually exclusive.

Solution:

The event A has the following elements:

{(2; 6); (3; 5); (4; 4); (5; 3); (6; 2)}

Since A does not include any outcomes where a die shows a 1 and since B
requires that a die shows at least one 1, the two events can have no outcomes
in common: (A and B) = ∅. Therefore the events are, by definition, mutually
exclusive.
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6. You ask a friend to think of a number from 1 to 100. You then ask her the
following questions:

• Is the number even?

• Is the number divisible by 7?

How many possible numbers are less than 80 if she answered “yes” to both
questions?

Solution:

The first question requires the number to be divisible by 2. The second question
requires the number to be divisible by 7. Therefore we should count the multi-
ples of 14 that are less than 80. These are {14; 28; 42; 56; 70}, giving a total of 5
numbers.

7. In a group of 42 pupils, all but 3 had a packet of chips or a Fanta or both. If 23
had a packet of chips and 7 of these also had a Fanta, what is the probability that
one pupil chosen at random has:

a) both chips and Fanta

b) only Fanta

Solution:

a) 7
42 = 1

6

b) Since 42−3 = 39 had at least one of chips and a Fanta, and 23 had a packet
of chips, then 39− 23 = 16 had only Fanta.

16

42
=

8

21

8. Tamara has 18 loose socks in a drawer. Eight of these are orange and two are
pink. Calculate the probability that the first sock taken out at random is:

a) orange

b) not orange

c) pink

d) not pink

e) orange or pink

f) neither orange nor pink

Solution:

a) 8
18 = 4

9

b) 1− 4
9 = 5

9

c) 2
18 = 1

9

d) 1− 1
9 = 8

9

e) 1
9 + 4

9 = 5
9

f) 1− 5
9 = 4

9

9. A box contains coloured blocks. The number of blocks of each colour is given
in the following table.

Colour Purple Orange White Pink
Number of blocks 24 32 41 19
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A block is selected randomly. What is the probability that the block will be:

a) purple

b) purple or white

c) pink and orange

d) not orange?

Solution:

a) Before we answer the questions we first work out how many blocks there
are in total. This gives us the size of the sample space as

n(S) = 24 + 32 + 41 + 19 = 116

The probability that a block is purple is:

P (purple) =
n(E)

n(S)

=
24

116
= 0,21

b) The probability that a block is either purple or white is:

P (purple or white) = P (purple) + P (white)

=
24

116
+

41

116
= 0,56

c) Since one block cannot be two colours the probability of this event is 0.

d) We first work out the probability that a block is orange:

P (orange) =
32

116
= 0,28

The probability that a block is not orange is:

P (not orange) = 1− 0,28

= 0,72

10. The surface of a soccer ball is made up of 32 faces. 12 faces are regular pen-
tagons, each with a surface area of about 37 cm2. The other 20 faces are regular
hexagons, each with a surface area of about 56 cm2.

You roll the soccer ball. What is the probability that it stops with a pentagon
touching the ground?

Solution:

Since a soccer ball is round, the probability of stopping on a face is proportional
to the area of the face. There are 12 pentagons each with an area of 37 cm2, for
a total area of 12 × 37 = 444 cm2. There are 20 hexagons each with an area of
56 cm2, for a total area of 20× 56 = 1120 cm2. So the probability of stopping on
a pentagon is

area of pentagons
total area

=
444

444 + 1120

= 0,28

to 2 decimal places.
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Venn diagrams

Exercise 10 – 2: Venn diagram revision

1. Given the following information:

• P (A) = 0,3

• P (B and A) = 0,2

• P (B) = 0,7

First draw a Venn diagram to represent this information. Then compute the value
of P (B and (not A)).

Solution:

S

A B

0,1 0,50,2

0,2

P (B and (not A)) = 0,5 is marked in blue on the Venn diagram.

2. You are given the following information:

• P (A) = 0,5

• P (A and B) = 0,2

• P (not B) = 0,6

Draw a Venn diagram to represent this information and determine P (A or B).

Solution:

S

A B

0,3 0,20,2

0,3

P (A or B) = 0,7 is marked in blue on the Venn diagram.

3. A study was undertaken to see how many people in Port Elizabeth owned either
a Volkswagen or a Toyota. 3% owned both, 25% owned a Toyota and 60%
owned a Volkswagen. What percentage of people owned neither car?
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Solution:

Let T be the event that a person owns a Toyota; and V be the event that a person
owns a Volkswagen. According to the information in the problem:

P (T and V ) = 0,03

P (T ) = 0,25

P (V ) = 0,6

We are asked to compute P (not (T or V )).

P (not (T or V ))

= 1− P (T or V ) (complementary rule)

= 1− (P (T ) + P (V )− P (T and V )) (sum rule)

= 1− (0,25 + 0,6− 0,03)

= 0,18

4. Let S denote the set of whole numbers from 1 to 15, X denote the set of even
numbers from 1 to 15 and Y denote the set of prime numbers from 1 to 15. Draw
a Venn diagram depicting S, X and Y .

Solution:

S

2

4
6

8
10

3 5

7

9

X
Y

12 14

11

13

1

15

10.2 Dependent and independent events

Exercise 10 – 3: Dependent and independent events

1. Use the following Venn diagram to determine whether events X and Y are

a) mutually exclusive or not mutually exclusive;

b) dependent or independent.
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S

X Y

11 73

14

Solution:

a) The events are mutually exclusive if and only if (X and Y ) = ∅. From the
Venn diagram we see that (X and Y ) contains 3 elements. Therefore X
and Y are not mutually exclusive.

b) The events are independent if and only if P (X and Y ) = P (X)×P (Y ). In
this case,

P (X and Y ) =
3

35

P (X) =
14

35

P (Y ) =
10

35

So P (X)×P (Y ) = 4
35 6= P (X and Y ). Therefore X and Y are dependent.

2. Of the 30 learners in a class 17 have black hair, 11 have brown hair and 2 have
red hair. A learner is selected from the class at random.

a) What is the probability that the learner has black hair?

b) What is the probability that the learner has brown hair?

c) Are these two events mutually exclusive?

d) Are these two events independent?

Solution:

a) 17
30

b) 11
30

c) Yes, since each learner has only one hair colour, so P (black and brown) =
0.

d) No, since P (black and brown) = 0 6= P (black)× P (brown).

3. P (M) = 0,45; P (N) = 0,3 and P (M or N) = 0,615. Are the events M and N
mutually exclusive, independent or neither mutually exclusive nor independent?

Solution:

From the sum rule,

P (M and N) = P (M) + P (N)− P (M or N)

= 0,45 + 0,3− 0,615

= 0,135

P (M and N) 6= 0, therefore the events are not mutually exclusive.

Therefore the events are independent since

P (M)× P (N) = 0,135 = P (M and N)
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4. (For enrichment)

Prove that if event A and event B are mutually exclusive with P (A) 6= 0 and
P (B) 6= 0, then A and B are always dependent.

Solution:

Proof by contradiction.

Assume that A and B are independent events. From the definition of indepen-
dence, we then have P (A and B) = P (A)×P (B). Since A and B are mutually
exclusive, we know that P (A and B) = 0. Therefore P (A)× P (B) = 0.

For the product of two numbers to be zero, at least one of the two numbers must
be zero. But in the problem statement, we were told P (A) 6= 0 and P (B) 6= 0.
Therefore we have a contradiction and our original assumption, that A and B
are independent events, must be false.

Conclusion: A and B are dependent.

10.3 More Venn diagrams

Exercise 10 – 4: Venn diagrams

1. Use the Venn diagram below to answer the following questions. Also given:
n(S) = 120.

SF

8

10

G

24
15 H

14

7

2

a) Compute P (F ).

b) Compute P (G or H).

c) Compute P (F and G).

d) Are F and G dependent or independent?

Solution:

a) 27
120 = 9

40

b) 72
120 = 3

5

c) 12
120 = 1

10
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d)

P (F )× P (G) =
9

40
× 51

120

=
153

1600

and
P (F and G) =

1

10

Therefore P (F and G) 6= P (F )× P (G) and the events are dependent.

2. The Venn diagram below shows the probabilities of 3 events. Complete the Venn
diagram using the additional information provided.

SZ

1
25

Y
17
100 X

17
100

3
20

• P (Z and (not Y )) = 31
100

• P (Y and X) = 23
100

• P (Y ) = 39
100

After completing the Venn diagram, compute the following:

P (Z and not (X or Y ))

Solution:

The completed Venn diagram is below.

S

3
50

Z

4
25

1
25

Y

3
25 17

100 X

17
100

3
20

(Z and not (X or Y )) is the top part of Z, which excludes all ofX and Y . There-
fore P (Z and not (X or Y )) = 4

25 .
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3. There are 79 Grade 10 learners at school. All of these take some combination of
Maths, Geography and History. The number who take Geography is 41; those
who take History is 36; and 30 take Maths. The number who take Maths and
History is 16; the number who take Geography and History is 6, and there are 8
who take Maths only and 16 who take History only.

a) Draw a Venn diagram to illustrate all this information.

b) How many learners take Maths and Geography but not History?

c) How many learners take Geography only?

d) How many learners take all three subjects?

Solution:

a)

2

M

8

14

H
16

4 G
29

6

b) Each student must do exactly one of the following:

• take only Geography;
• only take Maths and/or History.

There are 30 + 36− 16 = 50 learners taking Maths and/or History, therefore
there must be 79− 50 = 29 learners doing only Geography.
Each learner must do exactly one of the following:

• take only Geography (29 learners);
• take only Maths (8 learners);
• take History (36 learners);
• take Geography and Maths, but not History.

Given the number of learners list for each of the first three items above, the
final answer is that 79−29−8−36 = 6 learners take Geography and Maths,
but not History.

c) Calculated already: 29 learners.

d) Each learner must take exactly one of:

• Geography;
• only Maths;
• only History;
• Maths and History but not Geography.

Using the same method as before, the number of learners in the last group
is 79 − 41 − 8 − 16 = 14. But, 16 learners do Maths and History, so there
must be 16− 14 = 2 learners who do all three.

4. Draw a Venn diagram with 3 mutually exclusive events. Use the diagram to show
that for 3 mutually exclusive events, A, B and C, the following is true:

P (A or B or C) = P (A) + P (B) + P (C)

This is the addition rule for 3 mutually exclusive events.
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Solution:

Recall for events to be mutually exclusive, they must have no elements in com-
mon. This mean that in the Venn diagram there must be no overlap between any
of A, B and C.

A

B C

From the Venn diagram we can see that the probability of the three events to-
gether is simply the sum of their individual probabilities. So P (A or B or C) =
P (A) + P (B) + P (C). This will be true for any mutually exclusive events since
they never overlap in the Venn diagram.

10.4 Tree diagrams

Exercise 10 – 5: Tree diagrams

1. You roll a die twice and add up the dots to get a score. Draw a tree diagram to
represent this experiment. What is the probability that your score is a multiple
of 5?

Solution:

1

2 3 4 5 6 7

3

4 5 6 7 8 9

5

6 7 8 9 10 11

2

3 4 5 6 7 8

4

5 6 7 8 9 10

6

7 8 9 10 11 12

The tree diagram for the experiment is shown above. To save space, probabilities
were not indicated on the branches of the tree, but every branch has a probability
of 1

6 . The multiples of 5 are underlined. Since the probability of each of the
underlined outcomes in 1

6 ×
1
6 = 1

36 and since there are 7 outcomes that are
multiples of 5, the probability of getting a multiple of 5 is 7

36 .

2. What is the probability of throwing at least one five in four rolls of a regular
6-sided die? Hint: do not show all possible outcomes of each roll of the die. We
are interested in whether the outcome is 5 or not 5 only.
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Solution:

5
6

not
five

1
6 five

5
6

not
five

1
6 five

5
6

not
five

1
6 five

5
6

not
five

1
6 five

The outcomes that lead to at least one 5 in four rolls of the die are marked on
the tree diagram above. Summing the probabilities along all the branches gives(

1

6

)
+

(
5

6
× 1

6

)
+

(
5

6
× 5

6
× 1

6

)
+

(
5

6
× 5

6
× 5

6
× 1

6

)
=

671

1296

3. You flip one coin 4 times.

a) What is the probability of getting exactly 3 heads?

b) What is the probability of getting at least 3 heads?

Solution:

a) There are 24 = 16 possible outcomes for 4 coin tosses. There are 4 out-
comes that contain exactly 3 heads, namely {H;H;H;T}, {H;H;T ;H},
{H;T ;H;H}, {T ;H;H;H}. Therefore the probability of getting exactly 3

heads is
4

16
=

1

4
.

b) Getting at least 3 heads is the same as getting either exactly 3 heads or
exactly 4 heads. We have already seen that there are 4 ways to get exactly
3 heads. There is 1 way of getting exactly 4 heads, namely the outcome
{H;H;H;H}. Hence there are 5 ways of getting at least 3 heads and the

probability of this event is
5

16
.

4. You flip 4 different coins at the same time.

a) What is the probability of getting exactly 3 heads?

b) What is the probability of getting at least 3 heads?

Solution:

a) The mathematics of this problem is exactly the same as the previous prob-
lem since it does not matter whether we flip 4 different coins at the same

time or the same coin 4 different times. The correct answer is
1

4
.

b)
5

16
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10.5 Contingency tables

Exercise 10 – 6: Contingency tables

1. Use the contingency table below to answer the following questions.

Brown eyes Not brown eyes Totals
Black hair 50 30 80

Red hair 70 80 150

Totals 120 110 230

a) What is the probability that someone with black hair has brown eyes?

b) What is the probability that someone has black hair?

c) What is the probability that someone has brown eyes?

d) Are having black hair and having brown eyes dependent or independent
events?

Solution:

a) 80 people have black hair and of those, 50 people also have brown eyes.
Therefore the probability that someone with black hair has brown eyes is
50
80 = 5

8 .
Note: this is different from asking for the probability of having black hair
and brown eyes. (This probability is computed in part (d) below.) The
question was phrased to ask for the probability of having brown eyes given
that a person has black hair.

b) Out of a total of 230, 80 have black hair. Therefore the probability that
someone has black hair is 80

230 = 8
23 .

c) Out of a total of 230, 120 have brown eyes. Therefore the probability that
someone has brown eyes is 120

230 = 12
23 .

d) We already computed that the probability of having

• black hair is 8
23 ; and

• brown eyes is 12
23 .

Since 50 out of 230 people have black hair and brown eyes, the probability
of having black hair and brown eyes is 5

23 .
We conclude that having black hair and brown eyes are dependent events
since 5

23 6=
8
23 ×

12
23 .

2. Given the following contingency table, identify the events and determine
whether they are dependent or independent.

Location A Location B Totals
Buses left late 15 40 55

Buses left on time 25 20 45

Totals 40 60 100

Solution:

The events are whether a bus leaves from Location A or not and whether a bus
left late or not.

We test whether the Location A and the left late events are independent. The
total number of buses in the contingency table is 100. We determine the proba-
bilities of the different events from the values in the table —
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• leaving from Location A: 40
100 = 0,4;

• leaving late: 55
100 = 0,55;

• leaving from Location A and leaving late: 15
100 = 0,15.

Since 0,4× 0,55 = 0,22 6= 0,15, the events are dependent.

3. You are given the following information.

• Events A and B are independent.

• P (not A) = 0,3.

• P (B) = 0,4.

Complete the contingency table below.

A not A Totals
B

not B
Totals 50

Solution:

From the given table, we see that the total number of outcomes is 50. Since
P (not A) = 0,3 we have n(not A) = 0,3 × 50 = 15 and n(A) = 50 − 15 = 35.
Since P (B) = 0,4 we have n(B) = 0,4× 50 = 20 and n(not B) = 50− 20 = 30.
From this we can partially complete the table:

A not A Totals
B 20

not B 30

Totals 35 15 50

Next, we use the fact that A and B are independent. From the definition of
independence

P ((not A) and B) = P (not A)× P (B) = 0,3× 0,4 = 0,12

Therefore n((not A) and B) = 0,12 × 50 = 6. We find the rest of the values in
the table by making sure that each row and column sums to its total.

A not A Totals
B 14 6 20

not B 21 9 30

Totals 35 15 50
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10.6 Summary

Exercise 10 – 7: End of chapter exercises

1. Jane invested in the stock market. The probability that she will not lose all her
money is 0,32. What is the probability that she will lose all her money? Explain.

Solution:

Since the events “Jane will lose all her money” and “Jane will not lose all her
money” are complementary events, their probabilities sum to 1. Therefore the
probability that Jane will lose all her money is 1− 0,32 = 0,68.

2. IfD and F are mutually exclusive events, with P (not D) = 0,3 and P (D or F ) =
0,94, find P (F ).

Solution:

SinceD and F are mutually exclusive, the sum rule for mutually exclusive events
applies:

P (D or F ) = P (D) + P (F )

We are given P (not D) = 0,3, therefore P (D) = 1 − 0,3 = 0,7. From the sum
rule we have

P (F ) = P (D or F )− P (D)

= 0,94− 0,7

= 0,24

3. A car sales person has pink, lime-green and purple models of car A and purple,
orange and multicolour models of car B. One dark night a thief steals a car.

a) What is the experiment and sample space?

b) What is the probability of stealing either a model of A or a model of B?

c) What is the probability of stealing both a model of A and a model of B?

Solution:

a) The experiment is the outcome of selecting a particular model and colour
car from the sample space of available cars.
The sample space is {pink model A; lime-green model A; purple model A;
purple model B; orange model B; multicolour model B}.

b) Since there are only two models, namely A and B, the probability of steal-
ing one of the two models is 1.

c) Since there is no overlap between the two models and since the thief steals
only one car, the probability of stealing both of the models is 0.

4. The probability of event X is 0,43 and the probability of event Y is 0,24. The
probability of both occurring together is 0,10. What is the probability that X or
Y will occur?
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Solution:

From the addition rule

P (X or Y ) = P (X) + P (Y )− P (X and Y )

= 0,43 + 0,24− 0,10

= 0,57

5. P (H) = 0,62; P (J) = 0,39 and P (H and J) = 0,31. Calculate:

a) P (H ′)

b) P (H or J)

c) P (H ′ or J ′)

d) P (H ′ or J)

e) P (H ′ and J ′)

Solution:

a) P (H ′) = 1− P (H) = 1− 0,62 = 0,38

b) From the addition rule:

P (H or J) = P (H) + P (J)− P (H and J)

= 0,62 + 0,39− 0,31

= 0,7

c) We draw a Venn diagram to get an idea of what the event (H ′ or J ′) looks
like.

H ′ J ′ H ′ or J ′

H J H J H J

From the third diagram above we can see that

P (H ′ or J ′) = 1− P (H and J)

= 0,69

d) We draw a Venn diagram to get an idea of what the event (H ′ or J) looks
like.

H ′ J H ′ or J

H J H J H J

From the third diagram above we can see that

P (H ′ or J) = P (H ′) + P (H and J)

= 0,38 + 0,31

= 0,69
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e) We draw a Venn diagram to get an idea of what the event (H ′ and J ′) looks
like.

H ′ J ′ H ′ and J ′

H J H J H J

From the third diagram above we can see that

P (H ′ and J ′) = 1− P (H or J)

= 0,3

6. The last ten letters of the alphabet are placed in a hat and people are asked to
pick one of them. Event D is picking a vowel, event E is picking a consonant
and event F is picking one of the last four letters. Draw a Venn diagram showing
the outcomes in the sample space and the different events. Then calculate the
following probabilities:

a) P (not F )

b) P (F or D)

c) P (neither E nor F )

d) P (D and E)

e) P (E and F )

f) P (E and D′)

Solution:

a) The Venn diagram is shown below. (Note that Y is not a vowel.)

Q R S T V

W X

Y Z

U

D

E

F

We can then read off all the required probabilities.
P (not F ) = 1− 4

10 = 3
5

b) 5
10 = 1

2

c) This leaves only the outcomes in D, so P (neither E nor F ) = 1
10 .

d) 0 since D and E are mutually exclusive.

e) 4
10 = 2

5

f) Since D and E are complementary (a letter is either a vowel or a conso-
nant), D′ = E, so P (E and D′) = P (E and E) = P (E) = 9

10 .

7. Thobeka compares three neighbourhoods (we’ll call them A, B and C) to see
where the best place is to live. She interviews 80 people and asks them whether
they like each of the neighbourhoods, or not.
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• 40 people like neighbourhood A.

• 35 people like neighbourhood B.

• 40 people like neighbourhood C.

• 21 people like both neighbourhoods A and C.

• 18 people like both neighbourhoods B and C.

• 68 people like at least one neighbourhood.

• 7 people like all three neighbourhoods.

a) Use this information to draw a Venn diagram.

b) How many people like none of the neighbourhoods?

c) How many people like neighbourhoods A and B, but not C?

d) What is the probability that a randomly chosen person from the survey likes
at least one of the neighbourhoods?

Solution:

a) We first draw the outline of the Venn diagram.

SA

B C

Next, we determine the counts of the different regions in the diagram, using
the information provided.

• There are 7 people who like all three neighbourhoods, so
n(A and B and C) = 7.

• There are 21 people who like A and C, so n(A and C) = 21.

• There are 18 people who like B and C, so n(B and C) = 18.

• There are 40 people who like C, so n(C) = 40.

• Since 68 people like at least one neighbourhood and since there are 80
people in total, 12 people like none of the neighbourhoods.

Using the above information we can complete part of the Venn diagram.

SA

B
11

C

8

14
7

12
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Since n(A or B or C) = 68, we can see from the diagram above that
n(A or B) = 60. From the sum rule

n(A and B) = n(A) + n(B)− n(A or B) = 40 + 35− 60 = 15

This allows us to complete the diagram:

SA

11

8

B

9 11
C

8

14
7

12

b) 12

c) 8

d) P (A or B or C) = 68
80 = 17

20

8. Let G and H be two events in a sample space. Suppose that P (G) = 0,4;
P (H) = h; and P (G or H) = 0,7.

a) For what value of h are G and H mutually exclusive?

b) For what value of h are G and H independent?

Solution:

a) G and H are mutually exclusive when P (G and H) = 0.
From the sum rule we have

P (G or H) = P (G) + P (H)− P (G and H)

By substituting in the given values and P (G and H) = 0, we get

0,7 = 0,4 + h− 0

Therefore h = 0,3.

b) G and H are independent when P (G and H) = P (G)× P (H).
From the sum rule we have

P (G or H) = P (G) + P (H)− P (G and H)

By substituting in the given values and P (G and H) = P (G) × P (H), we
get

0,7 = 0,4 + h− 0,4× h
0,3 = 0,6× h

Therefore h = 0,5.

9. The following tree diagram represents points scored by two teams in a soccer
game. At each level in the tree, the points are shown as (points for Team 1;
points for Team 2).
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0,75

(3; 0)

0,25

(2; 1)

0,5

(2; 1)

0,5

(1; 2)

0,65

(2; 0)

0,35

(1; 1)

0,4

(1; 1)

0,6

(0; 2)

0,52

(1; 0)

0,48

(0; 1)

(0; 0)

Use this diagram to determine the probability that:

a) Team 1 will win

b) The game will be a draw

c) The game will end with an even number of total points

Solution:

a) The outcomes where Team 1 wins (when the first score is greater than the
second score) are underlined in the tree diagram below.

0,75

(3; 0)

0,25

(2; 1)

0,5

(2; 1)

0,5

(1; 2)

0,65

(2; 0)

0,35

(1; 1)

0,4

(1; 1)

0,6

(0; 2)

0,52

(1; 0)

0,48

(0; 1)

(0; 0)

We compute the probability of Team 1 winning by multiplying the proba-
bilities along each path and adding them up.

0,52× 0,65× 0,75 = 0,2535

0,52× 0,65× 0,25 = 0,0845

0,48× 0,4× 0,5 = 0,096

0,2535 + 0,0845 + 0,096 = 0,434

b) The outcomes where the game is a draw (when the first score equals the
second score) are underlined in the tree diagram below.
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0,75

(3; 0)

0,25

(2; 1)

0,5

(2; 1)

0,5

(1; 2)

0,65

(2; 0)

0,35

(1; 1)

0,4

(1; 1)

0,6

(0; 2)

0,52

(1; 0)

0,48

(0; 1)

(0; 0)

There is only one such outcome and so the probability of a draw is the
product of the probabilities along the path.

0,52× 0,35 = 0,182

c) The outcomes where the sum of the points is even are underlined in the
tree diagram below.

0,75

(3; 0)

0,25

(2; 1)

0,5

(2; 1)

0,5

(1; 2)

0,65

(2; 0)

0,35

(1; 1)

0,4

(1; 1)

0,6

(0; 2)

0,52

(1; 0)

0,48

(0; 1)

(0; 0)

0,52× 0,35 = 0,182

0,48× 0,6 = 0,288

0,182 + 0,288 = 0,47

10. A bag contains 10 orange balls and 7 black balls. You draw 3 balls from the bag
without replacement. What is the probability that you will end up with exactly
2 orange balls? Represent this experiment using a tree diagram.

Solution:

The tree diagram for the experiment is shown below. Since balls are drawn with-
out replacement, the total number of balls (which appears in the denominators
of the fractions) decreases by 1 at each step. Depending on whether the ball
drawn was orange or black, the numerator either decreases by 1 or stays the
same. The outcomes containing exactly 2 orange balls are underlined.
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8
15

{O;O;O}

7
15

{O;O;B}

9
15

{O;B;O}

6
15

{O;B;B}

9
15

{B;O;O}

6
15

{B;O;B}

10
15

{B;B;O}

5
15

{B;B;B}

9
16

{O;O}

7
16

{O;B}

10
16

{B;O}

6
16

{B;B}

10
17

{O}

7
17

{B}

P (two orange balls) =
(
10
17 ×

9
16 ×

7
15

)
+
(
10
17 ×

7
16 ×

9
15

)
+
(

7
17 ×

10
16 ×

9
15

)
= 63

136

11. Complete the following contingency table and determine whether the events are
dependent or independent.

Durban Bloemfontein Totals
Liked living there 130 30

Did not like living there 140 340

Totals 230 500

Solution:

We complete the contingency table by making sure that all the rows and columns
sum to the correct totals.

Durban Bloemfontein Totals
Liked living there 130 30 160

Did not like living there 140 200 340

Totals 270 230 500

Since

• P (Durban) = 270
500 = 0,54;

• P (liked living there) = 160
500 = 0,32;

• P (Durban and liked living there) = 130
500 = 0,26;

and since 0,54× 0,32 = 0,1728 6= 0,26 the events are dependent.

12. Summarise the following information about a medical trial with 2 types of multi-
vitamin in a contingency table and determine whether the events are dependent
or independent.

• 960 people took part in the medical trial.

• 540 people used multivitamin A for a month and 400 of those people
showed an improvement in their health.

• 300 people showed an improvement in health when using multivitamin B
for a month.
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If the events are independent, it means that the two multivitamins have the same
effect on people. If the events are dependent, it means that one multivitamin is
better than the other. Which multivitamin is better than the other, or are the both
equally effective?

Solution:

From the information in the problem, we can draw up the following partially
completed contingency table.

Multivitamin A Multivitamin B Totals
Improvement in health 400 300

No improvement in health
Totals 540 960

We complete the table by ensuring that all rows and columns add up to the
correct totals.

Multivitamin A Multivitamin B Totals
Improvement in health 400 300 700

No improvement in health 140 120 260

Totals 540 420 960

Since

• P (Multivitamin A) = 540
960 = 9

16 ;

• P (Improvement in health) = 700
960 = 35

48 ;

• P (Multivitamin A and Improvement in health) = 400
960 = 5

12 ;

and since 9
16 ×

35
48 = 105

256 6=
5
12 the events are dependent.

With Multivitamin A, 400
540 = 74,1% of the people showed an improvement in

health. With Multivitamin B, 300
420 = 71,4% of the people showed an improve-

ment in health. Therefore Multivitamin A is more effective than Multivitamin
B.
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