
Robert likes to play the popular card game Blackjack (or 21). In this game, the player 
is dealt two cards and then can elect whether or not to take extra cards. The object of 
the game is to get as close as possible to a total of 21 without going over 21 (busting). 
‘Blackjack’ occurs when a player is dealt a total of 21 with the first two cards. This 
can happen if the player is dealt an ace (value 11) and either a king, queen, jack or 
ten (each of these has a value of 10). What is the probability of Robert being dealt 
‘Blackjack’?
 In this chapter we will expand on the probability topics that were covered in Year 9 so 
that you can answer this question and solve other problems that involve more than one 
event.

11
 11A Review of probability
 11B Complementary and mutually exclusive 

events
 11C Two-way tables and tree diagrams
 11D Independent and dependent events
 11E Karnaugh maps
 11F Subjective probability

Probability
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aRE YoU REaDY?

Try the questions below. If you have diffi culty with any of them, extra help can be obtained by 
completing the matching SkillSHEET. Either search for the SkillSHEET in your eBookPLUS or 
ask your teacher for a copy.

Set notation

 1 Three different sets are identified as follows:
A = {1, 4, 9}
B = {2, 4, 6, 8}
C = {2, 3, 5, 7}.
Use these sets to answer the following.
a How many numbers appear in each set?
b Which number is common to set A and set B?
c Which number is common to set B and set C?

Simplifying fractions

 2 Write each of the following fractions in simplest form.
a 13

52
b 4

36
c 8

12

Determining complementary events

 3 Two events which have nothing in common, but when added together form the sample 
space, are called complementary events. Determine the complementary event for each of the 
following.
a Drawing an ace from a standard deck of playing cards.
b Drawing a black card from a standard deck of playing cards.
c Obtaining a factor of 6 when a six-sided die is rolled.

Addition and subtraction of fractions

 4 Simplify each of the following.
a 1

2
1
6

+ b 1
52

5
6

+ c 1
13

1
2

1
26

+ -

Multiplying fractions for calculating probabilities

 5 Simplify each of the following.
a 1

2
1
6

× b 1
52

5
6

× c 1
2

1
2

1
2

× ×
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Review of probability
In this chapter, we will be investigating such things as the probability of selecting 3 hearts 
from a deck of cards or the probability of tossing two heads when a coin has been tossed twice. 
Probability deals with the likelihood or chance of an event occurring. 

The probability of an event is represented by a number between 0 and 1 inclusive, which can 
be expressed as a fraction, decimal or percentage.

There are times when we can be certain that an event will not occur; for example, we can 
be certain that an athlete will not complete a 100  m race in less than 5 seconds. Therefore, the 
probability for the event ‘an athlete completes 100  m in less than 5 seconds’ is 0. Alternatively, 
we can be certain that an event will occur. For instance, we can be certain that the day following 
Saturday is Sunday. The probability of such an event is 1. Between 0 and 1 inclusive there is 
an infinite set of numbers giving the probabilities of various events, where the chance of an 
event occurring increases as the probability gets closer to 1. The probability scale shown below 
displays the range of probabilities between 0 and 1 inclusive.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

impossible

highly
unlikely

very
unlikely

unlikely

less than
even chance

even
chance

better than
even chance

likely

very
likely

highly
likely

certain

chances decrease

chances increase

0% 50% 100%

A probability of 0.5 indicates that there is an equal chance of an event occurring as there is for 
the event not occurring.

The probability of an event can also be described by words and phrases, such as impossible, 
highly unlikely, very unlikely, less than even chance, even chance, better than even chance, very 
likely, highly likely, certain and so on.

Before we begin our study of probability, we will define some terms that are used.

Definitions
•  Trial: the number of times a probability experiment is conducted.
•   Outcome: the result of an experiment. For example, if a die is rolled, the outcome is a number 

between 1 and 6 inclusive.
•  Event: a desired or favourable outcome.
•   Equally-likely outcomes: outcomes that have the same chance of occurring. For example, 

if a coin is tossed, then the chance of tossing a Head is equal to the chance of tossing a Tail. 
Hence, they are equally-likely outcomes.
•   Sample space, S: the set of all possible outcomes for an experiment. For example, in rolling a 

die, the sample space, S, is S = {1, 2, 3, 4, 5, 6}.
•   Frequency: the number of times an outcome occurs.

Experimental probability
The experimental probability of an event is based on past experience.

Experimental probability = 
number of times an event has occurred

total number of trials

11a
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A discus thrower has won 7 of her last 10 competitions.
a  What is the probability that she will win the next competition?
b  What is the probability that she will not win the next competition?

ThINk WRITE

a 1 Write the number of wins and the 
total number of competitions.

a Number of wins = 7
Total number of competitions = 10

2 Write the rule for probability. Pr(event) = 
number of times this event occurred

total number of trials

3 Substitute the known values into the 
rule.

Pr(she wins) = 7
10

4 Write your answer. The probability she will win the next competition 
is 7

10
.

b 1 Write the number of losses and the 
total number of competitions.

b Number of losses = 3
Total number of competitions = 10

2 Write the rule for probability. Pr(event) = 
number of times this event occurred

total number of trials

3 Substitute the known values into the 
rule.

Pr(she loses) = 3
10

4 Write your answer. The probability she will lose the next competition 
is 3

10
.

The event ‘she will win the next competition’ and the event ‘she will not win the next 
competition’ are called complementary events. Complementary events will be discussed in 
more detail in the next section.

Relative frequency

Relative frequency of a score = frequency of the score or f

total sum of frequencies Σ f
The symbol Σ (sigma) means ‘the sum of’.

The relative frequency of a score is the same as the experimental probability of that score and 
is useful when analysing tabulated results.

A Year 10 class has the following composition.
a  Calculate the relative frequency of 16-year-old girls in the class.
b  If a student is selected at random, determine the probability that the student is a boy.

15-year-olds 16-year-olds Total

Boys  7  9 16

Girls  6  8 14

Total 13 17 30

WoRkED ExaMPlE 1

WoRkED ExaMPlE 2
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ThINk WRITE

a 1 Write the number of 16-year-old girls and 
the total number of students in the class.

a Number of 16-year-old girls (f ) = 8
Total number in the class (Σ f ) = 30

2 Write the rule for relative frequency. Relative frequency = 
f

Σ f

3 Substitute the known values into the rule. Relative frequency = 8
30

4 Simplify and evaluate. = 4
15

5 Write your answer. The relative frequency of 16-year-old girls in the 
class is 4

15
.

b 1 Write the number of boys in the class and 
the total number of students in the class.

b Number of boys = 16
Total number in the class = 30

2 Write the rule for probability. Pr(event) = 
number of times this event occurred

total number of trials

3 Substitute the known values into the 
rule.

Pr(boy selected) = 16
30

4 Simplify and evaluate. = 
8

15

5 Write your answer. The probability of a boy being chosen is 8
15

.

Theoretical probability
The theoretical probability of an event, Pr(E), depends on the number of favourable outcomes 
and the total number of possible outcomes (that is, the sample space).

The theoretical probability of an event is given by the rule:

Pr(event) = 
number of favourable outcomes

number of possible outcomes
This may be simplified to:

Pr(E) = n(E)

n(S)
where n(E) = number of times or ways an event, E, can occur and n(S) = number of 
elements in the sample space or number of ways all outcomes can occur, given all the 
outcomes are equally likely.

A card is drawn from a shuffled pack of 52 cards. Determine the probability that the card chosen is:
a  a heart b  a king.

ThINk WRITE

a 1 Define the events and write the number 
of favourable outcomes and the total 
number of possible outcomes.
Note: There are 13 cards in each of the 
4 suits.

a H is the event that a heart is chosen.
S is the sample space.
n(H) = 13
n(S) = 52

WoRkED ExaMPlE 3
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2 Write the rule for probability. Using Pr(E) = n(E )
n(S)

Pr(H) = n(H)
n(S)

3 Substitute the known values into the rule. Pr(H) = 13
52

4 Simplify and evaluate. = 1
4

5 Write your answer. The probability of choosing a heart is 1
4
.

b 1 Defi ne the event and write the number 
of favourable outcomes and the total 
number of possible outcomes.

b K is the event that a king is chosen.
S is the sample space.
n(K) = 4
n(S) = 52

2 Write the rule for probability. Using Pr(E ) = n(E )
n(S)

Pr(K) = n(K)
n(S)

3 Substitute the known values into the rule. Pr(K) = 4
52

4 Simplify and evaluate. = 1
13

5 Write your answer. The probability of choosing a king is 1
13

.

Venn diagrams
Venn diagrams provide a means of representing outcomes diagrammatically. A common way 
of drawing Venn diagrams is to use a rectangle which represents the sample space and a series 
of circles representing other smaller, sorted sets. In Venn diagrams, overlapping circles represent 
the intersection of, or common elements in, those sets. The sample space is also known as the 
universal set, ξ.

Defi nitions
We shall defi ne the terminology associated with Venn diagrams.

1. A set is a collection of similar elements.

2. The universal set, ξ, is the largest set that contains all the possible outcomes for that 
experiment and is represented by the rectangle of the Venn diagram. Consider all the 
outcomes from an experiment where a die is rolled. The sample space, S, for this experiment 
is also known as the universal set, ξ = {1, 2, 3, 4, 5, 6}.

3. The intersection of sets (symbol ∩) is 
represented by the common elements in two 
(or more) sets.

  The shaded region is A ∩ B.
A B

Universal set

2. The 
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4. The union (symbol ∪) of the sets A and B is 
given by the combined set of A and B. It is the  
set of elements that are in set A or set B  
or in both.

  The shaded region is A ∪ B.
  Note: Common elements are written only once.

A B

Universal set

5. The complement of a set, A (written A′), is the 
set of elements that are in ξ but not in A. The 
shaded region represents the complement of A. A B

Universal set

Example 1:
The sample space of rolling a die once is written as ξ = {1, 2, 3, 4, 5, 6}.

If event A represents the even numbers that are rolled and event B represents the numbers that 
are multiples of 3, then A = {2, 4, 6} and B = {3, 6}.

Therefore A ∩ B = {6}, A ∪ B = {2, 3, 4, 6} and A′ = {1, 3, 5}.
These sets are represented by the shaded regions in the Venn diagrams below.

A ∩ B = {6} A ∪ B = {2, 3, 4, 6}

A

2 3

1 5

6

4

B

{1, 2, 3, 4, 5, 6}

2 3

1 5

6

4

{1, 2, 3, 4, 5, 6}

A B

A′ = {1, 3, 5}

A B

2 3

1 5

6

4

{1, 2, 3, 4, 5, 6}
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6. The subset (symbol ⊂) of a set is a smaller 
set from within the set. The shaded region 
in the diagram shows that A is a subset of ξ; 
that is, A ⊂ ξ.

A

Example 2:
If M = {2, 3, 4} and N = {2, 3}, then N is a subset of M, written as N ⊂ M.

7. Disjoint sets are sets that have nothing in common 
with each other. That is, A ∩ B = { } = φ A

B

a   Draw a Venn diagram representing the relationship between the following sets. Show the position 
of all the elements in the Venn diagram.
ξ = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20}
A = {3, 6, 9, 12, 15, 18}
B = {2, 4, 6, 8, 10, 12, 14, 16, 18, 20}

b  Determine:
i  Pr(A)   i i  Pr(B)   i i i  Pr(A ∩ B)   iv  Pr(A ∪ B)   v  Pr(A′ ∩ B′).

ThINk WRITE/DRaW

a 1 Draw a rectangle with two partly intersecting 
circles labelled A and B.

a

A B

6

12

18

2

8

14

20

3 9

15

11 13

1   5   7   17   19

4

10

16

20

2 Analyse sets A and B and place any common 
elements in the central overlap.

3 Place the remaining elements of set A in circle A.

4 Place the remaining elements of set B in circle B.

5 Place the remaining elements of the universal set ξ 
in the rectangle.

WoRkED ExaMPlE 4
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b i 1 Write the number of elements that belong to 
set A and the total number of elements.

b i n(A) = 6, n(ξ) = 20

2 Write the rule for probability. Pr(A) = n(A)

n(ξ)

3 Substitute the known values into the rule. Pr(A) = 6
20

4 Evaluate and simplify. = 3
10

i i 1 Write the number of elements that belong 
to set B and the total number of elements.

i i n(B) = 10, n(ξ) = 20

2 Repeat steps 2 to 4 of part b  i . Pr(B) = n(B)

n(ξ)

Pr(B) = 10
20

= 1
2

i i i 1 Write the number of elements that belong to 
set A ∩ B and the total number of elements.

i i i n(A ∩ B ) = 3, n(ξ) = 20

2 Repeat steps 2 to 4 of part b  i . Pr(A ∩ B ) = n(A ∩ B)

n(ξ)

Pr(A ∩ B) = 3
20

iv 1 Write the number of elements that belong to 
set A ∪ B and the total number of elements.

iv n(A ∪ B) = 13, n(ξ) = 20

2 Repeat steps 2 to 4 of part b  i . Pr(A ∪ B) = n(A ∪ B)

n(ξ)

Pr(A ∪ B) = 13
20

v 1 Write the number of elements that belong 
to set A′ ∩ B′ and the total number of 
elements.

v n(A′ ∩ B′) = 7, n(ξ) = 20

2 Repeat steps 2 to 4 of part b  i . Pr(A′ ∩ B′) = n(A′ ∩ B′)
n(ξ)

Pr(A′ ∩ B′) = 7
20

In a class of 35 students, 6 students like all three subjects: PE, Science and Music. Eight of the 
students like PE and Science, 10 students like PE and Music, and 12 students like Science and Music. 
Also, 22 students like PE only, 18 students like Science only and 17 like Music only. Two students 
don’t like any of the subjects.
a  Display this information on a Venn diagram.
b  Determine the probability of selecting a student who:

i  likes PE only          i i  does not like Music.
c  Find Pr[(Science ∪ Music) ∩ PE′].

WoRkED ExaMPlE 5
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ThINk WRITE/DRaW

a 1 Draw a rectangle with three partly 
intersecting circles, labelled PE, Science 
and Music.

a

PE Science

Music

 35

2 Extract the information relating to 
students liking all three subjects.  
Note: The central overlap is the key to 
solving these problems. Six students like 
all three subjects, so place the number 6  
into the section corresponding to the 
intersection of the three circles.

PE Science

Music

 35

6

3 Extract the relevant information from 
the second sentence and place it into 
the appropriate position.  
Note: Eight students like PE and 
Science; however, 6 of these students 
have already been accounted for 
in step 2. Therefore, 2 will fill the 
intersection of only PE and Science. 
Similarly, 4 of the 10 who like PE 
and Music will fill the intersection 
of only PE and Music, and 6 of the 
12 students will fill the intersection of 
only Science and Music.

PE Science

Music

 35

6

2

4 6

4 Extract the relevant information from 
the third sentence and place it into the 
appropriate position. Note: Twenty-two 
students like PE and 12 have already 
been accounted for in the set. Therefore, 
10 students are needed to fill the circle 
corresponding to PE only. Similarly, 
4 students are needed to fill the circle 
corresponding to Science only to make 
a total of 18 for Science. One student is 
needed to fill the circle corresponding 
to Music only to make a total of 17 for 
Music.

PE Science

Music

 35

6

1

210 4

4 6
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5 Extract the relevant information from 
the final sentence and place it into the 
appropriate position. Note: Two students 
do not like any of the subjects, so they 
are placed in the rectangle outside the 
three circles.

PE Science

Music

 35

6

1

210 4

4 6

2

b i 1 Write the number of students who like 
PE only and the total number of students 
in the class.

b i n(students who like PE only) = 10
n(ξ) = 35

2 Write the rule for probability. Pr(likes PE only) = n(likes PE only)

n(ξ)

3 Substitute the known values into the 
rule.

Pr(likes PE only) = 10
35

4 Evaluate and simplify. = 2
7

5 Write your answer. The probability of selecting a student 
who likes PE only is 2

7
.

i i 1 Write the number of students who do 
not like Music and the total number of 
students in the class. Note: Add all the 
values that do not appear in the Music 
circle as well as the two that sit in the 
rectangle outside the circles.

i i n(students who do not like Music) = 18
n(ξ) = 35

2 Write the rule for probability. Pr(does not like Music) 

=  n(does not like Music)

n(ξ)

3 Substitute the known values into the 
rule.

Pr(does not like Music) = 18
35

4 Write your answer. The probability of selecting a student 
who does not like Music is 18

35
.

c 1 Write the number of students who 
like Science and Music but not PE. 
Note: Add the values that appear in the 
Science and Music circles but do not 
overlap with the PE circle.

c n[(Science ∪ Music) ∩ PE′] = 11
n(ξ) = 35

2 Repeat steps 2 to 4 of part b  i i . Pr[(Science ∪ Music) ∩ PE′]

=  n[(Science ∪ Music) ∩ PE′]
n(ξ)

Pr[(Science ∪ Music) ∩ PE′] = 11
35

The probability of selecting a student 
who likes Science or Music but not  
PE is 11

35
.
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odds
Probabilities in gambling can be expressed as odds. This is very common in racing, where odds 
are given as ratios; for example 5–1 (or 5

1
 or 5  :  1).

In the odds of a–b, a represents the chance against the event while b represents the chance for 
the event. If the odds for a horse to win are given as a–b, then:

Pr(the horse wins) = 
b

a b+
  and  Pr(the horse does not win) = 

a
a b+

.

Payouts
The payout in races is based on odds. In the odds 5–1, you can win $5 for every $1 invested and 
the bookmaker will pay out $5 plus the $1 invested; that is, a total of $6. The TAB will quote a 
whole payout fi gure of $6.00 for the horse. This payout fi gure is made up of the $5.00 won plus 
the return of the $1.00 invested.

The odds given for the horse ‘Gunnawin’ to win the Melbourne Cup are 9–4.
a  Determine the probability of Gunnawin winning the Melbourne Cup.
b   Tony decides to bet on this race and invests $12 on Gunnawin to win. If the horse does win, what 

is Tony’s payout?
c   In the same race, the probability that the horse ‘Can’t Lose’ wins is given as 5

17
. What are the odds 

that this horse will win?

ThINk WRITE

a 1 Write the number of ways Gunnawin can 
win (4) and the total number of outcomes 
(9 + 4 = 13).

a n(Gunnawin wins ) = 4
n(ξ) = 13

2 Write the rule for probability. Pr(Gunnawin wins)

=  n(Gunnawin wins)

n(ξ)

3 Substitute the known values into the rule. Pr(Gunnawin wins) = 
4

13

4 Write your answer. The probability of Gunnawin winning the 
Melbourne Cup is 

4
13.

b 1 Explain what the ratio means and relate it to 
the investment.

b In the odds 9–4 the punter can win $
9
4 

for every $1 that is invested (or for every 
$4 invested the punter will win $9). 
Therefore, if Tony invests $12 he will win 
9
4 × $12 = $27.

2 Add the original amount invested to the 
amount returned.

Payout = $27 + $12
= $39

3 Write your answer. Tony’s payout will be $39.

c 1 Look at the given fraction. The numerator 
corresponds to the ‘win’ component (second 
number) of the ratio.

c This horse has been given the chance of 
winning as 5

17
. Therefore its chance of 

losing is 12
17

.

2 The lose component of the ratio is always 
the fi rst number.

Therefore the lose–win ratio is 12–5.

3 Write your answer. The odds of Can’t Lose winning the 
Melbourne Cup are 12–5.

WoRkED ExaMPlE 6
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Probabilities can be expressed as a percentage, fraction or decimal between 0 and 1, 1. 
inclusive.

Experimental probability 2. = number of times an event has occurred

total number of trials

Relative frequency of a score 3. = frequency of the score or f

total sum of frequencies Σ f

Theoretical probability that an event, 4. E, will occur is Pr(E) = n(E)

n(ξ)
 where 

n(E) = number of times or ways an event, E, can occur and n(ξ) = the total number of 
ways all outcomes can occur.
Pr(5. ξ) = 1
Venn diagrams provide a diagrammatic representation of sample spaces.6. 
If the odds for an event are given as 7. a–b, then: 

Pr(the event occurs) = 
b

a b+
  and  Pr(the event does not occur) = 

a
a b+

.

REMEMBER

Review of probability
 1  WE 1  Terry has kicked 9 goals of the 10 attempts he made during a football match.

a What is the probability that he will kick a goal on his next attempt?
b What is the probability that he will not kick a goal on his next attempt?

 2 Rachel attended 12 meetings in December. She was elected as the chairperson in 10 of those 
meetings. What is the probability that she will be elected as the chairperson in the next meeting 
she attends?

 3 For a survey, a student counted the vehicles driving out of a sports complex at the end of day 1 
of a sports carnival. She recorded the results in a table as shown below.

Vehicle type Bus Car Motorbike 4-wheel drive

Number 3 17 4 6

Assuming that on day 2 there is a similar traffi c movement, what is the probability that a 
randomly selected vehicle will be:
a a car b a bus c not a 4-wheel drive?

 4  WE 2  Visitors to the Queen Victoria market were interviewed. The composition of this survey 
group is given by the following table.

Females Males Total

NSW 7 9 16

Qld 5 7 12

Tasmania 3 2 5

Europe 16 17 33

Asia 10 4 14

Total 41 39 80

a Calculate the relative frequency of:
 i visitors from Queensland  ii European female visitors
 iii male visitors from New South Wales  iv Asian visitors.

ExERCIsE

11a
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b If a person is selected at random from this group, fi nd the probability that the person is:
 i a Tasmanian visitor 
 iii a female visitor from Queensland.

 ii a European male visitor

 5  MC  Which statement is true for the information given in the table in question 4?
A The probability of selecting a European visitor from this group is higher than that of 

selecting a person from any other visitor group.
B The probability of selecting a European visitor from this group is the same as that of 

selecting a person from any other visitor group.
C The probability of selecting a European male visitor from this group is the same as that of 

selecting a European female visitor.
D The probability of selecting an Asian visitor is the lowest.
E The probability of selecting a visitor from New South Wales is the same as the probability 

of selecting a visitor from Queensland.

 6 Complete the relative frequency column in the given table.

x f Relative frequency

1 2

2 5

3 6

4 3

5 4

Σ f =

 7 For the table of values in question 6 , what is the probability of selecting the following numbers 
if a number is chosen at random?
a 5 b 1 c 3

 8  WE 3  A card is drawn from a shuffled pack of 52 cards. Find the probability that the card 
drawn is:
a an ace b a club c a red card
d not a jack e  a green card f not a red card.

 9 A bag contains 4 blue marbles, 7 red marbles and 9 yellow marbles. All marbles are of the 
same size. A marble is selected at random. What is the probability that the marble is:
a blue b red c not yellow d black?

 10 Azi and Robyn are playing a dice game. Azi has an eight-sided die (faces numbered 1 to 8 
inclusive) and Robyn has a six-sided die (faces numbered 1 to 6 inclusive). They both roll 
their die.
a The person who rolls the number 5 wins. Is this game fair?
b The person who rolls an even number wins. Is this game fair?

11  MC  Fifty Year 10 students on an excursion were asked 
to indicate their preference for an evening activity. It was 
concluded that, if a student is selected at random, the 
probability that he or she has chosen ice-skating is 1

5
.

a The number of students who chose ice-skating is:
 A 5  B 1  C 10  D 40  E 8
b The probability that a randomly selected student did not 

choose ice-skating is:
 A 1

5  B 2
5  C 3

5  D 45  E 1

c The probability that a randomly selected student chose tenpin bowling is:

 A 1
5  B 4

5  C 0  D 1  E not able to be determined
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 12 A six-sided die has three faces numbered 1 and the other three faces numbered 2. Are the 
events ‘rolling a 1’ and ‘rolling a 2’ equally likely?

 13 a   WE 4  Draw a Venn diagram representing the relationship between the following sets. Show 
the position of all the elements in the Venn diagram.
ξ = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20}
A = {1, 3, 5, 7, 9, 11, 13, 15, 17, 19}
B = {1, 4, 9, 16}

b Calculate:
 i Pr(A)  ii Pr(B)  iii Pr(A ∩ B)  iv Pr(A ∪ B)  v Pr(A′ ∩ B′).

 14 Using the given Venn diagrams, indicate the set each of the following shaded areas represents.
a 

A B
b 

X Y

c 
A B

d 
A B

C

 15 A sporting club has members who play different sports, as shown by the given Venn diagram.

Volleyball Walking

Tennis

10

8

6

2 17

3815

a Copy the given Venn diagram and shade the areas that represent:
 i members playing tennis only
 ii members walking only
 iii members playing both tennis and walking but not playing volleyball.
b How many members belong to the sporting club?
c Determine the probability of members who:
 i play volleyball
 ii are involved in all three activities.
d Determine the probability of members who do not:
 i play tennis
 ii walk.
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16  WE5  Thirty students were asked which lunchtime sports they enjoyed — volleyball, soccer or 
tennis. Five students chose all three sports. One student chose volleyball and soccer, 2 students 
chose volleyball and tennis while 4 chose soccer and tennis. Fifteen students chose volleyball, 
14 students chose soccer and 18 students chose tennis.
a Copy the Venn diagram shown and enter the given information.

 

Volleyball Soccer

Tennis

 30

b If a student is selected at random, determine the probability of selecting a student who:
 i chose volleyball
 ii chose all three sports
 iii chose both volleyball and soccer but not tennis
 iv did not choose tennis
 v chose soccer.
c Determine:
 i Pr[(Soccer ∪ Tennis) ∩ Volleyball′]
 ii Pr[(Volleyball ∪ Tennis) ∩ Soccer′].

 17 Thirty-five Year 10 students were required to bring a calculator and a graph book to a maths 
lesson. On checking, it was found that 18 students had brought both, 7 students had the 
calculator only and 5 students had the graph book only. Five students had neither the calculator 
nor the graph book.
a Show this information on a Venn diagram.
b How many students had:
 i a calculator ii a graph book?
c If a student is selected at random, determine the probability that the student:
 i had both the calculator and the graph book
 ii had a calculator
 iii had neither
 iv did not have a graph book.
d Calculate:
 i Pr(calculator only) ii Pr(calculator or graph book) iii Pr(graph book only).

 18  WE 6  The odds given for the greyhound ‘Dog’s Breakfast’ to win its race are 7–3.
a Determine the probability of Dog’s Breakfast winning its race.
b Maria decides to bet on this race and invests $15 on Dog’s Breakfast to win the race. If 

Dog’s Breakfast wins, calculate Maria’s payout.
c The dog ‘Zoom Top’ is also in the race. If the probability of Zoom Top winning is 4

13
, 

what odds should be given for Zoom Top?

 19 The probability of a horse winning a race is given as 3
7
. What are the horse’s chances, given as 

odds?

 20 Write the following odds as probabilities.
a 5–1 b 13–4 c 7–1

 21  MC  The probability of 2
9
 written as odds is:

A 7–2  B 2–7  C 2–9  D 9–2  E 11–9

 20 
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Complementary and mutually 
exclusive events
Complementary events
As we saw in the previous section, the complement of a given set is made up of all the elements 
that belong to the universal set, ξ, but not to the particular given set. We can see this illustrated in 
the Venn diagram below, where the complement of set M, denoted as M′, will constitute all the 
elements outside set M; that is {5, 6, 7, 8}.

M N

7

8

 8

4

1

3

2

5

6

Note that sets M and M′ have no elements in common and make up the universal set, ξ. This 
information can be expressed using set notation as M ∩ M′ = φ, the null or empty set (indicating 
no elements), and M ∪ M′ = ξ.

If A and A′ are complementary events then Pr(A) + Pr(A′) = 1. This may be rearranged to 
Pr(A′) = 1 - Pr(A) or Pr(A) = 1 - Pr(A′).

A card is drawn from a pack of 52 playing cards. Determine:
a  the probability of drawing a spade    b  the probability of not drawing a spade.

ThINk WRITE

a 1 Write the number of favourable outcomes; that 
is, the number of ways a spade may be drawn 
and the total number of possible outcomes.

a n(drawing a spade) = 13
n(ξ) = 52

2 Write the rule for probability. Pr(spade ) =  n(drawing a spade)

n(ξ)

3 Substitute the known values into the rule. Pr(spade) = 13
52

4 Simplify and evaluate. = 1
4

5 Write your answer. The probability of drawing a spade is 1
4
.

b 1 Write the rule for obtaining the complement 
of drawing a spade.

b Pr(A′) = 1 - Pr(A)

2 Substitute the known values into the given rule. Pr(not a spade) = 1 - Pr(spade)

= 1 - 1
4

3 Evaluate. = 3
4

4 Write your answer. The probability of not drawing a spade is 3
4
.

11B
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A player is chosen from a cricket team. Are the events ‘selecting a batsman’ and ‘selecting a bowler’ 
complementary events if a player can have more than one role? Give a reason for your answer.

ThINk WRITE

Explain the composition of a cricket team. 
Players who can bat and bowl are not necessarily 
the only players in a cricket team. There is 
a wicket-keeper as well. Some players (all 
rounders) can bat and bowl.

No, the events ‘selecting a batsman’ and ‘selecting 
a bowler’ are not complementary events. These 
events may have common elements; that is, the all 
rounders in the team who can bat and bowl. The 
cricket team also includes a wicket-keeper.

Mutually exclusive events
Two events that have no common elements and that cannot occur simultaneously are defined as 
mutually exclusive events. That is A ∩ B = { } or φ.

Using set notation, if two events A and B are mutually exclusive then Pr(A ∩ B) = 0 since 

Pr(A ∩ B) = n(A ∩ B) = 0 = 0
n(ξ) n(ξ)

Some examples of mutually exclusive events are listed below.
1. A die is rolled. Let event A = obtaining an even  

number = {2, 4, 6} and event B = obtaining a factor  
of 3 = {1, 3}.

2. In the given Venn diagram, event A = {1, 7, 10} and 
event B = {2, 3}.

3. Two coins are tossed. Let event A = obtaining 2 Heads 
and event B = obtaining 2 Tails.
It is interesting to note that complementary events 

also have no common elements. However, when added 
together they form the sample space, thus distinguishing 
them from mutually exclusive events.

It can be said that complementary events are always mutually exclusive as they have no 
common elements. However, mutually exclusive events are not necessarily complementary as 
they do not form the sample space when added together.

The addition law of probability
Consider the shaded region in the Venn diagram shown.

If we calculate the number of elements in the 
shaded region then we would have n(A) + n(B). 
However, this has calculated the number of elements 
in the intersection, A ∩ B, twice.

Therefore the number of elements in A ∪ B is  
n(A ∪ B) = n(A) + n(B) - n(A ∪ B)
So,

Pr(A ∪ B) = n(A ∪ B)

n(ξ)

= n(A) + n(B) - n(A ∩ B)

n(ξ)

= n(A) + n(B) - n(A ∩ B)
n(ξ) n(ξ) n(ξ)

= Pr(A) + Pr(B) - Pr(A ∩ B)
This is known as the Addition Law of probability.
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If events A and B are not mutually exclusive, the Addition Law of probability states that:

Pr(A or B) = Pr(A) + Pr(B) - Pr(A and B) or Pr(A ∪ B) = Pr(A) + Pr(B) - Pr(A ∩ B)

If events A and B are mutually exclusive, the Addition Law of probability states that:

Pr(A or B) = Pr(A) + Pr(B) or Pr(A ∪ B) = Pr(A) + Pr(B) since Pr(A ∩ B) = 0

A card is drawn from a pack of 52 playing cards. What is the probability that the card is a heart or 
a club?

ThINk WRITE

1 Determine whether the given events are 
mutually exclusive.

The two events are mutually exclusive as they have 
no common elements.

2 Determine the probability of drawing a heart 
and of drawing a club.

Pr(heart) = 13
52

= 1
4

Pr(club) = 13
52

= 1
4

3 Write the Addition Law for two mutually 
exclusive events.

Pr(A or B) = Pr(A) + Pr(B)
where A = drawing a heart
and B = drawing a club

4 Substitute the known values into the rule. Pr(heart or club) = Pr(heart) + Pr(club)
= 1

4
 + 1

4

= 2
4

5 Evaluate and simplify. = 1
2

6 Write your answer. The probability of drawing a heart or a club is 1
2
.

Note: Alternatively, we can use the formula for 
theoretical probability.

Pr(heart or club) = n(heart or club)

n(ξ)
= 26

52

= 1
2

A die is rolled. Determine:
a  Pr(an odd number)
b  Pr(a number less than 4)
c  Pr(an odd number or a number less than 4).

ThINk WRITE

a 1 Determine the probability of obtaining 
an odd number; that is, {1, 3, 5}.

a Pr(odd) = 3
6

= 1
2

2 Write your answer. The probability of obtaining an odd number is 1
2
.

b 1 Determine the probability of obtaining 
a number less than 4; that is, {1, 2, 3}.

b Pr(less than 4) = 3
6

= 1
2

2 Write your answer. The probability of obtaining a number less  
than 4 is 1

2
.
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c 1 Determine whether the given events are 
mutually exclusive.

c The two events are not mutually exclusive as they 
have common elements; that is, 1 and 3.

2 Write the Addition Law for two non-
mutually exclusive events.

Pr(A or B) = Pr(A) + Pr(B) - Pr(A and B) where 
A = selecting an odd number and B = selecting a 
number less than 4.

3 Substitute the known values into the 
rule.
Note: Pr(A and B) = 

2
6

1
3=( ) since the 

events have two elements in common.

Pr [odd number ∪ (number < 4)] 
=  Pr(odd number) + Pr[(number < 4)] 
- Pr[odd number ∩ (number < 4)]

= 1
2

1
2

1
3

+ -

4 Evaluate and simplify. = 2
3

5 Write your answer. The probability of obtaining an odd number or a 
number less than 4 is 2

3
.

Note: Alternatively, we can use the formula for 
theoretical probability.

The set that has elements that are odd numbers or 
numbers less than 4 is {1, 2, 3, 5}.
Pr[odd number ∪ (number < 4)]

=  n[odd number ∪ (number less than 4)]

n(ξ)
= 4

6

= 2
3

Complementary events have no common elements and together make up the universal set.1. 
If 2. A and A′ are complementary events then Pr(A) + Pr(A′) = 1. This may be rearranged 
to: Pr(A′) = 1 - Pr(A) or Pr(A) = 1 - Pr(A′).
Mutually exclusive events have no common elements and cannot occur simultaneously.3. 
If events 4. A and B are not mutually exclusive then:

Pr(A or B) = Pr(A) + Pr(B) - Pr(A and B)
or
Pr(A ∪ B) = Pr(A) + Pr(B) - Pr(A ∩ B) where Pr(A ∩ B) is the probability of the 

intersection of sets A and B or the common elements in sets A and B.
If events 5. A and B are mutually exclusive then:

Pr(A or B) = Pr(A) + Pr(B)
or
Pr(A ∪ B) = Pr(A) + Pr(B) since Pr(A ∩ B) = 0.

Mutually exclusive events may or may not be complementary events.6. 
Complementary events are always mutually exclusive.7. 

REMEMBER

Complementary and mutually 
exclusive events
 1  WE 7  A card is drawn from a pack of 52 playing cards. Determine:

a the probability of obtaining an ace
b the probability of not obtaining an ace.

 2 The weather bureau announced that there is an 80% probability of having a rain shower on 
Friday. What is the probability of not having a rain shower on that day?

ExERCIsE
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 3 A number is selected from the set {1, 2, 3  .  .  .  20}. Let E1 be the event of selecting an even 
number and E2 be the event of selecting an odd number.
a Determine: 
 i  Pr(E1)    i i  Pr(E2).
b Are E1 and E2 complementary?

 4 A bag contains 50 balls, of which there are 10 blue balls, 5 red balls and 3 yellow balls. What 
is the probability of picking a ball that is not blue, red or yellow?

Questions 5  and 6  refer to the following information.
A number is selected from 1 to 100, inclusive.

Let: E1 = a multiple of 10 is picked
 E2 = a factor of 20 is picked
 E3 = a multiple of 2 is picked
 E4 = an odd number is picked.

 5  MC  Which of the following represents a pair of complementary events?
A E1 and E2

B E2 and E3

C E3 and E4

D E2 and E4

E E1 and E3

 6 Calculate:
a Pr(multiple of 10)
b Pr(not a multiple of 10)
c Pr(not a factor of 20).

Questions 7  and 8  refer to the following information.
The ages of 50 Year 10 students are shown in the following table.

Age (years)

15 16 17 Total

Girls 7 10 9 26

Boys 9 8 7 24

Total 16 18 16 50

 7  MC  Which of the following represent complementary events?
A Selecting a 15-year-old boy and selecting a 15-year-old girl
B Selecting a 15-year-old student and selecting a 16-year-old student
C Selecting a 17-year-old student and selecting a 15-year-old student
D Selecting a 15- or 16-year-old student and selecting a 17-year-old student
E Selecting a 17-year-old student and selecting a 15- or 16-year-old girl

 8 Calculate:
a Pr(selecting a 15-year-old boy)
b Pr(not selecting a 15-year-old boy)
c Pr(selecting a boy)
d Pr(selecting a girl).

 9  WE 8  Comment on whether each of the following pairs of events are complementary. Give a 
reason for your answer.
a Having Weet Bix or having Strawberry Pops for breakfast
b Walking to a friend’s place or driving there
c Watching TV or reading as a leisure activity
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d Rolling a number less than 5 or rolling a number greater than 5 with a ten-sided die with 
faces numbered 1 to 10

e Passing a maths test or failing a maths test

 10 a   When a coin is tossed 4 times, the probability of getting 4 Heads is 1
16

. What is the 
probability of not getting 4 Heads?

b The probability that a horse will win a race is 2
9
. What is the probability that one of the 

other horses will win the race?

 11 Are the events ‘getting 2 Tails’ and ‘getting 0 Tails’ complementary when a coin is tossed 
twice?

 12 In a school raffle, 200 tickets were sold. Margaret and Julie bought 25 tickets between them.
a What is the probability that Margaret or Julie will win?
b What is the probability that neither of them will win?

 13  WE 9  A die is rolled. What is the probability that the outcome is an even number or a 5?

 14 A number is chosen from the set {1, 2, 3  .  .  .  25}. What is the probability that the number is:
a a multiple of 4 or a multiple of 7
b a multiple of 4 or an odd number
c less than 5 or more than 20?

 15 A card is drawn from a well-shuffled pack of 52 playing cards. Calculate:
a Pr(a spade or ace of hearts is drawn)
b Pr(a king or a queen is drawn)
c Pr(a jack or a king or an ace is drawn).

 16  MC  Which of the following represents a pair of mutually exclusive events when a die is 
rolled?
A Obtaining an even number or obtaining a 4
B Obtaining an odd number or obtaining a 3
C Obtaining a number less than 3 or obtaining a number more than 5
D Obtaining a multiple of 2 or obtaining a multiple of 3
E Obtaining a factor of 6 or obtaining a multiple of 6

 17 Pat suggests that for a single roll of a die, getting a factor of 4 and getting a factor of 6 are 
mutually exclusive. Is he right? Why or why not?

 18 In a 3-horse race, the probability for each of the horses to win is given as:

Our Lady: 3
7
  Shaka: 4

9
  Speedy: 8

63
.

Determine the probability that:
a either Our Lady or Speedy wins
b either Shaka or Speedy wins.

 19 Christine’s teaching timetable for Monday and Tuesday is given below.

Period and class

1 2 3 4 5 6 7

Monday 10B 8B 8A 9A

Tuesday 8B 8A 10A 9B

She is organising a music tuition class for a lesson when she is not teaching, but she cannot 
use the fi rst lesson on any day because of her responsibility as a senior teacher. Determine 
the probability that:
a she cannot take music tuition because she is teaching
b she cannot take music tuition because it is the fi rst lesson
c she cannot take music tuition.

 15 
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 20  WE 10  A card is drawn from a well-shuffled pack of 52 playing cards. Calculate:
a Pr(a king is drawn)
b Pr(a heart is drawn)
c Pr(a king or a heart is drawn).

 21 Two coins are tossed. Event 1 is obtaining 2 Heads and event 2 is obtaining 2 Tails.
a Are events 1 and 2 mutually exclusive?
b What is Pr(event 1 or event 2)?

 22 Two tetrahedral dice (4-sided) are rolled and the sum of the outcome on each is taken. 
(Note: The outcome is the number on the bottom edge of the faces.)
 Let: Event 1 = the sum is 6
 Event 2 = the sum is 3
 Event 3 = the sum is more than 4
 Event 4 = the sum is less than 4.
a Decide whether the following statements are true or false.
 i Events 1 and 2 are mutually exclusive.
 ii Events 2 and 4 are mutually exclusive.
 iii Events 2 and 3 are mutually exclusive.
 iv Events 1 and 2 are complementary events.
 v Events 2 and 4 are complementary events.
 vi Events 2 and 3 are complementary events.
b Determine:
 i Pr(event 1)
 ii Pr(event 2)
 iii Pr(event 3)
 iv Pr(event 4).
c Determine:
 i Pr(event 1 or event 2)
 ii Pr(event 2 or event 4)
 iii Pr(event 2 or event 3).

Two-way tables and tree diagrams
When more than one event has to be considered, a diagrammatic representation of the sample 
space is helpful in calculating the probabilities of various events. Two-way tables and tree 
diagrams may be used.

Two-way tables
A two-way table (sometimes referred to as a lattice diagram) is able to represent two events in a 
2-dimensional table. With the help of the information in the fi rst row and the fi rst column, all the 
pairs of outcomes are listed and the diagram ensures that none of the pairs is omitted. A two-
way table for the experiment of tossing a coin and rolling a die simultaneously is shown below.

Die outcomes

C
oi

n 
ou

tc
om

es H

T

1 2 3 4 5 6

(H, 1) (H, 2) (H, 3) (H, 4) (H, 5) (H, 6)

(T, 1) (T, 2) (T, 3) (T, 4) (T, 5) (T, 6)

 Two-way tables can be used to display only the combined outcomes of two events.
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Two dice are rolled. The outcome is the pair of numbers shown.
a  Show the results on a two-way table.
b   Calculate the probability of obtaining an identical ordered pair; that is,  

Pr[(1, 1), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6)].

ThINk WRITE

a 1 Rule a two-way table. a Die 1 outcomes

D
ie

 2
 o

ut
co

m
es

1

1

2

3

4

5

6

2 3 4 5 6

(1, 1) (1, 2) (1, 3) (1, 4) (1, 5) (1, 6)

(2, 1) (2, 2) (2, 3) (2, 4) (2, 5) (2, 6)

(3, 1) (3, 2) (3, 3) (3, 4) (3, 5) (3, 6)

(4, 1) (4, 2) (4, 3) (4, 4) (4, 5) (4, 6)

(5, 1) (5, 2) (5, 3) (5, 4) (5, 5) (5, 6)

(6, 1) (6, 2) (6, 3) (6, 4) (6, 5) (6, 6)

2 Label the first row as ‘Die 1’ and write 
all the outcomes.

3 Label the first column as ‘Die 2’ and 
write all the outcomes.

4 Write each ordered pair in its 
respective position.

b 1 Look at the two-way table from part a 
and highlight the identical pairs.

b Die 1 outcomes
D

ie
 2

 o
ut

co
m

es

1

1

2

3

4

5

6

2 3 4 5 6

(1, 1) (1, 2) (1, 3) (1, 4) (1, 5) (1, 6)

(2, 1) (2, 2) (2, 3) (2, 4) (2, 5) (2, 6)

(3, 1) (3, 2) (3, 3) (3, 4) (3, 5) (3, 6)

(4, 1) (4, 2) (4, 3) (4, 4) (4, 5) (4, 6)

(5, 1) (5, 2) (5, 3) (5, 4) (5, 5) (5, 6)

(6, 1) (6, 2) (6, 3) (6, 4) (6, 5) (6, 6)

2 Write the number of identical pairs and 
the total number of possible pairs. 

n(identical pairs) = 6
n(ξ) = 36

3 Since each outcome is equally likely, 
write the rule for probability.

Pr(identical pairs) =  n(identical pairs) n(E)

n(ξ) n(S)

4 Substitute the known values into the 
rule.

Pr(identical ordered pairs) = 6
36

5 Simplify and evaluate. = 1
6

6 Write your answer. The probability of obtaining an identical ordered 
pair is 1

6
.

Two-way tables are limited to displaying two events occurring simultaneously, as the events are 
represented in a 2-dimensional table.
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Tree diagrams
Another way of representing the sample space is to 
construct a tree diagram. This is a branching diagram that 
helps list all the outcomes.

Tree diagrams are very helpful when there are multiple 
events; for example, when a coin is tossed twice. Each 
stage of a multiple event experiment produces a part of 
a tree. The branches of the tree each lead to the different 
results that can be obtained with the particular experiment.

The fi rst stage of the experiment is tossing coin 1. The 
two possible results that can be obtained are Heads or Tails. These are listed at the end of each 
branch. The probability of obtaining the result listed is written along the branches.

The second stage of the experiment is tossing coin 2, for which the possible results are also 
Heads or Tails. A pair of branches is attached to each of the ends of the existing branches. 
Again, the branches are labelled with the appropriate outcomes and probabilities.

After the diagram has been completed, the outcomes are listed at the right-hand side of the 
tree diagram. This is done by beginning at the starting point and following along each set of 
branches, then listing the combinations. The possible results or outcomes obtained by following 
along the combined branches are (H, H), (H, T), (T, H) and (T, T).

The probability for each outcome is calculated by taking the product of the probabilities 
associated with the respective branches. For example, the probability of (H, H) is obtained by 
multiplying the individual probabilities of the two H branches; that is

Pr(H, H) = Pr(H) × Pr(H)

  = 1
2
 × 1

2

  = 1
4

The completed tree diagram is illustrated below.

H

T

H

T

1–
2

1–
2

1–
2

1–
2

H

T

1–
2

1–
2

Coin 1 Coin 2 Outcomes
HH

HT

TH

TT

Probability
1–
2

1–
2

1–
4

1–
2

1–
2

1–
4

1–
2

1–
2

1–
4

1–
2

1–
2

1–
4—
1

When added together, all the probabilities should sum to 1. If more than one outcome is 
included in a particular event, then the respective probabilities are added. For example

Pr(1 Head) = Pr(H, T) + Pr(T, H)

  = 1
4
 + 1

4

  = 1
2

Tree diagrams may be extended to display three or more events occurring simultaneously.

Tree diagrams are useful in working out the sample space and calculating probabilities 
of various events. On each branch of a tree diagram, the probability associated with the 
branch is listed. The products of the probabilities given on the branches are taken to 
calculate the probability for a particular outcome.
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T

H

T

1–
2

1–
2

1–
2

1–
2

H

T

1–
2

1–
2

Coin 1 Coin 2
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Three coins are tossed simultaneously. Draw a tree diagram for the experiment. Calculate the 
following probabilities.
a  Pr(3 Heads)   b  Pr(2 Heads)   c  Pr(at least 1 Head)

ThINk WRITE/DRaW

1 Use branches to show the individual 
outcomes for the first part of the 
experiment (tossing the first coin). 
Place a 1  above the coin toss 
outcomes. Label the ends of the 
branches H and T and place the 
probabilities along the branches.

2 Link each outcome of the first toss 
with the outcomes of the second part 
of the experiment (tossing the second 
coin). Place a 2  above the second 
toss outcomes. Label the ends of 
the branches H and T and place the 
probabilities along the branches.

3 Link each outcome from the second 
toss with the outcomes of the third 
part of the experiment (tossing the 
third coin). Place a 3  above the third 
toss outcomes. Label the ends of 
the branches H and T and place the 
probabilities along the branches.

4 List each of the possible outcomes on 
the right-hand side of the tree diagram.

5 Determine the 
probability of each 
result. Note: The 
probability of each 
result is found by 
multiplying along the 
branches and in each 
case this will be  
1
2
 × 1

2
 × 1

2
 = 1

8
.

H

T

H

T1–
2

1–
2

1–
2

1–
2

H

T

1–
2

1–
2

H

T

1–
2

1–
2

H

T

1–
2

1–
2

H

T

1–
2

1–
2

H

T

1–
2

1–
2

1 2 3 Outcomes

HHH

HHT

HTH

HTT

THH

THT

TTH

TTT

Probability
1–
2

1–
2

1–
8

1–
2

1–
2

1–
8

1–
2

1–
2

1–
8

1–
2

1–
2

1–
8

1–
2

1–
2

1–
8

1–
2

1–
2

1–
8

1–
2

1–
2

1–
8

1–
2

1–
2

1–
8

1–
2
1–
2

1–
2

1–
2

1–
2
1–
2

1–
2
1–
2 —

1
6 Place calculations and results next to 

the respective outcomes. Note that in 
this example, each of the outcomes 
has the same probability, therefore 
each outcome is equally likely.

a Refer to the listed outcomes and 
calculations next to the tree diagram and 
write your answer.

a The probability of obtaining 3 Heads is 1
8
.

WoRkED ExaMPlE 12
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b 1 Refer to the listed outcomes and 
calculations next to the tree diagram. 
Note: This combination occurs three 
times.

b Pr(2 Heads)
= Pr(H, H, T) + Pr(H, T, H) + Pr(T, H, H)
= 1

8
 + 1

8
 + 1

8

= 3
8

2 Write your answer. The probability of obtaining exactly 2 Heads is 3
8
.

c 1 Refer to the listed outcomes and 
calculations next to the tree diagram. 
Note: At least 1 Head means any 
outcome that contains one or 
more Head. This is every outcome 
except 3 Tails. That is, it is the 
complementary event to obtaining 
3 Tails.

c Pr(at least 1 Head)
= 1 - Pr(T, T, T)
= 1 - 1

8

= 7
8

2 Write your answer. The probability of obtaining at least 1 Head is 7
8
.

As can be seen from the tree diagram in Worked example 12, the probabilities of all outcomes 
add up to 1.

Two dice are rolled simultaneously. Draw a tree diagram for the experiment and find:
a  Pr(two 6s)     b  Pr(one 6)     c  Pr(no 6s)     d  Pr(at least one 6).

ThINk WRITE/DRaW

1 Draw the tree diagram using two 
outcomes — S (getting a 6) and 
S′ (not getting a 6).
Note: Recall for complementary 
events, Pr(S) + Pr(S′) = 1.

2 List each of the possible outcomes 
on the right-hand side of the tree 
diagram.

1–
6

1–
6

1–
6

5–
6

5–
6

5–
6

Outcomes
SS

SS'

S'S

S'S'

Probability
1–
6

1–
6

1—
36

1–
6

5–
6

5—
36

5–
6

1–
6

5—
36

5–
6

5–
6

25—
36—
1

S

S

S'

S'

S

S'

1 2

3 Determine the probability of each 
possible result by multiplying 
along the branches.

4 Place the calculations and results 
next to the respective outcomes.

a 1 Refer to the listed outcomes and 
calculations next to the tree diagram.

a Pr(two 6s) = Pr(S, S)
= 1

36

2 Write your answer. The probability of obtaining two 6s is 1
36

.

WoRkED ExaMPlE 13
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b 1 Refer to the listed outcomes 
and calculations next to the tree 
diagram. Note: This combination 
occurs twice.

b Pr(one 6) = Pr(S, S′) + Pr(S′, S)
= 5

36
 + 5

36

= 10
36

= 5
18

2 Write your answer. The probability of obtaining one 6 is 5
18

.

c 1 Refer to the listed outcomes and 
calculations next to the tree diagram.

c Pr(no 6s) = Pr(S′, S′)
= 25

36

2 Write your answer. The probability of obtaining no 6s is 25
36

.

d 1 Refer to the listed outcomes and 
calculations next to the tree diagram. 
Note: Pr(at least one 6) means any 
outcome that contains one or more 
six. This includes every outcome 
except for the (S′, S′) combination. 
That is, it is the complementary event 
to obtaining the (S′, S′) combination.

d Pr(at least one 6) = 1 - Pr(S′, S′).
= 1 - 25

36

= 11
36

2 Write your answer. The probability of obtaining at least one 6 is 11
36

.

Alternatively, we could have calculated part d  of Worked example 13 in the following manner 
and obtained the same answer.

Pr(at least one 6) = Pr(one or more 6s)
  = Pr(S, S) + Pr(S, S′) + Pr(S′, S)
  = 1

36
 + 5

36
 + 5

36

  = 11
36

The letters A, B, C and D are written on identical pieces of card and placed in a box. A letter is 
drawn at random from the box. Without replacing the first card, a second one is drawn. Use a tree 
diagram to find:
a  Pr(first letter is A)   
b  Pr(second letter is B)   
c  Pr(both letters are the same).

ThINk WRITE/DRaW

1 Draw a tree diagram of the 
situation. There are four letters to 
choose as the first letter of the pair 
of letters. Each has a probability of 
1
4
 of being chosen.

2 For each letter chosen as the 
first letter, there are three letters 
remaining to choose from. Each 
has a probability of 1

3
 of being 

chosen.

WoRkED ExaMPlE 14
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3 Write the sample space and 
calculate the probability of each 
outcome.

B

C

A

D

Outcomes

AB

Probability
1–4

1–3
1—12

AC 1–4
1–3

1—12

AD 1–4
1–3

1—12

BA 1–4
1–3

1—12

BC 1–4
1–3

1—12

BD 1–4
1–3

1—12

CA 1–4
1–3

1—12

CB 1–4
1–3

1—12

CD 1–4
1–3

1—12

DA 1–4
1–3

1—12

DB 1–4
1–3

1—12

DC 1–4
1–3

1—12
—
1

B

D
C

1–3

1–4

1–4

1–4

1–4

1–3

1–3

A

D
C

1–3 1–3

1–3

A

D
B

1–3 1–3

1–3

A

C
B

1–3 1–3

1–3

a 1 Refer to the listed outcomes and 
calculations next to the tree diagram.

a Pr(first letter A) = Pr(A, B) + Pr(A, C) + Pr(A, D)
Pr(first letter A) = 1

12
1

12
1

12
+ +

= 3
12

= 1
4

2 Write your answer. The probability that the first letter is A is 1
4
.

b 1 Refer to the listed outcomes 
and calculations next to the tree 
diagram.

b Pr(second letter B) = Pr(A, B) + Pr(C, B) + Pr(D, B)
Pr(second letter B) = 1

12
1

12
1

12
+ +

= 3
12

= 1
4

2 Write your answer. The probability that the second letter is B is 1
4
.

c 1 Refer to the listed outcomes and 
calculations next to the tree diagram.

c Pr(both letters are the same) = 0

2 Write your answer. As the first card is not replaced before the second 
is drawn, the probability that both letters are the 
same is 0.

Two-way tables give a clear diagrammatic representation of the sample space; 1. 
however, they are limited to displaying two events.
Tree diagrams are useful in working out the sample space and calculating probabilities 2. 
of various events, especially if there is more than one event. On each branch of a tree 
diagram, the probability associated with the branch is listed. The products of the 
probabilities given on the branches are taken to calculate the probability for an outcome.
The probabilities of all outcomes add up to 1.3. 

REMEMBER

Two-way tables and tree diagrams
 1  WE 11  Two dice are rolled. The outcome is the pair of numbers shown on each die.

a Show the results on a two-way table.
b Calculate the probability of obtaining an ordered pair where the second digit is half the 

value of the first.

ExERCIsE
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 2 A 10-sided die is rolled at the same time that a coin is tossed.
a Show the outcomes on a two-way table.
b Calculate the probability of event (H, n) where n is a factor of 10.
c Calculate Pr(T, even number).

 3 A green octahedron (a 3-dimensional shape with 8 regular faces) is rolled simultaneously with 
a yellow octahedron. Both figures have the faces numbered 1, 2, 3  .  .  .  8.
a Show the sample space on a two-way table.
b On the diagram, highlight the event (n, n), where n is a number in the range 1 to 8 

inclusive.
c What is the probability of getting (n, n) as described in part b  above?

 4  WE 12  A circular spinner is divided into two equal halves, coloured red and blue, and spun 
3 times. Draw a tree diagram for the experiment. Calculate the following probabilities.
a Pr(3 red sectors)
b Pr(2 red sectors)
c Pr(1 red sector)
d Pr(0 red sectors)
e Pr(at least 1 red sector)
f Pr(at least 2 red sectors)

 5 A bag contains 6 identical marbles, 2 of which are red, 
1 green and 3 blue. A marble is drawn, the colour is 
noted, the marble is replaced and another marble is 
drawn.
a Show the possible outcomes on a tree diagram.
b List the outcomes of the event ‘the fi rst marble 

is red’.
c Calculate Pr(the fi rst marble is red).
d Calculate Pr(2 marbles of the same colour are drawn).

 6 Assuming that it is equally likely that a boy or a girl will be born, answer the following.
a Show the possibilities of a 3-child family on a tree diagram.
b In how many ways is it possible to have exactly 2 boys in the family?
c What is the probability of getting exactly 2 boys in the family?
d Which is more likely, 3 boys or 3 girls in the family?
e What is the probability of having at least 1 girl in the family?

 7 A tetrahedron (prism with 4 identical triangular faces) is numbered 1, 1, 2, 3. It is rolled twice. 
The outcome is the number facing downwards.
a Show the results on a tree diagram.
b Are the outcomes 1, 2 and 3 equally likely?
c Find the following probabilities:
 i Pr(1, 1)
 ii Pr(1 is fi rst number)
 iii Pr(both numbers equal)
 iv Pr(both numbers are odd).

Questions 8  and 9  refer to the following information.
A multiple choice exam gives four possible answers for each question; A, B, C and D. Susan 

found the questions diffi cult, so she decided to make random guesses. Let R denote a correct 
answer and R′ denote an incorrect answer.

 8 Susan attempts three questions.
a Draw a tree diagram to represent Susan’s chances in the three questions she attempts.
b What is the probability of her getting all three answers correct?
c What is the probability of her getting all the answers incorrect?
d What is the probability of Susan getting 1 correct answer?

 4 
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 9  MC  The probability of Susan getting the first two answers correct is equal to:
A Pr(getting only the first and third answers correct)
B Pr(getting all three answers correct)
C Pr(getting all three answers incorrect)
D Pr(getting the first two answers incorrect)
E none of these

 10  WE 13  A die is rolled twice to check whether a 3 occurs. Draw a tree diagram for the 
experiment and calculate:
a Pr(two 3s) b Pr(one 3)
c Pr(no 3s) d Pr(at least one 3).

 11 A card is drawn from a pack of 52 playing cards and checked to see whether a spade has been 
selected. The card is replaced, the pack reshuffled and another card is selected.
a Draw a tree diagram for the activity and list the sample space.
b What is the probability that both cards are spades?
c What is the probability that neither of the cards is a spade?
d What is the probability that one of the cards is a spade?

 12  WE 14  The letters X, Y, W and Z are written on identical pieces of card and placed in a box. A 
letter is drawn at random from the box. Without replacing the first card, a second one is drawn. 
Use a tree diagram to find:
a Pr(first letter is W) b Pr(second letter is Z) c Pr(both letters are different).

 13 A group of students is made up of 6 girls and 4 boys. Two students are to be selected to 
represent the group on the student representative council. They decide to write all names on 
identical pieces of paper, put them in a hat and choose two names randomly. They want to 
check the composition (boys or girls) of the two-person team.
a Show the selections on a tree diagram (note that the probabilities for the second selection 

change).
b Determine the probability of 2 boys being selected.
c Determine the probability of 2 girls being selected.
d Determine the probability of selection of 1 boy and 1 girl.
e Are the events ‘0 boys’, ‘1 boy’ and ‘2 boys’ equally likely?

 14 Robyn is planning to watch 3 footy  
games on one weekend. She has a 
choice of two games on Friday 
night; (A) Carlton vs West Coast 
and (B) Collingwood vs Western 
Bulldogs. On Saturday, she can 
watch one of the three games;  
(C) Geelong vs Brisbane Lions, 
(D) Melbourne vs Fremantle and 
(E) Kangaroos vs Adelaide. On 
Sunday, she also has a choice of 
three games; (F) St Kilda vs 
Sydney, (G) Essendon vs Port 
Adelaide and (H) Richmond vs 
Hawthorn.
a To determine the different combinations of games Robyn can watch, she draws a tree 

diagram using codes A, B  .  .  .  H. Suggest a sample space for Robyn’s selections.
b Robyn’s favourite team is Carlton. What is the probability that one of the games Robyn 

watches involves Carlton?
c Robyn has a good friend that plays for St Kilda. What is the probability that Robyn 

watches both the matches involving Carlton and St Kilda?
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 15 Four identical counters, 2 red and 2 green, are placed in a bag. One counter is drawn, its colour 
recorded, it is replaced in the bag and a second one is drawn.
a Show the sample space on a tree diagram.
b Calculate Pr(2 counters of the same colour).
c Calculate Pr(2 counters of different colours).

 16 Repeat question 15 , but do not replace the first counter that was drawn. Compare the answers 
with those obtained in question 15  and comment on any similarities or differences.

Independent and dependent events
If a coin is tossed the outcome is a Head or a Tail. The outcome of the fi rst toss does not 
affect the outcome of the next toss of the coin. The second toss will still yield a Head or a Tail 
irrespective of the outcome of the fi rst toss. Similarly, the outcome on the roll of a die will not 
affect the outcome of the next roll.

If successive events have no effect on each other, they are called independent events.

If events A and B are independent then the Multiplication Law of probability states that: 
Pr(A and B) = Pr(A) × Pr(B) or Pr(A ∩ B) = Pr(A) × Pr(B)
The reverse is also true. If:
Pr(A and B) = Pr(A) × Pr(B) or Pr(A ∩ B) = Pr(A) × Pr(B) is true then event A and 
event B are independent events.

Adam is one of the 10 young golfers to represent his state. Paz is one of the 12 netball players 
to represent her state. All the players in their respective teams have an equal chance of being 
nominated as captains.
a  Are the events ‘Adam is nominated as captain’ and ‘Paz is nominated as captain’ independent?
b  Determine:
 i  Pr(Adam is nominated as captain)
 i i  Pr(Paz is nominated as captain).
c   What is the probability that both Adam and Paz are nominated as captains of their respective 

teams?

ThINk WRITE

a Determine whether the given events are 
independent and write your answer.

a Adam’s nomination has nothing to do with Paz’s 
nomination and vice versa. Therefore, the events are 
independent.

b i 1 Determine the probability of 
Adam being nominated as 
captain. He is one of 10 players.

b i Pr(Adam is nominated) = Pr(A) 

= n(Adam is nominated)

n(ξ)
Pr(Adam is nominated) = 1

10

2 Write your answer. The probability that Adam is nominated as 
captain is 1

10
.

i i 1 Determine the probability of 
Paz being nominated as captain. 
She is one of 12 players.

i i Pr(Paz is nominated) = Pr(P)

= n(Paz is nominated)

n(ξ)
Pr(Paz is nominated) = 1

12

2 Write your answer. The probability that Paz is nominated as 
captain is 1

12
.
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c 1 Write the Multiplication Law 
of probability for independent 
events.

c Pr(A and P)
= Pr(A ∩ P)

= Pr(A) × Pr(P)
Pr(Adam and Paz are nominated) 
=  Pr(Adam is nominated) × Pr(Paz is nominated)

2 Substitute the known values 
into the rule.

= 1
10

1
12

×

3 Evaluate. = 1
120

4 Write your answer. The probability that both Adam and Paz are 
nominated as captains is 1

120
.

Sometimes one event affects the outcome of another. For example, if a card is drawn from a 
pack of playing cards, the probability that its suit is hearts, Pr(hearts), is 13

52
 (or 1

4
). If this card is 

not replaced, then this will affect the probability of subsequent draws. The probability that the 
second card drawn is a heart will be 12

51
 while the probability that the second card is not a heart 

will be 39
51

. When one event affects the occurrence of another, the events are called dependent 
events.

If two events are dependent, then the probability of occurrence of one event affects that of 
the other.

A bag contains 5 blue, 6 green and 4 yellow marbles. The marbles are identical in all respects 
except in their colours. Two marbles are picked in succession without replacement. Determine the 
probability of picking 2 blue marbles.

ThINk WRITE/DRaW

1 Determine the probability of picking the 
first blue marble.

Pr(picking a blue marble) = n(B)

n(ξ)

Pr(picking a blue marble) = 5
15

= 1
3

2 Determine the probability of picking 
the second blue marble.  
Note: The two events are dependent 
since marbles are not being replaced. 
Since we have picked a blue marble 
this leaves 4 blue marbles remaining 
out of a total of 14 marbles.

Pr(picking second blue marble) =
n(B)

n(ξ)

Pr(picking second blue marble) = 4
14

= 2
7

3 Calculate the probability of obtaining 
2 blue marbles.

Pr(2 blue marbles) = Pr(1st blue) × Pr(2nd blue)
= 1

3
2
7

×

= 2
21

4 Write your answer. The probability of obtaining 2 blue marbles is 2
21

.
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Note: Alternatively, a tree diagram could be used 
to solve this question.

The probability of selecting 2 blue marbles 
successively can be read directly from the fi rst 
branch of the tree diagram.

Blue

Not blue

Blue

Not blue

Blue

Not blue

5—
15

4—
14

5—
14

9—
14

10—
14

10—
15

Pr(2 blue marbles) = 5
15

4
14

×

= 1
3

2
7

×

= 2
21

Events are independent if the occurrence of one event does not affect the occurrence of 1. 
the other.
If events 2. A and B are independent, then Pr(A ∩ B) = Pr(A) × Pr(B). This is the 
Multiplication Law of probability. Conversely, if Pr(A ∩ B) = Pr(A) × Pr(B) then events 
A and B are independent.
Dependent events affect the probability of occurrence of one another.3. 

REMEMBER

Independent and dependent events
 1  WE 15  A die is rolled and a coin is tossed.

a Are the outcomes independent?
b Determine:
 i Pr(Head) on the coin  i i  Pr(6) on the die.
c Determine Pr(6 on the die and Head on the coin).

 2 A tetrahedron (4-faced) die and a 10-sided die are rolled simultaneously. What is the 
probability of getting a 3 on the tetrahedral die and an 8 on the 10-sided die?

 3 A blue die and a green die are rolled. What is the probability of getting a 5 on the blue die and 
not a 5 on the green die?

 4 Dean is an archer. The experimental 
probability that Dean will hit the 
target is 

4
probability that Dean will hit the 

4
probability that Dean will hit the 

5.
a What is the probability that 

Dean will hit the target on two 
successive attempts?

b What is the probability that 
Dean will hit the target on 
three successive attempts?

c What is the probability that 
Dean will not hit the target on 
two successive attempts?

d What is the probability that 
Dean will hit the target on the 
fi rst attempt but miss on the second attempt?
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 5 If A and B are independent events and Pr(A) = 0.7 and Pr(B) = 0.4, calculate:
a Pr(A and B)
b Pr(A′ and B) where A′ is the complement of A
c Pr(A and B′) where B′ is the complement of B
d Pr(A′ and B′).

 6  MC  A bag contains 20 apples, of which 5 are bruised. 
Peter picks an apple and realises that it is bruised. He 
puts the apple back in the bag and picks another one.
a The probability that Peter picks 2 bruised apples is:

A 1
4 B 

1
2 C 

1
16 D 3

4 E 15
16

b The probability that Peter picks a bruised apple fi rst 
but a good one on his second attempt is:

A 1
4 B 

1
2 C 

3
4 D 

3
16 E 1

16

 7 The probability that John will be late for a meeting is 1
7
 and the probability that Phil will be late 

for a meeting is 3
11

. What is the probability that:

a John and Phil are both late b neither of them is late
c John is late but Phil is not late d Phil is late but John is not late?

 8 On the roulette wheel at the casino there are 37 numbers, 0 to 36 inclusive. Bidesi puts his chip 
on number 8 in game 20 and on number 13 in game 21.
a What is the probability that he will win in game 20?
b What is the probability that he will win in both games?
c What is the probability that he wins at least one of the games?

 9 Based on her progress through the year, Karen was given a probability of 0.8 of passing 
the Physics exam. If the probability of passing both Maths and Physics is 0.72, what is her 
probability of passing the Maths exam?

 10 Suresh found that, on average, he is delayed 2 times out of 7 at Melbourne airport. Rakesh 
made similar observations at Brisbane airport, but found he was delayed 1 out of every 4 times. 
Find the probability that both Suresh and Rakesh will be delayed if they are flying out of their 
respective airports.
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 11 Bronwyn has 3 pairs of Reebok and 2 pairs of Adidas running shoes. She has 2 pairs of 
Reebok, 3 pairs of Rio and a pair of Red Robin socks. Preparing for an early morning run, 
she grabs at random for a pair of socks and a pair of shoes. What is the probability that she 
chooses:
a Reebok shoes and Reebok socks
b Rio socks and Adidas shoes
c Reebok shoes and Red Robin socks
d Adidas shoes and socks that are not Red Robin?

 12  WE 16  Two cards are drawn successively and without replacement from a pack of playing 
cards. Determine the probability of drawing:
a 2 hearts b 2 kings c 2 red cards.

 13 In a class of 30 students there are 17 girls. Two students are picked randomly to represent the 
class in the Student Representative Council. Determine the probability that:
a both students are boys b both students are girls c one of the students is a boy.

karnaugh maps
A Karnaugh map displays each outcome of a two-way table as a probability. For example, 
the two-way table for the experiment ‘tossing a coin and rolling a die simultaneously’ is 
shown below.

Die outcomes

1 2 3 4 5 6

Coin 
outcomes

H (H, 1) (H, 2) (H, 3) (H, 4) (H, 5) (H, 6)

T (T, 1) (T, 2) (T, 3) (T, 4) (T, 5) (T, 6)

The Karnaugh map for this table is as follows.

Die outcomes

1 2 3 4 5 6 Probability

Coin 
outcomes

H 1
12

1
12

1
12

1
12

1
12

1
12

6
12

 = 1
2

T 1
12

1
12

1
12

1
12

1
12

1
12

6
12

 = 1
2

Probability 2
12

 = 1
6

2
12

 = 1
6

2
12

 = 1
6

2
12

 = 1
6

2
12

 = 1
6

2
12

 = 1
6

1

Note that the sum of the elements of the fi rst row, the probability of obtaining a Head, is 1
2
 

and the sum of the elements of the second row, the probability of obtaining a Tail, is also 1
2
 as 

expected. Similarly the sum of the elements in each column that correspond to the probability of 
rolling a particular number on a die, say 4, is 1
expected. Similarly the sum of the elements in each column that correspond to the probability of 

1
expected. Similarly the sum of the elements in each column that correspond to the probability of 

6
.

The elements of the grid indicate the intersection of two events; that is, the two events 
occurring simultaneously. For example, the probability of tossing a Tail and rolling a 5 is:

Pr(T ∩ 5) = Pr(T) × Pr(Rolling a 5) = 1
6
 × 1

2
 = 1

12
.

This can be illustrated generally in the table below.

Die outcomes

1 2 3 4 5 6 Probability

Coin 
outcomes

H Pr(H ∩ 1) Pr(H ∩ 2) Pr(H ∩ 3) Pr(H ∩ 4) Pr(H ∩ 5) Pr(H ∩ 6) Pr(H)

T Pr(T ∩ 1) Pr(T ∩ 2) Pr(T ∩ 3) Pr(T ∩ 4) Pr(T ∩ 5) Pr(T ∩ 6) Pr(T) 

Probability Pr(1) Pr(2) Pr(3) Pr(4) Pr(5) Pr(6) Pr(ξ) = 1
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We can see that summing the probabilities in the fi rst row will result in the probability of tossing 
a Head. 

Pr(H ∩ 1) + Pr(H ∩ 2) + Pr(H ∩ 3) + Pr(H ∩ 4) + Pr(H ∩ 5) + Pr(H ∩ 6) = Pr(H)

Similarly, summing the probabilities in the second row will result in the probability of tossing a 
Tail.

Pr(T ∩ 1) + Pr(T ∩ 2) + Pr(T ∩ 3) + Pr(T ∩ 4) + Pr(T ∩ 5) + Pr(T ∩ 6) = Pr(T)

Note that the sum of the probabilities in each column results in the probability of rolling a 
particular number on the die. For example:

Pr(H ∩ 1) + Pr(T ∩ 1) = Pr(1)

The addition of the probabilities in the column outside the table is equal to Pr(ξ ) = 1
Similarly, the addition of the probabilities in the last row is equal to Pr(ξ ) = 1 
That is: Pr(H) + Pr(T) = 1 and Pr(1) + Pr(2) + Pr(3) + Pr(4) + Pr(5) + Pr(6) = 1 

Two fair spinners are spun. The fi rst spinner is divided into four equal sectors coloured red, blue, 
green and yellow. The second spinner is divided into two equal halves coloured red and blue.
a  Display all the possible outcomes and their probabilities using a Karnaugh map.
b  Determine the probability that both spinners land on blue.
c  Determine the probability that both spinners do not land on blue.
d  Determine the probability that neither spinner lands on blue.

ThINk WRITE

a 1 Rule a table consisting of 
3 rows and 5 columns. Leave 
the fi rst cell blank.

a Spinner 1

Red Blue Green Yellow

Spinner 2
Red

Blue

2 Label the second, third, fourth 
and fi fth cells of the fi rst row as 
Red, Blue, Green and Yellow 
respectively. Place the heading 
Spinner 1 above the fi rst row.

3 Label the second and third cells 
of the fi rst column as Red and 
Blue respectively. Place the 
heading Spinner 2 beside the 
fi rst column.

4 State the probability of obtaining 
each of the colours of spinner 1.

Spinner 1: Pr(R) = Pr(B) = Pr(G) = Pr(Y) = 1
4

5 State the probability of obtaining 
each of the colours of spinner 2.

Spinner 2: Pr(R) = Pr(B) = 1
2

6 Determine the probability of 
each possible result by 
multiplying the fi rst result 
probability with the second 
result probability of the ordered 
pair.

Pr(R ∩ R) = 1
4
 × 1

2
 = 1

8
 

Similarly,
Pr(R ∩ B) = Pr(R ∩ G) = Pr(R ∩ Y)

= Pr(B ∩ R) = Pr(B ∩ B) = Pr(B ∩ G)
= Pr(B ∩ Y) = 1

8

WoRkED ExaMPlE 17
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7 Enter the probabilities into 
the Karnaugh map. Note: The 
probabilities of the rows and 
columns should sum to 1.

Spinner 1

Red Blue Green Yellow Probability

Spinner 2 Red
1
8

1
8

1
8

1
8

4
8
= 1

2

Blue
1
8

1
8

1
8

1
8

4
8
= 1

2

Probability 2
8
= 1

4
2
8
= 1

4
2
8
= 1

4
2
8
= 1

4
1

b 1 Locate the cell corresponding 
to ‘both spinners land on blue’; 
that is, Pr(B ∩ B).

b From the table in part a  Pr(B ∩ B) = 1
8

2 Write your answer. The probability that both spinners land on blue is 1
8
.

c 1 Locate the cells not 
corresponding to ‘both spinners 
land on blue’; that is, all 
except Pr(B ∩ B). Note: This 
corresponds to obtaining the 
complement of ‘both spinners 
land on blue’.

c Pr(B ∩ B)′ = 1 - Pr(B ∩ B)
= 1 - 1

8

= 7
8

2 Calculate the complement of 
‘both spinners land on blue’.

3 Write your answer. The probability that both spinners do not land 
on blue is 7

8
.

d 1 Locate the cells corresponding 
to ‘neither spinner lands on 
blue’; that is, Pr(R ∩ R), 
Pr(R ∩ G) and Pr(R ∩ Y).

d Pr(Neither blue) = Pr(R ∩ G) + Pr(R ∩ Y) + Pr(R ∩ R)
= 1

8
 + 1

8
 + 1

8
 

= 3
8

2 Add the probabilities for the 
three outcomes and evaluate.

3 Write your answer. The probability that neither spinner lands on blue is 3
8
.

One marble is chosen from each of two bags, one containing 3 red and 7 blue, the other 4 red and 
2 blue.
a  Display all the possible outcomes and their probabilities using a Karnaugh map.
b  Calculate Pr(choosing two red marbles).
c  Calculate Pr(choosing one red and one blue marble).

ThINk WRITE

a 1 Rule a table consisting of 3 rows and 
3 columns. Leave the fi rst cell blank.

a Bag 1

R B

Bag 2
R

B

WoRkED ExaMPlE 18
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2 Label the second and third cells of the 
fi rst column as R and B respectively. 
Place the heading Bag 1 above the 
fi rst row.

3 Label the second and third cells of the 
fi rst column as R and B respectively. 
Place the heading Bag 2 beside the fi rst 
column.

4 State the probability of obtaining each 
of the coloured marbles from bag 1.

Bag 1: Pr(R) =  3
10

, Pr(B) =  7
10

5 State the probability of obtaining each 
of the coloured marbles from bag 2.

Bag 2: Pr(R) = 4
6
, Pr(B) = 2

6

6 Determine the probability of each 
possible result by multiplying the 
fi rst result probability with the second 
result probability of the ordered pair.

Pr(R ∩ R) = 
4
6

3
10

12
60

× =× =
10

× =
10

Pr(R ∩ B) = 4
6

7
10

28
60× =× =10× =10

Pr(B ∩ R) = 2
6

3
10

6
60× =× =10× =10

Pr(B ∩ B) = 2
6

7
10

14
60

× =× =7× =7

7 Enter the probabilities into the 
Karnaugh map.
Note: The probabilities of the rows 
should sum to 1 as should the columns.

Bag 1

R B Probability

Bag 2
R 12

60
28
60

40
60

 = 2
3

B
6

60

14
60

20
60

 = 1
3

Probability 18

60
 =  3

10
42

60
 =  7

10
1

b 1 Locate the cell corresponding to 
‘choosing two red marbles’; that is, 
Pr(R ∩ R).

b From the table in part a  Pr(R ∩ R) = 12
60

2 Simplify the fraction. 12
60
 = 1

5

3 Write your answer. The probability of choosing two red marbles is 1
5
.

c 1 Locate the cells corresponding to 
‘choosing one red and one blue 
marble’; that is, Pr(R ∩ B) and 
Pr(B ∩ R).

c From the table in part a  Pr(R ∩ B) = 28
60

 and 
Pr(B ∩ R) = 6

60
 

2 Add the probabilities for the two 
outcomes and evaluate.

Pr(choosing one red and one blue marble)

= 28
60

6
60

+

3 Simplify the fraction. = 34
60

= 17
30

4 Write your answer. The probability of choosing one red and one blue 
marble is 17

30
.
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The following example illustrates how information from a Venn diagram can be transferred to a 
Karnaugh map.

A group of motocross racers were asked to comment on  
which of two tracks, A or B, they used. The results were  
recorded in the Venn diagram shown.
a  How many motocross racers were surveyed?
b  Calculate: i  Pr(A)     i i  Pr(B).
c  Comment on whether events A and B are independent.
d   Transfer the information from the Venn diagram to a  

Karnaugh map.

ThINk WRITE

a 1 Count the numbers that appear 
in each of the circles, the overlap 
and the rectangle.

a Total number = 23 + 16 + 15 + 6
 = 60

2 Write your answer. Sixty motocross racers were surveyed.

b i 1 Count the number of motocross 
racers who used track A; that is, 
23 and 16.

b i Motocross racers who used track A
 = 23 + 16
 = 39

2 Write the number of motocross 
racers who used track A and the total 
number of motocross racers surveyed.

n(track A) = 39
n(ξ) = 60

3 Write the rule for probability. Pr(track A) = n(track A)

n(ξ)

4 Substitute the values into the rule.
 

Pr(track A) =  n(track A)

n(racers surveyed)

5 Simplify and evaluate. = 39
60

= 13
20

6 Write your answer. The probability of a motocross racer using 
track A is 13

20
.

i i 1 Count the number of motocross 
racers who used track B; that is, 
15 and 16.

i i Motocross racers who used track B
 = 15 + 16
 = 31

2 Write the number of motocross racers 
who used track B and the total number 
of motocross racers surveyed.

n(track B) = 31 
n(ξ) = 60

3 Write the rule for probability. Pr(track B) = n(track B)

n(ξ)

4 Substitute the values into the rule. Pr(track B) =  n(track B)

n(racers surveyed)
5 Evaluate. = 31

60

6 Write your answer. The probability of a motocross racer using 
track B is 31

60
.

WoRkED ExaMPlE 19
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c 1 Use the Venn diagram to determine 
the probability of the intersection of 
A and B; that is, Pr(A ∩ B). 
Note: Recall the overlap of the two 
circles represents the intersection of 
sets A and B.

c From the Venn diagram Pr(A ∩ B) = 16
60

= 4
15

2 Calculate 
Pr(track A) × Pr(track B).

Pr(track A) × Pr(track B) = 13
20

31
60

×

 = 403
1200

3 Compare the answers obtained in 
steps 1 and 2. Note that if events 
A and B are independent then 
Pr(A ∩ B) = Pr(A) × Pr(B).

4 Write your answer. In this case Pr(A ∩ B) ≠ Pr(A) × Pr(B); therefore 
events A and B are not independent.

d 1 Rule a table consisting of 3 rows 
and 3 columns. Leave the fi rst cell 
blank.

d A A′
B Pr(A ∩ B) Pr(A′ ∩ B)

B′ Pr(A ∩ B′) Pr(A′ ∩ B′)

2 Label the second and third cells 
of the fi rst row as A and A′ 
respectively.

3 Label the second and third cells 
of the fi rst column as B and B′ 
respectively.

4 Use the Venn diagram to identify 
the cells of the Karnaugh map.
 (i)  Pr(A ∩ B) corresponds to the 

overlapping section.
  (ii) Pr(A only) is Pr(A ∩ B′).
(iii) Pr(B only) is Pr(A′ ∩ B).
 (iv)  Pr(A′ ∩ B′) corresponds to the 

section outside the circles.

Pr(A ∩ B) = 16
60
  Pr(A ∩ B′) = 23

60

Pr(A′ ∩ B) = 15
60
  Pr(A′ ∩ B′) =  6

60

5 Enter the probabilities into the 
Karnaugh map.
Note: The probabilities of the rows 
and columns should add up to 1.

A A′ Probability

B 16
60

15
60

31
60

B′ 23
60

6
60

29
60

Probability 39
60

 = 13
20

21
60

 = 7
20

1

A Karnaugh map displays each outcome of a two-way table as a probability.

REMEMBER
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karnaugh maps
 1 A fair coin is tossed and a spinner divided into four sectors coloured red, blue, green and 

yellow is spun.
a Complete the following Karnaugh map.

Red Green Blue Yellow Probability

Heads
1
20

5
20

2
20

2
20

Tails
2

20
2

20
10
20

Probability
9

20

b Find:
 i Pr(Heads)
 ii Pr(A), if A is the event of stopping on green or blue.
 iii Pr(Tails ∩ Green).

 2  WE 17  Two fair spinners are spun. The first spinner is divided into four equal sectors coloured 
red, blue, green and yellow. The second spinner is divided into three equal sectors coloured 
red, blue and green.
a Display all the possible outcomes and their probabilities using a Karnaugh map.
b Determine the probability that both spinners land on green.
c Determine the probability that both spinners do not land on green.
d Determine the probability that neither spinner lands on green.

 3 Two fair dice are rolled.
a Display all the possible outcomes and their probabilities using a Karnaugh map.
b Calculate Pr(rolling at least one 6).
c Calculate Pr(1 ∩ 4).
d Calculate Pr(1 ∪ 4).

 4  WE 18  A marble is chosen from each of two bags, one containing 7 red and 8 blue, the other 
5 red and 3 blue.
a Display all the possible outcomes and their probabilities using a Karnaugh map.
b Determine Pr(choosing two red marbles).
c Determine Pr(choosing one red and one blue marble).

 5 Chris throws two darts at the dartboard shown at right. The 
probability that Chris lands a dart in section A, B, C or D 
is 0.4, 0.3, 0.2 and 0.1 respectively.
a Display all the possible outcomes and their probabilities 

using a Karnaugh map.
b Calculate the probability that Chris hits 

section D twice.
c Calculate the probability that Chris does not hit 

section D twice.
d Calculate the probability that Chris lands a dart in 

sections A and B.

 6 Hector has 12 green and 8 yellow unsorted socks in one drawer and 3 green and 7 yellow in 
another drawer. He selects one sock from each drawer.
a Display this situation as a Karnaugh map.
b What is the probability that Hector selects a pair of matching socks (correct to 2 decimal 

places)?

ExERCIsE
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 7 Sesha is to play a tennis match. If it is sunny, the probability of winning the match is 0.42 
while if it is not sunny, the probability of winning is 0.28. The weather forecast has a 
60% chance of it being sunny.
a Draw a Karnaugh map. 
b  What is the probability Sesha will win the match?

 8  WE 19  A group of motocross racers were asked to 
comment on which of two tracks, A or B, they 
preferred. The results were recorded in the Venn 
diagram at right.
a How many motocross racers were surveyed?
b Calculate: i  Pr(track A) and i i  Pr(track B).
c Comment on whether events A and B are 

independent.
d Transfer the information from the Venn diagram 

to a Karnaugh map.

 9 a  Construct a Karnaugh map from the Venn 
diagram shown.

b Determine: i  Pr(A) and i i  Pr(B).
c Comment on whether events A and B are 

independent.

10 a  Construct a Karnaugh map from the Venn 
diagram shown.

b Determine: i  Pr(A) and i i  Pr(B).
c Comment on whether events A and B are 

independent.

11 a   Create a Venn diagram from the following 
Karnaugh map.

A A′ Probability

B 4
10

2
10

6
10

B′ 3
10

1
10

4
10

Probability 7
10

 3
10

1

b What is Pr(A ∪ B)?

12 a  Use the tree diagram below to complete the following table.

A

B

B

A

0.6

0.4

A

B

0.6

0.6

0.4

0.4

b Create a Karnaugh map from the given tree diagram.
c What is Pr(A ∪ B)?

A B

68

3

3

A B

1117

6

6

A B

12199

81

99

Outcome Probability

A ∩ A

A ∩ B

B ∩ A

B ∩ B
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13 At the beginning of this chapter, we met 
Robert, who likes to play Blackjack. We want 
to calculate the probability of Robert being 
dealt ‘Blackjack’, which consists of being dealt 
an ace with either a king, queen, jack or ten.
a   Is the dealing of two cards, such as in 

Blackjack, an example of an independent 
or dependent event?

b   What is the probability of Robert being 
dealt an ace with the first card?

c   If Robert has been dealt an ace with his first card, what is the probability that he will then 
be dealt a king, queen, jack or ten with his second card?

d   Robert could also obtain ‘Blackjack’ if he were dealt the king, queen, jack or ten first 
followed by the ace. Determine the probability of this occurring and hence the probability 
of obtaining ‘Blackjack’.

e   When the game of Blackjack is played in the casinos, it is played with 5 packs of cards, 
completely shuffled. Calculate the probability of obtaining ‘Blackjack’ when 5 packs are 
used. How does this compare with the probability of one pack being used?

f   When the two cards are dealt, Robert is dealt a total value of 14. If Robert wants to take a 
third card, this is called a ‘hit’. If he does not, he is said to ‘sit’. If Robert says ‘hit’, what 
is the probability that he will not bust (exceed a value of 21)? Note: If an ace is dealt, its 
value can be either 1 or 11 at the player’s choice.

g   If Robert is dealt a total value of 11 in his first two cards it is impossible for him to bust. 
Complete the table below, determining the probability of busting if the player hits in each 
case.

Total in first two cards 12 13 14 15 16 17 18 19 20 21

Probability of busting

h Make a recommendation to Robert about the total on which he should sit and when he 
should hit.

subjective probability
‘I feel the Australian cricket team will win this year’s Test cricket series because, in my opinion, 
they have a stronger side than the opposition.’ Claims like this are often made by people who 
may not have all the facts, and may also be biased.

‘I think this summer will be a cold one.’ A statement like this will have merit if it comes from 
an individual with relevant knowledge, such as a meteorologist or a scientist. However, we often 
hear people making such remarks with limited observation.

Subjective probability is usually based on limited mathematical evidence and may involve 
one or more of the following: judgements, opinions, assessments, estimations and conjectures 
by individuals. It can also involve beliefs, sentiments and emotions that may result in a certain 
amount of bias.

On Anzac Day Peter plays two-up, which involves tossing two coins. ‘Heads’ win if both coins land 
Heads, while ‘Tails’ win if both coins land Tails. If the coins land with one Head and one Tail they 
are called ‘odd’, and the coins are tossed again until either Heads or Tails wins.
 After observing for a while, Peter notices that the last five tosses had either Tails winning or were 
odd. This leads Peter to believe that Heads will win the next game, so he places $50 on Heads and 
loses. Peter questions the fairness of the game and states that the game is biased and favours Tails. 
Discuss the accuracy of Peter’s statement.

11F
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ThINk WRITE

Discuss the statement made and comment on the 
probability of obtaining Heads or Tails in this 
particular game.

Each game is independent and so fi ve Tails or odd 
outcomes in the previous games have no effect on 
the outcome of the current game. The game is not 
biased. Peter took a risk and paid for it. He is wrong 
in suggesting that the game is not fair.

Subjective probability is based on judgements and opinions. It can also involve beliefs, 
emotions and bias.

REMEMBER

subjective probability
 1  WE20  Discuss the accuracy of these statements.

a The team batting last can never win a cricket match at the MCG.
b The Australian cricket team is so good that not even bad weather can stop it from 

winning.
c Two children in John’s family are girls so the third one will be a girl, too.
d The Wallabies defeated the All Blacks three times last year so they will win the fi rst game 

this year.
e It rained heavily on the last three consecutive Fridays so do not organise sport on a Friday.
f According to the weather report only three in every twenty houses were damaged by the 

cyclone, so my house will not be damaged.
g New Zealand lost its cricket match against Australia because their team uniform looked 

boring.
h This coin is biased because we obtained six Heads in a row.
i The USA topped the medal tally in the last Olympics so they will do the same again in 

the next Olympics.
j Australian Rules football is the best sport in the world.

 2 Comment on the accuracy of these statements.
a I have bought only one ticket for the raffl e, therefore I cannot win.
b This particular horse has odds of 1–2. It is certain to win.
c If you keep on betting on Heads, you cannot lose.
d If you want to win at all times, bet on the favourites.
e It is no use betting on the favourites as you cannot win a great deal of money, therefore 

you should bet on the outsiders.

 3 Comment on the contradictions involved in the following statements.
a That job was hers but she did not do well in the interview.
b The team had won the match but they became a little complacent towards the end.
c ‘Makybe Diva’ was certain to win. I cannot believe she lost the race.

 4 Assign a probability to each of the following, based on your experience or judgement.
a The probability that you will be late for a class this week
b The probability that your favourite sporting team will win its next match
c The probability that two traffi c lights in a row will be red when you approach successive 

intersections
d The probability that you will see a dog some time today

ExERCIsE
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sUMMaRY

Review of probability

Probabilities can be expressed as a percentage, fraction or decimal between 0 and 1, inclusive.1. 

Experimental probability 2. = number of times an event has occurred

total number of trials

Relative frequency of a score 3. = frequency of the score or f

total sum of frequencies Σ f

Theoretical probability that an event, 4. E, will occur is Pr(E) = n(E)

n(ξ)
 where n(E) = number of times or ways 

an event, E, can occur and n(ξ) = the total number of ways all outcomes can occur.

Pr(5. ξ) = 1

Venn diagrams provide a diagrammatic representation of sample spaces.6. 

If the odds for an event are given as 7. a–b, then Pr(the event occurs) = 
b

a ba b+a b
 and 

Pr(the event does not occur) = 
a

a ba b+a b
.

Complementary and mutually exclusive events

Complementary events have no common elements and together make up the universal set.1. 

If 2. A and A′ are complementary events then Pr(A) + Pr(A′) = 1. This may be rearranged to: 

 Pr(A′) = 1 - Pr(A) or Pr(A) = 1 - Pr(A′).

Mutually exclusive events have no common elements and cannot occur simultaneously.3. 

If events 4. A and B are not mutually exclusive then:

  Pr(A or B) = Pr(A) + Pr(B) - Pr(A and B)

  or

  Pr(A ∪ B) = Pr(A) + Pr(B) - Pr(A ∩ B) where Pr(A ∩ B) is the probability of the intersection of sets A 
and B or the common elements in sets A and B.

If events 5. A and B are mutually exclusive then:

  Pr(A or B) = Pr(A) + Pr(B)

  or

  Pr(A ∪ B) = Pr(A) + Pr(B) since Pr(A ∩ B) = 0.

Mutually exclusive events may or may not be complementary events.6. 

Complementary events are always mutually exclusive.7. 

Two-way tables and tree diagrams

Two-way tables give a clear diagrammatic representation of the sample space; however, they are limited 1. 
to displaying two events.

Tree diagrams are useful in working out the sample space and calculating probabilities of various events, 2. 
especially if there is more than one event. On each branch of a tree diagram, the probability associated 
with the branch is listed. The products of the probabilities given on the branches are taken to calculate the 
probability for an outcome.

The probabilities of all outcomes add up to 1.3. 
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Independent and dependent events

Events are independent if the occurrence of one event does not affect the occurrence of the other.1. 
If events 2. A and B are independent, then Pr(A ∩ B) = Pr(A) × Pr(B). This is the Multiplication Law of 
probability. Conversely, if Pr(A ∩ B) = Pr(A) × Pr(B) then events A and B are independent.
Dependent events affect the probability of occurrence of one another.3. 

Karnaugh maps

 A Karnaugh map displays each outcome of a two-way table as a probability.

Subjective probability

 Subjective probability is based on judgements and opinions. It can also involve beliefs, emotions and bias.
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ChaPTER REVIEW

MUlTIPlE ChoICE

 1 Which of the following is always true for an event, 
M, and its complementary event, M′?
A Pr(M) + Pr(M′) = 1 B Pr(M) - Pr(M′) = 1
C Pr(M) + Pr(M′) = 0 D Pr(M) - Pr(M′) = 0
E Pr(M) × Pr(M′) = 1

 2 From past experience, it is concluded that there 
is a 99% probability that July will be a wet 
month in Launceston (it has an average rainfall of 
approximately 80 mm). The probability that July 
will not be a wet month next year in Launceston is:

A 99% B 0.99 C 1
100

D 1 E 0

 3 A number is chosen from the set {0, 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10}. Which of the following pairs of events 
is mutually exclusive?
A {2, 4, 6} and {1, 2, 3}
B {1, 2, 3, 5} and {4, 6, 7, 8}
C {0, 1, 2, 3} and {3, 4, 5, 6}
D {multiples of 2} and {factors of 8}
E {even numbers} and {multiples of 3}

 4 Which of the following states the Multiplication 
Law of probability correctly?
A Pr(A ∩ B) = Pr(A) + Pr(B)
B Pr(A ∩ B) = Pr(A) × Pr(B)
C Pr(A ∪ B) = Pr(A) × Pr(B)
D Pr(A ∪ B) = Pr(A) + Pr(B)
E Pr(A) = Pr(A ∪ B) × Pr(B)

 5 A card is drawn from a well-shuffled deck of 
52 cards. What is the theoretical probability of not 
selecting a red card?

A 3
4

B 1
4

C 1
13

D 1
2

E 0

 6 The odds 3-2 expressed as a probability are: 

A 1
5

B 3
5

C 1
3

D 1
2

E 2
5

 7 Which of the following events is not equally likely?
A Obtaining a 5 or obtaining a 1 when a die is 

rolled
B Obtaining a club or obtaining a diamond when 

a card is drawn from a pack of cards
C Obtaining 2 Heads or obtaining 2 Tails when a 

coin is tossed
D Obtaining 2 Heads or obtaining 1 Head when a 

coin is tossed twice
E Obtaining a 3 or obtaining a 6 when a die is 

rolled

 8 The Australian cricket team has won 12 of the 
last 15 Test matches. What is the experimental 
probability of Australia losing its next Test match?

A 4
5

B 1
5

C 1
4

D 3
4

E 1

The following information relates to questions 9 
and 10 .
ξ = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} and A = {2, 3, 4} and 
B = {3, 4, 5, 8} 

 9 A ∩ B equals: 
A {2, 3, 3, 4, 4, 5, 8} B {3, 4}
C {2, 3, 4} D {2, 3, 4, 5, 8}
E {2, 5, 8}

10  A ∩ B′ equals:
A {3, 4} B {2}
C {2, 3, 4, 5, 8} D {2, 3, 4}
E {1, 2, 6, 7, 9, 10}

shoRT aNsWER

 1 A card is drawn from a well-shuffled pack of 
52 cards. What is the theoretical probability of 
drawing:
a an ace b a spade
c a queen or a king d not a heart?

 2 Shade the region stated for each of the following 
Venn diagrams.
a A′ ∪ B A B

b A′ ∩ B′
A B

c A′ ∩ B′ ∩ C
A

C

B
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 3 The odds for a horse to win a race are 4–3.
a What is the probability that this horse will win 

the race?
b What is the probability that this horse will not 

win the race?
c Charlie bets $12 that this horse will win. If the 

horse wins, what is Charlie’s payout?

 4 Convert the following odds to probabilities.
a 3–7 b 5–2 c 12–5

 5 Convert the following probabilities to odds.
a 7

11
b 6

7
c 25

33

 6 A die is rolled five times.
a What is the probability of rolling fi ve 6s?
b What is the probability of not rolling fi ve 6s?

 7 Alan and Mary own 3 of the 8 dogs in a race. What 
is the probability that:
a one of Alan’s or Mary’s dogs will win
b none of Alan’s or Mary’s dogs will win?

 8 A die is rolled. Event A is obtaining an even 
number. Event B is obtaining a 3.
a Are events A and B mutually exclusive?
b Calculate Pr(A) and Pr(B).
c Calculate Pr(A ∪ B).

 9 A card is drawn from a shuffled pack of 52 playing 
cards. Event A is drawing a club and event B is 
drawing an ace.
a Are events A and B mutually exclusive?

b Calculate Pr(A), Pr(B) and Pr(A ∩ B).
c Calculate Pr(A ∪ B).

10 a   Construct a Karnaugh map from the Venn 
diagram below.

A B

1612

8

14

b Calculate: i  Pr(A)  and  i i  Pr(B).
c Comment on whether events A and B are 

independent.

 11 Discuss the accuracy of the following statements.
a It did not rain on Monday, Tuesday or 

Wednesday, so it will not rain on Thursday.
b A cricket team lost because two of its batsmen 

scored ducks.
c The Rams family had a boy, then a girl and 

then another boy. They must have a girl next.

 12 Comment on the contradictions involved in these 
statements.
a I was defeated by a loser.
b The slowest motocross racer in the competition 

won the race.
c The most popular person did not get elected.

ExTENDED REsPoNsE

 1 The Venn diagram at right shows the results of a survey completed 
by a Chinese restaurateur to find out the food preferences of his 
regular customers.
a Determine the number of customers:
 i surveyed
 ii showing a preference for fried rice only
 iii showing a preference for fried rice
 iv showing a preference for chicken wings and dim sims.
b A customer from this group won the draw for a lucky door prize. 

Determine the probability that this customer:
 i likes fried rice
 ii likes all three — fried rice, chicken wings and dim sims
 iii prefers chicken wings only.
c A similar survey to the one on the previous page was conducted a month later with another group of 

50 customers. This survey yielded the following results: 2 customers liked all three foods; 6 preferred 
fried rice and chicken wings; 7 preferred chicken wings and dim sims; 8 preferred fried rice and dim 
sims; 22 preferred fried rice; 23 preferred chicken wings; and 24 preferred dim sims.

 i Display this information on a Venn diagram.
 ii What is the probability of selecting a customer who prefers all three foods, if a random selection is 

made?

Fried
rice

Chicken
wings

Dim sims

3

8
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 2 A pair of dice is rolled and the sum of the numbers shown is noted.
a Show the sample space in a two-way table.
b In how many different ways can the sum of 7 be obtained?
c Are all outcomes equally likely?
d Complete the given table.

Sum 2 3 4 5 6 7 8 9 11 12

Frequency

e What are the relative frequencies of the following sums?
 i 2  ii 7  iii 11
f What is the probability of obtaining the following sums?
 i 2  ii 7  iii 11
g If a pair of dice is rolled 300 times, how many times do you expect to obtain the sum of 7?

 3 A tetrahedral die is numbered 0, 1, 2 and 3. Two of these dice are rolled and the sum of the numbers (the 
number on the face that the die sits on) is taken.
a Show the possible outcomes in a two-way table.
b Are all the outcomes equally likely?
c Which total has the least chance of being rolled?
d Which total has the best chance of being rolled?
e Which sums have the same chance of being rolled?

 4 An eight-sided die is rolled three times to see whether 5 occurs.
a Draw a tree diagram to show the sample space.
b Calculate:
 i Pr(three 5s)
 ii Pr(no 5s)
 iii Pr(two 5s)
 iv Pr(at least two 5s).

 5 A tetrahedral die (four faces) is rolled and a coin is tossed simultaneously.
a Show all the outcomes on a two-way table.
b Draw a tree diagram and list all outcomes and their respective probabilities.
c Calculate the probability of getting a Head on the coin and an even number on the die.
d Draw a Karnaugh map representing the given situation.

 6 A bag contains 20 pears, of which 5 are bad. Cathy picks 2 pears (without replacement) from the bag. What is 
the probability that:
a both pears are bad
b both pears are good
c one of the two pears is good?

 7 Determine the probability of drawing 2 aces from a pack of cards if:
a the fi rst card is replaced before the second one is drawn
b the fi rst card drawn is not replaced.

 8 Thomas owns 8 DVDs, of which 5 are science fiction (S). He also owns 10 books, 
of which 3 are science fiction.
a Display all the possible outcomes and their probabilities using a Karnaugh map.
b If Thomas randomly chooses one DVD and one book, what is the probability 

that he selects:
 i two science fi ction titles
 ii at least one science fi ction title
 iii no science fi ction titles?
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SkillSHEET 11.1: Set notation• 
SkillSHEET 11.2: Simplifying fractions• 
SkillSHEET 11.6: Determining complementary • 
events
SkillSHEET 11.7: Addition and subtraction of • 
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11A  Review of probability
Digital docs

SkillSHEET 11.1: Set notation •  (page 487)
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(page 494)
SkillSHEET 11.3: Working with Venn diagrams • 
(page 496)
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(page 497)
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(page 497)
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SkillSHEET 11.8: Distinguishing between • 
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11C  Two-way tables and tree diagrams
eLesson eles-0180
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WorkSHEET 11.2: Tree diagrams•   (page 513)

11D  Independent and dependent events 
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Random numbers •  (page 515)

11E  Karnaugh maps
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Spreadsheet: Karnaugh maps •  (page 517)

11F  Subjective probability 
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WorkSHEET 11.3: Subjective probability • 
(page 526)

Chapter summary
Interactivities (page 528)

Word search Chapter 11 (•  int-1102): An interactive 
word search involving words associated with the 
chapter.
Crossword Chapter 11 (•  int-1115): An interactive 
crossword using the defi nitions associated with the 
chapter.

Chapter review
Interactivities (page 531)

Test Yourself Chapter 11 (•  int-1128): An interactive test 
covering the concepts from this chapter.
Cumulative Test Yourself Chapters 1–11 (•  int-1140): 
A cumulative interactive test covering content from 
this chapter and all previous chapters.
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