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STATISTICS AND PROBABILITY

TOPIC 13
Probability

13.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in 
your learnON title at www.jacplus.com.au. They will help you to learn the concepts covered in this topic.

13.1.1 Why learn this?
Probability is a branch of mathematics 
that uses numbers to represent the 
likelihood of certain events taking 
place. Whenever you use the words 
‘unlikely’, ‘impossible’ or ‘certain’, 
you are using the language of proba-
bility. Probability is widely used to 
describe everyday events, such as the 
chance that a disease will be cured, 
the chance that a sporting team will 
win or the chance that Christmas day 
will be fine.

13.1.2 What do you know?
1. THINK List what you know about probability. Use a thinking tool such as a concept map to show 

your list.
2. PAIR Share what you know with a partner and then with a small group.
3. SHARE As a class, create a thinking tool such as a large concept map that shows your class’s 

 knowledge of probability.

LEARNING SEQUENCE
13.1 Overview
13.2 Probability scale
13.3 Experimental probability
13.4 Sample spaces and theoretical probability
13.5 Complementary events
13.6 Venn diagrams
13.7 Tree diagrams and two-way tables
13.8 Review
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13.2  Probability scale 
 •     Probability  is defi ned as the chance of an event occurring. 
 •    A scale from   0   to   1   inclusive is used to allocate the probability of an event as follows:        

 • A probability of   0   implies that the chance of an event happening is  impossible . 
 •    A probability of   1   implies that the chance of an event happening is  certain . 
 •    Probabilities may be written as fractions, decimals or percentages.    

Impossible

Highly
unlikely

Very
unlikely

Unlikely

Very
likely

Certain

Highly
likely

Less than
even chance

Even
chance

Better than
even chance

Likely

0 0.1 0.2 0.3 0.4 0.5

50%

0.6 0.7 0.8 0.9 1

0% 100%

 WORKED EXAMPLE 1 

    Describe the probability of each of the following events occurring, using a term from this list.   
  impossible    highly unlikely    very unlikely  
  less than even chance    even chance     
  better than even chance    very likely     
  highly likely    certain     

a      February follows January.  
b     You draw the queen of diamonds from a 

 standard deck of playing cards.  
c     You will compete in gymnastics at the Olympics.  
d     You roll a standard die and obtain an even 

number.  
e     Every Mathematics student will obtain a score 

of   99.95%   as shown in an examination.       

  THINK     WRITE  

  a    1      Read the statement and associate the 
likelihood of the event occurring with 
one of the given words from the list. 
  Note : Provide reasoning.   

  a     This is a true statement. February always follows 
January.   

     2     Answer the question.        It is  certain  this event will occur.   

  b     Repeat steps   1   and   2   of part  a .    b      In a standard deck of   52   playing cards there is 
only one queen of diamonds. Thus, you have 
an extremely slim chance of drawing this 
particular card.  
  It is  highly unlikely  this event will occur.    

  c     Repeat steps   1   and   2   of part  a .    c      The chance of a person competing in the Olympics 
is very small. However, it could happen.  
  It is  very unlikely  this event will occur.    
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d Repeat steps 1 and 2 of part a. d There are six possible outcomes when rolling a 
die, each of which are equally likely. Three of the 
outcomes are even while three are odd.
There is an even chance this event will occur.

e Repeat steps 1 and 2 of part a. e Due to each student having different capabilities, 
this situation could never occur.
It is impossible that this event will occur.

 • It is important to note that the responses for particular situations, such as part c in Worked example 1, 
are not always straightforward and may differ for each individual. A careful analysis of each event is 
required before making any predictions about their future occurrences.

WORKED EXAMPLE 2

Assign a fraction to represent the estimated 
 probability of each of the following events occurring:
a a high tide will be followed by a low tide
b everyone in the class will agree on every matter 

this year
c a tossed coin lands Heads
d a standard die is rolled and the number 5 appears 

uppermost
e one of your 15 tickets in a 20-ticket raffle will win.

THINK WRITE

a 1 Determine the likelihood of an event 
occurring, with reasoning.

a The tide pattern occurs daily; this event seems  
certain.

  2 Answer the question.   The probability of this event occurring is  
equal to 1.

b Repeat steps 1 and 2 of part a. b Total agreement among many people on every 
 subject over a long time is virtually impossible.
The probability of this event occurring is  
equal to 0.

c Repeat steps 1 and 2 of part a. c When tossing a coin there are two equally likely 
outcomes, a head or a tail.
The probability of this event occurring is equal to 1

2
.

d Repeat steps 1 and 2 of part a. d When rolling a die there are six equally likely 
 outcomes: 1, 2, 3, 4, 5, 6.
The probability of this event occurring is  
equal to 1

6
.

e Repeat steps 1 and 2 of part a. e There are 15 chances out of 20 of winning. The 
 probability of this event occurring is equal to 15

20
, 

which when simplified is equal to 3
4
.
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Exercise 13.2 Probability scale

Individual pathways

 U PRACTISE
Questions:
1–6, 8

 U CONSOLIDATE
Questions:
1–8

 U MASTER
Questions:
1–9

U U U Individual pathway interactivity: int-4457  ONLINE ONLY

To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding
1.  WE1  Describe the probability of each of the following events occurring using a term from the 

list below.
Impossible Highly unlikely Very unlikely
Less than even chance Even chance Better than even chance
Very likely Highly likely Certain

a. The sun will set today.
b. Every student in this class will score 100% in the next 

Mathematics exam.
c. It will rain tomorrow.
d. Your shoelace will break next time you tie your shoes.
e. Commercial TV stations will reduce time devoted to ads.
f. A comet will collide with Earth this year.
g. The year 2020 will be a leap year.
h. You roll a standard die and an 8 appears uppermost.
i. A tossed coin lands on its edge.
j. World records will be broken at the next Olympics.
k. You roll a standard die and an odd number appears uppermost.
l. You draw the queen of hearts from a standard deck of playing cards.

m. You draw a heart or diamond card from a standard deck of playing cards.
n. One of your 11 tickets in a 20-ticket raffle will win.
o. A red marble will be drawn from a bag containing 1 white marble and 9 red marbles.
p. A red marble will be drawn from a bag containing 1 red and 9 white marbles.

2. Write two examples of events that are:
a. impossible b. certain c. highly likely
d. highly unlikely e. equally likely (even chance).

3.  WE2  Assign a fraction or decimal to represent the estimated probability of each of the following 
events occurring.
a. A Head appears uppermost when a coin is tossed.
b. You draw a red marble from a bag containing 1 white and 9 red marbles.
c. A standard die shows a 7 when rolled.

Complete this digital doc: SkillSHEET: Understanding chance words
Searchlight ID: doc-6969

 RESOURCES — ONLINE ONLY
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d.    You draw a yellow disk from a bag containing   8   yellow disks. 
e.    The next baby in a family will be a boy. 
f.    A standard die will show a   1   or a   2   when rolled. 
g.    You draw the queen of hearts from a standard deck of playing cards. 
h.    One of your   11   tickets in a   20  -ticket raffl e will win. 
i.    A standard die will show a number less than or equal to   5   when rolled. 
j.    You draw an ace from a standard deck of playing cards. 
k.    A class captain will be elected from fi ve candidates. 
l.    You draw a king or queen card from a standard deck of playing cards. 

m.    You spin a seven-sided spinner and obtain an odd number. 
n.    Heads or Tails will show uppermost when a coin is tossed. 

     Understanding 
4.      MC   The word that best describes the probability for a standard die to show a prime number is: 

A.    impossible B.    very unlikely C.    even chance 
D.    very likely E.    certain 

5. MC   The probability of Darwin experiencing a white Christmas this year is closest to: 
A.      1   B. 0.75   C. 0.5   D. 0.25   E.      0   

     Reasoning 
6.    The letters of the word  MATHEMATICS  are each written on a small piece of card and placed in a bag. 

If one card is selected from the bag, what is the probability that it is: 
a.   a vowel b.    a consonant c.    the letter   M   d.    the letter   C  ?    

7.    Answer the following for each of the spinners shown. 
i.   Is there an equal chance of landing on each colour? Explain. 
ii.    List all the possible outcomes. 
iii.    Find the probability of each outcome. 

a.       b.     c.        

   Problem solving 
8.      All the jelly beans in the photograph are placed in a bag for a 

simple probability experiment. 
a.    Which colour jelly bean is most likely to be randomly 

selected from the bag? Explain. 
b.    Which colour jelly bean is least likely to be randomly 

selected from the bag? Explain. 
c.    Find the probability of randomly selecting each coloured 

jelly bean from the bag. 
9.      Draw a spinner with the following probabilities. 

a. Pr(blue) = 1
3
   and   Pr(white) = 2

3
   

b. Pr(blue) = 1
2
  ,   Pr(white) = 1

4
  ,   Pr(green) = 1

8
   and   Pr(red) = 1

8
   

c. Pr(blue) = 0.75   and   Pr(white) = 0.25       

  Refl ection 
 Can you think of some events that would have a probability of   0  ,   1   or   1

2
   of occurring?   
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                   13.3  Experimental probability 
 •     Experiments  are performed to provide data, which can then be used to forecast the outcome of future 

similar events. 
 •    An experiment that is performed in the same way each time is called a  trial . 
 •    An  outcome  is a particular result of a trial. 
 •    A  favourable outcome  is one that we are looking for. 
 •    An  event  is the set of favourable outcomes in each trial. 
 •    The  relative frequency  of an event occurring is the experimental probability of it occurring. 

 •      Relative frequency of an event =
frequency of an event
total number of trials

       

 CHALLENGE 13.1 
   Four different types of coloured card are enclosed in a bag: 
red, blue, green and yellow. There is a   40%   chance of 
 drawing a blue card and the probability of a red card is   0.25  . 
There are   4   yellow cards. If there is a total of   20   cards in the 
bag, what is the probability of drawing a green card? How 
many green cards are in the bag? 

 WORKED EXAMPLE 3 

  The table at below shows the results of a fair coin that was 
tossed   20   times. What are the relative frequencies of:  
a     Heads?  
b     Tails?     

    

  THINK     WRITE  

  a    1     Write the frequency of the number of Heads 
and the total number of trials; that is, tosses.  

  a      Frequency of Heads  = 8    
  Total number of tosses  = 20      

     2     Write the rule for the relative frequency.          Relative frequency =
frequency of a Head

total number of tosses
     

     3     Substitute the known values into the rule.         Relative frequency of Heads = 8
20

    

     4     Evaluate and simplify if possible.                   = 2
5 

(or  0.4)    

     5     Answer the question.        The relative frequency of obtaining 
Heads is   2

5
  .   

  b    1     Write the frequency of the number of Tails 
and the total number of trials; that is, tosses.  

  b      Frequency of Tails  = 12    
  Total number of tosses  = 20      

  Event    Frequency  

 Heads    8   

 Tails    12   

 Total    20   
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  2 Write the rule for the relative frequency.
 

Relative frequency =
frequency of a Tails

total number of tosses

  3 Substitute the known values into the rule.   Relative frequency of Tails = 12
20

  4 Evaluate and simplify if possible.            = 3
5 

(or  0.6)

  5 Answer the question.   The relative frequency of obtaining Tails is 3
5
.

WORKED EXAMPLE 4

Forty people picked at random were asked where they were born. The results were coded as 
follows:
Place of birth
1 Melbourne
2 Elsewhere in Victoria
3 Interstate
4 Overseas.
Responses
1, 3, 2, 1, 1, 4, 3, 1, 2, 1, 2, 1, 3, 4, 
1, 2, 3, 1, 3, 4, 4, 3, 2, 1, 2, 3, 1, 4, 
1, 2, 3, 4, 1, 2, 3, 1, 1, 4, 2, 3
a Organise the data into a 

frequency table.
b Find the relative frequency of 

each category as a fraction 
and a decimal.

c What is the total of the relative frequencies?
d Where is a person selected at random most likely to have been born?
e How many people out of 100 would you expect to be born overseas?

THINK WRITE

a 1 Draw a table with 3 columns. The column 
headings are in order, Score, Tally and 
 Frequency.

a  

  2 Enter the codes 1, 2, 3 and 4 into the score 
column.

   

  3 Place a stroke into the tally column each time 
a code is recorded.
Note: |||| represents a score of five.

   

  4 Count the number of strokes corresponding 
to each code and record in the frequency 
 column.

   

  5 Add the total of the frequency column.    

Score Tally Frequency

Code 1 |||| |||| |||| 14

Code 2 |||| ||||   9

Code 3 |||| |||| 10

Code 4 |||| ||   7

  Total 40
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b 1 Write the rule for the relative  frequency. b Relative frequency =
frequency of category
total number of people

  2 Substitute the known values into the rule for 
each category.

  Category 1: People born in Melbourne

  3 Evaluate and simplify where possible.   Relative frequency = 14
40

                          = 7
20

 
 
or  0.35

Category 2: People born elsewhere in Victoria

Relative frequency = 9
40

 
 
or  0.255

Category 3: People born interstate

Relative frequency = 10
40

                          = 1
4
 or  0.25

Category 4: People born overseas

Relative frequency = 7
40

 
 
or  0.175

c 1 Add each of the relative frequency values. c Total = 7
20

+ 9
40

+ 1
4

+ 7
40

= 0.35 + 0.225 + 0.25 + 0.175
= 1

  2 Answer the question.   The relative frequencies sum to a total of 1.

d 1 Using the results from part b, obtain the code 
that corresponds to the largest frequency.
Note: A person selected at random is most 
likely to have been born in the place with the 
largest frequency.

d Melbourne (Code 1) corresponds to the largest 
 frequency.

  2 Answer the question.   A person selected at random is most likely to 
have been born in Melbourne.

e 1 Write the relative frequency of people born 
overseas and the number of people in the 
sample.

e Relative frequency (overseas) = 7
40

Number of people in the sample = 100

  2 Write the rule for the expected number of 
people.
Note: Of the 100 people, 7

40
 or 0.175 would be 

expected to be born overseas.

  Expected number = relative frequency  

× number of people

  3 Substitute the known values into the rule.   Expected number = 7
40

× 100
                         = 700

40

  4 Evaluate.         = 17.5

  5 Round the value to the nearest whole number.
Note: We are dealing with people. Therefore, 
the answer must be represented by a whole 
number.

    ≈ 18

  6 Answer the question.   We would expect 18 of the 100 people to be 
born overseas.
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Exercise 13.3 Experimental probability

Individual pathways 

 U PRACTISE
Questions:
1–8, 14, 16

 U CONSOLIDATE
Questions:
1–10, 14, 16, 17

 U MASTER
Questions:
1, 4, 5, 6, 8, 9–18

U U U Individual pathway interactivity: int-4458  ONLINE ONLY

To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Fluency
1.  WE3  The table at right shows the results of tossing a fair coin 

150 times. What are the relative frequencies of:
a. Heads?
b. Tails?

2. A fair coin was tossed 300 times. A Head came up 156 times.
a. Find the relative frequency of the Head outcome as a fraction.
b. Calculate the relative frequency of Tails as a decimal.

3. A die is thrown 50 times, with 6 as the favourable outcome. The 6 came up 7 times.
 Find the relative frequency of:
a. a 6 occurring
b. a number that is not a 6 (that is, any number other than a 6) occurring.

4. A spinner with 3 equal sectors, as shown at right, was spun 80 times, with results as shown in the table:

Score   1   2   3

Frequency 29 26 25

a. What fraction of the spins resulted in a 3?
b. What fraction of the spins resulted in a 2?
c. Express the relative frequency of the spins that resulted in a 1 as a decimal.

5. A die was rolled 200 times and the results recorded in the table below.

Score   1   2   3   4   5   6

Frequency 30 34 35 32 35 34

a. Name the outcomes that make up each of the following events:
i. an even number ii. a number less than 3

iii. a number ≥ 3 iv. a prime number
v. a number > 6 vi. the number 5 or more

vii. a non-prime number viii. the number 4 or less
ix. a multiple of three x. a number that is divisible by 5.

Event Frequency

Heads    84

Tails   66

Total 150

Complete this digital doc: SkillSHEET: Understanding a deck of playing cards
Searchlight ID: doc-6970

Complete this digital doc: WorkSHEET 13.1
Searchlight ID: doc-7107

 RESOURCES — ONLINE ONLY
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b. Express the relative frequency of each of the face numbers as a percentage.
c. What percentage of outcomes turned out to be even?
d. What was the relative frequency of non-prime numbers, as a percentage?
e. What was the relative frequency of numbers divisible by 5, as a percentage?
f. What was the relative frequency of numbers greater than or equal to (≥) 3, as a percentage?
g. What was the relative frequency of odd numbers, as a percentage?
h. What was the relative frequency of numbers that are multiples of 3, as a percentage?
i. What was the relative frequency of numbers that are 5 or greater, as a percentage?
j. What was the relative frequency of numbers that are 2 or less, as a percentage?

6.  WE4  100 people picked at random were asked which Olympic event they would most like to see. The 
results were coded as follows:

 1. Swimming  2. Athletics  3. Gymnastics  4. Rowing.
The recorded scores were:
1, 1, 4, 3, 2, 2, 2, 4, 4, 3, 1, 1, 4, 2, 1, 1, 1, 4, 2, 2, 1, 3, 3, 3, 4, 1, 1, 3, 2, 2, 1, 2, 1, 1, 1, 1, 2, 3, 3, 3, 
3, 2, 2, 4, 1, 1, 1, 3, 2, 2, 4, 1, 1, 1, 3, 3, 3, 3, 2, 1, 2, 2, 2, 2, 3, 4, 4, 1, 1, 1, 2, 3, 3, 2, 1, 4, 3, 2, 3, 1, 
1, 2, 4, 1, 1, 3, 2, 2, 3, 3, 4, 4, 2, 1, 1, 3, 1, 2, 4, 1.
a. Organise the data into a frequency table.
b. Find the relative frequency of each category as a fraction and a decimal.
c. What is the total of the relative frequencies?
d. Which Olympic event selected at random is most likely to be seen?
e. How many people out of 850 would you expect to see the gymnastics?

7. The following are results of 20 trials conducted for an experiment involving the 5-sector spinner 
at right.
1, 4, 2, 5, 3, 4, 5, 3, 2, 5, 1, 3, 2, 4, 2, 1, 4, 3, 3, 2
a. Organise the data into a frequency table.
b. Find the relative frequency of each outcome.
c. How many times would you have expected each outcome to have appeared? 

How did you come to this conclusion?
d. Which was the most common outcome?
e. What is the total of all the relative frequencies?

8. A card is randomly (with no predictable pattern) drawn 60 times from a hand of 5 cards, it is 
recorded, then returned and the five cards are reshuffled. The results are shown in the frequency 
distribution table at right. For each of the following, give:
i. the favourable outcomes that make up the event
ii. the relative frequency of these events.

a. A heart b. A diamond
c. A red card d. A 3
e. A spade or a heart f. A 3 or a queen
g. The king of spades h. A 3 or a diamond

Understanding
9. The following table shows the progressive results of a coin-tossing experiment.

Number of coin tosses

Outcome Relative frequency

Heads Tails Heads (%) Tails (%)

10 6 4 60 40

100 54 46 54 46

1000 496 504 49.6 50.4

1

2

3

4

5

Card Frequency

3 ♥ 13

Q ♦ 15

3 ♦ 12

3 ♣   9

3 ♠ 11
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a. What do you notice about the relative frequencies for each trial?
b. If we were to repeat the same experiment in the same way, would the results necessarily be identical 

to those in the table? Explain your answer.
10. The square spinner at right was trialled 40 times and the results of how  

it landed were recorded as shown below.
2, 4, 3, 1, 3, 2, 1, 4, 4, 3, 3, 1, 4, 2, 1, 2, 3, 1, 4, 2, 4, 2, 1, 2, 1, 3, 1, 4, 3, 
1, 3, 1, 4, 2, 3, 1, 3, 2, 4, 4
a. What would you expect the relative frequency of each outcome to be?
b. Organise the data into a frequency table and calculate the actual 

 experimental relative frequency of each number.
c. Find the relative frequency of the event, odd number, from the table obtained in part b.
d. What outcomes make up the event, prime number? Hint: Remember a prime number has exactly 

2 factors: itself and 1.
e. Calculate the relative frequency of the event, prime number, from the 

table obtained in part b.
11. When 60 light bulbs were tested, 3 were found to be faulty.

a. What was the relative frequency of faulty bulbs?
b. What fraction of the bulbs were not faulty?
c. In a carton of 600 such bulbs, how many would you expect  

to be faulty?
12.  MC  Olga observed that, in 100 games of roulette, red came up 45 times. 

Out of 20 games on the same wheel, how many would she expect to 
come up red?

 A. 4.5  B. 4
9

 C. 9
4

 D. 9 E. None of these
13.  MC  A fair coin was tossed 40 times and it came up Tails  

18 times. The relative frequency of Heads was:

 A. 9
11

 B. 11
20

 C. 9
20

 D. 20
11

 E. unable to be calculated

Reasoning
14. The game ‘rock, paper, scissors’ is played all over the world, 

not just for fun but also for settling disagreements.
 The game uses the three different hand signs.
 Simultaneously, two players ‘pound’ the fist of one hand into the air three times. On the third time 
each player displays one of the hand signs. Possible results are shown below.

Rock Paper

Scissors

Rock wins

Paper wins

Scissors wins

1
4

3
2
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a. Play 20 rounds of ‘rock, paper, scissors’ with a partner. After each round, record each player’s choice 
and the result in a table like the following one. (Use R for rock, P for paper and S for scissors.)

Round number Player 1 Player 2 Result

1 P R Player 1 wins

2 S R Player 2 wins

3 S S Tie

b. Based on the results of your 20 rounds, what is the experimental probability of
i. you winning?
ii. your partner winning?
iii. a tie?

c. Do you think playing ‘rock, paper, scissors’ is a fair way to settle a disagreement? Explain.
15. There is a total of 200 green and red marbles in a box. A marble is chosen, its colour is noted, and it 

is replaced in the box. This experiment is conducted 65 times. Only 13 green marbles are chosen.
a. What is a reasonable estimate of the number of red marbles in the box? Show all of your working.
b. If this experiment is conducted n times and g green marbles are chosen, what is a reasonable estimate 

of the number of red marbles in the box? Show all of your working.

Problem solving
16. The gender of babies in a set of triplets is simulated by flipping 3 coins. If a coin lands tails up, the 

baby is a boy. If a coin lands heads up, the baby is a girl. In the simulation, the trial is repeated 
40 times and the following results show the number of heads obtained in each trial:
0, 3, 2, 1, 1, 0, 1, 2, 1, 0, 1, 0, 2, 0, 1, 0, 1, 2, 3, 2, 1, 3, 0, 2, 1, 2, 0, 3, 1, 3, 0, 1, 0, 1, 3,  
2, 2, 1, 2, 1.
a. Calculate the probability that exactly one of the babies in a set of triplets is female.
b. Calculate the probability that more than one of the babies in the set of triplets is female.

17. A survey of the favourite foods of Year 8 students was  
conducted, with the following results.
a. Estimate the probability that macaroni and cheese is 

the favourite food among Year 8 students.
b. Estimate the probability that a vegetarian dish is the 

favourite food.
c. Estimate the probability that a beef dish is the 

favourite food.

Meal Tally 

Hamburger 45

Fish and chips 31

Macaroni and cheese 30

Lamb souvlaki 25

BBQ pork ribs 21

Cornflakes 17

T-bone steak 14

Banana split 12

Corn-on-the-cob   9

Hot dogs   8

Garden salad   8

Veggie burger   7

Smoked salmon   6

Muesli   5

Fruit salad   3
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18.      A standard deck of   52   playing cards consists 
of four suits, clubs, diamonds, hearts and 
spades, as shown in the table (sample space) 
at right. 
a.    Copy and complete the sample space for 

the deck of cards. 
b.    One card is chosen at random. What is the 

probability that the card is: 
i.    a red card 
ii.    a picture card (jack, queen or king) 
iii.    an ace 
iv.    an ace or a heart 
v.    an ace and a heart 

vi.    not a diamond 
vii.    a club or a   7   
viii.    neither a heart nor a queen 
ix.    a card worth   10   (all picture cards are 

worth   10  ) 
x.    a red card or a picture card?         

  Refl ection 
 Explain why the experimental probability of an event can never be greater than   1  . What does it 
mean if the experimental probability is equal to   1  ?    

 Clubs   Diamonds    Hearts   Spades 

 A♣   A♦    A♥   A♠ 

   2  ♣        2  ♥     

   3  ♣        3  ♥     

   4  ♣        4  ♥     

   5  ♣        5  ♥     

   6  ♣        6  ♥     

   7  ♣        7  ♥     

   8  ♣        8  ♥     

   9  ♣        9  ♥     

   10  ♣        10  ♥     

 J♣      J♥     

 Q♣      Q♥     

 K♣      K♥     

 CHALLENGE 13.2 
   There are   7   blue balls,   3   yellow balls and   2   green balls in a bag. 
 How many yellow balls need to be added to the bag to make 
the probability of drawing a yellow ball   3

4
  ?  

   13.4  Sample spaces and theoretical probability 
 •    The  theoretical probability  (or empirical probability) of a particular event occurring is denoted by 

the symbol   P  (event). 
 •    The  sample space ,   S  , is the set of all the possible outcomes. 

 •      P(event) = number of favourable outcomes
number of possible outcomes

   

 •    If a very large number of trials is conducted, the relative frequency of an event will match the 
 theoretical probability of the event.      
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WORKED EXAMPLE 5

A standard 6-sided die is rolled.
a List the sample space for this experiment.
b Determine the probability of obtaining the following appearing uppermost:

i 4 ii an odd number iii 5 or less.

THINK WRITE

a Write all the possible outcomes for the given 
experiment.

a S = {1, 2, 3, 4, 5, 6}

b i 1 Write the number of possible outcomes. b i Number of possible outcomes = 6

    2 Write the number of favourable outcomes.
Note: The favourable outcome is 4.

    Number of favourable outcomes = 1

    3 Write the rule for probability.   P(event) = number of favourable outcomes
number of possible outcomes

    4 Substitute the known values into the rule 
and evaluate.

  P(4) = 1
6

    5 Answer the question.     The probability of 4 appearing  
uppermost is 1

6
.

  ii 1 Write the number of possible outcomes.   ii Number of possible outcomes = 6

    2 Write the number of favourable outcomes. 
The favourable outcomes are 1, 3, 5.

    Number of favourable outcomes = 3

    3 Write the rule for probability.   P(event) = number of favourable outcomes
number of possible outcomes

    4 Substitute the known values into the rule.     P(odd number) = 3
6

    5 Evaluate and simplify.          = 1
2

    6 Answer the question.     The probability of an odd number 
 appearing uppermost is 1

2
.

  iii Repeat steps 1 to 5 of part b i.
Note: 5 or less means the favourable 
outcomes are 1, 2, 3, 4, 5. Therefore, the 
number of favourable outcomes is 5.

  iii Number of possible outcomes = 6
Number of favourable outcomes = 5
P(5 or less) = 5

6
The probability of obtaining 5 or less is 5

6
.

WORKED EXAMPLE 6

A card is drawn at random from a standard well-shuffled pack.
Find the probability of drawing:
a a club
b a king or an ace
c not a spade.
Express each answer as a fraction and as a percentage.
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THINK WRITE

a 1 Write the number of outcomes in the 
sample space. There are 52 cards in 
a pack.

a Number of possible outcomes = 52

  2 Write the number of favourable 
 outcomes. There are 13 cards in 
each suit.

  Number of favourable outcomes = 13

  3 Write the rule for probability.   P(event) = number of favourable outcomes
number of possible outcomes

  4 Substitute the known values into the 
rule and simplify.

  P(a club) = 13
52

   = 1
4

  5 Convert the fraction to a percentage; 
that is, multiply by 100%.

  Percentage = 1
4

× 100%

= 100
4

%

= 25%

  6 Answer the question.   The probability of drawing a club is 1
4
 or 25%.

b 1 Write the number of outcomes in the 
sample space.

b Number of possible outcomes = 52

  2 Write the number of favourable 
 outcomes. There are 4 kings and 
4 aces.

  Number of favourable outcomes = 8

  3 Write the rule for probability.   P(event) = number of favourable outcomes
number of possible outcomes

  4 Substitute the known values into the 
rule and simplify.

  P(a king or an ace) = 8
52

= 2
13

  5 Convert the fraction to a percentage, 
rounded to one decimal place.

  Percentage = 2
13

× 100%

= 200
13

%

≈ 15.4%

  6 Answer the question.   The probability of drawing a king or an ace  
is 2

13
 or approximately 15.4%.

c Repeat steps 1 to 6 of part a.
Note: Not a spade means clubs, hearts 
or diamonds. Therefore, the number of 
favourable outcomes is 39.

c Number of possible outcomes = 52
Number of favourable outcomes = 39

P(not a spade) = 39
52

= 3
4

Percentage = 3
4

× 100% = 300
4

= 75%

The probability of drawing a card that is not a  
spade is 3

4
 or 75%.UNCORRECTED P
AGE P

ROOFS



448 Jacaranda Maths Quest 8 Victorian Curriculum

c13Probability.indd Page 448 10/06/17  3:06 PM

WORKED EXAMPLE 7

A shopping centre car park has spaces for 10 buses, 
300 cars and 20 motorbikes. If all vehicles have an 
equal chance of leaving at any time, find the  probability 
that the next vehicle to leave will be:
a a motorbike
b a bus or a car
c not a car.

THINK WRITE

a 1 Write the number of outcomes in the sample 
space. There are 330 vehicles.

a Number of possible outcomes = 330

  2 Write the number of favourable outcomes. 
There are 20 motorbikes. Therefore, the 
number of favourable outcomes is 20.

  Number of favourable outcomes = 20

  3 Write the rule for probability.   P(event) = number of favourable outcomes
number of possible outcomes

  4 Substitute the known values into the rule and 
simplify.

  P(a motorbike) = 20
330

= 2
33

  5 Answer the question.   The probability of a motorbike next leaving the 
car park is 2

33
.

b 1 Write the number of outcomes in the 
 sample space.

b Number of possible outcomes = 330

  2 Write the number of favourable outcomes. 
There are 10 buses and 300 cars. Therefore, 
the number of favourable outcomes is 310.

  Number of favourable outcomes = 310

  3 Write the rule for probability.   P(event) = number of favourable outcomes
number of possible outcomes

  4 Substitute the known values into the rule 
and simplify.

  P(a bus or a car) = 310
330

= 31
33

  5 Answer the question.   The probability of a bus or car next leaving 
the car park is 31

33
.

c Repeat steps 1 to 5 of part a.
Note: There are 10 buses and 20 motorbikes. 
Therefore, the number of favourable 
 outcomes is 30.

c Number of possible outcomes = 330
Number of favourable outcomes = 30

P(not a car) = 30
330

= 1
11

The probability of a vehicle that is not a bus 
next leaving the car park is 1

11
.
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  Exercise 13.4 Sample spaces and theoretical probability 

  Individual pathways   

 U     PRACTISE  
  Questions: 
 1–6, 8, 9, 14, 17, 22, 23  

 U CONSOLIDATE  
  Questions: 
 1–5, 7, 9–17, 22–24  

 U MASTER  
  Questions: 
 1a, e, h, k, 2–4, 5a, b, d, h, 6–8, 
12–24  

U U U       Individual pathway interactivity:    int-4459  ONLINE ONLY   

   To answer questions online and to receive  immediate feedback  and  sample responses  for every question, 
go to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly. 

 Fluency 
1.    List the sample spaces for these experiments:   

a.    tossing a coin 
b.    selecting a vowel from the word ASTRONAUT 
c.    selecting a day of the week to go to the movies 
d.    drawing a marble from a bag containing   3   reds, 

  2   whites and   1   black 
e.    rolling a standard   6  -sided die 
f.    drawing a picture card from a standard pack of 

 playing cards 
g.    spinning an   8  -sector circular spinner numbered 

from   1   to   8   
h.    selecting even numbers from the fi rst   20   counting 

 numbers 
i.    selecting a piece of fruit from a bowl containing   2   apples,   4   pears,   4   oranges and   4   bananas 
j.    selecting a magazine from a rack containing   3    Dolly ,   2    Girlfriend ,   1    Smash Hits  and   2    Mathsmag 

magazines  
k.    selecting the correct answer from the options   A  ,   B  ,   C  ,   D  ,   E   on a multiple-choice test 
l.    winning a medal at the Olympic games. 

2.          WE5     A standard   6  -sided die is rolled. 
a.    List the sample space for this experiment. 
b.    Determine the probability of obtaining the following appearing uppermost: 

i.    a   6   ii.    an even number 
iii.    at most,   4   iv.    a   1   or a   2   
v.    a prime number vi.    a number greater than   4   

 vii.    a   7    viii.       a number that is a factor of   60  . 

    Complete this digital doc:   SkillSHEET: Simplifying fractions  
 Searchlight ID:   doc-6971    

   Complete this digital doc:   SkillSHEET: Converting a fraction into a decimal  
 Searchlight ID:   doc-6972    

   Complete this digital doc:   SkillSHEET: Converting a fraction into a percentage  
 Searchlight ID:   doc-6973    

   Complete this digital doc:   SkillSHEET: Multiplying a fraction by a whole number  
 Searchlight ID:   doc-6974     

  RESOURCES — ONLINE ONLY 
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3.            WE6     A card is drawn at random from a standard well-shuffl ed pack. Find the probability of drawing: 
a.    the king of spades b.    a   10   
c.    a jack or a queen d.    a club 
e.    a red card f.    an   8   or a diamond 
g.    an ace. 
   Express each answer as a fraction and as a percentage, correct to   1 decimal   place. 

4.        WE7     A shopping centre car park has spaces for   8   buses,   160   cars and   12   motorbikes. If all vehicles 
have an equal chance of leaving at any time, fi nd the probability that the next vehicle to leave will be: 
a.    a bus b.    a car 
c.    a motorbike or a bus d.    not a car. 

5.      A bag contains   3   red,   2   black,   1   pink,   2   yellow,   3   green and   3   blue marbles. If a marble is drawn at 
random, calculate the chance that it is: 
a.    red b.    black 
c.    yellow d.    red or black 
e.    not blue f.    red or black or green 
g.    white h.    not pink.       

6.    A beetle drops onto  one  square of a chessboard. What are its chances of 
landing on a square that is: 
a.    black? 
b.    white? 
c.    neither black nor white? 
d.    either black or white? 

7.      What chance is there that the next person you meet has his/her 
birthday: 
a.    next Monday? 
b.    sometime next week? 
c.    in September? 
d.    one day next year? 

8.      For each of the following spinners: 
a.    

2 1

 b.    

23

4 1

 c.    

2

1 1

 d.    

1 2

3

4

 

i.    state whether each of the outcomes are equally likely. Explain your answer. 
ii.    fi nd the probability of the pointer stopping on   1  . 

       Understanding 
9.    Hanna fl ipped a coin   5   times and each time a Tail showed. What are the chances of Tails showing on 

the  sixth  toss? 
10.      a.     Design a circular spinner coloured red, white, black, yellow and green so that each colour is 

equally likely to result from any trial. 
b.    What will be the angle between each sector in the spinner? 

11.        a.     Design a circular spinner with the numerals   1  ,   2   and   3   so that   3   is twice as likely to occur as 
  2   or   1   in any trial. 

b.    What will be the size of the angles in each sector at the centre of the spinner? 
12.        a.     Design a circular spinner labelled   A  ,   B  ,   C   and   D   so that   P(A) = 1

4
  ,   P(B) = 1

3
  ,   P(C) = 1

6
  ,   P(D) = 1

4
  . 

b.    What will be the size of the angles between each sector in the spinner? 
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13.  a. What is the total of all the probabilities in question 12?
b. What is the angle sum of the sectors in question 12?

14.  a. List all the outcomes for tossing a coin once, together with their individual probabilities.
b. Find the total.

15.  a. List all the outcomes for tossing a coin twice, together with their individual probabilities.
b. Find the total.

16.  a. List the probabilities for the elements of the sample space for rolling a 6-faced die.
b. Find the total of the probabilities.
c. Do the totals for questions 14b, 15b and 16b agree with that in 13a?
d. What conclusion can you draw?

17.  MC  If a circular spinner has 3 sectors, A, B and C, such that P(A) = 1
2
 and P(B) = 1

3
, then P(C) 

must be:

A. 1
4

B. 2
5

C. 1
6

D. 5
6

E. none of these

18.  MC  For an octagonal spinner with equal sectors, numbered from 1 to 8, the chance of getting a 
number between (but not including) 5 and 8 is:

A. 1
4

B. 1
2

C. 3
8

D. 5
8

E. none of these

19.  a. What is the sample space for rolling a standard 6-sided die?
b. How many elements are in the sample space for rolling 2 standard 6-sided dice (think of the dice 

having different colours)? Hint: The answer is not 12.
c. Complete the following sample space for rolling two dice.

Note: Each colour in the table corresponds to the colour of the die.

    Die 2

    1 2 3 4 5 6

D
ie

 1

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

2            

3            

4            

5            

6            

d. Using the sample space, complete the following table.

Sum 2 3 4 5 6 7 8 9 10 11 12

Probability                      

e. Do you notice a pattern involving the probabilities in the table? Explain your answer.
The pattern observed in part e relates to symmetry. Investigate the symmetry property of tossing 
three coins.
f. List the sample space for tossing three coins.
g. Using the sample space obtained in part f, complete the following table.

Number of Heads 0 1 2 3

Probability        

h. From the table above, which event is the probability of tossing three Tails the same as?
i. By symmetry, which event has the same probability as tossing Heads twice and Tails once?
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20. Toss a coin 60 times and record whether it shows Heads (H) or Tails (T) uppermost in a table like the 
following one.

Outcome Tally Frequency

% Relative frequency 

(
frequency

60
× 100% )

Heads (H)      

Tails (T)      

Once your results have been recorded, obtain the frequency results from each member of the class and 
add them together to obtain a total value for the class frequency. This is called pooling your results. 
Determine the percentage relative class frequency by using the rule given in the following table.

Outcome Class frequency

% Relative class frequency 

(
class frequency

number of students ×  60
× 100%)

Heads (H)    

Tails (T)    

Now that both tables have been completed, answer the following questions.
a. Does a larger sample group alter the percentage results?
b. Are the class results closer to those predicted by theory?
c. Compare your own result with the class result. Which do you think would be more reliable? Explain 

your answer.
d. Complete the following sentence:
In the long run the relative frequency of an event will ____________________.

Reasoning
21. The targets shown are an equilateral triangle, a square and a circle with coloured regions that are also 

formed from equilateral triangles, squares and circles. If a randomly thrown dart hits each target, find 
the probability that the dart hits each target’s coloured region.
a. b. c. 

22. A fair coin is flipped 3 times. Calculate the probability of obtaining:
a. at least two Heads or at least two Tails
b. exactly two Tails.

23. Two dice are rolled and the product of the two numbers is found. Calculate the probability that the 
product of the two numbers is:
a. an odd number b. a prime number c. more than 1 d. at most 36.

24. A fair die is rolled and a fair coin flipped. Calculate the probability of obtaining:
a. an even number and a Head
b. a Tail from the coin
c. a prime number from the die
d. a number less than 5 and a Head.

Reflection
How is theoretical probability similar to experimental probability? 
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13.5 Complementary events
 • In some situations, there are only two possible outcomes.
 • When there is nothing in common between these events and together they form the sample, they are 

called complementary events.
 • For example, when tossing a coin, there are only two possible outcomes, a Head or a Tail. They are 

complementary events.
 • If an event is denoted by the letter A, its complement is denoted by the letter A′, and the sum of their 

probabilities is equal to one.
 • If we know the probability of one event, subtracting this probability from 1 will give us the probability 

of the complementary event.
 • If events A and A′ are complementary, then:

P(A) + P(A′) = 1 and P(A′) = 1 − P(A) or P(A) = 1 − P(A′).

WORKED EXAMPLE 8

Find the complement of each of the following events:
a selecting a red card from a standard deck
b rolling two dice and getting a total greater than 9
c selecting a red marble from a bag containing 50 marbles.

THINK WRITE

a Selecting a black card will complete the sample  
space for this experiment.

a The complement of selecting a red card 
is  selecting a black card.

b When rolling two dice, rolling a total less than 
10 will complete the sample space.

b The complement of rolling a total greater 
than 9 is rolling a total less than 10.

c Selecting a marble that is not red is the only  
way to define the rest of the sample space  
for this experiment.

c The complement of selecting a red marble 
in this experiment is not selecting a red 
marble.

WORKED EXAMPLE 9

If a card is drawn from a pack of 52 cards, what is the probability that the card is not a diamond?

THINK WRITE

1 Determine the probability of drawing a  diamond. Number of diamonds, n(E) = 13
Number of cards, n(S) = 52

P(E) = n(E)
n(S)

P(diamond) = 13
52

= 1
4

2 Write down the rule for obtaining the  complement 
of drawing a diamond; that is, not drawing a  diamond.

P(A′) = 1 − P(A)
P(not a diamond) = 1 − P(diamond)

3 Substitute the known values into the given rule and 
simplify.

= 1 − 1
4

= 3
4

4 Answer the question. The probability of drawing a card that is not 

a diamond is 3
4
.
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Exercise 13.5 Complementary events

Individual pathways

 U PRACTISE
Questions:
1–11

 U CONSOLIDATE
Questions:
1–13

 U MASTER
Questions:
1–14

U U U Individual pathway interactivity: int-4460  ONLINE ONLY

To answer questions online and to receive immediate feedback and sample responses for every question, 
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Fluency
1.  WE8  For each of the following, state the complementary event.

a. From a bag of numbered marbles selecting an even number
b. From the letters of the alphabet selecting a vowel
c. Tossing a coin and it landing Heads
d. Rolling a die and getting a number less than 3
e. Rolling two dice and getting a total less than 12
f. Selecting a diamond from a deck of cards
g. Selecting an E from the letters of the alphabet
h. Selecting a blue marble from a bag of marbles

2.  MC  Note: There may be more than one correct answer.
A student is to be chosen from a class of 30 students. Each student in the class is either 14 or 
15 years old. Which of the following represent complementary events?
a. Selecting a 14-year-old boy and selecting a 14-year-old girl
b. Selecting a boy and selecting a girl
C. Selecting a 14-year-old and selecting a 15-year-old
d. Selecting a 14-year-old boy and selecting a 15-year-old girl
E. All of the above

Understanding
3. For each of the following, state whether the pair of events are complementary or not. Explain 

your answer.
a. Having Weet Bix or Corn Flakes for breakfast.
b. Walking to your friend’s house or riding your bike to your friend’s house.
c. Watching TV at night or listening to the radio.
d. Passing your Mathematics test or failing your Mathematics test.
e. Rolling a number less than 4 on a die or rolling a total greater than 4.

4.  WE9  If a card is drawn from a pack of 52 cards, what is the probability that the card is not a queen?
5.  MC  The statement that does not involve complementary events is:

a. travelling to school by bus and travelling to school by car
b. drawing a red card from a pack of 52 playing cards and drawing a black card from 52 playing cards
C. drawing a vowel from cards representing the 26 letters of the alphabet or drawing a consonant
d. obtaining an even number on a six-sided die or obtaining an odd number on a die
E. All of the above

Watch this eLesson: Union and intersection of sets
Searchlight ID: eles-0049

  RESOURCES — ONLINE ONLY
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6.        When a six-sided die is rolled   3   times, the probability of getting 
  3   sixes is   1

216
  . What is the probability of not getting   3   sixes? 

7.    Eight athletes compete in a   100 m   race. The probability that the 
athlete in lane   1   will win is   1

5
  . 

 What is the probability that one of the other athletes wins? 
(Assume that there are no dead heats.) 

8.    A pencil case has   4   red pens,   3   blue pens and   5   black pens. If a 
pen is drawn randomly from the pencil case, fi nd: 
a.    P(drawing a blue pen) 
b.    P(not drawing a blue pen) 
c.    P(drawing a red or a black pen) 
d.    P(drawing neither a red nor a black pen). 

9.      Holty is tossing two coins. He claims that getting two Heads and 
getting zero Heads are complementary events. Is he right? Explain 
your answer. 

10.    Seventy Year   9   students were surveyed. 
 Their ages ranged from   13 years   to   15 years  , as shown in the 
following table.  

 Age    13      14      15    Total 

 Boys    10      20        9      39   

 Girls      7      15        9      31   

 Total    17      35      18      70   

  A student from the group is selected at random. Find: 
a.    P(selecting a student of the age of   13 years  ) 
b.    P(not selecting a student of the age of   13 years  ) 
c.    P(selecting a   15  -year-old boy) 
d.    P(not selecting a   15  -year-old boy). 

     Reasoning 
11.    In a bag there are   4   red cubes and   7   green cubes. If Clementine picks a cube at random, what is the 

probability that it is not: 
a.    red or green? b.    red? c.    green? 

12.      In a bag there are   4   red cubes and   7   green cubes. Clementine picks a cube at random, looks at it and 
notes that it is red. Without putting it back, she picks a second cube from the bag. What is the prob-
ability that it is not green? Show your working. 

   Problem solving 
13.    In a hand of   n   cards there are   r   red cards. I choose a card at random. What is the probability that it is: 

a.    black? b.    not black? 
14.      There are three cyclists in a road race. Cyclist   A   is twice as likely to win as cyclist   B   and three times 

as likely to win as cyclist   C  . Find the probability that: 
 a.    cyclist   B   wins  b.    cyclist   A   does not win. 

      Refl ection 
 Explain why the probability of an event and the probability of the complement of the event always 
sum to   1  . 
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13.6 Venn diagrams
 • A set is a collection of things or numbers that belong to a well defined category. For example, a bird 

is a member of the set of two-legged creatures; odd numbers belong to the set of integers.
 • The elements of a set are enclosed in curly brackets, or braces. { }
 • A Venn diagram is made up of a rectangle and one or more circles. It is used to show the relation-

ships between different groups or sets of objects.
 • The rectangle contains all the objects under consideration and is called the universal set.
 • Each group or set of objects within the universal set is enclosed in its own circle inside the rectangle.
 • The symbol for the universal set is ξ.

WORKED EXAMPLE 10

Draw a Venn diagram representing the relationship between the following sets below. Show the 
position of all the elements in the Venn diagram.
ξ = {counting numbers up to 10}
A = {first 3 prime numbers}
B = {odd numbers less than 9}

THINK WRITE/DRAW

1 List the elements in each of the sets. ξ = {1,  2,  3,  4,  5,  6,  7,  8,  9,  10}
A = {2,  3,  5}
B = {1,  3,  5,  7}

2 Draw the universal set as a rectangle.
Note: This contains the elements 1, 2, 3, 4, 5, 6, 7, 8, 
9 and 10.

ξ

3 Draw and label a circle within the rectangle to represent 
set A. This circle contains the elements 2, 3 and 5.

ξ

A

4 Draw and label a circle within the rectangle to represent 
set B. This circle contains the elements 1, 3, 5 and 7.
Note: Circles A and B will overlap as they have common 
elements, that is, 3 and 5.

ξ

B
A
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13.6.1 Intersection of sets (∩) and union of sets (∪)
 • When sets A and B overlap as in Worked example 10, this overlap is defined as the intersection of the 

two sets.
 • This region is represented using notation A ∩ B (read as ‘A intersection B’). In Worked example 10, 

A ∩ B = {3,  5}.
 • The union of two sets, A and B, is the set of all elements in A or in B (or in both).
 • This region is represented using the notation A ∪ B (read as ‘A union B’). In Worked example 10, 

A ∪ B = {1,  2,  3,  5,  7}.

5 Enter the elements into the appropriate section of the Venn 
diagram.
a First label the overlapping section with the elements 

common to both A and B.
b Next label sets A and B with the elements not already 

included in the overlapping section.
c Lastly, label the rectangle with those elements in the 

universal set not already listed in sets A or B.

ξ

B
A

2
3
5 1

7

9 10

6 8
4

6 Check that circle A contains all the elements of set A. 
Similarly, check circle B and the universal set.

 

WORKED EXAMPLE 11

a Draw a Venn diagram representing the relationship between the following sets. Show the 
position of all the elements in the Venn diagram.
ξ = {first 10 letters of the English alphabet}
A = {vowels}
B = {consonants}
C = {letters of the word head}

b Use the Venn diagram to list the elements in the following sets.
 i B′  ii B ∩ C
 iii A ∪ C  iv (A ∩ C) ∩ (B ∩ C)

THINK WRITE/DRAW

a 1 List the elements in each of the sets. a ξ = {a, b, c, d, e, f ,g, h, i, j}
A = {a, e, i}
B = {b, c, d, f , g, h, j}
C = {a, e, d, h}

  2 Draw the universal set as a rectangle.   ξ

A C B
  3 Draw and label two separate circles within the 

rectangle to represent the disjoint sets A and B.
 

  4 Draw and label a third circle within the  rectangle 
that overlaps set A and set B.
Note: Circle C is positioned between circles 
A and B as it has elements common to both sets.
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  5 Enter the elements into the appropriate section 
of the Venn diagram; that is, fill in the letters in 
the overlapping areas first, and then work 
outwards to the universal set.

  Sets A and C have A and e in common.
Sets B and C have h and d in common.
There are no remaining elements in C.
The remaining element in A is i. The 
 remaining elements in B are b, c, f , g, j.

A C B

i a

e h

d

c
b f

g j

ξ

b i Carefully analyse the Venn diagram and 
 identify the set required.
Note: B′ is the complement of set B and 
includes all the elements that are part of the 
universal set and not in set B.

b i B′ =  {a, e, i}

  ii Carefully analyse the Venn diagram and 
 identify the set required.
Note: The intersection of B and C is the 
overlapping area of these two circles.

  ii B ∩ C =  {d, h}

  iii Carefully analyse the Venn diagram and 
 identify the set required.
Note: The union of A and C contain all the 
elements in circles A and C.

  iii A ∪ C =  {a, d, e, h, i}

  iv Carefully analyse the Venn diagram and 
 consider the intersection of A with C. Next 
consider the intersection of B with C. Compare 
the sets obtained and answer the question.

  iv (A ∩ C) ∩ (B ∩ C) = {a,  e} ∩ {d,  h}
   = {}

WORKED EXAMPLE 12

An ice-creamery conducted a survey of 60 customers on a Monday and obtained the following 
results on two new ice-cream flavours. The results showed that 35 customers liked Product  
A, 40 liked Product B, and 24 liked both equally.
a Draw a Venn diagram to illustrate the above information.
b Use the Venn diagram to answer the following questions.

i How many customers liked Product A only?
ii How many customers liked Product B only?

iii How many customers liked neither product?
c If a customer was selected at random on this Monday morning, what is the probability they 

would have liked neither new flavour?
d Calculate the probability that a customer liked Product A given that they liked Product B.
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THINK WRITE/DRAW

a 1 Draw the universal set as a 
 rectangle.

a  

Product
A

Product
B

ξ

 

  2 Draw and label two overlapping 
circles within the rectangle to 
represent Product A and Product B.
Note: Circles for products A and B 
overlap because 24 customers liked 
both products equally.

   

  3 Working from the overlapping area 
outwards, determine the number of 
customers in each region.
Note: The total must equal the 
number of customers surveyed, 
that is, 60.

    There are 24 customers in both sets. Product A’s set 
contains 11 customers (that is, 35 − 24) who like 
Product A but not Product B.
Product B’s set contains 16 customers (that 
is, 40 − 24) who like Product B but not  ProductA.
The remaining 9 customers (that is, 
[60 − (11 + 24 + 16)]) like neither product.

Product
A

Product
B

11

24

16

9

ξ

b i Refer to the Venn diagram and 
answer the question.
Note: The non-overlapping part of 
Product A’s circle refers to the 
customers that like Product A only.

b i 11 customers liked Product A only.

  ii Refer to the Venn diagram and 
answer the question.
Note: The non-overlapping part of 
Product B’s circle refers to the 
customers that like Product B only.

  ii 16 customers liked Product B only.

  iii Refer to the Venn diagram and 
answer the question.

  iii 9 customers liked neither product.

c There was a total of 60 customers and 
9 customers liked neither new flavour.

c P(liking neither new flavour) = 9
60

= 3
20

d Forty customers liked Product B 
and 24 customers liked 
 Products A and B.

d P(Liking Product A/Liked product B) = 24
40

= 3
5
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  Exercise 13.6 Venn diagrams 

  Individual pathways  

 U       PRACTISE  
  Questions: 
 1–10, 13  

 U       CONSOLIDATE  
  Questions: 
 1–11, 13  

 U       MASTER  
  Questions: 
 1–14  

       U U U  Individual pathway interactivity:    int-4461  ONLINE ONLY   

   To answer questions online and to receive  immediate feedback  and  sample responses  for every question, 
go to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly. 

 Fluency 
1.        WE10     Draw a Venn diagram representing the relationship between the following sets. Show the 

position of all the elements in the Venn diagram. 
   ξ     =   {integers ranging from   10   to   20  } 
   B     =   {odd numbers greater than   12   and less than   18  } 
   A     =   {composite numbers ranging from   10   to   20  } 

2.    Draw a Venn diagram representing the relationship between the following sets. Show the position of 
all the elements in the Venn diagram. 
   ξ     =   {alphabet letters   a   to   j  } 
   V      =   {vowels} 
   H     =   {letters of the word  high } 

3.    Draw a Venn diagram representing the relationship between the following sets. Show the position of 
all the elements in the Venn diagram. 
   ξ     =   {counting numbers up to   10  } 
   P     =   {prime numbers} 
   E     =   {even numbers} 

4.    Draw a Venn diagram representing the relationship between the following sets. Show the position of 
all the elements in the Venn diagram. 
   ξ     =   {months of the year} 
   J     =   {months of the year beginning with   j  } 
   W     =   {winter months} 
   S     =   {summer months} 

  

Try out this interactivity: Venn diagram
Searchlight ID: int-2377

 RESOURCES — ONLINE ONLY

UNCORRECTED P
AGE P

ROOFS



TOPIC 13 Probability 461

c13Probability.indd Page 461 10/06/17  3:07 PM

5.    The Venn diagram at right shows the following sets.     
ξ    =   {fi rst   16   letters of the alphabet} 
V     =   {vowels} 

    C    =   {consonants} 
    W    =   {letters of the word  padlock } 
  Show the position of all the elements in the
Venn  diagram. 

6.    The Venn diagram at right shows the following sets.   
    ξ    =   {positive integers less than   15  } 
    O    =   {odd numbers} 
    E    =   {even numbers} 
    M    =   {multiples of   3  } 
  Show the position of all the elements in the Venn diagram. 

7.        WE11      a.    Draw a Venn diagram representing the relationship
between the following sets. 

  Show the position of all the elements in the Venn diagram. 
ξ    =   {  a  ,   c  ,   e  ,   g  ,   i  ,   k  ,   m  ,   o  ,   q  ,   s  ,   u  ,   w  ,   y  } 

    A    =   {vowels} 
B    =   {consonants} 
C    =   {letters of the word  cages } 
b.    Use the Venn diagram to list the elements in the following sets. 

 i. B  ′  ii.      B   ∩   C    iii.      A   ∪   C    iv.    (  A   ∩   C  ) ∪ (  B   ∩   C  ) 

       Understanding        
8.   WE12     A tyre manufacturer conducting a survey of 

  2200    customers obtained the following results on two tyres: 
  1390   customers preferred Tyre   A  ,   1084   preferred Tyre   B  , 
and   496   preferred both equally. 
a.    Draw a Venn diagram to illustrate the above information. 
b.    Use the Venn diagram to answer the following questions. 

i.    How many customers preferred Tyre   A   only? 
ii.    How many customers preferred Tyre   B   only? 
iii.    How many customers preferred neither tyre? 

c.      If a customer was selected at random, calculate the 
 probability that they would have preferred neither type 
of tyre. 

d.    Calculate the probability that a customer preferred Tyre   A  , given 
that they preferred Tyre   B  . 

9.      A sporting club has its members playing different sports, as shown 
in the Venn diagram.   
a.    Copy the given Venn diagram and shade the areas that represent: 

i.    members playing tennis only 
ii.    members walking only 
iii.    members both playing tennis and walking. 

b.      How many members: 
i.    play volleyball? ii.    are involved in all three activities? 

c.      How many members belong to the sporting club? 
d.    How many members do not: 

i.    play tennis? ii.    walk? 

ξ

V W C

ξ

O M E

8
10 22

6
10

Volleyball Tennis

Walking

ξ
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e. Calculate the probability that a member likes playing volleyball or tennis but does not like walking.
f. Calculate the probability that a member likes playing volleyball and tennis but does not like walking.
g. Calculate the probability that a member likes playing tennis, given that they like walking.

Reasoning
10. Margaret is in charge of 

 distributing team uniforms for 
students representing the school in 
music, athletics and debating. 
Margaret knows that representing 
the school are 43 students, of 
whom some are involved in more 
than one activity. They must 
purchase a uniform for each 
activity in which they participate.

Margaret has the following 
information: 36 students are in the 
concert band, 31 students are in 
the athletics team, 12 students are 
in the debating team, 6 students are involved in all three. Nine students are involved in music and 
debating, 7 in athletics and debating and 26 students are in music and athletics.
a. Show this information on a Venn diagram.
b. Calculate the probability that a student will be required to purchase only the music uniform.
c. Calculate the probability that a student will be required to purchase only the athletics uniform.
d. Calculate the probability that a student will be required to purchase only the debating uniform.
e. Calculate the probability that a student will be required to purchase music and debating uniforms but 

not an athletics uniform.
f. Calculate the probability that a student will be required to purchase a music or athletics uniform but 

not a debating uniform.
g. Calculate the probability that a student will be required to purchase a debating uniform given that 

they purchased a music uniform.
11. Draw a Venn diagram that displays the following information: n(A) = 10, n(B) = 5, n(A ∩ B) = 4.

Problem solving
12. A survey of a Year 8 class found the numbers of class members who play basketball, cricket and 

soccer. Use the following Venn diagram to calculate the number of students who:
a. were in the class
b. play basketball
c. play cricket and basketball
d. play cricket and basketball but not soccer
e. play soccer but not cricket
f. play all three sports
g. do not play cricket, basketball or soccer
h. do not play cricket
i. play cricket or basketball
j. play basketball or cricket or soccer.

Basketball

Soccer Cricket

5

2 41

6
3

31

ξ

UNCORRECTED P
AGE P

ROOFS



TOPIC 13 Probability 463

c13Probability.indd Page 463 10/06/17  3:08 PM

13.7 Tree diagrams and two-way tables
 • A tree diagram is a branching diagram that lists all the possible outcomes (the sample space).
 • A two-way table can also be used to represent the sample space.

WORKED EXAMPLE 13

a Show the sample space for tossing a coin twice (or 2 coins together) by using:
i a tree diagram ii a two-way table.

b What is the probability of obtaining:
i Heads twice? ii Heads and Tails?

THINK WRITE/DRAW

a i 1 Use branches to show the individual 
outcomes for the first toss. Place a 1 
above the first toss outcomes.

a i 1 2 Outcomes

HH

HT

TH

TT

H

T
H

T
H

T

 
 

    2 Link each outcome from the first toss 
with the outcomes of the second toss. 
Place a 2 above the second toss outcomes.

   

    3 List each of the possible outcome pairs in 
the order they occur; that is, the first toss 
result followed by the second toss result.

   

13. A group of 40 university lecturers were asked which free-to-air TV stations they watched on a 
 particular evening. Twelve watched SBS, twenty-five watched ABC1 and ten watched neither SBS 
nor ABC1.
a. Show this information on a fully labelled Venn diagram.
b. How many watched both SBS and ABC1?

14. A survey of 140 fifteen-year-old girls investigated how many read magazines (M), crime novels (C) 
and science fiction (S). It found:
 • 23 read both magazines and science fiction
 • 21 read both magazines and crime novels
 • 25 read both crime novels and science fiction
 • 15 read all three
 • 40 read magazines only
 • 38 read crime novels only
 • 10 read science fiction only.

a. Show this information on a fully labelled Venn diagram.
b. How many girls read magazines?
c. How many girls read only crime?
d. How many girls read science fiction?
e. How many girls read none of these three?

Reflection
When is it best to use a Venn diagram to represent data?
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  ii 1 Draw a table consisting of three rows and 
columns. Leave the first cell blank.

  ii  
 
 
 

    2 Label the second and third cells of the 
first row as H and T respectively.  
Place a 1 above the first row.

   

    3 Label the second and third cells of the 
first column as H and T respectively. 
Place a 2 beside the first column.

   

    4 Combine the outcome pairs in the 
order in which they occur in each of 
the  remaining cells; that is, the first 
toss result followed by the second 
toss result.

   

b i 1 Using either the tree diagram or the 
two-way table, write the number of 
 favourable  outcomes and the total number 
of possible outcomes.
Note: The outcome of two Heads occurs 
once.

b  i Number of favourable outcomes = 1
Total number of possible outcomes = 4

    2 Write the rule for probability.     P(event) = number of favourable outcomes
number of possible outcomes

    3 Substitute the known values into the rule 
and evaluate.

    P(2 Heads) = 1
4

    4 Answer the question.     The probability of obtaining 2 Heads  
when a coin is tossed twice is 1

4
.

  ii 1 Using either the tree diagram or the 
two-way table, write the number of 
 favourable outcomes and the total number 
of possible outcomes.
Note: The outcome of 1 Head and 1 Tail 
occurs twice.

  ii Number of favourable outcomes = 2
Total number of possible outcomes = 4

    2 Write the rule for probability.     P(event) = number of favourable outcomes
number of possible outcomes

    3 Substitute the known values into the rule 
and simplify.

    P(1 Head and 1 Tail) = 2
4

= 1
2

    4 Answer the question.     The probability of obtaining 1 Head  
and 1 Tail when a coin is tossed  
twice is 1

2
.

Coin 1

H T

2 H H H T H

T H T T T

UNCORRECTED P
AGE P

ROOFS



TOPIC 13 Probability 465

c13Probability.indd Page 465 10/06/17  3:08 PM

WORKED EXAMPLE 14

a A coin is tossed and then a die is rolled. Use i a tree diagram ii a two-way table to show all 
the possible outcomes.

b What is the probability of obtaining i Heads and an even number? ii an odd number?

THINK WRITE/DRAW

a i 1 Use branches to show the individual 
outcomes for the first event; that is, the 
toss of the coin. Place a 1 above the 
first event outcome.

a  i 1 2 Outcomes

H1
H2
H3
H4
H5
H6
T1
T2
T3
T4
T5
T6

1
2
3
4
5
6
1
2
3
4
5
6

H

T

    2 Link each outcome from the first event 
with each of the outcomes from the second 
event; that is, the roll of the die. Place a 2 
above the second event outcomes.

   

    3 List each of the possible outcome pairs in 
the order they occur; that is, the first event 
result followed by the second event result.

   

  ii 1 Draw a table consisting of seven rows and 
three columns. Leave the first cell blank.

  ii  
 
     2 Label the second and third cells of the first 

row as H and T respectively. Place a 1 
above the first row.

   

    3 Label cells two to seven of the first column 
as 1, 2, 3, 4, 5, 6 respectively. Place a 2 
beside the first column.

   

    4 Combine the outcome pairs in the order 
they occur in each of the remaining cells; 
that is, the first event result followed by 
the second event result.

     

b i 1 Using either the tree diagram or the 
two-way table, write the number of 
 favourable outcomes and the total number 
of possible outcomes.
Note: The outcome of Heads and an even 
number occurs 3 times.

b  i Number of favourable outcomes = 3
Total number of possible outcomes = 12

    2 Write the rule for probability.     P(event) = number of favourable outcomes
number of possible outcomes

    3 Substitute the known values into the rule 
and simplify.

    P(Heads and an even number) = 3
12

= 1
4

    4 Answer the question.     The probability of obtaining Heads and an 
even number when a coin is tossed and a die 
is rolled is 1

4
.

    1

    H T

  1 H 1 T 1

2 2 H 2 T 2

  3 H 3 T 3

  4 H 4 T 4

  5 H 5 T 5

  6 H 6 T 6
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  ii 1 Using either the tree diagram or the 
two-way table, write the number of 
 favourable outcomes and the total 
 number of possible outcomes.
Note: The outcome of an odd number 
occurs 6 times.

  ii Number of favourable outcomes = 6
Total number of possible outcomes = 12

    2 Write the rule for probability.     P(event) = number of favourable outcomes
number of possible outcomes

    3 Substitute the known values into the rule 
and simplify.

    P(an odd number) = 6
12

= 1
2

    4 Answer the question.     The probability of obtaining an odd 
 number when a coin is tossed and a die is 
rolled is 1

2
.

WORKED EXAMPLE 15

a Draw a tree diagram to show the combined experiment, tossing a coin and spinning a circular 
spinner with four equal sectors labelled 1, 2, 3, 4.

b Determine the probability of each possible result.
c What do you notice about the sum of the probabilities?
d Calculate the probability of obtaining:

i Heads and an even number
ii a prime number

iii Tails.

THINK WRITE/DRAW

a 1 Use branches to show the individual  outcomes 
for the first part of the experiment (that is, 
tossing a coin). Place a 1 above the coin toss 
 outcomes. Label the ends of the branches H and 
T and place the probability of each along their 
 respective branch.

a

1–
2

1–
2

1–
4 1–

4
1–
4

1–
4

1–
4 1–

4
1–
4

1–
4

1 2 Outcomes

H1

H2

H3

H4

T1

T2

T3

T4

1

2

3

4

1

2

3

4

H

T
    

  2 Link each outcome from the coin toss with 
the outcomes of the second part of the 
 experiment (that is, spinning a circular spinner). 
Place a 2 above the spinning  outcomes. 
Label the ends of the branches 1, 2, 3 and 4 and 
place the probability of each along its respec-
tive branch.
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  3 List each of the possible outcome pairs in the 
order they occur; that is, the tossing of the coin 
result followed by the spinning result.
Note: It doesn’t matter which part of the experi-
ment goes first, because the parts do not affect 
each other. They are called  independent events. 
The coin toss will have two branches, and the 
spinning of the circular spinner will have four 
branches.

 

b Determine the probability of each possible result 
by multiplying the first result probability by the 
 second result probability of the ordered pair.

b  P(H, 1) = 1
2

× 1
4
     P(T, 1) = 1

2
× 1

4

= 1
8

= 1
8

 
P(H, 2) = 1

2
× 1

4
      P(T, 2) = 1

2
× 1

4

= 1
8

= 1
8

P(H, 3) = 1
2

× 1
4
      P(T, 3) = 1

2
× 1

4

= 1
8

= 1
8

 
P(H, 4) = 1

2
× 1

4
      P(T, 4) = 1

2
× 1

4

= 1
8

= 1
8

c Add the probabilities together and answer the 
question.

c Total = 1
8

+ 1
8

+ 1
8

+ 1
8

+ 1
8

+ 1
8

+ 1
8

+ 1
8

= 1
The probabilities of each combined result in 
the tree diagram add up to 1.

d i 1 Add the probability of each of the outcome 
pairs that comprise Heads and an even 
number.

d i P(H,  even) = P(H,  2) + P(H,  4))

P(H,  even) = 1
8

+ 1
8

    2 Evaluate and simplify.         
= 2

8

= 1
4

  ii 1 Add the probability of each of the outcome 
pairs that comprise a prime number; that is, 2 
or 3.
Note: Heads or Tails are not  specified; 
therefore, pairs  consisting of either coin 
outcome are  acceptable.

  ii P(prime) = P(H, 2) + P(H, 3) + P(T, 2)
      + P(T, 3)

= 1
8

+ 1
8

+ 1
8

+ 1
8

= 4
8

    2 Evaluate and simplify.        = 1
2

  iii 1 Add the probability of each of the outcome 
pairs that comprise Tails.
Note: Numbers are not specified; therefore, 
pairs consisting of any spinner outcome are 
acceptable.

  iii P(tails) = P(T, 1) + P(T, 2) + P(T, 3)
      + P(T, 4)

= 1
8

+ 1
8

+ 1
8

+ 1
8

= 4
8

    2 Evaluate and simplify.        = 1
2
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    Complete this digital doc:   SkillSHEET: Listing the sample space  
 Searchlight ID:   doc-6975    

   Complete this digital doc:   SkillSHEET: Multiplying proper fractions  
 Searchlight ID:   doc-6976     

    Complete this digital doc:   Spreadsheet: Coin tossing  
 Searchlight ID:   doc-2408     

    Complete this digital doc:   WorkSHEET 13.2  
 Searchlight ID:   doc-7108     

   RESOURCES — ONLINE ONLY 

  Exercise 13.7 Tree diagrams and two-way tables 

  Individual pathways  

 �       PRACTISE  
  Questions: 
 1–14, 18  

 �       CONSOLIDATE  
  Questions: 
 1–15, 17–19  

 �       MASTER  
  Questions: 
 1–20  

  � � �     Individual pathway interactivity:    int-4462     ONLINE ONLY

   To answer questions online and to receive  immediate feedback  and  sample responses  for every question, 
go to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly. 

 Fluency 
1.     a.        WE13     Show the sample space for tossing a coin twice (or   2   coins together) by using: 

i.    a tree diagram ii.    a two-way table. 
b.      What is the probability of obtaining: 

i.      2   Tails? ii.    Heads and then Tails? 
iii.    Tails and then Heads? iv.    one of each? 
v.    both the same?   

2.       a.    Use a tree diagram to show the sample space for   2   children that are born into a family. 
b.    What are the chances that they are: 

i.      2   girls? ii.      2   boys? 
iii.    both the same sex? iv.    a boy, then a girl? 
v.    a girl, then a boy? vi.    one of each sex? 

3.         a.     Use a tree diagram to show the sample space for an electrical circuit that 
contains two switches, each of which can be on or off. 

b.    What chance is there that the switches are: 
i.    both on? ii.    both off? 

iii.    both in the same position? iv.    one off, one on?     
4.       a.     Use a tree diagram to show the sample space for a true/false test that has 

  2   questions. 
b.    What is the probability that the answers are: 

i.    true, then false? ii.    false, then true? 
iii.    both false? iv.    both true? 
v.    one true, one false? 
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5. a.  Use a tree diagram and two-way table to show  
the sample space for the following. A light may 
be on or off and a door open or closed.

b. What are the chances of the following  
situations?
i. door open, light on
ii. door closed, light off
iii. door closed, light on
iv. door open, light off

6. a.   WE14  A coin is tossed and then a die is rolled. 
Use i a tree diagram ii a two-way table to show 
all the possible outcomes.

b. What is the probability of obtaining:
i. Tails and the number 5?
ii. an even number?
iii. Heads and a prime number?
iv. the number 3?

7. a.  Use a two-way table to show the sample space for the following. A coin  
is tossed and the spinner at right is twirled.

b. What are the chances of obtaining:
i. Heads and a 1? ii. Tails and a 2?

iii. Tails and a 3? iv. Heads and a 2?
v. Tails and an odd number? vi. Heads and an even number?

vii. Tails and a prime number?
8. a.  Use a two-way table to show the sample space for the following. Zipper sports  

cars come in 3 colours (red, white and yellow) with manual 
or automatic transmissions available.

b. What are the chances of a car selected at random being:
i. red?
ii. automatic?
iii. yellow and automatic?
iv. white and manual?
v. red and automatic?

9. a.  Use a two-way table to show the sample space for the following. A die is rolled and a coin is 
tossed.

b. What is the probability of obtaining the following?
i. H, 6 ii. T, 1 iii. H, even iv. T, odd
v. H, ≥ 4 vi. T, 3 or 5 vii. H, not 6

10. A bag contains two red balls and one black. A ball is drawn, its colour noted, and then it is replaced. 
A second draw is then made.
a. Use a tree diagram to list all possible outcomes. (Hint: Place each red ball on a separate branch.)
b. Find the probability of drawing:

i. black, black ii. red, red
iii. red, then black iv. black, then red
v. different colours vi. the same colour each time

vii. no reds viii. no blacks
ix. at least one red x. neither red nor black
xi. at least one black.

1

2
3
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11. a.   WE15  Draw a tree diagram to show the combined experiment, tossing a coin and spinning a circular 
spinner with six equal sectors labelled 1, 2, 3, 4, 5, 6.

b. Determine the probability of each possible result.
c. What do you notice about the sum of the probabilities?
d. Calculate the probability of obtaining:

i. a head and an even number
ii. a prime number
iii. a tail.

12. a.  Draw a tree diagram to show the combined experiment, rolling a  
die and spinning the circular spinner shown at right.

b. Determine the probability of each possible result.
c. What do you notice about the sum of the probabilities?
d. Calculate the probability of obtaining:

i. the number 2
ii. the colour yellow
iii. the colour red
iv. an even number and the colour blue.

Understanding
13.  MC  Two sets of traffic lights each show red, amber or green for equal amounts of time. The chance of 

encountering 2 red lights in succession are:
a. 1

3
b. 1

6
C. 2

3
d. 2

9
E. 1

9

14.  MC  In the situation described in question 13, the probability of experiencing amber and green in any 
order is:
a. 2

3
b. 1

9
C. 1

2
d. 1

3
E. none of these

15. To get to school each morning, you are driven along Smith Street and pass through an intersection 
controlled by traffic lights. The traffic light for Smith Street drivers has a cycle of green and amber for 
a total of 40 seconds and then red for 20 seconds.
a. What is the probability that the traffic light will be red as 

you approach the intersection?
b. Over 3 school weeks, how many days would you 

expect the traffic light to be red as you approach the 
 intersection?

c. Design an experiment in which you simulate the 
 operation of the traffic light to record whether the light 
is red as you approach the intersection. Explain what 
device you will use to represent the outcomes.

d. Complete this experiment 10 times and calculate the 
experimental probability that the traffic light will be red as you approach the intersection.

e. Repeat the experiment a further 40 times so that you have 50 results. Again calculate the probability 
that the traffic light will be red as you approach the intersection.

f. Use the probabilities calculated in parts d and e to estimate the number of days that the traffic light 
would be red over 3 school weeks.

g. Compare your results.
h. What is the chance that the traffic light will be red every morning for a school week?
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     Reasoning 
16.    People around the world have played games with dice for thousands of years. Dice were fi rst 

 mentioned in print in the  Mahabharata , a sacred epic poem written in India more than   2000 years   ago. 
The six-sided dice used today are almost identical to those used in China about   600   bc and in Egypt 
about   2000    bc. 

  Barbooth  is a popular game in Greece and Mexico. Two players take turns rolling   2   dice until one 
of the following winning or losing rolls is obtained. 

 
Winning rolls:

 

 
Losing rolls:

 
a.    Calculate the probability of getting a winning roll. 
b.    Calculate the probability of getting a losing roll. 
c.    Calculate the probability of getting neither a winning nor a losing roll. 
d.    Play the game a number of times with a partner. Set up an experiment to investigate the experimental 

probabilities of getting a winning roll and getting a losing roll. Compare your results. 
17.      In your drawers at home, there are two white T-shirts, a green T-shirt and a red T-shirt. There are also 

a pair of black pants and a pair of khaki pants. 

  
a.    Draw a tree diagram to show all the possible combinations of T-shirts and pants that you could wear. 
b.    If you get dressed in the dark and put on one T-shirt and one pair of pants, calculate the probability 

that you put on the red T-shirt and khaki pants. Show your working. 

     Problem solving 
18.    In the last Science test, your friend guessed the answers to three true/false questions. 

a.    Use a tree diagram to show all the different answer combinations for the three questions. 
b.    Calculate the probability that your friend: 

i.    got all three answers correct 
ii.    got two correct answers 
iii.    got no correct answers. 
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19. Assuming that the chance of a baby being a boy or a girl is the same, answer the following questions.

a. Calculate the probability that a family with three children has:
i. all boys
ii. two girls and one boy
iii. three children of the same gender
iv. at least one girl
v. two children of the same gender.

b. If the family was expecting another baby, what is the probability that the new baby will be a boy?
c. If the family already has three boys, what is the probability that the new baby will be a boy?
d. If the family has three girls, what is the probability that the new baby will be a boy?
e. How likely is the combination of children shown in the photo above?

20. There are three different ways to go from school to the shops. There are two different ways to go from 
the shops to the library. There is only one way to go from the library to home.

This afternoon you need to travel from school to home via the shops and the library.

A

BSchool

Home
Library

Shops

D

E

F

C

a. Use a tree diagram to calculate the number of different routes you could use on your journey. (Hint: 
Use the letters A, B and C to represent the different routes from school to the shops and D and E to 
represent the different routes from the shops to the library. Use F to represent the route from the 
library to home.)

b. Would the number of outcomes be different if we omitted the last leg of the journey from the library 
to home? Why?

Reflection
What are some things you need to be careful of when you are calculating the number of possible 
outcomes?

UNCORRECTED P
AGE P

ROOFS



TOPIC 13 Probability 473

c13Probability.indd Page 473 10/06/17  3:08 PM

13.8 Review
13.8.1 Review questions
Fluency

1.  MC  If a die is rolled 200 times and a 6 comes up 30 times, then its relative frequency is:
a. 20

3
b. 3

20
C. 17

20
d. 30% E. 1

5

2.  MC  If a teacher found over the years that Year 8 students pass mathematics with a relative frequency 
of 2

3
, how many of her current class of 27 would she expect to pass?

a. 2 b. 3 C. 18 d. 15 E. 24
3. An experiment involving rolling die was conducted, with the results as shown in the following 

 frequency table.

Score 1 2 3 4 5 6

Frequency 9 8 12 13 10 8

a. How many trials were performed?
b. How many outcomes were in the sample space?
c. How many times would you have expected a 6 to come up?
d. Find the relative frequency of:

i. 5 ii. 1 iii. even numbers.
4. People from a random sample were asked how they would vote in an election. The results were 

coded as:
 1. Liberal–National  2. Labor  3. Family First
 4. Greens  5. other.

  The recorded intentions were: 

1, 2, 2, 1, 1, 2, 5, 3, 2, 1, 3, 1, 4, 2, 3, 1, 2, 1, 4, 2, 2, 4, 1, 2, 2, 3, 1, 2, 1, 1, 1, 2, 2, 1, 4, 1, 2, 1, 
2, 3, 2, 2, 2, 1, 1, 1, 2, 3, 2, 5
a. Organise the data into a frequency table.
b. Find the relative frequency of each category, to the nearest whole per cent.
c. A person selected at random from the general population would be highly likely to vote for one of 

which 2 parties?
d. Out of 1000 people, how many could be expected to vote for One Nation?
e. What should be the total of all the relative frequency percentages?

5.  MC  The chance of getting a 5 with the spinner below is: 
 a. 1

3
 b. 1

5
 C. 1

6
 d. 2

5
 E. none of these

6. Study the spinner shown below.

1 2

3

45

6

a. What is the sample space?
b. Are all outcomes equally likely? Explain your answer.
c. In theory, what are the chances of spinning:

i. a 2? ii. a 6?

1

2

3

4

5
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7. One thousand tickets were sold for a raffle. If you purchased five, what are your chances of winning 
the raff le?

8. A cube has 2 red faces, 2 white faces, 1 green and 1 yellow. If rolled, what is the probability of the 
top face showing:
a. red? b yellow? b. not red? d green or white?

9. On each of the 5 days, Monday to Friday, garbage is collected. What are the chances that garbage is 
collected at an address chosen at random on:
a. Wednesday? b Thursday or Friday? b. Sunday? d a day other than Monday?

10. A multiple-choice question has as alternatives A, B, C, D and E. Only one is correct.
a. What is the probability of guessing:

i. the right answer? ii. the wrong answer?
b. What is the total of the probabilities?

11. a. Design a circular spinner with the numbers 1 to 4 so that: P(1) = 1
2
,  P(2) = 1

4
,  P(3) = 1

8
,  P(4) = 1

8
.

b. What will the size of the angle in each sector be?
12. Give the probability of each of the numbers in this circular spinner.

1

2

3 4

5

6

13. State the complement of each of the following events.
a. Tossing a coin and it landing Tails b. Winning a race in which you run
c. Answering a question correctly d. Selecting a black marble from a bag of marbles
e. Selecting a number less than 20

14. State whether each of the following pairs of events are complementary or not. Explain your answer.
a. Having milk in your coffee and not having milk in your coffee
b. Going overseas for your holiday or holidaying in Australia
c. Catching a train to work or catching a bus to work

15. The probability that a traff ic light is green is 3
7
. Find the probability that the traffic light is not green.

16. Shoppers in a supermarket were given a taste test of two varieties of jellybeans — home brand (H) 
and brand X. Of the 168 shoppers to undertake the test, 111 liked the home brand, 84 liked brand X 
and 39 liked both.
a. Represent these data as a Venn diagram.
b. What is the probability that one of those shoppers did not like either of the two varieties?
c. What is the probability that one of the shoppers liked brand H or brand X?
d. What is the probability that one of the shoppers liked brand X given that they liked brand H?

17. Draw a two-way table to show the sample space for the situation in question 16.
18. a.  Use a tree diagram and two-way table to show all the possible outcomes for the sex (B, G) and hair 

colour (blond, black, brown, red) of a baby.
b. What are the chances (assuming all outcomes are equally likely) of a child being:

i. a blond girl? ii. a red-haired boy? iii. a redhead?
iv. not blond? v. a boy with black or brown hair?

19. Caryle is deciding what to order for lunch from her 
favourite restaurant. The table below provides her 
possible entree, main meal and dessert options.
a. Draw a tree diagram to show the possible 

 combinations Caryle can order if she chooses to 
have an entree, main meal and dessert.

Entree Main Dessert

Pasta Roast chicken Creme caramel

Soup Lamb cutlets Ice-cream

  Seafood platter Fruit salad
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b. How many different options can Caryle choose from?
c. What is the probability that Caryle will order:

i. lamb as her main meal?
ii. ice-cream for dessert?
iii. soup as her entree and fruit salad for dessert?
iv. either pasta or soup for an entree, chicken or seafood as her main and crème caramel for  dessert?

d. Without drawing a tree diagram, how many different options would there be if Caryle could 
choose from:
i. three entrees, three mains and three desserts?
ii. four entrees, three mains and three desserts?
iii. two entrees, four mains and three desserts?

e. Explain how the total number of options were obtained in part d.

Problem solving
20. From a standard pack of cards, write down a set that would have:

a. a probability of 1
2

b. a probability of 3
13

c. a probability of 1
26

d. a probability of 1
13

.

21. During her latest shopping trip, Karen’s mother stocked up on a supply of icypoles for the summer. 
In one box there are 3 icypoles of each of the flavours: orange, raspberry, lime and cola. Karen likes 
everything but lime.
a. What is the probability that when she reaches into the box randomly, she will select an icypole that 

she likes?
b. Two days later, 2 raspberry, 1 cola, and 1 lime have been eaten by various members of the family. 

Have Karen’s chances of randomly choosing a lime popsicle gone up, down or stayed the same? 
Explain your answer.

22. One of the games suggested as a fund raiser at the local Auskick club was a coin tossing game. The 
children pay $1 and toss a coin three times. If they toss three Heads or three Tails they win a prize.
a. Draw a tree diagram to list all possible outcomes when a coin is tossed three times.
b. What is the probability of winning a prize at the fund raiser?
c. Gemma gets Heads with her first two tosses of the coin. What is the probability that she wins a prize?
d. Is the club likely to make money on this game? Explain.

23. In a certain school band there are 6 girls and some boys. A student is selected at random from this 
group. Find the number of boys in the group if the probability that a girl is selected is 1

4
.

24. Debbie and Ron, who are roughly of equal ability, play a squash tournament. The first person to win 
two games in a row, or who wins a total of three games, wins the tournament.
Draw a tree diagram to list all possible outcomes of the tournament.

25. Jar A contains 5 black, 3 white and 2 coloured marbles. Jar B contains 6 black, 4 white and  
4 coloured marbles. From which jar are you more likely to draw a black marble?

26. How many different 3-digit numbers are there?
27. A fair 4-sided die in the shape of a regular tetrahedron is tossed twice.

a. Draw the sample space.
b. What is the probability that the two numbers that are thrown are both even?

28. Ace Andrews and Dynamo Dawson, two famous tennis stars, are playing each other. The probability 
that Ace will win a game is 0.6.
a. Find the probability that in three games played, Ace wins the first but loses the next two.
b. Find the probability that Dynamo wins only one game of the three.

29. There are only three swimmers in the 100-m freestyle. Swimmer A is twice as likely to win as B and 
three times as likely to win as C. Find the probability that B or C wins.
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Language 
 It is important to learn and be able to use correct mathematical language in order to communicate  effectively. 
Create a summary of the topic using the key terms below. You can present your summary in writing or 
using a concept map, a poster or technology. 
  certain  
  complementary events  
  event  
  experiment  
  favourable outcome  
  impossible  
  intersection  

  outcome  
  probability  
  random  
  relative frequency  
  sample space  
  set  
  theoretical probability  

  tree diagram  
  trial  
  two-way table  
  union  
  universal set  
  Venn diagram      

30.   James has two dice. One is a regular die. The other, he has altered by replacing the   1   with a   6   (so the 
altered die has two   6  ’s, and no   1  ). He rolls the two dice together. Determine the probability that a 
double is rolled when the two dice are thrown.  

31.   A coin is biased so that the probability of a Head appearing is   3
5
  . Using a tree diagram (or otherwise) 

determine the probability that with three tosses of the coin, a tail appears at most once.  
32.   In a particular area, the probability of rain is   0.7   if it rained the day before. The probability that it does 

not rain is   0.8   if it did not rain the day before. It rains on Monday. Find the probability it will be fi ne 
on Wednesday.  

33.   In a club of   60   members, half support the sausage sizzles, one third support the raffl es and some of 
these support both. One fi fth of the members support neither of these fundraisers. Determine the 
probability that a club member, chosen at random, supports both.  

34.   There are four differently coloured marbles in a bag: red, blue, green and yellow. There are   8   blue 
marbles and   4   yellow marbles. The probability of drawing a blue or yellow marble is   0.6  . If there are 
  3   green marbles in the bag, how many red marbles are there?     

 Link to assessON for questions to test your 
readiness   FOR   learning, your progress   aS   
you learn and your levels   OF   achievement. 

 assessON provides sets of questions for 
every topic in your course, as well as giving 
instant feedback and worked solutions to 
help improve your mathematical skills. 

   www.assesson.com.au   

    Try out this interactivity:   Word search  
 Searchlight ID:   int-2637   

    Try out this interactivity:   Crossword  
 Searchlight ID:   int-2638   

    Try out this interactivity:   Sudoku  
 Searchlight ID:   int-3192

Digital document: Concept map
Searchlight ID: doc-10777     

   RESOURCES — ONLINE ONLY 
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Investigation | Rich task
In a spin
When dealing with events involving chance, we try to 
predict what the outcome will be. Some events have an 
even chance of occuring, whereas others have little or no 
chance of occuring. If the outcomes for events are equally 
likely, we can predict how often each outcome will 
appear. But, will our predictions always be exacts?

Spinners are often used to help calculate the chance of an event occurring. There are many 
different types of spinners, and one with 6 equal sections is shown below. A paperclip is flicked 
around the pencil placed at the centre. The instructions below will enable you to construct a 
spinner to use in a probability exercise.
 • Draw a circle with a radius of 8 cm onto 

a piece of cardboard using a pair of 
compasses. Using a ruler, draw a line to 
indicate the diameter of the  circle.

 • Keep the compasses open at the same 
width. Place marks on the circumfer-
ence on both sides of the points where 
the diameter meets the circle.

 • Join the marks around the circumference 
to produce your hexagon. Draw a line 
with a ruler to join the opposite corners 
and cut out the hexagon.

 • Number the sections 1 to 6 or colour 
each section in a different colour.

    
1. Flick the paperclip around the pencil 120 times. Record each outcome in a copy of the 

table below.

Score Tally Frequency
1    

2    

3    

4    

5    

6    

Total  

 Note: If the paperclip lands on a line, re-spin the spinner.

6

3

2

4

5

1
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2. Are the outcomes of each number in your spinner equally likely? Explain why.
3. What would be the theoretical probability of spinning a 6?
4. Based on the results you obtained from your spinner, list the relative frequencies of each out-

come on the spinner.
5. How many times would you expect the paperclip to land on each number when you perform 

120 spins?
6. How close were your results to the expected results?

Combine your results with the results obtained from your classmates.
7. Design a new frequency table for the class results.
8. How do the relative frequencies of the pooled class results compare with your results? Are they 

closer to the results you expected?
9. If time permits, continue spinning the spinner and pooling your results with the class. Investigate 

the results obtained as you increase the number of trials for the experiment.

Complete this digital doc: Code puzzle: What did the cannibal have for breakfast?
Searchlight ID: doc-13946

 RESOURCES — ONLINE ONLY
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Answers
Topic 13 Probability
Exercise 13.2 Probability scale
1. a. Certain b. Highly unlikely c. Discuss d. Discuss

e. Highly unlikely f. Highly unlikely g. Certain h. Impossible

i. Highly unlikely j. Highly likely k. Even chance l. Highly unlikely

m. Even chance n. Better than even chance o. Highly likely p. Highly unlikely

2. a–e. Should be discussed in class

3. a. 1
2

b. 9
10

c. 0 d. 1 e. 1
2

f. 1
3

g. 1
52

h. 11
20

i. 5
6

j. 1
13

k. 1
5

l. 2
13

m. 4
7

n. 1

4. C

5. E

6. a. 4
11

b. 7
11

c. 2
11

d. 1
11

7. a. i. No

ii. {blue, green, red, yellow}

iii. Blue: 1
3
; green: 1

6
; red: 1

3
; yellow: 1

6

 b. i. Yes

ii. {blue, green, orange, yellow, red}

iii. Blue: 1
6
; green: 1

6
; orange: 1

6
; yellow: 1

6
; red: 1

6

 c. i. No ii. {yellow, green} iii. Yellow: 2
3
; green: 1

3

8. a. Blue. There are more blue jelly beans than any other colour.

b. Yellow. There are fewer yellow jelly beans than any other colour.

c. Blue: 6
17

; green: 5
17

; red: 4
17

; yellow: 2
17

9. Answers will vary. Some examples are shown.

a. b. c. 

Challenge 13.1
The probability of a green card is 0.15. There are 3 green cards in the bag.

Exercise 13.3 Experimental probability
1. a. 14

25
(0.56) b. 11

25
(0.44)

2. a. 13
25

b. 0.48

3. a. 7
50

(0.14) b. 43
50

(0.86)

4. a. 5
16

b. 13
40

c. 0.3625

5. a. i. 2, 4, 6 ii. 1, 2 iii. 3, 4, 5, 6 iv. 2, 3, 5 v. Impossible

vi. 5, 6 vii. 1, 4, 6 viii. 1, 2, 3, 4 ix. 3, 6 x. 5

b. 1 → 15%

2 → 17%

3 → 17.5%

4 → 16%

5 → 17.5%

6 → 17%
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c. 50% d. 48% e. 17.5% f. 68%

g. 50% h. 34.5% i. 34.5% j. 32%

6. a Score Frequency
1   34
2   27
3   24
4   15

Total 100

b. 

Swimming = 34
100

(0.34)

Athletics = 27
100

(0.27)

Gymnastics = 24
100

(0.24)

Rowing = 15
100

(0.15)

c. 1 d. Swimming e. 204
7. a. Score Frequency

1   3
2   5
3   5
4   4
5   3

Total 20

b. 1 → 3
20

(0.15)

2 → 1
4
(0.25)

3 → 1
4
(0.25)

4 → 1
5
(0.2)

5 → 3
20

(0.15)

c. 4

There are five possible outcomes, and each has an equal chance of occurring. Therefore, in 20 trials each outcome would 
be expected to occur 4 times.

d. 2 and 3 e. 1

8. a. i. 3 of hearts ii. 13
60

 b. i. Queen of diamonds and 3 of diamonds ii. 9
20

 c. i. 3 of hearts, queen of diamonds and 3 of diamonds ii. 2
3

 d. i. 3 of each suit ii. 3
4

 e. i. 3 of both spades and hearts ii. 2
5

 f. i. All cards drawn ii. 1

 g. i. None of the cards drawn ii. 0

 f. i. All cards drawn ii. 1

9. a.  The greater the number of trials, the closer the results come to what we would expect; that is, a relative frequency of 50% 
for each event.

b. No, the results would not be identical because this is an experiment and values will differ for each trial.

 10. a. 1
4

b. 
Score Frequency

1 11
2   9
3 10
4 10

Total 40
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c. 21
40

d. 2, 3 e. 19
40

11. a. 1
20 

(0.05) b. 19
20 

(0.95) c. 30

12. D

13. B

14. Check with your teacher.

15. a. 160 b. 200(1 − g
n
)

16. a. 7
20

b. 2
5

17. a. 30
241

b. 91
241

c. 59
241

18. a. 

Clubs Diamonds Hearts Spades

  A♣   A♦   A♥   A♠
  2♣   2♦   2♥   2♠
  3♣   3♦   3♥   3♠
  4♣   4♦   4♥   4♠
  5♣   5♦   5♥   5♠
  6♣   6♦   6♥   6♠
  7♣   7♦   7♥   7♠
  8♣   8♦   8♥   8♠
  9♣   9♦   9♥   9♠
10♣ 10♦ 10♥ 10♠
  J♣   J♦   J♥   J♠
  Q♣   Q♦   Q♥   Q♠
  K♣   K♦   K♥   K♠

 b. i. 1
2

ii. 3
13

iii. 1
13

iv. 4
13

v. 1
52

vi. 3
4

vii. 4
13

viii. 9
13

ix. 4
13

x. 8
13

Challenge 13.2
24
Exercise 13.4 Sample spaces and theoretical probability
1. a. {Heads, Tails}

b. {a, a, o, u}

c. {Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday}

d. {R, R, R, W, W, B}

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

f. {king of hearts, diamonds, clubs, spades; queen of hearts, diamonds, clubs, spades; jack of hearts, diamonds, clubs, spades}

g. {1, 2, 3, 4, 5, 6, 7, 8}

h. {2, 4, 6, 8, 10, 12, 14, 16, 18, 20}

i. {apple, apple, pear, pear, pear, pear, orange, orange, orange, orange, banana, banana, banana, banana}

j. {Dolly, Dolly, Dolly, Girlfriend, Girlfriend, Smash Hits, Mathsmag, Mathsmag}

k. {A, B, C, D, E}

l. {gold, silver, bronze}

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

 b. i. 1
6

ii. 1
2

iii. 2
3

iv. 1
3

v. 1
2

vi. 1
3

vii. 0 viii. 1

3. a. 1
52

, 1.9% b. 1
13

, 7.7% c. 2
13

, 15.4% d. 1
4
, 25%

e. 1
2
, 50% f. 4

13
, 30.8% g. 1

13
, 7.7%

4. a. 2
45

b. 8
9

c. 1
9

d. 1
9
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5. a. 3
14

b. 1
7

c. 1
7

d. 5
14

e. 11
14

f. 4
7

g. 0 h. 13
14

6. a. 1
2

b. 1
2

c. 0 d. 1

7. a. 1
365 

(or  1
366

) b. 7
365 

(or  7
366

) c. 30
365

= 6
73 

(or  30
366

= 5
61

) d. 1
365 

(or  1
366

)

Note: In a leap year there are 366 days.

 8. a. i. Yes, equal sectors     ii. 1
2

 b. i. Yes, equal sectors     ii. 1
4

 c. i. No, sector 1 occupies a larger area. ii. 2
3

 d. i. No, sector 1 occupies the smallest area.  ii. 1
8

9. 1
2

10. a. 
G R

W

B
Y

b. Each sector has an angle of 72° at 
the centre of the spinner.

11. a. 
1

2
3

b. Sectors 1 and 2 have angles of 90° 
and sector 3 has an angle of 180° at 
the centre of the spinner.

12. a. 
A C

BD

b. Sectors A and D: 90°, sector B: 
120° and sector C: 60°.

13. a. 1 b. 360°

14. a. Heads, 1
2
; Tails, 1

2
b. 1

15. a. H H, 1
4
 H T, 1

4
 T H, 1

4
 T T, 1

4
b. 1

16. a. 1
6

b. 1 c. Yes

d. The total of probabilities for all elements in a sample space is always 1.

17. C

18. A

19. a. {1, 2, 3, 4, 5, 6} b. 36

c. 

d. Sum 2 3 4 5 6 7 8 9 10 11 12

Probability
1
36

2
36

= 1
18

3
36

= 1
12

4
36

= 1
9

5
36

6
36

= 1
6

5
36

4
36

= 1
9

3
36

= 1
12

2
36

= 1
18

1
36

e. The probabilities are symmetric.

f. {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}

 g. 
Number of Heads 0 1 2 3

Probability 1
8

3
8

3
8

1
8

h. 3 Heads i. Heads once and Tails twice

    Die 2

    1 2 3 4 5 6

D
ie

 

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

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

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

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

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

6 (6, 1) (6, 2) (6, 3) (6, 4) (6, 5) (6, 6)
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20. Ask your teacher.

 21. a. 1
4

b. 5
9

c. 1
2

 22. a. 1 b. 3
8

 23. a. 1
4

b. 1
6

c. 35
36

d. 1

 24. a. 1
4

b. 1
2

c. 1
2

d. 1
3

Exercise 13.5 Complementary events
 1. a. Selecting an odd number

b. Selecting a consonant

c. The coin landing Tails

d. Getting a number greater than 2

e. Getting a total of 12

f. Not selecting a diamond

g. Not selecting an E

h. Not selecting a blue marble

2. B and C

 3. a. Not complementary, as there are other things that you could have for breakfast.

b. Not complementary, as there are other ways of travelling to your friend’s house.

c. Not complementary, as there are other things that you could be doing.

d. Complementary, as this covers all possible outcomes.

e. Not complementary, as neither case covers the possibility of rolling a 4.

4. 12
13

5. A

6. 215
216

7. 4
5

 8. a. 1
4

b. 3
4

c. 3
4

d. 1
4

9. No, the two events are not complementary, as the sum of their probabilities does not equal one. Getting one Head is also an 
outcome.

 10. a. 17
70

b. 53
70

c. 9
70

d. 61
70

11. a. 0 b. 7
11

c. 4
11

12. 3
10

 13. a. 
n − r

n
b. 

r
n

 14. a. 3
11

b. 5
11

Exercise 13.6 Venn diagrams
1. 

B
13

17
15

10 12
14 16

20
11

1918

A

ξ 2. 

V
a
e

i h

d

g

cb
f

j

H

ξ

3. 

P
3

5
2 4

1

6

108
97

E

ξ 4. 
JS

December

February

NovemberSeptember

March April May

October

August

January

JuneJuly

W

ξ

5. 

V
ae

i h

d

g
c k
l

b
f

j

W C

o

p

m

n

ξ 6. 
O

3
9

6
12

1 2 4
8 105 11

13 14

7
M E

ξ
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 7. a. 

A
ao s

c

g

k m

q
w yi

u
e

C B

ξ

 b. i. {a, e, i, o, u} ii. {c, g, s}

iii. {a, c, e, g, i, o, s, u} iv. {c, a, g, e, s}

 8. a. 

496
894 588

222

Tyre BTyre A

ξ

 b. i. 894 ii. 588 iii. 222

c. 222
2200

= 111
1100

d. 124
271

 9. a. i. 

Volleyball
Tennis

8 10 22

6
10

Walking

ξ
 ii. 

Volleyball
Tennis

8 10 22

6
10

Walking

ξ  iii. 

Volleyball
Tennis

8 10 22

6
10

Walking

ξ

 b. i. 16 ii. 0

c. 56

 d. i. 32 ii. 24

e. 24
56

= 3
7

f. 6
56

= 3
28

g. 10
32

= 5
16

 10. a. 

4
6

20

2

1

D

7

3

AM
ξ

b. 7
43

c. 4
43

d. 2
43

e. 3
43

f. 31
43

g. 1
12

11. 
A B

6 4 1

ξ

 12. a. 25 b. 17 c. 9 d. 6 e. 7

f. 3 g. 1 h. 11 i. 22 j. 24

 13. a. 

SBS ABC1

5
7

18

10

ξ

b. 7
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 14. a. 

S

M C

40

8
15

6 38

10

10

21

ξ

b. 69 c. 38 d. 43 e. 21

Exercise 13.7 Tree diagrams and two-way tables
 1. a. i. Outcomes

HH

HT

TH

TT

1 2
H

T
H

T
H
T

ii.     1

    H T

2
H H  H T  H

T H  T T  T

 b. i. 1
4

ii. 1
4

iii. 1
4

iv. 1
2

v. 1
2

 2. a. Outcomes
BB

BG

GB

GG

1 2
B

G
B

G
B
G

 b. i. 1
4

ii. 1
4

iii. 1
2

iv. 1
4

v. 1
4

vi. 1
2

 3. a. Outcomes1 2
On

Off

On

Off

On

Off

 b. i. 1
4

ii. 1
4

iii. 1
2

iv. 1
2

 4. a. Outcomes
TT

TF

FT

FF

1 2
T

F
T

F
T
F

 b. i. 1
4

ii. 1
4

iii. 1
4

iv. 1
4

v. 1
2

 5. a. Outcomes
open, on

open, off

closed, on

closed, off

1 2
on

off
open

closed
on
off

    Light

    On Off
D
o
o
r 

Open open, on open, off

Closed closed, on closed, off

b. i. 1
4

ii. 1
4

iii. 1
4

iv. 1
4
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 6. a. i. Outcomes
H1
H2
H3
H4
H5
H6
T1
T2
T3
T4
T5
T6

1
2
3
4
5
6
1
2
3
4
5
6

H

T

ii.     1

 

2

  H T

1 H  1 T 1

2 H  2 T 2

3 H  3 T 3

4 H  4 T 4

5 H  5 T 5

  6 H  6 T 6

b. i. 1
12

ii. 1
2

iii. 1
4

iv. 1
6

 7. a.     Spinner
 
C
o
i
n 

  1 2 3

H H 1 H 2 H 3

T T 1 T 2 T 3

b. i. 1
6

ii. 1
6

iii. 1
6

iv. 1
6

v. 1
3

vi. 1
6

vii. 1
3

 8. a. 
  Colour

T
r
a
n
s
m
i
s
s
i
o
n

  Red White Yellow

Manual MR MW MY

Auto AR AW AY

b. i. 1
3

ii. 1
2

iii. 1
6

iv. 1
6

v. 1
6

 9. a.     Die

 C
o
i
n 

  1 2 3 4 5 6

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

b. i. 1
12

ii. 1
12

iii. 1
4

iv. 1
4

v. 1
4

vi. 1
6

vii. 5
12

 10. a. Outcomes
R1R1

R1R2

R1B
R2R1

R2R2

R2B
BR1

BR2

BB

1 2
R1

R2

B
R1

R2

B
R1

R2

B

R1

R2

B
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 b. i. 1
9

ii. 4
9

iii. 2
9

iv. 2
9

v. 4
9

vi. 5
9

vii. 1
9

viii. 4
9

ix. 8
9

x. 0 xi. 5
9

 11. a. 
1–
6

1–
6 1–

6
1–
6

1–
61–

6

1–
6

1–
6 1–

6
1–
6

1–
61–

6

1–
2

1–
2

Outcomes
H1
H2
H3
H4
H5
H6

Outcomes
T1
T2
T3
T4
T5
T6

H

1
2

3

4

5
6

T

1
2

3

4

5
6

b. P(H, 1) → P(T, 6) = 1
12

c. 1

 d. i. 1
4

ii. 1
2

iii. 1
2

 12. a. 
1–
6

1–
6

1–
6

1–
6 1–

6
1–
6

1–
6

1–
6

1–
6

1–
6

1–
6

1–
6

1–
2

1–
2

1–
2

1–
2

1–
2

1–
2

1–
3

1–
3

1–
3

1–
3

1–
3

1–
3

Blue

Blue

Blue

Blue

Blue

Blue

Red

Red

Red

Red

Red

Red

Yellow

Yellow

Yellow

Yellow

Yellow

Yellow

1

3

2

4

5

6

b. P(1,  Blue) →  P(6,  Blue) = 1
36

P(1,  Red) →  P(6,  Red)1 = 1
12

P(1,  Yellow) →  P(6,  Yellow) = 1
18

c. 1

 d. i. 1
6

ii. 1
3

iii. 1
2

iv. 1
12

13. E 14. E

 15. a. 1
3

b. 5

c–g. Check with your teacher.

h. For the lights described, P (red every morning of a school week) = 1
243

.

 16. a. P(winning roll) = 5
36

b. P(losing roll) = 5
36

c. P(neither win or lose) = 26
36

d. Check with your teacher.

 17. a. 

Black

Pants T-shirt

Khaki

White

White

Green

Red

White

White

Green

Red

b. 1
8
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 18. a. T

T

F
T

T

T

T

F
F

F
T

F

F

F

 b. i. 1
8

ii. 1
8

iii. 1
8

 19. a. i. 1
8

ii. 3
8

iii. 1
4

iv. 7
8

v. 3
4

 b. 1
2
            c. 1

2
         d. 1

2
          e.  Pr(2 girls, 1 boy) = 1

8

 20. a. 6 (ADF, AEF, BDF, BEF, CDF, CEF)

b. No; there is only one way from the library to home.

13.8 Review
1. B 2. C

 3. a. 60 b. 6 c. 10

 d. i. 1
6

ii. 3
20

iii. 29
60

 3. a. 
Score Frequency

1 18

2 20

3 6

4 4

5 2

Total 50

b. 1 → 36%
2 → 40%
3 → 12%
4 → 8%
5 → 4%

c. 1 Liberal–National or 2 Labor

d. Up to 40

e. 100%

5. A

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

b. No, because the sectors are of varying angle size. 3 and 6 have sectors which are double the size of others, therefore they 
will have a larger probability.

 c. i. 1
8

ii. 1
4

7. 1
200

 8. a. 1
3

b. 1
6

c. 2
3

d. 1
2

 9. a. 1
5

b. 2
5

c. 0 d 4
5

 10. a. i. 1
5

ii. 4
5

b. 1

 11. a. 

1

2

3
4

b. Sector 1: 180 Sector 2: 90° Sector 3: 45 Sector 4: 45°
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12. Sector 1: 1
4
 Sector 2: 1

8
 Sector 3: 1

8
 Sector 4: 1

6
  Sector 5: 1

6
  Sector 6: 1

6

 13. a. The coin lands Heads.

b. Losing the race

c. Answering the question incorrectly

d. Not selecting a black marble

e. Selecting a number greater than 19

 14. a. Complementary, as all possible outcomes are covered.

b. Complementary, as all possible outcomes are covered.

c. Not complementary, as there are other means to travel to work.

15. 4
7

 16. a. ξ

XH

72 39 45

12

b. 12
168

= 1
14

     c. 156
168

= 13
14

      d. 39
111

= 13
37

17.     Brand H

    Y N

Brand X
Y Y Y N Y

N Y N N N

 18. a. Outcomes
Blond
Black
Brown
Red
Blond
Black
Brown
Red

Boy, blond
Boy, black
Boy, brown
Boy, red
Girl, blond
Girl, black
Girl, brown
Girl, red

1 2

B

G

 
  

Hair colour

Blond Black Brown Red

Sex
B B Blond B Black B Brown B Red

G G Blond G Black G Brown G Red

b. i. 1
8

ii. 1
8

iii. 1
4

iv. 3
4

v. 1
4

 19. a. 

Pasta

Soup

Chicken

Lamb

Seafood

Chicken

Lamb

Seafood

Crème caramel
Ice-cream
Fruit salad
Crème caramel
Ice-cream
Fruit salad
Crème caramel
Ice-cream
Fruit salad
Crème caramel
Ice-cream
Fruit salad
Crème caramel
Ice-cream
Fruit salad
Crème caramel
Ice-cream
Fruit salad

b. 18

 c. a. 1
3

b. 1
3

c. 1
6
  iv  2

9

 d. i. 27 ii. 36 iii. 24

e. Multiply the total number of options from each category.

For example, 4 entrees, 3 mains and 2 desserts give (4 × 3 × 2) 24 different meal combinations.

20. Check with your teacher.
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 21. a. 3
4

b. Stayed the same

 22. a. 
0.5 H

0.5 H

0.5 T

0.5 H

0.5 T 0.5 H
0.5 T

0.5 H
0.5 T

0.5 H
0.5 T

0.5 H
0.5 T

0.5 T

b. 1
4

c. 1
2

d. Yes. The probability of a child winning is 1
4
 and the probability of the club winning is 3

4
.

23. 18 boys

24. 

D

D

D (won)

R (won)

R

R

D

R (won)

D (won)

R
D (won)

R (won)

D (won)

R
D

R (won)

D (won)

R (won)

25. Jar A

26. 900

 27. a. 
{(1, 1), (1, 2), (1, 3), (1, 4), (2, 1), (2, 2), (2, 3), 
(2, 4), (3, 1), (3, 2), (3, 3), (3, 4), (4, 1), 
(4, 2), (4, 3), (4, 4)}

b. 1
4

 28. a. 0.096 b. 0.432

28. 5
11

29. 1
6

30. 81
125

31. 0.45 32. 1
30

33. 5

Investigation — Rich task
1. Teacher to check

2. They are equally likely because each section is the same size.

3. 1
6

4. Teacher to check

5. 20

6–9. Teacher to check
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