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aRE yOu REaDy?

Try the questions below. If you have diffi culty with any of them, extra help can be obtained by 
completing the matching SkillSHEET. Either click on the SkillSHEET icon next to the question 
on the Maths Quest Preliminary Course eBookPLUS or ask your teacher for a copy.

Converting fractions to decimals

 1 Convert the following fractions to decimals.

a 1
5

b 3
4

c 3
10

d 17
20

Converting decimals to percentages

 2 Convert each of the following decimals to percentages.
a 0.3 b 0.65
c 0.04 d 0.125

Simplifying fractions

 3 Simplify each of the following fractions.

a 5
20

b 28
32

c 160
200

d 18
50

Converting fractions to percentages

 4 Write each of the following fractions as percentages.

a 1
4

b 3
5

c 5
8

d 1
3

Probability scale

 5 For each of the following events, specify whether the chance of the event occurring is certain, 
fifty-fifty or impossible.
a Two dice are rolled and a total of 14 is obtained.
b A coin is tossed and it lands on Tails.
c The month of July will follow June.
d The maximum temperature on a summer’s day in Sydney will be less than 0°C.
e A fair die is rolled and a number less than 4 is obtained.

Theoretical probability

 6 In a box of chocolates, there are 6 soft-centred chocolates, 4 hard-centred chocolates and 
5 nut-centred chocolates. A chocolate is selected at random.
a What is the probability of selecting a hard-centred chocolate?
b What is the probability of selecting a soft-centred chocolate?
c What is the probability of selecting a nut-centred chocolate?
d What is the sum of the probabilities calculated in parts a, b and c?
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Relative frequency
You are planning to go skiing on the fi rst weekend in July. The trip is costing you a lot of money 
and you don’t want your money wasted on a weekend without snow. So what is the chance of it 
snowing on that weekend? We can use past records to estimate that chance.

If we know that it has snowed on the fi rst weekend of July for 54 of the last 60 years, we 
could say that the chance of snow this year is very high. To measure that chance, we calculate 
the relative frequency of snow on that weekend. We do this by dividing the number of times 
it has snowed by the number of years we have examined. In this case, we can say the relative 
frequency of snow on the fi rst weekend in July is 54 ÷ 60 = 0.9.

The relative frequency is usually expressed as a decimal and is calculated using the formula:

Relative frequency =
number of times an event has occured

number of trials
In this formula, a trial is the number of times the probability experiment has been conducted.

The weather has been fi ne on Christmas Day in Sydney for 32 of the past 40 years. Calculate the 
relative frequency of fi ne weather on Christmas Day.

THINK WRITE

1 Write the formula. Relative frequency =
number of times an event has occured

number of trials

2 Substitute the number of fi ne 
Christmas Days (32) and the number 
of trials (40).

Relative frequency = 32
40

3 Calculate the relative frequency as a 
decimal.

= 0.8

The relative frequency is used to assess the quality of products. This is done by fi nding the 
relative frequency of defective products.

A tyre company tests its tyres and fi nds that 144 out of a batch of 150 tyres will withstand 20  000 km 
of normal wear. Find the relative frequency of tyres that will last 20  000 km. Give the answer as a 
percentage.

THINK WRITE

1 Write the formula. Relative frequency =
number of times an event has occured

number of trials

2 Substitute 144 (the number of times 
the event occurred) and 150 (number 
of trials).

Relative frequency = 144
150

3 Calculate the relative frequency. = 0.96

4 Convert the relative frequency to a 
percentage.

= 96%

15a

WORKED EXaMPLE 1

WORKED EXaMPLE 2
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Relative frequencies can be used to solve many practical problems.

A batch of 200 light globes was tested. The batch is considered unsatisfactory 
if more than 15% of globes burn for less than 1000 hours. The results of the 
test are in the table below.

No. of hours No. of globes

less than 500   4

500–750  12

 750–1000  15

1000–1250 102

1250–1500  32

more than 1500  35

Determine if the batch is unsatisfactory.

THINK WRITE

1 Count the number of light globes that 
burn for less than 1000 hours.

31 light globes burn for less than 1000 hours.

2 Write the formula. Relative frequency =
number of times an event has occured

number of trials

3 Substitute 31 (number of times the 
event occurs) and 200 (number of 
trials).

Relative frequency = 31
200

4 Calculate the relative frequency. = 0.155

5 Convert the relative frequency to a 
percentage.

= 15.5%

6 Make a conclusion about the quality 
of the batch of light globes.

More than 15% of the light globes burn for 
less than 1000 hours and so the batch is 
unsatis factory.

The relative frequency is used to estimate the probability of an event.1. 
The relative frequency, usually expressed as a decimal, is a fi gure that represents how 2. 
often an event has occurred.
The relative frequency is calculated using the formula:3. 

Relative frequency =
number of times an event has occured

number of trials
The relative frequency can also be written as a percentage and is used to solve practical 4. 
problems.

REMEMBER

WORKED EXaMPLE 3
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Relative frequency
 1  WE 1  At the opening of the ski season, there has been sufficient snow for skiing for 37 out of 

the past 50 years. Calculate the relative frequency of sufficient snow at the begin ning of the ski 
season.

 2 A biased coin has been tossed 100 times with the result of 79 Heads. Calculate the relative 
frequency of the coin landing Heads.

 3 Of eight Maths tests done by a class during a year, Peter has topped the class three times. 
Calculate the relative frequency of Peter topping the class.

 4 Farmer Jones has planted a wheat crop. For the wheat crop to be successful, farmer Jones 
needs 500 mm of rain to fall over the spring months. Past weather records show that this has 
occurred on 27 of the past 60 years. Find the relative frequency of:
a suffi cient rainfall b insuffi cient rainfall.

 5  WE 2  Of 300 cars coming off an assembly line, 12 are found to have defective brakes. 
Calculate the relative frequency of a car having defective brakes. Give the answer as a 
percentage.

 6 A survey of 25  000 new car buyers found that 750 had a major mechanical problem in the first 
year of operation. Calculate the relative frequency of:
a having mechanical problems in the fi rst year
b not having mechanical problems in the fi rst year.

 7 On a production line, light globes are tested to see how long they will last. After testing 1000 
light globes, it is found that 960 will burn for more than 1500 hours. Wendy purchases a light 
globe. What is the relative frequency that the light globe will:
a burn for more than 1500 hours?
b burn for less than 1500 hours?

 8  MC  Four surveys were conducted and the following results were obtained. Which result has 
the highest relative frequency?
A Of 1500 P-plate drivers, 75 had been involved in an accident.
B Of 1200 patients examined by a doctor, 48 had to be hospitalised.
C Of 20  000 people at a football match, 950 were attending their fi rst match.
D Of 50 trucks inspected, 2 were found to be unroadworthy.

EXERCISE

15a

 3 
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 9  MC  A study of cricket players found that of 150 players, 36 batted left handed. What is the 
relative frequency of left-handed batsmen?
A 0.24 B 0.36 C 0.64 D 0.76

 10 During an election campaign, 2000 people were asked for their voting preferences. One 
thousand and fifty said that they would vote for the government, 875 said they would vote for 
the opposition and the remainder were undecided. What is the relative frequency of:
a government voters? b opposition voters? c undecided voters?

 11 Research over the past 25 years shows that each November there is an average of two wet days 
on Sunnybank Island. Travelaround Tours offer one-day tours to Sunnybank Island at a cost of 
$150 each, with a money back guarantee against rain.
a What is the relative frequency of wet November days as a percentage?
b If Travelaround Tours take 1200 bookings for tours in November, how many refunds 

would they expect to give?

12 An average of 200 robberies takes place each year in the town of Amiak. There are 10  000 
homes in this town.
a What is the relative frequency of robberies in Amiak?
b Each robbery results in an average insurance claim of $20  000. What would be the minimum 

premium that the insurance company would need to charge to cover these claims?

13  WE 3  A car maker recorded the first time that its cars  
came in for mechanical repairs. The results are in the 
table below.

Time taken No. of cars

0–3 months  5

3–6 months 12

6–12 months 37

1–2 years 49

2–3 years 62

more than 3 years 35

The assembly line will need to be upgraded if the relative frequency of cars needing 
mechanical repair in the first year is greater than 25%. Determine if this will be  necessary.

 14 For the table in question 13 determine, as a percentage, the relative frequency of:
a a car needing mechanical repair in the first 3 months
b a car needing mechanical repair in the first 2 years
c a car not needing mechanical repair in the first 3 years.

 15 A manufacturer of shock absorbers measures the distance that its shock absorbers can travel 
before they must be replaced. The results are in the table below.

No. of kilometres No. of shock absorbers

      0–20  000  1

20  000–40  000  2

40  000–60  000 46

60  000–80  000 61

80  000–100  000 90

The relative frequency of the shock absorber lasting is 0.97 for a certain guaranteed distance. 
What is the maximum distance the manufacturer will guarantee so that the relative frequency 
of the shock absorbers lasting is greater than 0.97?
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16 A soccer team plays 40 matches over a season and the results (wins, losses and draws) are 
shown below.
W W W D L L L D W L W D L D
W W L L L D W W D L L W W
W L D L D D L W W W D D L
a Put this information into a table showing the number of wins, losses and draws.
b Calculate the relative frequency of each result over a season.

Further development
 17 Roger is a tennis player. He has won 165 of 

his last 200 matches.
a What is the relative frequency of Roger:

 i winning?
ii losing?

b After Roger has some time off tennis 
he comes back and wins only 6 of his 
next 20 matches. For this period of time 
what is the relative frequency of Roger:
 i winning?
ii losing?

c For all 220 matches, what is Roger’s 
overall relative frequency of:
 i winning?
ii losing?

 18  MC  A biased coin is tossed a number of times. The relative frequency of tails is found to 
be 0.2. The coin is tossed again several times. The relative frequency of tails this time is now 
found to be 0.3. What is the relative frequency of tails, when the results of the two trials are 
combined?
A 0.25 B 0.5
C 0.6 D cannot be determined

 19 In 60 rolls of a standard die, the relative frequency of a six is 0.2. In another 100 rolls of the die 
the relative frequency of a six is 0.3. Find the overall relative frequency of a six.

 20 During a one-year period, an insurance company finds that in a city of 125  000 homes, there 
has been 1275 home robberies.
a What is the relative frequency of robberies in the city?
b The average insurance claim after a robbery is $14  250. When setting home 

insurance premiums the insurance company calculates the premiums based on this 
average claim. Allowing for a 25% profit margin, calculate the amount of each 
premium in the city. 

 21 In NSW there are approximately 250  000 ‘P’ plate drivers. In total there are approximately 
3  000  000 drivers. In one year there was approximately 5  000 traffic accidents, of which 800 
involved ‘P’ plate drivers.
a What is the relative frequency of ‘P’ plate drivers?
b What was the overall relative frequency of drivers being involved in an accident?
c What was the relative frequency of ‘P’ plate drivers being involved in accidents?
d What was the relative frequency of an accident involving a ‘P’ plate driver?
e Explain the difference between parts c and d.

 22 Explain why: 
a the sum of all relative frequencies will be 1
b the relative frequency of one event increases, if the relative frequency of another event 

decrease.
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INVESTIGaTE: Researching relative frequencies

Choose one of the topics below (or another of your choice) 
and calculate the relative frequency of the event. Most of 
the information needed can be found from books or the 
Internet.
1  Examine weather records and find out the relative 

frequency of rain on New Year’s Eve in Sydney.
2  Choose your favourite sporting team. Find the relative 

frequency of them winning over the past three seasons.
3  Find the relative frequency of the stock market rising for 

three consecutive days.
4 Check the NRL or AFL competitions and find the relative 

frequencies of win, loss and draw for each team.

Single event probability
In chapter 14 we discussed the chances of certain events occurring. In doing so, we used 
informal terms such as probable and unlikely. While these terms give us an idea of whether 
something is likely to occur or not, they do not tell us how likely they are. To do this, we need 
an accurate way of stating the probability.

We stated earlier that the chance of any event occurring was somewhere between impossible 
and certain. We also said that:

if an event is impossible the probability was 0•	
if an event is certain the probability was 1.•	

It therefore follows that the probability of any event must lie between 0 and 1 inclusive.
A probability is a number that describes the chance of an event occurring. All prob abilities 

are calculated as fractions but can also be written as decimals or percentages. Probability is 
calculated using the formula:

P(event) =
number of favourable outcomes

total number of outcomes

The total number of favourable outcomes is the number of different ways the event can occur, 
while the total number of outcomes is the number of elements in the sample space.

Zoran is rolling a die. To win a game, he must roll a number greater than 2. List the sample space 
and state the number of favourable outcomes.

THINK WRITE

1 There are 6 possible outcomes. S = {1, 2, 3, 4, 5, 6}

2 The favourable outcomes are to roll a 3, 
4, 5 or 6.

There are 4 favourable outcomes.

Consider the case of tossing a coin. If we are calculating the probability that it will land Heads, 
there is 1 favourable outcome out of a total of 2 possible outcomes. Hence we can then write 
P(Heads) = 1

2
. This method is used to calculate the probability of any single event.

15B

WORKED EXaMPLE 4
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Andrea selects a card from a standard deck. Find the probability that she selects an ace.

THINK WRITE

1 There are 52 cards in the deck (total number 
of outcomes).

2 There are 4 aces (number of favourable 
outcomes).

3 Write the probability. P(ace) = 4

52

 = 1

13

In a barrel there are 6 red marbles, 2 green marbles and 4 yellow marbles. One marble is drawn at 
random from the barrel. Calculate the probability that the marble drawn is red.

THINK WRITE

1 There are 12 marbles in the barrel (total 
number of outcomes).

2 There are 6 red marbles in the barrel (number 
of favourable outcomes).

3 Write the probability. P(red) = 6

12

 = 1

2

Some questions have more than one favourable outcome. In these cases, we need to add together 
each of these outcomes to calculate the number of which are favourable.

On a bookshelf there are 4 history books, 7 novels, 2 dictionaries and 5 sporting books. If I select one 
at random, what is the probability that the one chosen is not a novel?

THINK WRITE

1 There are 18 books on the shelf (total number 
of outcomes).

2 Seven of these books are novels, meaning 
that 11 of them are not novels (number of 
favourable outcomes).

3 Write the probability. P(not a novel) = 11

18

WORKED EXaMPLE 5

WORKED EXaMPLE 6

WORKED EXaMPLE 7
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Some questions do not require us to calculate the entire sample space, only the sample space for 
a small part of the experiment.

WORKED EXaMPLE 8

The digits 1, 3, 4, 5 are written on cards and these cards are then used to form a four-digit number. 
Calculate the probability that the number formed is:
a  even b  greater than 3000.

THINK WRITE

a 1 If the number is even the last digit must be even. a 

2 There are four cards that could go in the 
fi nal place (total number of outcomes).

3 Only one of these cards (the 4) is even 
(number of favourable outcomes).

4 Write the probability. P(even) = 1

4
b 1 If the number is greater than 3000, then the 

fi rst digit must be a 3 or greater.
b

2 There are four cards that could go in the fi rst 
place.

3 Three of these cards are a 3 or greater.

4 Write the probability. P(greater than 3000) = 3

4

The sample space is the list of all possible outcomes in a probability experiment.1. 
The event space is a list of all favourable outcomes to a probability experiment.2. 
The probability of an event is calculated using the formula:3. 

P(event) =
number of favourable outcomes

total number of outcomes

REMEMBER

Single event probability
 1  WE4  A coin is tossed at the start of a cricket match. Manuel calls Heads. List the sample 

space and the number of favourable outcomes.

 2 For each of the following probability 
experiments, state the number of 
favourable outcomes.
a Rolling a die and needing a 6
b Rolling two dice and needing a total 

greater than 9
c Choosing a letter of the alphabet and it 

being a vowel
d The chance a baby will be born on the 

weekend
e The chance that a person’s birthday 

will fall in summer

EXERCISE
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 3 For each of the following probability experiments, state the number of favourable outcomes 
and the total number of outcomes.
a Choosing a red card from a standard deck
b Selecting the winner of a 15 horse race
c Selecting the fi rst ball drawn in a Lotto draw (The balls are numbered 1 to 44.)
d Winning a raffl e with 5 tickets out of 1500
e Selecting a yellow ball from a bag containing 3 yellow, 4 red and 4 blue balls

 4  WE5  A coin is tossed. Find the probability that the coin will show Tails.

 5 A regular die is cast. Calculate the probability that the uppermost face is: 
a 6 b 1
c an even number d a prime number
e less than 5 f at least 5.

 6 A barrel contains marbles with the numbers 1 to 45 written on them. One marble is drawn at 
random from the bag. Find the probability that the marble drawn is:
a 23 b 7
c an even number d an odd number
e a multiple of 5 f a multiple of 3
g a number less than 20 h a number greater than 35
i a square number.

 7 Many probability questions are asked about decks of cards. You should know the cards making 
up a standard deck.

K
Q

J 10 9 8 7 6 5 4 3 2

2

A

K
Q

J 10 9 8 7 6 5 4 3 2

A

2

K
Q

J 10 9 8 7 6 5 4 3 2

A

2

K
Q

J 10 9 8 7 6 5 4 3 2

A

2

A card is chosen from a standard deck. Find the probability that the card chosen is:
a the ace of diamonds b a king
c a club d red
e a picture card f a court card.

 8  WE6  A bag contains 12 counters: 7 are orange, 4 are red and 1 is yellow. One counter is 
selected at random from the bag. Find the probability that the counter chosen is:
a yellow b red c orange.

 9 The digits 2, 3, 5 and 9 are written on cards. One card is then chosen at random. Find the 
probability that the card chosen is:
a the number 2 b the number 5
c even d odd
e divisible by 3 f a prime number.

 10  WE 7  In a bag of fruit there are 4 apples, 6 oranges and 2 pears. Larry chooses a piece of fruit 
from the bag at random but he does not like pears. Find the probability that Larry does not 
select a pear.

 11  WE8  The digits 2, 3, 5 and 9 are written on cards. They are then used to form a four-digit 
number. Find the probability that the number formed is:
a even b odd
c divisible by 5 d less than 3000
e greater than 5000.

12  MC  A die is cast. The probability that the number on the uppermost face is less than 4 is:

A 1

6
B 1

3
C 1

2
D 2

3

13  MC  When a die is cast, which of the following outcomes does not have a probability equal 
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to 1
2

?

A The number on the uppermost face is greater than 3.
B The number on the uppermost face is even.
C The number on the uppermost face is at least a 3.
D The number on the uppermost face is a prime number.

14  MC  A card is chosen from a standard deck. The probability that the card chosen is a court 
card is:

A 1

52
B 1

13
C 3

13
D 4

13

15  MC  When a card is chosen from a standard deck, which of the following events is most likely 
to occur?
A choosing a seven B choosing a club
C choosing a picture card D choosing a black card

16 One thousand tickets are sold in a raffle. Craig buys five tickets.
a One ticket is drawn at random. The holder of that ticket wins fi rst prize. Find the 

probability of Craig winning fi rst prize.
b After the fi rst prize has been drawn, a second prize is drawn. If Craig won fi rst prize, 

what is the probability that he now also wins second prize?

17 A lottery has 160  000 tickets. Janice buys one ticket. There are 3384 cash prizes in the lottery.
a What is the probability of Janice winning a cash prize?
b If there are 6768 consolation prizes of a free ticket for being one number off a cash prize, 

what is the probability that Janice wins a consolation prize?
c What is the probability that Janice wins either a cash prize or a consolation prize?

18 A number is formed using all five of the digits 1, 3, 5, 7 and 8. What is the probability that the 
number formed:
a begins with the digit 3? b is even?
c is odd? d is divisible by 5?
e is greater than 30  000? f is less than 20  000?

19 Write down an example of an event which has a probability of:
a 1

22
b 1

44
c 2

55
.

20 A three-digit number is formed using the digits 2, 4 and 7.
a Explain why it is more likely that an even number will be formed than an odd number.
b Which is more likely to be formed: a number less than 400 or a number greater 

than 400?

Further development
 21 It is known that the probability of selecting a blue ball from a bag is 2

5
. 

a How many blue balls are in the bag if it known there is 80 balls in the bag?
b How many balls are in the bag if it is known that there are 28 blue balls?

 22 The probability that a black ball is selected from a bag is 7
20

. Another bag contains an equal 

number of balls. The probability that a black ball is selected from the second bag is 7
12

. Find the 

probability of selecting a black ball from the combined contents of the two bags.

 23 A card is drawn at random from a standard deck of cards. Find the probability that the card 
selected is: 
a a black ace b a black card
c not a heart d a jack or a queen
e a jack or a spade.

24 John has a 12 sided die and Lisa has a 20 sided die. They are playing a game where the first 
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person to roll a 10 wins. 
a Find the probability of John rolling a 10.
b Find the probability of Lisa rolling a 10.
c Is the game fair? Explain your answer.

 25 A number is chosen at random from the set {1, 2, 3, .  .  .  .  .  .  ., 25}. Find the probability that the 
number is:
a a multiple of 4
b a multiple of 6
c a multiple of 4 or 6.

26 Events are said to be mutually exclusive if the occurrence of one prevents the occurrence of the 
other. State whether each of the following pairs of events are mutually exclusive.
a Obtaining a 4 or an even number.
b Obtaining an odd number or a 6.
c Obtaining a number less than 8 or greater than 5.
d Obtaining a factor of 6 or a multiple of 6.

INVESTIGaTE: Comparing probabilities with actual results

In this activity, we compare the probability of certain events to practical results. You may be able 
to do a simulation of these activities on a spreadsheet.

1 Tossing a coin
a If we toss a coin P(Heads) = 1

2
. Therefore, if you toss a coin, how many Heads would you 

expect in:
          i    4 tosses?   ii 10 tosses?
 iii  50 tosses? iv 100 tosses?
b Now toss a coin 100 times and record the number of Heads after:
         i    4 tosses?   ii 10 tosses?
 iii  50 tosses? iv 100 tosses?

Combine your results with the rest of the class. How close to 50% is the total number of 
Heads thrown by the class?

2 Rolling a die
When you roll a die, what is the probability of rolling a 1? The probability for each number 
on the die is the same.
Roll a die 120 times and record each result in the table below.

Number Occurrences Percentage of throws

1

2

3

4

5

6

How close are the results to the results that were expected?

3 Rolling two dice
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Roll two dice and record the total on the faces of the two dice. Repeat this 100 times and 
complete the table below.

Number Occurrences Percentage of throws

 2

 3

 4

 5

 6

 7

 8

 9

10

11

12

Do you notice anything different about the results of this activity, compared to the others?

Writing probabilities as decimals and 
percentages
In our exercises so far, we have been writing probabilities as fractions. This is the way that 
most mathematicians like to express chance. However, in day-to-day language, decimals and 
percentages are also used. Therefore, we need to be able to write prob abilities as both decimals 
and percentages.

When writing a probability as a decimal, we use the same formula and divide the numerator 
by the denominator to convert to a decimal.

If I select a card from a standard deck, what is the probability of selecting a heart, expressed as a 
decimal? 

THINK WRITE

1 There are a total of 52 cards in the deck (elements of the sample 
space).

2 There are 13 hearts in the deck (elements of the event space).

3 Write the probability. P(heart) = 13
25

4 Convert to a decimal. = 0.25

The chance of an event occurring is commonly expressed as a percentage. This is the 
percentage chance of an event occurring. When writing a probability as a percentage, we take 
the fractional answer and multiply by 100% to convert to a percentage.

15C

WORKED EXaMPLE 9
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In a bag there are 20 counters: 7 are green, 4 are blue and the rest are yellow. 
If I select one at random, fi nd the probability (as a percentage) that the 
counter is yellow.

THINK WRITE

1 There are 20 counters in the bag (elements of the sample space).

2 There are 9 yellow counters in the bag (elements of the event space).

3 Write the probability. P(yellow counter) = 9
20

 × 100%

4 Convert to a percentage.  = 45%

Sometimes it is necessary to write a probability as a decimal or a percentage.1. 
To write a probability as a decimal, we calculate the probability as a fraction, then 2. 
divide the numerator by the denominator to convert to a decimal.
To write a probability as a percentage, we calculate the probability as a fraction, then 3. 
multiply by 100% to convert to a percentage.

REMEMBER

Writing probabilities as 
decimals and percentages
 1  WE9  A die is rolled. What is the probability of rolling 

an even number, expressed as a decimal?

 2  WE 10  A barrel contains 40 marbles. There are 10 blue 
marbles, 15 red marbles and 15 white marbles. A marble is 
selected at random from the barrel. Calculate, as a 
percentage, the probability of selecting a red marble.

 3 Write down the probability that a tossed coin will land Tails:
a as a decimal b as a percentage.

 4 A student is rolling a die. Write down each of the following probabilities as decimals, correct 
to 2 decimal places.
a Getting a 1 b Getting an odd number
c Getting a number greater than 4

 5 For rolling a die, write down the following probabilities as percentages. Give your answers 
correct to 1 decimal place.
a Getting a 3 b Getting an even number
c Getting a number less than 6

 6 From a standard deck of cards, one card is selected at random. Write down the probability of 
each of the following as a decimal (correct to 2 decimal places where necessary).
a Selecting the king of hearts
b Selecting a spade
c Selecting any 5
d Selecting a red card
e Selecting a court card (any king, queen or jack — the jack is also called a knave)

WORKED EXaMPLE 10
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 7 When selecting a card from a standard deck, what would be the probabilities of the following, 
written as percentages? Give your answers correct to 1 decimal place.
a Selecting a jack of clubs
b Selecting a diamond
c Selecting any 2
d Selecting a black card
e Selecting a court card

 8  MC  A raffle has 400 tickets. Sonya has bought 8 tickets. The probability that Sonya wins first 
prize in the raffle is:
A 0.02 B 0.08
C 0.2 D 0.8

 9  MC  In a class of 25 students, there are 15 boys and 10 girls. If a student is chosen at random 
from the class, the probability that the student is a boy is:
A 10% B 15%
C 40% D 60%

 10  MC  Which of the following does not describe the chance of selecting a diamond from a 
standard deck of cards?

A 13
52

B 0.13
C 0.25
D 25%

 11 The diagram on the right shows a spinner that can be used in a board game. 
When the player spins the spinner, what is the probability of getting the 
following results (expressed as a decimal)?
a A 5
b An even number
c An odd number
d A number greater than one

12 The board game in question 11 
has the following rules. A player 
spinnning a 2 or a 5 is out of 
the game. A player spinning 
a 3 collects a treasure and 
automatically wins the game. 
Write down the probability, as a 
percentage, that with the next spin 
a player:
a wins the game
b is out of the game
c neither wins nor is out of the 

game.

Further development
 13 A survey of the vehicles in a car park is conducted. The results are shown in the table 

below.

Vehicle type Bus Car Motor bike 4 wheel drive

Number 30 170 40 60

1

2
3

4

5
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Find the probability (as a decimal) that a vehicle leaving the car park is:
a a car b a bus c not a 4 wheel drive.

 14 The table below shows the origin of visitors to a Tourist information Centre in Sydney.

Origin Male Female Total

Victoria  7  9 12

Queensland  5  7 12

Other Australian states  3  2  5

Europe 16 17 33

Asia 10  4 14

Total 41 39 80

a Calculate (as a decimal) the relative frequency of:
  i Victorian male visitors
  ii European female visitors
 iii Asian visitors.
b If a person is selected at random find (as a percentage) the probability that the person is: 
  i from another Australian state
  ii a female Queensland visitor
 iii a European male visitor.

 15 Arlo and Roberta are playing a dice game. Arlo has an eight-sided die and Roberta has a six-
sided die.
a The first person who rolls a 5 wins. Find the probability (as a decimal) that each person 

rolls a five. Is this game fair?
b The first person who rolls an even number wins. Find the probability (as a percentage) 

that each person rolls an even number. Is this game fair?
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 16 The probability that a red marble is selected from a bag is 0.3. 
a If there is 80 marbles in the bag, how many are red?
b If there are 54 red marbles how many marbles in the bag are not red?

 17 A number is selected from the numbers set {1, 2, 3, .  .  .  .  .  ., 20}. Find, as a percentage, the 
probability that the number chosen is:
a a factor of 10
b a factor of 20
c a factor of 10 or 20.

 18 The functioning time of a car battery is shown in the table below.

Time (months) 6 7 8 9 10 11 12

Number 1 3 7 12 15 18 14

Find as a percentage, to the nearest whole number that, a battery will last for more than 
10 months.

Range of probabilities
Consider the following problem:
A die is cast. Calculate the probability that the uppermost face is a number less than 7.

We know this is certain to occur but we will look at the solution using the probability 
formula. There are 6 elements in the sample space and 6 elements in the event space. 
Therefore:

P(no. less than 7) = 6
6

 = 1

When the probability of an event is 1, the event is certain to occur.

Now let’s consider an impossible situation:
A die is cast. Calculate the probability that the uppermost face is a number greater than 7.

There are 6 elements in the sample space and there are 0 elements in the event space. 
Therefore:

P(no. greater than 7) = 0
6

 = 0

When the probability of an event is 0, the event is impossible.

All probabilities therefore lie in the range 0 to 1. An event 
with a probability of 1

2
 has an even chance of occurring or not 

occurring.

The range of probabilities can be seen in the fi gure at right.

This fi gure allows us to make a connection between the formal 
probabilities that we calculated in the previous exercise, and the 
informal terms we used in chapter 14.

The closer a probability is to 0, the less likely it is to occur. The 
closer the probability is to 1, the more likely it is to occur.

0 ≤ P(E) ≤ 1
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For the following probabilities, describe whether the event would be certain, probable, fi fty-fi fty, 
unlikely or impossible. 
a  4

9
 b  0 c  18

36

THINK WRITE

a 4
9
 is less than 1

2
 and is therefore unlikely to 

occur.

a The event is unlikely as it has a probability of 
less than 1

2
.

b A probability of 0 means the event is 
impossible.

b The event is impossible as it has a probability 
of 0.

c 18
36

1
2

= . Therefore, the event has an even 
chance of occurring.

c The event has an even chance of occurring as 
the probability = 1

2
.

WORKED EXaMPLE 12

In a batch of 400 televisions, 20 are defective. If one television is chosen, fi nd the probability of it not 
being defective and describe this chance in words.

THINK WRITE

1 There are 400 televisions (elements of the 
sample space).

2 There are 380 televisions that are not defective 
(number of favourable outcomes).

3 Write the probability. P(not defective) = 380
400

= 19
20

4 Since the probability is much greater than 1
2
 and

very close to 1, it is very probable that it will not 
be defective.

It is very probable that the television chosen will 
not be defective.

There are many situations where this will occur. You need to be able to recognise when you can 
and cannot measure the probability. You cannot measure probability when each outcome is not 
equally likely.

State whether the following statements are true or false, and give a reason for your answer.
a  The probability of correctly selecting a number drawn out of a barrel between 1 and 10 is 1

10
.

b  The weather tomorrow could be fi ne or rainy, therefore the probability of rain is 1
2
.

THINK WRITE

a Each outcome is equally likely. a True, because each number is equally likely to 
be selected.

b Each outcome is not equally likely. b False, because there is not an equal chance of 
the weather being fi ne or rainy.

WORKED EXaMPLE 11

WORKED EXaMPLE 13
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Probabilities range from 0 to 1. A probability of 0 means that the event is impossible, 1. 
while a probability of 1 means the event is certain.
By calculating the probability, we are able to make a connection with the more 2. 
informal descriptions of chance.
The rules of probability can be applied only when each outcome is equally likely to 3. 
occur.

REMEMBER

Range of probabilities
 1  WE 11  For each of the probabilities given below, state whether the event would be imposs ible, 

unlikely, even chance, probable or certain.
a 7

14
b 10

13
c 3

8

d 1 e 37
40

f 25
52

g 19
36

h 0 i 12
25

 2 For each of the events below, calculate the probability and hence state whether the event is 
impossible, unlikely, even chance, probable or certain.
a Rolling a die and getting a negative number
b Rolling a die and getting a positive number
c Rolling a die and getting an even number
d Selecting a card from a standard deck and getting a red card
e Selecting a card from a standard deck and getting a spot card
f Selecting a card from a standard deck and getting an ace
g Reaching into a moneybox and selecting a 30c piece
h Selecting a blue marble from a bag containing 3 red, 3 green and 6 blue marbles

 3 Give an example of an event with a probability which is:
a certain b probable c even chance
d unlikely e impossible.

 4 The probabilities of five events are given below. Write these in order from the most likely to 
the least likely event.

7
13

 8
19

 9
18

 13
20

 6
25

 5 By calculating the probability of each, write the following events in order from least to most 
likely.
A — Winning a raffl e with 5 tickets out of 30
B — Rolling a die and getting a number less than 3
C — Drawing a green marble from a bag containing 4 red, 5 green and 7 blue marbles
D — Selecting a court card from a standard deck
E — Tossing a coin and having it land Heads

 6  MC  The probabilities of several events are shown below. Which of these is the most likely to 
occur?

A 1
22

B 19
3636

C 22
4545

D 20
3232

 7  MC  Cards in a stack have the letters of the alphabet written on them (one letter per card). 
Vesna draws a card from the stack. The probability of selecting a card that has a vowel written 
on it could best be described as:
A impossible B unlikely C even chance D probable

EXERCISE

15D
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 8  MC  For which of the following events can the 
probability not be calculated?
A Selecting the fi rst number drawn from a 

barrel containing 20 numbered marbles
B Selecting a diamond from a standard deck 

of cards
C Winning the lottery with one ticket out of 

150  000
D Selecting the winner of the Olympic 

100-metre fi nal with 8 runners

 9  WE 12  In a batch of 2000 cars that come off an 
assembly line, 50 have faulty paintwork. A car 
is chosen at random.
a Find the probability that it has faulty 

paintwork.
b Describe the chance of buying a car with 

faulty paintwork.

 10 A box of matches has on the label ‘Minimum 
contents 50 matches’. The quality control 
department of the match manufacturer surveys 
boxes and finds that 2% of boxes have less than 
50 matches. Find the probability that a box 
contains at least 50 matches and describe this chance.

 11 A box of breakfast cereal contains a card on which there may be a prize. In every 
100  000 boxes of cereal the prizes are:
1 new car
5 Disneyland holidays
50 computers
2000 prizes of $100 in cash
50  000 free boxes of cereal
All other boxes have a card 
labelled ‘Second Chance Draw’. 
Describe the chance of getting a 
card labelled:
a new car
b free box of cereal
c any prize
d ‘Second Chance Draw’.

 12  WE 13  For each of the following determine whether the statement is true or false, giving a 
reason for your answer.
a The probability of selecting an ace from a standard deck of cards is 4

52
.

b The probability of selecting the letter P randomly from a page of a book is 1
26

.

c In a class of 30 students, the probability that Sam tops the class in a Maths test is 1
30

.

d In a class of 30 students the probability that Sharon’s name is drawn from a hat is 1
30

.

Further development
 13 Describe the following. 

a The probability of rain tomorrow
b Will everyone give the same answer to this question?
c Can the rules of probability be applied to this question? Explain why or why not.
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14 A barrel contains 100 marbles of which 50 are black and 50 are white.
a What is the probability that a marble selected from the barrel is black?
b The marble is not replaced in the bag before a second marble is drawn. Paul says that there is 

a fi fty–fi fty chance that the second ball will be black. Is Paul correct? Explain your answer.

15 Explain why probabilities are most easily displayed as a fraction.

16 Luke says that an event with a probability of 0.49 is unlikely to occur. Does this mean that if 
the event occurs one should be surprised?

17 The table below shows the Mathematics exam results of a group of Year 11 students.

Mark 0–25 26–40 41–50 51–65 66–75 76–85 86–95 96–100

Number 11 16 17 34 57 54 21 4

a Determine the probability that a student from the group passes the exam (i.e. gets a mark 
greater than 50).

b Describe the chance that the person selected gets over 95.

18 Consider the probability scale on page 496. Give an example of an event that matches each 
point labelled on the scale.

 INVESTIGaTE: Graphing results

1 Weather statistics
Use the internet to fi nd the number of wet days in Sydney during each month of the last fi ve 
years. Copy and complete the table below for each month of the year.

Year No. of wet days Relative frequency

Draw a radar chart to graph the month against the relative frequency of rain.

2 Sporting results
Choose a sporting competition such as the AFL or NRL. Use the current or most recent 
season to calculate the relative frequency of each team winning. Choose an appropriate graph 
to display the results.
(If you are using a spreadsheet, you can easily update your results each week.)

3 Topic of interest
Choose a topic of interest. Research your area thoroughly and display your fi ndings in 
graph form.

Complementary events
When tossing a coin, we know there are two elements in the sample space. P(Heads) = 1

2
 and 

P(Tails) = 1
2
. The total of the probabilities is 1. Now consider a slightly more diffi cult problem.

In a bag with 10 counters, there are 7 black, and 3 white counters. If one counter is selected at 
random from the bag, calculate: 
a  the probability of selecting a white counter
b  the probability of selecting a black counter
c  the total of the probabilities.

15E

WORKED EXaMPLE 14



501Chapter 15 Relative frequency and probability

THINK WRITE

a There are 10 counters of which 3 are white. a P(white) = 3
10

b There are 10 counters of which 7 are black. b P(black) = 7
10

c Add 3
10

 and 7
10

 together. c Total = 3
10

+ 7
10

  = 1

In any probability experiment the total of all probabilities equals 1.

We can use this rule to help us make calculations. In the above example, the chance 
of selecting a black counter and the chance of selecting a white counter are said to be 
complementary events. Complementary events are two events for which the prob abilities have 
a total of 1. In other words, complementary events cover all possible out comes to the probability 
experiment.

When we are given one event and asked to state the complementary event, we need to 
describe what must happen for the fi rst event not to occur.

WORKED EXaMPLE 15

For each of the following events, write down the complementary event.
a  Tossing a coin and getting a Head
b  Rolling a die and getting a number less than 5
c  Selecting a heart from a standard deck of cards

THINK WRITE

a There are two elements to the sample 
space, Heads and Tails. If the coin does 
not land Heads, it must land Tails.

a The complementary event is that the coin lands 
Tails.

b There are 6 elements to the sample space 
— 1, 2, 3, 4, 5, and 6. If we do not get a 
number less than 4 we must get either a 
5 or a 6.

b The complementary event is that we get a number 
greater than 4.

c As we are concerned with only the suit 
of the card, there are four elements to the 
sample space: hearts, diamonds, clubs 
and spades. If we do not get a heart we 
can get any other suit.

c The complementary event is that we do not get a 
heart.

We can use our knowledge of complementary events to simplify the solution to many problems. 
The probability of an event and its complement will always add to give 1. We can use the result:

P(an event does not occur) = 1 − P(the event does occur)

Jessie has a collection of 50 CDs. Of these, 20 are by a rap artist, 10 are by heavy metal performers 
and 20 are dance music. If we select one CD at random, what is the probability that it is:
a  a heavy metal CD?
b  not a heavy metal CD?

WORKED EXaMPLE 16
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THINK WRITE

a Of 50 CDs, 10 are by heavy metal 
performers.

a P(heavy metal CD) = 10
50

 = 1
5

b This is the complement of selecting a 
heavy metal CD. Subtract the probability of 
selecting a heavy metal CD from 1.

b P(not heavy metal) = 1 − P(heavy metal)
 = 1 1

5
−

 = 4
5

The complement of an event is the event that describes all other possible outcomes to 1. 
the probability experiment.
The sum of the probability of an event and its complement equals 1.2. 
To calculate the probability of an event, subtract the probability of its complementary 3. 
event from 1.

REMEMBER

 Complementary events
 1  WE 14  A die is rolled.

a List the sample space.
b Write down the probability of each event in the sample space.
c What is the total of the probabilities?

 2 A barrel contains 20 marbles. We know that 7 of them are blue, 8 are red and the rest are 
yellow.
a One marble is selected from the barrel. Calculate the probability that it is:
 i blue ii red iii yellow.
b Calculate the total of these probabilities.

 3  WE 15  For each of the following, state the complementary event.
a Winning a race
b Passing a test
c Your birthday falling on a Monday

 4 Match each event in the left-hand column with the complementary event in the right-hand 
column.
A coin landing Heads A coin landing Tails
An odd number on a die A spot card from a standard deck
A picture card from a standard deck Not winning 1st prize in the raffl e
A red card from a standard deck A team not making the last 4 
Winning 1st prize in a raffl e with 100 tickets An even number on a die
Making the last 4 teams in a 20 team tournament A black card from a standard deck

 5 For each pair of events in question 4, calculate:
a the probability of the event in the left-hand column
b the probability of its complementary event
c the total of the probabilities.

 6 You are rolling a die. Write down the complementary event to each of the following.
a Rolling an even number b Rolling a number greater than 3
c Rolling a number less than 3 d Rolling a 6
e Rolling a number greater than 1

EXERCISE

15E
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 7 In a barrel there are balls numbered 1 to 45. For each of the following, write down the 
complementary event.
a Choosing an odd-numbered ball
b Choosing a ball numbered less than 20
c Choosing a ball that has a number greater than 23
d Choosing a ball that is a multiple of 5

 8 In a barrel there are 25 balls, 15 of which are coloured (10 pink and 5 orange). The rest are 
black. What is the complementary event to selecting:
a a black ball? b a coloured ball? c a pink ball?

 9  MC  Wilson rolls two dice. He needs to get a 6 on at least one of the dice. What is the 
complementary event?
A Rolling no sixes B Rolling 2 sixes C Rolling 1 six D Rolling at least 1

 10  MC  The probability of rolling at least one six is 11
36

. What is the probability of the 
complementary event?

A 9
36 B 11

36 C 25
36 D 1

 11  WE 16  In a barrel with 40 marbles, 20 are yellow, 15 are green and 5 are orange. If one marble 
is selected from the bag find the probability that it is:
a orange
b not orange.

 12 In a barrel there are 40 balls numbered 1 to 40. One ball is chosen at random from the barrel.
a Find the probability that the number is a multiple of 5.
b Use your knowledge of complementary events to fi nd the probability that the 

number is not a multiple of 5.

 13 There are 40 CDs in a collection. They can be 
classified as follows.

 18 heavy metal
 6 rock
 10 techno
 6 classical
If one CD is chosen at random, calculate the 
probability that it is:
a heavy metal
b not heavy metal
c classical
d not classical
e heavy metal or rock
f techno or classical.

 14 In a golf tournament there are 40 players. Of these, 16 are Australian and 12 are Amer ican. If 
they are all of the same skill level, find the probability that the tournament is:
a won by an Australian
b won by an American
c not won by an Australian
d not won by an American
e not won by an Australian or an American.

 15 After studying a set of traffic lights, Karen found that in every 100 seconds 
they were red for 60 seconds, amber for 5 seconds and green for 35 seconds. 
If you were to approach this set of lights calculate the probability that:
a they will be green
b you will need to stop.
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16 In a game of Scrabble there are 100 lettered tiles. 
These tiles include 9 ‘A’s, 12 ‘E’s, 9 ‘I’s, 8 ‘O’s 
and 4 ‘U’s. One tile is chosen. Find the 
probability that it is:
a an ‘E’
b a vowel
c a consonant.

 17 From past performances it is known that a 
golfer has a probability of 0.7 of sinking a putt. 
What is the probability that he misses the putt?

 18 A basketballer is about to take a shot from the 
free-throw line. His past record shows that he 
has a 91% success rate from the free-throw line. What would be the relative frequency (as a 
percentage) of his:
a being successful with the shot? b missing the shot?

Further development
 19 Explain whether or not each of the following pairs of events are complementary.

a Having WeetBix or Corn Flakes for breakfast.
b Walking or driving to school.
c Watching TV or surfi ng the Internet.
d Rolling a number less than 3 or rolling a number greater than 3 with a normal die.
e Passing or failing a test.

 20 Two coins are tossed. Are the events of tossing two heads and tossing two tails 
complementary? Explain your answer.

 21 A race has eight horses in it. The favourite Make Be Diva is given a 22% chance of winning.
a What is the probability of Make Be Diva not winning?
b Is it possible to calculate the probability that the second favourite Shucking will win the 

race? Explain your answer.

 22 The probability of an event A is given as P(A) = 0.32. The probability of an event B is given as 
P(B) = 0.15. Given that A and B are mutually exclusive find:
a P(A or B)
b P(neither A nor B).

 23 In question 22 are the events (A or B) and (neither A nor B) complementary? How do you 
know?

 24 In a barrel there are 10 blue balls and 10 red balls. Two balls are selected at random from 
the bag. Will is interested in the probability of selecting at least one red ball. What event is 
complementary to selecting at least one red ball?

 24 
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SuMMaRy

Relative frequency

Relative frequency describes how often an event has occurred.•	
It is found by dividing the number of times an event has occurred by the total number of trials.•	

Single event probability

The probability of an event can be found using the formula:•	

P(event) = 
number of favourable outcomes

total number of outcomes
Probabilities are usually written as fractions but can also be expressed as decimals or percentages.•	

Range of probabilities

Probabilities range from 0 (impossible) to 1 (certain). The use of a fraction for a probability can help us •	
describe, in words, the chance of an event occurring.

Complementary events

The complement of an event is the event that describes all other possible outcomes to the probability •	
experiment.
The probability of an event and its complement add to give 1.•	
The probability of an event can often be calculated by subtracting the probability of its complementary event •	
from 1.
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CHaPTER REVIEW

MuLTIPLE CHOICE

 1  MC  A number is chosen at random from the 
numbers 1 to 50. The probability that a multiple of 3 
is chosen is:

A 3
50

B 8
25

C 16
34

D  34
50

 2  MC  The probability of a footballer kicking a goal 
is 5

8
. The chance of him kicking the goal could best 

be described as:
A unlikely B fi fty-fi fty
C probable D certain

 3  MC  An Olympic Games shooter hits a target with 
46 out of 50 shots. The relative frequency of him 
hitting his target is:
A 0.03 B 0.46 C 0.50 D 0.92

 4  MC  The probability of a missile hitting its target 
is 17

25
. The probability of missing the target is:

A 1
25

B 8
25

C 17
25

D 1

SHORT aNSWER

 1 From every 100 televisions on a production line, 
two are found to be defective. If you choose a 
television at random, find the relative frequency of 
defective televisions.

 2 It is found that 150 of every thousand 17-year-old 
drivers will be involved in an accident within one 
year of having their driver’s licence.
a What is the relative frequency of a 17-year-old 

driver having an accident?
b If the average cost to an insurance company 

of each accident is $5000, what would be the 
minimum premium that an insurance company 
should charge a 17-year-old driver?

 3 The numbers 1 to 5 are written on the back of 
5 cards that are turned face down. Michelle then 
chooses one card at random. Michelle wants to 
choose a number greater than 2. List the sample 
space and all favourable outcomes.

 4 A barrel contains 25 balls numbered from 1 to 
25. One ball is drawn from the barrel. Find the 
probability that the marble drawn is:
a 13
b 7
c an odd number

d a square number
e a prime number
f a double-digit number.

 5 A card is to be chosen from a standard deck. Find 
the probability that the card chosen is:
a the 2 of clubs
b any 2
c any club
d a black card
e a court card
f a spot card.

 6 A video collection has 12 dramas, 14 comedies, 4 
horror and 10 romance movies. If I choose a movie 
at random from the collection, find the probability 
that the movie chosen is:
a a comedy b a horror
c not romance.

 7 The digits 5, 7, 8 and 9 are written on cards. They 
are then arranged to form a four-digit number. Find 
the probability that the number formed is:
a 7895
b odd
c divisible by 5
d greater than 7000
e less than 8000.

 8 A raffle has 2000 tickets sold and has two prizes. 
Michelle buys five tickets. 
a Find the probability that Michelle wins 1st prize.
b If Michelle wins 1st prize, what is the 

probability that she also wins 2nd prize?

 9 A barrel contains marbles with the numbers 1 to 40 
on them. If one marble is chosen at random find, as 
a decimal, the probability that the number drawn is:
a 26
b even
c greater than 10.

 10 A carton of soft drinks contains 12 cola, 8 orange 
and 4 lemonade drinks. If a can is chosen at 
random, find the probability, as a percentage, that 
the can chosen is:
a cola
b orange 
c not orange.

 11 If an event has a probability of 5
9
, would the event 

be unlikely, fifty-fifty or probable?
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 12 When 400 cars are checked for a defect, it is found 
that 350 have the defect. If one is chosen at random 
from the batch, find the probability that it has the 
defect and hence describe the chance of the car 
having the defect.

 13 State the event that is complementary to each of the 
following.
a Tossing a coin that lands Tails
b Rolling a die and getting a number less than 5
c Choosing a blue ball from a bag containing 4 

blue balls, 5 red balls and 7 yellow balls

 14 A barrel contains 20 marbles of which 6 are 
black. One marble is selected at random. Find the 
probability that the marble selected is:
a black b not black.

 15 The probability that a person must stop at a set of 
traffic lights is 7

12
. What is the probability of not 

needing to stop at the lights?

 16 On a bookshelf there are 25 books. Of these, seven 
are fiction. If one book is chosen at random, what is 
the probability that the book chosen is non-fiction?

Extended response

 1 Theo, Marcus, Olivia, Ben and Kelly are the finalists in a contest run by a music store. Two names will be 
drawn. The first name will win two tickets to a ‘Silverchair’ concert.
a What is the probability that Marcus wins the Silverchair tickets?
b Ben and Kelly agree that if either win a prize, they will take the other to the concert. What is the 

probability that Ben and Kelly will attend the concert?
c What is the probability that neither Ben nor Kelly win the tickets?

 2 A navy ship fires 60 missiles at a target and hits the target 42 times.
a Find the relative frequency of a missile hitting its target.
b What is the relative frequency of a missile missing its target?
c Describe in words the chance of a missile hitting its target.
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