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TOPIC 5 
Ratios and rates

5.1 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.

5.1.1 Why learn this? 
Ratios are used to compare different quantities. For example, they 
can be used to describe money exchanges, ingredients used in 
cooking or perspective in drawings. Some ratios have been found 
to occur in nature, and in ancient times some philosophers 
believed that numbers could explain the nature of the universe. 
Rates enable us to compare quantities expressed in different units. 
For example, how far will the family car travel on 30 litres of 
unleaded petrol when travelling in traffic at an average speed of 
55 km/h?

LEARNING SEQUENCE
5.1 Overview
5.2 Introduction to ratios
5.3 Simplifying ratios
5.4 Proportion
5.5 Comparing ratios
5.6 Dividing in a given ratio
5.7 Rates
5.8 Interpreting graphs
5.9 Review

LEARNING OUTCOMES
A student:

• communicates and connects mathematical ideas using appropriate terminology, diagrams and symbols MA4-1WM
• applies appropriate mathematical techniques to solve problems MA4-2WM
• recognises and explains mathematical relationships using reasoning MA4-3WM
• operates with ratios and rates, and explores their graphical representations MA4-7NA

CONTENT DESCRIPTIONS
Students:
Recognise and solve problems involving simple ratios (ACMNA173)
Solve a range of problems involving ratios and rates, with and without the use of digital technologies 
(ACMNA188)
Investigate, interpret and analyse graphs from authentic data (ACMNA180)
Source: NSW Syllabus for the Australian Curriculum 
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Note: Your teacher may now set you a pre-test to determine how familiar you are with the content in this 
topic.

5.2 Introduction to ratios
5.2.1 Ratios

 • Ratios are used to compare quantities of the same kind.
 • Ratios do not have a name or unit of measurement.
 • The order of the numbers in a ratio is important. If the ratio of flour to water is 1 : 4, the 1 corresponds 

to the quantity of flour and the 4 corresponds to the quantity of water.
 • Ratios can also be written in fractional form: 1 : 4 ⇔ 1

4
.

 • Ratios can also be written as percentages; for example, if 20% of a class of Year 8 students walked to 
school, then 80% did not walk to school — a ratio of 1 : 4.

 • Before ratios are written, the numbers must be expressed in the same units of measurement. Once the 
units are the same, they can be omitted.

 • Ratios contain only whole numbers.

RATIO STATIONS
Equipment: coloured blocks or counters (at least three different colours), paper, pen
1. Set up four stations around the room, each with at least 10 blocks of at least three different colours.
2. Divide the board into four sections, one for each station so that people can write their ratios on the board.
3. In small groups, begin at any station and write at least three different ratios to describe the relationships 

between the blocks. At least one of these ratios must be a ratio of a part to a whole. Record these ratios in 
your book, simplifying where possible. Make sure that you write down what your ratio represents, such as 
red blocks to blue blocks.

4. Move around the stations and repeat step 3, visiting all stations if time permits.
5. Share your findings by writing the ratios on the board.
6. What is the difference between comparing a part to a whole and comparing a part to another part? 

Watch this eLesson: The story of mathematics
Searchlight ID: eles-1845

 RESOURCES — ONLINE ONLY

WORKED EXAMPLE 1

Look at the completed game of noughts and crosses at right and write the ratios of:
a crosses to noughts
b noughts to unmarked spaces.

THINK WRITE

a Count the number of crosses and the number of noughts. Write the 
2 numbers as a ratio (the number of crosses must be written first).

a 4 : 3

b Count the number of noughts and the number of unmarked spaces. 
Write the 2 numbers as a ratio, putting them in the order required 
(the number of noughts must be written first).

b 3 : 2
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5.2.2 Expressing one part of a ratio as a fraction of the whole
 • If you are given a ratio where the parts of the ratio together represent the whole, you can express one 

part of the ratio as a fraction of the whole.

5.2.3 Ratios involving more than two numbers
 • Ratios can be extended to compare more than two quantities of the same kind. Each quantity being 

compared should be split by a : symbol.
 • For example, if a family has 1 dog, 2 cats and 3 goldfish, the ratio of dogs to cats to goldfish is  

1 : 2 : 3. 

WORKED EXAMPLE 2

Rewrite the following statement as a ratio: 7 mm to 1 cm.

THINK WRITE

1 Express both quantities in the same units. To obtain whole 
numbers, convert 1 cm to mm (rather than 7 mm to cm).

7 mm to 1 cm
7 mm to 10 mm

2 Omit the units and write the 2 numbers as a ratio. 7 : 10

WORKED EXAMPLE 3

The number of tries scored by two teams in a rugby match was in the ratio 1 : 3.
Express the amount of tries the first team scored as a fraction of the whole number of tries 
scored.

THINK WRITE

1 Determine the total amount of parts in the ratio by 
summing the parts.

1 + 3 = 4

2 Express the first part (1) as a fraction of the whole (4). 1
4

3 Write the answer The first team scored 1
4

 of the whole 

number of tries scored.

Try out this interactivity: Fruit salad ratio
Searchlight ID: int-0076

Try out this interactivity: Introduction to ratios
Searchlight ID: int-3733

Complete this digital doc: SkillSHEET: Converting units of length, capacity and time
Searchlight ID: doc-6888

Complete this digital doc: SkillSHEET: Highest common factor
Searchlight ID: doc-6889 

RESOURCES — ONLINE ONLY
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Exercise 5.2 Introduction to ratios

Individual pathways 

 V PRACTISE
Questions:
1–8, 10, 14–16

 V CONSOLIDATE
Questions:
1–4, 5a–p, 6–9, 12, 14–17

 V MASTER
Questions:
1–4, 5k–t, 7–19

V V V  Individual pathway interactivity: int-4412

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

Understanding and fluency
1.  WE1  Look at the completed game of noughts and crosses and write the ratios of:

a. noughts to crosses
b. crosses to noughts
c. crosses to total number of spaces
d. total number of spaces to noughts
e. noughts in the top row to crosses in the bottom row.

2. Look at the coloured circles on the right and then write the following 
ratios.
a. Black : red b. Red : black
c. Aqua : black d. Black : aqua
e. Aqua : red f. Black : (red and aqua)
g. Aqua : (black and red) h. Black : total circles
i. Aqua : total circles j. Red : total circles

3. For the diagram shown, write the following ratios.
a. Shaded parts : unshaded parts
b. Unshaded parts : shaded parts
c. Shaded parts : total parts

4. In the bag of numbers shown to the right, write the ratios of:
a. even numbers to odd numbers
b. prime numbers to composite numbers
c. numbers greater than 3 to numbers less than 3
d. multiples of 2 to multiples of 5
e. numbers divisible by 3 to numbers not divisible by 3.

5.  WE2  Rewrite each of the following statements as a ratio.
a. 3 mm to 5 mm b. 6 s to 19 s
c. $4 to $11 d. 7 teams to 9 teams
e. 1 goal to 5 goals f. 9 boys to 4 boys
g. 3 weeks to 1 month h. 3 mm to 1 cm
i. 17 seconds to 1 minute j. 53 cents to $1

k. 11 cm to 1 m l. 1 g to 1 kg
m. 1 L to 2 kL n. 7 hours to 1 day
o. 5 months to 1 year p. 1 km to 27 m
q. 7 apples to 1 dozen apples r. 13 pears to 2 dozen pears
s. 3 females to 5 males t. 1 teacher to 22 students

 ONLINE ONLY

2 9

7
4 5

6 8
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6. Out of 100 people selected for a school survey, 59 were junior students, 3 were teachers and the rest 
were senior students. Write the following ratios.
a. Teachers : juniors
b. Juniors : seniors
c. Seniors : teachers
d. Teachers : students
e. Juniors : other members of the survey

7.  WE3  Julia purchased 6 apples and 11 oranges from the local farmers’ market. Express the number of 
apples as a fraction of the whole number of pieces of fruit purchased.

8. Write each of the following as a mathematical ratio.
a. In their chess battles, Lynda has won 24 games and Karen has won 17.
b. There are 21 first-division teams and 17 second-division teams.
c. Nathan could long jump twice as far as Rachel.
d. On the camp there were 4 teachers and 39 students.
e. In the mixture there were 4 cups of flour and 1 cup of milk.
f. Elena and Alex ran the 400 m in the same time.
g. The radius and diameter of a circle were measured.
h. The length of a rectangle is three times its width.
i. On Friday night 9 out of every 10 people enjoyed the movie.
j. The length of one side of an equilateral triangle compared to its perimeter.
k. The length of a regular hexagon compared to its perimeter.
l. The number of correct options compared to incorrect options in a multiple-choice question 

containing five options.
9. A pair of jeans originally priced at $215 was purchased for $179. What is the ratio of:

a. the original price compared to the selling price?
b. the original price compared to the discount?

10. Matthew received a score of 97% for his Maths test. What is the ratio of:
a. the marks received compared to marks lost?
b. the marks lost compared to total marks possible?

11. Given the following fractions, express the first number in the ratio as a fraction of the whole.
a. 3 : 7 b. 4 : 11 c. 13 : 12 d. 7 : 2

12. For each comparison that follows, state whether a ratio could be  
written and give a reason for your answer. (Remember: Before 
ratios are written, numbers must be expressed in the same unit of 
measurement.)
a. Anna’s mass is 55 kg. Her cat has a mass of 7 kg.
b. Brian can throw a cricket ball 40 metres, and John can 

throw the same ball 35 metres.
c. The cost of painting the wall was $55; its area is 10 m2.
d. For a trip, the car’s average speed was 85 km/h; the trip took 4 h.
e. Brett’s height is 2.1 m. Matt’s height is 150 cm.
f. Jonathon apples cost $2.40 per dozen; Delicious apples cost $3.20 per dozen.
g. Mary is paid $108; she works 3 days a week.
h. David kicked 5 goals and 3 behinds (33 points); his team scored 189 points.

13. a.  If 17% of students in a class have sports training once a week, write as a ratio the number of 
students who have sports training once a week compared to the students who do not.

b. A survey found that only 3% of workers take their lunch to work on a regular basis. Write as a ratio 
the number of workers who do not take their lunch to work compared to those who do.
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14.      Rewrite the following statements as ratios. 
a.      $3   to   $5   to   $9   c.      2   shares to   3   shares to   5   shares 
b.      2   days to   1   week to   2   weeks d.      1   principal to   5   teachers to   95   students 

    Communicating, reasoning and problem solving 
15.     A recipe to make enough spaghetti bolognaise to feed four people needs   500   grams 

of mincemeat. According to this recipe, how much mincemeat would be needed to 
make enough spaghetti bolognaise to feed a group of nine people?  
  Show all working.   

16.     Out of   100   people selected for a school survey,   68   were students,   5   were teachers 
and the rest were support staff. 
a.    Write the ratio of teachers to students. 
b.    Write the ratio of support staff to teachers. 
c.    Write the ratio of students to people surveyed. 
d.    Write the number of students as both a fraction and a percentage of the number of people surveyed. 
e.    Write the number of students as both a fraction and a percentage of the number of teachers surveyed. 

17.      In class   8A  , there are   4   boys and   5   girls. In class   8B  , there are   12   boys and   15   girls. In class   8C  , there 
are   6   girls and   8   boys. 
a.    For each class, write the ratio of boys to girls. 
b.    In which two classes are the proportions of boys and girls the same? 
c.    Class   8A   joined class   8B   to watch a program for English. What was the resulting boy-to-girl ratio? 
d.    Class   8C   joins class   8B   for PE lessons. What is the boy-to-girl ratio in the combined PE class? 
e.    Is the ratio of boys to girls watching the English program equivalent to the ratio of boys to girls in 

the combined PE class? 
18.      Why doesn’t a simplifi ed ratio have units? 
19.    The ratio of gold coins to silver coins in a purse is   2 : 5  . If there are 

  10   gold coins in the purse, what is the smallest number of coins 
that needs to be added to the purse so that the ratio of gold coins to 
silver coins changes to   3 : 4  ?   

      5.3   Simplifying ratios  
 5.3.1 Simplifying of ratios 

 •     When the numbers in a ratio are multiplied or divided by the same number to obtain another ratio, 
these two ratios are said to be equivalent. (This is a similar process to obtaining equivalent fractions). 

 •    Like fractions, ratios are usually written in simplest form; that is, reduced to lowest terms.     

 WORKED EXAMPLE 5 

  Write the ratio of   45 cm   to   1.5 m   in simplest form.     

  THINK     WRITE  

  1      Write the question.         45 cm   to   1.5 m      

  2      Express both quantities in the same units by changing 
  1.5 m   into   cm  .   (1 m = 100 cm)     

      45 cm   to   150 cm      

  3      Omit the units and write the   2   numbers as a ratio.   
        
÷ 15

     

45 : 150

3 : 10
   

÷ 15
     

  4      Simplify the ratio by dividing both   45   and   150   by 
  15   — the HCF.   

 WORKED EXAMPLE 6 

  Simplify the following ratios.  
a       2

5
 : 7

10
    b       5

6
  :  5

8
         

  THINK     WRITE  

  a    1      Write the fractions in ratio form.     a          2
5 

: 7
10

     

    2      Write equivalent fractions using the lowest 
common denominator (in this case,   10  ).   

  

            × 10  
     

4
10

 : 7
10

4 : 7
   

  × 10           
    3      Multiply both fractions by   10  .     

    4      Check if the remaining whole numbers that form the 
ratio can be simplifi ed. In this case they cannot.   

  

  b    1      Write the fractions in ratio form.     b          
5
6 

: 5
8     

    2      Write equivalent fractions using the lowest 
common denominator (in this case,   24  ).   

  

      
× 24      

20
24 

: 15
24    

× 24
     

÷ 5
       

20 : 15

4 : 3
     

÷ 5

    3      Multiply both fractions by   24  .     

    4      Check if the remaining whole numbers that form 
the ratio can be simplifi ed. In this case divide each 
by the HCF of   5  .   

  

 WORKED EXAMPLE 4 

  Express the ratio   16 : 24   in simplest form.     

  THINK     WRITE  

  1      Write the ratio.   
      
÷ 8

     

16 : 24

2 : 3
   

÷ 8
     

  2      Determine the largest number by which both   16   and   24   can 
be divided (i.e. what is the highest common factor?). It is   8  .   

  3      Divide both   16   and   24   by   8   to obtain an equivalent ratio in 
simplest form.   
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 • If the ratio uses decimals, we multiply by the smallest power of 10 that will produce a whole number 
for both parts of the ratio.

Communicating, reasoning and problem solving
15. A recipe to make enough spaghetti bolognaise to feed four people needs 500 grams 

of mincemeat. According to this recipe, how much mincemeat would be needed to 
make enough spaghetti bolognaise to feed a group of nine people?
Show all working.

16. Out of 100 people selected for a school survey, 68 were students, 5 were teachers 
and the rest were support staff.
a. Write the ratio of teachers to students.
b. Write the ratio of support staff to teachers.
c. Write the ratio of students to people surveyed.
d. Write the number of students as both a fraction and a percentage of the number of people surveyed.
e. Write the number of students as both a fraction and a percentage of the number of teachers surveyed.

17. In class 8A, there are 4 boys and 5 girls. In class 8B, there are 12 boys and 15 girls. In class 8C, there 
are 6 girls and 8 boys.
a. For each class, write the ratio of boys to girls.
b. In which two classes are the proportions of boys and girls the same?
c. Class 8A joined class 8B to watch a program for English. What was the resulting boy-to-girl ratio?
d. Class 8C joins class 8B for PE lessons. What is the boy-to-girl ratio in the combined PE class?
e. Is the ratio of boys to girls watching the English program equivalent to the ratio of boys to girls in 

the combined PE class?
18. Why doesn’t a simplified ratio have units?
19. The ratio of gold coins to silver coins in a purse is 2 : 5. If there are 

10 gold coins in the purse, what is the smallest number of coins 
that needs to be added to the purse so that the ratio of gold coins to 
silver coins changes to 3 : 4?

5.3 Simplifying ratios
5.3.1 Simplifying of ratios

 • When the numbers in a ratio are multiplied or divided by the same number to obtain another ratio, 
these two ratios are said to be equivalent. (This is a similar process to obtaining equivalent fractions).

 • Like fractions, ratios are usually written in simplest form; that is, reduced to lowest terms. 

WORKED EXAMPLE 5

Write the ratio of 45 cm to 1.5 m in simplest form.

THINK WRITE

1 Write the question. 45 cm to 1.5 m

2 Express both quantities in the same units by changing  
1.5 m into cm. (1 m = 100 cm)

45 cm to 150 cm

3 Omit the units and write the 2 numbers as a ratio.

÷ 15
     

45 : 150

3 : 10
   

÷ 154 Simplify the ratio by dividing both 45 and 150 by  
15 — the HCF.

WORKED EXAMPLE 6

Simplify the following ratios.
a 2

5
 : 7

10
b 5

6
  :  5

8

THINK WRITE

a 1 Write the fractions in ratio form. a    2
5 

: 7
10

2 Write equivalent fractions using the lowest  
common denominator (in this case, 10). × 10  

     

4
10

 : 7
10

4 : 7
   

  × 10
3 Multiply both fractions by 10.

4 Check if the remaining whole numbers that form the 
ratio can be simplified. In this case they cannot.

b 1 Write the fractions in ratio form. b    5
6 

: 5
8

2 Write equivalent fractions using the lowest  
common denominator (in this case, 24). × 24      

20
24 

: 15
24    

× 24

÷ 5
       

20 : 15

4 : 3
     

÷ 5

3 Multiply both fractions by 24.

4 Check if the remaining whole numbers that form  
the ratio can be simplified. In this case divide each  
by the HCF of 5.

WORKED EXAMPLE 4

Express the ratio 16 : 24 in simplest form.

THINK WRITE

1 Write the ratio.

÷ 8
     

16 : 24

2 : 3
   

÷ 82 Determine the largest number by which both 16 and 24 can  
be divided (i.e. what is the highest common factor?). It is 8.

3 Divide both 16 and 24 by 8 to obtain an equivalent ratio in 
simplest form.

WORKED EXAMPLE 7

Write the following ratios in simplest form.
a 2.1 to 3.5 b 1.4 : 0.75
THINK WRITE

a 1 Write the decimals in ratio form. a 2.1 : 3.5

21 : 35

3 : 5
÷ 7 ÷ 7

× 10 × 10
2 Both decimals have one decimal place, so multiplying each 

by 10 will produce whole numbers.

3 Simplify by dividing both numbers by the HCF of 7.
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 • If the ratio contains algebraic terms, divide both parts of the ratio by the highest common factor 
including common algebraic terms.

Exercise 5.3 Simplifying ratios

Individual pathways 

 V PRACTISE
Questions:
1–7, 9, 12, 14, 15

 V CONSOLIDATE
Questions:
1, 2, 3a–l, 4a–f, 5, 6–11, 14, 15

 V MASTER
Questions:
1m–t, 2, 3m–t, 4f–j, 5–10, 13–18

V V V Individual pathway interactivity: int-4413

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

WORKED EXAMPLE 8

Simplify the ratios:
a 10a2b : 15ab2 b 3mn : 6mn.

THINK WRITE

a 1 Write the ratios. a 10a2b : 15ab2

2 Simplify the ratio by dividing both sides by 5ab  
(the HCF).

10a2b
5ab

 : 15ab2

5ab

3 Cancel common factors to obtain the ratio in simplest 
form.

  2a : 3b

b 1 Write the ratios. b  3mn : 6mn

2 Simplify the ratio by dividing both sides by 3mn (the 
HCF).

 3mn
3mn

 : 6mn
3mn

3 Cancel common factors to obtain the ratio in simplest 
form.

   1 : 2

 ONLINE ONLY

b 1 Write the decimals in ratio form. b 1.4 : 0.75

140 : 75

28 : 15
÷ 5 ÷ 5

× 100 × 100
2 Because 0.75 has two decimal places, we multiply each 

decimal by 100 to produce whole numbers.

3 Simplify by dividing both numbers by the HCF of 5.

Try out this interactivity: Simplifying ratios
Searchlight ID: int-3734

Complete this digital doc: SkillSHEET: Simplifying fractions
Searchlight ID: doc-6890

Complete this digital doc: SkillSHEET: Finding and converting to the lowest common denominator
Searchlight ID: doc-6891

Complete this digital doc: Spreadsheet: Simplifying ratios
Searchlight ID: doc-2213

 RESOURCES — ONLINE ONLY
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Understanding and fluency
1.  WE4  Express each ratio in simplest form.

a. 2 : 4 b. 3 : 9 c. 5 : 10 d. 6 : 18
e. 12 : 16 f. 15 : 18 g. 24 : 16 h. 21 : 14
i. 25 : 15 j. 13 : 26 k. 15 : 35 l. 27 : 36

m. 36 : 45 n. 42 : 28 o. 45 : 54 p. 50 : 15
q. 56 : 64 r. 75 : 100 s. 84 : 144 t. 88 : 132

2. Complete the patterns of equivalent ratios.
a. 1 : 3 2 : 6 __ : 9 __ : 12 5 : __
b. 2 : 1 4 : 2 __ : 4 __ : 8 20 : __
c. 2 : 3 4 : 6 6 : __ __ : 12 __ : 24
d. 64 : 32 __ : 16 __ : 8 8 : __ __ : 1
e. 48 : 64 24 : __ 12 : __ __ : 8 __ : __

3.  WE5  Write the following ratios in simplest form.
a. 8 cm to 12 cm b. $6 to $18
c. 50 s to 30 s d. 80 cm to 2 m
e. 75 cents to $3 f. 2 h to 45 min
g. 300 mL to 4 L h. 500 g to 2.5 kg
i. 45 mm to 2 cm j. $4 to $6.50

k. 2500 L to 2 kL l. 2500 m to 2 km
m. 30 cents to $1.50 n. 2 h 45 min to 30 min
o. 200 m to 0.5 km p. 0.8 km to 450 m
q. 1 1

2
  min to 300 s r. 1.8 cm to 12 mm

s. 3500 mg to 1.5 g t. $1.75 to $10.50
4. Compare each of the following, using a mathematical ratio (in simplest form).

a. The Hawks won 8 games and the Lions won 10 games.
b. This jar of coffee costs $4 but that one costs $6.
c. While Joanne made 12 hits, Holly made 8 hits.
d. In the first innings, Ian scored 48 runs and Adam scored 12 runs.
e. During the race, Rebecca’s average speed was 200 km/h and Donna’s average speed was 150 km/h.
f. In the basketball match, the Tigers beat the Magic by 105 points to 84 points.
g. The capacity of the plastic bottle is 250 mL and the capacity of the glass container is 2 L.
h. Joseph ran the 600 m in 2 minutes while Maya ran the same distance in 96 seconds.
i. In the movie audience, there were 280 children and 35 adults.
j. On a page in the novel Moby Dick there are 360 words. Of these, 80 begin with a vowel.

5. A serving of a particular breakfast cereal contains:
3.6 g of protein     0.4 g of fat
20 g of carbohydrate   1 g of sugar
3.3 g of dietary fibre   84 mg of sodium.
Find the following ratios in simplest form:
a. sugar to carbohydrate b. fat to protein
c. protein to fibre d. sodium to protein.

6.  WE6  Write the following ratios in simplest form.

a. 1
3
 to 2

3
b. 5

7
 to 6

7 c. 1
4
 : 1

2

d. 2
3
 : 5

6
e. 4

5
 to 9

20 f. 2
3
 : 3

5

g. 3
10

 : 1 h. 1 2
3
 to 1

3
i. 1 1

4
 : 1 1

2

j. 3 1
3
 to 2 1

2
k. 1 : 1 3

5
l. 3 1

4
 to 2 4

5
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7.  WE7  Write the following ratios in simplest form.
a. 0.7 to 0.9 b. 0.3 : 2.1 c. 0.05 to 0.15
d. 0.8 : 1 e. 0.25 : 1.5 f. 0.375 to 0.8
g. 0.95 : 0.095 h. 1 to 1.25 i. 0.01 : 0.1
j. 1.2:0.875 k. 0.004 to 0.08 l. 0.5 : 0.92

8.  WE8  Simplify these ratios.
a. 2a : 10b b. 6p : 3p c. 2x2 : 3x d. 7xy2 : 14xy
e. 36m3n2 : 48m2n2 f. ab : 4ab2 g. 103x : 10x3 h. 50(cd)2 : 25c

9.  MC  Toowoomba’s population is 80 000 and Brisbane’s population is 1.8 million. The ratio of 
Toowoomba’s population to that of Brisbane is:
a. 2 : 45 b. 4 : 9 C. 1 : 1.8 d. 9 : 4 E. none of these

10.  MC  When he was born, Samuel was 30 cm long. Now, on his 20th birthday, he is 2.1 m tall. The ratio 
of his birth height to his present height is:
a. 3 : 7 b. 1 : 21 C. 7 : 10 d. 1 : 7 E. none of these

11.  MC  The cost of tickets to two different concerts is in the ratio 3:5. If the more expensive ticket is $110, the 
cheaper ticket is:
a. $180 b. $80 C. $50 d. $45 E. $66

12.  MC  A coin was tossed 100 times and Tails appeared 60 times. The ratio of Heads to Tails was:
a. 2:3 b. 3:5 C. 3:2 d. 5:3 E. 2:5

13.  MC  Out of a 1.25 L bottle of soft drink, I have drunk 500 mL. The ratio of soft drink remaining to the 
original amount is:
a. 2 : 3 b. 3 : 5 C. 3 : 2 d. 5 : 3 E. 2 : 5

Communicating, reasoning and problem solving
14. The total attendance at a large outdoor concert was 32 200 people. Of this total, 13 800 people were 

female.
a. How many males attended the concert?
b. Compare the number of females to males by writing the ratio in simplest form.
c. Write the number of females as a fraction of the number of males.
d. What percentage of the crowd was female? How does this compare with your answer to part c?

15. In a primary school that has 910 students, 350 students are in the senior school and the remainder are 
in the junior school. Of the senior school students, 140 are females. There are the same number of 
junior males and junior females. Write the following ratios in simplest form:
a. senior students to junior students
b. senior females to senior males
c. senior males to total senior students
d. junior males to senior males
e. junior females to whole school population.

16. Compare the following, using a mathematical ratio (in simplest form):
a. Of the 90 000 people who attended the test match, 23 112 were females. Compare the number of 

males to females.
b. A Concorde jet cruises at 2170 km/h but a Cessna cruises at 220 km/h. Compare their speeds.
c. A house and land package is sold for $250 000. If the land was valued at $90 000, compare the land 

and house values.
d. In a kilogram of fertiliser, there are 550 g of phosphorus. Compare the amount of phosphorus to 

other components of the fertiliser.
e. Sasha saves $120 out of his take-home pay of $700 each fortnight. Compare his savings with his 

expenses.
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17. The table at right represents the selling price of a house over a  
period of time.
a. Compare the price of the house purchased in December 2010 

with the purchase price in April 2014 as a ratio in simplest 
form.

b. Compare the price of the house purchased in December 2010 
with the purchase price in December 2014 as a ratio in sim-
plest form.

c. Compare the price of the house purchased in December 2010 with the purchase price in March 2018 
as a ratio in simplest form.

 d. i. How much has the value of the house increased from December 2010 to March 2018?
ii. Compare the increase obtained in part d i to the price of the house purchased in December 2010 

as a ratio in simplest form.
e. Comment on the results obtained in part d.

18. In what ways is simplifying ratios similar to simplifying fractions?

Date of sale Selling price

March 2018 $1.275 million

December 2014 $1.207 million

April 2014 $1.03 million

December 2010 $850 000

5.4 Proportion
5.4.1 Proportion

 • A proportion is a statement of equality of two ratios.

 • In general, if a
b

= c
d

, then, using cross-multiplication, a × d = c × b.

WORKED EXAMPLE 9

Use the cross-multiplication method to determine whether the following pair of ratios is in 
proportion:
6 : 9; 24 : 36.

THINK WRITE

1 Write the ratios in fraction form. 6
9

     ;    
24
36

2 Perform a cross-multiplication. 6 × 36 = 216; 24 × 9 = 216

3 Check whether the products are equal. 216 = 216

Therefore, the ratios are in proportion.

WORKED EXAMPLE 10

Find the value of a in the following proportion: a
3

=  
6
9

.

THINK WRITE

1 Write the proportion statement. a
3

= 6
9

2 Cross-multiply and equate the products. a × 9 = 6 × 3

3 Solve for a by dividing both sides of the 
equation by 9.

  9a = 18

 

 9a
9

= 18
9

a = 2
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Exercise 5.4 Proportion

Individual pathways 

 V PRACTISE
Questions:
1–4, 7, 8, 11, 13

 V CONSOLIDATE
Questions:
1a–h, 2a–h, 3–6, 8, 9, 11, 13, 14

 V MASTER
Questions:
1g–l, 2g–l, 3f–j, 4f–j, 5–10, 12–15

V V V  Individual pathway interactivity: int-4414

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

 ONLINE ONLY

DISCUSSION
Provide an example to explain how proportion statements can be applied to other subject areas.

WORKED EXAMPLE 11

The ratio of girls to boys on the school bus was 4 : 3. If there were 28 girls,  
how many boys were there?

THINK WRITE

1 Let the number of boys be b and write a proportion 
statement. (Since the first number in the ratio represents 
girls, place 28 (the number of girls) as the numerator.)

4
3

= 28
b

2 Cross-multiply and equate the products. 4 × b = 28 × 3

3 Solve for b by dividing both sides by 4. 4b = 84
4b
4

= 84
4

b = 21
4 Write the answer. There are 21 boys.

Try out this interactivity: Proportion
Searchlight ID: int-3735

Complete this digital doc: Spreadsheet: Proportion
Searchlight ID: doc-2214

Complete this digital doc: WorkSHEET: Ratios and rates I
Searchlight ID: doc-2216

 RESOURCES — ONLINE ONLY
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Understanding and fluency
1.  WE9  Use the cross-multiplication method to determine whether the following pairs of ratio are in proportion.

a. 2 : 3; 8 : 12 b. 4 : 7; 8 : 14 c. 5 : 7; 10 : 14 d. 5 : 8; 10 : 16

e. 7
9

 ; 21
25

f. 3
8

 ; 12
32

g. 14
16

 ; 5
9

h. 11
12

 ; 7
8

i. 13
15

 ; 6
7

j. 8
9

 ; 24
27

k. 3
5

 ; 6
8

l. 21
18

 ; 
49
42

2.  WE10  Find the value of a in each of the following proportions.

a. a
2

= 4
8

b. a
6

= 8
12

c. a
9

= 2
3

d. 3
a

= 9
12

e. 7
a

= 14
48

f. 10
a

= 3
15

g. 3
7

= a
28

h. 12
10

= a
5

i. 8
12

= a
9

j. 35
7

= 5
a

k. 24
16

= 6
a

l. 30
45

= 2
a

3.  WE11  Solve each of the following, using a proportion statement and the cross-multiplication method.
a. The ratio of boys to girls in a class is 3 : 4. If there are 12 girls, how many boys are in the class?
b. In a room the ratio of length to width is 5 : 4. If the width is 8 m, what is the length?
c. The team’s win–loss ratio is 7 : 5. How many wins has it had if it has had 15 losses?
d. A canteen made ham and chicken sandwiches in the ratio  

5 : 6. If 20 ham sandwiches were made, how many chicken 
sandwiches were made?

e. The ratio of concentrated cordial to water in a mixture is 1 : 5. 
How much concentrated cordial is needed for 25 litres of water?

f. The ratio of chairs to tables is 6 : 1. If there are 42 chairs, 
how many tables are there?

g. The ratio of flour to milk in a mixture is 7 : 2. If 14 cups of 
flour are used, how much milk is required?

h. The ratio of protein to fibre in a cereal is 12 : 11. If there are 36 grams of protein, what is the mass of fibre?
i. In a supermarket, the ratio of 600 mL cartons of milk to litre cartons is 4 : 5. If there are sixty 600 mL 

cartons, how many litre cartons are there?
j. In a crowd of mobile-phone users, the ratio of men to women is 7 : 8. How many women are there if 

there are 2870 men?
4. Although we know that only whole numbers are used in ratios, sometimes in a proportion statement 

the answer can be a fraction or a mixed number. Consider the following proportion:

          a
6

= 7
4

a ×  4 = 7 ×  6
        4a = 42
           a = 10.5 (or 10 1

2)
  Calculate the value of a in each of the following proportion statements. Write your answer correct to 1 

decimal place.

a. a
7

= 8
5

b. a
6

= 4
5

c. a
3

= 7
10

d. a
9

= 9
10

e. 5
a

= 7
10

f. 8
a

= 6
7

g. 9
7

= a
6

h. 13
6

= a
5

i. 9
15

= 7
a

j. 7
8

= 9
a

5. Write a proportion statement for each situation and then solve the problem. If necessary, write your 
answer correct to 1 decimal place.
a. A rice recipe uses the ratio of 1 cup of rice to 3 cups of water. How many cups of rice can be cooked 

in 5 cups of water?
b. Another recipe states that 2 cups of rice are required to serve 6 people. If you have invited 11 people, 

how many cups of rice will you need?
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c. In a chemical compound there should be 15 g of chemical A to every 4 g of chemical B. If my 
compound contains 50 g of chemical A, how many grams of chemical B should it contain?

d. A saline solution contains 2 parts of salt to 17 parts of water. How much water should be added to  
5 parts of salt?

e. To mix concrete, 2 buckets of sand are needed for every 3 buckets of blue metal. For a big job, how 
much blue metal will be needed for 15 buckets of sand?

6. Decide whether a proportion statement could be made for each of the following ratios.
a. Height : age b. Mass : age
c. Intelligence : age d. Distance : time
e. Cost : number f. Age : shoe size
g. Sausages cooked : number of people h. Eggs : milk (in a recipe)
i. Number of words : pages typed j. Length : area (of a square)

7.  MC  a. If 
p
q

= l
m

, then:

a. p × q = l × m b. p × l = q × m C. p × m = l × q

d. 
p
m

= l
q

E. none of these is true.

b. If x
3

= y

6
, then:

a. x = 2 and y = 4 b. x = 1 and y = 2 C. x = 3 and y = 6
d. x = 6 and y = 12 E. all of these are true.

c. If 23
34

= x
19

 then, correct to the nearest whole number, x equals:

a. 13 b. 12 C. 34 d. 28 E. 17
d. The directions on a cordial bottle suggest mixing 25 mL of cordial with 250 mL of water.

How much cordial should be mixed with 5.5 L of water?
a. 0.55 mL b. 5.5 mL C. 55 mL d. 550 mL E. 5500 mL

Communicating, reasoning and problem solving
8. In a family, 3 children receive their allowances in the ratio of their ages, which are 16 years, 14 years 

and 10 years. If the oldest child receives $32, how much do the other two children receive? Show your 
working.

9. In jewellery, gold is often combined with other metals. ‘Pink gold’ is a mixture of pure gold, copper 
and silver in the ratio of 15 : 4 : 1.
‘White gold’ is a mixture of pure gold and platinum in the ratio of 3 : 1.
a. What fraction of both pink and white gold jewellery is pure gold?

 Pure gold is 24 carats and is not mixed with other metals. For most 
jewellery, however, 18-carat gold is used.

b. Using your answer to part a, show why jewellery gold is labelled  
18 carats.

c. If the copper and silver in an 18-carat bracelet weigh a combined  
2 grams, what is the weight of gold in the bracelet?

d. If the price of gold is $35 per gram, what is the cost of the gold in 
the bracelet?

10. Two classes each contain 8 boys. In one class, the ratio of boys to girls is 1 : 2; in the other it is 2 : 1. 
If the two classes combine, what will the new ratio be? Justify your answer.
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11. The nutritional panel for a certain cereal is shown.  
Sugar is one form of carbohydrate. Calculate the 
ratio of sugar to total carbohydrates in the cereal.

12. The solution to this question contains some gaps. 
Rewrite the solution, replacing the empty boxes 
with the appropriate numbers.

  On a map for which the scale is 1:20 000, what 
distance in cm represents 2.4 km on the ground?

  1 : 20 000 = x cm : 2.4 km

  1 : 20 000 = x cm : 2.4 × 1000 × 100 cm

  1 : 20 000 = x : 240 000
1

20 000
= x

□
1

20 000
× □  = x

240 000
× □

 x = □
So, □  cm on the map represents 2.4 km on the ground.

13. Simplify the following three-part ratios.
a. 50 : 20 : 15 b. 0.4 : 1.8 : 2.2

14. A concreter needs to make 1.0 m3 of concrete for the base of a garden 
shed. How many cubic metres of each of the components should be 
used?
To make concrete mix: 1 part cement, 2 parts sand and 4 parts gravel.

15. Can you think of an example of how a proportion statement might be used?

5.5 Comparing ratios
5.5.1 Comparison of ratios

 • In some cases it is necessary to know which of two given ratios is the 
larger.

 • In some cases it is necessary to know if two given ratios are equal.
 • To compare ratios, write them as fractions with a common denominator.

Energy 480 kJ

Quantity
per 30-g
serving

Quantity per
30-g serving with
   cup skim milk

Percentage
daily intake per
30-g serving

5.5% 670 kJ
Protein
Fat
— total
— saturated

0.2 g
0.1 g

0.3 g
0.2 g

0.3%
0.1%

Carbohydrate
— total
— sugars

20.8 g
9.6 g

27.3 g
16.1 g

6.7%
10.7%

6.6 g 13.1% 11.2 g

1–
2

WORKED EXAMPLE 12

Which is the larger ratio in the following pair?
3 : 5 2 : 3

THINK WRITE

1 Write each ratio in fraction form. 3
5
  ;  2

3

2 Change each fraction to the lowest common denominator  
(which is 15).

9
15

  ;  10
15

3 Compare the fractions: since both fractions have a denominator  
of 15, the larger the numerator, the larger the fraction.

9
15

< 10
15

4 The second fraction is larger and it corresponds to the second 
ratio in the pair. State your conclusion.

Therefore, 2 : 3 is the larger 
ratio.
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5.5.2 The gradient
 • When measuring the steepness of various slopes or hills, we need to compare the gradient.
 • Gradient is calculated by finding the ratio

vertical distance
horizontal distance

between any 2 points on a hill. This is also known as calculating rise
run

.

The larger the gradient, the steeper the hill.

Exercise 5.5 Comparing ratios

Individual pathways 

 V PRACTISE
Questions:
1–5, 8

 V CONSOLIDATE
Questions:
1–6, 8, 9

 V MASTER
Questions:
1–10

V V V  Individual pathway interactivity: int-4415

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

Understanding and fluency
1.  WE12  Which is the greater ratio in each of the following pairs?

a. 1 : 4, 3 : 4 b. 5 : 9, 7 : 9 c. 6 : 5, 2 : 5 d. 3 : 5, 7 : 10 e. 7 : 9, 2 : 3
f. 2 : 5, 1 : 3 g. 2 : 3, 3 : 4 h. 5 : 6, 7 : 8 i. 5 : 9, 7 : 12 j. 9 : 8, 6 : 5

2. In each of the following cases, decide which netball team has the better record.
a. Yarra Valley won 2 matches out of 5. Peninsula won 5 out of 10.
b. Boroondara won 13 out of 18. Geelong won 7 out of 12.

 ONLINE ONLY

WORKED EXAMPLE 13

Find the gradient of the hill (AB) if AC = 2 m and BC = 10 m.

Horizontal distance

Vertical
distance

A

C
B

THINK WRITE

1 Write the rule for finding the gradient. Gradient = vertical distance
horizontal distance

2 The vertical distance is 2 m and the horizontal distance is  
10 m. Substitute these values into the formula.

=  
2

10

3 Simplify by dividing both numerator and denominator by 2. = 1
5

Try out this interactivity: Equivalent ratios
Searchlight ID: int-3736

Complete this digital doc: Spreadsheet: Comparing ratios
Searchlight ID: doc-2215

 RESOURCES — ONLINE ONLY
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c. City West won 12 out of 20. Monash won 14 out of 25.
d. VU Western won 8 out of 13. DC North won 13 out of 20.

3. In a cricket match, Jenny bowled 5 wides in her 7 overs and Lisa bowled 
4 wides in her 6 overs. Which bowler had the higher wides per over ratio?

4. a.   WE13  Find the gradient of each of the hills represented by the following triangles.

i. 

3 m

3 m

A

B

ii. 

3 m

2 m

C

D

iii. 

2 m

5 m

E

F

iv. 
1.5 m

7 m
H

G

b. Which slope has the largest gradient?
c. Which slope has the smallest gradient?
d. List the hills in order of increasing steepness.

5. Draw triangles that demonstrate a gradient of:
a. 2

1
b. 3

1
c. 4

3
d. 3

2
e. 2

5

6.  MC  a. If the gradient of LN in the triangle at right is 1, then:
a. a > b b. a < b C. a = b d. a = 1 E. b = 1

b. If 5
6

> a
5

, then a could be:

a. 4 b. 5 C. 6 d. 7
E. all of these numbers.

Communicating, reasoning and problem solving
7. Draw a right-angled triangle on a piece of graph paper so that the two sides at right angles to each 

other are 6 cm and 8 cm. Measure the third side length of the triangle, which should be 10 cm.
a. What is the ratio of the three sides of this triangle?
b. If you change the size of your triangle but keep the shape the same, what happens to the ratio of the 

three sides of the triangle?
c. A piece of string is used to mark out a triangle with its sides in the same ratio as the one you have 

drawn. The smallest side of the triangle is 75 cm long. How long are the other two sides?
8. An internet search for a homemade lemonade recipe yielded the following results. All of the recipes 

had water added, but the sweetness of the lemonade is determined by the ratio of lemon juice to sugar. 
For each of the recipe ratios shown below, determine the mixtures that have the same taste. If they do 
not have the same taste, determine which site has the sweeter lemonade recipe.
a. Website 1: 3 tablespoons of sugar for every 15 tablespoons of lemon juice

  Website 2: 4 tablespoons of sugar for every 20 tablespoons of lemon juice
b. Website 3: 3 tablespoons of sugar for every 9 tablespoons of lemon juice

  Website 4: 5 tablespoons of sugar for every 16 tablespoons of lemon juice
c. Website 5: 2 cups of sugar for every 3 cups of lemon juice

  Website 6: 5 tablespoons of sugar for every 8 tablespoons of lemon juice
d. Website 7: 3 tablespoons of sugar for every 8 tablespoons of lemon juice

  Website 8: 7 tablespoons of sugar for every 12 tablespoons of lemon juice

L

N
b

a
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9.      The steepness of a hill can be written as a ratio of the vertical distance (height) to the horizontal 
distance. Hill   A   has a ratio of   1 : 5   and hill   B   has a ratio of   7 : 36  . 
a.    Use diagrams to determine which hill has the steeper slope. Is this an accurate method of 

determining the slope? 
b.    Without using diagrams, investigate another method to determine which ratio produces the steeper slope. 
c.    Will your method from part  b  always work when you want to compare ratios? 

10.      What does it mean if the gradient is   0  ? 

     5.6   Dividing in a given ratio  
 5.6.1 Dividing in a given ratio 

 •     When something is shared, we often use ratios to ensure that the sharing is fair. 
 •    Consider this situation. Two people buy a lottery ticket for   $3  . They win a prize of   $60  . How is the 

prize divided fairly?    

 Each person contributes   $1.50    One person contributes   $1   and the other   $2   

•     The contribution for the ticket is in the ratio   1 : 1  . 
•    The prize is divided in the ratio   1 : 1  . 
•    Each person receives $30.    

•     The contribution for the ticket is in the ratio   1 : 2  . 
•    The prize is divided in the ratio   1 : 2  . 
•    The person who contributed   $1   receives $20 and 

the other receives   $40  .    

  In the situation above: 

 •    the   1 : 1   ratio has   1 + 1 = 2   total parts. Each person receives   1
2
   of the 

prize money   ($30)  . 
 •    the   1 : 2   ratio has   1 + 2 = 3   total parts. Person   1   paid for   1   part of the 

ticket so receives   1
3
   of the prize money   ($20)  ; person   2   paid for   2   parts of 

the ticket so receives   2
3
   of the prize money   ($40)  .          

  SHARING AND SHARE SIZE  

1.    As a pair, discuss the answers to the following questions.   
a.    The lollies in the picture are to be shared between two people. 

 How do you divide the lollies so that: 
i.    each person receives the same amount. 
ii.    one person gets twice as many as the other person 
iii.    for every one lolly that the fi rst person receives, the other 

person receives three lollies (i.e. the lollies are divided in a ratio 
of   1 : 3   ) 

iv.    they are divided in a ratio of   2 : 3  ? 
b.      The lollies are now to be shared among three people. 

i.    How do you divide the lollies so that they are divided in a ratio 
of   1 : 2 : 3  ? 

ii.    What fraction does each person receive in part i above? 
2.        As a class discuss the relationship between the ratio in which the 

lollies were shared and the fraction of lollies that each person received 
as a result. 

3.    How can you determine the fraction of the whole amount each person will receive from the ratio by which the 
whole will be divided?    
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 • In Worked example 14, the second share represents 7 parts out of the total of 10. 
 Another way to calculate the size of the second share would be to find 7

10
 of the total amount.

Second share = 7
10

 ×  $500 000

= $350 000

5.6.2 Using the unitary method to solve ratio problems
 • The unitary method can also be used to solve ratio problems. To use the unitary method divide the 

quantity that you are sharing by the total amount of equal parts. Then multiply each share of the ratio 
by the quantity that one part represents.

WORKED EXAMPLE 14

Share the amount of $500 000 in the ratio 3 : 7.

THINK WRITE

1 Determine how many shares (parts) are in the ratio. Total number of parts = 3 + 7
= 10

2 The first share represents 3 parts out of a total of 10,  
so find 3

10
 of the total amount.  

First share = 3
10

× $500 000

= $150 000
3 The second share is the remainder, so subtract the  

first share amount from the total amount.
Second share = $500 000 − $150 000

= $350 000

DISCUSSION
Think of an example where sharing things on the basis of ratios might be considered unfair.

WORKED EXAMPLE 15

Concrete mixture for a footpath was made up of 1 part of cement, 2 parts of sand and 4 parts of 
blue metal. How much sand was used to make 4.2 m3 of concrete?

THINK WRITE

1 Find the total number of parts. Total number of parts = 1 + 2 + 4 
= 7

2 There are 2 parts of sand to be used in the mixture, so find 2
7
 

of the total amount of concrete made.
Amount of sand = 2

7
× 4.2  m3

= 1.2  m3

WORKED EXAMPLE 16

Elena, Christina and Megan contribute towards a lottery pool in the ratio 1 : 2 : 3.
If they win $1740 between them, use the unitary method to divide the winnings according to how 
much they contributed.

THINK WRITE

1 Find the total number of parts. Total number of parts = 1 + 2 + 3
= 6

2 Divide the quantity by the total amount of  
equal parts.

1740
6

= $290
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Exercise 5.6 Dividing in a given ratio

Individual pathways 

 V PRACTISE
Questions:
1–7, 9, 13

 V CONSOLIDATE
Questions:
1–9, 11, 13, 14

 V MASTER
Questions:
1–13, 16

V V V Individual pathway interactivity: int-4416

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

Understanding and fluency
1. Write the total number of parts for each of the following ratios.

a. 1 : 2 b. 2 : 3 c. 3 : 1 d. 3 : 5 e. 4 : 9
f. 5 : 8 g. 6 : 7 h. 9 : 10 i. 1 : 2 : 3 j. 3 : 4 : 5

2.  WE14  Share the amount of $1000 in the following ratios.
a. 2 : 3 b. 3 : 1 c. 1 : 4 d. 1 : 1 e. 3 : 5
f. 5 : 3 g. 3 : 7 h. 9 : 1 i. 7 : 13 j. 9 : 11

3. If Nat and Sam decided to share their lottery winnings of $10 000 in the following ratios, how much 
would each receive?
a. 1 : 1 b. 2 : 3 c. 3 : 2 d. 3 : 7 e. 7 : 3
f. 1 : 4 g. 9 : 1 h. 3 : 5 i. 12 : 13 j. 23 : 27

4. Rosa and Mila bought a lottery ticket costing $10. How should they share the first prize of $50 000  
if their respective contributions were:
a. $2 and $8? b. $3 and $7? c. $4 and $6?
d. $5 and $5? e. $2.50 and $7.50?

5.  WE15  Concrete mixture is made up of 1 part cement, 2 parts sand and 4 parts blue metal.
a. How much sand is needed for 7 m3 of concrete?
b. How much cement is needed for 3.5 m3 of concrete?

 ONLINE ONLY

Try out this interactivity: Dividing in a given ratio
Searchlight ID: int-3737

Watch this eLesson: Dividing in ratios
Searchlight ID: eles-0041

Complete this digital doc: Spreadsheet: Dividing in a given ratio
Searchlight ID: doc-2489

 RESOURCES — ONLINE ONLY

3 Multiply each person’s share by the quantity  
that one part represents.

Elena:
290 × 1 = $290
Christina:
290 × 2 = $580
Megan:
290 × 3 = $870

4 Write the answer. Elena wins $290, Christina wins $580 and 
Megan wins $870.
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c. How much blue metal is required for 2.8 m3 of concrete?
d. How much sand is used for 5.6 m3 of concrete?
e. How much cement is needed to make 8.4 m3 of concrete?

6.  WE16  In a family, 3 children receive their allowances in the ratio of their ages, which are 15 years, 
12 years and 9 years. If the total of the allowances is $60, use the unitary method to determine how 
much each child receives?

7. Three of your teachers buy a Lotto ticket costing $20. How should they 
share the first prize of $600 000 if they each contribute:
a. $3,  $7 and $10? b. $6,  $6 and $8?
c. $1,  $8 and $11? d. $5,  $6 and $9?
e. $5,  $7.50 and $7.50?

8. In a school, the ratio of girls in Years 8,  9 and 10 is 6 : 7 : 11. If there is a 
total of 360 girls in the three year levels:
a. how many Year 8 girls are there?
b. how many more Year 10 girls are there than Year 8 girls?

9. In a moneybox, there are 5-cent, 10-cent and 20-cent coins in the ratio 8 : 5 : 2. If there are 225 coins 
altogether:
a. how many 5-cent coins are there?
b. how many more 10-cent coins than 20-cent coins are there?
c. what is the total value of the 5-cent coins?
d. what is the total value of the coins in the moneybox?

10.  MC  a.  A square of side length 4 cm has its area divided into two sections in the ratio 3 : 5. The area of 
the larger section is:

a. 3 cm2 b. 5 cm2 C. 8 cm2 d. 10 cm2 E. 16 cm2

b. A block of cheese is cut in the ratio 2 : 3. If the smaller piece is 150 g, the mass of the original  
block was:
a. 75 g b. 200 g C. 300 g d. 375 g E. 450 g

c. Contributions to the cost of a lottery ticket were $1.75 and $1.25. What fraction of the prize should 
the larger share be?
a. 7

12
b. 5

7
C. 7

5
d. 3

5
E. 5

12

d. A television channel that telecasts only news, movies and sport does so in the ratio 2 : 3 : 4 respec-
tively. How many movies, averaging a length of 1 1

2
 hours, would be shown during a 24-hour period?

a. 2 b. 3 C. 4 d. 5 E. 6

Communicating, reasoning and problem solving
11. Three angles of a triangle are in the ratio 1 : 2 : 3. What is the magnitude of each angle? Justify your 

answer.
12. The angles of a quadrilateral are in the ratio 2 : 3 : 4 : 6. What is the difference in magnitude between 

the smallest and largest angles? Show your working.
13. The ratio of boys to girls in Year 8 at a school is 3 : 2.

a. If there are 75 boys in Year 8, how many girls are there 
 Each class in Year 8 contains 25 students. One class contains boys only, but the remaining classes are 
a mixture of boys and girls.

b. How many classes in Year 8 contain a mixture of boys and girls?
c. What is the ratio of mixed classes to boys only classes?

14. The wing of a model aeroplane is 4 cm long, and the scale of the model is 1 : 300.
a. What is the ratio of the length of the model’s wing to the length of the wing of the actual aeroplane?
b. How long is the wing of the actual aeroplane?
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15. a.  There are apples, oranges and bananas in a fruit bowl. The ratio of apples to oranges is 3 : 4, and 
the number of apples is 3

8
 of the total number of pieces of fruit. How many bananas are there?

b. Next to the fruit bowl is a bowl of nuts. The ratio of cashews to peanuts is 15 : 4, the ratio of peanuts 
to walnuts is 4 : 7 and the ratio of hazelnuts to peanuts is 11 : 4. Calculate the minimum number of 
nuts there can be in the bowl.

c. Somebody added some macadamias to the nut bowl in part b. The ratio of peanuts to macadamias is 
now 1 : 3. Calculate:
i. the number of macadamia nuts added
ii. the total number of nuts now in the bowl.

16. Think of some examples of instances where you need to divide in a ratio other than 1 : 1.

5.7 Rates
5.7.1 Rates

 • A rate is used to compare how quantities change.
 • Unlike ratios, which compare quantities measured in the same 

unit, a rate compares quantities measured in different units.
 • Rates have units. An example of a rate is speed (measured in 

km/h or m/s).
 • A rate is in its simplest form if it is per one unit.

WORKED EXAMPLE 17

Express the following statement using a rate in simplest form:
The 30-litre container was filled in 3 minutes.

THINK WRITE

1 A suitable rate would be litres per minute (L/min). Put the 
capacity of the container in the numerator and the time in 
which it was filled in the denominator of the fraction.

 
Rate = 30 L

3  min 
 

= 10 L
1  min 

2 Simplify the fraction. = 10 L/min

WORKED EXAMPLE 18

Joseph is paid $8.50 per hour as a casual worker. At this rate, how much does he receive for 6 
hours of work?

THINK WRITE

1 The rate is given in $ per hour. So it actually tells us the amount of 
money earned in each hour; that is, the hourly payment.

Payment per 1 hour = $8.50

2 State the number of hours worked. Hours worked = 6

3 To find the total payment, multiply the hourly payment by the 
total number of hours worked.

Total payment = $8.50 × 6
= $51

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



TOPIC 5 Ratios and rates 23

c05RatiosAndRates_5.7-5.9.indd Page 23 19/07/17  11:58 PM

Exercise 5.7 Rates

Individual pathways

 V PRACTISE
Questions:
1–7, 9, 12, 14, 15, 20

 V CONSOLIDATE
Questions:
1, 2, 3a–l, 4a–f, 5, 6–11, 14, 15, 18, 
20, 24

 V MASTER
Questions:
1m–t, 2, 3m–t, 4f–j, 5–10, 13–26

V V V  Individual pathway interactivity: int-4417 

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

Understanding and fluency
1.  WE17  Express each of the following statements using a rate in simplest form.

a. A lawn of 600 m2 was mown in 60 min.
b. A tank of capacity 350 kL is filled in 70 min.
c. A balloon of volume 4500 cm3 was inflated in 15 s.
d. The cost of 10 L of fuel was $13.80.
e. A car used 16 litres of petrol in travelling 200 km.
f. A 12 m length of material cost $30.
g. There were 20 cows grazing in a paddock that was 5000 m2 in area.
h. The gate receipts for a crowd of 20 000 people were $250 000.
i. The cost of painting a 50 m2 area was $160.
j. The cost of a 12 minute phone call was $3.00.
k. The team scored 384 points in 24 games.
l. Last year 75 kg of fertiliser cost $405.

m. The winner ran the 100 m in 12 s.
n. To win, Australia needs to make 260 runs in 50 overs.
o. For 6 hours work, Bill received $159.
p. The 5.5 kg parcel cost $19.25 to post.
q. Surprisingly, 780 words were typed in 15 minutes.
r. From 6 am to noon, the temperature changed from 10 °C to 22 °C.
s. When Naoum was 10 years old he was 120 cm tall. When he was 18 years old he was 172 cm tall.
t. A cyclist left home at 8.30 am and at 11.00 am had travelled 40 km.

 ONLINE ONLY

Try out this interactivity: Rates
Searchlight ID: int-3738

Complete this digital doc: SkillSHEET: Converting a mixed number to an improper fraction
Searchlight ID: doc-6892

Complete this digital doc: SkillSHEET: Multiplying decimals by 10, 100 and 1000
Searchlight ID: doc-6893

Complete this digital doc: SkillSHEET: Multiplying a whole number by a fraction
Searchlight ID: doc-6894

Complete this digital doc: SkillSHEET: Converting minutes to a fraction of an hour
Searchlight ID: doc-6895

Complete this digital doc: WorkSHEET 5.2: Ratios and rates II
Searchlight ID: doc-2217

 RESOURCES — ONLINE ONLY
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2.  WE18  Sima is paid $15.50 per hour. At this rate, how much does she earn in a day on which she works 
7 hours?

3. A basketball player scores, on average, 22 points per match. How many points will he score in a 
season in which he plays 18 matches?

4. A car’s fuel consumption is 11 L/100 km. How much fuel would it use in travelling 550 km?
5. To make a solution of fertiliser, the directions recommend mixing 3 capfuls of fertiliser with 5 L of 

water. How many capfuls of fertiliser should be used to make 35 L of solution?
6. Anne can type 60 words per minute. How long will she take to type 4200 words?
7. Marie is paid $42 per day. For how long will she have to work to earn $504?
8. The rate of 1 teacher per 16 students is used to staff a school. How many teachers will be required for 

a school with 784 students?
9. Land is valued at $42 per m2. How much land could be bought for $63 000?

10. On average, a test bowler took 1 wicket every 4.5 overs. How many wickets did he take in a season in 
which he bowled 189 overs?

11. What quantities (such as distance, time, volume) are changing if the units of rate are:
a. km/h? b. cm3/sec? c. L/km ? d. $ per h? e. $ per cm?
f. kL/min? g. cents/litre? h. $ per dozen? i. kg/year? j. cattle/hectare?

12. What units would you use to measure the changes taking place in each of the following situations?
a. A rainwater tank being filled b. A girl running a sprint race
c. A boy getting taller d. A snail moving across a path
e. An ink blot getting larger f. A car consuming fuel
g. A batsman scoring runs h. A typist typing a letter

13. Water flows from a hose at a rate of 3 L/min. How much water will flow in 2 h?
14. Tea bags in a supermarket can be bought for $1.45 per pack (pack of 10) or for $3.85 per pack (pack 

of 25). Which is the cheaper way of buying the tea bags?
15. Car A uses 41 L of petrol in travelling 500 km. Car B uses 34 L of  

petrol in travelling 400 km. Which car is the more economical?
16. Coffee can be bought in 250 g jars for $9.50 or in 100 g jars for 

$4.10. Which is the cheaper way of buying the coffee and how 
large is the saving?

17.  MC  a. A case containing 720 apples was bought for $180. The
cost could be written as:
a. 30 cents each b. 20 cents each C. $3.00 per dozen
d. $2.00 per dozen E. $2.80 for 10

b. Mark, a test cricketer, has a batting strike rate of 68, which means he has made 68 runs for every 100 
balls faced. What is Steve’s strike rate if he has faced 65 overs and has made 280 runs? (Note: Each 
over contains 6 balls.)
a. 65 b. 68.2 C. 71.8 d. 73.2 E. 74.1

c. A carport measuring 8 m × 4 m is to be paved. The paving tiles cost $36 per m2 and the tradesperson 
charges $12 per m2 to lay the tiles. How much will it cost to pave the carport (to the nearest $50 )?
a. $1400 b. $1450 C. $1500 d. $1550 E. $1600

d. A tank of capacity 50 kL is to be filled by a hose whose flow rate is 150 L/min. If the tap is turned on 
at 8 am, when will the tank be filled?
a. Between 1.00 pm and 1.30 pm
b. Between 1.30 pm and 2.00 pm
C. Between 2.00 pm and 2.30 pm
d. Between 2.30 pm and 3.00 pm
E. Between 3.00 pm and 3.30 pm
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      Communicating, reasoning and problem solving 
18.     Explain the difference between a rate and a ratio. 
19.    A chiropractor sees   160   patients every week. 

a.    What is his rate of seeing patients each hour if he works a   40  -hour week? 
b.    How long, on average, does he spend with each patient? 
c.    Using these rates, if the chiropractor wants to make at least   $10 000   every week, 

what is the minimum he must charge each patient? Justify your answer. 
20.      If 4 monkeys eat   4   bananas in   4   minutes, how long does it take   12   monkeys to

eat   12   bananas? Show your working.   
21.     If Bill takes   3   hours to paint a room and James takes   5   hours to paint a room, 

how long will it take to paint a room if they work together? Show your working. 
22.    Beaches are sometimes unfi t for swimming if heavy rain has washed pollution 

into the water. A beach is declared unsafe for swimming if the concentration of 
bacteria is more than   5000   organisms per litre. A sample of   20   millilitres was 
tested and found to contain   55   organisms. Calculate the concentration in the 
sample (in organisms/litre) and state whether or not the beach should be closed. 

23. a.    The Earth is a sphere with a mass of   6.0 × 1024  kg   and radius   6.4 × 106  m  . 
 Use the formula   V = 4

3
 πr3   to calculate the volume of the Earth. 

 Hence calculate the density of the Earth. 
b.    The planet Jupiter has a mass of   1.9 × 1027  kg   and a radius of   7.2 × 107  m  . 

 Calculate the volume of Jupiter. 
 Calculate the density of Jupiter. 

c.    Different substances have their own individual density. Does it seem that the Earth and Jupiter are 
made of the same substance? Explain. 

24.      The Stawell Gift is a   120 m   handicap footrace. Runners who start from scratch run the full   120 m  ; for 
other runners, their handicap is how far in front of scratch that they start. Joshua Ross has won the 
race twice. In   2003  , with a handicap of   7 m  , his time was   11.92   seconds. In   2005  , from scratch, he 
won in   12.36   seconds. In which race did he run faster? 

25.    Why do we need units with rates? 
26.    Jennifer’s work is   40 km   from her home. On the way to work one morning,

her average speed was   80 km/h  . Due to bad weather and roadworks, her
average speed for the trip home was only   30 km/h  . How much time did
Jennifer spend travelling to and from work on this day?   

5.8   Interpreting graphs  
 5.8.1 Interpretation of graphs 

 •     All graphs tell a story or describe a situation. They compare two related quantities against each other. 
As one quantity changes, it affects the other. 

 •    Graphs are used to represent all sorts of data in everyday life and are frequently used in fi elds outside 
mathematics, including science, geography and economics. 

 •    The gradient (also called slope) of a straight line is a measure of how steep a straight line is. 
 •    In a distance–time graph, the gradient of the graph represents the speed. 
 •    The units used for distance and time are also used for speed. 
 •    The greater the gradient (slope), the greater the speed; and vice-versa. 
 •    On a distance–time graph, time is represented on the horizontal axis (  x  -axis). 
 •    On a distance–time graph, distance from a reference point (e.g. the starting point) is represented on the 

vertical axis (  y  -axis). 
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 • A change in direction can be represented on a distance–time graph by a change in the direction of the 
line (i.e. from upward to downward or downward to upward).

 • The graph on right shows the story of a car trip from Lakes Entrance to Jindabyne (distances are 
approximate). Describe the trip.
–  The trip could be described like this: ‘We left Lakes 

Entrance and passed through Orbost 40 minutes into 
our trip. We reached Cann River approximately  
1.5 hours after we set off. The trip out of Cann River 
was slow at first until we reached the top of the 
mountain. We then travelled faster on our way to Bom-
bala where we stopped for a 30 minute break. We 
reached Cooma an hour after leaving Bombala, then 
the trip from Cooma to Jindabyne was slow due to 
snow traffic. The whole trip took us just under 5 hours.’

–  Estimated travel times are determined by reading 
points along the graph.

–  A line’s gradient can indicate whether distance is being travelled quickly (speed is fast), distance is 
being travelled slowly (speed is slow), or no distance is being travelled (speed is non-existent).

– The line’s gradient in this case is directly linked to the speed of the car.

5.8.2 The use of units
 • The gradient of a line describes the change in one variable with respect to the other variable.
 • When calculations of the gradient are done using the units from the graph, interpretation of the  

gradient becomes easier.
 • The gradient of the graph between Orbost and Cann River is calculated below.

m = rise
run

=
distanceOrbost →  Cann River

timeOrbost →  Cann River

= 140  km −  60  km
1.5  h −  0.6667 h

= 80  km
0.8333  h

= 96  km/h

 • The gradient of the line is the average speed of the car over this section.
 • Each straight line section of graph indicates a constant speed.

y
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WORKED EXAMPLE 19

Three graphs (I, II and III) and three descriptions (A, B and C) are shown below. Match each 
graph to the description that best suits it and explain your choice.

i y

x

ii y

x

iii y

x
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A The circumference of a tree trunk over a calendar year
B The distance run versus the distance from the finishing line for a runner in a 400 m race
C The weight of a newborn baby in the first year of life
THINK WRITE

A How does a tree grow in a normal year? You could expect that 
the growth rate of a tree will change with the seasons; the faster 
it grows, the steeper the slope. Over a year:

Summer Autumn Winter Spring Summer
Quickest 
growth

Growth 
→  

slowing

Growth 
very slow

Growth 
increasing

Quickest 
growth

→ → → → →

y

x

The circumference of a tree is 
best represented by graph I.

B As the runner runs further, the distance to the finish line 
becomes less. The gradient of the curve should be decreasing.  
In fact:

Distance run (m) 0 100 200 300 400

Distance to finish (m) 400 300 200 100 0

As the runner runs, the distance 
(x) from the starting line 
becomes greater and the distance 
(y) to the finish line becomes 
less. The graph should be 
nearing y = 0. Graph III is the 
only graph which does this. The 
distance run versus the distance 
to run is best represented by 
graph III.

C Babies grow rapidly at first, then this growth rate begins to slow.

y

x

The growth rate of babies is 
quick at first then slows but 
continues to increase. Graph II 
shows an increasing gradient that 
becomes less steep; therefore, 
graph II best represents the 
growth of a baby in the first year.

WORKED EXAMPLE 20

Use the following graph to answer the following questions.
a What units are shown on the graph?
b What does a change in the y-value represent?
c What does a change in the x-value represent?
d Calculate the gradient of the graph over the section in 

which the temperature was rising the fastest.
e What does the gradient represent?

THINK WRITE

a Units are displayed on axis labels. The units shown on the graph are 
°C (degrees Celsius) for 
temperature and hours for time.

y

x6 7 8 9 10 11 12
Time (hours)

13 14 15 16 17

10
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Exercise 5.8 Interpreting graphs

Individual pathways

 V PRACTISE
Questions:
1–9, 12, 16

 V CONSOLIDATE
Questions:
1–13, 16, 17

 V MASTER
Questions:
1–19

V V V Individual pathway interactivity: int-4418  ONLINE ONLY

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

Understanding and fluency
1. Which axis represents distance and which axis represents time on a distance–time graph?
2. If distance is measured in metres (vertical axis) and time is measured in seconds (horizontal axis), 

how is speed measured?
3. The express train through country Victoria is delayed for one hour because of a herd of cattle on the 

line. How is this event graphed on a distance–time graph?
4.  MC  Which of the following graphs best describes a student walking to school who dawdles at first, 

meets up with some friends and drops in at the corner shop before stepping up the pace to get to 
school on time?

Try out this interactivity: Interpreting graphs
Searchlight ID: int-3739

Try out this interactivity: Gradient
Searchlight ID: int-3740

RESOURCES — ONLINE ONLY

CREATING A DISTANCE–TIME GRAPH
Walk the length of your house in 30 seconds, changing speed every 5 seconds and briefly stopping at least 
once. If you want to be adventurous walk backwards for one of the 5 second intervals!

Create a distance–time graph to represent the distance from one end of your house. Compare the graph that 
you’ve drawn with those of your classmates.

b The y-axis shows the temperature. A change in the y-value indicates a 
change in temperature.

c The x-axis shows time. A change in the x-value indicates a 
change in time.

d The temperature is rising the fastest when the graph is 
increasing most steeply. This occurs between 6 and 10 am, 
when the temperature increases from 20 °C to ~32 °C.

m = rise
run

= 12 °C
4h

= 3 °C/h

e The gradient has units of °C/h, which are read as degrees  
Celsius per hour.

The gradient represents the rate at 
which the temperature is changing 
per hour.
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a. d

t

b. d

t

C. d

t

d. d

t

5. Explain your reasons for choosing your answer in question 4.
6.  MC  Which of the following graphs best describes a student travelling to school on a bus?

a. d

t

b. d

t

C. d

t

d. d

t

7. Explain your reasons for choosing your answer in question 6.
8. The graph on right shows the distance Andrea’s car is from her 

house. Answer true or false for the following statements.
a. Andrea is travelling faster at point C than at point A.
b. Andrea is not moving at point B.
c. Andrea is further away from home at point B compared to 

point E.
d. At point D Andrea is travelling back towards home
e. Andrea is travelling slower at point E than at point C.

9.  WE19  Three descriptions (a,  b and c) and three graphs (I, II and 
III) are shown below. Match each graph to the description that 
best suits it and explain your choice.
I. y

x

II. y

x

III. y

x

a. The number of students in the canteen line over a school day
b. The number of cans in a school’s drink vending machine over a school day
c. The number of students on school grounds over a school day

B
C

D

E

A

d

t
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Communication, reasoning and problem solving
10. What do different gradients of straight-line segments of a 

distance–time graph represent?
11. What does a horizontal line segment on a distance–time 

graph represent?
12. Calculate the speed for segments A,  B and C of the 

following distance–time graph. If necessary, give your 
answers correct to 1 decimal place.

13.  WE20  The graph shows the cost of a mobile telephone call. 
Use the graph to answer the following questions.
a. What units are shown on the graph?
b. What does a change in the y-value represent?
c. What does a change in the x-value represent?
d. Calculate the gradient for each straight line section of the graph  

using units.
e. What does the gradient represent?

14. The price per kilogram for 3 different types of meat is illustrated in 
the graph.
a. Calculate the gradient (using units) for each graph.
b. What is the cost of 1 kg of each type of meat?
c. What is the cost of purchasing:

i. 1 kg of lamb?
ii. 0.5 kg of chicken?
iii. 2 kg of beef?

d. What is the total cost of the order in part c?
e. Copy and complete the table below to confirm your answer from  

part d.

Meat type
Cost per 

kilogram ($/kg)
Weight 

required (kg) Cost = $/kg × kg
Lamb 1

Chicken 0.5

Beef 2

Total cost

15. The graph represents the distance travelled by a vehicle versus time. Copy the  
graph onto some grid paper and, using red pen, show what the graph would look  
like if the vehicle at any point in time was travelling twice as fast.

16. Write a story for each of the graphs in question 9.
17. Draw a distance–time graph to represent the following story.

Jordan decides to take his dog for a walk. He starts off at a steady, fast past and 
continues at this pace for 2 minutes. After 2 minutes he breaks out into a gentle  
jog for 3 minutes, before taking a rest for 30 seconds. Following his rest  
he walks back home in 10 minutes.

18. Draw sketches to represent each of the stories below and explain  
your sketches.
a. The mass of a pig over its lifetime
b. The altitude of a plane during a flight
c. The height of water in a bath tub as it is emptied

19. How can a graph be used to tell a story?

A
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5.9 Review

Investigation | Rich task
The golden ratio
The Greeks believed that using a special ratio of 
numbers in building designs, paintings, sculpture etc. 
would automatically make them beautiful. This number 
is known as the golden ratio or golden number. The 
human body has many examples of the golden ratio.

The golden number = √5 + 1
2

.

Work out this number as a decimal to  
3 decimal places.

Part A
The golden ratio is often represented by phi (φ). One 
of the interesting relationships of this ratio to the 
design of the human body is that there are:

 • five appendages on the torso: arms, legs and head
 • five appendages on each of these: fingers, toes and five 

openings on the face
 • five senses: sight, hearing, touch, taste and smell.

The golden number is also based on 5 because the number phi 
can be written as:

50.5 × 0.5 + 0.5.
Leonardo da Vinci’s drawings of the human body emphasised 
its proportions. The ratios of the following distances equal the 
golden ratio:

 • foot to navel : navel to head
 • length of forearm : length of hand
 • length of upper arm : length of hand and forearm.

Your task is to explore the golden ratio as it applies to  
your body.
Work in pairs to measure parts of your body. On the next page are some of the measurements you 
could take. Choose other parts of your body to measure and find as many golden ratios as possible.

Body measurement (cm) Ratio Decimal value
Foot to navel : navel to head

Length of forearm : length of hand

Length of upper arm : length of hand and forearm

Part B
Another way to find the golden ratio is using the Fibonacci sequence:

1,  1,  2,  3,  5,  8,  13, …
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1. Write the first 20 terms of the sequence in the table.

2. Take the terms two at a time and divide the larger number by the smaller (e.g. divide 2 by  
1,  3 by 2,  5 by 3 etc.), working as accurately as possible. Record your answers in the table.

3. Use the internet to discover other ways of finding the golden ratio.

Sequence Ratio Decimal value
1 – –

1 1
1

1

2 2

3
3
2

5
5
3 1.6

.

8

13
13
8 1.625

Try out this interactivity: Word search
Searchlight ID: int-2623

Try out this interactivity: Crossword
Searchlight ID: int-2624

Try out this interactivity: Sudoku
Searchlight ID: int-3185

Complete this digital doc: Concept map
Searchlight ID: doc-10770

Complete this digital doc: Summary
Searchlight ID: doc-00000

Complete this digital doc: Rich task: The golden ratio
Searchlight ID: doc-13935

Complete this digital doc: Code puzzle: Who created Sherlock Holmes?
Searchlight ID: doc-13936

 RESOURCES — ONLINE ONLY
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5.9 Review questions
To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1. On a farm there are 5 dogs, 3 cats, 17 cows and 1 horse. Write the following ratios.

a. cats dogs b. horses cows c. cows cats
d. dogs horses e. dogs other animals

2. Express each of the following ratios in simplest form.
a. 8 16 b. 24 36 c. 35 mm 10 cm d. $2 60 cents

e. 20 s 1 1
2

  min f. 1
12

 : 1
3

g. 4 10 h. 56 80

i. 2 hours 40 min j. 1.5 km 400 m
3. Find the value of n in each of the following proportions.

a. n
3

= 20
5

b. n
28

= 5
7

c. 2
3

= 8
n

d. 4
5

= 12
n

e. 6
n

= 5
8

f. 3
10

= n
4

4. The directions for making lime cordial require the mixing of 1 part cordial to 6 parts water.
a. Express this as a ratio.
b. How much cordial would you have to mix with 9 L of water?

5. Which is the larger ratio?

a. 4
5

, 2
3

b. 7
12

, 5
8

6. Place a number in the box to make a ratio greater than 3 : 2 but less than 2 : 1. ⃞  : 6
7. The horizontal and the vertical distances between the top and bottom points of slide A are 3 m and 2 m 

respectively. For slide B the horizontal distance between the top and bottom points is 10 m, and the 
vertical distance is 4 m.
a. Calculate the gradients of slide A and slide B.
b. Which slide is steeper? Justify your answer.

8. a. Divide $25 in the ratio 2 : 3.
b. Share $720 in the ratio 7 : 5.

9. Three people share a Lotto prize of $6600 in the ratio 4 : 5 : 6. What is the difference between the 
smallest and largest shares?

10. A car travels 840 km on 72 litres of petrol. Find the fuel consumption of the car in L/100 km.
11. David’s car has a fuel consumption rate of 12 km/L, and Susan’s car has a fuel consumption rate of 

11 km/L.
a. Which car is more economical?
b. How far can David’s car travel on 36 L of fuel?
c. How much fuel (to the nearest litre) would Susan’s car use in travelling 460 km?

12. A 1 kg packet of flour costs $2.80 and a 750 g packet costs $2.20. Which is the cheaper way of buying 
flour?

Communicating, reasoning and problem solving
13. The sides of a triangle are in the ratio 3 : 4 : 5. If the longest side of the triangle measures 40 cm, what 

is the perimeter of the triangle?
14. To make two 2

3
-cup servings of cooked rice, you add 3

4
 of a cup of rice, 1

4
 teaspoon of salt and  

1 teaspoon of butter to 1 1
2
 cups of water. How many 2

3
-cup servings of cooked rice can you make from 

a bag containing 12 cups of rice?
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15. Lachlan was driven from Newcastle to Branxton, a distance of 60 km, at an average speed of 80 km/h. 
He cycled back at an average speed of 20 km/h. What was his average speed for the whole journey? 
(Hint: It is not 50 km/h.)

16. The speed of the Discovery space shuttle while in orbit was 17 400 miles per hour. What is this in 
km/h ? (1 kilometre = 0.62 miles)

17. The rate of ascent for the Discovery space shuttle is 71 miles in 8.5 minutes.
a. What speed is this in km/min?
b. What speed is this in km/h?

18. A cyclist riding at 12 km/h completes a race in 3 h 45 min.
a. What is the distance of the race?
b. At what speed would she have to ride to complete the race in 3 h?

19. You have a plastic bag that contains 80 tennis balls. This bag of balls weighs 4 kg (the weight of the 
plastic bag is insignificant). You add 10 more balls to your bag. How much does your bag of balls 
weigh now?

20. The steps of a staircase are to have a ratio of rise to run that is to be 2
3
. If the run is 30 cm,  

what is the rise?
21. Travelling from Noort to Bastion takes me 1 hour and 30 minutes by car at an average speed of 72 km 

per hour. I stop for 15 minutes in Bastion before travelling to Smoop, which is 163 km away. The trip 
from Bastion to Smoop takes me 2 hours and 12 minutes.

22. What is my average speed for the whole trip?
23. A sum of money is divided in the ratio 2 : 5 : 7. Given that the  

smallest share is $200, calculate the largest share.
24. It takes me 2 hours to mow my lawn. My son takes 2.5 hours to  

mow the same lawn. If we work together using two lawnmowers,  
how long will it take us to mow the lawn? Give your answer in  
hours, minutes and seconds.

25. The diagram represents the path of a ski lift.
a. Calculate the gradients for each section.
b. Where is the gradient the steepest?
c. What is the average gradient of the ski lift?

m

100 200

(100, 60)

(350, 160)

(500, 280)

300 400 500

50
100
150
200
250
300
350
400

0
0

m
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Answers
Topic 5 Ratios and rates
Exercise 5.2 Introduction to ratios
1. a. 4 : 5 b. 5 : 4 c. 5 : 9 d. 9 : 4 e. 1 : 2

2. a. 5 : 3 b. 3 : 5 c. 1 : 5 d. 5 : 1 e. 1 : 3

f. 5 : 4 g. 1 : 8 h. 5 : 9 i. 1 : 9 j. 1 : 3

3. a. 5 : 7 b. 7 : 5 c. 5 : 12

4. a. 4 : 3 b. 3 : 4 c. 6 : 1 d. 4 : 1 e. 2 : 5

5. a. 3 : 5 b. 6 : 19 c. 4 : 11 d. 7 : 9 e. 1 : 5

f. 9 : 4 g. 3 : 4 h. 3 : 10 i. 17 : 60 j. 53 : 100

k. 11 : 100 l. 1 : 1000 m. 1 : 2000 n. 7 : 24 o. 5 : 12

p. 1000 : 27 q. 7 : 12 r. 13 : 24 s. 3 : 5 t. 1 : 22

6. a. 3 : 59 b. 59 : 38 c. 38 : 3 d. 3 : 97 e. 59 : 41

7. 6
17

8. a. 24 : 17 b. 21 : 17 c. 2 : 1 d. 4 : 39 e. 4 : 1 f. 1 : 1

g. 1 : 2 h. 3 : 1 i. 9 : 1 j. 1 : 3 k. 1 : 6 l. 1 : 4

9. a. 215 : 179 b. 215 : 36

10. a. 97 : 3 b. 3 : 100

11. a. 3
10

b. 4
15

c. 13
25

d. 7
9

12. a. Yes (same units) b. Yes (same units) c. No (different units) d. No (different units)

e. Yes (same units) f. Yes (same units) g. No (different units) h. Yes (same units)

13. a. 17 : 83 b. 97 : 3

14. a. 3 : 5 : 9 b. 2 : 3 : 5 c. 2 : 7 : 14 d. 1 : 5 : 95

15. 1125 g

16. a. 5 : 68 b. 27 : 5 c. 68 : 100 d. 17
25

,  68% e. 68
5

,  1360%

17. a. Class 8A — 4 : 5; class 8B — 4 : 5; class 8C — 4 : 3

b. Classes 8A and 8B c. 4 : 5 d. 20 : 21 e. No

18. Ratios compare quantities of the same unit, so units are not required

19. Fourteen coins need to be added to the purse. Three silver coins and 11 gold coins will change the ratio of gold to silver  
to 3 : 4.

Exercise 5.3 Simplifying ratios
1. a. 1 : 2 b. 1 : 3 c. 1 : 2 d. 1 : 3 e. 3 : 4 f. 5 : 6 g. 3 : 2 h. 3 : 2 i. 5 : 3 j. 1 : 2

k. 3 : 7 l. 3 : 4 m. 4 : 5 n. 3 : 2 o. 5 : 6 p. 10 : 3 q. 7 : 8 r. 3 : 4 s. 7 : 12 t. 2 : 3

2. a.  1 : 3 
2 : 6 
3 : 9 
4 : 12 
5 : 15

b. 2 : 1 
4 : 2 
8 : 4 
16 : 8 
20 : 10

c. 2 : 3 
4 : 6 
6 : 9 
8 : 12 
16 : 24

d. 64 : 32 
32 : 16 
16 : 8 
8 : 4 
2 : 1

e. 48 : 64 
24 : 32 
12 : 16 
6 : 8 
3 : 4

3. a. 2 : 3 b. 1 : 3 c. 5 : 3 d. 2 : 5 e. 1 : 4 f. 8 : 3 g. 3 : 40 h. 1 : 5 i. 9 : 4 j. 8 : 13

k. 5 : 4 l. 5 : 4 m. 1 : 5 n. 11 : 2 o. 2 : 5 p. 16 : 9 q. 3 : 10 r. 3 : 2 s. 7 : 3 t. 1 : 6

4. a. 4 : 5 b. 2 : 3 c. 3 : 2 d. 4 : 1 e. 4 : 3 f. 5 : 4 g. 1 : 8 h. 5 : 4 i. 8 : 1 j. 9 : 2

5. a. 1 : 20 b. 1 : 9 c. 12 : 11 d. 7 : 300

6. a. 1 : 2 b. 5 : 6 c. 1 : 2 d. 4 : 5 e. 16 : 9 f. 10 : 9

g. 3 : 10 h. 5 : 1 i. 5 : 6 j. 4 : 3 k. 5 : 8 l. 65 : 56

7. a. 7 : 9 b. 1 : 7 c. 1 : 3 d. 4 : 5 e. 1 : 6 f. 15 : 32

g. 10 : 1 h. 4 : 5 i. 1 : 10 j. 48 : 35 k. 1 : 20 l. 25 : 46

8. a. a : 5b b. 2 : 1 c. 2x : 3 d. y : 2 e. 3m : 4 f. 1 : 4b g. 102 : x2 h. 2cd2 : 1

9. A
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10. D

11. E

12. A

13. B

14. a. 18 400 b. 3 : 4 c. 3
4

d. 42.86%. In part c the number of females was compared with the number of males (part-to-part comparison), whereas in 
part d the number of females was compared with the total number in the crowd (part-to-whole comparison).

15. a. 5 : 8 b. 2 : 3 c. 3 : 5 d. 4 : 3 e. 4 : 13

16. a. 929 : 321 b. 217 : 22 c. 9 : 16 d. 11 : 9 e. 6 : 29

17. a. 85 : 103 b. 50 : 71 c. 2 : 3

d. i. $425 000 ii. 1 : 2

e. In a period of just over 6 years, the price of the house has increased by half its purchase price (in 2010).

18. Both ratios and fractions are simplified by multiplying or dividing by the same number to obtain the lowest form.

Exercise 5.4 Proportion
1. a. Yes b. Yes c. Yes d. Yes e. No f. Yes

g. No h. No i. No j. Yes k. No l. Yes

2. a. a = 1 b. a = 4 c. a = 6 d. a = 4 e. a = 24 f. a = 50

g. a = 12 h. a = 6 i. a = 6 j. a = 1 k. a = 4 l. a = 3

3. a. 9 boys b. 10 m c. 21 wins d. 24 chicken sandwiches

e. 5 litres f. 7 tables g. 4 cups h. 33 g

i. 75 cartons j. 3280 women

4. a. 11.2 b. 4.8 c. 2.1 d. 8.1 e. 7.1 f. 9.3 g. 7.7 h. 10.8 i. 11.7 j. 10.3

5. a. 1
3

= n
5

 n = 1.7

b. 2
6

= n
11

 n = 3.7

c. 15
4

= 50
n

     n = 13.3

d. 2
17

= 5
n

   n = 42.5

e. 2
3

= 15
n

 n = 22.5

6. a. No b. No c. No d. Yes e. Yes f. No g. Yes h. Yes i. Yes j. No

7. a. C b. E c. A d. D

8. The 14-year-old receives $28 and the 10-year-old receives $20.

9. a. White gold 3
4
, pink gold 3

4

b. Because 18
24

= 3
4

c. 6 g d. $210

10. 4:5

11. 9.6 : 20.8 = 6 : 13

12. 1 : 20 000 = x cm : 2.4 km

1 : 20 000 = x cm : 2.4 × 1000 × 100 cm

1 : 20 000 = x : 240 000

1
20 000

= x
240 000

1
20 000

× 240 000 = x
240 000

× 240 000

x = 12

So, 12 cm on the map represents 2.4 km on the ground.

13. a. 10:4:3 b. 2:9:11

14. 0.14 m3 cement, 0.29 m3 sand, 0.57 m3 gravel

15. Discuss with your teacher.

Exercise 5.5 Comparing ratios
1. a. 3 : 4 b. 7 : 9 c. 6 : 5 d. 7 : 10 e. 7 : 9 f. 2 : 5 g. 3 : 4 h. 7 : 8 i. 7 : 12 j. 6 : 5

2. a. Peninsula b. Boroondara c. City West d. DC North

3. Jenny

4. a. i. 1 ii. 2
3

iii. 2
5

iv. 3
14

b. AB c. GH d. iv, iii, ii, i
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5. a. 
2

1

b. 

3

1

c. 

4

3

d. 

3

2

e. 

2

5

6. a. C b. A

7. a. 3:4:5 b. The ratio of the 3 sides stays the same.

c. 1 m,  1.25 m

8. a. 3
15

= 4
20

; same taste b. 3
9

≠ 5
16

; website 3 has the sweeter recipe.

c. 2
3

≠ 5
8
; website 5 has the sweeter recipe. d. 3

8
≠ 7

12
; website 8 has the sweeter recipe.

9. a. 

5

1

36

7

1 : 5

 7 : 36
Hill B

Hill A 

  Hill A is steeper. It is difficult to determine which hill has the steeper slope from these diagrams because the difference in 
slope is slight. Diagrams are accurate only if a scale drawing is used and there is a significant difference in slope.

b. Answers will vary. c. Answers will vary.

10. If the gradient is zero, there is no horizontal or vertical distance.

Exercise 5.6 Dividing in a given ratio
1. a. 3 b. 5 c. 4 d. 8 e. 13 f. 13 g. 13 h. 19 i. 6 j. 12

2. a. $400,  $600 b. $750,  $250 c. $200,  $800 d. $500,  $500 e. $375,  $625

f. $625,  $375 g. $300,  $700 h. $900,  $100 i. $350,  $650 j. $450,  $550

3. a. $5000,  $5000 b. $4000,  $6000 c. $6000,  $4000 d. $3000,  $7000 e. $7000,  $3000

f. $2000,  $8000 g. $9000,  $1000 h. $3750,  $6250 i. $4800,  $5200 j. $4600,  $5400

4. a. $10 000,  $40 000 b. $15 000,  $35 000 c. $20 000,  $30 000 d. $25 000,  $25 000 e. $12 500,  $37 500

5. a. 2 m3 b. 0.5 m3 c. 1.6 m3 d. 1.6 m3 e. 1.2 m3

6. $25,  $20,  $15

7. a. $90 000,  $210 000,  $300 000 b. $180 000,  $180 000,  $240 000 c. $30 000,  $240 000,  $330 000

d. $150 000,  $180 000,  $270 000 e. $150 000,  $225 000,  $225 000

8. a. 90 b. 75

9. a. 120 b. 45 c. $6 d. $19.50

10. a. D b. D c. A d. D

11. 30°,  60°,  90°. Sum the ratio parts (1 + 2 + 3 = 6), divide the angle sum of a triangle by the total number of ratio parts to 
calculate the value of 1 ratio part (180 ÷ 6 = 30°), then multiply this by the number of ratio parts.

12. 96°

13. a. 50 b. 4 c. 4:1

14. a. 1:300 b. 1200 cm

15. a. 1 b. 37

c. i. 12 ii. 49

16. Discuss with your teacher.

Exercise 5.7 Rates
1. a. 10 m2/min b. 5 kL/min c. 300 cm3/s

d. $1.38/L e. 8 L/100 km or 12.5 km/L f. $2.50/m

g. 40 cows/hectare or (250 m2 /cow) h. $12.50/person i. $3.20/m2

j. 25 c/min k. 16 points/game l. $5.40/kg

m. 8 1
3

 m/s n. 5.2 runs/over o. $26.50/h

p. $3.50/kg q. 52 words/min r. 2°C/h

s. 6.5 cm/year t. 16 km/h
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2. $108.50

3. 396 points

4. 60.5 L

5. 21

6. 70 min

7. 12 days

8. 49

9. 1500 m2

10. 42

11. a. 
distance

time
b. 

volume
time

c. 
capacity

distance
d. 

money

time
e. 

money

length

f. 
capacity

time
g. 

money

capacity
h. 

money

number
i. 

mass
time

j. 
number

area

12. a. L/min b. m/s c. cm/year d. cm/h

e. mm2/sec f. L/km g. Runs/over h. Words/min

13. 360 L

14. Packs of 10

15. Car A

16. 250 g jar; 75c

17. a. C b. C c. D d. B

18. A ratio compares two quantities measured in the same units, where a rate compares two quantities measured in different units.

19. a. 4 patients per hour b. 15 min c. $62.50 per patient

20. 4 min

21. 1 7
8
 hours or 1 hour 52 minutes 30 seconds

22. 2750 organisms/litre. The beach should not be closed.

23. a. i. V = 1.098  07 × 1021 cm3 ii. 5464.13 kg/m3

b. i. V = 1.563  46 × 1024 cm3 ii. 1215.25 kg/m3

c. Earth and Jupiter do not seem to be made of the same substance, because Jupiter’s density is much less than that of Earth.

24. The 2005 race

25. Rates require units as they measure how one unit changes per another unit.

26. To work: 30 mins.

27. From work: 1 1
3
 hours (1 hour and 20 minutes)

28. Total travel time: 1 5
6
 hours (1 hour and 50 minutes)

Exercise 5.8 Interpreting graphs
1. The vertical axis is distance and the horizontal axis is time.

2. m/s

3. Horizontal line stretching for 60 minutes (with time measured horizontally)

4. D

5. The graph shows how the student dawdles at first and the rate of movement is slow. Then there is no change at all as the 
student goes into the shop. Finally the speed increases as the student hurries to school.

6. B

7. The graph shows how the bus makes its way to the school. The graph is not a completely straight line because there would be 
unevenness in relation to traffic conditions and pick-up and drop-off stops.

8. a. False b. True c. False d. True e. False

9. a. II b. III c. I

10. A steeper gradient represents a faster speed, whereas a shallow gradient represents a slower speed.

11. Horizontal line segments represent when and where an object is not moving.

12. A : 60 km/h 
B : 70 km/h 
C : 46.7 km/h
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13. a. Min (time) and $ (cost) b. Change in cost c. Change in time

d. m = $1 per min, m = 50c per min, m =  free calls, i.e. 0c

e. The gradient represents the increase in cost for each increase in time.

14. a.  Lamb: m = $15/kg 
Chicken: m = $10/kg 
Beef: m = $7.50/kg

b. Lamb: $15 
Chicken: $10 
Beef: $7.50

c. i. $15 
ii.  $5 
iii. $15

d. $35

e. Meat type Cost per kilogram ($/kg) Weight required (kg) Cost = $/kg × kg

Lamb 15 1 15

Chicken 10 0.5 5

Beef 7.50 2 15

Total cost 35

15. Answers will vary.
Students should understand that the distance travelled at the end of each leg of the journey should not change but that the 

time taken to reach the end of each leg should be half the original time taken.
The amount of time taken for a rest is not affected and, as such, the overall amount of time taken for the whole journey 

will not be exactly half the original time.
16. Answers will vary.

17. d

t

18. Answers will vary. Example:

a. 

M
as

s

Time

b. The mass of a pig will steadily increase over time.

  

A
lti

tu
de

Time

c. The altitude of a plane will steadily rise until cruising height, then stay at that height, before descending back to ground.

  

H
ei

gh
t

Time

As a bath tub is being emptied the height of the water will steadily decrease.

19. Graphs can tell a story by showing how quantities of one variable differ in relation to another variable.
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Investigation | Rich task

√5 + 1
2

= 1.618

Part A: Teacher to check
Part B:
1. 1,  1,  2,  3,  5,  8,  13,  21,  34,  55,  89,  144,  233,  377,  610,  987,  1597,  2584,  4181,  6765

2. 

Exercise 5.9 Review questions
1. a. 3 : 5 b. 1 : 17 c. 17 : 3 d. 5 : 1 e. 5 : 21

2. a. 1 : 2 b. 2 : 3 c. 7 : 20 d. 10 : 3 e. 2 : 9

f. 1 : 4 g. 2 : 5 h. 7 : 10 i. 3 : 1 j. 15 : 4

3. a. n = 4 b. n = 20 c. n = 12 d. n = 15 e. n = 9.6 f. n = 1.2

4. a. 1:6 b. 1.5 L

5. a. 
4
5

b. 
5
8

6. 10 or 11
7. a. Slide A: 

2
3

, slide B: 
2
5

b. Slide A

8. a. $10,  $15 b. $420,  $300

9. $880

10. 8.57 L/100 km

11. a. David’s b. 432 km c. 42 L

12. 1 kg packet

13. 96 cm 14. 32 15. 32 km/h 16. 28 064.5 km/h

17. a. 13.5 km/min b. 808.3 km/h

18. a. 45 km b. 15 km/h

19. 4.5 kg

20. 20 cm

21. 68.61 km/h

22. $700

23. 1 h 6 min 40 s

24. a. 0.6; 0.4; 0.8 b. The third segment c. Average gradient is 0.56.

Sequence Ratio Decimal value

1 – –

1 1
1

1

2
2
1

2

3
3
2

1.5

5 5
3

1.6
.

8 8
5

1.6

13 13
8

1.625

21 21
13

1.615 38

34
34
21

1.619 05

55
55
34 1.617 65

Sequence Ratio Decimal value

89 89
55

1.618 18

144 144
89

1.617 98

233 233
144

1.618 06

377 377
233

1.618 03

610 610
377

1.618 04

987 987
610

1.618 03

1597 1597
987

1.618 03

2584 2584
1597

1.618 03

4181 4181
2584

1.618 03

6765
6765
4181 1.618 03
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