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Introducing rates
If you were to monitor what you said each day, you might well fi nd that you speak about rates many times 

per day!

A ratio shows the relationship between the same type of quantities with the same units, but a rate 

shows the relationship between two different types of quantities with different units.

The following are all examples of rates:

• Cost of petrol was $1.45 per litre.

• Rump steak was on special for $18/kg.

• Dad drove to school at an average speed of 52 km/h.

• After the match, your heart rate was 140 beats/minute.

The top readout on this heart monitor shows heart rate in beats per minute.

Unlike ratios, a rate compares different types of quantities, and so units must be shown.

For example: 

• The ratio of boys to girls in a school was 4 : 5.

• The average rate of growth of an adolescent boy is 12 cm/year.

Let’s start: State the rate
For each of the following statements, write down a corresponding rate.

• The Lodges travelled 400 km in 5 hours.

• Gary was paid $98 for a 4-hour shift at work.

• Felicity spent $600 on a two-day shopping spree.

• Max had grown 9 cm in the last three months.

• Vuong paid $37 for half a cubic metre of crushed rock.

• Paul cycled a total distance of 350 km for the week.

What was the rate (in questions/minute) at which you answered these questions?
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 Rates compare quantities measured in different units. 

 All rates must include units for each quantity.

 The two different units are separated by a slash ‘/’, which is the mathematical symbol for ‘per’.

For example: 20 km/h = 20 km per hour = 20 km for each hour

 It is convention to write rates in their simplest form. This involves writing the rate for only one 

unit of the second quantity.

For example: spent $45 in 3 hours = $45 in 3 hours ← Non simplifi ed rate

← Simplifi ed rate ($15/h)

 The average rate is calculated by dividing the total change in one quantity by the total change 

in the second quantity.

For example: reading a 400-page book in 4 days

Average reading rate = 400 pages in 4 days

÷ 4 ÷ 4
= 100 pages in 1 day

Therefore average reading rate = 100 pages/day.

÷ 3 ÷ 3
= $15 in 1 hour 
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Example 13 Finding average rates

Tom was 120 cm tall when he turned 10 years old. He was 185 cm tall when he turned 20 years old. 

Find Tom’s average rate of growth per year between 10 and 20 years of age.

SOLUTION EXPLANATION

Average rate = 65 cm/10 years

= 6.5 cm/1 year

Average rate of growth = 6.5 cm/year.

Growth = 185 – 120 = 65 cm

Divide both numbers by 10.

Example 12 Writing simplified rates

Express each of the following as a simplifi ed rate.

a 12 students for two teachers b $28 for 4 kilograms

SOLUTION EXPLANATION

a 6 students/teacher 12 students for 2 teachers

÷ 2 ÷ 2

6 students for 1 teacher

b $7/kg $28 for 4 kg

÷ 4 ÷ 4

$7 for 1 kg
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Exercise 5E 
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C1 Which of the following are examples of rates?

A $5.50 B 180 mL/min C $60/h D 
5

23

E 4.2 runs/over F 0.6 g/L G 200 cm2 H 84c/L

2 Match each rate in the fi rst column with its most likely rate in the second column.

Employee’s wage 90 people/day

Speed of a car $2100/m2

Cost of building a new home 68 km/h

Population growth 64 beats/min

Resting heart rate $15/h

3 Write typical units for each of the following rates.

a Price of sausages b Petrol costs

c Typing speed d Goal conversion rate

e Energy nutrition information f Water usage in the shower

g Pain relief medication h Cricket team’s run rate
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C4 Write each of the following as a simplifi ed rate.

a 12 days in 4 years b 15 goals in 3 games

c $180 in 6 hours d $17.50 for 5 kilograms

e $126 000 to purchase 9 acres f 36 000 cans in 8 hours

g 12 000 revolutions in 10 minutes h 80 mm rainfall in 5 days

i 60 minutes to run 15 kilometres j 15 kilometres run in 60 minutes

5 Find the average rate of change for each situation.

a  Relma drove 6000 kilometres in 20 days.

b Holly saved $420 over three years.

c A cricket team scored 78 runs in 12 overs.

d Saskia grew 120 centimetres in 16 years.

e Russell gained 6 kilograms in 4 years.

f The temperature dropped 5ºC in 2 hours.

Example 12

Example 13
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C6 A dripping tap fi lled a 9-litre bucket in 3 hours.

a What was the dripping rate of the tap in litres/hour?

b How long would it take the tap to fi ll a 21-litre bucket?

7 Martine grew at an average rate of 6 cm/year for the fi rst 18 years of her life. If Martine was 

50 cm long when she was born, how tall was Martine when she turned 18?

8 If 30 salad rolls were bought to feed 20 people at a picnic, and the total cost was $120, fi nd the 

following rates.

a Salad rolls/person b Cost/person c Cost/roll

9 The number of hours of sunshine was recorded each day for one week in April. The results are listed. 

 Monday 6 hours, Tuesday 8 hours, Wednesday 3 hours, Thursday 5 hours

 Friday 7 hours, Saturday 6 hours, Sunday 7 hours

a Find the average number of hours of sunshine: 

i per weekday ii per weekend day

iii per week iv per day

b Given the above rates, how many hours of sunshine would you expect in April?

10 Harvey fi nished a 10 kilometre race in 37 minutes and 30 seconds. Jacques fi nished a 

16 kilometre race in 53 minutes and 20 seconds. Calculate the running rate of each runner. 

Which runner had a faster running pace?

11 The Tungamah Football Club had 12 000 members. After fi ve successful years and two premierships, 

they now have 18 000 members.

a What has been the average rate of membership growth per year for the past 5 years?

b If this membership growth rate continues, how many more years will it take for the club to have 

32 000 members?
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C12 a A car uses 24 L of petrol to travel 216 km. Express these quantities as a simplifi ed rate in:

i km/L ii L/km 

b How can you convert km/L to L/km?

13 The Teleconnect telecommunications company has a variable call charge rate for phone calls 

of up to 30 minutes. The charges are 50c/min for fi rst 10 minutes, 75c/min for the second 

10 minutes and $1/min for the third 10 minutes.

a Find the cost of phone calls of these given lengths.

i 8 minutes ii 13 minutes iii 24 minutes iv 30 minutes

b What is the average charge rate per minute for a 30 minute call?

 Connectplus, a rival telecommunications company, charges a constant call rate of 60¢/minute.

c If you normally made calls that were 15 minutes long, which company has the better deal for you?

d If you normally made calls that were 25 minutes long, which company has the better deal for you?

e What is the length of phone call for which both companies would charge the same amount?

Enrichment: Target 155

14 In Victoria, due to drought conditions, the state government 

urged all residents to save water. The goal was set for each 

Victorian to use no more than 155 litres of water per day.

a How many people live in your household?

b According to the Victorian government, how many litres 

of water can your household use per day?

c Perform some experiments and calculate the following 

rates of water fl ow:

i Shower rate (L/min)  ii Washing 

machine (L/load)

iii Hose (L/min)  iv Toilet (L/fl ush, L/half fl ush)

v Running tap (L/min)  vi Drinking water (L/day)

vii Dishwasher (L/wash)  viii Water for food preparation (L/day)

d Estimate the average daily rate of water usage for your household.

e Ask your parents for a recent water bill and fi nd out what your family household water usage rate 

was for the past three months.

 Before the initiative, Victorians were using an average of 164 litres/day/person. Twelve months after 

the initiative, Victorians were using 151 litres/day/person.

f How much water per year for the state of Victoria does this saving of 13 litres/day/person 

represent?

g What is the rate at which your family is charged for its water?

5E
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Ratios and rates and the unitary method
The concept of solving problems using the unitary method was introduced in Chapter 4. The unitary 

method involves fi nding the value of ‘one unit’. This is done by dividing the amount by the given 

quantity. Once the value of ‘one unit’ is known, multiplying will fi nd the value of the number of units 

required.

Let’s start: Finding the value of ‘ 1 unit ’
For each of the following, fi nd the value of 1 unit or 1 item.

• 8 basketballs cost $200.

• 4 cricket bats cost $316.

• 5 kg of watermelon cost $7.50.

For each of the following, fi nd the rate per 1 unit.

• Car travelled 140 km in 2 hours.

• 1000 L of water leaked out of the tank in 8 hours.

• $51 was the price paid for 3 kg of John Dory fi sh.

For each of the following, fi nd the value of 1 ‘part’.

• Ratio of books to magazines read was 2 : 5. Milli had 

read 14 books.

• Ratio of pink to red fl owers is 7 : 11. A total of 330 red 

fl owers are in bloom.

• Ratio of girls to boys is 8 : 5. There are 40 girls in a 

group.

 The unitary method involves fi nding the value of ‘one unit’ and then using this information to 

solve the problem.

 When dealing with ratios, fi nd the value of 1 ‘part’ of the ratio.

For example:  Ratio of cars to motorbikes is 35:2 and there are 6 motorbikes. 

 

2 parts = 6 motorbikes

÷ 2 ÷ 2

1 part =t 3 motorbikes

 When dealing with rates, fi nd the value of the rate per 1 ‘unit’.

For example: Pedro earned $64 for a 4-hour shift at work.

 Therefore, wage rate = $64 per 4 hours = $16 per hour = $16/h.

 Once the value of one ‘part’ or the rate per one ‘unit’ is known, the value of any number of parts 

or units can be found by multiplying.

 The technique of dividing and/or multiplying values in successive one-step calculations can be 

applied to the concept of converting rates from a set of given units to a different set of units.
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Example 16 Solving rate problems using the unitary method

A truck uses 4 L of petrol to travel 36 km. How far will it travel if it uses 70 L of petrol?

SOLUTION EXPLANATION

Rate of petrol consumptionR f l i

÷ 4

×70

36 km for 4 L ÷4

× 70
9 km for 1 L

630 km for 70 L

Truck will travel 630 km on 70 L.

Find the petrol consumption rate of 1 unit by dividingFi d h l i f 1 i b di idi

both quantities by 4.

Solve the problem by multiplying both quantities 

by 70.

Example 14 Reviewing the unitary method

Andy travels 105 km in 7 identical car trips from home to school. How far would she travel in 11 such 

car trips?

SOLUTION EXPLANATION

7 car trips = 105 km ÷ 7

× 11
1 car trip = 15 km

11 car trips = 165 km

Find the value of 1 unit by dividing both quantities by 7.

Solve the problem by multiplying both quantities by 11.
÷ 7

× 11

Andy travels 165 km.

Example 15 Solving ratio problems using the unitary method

The ratio of apples to oranges is 3:5. If there are 18 apples, how many oranges are there?

SOLUTION EXPLANATION

3 parts3  = 18 apples18 l ÷ 3

× 5
1 part =t 6 pieces

5 parts = 30 oranges

ApplesA l  = 3 ‘parts’, Oranges3 ‘ ’ O  = 5 ‘parts’ 5 ‘ ’

Need to fi nd the value of 1 ‘part’.

To fi nd 5 ‘parts’ multiply the value of 1 ‘part’ by 5.

÷ 3

× 5

There are 30 oranges.

Example 17 Converting units using the unitary method

Melissa works at the local supermarket and earns $57.60 for a 4-hour shift.

How much does she earn in c/min?

SOLUTIONSOLUTION EXPLANATIONEXPLANATION

Wage = $57.60 for 4 hours
  ÷ 4 ÷ 4

Melissa earns 24c/min.

Write down Melissa’s wage rate.

Find the rate of $ per 1 hour. 

Convert $ to cents and hours to minutes.

Divide rate by 60 to fi nd rate of cents per minute.

$14.40 for 1 hour

1440c for 60 minutes

24c for 1 minute÷ 60 ÷ 60
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Exercise 5F 
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C1 If 8 kg of chicken fi llets cost $72, how much would 3 kg of chicken fi llets cost?

2 If one dozen tennis balls cost $9.60, how much would 22 tennis balls cost?

3 If three pairs of socks cost $12.99, how much would 10 pairs of socks cost?

4 If 500 g of mince meat costs $4.50, how much would 4 kg of mince meat cost?

Example 14
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C5 Solve the following ratio problems.

a The required staff to student ratio for an excursion is 2 : 15. If 10 teachers attend the 

excursion, what is the maximum number of students who can attend?

b The ratio of commercials to actual show time for a particular TV channel is 2 : 3. How many 

minutes of actual show were there in 1 hour?

c A rectangle has length and breadth dimensions in a ratio of 3 : 1. If a particular rectangle has a 

length of 21 m, what is its breadth?

d Walter and William have a height ratio of 7 :  8. If William has a height of 152 cm, how tall is 

Walter? 

6 Solve the following rate problems.

a A tap is dripping at a rate of 200 mL every 5 minutes. How much water drips in

13 minutes?

b A professional footballer scores an average of 3 goals every 6 games. How many goals is he likely 

to score in a full season of 22 games?

c A snail travelling at a constant speed travels 400 mm in 8 minutes. How far does it travel in 

7 minutes?

d A computer processor can process 500 000 kilobytes of information in 4 seconds. How much 

information can it process in 15 seconds?

7 Leonie, Spencer and Mackenzie have just won a prize. They decide to share it in the ratio of 4 : 3 : 2. If 

Spencer receives $450, how much do Leonie and Mackenzie receive, and what was the total value of 

the prize? 

8 Convert the following rates into the units given in the brackets.

a $15/h (c/min) b $144/h (c/s)

c 3.5 L/min (L/h) d 20 mL/min (L/h) 

e 0.5 kg/month (kg/year) f 120 g/day (kg/week) 

g 60 g/c (kg/$) h $38/m (c/mm)

i 108 km/h (m/s) j 14 m/s (km/h)

Example 15

Example 16

Example 17
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C9 The Mighty Oats breakfast cereal is sold in boxes of three different sizes: 

 small (400 g) for $5.00, medium (600 g) for $7.20, large (750 g) for $8.25

a Find the value of each box in $/100 g.

b What is the cheapest way to buy a minimum of 4 kg of the cereal?

10 Gemma runs 70 metres in 8.4 seconds. If she maintains the same average speed, in what time 

will she run 100 metres? 

11 Zana’s hair grew 6 cm in 5 months. 

a Find Zana’s average rate of hair growth in cm/month and in m/year.

b How long would it take for Zana’s hair to grow 30 cm?

12 Maria can paint 15 m2 in 20 minutes.

a What is the rate at which Maria paints in m2/h?

b What area can Maria paint in 20 hours?

c Maria must paint 1000 m2 in 20 hours. Find the rate at which she will need to paint in m2/min.
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C13 If x donuts cost $y: 

a how much would 1 donut cost?

b how much would one dozen donuts cost? 

c how much would z donuts cost? 

14 a   A triangle has side lengths in a ratio of 3:5:4. If the longest side is 35 cm, fi nd the lengths of the 

other two sides and the perimeter of the triangle.

b  A triangle has side lengths in a ratio of x:(x + 3):(x – 2). If the shortest side is 17 cm, fi nd the 

lengths of the other two sides and the perimeter of the triangle.

15 In a faraway galaxy, a thriving alien colony uses the following units:

 For money they have puks and paks: 1 puk (pu) = 1000 pak (pa)

 For length they have doits and minidoits: 1 doit (D) = 80 minidoits (mD)

 Polynaute rope is priced at 4 pu/D. Find the cost of the rope in terms of pa/mD.

5F
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Enrichment: Where will we meet?

16 Phil lives in Perth and his friend Werner lives in Sydney. The distance, by road, between their two 

houses is 4200 km (rounded to the nearest 100 km).

 Phil decides to drive to Sydney and Werner decides to drive to Perth. They leave home at the same 

time and travel the same route, but in opposite directions.

 Phil drives at a constant speed of 75 km/h and Werner drives at a constant speed of 105 km/h.

a Will they meet on the road at a spot closer to Sydney or closer to Perth?

b How long will it take Phil to travel to Sydney?

c How long will it take Werner to travel to Perth?

d State the location of each friend after they have been driving for 15 hours.

e At what location (distance from Sydney and/or Perth) will they meet?

 When they meet, Phil decides to change into Werner’s car and they drive back to Werner’s home at an 

average speed of 105 km/h. 

f How long did it take Phil to travel to Sydney?

g Design a similar problem for two friends travelling at different constant speeds between two 

different capital cities in Australia.


	00 Maths Cover
	Maths - Year 8 - Week 3



