
i
i

“c04RatesAndRatios_print” — 2018/8/16 — 7:49 — page 156 — #1 i
i

i
i

i
i

TOPIC 4
Rates and ratios

4.1 Overview
4.1.1 Introduction
Rates are a part of our everyday lives. Speed is a rate com-
paring distance with time. The average fuel consumption
for a vehicle is the number of litres needed to travel 100
kilometres. Household appliances, including televisions, come
with energy ratings, and models can be compared online.

We can easily access a map of an area with apps on our smart
phones and devices. Usually such a map will have a scale —
a ratio of two lengths, showing the relation between the map
and the real world. Scales are used in many different fields,
including house construction, surveying and urban planning.

These days, technology is used both in drawing plans and in
construction generally. The concepts of rates and ratios form
many of the foundations on which the technology are based.

DISCUSSION
Can you think of some more examples where either rates or ratios are used in everyday life?

LEARNING SEQUENCE
4.1 Overview
4.2 Working with rates
4.3 Household appliances
4.4 Working with ratios
4.5 Building plans and elevation views
4.6 Sections of land
4.7 Review

Fully worked solutions are available for this topic in the Resources section of your eBookPLUS.

CURRICULUM CONTENT
Students:
• use rates to solve and describe practical problems AAM
• solve practical problems involving ratio, for example map scales, mixtures for building materials or cost per

item AAM
• obtain measurements from scale drawings, including but not limited to maps (including cultural mappings

or models) or building plans, to solve problems AAM

156 Jacaranda Maths Quest 12 Mathematics Standard 2 5E for NSW

UNCORRECTED PAGE PROOFS



i
i

“c04RatesAndRatios_print” — 2018/8/16 — 7:49 — page 157 — #2 i
i

i
i

i
i

4.2 Working with rates
4.2.1 Introduction to rates

• A rate compares the size of one quantity with that of another quantity. It is a method of measuring the
change between two quantities of different units. Rates are usually expressed in terms of how much the
first quantity changes for one unit of change in the second quantity.

• Common examples of rates include speed, casual wages, electricity usage and heart rates.
• Speed is usually measured in kilometres per hour (km/h) or metres per second (m/s).
• Casual wages are often given in dollars per hour ($/h), and heart rates are measured in number of beats

per minute (bpm).
• To calculate a rate, one quantity is divided by the second quantity. The units of a rate are used to

determine the order in which the quantities are divided.
For example, if the units are kilometres per hour, the rate is calculated by dividing the

number of kilometres travelled by the time in hours. 

Interactivity: Speed (int-6457)

WORKED EXAMPLE 1

At what rate (in km/h) are you moving if you are on a bus that travels 11.5 km in 12 minutes?

THINK WRITE

1. Identify the two measurements: distance and
time.
As speed is commonly expressed in km/h,
convert the time quantity units from minutes
to hours.

The quantities are 11.5 km and 12 minutes.
12
60

=
1
5

or 0.2 hours

2. Write the rate as a fraction and express in
terms of one unit of the second value.

11.5 km
0.2 hrs

=
11.5
0.2

×
5
5

=
57.5

1

= 57.5
3. Answer the question. You are travelling at 57.5 km/h.

WORKED EXAMPLE 2

A healthy heart rate is about 50 beats per minute. If a doctor counts for 12 seconds, how many
heartbeats should she count?

THINK WRITE

1. State the rate being used as a division. The heart
rate is given as 50 beats per minute, so the heart
rate is the number of beats divided by the number
of minutes.

Heart rate = number of beats
time (minutes)
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2. As the heart rate is given in minutes, convert
12 seconds to a number of minutes.

12 seconds =
12
60

minutes

= 0.2 minutes

3. Substitute the heart rate (50) and time (in minutes)
into the formula for heart rate.

50 =
number of beats

0.2

4. Multiply both sides of the equation by 0.2 to
simplify the right-hand side.

50 × 0.2 =
number of beats

��0.2
× ��0.2

1

10 = number of beats

5. Answer the question. The doctor should hear 10 beats in
12 seconds.

 

4.2.2 Making comparisons
• To make comparisons, it is often necessary to express a rate given in one unit in terms of another unit.

An example would be if you were asked to compare the speed of a car, given in kilometres per hour,
with the speed of the fastest land animal, the cheetah, given in metres per second. A car travelling at
60 km/h is actually slower than a cheetah travelling at 20 m/s, as 20 m/s converts to 72 km/h.

• To convert one rate to another comparable rate, convert each of the component units to the required unit
and then rewrite the rate.

For the cheetah travelling at 20 m/s, this would be 20 × 60 × 60 = 72 000 m/h, which converts to
72 km/h.

• In order to make accurate comparisons between the costs of differently priced and sized items, we need
to identify how much a single unit of the item would be. This is known as the unit cost.

For example, in supermarkets, similar drinks may be available in different sizes, making it difficult
to tell which option is the cheapest, or best buy.

• Unit cost calculations are an application of the unitary method, which is the same as the mathematical
process we follow when simplifying a rate.

For example, if 5 identical items cost $15, then 1 item will cost $3.

In general, if x items cost $y, divide the cost of y by x to find the price of 1 item:
x items cost $y.
1 item costs $ y

x
.

WORKED EXAMPLE 3

Write the following rates in the units specified.
60 km/h in m/s (correct to 1 decimal place)a.

0.125 g/mL in g/Lb.

THINK WRITE

a. 1. The rate of 60 km/h is kilometres divided by hours. 60 km/h =
60 kilometres

1 hour
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2. Convert each of the units separately.
• Write 60 kilometres as metres.
• Write 1 hour as seconds.

60 km = 60 × 1000 m
= 60 000 m

1 hour = 3600 seconds

3. Rewrite the rate using the new units, and then
complete the division.

60 km/h =
60 kilometers

1 hour

=
60 000 meters
3600 seconds

= 16.666 666 67 m/s

4. Answer the question. Therefore, 60 km/h is equal to
16.7 m/s (to 1 d.p.)

b. 1. The rate of 0.125 g/mL involves grams divided
by millilitres.

0.125 g/mL =
0.125 grams
1 millilitre

2. Convert each of the units separately.
• 0.125 g is already written in grams.
• Express 1 mL as litres.

1 mL =
1

1000
L

= 0.001 L

3. Rewrite the rate using the new units, then complete
the division.

0.125 g/mL =
0.125 grams
1 millilitre

=
0.125 grams
0.001 litre

= 125 g/L

4. Answer the question. Therefore, 0.125 g/mL is equal to
125 g/L.

WORKED EXAMPLE 4

Calculate the cost per 100 grams of pet food
if a 1.25 kg box costs $7.50.

THINK WRITE

1. Identify the cost and the weight. As the final answer is to
be referenced in grams, convert the weight from
kilograms to grams.

Cost: $7.50
Weight: 1.250 kg = 1250 g
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2. Find the unit cost for 1 gram by dividing the cost by the
weight.

$7.50
1250

= 0.006

3. Find the cost for 100 g by multiplying the unit cost by
100.

$0.006 × 100 = 0.60

4. Answer the question. Therefore, the cost per 100 grams
is $0.60.

WORKED EXAMPLE 5

The specifications of a small car with a 1.8–L engine state the fuel consumption as 6.4 L/100 km.
Convert this fuel consumption to give the rate of km/L.a.

You are planning a holiday from Parramatta to Coffs Harbour, a distance of 527 kilometres.
Calculate the amount of fuel this car will need for this trip. Give your answer correct to the
nearest 10 litres.

b.

THINK WRITE

a. 1. State the rate in words. 6.4 L/100 km = 6.4 litres used for 100 km

2. Calculate the distance for 1 litre. 1 litre is needed for
100
6.4

= 15.625 km.

3. Rewrite the rate in the required units. The fuel consumption rate is 15.625 km/L.

b. 1. Method 1
State the given rate as a fraction. Rate =

6.4 litres
100 kilometres

2. Multiply by the given distance. Fuel =
6.4
100

× 527

= 33.728 litres

3. Round the answer as required. The fuel needed for trip is approximately
30 litres.

1. Method 2
State the consumption rate from part
a in words.

Rate = 15.625 kilometres per litre

2. Divide the distance by the rate. Number of litres = 527 km
15.625 km/L

= 33.728 litres

3. Round the answer as required. The fuel needed for trip is approximately
30 litres.
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4.2.3 Heart rates
• The normal resting heart rates for adults range from 60 to 100 beats per minute (bpm).
• The maximum (safe) heart rate is based on your age:

Maximumheart rate = 220 − your age

• The target heart rate is generally expressed as a percentage, usually between 50% to 85% of the
maximum heart rate.

WORKED EXAMPLE 6

Find the maximum heart rate for a 30-year-old and calculate the target heart rate range of
50% to 85%.

THINK WRITE

1. Use the maximum heart rate formula. 220 − age = 220 − 30
= 190 bpm

2. Calculate 50% of the maximum heart rate. 50% of 190 =
50

100
× 190

= 95 bpm

3. Calculate 85% of the maximum heart rate. 85% of 190 =
85

100
× 190

≈ 162 bpm

4. Answer the question. For a 30-year-old, the maximum heart rate is
190 bpm and the target heart rate range is
95–162 bpm

Exercise 4.2 Working with rates

Understanding, fluency and communicating

1. a. WE 1 At what rate, in km/h, are you moving if you are in a
passenger aircraft that travels 1470 km in 100 minutes?

b. Calculate the rate, in m/min, for a yacht that travels
1.155 km in 165 minutes.

2. Calculate the rates in the units stated for:
a. a tank that loses 1320 mL of water in 2 1

2 hours,
expressed in mL/min

b. a 3.6-metre-long carpet that costs $67.14, expressed
in $/m

c. a basketball player who has scored a total of 833 points in 68 games, expressed in points/game.
3. WE 2 A typical automobile engine idles at 1500 revolutions per minute. How many revolutions does the

engine make in three-quarters of an hour?
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4. Water flows over a large waterfall at a rate of 120 cubic metres per second. How long does it take for
1 million litres to go over the waterfall? (Hint: 1 cubic metre = 1000 litres.)

5. WE 3 Write the following rates in the units specified.
80 km/h in m/sa. 4.5 m/s in km/hb.

6. Convert the following rates to the specified units.
a. 65 cents/g to $/kg
b. $5.65/kg to cents/g
c. $1.25/kg to $/tonne (Hint: 1 tonne = 1000 kg)
d. 1.5 g/cm3 to kg/m3 (Hint: 1 m3 = 1 000 000 cm3)

7. WE 4 Calculate, to the nearest cent, the cost in dollars per
100 grams for:
a. a 650-g box of cereal costing $6.25
b. a 350-g packet of biscuits costing $3.25
c. a 425-g jar of hazelnut spread costing $3.98.
d. a 550-g container of yoghurt costing $3.69.

8. Calculate the cost:
a. per litre if a box of 24 cans each containing 375 mL

costs $18.00
b. per 100 mL if a 4-litre bottle of cooking oil costs $16.75
c. per kilogram if a 400-g frozen chicken dinner costs $7.38
d. per kilogram if a 250-g pack of cheese slices costs $5.66.

9. WE 5 The specifications of a small car with a 1.5 L engine
state the fuel consumption as 5.8 L/100 km.
a. Convert this fuel consumption to give the rate of km/L.

Give your answer correct to 2 decimal places.
b. You are planning a holiday from Wollongong to

Broken Hill; a distance of 1263 kilometres. Calculate
the amount of fuel used on this trip. Give your answer
correct to the nearest 10 litres.

10. It is 495 km from Sydney to Thredbo, in Kosciuszko
National Park. An SUV states its fuel consumption as 7.4 L/100 km.
a. Convert this fuel consumption to give the rate of km/L, correct to 2 decimal places.
b. Calculate the amount of fuel expected to be used when driving in this SUV from Sydney to Thredbo.

Give your answer correct to the nearest 10 litres.
11. The fuel consumption rates of two medium cars of similar size are given below.

Car A: 10.5 L/100 km

Car B: 8.6 L/100 km

a. Compare the amount of fuel consumed by each car on a journey of 2480 km.
b. How many litres of fuel would be saved if you were driving car B instead of car A? Give your answer

to the nearest litre.
12. Two new luxury cars were released onto the market this year. The specifications for both are very

similar. The fuel consumption rates are given as 5.8 L/100 km and 7.1 L/100 km.
a. What is the difference in their fuel consumption rates?
b. Compare the amounts of fuel consumed by the two cars when driving 600 km.
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Problem solving, reasoning and justification

13. In a game of cricket, Dennis scored 48 runs from
66 deliveries, while Glen scored 34 runs from 42 deliveries.
a. Which batsman is scoring at the fastest rate

(runs/delivery)?
b. What is the combined scoring rate of the two batsmen

in runs per 100 deliveries, correct to 2 decimal places?
14. The Stawell Gift is a 120-metre handicap foot race. Runners

who start from scratch run the full 120 metres. For other
runners, their handicap is how far in front of scratch 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? Justify your answer.

15. WE 6 Josh, 22 years old, has a personal trainer to assist him to increase his fitness and general
performance to the threshold zone level of 80% to 90%.
a. State the maximum heart rate for a person of Josh’s age.
b. Calculate the general target heart rate range of 50% to 85% for a person of Josh’s age.
c. Find the target heart rate range for Josh during his exercise sessions at the threshold zone level.
d. If Josh has a resting heart rate of 62 bpm, find the percentage increase from his resting heart rate to

the lower limit of his target heart rate range. Give your answer to the nearest per cent.
16. Two friends have started an exercise program to

increase their fitness. Stuart is 25 years old and Cathy is
21 years old. The target heart rate range is generally
thought to be between 50% to 85% of the safe maximum
heart rate. Give answers to the following correct to the
nearest integer.

a. Calculate the target heart rate ranges for these two
friends.

b. Stuart wants to exercise in the aerobic heart zone of
70–80%. Would his target heart rate range change?
Justify your answer.

c. Cathy wants to maintain a healthy heart, which means exercising in the healthy heart zone of
50% to 60%. How would this change her target heart rate range? Justify your answer.

17. It’s summer, and three supermarkets are advertising ice cream cones on sale.
Allfoods advertises a 1.9-litre box of 16 ice creams for $15.
Betterfoods advertises a pack of four 155-mL ice creams for $5.
Creativefoods advertises a six pack of 85-mL ice creams for $3.99.
Which is the best buy? Justify your answer.

18. Three friends were looking at buying their first car. They were all considering small cars or small SUVs.
Each friend researched a specific car and checked the car’s specifications, including the stated fuel
consumption rate. Andrew found that the car he researched had a fuel consumption rate of
5.2 L/100 km. Benjamin found his car had a fuel consumption rate of 7.3 L/100 km. Catherine found her
car had a consumption rate of 6.1 L/100 km.
a. Compare the amount of fuel consumed by each car on a journey of 580 km.
b. Benjamin and Catherine have both purchased the cars they researched. They are planning to go on a

road trip together that will cover 1250 km. Both cars are very similar in size and other specifications
apart from fuel consumption.
i. Which car should they take? Explain your reasoning.
ii. Calculate the number of litres they will save if they drive Catherine’s car.

c. Compare the fuel consumption rates of two of your favourite cars. Write a statement about your
findings.
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4.3 Household appliances
4.3.1 Electricity costs

• In the International System of Units, the watt (W) is the unit of power. The unit is named after the
physicist and inventor James Watt (1736–1819). One watt is defined as the energy consumption rate of
one joule per second (J/s). For household appliances and lights, the amount of energy required to
operate them is expressed in watts.

• Electricity bills give your average daily usage in kilowatt–hours (kWh). If you have used
1 kilowatt–hour, that means you have used 1 kilowatt (or 1000 watts) of electricity in an hour.

WORKED EXAMPLE 7

Calculate the cost of running a 200-watt television for 6 hours if the average rate for domestic
electricity is $0.255/kWh.

THINK WRITE

1. Convert to the watts to kilowatts. 200 W ÷ 1000 = 0.2 kW

2. Multiply the kilowatts by the number of hours used. kWh = 0.2 × 6
= 1.2 kWh

3. Multiply the kilowatt–hours by the cost per
kilowatt–hour.

Cost = 1.2 × $0.255
= $0.306

4. Answer the question The cost to run the television for
6 hours is 31 cents.

 

WORKED EXAMPLE 8

A computer monitor with 2 stars has an energy rating of 196 kWh
per year.
Calculate the expected yearly cost for this monitor, if the electricity
usage rate is 23.58 c/kWh. Give your answer correct to
the nearest cent.

a.

The rating label states that the rating is based on 10 hours of use
per day. What is the hourly rate for using this monitor. Give your
answer in c/h, correct to 1 decimal place.

b.
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THINK WRITE

a. 1. Multiply the number of kilowatt–hours for
the year by the cost per kilowatt–hour.

Cost = 196 × 23.58 cents

= $46.2168

≈ $46.22

2. Answer the question. The cost is $46.22 per year for this
monitor.

b. 1. State the total cost for the year. Yearly cost = $46.2168

2. Calculate the number of hours of use. Hours = 10 × 365
= 3650

3. Divide the cost by the number of hours. Cost per hour = $46.2168 ÷ 3650
= $0.012 662 14

4. Answer the question. The cost is 1.3 c/h (to 1 decimal place).

Exercise 4.3 Household appliances

Understanding, fluency and communicating

1. WE 7 Calculate the cost of running a 250-watt television for 5 hours if the average rate for domestic
electricity is $0.321 09/kWh. Give your answer correct to the nearest cent.

2. Calculate the cost of running a small 100-watt refrigerator for a day at the domestic rate of 23.285 c/kWh.
Give your answer correct to the nearest cent.

3. WE 8 A UHD television with a 5-star rating shows an energy consumption of 336 kWh per year.
a. Calculate the expected yearly cost for this television if the electricity usage rate is 23.42 c/kWh. Give

your answer correct to the nearest cent.
b. The rating label states that the rating is based on 10 hours of use per day. What is the hourly rate for

using this television? Give your answer in c/h, correct to 1 decimal place.
4. A television with 3-star rating has an energy rating of 662 kWh per year.

a. Calculate the expected yearly cost for this television if the electricity
usage rate is 23.58 c/kWh. Give your answer correct to the nearest cent.

b. The rating label states that the rating is based on 10 hours of use per day.
What is the hourly rate for using this television? Give your answer in c/h,
correct to 1 decimal place.

5. A casual room has 6 downlights, each drawing 60 watts per hour. Calculate the electricity consumption in
kWh for a year, based on 5 hours of use per day.

6. A kitchen has 4 LED lights, each drawing 9 watts per hour. Calculate, to the nearest kWh, the electricity
consumption for a year based on 8 hours of use per day.
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7. The energy rating of a new 6-star HDR TV was stated as 484 kWh.
a. Calculate the expected yearly cost of this TV if the electricity usage rate is

23.43 c/kWh.
b. The rating label states that the rating is based on 10 hours of use per day.

What is the hourly rate for using this TV? Give your answer correct to
2 decimal places.

c. If you watched the TV for 2.5 hours one evening, how much would this cost
to the nearest cent?

8. A gaming console, including the TV, uses approximately 210 watts per hour.
If the electricity usage costs in your area are 29.106 c/kWh, what will be the
cost, to the nearest cent, of playing a gaming session lasting 3 hours?

9. Hair dryers normally use around 800
watts per hour. What would be the cost, to
the nearest cent, of using your hair dryer
for 15 minutes every second day for a
year, based on an electricity usage cost of
22.82 c/kWh?

10. A ducted air conditioner, with a thermo-
stat controller is rated at 5000 watts per
hour. The air conditioner was used con-
tinuously for 4 days during a summer heat
wave. The electricity usage rate in that
period was 25.476 c/kWh. Calculate the
cost of running the ducted air conditioner.

Problem solving, reasoning and justification

11. Two 3-star refrigerators of similar size are on sale. One has an energy consumption rating of 553 kWh,
and the other has an energy consumption rating of 565 kWh. Which would be the better buy? Justify
your answer.

12. You are comparing two super-efficient clothes dryers. The 7-star machine has an energy consumption
rate of 138 kWh per year, whereas the 8-star machine has an energy consumption rate of 115 kWh per
year. Both ratings are based on one use per week, and the electricity usage rate is 23.108 c/kWh.

Calculate the difference in cost, per week, of using these clothes dryers. Give your answer correct to
2 decimal places.
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13. The lighting plan for a proposed extension to a home has been summarised below.

Type of light Number of
light fittings

Average
watts

Fluorescent 2 40

Compact
fluorescent

3 7

Incandescent 11 60

Incandescent 5 25

Incandescent 1 100

a. Calculate the number of kilowatts this lighting plan would use if all of the lights were used for an
hour.
A second lighting plan changed the incandescent lights to LED lights, but kept the fluorescent lights.
The new plan has been summarised below.

Type of light Number of
light fittings

Average
watts

Fluorescent 2 40

Compact
fluorescent

3 7

LED 11 9

LED 5 6

LED 1 15

b. Calculate the saving in kilowatt hours that this new lighting plan would give if all of the lights were
used for an hour.

14. A 4-star washing machine has two energy consumption rates: 94 kWh per year
for cold wash cycles and 313 kWh per year for warm wash cycles. It also has a
water consumption rate of 96 litres per wash. The electricity usage
rate is $0.2385/kWh.
a. Calculate the cost for a year if:

i. only the cold wash cycle was used
ii. only the warm wash cycle was used.

b. How much would be saved per year if only the cold wash cycle
was used?

c. Both ratings were based on using the machine 7 times per week.
Assuming 52 weeks in the year, calculate the cost per wash in cents,
correct to 2 decimal places, for:
i. the cold wash cycle
ii. the warm wash cycle.
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d. In one week, the machine was used 4 times on a cold wash and twice on a warm wash. What was the
cost, to the nearest cent, of using the machine that week? Also state how many litres of water were
used.

15. Investigate the requirements for energy-efficient housing in your area. The local council and the state
government will have standards for 5- and 6-star home ratings. These may include lighting, rain water
tanks and insulation. Write a paragraph on your findings.

4.4 Working with ratios
4.4.1 Ratios

• Ratios are used to compare quantities that are measured in the same units.
• For example, if the ratio of bicycles to cars on a particular road during rush hour is 1 : 4, this means

there are 4 times as many cars on the road as bicycles. This could also be thought of in terms of
fractions of the total; that is, 1

5
of the vehicles during rush hour were bicycles and 4

5
were cars.

• Another example of ratios is discussed in the previous topic: the trigonometric ratios, which are the
ratios of two sides of a right-angled triangle.

• Ratios comparing two or more quantities should be written in their simplest form. The simplified form
is equivalent to the original ratio.

WORKED EXAMPLE 9

Simplify the following ratios by first finding the highest common factor.
14 : 6a. 1.5 : 2 : 3.5b.

THINK WRITE

1. Consider factors of each quantity. Both values are
divisible by 2.

a 14 : 6
÷2 ÷ 2

↓ ↓
= 7 : 32. Divide both values by 2.

b. 1. To work with whole numbers, multiply all
quantities by 10. (We multiply by 10 as there is 1
decimal place value. If there were 2 decimal places,
then we would multiple by 100.)

↓ ↓ ↓

↓ ↓ ↓

b 1.5 :

:

:

:

:

:

:

:2 3.5
×10×10 ×10

15 20 35
15 20 35

÷5 ÷5 ÷5

= 3 4 7

2. Express the whole number quantities as a ratio

3. Identify the highest common factor HCF for the
three parts (in this case 5). Simplify by dividing
each part by the HCF.

Note: In part b the ratio could have been multiplied
by 2 to get to the answer more quickly.
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4.4.2 Ratios of a given quantity
• Ratios are used to find required proportions of a given quantity. This can be useful when dividing a

total into different shares or portions.

Interactivity: Simplifying ratios (int-23734)

WORKED EXAMPLE 10

Carlos, Maggie and Gary purchased a winning lotto ticket; however, they did not each contribute
to the ticket in equal amounts. Carlos paid $6, Maggie $10 and Gary $4. They agree to divide the
$845 winnings according to their contributions.
Express the purchase contributions as a ratio.a.

How much of the winnings is each person entitled to?b.

THINK WRITE

a. Write the purchase contributions as a ratio,
remembering to simplify by identifying and
dividing by the highest common factor.

a. 6 : 10 : 4
HCF = 2
Ratio = 3 : 5 : 2

b. Multiple the winning amount by the fraction
representing each person’s contribution.

b. Carlos = 845 ×
3
10

= $253.50

Maggie = 845 ×
5
10

= $422.50

Gary = 845 ×
2
10

= $169.00

4.4.3 Scale drawings
• Another common example of the use of ratios is in scale drawings. Scale drawings are used in many

areas, including:
⬩ maps
⬩ house plans
⬩ other construction plans, e.g. for bridges and commercial buildings
⬩ landscape designs
⬩ designs for commercial products.

• Accuracy is critical in construction. Builders use various instruments to ensure accuracy. Measuring by
eye with a ruler can lead to inaccurate measurements.

• A common ratio used is 1 : 100. Notice that there are no units mentioned. This means that the
appropriate units for the particular situation can be used. For example:
⬩ 1 mm on the plan represents 100 mm in real life
⬩ 1 cm on the plan represents 100 cm in real life.
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• The following statements all represent the same scale:

0 1 2 3 4 5 m

1 cm ⇔ 1 m
1:100

Interactivity: Scales (int-4146)

WORKED EXAMPLE 11

A map is drawn using the scale 1 cm = 100 km.

0 100 200 km

Express this ratio in another form.a.

Find the direct distance, in kilometres, between two towns if the distance on the map
measures 3.2 cm.

b.

The distance ‘as the crow flies’ (direct distance) between two towns is 465 km. What would be
the measurement on the map?

c.

THINK WRITE

a. 1. Interpret the given scale. 1 cm represents 100 km.

2. Answer the question. 1 cm ⇔ 100 km
or 1 : 10 000 000

b. 1. Multiply both sides of the ratio by the same amount
to give 3.2 cm on the left-hand side.

1 cm ⇔ 100 km
1 cm × 3.2 ⇔ 100 km × 3.2

3.2 cm ⇔ 320 km

2. Answer the question. The direct distance between the two
towns is 320 km.

c. 1. Multiply both sides of the ratio by the same amount
to give 465 km on the right-hand side.

1 cm ⇔ 100 km
1 cm × 4.65 ⇔ 100 km × 4.65

4.65 cm ⇔ 465 km

2. Answer the question. The distance on the map is 4.65 cm.

 Exercise 4.4 Working with ratios

Understanding, fluency and communicating

1. WE 9 Simplify the following ratios.
81 : 27 : 12a. 4.8 : 9.6b.

2. Simplify the following ratios by first converting to the same units where necessary.
36 : 84a. 49 : 77 : 105b.

3.225 kg : 1875 gc. 2.4 km : 960 m : 1.2 kmd.

3. A recipe for Mars Bar slices requires 195 grams of chopped Mars Bar pieces and 0.2 kilograms of milk
chocolate. Express the weight of the Mars Bar pieces compared to the weight of the milk chocolate as a
ratio in simplest form.
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4. WE 10 In a bouquet of flowers the ratio of red, pink and white roses was 5 : 8 : 3. If there were 48 roses
in the bouquet, how many roses of each colour were included?

5. A fruit drink has been made with 30% fruit juice, 55% mineral
water and 15% sparkling water.
a. Express these percentages as a ratio of fruit juice : mineral

water : sparkling water in its simplest form.
b. How much mineral water would you need to make 2 litres

of this drink?
c. If you had 50 mL of fruit juice, how much mineral water

and sparkling water would you need to make another
serve of fruit drink? Give your answer correct to the
nearest mL.

6. WE 11 A map of a large area is drawn using the following scale.

50
0

10
00

0 km

a. Express this ratio in another form.

b. Find the direct distance in kilometres between two towns if the
distance on the map measures 5.25 cm.

c. The distance ‘as the crow flies’ (direct distance) between two
towns is 2250 km. What would be the measurement
on the map?

7. A plan of a building uses a scale of 1:1000. What lengths, in
metres, would be represented by the following lengths on the plan?

3 mma. 3 cmb. 5.2 mmc. 1.5 cmd.

8. Land measuring 48.4 m by 41.25 m is drawn on a plan with
measurements of 8.8 cm by 7.5 cm. What scale was used to draw
the plan?

9. A hairdresser’s apprentice needs to mix up a colour for the hairdresser
using the ratio of colour to developer of 1 : 2. The hairdresser needs
120 mLof the colour mix for a client. How much of each component
should the apprentice use?

10. Concrete is made from 1 part cement, 2 parts sand and 4 parts gravel.
A concreter needs to make 3.5 m3 of concrete for the base of a garden
shed. How many cubic metres of each of the components should
be used?

Problem solving, reasoning and justification

11. The total prize money in a competition is divided between first, second and third place winners in the
ratio of 5 : 2 : 1.
a. If the total prize money was $250 000, how much would each place winner receive?
b. If the first prize was $20 000, what was the total prize money?

12. A metal alloy consists of copper, zinc and tin in the ratio of 1 : 3 : 5. The alloy is found to have 20 g
of zinc.
a. What is the weight of the metal alloy?
b. Calculate the weight of the other two components.
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c. i. How many kilograms of alloy could be made if you had 2 kg of copper, 7 kg of zinc and 12 kg of
tin? Would you use all of the components? Justify your answer.

ii. How many kilograms of alloy could be made if, instead, you had 3 kg of copper but the same
amount of zinc and tine? Justify your answer.

13. You are looking at different boxes of chocolates and considering which is the best buy. Brand A costs
$14 for 700 g, Brand B costs $13.50 for 620 g and Brand C costs $12.50 for 725 g.
a. Which brand is the best value for money? Justify

your answer.
b. The makers of the most expensive brand decide to

change their price to match the unit price of the
cheapest brand. What would their price become?
Give your answer correct to the nearest 10 cents.

14. The scale on a map is as shown.
15

0

30
0

45
0

0 km

a. Express this scale as a ratio.
b. Calculate the direct distances represented by the following distances on the map.

3.2 cmi.

24 mmii.

c. Calculate the distance on the map, to the nearest millimetre, if the direct distance between two towns is:
267 kmi.

1058 km.ii.

d. Peter and Terry are planning to fly their small plane around country New South Wales. Peter measures
the distance as 4.9 cm and Terry measures it as 51 mm. If the direct distance between the two towns
is 752 km, who has measured more accurately? Justify your answer.

15. Mark, Henry, Dale and Ben all put in money
to buy a boat. The cost of the boat was
$18 000, and they contributed to the purchase
price in the ratio of 3 : 1 : 4 : 2.

a. How much did each person contribute?
b. They also purchased a trailer to tow the

boat. Mark put in $750, Henry $225, Dale
$300 and Ben $675. Express these amounts
as a ratio in simplest form.

c. Registration and insurance cost $1250 per
year for the boat and $695 per year for the trailer. Calculate the total expenses, per year, that Dale
would be expected to pay, if the original contribution ratio was maintained. Give your answer correct
to the nearest cent.
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4.5 Building plans and elevation views
4.5.1 Building plans

• Detailed building plans are necessary so that builders and other tradespersons know exactly what is
required to complete a project. A building plan is always drawn to a scale that is stated on the plan.
Also, a building plan will usually indicate the direction north.

• Drawings or plans for domestic buildings include:
⬩ site plans. These show all boundaries of the block of land and where the building will be situated.

(Site plans will be studied in the next section.)
⬩ floor plans. These show the exact dimensions of the building, including the dimensions and names

of all rooms.
⬩ elevations. These show impressions of how the completed building will appear when viewed from

the ground.

WORKED EXAMPLE 12

A house plan is drawn to a scale of 1 : 100.
What would be the size of a bedroom measuring 3 cm square on the plan?a.

The patio is 3500mm wide. What would be its width on the plan?b.

THINK WRITE

a. 1. Use cm as the unit in the scale because the plan unit
is cm.

a. Scale is
1 cm : 100 cm

2. The actual measurements are 100 times the plan
measurements, so multiply by 100.

3 cm : 3 × 100 cm

3. Calculate the actual length and convert to the
appropriate unit.

3 cm : 300 cm
So 3 cm on the plan represents 3 m in
the house.

4. Answer the question. Therefore, the bedroom is 3 m square.

b. 1. The plan is
1

100
the size of the house, so divide by

100, remembering the answer is in the same units

b. Patio width = 3500 ÷ 100 mm
= 35 mm

2. Answer the question. Therefore, the width of the patio on
the plan is 35 mm or 3.5 cm.

 
4.5.2 Floor plans

• If units are not indicated on a floor plan, it is assumed that dimensions are in millimetres.
• Floor plans show:

⬩ the size and position of windows
⬩ the size and position of doors, and the direction in which they open
⬩ the thickness of walls and the location of stairs (if any).

• Dimensions are given between two points, each marked with a dash.
• In simple constructions, the roof plan and the locations of all electrical and plumbing fittings may be

superimposed on the floor plan. If more detail is necessary, separate plans will be drawn.
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Interactivity: House plans (int-4147)

 

WORKED EXAMPLE 13

The floor plan of a 3-bedroom cottage is given below. All measurements are in millimetres.
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State the dimensions, in metres, of Bedroom 1.a.

Calculate, in square metres to 2 decimal places, the area of Bedroom 1.b.

State the width, in metres, of the window in Bedroom 1 on the western wall of the cottage.c.

THINK WRITE

a. 1. Find the internal dimensions of Bedroom 1. From the floor plan: 3510 mm × 3510 mm

2. Answer in metres. The dimensions are 3.51 m × 3.51 m.

b. 1. Calculate the area. Area = 3.51 × 3.51

= 12.3 201

2. Answer to 2 decimal places. The area of Bedroom 1 is 12.32 m2.

c. 1. Read off the floor plan. Width = 1810 mm

2. Answer in the correct units. The width is 1.81 metres.

4.5.3 Elevation views
• Elevation views include the front and back (or rear) views, as well as the two side views.
• The side facing mainly towards the north is known as the northern elevation, and likewise for the other

sides.
• Elevation views include the doors and windows, with their particular features.
• Doors and windows are labelled so they can be easily identified.

A view from the south
gives the South elevation

South elevation

A view from 
this direction 
gives West 
elevation

A view from 
this side 
gives East 
elevation

N
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WORKED EXAMPLE 14

Three of the elevations for the house from Worked example 13 are shown below.

Note: FCL stands for ‘finished ceiling level’; FFL stands for ‘finished floor level’.
What is the ceiling height of the cottage (the finished ceiling level)? Give your answer in metres.a.

Are all the windows on the western side of the cottage the same?b.

How many opening windows are on the western side of the cottage?c.

THINK WRITE

a. 1. FCL stands for ‘finished ceiling level’. Find
the value on the elevation.

From the south elevation:
FCL: 2400 mm

2. Answer in the correct units. The ceiling height is 2.4 m.
b. 1. Look at the west elevation. The window in Bedroom 1 is 1810 mm wide.

The window in Bedroom 3 is 910 mm wide.
The Living Room has 2 combination door and
window sets that are 2610 mm wide.

2. Answer the question. No, the windows on the western side of the
cottage are not all the same.

c. 1. Opening windows have extra lines drawn
around the opening.

There is 1 in Bedroom 1.
There in 1 in Bedroom 3.
There are 2 in the Living Room.

2. Answer the question. There are 4 opening windows on the western
side of the cottage.
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Exercise 4.5 Building plans and elevation views

Understanding, fluency and communicating

1. WE 12 A house plan is drawn using a scale of 1 : 100.

a. What would be the size of a study measuring 3 cm by
3.5 cm on the plan?

b. The casual living room is 5600 mm long. What would
be its measurement on the plan?

2. The plan for a house is drawn using a scale of 1 : 150.
a. What would be the real size of a formal living room that

measured 4 cm by 3.5 cm on the plan?
b. One of the windows in the formal living room is to

be 2700 mm wide. What would be its measurement on
the plan?

Questions 3 to 5 refer to the floor plan of the 3-bedroom cottage shown in Worked example 13.
3. WE 13 a. State the dimensions, in metres, of the kitchen.

b. Calculate, in square metres correct to 1 decimal place, the area of the kitchen. (This includes under
any fixtures or fittings.)

c. State the width, in metres, of the kitchen window.
d. State the width of the hallway leading into D7.

4. a. State the dimensions, in metres, of Bedroom 2.
b. Calculate, in square metres, the area of Bedroom 2. Give your answers correct to 2 decimal places.
c. State the dimensions, in metres, of Bedroom 3.
d. Calculate, in square metres, the area of Bedroom 3. Give your answer correct to 2 decimal places.

5. The three bedrooms are to be carpeted using carpet costing $55 per square metre.
a. Calculate the area to be carpeted.
b. An extra 5% needs to be allowed for cutting when ordering the carpet. If this carpet can only be

ordered in multiples of square metres, how many square metres need to be ordered?
c. Find the cost of the carpet for the bedrooms.

Questions 6 to 10 refer to the floor plan of the 3-bedroom cottage in Worked example 13 and the
elevation plans in Worked example 14.

6. a. WE 14 The front entrance shows a combination unit of a
door and window. Determine the dimensions of the front
door if it takes up half of the combination unit.

b. Calculate the total area of the front door in square metres,
correct to 1 decimal place.

c. The front door is to be painted on both sides. Three coats of
paint are needed for the required finish. If 1 litre of paint
covers 11 square metres, how many litres of paint
should be ordered?

7. a. State the window numbers on the eastern side of the
cottage.

b. State the dimensions of all bedroom windows.
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c. Calculate the total area of the bedroom windows.
Give your answer in square metres, correct to 2 decimal places.

d. The cost for low-emission glass is approximately $220 per square metre. Calculate the cost of this
type of glass for these windows. Give your answer to the nearest $10.

e. The bathroom and laundry windows are not the same size as other windows. How far above the floor
level is the lower edge of:
i. the bathroom window
ii. the kitchen window?

8. a. Each door has a code. State the codes for the internal doors.
b. What is the width allowed for the internal doors?
c. One of the door codes shows a pair of doors. Where is this pair, and what is the code?
d. State the code for the sliding door. Which two rooms does it separate?

9. a. The external walls and the internal walls of the cottage have different widths. What is the difference
in their widths?

b. There are four points on the floor plan marked DP, which stands for ‘downpipe’. Where are they
located and what are they for?

c. What items are drawn in the kitchen?
10. a. State the dimensions of the laundry.

b. Calculate the area of the laundry floor. Give your answer in square metres, correct to 3 decimal
places.

c. The laundry floor will have two coats of a special waterproofing applied. This has been quoted at
$65/m2. Find the cost of waterproofing the laundry floor. Give your answer correct to the nearest $10.

Problem solving, reasoning and justification

Questions 11 and 12 refer to the floor plan of the 3-bedroom cottage in Worked example 13 and the
elevation plans in Worked example 14.
11. a. State the dimensions, in metres, of the eastern wall (from the southern wall to the northern wall).

b. How many windows are on the eastern wall? Give their window identification numbers.
c. Calculate the total area of these windows, correct to 2 decimal places.
d. There are two doors with side glass panels on this eastern wall. State their identification numbers and

calculate the area of these sections, correct to 2 decimal places.
e. The eastern wall needs to be painted. The wall is to have two coats of paint where 1 litre of this paint

covers 11 m2. How many 1-litre cans should be ordered?
12. The house is to be on a 100-mm-thick concrete slab. The slab

will be rectangular in shape, coming to the dotted lines shown
on the floor plan. Concrete can only be ordered in quantities
of cubic metres.

a. State the dimensions, in metres, of the slab.
b. It is expected to take 4 concreters 3 hours to lay and finish

the slab. Determine the cost of laying the slab if concrete
costs $175/m3 and labour charges are $95 /hour.

178 Jacaranda Maths Quest 12 Mathematics Standard 2 5E for NSW

UNCORRECTED PAGE PROOFS



i
i

“c04RatesAndRatios_print” — 2018/8/16 — 9:26 — page 179 — #24 i
i

i
i

i
i

Questions 13 to 17 refer to the following plans and elevations of the Allenby home from
Masterton Homes.
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13. a. What units are used on the plans and elevations?
b. How many bedrooms are in the residence?
c. State the ceiling height of the residence.
d. How many downpipes (marked ‘DP’) are there around

the perimeter of the residence?
e. What are the dimensions of the built-in wardrobe in

Bedroom 1?
14. a. Give the internal size of the garage, ignoring the 4 pillars.

b. Is there a direct entry from the garage into the home?
c. The symbol MH in the garage stands for ‘manhole’.

What is this likely to be used for?
d. What type of door is on the garage? Give its dimensions.
e. Are there any windows in the garage?
f. If the garage were positioned on the site so that its outside wall faced the west, in which direction

would:
the front door facei. the back of the house face?ii.

15. Look at the external windows in the residence.
a. How many different window sizes are there?
b. Where is window number W5, and what is special about it?
c. Where are the windows labelled as W1 and W11 ? In what way are they different from the other

windows?
d. How many windows are in the front of the house? What sizes are they?
e. The family room has two windows, labelled W8 and W9. They are both 1810 mm wide. What are the

differences between these two windows in height and style?
16. a. State the overall width and depth of the residence.

b. If a minimum of 3 metres is allowed from a dwelling to a boundary line, what is the smallest block of
land on which this house could be built?

c. The house has an area of 143.4 m2. What percentage of the land would it occupy in this case? Give
your answer to the nearest per cent.

17. The house has an area of 143.4 m2.

a. Calculate the cost of a 100 − mm-thick concrete slab at
$140/m3 for concrete.

b. Reinforcing mesh for the slab costs $5/m2. What would
be the cost of this mesh?

c. The perimeter of the house is approximately 55 metres.
A trench 300 mm wide and 400 mm deep is to be dug
around the perimeter of the house for the footings.
Approximately how many cubic metres will need to be
removed for the trench?

4.6 Sections of land
4.6.1 Plans

• Plans, or scale drawings, are also needed for subdivisions and maps. These plans are useful in
calculating perimeters and/or areas of sections of land. A scale and the direction of north are normally
included in a plan.

• Drawings or plans for sections of land include:
⬩ survey plans. These show all boundaries of the sections on the land.
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⬩ site plans. These show all boundaries of a particular section or block of land.
⬩ maps. These show large sections of land, such as islands, cities, states or countries.

• Note: Care must be taken when measuring from a plan or map. It is very difficult to measure accurately
to the nearest millimetre.

4.6.2 Survey plans
• Individual sections of survey plans are numbered for identification purposes.
• Survey plans usually include:

⬩ the position of roadways and other nearby sections of land
⬩ the direction of north
⬩ the dimensions of the individual sections, normally in metres.

WORKED EXAMPLE 15

The survey plan below shows part of a new subdivision.

110
630 m2

30.0

21
.0

21
.0

187

23.0

27
.4

99

23.0

189

15.0

38
.9

1438
.6

07

7.219
13.219 5.0

796 m2

Lot X

Calculate the area of Lot 187.a.

Find the difference in the areas of Lot 187 and Lot 110.b.

Lot 187 was on the market for $350 000. Calculate the cost per square metre.c.

Steady rain fell for 5 hours at the rate of 0.3mm/h. Calculate the volume of the rainfall
over Lot 187, giving your answer to the nearest litre (1 litre= 1000 cm3).

d.

THINK WRITE

a. 1. Calculate the area of the lot. Area = 23 × 27.499
= 632.477 m2

2. Answer the question. The area of Lot 187 is 632.477 m2.

b. 1. Subtract the area of the smaller lot from the
area of the larger lot.

Difference in areas = 632.477 − 630
= 2.477 m2

2. Answer the question. Lot 187 is 2.477 m2 larger than Lot 110.

c. 1. Calculate the rate by dividing the price by the
area.

$350 000 ÷ 632.477 = $553.379 81

2. Answer the question. The rate is $553.38 per m2.
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d. 1. Calculate the area in cm2 by multiplying the
area in m2 by 1002.

Area = 632.477 × 100 × 100
= 6 324 770 cm2

2. Calculate the rainfall for 5 hours, in cm. Rainfall = 0.3 × 5
= 1.5 mm
= 0.15 cm

3. Calculate the volume by multiplying the area
by the depth of the rainfall.

Volume = 6 324 770 × 0.15
= 948 715.5 cm3

4. Convert to litres by dividing by 1000. =
948 715.5

1000
= 948.7155

5. Answer the question. There was 949 litres of rainfall on Lot 187
over the 5 hours.

4.6.3 Site plans
• Site plans usually show:

⬩ the intended locations of the building(s) and other structures, such as swimming pools
⬩ the dimensions, usually in millimetres, of the site itself and of any structures
⬩ the street name and the lot number
⬩ the direction of north.

• Site plans may also include contour lines, as dotted lines, to show the rise or fall of the land.

WORKED EXAMPLE 16

The site plan for Lot 8 on Gurner Street is shown below.

11 500 7200
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a. Calculate the area of the site in square metres.
b. State the dimensions of the building in metres and calculate its area.
c. How far, in metres, is the house set back from Gurner Street?
d. How far, in metres, is the house set back from:

i. the northern boundary
ii. the southern boundary?
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THINK WRITE

a. 1. Calculate the area of the site by converting
millimetres to metres.

Area = 28 × 75
= 2100 m2

2. Answer the question. The area of Lot 8 is 2100 m2.

b. 1. Convert the dimensions to metres. Dimensions: 14 400 mm by 7200 mm
14.4 by 7.2 m

2. Calculate the area. Area: 14.4 × 7.2 = 103.68

3. Answer the question. The area of the building is 103.68 m2.

c. 1. Read the information from the site plan. The house is set back 11 500 mm.

2. Answer the question in the correct units. The house is set back 11.5 m from Gurner St.

d. i. 1. Read the information from the site plan The house is set back 1000 mm.

2. Answer the question in the correct units. The house is set back 1 m from the northern
boundary.

ii. 1. Subtract the northern set back and width of
the building from the width of the land.

28 000 − 1000 − 14 400 = 12 600 mm

2. Answer the question in the correct units. The house is set back 12.6 m from the southern
boundary.

 

4.6.4 Maps
• Maps are usually used for large areas.
• The scale on a map is often written as a divided bar scale, as the distances are large.
• A map should always include a scale.
• The direction of north should also be shown on a map.

WORKED EXAMPLE 17

Bass     Strait

Wilsons
Promontory
National
Park

Tin Mine Cove

Millers Landing

Tidal River
Mt Oberon

Sealers
Cove

Waterloo
Bay

Lighthouse

Wilsons
Promontory
Road

0 10 20 km
1 : 1 000 000

A scale map of Wilsons Promontory National Park is shown.
What actual distance, in kilometres, is represented by 1 cm on
the map?

a.

Find the ground distance in a straight line from Tidal River to
the lighthouse.

b.

Two inlets are 2.4 km apart in a direct line. What distance would this
be on the map? Give your answer in millimetres.

c.

THINK WRITE

a. 1. Read the scale on the map. 1 cm represents 10 km.

2. Answer the question. The actual distance is 10 km.

b. 1. Measure the distance in cm. Map distance = 1.3 cm

2. State the scale. 1 cm ⇔ 10 km
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3. Multiply both sides of the scale by 1.3. 1.3 cm ⇔ 10 × 1.3 km

4. Answer the question. The ground distance is 13 km.

c. 1. State the scale. 1 cm ⇔ 10 km

2. Divide both sides of the scale by 10 to calculate the
distance for 1 km.

0.1 cm ⇔ 1 km

3. Multiply both sides of the scale by 2.4 to calculate the
distance for 2.4 km.

0.1 cm × 2.4 ⇔ 1 km × 2.4
0.24 cm ⇔ 2.4 km

4. Answer the question in the correct units. The distance on map is 2.4 mm.

 • Remember: If your measurements differ by 1 mm, this would be an actual difference of 1 km on the
map of Wilsons Promontory National Park.

• From a survey of a section of land, calculations of values such as area and perimeter can be made.
• Various methods used to find area and perimeter include:

⬩ the area formulas for triangles and rectangles
⬩ Pythagoras’ theorem (when finding the perimeter of a triangle)
⬩ the radial survey, covered in Topic 3
⬩ the trapezoidal rule.

• The formula for the area of a trapezium is:

A = h
2
(a+ b)

where a and b are the lengths of the parallel sides, and h is the height of the
trapezium.

a b

h

• If one side is irregular in shape, the trapezoidal rule will give an approximation of the area:

A ≈
h
2 (df + dl)

where df is the first parallel side, dl is the last parallel side, and h is the height
in between.

df
dl

h

• In a large section of land, the trapezoidal rule can be used to find an area by dividing the shape into a
number of trapeziums with a common height. The total area of the section is then the sum of the
individual trapeziums.

It is common for students to use the formulas above multiple
times when calculating composite areas. However, these
formulas can be simplified to:

A ≈ h
2 (df + dl + 2 (d1 + d2 + d3 +…))

where df is the first parallel side, dl is the last parallel side,
d1, d2, d3 etc. are the other parallel sides of the trapeziums and
h is the height between each trapezium.

df

h

dl

d1 d2

d3

h h
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WORKED EXAMPLE 18

A survey of a block of land shows a frontage of 20 metres, and parallel sides of 35 metres and
42 metres. The straight rear boundary backs onto a reserve.
Sketch a diagram to represent this information and state the shape of the block of land.a.

Calculate the area of the block of land.b.

Calculate the perimeter of the block of land. Give your answer correct to the nearest
centimetre.

c.

THINK WRITE

a. 1. Sketch a diagram of the block of land.

35

20

42

2. Name the shape. The block of land has the shape of a
trapezium.

b. 1. Write the formula for the area of a trapezium. A =
h
2

(a + b)

2. Substitute values for a, b and h and evaluate. A =
20
2

(35 + 42)

A = 770 square metres

3. Answer the question The area of the section of land is 770 m2.

c. 1. To find the perimeter, we need to know the
length of the rear boundary. Divide the shape
into a rectangle and a triangle.

35

x

20

35

7

2. Substitute the known values into Pythagoras’
theorem and evaluate
to find x.

x2 = 202 + 72

x2 = 449

x =
√

449
x = 21.18962
x = 21.19 metres (to nearest centimetre)

3. To find the perimeter, add the four sides. Perimeter = 35 + 20 + 42 + 21.19
= 118.19 metres

4. Answer the question. The perimeter of the section of land is
118.19 metres, to the nearest centimetre.
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WORKED EXAMPLE 19

A survey of an irregular section of land is given below. Calculate the area of this section of land.

3830

10 10 10 10 10

37 46 52
58

THINK WRITE

1. To find the area, we could either find the
areas of the 5 individual trapeziums, or
use the trapezoidal rule. In this case, we
will use the trapezoidal rule.
State the formula.

The land has been divided into
5 trapeziums.

A ≈
h
2 (df + dl + 2 (d1 + d2 + d3 + …))

2. Substitute h = 10, df = 30, dl = 58.
d1, d2, d3 and d4 are 38, 37, 46 and 52
respectively.

A ≈
10
2

(30 + 58 + 2(38 + 37 + 46 + 52))

A ≈ 5(88 + 2 × 173)
A ≈ 5(88 + 346)
A ≈ 2170 m2

3. Answer the question.
Note: The answer would be the same if
the formula for the area of a trapezium
had been applied 5 times; the process
would just take a lot longer.

The area of the section of land is approximately
2170 m2.

Exercise 4.6 Sections of land

Understanding, fluency and communicating

1. WE 15 Refer to the survey plan shown in Worked example 15.
a. State the area of Lot 189.
b. What is the difference in area between Lot 189 and Lot 110?
c. Lot 189 was on the market for $456 900. Calculate the cost per square metre. Give your answer

correct to the nearest dollar.
d. Steady rain fell for 3 hours at an average rate of 2 mm/h. Calculate the volume of the rainfall over Lot

189, giving your answer in litres (1 litre = 1000 cm3).
Questions 2 to 6 refer to the site plan shown.
The site plan shows the position of a house on
a block. All dimensions are in millimetres.

15 200
20 000

1200
13 200

37 200

NHouse

N
or

th
er

n
bo

un
da

ry2. WE 16 a. State the dimensions of the site in
metres.
b. Calculate the area of the site in square

metres.
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c. State the dimensions of the building in metres and calculate its area.
d. How far, in millimetres, is the house set back from the northern boundary?
e. How far, in millimetres, is the house set back from the southern boundary?

3. The owner intends to fence this property at a cost of $54.25/m, plus $570 for gates. What would it cost to
fence and install gates on this property?

4. The dotted line represents the water supply line. The length of this dotted line from the street to the house
is 23 200 mm. The trench for the water supply line will be approximately 40 mm wide and 300 mm deep.
Calculate the volume of soil that will need to be removed for this trench. Give your answer in cubic
metres, correct to 1 decimal place.

5. The owner is considering installing rainwater tanks. He monitors
the rainfall over a period of a few weeks.
a. In one day, his rain gauge recorded 8 mm of rain.

Calculate the volume of rainfall on his land.
Give your answer in cubic metres.

b. Would this have been enough to fill a 7000-litre
water tank? (Note: 1 m3 = 1 000 litres.)

6. WE17 Refer to the map of Wilsons Promontory
National Park shown in Worked example 17.
a. Find the ground (direct) distance in a straight line from:

i. Millers Landing to Tin Mine Cove
ii. Mt Oberon to the lighthouse.

b. Estimate the total length of the peninsula from
its northernmost point near Tin Mine Cove to
its southernmost point near the lighthouse.

c. Mt Vereker is located in the middle of the park,
8.5 km from Tidal River. At what distance, in millimetres,
should Mt Vereker appear from Tidal River on the map?

7. A map of New South Wales is drawn using the scale
1 cm ⇔ 50 km.
a. The distance on the map from Bourke to Broken Hill is 9.5 cm. What is the direct distance from

Bourke to Broken Hill?
b. The road from Bourke to Nyngan is virtually straight and the distance is 204 km. What length would

this be on the map? Give your answer in centimetres to 1 decimal place.
8. Complete this table for a map of Australia that has a scale of 1 cm ⇔ 625 km.

Journey Actual direct distance Map distance

Sydney to Brisbane 815 km

Canberra to Melbourne 8 mm

Adelaide to Darwin 3000 km

Sydney to Perth 5.9 cm
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Questions 9 and 10 refer to the map of King Island shown below.

0 10 20 km
1 : 1 000 000

Bass

Strait

KING

ISLAND

Grassy

Yarra Creek

Naracoopa

Lymwood

PegarahCurrie

Loorana

Reekara

Yambacoona

Egg Lagoon

 
9. a. The scale on the map is given in two forms. State the scale in another form.

b. Estimate the distance from the island’s northernmost point to its southernmost point.
c. Estimate the distance from the west coast to the east coast.

10. a. By measuring, find the direct distance from Grassy to Currie.
b. The distance from Grassy to Currie via the main road through Pegarah is 30 km. Why is this different

from your answer to part a?
c. The distance from Currie to Yambacoona by road is 29 km. The road appears to be fairly direct. By

measuring, find the direct distance and compare it to the road distance.
11. WE 18 A survey of a block of land shows a frontage of 15 metres and parallel sides of 28 metres and

31 metres. The rear boundary is straight.
a. Sketch a diagram to represent this information and state the shape of the block of land.
b. Calculate the area of the block of land.
c. Calculate the perimeter of the block of land. Give your answer correct to the nearest centimetre.

12. A block of land is surveyed. The land is shaped like a trapezium with parallel sides measuring
125 metres and 176 metres, a frontage of 50 metres, and a straight rear boundary.
a. Calculate the area of the block of land.
b. Calculate the perimeter of the block of land. Give your answer correct to the nearest centimetre.

13. WE 19 A survey of an irregular section of land is given below. All lengths are in metres. Calculate the
approximate area of this section of land.

15

63 65 4872

15 15
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14. The results of a survey of an irregular parcel of land are shown below. All measurements are in metres.
Calculate the approximate area of this parcel of land.

20

20

20

20

20

42

61

50

73

85

52

Problem solving, reasoning and justification

15. Refer to the survey plan shown in Worked example 15. The two parallel sides of Lot X measure 30 m
and 33 m, and the front and rear boundaries measure 21 m and 23 m respectively.
a. What is the shape of Lot X?
b. Calculate the perimeter of Lot X.
c. Paling fences cost approximately $55 per metre. Find the cost of installing a paling fence on the side

and rear boundaries.
d. Calculate the area of Lot X.
e. Steady rain falls in the area at the rate of 0.5 mm/hour for 24 hours. Calculate the volume of rain that

falls on Lot X. Give your answer in litres.

Scale 1 cm ⇔ 4 m

N

Garage

House

Driveway

Swimming
pool

Garden bed

G
ar

de
n 

be
d

16. A site plan for a block of land is shown at right.
a. Calculate the dimensions of the block of land.
b. Concrete costs $130/m3. If the driveway is

laid with concrete 15 cm (150 mm) thick, what
would be the cost of concrete for the job?
Give your answer to the nearest $10.

c. Calculate the floor area of each of the
following in square metres.
i. The house
ii. The garage
iii. The swimming pool

d. What is the ratio of the floor area of the
house to the floor area of the garage?

e. If the swimming pool is 1.5 metres
deep, what is its capacity in kilolitres?

f. The area around the pool inside the
fenced area is to be tiled. Give an estimate
of this area, to the nearest square metre.

g. Find the cost of the tiles around the pool
if they are priced at $56/m2. When purchasing these tiles, an extra 10% needs to be allowed for
cutting and breakages. The tiles are packed in square metres.
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17. A tourist map of Kakadu National Park is given below.
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a. State the scale on the tourist map.
b. What is the distance, as the crow flies, from Mary River Roadhouse to the West Alligator Head

campground? Give your answer to the nearest 10 km.
Lines have been superimposed on the map from the eastern boundary at intervals of 20 mm. They are
numbered from the southern boundary, and their lengths, in millimetres, are given in the table below.

Line Map length (mm) Direct distance (km)
1 22

2 45

3 69

4 63

5 69

6 74

7 58
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c. Complete the third column of the table above.
d. Use the trapezoidal rule to approximate the area of Kakadu National Park. Give your answer in

square kilometres, correct to the nearest 100 km2.
e. Discuss the accuracy of your area found in part d. In your answer, include one way to improve your

accuracy.
Questions 18 and 19 refer to the following map.
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18. Mount Ossa, at 1617 m, is the highest point above sea level in Tasmania. The results of a radial survey
from this point are shown in the following field notes. The scale on the field notes is shown as
1 cm ⇔ 50 km.

Place Bearing Map distance (mm) Direct distance (km)

Devonport 021°T 17

Cape Portland 053°T 42

Coles Bay 100°T 41

Hobart 137°T 32

South East Cape 160°T 42

South West Cape 180°T 39

Cape Sorell 248°T 15

Cape Grim 320°T 35

a. Complete the column for the direct distances in the table above.
b. Using radial survey techniques, calculate the area of Tasmania, correct to the nearest 100 km2.
c. The area of Tasmania is very close to 68 400 km2. What was the percentage error from your

calculation found in part b?
19. A sailor is trying to estimate the length of the coastline around

Tasmania. He has the information from the radial survey given
in question 18.
a. Approximate the length of the coastline by finding the perimeter

of the octagonal shape from the field notes. Give your answer
to the nearest 100 km.

b. The coastline of Tasmania, excluding the many small islands,
is 2237 km. What is the percentage error, to the nearest percent,
of your calculation in part a? Why would the two values differ?

4.7 Review
4.7.1 Summary
In this topic you have learnt:

• how to simplify rates
• how to use rates to compare heart rates, fuel consumption and best buys
• how to calculate heart rate ranges
• how to interpret energy ratings
• how to compare running costs of household appliances
• the meaning of the rate kilowatt- hour
• how to simplify ratios
• how to find the ratio of two quantities
• how to divide a quantity in a given ratio
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• how to use ratios to describe scales found on scale drawings, maps, building plans and site plans
• how to use ratios to calculate perimeter
• how to calculate area using both radial surveys and the trapezoidal rule
• how to calculate the volume of rainfall over a given area of land.
 

Digital doc: Topic 4 summary — a comprehensive summary of key learning points (doc-26473)

 

Exercise 4.7 Review

Understanding, fluency and communicating

1. Convert the following rates to the specified units.
10 m/s to km/ha. 56 c/g to $/kgb.

60 km/h to m/sc. 3 mL/cm2 to L/m2d.

2. Change the following scales into ratio form.
1 cm represents 100 kma. 1 m represents 250 kmb.

1 cm ⇔ 425 mc. 1 mm ⇔ 19 md.

3. A map is drawn to the scale 1 cm ⇔ 40 km.
a. Find the distance on the map for each of the following actual distances.

120 kmi. 670 kmii.

b. Find the actual distance represented by a measurement on the map of:
4 cmi. 62 mmii.

4. Simplify the following ratios.
25 : 40a. 80 : 56b. 4.5 : 3.6c.

2
3 : 3

4d.

5. A sofa is to be shipped in a wooden box. The dimensions of the box are 160 cm by 72 cm by 64 cm. The
cost of shipping the box is $125/m3. Determine the shipping cost.

6. A kettle is filled with tap water at 18 °C and then turned
on. It boils, at 100 °C, after 3 minutes. Calculate the
average rate of increase in temperature in °C/s. Give
your answer correct to 2 decimal places.

7. Prize money of $400 is to be divided between first- and
second-placed prize winners in the ratio of 5 : 3. How
much would each prize winner receive?

8. The money allocated for the first three place winners
in a local competition is $21 000. It is to be divided
in the ratio of 4 : 2 : 1. How much will each place
winner receive?

9. Chocolates come in gift boxes of different sizes.
A 460-g gift box is on sale for $15 and a
172-g gift box is on sale for $6.30. Which is the
best buy, and why?
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10. It is thought that generally a 25-year-old has a maximum heart
rate of 195 bpm.
a. Calculate the target heart rate range of 50% to 80% of the

maximum heart rate.
b. In training for a triathlon, a 25-year-old athlete wanted to increased

his exercise, under supervision, to reach a target heart rate range of
75% to 85%. Calculate this new range.

11. Jay drove from Newcastle to Tamworth for the annual Tamworth
Country Music Festival. The total distance is 282 km and it took
him 3 hours 40 minutes.
a. What was his average speed in km/h?
b. His fuel consumption rate was 6.7 L/100 km. How many litres

would he need for his journey, including the trip home
after the festival? Give your answer correct to the nearest litre.

12. On a country holiday, Melissa and her friends drove from Wagga
Wagga to Dubbo via Forbes, a distance of 406 km.
Their average speed was 90 km/h. The return journey, via Cowra,
was a distance of 453 km and their average speed was 85 km/h.
a. Calculate the average speed for the round trip from Wagga Wagga to Dubbo and back, giving your

answer correct to the nearest km/h.
b. Melissa’s car consumed 63 L of fuel for the round trip with an extra 56 km in sightseeing. Calculate

the car’s fuel consumption in L/100 km, correct to 1 decimal place.
13. A 60-watt incandescent light bulb is replaced with a 9-watt

LED light bulb. What would the saving be in a year if this
light bulb was on for an average of 5 hours per day
and the electricity usage charge is 25.367 c/kWh?

14. A supermarket has the same soft drink available in
three different packages. The single 600-mL bottle
costs $3.74; a 4-pack of 330-mL cans costs $4.50;
and a 10-pack of 375-mL cans costs $13.02.
Which is the best buy? Give the lowest rate in
c/100mL, correct to the nearest cent.

15. Peter is a 30-year-old athlete in training for the next
Ironman event.
a. What is his maximum heart rate?
b. If Peter’s resting heart rate is 60 bpm, calculate

the percentage increase required to reach his
maximum heart rate.

c. Calculate his target heart rate range of 50%
to 85% of his maximum heart rate.

d. During some short supervised training sessions,
Peter expects his target heart rate range to be
80% to 90% of his maximum heart rate. Calculate this range.
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16. A photograph of a local skate ramp is published in the paper. It is found
that the photograph represents the ramp on a scale of 1 : 75.

a. If the ramp is 3 m high, how high is it in the photograph?
b. If a separate ramp measured 5 cm in the photograph, how high would

it be in the skate park?
c. A skater is pictured in the photograph and is 3 mm in the air above

one of the ramps. How far above the ramp was the skater in real life?
d. If the ramp the skater is on is 1.5 m high, how far would the skater have

been above the ground in both real life and in the photograph?
17. The Bathurst 1000 is a 1000-kilometre car race held annually on the

Mount Panorama Circuit in Bathurst.
a. In 2007, the race was won by Craig Lowndes and Jamie Whincup in

6 hours, 29 minutes and 10 seconds. Calculate the average speed in km/h, correct to 3 decimal places.
b. Ten years later, in 2017, the race was won by David Reynolds and Luke Youlden in 7 hours, 11

minutes and 46 seconds. Calculate the average speed in km/h, correct to 3 decimal places.
18. Concrete is made from cement, sand and gravel in the ratio of 1 : 2 : 5 for this particular mix. A trench

40 m long, 50 cm deep and 20 cm wide has been excavated.
a. Calculate the amount of concrete in m3 needed to fill the trench.
b. The trench is to be filled with concrete. How many cubic metres of sand and gravel would need to be

ordered?
19. Two 3-star refrigerators of a similar size are displayed in a show room. Model A has an energy

consumption rate of 393 kWh per year, and Model B has a rate of 380 kWh per year. Refrigerators are
left on at all times. Calculate the savings for a year using Model B if the electricity usage rate is
$0.2385/kW.

20. The map of Australia shown is drawn with the scale of 1 cm to 500 km.
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a. How many kilometres are represented by 5 cm on this map?
b. Write the scale as a ratio.
c. If the direct distance between two towns was 2438 km, what would it measure on the map?
d. Use the map to estimate the straight line distance between:

Sydney and Darwini. Sydney and Canberraii.

Sydney and Melbourneiii. Sydney and Adelaide.iv.
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Problem solving, reasoning and justification

21. The electricity usage cost in an area is 25.68 c/kWh. You are looking
at the costs involved in running a swimming pool and spa.

a. The swimming pool uses a pool pump that runs at a rate of
1600 watts per hour and a salt-water chlorinator that runs at a rate of
300 watts per hour. The pool pump is programmed to run for 8 hours a
day and the chlorinator for 2.5 hours per day. Find the cost of
running both devices for a week.

b. Next to the swimming pool is a spa. The thermostat-controlled spa
heater uses, on average, 5000 watts per hour. Find the cost
of running the spa heater for 4 hours on Sunday.

22. A tourist map shows a small coastal city in which you plan to holiday with
your family. The line scale shows 6 mm to 3 km.
a. Write the line scale as a ratio.
b. A hotel advertises that it is ‘Just a short stroll to the local surf beach’. On the map, the hotel is 4 mm

from the coast. Is its advertising accurate? Justify your answer.
c. The best surf beach is 9 kilometres south of the city centre. How many millimetres is that on the map?
d. On the map, an extreme adventure park is located on a highway 24 cm down the coast. Could you

visit the park for a day trip? Justify your answer.

23. In the 2000 Sydney Olympics, Cathy Freeman won gold in the 400-metre race. Her time was 49.11
seconds. In the 2008 Beijing Olympics, Usain Bolt set a new world record for the men’s 100 metre race.
His time was 9.69 seconds.
a. Calculate the average speed of the winner for each race in km/h.
b. Should these two results be compared? Justify your answer.

24. Nauru is an island in the Pacific Ocean northeast of Papua New Guinea. Use the map of Nauru shown to
answer the following questions.
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a. Write the scale on the map in two other forms.
b. Find the approximate maximum length and width of the island.
c. Calculate the approximate area of Nauru, correct to 2 decimal places.
d. How far is Kayser College from the general hospital? Give your answer in kilometres, correct to

1 decimal place.
e. Considering the direct distance, which is closest to the boat harbour: Parliament House or the Nauru

Local Government Council? Justify your answer.
25. The site plan of Lot 5 on Your Street shows the position of a proposed addition to an existing dwelling

and a driveway. All lengths are in millimetres.
a. State the dimensions of Lot 5 in metres.
b. How far is the existing dwelling from the

eastern boundary?
c. How far will the proposed addition be from the

northern boundary?
d. Steady rain falls in the area at a rate of 2 mm/h

for 4 hours. Calculate the volume of the rainfall
on Lot 5 in litres.

e. Calculate the area of the following, in square
metres:

the existing dwellingi.

the proposed additionii.

the driveway.iii.

f. The new driveway is to be laid with concrete.
Calculate the cost of the new driveway if it is
18 cm (180 mm) thick, concrete costs $145/m3,
and concrete must be ordered in half-cubic-
metre quantities.

g. The proposed addition will be tiled. The tiles
cost $74/m2. These tiles are packed in boxes
containing one square metre of tiles. An extra
15% needs to be allowed for cutting and break-
ages. Find the cost of tiling the proposed
addition.
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26. Sandy has found a map of Mystery Island. To find the area of the
island, he decides to use the trapezoidal rule and marks it as shown
below. All dimensions on the map are given in metres.

101

55

102

53

50

50

50

50

50

26

48

59

16

Mystery Island

a. Calculate Sandy’s estimate for the area of Mystery Island.
b. Sandy could have been more accurate in his estimations of the area

of Mystery Island. Discuss methods he could have used to
increase his accuracy.
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27. Suzanne also has a map of Mystery Island. Her map includes notes from a field survey, as shown in
the table below.

N B

A

C

D
E

F

G

H

I

J

Mystery Island Point Bearing Map distance (cm) Actual distance (m)
A 040°T 13.1
B 060°T 7.2
C 100°T 8.5
D 153°T 8.5
E 175°T 8.4
F 194°T 12.3
G 233°T 7.7
H 255°T 7.2
I 286°T 8.4
J 327°T 8.5

a. Use the scale 1 cm ⇔ 10 m to complete the last column.
b. Calculate Suzanne’s estimate for the area of Mystery Island. Give your answer correct to the nearest

100 square metres.
c. Compare Suzanne’s estimate with Sandy’s estimate from question 26. Whose estimate do you think

would be more accurate? Give a reason for your answer.
Questions 28 to 30 refer to the plan of the weekend cottage shown below. All measurements are in
millimetres.
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28. a. State the dimensions of the bedroom in metres.
b. Calculate the area of the bedroom in square metres.
c. The bedroom is to be carpeted using carpet costing $55/m2. Find the cost of the carpet if an extra 5%

needs to be allowed for cutting and the carpet can only be purchased in lots of half a square metre.
d. The bedroom has two windows. Are they the same? Justify your answer.
e. The height of the bedroom windows is 1500 mm. The cost for low-emission glass is approximately

$220 per square metre. Calculate the cost of this type of glass for these windows.
29. a. State the dimensions of the kitchen in metres.

b. How many windows does the kitchen have, and are they all the same?
c. Because it is a weekend cottage, it has a very simple kitchen. Name the items shown in the kitchen.
d. There is an opening into the kitchen. Does it have a door? Justify your answer.
e. Some of the windows in the cottage have the same width. Is the kitchen window on the eastern side

of the cottage the same as any other windows in width? Would it be the same in dimensions? Justify
your answer.

30. a. The cottage will be built on a concrete slab 100 mm thick. Concrete costs $150/m3 and reinforcing
mesh for the slab costs $7/m2. Find the cost of materials for the slab. Both the concrete and the
reinforcing mesh will be ordered in lots of whole units.

b. The patio will be tiled with special outdoor tiles. The tiles chosen cost $128/m2 including labour. An
extra 10% for cutting and breakages is allowed when ordering. Calculate the cost of tiling the patio,
given that the tiles come in boxes of 1 m2.

c. The cottage is to have a sloping roof so that rainwater can be collected into tanks. If 8 mm of rain
falls overnight, how many litres would have been collected in the rainwater tanks? Give your answer
correct to the nearest litre.

d. How many millimetres of rain would need to fall to fill a 7500-litre water tank? Assume all of the
rainwater from the roof is collected in the tank.
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Answers
Exercise 4.2 Working with rates
1. a. 882 km/h b. 7 m/ min

2. a. 8.8 mL/ min b. $18.65/m
c. 12.25 points/game

3. 67 500 revolutions

4. 8 1
3

seconds (or 8.33 seconds to 2 d.p.)

5. a. 200
9

m/s (or 22.22 m/s to 2 d.p.)

b. 16.2 km/h
6. a. $650/kg b. 0.565 c/g

c. $1250/tonne d. 1500 kg/m3

7. a. $0.96/100 g b. $0.93/100 g
c. $0.94/100 g d. $0.67/100 g

8. a. $2/L b. $0.42/100 mL
c. $18.45/kg d. $22.64/kg

9. a. 17.24 km/L b. 70 L

10. a. 13.51 km/L b. 40 L

11. a. Car A: 260.4 L; Car B: 213.28 L
b. 47 L

12. a. 1.3 L/100 km b. 34.8 L; 42.6 L

13. a. Glen
b. 75.93 runs/100 deliveries

14. Joshua ran faster in the 2005 race; his average speed was
9.71 m/s. In the 2003 race, his average speed was 9.48 m/s,
which was slower by 0.23 m/s. (to 2 decimal places).

15. a. 198 bpm b. 99–168 bpm
c. 158–179 bpm d. 60%

16. a. For Stuart: 98–166 bpm; for Cathy: 100–169 bpm
b. 137–156 bpm; the target heart rate range has become

smaller, with the highest bpm reducing slightly but the
lower bpm increasing significantly.

c. 100–119 bpm; the target heart rate range has become
much smaller, with the highest bpm reducing
significantly but the lower bpm staying the same at 50%
of the maximum heart rate.

17. Creativefoods is the best buy at 0.782 c/mL. Allfoods was
0.789 c/ml and Betterfoods 0.806 c/mL.

18. a. Andrew: 30.16 L; Benjamin: 42.34 L; Catherine:
35.38 L

b. i. They should take Catherine’s car. The fuel
consumption of Benjamin’s car is 7.3 L/100 km; the
fuel consumption of Catherine’s car is 6.1 L/100 km,
so they will save 1.2 L/100 km.

ii. 15 L

Exercise 4.3 Household appliances
1. 40 cents

2. 56 cents

3. a. $78.69 b. 2.2 c/h
4. a. $156.10 b. 4.3 c/h
5. 657 kWh

6. 105 kWh

7. a. $113.40 b. 3.11 c/h c. 8 cents

8. 18 cents

9. $8.33

10. $122.28

11. The refrigerator with the energy consumption rating of
553 kWh is the better buy. The difference in the ratings
represents a saving of 12 kWh per year.

12. 10.22 cents

13. a. 0.986 kWh b. 0.741 kWh

14. a. i. $22.42 ii. $74.65
b. $52.23
c. i. 6.16 c/wash ii. 20.51 c/wash
d. $0.66; 576 L

15. Sample responses can be found in the worked solution in
eBookPLUS. The investigation could include:

• type of windows — e.g. double glazing, type of glass
• orientation of house, including windows
• type and amount of insulation
• recycled water
• water tanks
• plants for shade, or water-tolerant/drought-tolerant

plants
• energy-rated appliances
• homes constructed with eaves.

Exercise 4.4 Working with ratios
1. a. 27 : 9 : 4 b. 1 : 2

2. a. 3 : 7 b. 7 : 11 : 15
c. 43 : 25 d. 10 : 4 : 5

3. 39 : 40

4. 15 red, 24 pink and 9 yellow roses

5. a. 6 : 11 : 3
b. 1.1 L
c. Mineral water: 92 mL; sparkling water: 25 mL

6. a. 1 cm ⇔ 500 km or 1 : 50 000 000
b. 2 625 km
c. 4.5 cm

7. a. 3 m b. 30 m
c. 5.2 m d. 15 m

8. 1 : 550

9. Colour: 40 mL; developer: 80 mL

10. Cement: 0.5 m3; sand: 1 m3; gravel: 2 m3

11. a. First prize: $156 250; second prize: $62 500; third prize:
$31 250

b. $32 000

12. a. 60 g
b. Copper: 6 2

3
g; tin: 33 1

3
g

c. i. 18 kg of alloy, with 1 kg of zinc and 2 kg of tin
remaining

ii. With 3 kg of copper, we need 9 kg of zinc, and
15 kg of tin. Therefore, we can still only make
18 kg of alloy. We will have 1 kg of zinc and
2 kg of tin remaining along with the extra 1 kg of
copper.
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13. a. Brand C is the best value at less than 2 c/g. Both Brands
A and B are 2 c/g or more.

b. Brand B: $10.70

14. a. 1 cm ⇔ 150 km or 1 : 15 000 000
b. i. 480 km ii. 360 km
c. i. 18 mm ii. 71 mm
d. Terry has measured more accurately, as his

measurement has a smaller error (13 km).
15. a. Mark: $5400; Henry: $1800; Dale: $7200; Ben: $3600

b. 10 :3:4 :9
c. $606.92

Exercise 4.5 Building plans and elevation views
1. a. 3 m by 3.5 m b. 56 mm

2. a. 6 m by 5.25 m b. 18 mm

3. a. 3.61 m by 4.41 m b. 15.9 m2

c. 1.71 m d. 910 mm

4. a. 3.61 m by 2.61 m b. 9.42 m2

c. 2.61 m by 3.51 m d. 9.16 m2

5. a. 30.90 m2 b. 33 m2 of carpet
c. $1 815

6. a. 905 mm by 2090 mm b. 1.9 m2

c. 2 L of paint

7. a. W6, W7, W8, W9
b. Bedroom 1: 1810 mm by 2090 mm

Bedroom 2: 910 mm by 2090 mm; 310 mm by 2090 mm
Bedroom 3: 910 mm by 2090 mm

c. 8.23 m2

d. $1810
e. i. 1.49 m ii. 1.19 m

8. a. D4, D5, D6, D7, D8, D9, D10, D11, D12
b. 910 mm
c. D11: pair for the linen cupboard
d. D9: between the dining room and the kitchen

9. a. 200 mm
b. Downpipes are located in each corner of the cottage to

take water from the gutters into the storm water system.
c. Broom cupboard, oven, pantry, refrigerator, hotplates

and sink
10. a. 2.61 m by 1.81 m b. 4.724 m2

c. $610

11. a. 14.99 m by 2.4 m b. 4; W6, W7, W8, W9
c. 6.43 m2 d. D13, D14; 5.06 m2

e. 5 L

12. a. 8.99 m by 14.99 m by 0.1 m
b. $3590

13. a. Millimetres
b. 4
c. 2440 mm or 2.44 m
d. 5 downpipes (DP)
e. 530 mm deep, 2465 mm long

14. a. 3 m by 5.5 m
b. Yes, through D7, 15
c. Access to the cavity between the ceiling and the roof
d. Fibre cement sheeting; width 2400 mm, height

2110 ± 20 mm

e. There are no windows in the garage, just an opening to
the storeroom.

f. i. West ii. South

15. a. There are 9 different window sizes.
b. Bathroom; toughened glass
c. W1: front entrance; W11: storeroom rear exit; TEF

glazing
d. 3 windows: W2 (Bedroom 4), 1510 mm wide by

2000 mm; W3 (Bedroom 1), 2110 mm wide by
1800 mm; W12 (Living room), 2110 mm wide by
1800 mm

e. Difference in heights: 600 mm
Difference in style: W8 is a window with 2 panels; W9
includes a sliding door

16. a. 12.85 m by 14.66 m
b. 18.85 m by 20.66 m
c. 37%

17. a. $2007.60 b. $717 c. 6.6 m3

Exercise 4.6 Sections of land
1. a. 796 m2 b. 166 m2

c. $574/m2 d. 4776 L

2. a. 37.2 m by 20 m
b. 744 m2

c. 13.2 by 15.2 m; 200.64 m2

d. 1200 mm
e. 3600 mm

3. $6776.20

4. 0.3 m3 (correct to 1 d.p.)
5. a. 5.952 m3

b. 5952 L; not enough to fill the 7000-L tank

6. a. i. 16 km ii. 12 km
b. 42 km
c. 8.5 mm

7. a. 475 km b. 4.1 cm

8.
Journey Actual direct

distance
Map distance

Sydney to Brisbane 815 km 1.3 cm

Canberra to Melbourne 500 km 8 mm

Adelaide to Darwin 3000 km 4.8 cm

Sydney to Perth 3688 km 5.9 cm

9. a. 1 cm ⇔ 10 km b. 75 km
c. 30 km

10. a. 27 km
b. The road goes up to Pegarah and is not direct, so the

road distance is longer than the direct distance.
c. 31 km; longer than the road distance of 29 km. A

difference of 2 km would be a map distance of 2 mm.

11. a. Trapezium b. 442.5 m2 c. 89.30 m

12. a. 7 525 m2 b. 422.42 m

13. 2 820 m2

202 Jacaranda Maths Quest 12 Mathematics Standard 2 5E for NSW

UNCORRECTED PAGE PROOFS



i
i

“c04RatesAndRatios_print” — 2018/8/16 — 9:26 — page 203 — #48 i
i

i
i

i
i

14. 6320 m2

15. a. Trapezium b. 107 m
c. $4730 d. 661.5 m2

e. 7938 L

16. a. 30 m by 34 m
b. $1 248
c. i. 151.2 m2 ii. 51.84 m2 iii. 57.12 m2

d. 35 : 12
e. 85.68 kL
f. 22.08 m2

g. $1 400

17. a. 1 cm ⇔ 15 km
b. 150 km

c. Line Map length (mm) Direct distance (km)
1 22 33
2 45 67.5
3 69 103.5
4 63 94.5
5 69 103.5
6 74 111
7 58 87

d. 16 200 km2

e. To improve accuracy, the height of each trapezium
needs to be smaller, giving more trapeziums and hence
producing less error.

18. a. Place Bearing Map
distance
(mm)

Direct
distance
(km)

Devonport 021°T 17 85
Cape Portland 053°T 42 210
Coles Bay 100°T 41 205
Hobart 137°T 32 160
South East Cape 160°T 42 210
South West Cape 180°T 39 195
Cape Sorell 248°T 15 75
Cape Grim 320°T 35 175

b. 63 400 km2

c. 7.3% under the estimated actual area

19. a. 1100 km
b. 51% under the actual distance. The radial survey is the

distance in a straight line, but the coastline of Tasmania
has many inlets, which add to the actual length of the
coastline.

Exercise 4.7 Review
1. a. 36 km/h b. $560/kg

c. 16 2
3

m/s d. 30 L/m2

2. a. 1 : 10 000 000 b. 1 : 250 000
c. 1 : 42 500 d. 1 : 19 000

3. a. i. 3 cm ii. 16.75 cm
b. i. 160 km ii. 248 km

4. a. 5 : 8 b. 10:7
c. 5 : 4 d. 8 : 9

5. $92.16

6. 0.46 °C/s
7. First prize: $250; second prize: $150

8. First prize: $12 000; second prize: $6000; third prize: $3000

9. The 460-gram tin is the best buy as it is 0.4 c/g cheaper.

10. a. 98–156 bpm b. 146–166 bpm

11. a. 76.9 km/h b. 38 L

12. a. 87 km/h b. 6.9 L/100 k

13. $23.61

14. Best buy: 4 pack of 330-mL cans for $4.50; 34 c/100 mL

15. a. 190 bpm b. 216.67%
c. 95–162 bpm d. 152–171 bpm

16. a. 4 cm
b. 3.75 m
c. 22.5 cm
d. Real life: 172.5 cm; photo: 2.3 cm

17. a. 154.176 km/h b. 138.964 km/h
18. a. 4 m3

b. Sand: 1 m3; gravel: 2.5 m3

19. $3.10

20. a. 2500 km
b. 1 : 50 000 000
c. 4.9 cm
d. i. 3200 km ii. 250 km iii. 700 km iv. 1150 km

21. a. $24.36 b. $5.14

22. a. 1 : 500 000
b. No; 2 km is not a short stroll.
c. 18 mm
d. The round trip is 240 km. This is too long for a day trip,

as you would want to spend time in the park.
23. a. Cathy Freeman: 29.322 km/h

Usain Bolt: 37.152 km/h
b. No; they can’t be compared because the races were over

different distances.
24. a. 1 cm ⇔ 1 km or 1 : 100 000

b. Length: 6 km; width: 4.5 km (approximate only)
c. 27 km2

d. 2.2 km
e. The Local Government Council is closer to the boat

harbour in a direct line by about 200 m.
25. a. 15 m × 30.5 m

b. 2 m
c. 11.5 m
d. 3660 L
e. i. 75 m2 ii. 33 m2 iii. 40.5 m2

f. $1087.50
g. $2812

26. a. 23000 m2

b. Accuracy could have been improved if Sandy had made
the heights of the trapeziums smaller, for example 20 m.
The smaller the heights, the closer the area would have
been to the actual area.
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27. a. Point Bearing Map
distance
(cm)

Actual
distance (m)

A 040°T 13.1 131
B 060°T 7.2 72
C 100°T 8.5 85
D 153°T 8.5 85
E 175°T 8.4 84
F 194°T 12.3 123
G 233°T 7.7 77
H 255°T 7.2 72
I 286°T 8.4 84
J 327°T 8.5 85

b. 22 700 m2

c. Both Sandy and Suzanne used 10 areas in calculating
their estimate. It is difficult to say who had the more
accurate answer; they only differed by 300 m2. Even
looking at diagrams with the straight sides drawn in, it
is difficult to decide. However, Suzanne’s radial method
had angles and lengths, whereas Sandy’s only had
lengths.

28. a. 3.1m by 3.5 m
b. 10.85 m2

c. $632.50
d. Yes, they are both sliding windows, 1218 mm wide.
e. $803.88

29. a. 2.5 m by 4.5 m
b. Three, not all the same: eastern and northern: 1218

sliding; southern: 909 sliding
c. Refrigerator, pantry, hotplates, sink
d. The kitchen has no door, just an opening, as there is no

symbol for a door.
e. The width of the kitchen window on the eastern side is

1218 mm. This is the same as the kitchen window on
the northern side, both windows in the bedroom, the
living room window and the laundry window. However,
the heights of the windows are not known, so they may
not all have the same dimensions, just the same width.
(The height would be shown on either an elevation or a
window schedule.)

30. a. $1746 b. $1536
c. 622 L d. 96.45 mm
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