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MEASUREMENT AND GEOMETRY

TOPIC 12
Measurement

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

12.1.1 Why learn this?
Measurement skills are required in 
many real-world situations. Measure-
ments may be in one, two or three 
dimensions. We use measurements to 
describe such things as length, temper-
ature, time, area and capacity. 
 Measurement concepts have significant 
connections to other areas of mathe-
matics, such as geometry and statistics.

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

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

of measurement.

LEARNING SEQUENCE
12.1 Overview 
12.2 Measurement 
12.3 Area 
12.4 Area and perimeter of a sector 
12.5 Surface area of rectangular and triangular prisms 
12.6 Surface area of a cylinder 
12.7 Volume of prisms and cylinders 
12.8 Review 

UNCORRECTED P
AGE P

ROOFS



TOPIC 12 Measurement 417

c12Measurement.indd Page 417 26/06/17  12:35 PM

12.2 Measurement
12.2.1 Timescales

 • Scientists sometimes need to work with very large or very small timescales.
 • Very large or very small numbers are best written in scientific notation (as described in Topic 2).

WORKED EXAMPLE 1

Alpha Centauri is the closest star system to Earth at a distance of 4.3 light-years. Light travels at 
300 000 km/s. Correct to 4 significant figures:
a write the speed of light in scientific notation
b determine the distance travelled by light in 1 minute
c determine the distance travelled by light in 1 day
d determine the length of a light-year in kilometres
e determine the distance, in km, of Alpha Centauri from Earth.

THINK WRITE

a Light travels at 300 000 km/s. a 300  000 = 3.0 × 105 km/s

b Light travels at the rate of 3.0 × 105 km 
per second.
1 minute = 60 seconds, so multiply the 
answer to part a by 60.

b 3.0 × 105 × 60 = 180 × 105

= 1.8 × 107 km/min

c Light travels at the rate of 1.8 × 107 km 
per minute.
1 hour = 60 minutes, 1 day = 24 hours, so 
multiply the answer to part b by 60 and by 24.

c 1.8 × 107 × 60 × 24 = 2592 × 107

= 2.592 × 1010 km/day

d Light travels at the rate of 2.592 × 1010 km 
per day. 1 year = 365.25 days, so multiply 
the answer to part c by 365.25.

d 2.592 × 1010 × 365.25 = 946.728 × 1010

≈ 9.467 × 1012 km/year
A light-year is 9.467 × 1012

 km.

e 1 Alpha Centauri is 4.3 light-years from 
Earth. Multiply the previous answer by 4.3.

e 9.467  28 × 1012 × 4.3 = 40.7093 × 1012

≈ 4.070 × 1013
 km

2 Express the answer in scientific notation. Alpha Centauri is 4.070  93 × 1013 km from Earth.

Watch this eLesson: The story of the mathematics: Measurement matters
Searchlight ID: eles-1699

 RESOURCES — ONLINE ONLY

12.2.2 Small timescales
 • Slow-motion cameras have made it possible to watch events in ultra 

slow motion, often 1000 times slower than normal. For example, a 
1-second recording could take 15 minutes to watch at ultra slow 
speed.

 • There are many examples of slow-motion recordings on the internet. 
Some useful weblinks have been provided on your eBookPLUS.
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12.2.3 Length and perimeter
 • In the metric system, units of length are based on the metre. The following units are commonly used.

millimetre (mm) one-thousandth of a metre

centimetre (cm) one-hundredth of a metre

metre (m) one metre

kilometre (km) one thousand metres
 • The chart below is useful when converting from one unit of length to another.

÷ 10

mm cm km

× 10 × 100 × 1000

÷ 100 ÷ 1000

m

For  example,  36  000 mm = 36  000 ÷ 10 ÷ 100 m
= 36 m

WORKED EXAMPLE 2

Mary bought a new camera that could record at the rate of 16  000 frames per second.
a Write this rate in scientific notation.
b She records a balloon bursting that takes 2 seconds. How many frames is this?
c She replays the video and slows it down so that it takes 15 minutes to play. How many frames 

per second is this?

THINK WRITE

a Write the speed in the form a × 10n. a 16  000 = 1.6 × 104 frames/s

b Multiply the answer to part a by 2. b 1.6 × 104 × 2 = 3.2 × 104 frames

c 1 Calculate the number of seconds in 15 minutes. c 15 × 60 = 900 seconds

2 Frames per second = number of frames
number of seconds

. 3.2 × 104

900
= 0.003  556 × 104

= 3.556 × 10
= 36.56

3 Write the answer in words. The rate is 35.56 frames per second.

WORKED EXAMPLE 3

Convert the following lengths into cm.
a 37 mm b 2.54 km

THINK WRITE

a There will be fewer cm, so divide by 10. a 37 ÷ 10 = 3.7 cm

b There will be more cm, so multiply.
km →  m:  × 1000
m →  cm:  × 100

b 2.54 × 1000 = 2540 m
2540 × 100 = 254 000 cm

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight

diacriTech
Highlight



TOPIC 12 Measurement 419

c12Measurement.indd Page 419 26/06/17  12:35 PM

12.2.4 Perimeter
 • The perimeter of a plane (flat) figure is the distance around the outside of 

the figure.
 • If the figure has straight edges, then the perimeter can be found by simply 

adding all the side lengths.
 • Ensure that all lengths are in the same unit.

12.2.5 Circumference
 • Circumference is a special name given to the perimeter of a  circle.
 • Circumference is calculated using the formula

C = πd, where d is the diameter of the circle,
or C = 2πr, where r is the radius of the circle.

 • Use your calculator’s value for π unless otherwise directed.

a

b

c

d

e

rd

WORKED EXAMPLE 4

Find the perimeter of this figure, in millimetres.

THINK WRITE/DRAW

1 Measure each side to the nearest mm.

40 mm

45 mm
23 mm

2 Add the side lengths together. P = 45 + 40 + 23
= 118 mm

WORKED EXAMPLE 5 TI | CASIO

Determine the circumference of the circle at right. Give your answer 
correct to 2 decimal places.

THINK WRITE

1 The radius is known, so apply the formula C = 2πr. C = 2πr

2 Substitute r = 2.5 into C = 2πr. C = 2 × π × 2.5

3 Calculate the circumference to 3 decimal places and then 
round correct to 2 decimal places.

C ≈ 15.707
C ≈ 15.71 cm

2.5 cm

Perimeter = a + b + c + d + e
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 • Sometimes a standard formula will only form part of the calculation of perimeter.

WORKED EXAMPLE 6

Determine the perimeter of the shape shown. Give your answer 
in cm correct to 2 decimal places.

THINK WRITE

1 There are two straight sections and two semicircles. 
The two semicircles make up a full circle, the diameter 
of which is known, so apply the formula C = πd.

C = πd

2 Substitute d = 2.8 into C = πd. = π × 2.8
≈ 8.796 cm

3 Convert 23 mm to cm (23 mm = 2.3 cm). The perimeter 
is the sum of all the outside lengths.

P = 8.796 + 2 × 2.3
= 13.396

4 Round to 2 decimal places.  ≈ 13.40 cm

Exercise 12.2 Measurement

Individual pathways 

 U PRACTISE
Questions:
1, 2, 3, 4 (left), 5, 6, 7, 8a–c, 
9a–c, 10, 11, 13a–e, 14, 17, 18, 
21, 22

 U CONSOLIDATE
Questions:
1, 2, 3, 4 (right), 6, 8b–d, 9b–d, 
10, 12, 13d–h, 15, 17, 19, 21–23

 U MASTER
Questions:
1, 2, 3, 4 (right), 6, 8d–f, 9d–f, 10, 
12, 13g–i, 16–24

U U U Individual pathway interactivity: int-4528   ONLINE ONLY

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

23 mm

2.8 cm

Complete this digital doc: SkillSHEET: Converting units of length
Searchlight ID: doc-6294

Complete this digital doc: SkillSHEET: Substitution into perimeter formulas
Searchlight ID: doc-10872

Complete this digital doc: SkillSHEET: Perimeter of squares, rectangles, triangles and circles
Searchlight ID: doc-10873

 RESOURCES — ONLINE ONLY
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Fluency
1.  WE1  NGC 6782 is a relatively nearby galaxy, residing about 183 million light-years from Earth. Given 

that light travels at approximately 300  000 km/s:
a. write the speed of light in scientific notation
b. determine the distance travelled by light in 1 hour
c. determine the distance travelled by light in 1 week
d. determine the length of a light-year in kilometres
e. determine the distance, in km, between NGC 6782 and Earth.

2.  WE2  John bought a new camera that could record at the rate of 12  000 frames per second.
a. Write this rate in scientific notation.
b. He records his friend surfing a wave that takes 3 minutes. How many frames is this?
c. He replays the video and slows it down so that it takes 25 minutes to play. How many frames per 

second is this?
3. Pick ten different objects in the room. Estimate their length, then measure them with a ruler or tape 

measure. Fill in the table.

Object Estimated length Actual length in cm Actual length in m
       

       

       

       

       

       

       

       

       

       

4.  WE3  Fill in the gaps for each of the following.
a. 5 cm =      mm b. 1.52 m =      cm
c. 12.5 mm =      m d. 0.0322 m =      mm
e. 6.57 m =      km f. 64 cm =      km
g. 0.000  014  35 km =      mm h. 18.35 cm =      km

5.  WE4  Find the perimeter of the following figures, in millimetres, after measuring the sides.
a. b. 

c. d. 

6. Find the perimeter of each of the figures below. Give your answers in centimetres (cm).
a. 4.2 m

4.7 m
170 cm

b. 25 cm

35.4 cm

c. 30 cm

0.80 m

48 cm
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d. 

98 mm

e. 
350 mm 32 cm

460 mm

f. 
18 mm

18 mm 27 mm

38 mm

7. Find the perimeter of each of the squares below.
a. 2.4 cm b. 

11.5 mm

c. 7.75 km

8.  WE5  Find the circumference of the circles below. Give your answer correct to 2 decimal places.
a. 

8 cm

b. 
4 m

c. 

22 mm

d. 

7.1 cm

e. 
3142 km

f. 

1055 mm

9. Find the perimeter of the rectangles below.
a. 60 m

36 m

b. 500 mm

110 mm

c. 

50 cm

0.8 m

d. 

2.8 cm

9 mm
e. 

1.8 km

3 km

f. 100 cm

3 m

10.  MC  A circle has a radius of 34 cm. Its circumference, to the nearest centimetre, is:
a. 102 cm b. 214 cm C. 107 cm d. 3630 cm

Understanding
11. Timber is sold in standard lengths, which increase in 300-mm intervals from the smallest available 

length of 900 mm. (The next two standard lengths available are therefore 1200 mm and 1500 mm.)
a. Write the next four standard lengths (after 1500 mm) in mm, 

cm and m.
b. How many pieces of length 600 mm could be cut from a 

2.4-m length of timber?
c. If I need to cut eight pieces of timber, each 41 cm long, what 

is the smallest standard length I should buy?
Note: Ignore any timber lost due to the cuts.
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12. The world’s longest bridge is the Akashi–Kaikyo Bridge, which 
links the islands of Honshu and Shikoku in Japan. Its central 
span covers 1.990 km.
a. How long is the central span, in metres?
b. How much longer is the span of the Akashi–Kaikyo Bridge 

than the Sydney Harbour Bridge, which spans 1149 m?
13.  WE6  Find the perimeter of the shapes shown below. Give your 

answer correct to 2 decimal places.
a. 

25 cm

30 cm

b. 21 cm

20 cm

c. 

12 cm

d. 

160 cm

0.6 m

e. 

80 mm

f. 

66 cm

99 cm

g. 

20 cm

h. 

60 m

40 m

i. 

8.5 cm

j. 

11.5 mm

14. Find the perimeter of the racetrack shown in the plan below.

15. Yacht races are often run over a triangular course as shown at right. 
What distance would the yachts cover if they completed 3 laps of 
 the shown course?

50 m

39 m

5.5 km 5.1 km

1900 m
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16. Use Pythagoras’ theorem to find the length of the missing side and, hence, find 
the perimeter of the triangular frame shown at right.

Reasoning
17. The Hubble Space Telescope is over 13 m in length. It orbits the Earth at a height of 559 km, where it 

can take extremely sharp images outside the distortion of the Earth’s atmosphere.

a. If the radius of the Earth is 6371 km, show that the distance travelled by the Hubble Space Telescope 
in one orbit, to the nearest km, is 43   542 km.

b. If the telescope completes one orbit in 96 minutes, show that its speed is approximately 7559 m/s.
18. A bullet can travel in air at 500 m/s.

a. Show how the bullet travels 50  000 cm in 1 second.
b. How long does it take for the bullet to travel 1 centimetre?
c. If a super-slow-motion camera can take 100   000 pictures each second, how many shots would be 

taken by this camera to show the bullet travelling 1 cm?
19. Edward is repainting all the lines of a netball court at the local sports stadium. The dimensions of the 

netball court are shown below.

a. Calculate the total length of lines that need to be repainted.
Edward starts painting at 8 pm when the centre is closing, and it takes him 11

2
 minutes on average to 

paint each metre of line.
b. Show that it will take him 233 minutes to complete the job.

Diameter
0.9 m

30.5 m

4.9 m
radius

15.25 m

4 m

3 m
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20. The radius of the Earth is accepted to be roughly 6400 km.
a. How far, to the nearest km, do you travel in one complete rotation of the Earth?
b. As the Earth spins on its axis once every 24 hours, what speed are you moving at?
c. If the Earth is 150 000 000 km from the sun, and it takes 365.25 days to circle around the sun, show 

that the speed of the Earth’s orbit around the sun is 107 515 km/h. Give your answer to the nearest 
whole number.

Problem solving
21. One-fifth of an 80-cm length of jewellery wire is cut off. A further 22-cm length is then removed. Is 

there enough wire remaining to make a 40-cm necklace?
22. You are a cook in a restaurant where the clock has just broken. You have a four-minute timer, a 

seven-minute timer and a pot of boiling water. A very famous fussy food critic enters the restaurant 
and orders a pasta dish. You remember from a TV show on which she appeared that she likes her pasta 
cooked for nine minutes exactly. How will you measure nine minutes using the timers?

23. A spider is sitting in one top corner of a room that has dimensions 6 m by 
4 m by 4 m. It needs to get to the corner of the floor that is diagonally 
 opposite. The spider must crawl along the ceiling, then down a wall, until it 
reaches its destination.
a. If the spider crawls first to the diagonally opposite corner of the ceiling, 

then down the wall to its destination, what distance would it crawl?
b. What is the shortest distance from the top back corner to the lower left corner?

24. A church needs to repair one of its regular hexagonal shaped stained glass windows. Use the 
 information given in the diagram to find the width of the window.

Height: 80 cm

Width: w cm

25. Imagine this is an electronic game of billiards in a games arcade.
Pocket

Pocket

  The ball is ejected from the top left-hand corner at 45° to the side of the table. It follows the path as 
indicated, always rebounding at the same angle, until it reaches the pocket in the lower right-hand 
corner. The grid squares are 5 cm square. What distance does the ball travel on its journey to the 
pocket? Give an exact answer.

Reflection
What are some ways to remember how to convert between the various metric units? 

4 m

4 m
6 m
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12.3 Area
 • The diagram at right shows a square of side length 1 cm.

By definition it has an area of 1 cm2 (1 square centimetre).
Note: This is a ‘square centimetre’, not a ‘centimetre squared’.

 • Area tells us how many squares it takes to cover a figure, so the area 
of the rectangle at right is 12 cm2.

 • Area is commonly measured in square millimetres (mm2), square 
centimetres (cm2), square metres (m2), or square kilometres (km2).

 • The chart below is useful when converting from one unit of area to 
another.

÷ 102

mm2 cm2 km2

× 102 × 1002 × 10002

÷ 1002 ÷ 10002

m2

For example,   54 km2 = 54 × 10002 × 1002

= 540  000  000  000 cm2

 • Another common unit is the hectare (ha), a 100 m × 100 m square equal to 10  000 m2, which is used 
to measure small areas of land.

1 ha = 10  000 m2

WORKED EXAMPLE 7

Convert 1.3 km2 into:
a square metres b hectares.

THINK WRITE

a There will be more m2, so multiply by 10002. a 1.3 × 10002 = 1 300  000 m2

b Divide the result of part a by 10  000, as 
1 ha = 10  000 m2.

b 1 300  000 ÷ 10  000 = 130 ha

1 cm

12.3.1 Using formulas to calculate area
 • There are many useful formulas to find the area of simple shapes. Some common ones are 

 summarised here.

Square

l

A = l2

Rectangle

l

w

A = lw
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Parallelogram

h

b

A = bh

Triangle

b

h h

b

A = 1
2
bh

Trapezium

b

h

a

A = 1
2
(a + b)h

Kite

x

y

A = 1
2
xy

Circle

r

A = πr2

Rhombus

x

y

A = 1
2
xy

WORKED EXAMPLE 8

By making the appropriate measurements, calculate the area of each of the following 
 figures in cm2, correct to 1 decimal place.

a   b 
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THINK WRITE/DRAW

a 1 The figure is a circle. Use a ruler to 
measure the radius.

a r = 2.7 cm

2.7 cm

  2 Apply the formula for area of a circle: 
A = πr2.

  A  = πr2

  = π × 2.72

≈ 22.90

  3 Round the answer to 1 decimal place.   A ≈ 22.9 cm2

b 1 The figure is a kite. Measure the diagonals. b

x

y

x ≈ 4.9 cm,   y ≈ 7.2 cm

  2 Apply the formula for area of a kite: 

A = 1
2  

xy.

  A = 1
2

  xy

= 1
2

× 4.9 × 7.2

= 17.64
  3 Round the answer to 1 decimal place.   A ≈ 17.6 cm2

12.3.2 Composite shapes
 • A composite shape is made up of smaller, simpler shapes. Here are two examples.

= Area + Area

Area = Area + Area + Area
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Area – Area=Area

 • Observe that in the second example the two semicircles are subtracted from the square to obtain the 
shaded area on the left.

WORKED EXAMPLE 9

Calculate the area of the figure shown, giving your answer correct to 1 decimal place.

50 mm

THINK WRITE/DRAW

1 Draw a diagram, divided into basic shapes.

50 mm

A2

A1

2 A1 is a semicircle of radius 25 mm.
The area of a semicircle is half the area of a 
complete circle.

A1 = 1
2  

πr2

3 Substitute r = 25 into the formula and evaluate, 
correct to 4 decimal places.

A1 = 1
2

× π × 252

≈ 981.7477 mm2

4 A2 is a square of side length 50 mm. Write 
the formula.

A2 = l2

5 Substitute l = 50 into the formula and 
evaluate A2.

  
= 502

= 2500 mm2

6 Sum to find the total area. Total area = A1 + A2
= 981.7477 + 2500
= 3481.7477 mm2

7 Round the final answer correct to 1 decimal 
place.

        ≈ 3481.7 mm2
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Exercise 12.3 Area

Individual pathways 

 U PRACTISE
Questions:
1, 2, 3a–k, 4, 5a–e, 6, 7, 9a–b, 
10, 11, 12, 15, 18, 21–23

 U CONSOLIDATE
Questions:
1, 2, 3c–k, 5d–i, 7, 9b–c, 10–13, 
16–19, 21–23, 25

 U MASTER
Questions:
1, 2, 3d–o, 5f–j, 8, 9c–d, 10, 11, 
13, 14, 16–25

U U U Individual pathway interactivity: int-4529   ONLINE ONLY

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

Fluency
1.  MC  To convert an area measurement from square kilometres to square metres:

a. divide by 1000 b. multiply by 1000
C. divide by 1 000  000 d. multiply by 1 000  000

2.  WE7  Fill in the gaps:
a. 13  400 m2 = __________ km2 b. 0.04 cm2 = __________ mm2

c. 3  500  000 cm2 = __________ m2 d. 0.005 m2 =  __________ cm2

e. 0.043 km2 = __________ m2 f. 200 mm2 = __________ cm2

g. 1.41 km2 = __________ ha h. 3800 m2 =  __________ ha
3.  WE8  Calculate the area of each of the following shapes. (Where appropriate, give your answer correct 

to 2 decimal places.)
a. 6 cm

4 cm

b. 

4 mm

c. 

43 cm

25 cm

d. 

13 cm

23 cm

e. 

4.8 m

6.8 m

f. 2 cm

5.5 cm

3 cm

g. 30 cm

15 cm

13 cm

h. 
1 cm

2.5 cm

i. 
25 m58 m

50 m

Complete this digital doc: SkillSHEET: Substitution into area formulas
Searchlight ID: doc-10874

Complete this digital doc: SkillSHEET: Area of squares, rectangles, triangles and circles
Searchlight ID: doc-10875

Complete this digital doc: WorkSHEET 12.1
Searchlight ID: doc-6303

 RESOURCES — ONLINE ONLY
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j. 

4 m

k. 

2 mm

l. 
3.4 m

m. 

8.2 cm

3.8 cm

n. 

41.5 mm
2.4 cm

o. 

10.4 m

7.3 m

4.  WE8  By making appropriate measurements, calculate the area of each of the following figures in cm2, 
correct to 1 decimal place.
a. b. 

c. d. 

UNCORRECTED P
AGE P

ROOFS



432 Jacaranda Maths Quest 9 Victorian Curriculum

c12Measurement.indd Page 432 26/06/17  12:36 PM

e. f. 

5.  WE9  Calculate the areas of the composite shapes shown. Where appropriate, express your answers 
correct to 1 decimal place.
a. 

70 mm

b. 

3  m

2  m

c. 21 cm

20 cm

d. 

18 cm

e. 120 m

80 m

f. 

3.0 m

1.5 m

1.2 m

g. 

60 m

40 m

h. 

8 cm

i. 26 cm

18 cm

29 cm

23 cm

j. 

11.5 mm
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Understanding
6. What would be the cost of covering the sportsground shown in the 

figure at right with turf if the turf costs $7.50 per square metre?
7. The Murray–Darling River Basin is Australia’s largest catchment. 

Irrigation of farms in the Murray–Darling Basin has caused soil 
 degradation due to rising salt levels. Studies indicate that about 500  000 
hectares of the basin could be affected in the next 50 years.
a. Convert the possible affected area to square kilometres. (1 km2 = 100 hectares.)
b. The total area of the Murray–Darling Basin is about 1 million square kilometres, about one-seventh 

of the continent. What percentage of this total area may be affected by salinity?

8. The plan at right shows two rooms, which are to be 
refloored. Calculate the cost if the flooring costs $45 per 
square metre. Allow 10% more for wastage and round to 
the nearest $10.

9. Calculate the area of the regular hexagon shown at 
right by dividing it into two trapeziums.

  
  
  
  

10. Calculate the area of the regular octagon by dividing it 
into two trapeziums and a rectangle, as shown in the 
figure.

43 m

58 m

9 m7 m

13 m

7.5 m

8.5 m

24 cm
21 cm

12 cm

4.83 cm

2 cm

1.41 cm
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11. An annulus is a shape formed by two concentric circles (two circles with a common centre). Calculate 
the area of each of the annuli shown below by subtracting the area of the smaller circle from the area 
of the larger circle. Give answers correct to 2 decimal places.
a. 

6 cm

2 cm

b. 

18 m

20 m

c. 

10 cm
22 cm

d. 

4 mm

3 mm

12.  MC  A pizza has a diameter of 30 cm. If your sister eats one-quarter, what is the remaining area  
of the pizza?
a. 168.8 cm2 b. 530.1 cm2 C. 706.9 cm2 d. 176.7 cm2

13. A circle has an area of 4500 cm2. Calculate its diameter to the nearest mm.

Reasoning
14. A sheet of paper measures 29.5 cm by 21.0 cm.

a. What is the area of the sheet of paper?
b. What is the radius of the largest circle that can be drawn on this sheet?
c. What is the area of this circle?
d. If the interior of the circle is shaded red, show that 56% of the paper is red.

15. a. Find the area of a square with side lengths 40 cm.
 b. If the midpoints of each side of the previous square are joined by straight 

lines to make another square, find the area of the smaller square.
 c. Now the midpoints of the previous square are also joined with straight 

lines to make another square. Find the area of this even smaller square.
 d. This process is repeated again to make an even smaller square. What is 

the area of this smallest square?
 e. What pattern do you observe? Justify your answer.
 f. What percentage of the original square’s area does the smallest square 

take up?
 g. Show that the area of the combined figure that is coloured red is 1000 cm2.
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16. A chessboard is made up of 8 rows and 8 columns of squares. Each little square is 42 cm2 in area. 
Show that the shortest distance from the upper right corner to the lower left corner of the chessboard 
is 73.32 cm.

17. Two rectangles of sides 15 cm by 10 cm and 8 cm by 5 cm 
overlap as shown. Show that the difference in area between the 
two non-overlapping sections of the rectangles is 110 cm2.

18. The area of a square is x  cm2. Would the side length of the 
square be a rational number? Explain your answer.

19. Show that the triangle with the largest area for a given perimeter 
is an equilateral triangle.

20. Show that a square of perimeter 4x + 20 has an area of 
x2 + 10x + 25.

Problem solving
21. The area of a children’s square playground is 50 m2.

a. What is the exact length of the playground?
b. Pine logs 3 m long are to be laid around the 

playground. How many logs will need to be 
bought? (The logs can be cut into smaller pieces if 
required.)

22. A sandpit is designed in the shape of a trapezium, 
with the dimensions shown. If the area of the 
sandpit is 14 m2, what will be its perimeter?

23. The area of a room must be determined so that floor 
tiles can be laid. The room measures 2.31 m by 4.48 m. This was rounded off 
to 2 m by 4 m to calculate the area.
a. What problems might arise?
b. If each tile is 0.5 m by 0.5 m, how many tiles are actually required?

24. The playground equipment is half the length and half the width of the 
square kindergarten yard it is in.
a. What fraction of the kindergarten yard is occupied by the play equipment?
b. During a working bee, the playground equipment area is extended 2 m in 

length and 1 m in width. If x represents the length of the kindergarten yard, 
write an expression for the area of the play equipment.

c. Write an expression for the area of the kindergarten yard not taken up by 
the playground equipment.

10 cm

15 cm

5 cm

8 cm

y

x

5 m

(x + 10) m

(x + 4) m

Playground
equipmentUNCORRECTED P
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d. The kindergarten yard that is not taken up by the playground equipment is divided into 3 equal-sized 
sections:
• a grassed area
• a sandpit
• a concrete area.
i. Write an expression for the area of the concrete area.
ii. The children usually spend their time on the play equipment or in the sandpit. Write a simplified 

expression for the area of the yard where the children usually play.
25. A rectangular classroom has a perimeter of 28 m and its length is 4 m shorter than its width. What is 

the area of the classroom?

Reflection
If you know the conversion factor between two units of length, for example mm and m, how can you 
quickly work out the conversion factor between the corresponding units of area?

CHALLENGE 12.1
The diagram shows one smaller square drawn inside a larger square on grid paper. 
Express the area of the smaller square as a fraction of the larger square. 

12.4 Area and perimeter of a sector
 • If you draw two radii inside a circle, they divide 

the circle into two regions called sectors.
 • A circle, like a pizza, can be cut into many sectors.
 • Two important sectors that have special names are 

the semicircle (half circle) and the quadrant 
( quarter circle).

θ°
Minor sector Major sector
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12.4.1 The formula for the area of a sector
 • Usually sectors are specified by the angle (θ ) between the two radii.

For example, in a quadrant, θ = 90°, so a quadrant is 90
360

 or 1
4
 of a circle.

 • For any value of θ , the area of the sector is given by

Areasector =  θ
360

× πr2

Arc

θ

r

r

WORKED EXAMPLE 10

Calculate the area enclosed by the figure at right, correct to 1 decimal place.

THINK WRITE

1 The figure is a quadrant or quarter-circle. Write the 
formula for its area.

A = 1
4

× πr2

2 Substitute r = 11 into the formula. A = 1
4

× π × 112

3 Evaluate and round the answer correct to 1 decimal 
place. Include the units.

≈ 95.03
≈ 95.0 cm2

11 cm

WORKED EXAMPLE 11

Calculate the area of the sector shown, correct to 1 decimal place.

THINK WRITE

1 This sector is 30
360

 of a circle. Write the formula for 
its area.

A = 30
360

 πr2

2 Substitute r = 5 into the formula. A = 30
360

× π × 52

≈ 6.54

3 Evaluate and round the answer correct to 1 decimal 
place. Include the units.

 ≈ 6.5 m2

30°
5 m

 • The perimeter of a sector consists of 2 radii and a curved section, which is the 
arc of a circle.

 • The length of the arc will be θ
360

 of the circumference of the circle.

 • If the circumference of the circle = C, then the perimeter of the sector, P, will 
be given by

P = 2r + θ
360

× C

= 2r + θ
360

× 2πr

θ°

r

r
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Exercise 12.4 Area and perimeter of a sector

Individual pathways 

 U PRACTISE
Questions:
1–12

 U CONSOLIDATE
Questions:
1–12, 15, 16

 U MASTER
Questions:
1d, 2c, 3–8, 10–17

U U U Individual pathway interactivity: int-4530    ONLINE ONLY

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

Fluency
1. Calculate the area of the semicircles below, correct to 2 decimal places.

a. 6 cm b. 

20 cm

c. 

r
r = 4.2 cm

d. 

D
D = 24 mm

2.  WE10  For each of the quadrants shown, calculate to 1 decimal place:
i. the perimeter    ii.  the area enclosed.
a. 

4 cm

b. 

12.2 cm

c. 

a = 11.4 m

a

d. 

1.5 m

WORKED EXAMPLE 12

Calculate the perimeter of the sector shown, correct to 1 decimal place.

THINK WRITE

1 The sector is 80
360

 of a circle. Write the formula 

for the length of the curved side.

l = 80
360

× 2πr

2 Substitute r = 3 and evaluate l. Don’t round 
off until the end.

l = 80
360

× 2 × π × 3

≈ 4.189 cm
3 Add all the sides together to calculate the 

 perimeter.
P = 4.189 + 3 + 3

= 10.189 cm

4 Round the answer to 1 decimal place.  ≈ 10.2 cm

3 cm

l

80°
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3.  MC  Which is the correct formula for calculating the area of this sector?

a. A = 1
4

 πr2 b. A = 3
4

 πr2 C. A = 1
2

 πr2 d. A = 1
10

 πr2

4.  WE11,12  For each of the sectors shown, calculate to 1 decimal place:
i. the perimeter ii. the area.
a. 

238°

30 cm

b. 

45°
24 m

c. 

60°
9 cm

d. 

140°

77 m

e. 

r

r = 74 cm

200°

f. 48 cm

10°

5. A searchlight lights up the ground to a distance of 240 m. What area does the searchlight illuminate if 
it can swing through an angle of 120°, as shown in the diagram below? (Give your answer correct to 
1 decimal place.)

Understanding
6. Calculate the perimeter, correct to 1 decimal place, of the figure at right.
7. A goat is tethered by an 8.5 m rope, to the outside of a corner post in a  paddock, 

as shown in the diagram below. Calculate the area of grass (shaded) on which 
the goat is able to graze. (Give your answer correct to 1 decimal place.)

36°

r

r

40°

80 cm

8.5 m

Fence

Illuminated
area

240 m

120°

Searchlight
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8. A beam of light is projected onto a theatre stage as shown in the diagram.

Illuminated
area

Light

20 m

17 m 68°

5 m

a. Calculate the illuminated area (correct to 1 decimal place) by finding the area of the sector.
b. Calculate the percentage of the total stage area that is illuminated by the light beam.

9.  MC  A sector has an angle of 80° and a radius of 8 cm; another sector has an angle of 160° and a 
radius of 4 cm. The ratio of the area of the first sector to the area of the second sector is:
a. 1 : 2 b. 2 : 1 C. 1 : 1 d. 1 : 4

10. Calculate the radius of the following sectors, correct to 1 decimal place.
a. Area = 100 m2, angle = 13°
b. Area = 100 m2, curved arc = 12 m
c. Perimeter = 100 m, angle = 11°

11. Four baseball fields are to be constructed inside a rectangular piece 
of land. Each field is in the shape of a sector of a circle, as shown in 
light green. The radius of each sector is 80 m.
a. Calculate the area of one baseball field, correct to the nearest whole 

number.
b. What percentage, correct to 1 decimal place, of the total area is 

occupied by the four fields?
c. The cost of the land is $24  000 per hectare. What is the total 

purchase price of the land?

Reasoning
12. Answer the following questions. Where appropriate, give all answers 

to the nearest whole number.
a. A donkey inside a square enclosure is tethered to a post at one of the corners. 

Show that the length of the rope required so that the donkey eats only half of the 
grass in the enclosure is 120 m.

b. Suppose two donkeys are tethered at opposite corners of the square region 
shown at right. How long should the rope be so that the donkeys together can 
graze half of the area?

c. This time four donkeys are tethered, one at each corner of the square region. 
How long should the rope be so that all the donkeys can graze only half of the 
area?

d. Another donkey is tethered to a post inside an enclosure in the shape of an 
equilateral triangle. The post is at one of the vertices. Show that a rope of 
length 64 m is required so that the donkey eats only half of the grass in the 
enclosure.

e. This time the donkey is tethered halfway along one side of the equilateral 
triangular region shown at right. How long should the rope be so that the 
donkey can graze half of the area?

150 m

100 m

100 m 100 m

100 m

100 m 100 mUNCORRECTED P
AGE P

ROOFS



TOPIC 12 Measurement 441

c12Measurement.indd Page 441 26/06/17  12:36 PM

13. John and Jim are twins, and on their birthday they have identical birthday cakes, each cake of 
 diameter 30 cm. Grandma Maureen cuts John’s cake into 8 equal sectors. Grandma Mary cuts Jim’s 
cake with a circle in the centre and then 6 equal portions from the rest.

a. Show that each sector of John’s cake makes an angle of 45° at the centre of the cake.
b. What area of cake, correct to 1 decimal place, is a slice of John’s cake?
c. What area of cake, correct to 1 decimal place, is the small central circular part of Jim’s cake?
d. What area of cake, correct to 1 decimal place, is a larger portion of Jim’s cake?
e. If each boy eats one slice of the largest part of their own 

cake, does John eat the most cake? Justify your answer.
14. A lighthouse has a light beam in the shape of a sector of a 

circle that rotates at 10 revolutions per minute and covers an 
angle of 40°. A person stands 200 m from the lighthouse 
and observes the beam. Show that the time between the end 
of one flash and the start of the next is approximately 
5.33 seconds.

Problem solving
15. A metal washer (shown at right) has an inner radius of r cm and an outer radius 

of (r + 1) cm.
a. State, in terms of r, the area of the circular piece of metal that was cut out of 

the washer.
b. State, in terms of r, the area of the larger circle.
c. Show that the area of the metal washer in terms of r is π(2r + 1) cm2.
d. If r is 2 cm, what is the exact area of the washer?
e. If the area of the washer is 15π cm2, show that the radius would be 7 cm.

16. The area of a sector of a circle is π cm2, and the length of its arc is 2 cm. What is the radius of the 
circle (in terms of π)?

17. An arbelos is a shape enclosed by three semicircles.
The word, in Greek, means ‘shoemaker’s knife’ as it resembles the blade of a 
knife used by cobblers. Investigate to determine a relationship between the 
lengths of the three semicircular arcs.

Reflection
What is the relationship between the curved arc of a sector and the area of the sector?

30 cm

John’s cake

30 cm

Jim’s cake

8 cm

r cm

(r + 1) cm
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12.5 Surface area of rectangular and 
 triangular prisms

 • A prism is a solid object with a uniform (unchanging) cross-section and all sides flat.
 • Here are some examples of prisms.

 • A prism can be sliced (cross-sectioned) in such a way that each ‘slice’ has an identical base.

 • The following objects are not prisms because they do not have uniform cross-sections.

12.5.1 Surface area of a prism
 • Consider the triangular prism shown below.
 • It has 2 bases, which are right-angled triangles, and 3 rectangular sides. In all, there are 5 faces, and 

the net of the prism is drawn below.

 • The area of the net is the same as the total surface area (SA) of the prism.

Hexagonal prismRectangular prism (cuboid)Triangular prism 

Cone Sphere Triangular pyramidSquare pyramid

3 m 4 m

7 m

5 m

3 m

4 m

5 m

5 m

7 m

‘Slicing’ a prism into pieces produces congruent cross-sections.
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WORKED EXAMPLE 13

Find the surface area of the rectangular prism (cuboid) shown.

THINK WRITE/DRAW

1 There are 6 faces: 2 rectangular bases and 
4 rectangular sides. Draw diagrams for each 
pair of faces and label each region.

3 cm B

5 cm

R2

5 cm

8 cm

3 cm

R1 8 cm

2 Find the area of each rectangle by applying 
the formula A = lw.

B = 3 × 5
= 15

 
R1 = 3 × 8

= 24
 
R2 = 5 × 8

= 40

3 The total surface area is the sum of  
the area of 2 of each shape.
Write the answer.

SA = 2B + 2 × R1 + 2 × R2
= 30 + 48 + 80
= 158 cm2

3 cm
5 cm

8 cm

WORKED EXAMPLE 14

Find the surface area of the right-angled triangular prism shown.

3 m 4 m

7 m

5 m
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Try out this interactivity: Surface area of prisms
Searchlight ID: int-2771

Complete this digital doc: SkillSHEET: Surface area of cubes and rectangular prisms
Searchlight ID: doc-10876

Complete this digital doc: SkillSHEET: Surface area of triangular prisms
Searchlight ID: doc-10877

Complete this digital doc: WorkSHEET 12.2
Searchlight ID: doc-6304

 RESOURCES — ONLINE ONLY

THINK WRITE/DRAW

1 There are 5 faces: 2 triangles  
and 3 rectangles.
Draw diagrams for each face and 
label each region. 3 m

4 m

5 m
B

3 m 4 m 5 m

7 m R1 7 m R2 7 m R3

2 Find the area of the triangular base 

by applying the formula A = 1
2

 bh.

B = 1
2

× 3 × 4

= 6 m2

3 Find the area of each rectangular 
face by applying the formula A = lw.

R1 = 3 × 7
= 21

 
R2 = 4 × 7

= 28
 
R3 = 5 × 7

= 35

4 The total surface area is the sum of 
all the areas of the faces, including 
2 bases.

SA = 2B + R1 + R2 + R3
= 12 + 21 + 28 + 35
= 96 m2

Exercise 12.5 Surface area of rectangular and 
triangular prisms

Individual pathways 

 U PRACTISE
Questions:
1a–c, 2–15, 17

 U CONSOLIDATE
Questions:
1b–d, 2b, 3b, 4–17

 U MASTER
Questions:
1d–f, 2c, 3c, 4–18

U U U Individual pathway interactivity: int-4531    ONLINE ONLY

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

Fluency
1.  WE13  Find the surface area (SA) of the following rectangular prisms (cuboids).

a. 

4 cm3 cm

3 cm

b. 

3 m

2 m 5 m

c. 

1.3 m0.8 m

1.1 m
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d. 

140 cm0.8 m

0.5 m

e. 

70.5 cm41.2 cm

25.8 cm

f. 

0.9 m
0.7 m

0.2 m

2.  WE14  Find the surface area (SA) of each of the triangular prisms below.

a. 3.5 cm

4 cm

6 cm b. 

8 m

6.1 m
7 m

c. 

h

h = 0.87 cm

2.5 cm

1 cm

3. Find the surface area (SA) of each of the triangular prisms below.

a. 

17 cm 15 cm

8 cm
18 cm

b. 8.8 cm

 7.2 cm
6.2 cm

c. 

 14 mm

44 mm

36 mm
25 m

m

4. Maya is planning to buy and paint the outside surface of one of these shipping containers. How many 
cans of paint should Maya buy, if the base of the container is not painted, and each can of paint covers 
about 40 m2?

5. The aim of the Rubik’s cube puzzle is to make each face of the cube 
one colour. Find the surface area of the Rubik’s cube if each small 
coloured square is 1.2 cm in length. Assume that there are no gaps 
between the squares.

6.5 m

2.8 m2.8 m

3.2 m3.2 m

1.2 cm
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6. How many square metres of iron sheet are needed to construct the water 
tank shown?

7. What is the surface area of the tank in the previous question if no top is 
made?

Understanding
8. What area of cardboard would be needed to construct a box to pack this 

prism, assuming that no overlap occurs?

9. An aquarium is a triangular prism with the dimensions shown. The top of 
the tank is open. What area of glass was required to construct the tank? 
Give your answer correct to 2 decimal places.

h h = 43 cm

1.4 m

50 cm

10. A tent is constructed as shown. What area of canvas is needed to make the tent, if a floor is included?

2.0 m

1.6 m

1.2 m

2.0 m

2.0 m

1.6 m
1.2 m

2.0 m

0.3 m

11. How many square centimetres of cardboard are 
needed to construct the shoebox at right, assuming 
no overlap and ignoring the overlap on the top? 
Draw a sketch of a net that could be used to make 
the box.

12. Find the surface area of a square-based prism of 
height 4 cm, given that the side length of its base 
is 6 cm.

1.9 m 3.2 m

1.4 m

4.3 cm

16 cm

5 cm

160 mm

110 mm

320 mmUNCORRECTED P
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13. A prism has an equilateral triangular base with a perimeter of 12 cm. If the length of the prism is 
24 cm, determine the total surface area of the prism. (Hint: What is the area of 1 triangle?)

Reasoning
14. a. Find the surface area of the toy block shown.

5 cm

 b. If two of the blocks are placed together as shown, what is the surface area 
of the prism which is formed?

 c. What is the surface area of the prism formed by three blocks?
 d. Use the pattern to determine the surface area of a prism formed by eight 

blocks arranged in a line. Explain your reasoning.
15. A cube has a side length of 2 cm. Show that the least surface area of a solid formed by joining eight 

such cubes is 96 cm2.

Problem solving
16. Ken wants to paint his son’s bedroom walls blue and the ceiling white. The room measures 3 m by 

4 m with a ceiling height of 2.6 m. There is one 1 m by 2 m door and one 1.8 m by 0.9 m window. 
Each surface takes two coats of paint and 1 L of paint covers 16 m2 on the walls and 12 m2 on the 
ceiling. Cans of wall paint cost $33.95 for 1 L, $63.90 for 4 L, $147 for 10 L and $174 for 15 L. 
Ceiling paint costs $24 for 1 L and $60 for 4 L. What is the least it would cost Ken to paint the room?

17. A wedge in the shape of a triangular prism, as drawn below, is to be painted.

11 cm

14 cm

6 cm

15 cm

a. Draw a net of the wedge so that it is easier to calculate the area to be painted.
b. What area is to be painted? (Do not include the base.)

18. A swimming pool has a length of 50 m and a width of 28 m. The shallow end of the pool has a depth 
of 0.80 m, which increases steadily to 3.8 m at the deep end.
a. Calculate how much paint would be needed to paint the floor of the pool.
b. If the pool is to be filled to the top, how much water will be needed?

Reflection
What is the quickest method of calculating the total surface area of a six-sided box? 

12.6 Surface area of a cylinder
 • A cylinder is a solid object with two identical flat circular ends and one curved side. It has uniform 

cross-section.
 • The net of a cylinder has two circular bases and one rectangular face. The rectangular face is the 

curved surface of the cylinder.

5 cm
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hh

r

r

2πr

 • Because the rectangle wraps around the circular base, the width of the rectangle is the same as the 
circumference of the circle. Therefore, the width is equal to 2πr.

 • The area of each base is πr2, and the area of the rectangle is 2πrh. Because there are two bases, the 
surface area of the cylinder is given by:

SA = 2πr2 + 2πrh
= 2πr(r + h)

WORKED EXAMPLE 15

a Use the formula A = 2πrh to calculate the area of the curved surface of the 
cylinder, correct to 1 decimal place.

b Use the formula SA = 2πrh + 2πr2 to calculate the surface area of the 
cylinder, correct to 1 decimal place.

THINK WRITE

a 1 Write the formula for the curved surface area. a A = 2πrh

  2 Identify the values of the pronumerals.   r = 2,   h = 3

  3 Substitute r = 2 and  h = 3.   A = 2 × π × 2 × 3

  4 Evaluate, round to 1 decimal place and include units.   ≈ 37.69
≈ 37.7 m2

b 1 Write the formula for the surface area  
of a cylinder.

b SA = 2πrh + 2πr2

  2 Identify the values of the pronumerals.   r = 2,   h = 3

  3 Substitute r = 2 and h = 3.   SA = (2 × π × 2 × 3) + (2 × π × 22)

  4 Evaluate, round to 1 decimal place and include units.  
 

≈ 62.83
≈ 62.8 m2

3 m

2 m
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Exercise 12.6 Surface area of a cylinder
Individual pathways 

 U PRACTISE
Questions:
1–6, 9, 11, 13

 U CONSOLIDATE
Questions:
1–7, 10, 12–14, 16

 U MASTER
Questions:
1–6, 8–16

U U U Individual pathway interactivity: int-4532   ONLINE ONLY

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

Fluency
1.  WE15a  Use the formula A = 2πrh to find the area of the curved surface of each of the cylinders below. 

(Express your answers correct to 1 decimal place.)
a. 

4 m

3 m
b. 

1.5 cm

3 cm c. 

32 m

20 m

d. 

h

h = 21 cm

17 cm e. 

1.4 m

1.5 m

f. h

r = 2.4 m
h = 1.7 m

r

2.  WE15b  Use the formula SA = 2πrh + 2πr2 to find the total surface area of each of the  
cylinders in question 1.

3. A can containing an energy drink has a height of 130 mm and a 
radius of 24 mm. Draw the net of the can. (Hint: Plan ahead.)

4. A can of asparagus spears is 137 mm tall and has a diameter 
of 66 mm, a can of tomatoes is 102 mm tall and has a diameter 
of 71 mm, and a can of beetroot is 47 mm tall with a diameter 
of 84 mm.
a. Which can has the largest surface area? Which can has the 

smallest surface area?
b. What is the difference between the largest and smallest surface 

areas, correct to the nearest cm2?
5. A cylinder has a radius of 15 cm and a height of 45 mm. 

 Determine its surface area correct to 1 decimal place.
6. If the radius of a cylinder is twice its height, write a formula for 

the surface area in terms of its height only.
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Understanding
7. A cylinder has a surface area of 2000 cm2 and a 

radius of 8 cm. Determine the cylinder’s height 
correct to 2 decimal places.

8. A 13 m-high storage tank was constructed from 
stainless steel (including the lid and the base). 
The diameter is 3 metres as shown.
a. What is the surface area of the tank? Give your 

answer correct to 2 decimal places.
b. How much did the steel cost for the side of the 

tank if it comes in sheets 1 m wide that cost $60 
a metre?

9. The concrete pipe shown in the diagram has the 
following measurements: t = 30 mm, D = 18 cm, 
l = 27 cm.

l

D

t

Find the following areas. Give your answers 
correct to 2 decimal places.
a. Calculate the outer curved surface area.
b. Calculate the inner curved surface area.
c. Calculate the total surface area of both ends.
d. Hence calculate the surface area for the entire 

shape.
10. Wooden mouldings are made by cutting cylindrical dowels in half as shown at 

right. Calculate the surface area of the moulding.
11. Kiara has a rectangular sheet of cardboard with dimensions 25 cm by 14 cm. 

She rolls the cardboard to form a cylinder so that the shorter side, 14 cm, is its 
height, and glues the edges together with a 1-cm overlap.

14 cm

25 cm

14 cm

a. What is the radius of the circle Kiara needs to construct to put at the top of her cylinder? Give your 
answer correct to 2 decimal places.

b. What is the total surface area of her cylinder if she also makes the top and bottom of her cylinder out 
of cardboard? Give your answer correct to 1 decimal place.

Reasoning
12. Cylinder A has a 10% greater radius and a 10% greater height compared with Cylinder B. Show that 

the ratio of their surface areas is 121 : 100.

3 m

13 m

12 cm

45 mm
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Problem solving
13. An above-ground swimming pool has the following shape, with semicircular ends.

4.5 m

6.2 m

1.5 m

How much plastic would be needed to line the base and sides of the pool?
14. A over-sized solid wooden die is constructed for a children’s playground. The side dimensions of 

the die are 50 cm. The number on each side of the die will be represented by cylindrical holes which 
will be drilled out of each side. Each hole will have a diameter of 10 cm and depth of 2 cm. All 
surfaces on the die will be painted (including the die holes). Show that the total area required to be 
painted is 1.63 m2.

15. The following letterbox is to be spray-painted on the outside. What is the total area to be 
 spray-painted? Assume that the end of the letterbox is a semicircle above a rectangle. The letter 
slot is open and does not require painting.

30 cm
4 cm

25 cm

75 cm

42.5 cm

20 cm

16. A timber fence is designed as shown. How many square metres of paint are required to completely 
paint the fence front, back, sides and top with 2 coats of paint? Assume each paling is 2 cm in 
 thickness and that the top of each paling is a semicircle.

105 cm

10 cm

100 cm

100 cm
2 cm

Reflection
Devise an easy way to remember the formula for the surface area of a cylinder.

12.7 Volume of prisms and cylinders
12.7.1 Volume

 • The diagram at right shows a cube of side length 1 cm.
By definition the cube has a volume of 1 cm3 (1 cubic centimetre).
Note: This is a ‘cubic centimetre’, not a ‘centimetre cubed’.

 • The volume of a solid is the amount of space it fills or occupies. 1 cm
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 • The volume of some solids can be found by dividing them into cubes with 1-cm sides.

This solid fills the same amount of
space as 12 cubic centimetres.
The volume of this cuboid is 12 cm3.

2 cm
3 cm

2 cm

1 cm

 • Volume is commonly measured in cubic millimetres (mm3), cubic centimetres (cm3), 
cubic metres (m3) or cubic kilometres (km3).

 • The volume of the cube at right is equal to 1 cm3 or 1000 mm3, so
                  1 cm3 = 1000 mm3, 
              or  1 cm3 = 103 mm3.
Similarly   1 m3 = 1003 cm3

         and  1 km3 = 10003 m3.

 

 • The chart below is useful when converting from one unit of volume to another.

÷ 103

mm3 cm3 km3

× 103 × 1003 × 10003

÷ 1003 ÷ 10003

m3

For example,  3 m3 = 3 × 1003 × 103 mm3

= 3000 000 000 mm3.

12.7.2 Capacity
 • Capacity is a term usually applied to the measurement of liquids and containers.
 • The capacity of a container is the volume of liquid that it can hold.
 • The standard measurement for capacity is the litre (L).

Other common units are the millilitre (mL), kilolitre (kL), and megalitre (ML), where
  1 L = 1000 mL
  1 kL = 1000 L
  1 ML = 1 000 000 L.

÷ 1000

mL L ML

× 1000 × 1000 × 1000

÷ 1000 ÷ 1000

kL

1 cm

10 mm
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12.7.3 Volume of a prism
 • The volume of a prism can be found by multiplying its cross-sectional area (A) 

by its height (h).
Volume = A × h

 • The cross-section (A) of a prism is often referred to as the base, even if it is not 
at the bottom of the prism.

 • The height (h) is always measured perpendicular to the base, as shown in the 
diagram below.

Height

Base

12.7.4 Volume of a cube or a cuboid
 • A specific formula can be developed for the volumes of cubes and cuboids.

Cube

l

Volume = base area × height
= l2 × l
= l3

Cuboid (rectangular prism)

l

w

h

Volume = base area × height
= lw × h
= lwh

A

h

WORKED EXAMPLE 16

Convert:
a 13.2 L into cm3 b 3.1 m3 into litres
c 0.13 cm3 into mm3 d 3.8 kL into m3.

THINK WRITE

a 1 1 L = 1000 mL, so multiply by 1000. a 13.2 × 1000 = 13  200 mL

  2 1 mL = 1 cm3. Convert to cm3.        = 13  200 cm3

b 1 m3 = 1000 L, so multiply by 1000. b  3.1 × 1000 = 3100 L

c There will be more mm3, so multiply by 103. c 0.13 × 1000 = 130 mm3

d 1 kL = 1 m3. Convert to m3. d 3.8 kL = 3.8 m3

 • The units of capacity and volume are related as follows:
  1 cm3 = 1 mL and
  1 m3 = 1000 L.
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WORKED EXAMPLE 17

Calculate the volume of the hexagonal prism.

THINK WRITE

1 Write the formula for the volume of a prism. V = Ah

2 Identify the values of the pronumerals. A = 40,  h = 8

3 Substitute A = 40 and h = 8 into the formula  
and evaluate. Include the units.

V = 40 × 8
= 320 cm3

WORKED EXAMPLE 18

Calculate the volume of the prism.

THINK WRITE

1 The base of the prism is a triangle. Write the formula 
for the area of the triangle.

A = 1
2
 bh

2 Substitute b = 4, h = 3 into the formula and evaluate. = 1
2

× 4 × 3

= 6 cm3

3 Write the formula for volume of a prism. V = A × h

4 State the values of A and h. A = 6, h = 8

5 Substitute A = 6 and h = 8 into the formula and 
 evaluate. Include the units.

V = 6 × 8
 = 48 cm3

3 cm

4 cm

8 cm

A = 40 cm2

8 cm

12.7.5 Volume of a cylinder
 • A cylinder has a circular base and uniform cross-section.
 • A formula for the volume of a cylinder is shown.

Cylinder r

h

Volume = base area × height
= area of circle × height
= πr2 × h
= πr2h
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WORKED EXAMPLE 19

Calculate the capacity, in litres, of a cylindrical water tank that has a diameter of 5.4 m  
and a height of 3 m. (Give your answer correct to the nearest litre.)

THINK WRITE/DRAW

1 Draw a labelled diagram of the tank. 5.4 m

3 m

2 The base is a circle, so A = πr2. Write the formula 
for the volume of a cylinder.

V = πr2h

3 Write the values of r and h.  r = 2.7,   h = 3

4 Substitute r = 2.7,   h = 3 into the formula and find 
the volume.

V = π × 2.72 × 3
≈ 68.706 631 m3

5 Convert this volume to litres (multiply by 1000). V = 68.706 631 × 1000
= 68 706.631
≈ 68 707 L

WORKED EXAMPLE 20

Find the total volume of this solid.

THINK WRITE/DRAW

1 The solid is made from two objects. Draw and 
label each object.
Let V1 = volume of the square prism.
Let V2 = volume of the cylinder.

V1

16 cm

6 cm

12 cmV2

5 cm

2 Find V1 (square prism). V1 = Ah
= 162 × 6
= 1536 cm3

5 cm

12 cm

16 cm

6 cm
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Exercise 12.7 Volume of prisms and cylinders

Individual pathways 

 U PRACTISE
Questions:
1, 2, 3a–e, 4a, 5a, b, 6a, b, 7, 9a, 
b, 10, 13, 14, 20–22

 U CONSOLIDATE
Questions:
1, 3b–f, 4b, 5b, 6b–e, 8, 9c, d, 
11, 13–16, 20–23

 U MASTER
Questions:
1, 3e–h, 4c, 5c, d, 6d–f, 8, 9e, f, 
12–24

U U U Individual pathway interactivity: int-4533   ONLINE ONLY

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

Fluency
1.  WE16  a.  Convert the following units into mL.

i. 325 cm3 ii. 2.6 m3 iii. 5.1 L iv. 0.63 kL
b. Convert the following units into cm3.

i. 5.8 mL ii. 6.1 L iii. 3.2 m3 iv. 59.3 mm3

c. Convert the following units into kL.
i. 358 L ii. 55.8 m3 iii. 8752 L iv. 5.3 ML

2. Calculate the volumes of the cuboids below. Assume that each small cube has sides of 1 cm.
a. b. c. 

3 Find V2 (cylinder). V2 = πr2h
= π × 52 × 12
≈ 942.478 cm3

4 To find the total volume, add the volumes found above. V = V1 + V2
= 1536 + 942.478
= 2478.478
≈ 2478 cm3

Complete this digital doc: SkillSHEET: Volume of cubes and rectangular prisms
Searchlight ID: doc-10878

Complete this digital doc: SkillSHEET: Volume of triangular prisms
Searchlight ID: doc-10879

Complete this digital doc: SkillSHEET: Volume of cylinders
Searchlight ID: doc-10880

Complete this digital doc: WorkSHEET 12.3
Searchlight ID: doc-6305

 RESOURCES — ONLINE ONLY
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3.  WE17  Calculate the volumes of these objects.
a. 

3 cm

A

A = 4 cm2

b. 

4 cm

A

A = 17 cm2

c. 
h

A

A = 3.2 m2

h = 3.0 m

d. 

18 mm

Base area = 35 mm2

e. 

Base area = 28 cm2

15 cm

f. 6 mm

14 mm

26.5 mm

g. 
15 mm

8 mm 6 mm

h. 15 m
10 m

40°

i. 

3.1 m

1.2 m

270˚

4. Calculate the volume of these rectangular prisms.
a. 

4 cm3 cm

3 cm

b. 

3 m

2 m 5 m

c. 

1.3 m0.8 m

1.1 mUNCORRECTED P
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5.  WE18  Calculate the volume of the prisms shown below. Give your answers correct to 2 decimal places.
a. 

26 cm

30 cm
18 cm

b. 

2.4 m

c. 15 m
8 m

5 m

d. 28 cm

17 cm

37 cm

6. Calculate the volume of the following cylinders. Give your answers correct to 1 decimal place.
a. 

32 m

20 m

b. 

h

h = 21 cm

17 cm c. 

1.4 m

1.5 m

d. h

r = 2.4 m
h = 1.7 m

r

e. 

2.7 m

3.8 m f. 

2 mm

6 mm

7.  WE19  Calculate the volume of water, in litres (L), that can fill a cylindrical water tank that has a 
diameter of 3.2 m and a height of 1.8 m.

8. What is the capacity in litres of the Esky shown below?

0.84 m

0.42 m
0.5 m
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9.  WE20  Find the volume of each solid to the nearest cm3.
a. 

48 cm

44 cm

b. 

15 cm

8 cm

7 cm

22 cm

14 cm

c. 21 cm

7 cm7 cm
3 cm3 cm

d. 

8 cm

12 cm

2 cm 2 cm

6 cm

e. 20 mm

225 mm

112 mm

75 mm

f. 

9 cm

10 cm

16 cm

Understanding
10. Calculate the capacity, in litres, of the  cylindrical storage tank shown. Give your answer correct to 

1 decimal place.

11. What is the capacity (in mL) of this cylindrical coffee plunger when it is 
filled to the level shown? Give your answer correct to 1 decimal place.

3.6 m 7.4 m

18 cm

9 cmUNCORRECTED P
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12. Until its closure in 2001, Fresh Kills on 
Staten Island outside New York City was one 
of the world’s biggest landfill garbage dumps. 
(New Yorkers throw out about 100 000 tonnes 
of refuse weekly.) Calculate the approximate 
volume (m3) of the Fresh Kills landfill if it 
covers an area of 1215 hectares and is about 
240 m high. (Note: 1 hectare = 10  000 m2.)

13. Sudhira is installing a rectangular pond in a 
garden. The pond is 1.5 m wide, 2.2 m long 
and has a uniform depth of 1.5 m.
a. Calculate the volume of soil (m3) that 

Sudhira must remove to make the hole before installing the pond.
b. What is the capacity of the pond in litres? (Ignore the thickness of the walls in this calculation.)

 14. a.  Calculate the volume of plastic needed to make the door wedge shown. Give your answer correct to 
2 decimal places.

b. The wedges can be packed snugly into cartons 45 cm × 70 cm × 35 cm. How many wedges fit into 
each carton?

15. Calculate the internal volume (in cm3) of the wooden chest shown correct to 2 decimal places. (Ignore 
the thickness of the walls.)

16. An internal combustion engine consists of 4 cylinders. In each 
cylinder a piston moves up and down. The diameter of each 
cylinder is called the bore and the height that the piston moves 
up and down within the cylinder is called the stroke 
(stroke = height).
a. If the bore of a cylinder is 84 mm and the stroke is 72 mm, 

calculate the volume (in litres) of 4 such cylinders correct to 
2 decimal places.

b. When an engine gets old, the cylinders have to be ‘re-bored’, 
that is, the bore is increased by a small amount (and new 
pistons put in them). If the re-boring increases the diameter 
by 1.1 mm, what is the increase (in litres) of the volume of the 
4 cylinders? Give your answer correct to 3 decimal places.

 17. a. Calculate the volume, in m3, of the refrigerator shown.
b. What is the capacity of the refrigerator if the walls are all 

5 cm thick?

3.5 cm

3.5 cm

7.5 cm

27 cm

52 cm
95 cm

1.5 m

85 cm90 cm
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Reasoning
18. A cylindrical glass is designed to hold 1.25 L. Show that its height is 132 mm 

if it has a diameter of 110 mm.
19. Mark is responsible for the maintenance of the Olympic (50 m) pool at an 

aquatic centre. The figure below shows the dimensions of an Olympic pool.

a. What is the shape of the pool?
b. Draw the ‘base’ of the prism and calculate its area.
c. Show that the capacity of the pool is 1  650  000 L.
d. Mark needs to replace the water in the pool every 6 months. If the pool is drained at 45  000 L 

per hour and refilled at 35  000 L per hour, how long will it take to:
 i. drain  ii. refill (in hours and minutes)?
20. Use examples to show that the volume of a cone is equal to 1

3
 the volume of the cylinder it can be 

taken from.
21. Use examples to show that the volume of a pyramid is equal to 1

3
 the volume of the rectangular prism 

it can be taken from.

Problem solving 
22. A cylindrical container of water has a diameter of 16 cm and is 40 cm tall. How many full cylindrical 

glasses can be filled from the container if the glasses have a diameter of 6 cm and are 12 cm high?
 23. a.  A square sheet of metal with dimensions 15 cm by 15 cm has a 1-cm square cut out of each corner. 

The remainder of the square is folded to form an open box. Calculate the volume of the box.
b. Write a general formula for calculating the volume of a box created from a metal sheet of any size 

with any size square cut out of the corners.

Reflection
Why is a cylinder often classified with prisms?

22 m

2 m1 m

50 m

CHALLENGE 12.2
A foam cube has a side length of 10 cm. What increase in side length would be necessary to double the volume 
of the cube? 

12.8 Review
12.8.1 Review questions
Fluency

1. Which of the following is true?
a. 5 cm is 100 times as big as 5 mm.
b. 5 metres is 100 times as big as 5 cm.
C. 5 km is 1000 times as small as 5 metres.
d. 5 mm is 100 times as small as 5 metres.

2. The circumference of a circle with a diameter of 12.25 cm is:
a. 471.44 cm b. 384.85 mm
C. 76.97 cm d. 117.86 cm
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3. The area of the following shape is:
a. 216 m2 b. 140 m2 C. 150 m2 d. 90 m2

18 m

12 m
10 m

4. The area of a circle with diameter 7.5 cm is:
a. 176.7 cm2 b. 47.1 cm2 C. 23.6 cm2 d. 44.2 cm2

5. The perimeter of the shape shown is:
a. 1075.2 cm b. 55.5 cm C. 153.2 cm d. 66.1 cm

18.5 cm

6. The surface area and volume of a cube with side length 7 m are respectively:
a. 294 m2, 343 m3 b. 49 m2, 343 m3 C. 147 m2, 49 m3 d. 28 m2, 84 m3

7. The surface area of a rectangular box with dimensions 7 m, 3 m, 2 m is:
a. 41 m2 b. 42 m2 C. 72 m2 d. 82 m2

8. The surface area and volume of a cylinder with radius 35 cm and height 40 cm are:
a. 16 493.36 cm2 and 153 938 cm3 b. 8796.5 cm2 and 11 246.5 cm3

C. 153 938 cm2 and 11 246.5 cm3 d. 8796.5 cm2 and 153 938 cm3

9. Fill in the gaps by converting the units of length.
a. 26 mm = ________ cm b. 1385 mm =

 

________ cm
c. 1.63 cm =

 

________ mm d. 1.5 km =
 

________ m
e. 0.077 km = ________ m f. 2850 m =

 

________ km
10. Calculate the cost of 1.785 km of cable, if the cable costs $4.20 per metre.
11. Calculate the circumference of circles with the following dimensions (correct to 1 decimal place).

a. radius 4 cm b. radius 5.6 m c. diameter 12 cm
12. Calculate the perimeter of the following shapes (correct to 1 decimal place).

a. 
11 cm

30 cm

294 mm b. 9 mm

6.2 mm

c. 8.5 m

d. 

48 mm

e. 

1.9 m

3.6 m

f. 

120 m

g. 

17 cm

h. 

24 mm
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13. Calculate the area of the following shapes.
a. 

5 m

b. 38 cm

25 cm

c. 

31 cm

25 cm

d. 

60 m

140 m

64 m e. 20 mm

10 mm

9 mm

f. 

70 cm

31 cm

g. 

18.5 cm

30.2 cm

h. 

94 mm

14. Calculate the area of the following 2-dimensional shapes by dividing them into simpler shapes. 
(Where necessary, express your answer correct to 1 decimal place.)
a. 

30 cm

26 cm b. 
9 m

23 m
23 m

14 m

c. 

25 cm

22 cm

d. 

23.9 cm

7 cm

9.9 cm

15. Calculate the area of the sectors below (correct to 2 decimal places).
a. 

20 m

b. 

8.7 cm

c. 

18 cm

70°

d. 

124 m

40°

16. Calculate the perimeter of the sectors in question 15, correct to 2 decimal places.
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17. Calculate the inner surface area of the grape collecting 
vat using the dimensions for length, width and depth shown.

18. Calculate the surface area of the triangular  
prism below.

19. Calculate the volume of each of the following, giving your answers to 2 decimal places 
where  necessary.
a. 

7 cm

b. 

12 cm

8 cm

7 cm

c. 35 cm

40 cm

d. 

1 m

3.7 m

e. 

10 cm

12 cm

30 cm

Problem solving
1. Calculate the cost of painting an outer surface (including the lid) of a cylindrical water tank, which 

has a radius of 2.2 m and a height of 1.6 m, if the paint costs $1.90 per square metre.
2. A harvester travels at 11 km/h. The comb (harvesting section) is 8.7 m wide. How many hectares 

per hour can be harvested with this comb?
3. A block of chocolate is in the shape of a triangular prism. The face of the prism is an equilateral 

triangle of 5-cm sides, and the length is 22 cm.
a. Determine the area of one of the triangular faces.
b. Calculate the total surface area of the block.
c. Calculate the volume of the block.
d. If it cost $0.025 per cm3 to produce the block, what is the total production cost?

4. An A4 sheet of paper has dimensions 
210 mm × 297 mm and can be rolled two different 
ways (by rotating the paper) to make baseless 
cylinders as illustrated at right.
Which cylinder has the greater volume?

22 cm

40 cm
25 cm

70 cm

82
 c

m

1.6 m

© imageaddict.com.au
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5. Nina decides to invite some friends for a sleepover. She plans to have her guests sleep on inflatable 
mattresses with dimensions 60 cm by 170 cm. A plan of Nina’s bedroom is shown below.

a. What area of floor space is available?
b. The area of an inflatable mattress is 1.02 m2. Nina’s best friend suggests that by dividing the 

 available floor space by the area of an inflatable mattress the number of mattresses that can fit into 
the bedroom can be calculated. Is the friend correct?

c. How many self-inflatable mattresses can fit in the room as it is?
d. How would this change if the bed could be moved within the bedroom?

6. These congruent squares have shaded parts of circles inside them.
i. ii. 

Compare the shaded area in figure i with that in figure ii.
7. An isosceles triangle has its base on the side of a square. The areas of the triangle and the square 

are equal. What is the length of one of the equal sides of the isosceles triangle in terms of the length 
of one side of the square? Give an exact answer.

8. The widespread manufacture of soft drinks in cans only really started in the 1960s. Today cans of soft 
drink are very common. They can be purchased in a variety of sizes. You can also purchase them as a 
single can or bulk-buy them in larger quantities. Does the arrangement of the cans in a multi-pack 
affect the amount of packaging used to wrap them?
For this investigation we will look at the packaging of 375-mL cans. This can has a radius of 
 approximately 3.2 cm and a height of approximately 12 cm. We will consider packaging these cans 
in cardboard in the shape of a prism, ignoring any overlap for glueing.
a. A 6-can pack could be packed in a single row of cans.

i. Draw a diagram to show what this pack would look like.
ii. Calculate the amount of cardboard required for the package.

b. The cans could also be packaged in a 3 × 2 arrangement.
i. Show the shape of this pack.
ii. Calculate the amount of cardboard required for this pack.

DoorChest of
drawers

Bed

1.1 m

0.5 m

1.8 m

1 m

4 m

3.6 m

1.8 m

1.2 m

0.8 m
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c.      Which of the two   6  -can pack arrangements is the more economical in terms of its packaging? 
d.    These cans can be packaged as a single layer of   4 × 3  . How much cardboard would this require? 
e.    They could also have a two-level arrangement of   3 × 2   each layer. What packaging would this require? 
f.    It is also possible to have a three-level arrangement of   2 × 2   each layer. How much packaging would 

be needed in this case? 
g.    Comment on the best way to package a   12  -can pack so that it uses the minimum amount of 

 wrapping. Provide diagrams and mathematical evidence to support your conclusion.       

    Try out this interactivity:  Word search    
 Searchlight ID:   int-2708   

    Try out this interactivity:  Crossword    
 Searchlight ID:   int-2709   

    Try out this interactivity:  Sudoku    
 Searchlight ID:   int-3211   

    Complete this digital doc:   Concept map  
 Searchlight ID:  doc-10802     

  RESOURCES — ONLINE ONLY  

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

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

   www.assesson.com.au   

 The story of mathematics  is an exclusive Jacaranda video series that explores the history 
of mathematics and how it helped shape the world we live in today.

Measurement matters (eles-1699) shows us how measurement plays a crucial part in our 
lives, even when we don’t realise it! The history of measurement is examined, as well as 
how important it is to measure accurately.  

  RESOURCES — ONLINE ONLY 

  Language 
 It is important to learn and be able to use correct mathematical language in order to communicate  effectively. 
Create a summary of the topic using the key terms below. You can present your summary in writing or 
using a concept map, a poster or technology. 
  3-dimensional  
  arc  
  area  
  capacity  
  circle  
  circumference  
  composite shape  
  cross-section  

  cube  
  cuboid  
  cylinder  
  hectare  
  length  
  net  
  plane fi gure  
  perimeter  

  prism  
  quadrant  
  radii  
  scientifi c notation  
  sector  
  semicircle  
  total surface area  
  volume            
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Investigation | Rich task
Areas of polygons
The area of plane figures can be found using a formula. For example, if the figure is a rectangle, its 
area is found by multiplying its length by its width. If the figure is a triangle, the area is found by 
multiplying half the base length by its perpendicular height. If the figures are complex, break them 
down into simple shapes and find the area of these shapes. The area of a complex shape is the sum 
of the area of its simple shapes. Drawing polygons onto grid paper is one method that can be used to 
determine their area.

Consider the following seven polygons drawn on 1-cm grid paper.

A B

C

D

E

G

F

1. By counting the squares or half-squares, determine the area of each polygon in cm2. 
In some cases, it may be necessary to divide some sections into half-rectangles in order to 
determine the exact area.

Formulas define a relationship between dimensions of figures. In order to search for a 
formula to find the area of polygons drawn on the grid paper, consider the next question.

2. For each of the polygons provided on the previous page, complete the table on top of next page. 
Count the number of dots on the perimeter of each polygon and count the number of dots that 
are within the perimeter of each polygon.
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Polygon Dots on perimeter (b) Dots within perimeter (i) Area of polygon (A)

A      

B      

C      

D      

E      

F      

G      

3. Choose a pronumeral to represent the headings in the table. Investigate and determine a 
 relationship between the area of each polygon and the dots on and within the perimeter. Test that 
the relationship determined works for each polygon. Write the relationship as a formula.

4. Draw some polygons on the grid paper provided below. Use your formula to determine the area 
of each shape. Confirm that your formula works by counting the squares in each polygon. The 
results of both methods (formula and method) should be the same.

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

Complete this digital doc: Code puzzle: When is a wall absolutely plumb?
Searchlight ID: doc-15907

RESOURCES — ONLINE ONLY
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Answers
Topic 12 Measurement
Exercise 12.2 Measurement
Note: Answers may vary due to screen resolution.
 1. a. 300  000=3.0 × 105 km/s b. 1.08 × 109 km/hour

c. 1.8144 × 1011 km/week d. 9.434 88 × 1012 km

e. NGC 6782 is 1.726 583 04 × 1021 km from Earth.

 2. a. 1.2 × 104 b. 2.16 × 106 frames c. 1440 frames per second

3. Answers will vary.

 4. a. 50 mm b. 152 cm c. 0.0125 m d. 32.2 mm

e. 0.006 57 km f. 0.000 64 km g. 14.35 mm h. 0.000 183 5 km

 5. a. 117 mm b. 67 mm c. 75 mm d. 122 mm

 6. a. 1060 cm b. 85.4 cm c. 206 cm

d. 78.4 cm e. 113 cm f. 13 cm

 7. a. 9.6 cm b. 46 mm c. 31 km

 8. a. 25.13 cm b. 25.13 m c. 69.12 mm

d. 44.61 cm e. 19 741.77 km f. 3314.38 mm

 9. a. 192 m b. 1220 mm c. 260 cm

d. 74 mm e. 9.6 km f. 8 m

10. B

 11. a. 1800 mm, 2100 mm, 2400 mm, 2700 mm, 180 cm, 210 cm, 240 cm, 270 cm 1.8 m, 2.1 m, 2.4 m, 2.7 m

b. 4 c. 3300 mm

 12. a. 1990 m b. 841 m

 13. a. 127.12 cm b. 104.83 cm c. 61.70 cm d. 8 m

e. 480 mm f. 405.35 cm g. 125.66 cm h. 245.66 m

i. 70.41 cm j. 138 mm

14. 222.5 m 15. 37.5 km 16. 12 m

17. Answers will vary.

 18. a. Answers will vary. b. 0.000  02 sec c. 2 pictures

 19. a. 155.62 m b. Answers will vary.

 20. a. 40   212 km b. 1676 km/h c. Answers will vary.

21. Yes, 42 cm of wire remains.

22. To start, flip both timers over and put the pasta in the water.

When the four-minute timer runs out, flip it back over immediately. (Total time: 4 minutes)

When the seven-minute timer runs out, flip that back over immediately too. (Total time: 7 minutes)

The four-minute timer will run out again. Flip the seven-minute timer back over. (Total time: 8 minutes)

The seven-minute timer had only been running for a minute, so it will only run for a minute more before running out. 
(Total time: 9 minutes)

There are other ways.

 23. a. (2√13 + 4) m b. 2√17 m

24. 69.3 cm

25. This is the journey of the ball.UNCORRECTED P
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The ball travels along the diagonal of each of the squares. The length of each diagonal is 5√2 cm. Total length 

 travelled  = 21 × 5√2 cm = 105√2 cm

Exercise 12.3 Area
Note: Answers may vary due to screen resolution.
1. D

 2. a. 13  400 m2 = 0.0134 km2 b. 0.04 cm2 = 4 mm2

c. 3  500  000 cm2 = 350 m2 d. 0.005 m2 = 50 cm2

e. 0.043 km2 = 43  000 m2 f. 200 mm2 = 2 cm2

g. 1.41 km2 = 141 ha h. 3800 m2 = 0.38 ha

 3. a. 24 cm2 b. 16 mm2 c. 537.5 cm2

d. 149.5 cm2 e. 16.32 m2 f. 11.25 cm2

g. 292.5 cm2 h. 2.5 cm2 i. 1250 m2

j. 50.27 m2 k. 3.14 mm2 l. 36.32 m2

m. 15.58 cm2 n. 4.98 cm2 o. 65 m2

 4. a. 17.5 cm2 b. 11.5 cm2 c. 30.7 cm2

d. 19.6 cm2 e. 19.4 cm2 f. 25.0 cm2

 5. a. 6824.2 mm2 b. 7.6 m2 c. 734.2 cm2 d. 578.5 cm2

e. 7086.7 m2 f. 5.4 m2 g. 1143.4 m2 h. 100.5 cm2

i. 821 cm2 j. 661.3 mm2

6. $29  596.51

 7. a. 5000 km2 b. 0.5%

8. $10 150 9. 378 cm2 10. ≈ 19.3 cm2

 11. a. 100.53 cm2 b. 1244.07 m2 c. 301.59 cm2 d. 103.67 mm2

12. B 13. 75.7 cm or 757 mm

 14. a. 619.5 cm2 b. 10.5 cm c. 346.36 cm2 d. Answers will vary.

 15. a. 1600 cm2 b. 800 cm2 c. 400 cm2

d. 200 cm2 e. The area halves each time. f. 12.5%

g. Answers will vary.

16. Answers will vary.

17. Answers will vary.

18. Answers will vary. The side length may be a rational number or a surd. It will be rational if x is a perfect square.

19. Answers will vary.

20. Check with your teacher.

 21. a. √50 = 5√2 m b. 10 logs

22. 17 m

 23. a. Answers will vary. b. 45

 24. a. 1
4

b. 1
4
(x2 + 6x + 8) c. 1

4
(3x2 − 6x − 8)

 d. i. 1
12

(3x2 − 6x − 8) ii. 1
6
(3x2 + 6x + 8)

25. 45 m2

Challenge 12.1
5
8

Exercise 12.4 Area and perimeter of a sector
 1. a. 14.14 cm2 b. 157.08 cm2

c. 27.71 cm2 d. 226.19 mm2

 2. a. i. 14.3 cm ii. 12.6 cm2

 b. i. 43.6 cm ii. 116.9 cm2

 c. i. 40.7 m ii. 102.1 m2

 d. i. 5.4 m ii. 1.8 m2
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3. D

 4.  a. i. 184.6 cm ii. 1869.2 cm2

 b. i. 66.8 m ii. 226.2 m2

 c. i. 27.4 cm ii. 42.4 cm2

 d. i. 342.1 m ii. 7243.6 m2

 e. i. 354.6 cm ii. 7645.9 cm2

 f. i. 104.4 cm ii. 201.1 cm2

5. 60  318.6 m2 6. 303.4 cm

7. 170.2 m2

 8. a. 14.8 m2 b. 4.4%

9. B

 10. a. 29.7 m b. 16.7 m c. 45.6 m

 11. a. 5027 m2 b. 78.5% c. $61 440

 12. a. Answers will vary. b. 85 m each c. 60 m each

d. Answers will vary. e. 37 m

 13. a. Answers will vary. b. 88.4 cm2 c. 50.3 cm2

d. 109.4 cm2 e. Jim

14. Answers will vary.

 15. a. πr2 cm2 b. π(r + 1)2 cm2 c. Answers will vary.

d. 5π cm2 e. Answers will vary.

16. Radius = π cm

17. The length of the large arc equals the sum of the lengths of the two smaller arcs.

Exercise 12.5 Surface area of rectangular and triangular prisms
 1. a. 66 cm2 b. 62 m2 c. 6.7 m2

d. 4.44 m2 e. 11 572.92 cm2 f. 1.9 m2

 2. a. 86 cm2 b. 210.7 m2 c. 8.37 cm2

 3. a. 840 cm2 b. 191.08 cm2 c. 2370 mm2

4. 2 cans of paint 5. 77.76 cm2 6. 26.44 m2

7. 20.36 m2 8. 261.5 cm2 9. 2.21 m2

10. 15.2 m2 11. 2080 cm2 12. 168 cm2

13. 301.86 cm2

 14. a. 150 cm2 b. 250 cm2 c. 350 cm2 d. 850 cm2

15. Answers will vary. The solid formed is a cube with side length 4 cm.

16. $145.85 (2 L of ceiling paint, 1 L + 4 L for walls)

 17. a. 

14 cm 14 cm

11 cm

11 cm

6 cm
15 cm

14 cm

15 cm

15 cm

b. 315 cm2

 18. a. 1402.52 m2

b. 3220 m3
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Exercise 12.6 Surface area of a cylinder
 1. a. 75.4 m2 b. 28.3 cm2 c. 2010.6 m2

d. 1121.5 cm2 e. 6.6 m2 f. 25.6 m2

 2. a. 131.9 m2 b. 84.8 cm2 c. 3619.1 m2

d. 1575.5 cm2 e. 9.7 m2 f. 61.8 m2

3. Check with your teacher.

 4. a. Asparagus is largest, beetroot is smallest. b. 118 cm2

5. ≈ 1837.8 cm2

6. 12πh2

7. ≈ 31.79 cm

 8. a. ≈ 136.66 m2 b. $7351.33

 9. a. ≈ 2035.75 cm2 b. ≈ 1526.81 cm2

c. ≈ 395.84 cm2 d. ≈ 3958.40 cm2

10. 154.73 cm2

 11. a. 3.82 cm b. 427.7 cm2

12. Answers will vary.

13. 83.6 m2

14. The area to be painted is 1.63 m2.

15. 11 231.12 cm2

16. 4.30 m2

Exercise 12.7 Volume of prisms and cylinders
 1. a. i. 325 mL ii. 2 600 000 mL iii. 5100 mL iv. 630  000 mL

 b. i. 5.8 cm3 ii. 6100 cm3 iii. 3 200 000 cm3 iv. 0.0593 cm3

 c. i. 0.358 kL ii. 55.8 kL iii. 8.752 kL iv. 5300 kL

 2. a. 36 cm3 b. 15 cm3 c. 72 cm3

 3. a. 12 cm3 b. 68 cm3 c. 9.6 m3

d. 630 mm3 e. 420 cm3 f. ≈ 3152.7 mm3

g. ≈ 1319.5 mm3 h. ≈ 523.6 m3 i. ≈ 10.5 m3

 4. a. 36 cm3 b. 30 m3 c. 1.144 m3

 5. a. 7020 cm3 b. 6.91 m3 c. 300 m3 d. 8806 cm3

 6. a. 16  085.0 m3 b. 4766.6 cm3 c. 2.3 m3

d. 30.8 m3 e. 30.6 m3 f. 56.5 mm3

7. 14 476.5 L

8. 176.4 L

 9. a. 158  169 cm3 b. 4092 cm3 c. 2639 cm3

d. 641 cm3 e. 1784 cm3 f. 1057 cm3

10. 75 322.8 L

11. 1145.1 mL

12. 2.916 × 109m3

 13. a. 4.95 m3 b. 4950 L

 14. a. 45.94 cm3 b. 2400 (to the nearest whole number)

15. 234 256.54 cm3

 16. a. 1.60 L b. 0.042 L

 17. a. 1.1475 m3 b. 840 L

18. Answers will vary.

 19. a. Prism b. 75 m2 c. Answers will vary.

 d. i. 36 h 40 min ii. 47 h 9 min

19. Answers will vary.

20. Answers will vary.
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21. 23

 22. a. 169 cm3 b. V = x(l –2x)(w–2x)

Challenge 12.2
Increase side length to 12.6 cm.

12.8 Review
1. B 2. B 3. B 4. D

5. D 6. A 7. D 8. A

 9. a. 26 mm = 2.6 cm b. 1385 mm = 138.5 cm c. 1.63 cm = 16.3 mm

d. 1.5 km = 1500 m e. 0.077 km = 77 m f. 2850 m = 2.85 km

10. $7497

 11. a. 25.1 cm b. 35.2 m c. 37.7 cm

 12. a. 70.4 cm b. 30.4 mm c. 34 m d. 240 mm or 24 cm

e. 13.1 m f. 308.5 m g. 97.1 cm h. 192 mm or 19.2 cm

 13. a. 25 m2 b. 950 cm2 c. 387.5 cm2 d. 6120 m2

e. 135 mm2 f. 2170 cm2 g. 279.4 cm2 h. 6939.8 mm2

 14. a. 1486.9 cm2 b. 362.5 m2 c. 520.4 cm2 d. 473.2 cm2

 15. a. 628.32 m2 b. 59.45 cm2 c. 197.92 cm2 d. 10 734.47 m2

 16. a. 102.83 m b. 31.07 cm c. 57.99 cm d. 470.27 m

17. 48 920 cm2 or 4.892 m2

18. 3550 cm2

 19. a. 343 cm3 b. 672 cm3 c. 153 938.04 cm3

d. 1.45 m3 e. 1800 cm3

20. $99.80

21. 9.57 hectares

 22. a. 10.83 cm2 b. 351.65 cm2 c. 238.26 cm3 d. $5.96

23. The cylinder of height 210 mm has the greater volume.

 24. a. 10.75 m2 b. No

 c. 8 d. 9 mattresses could fit in the room.

25. The shaded areas are the same area.

26. √17
2

 times the side length of the square

 27. a. i. 

12 cm

38.4 cm

6.4 cm

ii. 1566.72 cm2

 b. i. 

12 cm

19.2 cm

12.8 cm

ii. 1259.52 cm2

c. 3 × 2 arrangement

d. 2058.24 cm2

e. 2027.52 cm2

f. Yes, 2170.88 cm2

g. The smallest amount of packaging required is 3 × 2, with two levels of packaging.
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Investigation — Rich task
1. A: 15 cm2    B: 20 cm2    C: 6 cm2    D: 8.5 cm2    E: 10.5 cm2    F: 11.5 cm2    G: 12.5 cm2

2. 

3. Answers will vary.

4. Answers will vary.

Polygon Dots on perimeter (b) Dots within perimeter (i) Area of polygon (A)

A 16 8 15

B 24 9 20

C  4 6 6

D  7 6  8.5

E 11 6  10.5

F 13 6  11.5

G 15 6  12.5
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