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4 Volume, capacity and mass

4.1 Overview

LEARNING SEQUENCE
4.1 Overview
4.2 Units of volume and capacity
4.3 Volume and capacity of prisms and cylinders
4.4 Volume and capacity of pyramids and spheres
4.5 Problems involving mass
4.6 Review: exam practice

CONTENT
In this chapter, students will learn to:
• use metric units of volume (cubic millimetres, cubic centimetres, cubic metres), their abbreviations(

mm3, cm3,m3
)
, conversions between them and appropriate choices of units

• understand and use the relationship between volume and capacity, recognising that 1 cm3 = 1mL
(millilitre), 1000 cm3 = 1L (litre), 1m3 = 1 kL (kilolitre), 1000 kL = 1ML (megalitre)

• estimate volume and capacity of various objects
• calculate the volume and capacity of regular objects, including cubes, rectangular and triangular prisms,

and cylinders
• calculate the volume and capacity of right pyramids, including square-based and rectangular-based

pyramids, and spheres
• use metric units of mass (milligrams, grams, kilograms, metric tonnes), their abbreviations

(
mg, g, kg, t

)
,

conversions between them and appropriate choices of units
• estimate the mass of different objects
• recognise the need for milligrams.

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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4.2 Units of volume and capacity
The volume of a three-dimensional object is the amount of space that is occupied inside it. This can be
measured by counting the number of cube-shaped units that will fit into the space that the object occupies.
Volume can be used to describe the size of a pool or the space inside a room as examples.

4.2.1 Metric units of volume

1 cm
1 cm

1 cm
1 cm3

The units commonly used to describe the volume of an object are the cubic
millimetre (mm3), cubic centimetre (cm3) and cubic metre (m3). One cubic
centimetre is the space occupied by a cube with side lengths equal to 1 cm.

One cubic metre is the space occupied by a cube with side lengths equal to
1m; however, something with a volume of one cubic metre can take many
different shapes.

Metric units of volume can be converted according to the diagram below:

cubic

kilometres

(km3)

cubic

metres

(m3)

cubic

centimetres

(cm3)

cubic

millimetres

(mm3)

× 103× 10003 × 1003

÷ 10003 ÷ 1003 ÷ 103

A die has a volume of about 1 cm3.

The volume of an iPhone is about 78 cm3.
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The spa-bath holds about 1m3.

WORKED EXAMPLE 1

How many cubic centimetres are in the solid shape shown below?
(Each small cube represents 1 cm3.)

THINK WRITE

1. Count the number of cubes.
There are 12 cubes in each layer, and there are
2 layers.

Number = 2 × 12
= 24 cubes

2. Each cube has a volume of 1 cm3.
Express the volume in terms of cm3.

Volume = 24 cm3

Capacity

1 cm
1 cm

1 cm
1 cm3

1 mLIf a 3-dimensional object is hollow, it can hold another substance. In this case the
volume is also referred to as capacity. Capacity is usually used as a measure of the volume
of liquid a container can hold. The units to describe capacity include the millilitre (mL),
litre (L), kilolitre (kL) and megalitre (ML). For example, 1 litre occupies a space
of 1000 cm3.

Units of capacity are related as shown below.

1 L = 1 000mL
1 kL = 1 000 L
1ML = 1 000 000L

mLLML kL

× 1000× 1000× 1000

÷ 1000 ÷ 1000 ÷ 1000

When calculating the capacity of an object, it is sometimes useful to calculate the volume of the object
first, then convert to units of capacity.
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The metric unit, 1 cm3, is defined as having a capacity of 1mL. Therefore, volume and capacity units are
related as shown.

1 cm3 = 1mL

1000 cm3 = 1000mL = 1L

1m3 = 1000L = 1 kL

WORKED EXAMPLE 2

Complete the following unit conversions.
a. 70mL = _______cm3 b. 530mL = _______L c. 0.382L = _______cm3

THINK WRITE

a. There is 1 cm3 in each 1mL. a. 1mL = 1 cm3

Therefore : 70mL = 70 cm3

b. There are 1000mL in 1 L, so to convert millilitres to
litres divide by 1000.

b . 530mL = (530 ÷ 1000) L
= 0.53L

c. 1. There are 1000mL in 1 L, so to convert litres to
millilitres multiply by 1000.

c . 0.382L = (0.382 × 1000) mL
= 382mL

2. Since 1mL = 1 cm3. 382mL = 382 cm3

Digital document SkillSHEET Conversion of volume units (doc-5239)

Exercise 4.2 Units of volume and capacity

1. What does volume measure?
2. Choose the appropriate unit (mm3, cm3,m3) to measure the following volumes.

a. The volume of a Big M milk carton b. The volume a diamond on a ring
c. The volume of water in a swimming pool d. The volume of a basketball

3. WE1 How many cubic centimetres are in the following solid shapes, given each cube represents 1 cm3?
a. b.

c. d.
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4. How many cubic centimetres are in the following solid shapes?
a. (Each small cube represents 2 cm3.)

b. (Each small cube represents 2m3.)

5. Determine the volume of the following shapes, given each cube represents 1 cm3.
a. b.

c. d.

6. Determine the volume of the following shapes, given each cube represents 4 cm3.
a. b.

c. d.
Pdf_Folio:5

7. State the difference between capacity and volume.
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8. Estimate the volume and capacity of each of the following.

a. A bath
b. An Olympic-size swimming pool
c. Five cans of Coke
d. Your classroom

9. State whether the following measures are a measure of volume or capacity.
a. 35mL b. 120m3

c. 1.2 cm3 d. 1750 kL
e. 432mm3 f. 97.37L

10. Complete the following unit conversions.
a. 12L = _________mL b. 3125L = _________ML
c. 397mL = _________L d. 0.0078L = _________mL
e. 4893mL = _________L f. 36.97L = _________ML

11. WE2 Complete the following unit conversions.
a. 372 cm3 = __________mL b. 1630L = _________cm3

c. 3.4L = _________cm3 d. 0.38mL = _________cm3

e. 163L = _________cm3 f. 49.28 cm3 = _________mL
12. Complete the following unit conversions.

a. 578mL= _______L b. 750mL= _______L
c. 0.429L = _______mL

13. Complete the following unit conversions.
a. 47 cm3 = _______mL b. 3594 cm3= _______L
c. 0.0042L = _______cm3

14. If the following shapes were broken up into 1-cm cubes:
i. determine how many 1-cm cubes fit inside the shape
ii. calculate the volume of the shape in cm3

iii. determine the shape’s full capacity in millilitres.
a.

1 cm

4 cm

4 cm b. 1 cm

3 cm

4 cm

c.

2 cm

6 cm

4 cm d.

4 cm

2 cm

2 cm
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15. A rectangular swimming pool is 12 metres long, 4 metres wide
and 1.5 metres deep.
a. How many 1 cm3 would fit in the pool?
b. What is the volume of the pool?
c. What is the capacity of the pool, in litres, if it is full?
d. What is the capacity of the pool when it is 80% full?

16. The milk container shown has dimensions of 10 cm by 5 cm by 20 cm.
a. How many 1 cm3 would fit in the milk container?
b. What is the volume of the container?
c. What is the capacity of the container in litres?

d. How much milk is in the carton if it is
3

4
full, in mL?

4.3 Volume and capacity of prisms
and cylinders
4.3.1 Volume of prisms

h

ACross sectional

A prism has the same cross-sectional area along its length, thus it has
the same two end faces. The cross-sectional area is shaded in blue in
the diagram shown.

The volume of a prism is calculated by multiplying the cross-sectional
area by its height.

VPrism = ACross sectionals × h

Volume of a rectangular prism

h

l
w

The volume (V) of a rectangular prism follows the general rule of all
prisms, hence multiply the cross-sectional area by its height. Taking the
bottom face as the cross-sectional area then:

V = ACross sectional × h
V = (l × w) × h

This is the same as multiplying the three dimensions of the prism
(length, width and height).

Pdf_Folio:7

CHAPTER 4 Volume, capacity and mass 7

UNCORRECTED PAGE PROOFS



“c04VolumeCapacityAndMass_print” — 2019/5/27 — 15:51 — page 8 — #8

Volume of a rectangular prism
VRectangular prism = length × width × height

VRectangular prism = l × w × h

WORKED EXAMPLE 3

8 cm

3 cm

5 cm

Calculate the volume of the rectangular prism shown.

THINK WRITE

1. Write the volume of a rectangular prism formula. V = l × w × h
2. Substitute the values length = 8 cm, width = 5 cm

and height = 3 cm into the formula.
V = 8 × 5 × 3

3. Calculate the volume and state the units. V = 120 cm3

Volume of a triangular prism

h

b

The volume of a triangular prism can also be calculated by multiplying
the cross-sectional area of the triangular face by its height.

Volume of a triangular prism
VTriangular Prism = ACross sectional × h

= area of triangle × h

WORKED EXAMPLE 4

8 cm

13 cm

5 cm

Calculate the volume of the triangular prism shown.

THINK WRITE

1. Write the volume of a triangular prism formula. V = area of triangle × h
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2. Recall that the area of a triangle is

A = 1

2
× base × height. Be careful not to confuse

the height of the triangle with the height of the
entire object.

V =
(
1

2
× 8 × 5

)
× 13

3. Calculate the volume and state the units. V = 260 cm3

4.3.2 Volume of a cylinder
r

h

While the cylinder is not technically classed as a prism, its volume
can be calculated in the same way as a prism since its cross-sectional
area (the circle) is along its length. Its volume is
calculated by:

V = ACross sectional × height

V = ACircle × h
= 𝜋r2 × h
= 𝜋r2h

Volume of a cylinder
VCylinder = 𝜋r2h

where: r = radius
h = height

WORKED EXAMPLE 5

3 cm

8 cm

Calculate the volume of the cylinder shown to 2 decimal places.

THINK WRITE

1. Write the volume of a cylinder formula. V = 𝜋r2h
2. Substitute the values radius = 3 cm and

height = 8 cm into the formula.
V = 𝜋 × 32 × 8
= 𝜋 × 9 × 8

3. Calculate the volume and state the units. V = 226.19 cm3

Digital document SkillSHEET Volume of cubes and rectangular prisms (doc-5240)

Interactivity Volume of solids (int-3794)
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Exercise 4.3 Volume and capacity of prisms and cylinders

1. Determine the volume of the following prisms.
a.

8 cm

A = 10 cm2

b.

8 cm

A = 12.5 cm2

c.

15 m
A = 6 m2

d.

A = 18.25 cm2

6.5 cm

2. WE3 Calculate the volume of the following rectangular prisms.
a.

6 m

1 m

9 m

b.

15 cm

10 cm10 cm

c.

8.5 cm

d.

1.5 cm

6 cm
14.5 cm

3. Calculate the volume of the following prisms.
a.

7 cm

6 cm

8 cm

b.

4 cm
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4. WE4 Calculate the volume of the following triangular prisms.
a.

8 cm

12 cm

10 cm

b.

4 cm

10 cm

9 cm

c.

15 m

22 m

8 m

d.

24 cm

13.5 cm

8 cm

5. Calculate the volume of the following triangular prisms.
a.

5 cm

8 cm

7 cm

b.

8.5 m

9.3 m

2.2 m

6. WE5 Calculate the volume of the following cylinders correct to 2 decimal places.
a. 3 cm

12 cm

b.

6 mm

6 mm

c.

7 cm

11 cm

d.

0.75 m

2.5 m

Pdf_Folio:11

CHAPTER 4 Volume, capacity and mass 11

UNCORRECTED PAGE PROOFS



“c04VolumeCapacityAndMass_print” — 2019/5/27 — 15:51 — page 12 — #12

7. Calculate the volume of the cylinder to 2 decimal places.

5 cm

9 cm

8. Calculate the volume of the following shape to 2 decimal places.

9 m

14.5 m

9. Calculate the volume of the following shapes correct to 2 decimal places.
a.

18.6 cm

8.3 cm

255 mm

b.

0.75 m

125 cm

c.

268 mm

32 cm

12 cm d.

0.55 m

85 cm

65 cm

e. 220 cm

5.8 m

f. 450 mm

50 cm
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10. A pool is made in the shape of an open top rectangular
prism of length 12m, width 5m and depth 1.85m. What
is the total volume of the pool in cubed metres, and how
many litres does it hold when full?

11. A cylindrical water tank has a diameter of 2.4 metres
and vertical height of 2.6 metres. What is the volume of
the water tank, to three decimal places, and what is its
capacity when full?

12. A tent is made in the shape of a triangular prism. If
the tent has a vertical height of 2.2 metres, a width of
3.6 metres and a length of 4.2 metres, what is the volume
of the inside of the tent?

13. A cylinder has a volume of 245 cm3 and a height of 6 cm.
Determine the length of the radius of the cylinder to
2 decimal places.

14. A garden water feature has a base in the shape of a rectangular
prism with dimensions length = 2 metres, width = 1.5 metres
and height = 40 cm. Calculate the following.
a. The volume of the base of the water feature
b. The volume of water in cm3 in the base if it is filled to a height of 30 cm
c. The capacity of the water feature base when filled to a height of

25 cm in litres
15. A road bike is packed to be sent interstate in a rectangular

prism-shaped box with dimensions 2m by 85 cm by 40 cm.
If the bike takes up 30% of the volume of the box, answer the
following.
a. Determine the volume of the box in m3.
b. Determine the volume taken up by the road bike.
c. After the bike was placed inside the box, the rest of the box

was filled with packing foam. Determine the volume of
packing foam that was used.

16. A rectangular shed has dimensions of 5.5m long by
5.5m wide and 2.5m high.
a. Determine the volume of the shed.
b. If the shed is extended in length by 2metres, what is

its new volume?
c. If the width of the shed is extended so that the volume of

the shed is now 100m3, what is the new width of
the shed?
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4.4 Volume and capacity of pyramids and spheres
4.4.1 Volume of pyramids
A pyramid has a base and triangular-shaped sides that meet
at the top. A pyramid can have any polygon as the base, with
the most common bases being squares, rectangles and
triangles. These are the pyramids we will look at in this
chapter. The general rule for the volume of a pyramid is
as follows.

Volume of a pyramid

VPyramid = 1

3
× area of base × height

VPyramid = 1

3
Ah

This general formula can be adapted to square-, rectangular- and triangular-based pyramids.

Rectangular- and square-based pyramids

w

h

l

Volume of a rectangular-based pyramid

VRectangular pyramid =
1

3
× l × w × h

The only difference between a rectangular-based pyramid and a square-based pyramid is that the lengths
and widths are equal for the square-based pyramid. Therefore:

Volume of a square-based pyramid

VSquare pyramid =
1

3
× l2 × h
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WORKED EXAMPLE 6

Calculate the volume of the following pyramids.
a.

12 cm

8 cm

10 cm

b.
1.2 m

1.4 m

THINK WRITE

a. 1. Write the formula for the volume of a rectangular-based
pyramid.

a. VRectangular pyramid =
1

3
× l × w × h

2. Substitute the values length = 12 cm, width = 10 cm and
height = 8 cm into the formula.

V = 1

3
× 12 × 10 × 8

3. Calculate the volume and state the units. V = 320 cm3

b. 1. Write the formula of the volume of a square-based
pyramid.

b. VSquare pyramid =
1

3
× l2 × h

2. Substitute the values length = 1.4 cm and height = 1.2 cm
into the formula.

V = 1

3
× 1.42 × 1.2

3. Calculate the volume and state the units. V = 0.784m3

4.4.2 Volume of spheres

Radius

A sphere is a 3-dimensional circular shape such as a ball and the volume of a sphere
can be calculated by:

Volume of a sphere

VSphere =
4

3
𝜋r3

where: r = radius

WORKED EXAMPLE 7

12 cm

Calculate the volume of the following sphere.

THINK WRITE

1. Write the volume of a sphere formula. VSphere =
4

3
𝜋r3

2. Substitute r = 12 cm into the formula. V = 4

3
× 𝜋 × 123

3. Calculate the volume and state the units. V = 7238.23 cm3
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Interactivity Volume (int-6476)

Exercise 4.4 Volume and capacity of pyramids and spheres

1. Calculate the volume of the following rectangular-based pyramids, to 2 decimal places if appropriate.
a. Base length = 4 cm, base width = 5 cm and height = 6 cm
b. Base length = 12 cm, base width = 7 cm and height = 14 cm
c. Base length = base width = 6.5 cm and height = 10.2 cm
d. Base length = base width = 15.5 cm and height = 20.5 cm
e. Base length = 2.8m, base width = 4.2m and height = 6.9m
f. Base length = 1.8m, base width = 80 cm and height = 1.5m

2. Calculate the volume of the following spheres to two decimal places.
a. Radius of 5 cm b. Radius of 12 cm
c. Diameter of 1.8m d. Diameter of 27 cm
e. Radius of 24.8 cm f. Diameter of 32.5m

3. WE6a Calculate the volume of the pyramid shown.

8 cm
6 cm

7 cm

4. WE6b Calculate the volume of the pyramid shown.

3.8 m

4.2 m
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5. Calculate the volume of the following pyramids.
a.

Area of base = 45 mm2

15.3 mm

b.

22 mm

Area of base = 84 mm2

c.

1.2 m

0.7 m 0.7 m d.

38 mm

8 mm

6. WE7 Calculate the volumes of the following spheres.
a.

17 mm

b.
8.2 mm

c.

38 mm

d.
8 cm

e.
15.4 cm

7. Calculate the volume of the following hemisphere.
32 cm

8. If a square-based pyramid has a height of 12 cm and a volume of 128 cm3,
then calculate the length of the square base.

9. A sphere has a volume of 523.81 cm3. What is the radius of the sphere?
10. A spherical container with a radius of 15 cm is filled with water.

a. Calculate the volume of the sphere, correct to 2 decimal places.
b. Determine the total capacity of the sphere, in litres, correct to 2 decimal places.
c. If a tap at the bottom of the container allows the water to be emptied at a rate of 80 cm3/s, how long

would it take to completely empty the container?
11. MC A hemispherical bowl has a volume of 2145.52 cm3. The diameter of the bowl is closest to:

A. 22.63 cm. B. 8.0 cm. C. 20 cm. D. 512 cm.
12. A hemisphere of diameter 24 cm sits perfectly on top of a cylinder of height 46 cm. Calculate the

volume of the composite shape correct to 2 decimal places.
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13. Calculate the volume of the shape shown, correct to 2 decimal places.
2 cm

11.5 cm

4.5 cm

6.3 cm

4.5 Problems involving mass
4.5.1 Units of mass
Mass describes how much matter makes up an object, and its standard unit of
measurement is the kilogram (kg).

The mass of an object can be measured in milligrams (mg), grams (g),
kilograms (kg) and tonnes (t). Just as with length and area, it is important to use
the appropriate unit to measure the mass of an object.

Milligrams (mg)
Milligrams are used to measure the mass of a light object such as a strand of
hair. The mass of a strand of hair is around 1mg.
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Gram (g)
There are 1000 milligrams in 1 gram. Grams are commonly used when measuring non-liquid cooking
ingredients. The mass of 1 cup of flour is about 150 g.

Kilograms (kg)
There are 1000 grams in 1 kilogram. Kilograms are commonly used to measure larger masses such as the
mass of a person.

Tonne (t)
There are 1000 kilograms in 1 tonne. Tonnes are used to measure the mass of very large objects such as a
truck or boat.

4.5.2 Conversion between units of mass
The relationship between the units of mass can be used to change a measurement from one unit to another.

1000mg = 1 g
1000 g = 1 kg

1000 kg = 1 t
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The diagram shown can be used to assist in the conversion between different units of mass.

 ÷ 1000

t kg g mg

÷ 1000 ÷ 1000 

× 1000 × 1000 × 1000

WORKED EXAMPLE 8

Convert the following mass measurements to the units specified.
a. 15.86 kg to grams b. 13 650mg to kilograms c. 0.0071 t to kilograms

THINK WRITE

a. 1. To convert from kilograms to grams we need to
multiply by 1000.

a. 15.86 kg = (15.86 × 1000) g
= 15 860 g

b. 1. To convert from milligrams to kilograms we need to
divide by 1000 to convert to grams first.

b. 13 650mg = (13 650 ÷ 1000) g
= 13.65 g

2. Once converted to grams then we divide by 1000
again to convert to kilograms.

13.65 g = (13.65 ÷ 1000) kg
= 0.013 65 kg

c. 1. To convert from tonnes to kilograms we need to
multiply by 1000.

c. 0.0071 t = (0.0071 × 1000) kg
= 7.1 kg

Exercise 4.5 Problems involving mass

1. Which unit of mass would be best used to describe the mass of each of the following?
a. A full suitcase checked in for a flight b. A grass seed
c. A family car d. A calculator
e. A bag of apples f. A brick

2. Estimate the mass of each of the following objects.
a. A football b. A maths textbook

c. A Blu-ray cover d. A computer printer

e. Your pen f. A can of soft drink
3. Research your answers to question 2 and compare the actual values to your estimated values.
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4. WE8 Convert the following mass measurements to the units specified.
a. 18.9 kg to grams b. 76 490mg to kilograms c. 0.083 t to kilograms

5. Convert the following mass measurements to the units specified.
a. 717mg to grams. b. 3867 g to tonnes. c. 0.0084 tonnes to grams.

6. From your knowledge of household essentials, estimate the mass of the following items.
a. b.

c. d.

7. Change the following mass measurements to the units specified.
a. 2.4 g to milligrams b. 46.7 t to kilograms c. 2510mg to grams
d. 82 g to kilograms e. 0.03 kg to grams f. 7893 g to milligrams

8. Change the following mass measurements to the units specified.

a. 25 781mg to kilograms b.
7

8
kg to milligrams

c. 384.2 kg to tonnes d. 0.075 kg to milligrams
e. 0.000 004 5 tonnes to grams f. 33 456 milligrams to kilograms

9. For Noah’s party, 8 blocks of the chocolate shown were purchased.
a. What is the total mass of the 8 blocks of chocolate?
b. The mass of the chocolate is shown on the block. What does the term net mean?
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10. A family of 5 (2 parents and 3 children) is going on a holiday
to Disneyland. The allowable limit for their luggage is 23 kg
per person. They pack light with each parent taking 18 kg of
luggage and each of the 3 children taking 12 kg. They hope to
do some shopping during their holiday. Calculate the maximum
mass of their shopping so that they don’t exceed the luggage
allowance.

11. Christiana decided to go shopping to get some fruit and vegeta-
bles for the weekend. Complete the table shown to calculate her
total cost to the nearest cent.

Item Cost per kg Cost

1.5 kg of bananas $3.50 1.5 × $3.50 = $5.25

3.4 kg of apples $3.95

1.2 kg of carrots $2.80

2.3 kg of grapes $7.90

Total cost

12. If the mass of Rob is 94.4 kg and his son Jack is 67.8 kg, what is the difference in their masses?
13. A group of contestants entered a weight-loss competition. Given the information in the table, complete

the table and answer the following questions.

Name Original mass (kg) Loss New mass (kg)

Matthew 112.3 16.7 kg

Jack 133.8 24% of his mass

Sarah 93.6 1

6
of her mass

Jane 88.3 Jane now weighs
7

9
of her original mass

Paul 105.6 13.9 kg

Kelly 96.1 17.5% of her mass

a. Who lost the most mass and how much was it?
b. Who lost the least mass and how much was it?
c. Put the contestants in descending order of their new mass.
d. What was the total mass loss of the six contestants?
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14. The mass of an object is constant, but its weight changes
depending on gravity. To calculate the weight (W) of an object,
you multiply its mass (m) by the value of the acceleration due to
gravity (g). On the moon the acceleration due to gravity is about
1

6
of that on Earth (which is 9.8m s−2). The method for calcu-

lating the weight of a 100-kg object on the moon, measured in
newtons (N), is shown below.

W = m × g
= 100 kg ×

(
1

6
× 9.8m s−2

)
≈ 163.33N

Note:Weight is different to mass as weight describes the gravitational force acting on an object, and is
measured in newtons (N).
Use this information to calculate the weight of each of the following objects on the moon.

a. A 4500-kg boat b. A 0.56-kg bottle c. A 76.25-kg person d. A 331-g iPad mini

4.6 Review: exam practice
4.6.1 Volume, capacity and mass summary

1 cm3

1 cm
1 cm

1 cm

Volume and capacity
• The volume of a 3-dimensional object is the amount of space that is occupied

inside it. The units commonly used to describe the volume of an object are the
cubic millimetre (mm3), cubic centimetre (cm3) and the cubic metre (m3). One
cubic centimetre is the space occupied by a cube with side lengths equal to 1 cm.

• Metric units of volume can be converted as shown below.

 ÷ 10003

cubic

kilometres

(km3)

cubic

metres

(m3)

cubic

centimetres

(cm3)

cubic

millimetres

(mm3)

÷ 1003
÷ 103 

 × 10003
× 1003

× 103

• The capacity of a container refers to the amount of liquid that a container can hold.
• Units of capacity are related as shown below.

1 L = 1 000mL
1 kL = 1 000 L
1ML = 1 000 000 L

 ÷ 1000

ML kL L mL

÷ 1000 ÷ 1000 

× 1000 × 1000 × 1000
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• A container, such as a jar, has both volume and capacity, as it occupies space and can hold, contain or
absorb something other than what it is made of.

Volume of a prism
• A prism has the same cross-sectional area along its length, thus it has the same two end faces. The

cross-sectional area is shaded in blue in the diagram shown.

h

A
Cross sectional

VPrism = ACross sectional × h
VPrism = Ah

• Volume of a rectangular prism:

h

l
w

V = length × width × height
V = l × w × h

• Volume of a triangular prism:

h

b

V = area of triangle × h

• Volume of a cylinder:
r

h

Pdf_Folio:24

24 Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland

UNCORRECTED PAGE PROOFS



“c04VolumeCapacityAndMass_print” — 2019/5/27 — 15:51 — page 25 — #25

VCylinder = 𝜋r2h
where:

r = radius
h = height

• Volume of a pyramid (general rule):

VPyramid =
1

3
× area of base × height

VPyramid =
1

3
Ah

• Volume of a sphere:

Radius

where r = radius

VSphere =
4

3
𝜋r3

Mass
• Mass describes how much matter makes up an object, and its standard unit is the kilogram (kg).
• The mass of an object can be measured in milligrams (mg), grams (g), kilograms (kg) and tonnes (t).

Just like with length and area it is important to use the appropriate unit to measure an object’s mass.
• The diagram shown can be used to assist in the conversion between different units of mass.

 ÷ 1000

t kg g mg

÷ 1000 ÷ 1000 

× 1000 × 1000 × 1000

Exercise 4.6 Review: exam practice

Simple familiar
1. MC A mass of 259 grams is the same as:

A. 259 kg. B. 0.259 kg. C. 2.59 kg. D. 0.259 tonnes.
2. MC If Jack buys 7 250-gram packets of chips for a

group of friends who are coming around to watch a
movie, then the total mass of chips is:

A. 2.5 kg.
B. 1.5 kg.
C. 2.0 kg.
D. 1.75 kg.
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3. MC The volume of a jug is 465 cm3. Its capacity is:
A. 564mL. B. 46.5mL. C. 4.65L. D. 0.465L.

4. MC The number of cubes with side length 1 cm that can fit into a larger cube with side length 4 cm is:
A. 64. B. 16.
C. 56. D. 32.

5. MC The volume of the shape shown is:

3 m

1 m

5 mA. 10m3.
B. 15m3.
C. 20m3.
D. 18m3.

6. MC The volume of the triangular prism shown is
closest to:

9.5 cm

20.1 cm

12.6 cm

A. 2406 cm3.
B. 1203 cm3.
C. 1895 cm3.
D. 60 cm3.

7. MC The volume of the cylinder shown is
closest to:

15.75 cm

11.54 cm

A. 285.5 cm3.
B. 6589 cm3.
C. 2097.5 cm3.
D. 1647 cm3.

8. MC The volume of a rectangular-based pyramid with length 2.5m, width 1.8m and vertical height
1.5m is closest to:
A. 6.75m3. B. 5.75m3. C. 2.25m3. D. 1.25m3.

9. MC If a square-based pyramid has a volume of 12.4 cm3 and a vertical height
of 2.2 cm then the length of the pyramid is:
A. 4.1 cm. B. 2.2 cm.
C. 2.4 cm. D. 3.8 cm.

10. MC The volume of a disco ball that has a diameter of 55 cm is closest to:

A. 0.32m3.
B. 0.07m3.
C. 0.03m3.
D. 0.09m3.

11. The Luxor in Las Vegas is known for its square-based pyramid and
bright light. The Luxor pyramid is 111 metres high and 90 metres wide.
Calculate the volume of the Luxor Pyramid to 2 decimal places.
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12. The volume of a cylinder is 135 cm3. If it has a radius of 3 cm, calculate the height of the cylinder to
2 decimal places.

Complex familiar
13. Calculate the volume of water that can completely fill the inside of the

washing machine barrel shown in the diagram to 4 decimal places in:

55 cm

6 cm

40 cm

a. cm3

b. m3

c. litres.

14. Calculate the volume of each of the following objects.
a.

6.4 cm

18.2 cm

b.

11.2 mm

18.4 mm

c.

13.2 cm

19.8 cm

6.5 cm

d. 12 cm

15 cm

8 cm

10 cm

15. A block of cheese is in the shape of a triangular prism. The area of the triangu-
lar face is 2.3 cm2 and the length of the prism is 9.7 cm. If the price of cheese
is $0.53 per cm3, calculate the price of the block.

16. A fish tank has dimensions 90 cm × 40 cm × 60 cm. How much
water would be needed to:
a. three-quarters–fill the tank in cm3

b. three-quarters–fill the tank in litres
c. fill 90% of the tank in cm3

d. fill 90% of the tank in litres?
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Complex unfamiliar
17. a. Calculate the volume of the container shown given that the formula for

the volume of a cone is VCone =
1

3
𝜋r2h.

b. The container is completely filled with water. A tap is opened to release
the water from the base of the container at a rate of 15mm3 per minute.
If water is added at a rate of 10mm3 per minute, use your calculations
to work out the amount of water left in the container after 20 minutes. 25 mm

12 mm

35 mm

18. The sculpture shown below is to be packaged into a rectangular or
cylindrical cardboard box.

27 cm

a. Assuming each sphere touches the one next to it, calculate the:
i. volume of the smallest rectangular box that completely contains the spheres
ii. volume of the smallest cylindrical box that completely contains the spheres
iii. volume of space in each of the boxes not occupied by the spheres.

b. Use your calculations to justify which box you would choose.
19. A sandpit has the dimensions as shown.

1.2 m

1.2 m

60 cm

a. How much sand is required to fill the sandpit?
b. If the sand came in bags shaped as rectangular prisms

with dimensions 45 cm by 30 cm by 10 cm, how many
bags would be required to fill the sandpit?

c. If the bags of sand cost $7.50 each, how much would it
cost to fill the sand pit?

d. The digger’s scoop is in the shape of a rectangular-based
pyramid with base length of 20 cm, base width of 18 cm
and height of 15 cm. Assuming the scoop was full each
time, how many scoops would be required to empty the
full sandpit?

20. Callum’s Camping Company uses tents as shown for outback
adventures.

2.5 m

1 m

3 m

1.8 m

a. Calculate the amount of material required to make each
of the tents assuming no base is required.

b. Calculate the room in each of the tents in m3.
c. If there was a requirement that a tent provided a minimum

of 3m3 per person, how many people can sleep in the
tent shown?

d. The side wall of the tents can come off so that two tents
can join together into one tent. How many people can fit in
the double tent given the previous requirement?
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Answers
4 Volume, capacity and mass
Exercise 4.2 Units of volume and capacity

1. Volume measures the amount of space that is occupied
inside the object.

2. a. cm3 b. mm3 c. m3 d. cm3

3. a. 16 cm3 b. 12 cm3 c. 6 cm3 d. 27 cm3

4. a. 24 cm3 b. 28m3

5. a. 9 cm3 b. 7 cm3 c. 10 cm3 d. 13 cm3

6. a. 88 cm3 b. 120 cm3 c. 88 cm3 d. 116 cm3

7. Volume is the amount of space taken up by the object,
while capacity is the measure of an object’s ability to hold a
substance.

8. a. 80000 cm3 and 80 L b. 2500m3 and 2.5ML
c. 1750 cm3 and 1.75L d. 160m3 and 160 kL

9. a. Capacity b. Volume c. Volume
d. Capacity e. Volume f. Capacity

10. a. 12 000mL b. 3.125ML c. 0.397L
d. 7.8mL e. 4.893L f. 0.036 97ML

11. a. 372ml b. 1 630 000 cm3 c. 3400 cm3

d. 0.38 cm3 e. 163 000 cm3 f. 49.28mL
12. a. 0.578L b. 0.75mL c. 429mL
13. a. 47mL b. 3.594L c. 4.2 cm3

14. a. i. 16 cubes ii. 16 cm3 iii. 16mL
b. i. 12 cubes ii. 12 cm3 iii. 12mL
c. i. 48 cubes ii. 48 cm3 iii. 48mL
d. i. 16 cubes ii. 16 cm3 iii. 16mL

15. a. 72 000 000 cubes b. 72 000 000 cm3

c. 72 000 L d. 57 600 L
16. a. 1000 cubes b. 1000 cm3

c. 1L d. 750mL

Exercise 4.3 Volume and capacity of prisms
and cylinders

1. a. 80 cm3 b. 100 cm3

c. 90m3 d. 118.625 cm3

2. a. 54m3 b. 1500 cm3

c. 614.125 cm3 d. 130.5 cm3

3. a. 336 cm3 b. 64 cm3

4. a. 480 cm3 b. 180 cm3

c. 1320m3 d. 1296 cm3

5. a. 140 cm3 b. 86.955m3

6. a. 339.29 cm3 b. 678.58mm3

c. 1693.32 cm3 d. 4.42m3

7. 706.86 cm3

8. 922.45m3

9. a. 3936.69 cm3 b. 0.70m3 c. 5145.6 cm3

d. 151 937.5 cm3 e. 88.19m3 f. 79 521.56 cm3

10. 111m3, 111 000 L
11. 11.762m3, 11.762 kL
12. 16.632 m3

13. 3.61 cm
14. a. 1.2m3 b. 0.9m3 c. 750L
15. a. 0.68m3 b. 0.204m3 c. 0.476m3

16. a. 75.625m3 b. 103.125m3 c. 5.33m

Exercise 4.4 Volume and capacity of pyramids
and spheres

1. a. 40 cm3 b. 392 cm3 c. 143.65 cm3

d. 1641.71 cm3 e. 27.05m3 f. 0.72m3

2. a. 523.60 cm3 b. 7238.23 cm3

c. 3.05m3 d. 10 305.99 cm3

e. 63 891.58 cm3 f. 17 974.16m3

3. 112 cm3

4. 20.22m3

5. a. 229.5mm3 b. 616mm3

c. 0.196m3 d. 810.67mm3

6. a. 20 579.53mm3 b. 2309.56mm3

c. 28 730.91mm3 d. 2144.66 cm3

e. 15 298.57 cm3

7. 8578.64 cm3

8. 5.66 cm
9. 5.00 cm

10. a. 14 137.17 cm3 b. 14.14 L c. 176.71 seconds
11. C
12. 24 429.02 cm3

13. 344.93 cm3

Exercise 4.5 Problems involving mass
1. a. kilogram b. milligram c. tonne

d. gram e. kilogram f. kilogram
2. a. 200 g b. 300 g c. 10 g

d. 2000 g e. 5 g f. 300 g
3. Responses can be found in the Worked Solutions in the

online resources.
4. a. 18 900 g b. 0.076 490mg c. 83 kg
5. a. 0.717 g b. 0.003 867 t c. 8400 g
6. a. 2 kg b. 250 g c. 750 g d. 380 g
7. a. 2400mg b. 46 700 kg

c. 2.510 g d. 0.082 kg
e. 30 g f. 7 893 000mg

8. a. 0.025 781 kg b.
7 000 000

8
mg

c. 0.3842 t d. 75 000mg
e. 4.5 g f. 0.033 456 kg

9. a. 2000 g
b. Net means the weight of the chocolate not including the

packaging.
10. 43 kg

11.

Item Cost per kg Cost

1.5 kg of bananas $3.50 $5.25

3.4 kg of apples $3.95 $13.43

1.2 kg of carrots $2.80 $3.36

2.3 kg of grapes $7.90 $18.17

Total cost $40.21

12. 26.6 kg
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13. * See the table at the bottom of the page.
a. Jack lost 32.112 kg
b. Paul lost 13.9 kg
c. Jack, Matthew, Paul, Kelly, Sarah, Jane
d. 114.752 kg

14. a. 7350N b. 0.91N
c. 124.54N d. 0.541N

4.6 Review: exam practice
1. B
2. D
3. D
4. A
5. B
6. B
7. D
8. C
9. A

10. D
11. 299 700.00m3

12. h = 4.77 cm

13. a. 67 559.9500 cm3 b. 0.0676m3 c. 67.5600L
14. a. 654.1 cm3 b. 906.39mm2

c. 3827.47 cm3 d. 1500 cm3

15.
V = 22.31 cm3

Cost = $ 11.82
16. a. 162 000 cm3 b. 162L

c. 194 400 cm3 d. 194.4L
17. a. 4900.88mm3

b. VLeft = 4800.88mm3

18. a. i. 2187 cm3

ii. 1717.67 cm3

iii. Rectangular box: 1041.89 cm3

Cylindrical box: 572.56 cm3

b. Since the cylindrical box only has 572.56 cm3 of empty
space compared to the rectangular box having
1041.89 cm3, the cylindrical box would be more
tightly packed and less filling would be required.

19. a. 0.864m3 b. 64 c. $480 d. 480
20. a. 21.90m2

b. 10.5m3

c. Three people can fit in the tent under these requirements.
d. People = 7

*13.
Name Original mass (kg) Loss New mass (kg)

Matthew 112.3 16.7 kg 95.6 kg

Jack 133.8 24% of his mass 101.688 kg

Sarah 93.6
1

6
of her mass 78 kg

Jane 88.3 Jane now weighs
7

9
of her original mass 68.68 kg

Paul 105.6 13.9 kg 91.7 kg

Kelly 96.1 17.5% of her mass 79.28 kg
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