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TOPIC 5
Surface area and volume

5.1 Overview
5.1.1 Introduction
If we’re able to calculate the surface area of shapes, we’re able to know the amount of fabric we need to 
make a tent or how much paint we need to paint a new living room. Likewise, by knowing how to calculate 
volume and capacity, we can work out how much water is needed to fill a swimming pool, or even the 
Grand Canyon!

LEARNING SEQUENCE
5.1 Overview
5.2 Surface area 1
5.3 Surface area 2
5.4 Volume 1
5.5 Volume 2
5.6 Review

CONTENT
• solve problems involving surface area of solids including but not limited to prisms, cylinders, spheres and 

composite solids
• solve problems involving volume and capacity of solids including but not limited to prisms,  cylinders, 

spheres and composite solids
 – convert between units of volume and capacity

• solve problems involving perimeters, area, surface area, volumes and capacity in a variety of contexts AAM

5.2 Surface area 1
5.2.1 Total surface area of a right prism

 • The total surface area (TSA) of a three-dimensional object is the total area of all of the outside faces 
(sides).

 • A prism is a three-dimensional shape with identical opposite ends joined by straight edges. It can be 
sliced into identical slices called cross-sections.

 • A prism is named according to the shape of its base.

Rectangular prism

  

Triangular prism

  Pentagonal prism
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 • Objects with a uniform cross-section with ends that are not polygons cannot be classified as prisms. 
For example, a cylinder is not a prism, even though it has a uniform cross-section.

WORKED EXAMPLE 1

Which of the following shapes are prisms? Note: There may be more than one correct answer.

a b 

c d 

THINK WRITE

A prism can be sliced into identical cross-sections. 
Therefore, B is not a prism.
A prism must have a polygon for the base. 
 Therefore, D is not a prism.

The prisms are A and C.

 • A net is often used to visualise the outside faces that make up a prism.
 • A rectangular prism and its net are shown below.

Top

Bottom

Back

RightLeft

l

l

w
h hw Front
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 • These rectangles are actually pairs. The rectangles that form the top and the bottom are the same, the 
rectangles that form the front and the back are the same and the rectangles that form the left and right 
ends are the same.

 – To find the total area of the top and the bottom, A = 2 × (l × w) or A = 2(lw).
 – To find the total area of the front and the back, A = 2 × (l × h) or A = 2(lh).
 – To find the total area of both ends, A = 2 × (h × w) or A = 2(hw).

 • The total surface area is the sum of the area of all six rectangles.
This can be found using the formula TSA = 2(lw) + 2(lh) + 2(hw).
Using your knowledge of algebra, this can be simplified to:
TSArectangular prism = 2(lw + lh + hw)

WORKED EXAMPLE 2

Calculate the total surface area of the following rectangular prism.

12 cm
4 cm

5 cm

THINK WRITE

1 The rectangular prism is made up of 
6  rectangular faces. The area of each of these 
faces can be calculated by multiplying the 
length by the width.

TSArectangular prism = 2(lw + wh + lh)

2 Identify the pronumerals and substitute them 
into the formula to calculate the TSA.

TSArectangular prism = 2(5 × 4 + 4 × 12 + 5 × 12)
= 2(20 + 48 + 60)
= 256

3 Include the appropriate units in your final 
answer.

TSA = 256 cm2

WORKED EXAMPLE 3

a Draw the net for the triangular prism shown.
b Find the total surface area of the prism.

6 m

8 m

3 m

10 m
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5.2.2 Total surface area of a cylinder
 • If a cylinder is flattened into its net, it becomes two 

 circles of equal size and a rectangle.
 • The area of each of the circles can be found using the 

area formula:
A = πr2.

 • The circumference of the circle gives us the length of 
the rectangle. The height of the cylinder is the width of 
the rectangle. The formula to find the area of the rectan-
gle is A = 2 × π × r × h or A = 2πrh.

 • The total surface area is the sum of the areas of the two 
circles and the rectangle. This can be found using the 
formula TSA = 2πr2 + 2πrh. Using your knowledge of 
algebra, this can be simplified to:

TSAcylinder = 2πr(r + h)

h

Curved
section

Top

Bottom

r

THINK WRITE

a The net will consist of two 
triangles and three rectangles. 
Draw the net, marking the 
lengths of all sides.

10 m

3 m

3 m

6 m

6 m

10 m

8 m

3 m

3 m

b 1 The triangular prism is made 
up of two identical triangles 
and three different rectangles.

The triangles are right-
angled triangles, so the area 
of each triangle is found by 
multiplying the perpendicular 
sides together and halving the 
results.

The area of each rectangle 
is found by multiplying the 
length and width of the 
 rectangle.

TSAtriangular prism = 2Atriangle + Arectangle 1 + Arectangle 2 + Arectangle 3

2 Identify the required side 
lengths and substitute them 
into the formula.

TSAtriangular prism = 2 × 6 × 8
2

+ 8 × 3 + 6 × 3 + 10 × 3

= 48 + 24 + 18 + 30
= 120

3 Include the appropriate units 
in your answer.

TSA = 120 m2
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WORKED EXAMPLE 4

Calculate the total surface area of this cylinder.

THINK WRITE

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

TSAcylinder = 2πr(r + h)

2 To find the radius of the cylinder, halve 
the value of the diameter that is given.

r =  
D
2

= 40
2

 = 20 mm

3 Identify the values of the pronumerals. 
Substitute the values of the pronumerals 
into the formula and evaluate. Remember 
to include units in your answer.

r = 20 mm; h = 68 mm
TSA = 2 × π × 20 × (20 + 68)

= 40π × 88
= 3520π
= 11 058.41 mm2

The total surface area of the cylinder is 11 058.41 mm2.

68 mm

40 mm

Exercise 5.2 Surface area 1

Understanding, fluency and communicating
1.  WE1  Which of the shapes below are prisms?

a. b. 

c. d. 

2.  WE2  Calculate the total surface area of each of the following rectangular prisms.
a. 

72 cm
48 cm

33 cm
b. 

0.4 m
0.3 m

2.8 m
c. 

15.5 mm
27 mm

4 mm

Video: Total surface area of prisms (eles-1909)

Interactivity: Surface area (int-6477)

Interactivity: Cross-sections (int-6078)

Interactivity: Prisms? (int-3792)

 RESOURCES
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3. Calculate the total surface area of a cube with each of the following side lengths.

a. 21 mm b. 0.42 m c. 3 3
4
 cm

4.  WE3  a. Copy and complete the net for the triangular prism shown below.
b. Find the total surface area of the prism.

5 cm

3 cm
4 cm

2 cm

    

3 cm

2 cm 2 cm

2 cm

2 cm

4 cm3 cm

5 cm

5 cm

5. For each of the following triangular prims, calculate:
i. the area of the triangular face
ii. the area of each of the three rectangular faces
iii. the total surface area.
a. 

13 cm

12 cm 5 cm

8 cm

b. 

9 cm

8 cm

18.45 cm

5.96 cm

6. For each of the following prisms:
i. draw the net of the prism
ii. calculate the total surface area of the prism.
a. 

5 m

8 m
12 m

b. 

3 cm

c. 10 cm

8 cm 6 cm

4 cm

d. 

13 mm

10 mm

5 mm

12 mm

e. 

4 cm
6 cm

2 cm

f. 

6.1 m

3.5 m3.0 m
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7.       Calculate the total area of glass needed to make the open-topped fi sh tank shown. 

 52 mm

38 mm

29 mm

FPO
 

8.         WE4     Calculate the total surface area of each of the following cylinders. 
a. 1.25 m

49 cm

 b.    12 mm

8.2 mm

 

9.       A can of salmon is in the shape of a cylinder 
with the dimensions as shown. A paper label 
runs all the way around the curved surface of 
the can without overlapping itself. 
a.    Calculate the area of the label. 
b.    Calculate the total area of aluminium needed 

to make the can.     

10.     Calculate the total surface area of each of the following objects. 
a. 

12 mm

3 mm
4 mm

  b.    

22 cm

10 cm c.     

3.5 cm

3.5 cm
3.5 cm

 

39 cm

86 cm

51 cm FPO
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d.    

3.2 m
0.9 m

1.1 m e.    50 cm

65 cm

 

    Problem solving, reasoning and justifi cation 
11.      a.    Design, draw and label a cube that has a total surface area of   150 cm2   
 b.     Calculate the side length of a cube with a total surface area of   238.14 cm2   
12.       Consider an open cardboard box in the shape of a cube with one face missing. The cardboard used to 

make the box has a surface area of   328.05 m2   (ignoring overlap). Calculate the side length of the box. 
13.    A cube with all side lengths equal to   12 cm   is cut in half diagonally to form a triangular prism, as 

shown at right. 
a.    Calculate the total surface area of a cube with all side lengths equal to   12 cm  . 
b.    Calculate the total surface area of the triangular prism shown above. 
c.    If you cut a cube in half, does this halve its surface area? Use your results 

from parts a and b to help explain your answer.     
14.     A cube has side lengths of   1 cm   

a.    If each side is doubled in length, how does this affect the total surface area? 
b.    Investigare this further by fi nding how the surface area changes if each side 

length is: 
i.    tripled 
ii.    quadrupled. 

c.      Describe any pattern in your results. 
15.       A magazine holder can be made from a cereal box measuring   25 cm × 32 cm × 6 cm   by cutting the 

top section off as shown. 

 

32 cm

25 cm
6 cm

23 cm

8 cm

FPO
   

a.    Calculate the total area of the cardboard used in the cereal box (assuming no overlaps). 
b.    Calculate the area of cardboard that remains after the top is cut off (that is, the TSA of the outside of 

the magazine holder). 

17 cm

12 cm
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5.3 Surface area 2
5.3.1 Total surface area of a sphere

 • The total surface area of a sphere can be calculated by using the formula:
TSAsphere = 4 × π × r2

Radius

TSAsphere = 4πr2

WORKED EXAMPLE 5

Calculate the total surface area of a soccer ball with a 
radius of 10 cm. Give your answer to 2 decimal places.

THINK WRITE

1 The total surface area of the sphere can be calculated by 
using the formula TSAsphere = 4 × π × r2.

TSAsphere = 4 × π × r2

2 Substitute the radius value into the formula. TSAsphere = 4 × π × 102

3 Calculate the total surface area of the sphere. TSAsphere = 4 × π × 100
= 400π

4 Include the appropriate units in your final answer. TSAsphere = 1256.64 cm2

(correct to 2 decimal places)

10  cmFPO

5.3.2 Total surface area of composite shapes
 • The total surface area of a composite object can be calculated by finding the total surface area of each 

individual shape of its faces.
 • If part of a sphere is used in a composite object, the total surface area of the object can be found by 

calculating the appropriate fraction of the TSA of a sphere. For example, if half a sphere is used, the 
TSA can be found by applying the formula:

 • TSAhalf a sphere =  
1
2

× 4 × π × r2

= 2πr2

Note that this formula finds the area of the curved surface only. For example, to find the TSA of a closed 
hemisphere, you would need to add the surface area of half a sphere to the surface area of the circular base.
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WORKED EXAMPLE 6

Calculate the total surface area of the following object.

20 cm

22 cm

THINK WRITE

1 The composite object is made up of a cylinder and 
half a sphere. The TSA can be calculated by finding 
the TSA of each and adding them together.

TSA = TSAcylinder + TSAhalf a sphere

2 The TSA of a cylinder can be found by using the 
formula 2πrh + 2πr2. But we need to find only the 
TSA of one end (circle).

TSAcylinder = 2πrh + πr2

3 Substitute the values of the pronumerals into the 
formula and calculate.

TSAcylinder = 2π × 10 × 22 + π × 102

= 440π + 100π
= 540π(1697.14 cm2)

4 The TSA of the sphere can be found by using the 
formula A = 4πr2; but we have only half a sphere.

TSAhalf a sphere = 1
2

× 4 × π × r2

5 Substitute the values of the pronumerals into the 
formula and calculate.

TSA = 2 × π × 102

= 200π

6 Add together the TSA of the cylinder and the sphere 
to find the TSA of the composite object.

TSAcomposite object = 540π + 200π
= 740π

7 Use π ≈ 3.142 to write your answer as a decimal. 
Include the appropriate units in your final answer.

TSAcomposite object = 2325.71 cm2

5.3 Exercise Surface area 2

Understanding, fluency and communicating
Unless otherwise stated, give answers correct to the nearest whole number.
1.  WE5  a. What is the surface area of the balance ball shown below?

FPO 80 cm
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b. What is the surface area of the balance ball shown at right?

30 cm

FPO
2. Calculate the total surface area of each of the following objects

a. 

3.1 mm

b. 

25 cm

c. 

5.2 cm

3. Find the total surface areas of the following spheres and hemispheres. Give your answers correct to 2 
decimal places. (For part b, find the TSA of the outer surface.)
a. 

30 mm
(Answer in cm2)

b. Open

3 cm

c. Closed

(Answer to
nearest mm2)

4.1 mm

4.  MC  A shpere has a total surface area of 125 mm2. The radius of the sphere correct to 2 decimal 
places is:
a. 3.15 mm b. 9.94 mm C. 31.5 mm
d. 31.25 mm E. 15.71 mm

5.  WE6  Calculate the total surface area of the following object, correct to 1 
decimal place.

6. Calculate the total surface area of the follwing objects.
a. 

0.8 m

2.1 m

b. 

25 cm

30 cm

70 cm

c. 

150 cm

80 cm

7 cm

4 cm
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7. Calculate the surface area of the following solid.

2.5 cm

6 cm

8. The following letterbox is to be spray-painted on the outside. What is the total area to be spray-
painted?

75 cm

25 cm

42.5 cm

30 cm

4 cm

20 cm

9. The drawing shown at right is of part of a child’s playground toy. Calculate the TSA, giving the 
answer to 2 decimal places.

0.8 m

1.6 m

1.2 m

10. Calculate the TSA of the following shape correct to 2 decimal places.

40 cm

66 cm

75 cm

Problem solving, reasoning and justification
11. The objects shown below are to be used by an artist for a sculpture. Before they can be used, the artist 

would like them painted completely on the outside. Explain how you would calculate how much paint 
is needed to complete the job for each of the objects. There are no measurements so you do not need 
to complete the calculation.
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2.1 m 2 m

2 m

2.5 mFPO

a.     b.     

c.     d.    

12.         a.     Calculate the total surface area of spheres with radius   5 cm, 10 cm, 15 cm, 20 cm, 25 cm   and   30 cm   
respectively, giving your answers correct to 2 decimal places. Complete a table to show your 
results. 

b.    Describe what happens to the surface area of a sphere when the radius changes. 
13.       A timber fence is designed as shown. How many square metres of paint are required to completely 

paint the fence front and back with   2   coats of paint? Assume each paling is   2 cm   in thickness. Give 
your answer in m 2 , correct to 2 decimal places. 

 

105 cm

10 cm

100 cm

100 cm
2 cm

 
14.     The outside walls of the beach hut shown 

at right are to be painted in a different 
colour. 
a.    Calculate the total surface area to be 

painted. ( Hint:  The front and back walls 
are composite shapes.) 

b.    If   1   litre of paint covers   20 m2   and the 
new paint colour will have to be applied 
twice to the whole area, how many 
litres of paint will need to be purchased 
to complete the painting job?     
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5.4 Volume 1
5.4.1 Volume of a right prism 

 • The volume of a prism can be calculated by the formula V = A × H, where A is the area of the 
 cross-section of the prism and H is the dimension that is at right angles to the cross-section, often 
referred to as the height.

Vprism = Abase × H

This is the same prism, but it is lying on its side. 
In this diagram, H represents the prism’s length.

H

A

This pentagonal prism is standing on its cross-
section, so H represents the height of the prism.

H

A

V = Ahexagon × H

A

Hexagonal prism

H

Rectangular prism

Two identical
rectangular ends

All cross-sections parallel to
the base of the prism
are the same shape as the base. V = Atriangle × H

A

Triangular prism

H

A

Rectangular prism

H

V = Arectangle × H

 • If a prism is standing on a side that is the same shape as its cross-section, then H literally represents 
its height; otherwise, it represents the length of the side perpendicular to the base.

15. What is the total area of canvas needed for the tent (excluding the base) shown below?

3 m

2 m

1.27 m

5 m

0.8 m
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5.4.2 Volume of a cylinder
 • The volume of a cylinder can be calculated using your knowledge of 

circles.
 • First calculate the area of the circle at the base of the  cylinder using the 

formula A = πr2, where r is the radius. Then multiply the area by the 
height (or length) of the cylinder.

 • The formula used to calculate the volume of a cylinder is:

Vcylinder = πr2H

r

H

H

r

WORKED EXAMPLE 8

Calculate the volume of the cylinder correct to 2 decimal places.
a 

25 cm

18 cm

40 cm

b 

39
 m

m

24 mm

WORKED EXAMPLE 7

Calculate the volumes of the following 3-dimensional shapes.
a 

25 cm

18 cm

40 cm

b 

39
 m

m

24 mm

THINK WRITE

a 1 Write the formula for the volume of a prism. V = A × H

2 This object has a triangular cross-section, so A 
 represents the area of the triangle. Write the formula 
for the area of the triangle.

Atriangle =  1
2

× b × h

3 Identify the values of the pronumerals. (Note: Here, h is 
the height of the triangle, not of the prism.) Substitute 
the values of the pronumerals into the formula and 
evaluate.

b = 25  cm; h = 18 cm

Atriangle = 1
2

× 25 × 18

= 225 cm2

4 State the value of H. Since the prism is not standing on 
its triangular end, H represents the prism’s length.

H = 40 cm

5 Substitute the values of A and H into the volume 
formula and evaluate. Remember to include units in 
your answer.

V = 225 × 40
= 9000  cm3

The volume of the prism is 9000 cm3.
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5.4.3 Capacity
 • The capacity of a container refers to the amount of liquid that a container can hold. It is a measure of 

the internal volume.
 • Units used to describe capacity include the millilitre (mL), litre (L) and kilolitre (kL).

1000 mL = 1 L
    1000 L = 1 kL

 • 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. A solid block of wood has a volume but not a capacity, 
because it cannot hold or absorb anything.

 • The metric volume unit, 1 cm3, was defined as having a capacity of 1 mL. Therefore, volume and 
capacity units are related as shown below.

1000 cm3 = 1000 mL
= 1 L1 cm3 = 1 mL

WORKED EXAMPLE 9

Complete the following unit conversions.
a 50 mL =  ____cm3 b 150 mL = ____ L c 0.35 L =  ______cm3

THINK WRITE

a 1 cm3 holds 1 mL. 1 mL = 1 cm3, so 50 mL = 50 cm3

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

150 mL = (150 ÷ 1000) L 
= 0.15 L

c 1 First, convert 0.35 L to mL. There are 1000 mL 
in 1 L. So, to convert from litres to millilitres, 
multiply by 1000.

0.35 L = (0.35 × 1000) mL
= 350 mL

1 cm 1 cm

1 cm
1 cm3

1 mL

1000 cm3

10 cm
10 cm

10 cm

1 litre

THINK WRITE

b 1 Write the formula for the volume of a 
cylinder.

Vcylinder = πr2H

2 State the values of the pronumerals. (The 
value of r can be found by halving the given 
diameter.)

r =  
D
2

=  
24
2

= 12 mm

H = 39 mm

3 Substitute the values of the pronumerals into 
the formula and evaluate. Remember to 
include units in your answer.

V = π × 122 × 39
= π × 5616
= 17 643.18 mm3

The volume of the cylinder is 17 643.18 mm3.
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Shape Cross-sectional area Volume
Cube

H

S
S

A = S2

V = S3

Rectangular prism

H

L
W

W

L

A = LW

V = LWH

Triangular prism

b

h H

b

h

A = 1
2

bh

V = 1
2

bhH

Note: The lower case h represents 
the height of the triangle.

Cylinder

H

r

r

A = πr2

V = πr2H

Interactivity: Volume (int-6476) 

Interactivity: Capacity (int-4024)

 RESOURCES

5.4.4 Useful formulas
The following table contains some useful formulas that can be used to find the volume and capacity of 
three-dimensional shapes.

2 Use the relationship 1 cm3 = 1 mL to complete the 
conversion.

 350 mL = 350 cm3

   0.35 L = 350 cm3
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2. Calculate the volume of each of the following rectangular prims.
a. 

4 m

3 m

1 m

b. 

24 cm

16 cm16 cm

c. 

6 m 8 m

4 m

d. 

3 cm

4.5 cm
7.5 cm

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

22 mm

29 mm
48 mm

b. 

3.5 m

10.8 m
5.3 m

1.4 m

c. 
10 1

2
cm

15 3
8

cm

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

Area of base = 15.4 cm2

6.3 cm b. 

Area of base = 1.2 m2

80 cm

5.  WE8  Calculate the volumes of the following shapes, correct to 2 decimal places.
a. 

19.5 mm
5 mm

b. 

7.1 cm

14.2 cm

6. A diving pool has a length of 16 m, a width of 12 m and a depth of 4 m. Calculate the volume of 
the pool.

Exercise 5.4 Volume 1

Understanding, fluency and communicating

1.  WE7  Calculate the volume of the following three-dimensional shape.
a. 

4.
2 

cm

6.4 cm2.7 cm
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7.  WE9  Complete the following unit conversions.
a. 3 L = _____ mL b. 0.524 L = _____ mL c. 425 mL = ____ L
d. 0.04 L = _____ mL e. 2500 mL = ___ L f. 1.3 L = _______ mL

8. Complete the following unit converisons
a. 165 cm3 = _____ mL = _____ L
b. 6350 L = _____ mL = _____ cm3

c. 4.2 L = ____ mL = _____ cm3

 9. a. Calculate the volume of the fish tank shown below in cm3.
 b. If 1 cm3 is equivalent to 1 mL, what is the capacity of the tank in litres?

75 mm

50 mm

30 mm

10.  MC  A triangular prism has a volume of 225 cm3. If the triangular base has an area of 25 cm2, the 
height is equal to:
a. 10 cm b. 9 cm C. 19 cm d. 1 cm E. 90 cm

11.  MC  The volume of a cylinder is 64 cm3. If the height is equal to 8 cm, the radius of the cylinder 
correct to 2 decimal places is:
a. 2.82 cm b. 1.60 cm C. 8 cm d. 3.20 cm E. 2.56 cm

12. A skateboard is packaged in a rectangular box that measures 0.8 m long, 30 cm wide and 20 cm high.
a. Calculate the volume of the box in cubic centimetres.
b. If the skateboard takes up 7200 cm3 of the space in the box, how much of the space in the box is not 

occupied by the skateboard?

Problem solving, reasoning and justification
13. Standard measurements for cooking are shown at right.

In cooking quantities:
a. how many teaspoons are there in a tablespoon?
b. how many tablespoons in a cup?
c. how could you measure half a cup if you had only teaspoons and tablespoons?
d. how could you measure a quarter of a cup if you had only teaspoons and tablespoons?

14. Consider a set of three food containers of different sizes each of which is in the shape of a rectangular 
prism.

The smallest container is 6 cm long, 4 cm wide and 3 cm high. All the dimensions of the medium 
container are double those of the smallest one; all the dimensions of the largest container are triple 
those of the smallest one.
a. Calculate the volume of the smallest container.
b. State the dimensions and hence calculate the volume of:

           1 cup = 250 mL
1 tablespoon = 20 mL
   1 teaspoon = 5 mL
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i. the medium container
ii. the largest container.

c. Calculate the ratio of the volumes of:
i. the smallest container to the medium container
ii. the smallest container to the largest container.

d. Consider your answers to part c and use them to copy 
and complete the following:
If all dimensions of a rectangular prism are increased 
by a factor of n, the volume of the prism is increased 
by a factor of _______.

 15. a. Design, draw and label a prism that has a volume of 16 m3.
 b. Draw and label a second prism that also has a volume of 16 m3.
16. A cylinder fits exactly into a cube of side 8 cm.

a. Determine the volume of the cylinder, correct to 2 decimal places.
b. Determine the percentage of space inside the cube that is not occupied by the 

 cylinder, correct to 2 decimal places.
17. A block of cheese is in the shape of a triangular prism. The area of the triangle is 

2.3 cm2 and the length of the prism is 9.7 cm. If the price of cheese is $0.41 per cm3, calculate the 
price of the block.

18. A water tank is in the shape of a cylinder whose diameter is twice its height. If the tank holds 1000 
litres, what are the dimensions of the tank, correct to 1 decimal place?

WORKED EXAMPLE 10

Calculate the volume of the sphere below correct to 2 decimal places.

THINK WRITE

1 Write out the formula for calculating the volume of a sphere. Vsphere =  4
3
πr3

2 Substitute the value of the radius into the equation and 
 calculate.

Vsphere = 4
3

× π × 123

= 7238.22

3 Include the appropriate units in your answer. Vsphere = 7238.22 cm3

12 cm

5.5 Volume 2
5.5.1 Volume of a sphere

 • The volume of a sphere can be calculated by using the formula:

Vsphere = 4
3
 × π × r3

where r = radius

 • The volume of a sphere is measured using cubic units appropriate 
to the task (mm3, cm3, m3

 or km3).

Vsphere = 4
3

 πr3

Radius

Vsphere = 4
3
 πr3
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      5.5   Volume 2  
 5.5.1 Volume of a sphere 

 •     The  volume of a sphere  can be calculated by using the formula:         

   
Vsphere = 4

3
 × π × r3

where r = radius
   

 •    The volume of a sphere is measured using  cubic units  appropriate
to the task   (mm3, cm3, m3

 or km3)  .      

Vsphere = 4
3

 πr3

Radius

Vsphere = 4
3
 πr3

 WORKED EXAMPLE 11 

   Calculate the volume of the following object,    correct to 2 decimal places.    

  THINK     WRITE  

  1      The composite object is made up of a cylinder and half a sphere.     

  2      Write out the formula for calculating the volume of half a sphere 
and substitute the value of the radius into the formula. Calculate.   

     

Vhalf a sphere = 1
2

× 4
3

× π × r3

= 1
2

× 4
3

× π × 153

= 2250π

     

3      Write out the formula for calculating the volume of a cylinder 
and substitute the values of the height and radius into the 
equation. Calculate.   

     
Vcylinder = π × r2 × h

= π × 152 × 65
= 14 625π

     

4      Add the volumes of the hemisphere and the cylinder.   
     
Total volume = 2250π + 14 625π

= 16 875π
= 53 014.38

     

  5      Include appropriate units in your answer.        Vtotal = 53 014.38 cm3     

30 cm

65 cm

    5.5.2  Volume of composite shapes 
 •     The total volume of a  composite solid  can be calculated by fi nding the volume of each individual 

solid that it contains and adding them together to fi nd the total volume. 
 •    Some examples include: 

FPO
 

FPO FPO

    Exercise 5.5 Volume 2 

 Understanding, fl uency and communicating 

1.        We10     Calculate the volumes of the following spheres. Give your answer correct to the  nearest whole 
number. 
a.    

17 mm
 b.    

8.2 mm
 c.    

38 mm
 d.    32 cm  
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2. A sphere has a volume of 523.81 cm3. What is the radius of the sphere, correct to the nearest whole 
number?

3. The radius of the Earth is 6380 km. Calculate its volume, correct to 2 significant figures.
4.  MC  A hemispherical bowl has a volume of 2145.52 cm3. The diameter of the bowl is closest to:

a. 20 cm b. B 8.0 cm C. 16 cm d. 512 cm e. 10 cm
5.  We11  Calculate the volume of the solid below, correct to the nearest cm3.

7 cm

4 cm

6. Calculate the volumes of the following objects, correct to 2 decimal places.
a. 

6.4 cm

18.2 cm

b. 

11.2 mm

18.4 mm

7. Calculate the capacity of the object at right in cm3. State the result to 
4 significant digits.

8. Calculate the volume of water that can completely fill the inside of 
this washing machine. Give your answer in litres, correct to 2 
 decimal places

55 cm

6 cm

40 cm

9. This cylindrical steel water tank has a diameter of 2 m 
and a length of 3 m. Ignoring the thickness of the mate-
rial, calculate:
a. the volume of the tank, correct to 3 decimal places.
b. the capacity of the tank, to the nearest 100 litres. 

(1 m3 = 1000 L)

3 m 2 m

2.5 cm

6 cm
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10. A house plan is drawn below. It is going to be built on a  
concrete slab.
a. Calculate the area of the slab.
b. The slab is to be 15 cm thick. Calculate the volume of concrete 

needed for the slab. (Hint: Write 15 cm as 0.15 m).
c. Concrete costs $180/m3 to pour. Calculate the cost of this slab.

Problem solving, reasoning and justification
11. Give some real life examples of when it would be important to 

know how to calculate the volume of a sphere.
12. A spherical container with a radius of 15 cm3 is filled with water. 

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? Give your answer in seconds correct to 1 decimal place.

13. The sculpture shown below is to be packaged into a rectangular or cylindrical cardboard box.
a. Assuming each sphere touches the one next to it, calculate correct to 2 decimal places 

(where necessary) 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 your boxes not occupied by the spheres.

b. Use your calculations to justify which box you would choose.

27 cm

FPO
14. A sphere is enclosed inside a cube of side length equal to the diameter of the sphere. What percentage 

of the volume of the cube is taken up by the sphere? Give your answer correct to 1 decimal place
 15. a. Calculate the surface area and volume of:

i. a cube of side length 1
ii. a sphere of radius 1 (correct to 2 decimal places).

 b. Which of the objects described above has the largest volume?
 c. Which object contains a larger volume per unit of surface area?

5.6 Review
5.6.1 Summary

In this topic you have learnt:
 • how to calculate the total surface area (TSA) of a three-dimensional object
 • how to identify a prism
 • how to name different prisms
 • which objects with a uniform cross-section cannot be classified as prisms
 • how to visualise the outside faces that make up a prism using a net
 • the formula for calculating the TSA of a rectangular prism
 • the formula for calculating the TSA of a cylinder
 • the formula for calculating the TSA of a sphere
 • how to find the TSA of composite objects

12 m
10 m

45 m

9 m
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 • how to calculate the volume of a prism
 • how to calculate the volume of a cylinder
 • units of capacity
 • how to convert between units of capacity
 • how to convert between units of volume and units of capacity
 • how to calculate the volume of a sphere
 • how to calculate the volume of a composite solid.

Exercise 5.6 Review

Understanding, fluency and communicating

1. Calculate the total surface area of a cube with side lengths of 5 3
4

 mm.
2. Find the surface area of the cube shown below.

6 cm

3. Find the surface area of a rectangular prism with a length of 10 cm, a width of 5 cm and a height of 7 cm.
4. The formula for the total surface area for the object shown is:

a. 
1
2

abh

b. 
1
2

abc

C. ah + 2bc + ab

d. 
1
2

ah + 2bc + ab

e. ah + ab + ac
5. Convert the following units as indicated.

a. 300 cm3 =  ____ mL
b. 750 cm3 =  ____ L
c. 3300 cm3 =  _____ L
d. 25 200 cm3 =  _____ mL
e. 5 000 000 cm3 = _______ mL = _______L

6. Convert the following units as indicated.
a. 66 mL = ____ cm3

b. 2.5 mL = ____ cm3

c. 3.2L = _____ cm3

d. 15 L = ______ mL =  ______ cm3

7. For a rectangular prism with dimensions of 12 cm by 8 cm by 6 cm, calculate:
a. the total surface area of the prism
b. the volume of the prism
c. the capacity of the prism in mL.

a

h
b

c
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8.  MC  A sphere has a total surface area of 85 cm2. The radius of the spere correct to 2 decimal place is:
a. 21.25 cm b. 5.2 cm C. 45.7 cm d. 6.76 cm e. 2.60 cm

9. Calculate the total surface area of a cylinder with a radius of 6.32 cm and a height of 7.98 cm. Give 
your answer correct to 2 decimal places.

10. Calculate the total surface areas of the following objects. 
a. 

9.5 cm

6.6 cm b. 80 cm

55 cm

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

10.2 cm

8.4 cm b. 

17 m
4 m

5 m

c. 
3.2 cm

15 cm
33 cm

12 cm

12. Calculate the volumes of the following objects.
a. 

Base area
= 35 cm2 15 cm

b. 

12 cm

38 cm

13. Calculate the volume of the following object.

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

6 mm

6 mm

22 mm b. 

10 cm

8 cm

c. 

3 cm

 Base area = 6 cm2

d. 

3.5 mm

Area =
15 mm2

15 cm
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15. In each of the following prisms, the front face is made up of a composite figure. Find:
i. the area of the front face
ii. ii the volume of the prism.

a. 

1 m
2 m

1.5 m

3 m

4 m

b. 2 m

14 m

5 m3 m

12 m

c. 

6 cm

16 cm

20 cm

16. Find the capacity of the object shown (to the nearest litre).

13 cm

8 cm

4 cm

17. A car’s engine has 4 cylinders, each having a diameter of 8.5 cm and a height of 11.2 cm. Calculate 
the capacity of the engine in cubic centimetres. Give your answer correct to 1 decimal place.

18. A fish tank has the dimensions 90 cm × 40 cm × 60 cm. How much water would be needed to three-
quarters-fill the tank?

19. A new (unsharpened) pencil is in the shape of a hexagonal prism.
If the area of the hexagonal end is 80 mm2 and the volume of the 
whole pencil is 14.4 cm3, calculate the length of the pencil.

20. A copper pipe has an internal diameter of 35.66 mm and a width of 
4.34 mm. What volume of copper is used per metre in making this 
pipe? Give your answer in cm3, correct to the nearest whole number.

35.66 mm

4.34 mm

Problem solving, reasoning and justification
21. A swimming pool has a surface 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. Before filling the pool needs painting. Calculate the area that will be painted.
b. If the pool is to be filled to the top, how much water will be needed?

22. Heather is planning on painting her bedroom. The floor is 3.5 m × 4 m and the walls are 2.5 m high. 
One litre of paint can cover 11 m2. She is planning on using 2 coats of paint. She can only buy paint 
by the litre.
a. How many litres of ceiling paint should she buy?
b. How many litres of paint will she need to paint the walls? (Ignore doorways and windows.)
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23.      A baker is considering changing the shape of his loaves of bread. The smaller the surface area, the 
longer the loaf takes to go stale. He is considering two options, both   20 cm   long. One loaf has a 
square end with a side of   7 cm  ; the other has a circular end with a diameter of 7 cm    . Which loaf 
should he make? 

24.    Levi has a new design for a square-based bowl with 
dimensions as shown. If the surface of the outside of the 
bowl (including the base) is greater than   300 cm2  , the 
cost of materials for the bowl will be too expensive to 
make. Can Levi afford to make the bowl?   

25.     The radius of the Earth is   6380 km  . 
a.    Calculate the TSA of the Earth in   km2  , correct to the 

nearest whole number. 
b.    If the area of Australia is   7 692 024 km2  , what percent-

age of the Earth’s surface does this represent? Give 
your answer correct to   1   decimal place. 

c.    Calculate the volume of the Earth in   km3  . Give your answer correct to   3   signifi cant fi gures. 
26.      The radius of Jupiter is   71 500 km  . 

a.    Calculate the TSA and volume of Jupiter. Give your answers correct to 3 signifi cant fi gures. 
b.    How many times larger is the TSA and volume of Jupiter than those of Earth? Give your answers 

correct to the nearest whole number. 
27.       A water tank designer has been asked to make a water tank that holds   2000   litres   (2 000 000 cm3)   of 

water. Design three possible shapes that would hold   2000 L  . Each water tank must be a different shape. 
28.     A sandpit has the dimensions shown below.   

a.    How much sand is needed to completely fi ll it? 
b.    A cover is to be made for the sandpit. If the cover is 

to overlap by   50 cm   on each side, what size would it 
need to be? 

29.       A cylindrical can holds   4   tennis balls stacked one on 
top of another, packed tightly. If the diameter of a 
tennis ball is   8.8 cm  , determine the volume of the can 
correct to 1 decimal place. 

30.     A large tourist company owns some camping grounds, 
equipped with permanent tents. The dimensions of each 
tent are shown. 

1.2 m

FPO
1.2 m

60 cm

16 cm

10 cm

5 cm

1.8 m

2.5 m
3 m

1 m
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a. Calculate the area of material required to make each tent, including the floor.
b. Calculate the amount of space inside the tent.

31. A rectangular roof is 15 m long and 12 m wide. When it rains, water from the roof is collected in a 
cylindrical tank. One night, 20 mm of rain falls.
a. Calculate the volume of water that falls on the roof.
b. How many litres of water fall on 

the roof?
c. If the tank is 2.27 m high and 7.06 m in diameter, calculate the volume of water in litres that the tank 

could hold.
d. After the rainfall, by how many centimetres does the depth of water in the tank increase? Give your 

answer correct to 1 decimal place.
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Answers
Topic 5 Answers
Exercise 5.2 Surface area 1
1. a and d

2. a. 14 832 cm2

b. 4.16 m2

c. 1177 mm2

3. a. 2646 mm2

b. 1.0584 m2

c. 84 
3
8

 cm2

4. a. 

2 cm

2 cm

2 cm

2 cm

3 cm

3 cm

4 cm

4 cm

5 cm

5 cm

b. 36 cm2

5. a.    i.  30 cm2

ii. AR1 = 104 cm2, AR2 = 40 cm2, AR3 = 96 cm2

iii. TSA = 300 cm2

 b.    i.  26.82 cm2

ii. AR1 and AR2 = 147.6 cm2, AR3 = 166.05 cm2

iii. TSA = 514.89 cm2

6. a.    i.  

8 cm8 cm8 cm8 cm

5 cm 5 cm
5 cm

5 cm

12 cm

12 cm

12 cm

12 cm

8 cm

ii. 392 m2

 b.    i.  3 cm

3 cm

3 cm3 cm

3 cm3 cm

3 cm3 cm

3 cm 3 cm

3 cm 3 cm

3 cm3 cm

ii. 54 cm2
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 c.    i.  

4 cm

4 cm

4 cm4 cm

4 cm

4 cm

6 cm

6 cm

6 cm

8 cm

8 cm

8 cm

10 cm

10 cm

ii. 144 cm2

d.   i.  5 mm

5 mm

5 mm

10 mm 10 mm

10 mm

10 mm
10 mm

10 mm

12 mm

12 mm

13 mm

13 mm

12 mm

ii. 360 mm2

 e.    i.  6 cm

4 cm 4 cm4 cm4 cm

6 cm

6 cm

6 cm

6 cm
2 cm2 cm
2 cm2 cm

2 cm 2 cm
2 cm2 cm

4 cm 4 cm

ii. 88 cm2

f.   i.  

3.0 m3.0 m

3.5 m 3.5 m

3.5 m 3.5 m

3.5 m3.5 m

3.5 m3.5 m

3.0 m3.0 m

6.1 m

6.1 m

6.1 m

6.1 m

6.1 m

ii. 100.3 m2

7. 7664 cm2

8. a. 23 014 cm2
 (or 2.3 m2) b. 1523 mm2

9. a. 10 537 mm2
 (105.37 cm2) b. 25 397 mm2

 (253.97 cm2)

10. a. 192 mm2 b. 848 cm2 c. 73.5 cm2 d. 14.78 m2 e. 14  137 cm2

11. a. 

5 cm

b. 6.3 cm

12. 8.1 m

13. a. 864 cm2 b. 636 cm2 c. No

14. a. Doubling the side length causes the surface area to increase by a factor of 4.

b.  i.  Tripling the side length causes the surface area to increase by a factor of 9.

ii. Quadrupling the side length causes the surface area to increase by a factor of 16.

c. If you increase the side length be a factor of r, the surface area increases by a factor of r2.

15. a. 2284 cm2 b. 1111 cm2
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Exercise 5.3 Surface area 2
1. a. 20 106 cm2 b. 11  310 cm2

2. a. 30 mm2 b. 1963 cm2 c. 255 cm2

3. a. 28.27 cm2 b. 14.14 cm2 c. 158 mm2

4. A

5. 326.7 cm2

6. a. 11 m2 b. 11  106 cm2 c. 57 805 cm2

7. 136 cm2

8. 11 231 cm2

9. 20.30 m2

10. 21 430.27 cm2

11. a. The object is a cube. Measure the length of one side (l). TSA = 6l2

b. The object is a triangle-based pyramid. Measure one side (a) and the perpendicular height of the triangle (h). Measure the 
other 2 sides of the triangle (s1, s2) and the height (H) of the prism. TSA = ah + (a + s1 + s2)H

c. The object is a cylinder. Measure the height of the cylinder (H). To find the radius of the cylinder (r), measure the diameter 
and halve it. TSA = 2πr(r + H)

d. The object is a sphere. To find the radius (r) of the sphere, measure the diameter and halve it. TSA = 4πr2

12. a. 

b. When the radius increases by a factor of a, the surface area increases by a factor of a2.

13. 4.30 m2

14. a. 17.4 m2 b. 2 L

15. 47.1 m2

Exercise 5.4 Volume 1
1. 36.288 cm3

2. a. 12 m3 b. 6144 cm3 c. 192 m3 d. 101.25 cm3

3. a. 30 624 mm3 b. 66.528 m3 c. 1695 
3
32

 cm3

4. a. 97.02 cm3 b. 0.96 m3
 (or 960 000 cm3)

5. a. 382.88 mm3 b. 4497.64 cm3

6. 768 m3

7. a. 3000 mL b. 524 mL c. 0.425 mL

d. 40 mL e. 2.5 L f. 1300 mL

8. a. 165 m L = 0.165 L

b. 6 350 000 mL = 6 350 000 cm3

c. 4200 mL = 4200 cm3

9. a. 112 500 cm3 b. 112.5 L

10. B

r(cm) TSA = 4πr2 TSA (cm2)

5 TSA = 4π × 52

= 100π 314.16

10 TSA = 4π × 102

= 400π 1256.64

15 TSA = 4π × 152

= 900π 2827.43

20 TSA = 4π × 202

= 1600π 5026.55

25 TSA = 4π × 252

= 2500π 7853.98

30 TSA = 4π × 302

= 3600π 11309.73
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11. B

12. a. 48 000 cm3 b. 40 800 cm3

13. a. 4 teaspoons

b. 12.5 tablespoons

c. 6 tablespoons and 1 teaspoon

d. 3 tablespoons and 
1
2

 teaspoon

14. a. 72 cm3

b.  i.  576 cm3 ii. 1944 cm3

c.  i.  1 : 8 ii. 1 : 27

d. n3

15. Multiple solutions are possible.

16. a. 402.12 cm3 b. 21.46%

17. $9.15

18. The tank has a height of 68.3 cm and a diameter of 136.6 cm.

Exercise 5.5 Volume 2
1. a. 20 580 mm3 b. 2310 mm3 c. 28  731  mm3 d. 8579 cm3

2. 5 cm

3. 1.1 × 1012 km3

4. A

5. 486 cm3

6. a. 654.12 cm3 b. 906.39 mm3

7. 91.63 cm3

8. 67.56 L

9. a. 9.425 m3 b. 9425 L

10. a. 99 m2 b. 14.85 m3 c. $2673

11. Answers will vary.

12. 176.7 s

13. a.    i. 2187 cm3

ii. 1717.67 cm3

iii. Empty space in the rectangular prism: 1041.89 cm3

Empty space in the cylinder: 572.56 cm3

b. Cylinder

14. 52.4%

15. a.    i. TSA = 6, V = 1

ii. TSA = 12.57, V = 4.19

b. Sphere

c. Sphere

Exercise 5.6 Review

1. 198 
3
8

 mm2

2. 216 cm2

3. 310 cm2

4. C

5. a. 300 mL b. 0.75 L c. 3.300 L

d. 25 200 mL e. 5 000 000 mL = 5000 L

6. a. 66 cm3 b. 2.5 cm3 c. 3200 cm3 d. 15 000 mL = 15 000 cm3

7. a. 432 cm2 b. 576 cm3 c. 576 mL

8. E

UNCORRECTED P
AGE P

ROOFS



TOPIC 5 Surface area and volume 33

c05SurfaceAreaAndVolume.indd Page 33 01/08/17  10:42 AM

9. 567.85 cm2

10. a. 265.4 cm2 b. 20 950.5 cm2

11. a. 565.26 cm3 b. 340 m3 c. 1425.6 cm3

12. a. 525 cm3 b. 2148.85 cm3

13. 883.6 cm3

14. a. 792 mm3 b. 502.65 cm3 c. 18 cm3 d. 52.5 mm3

15. a.  i.  8 m2 ii. 12 m3

b.  i.  34 m2 ii. 68 m3

c.  i.  304 cm2 ii. 6080 cm3

16. 2 L

17. 2542.2 cm3

18. 162 L

19. 18 cm

20. 535.38 cm3

21. a. 1761 m2 b. 3220 m3

22. a. 3 L b. 7 L

23. The circular loaf 

24. No, the surface area is 308 cm2.

25. a. 511 506 576 km2 b. 1.5% c. 1.09 × 1012 km3

26. a. The TSA of Jupiter is 6.42 × 1010 km2. The volume of Jupiter is 1.53 × 1015 km3.

b. The TSA of Jupiter is 126 times larger than Earth. The volume of Jupiter is 1406 times larger than Earth.

27. Answers will vary.

28. a. 0.864 m3 b. 4.84 m2

29. 2140.9 cm3

30. a. 29.4 m2 b. 10.5 m3

31. a. 3.6 m3 b. 3600 L c. 88 863 L d. 9.2 cm
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