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Chapter

3

Surface Area, Volume, and Capacity

How much water do you think this water tank can hold? What would you need to know to calculate the exact amount?

3.1

Surface Area of Prisms

REVIEW: WORKING WITH AREAS OF TWO-DIMENSIONAL FIGURES
In this chapter, you will need to know how to calculate the area of various twodimensional figures, including squares, rectangles, parallelograms, triangles, and circles.
The following diagrams show how to calculate the areas of each of these shapes.
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Example 1
Calculate the area of each figure.
a)

			

b)

4.5 cm

7.8 cm

12.8 cm

6.8 cm

c)
2.1 m

3.1 m

SOL U T ION

a) Use the formula for calculating the area of a rectangle.
A = ℓw
A = 6.8 × 4.5
A = 30.6 cm2
b) Calculate the area of the triangle.

A = 1 bh
2
A = 1 × 12.8 × 7.8
2
		
Remember that,
for any figure, the
height is always
perpendicular (at
right angles) to
the base.

A = 49.92 cm 2

c) Calculate the area of the parallelogram.
A = bh
A = 3.1 × 2.1
A = 6.51 m2

Chapter 3

BUILD YOUR SKILLS
1. For each picture, name the shape and calculate the area.
a)

44 mm

b)

5.7 m

6.2 m

9.3 m

c)

6.9 cm

14.8 cm

5.3 cm

d)
13 in
9 in

16 in

Surface Area, Volume, and Capacity
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2. For each picture, name the shape and calculate the area.
a)
5.2 m

8.5 m

b)
5.2 m

8.5 m

c)
5.2 m

8.5 m

d)
5.2 m

8.5 m

e)
5.2 m

8.5 m

f) What do you notice about the area calculations?

Chapter 3
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Example 2
Find the area of the following figure.
6.2 cm
3.1 cm

6.8 cm

13.4 cm

12.6 cm

SOL U T ION

To calculate the area, you will need to divide the figure into regular shapes. This
figure can be divided into a triangle and two rectangles. The dimensions will be as
indicated. Find the area of each part and add them together.
6.2 cm
3.1 cm

A2
A1

6.8 cm

A3

12.6 cm

13.4 cm

Start by calculating the area of the triangle.

A1 = 1 bh
2
A1 = 1 × 9.9 × 12.6
2
A1 = 62.37 cm 2

Label the area
calculations with
subscript numbers
(A 1, A 2, A 3) to help
you keep track of
the shapes.
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Next, calculate the area of the smaller rectangle.
A2 = ℓw
A2 = 6.2 × 3.1
A2 = 19.22 cm2
Calculate the area of the second rectangle.
A 3 = ℓw
A 3 = 13.4 × 6.8
A 3 = 91.12 cm2
Add the areas of the shapes to calculate the total area.
Atotal = A1 + A2 + A3
Atotal = 62.37 + 19.22 + 91.12
Atotal = 172.71 cm2
The total area is 172.71 cm2.
A LT ERN AT I V E SOL U T ION

The figure could have been divided into different regular shapes.
6.2 cm
3.1 cm
A5
6.8 cm

A1

A4

13.4 cm

12.6 cm

You would calculate the area of the triangle, A1, as above. You would then find the
areas of the two rectangles, A4 and A5.

Chapter 3
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BUILD YOUR SKILLS
3. Find the areas of the following figures.
a)
8 in

7 in

A carpet installer needs to

6.5 in

know how to calculate the
surface area of irregularly

5 in

shaped rooms, in order to
know how much carpet
7.8 m

b)

will be needed.

4.2 m

9.6 m

4. Show four different ways you could divide the figure below to calculate its area.
Show all measurements. Choose one method to calculate the area.
4.6 m

1.8 m

3.6 m
6.2 m

8.8 m
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NEW SKILLS: WORKING WITH THE SURFACE AREA OF PRISMS
prism: a 3-D shape with

A prism is a three-dimensional object with:

ends that are congruent,

•• ends, called bases, that are congruent and parallel, and

parallel polygons

•• sides, called lateral faces, that are parallelograms.

and sides that are
parallelograms
base: one of the parallel

The prism is a right prism if the sides are perpendicular to the bases. The lateral faces
will be rectangles.

faces of a prism
lateral face: a face that
connects the bases of a
prism

If the lateral faces are not perpendicular to the base, it is an oblique prism and the sides
will be parallelograms.
A prism is named by the shape of its base and whether it is right or oblique.
For more details, see page 118 of MathWorks 11.

Example 3
Name the following prisms.
a)

				

b)

c)

			

d)

SOL U T ION

a) This is a right rectangular prism. The base is a rectangle and the lateral faces are
perpendicular to it.
b) This is a right hexagonal prism. The base is a hexagon and the lateral faces are
perpendicular to it.
c) This is a right triangular prism. The base is a triangle and the lateral faces are
perpendicular to it.
d) This is an oblique rectangular prism. The base is a rectangle and the lateral faces
are not perpendicular to it.
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BUILD YOUR SKILLS
5. Name the following prisms.
a)		

				

b)

c)		

				

d)

e)		

				

f)

Prism
a)
b)
c)
d)
e)
f)

Shape of base

Right or oblique

Shape of lateral faces

Name of prism
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NEW SKILLS: WORKING WITH NETS
net: 2-D pattern that can

A net is a two-dimensional pattern that can be folded to form a three-dimensional

be folded to make a 3-D

shape. Think of a pizza box: it is made up of one piece of cardboard, folded into the

shape

shape of a right rectangular prism.

surface area: the area

The surface area of a prism is the area that it would take up if it were laid out flat, as

covered by the outside

in its net.

surfaces of a threedimensional shape

For more details, see page 117 of MathWorks 11.

Example 4
If this right pentagonal prism were made from one piece of cardboard, what would the
piece of cardboard look like?

10 cm
10 cm

30 cm

10 cm
SOL U T ION

The net of the prism would look like the following diagram.
50 cm
10 cm

10 cm
10 cm

10 cm
10 cm

10 cm

Chapter 3
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BUILD YOUR SKILLS
6. Draw nets for the following prisms, and label the dimensions of each side.
a)
5 in
5 in

15 in

Can you imagine what
the net of this box might
look like?

b)

3 cm

3 cm
3 cm

14 cm
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7. Ralph says that diagram A is the net of a right octagonal prism. Manon disagrees.
She says that diagram B is the correct net for a right octagonal prism. Who is
correct? Justify your answer.
A:

			

B:

Example 5
Find the surface area of the right rectangular prism given below.

3.8 m

1.9 m

4.6 m
SOL U T ION

Draw a net of the prism.
4.6 m
1.9 m

A1

1.9 m

A2

A3

A2

A3

1.9 m

A1

1.9 m

4.6 m

3.8 m
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Calculate the area of each of the parts of the net.
There are two rectangles that are 1.9 m by 4.6 m (labelled as A1).
A1 = ℓw
A1 = 1.9 × 4.6
A1 = 8.74 m2
There are two rectangles that are 1.9 m by 3.8 m (labelled as A2).
A2 = ℓw
A2 = 1.9 × 3.8
A2 = 7.22 m2
There are two rectangles that are 4.6 m by 3.8 m (labelled as A3).
A3 = ℓw
A3 = 4.6 × 3.8
A3 = 17.48 m2
Calculate the total surface area.
SA = 2(A1) + 2(A2) + 2(A3)
SA = 2(8.74) + 2(7.22) + 2(17.48)
SA = 17.48 + 14.44 + 34.96
SA = 66.9 m2
The surface area of the prism is 66.9 m2.

Nets are sometimes used
in assembly instructions,
as shown in this illustration
for a box manufacturer.
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BUILD YOUR SKILLS
8. For each diagram, draw a net and use it to calculate surface area.
a)
6 cm

8 cm
10 cm

b)

5 in

3 in

4 in
8 in

Chapter 3

c)

1.5 cm

1.5 cm

8 cm

15 cm

9 cm

Example 6
Find the surface area of this figure.

55 cm

45 cm

30 cm

27 cm
78 cm

Surface Area, Volume, and Capacity
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SOL U T ION

Divide the figure into parts.
A5
A6
A4

A7

A1
A2

A8

30 cm

27 cm
A3

A1 = ℓw

A5 = ℓw

A1 = (78 – 45) × 55

A5 = (78 – 45) × 27

A1 = 1815 cm2

A5 = 891 cm2

A2 = ℓw

A6 = ℓw

A2 = 45 × 30

A6 = (55 – 30) × 27

A2 = 1350 cm2

A6 = 675 cm2

A3 = ℓw

A7 = ℓw

A3 = 78 × 27

A7 = 45 × 27

A3 = 2106 cm2

A7 = 1215 cm2

A4 = ℓw

A8 = ℓw

A4 = 55 × 27

A8 = 30 × 27

A4 = 1485 cm2

A8 = 810 cm2

Calculate the total surface area.
SA = 2(A1) + 2(A2) + A3 + A4 + A5 + A6 + A7 + A8
SA = 2(1815) + 2(1350) + 2106 + 1485 + 891 + 675 + 1215 + 810
SA = 13 512 cm2

Chapter 3
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A LT ERN AT I V E SOL U T ION

If you look carefully at the diagram, you will discover that you don’t need to
calculate the area of each individual surface.

A4

A1

30 cm
A2
27 cm
A3

The shaded portions are equal in area to the left side of the figure (the end that you
can’t see, A4). The polka-dotted parts are equal in area to the bottom of the figure,
A3. You will need to divide the front and back into two rectangles as indicated.
Calculate the areas of the different parts as in the solution above, but you only need
to calculate parts A1, A2, A3, and A4.
A1 = 1815 cm2
A2 = 1350 cm2
A3 = 2106 cm2
A4 = 1485 cm2
Calculate the total surface area.
SA = 2(A1) + 2(A2) + 2(A3) + 2(A4)
SA = 2(1815) + 2(1350) + 2(2106) + 2(1485)
SA = 3630 + 2700 + 4212 + 2970
SA = 13 512 cm2
The total surface area is 13 512 cm2.
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BUILD YOUR SKILLS
9. Calculate the surface area of the figure below.
0.5 m

0.5 m

2m

1m

1.5 m
1.5 m

10. Find the surface area of the figure below.
5 cm

5 cm

20 cm

5 cm

15 cm
30 cm

Chapter 3
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Example 7
Kareem has been hired to paint the walls and ceiling of a living room in a house. The
room is 22.5 feet long, 13.5 feet wide, and 8.5 feet high. There is one window that is
10.5 feet by 6 feet, two windows that are 3.5 feet by 2.5 feet, and two doors that are 2.5
feet by 8 feet.
a) What surface area must he paint?
b) One gallon of paint covers approximately 255 sq. ft. How many gallons will he
have to buy?
c) If paint costs $55.40 per gallon and he wants to make a profit of about $225.00,
how much should he charge to paint the room?

It is important to accurately
calculate the surface area
to be painted, so that you

SOL U T ION

can make sure you buy
enough paint to complete

a) Find the total surface area of the walls and ceiling and subtract the areas of the
windows and doors.
The ceiling is 22.5 feet by 13.5 feet.
A1 = ℓw
A1 = 22.5 × 13.5
A1 = 303.75 sq. ft.
There are two walls that are 22.5 feet by 8.5 feet.
A2 = ℓw
A2 = 22.5 × 8.5
A2 = 191.25 sq. ft.
There are two walls that are 13.5 feet by 8.5 feet.
A3 = ℓw
A3 = 13.5 × 8.5
A3 = 114.75 sq. ft.
Calculate the total surface area of the walls.

the project.
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SA1 = A1 + 2(A2) + 2(A3)
SA1 = 303.75 + 2(191.25) + 2(114.75)
SA1 = 303.75 + 382.5 + 229.5
SA1 = 915.75 sq. ft.
There is one window that is 10.5 feet by 6 feet.
A4 = ℓw
A4 = 10.5 × 6
A4 = 63 sq. ft.
There are two windows that are 3.5 feet by 2.5 feet.
A5 = ℓw
A5 = 3.5 × 2.5
A5 = 8.75 sq. ft.
There are two doors that are 2.5 feet by 8 feet.
A6 = ℓw
A6 = 2.5 × 8
A6 = 20 sq. ft.
Calculate the surface area that does not need painting.
SA2 = A4 + 2(A5) + 2(A6)
SA2 = 63 + 2(8.75) + 2(20)
SA2 = 63 + 17.5 + 40
SA2 = 120.5 sq. ft.
Calculate the area to be painted.
SApaint = SA1 – SA2
SApaint = 915.75 – 120.5
SApaint = 795.25 sq. ft.
The area to be painted is 795.25 square feet.

Chapter 3
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b) Each can of paint covers approximately 255 square feet, and Kareem has 795.25
square feet to cover. Divide the total surface area by the area per can.
795.25 ÷ 255 ≈ 3.1 gallons
Kareem will need to buy 4 gallons of paint.
c) Multiply the number of gallons by the cost per gallon.
4 × $55.40 = $221.60
If Kareem wants to make a profit of about $225.00, add this amount to the cost
of the paint.
$221.60 + $225.00 = $446.60
Kareem will need to charge about $446.60 to paint the room. He might round
this up to $450.00.

BUILD YOUR SKILLS
11. Aamir is building a storage chest in the shape of a rectangular prism. The chest will
be 90 cm long, 70 cm deep, and 60 cm high.
a) What will be the outer surface area of the box?

b) Aamir needs to buy 20% more wood than the surface area, to account for
wastage during cutting. What area of wood will he need to buy?
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12. Shar is installing an L-shaped heating duct in a house. If the duct has the
measurements shown in the diagram below, what will be the total surface area of
the duct? The ends of the duct are open.

6’
6’
1.5’
1’

8’

PRACTISE YOUR NEW SKILLS
1. Sketch the nets of the prisms and use them to determine their surface areas.
a)
25 cm

30 cm
42 cm

Chapter 3
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b)

48 cm
20 cm

15 cm

12 cm
25 cm

2. Hoeth is building a feed trough for his cattle. The trough is to be triangular with
a length of 12 feet, a height 1.5 feet, and a width of 4 feet. How much wood is
required to build it?

2.5 ft

4 ft
2.5 ft

1.5 ft

12 ft
Modern cattle troughs are
often made out of durable
plastics or metal.
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3. Aaron is going to construct a fish tank that is 1.2 m long, 0.6 m wide, and 0.4m
high. How much glass will he need to make it? (Note: There will be no glass
on the top.)

4. A grain elevator is a tower containing a bucket elevator, which scoops up grain and
deposits it into a storage facility.
Calculate the surface area of the grain elevator shown here. (Assume that the front
face of the grain elevator is vertically symmetrical.)

6’
12’

Grain elevators were

12’
12’

traditionally build of wood,
80’

but they are being replaced
by more modern ones made
of steel or concrete. Some
of the old wooden structures
are being preserved as
heritage sites.

30’

32’

Chapter 3
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Surface Area of Pyramids, Cylinders, Spheres, & Cones
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3.2

REVIEW: WORKING WITH CIRCLES
In this section, you will need to calculate the circumference and the area of circles.

Example 1
Find the area of the following figure.

58.4 cm

112.6 cm

SOL U T ION

This can be divided into parts: a rectangle 112.6 cm long and 58.4 cm wide, and
two semicircles, each with a diameter of 58.4 cm. The two semicircles will make a

Use the π button on

full circle.

your calculator to

Calculate the area of the rectangle and the circle.

calculate the area
and circumference.

Ar = ℓw

Ac = πr2

Ar = 112.6 × 58.4

Ac = π(58.4 ÷ 2)2

Ar = 657.84 cm

Ac = π(29.2)

2

Round your answer

2

Ac ≈ 2678.65 cm2

A = Ar + Ac
A = 657.84 + 2678.65
A ≈ 3336.5 cm2
The area is 3336.5 cm2.

to same degree of
accuracy (number
of decimal places)
as are given in the
question.

150

MathWorks 11 Workbook

BUILD YOUR SKILLS
1. Calculate the area of the following figure.

3.5 ft

3.25 ft

2. Calculate the area of the following figure.

6.8 cm

Chapter 3
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3. Calculate the area of the following figure.
90 mm

310 mm

250 mm

NEW SKILLS: WORKING WITH THE SURFACE AREA OF CYLINDER
A cylinder is like a prism but it has circular bases. To find the surface area, you have
to find the area of the two circles and the area between them. If you draw a net of a
cylinder, you will find that it is made up of a rectangle and two circles. The length of the
rectangle will be the circumference of the circle, and the width will be the height of the
cylinder.
circumference, C

C

radius, r

base

height, h

h

base

For more details, see page 127 of MathWorks 11.
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Example 2
Find the surface area of a cylinder that has a radius of 90 mm and a height of 300 mm.
SOL U T ION
90 mm
A1

A2

300 mm

First find the area of the circular base of the cylinder.
A1 = πr2
A1 = π(90)2
A1 ≈ 25 446.9 mm2
Next, find the circumference of the cylinder.
C = 2πr
C = 2π(90)
C ≈ 565.5 mm
Find the area of the lateral face.
A2 = C × h
A2 = 565.5 × 300
A2 ≈ 169 646.0 mm2
Calculate the total surface area.
SA = 2(A1) + A2
SA = 2(25 446.9) + 169 646.0
SA = 220 539.8 mm2
The total surface area is 220 539.8 mm2.
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Surface Area, Volume, and Capacity

153

BUILD YOUR SKILLS
4. Find the surface area of a cylindrical tank that has a radius of 1.5 m and a
height of 5 m.

5. Find the surface area of a pipe that has a diameter of 4.5 cm and is 18.8 cm long.

How would you calculate
how much icing was needed
to cover this cake?

6. Find the surface area of the figure below. The upper cylinder is centred on the
lower one.
3.8 mm

9.6 mm

4.2 mm

4.8 mm

154

MathWorks 11 Workbook

NEW SKILLS: WORKING WITH THE SURFACE AREA OF PYRAMIDS
A pyramid is a three-dimensional object with a polygonal base and lateral sides that are
triangles. The triangles meet at a point, called the apex. In a right pyramid, the apex is
aligned above the centre of the base.
The net of a pyramid will consist of the base plus as many triangles as there are sides to
the base.
For more details, see page 127 of MathWorks 11.

Example 3
Find the surface area of the square-based pyramid below.

16 m
24 m
24 m

SOL U T ION

The pyramid has a square base that is 24 m by 24 m. The four sides are congruent
triangles with a base of 24 m and a height of 16 m.
Calculate the area of the base.
A1 = s2
A1 = 242
A1 = 576 m2
Calculate the area of one of the side triangles.

A2 = 1 (bh )
2
A2 = 1 × 24 × 16
2
A2 = 192 m 2

Chapter 3
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Calculate the total surface area.
SA = A1 + 4(A2)
SA = 576 + 4(192)
SA = 1344 m2
The surface area of the pyramid is 1344 m2.

BUILD YOUR SKILLS
7. Find the surface area of the square-based pyramid below.
21 cm

28 cm
28 cm

8. A pentagonal-based pyramid is sitting on a table. If the sides of the pentagon are
18 cm and the slant height of the triangles is 28 cm, what is the exposed area of
the pyramid?

28 cm
18 cm
18 cm

18 cm
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9. An octagonal-based pyramid has a slant height of 18.7 cm and each side of the
octagon measures 12.6 cm. What is the lateral surface area of the pyramid?

Example 4
You must first find

Find the surface area of the square-based pyramid.

the slant height of
the pyramid using
9 cm

the Pythagorean
theorem.

24 cm
24 cm

SOL U T ION

To find the height of the triangles that form the lateral faces—or the slant height of
the pyramid—you must use a triangle as indicated below.
c
9 cm

24 cm

12 cm

Chapter 3
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The two sides of the triangle will be 9 cm and 12 cm (half the length of a side of the
square), and the hypotenuse of this triangle will be slant height of the pyramid.

a 2 + b 2 = c2
92 + 122 = c2
81 + 144 = c2
225 = c2
225 = c
15 = c

The courtyard of the
Louvre Museum in Paris,

The surface area of the pyramid is the area of the square base plus the area of the

France, features a large

four triangles.

glass pyramid designed

Asquare = s2

by architect I.M. Pei. The

Asquare = 242

famous works of art,

Asquare = 576 cm2

including the Mona Lisa

Atriangle = 1 bh
2
Atriangle = 1 × 24 × 15
2
Atriangle = 180 cm 2
SA = Asquare + 4(Atriangle)
SA = 576 + 4(180)
SA = 1296 cm2
The surface area of the pyramid is 1296 cm2.

Louvre is home to many

and the Venus de Milo.
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BUILD YOUR SKILLS
10. Find the total surface area of a square pyramid with a base of 12 cm by 12 cm and a
height of 8 cm.

8 cm
12 cm
12 cm

11. A triangular pyramid has faces that are all equilateral triangles. Each side length is
16 cm. What is the surface area of the pyramid?

16 cm

Chapter 3
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12. If the surface area of the sides of a square-based pyramid is 680 cm2 and the side
lengths of the square are 16 cm, what is the height of the pyramid?

h
16 cm
16 cm

NEW SKILLS: WORKING WITH THE SURFACE AREA OF CONES
A cone is like a pyramid, but it has a circular base. The net of a cone is a sector of a large
circle, and the circular base of the cone.
The surface area of the lateral area of the cone (the area not including the base) can be
calculated using this formula, where r is the radius of the circular base and s is the slant
height of the lateral face:
A = πrs
s

h
r
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Example 5
Find the surface area of a cone that has a radius of 12 feet and a slant height of 15 feet.
SOL U T ION

Calculate the area of the circular base.
A1 = πr2
A1 = π(12)2
A1 ≈ 452.39 sq. ft.
Calculate the area of the lateral surface.
A2 = πrs
A2 = π(12)(15)
A2 ≈ 565.49 sq. ft.
Calculate the total surface area.
SA = A1 + A2
SA = 452.39 + 565.49
SA ≈ 1017.9 sq. ft.
The surface area of the cone is about 1017.9 sq. ft.
A LT ERN AT I V E SOL U T ION

If you are calculating the total surface area of a cone, you can combine the equations
for the base and the lateral surface.
SA = πrs + πr2
SA = πr(s + r)
Use this formula to calculate the surface area.

Chapter 3
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BUILD YOUR SKILLS
13. Find the surface area of a cone that has a slant height of 82 cm and a
radius of 28 cm.

14. Find the surface area of a cone with a diameter of 13.6 cm and a slant height
of 9.8 cm.

Example 6
Find the surface area of the cone.
9.6 cm
r

s
12.8 cm
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SOL U T ION

The slant height is not given, so you will first need to calculate it using the
Pythagorean theorem. Since the diameter of the cone is 9.6 cm, the radius is 4.8 cm.

a 2 + b 2 = c2
h 2 + r 2 = s2
(12.8)2 + (4.8)2 = s 2
163.84 + 23.04 = s 2
186.88 = s 2
186.88 = s
13.67 ≈ s
The slant height is approximately 13.67 cm.
Since you are calculating the total surface area, you can use the combined formula
used in Example 6.
SA = πr(s + r)
SA = π(4.8)(13.67 + 4.8)
SA ≈ 278.5 cm2
The surface area is approximately 278.5 cm2.

BUILD YOUR SKILLS
15. Find the total surface area of a cone with a radius of 16 inches and a height of
20 inches.

Chapter 3
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16. Find the surface area of a cone with a radius of 45.7 mm and a height of 39.7 mm.

17. Find the lateral surface area of a cone whose height is 32 cm and whose
diameter is 28 cm.

NEW SKILLS: WORKING WITH THE SURFACE AREA OF SPHERES
A sphere is like a ball. All points on the sphere are equidistant (of equal distance) from
the centre. It is not possible to draw a net of a sphere. The formula for a sphere’s surface
area depends only on the radius and π. The formula for the surface area of a sphere is:

SA = 4π r 2
For more details, see page 127 of MathWorks 11.

Example 7
A ball has a surface area of approximately 9900 cm2. What is its radius?
SOL U T ION

You are given the surface area and need to find the radius. Use the formula for
surface area.

SA = 4π r 2
9900 = 4π r 2
9900 = 4π r 2
4π
4π
9900 = r 2
4π
9900 = r
4π
28.07 ≈ r
The radius is approximately 28.1 cm.

163

164

MathWorks 11 Workbook

BUILD YOUR SKILLS
18. Find the surface area of a sphere with a radius of 1.3 m.

19. Find the surface area of a sphere with a diameter of 24.8 mm.

A hemisphere is half

20. Find the surface area of a hemisphere with a radius of 18.5 cm.

of a sphere.

Example 8
Find the surface area of the composite figure.
3.4 cm

8.6 cm

9.3 cm

11.2 cm

Chapter 3

Surface Area, Volume, and Capacity

SOL U T ION

The component parts of the surface area of the figure will be the lateral area of the
cone plus the surface area of the cylinder minus the circular area of the cone.
Calculate the lateral area of the cone. The diameter is 3.4 cm, so the radius
is 1.7 cm.
A1 = πrs
A1 = π(1.7)(8.6)
A1 ≈ 45.93 cm2
Calculate the surface area of the top and bottom of the cylinder. The diameter is
11.2 cm, so the radius is 5.6 cm.
A2 = πr2
A2 = π(5.6)2
A2 ≈ 98.52 cm2
Calculate the surface area of the side of the cylinder.
A3 = C × h
A3 = 2πr × h
A3 = 2π(5.6)(9.3)
A3 ≈ 327.23 cm2
Calculate the area of the base of the cone.
A4 = πr2
A4 = π(1.7)2
A4 ≈ 9.08 cm2
Calculate the total surface area of the figure.
SA = surface area of cylinder + surface area of cone – area of base of cone
SA = 2(A2) + A3 + A1 – A4
SA = 2(98.52) + 327.23 + 45.93 – 9.08
SA ≈ 561.1 cm2
The surface area is approximately 561.1 cm2.
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BUILD YOUR SKILLS
21. Find the surface area the following figure.
1.4 m
0.8 m

2.2 m

22. Three cylinders with radii of 4 feet, 3 feet, and 2 feet are stacked one on top of the
other. Each has a height of 2 feet. What is the total exposed surface area?

2 ft
2 ft

3 ft

4 ft

2 ft
2 ft

Chapter 3

Surface Area, Volume, and Capacity
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23. Find the surface area of the cone topped by the hemisphere shown in the
following diagram.

18 cm

12 cm

PRACTISE YOUR NEW SKILLS
1. Bob is a metal worker and is making round cake pans. How much metal will he use
in making a 9-inch round cake tin that is 1 1 inches tall?
2
1.5 in

9 in

What if the cake pan had
a hole in the middle? How
would you calculate how
much metal was needed?
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2. How many square centimetres of paper are needed to produce 50 conical cups like
the one below?
30 mm

60 mm

3. How much corrugated steal will be needed to cover a Quonset hut (a kind of
building that is half a cylinder) that is 20 feet wide by 48 feet long if both the front
and the back are covered, except for a door that is 8 feet tall by 7 feet wide?

Quonset huts are made of
corrugated steel. They are
popular because they are
easy to assemble and are
very durable. They are often
used as sheds or garages.

8 ft

7 ft

20 ft

48 ft

Chapter 3

Surface Area, Volume, and Capacity

4. Find the lateral surface area of the hexagonal pyramid below.
3.5 ft

12.4 ft

5. Calculate the surface area of a cone that has a radius of 12 feet and a slant height
of 15 feet.

6. A tennis ball has a diameter of 6.7 cm. What is its surface area?

169

170

MathWorks 11 Workbook

3.3

Volume and Capacity of Prisms and Cylinders

NEW SKILLS: VOLUME AND CAPACITY OF RECTANGULAR PRISMS
volume: the measure

The volume of an object is a measure of the amount of space it occupies. The capacity

of the space a three-

of an object is a measure of how much it can hold. Hollow objects (like a cardboard

dimensional object

box) have volume and capacity, while solid objects (like a cement brick) have

occupies

only volume.

capacity: the amount a

Volume is measures in cubed units, such as m3. Capacity is measured in units such as

three-dimensional object

litres or gallons.

can hold

Volume and capacity are closely related. In the metric system a volume of 1000 cm3 is
equivalent to a capacity of 1 L.
The volume of both a prism and a cylinder are found by multiplying the area of the base
by the height of the object.
V = Abase × h
The formula is the same even if the prism/cylinder is oblique. Just remember that the
height is always the perpendicular distance between the two bases.
For more details, see page 138 of MathWorks 11.

Example 1
A rectangular prism that has a base that is 15 cm by 12 cm and a height of 20 cm.
a) Draw a diagram and calculate the volume of the prism.
b) Calculate the capacity of the first prism.

Chapter 3

SOL U T ION

a)

20 cm

15 cm

12 cm

Use the formula for volume.
V = Abase × h
V = ℓwh
V = 15 × 12 × 20
V = 3600 cm3
b) Since 1 L equals 1000 cm3, divide the volume by 1000.
3600 ÷ 1000 = 3.6 L
The prisms each have a capacity of 3.6 L.

BUILD YOUR SKILLS
1. Find the volume and capacity of the following rectangular prisms.
a) The base is 15.7 cm by 18.8 cm and the height is 12.5 cm.

b) The base is a square with sides of 2.75 m, and the height is 4.5 m.

c) The base is 1 1 inches by 3 3 inches, and the height is 2 1 inches.
2
4
4

Surface Area, Volume, and Capacity
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Example 2
A rectangular prism has a square base with side lengths of 7 cm. Its volume is 392 cm3.
Calculate the height of the prism.
SOL U T ION

Use the formula for volume and solve for h.

V = wh
392 = 7 × 7 × h
392 = 49h
392 = h
49
8=h
The height of the rectangular prism is 8 cm.

BUILD YOUR SKILLS
2. A rectangular prism has a base of 5.2 m by 7.8 m. Its volume is 142 m3. What is the
height of the prism?

3. One rectangular prism has dimensions of 18 cm by 12 cm by 32 cm. A second
prism has a base that is 14 cm by 20 cm. Approximately what must its height be if it
has the same volume as the first prism?

Chapter 3

Surface Area, Volume, and Capacity
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4. Patrice is in charge of the excavation for the foundation of a building. If a hole must
be dug that is 35 m by 25 m by 12 m, how many trips will be required to remove
the dirt if a trailer can carry only 15 cubic metres of dirt?

Excavators are used to
remove dirt and rocks when
constructing foundations.

Example 3
Calculate the volume and capacity of the composite prism.
9.4 cm
4.2 cm

7.5 cm

6.6 cm
16.8 cm
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SOL U T ION

The volume of this composite prism can be found by dividing it into two
rectangular prisms.
9.4 cm
4.2 cm

7.5 cm

V1
V2

6.6 cm
16.8 cm

V1 = ℓwh

V2 = ℓwh

V1 = 9.4 × 6.6 × (4.2 + 7.5)

V2 = (16.8 – 9.4) × 6.6 × 7.5

V1 = 9.4 × 6.6 × 11.7

V2 = 7.4 × 6.6 × 7.5

V1 ≈ 725.9 cm3

V2 ≈ 366.3 cm3

Calculate the total volume.
Vtotal = V1 + V2
Vtotal = 725.9 + 366.3
Vtotal = 1092.2 cm3
The total volume is 1092.2 cm3.
Divide by 1000 to calculate capacity.
1092.2 ÷ 1000 = 1.0922 L
Its capacity is about 1.1 L.

Chapter 3

Surface Area, Volume, and Capacity

BUILD YOUR SKILLS
5. a)	The volume of the figure in Example 3 could have been calculated by dividing
the composite prism into two different prisms than the ones used in the solution
given. Draw a diagram to indicate this. Label it with its dimensions.

b)		The volume could also have been calculated by subtraction. Draw a diagram to
indicate how you could do this. Label the diagram with its dimensions.
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6. Find the volume of this figure.

11 m

8m

9m

8m
9m

12 m

30 m

7. The capacity of this composite prism is 1.8 litres. Determine its depth, w.
7.3 cm

8.5 cm
16.9 cm
9.4 cm
w

Chapter 3

Surface Area, Volume, and Capacity
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NEW SKILLS: WORKING WITH THE VOLUME OF CYLINDERS
The volume of a prism is calculated using the following formula.
V = Abase × h
The area of a the base of a cylinder can be calculated as:
A = πr2
If you combine these two formulas, the formula for the volume of a cylinder is
as follows.
V = πr2h

Example 4
A can of tomato sauce has a radius of 3.8 cm and a height of 10.2 cm.
a) What is the volume of the can?
b) How much tomato sauce (in litres) does the can hold?
SOL U T ION

a) Start by calculating the volume of the can.
V = πr2h
V = π(3.8)2(10.2)
V ≈ 462.7 cm3
b) 1000 cm3 equals 1 L, so divide the volume by 1000.
462.7 ÷ 1000 = 0.4627 L
The can holds about 0.5 L of tomato sauce.

Delicious home-made
sauce recipes are
sometimes kept as secret
family recipes, passed
down through generations.
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BUILD YOUR SKILLS
8. Calculate the volume and capacity of a cylinder with a diameter of 15 cm and a
height of 36 cm.

9. Calculate the volume and capacity of the stacked cylinders below. Each cylinder has
a height of 20 cm.
10 cm

20 cm

40 cm

10. A large tin can has a capacity of 3.24 L. If the can has a diameter of 15.56 cm. What
is the height of the can?

Chapter 3

PRACTISE YOUR NEW SKILLS
1. Calculate the volume of each figure.
a)
3.9 cm

4.2 cm
6.8 cm

b)

2.1 cm

2.5 cm

c)

0.8 m

5.2 m

3.5 m

4.5 m
4.5 m

Surface Area, Volume, and Capacity
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2. Which of these figures has the larger capacity? Show your work.

25 cm

16 cm

16 cm

25 cm

16 cm

3. A silo has a diameter of 24 feet and is filled to a height of 70 feet. What is the
volume of grain stored in it?

Chapter 3

Surface Area, Volume, and Capacity

4. Graydon is laying a cement patio. It is to be 6 m long by 4.5 m wide, and
15 cm deep.
a) Calculate the volume of concrete needed to fill the patio area.

b) If concrete weights approximately 2400 kg per cubic metre, how much will the
patio concrete weigh?

5. A fish tank in the shape of a rectangular prism contains 15 L of water. If the base of
the tank is 30 cm by 20 cm, what is the depth of the water?

6. A large cylindrical fuel storage tank has a capacity of 20 000 L. If it has a diameter
of 2.4 m, what is the height of the tank?
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3.4

Volume and Capacity of Spheres, Cones, and Pyramids

NEW SKILLS: WORKING WITH VOLUME AND CAPACITY OF SPHERES
The volume of a sphere is calculated using the following formula.

Vsphere = 4 π r 3
3
The capacity of a spherical container can be calculated the same as for a prism or
cylinder. Start by calculating the volume, then convert to a unit of capacity. Remember
that 1000 cm3 equals 1 L.
You will also need to know how to convert between cubic metres and cubic centimetres.
A box with dimensions of 1 m by 1 m by 1 m would have a volume of 1 m3.

1m
1m

1m

Convert the box’s dimensions to centimetres.
1 m = 100 cm

100 cm
100 cm

100 cm

Calculate the volume.
V = ℓwh
V = 100 × 100 × 100
V = 1 000 000 cm3
Therefore, 1 m3 is equal to 1 000 000 cm3.
For more details, see page 148 of MathWorks 11.

Chapter 3

Surface Area, Volume, and Capacity
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Example 1
A spherical exercise ball has a diameter of 1.2 m.
a) What is its volume?
b) What is its capacity?
SOL U T ION

a) Use the formula for the volume of a sphere. The radius is half the diameter, so
the radius is 0.6 m.

V = 4 πr3
3
V = 4 × π × (0.6)3
3
		

V ≈ 0.904 779 m 3
The volume of the sphere is about 0.9 m3.

b) Convert the volume in cubic metres to cubic centimetres.
1 m3 = 1 000 000 cm3
0.904 778 7 × 1 000 000 = 904 779 cm3
Convert to litres.
1000 cm3 = 1 L
904 779 ÷ 1000 ≈ 905 L
The capacity is approximately 905 L.

BUILD YOUR SKILLS
1. Find the volume of each sphere.
a) A sphere with a radius of 8.5 cm.

An exercise ball can be a
great way to work out your
abdominal muscles.
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b) A sphere with a diameter of 78 cm.

2. A sphere with a radius of 46 cm is centred inside a sphere with a radius of 76 cm.

a) What is the volume of the space between the two spheres?

b) What is the capacity?

Chapter 3

Surface Area, Volume, and Capacity

NEW SKILLS: WORKING WITH VOLUME AND CAPACITY OF PYRAMIDS
The volume of a pyramid is directly related to the volume of a prism with the same base
and height. The volume is calculated using the following formula.

V = 1 × Abase × h
3
For a rectangular pyramid this can be written as:

V = 1 wh
3

Example 2
Calculate the volume and capacity of this pyramid.

25 cm
15 cm
18 cm

SOL U T ION

Use the formula for calculating the volume of a pyramid.

V = 1 wh
3
V = 1 × 15 × 25 × 18
3
V = 2250 cm 3
The volume of the pyramid is 2250 cm3.
Convert the volume to units of capacity.
2250 ÷ 1000 = 2.25 L
The capacity of the pyramid is 2.25 L.
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BUILD YOUR SKILLS
3. Find the volume of each pyramid.
a)

19 in
17 in
15 in

b)

6 ft
4 ft

5 ft

c)
6.2 cm

4.8 cm

9.8 cm

4.3 cm

Chapter 3

Surface Area, Volume, and Capacity

4. What are the volume and capacity of the following figure?
20 cm

9 ft

15 ft

22 ft

5. Calculate the volume of this prism and pyramid. What is the difference in volume?
12 in

16 in
12 in

28 in

28 in

Example 3
Calculate the volume of this pyramid.

22 cm

18 cm
26 cm

16 in
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SOL U T ION

You are given the slant height of the pyramid, but not the actual height. Calculate
the height using the Pythagorean theorem.
The base of the triangle will be half the width of the pyramid.
26 cm ÷ 2 = 13 cm

a 2 + b 2 = c2
132 + b2 = 222
b2 = 222 − 132

If you knew the side lengths
and height of this sand
pyramid, could you estimate
how much sand was used to
make it?

b=

222 − 132

b=

484 − 169

b=

315

b ≈ 17.7 cm
Use this height to calculate the volume.

V = 1 wh
3
V = 1 × 26 × 18 × 17.7
3
V ≈ 2761.2 cm 3
The volume of the pyramid is about 2761.2 cm3.

BUILD YOUR SKILLS
6. Calculate the volume of each of these pyramids.
a)

25 mm

35 mm

35 mm

Chapter 3

b)
19ʺ

23ʺ
23ʺ

c)

9 in
9 in

2 ft

d)
16 mm

14 mm

12 mm

Surface Area, Volume, and Capacity
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NEW SKILLS: WORKING WITH THE VOLUME AND CAPACITY OF CONES
The volume of a cone is equal to 1 of the volume of a cylinder with the same base and
3
height. As with pyramids, the volume is calculated using the following formula.

V = 1 × Abase × h
3
Since the base is a circle, the formula can be rewritten as:

V = 1 π r 2h
3

Example 3
A paper cup in the shape of a cone has a radius of 3.2 cm and a height of 6 cm. How
much water can the cup hold?
SOL U T ION

Calculate the volume of the cone.

V = 1 × A base × height
3
V = 1 × πr2 × h
3
V = 1 π (3.2)2 (6)
3
V ≈ 64.3 cm 3
Convert the volume to units of capacity.
1000 cm3 = 1 L or 1000 mL
64.3 cm3 equals 64.3 mL. The cup can hold 64.3 mL of water.

Chapter 3
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BUILD YOUR SKILLS
7. Find the volume of each of the following figures.
a)

14.5”
5”

b)
18 cm

6 cm
24 cm

c)
6m

3m

5m

8. A cone has a radius of 12 mm and a volume of 4071.5 mm3. What is its height?

9. A cone has a slant height of 15 cm and a radius of 8 cm. Determine its volume.
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PRACTISE YOUR NEW SKILLS
1. Find the volume of each of the following figures.
a)

6.3 mm

b)

6.3 mm

12.4 mm

c)

5.2 mm
3.6 mm
4. 9 mm

d)

4.3 mm

5.4 mm

2. What is the capacity in US gallons of a spherical water tower with a diameter of
31.2 feet? 1 cubic foot equals 6.24 US gallons.

Chapter 3

Surface Area, Volume, and Capacity

3. A square-based pyramid with a base with sides of 14 cm, and its height is 45 cm. A
cone has a diameter of 14 cm and also has a height of 45 cm.
a) What is the difference in volume between the two figures?

b) What is the difference in capacity?

4. When grain is poured from a hopper onto the ground, it forms a cone-shaped pile.
The diameter of the base is approximately 4.5 m and the height is 1.2 m. How many
cubic metres of grain are in the pile?

5. Three metal spheres are dropped into a jug of water and sink to the bottom. If
the spheres are 3.4 cm, 2.8 cm, and 4.6 cm in radius, what volume of water do
they displace?
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