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Scale Representations

Blueprints are an example of scale representation. Carpenters and contractors need to know how to read scale statements and scale
diagrams to accurately construct buildings.

Scale Drawings and Models

REVIEW: PROPORTIONAL REASONING
In this chapter, you will use proportional reasoning to calculate the sizes of
different objects.
A proportion is a statement of equality between two rates or two ratios. A ratio is a
comparison between two numbers with the same units. A rate is a comparison between
two numbers with different units.
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Example 1
The ratio of the length to the width of a rectangle is 5:3. If the rectangle is 24 cm wide,
how long is it?
SOL U T ION

A ratio of 5:3 can be written as a fraction, in the form 5 . Let ℓ be the length of the
3
rectangle. Set up a proportion to solve for ℓ.

5
3
24 × 5
3
8×5
1
40

= 
24
=  × 24
24
=

Multiply both sides by the same number.
Simplify..

=

The length is 40 cm.
A LT ERN AT I V E SOL U T ION

In the above example, both sides of the equation were multiplied by the
lowest common denominator, 24. You can also multiply by the product of the
denominators—in this case, 3 × 24. You will get the same answer, but it will just
take more steps.

5 = 
3 24
3 × 24 × 5 =  × 24 × 3
3 24
3 × 24 × 5 =  × 24 × 3
3
24
24 × 5 = 3

Multiply both sides by the product
of the denomiinators.
Simplify.

120 = 3
120 = 3
3
3
40 = 
The length is 40 cm.

Divide both sides by 3 to isollate .
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BUILD YOUR SKILLS
1. Solve for x.
a)

3 = x
8 168 										

b)

x = 7
13 91

c)

x = 30
7 105 										

d) 408 = 4
x
9

e)

90 = 5
198
x 										

f)

34 = 2
289
x
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2. Solve the following proportions to one decimal place.
a)

5 = 12 						
6
x

b)

7 = 9
15 k

c)

1.2 = m 					
4.9 7.3

d)

p
= 76
85 39

3. The ratio of Tom’s age to Mary’s is 3:4. If Tom is 15, how old is Mary?

4. If Georgina travels 355 km in 7 hours, how far will she travel in 8.5 hours at the
same rate?

scale statement: a
ratio that shows the

NEW SKILLS: WORKING WITH SCALE STATEMENTS

relationship between the

A scale statement is a ratio that compares the size of a model to the size of the original

sizes of two objects

object. For example, a model might be given a scale statement of 3:5; this means that 3

scale factor: a

units on the model represent 5 units on the original object.

number by which all the
dimensions of an original
figure are multiplied to
produce an enlargement
or a reduction

A scale factor is the number by which the measurements of one object must be
multiplied to give the measurements of the other object. It is the ratio of corresponding
lengths of two similar geometric figures.
For more details, see page 210 of Mathworks 11.
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Example 2
Write a scale statement for the reduced or enlarged object, and calculate the scale factor
used to create the reduced or enlarged object.
a)

original:

model:

6 cm

b)

original:

3 cm

model:

1 cm
2 cm

5 cm
3 cm

10 cm
15 cm

c) A man in a photograph is 2 cm tall. His actual height is 1.8 m.
SOL U T ION

a) The side length of the original is 6 cm and of the model is 3 cm. The scale
statement for the model is written as follows.
scale statement = model:original
scale statement = 3:6
scale statement = 1:2
The model is smaller than the original. Calculate the scale factor.
scale factor = model
original
scale factor = 3
6
scale factor = 1
2
Each dimension of the original must be multiplied by 1 to get the dimensions
2
of the model.

Scale Representations
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b) The length of the original box is 3 cm and of the model is 15 cm. The scale
statement for the model is written as follows.
scale statement = model:original
scale statement = 15:3
scale statement = 5:1
The original is smaller than the model. Calculate the scale factor.
scale factor = model
original
scale factor = 15
3
5
scale factor =
1
scale factor = 5
Each dimension of the original must be multiplied by 5 to get the dimensions of
the model.
c) Both measures must be expressed in the same units, so convert the man’s actual
height to centimetres. The man is 180 cm tall.
scale statement = photograph:original
scale statement = 2:180
scale statement = 1:90

photograph
original
scale factor = 2
180
scale factor = 1
90
The actual height of the man must be multiplied by 1 to calculate his height
90
in the photograph.
scale factor =
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BUILD YOUR SKILLS
5. The distance between Vancouver and Winnipeg is approximately 1850 km in a
straight line. The distance on a map is 3.7 cm. Write a scale statement for the map.
What scale factor was used to make the map?

The road from Winnipeg
to Vancouver passes by

6. A photograph of a strand of human hair shows the hair magnified by a factor of 200.
a) Write a scale statement for the photograph.

b) If the photograph shows the hair as 2 cm wide, what is the actual width of
the hair?

7. Trevor Linden, a former player for the Vancouver Canucks, is 1.93 m tall. On a
hockey card, he is 5.4 cm tall. What scale was used to print the hockey card?

hundreds of hectares of
agricultural land.

238

MathWorks 11 Workbook

Example 3
On a blueprint, 1 inch is equal to 1 foot.
4
a) Write this as a scale statement, in the form 1:x.
b) What is the actual length of a room that measures 3 3 inches on the blueprint?
4
SOL U T ION

a) To write a scale statement, both measurements need to be in the same units.
Convert 1 foot to inches.
scale statement = blueprint:original
scale statement = 1 :12
4
The statement needs to be written in the form 1:x. Multiply both sides by 4 to
eliminate the fraction.
scale statement = (4 × 1 ):(12 × 4)
4
scale statement = 1:48
The scale is therefore 1:48.
b) Let x represent the actual length of the room. Set up a proportion to solve for x.

1 = 3.75
48
x
x × 48 × 1 = 3.75 × 48 × x
48
x
x = 3.75 × 48
		

x = 180
The room is 180 inches long. Convert this to feet.
180 in ÷ 12 in/ft = 15 ft
The actual room is 15 feet long.

Chapter 5

A LT ERN AT I V E SOL U T ION

You could calculate the length of the room using the scale 0.25 in:1 ft. It becomes
a rate question; you just have to remember that the units are not the same for the
denominator and the numerator.

0.25 in = 3.75 in
1 ft
x ft
0.25 = 3.75
1
x
x × 0.25 = 3.75 × x
x
0.25 x = 3.75
0.25 x = 3.75
0.25
0.25
x = 15
The actual room is 15 feet long.
In this case, the answer is given in feet because the unit of the denominator was feet.

BUILD YOUR SKILLS
8. In a picture, a man measures 2.3 cm. His actual height is 1.78 m. He is standing
beside a flagpole that measures 7.6 cm in the picture. What is the actual height of
the flagpole, to the nearest tenth of a metre?

Scale Representations

239

240

MathWorks 11 Workbook

9. A beluga whale that is actually 4.2 m long is represented in a children’s picture book
with the following picture.
												

a) Measure the drawing and write a scale statement for the picture.

b) An alligator is drawn at the same scale. In the drawing, it is 5.9 cm long. How
long is the actual alligator?

c) How tall will an ostrich be in the picture if it is actually 1.9 m tall?

10. The scale used in a drawing is 12.5:1.
a) What is the actual size of a mite that is drawn as 3.8 cm long?

b) A cat is about 30 cm tall. How tall would it be drawn using this scale?

c) Do you think it is useful to use the same scale to draw both the mite and the
cat? Why or why not?

Chapter 5

PRACTISE YOUR NEW SKILLS
1. A 7.8-m object is represented in a picture as being 1.5 cm. What is the scale factor?

2. The shoreline of Great Bear Lake is approximately 2719 km (not counting islands).
If a map is drawn with a scale of 3 cm:100 km, how long would the shoreline be
on the map?
0

100
Kilometres

Scale Representations
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3. The diagram below shows a house floor plan. The indicated wall (ℓ) in the actual
master bedroom is 12.5 feet long.

Bedroom

Kitchen

Bath
Drawing blueprints requires
accurate measurement and
scale calculations.

Family Room
Master Bedroom

ℓ
a) What scale was used to draw the floor plan?

b) What are the dimensions of the family room?

c) What are the dimensions of the smaller bedroom?

Chapter 5

Scale Representations
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4. The tallest building in Canada is First Canadian Place in Toronto. The tower is
298 m tall, and the antenna reaches to 355 m. A model of the building, without the
antenna, is 11.9 cm tall.
a) What scale was used to build the model?

Toronto’s First Canadian
Place is Canada’s tallest
office/residential building.
The tallest structure in
Canada is Toronto’s CN

b) How long will the antenna on the model be?

Tower, at 553 m.
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5. A diagram of a bookcase in an instruction booklet uses a scale of 1:30. If the
diagram is 7.8 cm tall, 5.4 cm wide, and 1 cm deep, what are the actual dimensions
of the bookcase?

6. A scale model has been built of downtown Calgary. The TD Canada Trust
Building is 16.6 cm tall and the Nexen Building is 15.0 cm tall. If the scale used is
1 cm:10 m, what is the actual difference in the heights of the two buildings?

The Calgary Tower is one
of the most recognizable
features of the Calgary
skyline. The tower, with a
circular observation deck at
the top, is 191 m tall.
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Scale Representations

Two-Dimensional Representations

5.2
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NEW SKILLS: WORKING WITH VIEWS AND COMPONENT PARTS DIAGRAMS
A view or an elevation is a flat representation of each side or face of a figure. While a

view: a scale drawing

view shows what the sides of an object look like, you must remember that sometimes

that shows one plane of

there are parts that are not visible from the sides, such as the seam allowance needed in

an object

sewing or a screw in the underside of table. A component parts diagram shows all the

elevation: another term

parts needed to assemble an object.

for view

For more details, see page 219 of Mathworks 11.

component parts
diagram: a 2-D scale

Example 1

drawing that shows each

A simple birdhouse is rectangular in shape with a slanted roof. Draw the view of each
face, labelled with the dimensions.

10 in

9 in

5 in
6 in

part of an object
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SOL U T ION

9 in

9 in

5 in

5 in

6 in

6 in

FRONT

BACK

9 in

6 in

10 in

10 in

SIDE

TOP

BUILD YOUR SKILLS
1. Sketch the top, front, and side views of this set of blocks.

front

side

Chapter 5

2. a) Draw the front view of this set of blocks.

front

side

b)	Do you have enough information to draw the top and side views?
Why or why not?

Scale Representations
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3. Sketch the top, front, and side views of this toolbox. Label the dimensions.
8 in
10 in

4 in
2 in

1 in

3 in

10 in

24 in

4. Sketch the front and side views of this doghouse. Label the dimensions.

0.5 m

1m

0.95 m

1.2 m
0.5 m

Chapter 5

Example 2
Edison is building a toy box for his son in the shape of a rectangular prism. The box is
to be 120 cm long, 60 cm deep, and 60 cm high.

60 cm

60 cm
120 cm

Draw the component parts using a scale of 1:15.
SOL U T ION

4 cm

8 cm
FRONT, BACK, AND BOTTOM

4 cm

4 cm
ENDS

Scale Representations
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BUILD YOUR SKILLS
5. Draw the component parts of this bookcase. Label the dimensions.
94 cm

150 cm
6 cm

30 cm

2 cm

Chapter 5

Scale Representations
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6. Rebecca is making a patchwork quilt. She has chosen a simple design called the
basic four-patch block. Each finished four-patch block is to be 1 foot by 1 foot.

Quilt makers are able
to make intricate and
beautiful designs

a) What scale has been used to draw the diagram?

b) Rebecca cut out squares that are 6 inches by 6 inches. Will her pieces form the
quilt she planned? Why or why not?

c) If the seam allowance is to be 3 inch, what size must she cut each block?
8

using geometry.
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7. Draw the component parts of this kitchen table, at an appropriate scale. Label the
dimensions.
150 cm
90 cm
3 cm

80 cm

6 cm
6 cm

PRACTISE YOUR NEW SKILLS
1. Sketch the top, front, and side views of this set of blocks.

side

front

Chapter 5

2. a) Draw the front, top, and side views of this set of blocks.

side
front

		

b)		Do you have enough information to draw the back view? If so, draw it. If not,
explain why not.

Scale Representations
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3. The following diagram shows the design of a desk organizer. Draw the front and top
views of the organizer, using the measurements given and a scale of 1:6.
38.4 cm

1.2 cm

12 cm
1.2 cm

18 cm
36 cm

Chapter 5

Scale Representations
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4. Richard is making a model village to go with his model train set. He wants to build
a set of three row houses like those shown in this scale drawing.

Building model train sets
is a popular hobby.

a) Measure the width and height of the houses with a ruler. If each house is
actually 14 metres tall and 7 metres wide, what scale was used to draw
the diagram?

b) The scale of Richard’s train set is 1:100. What will the front dimensions of his
model houses be?

c) Can you draw top and side views of the houses? Why or why not?
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5. Jamila built a bird feeder with eight holes (two on each side). She wants to prepare
instructions and diagrams so that others can make the same bird feeder.
25 cm
10 cm
2.5 cm
40 cm
10 cm

30 cm

10 cm

diameter 0.25 cm

a) What views and measurements will she need to provide?

b) Draw to scale the view(s) needed to build the bird feeder. Write a scale statement
for your diagrams.

Chapter 5

Scale Representations
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6. Feed bins for horses need to be carefully designed so that it is easy to remove the
feed and replenish it when the bin is empty. Jasper is building a new feed bin for
his stables. He has found the following diagram of a bin that will hold about 200 kg
of oats. He wants to estimate the amount of material needed. Draw the component
parts of the bin, and label them with their dimensions. You can ignore the thickness
of the wood.
0.3 m

0.9 m

0.55 m

Horses can eat about
2–2.5% of their body weight
0.9 m

in dry feed each
day. They eat hay and

0.7 m

grass as well as grains.
0.8 m
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7. Draw the component parts of this boot rack, and label them with their dimensions.
Note that the dowels sink 1 cm into the bottom rail.
diameter 2 cm

5 cm

39 cm

5 cm

2 cm

2 cm

57 cm
22 cm

Chapter 5

Scale Representations

Three-Dimensional Representations

5.3
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NEW SKILLS: WORKING WITH ISOMETRIC DRAWINGS
An isometric drawing is a way of representing a three-dimensional figure on a two-

isometric drawing: a

dimensional plane. Isometric drawings are drawn to scale. Lines that are parallel in real

representation of a 3-D

life are parallel in the drawing. Lines measured 30° from the horizontal are used to

object where the same

show width and height. When doing isometric drawings, it is easiest to use isometric

scale is used to draw

dot paper.

the object height, width,

For more details, see page 232 of MathWorks 11.

Example 1
Use isometric dot paper to draw a cube with sides that are each 3 units long.
SOL U T ION

Start with the bottom corner closest to you (point A). Make sure you draw it at a
point on the isometric dot paper that will allow space for your diagram. In each
case, make the segment 3 units long. Follow these steps:
•• Draw line segment AB vertically.
•• Draw AC and BD at an angle 30° counterclockwise from the horizontal.
•• Join C and D.
•• Draw AE and BF at 30° in the opposite direction from AC.
•• Join E and F.
•• Draw FG and DG to meet above A and B.

G
F

D
B

E

C
A

and depth
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BUILD YOUR SKILLS
1. In the following isometric drawing of a room, the front wall is 18 feet long. Find the
lengths of walls x, y, and z and the height (h) of the room.

z
h

y

x

18 ft

Chapter 5

2. Draw the shape below as an isometric drawing, at a scale of 1:20. Use the indicated
edge as your starting line.
60 cm

20 cm

40 cm
60 cm
100 cm

Scale Representations
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3. Using an appropriate scale, draw an isometric image of the storage unit using the
indicated edge as your starting line.

300 mm

120 mm
90 mm
270 mm

Chapter 5
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NEW SKILLS: WORKING WITH PERSPECTIVE DRAWINGS
A perspective drawing is a drawing that tries to represent objects as we actually see

perspective drawing:

them. It uses the idea that parallel lines appear to intersect at a point on the horizon

a representation of

line. This point is called the vanishing point. In perspective drawing, objects that are

a 3-D object in 2-D;

farther away appear smaller.

objects appear smaller
in the distance, and the

Example 2

vanishing point is used to

Use perspective drawing to create an image of a rectangular prism.

create a sense of depth
and space
horizon line: a horizontal

SOL U T ION

line (not always visible)

Draw a horizon line and a vanishing point (H). Draw a rectangle below and to one

that is at the eye level

side of the vanishing point.

of the viewer in a
H

perspective drawing
vanishing point: the
point on the horizon line
at which parallel lines
appear to converge in a
perspective drawing

Draw lines from the corners of the rectangle to the vanishing point.
H
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Choose a point, X, on the line joining the upper left corner to the vanishing point and
draw a line parallel to the top of your rectangle from X to Y, a point on the line that goes
from from the upper right corner to the vanishing point.
H
X

Y

This photograph of a road
disappearing into the
distance is an example of a

Draw a vertical line from point Y to the line joining the bottom right of the rectangle to

perspective image.

the vanishing point, at point Z.
H
X

Y
Z

Once you have completed the prism, you can erase the horizon line and the lines
connecting the prism to the vanishing point.

Chapter 5

BUILD YOUR SKILLS
4. Draw two perspective drawings of this rectangular prism, using the two vanishing
points given. Do your two perspective drawings look the same? Why or why not?

A

B

5. Draw a perspective drawing of a prism with the front face given below.

V

Scale Representations

265

266

MathWorks 11 Workbook

6. Create a perspective drawing of a four-legged coffee table for which the front view is
given below.

			

NEW SKILLS: WORKING WITH EXPLODED DIAGRAMS
exploded diagram: a

An exploded diagram shows the relationship of the component parts of an object. It is

3-D representation of an

a diagram that shows you how to construct the object; you might see such a diagram in

object that shows how

the instructions for furniture that you assemble from a kit, or with a model or toy that

the components connect

needs assembling. An exploded diagram can be drawn using either isometric or

together; components are

perspective drawing techniques.

shown separated but in
their relative positions,

Example 3

and dotted lines show

Sketch an exploded diagram of the shelving unit below.

where the pieces
fit together

Chapter 5

SOL U T ION

The component parts are the back, sides, top, bottom, and shelf.
Begin by drawing the back, then each of the other parts separately in a way that
shows how they fit together.
Draw dashed lines to show how the parts connect.

BUILD YOUR SKILLS
7. Sketch an exploded view of this flower planter.

Scale Representations
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8. Sketch an exploded view of this box.

9. Given the exploded view below, sketch what the bookcase would look like.

Chapter 5

PRACTISE YOUR NEW SKILLS
1. Draw isometric representations of the following objects, using the given shape as the
front face. Extend the drawings to create prisms of the length indicated.

5 cm

3 cm

3 cm

Scale Representations
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2. Use isometric dot paper to draw a set of 3 stairs. Make each stair 3 units wide,
3 units deep, and 1 unit high.

3. Draw two perspective drawings of this staircase, using the two vanishing
points given.
a)

Chapter 5

b)

c) Why do they look different?

4. Draw the component parts of this magazine rack, and label them with their
dimensions.

32 cm

20 cm
14 cm

Scale Representations
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5. Alexandra is building bookends for her younger brother. She has found the
following drawing.

10 cm
2 cm

6 cm
10 cm

10 cm

a) To help Alexandra build the bookends, draw the component parts and label
them with their dimensions.

b) Draw an exploded diagram of the bookends that could be used as assembly
instructions.

