
Describing Patterns

A café has small tables that seat four people. You can move the small tables 
together to seat larger groups, as shown.

Use a table to show the information 
from this pattern.

Number of Tables 1 2 3

Number of Chairs 4 6 8

One way to describe the pattern is “the number of chairs begins at 4 and increases 
by 2 each time you add a table.” Another way to describe the pattern is “the number 
of chairs is 2 more than double the number of tables.”

1 Table 2 Tables 3 Tables

 1. For each pattern, make a table and then describe the pattern. Can you describe 
the pattern in a different way? How?
a)  b) 

Substituting Values Into Equations

When substituting values into equations, make sure to use the correct order of operations:
• brackets first: ( ) or [ ] or { }
• multiply and divide in order from left to right: ×, ÷
• add and subtract in order from left to right: +, −

Determine the value of y when  x = 7 .   y = 2(x − 3) + 5 
  y = 2(7 − 3) + 5  Brackets

  y = 2(4) + 5  Multiply

  y = 8 + 5  Add

  y = 13 

 2. Determine the value of y when  d = 6 .
a)  y = (3d + 4) ÷ 2 + 8 

b)  y = 5 × 4 +   d _ 2   

c)  y = (3 + d − 7) × 4d + 5 

 3. Calculate the surface area of each rectangular 
prism using the formula  SA = 2(bh + bl + hl) , 
where  b = base ,  h = height , and  l = length .
a)  b = 5 cm ,  h = 11 cm ,  l = 12 cm 
b)  b = 6 cm ,  h = 10 cm ,  l = 9 cm 

bh means 
b × h

Get Ready

176 MHR • Chapter 6  Linear Relations and Equations



Modelling and Solving One-Step Equations

To solve a problem, you sometimes need to translate words into 
equations. For example, you can model “the sum of a number and 
2 is 8” with the equation  x + 2 = 8 .

Now solve the equation.

  x + 2 = 8 
  x + 2 − 2 = 8 − 2   Subtract 2 from both  

sides of the equation.  x = 6 

Algebra tiles can vary in 
colour. In this resource,

 = 1 unit.  = −1 unit.

 = 1 variable.

 = −1 variable.

=x

=x

=x

 4. Model each situation with an algebraic equation.
a) seven more than a number, p, is twelve
b) three less than a number, x, is eleven
c) when a number, k, is divided by six, the 

result is nine

 5. Develop and solve an algebraic equation for 
each question.

a) You share $20 equally among 4 people. How 
much does each person get?

b) Jim’s height increased by 13 cm over the past 
year and he is now 152 cm, how tall was he a 
year ago?

c) Ayisha worked twice as long on a project as 
Harpreet did. Ayisha worked for 50 min on the 
project. How long did Harpreet work on it?

Solving Two-Step Equations

To solve a two-step equation, isolate the variable on one side of the equal sign. One way to 
isolate the variable is to follow the reverse order of operations:
• Subtract and add in order from left to right.
• Multiply and divide in order from left to right.
Solve  6x + 7 = 25 .
  6x + 7 = 25 
  6x + 7 − 7 = 25 − 7   Subtract 7 from both sides of the 

equation.
  6x = 18 

    6x __ 6   =   18 __ 6    Divide both sides of the equation by 6.

  x = 3 

Check:
  Left Side = 6x + 7   Right Side = 25 
  = 6(3) + 7 
  = 18 + 7 
  = 25 
  Left Side = Right Side 

 6. Explain how to solve these equations.
a)  2n + 4 = 18  b)  27 = 7q + 6 

 7. Solve each equation. Check your solution.
a)  9 + 5j = 49  b)  10x − 7 = 23 

 8. Jan is sewing leather trim and ribbon on a new 
parka. The length of the leather trim is 40 cm 
more than 4 times the length of the ribbon. If 
Jan uses 240 cm of trim, how much ribbon does 
she use? Show your answer using a diagram and 
an equation. Check your answer and explain 
whether your answer makes sense.
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6.1  
Representing Patterns

Explore and Analyze

A skiff is a two-person sailing boat that can be used for racing. The carbon foam 
hull and multiple sails allow the boat to travel at speeds of 5 to 35 knots.

Course 1

15 km

Start Finish

Course 3

Course 2

The diagram shows the first three racing courses for 
a class of skiffs. Each leg of the course is 15 km.

 1. How could you determine the total distance of each racing course?

 2. Assuming the pattern continues, what is the length of Course 9? Compare 
your strategy with a classmate’s. Which strategy do you prefer? Explain why.

 3. a) Determine which course is 135 km long.
b) Determine the length of Course 23.
c) How did you determine the answers to 

parts a) and b)?

Focus On …
In this lesson, I will learn to

• distinguish between 
an expression and an 
equation

• represent pictorial and 
written patterns with 
linear equations

• describe situations that 
represent given linear 
equations

• solve problems that 
involve pictorial and 
written patterns using a 
linear equation

• verify linear equations by 
substituting values
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1 knot ≈ 1.852 km/h

What do you think the next 
two courses might look like?

What technology could you 
use to help answer this 

question?
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Develop Understanding

Example 1: Describe a Pictorial Pattern Using an Expression

Figure 1 Figure 2 Figure 3 Figure 4

a) Describe how the pattern grows.
b) Create a table of values to represent the relationship between the number of 

squares and the figure number for the first four figures.
c) Write an expression and an equation to represent this pattern.
d) How many squares are in the 12th figure?
e) Which figure number has 106 squares? 

Verify your answer.

Solution

a) The number of squares in the pattern is increasing. One way to describe the 
pattern is to compare the number of groups of three squares in each figure to 
the figure number. In each figure, the number of groups of 3 is 1 less than 
the figure number. In each figure, there is always 1 extra square in the lower 
left corner.

Figure 1 Figure 2 Figure 3 Figure 4

Another way to describe the pattern is to note that each figure has 3 more 
squares than the previous figure. These squares are added to the upper right 
corner of the previous pattern. The relationship between the number of 
squares and the figure represents a discrete relationship.

b) 

Can you verify your answer 
in more than one way?

discrete (relationship)

• defined by distinct points 
that are not connected

• the number of possible 
outcomes is countable

Figure 
Number, n

Number of 
Squares, s

1 1

2 4

3 7

4 10

Why is the pattern 
considered linear?

Why is the relationship 
considered discrete?
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c) Add two columns to the table to help determine the pattern.

Figure 
Number, n

Number of 
Squares, s

Pattern

Multiply n by 3 Subtract 2 From Result

1 1 3 1

2 4 6 4

3 7 9 7

4 10 12 10

The expression  3n − 2  represents the pattern, so the equation is  s = 3n − 2 .

You can use a diagram to represent the pattern in the table.

Figure 1 Figure 2 Figure 3 Figure 4

d) Substitute  n = 12  into the expression  3n − 2  and evaluate.
  3(12) − 2 
  = 36 − 2 
  = 34 
Figure 12 has 24 squares.

e) Substitute  s = 106  into the equation,  s = 3n − 2 . Solve for n.
  106 = 3n − 2 
  106 + 2 = 3n − 2 + 2 
  108 = 3n 

    108 ___ 3   =   3n __ 3    

  36 = n 

Check:
 Left side = 106   Right side = 3n − 2 
  = 3(36) − 2 
  = 108 − 2 
  = 106 
  Left Side = Right Side 

The answer is correct. Figure 36 has 106 squares.

Multiplying the figure number, n, by 3 results in 2 more 
than the number of squares. Therefore, subtracting 2 

from 3n equals the number of squares, s.

The number of squares, 
s, increases by 3 for each 

figure number, n.

expression

• any single number or 
variable, or a combination 
of operations involving 
numbers and variables

• examples:  x ,  y + 3 ,  2a − 4 ,  
2bc 

equation

• a mathematical statement 
with two expressions that 
have the same value

• examples:  x + 2 = 3 ,  
y − 7 = −4 ,  3a − 2 = a + 2 ,  
b = 4 

How are the 
diagram, table 

of values, 
expression, and 

equation 
related?

What are some 
different ways to solve 

the problem?

Is it possible for a figure 
to have 111 squares? 
How do you know?
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a) What expression and equation represent the number of circles in this 
pattern? Check your answer by substituting a known value into the 
expression.

Figure 1 Figure 2 Figure 3 Figure 4

b) How many circles are in Figure 71? Explain how you determined the answer.
c) What figure number has 83 circles? How did you determine your answer?

Show You Know

Example 2: Describe a Written Pattern Using an Equation

Death Valley, located in eastern California, is the lowest point of elevation in 
North America, at −86 m. A tourism company wants to make a promotional 
video of the region. They release a drone from the lowest point to film the 
landscape as the drone rises at a constant rate of 2 m/s. The drone continues up 
until it reaches a campsite located 194 m above sea level on the side of Telescope 
Peak (elevation 3368 m).
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3368 m

Sea level

Telescope Peak

Badwater

–86 m

a) Create a table of values showing the height of the drone from the time it is 
released ( t = 0 ) to when it reaches a height of 194 m. Use a time interval of 
20 s for your table.

b) Use your table to estimate how long it takes the drone to reach sea level, 
an elevation of 0 m. How accurate is your estimate? Explain your answer.

c) What equation describes the relation between time and the height of the 
drone?

d) What is the drone’s height 95 s after it has been released?
e) Use your equation to confirm your answer to part b).
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Solution

a) 

b) The drone reaches a height of 0 m just after 40 s. This is not a good estimate, 
since the time interval used does not allow a more accurate reading.

c) Add two columns to the table to help determine the pattern.

Time, t Height, h Multiply t by 2 Subtract 86 from the result

0 −86 0 −86

20 −46 40 −46

40 −6 80 −6

60 34 120 34

80 74 160 74

100 114 200 114

120 154 240 154

140 194 280 194

The equation is  h = 2t − 86 .

d) Substitute  t = 95  into the equation. Solve for h.
 h = 2t − 86 
 h = 2(95) − 86 
 h = 190 − 86 
 h = 104 
The height of the drone after 95 s is 104 m.

e) Substitute  h = 0  into the equation. Solve for t.
  h = 2t − 86 
  0 = 2t − 86 
  2t = 86 
  t =   86 __ 2   

  t = 43 
It takes 43 s for the drone to reach a height of 0 m.

A second drone is released from the same point in Death Valley, but it rises at 
a rate of 6 m/s.
a) What is an equation that represents this situation? How is this equation 

similar to or different from the equation in Example 2?
b) Create a table of values based on your equation.
c) How long will it take for this drone to reach an elevation of 196 m?
d) How are the equation and table of values related?

Show You Know

Time, t, (s) 0 20 40 60 80 100 120 140

Height, h, (m) −86 −46 −6 34 74 114 154 194

Is the pattern 
linear? How do 

you know?

Look at the table of values. In the equation, what 
does the 2 mean? What does the −86 mean?

182 MHR • Chapter 6  Linear Relations and Equations



Connect and Reflect

Key Ideas

• An expression is a combination of operations involving one or more numbers and 
variables. An equation is a mathematical statement that equates two expressions.

• You can use a table of values, an expression, or an equation to represent many pictorial 
or written patterns.

• The table of values, the expression, and the equation are related.

• To verify equations, substitute values.

Practise

For help with #1 to #4, refer to Example 1 on 
pages 179–180.

 1. Evaluate each expression.
a)  3x + 5 , when  x = 4 
b)  6y − 15 , when  y = 2 
c)  2w + 8 , when  w = −5 
d)  −3z − 7 , when  z = −6 

 2. a) Describe how the pattern grows.

Figure 1 Figure 2

Figure 3 Figure 4

b) Make a table of values showing the number 
of sides for each figure in relation to the 
number of octagons.

c) Write an expression and an equation to 
model the number of sides of each shape. 
Explain what each part of the equation 
represents.

d) How many sides will a shape made up of 
17 octagons have?

e) How many octagons will make a figure with 
722 sides?

 3. Laurie uses yellow and white tiles to create 
a pattern.

Figure 1 Figure 2 Figure 3

a) Make a table of values to show the number 
of yellow tiles in relation to the figure 
number.

b) Describe the relationship between the 
number of yellow tiles and the figure 
number.

c) Develop an expression and an equation to 
model the number of yellow tiles. Explain 
what each part of the equation represents.

d) How many yellow tiles are in Figure 24?
e) Which figure number has 176 yellow tiles? 

Verify your answer.
f) Is it possible to have a figure with 54 yellow 

tiles? Show how you know.
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 4. a) Make a table of values to show the number 
of circles in relation to the figure number.

Figure 3Figure 2Figure 1

b) Describe the relationship between the 
number of circles and the figure number.

c) Develop an expression and an equation to 
determine the number of circles in each 
figure. Explain what each part of the 
equation represents.

d) How many circles are in Figure 17?
e) Which figure number has 110 circles?
f) Think about how you used the equation. 

What limitations does the pictorial model 
have that the equation does not?

For help with #5 to #8, refer to Example 2 on 
pages 181–182.

 5. Eric creates the following number pattern:
−14, −8, −2, 4, ….
a) Make a table of values for the first 5 terms.
b) Develop an equation to determine the value 

of each term in the number pattern.
c) What is the value of the 123rd term?
d) Which term has a value of 250?

 6. Figure 2 of a pattern shows two heptagons 
connected along one side. Each additional 
figure has one additional heptagon. Each side 
length is 1 cm.

Figure 2

a) Draw the first 6 figures. Then, describe the 
pattern.

b) Make a table of values showing the 
perimeter for the first 6 figures.

c) What equation determines the perimeter 
of each figure? Identify each variable.

d) What is the perimeter of Figure 12?
e) How many heptagons are needed to create 

a figure with a perimeter of 117 cm?
f) Can a figure have a perimeter of 74 cm? 

How do you know?

 7. Emma creates a number pattern that starts with 
the number −5. Each number that follows is 3 
less than the previous number.
a) Make a table of values for the first 5 

numbers in the pattern.
b) What equation determines each number in 

the sequence?
c) What is the value of the 49th term?
d) Which term in the sequence has a value of 

−119?

 8. Write an equation that models the relationship 
between the two columns of numbers in each 
table.
a) 

b) 

c) 

d) 

How many sides does 
a heptagon have?

x y

0 13

1 16

2 19

3 22

r p

0 17

1 24

2 31

3 38

k t

1 −2

2 1

3 4

4 7

f w

1 −1

2 −3

3 −5

4 −5
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Apply

 9.  Competency Check 
a) Explain how to develop an equation to represent the perimeter in 

this pattern.

Figure 1 Figure 2 Figure 3 Figure 4

b) What is the equation? Explain what each term represents.
c) Compare your equation with a classmate’s.

 10. Christina and Liam work in a shoe store and earn a flat rate of $35/day plus 
$6 for every pair of shoes they sell. Each got a different value for how much 
they would earn after selling 8 pairs of shoes.

Christina Liam
I substituted  p = 8  into 
the expression 6p + 35 . 
When I calculated the 

result, I got $83.

I substituted   p = 8  into 
the equation   w = 6 p . 

When I calculated the 
result, I got $48.

Who is correct? How do you know? What mistake did the other 
person make?

 11. Describe to a partner how you could determine the 59th value in the 
number sequence 4, 1, −2, −5, −8, …

 12. Rob is in charge of arranging hexagonal tables for a parent-night 
presentation. The tables each seat six people. They can be connected 
to form longer tables.

Figure 1 Figure 2 Figure 3

a) Develop an equation to model the pattern. Identify each term.
b) How many parents can sit at a row of 5 tables?
c) Use another representation to verify your answer for part b).
d) A group of 30 people want to sit together. How many tables must Rob 

join together to seat them?
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 13. A school pays $125 to design a T-shirt. It costs an additional $15 to make 
each T-shirt.
a) Copy and complete the table using this information.

Number of T-Shirts Cost ($)

0 125

5 200

10

15

35

950

b) Develop an equation to determine the cost of the T-shirts. Explain the 
meaning of the numerical coefficient.

c) What would it cost to make 378 T-shirts?
d) If the school spent $2345 for T-shirts, how many T-shirts were ordered?
e) The school council has $1800 available to spend. How many T-shirts can 

they order? Will they have any money left over? Explain.

 14. An art store sells square picture frames with a 
border of tiles that each measure 2 cm by 2 cm. The 
smallest frame is 10 cm by 10 cm and has 16 tiles.
a) Develop an equation to determine the number of tiles 

needed for each side length of frame.
b) How many tiles are needed to make a frame that is 

50 cm by 50 cm?
c) What are the dimensions of a square frame made with 196 tiles?

 15. Halley’s Comet was named after Edmund Halley. He predicted that the 
comet would appear in 1758. The comet appears approximately every 
76 years.

a) Use a table to show the years of the next six sightings after 1758.
b) When will Halley’s Comet appear in your lifetime? How old will you be?
c) Write an equation to predict the years when Halley’s Comet will appear.
d) Will Halley’s Comet appear in the year 2370? How did you arrive at your 

answer?

10 cm20 cm30 cm
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Extend

 16. a) Find the pattern that expresses all the numbers that are 1 more than a 
multiple of 3.

b) What is the 42nd number?
c) How can your pattern test to see whether 45 678 is 1 more than a multiple 

of 3?

 17. a) Lodgepole pine trees need to be spaced 2.2 m apart. 
How long is a row of n trees? Write the equation.

b) A pathway is 100 m long. You want to plant a line of 
lodgepole pine trees along both sides of the pathway. 
How many trees will you need? Will the trees be evenly 
spaced along the entire pathway?

 18. a) Make a table of values for the first 5 terms of the number pattern 
−27, −18, −7, 6, ….

b) Is the pattern linear? Explain how you know.
c) Develop an equation to determine the value of each term in the number 

pattern.
d) What is the value of the 103rd term?
e) Which term has a value of 398?

 19. A ball is dropped from a height of 2 m. The ball bounces to a height    2 __ 3    of the 

height it was dropped from. Each subsequent bounce is    2 __ 3    of the height of the 
previous bounce.

a) Make a table of values for the first 5 bounce heights in the pattern.
b) Is the pattern linear? Explain how you know.
c) What equation can you use to determine the bounce height in relation to 

the number of bounces?
d) What is the height of the 4th bounce?
e) Which bounce has a height of approximately 0.117 m?
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6.2  
Graphing Linear Relations

Explore and Analyze

Tina is in charge of ordering water supplies for a cruise ship. Tina knows that on 
a cruise, the average person requires 4 L of drinking water per day. The cruise 
ship has capacity for 1500 passengers and crew. The ship also carries a reserve of 
50 000 L of water in case of emergency. If Tina were to develop an equation that 
models the amount of water required for a cruise, how could she determine if the 
equation and associated graph represent the same relationship?

 1. Show how she can use her knowledge of linear relations to draw a graph 
representing the relationship between the amount of water needed and the 
length of a cruise.

 2. What equation could Tina develop?

 3. How can Tina determine whether the graph and the equation represent the 
same relationship?

Focus On…
In this lesson, I will learn to

• represent linear relations 
numerically, graphically, 
and algebraically, 
and connect these 
representations

• model problems using 
linear relations, and solve 
them using graphs

linear relation

• a pattern made by a set of 
points that lie in a straight 
line

4320

1

2

3

4

1 x

y

What values will you plot along the 
horizontal axis? along the vertical axis?
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Develop Understanding

Example 1:  Describe the Connection Between a Linear Equation and the 
Related Graph

One of the world’s largest cruise ships, Allure of the Seas, uses fuel at a rate of 
5210 L/h. To model the fuel consumption, f, in litres, you can use the equation  
f = 5210t , where t is the number of hours travelled.
a) Create a table of values to represent the linear relation for the first 7 h.
b) Graph the linear relation. Refer to the data in the table of values to help 

you choose reasonable scales to use for the x- and y-axes.
c) Approximately how much fuel is used in 11 h? Verify your solution.
d) How long can the ship travel if it has approximately 49 600 L of fuel? 

Verify your solution.

Solution

Method 1: Use Paper and Pencil

a) Create a table of values.

Time, t (h) Fuel Consumption, f (L)

0 0

1 5 210

2 10 420

3 15 630

4 20 840

5 26 050

6 31 260

7 36 470

b) Use the horizontal scale for Time and label it by units of 1. Use the vertical 
scale for Fuel Consumption and label it by units of 10 000.

54320 1 6 7 8 9 10 11 12

Time (h)

t

f Cruise Ship Fuel Consumption

10 000

20 000

30 000

40 000

50 000

60 000
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p

ti
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n
 (L

)

Why is the horizontal 
scale in units of 1 while 

the vertical scale is in units 
of 10 000?

Describe the connection 
between the equation and 

the graph.
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c) Draw a straight line to connect the data points. Extend the line past the last 
data point.

The ship uses approximately 57 000 L of fuel in 11 h.

54320

10 000

20 000

30 000

40 000

50 000

60 000

1 6 7 8 9 10 11 12
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Time (h)

t

f Cruise Ship Fuel Consumption

Check:
Substitute the value  t = 11  into the equation  f = 5210t .
 f = 5210(11) 
 f = 57 310 
The approximate solution is correct.

d) The fuel will last approximately 9.5 h.

Check:
Substitute  f = 49 600  into the equation and solve for t.
  49 600 = 5210t 

    49 600 ______ 5210   = t 
  9.52 ≈ t 
The approximate solution is correct.

Method 2: Graph Using a Spreadsheet

a) As shown in the spreadsheet, label 
cell A1 Time, t and cell B1 Fuel 
Consumption, f. Enter the first 
eight values for t in the cells A2 to 
A9. Then enter the formula for the 
equation into cell B2. Use an “=” 
sign in the formula and “*” for 
multiplication. The value for t 
comes from cell A2.

Why is it appropriate to 
identify values on this 

graph that are between or 
beyond the plotted 

points?

What other methods 
might you use to 

represent and then 
solve the problem?
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Copy the formula or use the Fill Down command to enter the formula into 
cells B2 to B9. The appropriate cell for t will automatically be inserted into 
the formula for each row. For example,

=5210*A6 will be inserted into cell B6.

b) Use the spreadsheet’s graphing command to graph the table of values.

c) and d) Use the spreadsheet software to add a straight line from the first data 
point to the last. Extend the line past the last data point.

For part b), the graph shows that approximately 57 000 L of fuel are used 
in 11 h.

For part c), the graph shows that the fuel will last approximately 9.5 days.

a) Create a table of values and then graph the linear relation  y = 2x − 5 .
b) Estimate the value of y if  x = 8 .
c) Estimate the value of x if  y = −4 .

Show You Know

Note that different types 
of spreadsheet software 
have different graphing 

commands. Use your 
spreadsheet software’s 
instructions to find the 

correct command.
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Example 2: Determine a Linear Equation From a Graph

Quesnel Lake is the deepest lake in BC. It has a maximum depth of 506 m. Sam 
decides to check the depth using his fish finder. He collects the following data up 
to a depth of 200 m, which is the maximum depth that his fish finder can read.

Distance From Shore, d (m) Water Depth, w (m)

0 0

10 −40

20 −80

30 −120

40 −160

50 −200

Sam uses a spreadsheet to graph these data on a coordinate grid.

(50, –200)

(40, –160)

(30, –120)

(20, –80)

(10, –40)

a) At what rate does the depth of the water decrease?
b) What linear equation does this graph represent? How do you know the 

equation matches the graph?
c) If this pattern continues, how far from shore would Sam be when the water is 

360 m deep?
d) Is it appropriate to use the graph to predict water depths that are beyond the 

data that have been recorded? Explain.

Solution

a) The depth is decreasing at a rate of 4 m for each metre away from shore.

b) Add a column to the table to help determine the pattern.

Distance From Shore, d (m) Water Depth, w (m) Pattern: Multiply d by −4

0 0  −4(0) = 0 

10 −40  −4(10) = −40 

20 −80  −4(20) = −80 

30 −120  −4(30) = −120 

40 −160  −4(40) = −160 

50 −200  −4(50) = −200 
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The water depth, w, decreases by 4 m for each 1-m increase in the distance 
from shore, d. The equation is  w = −4d .

Check by substituting a known coordinate pair, such as (30, −120), into the 
equation.

  Left Side = −120   Right Side = −4(30) 
   = −120 
  Left Side = Right Side 

The equation is correct.

c) Substitute  w = −360  into the equation and solve for d.

  −360 = −4d 

    −360 ____ −4   = d 

  d = 90 

Sam would be 90 m from shore when the water is 360 m deep.

d) Since the pattern of recorded values appears to be linear, it is reasonable to 
predict water depths that are between the given data points. However, the 
pattern may not remain linear beyond the recorded data points. It is also 
unreasonable to predict values beyond the maximum depth of 506 m.

When a fishing lure is cast from Sam’s boat, it sinks. The graph shows the 
depth of the lure over time. Identify the linear equation that represents the 
graph.

Show You Know

Recall that a 
coordinate pair, (x, y) 
is a pair of numbers 

used to locate a 
point on a grid.
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Connect and Reflect

Key Ideas

• You can represent discrete linear data on graphs using points that are not connected. If 
the linear relationship exists for all points between or beyond the given points, then you 
can connect the points using a straight line.

• You can graph a linear relation represented by an equation.
 ▪ Use the equation to make a table of values.
 ▪ Graph using the ordered pairs in the table. The graph of a linear relation forms a straight line.

• You can use graphs to solve problems by finding values between and beyond the plotted points.
 k = −5j + 9 

j k

−2 19

−1 14

0 9

1 4

2 −1

20

10

20

–2 x

y

Practise

For help with #1 to #4, refer to Example 1 on 
pages 189–191.

 1. Match each linear equation to the graph.
a)  y = 5x 
b)  y = −2x + 3 
c)  y = 4x + 6 
A 

B 

C 

210

2

4

6

–1–2 x

y

210

–5

–10

5

10

–1–2 x

y

210

5

10

–1–2 x

y
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 2. Ian works part-time selling games. He 
earns $11/h. The equation  p = 11t  models 
the relationship between his pay, p, and the 
time he works, t.
a) Show the relationship on a graph.
b) Explain how you know the graph represents 

the equation.
c) Ian works 8 h in one week. Use two methods 

to determine his pay.

 3. Andrea drives at an average speed of 85 km/h. 
The equation relating distance, d, and time, t, is  
d = 85t .
a) Show the relationship on a graph.
b) How long does it take Andrea to drive 

300 km?

 4. Create a table of values and a graph for each 
linear equation.
a)  r = −3s + 4 
b)  m = 5k + 13 

For help with #5 to #9, refer to Example 2 on 
pages 192–193.

 5. The graph shows the relationship between the 
cost, C, in dollars and the mass, m, in kilograms 
of pears.

210

2

4

6

8

10

3 4 5

C
o

st
 ($

)

Mass (kg)

m

C Cost of Pears

a) What is the linear equation?
b) How much could you buy for $5?
c) Is it appropriate to identify values on this 

graph that are between or beyond the 
plotted points? Explain.

 6. The graph represents the relationship between 
the height of water in a pool, h, and the time, t, 
in hours as the pool fills.

210

4

8

12

16

20

24

28

32

3 4 5

H
ei

g
h

t (
cm

)

Time (h)

t

h Water Height in Pool

a) Determine the linear equation.
b) What is the height of the water after 5 h?
c) Is it appropriate to identify values on this 

graph that are between or beyond the 
plotted points? Explain.

 7. Create a graph and a linear equation to 
represent each table of values.
a)  b) 

c)  d) 

x y

−3 −10

−2 −7

−1 −4

0 −1

1 2

2 5

3 8

x y

−3 −2

−2 −1

−1 0

0 1

1 2

2 3

3 4

h n

−3 −2

−2 0

−1 2

0 4

1 6

2 8

3 10

h n

−3 0

−2 −3

−1 −6

0 −9

1 −12

2 −15

3 −18
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 8. Determine the linear equation that models each 
graph.
a) 

b) 

 9. What linear equation does each graph 
represent?
a) 

b) 

420

–4

–8

4

8

–2–4 x

y

420

4

–2–4 x

y

420

–4

4

–2–4 x

y

4 620

4

8

–2–4 x

y

Apply

 10. You are given a linear equation. Describe the process you would follow to 
represent the equation on a graph. Use an example to support your answer.

 11.  Competency Check 
a) Describe a real-life situation that the data on this graph could represent.

54320

2

4

6

8

10

12

14

1 6 7 8 9 10 x

y
(9, 15)

(6, 10)

(3, 5)

(0, 0)

b) Explain how you would determine the equation that represents the graph. 
Share your explanation with a classmate.

c) Can you use this graph to determine values between or beyond the 
plotted points? Explain your thinking.
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 12. The graph represents the altitude of a hot-air balloon during the first 20 min 
after it was released.

a) What was the approximate altitude of the balloon after 15 min?
b) Estimate how long it takes for the balloon to rise to an altitude of 1 km.
c) What linear equation models the graph?
d) How fast is the balloon rising?

 13. Sanjay conducts an experiment to determine how long it takes to heat a 
pot of water from 1 °C to its boiling point at 100 °C. He plots his data on 
a graph.

108640

10

20

30

40

50

60

70

80

90

100

2 12 14 16 18 20

Te
m

p
er

at
u

re
  (

°C
)

Time (min)

t

w Water Temperature Over Time

a) Approximately how long does it take for the water to reach the boiling 
point? Explain how you arrived at your answer.

b) What is the temperature of the water after 10 min?
c) At what rate does the water temperature increase? Explain how you 

arrived at your answer.
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 14. The approximate relationship between degrees Celsius (°C) and Kelvin (K) 
is modelled by the equation  C = K − 273 .
a) Graph the relationship for values between −50 °C and 120 °C.
b) Water boils at 100 °C. What is this temperature in Kelvin?
c) Water freezes at 0 °C. How did you represent this on your graph?

 15. Scuba divers experience an increase in pressure as they descend. The 
equation  P = 10d + 102  models the relationship between pressure and 
depth, where P is the pressure, in kilopascals, and d is the depth below 
the water surface, in metres.
a) Graph the relationship for the first 50 m of diving depth.
b) What is the approximate pressure at a depth of 15 m? Verify your 

answer.
c) The maximum pressure a scuba diver should experience is about 

500 kPa. At what depth does this occur? Verify your answer.
d) What does “+ 102” represent in the equation? How is it represented 

on the graph?

Extend

 16. Paul drives from Vancouver to Kelowna. He uses a table to record the data.

Time, t (h) Distance, d (km)

0.5 45

0.9 81

1.2 108

1.5 135

2.3 207

2.7 243

3.5 315

a) Graph the linear relation.
b) How far did Paul drive in the first 2 h?
c) How long did it take Paul to drive 220 km?
d) Write the equation that relates time and distance.
e) What was Paul’s average driving speed?
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The abbreviation 
for kilopascals is kPa.
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 17. The graph shows the normal range of length for girls from birth to age 
36 months.

20161280

50

60

70

80

90

100

110

4 24 28 32 36

Le
n

g
th

 (c
m

)

Age (months)

a

l Growth Chart for Girls

a) For what age range does girls’ growth appear to represent a linear relation?
b) For what age range does girls’ growth appear to represent a non-linear 

relation?

 18. Janice left school at 12 noon riding her bike at 20 km/h. Flora left school at 
12:30 p.m. riding her bike at 24 km/h.
a) About what time does Flora catch up to Janice?
b) If Janice and Flora continue to ride at their respective speeds, at what 

time will they again be apart by a distance of 2 km?

 19. An online music download site offers two monthly plans. Plan A costs $10 
plus $1 per download. Plan B costs $2 per download.
a) Graph both linear relations on the same grid.
b) Explain the conditions under which each deal is better.

 20. Simple interest is paid according to the formula  I = p × r × t , where p is 
the principal, r is the rate of interest per year, and t is the time in years. 
The interest is not added to the principal until the end of the time period. 
Canada Savings Bonds offer a simple interest bond payable at 3.5% per 
year up to a maximum of ten years.
a) Create a table of values to show the interest earned on a $1000 bond for 

the ten-year period.
b) Use a graph to show the interest earned over ten years.
c) How many years would it take to earn $100 interest? $200 interest?
d) If you could leave the principal beyond the ten-year period, estimate 

the number of years it would take to earn $500 interest.
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Principal refers to the initial 
amount of money invested.
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6.3  
Modelling and Solving Equations:  
ax + b = c  or    x __ a   + b = c 

Explore and Analyze

Cali borrowed $30 from her brother to purchase and download some music. She 
did not need all of the money, so at the end of the day she paid back $6. She will 
pay back the rest at $4 every week.

 1. How could Cali determine how long it will take to pay back her brother?

 2. What equation could Cali use to model this situation?

 3. What information is being modelled in the equation?

Develop Understanding

Example 1: Model With a Scale and Diagram

The city in Canada with the highest average wind speed is St. John’s, 
Newfoundland. The city with the lowest average wind speed is Kelowna, 
BC. The equation  s = 4k + 3  models the relationship between the wind 
speeds, where s represents the wind speed in St. John’s and k represents 
the wind speed in Kelowna. If the average wind speed in St. John’s is 
23 km/h, what is the average wind speed in Kelowna?

Focus On…
In this lesson, I will learn to

• model linear equations 
of the form  ax + b = c  
or    x _ a   + b = c 

• show how to solve linear 
equations of the form  
ax + b = c  or    x _ a   + b = c 
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Solution

Substitute the known wind speed into the equation. The wind speed for 
St. John’s is 23 km/h. Model this equation using blocks and a scale.

  23 = 4k + 3 

Each  represents 1 unit.

Each k  represents 1 variable.

To solve an equation you need to isolate the 
variable. Remove 3 unit blocks from the right 
side and the left side of the scale.

There are 4 k blocks on the right side of the scale. There are 20 blocks on the left 
side of the scale. For the scale to balance, each k block must have a mass of 
5 blocks.

  23 − 3 = 4k + 3 − 3 
  20 = 4k 
    20 __ 4   =   4k __ 4   
  5 = k 

The average wind speed in Kelowna is 5 km/h.

Check:
  Left Side = 23   Right Side = 4k + 3 
   = 4(5) + 3 
   = 20 + 3 
   = 23 
  Left Side = Right Side 

The solution is correct.

Solve each equation by drawing a diagram of a scale and blocks.
a)  6n + 6 = 12 
b)  13 = 9 + 2p 

Show You Know

k k

k k

Why must you remove the same 
number of blocks from the left side of 
the scale as the right side of the scale?

k k

k k
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Example 2: Model With Algebra Tiles

How would you explain to your classmate how to 
solve the equation  −3g − 4 = 11  using algebra tiles?

Solution

Arrange the algebra tiles as shown below:

  −3g − 4 = 11 

To isolate the variable, first add 4 positive 1-tiles to both sides.

  −3g − 4 + 4 = 11 + 4 

  −3g = 15 

The 3 negative variable tiles must have the same value as the 15 positive 1-tiles 
on the right side of the model. Divide the 15 positive 1-tiles into 3 equal groups. 
Each negative variable tile has a value of 5 positive 1-tiles.

    
−3g

 __ 3   =   15 __ 3   

  −g = 5 
  g = −5 
Check:
  Left Side = −3g − 4   Right Side = 11 
  = −3(−5) − 4 
  = 15 − 4 
  = 11 
  Left Side = Right Side 
The solution is correct.

Model each equation with algebra tiles. Then, solve.
a)  2g + 4 = −6 
b)  −2r − 7 = −11 

Show You Know

Algebra tiles can vary in 
colour. In this resource,

 = 1 unit.  = −1 unit.

 = 1 variable.

 = −1 variable.

=

g

g

g

=

g

g

g

Why is this 
called a zero pair?

=

g

g

g
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Example 3: Apply the Reverse Order of Operations

During the 2014–2015 NHL season, 
Henrik Sedin of the Vancouver 
Canucks had a total of 12 less than    1 __ 2    

the number of shots on goal than his 
brother, Daniel. If Henrik had 101 
shots on goal, how many did Daniel 
have?

Solution

Let d represent the number of shots on goal Daniel Sedin had.

The equation    d __ 2   − 12 = 101  models this situation.

    d __ 2   − 12 + 12 = 101 + 12  Why do you add 12 to both sides of the equation?

    d __ 2   = 113 

    d __ 2   × 2 = 113 × 2   Why do you multiply both sides 
of the equation by 2?

  d = 226 

Daniel Sedin had 226 shots on goal during the 2014–2015 season.

Check:
  Left Side =   d __ 2   − 12   Right Side = 101 

  =   226 ___ 2   − 12 

  = 113 − 12 
  = 101 
  Left Side = Right Side 

The solution is correct.

Solve by applying the reverse order of operations.

a)    x __ 12   − 6 = 4 

b)  −4 = 3 −   k __ 7   

Show You Know

Would you get the same 
answer if you first multiplied 

by 2 and then added 24 to 
both sides? Why?
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Connect and Reflect

Key Ideas

• When solving an equation, it is important to keep the equation balanced at all times.

• To solve an equation, isolate the variable on one side of the equal sign by undoing the 
operations performed on the variable.

• To undo the operations performed on the variable, follow the reverse order of operations:
 ▪ subtract and/or add
 ▪ multiply and/or divide

• To check your solution
 ▪ Substitute your answer into the equation. Both sides should have the same value. If both 

sides are not the same value then check your solution to see if you made a mistake.
 ▪ Draw a diagram to model the equation.

Practise

For help with #1 to #3, refer to Example 1 on 
pages 200–201.

 1. Solve the equation 
modelled by each scale. 
Check your solution.
a) 

b) 

 2. Solve the equation modelled by each diagram. 
Check your solution.
a) 

b) 

 3. Draw a model for each equation. Then solve. 
Verify your answer.
a)  −5 + −2g = 3 

b)  −3 = −7 −   n __ 5   

For help with #4, refer to Example 2 on page 202.

 4. Solve each equation 
modelled by the 
algebra tiles. Check 
your solution.

a) 

b) 

c) 

Each  represents 1 unit.

Each  represents 
1 variable.

x

x

x

g g

g g g

=
+1

+1 +1

+1 +1–1

–1
x––3

=

+1

+1

+1

–1

–1

–1

–1

–1

–1–b–––2

 = 1 unit.

 = −1 unit.

 = 1 variable.

 = −1 variable.

=

x

x

x

x

=
t

t

=

–z

–z

–z

–z
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For help with #5 to #7, refer to Example 3 on page 203.

 5. Solve each equation. Check your answer.
a)  6r + 6 = 18  b)  4m + 8 = 12 
c)  39 + 9g = 75  d)  37 = 6f + 139 

 6. Solve. Verify your answer.
a)  −17 = 3k + 4  b)  29 = −14n + 1 
c)  8x − 7 = −31  d)  −10 = −6n + 2 

 7. Solve each equation. Check your answer

a)    t __ −5   + 12 = 9 

b)    
p

 __ 13   − 2 = −3 

c)  6 −   k __ 12   = 15 

d)  14 = 11 −   x __ 3   

Apply

 8. Draw diagrams to show how you would solve the equation  24 = 14 − 5x  
using algebra tiles. Explain each step in words.

 9. a) Describe the order of operations you would use to isolate the variable in 
the equation  5x + 10 = 40 .

b) If the equation is changed to  5x − 10 = 40 , would you use the same 
order of operations to isolate the variable? Explain.

 10. Show whether  x = −3  is the solution to each equation.
a)  −8x − 1 = 25 
b)  30 = 6x + 12 

 11. Show whether  n = −72  is the solution to each equation.

a)  6 +   n __ 9   = 14 

b)    n __ −3   + 6 = −18 

 12.  Competency Check 
Brennan is saving $750 to buy a tablet. If he triples the amount he 
has saved so far, he will have $30 more than he needs. The equation  
3s − 30 = 750  models the situation, where s represents the amount he 
has saved so far.
a) Explain how  3s − 30 = 750  models the situation.
b) How much money has Brennan saved so far?
c) What other strategy could you use to determine Brennan’s savings?

 13.  Competency Check Describe a situation that the equation    x __ 4   − 2 = 3  

can model. Compare your situation with a classmate’s. How are they 
similar? How are they different?
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 14. You are buying lunch at Sandwich Express. A sandwich costs $4. Your choice 
of extras cost $2 each. You have $10.

Your choice of extras, only $2 each:

salad
fries

milk
juice

jumbo cookie
frozen yogurt

MENU

a) How many extras can you buy if you spend all of your money?
b) Suppose you have $30 to buy lunch for you and your friends. If you buy 

6 sandwiches, how many extras can you buy? Show how you know.

 15. If Jennifer doubles the money that she has in her account now and then takes 
out $50, she will have enough left in her account to buy a new bike that costs 
$299. What is the minimum amount of money Jennifer has in her account 
now? How did you determine your answer?

 16. An eagle is hunting a bird in flight. The eagle begins its descent from a 
height of 75 m. The eagle reaches its prey at a height of 3 m. The formula  
75 − 6t = 3  models this situation, where t represents the time, in seconds.
a) What do you think 

the value of 6 
represents in the 
equation?

b) After how many 
seconds does the 
eagle reach its prey?

 17. In the formula  T = t −   h ___ 150   , T is the air 

temperature in degrees Celsius at an 
altitude of h metres, and t is the ground 
temperature in degrees Celsius.
a) If the ground temperature is 25 °C, 

what is the temperature outside an 
aircraft at an altitude of 7500 m?

b) What is the altitude of the same plane 
if the outside air temperature is 
−35 °C?
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 18. How is solving an equation of the form    x _ a   + b = c  similar to solving one of the 
form  ax + b = c ? How is it different?

Extend

 19. The deck around a swimming pool has the same width all the way around. 
The perimeter of the pool is 30 m. The outside perimeter of the deck is 76 m. 
What is the width of the deck? Explain your thinking.

 20. The variable m is a positive integer. The variable n is an integer from 0 to 9. 
Identify all of the values for m that would satisfy the equation  3m + n = 2008 .

 21. Mallika walks at 2 km/h for 2 h and then cycles at x km/h for 3 h. If the 
average speed for the whole journey is 3 km/h, how fast did she cycle? 
Give your answer to the nearest tenth of a kilometre per hour.

 22. Haruka is at an outdoor concert in Vancouver. He is sitting 120 m from 
the band. The formula that gives the length of time for the band’s sound 

to reach him is  t =   d ___ 330   , where t is the time, in seconds, and d is Haruka’s 

distance from the band, in metres. Mara is listening to the same concert 
on a radio in Moncton which is approximately 4267 km from Vancouver. 
The formula that gives the length of time for the band’s sound to reach 
her is  t =   m __________ 298 000 000   , where t is the time, in seconds, and m is the 

distance from Moncton to Vancouver, in metres.
a) Who hears each sound first, Haruka or Mara?
b) How close to the band would Haruka need to sit in order to hear the 

music at the same time as Mara?
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6.4  
Modelling and Solving Two-Step 
Equations:  a(x + b) = c 

Explore and Analyze

The star pattern and its variations are 
well-known among quilters from many 
cultural backgrounds, but the image of 
the star has special meaning for First 
Peoples and many stories are told of its 
origin and how the pattern came to be 
so popular. Kia plans to make a square 
star quilt for her grandmother. The 
quilt will have a 5-cm wide border 
around it. The completed quilt, 
including the border, needs to have a 
perimeter of 600 cm. How can Kia 
determine how long each side of the 
quilt should be before she adds the 
border?

 1. What equation could you use to model the border length of Kia’s quilt?

 2. Is there more than one way to solve the equation? Explain.

Develop Understanding

Example 1: Model With Algebra Tiles

A flower garden is in the shape of a 
rectangle. The length of the garden is 
2 m longer than the length of the shed 
beside it. The width of the garden is 
4 m. If the area of the garden is 20 m2, 
what is the length of the shed?

Focus On…
In this lesson, I will learn to

• model problems that 
involve linear equations of 
the form  a(x + b) = c 

• show how to solve linear 
equations of the form  
a(x + b) = c 

5 cm

s

4 m

2 m

A = 20 m2
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Solution

Let s represent the unknown length of the shed.
The equation that models the area of the garden is  4(s + 2) = 20 .
There are 4 groups of  (s + 2) .

That means there are 4 variable tiles and 8 positive 1-tiles.

  4s + 8 = 20 

To isolate the variable, subtract 8 positive 1-tiles from both sides of the 
equal sign.

  4s + 8 − 8 = 20 − 8 
  4s = 12 

There are now 4 variable tiles on the left side and 12 positive 1-tiles on the 
right side.

The 4 variable tiles must have the same value as the 12 positive 1-tiles.

  s = 3 

Each variable tile must then have a value of 3 positive 1-tiles.

The length of the shed is 3 m.

Check:
  Left Side = 4(s + 2)   Right Side = 20 
  = 4(3 + 2) 
  = 4(5) 
  = 20 
  Left Side = Right Side 

The solution is correct.

Solve by modelling the equation.
a)  2(g + 4) = −8 
b)  3(r − 7) = 3 

Show You Know

How do the parts of the 
equation relate to the 
diagram of the shed?

=

s

s

s
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Example 2: Solve Equations

Viktor missed yesterday’s math class. How would you show him how to model 
and solve the equation  3(x − 5) = −6 ?

Solution

Method 1: Divide First

Isolate the variable x.
  3 (x − 5)  = −6 

    3 (x − 5)  ______ 3   =   −6 __ 3    Why do you divide both sides of the equation by 3?

   (x − 5)  = −2 
   (x − 5)  + 5 = −2 + 5  Why do you add 5 to both sides of the equation?

  x = 3 
The solution is  x = 3 .

Method 2: Use the Distributive Property First

Isolate the variable x.
  3(x − 5) = −6 
  3x − 3(5) = −6  Why do you multiply both terms in the brackets by 3?

  3x − 15 = −6 
  3x − 15 + 15 = −6 + 15  Why do you add 15 to both sides of the equation?

  3x = 9 
    3x __ 3   =   9 __ 3    Why do you divide both sides of the equation by 3?

  x = 3 
The solution is  x = 3 .

Check:
  Left Side = 3(x − 5)   Right Side = −6 
  = 3(3 − 5) 
  = 3(−2) 
  = −6 
  Left Side = Right Side 

The solution is correct.

Solve each equation.
a)  −2(x − 3) = 12 
b)  − 20 = 5(3 + p) 

Show You Know
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Connect and Reflect

Key Ideas

• When solving an equation, it is important to keep the equation balanced at all times.

• To solve an equation, isolate the variable on one side of the equal sign by undoing the 
operations performed on the variable.

• When undoing the operations performed on the variable, use opposite operations.

• You can use the distributive property before solving an equation to remove the brackets.

• To verify your answer, substitute the solution back into the original equation. Both sides 
of the equation should have the same value.

Practise

For help with #1 to #4, refer to Example 1 on 
pages 208–209.

 1. Solve the equation modelled by each diagram. 
Check your solution.
a) 

b) 

 2. Solve the equation modelled by each diagram. 
Verify your answer.
a) 

b) 

 3. Model and then solve each equation. Check 
your answer.
a)  −3(t −2) = 12  b)  6( j − 1) = −6 

 4. Model and then solve each equation. Verify 
your solution.
a)  −2(3 + p) = 8  b)  0 = 7(n − 2) 

For help with #5 and #6, refer to Example 2 on page 210.

 5. Solve. Verify your answer.
a)  6(r + 6) = −18  b)  4(m − 3) = 12 
c)  3(1 + g) = −75  d)  36 = 6(f + 13) 

 6. Solve. Verify your answer.
a)  −21 = 3(k + 3)  b)  42 = −14(n − 11) 
c)  8(x − 7) = −32  d)  −10 = −5(n + 13) 

=
x

x

=

–s

–s

–s

=

x

x

x

x

= –x

Apply

 7. Describe a situation that the equation  2(r + 3) = −6  can model.

 8.  Competency Check Draw diagrams to show how you would solve the 
equation  9 = 3(v − 4)  using algebra tiles. Explain each step in words and 
algebraically.
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 9. Julia and Chris are solving the equation  −18 = −6(x + 2) . Is either strategy 
correct? Explain.

Julia Chris

First, I subtract 2 
from both sides.

I start by dividing 
(x + 2) by −6.

 10. Show whether  x = −4  is the solution to each equation.
a)  −8(x − 1) = 24  b)  3(−8 − x) = −24 
c)  25 = −5(x − 1)  d)  66 = 6(x + 7) 

 11. The fence around Gisele’s new tree is in the shape of an 
equilateral triangle. Gisele wants to increase the length 
of each side by 7 cm to allow the tree to grow. The 
perimeter of her new fence will be 99 cm.
a) Let s represent the side length of the old fence. What 

equation models this situation?
b) Determine the length of each side of the old fence.

 12. British Columbia First Peoples often used canoes on 
rivers and lakes for travel. A Spirit Canoe journey is 
used to provide an opportunity for people to come 
together in community for healing, compassion, 
and appreciation for the spiritual connections in 
their lives. A group of 4 young people and their 
guide are planning a Spirit Canoe journey. The 
canoe has a capacity of 500 kg, including the 
paddlers, their food, and gear. Each canoeist will 
have 22 kg of gear and food.
a) If x represents the average mass of the canoeists, 

what is an equation that represents this situation?
b) What is the maximum average mass allowed for the 5 canoeists?

 13. The equation  e = −125(t − 122)  models the amount 
of food energy hikers require per day, where e is the 
amount of food energy, in kilojoules (kJ), and t is 
the outside temperature, in degrees Celsius.
a) If the outside temperature is −20 °C, how much 

food energy do hikers require per day?
b) If a hiker consumes 19 000 kJ of food energy 

based on the outside temperature, what is the 
temperature?
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Extend

 14. Barney wants to frame a square 
picture of his dog. The frame 
fits a picture with a perimeter 
no greater than 96 cm. He plans 
to put a 5-cm mat around the 
picture.
a) What equation models this 

situation?
b) What are the maximum 

dimensions of the picture he 
wants to frame?

 15. A computer rental company charges $7 for the first hour and $5 for 
every hour after that. The equation  5(t − 1) = R − 7  models the fee, 
where  t = number of hours  and  R = rental fee . Candy’s rental fee was 
$22. Calculate how many hours she rented the computer.

 16. A parking lot charges $2 for the first hour and $3 for every hour after 
that. The formula to calculate the number of hours someone has parked 
is  3(t − 1) = A − 2 , where t represents the number of hours the person 
has parked and A represents the total amount of the parking fee. If Mark 
parked for 6 h, what was his parking fee?

 17. The distance between Andrew’s house and his grandfather’s apartment is 
42 km.
a) If Andrew rides his bike 2 km/h faster than his current speed, he could 

get there in 3 h. What is Andrew’s current speed?
b) If Andrew wants to get there in 2 h, how much faster should he ride his 

bike?
c) Do you think Andrew can get there in 2 h? Explain.

 18. The area of a trapezoid can be found using the formula  
A =   1 _ 2  (a + b) × h , where a and b are the lengths of the 
two parallel sides, and h is the distance between them.
Determine each of the following.
a) h when  A = 27.3 cm2 ,  a = 2.3 cm , and  b = 4.7 cm 
b) a when  A = 4.8 m2 ,  b = 1.9 m , and  h = 3 m 

5 cm

a

h

b
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 1. How many 30 cm by 30 cm square tiles are needed to form a border inside a 
square space measuring 3 m by 3 m? Find a way to solve this without 
counting every tile.

 2. A solution for an equation of the form  a(x − b) + c = 0  is  x = −  3 __ 4   . Find an 
equation where  a = 10  and b is a fraction larger than 1 with a denominator of 4.

 3. The EqtnSolv cipher for encrypting coded messages involves having to solve 
an equation for each letter of the cipher. For example you can decode the 
cipher 3 3 Z 15 32 20 9 using the following cipher key.
Cipher Key
 x + 1 = 3   x = 2 
 x − 2 = 3   x = 5 
 Z = space 
 2x + 3 = 15   x = 6
  2x − 4 = 32   x = 18 
 3x + 5 = 20   x = 5 
 3x − 6 = 9   x = 5 
a) What pattern is used to create the equations?
b) What is the decoded message for 3 3 Z 15 32 20 9?
c) Create a cipher key to decode the cipher 10 17 Z 43 12 32 51 Z 67 36. 

What is the decoded message?
d) Use the Eqtnsolv encryption to create a cipher of your own.
e) Research a famous pattern, such as the Fibonacci sequence or Pascal’s triangle. 

Is it possible to use this pattern to create a set of encryption equations?

 4. Examine the map of Kelowna, British Columbia.
a) If the equation  x = 1  describes the route of 

Richer Street, where are the x and y axes 
located?

b) Where could the point (0, 0) be located?
c) Where would be the best place to locate 

the point (0, 0) to describe as many of the 
streets as possible using an equation?

d) Use Google Maps to find a city in which 
the roads can be described as a series of 
linear equations. Describe at least 
10 streets in your chosen city using 
equations.

A B C D E F G H I J K L M

N O P Q R S T U V W X Y Z

1 2 3 4 5 6 7 8 9 10 11 12 13

14 15 16 17 18 19 20 21 22 23 24 25 26
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Learning Goals

Inquire and Explore:  How can you represent a discrete linear relationship?  
What factors change a discrete linear relationship? 
How can you model and solve equations?

After this section, I can

6.1  ▪ distinguish between an expression and an equation
 ▪ represent pictorial and written patterns with equations
 ▪ describe contexts for given equations
 ▪ solve problems that involve pictorial and written patterns using an equation
 ▪ verify equations by substituting values

6.2  ▪ represent linear relations numerically, graphically, and algebraically, and connect these representations
 ▪ model problems using linear relations, and solve them using graphs

6.3  ▪ model linear equations of the form  ax + b = c  and    x _ a   + b = c 
 ▪ show how to solve linear equations of the form  ax + b = c  and    x _ a   + b = c 

6.4  ▪ model problems that involve linear equations of the form  a(x + b) = c 
 ▪ show how to solve linear equations of the form  a(x + b) = c 

6.1 Representing Patterns, pages 178–187

 1. a) Make a table of values for the toothpick 
pattern.

Figure 1 Figure 2 Figure 3

b) Describe the pattern.
c) Develop an expression relating the number 

of toothpicks to the figure number.
d) How many toothpicks are in Figure 10? 

Verify your answer.
e) How do the numerical values in the 

expression represent the pattern?

 2. Derek has $1560 in his bank account. He plans 
to withdraw $15 every week for a year.
a) Create a table of values for his first five 

withdrawals.
b) What equation models this situation?
c) How much money will Derek have in his 

account after 35 weeks?
d) How long will it take until he has $870 left 

in his account?

 3. Taylor works at a shoe store. She makes $75 per 
day plus $2 for every pair of shoes she sells.
a) Create a table of values to show how much 

she would earn for selling up to 10 pairs of 
shoes in one day.

b) Develop an equation to model this situation.
c) How much money will Taylor make in a day 

if she sells 12 pairs of shoes?

6.2 Graphing Linear Relations, pages 188–199

 4. The equation  C = 40 + 20d  models the cost of 
renting a snowboard, where C is the rental cost, 
in dollars, and d is the number of rental days.
a) What does the value of 40 represent?
b) Graph the linear relation for the first 5 days.
c) From the graph, what is the approximate 

cost of renting the snowboard for 1 day? 
7 days?

d) If buying a snowboard costs $300, use your 
graph to approximate how many days you 
could rent a board before it becomes cheaper 
to buy it.
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 5. Graph the linear relation represented in the 
table of values.

Time (h) Distance (km)

1  52

2 104

3 156

4 208

5 260

6 312

a) Describe a situation that might lead to 
these data.

b) Develop a linear equation to model the data.
c) What do the numerical coefficients and 

constants in the equation tell you?

 6. A parking lot charges a flat rate of $3 and $2 
for each hour or part of an hour of parking.
a) Create a table of values for the first 8 h of 

parking.
b) Graph the linear relation.
c) Use the graph to approximate how much it 

would cost to park for 4 h.
d) Using the graph, approximately how long 

could you park if you had $15?
e) What equation models this situation?

6.3  Modelling and Solving Equations:  
ax + b = c  or    x _ a   + b = c , pages 200–207

 7. Write and then solve the equation modelled 
by each diagram. Check your solution.
a) 

b) 

c) 

 8. Solve each equation. Verify your solution.
a)  −3t + 8 = 20 
b)  5j − 7 = −127 
c)  −12 + 9p = 24 
d)  151 = 12n − 5 

 9. Zoë has a collection of albums and movies 
she downloaded through an online store. 
The number of albums she has is 3 fewer 
than 4 times the number of movies. Zoë 
has 25 albums.
a) Write an equation that represents this 

situation.
b) How many movies does Zoë have?

 10. Solve. Verify your answer.

a)  3 −   v __ −3   = 7 

b)    d __ 3   − 13 = −8 

c)  17 = −4 +   x __ −2   

d)  −2 =   n __ 4   − 11 

 11. In 2014, Saskatchewan’s number of registered 

soccer players was 135 fewer than    1 __ 5    the number 

of players registered in British Columbia. 
Saskatchewan had 23 815 registered soccer 
players that year. Write and solve an equation 
to determine how many players British 
Columbia had.
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6.4  Modelling and Solving Two-Step 
Equations:  a(x + b) = c , pages 208–213

 12. Write and then solve the equation modelled 
by each diagram. Check your solution.
a) 

b) 

 13. Solve. Verify your solution.
a)  6(q − 13) = −24 
b)  −14 = 2(g + 4) 
c)  −18 = −6(k + 17) 
d)  16 = −4(x − 5) 

 14. Diane wants to create a square star quilt like the 
one shown below. There will be a 3-cm border 
around the quilt, and the perimeter of the 
completed quilt will be 660 cm. Write and solve 
an equation to determine the dimensions of the 
quilt before she adds the border.

3 cm

 15. Derek creates wall hangings using felt pieces in 
the shape of a regular octagon. To reduce the size 
of his wall hanging, each side of his regular 
octagon pattern is decreased by 3 cm. If the 
perimeter of the new octagon is 48 cm, what was 
the measure of each side of the original octagon?

Connect the Concepts

You are an employee at your school store. You have been 
asked to use your knowledge of linear equations to help 
make some business decisions.

 16. The wholesale price of a case of 36 fruit bars is 
$20. If the bars are sold in the store for $1/bar, 
write and solve an equation to determine the 
amount of profit for the sale of 1 case of 
fruit bars.

 17. The student leadership team volunteers to work 
and promote sales in the store for one week. 
The profit made during that week from the sale 
of granola bars, chips, juice boxes, and frozen 
milk treats will be donated to charity. The table 
shows price and average sales of these items.

Product

Price 
Per 

Case

Number 
in Each 

Case

Average 
Weekly 

Sales

Granola bars $26 48 96

Chips $20 36 144

Juice boxes $44 90 180

Frozen milk treats $18 18 90

Determine a price per item so that the store 
makes a profit of at least $150 during the week. 
Show your thinking for determining the price 
for each item.
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x

=
–w

–w

 Chapter 6  Review • MHR 217


