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Focus  

5.8A Proportional and Non-Proportional 
Situations

Identify proportional and non-proportional 
situations.

Investigate

Work with a partner.
Look at the tables at the right.

➤ Choose 1 row in the first table. 
How are Winnie’s earnings related to the number of  
hours worked?  
Is this relationship true for any row in the table? Explain.

 How much would Winnie earn when she works 8 h?  
Explain how you know.

 Draw a graph to represent Winnie’s earnings.

➤ Choose 1 row in the second table. 
How is the cost related to the number of pencils?   
Is this relationship true for any row in the table? Explain.

 How many pencils could be bought for $5.00? 
Explain how you know.

 Draw a graph to represent the cost of pencils.

➤ Choose 1 row in the third table. 
How is the depth of snow related to the number of hours?   
Is this relationship true for any row in the table? Explain.

 What is the depth of snow after 6 h? 
Explain how you know.

 Draw a graph to represent the depth of snow.

Each of two worms is measured. 
Worm A is 4 cm long and Worm B is 5 cm long. 
Time passes and the worms are measured again. 
Worm A is now 8 cm long and Worm B is 9 cm long. 
Which worm grew more? Explain your thinking.

Winnie’s Earnings

Hours 
Worked

Winnie’s  
Earnings ($)

1 12
2 24
3 36
4 48
5 60

Cost of Pencils

Number  
of Pencils

Cost  
($)

2 0.50
4 1.00
6 1.50
8 2.00

10 2.50

Depth of Snow

Number  
of Hours

Depth of 
Snow (cm)

1 2
2 5
3 9
4 14
5 15
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Identify proportional and non-proportional 
situations.

Connect

Ref lect
   Share&

Compare your answers with those of another pair of classmates.  
How are the tables the same?  
How are they different? Explain. 
Compare the graphs of each relationship.
How are they the same?
How are they different? Explain.

A recipe for 1 loaf of banana bread calls for 3 bananas. 
This table shows the number of loaves that can be made from different numbers  
of bananas.

Number of Bananas Number of Loaves

3 1
6 2
9 3

15 5

Since the number of bananas is always three times the number of loaves, the ratio 
“number of bananas to number of loaves” is always the same.
3
1

 6
2

, or 3
1

 9
3

, or 3
1

 15
5

, or 3
1

We can also look at this ratio: “number of loaves to number of bananas”
Since the number of loaves is always one-third the number of bananas, the ratio 
“number of loaves to number of bananas” is always the same.
1
3

 2
6

, or
 

1
3  

3
9

, or
 

1
3  

5
15

, or
 

1
3

To find the number of loaves that can be made, we divide the number of bananas by 3.
3 4 3 5 1 6 4 3 5 2 9 4 3 5 3 15 4 3 5 5

The number of loaves could also be found by multiplying the number of bananas by 1
3 .

3 3 1
3  5 1 6 3 1

3  5 2 9 3 1
3  5 3 15 3 1

3  5 5
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When we graph the data in the table,  
the graph is a straight line that passes  
through the origin. 

From the table and the graph, we see that:
➤ When the number of bananas is doubled,  

the number of loaves also doubles.
➤ When the number of bananas is tripled,  

the number of loaves also triples.

The number of bananas and the number of  
loaves change by the same factor.

We say the number of loaves is proportional to the number of bananas.

When two quantities are proportional, a change in one quantity causes a change  
in the other quantity, and the ratio of the quantities is the same for all values.  
This Input/Output machine could represent the banana bread situation.

In a proportional situation:
➤ The two quantities are related by multiplication by a constant or division by a constant.
➤ The ratio of one quantity to the other quantity is always the same.
➤ Each pair of quantities can be represented as a point on a graph. 

The points lie on a straight line that passes through the origin.

For a situation to be proportional, it must satisfy the conditions above.  
If one condition is satisfied, the other two will also be satisfied.

If a situation does not satisfy the conditions above, we say it is a non-proportional situation.

A problem that involves a proportional situation can be solved using proportional reasoning.

N
um

b
er

 o
f 

Lo
av

es

Number of Bananas

Making Banana Bread

1

2

3

4

5

30 6 9 12 15

Number
of Bananas

Number 
of Loaves

4 3
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Example 1

Determine whether each relationship described below represents a  
proportional or a non-proportional situation. Explain your reasoning.

a)     b)  

A Solution

a) The relationship between the number of sets of chin-ups and the number  
of chin-ups represents a proportional situation because the number of  
chin-ups relates multiplicatively to the number of sets. When graphed, 
the points lie on a straight line that passes through the origin.

b) Determine the relationship between the number of hours parked  
and the cost, in dollars. 
For 1 h of parking, the cost is $3. 
We multiply the number of hours by 3 to get the cost. 
That is, the cost, in dollars, is 3 times the number of hours.

 For 2 h of parking, the cost is $5. 
If the situation were proportional, the cost should be 2 3 $3 5 $6. 
But the cost is $5. 
So, the situation is a non-proportional situation.

Number of 
Hours Parked

Cost  
($)

1 3
2 5
3 7
4 9 

N
um

b
er

 o
f 

C
hi

n-
U

p
s

Number of Sets

Chin-Up Tracker

10

20

30

40

50

10 2 3 4 5

▲
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 To complete the table, multiply each number of eggs by 1.5.

b) This is a proportional situation that can be explained in two ways:
 i) The factor of change is the same for the number of eggs and the number 

of slices of toast. For example, when the number of eggs is doubled,  
the number of slices of toast will also double.

 ii) Every egg will make 1.5 slices of French toast, so each number of eggs 
was multiplied by 1.5 to get the number of slices of French toast.  
The number 1.5 is a constant.

c) Vito cooks breakfast for his aunt, uncle, and 4 cousins. 
Each person will be served 3 pieces of French toast. 
Two eggs make 3 slices of French toast. 
How many eggs will Vito need to feed his guests and himself?

Example 2

Two eggs are needed to make 3 slices of French toast.
a) Create a table of values for up to 10 eggs to show the relationship  

between the number of slices of French toast and the number of eggs.
b) Is this a proportional situation? Justify your answer.
c) Use this situation to create a problem that can be solved using  

proportional reasoning.

A Solution

a)  Two eggs are needed to make 3 slices of French toast. 
The ratio of eggs to slices of French toast is 2:3.

 If 2 eggs are needed for 3 slices, then 4 eggs are needed for 6 slices.

▲

3 2

Number of Eggs Number of Slices

2 3
4 6
6 9
8 12

10 15
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Temperature 
(°C)

Temperature 
(°F)

240 240
220 4

0 32
20 68
40 104

A
m

o
un
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f 
Fu

el

Distance Driven (km)

Fuel Remaining

E

F

1000 200 300 400 500

3
4

1
2

1
4

C
o
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 ($

)

Number of Tickets

Cost of Tickets

50

100

150

200

250

20 4 6 8 10

C
o

st
 ($

)

Number of Yearbooks

Cost of Yearbooks

1000

2000

3000

1000 200 300 400 500

Discuss
   the ideas

 1. Look at the graph in Connect. Why are the points joined with 
a broken line?

 2. Use the situation in Example 2. Write a problem that involves 
finding the number of slices of French toast that can be made 
from a given number of eggs.

 3. Describe a proportional situation in which the two quantities 
are related by division. Are they also related by multiplication? 
Explain.

Check 
 4. Determine whether each table  

below represents a proportional  
or a non-proportional situation.  
Explain your answer. 
a) 

b)  

c) 

 5. Determine whether each graph  
below represents a proportional  
or a non-proportional situation.  
Explain your answer.
a) 

b) 

c) 

Practice

Number of 
Quarters

Value 
($)

2 0.50
5 1.25
8 2.00

20 5.00
30 7.50

Number of 
Laps Run

Time 
(min)

1 1.5
2 3.5
3 5.5
4 8
5 10
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Apply
 6. Madison sells bottles of water on the 

Halifax Harbour waterfront. She earns 
$0.25 for each bottle that she sells.
a) Use this information to copy and 

complete the table below.

b) Is this a proportional situation?  
Justify your answer.

c) Use the situation to create a problem 
that can be solved using proportional 
reasoning.

 7. The scale on a map is 2 cm represents 
250 km.
a) Use this information to copy and 

complete the table below.

b) Is this a proportional situation?  
Justify your answer.

c) Use the situation to create a problem 
that can be solved using proportional 
reasoning.

 8. A taxi company in Halifax charges a flat 
rate of $3.00, plus $1.50 per kilometre 
travelled.
a) Use this information to copy and 

complete the table below.

b) Is this a proportional situation?  
Justify your answer.

Number of 
Bottles Sold

Amount Earned  
($)

10
20
50

100
500

Length on Map 
(cm)

Distance  
(km)

1
2
3
4
5

Distance  
Travelled (km)

Cost  
($)

1
2
5

10
20
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 9. An assembly line produces 100 pairs  
of flip-flops per hour.  
a) Create a table of values that relates 

the time, in hours, to the number of 
pairs of flip-flops produced.

b) Draw a graph to represent  
this situation.

c) Is this a proportional situation?  
Use the table or the graph to  
justify your answer.

 10. A doughnut shop charges 85¢ for one 
doughnut, $4.95 for half a dozen, and 
$8.95 for one dozen. Does this represent 
a proportional situation?  
Justify your answer. 

 11. A polygon with 4 or more sides can be 
divided into non-overlapping triangles. 
The number of triangles is always 2 less 
than the number of sides. Does this  
represent a proportional situation?  
Justify your answer.

 12. Each problem below describes a situation. 
Which problem represents a proportional 
situation? Explain how you know. 
Why does the other problem not  
represent a proportional situation?
a) Carlos exchanged $7 Canadian  

for $5 U.S. How many Canadian  
dollars would he need to get $30 U.S.?

b) Avery lives on the 8th floor. The  
elevator goes up one floor every 6 s.  
It stops at the 7th floor for 30 s for 
people to get out. How long did it 
take Avery to get to the 8th floor?

 13. Assessment Focus A washing  
machine can wash 8 beach towels in  
a single load.  
a) Create a table of values for  

this situation.  
b) Draw a graph to represent  

this situation.
c) Is this a proportional situation?  

Justify your answer.
d) Use the situation to create a  

problem that can be solved using 
proportional reasoning.

 14. Identify each statement below as true  
or false. Explain your reasoning. 
• All graphs whose points lie on a 

straight line represent proportional 
situations. 

• The points on the graphs of all  
proportional situations lie on a 
straight line.

 15. Polly and Molly are twins. At birth,  
Polly weighed 2.5 kg and Molly weighed 
3 kg. On their first birthdays, Polly 
weighed 7.5 kg and Molly weighed 8 kg. 
Which twin had gained more weight?
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 16. Arsham’s uncle put $200 in a savings  
account for him on the day Arsham  
was born. The savings account paid  
interest. After 1 year, there was $210 
in the account. After 3 years, there was 
$230, and after 6 years, there was $260  
in the account. Why might someone 
think this is a proportional situation,  
but someone else think it isn’t a  
proportional situation?

 17. a) Describe a proportional situation.
b) Create a problem that involves this 

situation that can be solved using 
proportional reasoning.

 18. Take It Further 
Does this problem represent a  
proportional situation?  
Explain how you know.

  Elijah and Everson are training for a 
track meet. Everson was late arriving 
and by the time he had completed 2 laps 
of the track, Elijah had completed 5 laps. 
Suppose they were running at the same 
speed. How many laps will Everson have 
completed when Elijah has completed  
10 laps?

 19. Take It Further  
Does this problem represent a  
proportional situation?  
Explain how you know. 

  A toaster has 2 slots for bread. It takes  
3 min to make 2 slices of toast.  
How long does it take to make 3 slices  
of toast?

Reflect
Suppose a situation is represented by a table of values. How can you determine whether 
the table represents a proportional or a non-proportional situation? Include examples in 
your explanation.
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Focus  

Ref lect
   Share&

Compare your answers with those of another pair of classmates.
What strategies did you use to solve the problem?
Does this represent a proportional situation? Explain.

Investigate

Work with a partner.
Here is a recipe for Shortbread Cookies that makes 24 cookies. 
 250 mL flour
 125 mL butter
 50 mL powdered sugar
 5 mL vanilla

Toby has only 125 mL of flour.
How much of each other ingredient does 
Toby need to make the cookies?
How many cookies can Toby make? Explain.

Fred is riding his bike along the Aspotogan Peninsula at a constant speed.
If he takes 20 minutes to ride 4 km, how long will it take him to ride 16 km?

Use proportional reasoning to  
solve problems.

5.8B Solving Problems that Involve 
Proportional Reasoning

Connect

Look at the pictures below.

The ratio of orange counters to 
blue counters is 4:6.

The ratio of orange counters 
to blue counters is 2:3.
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The ratio of orange counters to blue counters  
is the same in both pictures.
We can write 2:3 5 4:6.
The ratios are equal.
A statement that two ratios are equal is a proportion.

In a proportion, these equal part-to-part ratios can be written in fraction form:
2
3  5 4

6  
The numbers 2, 3, 4, and 6 are the terms of the proportion.

We can use proportions to represent proportional situations.
Consider this proportional situation.

Heidi bought a case of 12 bottles of water for $3.
How many bottles can Heidi purchase for $15?

Let n represent the number of bottles that Heidi can purchase for $15.
We can write a proportion to represent this situation:

$3
12 bottles  5

 $15
n bottles

, or
 

3
12  5 

15
n

To solve a proportion means finding the value of the variable.

One way to determine the value of the variable is  
to create a table of values. 
As the cost increases by $3, the number of bottles  
purchased increases by 12.

From the table, we see that Heidi can purchase  
60 bottles for $15.

There are a variety of different strategies that can be used to solve a proportion.
The strategy used will depend on the numbers involved. 
For example, in the proportion above, we could use one of these strategies:

$3
12 bottles  5 $15

n bottles  or $3
12 bottles  5 $15

n bottles

This method uses the multiplicative  This method uses the multiplicative 
relationship between the terms of the ratios. relationship within the terms of the ratios.

We might read this as “2 is related to 3 
as 4 is related to 6” or “2 and 3 are in 
the same ratio as 4 and 6.”

Cost  
($)

Number of  
Bottles Purchased

3 12
6 24
9 36

12 48
15 60

3 5

3 5

3 4 3 4
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The following Examples show different ways to determine the value of the variable 
by solving the proportion. For example, we can look for multiplicative relationships:
• within the terms of a ratio
• between the first terms of the ratios
• between the second terms of the ratios

Example 1

Solve each proportion.

a)  4
12  5 9

x  b)  5
n  5 40

56  c) 6
7  5 a

225.75

A Solution

a)  4
12  5 9

x

 Look for a multiplicative relationship. 
Since 12 is a multiple of 4, use the  
within strategy. 
We multiply the first term, 4, by 3 to  
get the second term, 12.

   4
12  5 9

x

 So, in the second ratio, multiply the first 
term, 9, by the same number, 3, to get x. 
x 5 9 3 3 
 5 27 
So, x 5 27

b) 5
n  5 40

56

 Look for a multiplicative relationship. 
Since 40 is a multiple of 5, use the  
between strategy.  
We divide 40 by 8 to get 5.

 5
n  5 40

56

 So, in the second ratio, divide 56 by the 
same number, 8, to get n.

 n 5 56
8  

  5 7
 So, n 5 7

c)  6
7  5 a

225.75

 Look for a multiplicative relationship 
between the terms of the proportion. 
The relationship is not obvious, so use  
a calculator.

  225.75
7  5 32.25

 We multiply 7 by 32.25 to get 225.75.

 6
7  5 a

225.75

 So, in the first ratio, multiply 6 by the 
same number, 32.25, to get a.

 a 5 6 3 32.25
  5 193.50
 So, a 5 193.5

3 3

3 32.25

▲

4 8
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3 45

Example 2

In this photo, the father’s height is 8 cm and the daughter’s height is 6 cm. 
The father’s actual height is 1.8 m.
a) Estimate the daughter’s actual height, in centimetres.
b) What is the actual height of the daughter, in centimetres?
c) Use the estimate in part a to check the reasonableness of  

your answer in part b.

A Solution

a) In the photo, the ratio of the height of the father to the  
height of the daughter is 8:6. 

 Let h represent the actual height of the daughter, in centimetres. 
The father’s height is: 1.8 m 5 180 cm 
So, the ratio of the father’s actual height to the daughter’s actual height is 180:h. 
The two ratios are equivalent, so write a proportion.
180
h  5 8

6
 Look for a relationship between the terms of the proportion.

 Estimate. 
180 is about 200. 8 is about 10. 

 So, write the proportion as: 200
h  5 10

6
 We multiply 10 by 20 to get 200. 

 200
h  5 10

6

 So, in the second ratio, multiply 6 by 20 to estimate the value of h. 
6 3 20 5 120

 So, h is about 120.
 The daughter’s actual height is about 120 cm.

b)  180
h  5 8

6

 Since 8 does not divide into 180 exactly, simplify the ratio 8
6  first.

 8 4 2
6 4 2  5 4

3

 So, the proportion becomes: 180
h  5 4

3
 We multiply 4 by 45 to get 180.

 180
h  5 4

3

▲

3 20
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 So, in the second ratio, multiply 3 by the same number, 45, to get h.
 h 5 3 3 45 
  5 135
 So, h 5 135
 The daughter’s actual height is 135 cm.
c) The daughter’s actual height, 135 cm, is close to our estimate of 120 cm,  

so the answer is reasonable.

▲

Example 3

A bike is in fourth gear. 
When the pedal turns 3 times,  
the rear wheel turns 7 times.
When the pedal turns twice,  
how many times does the rear wheel turn?

A Solution

The ratio of pedal turns to rear-wheel turns is 3:7.
When the pedal turns twice, let the number of rear-wheel turns be n.
The ratio of pedal turns to rear-wheel turns is 2:n.
These ratios are equal, so write a proportion.
3
7  5 2

n
There is no obvious relationship within or between the terms of the proportion.
So, write each ratio with the same first term.
The least common multiple of 2 and 3 is 6.
So, multiply each ratio to get the first term 6.

 
3 3 2
7 3 2  5 2 3 3

n 3 3

 
6
14  5 6

3n

The first terms are equal, so the second terms must also be equal.
That is, 3n 5 14   Divide both sides by 3.

 
3n
3  5 14

3

 n 5 14
3

, or 4 23

When the pedal turns twice, the rear wheel turns 4 23  times.
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Check 
 4. Use mental math to solve each proportion.

a)  t
18  5 6

3  b) m
60  5 3

10  c) x
15  5 2

3

d)  s
28  5 9

4  e) 6
c  5 2

11  f) 39
b  5 3

2

 5. Use mental math to solve each proportion.
a)  5

t  5 15
36  b) 45

72  5 5
n  c) 120

70  5 12
k

d)  81
27  5 9

m e) 18
42  5 

p
7  f) 8

s  5 64
80

 6. Solve each proportion.
a)  18

a  5 14
21  b) 35

b  5 15
12  c) m

18  5 18
27

d)  88
33  5 h

6  e) 6
8  5 

j
44  f) 15

42  5 20
w

 7. In the NHL, the ratio of shots taken to 
goals scored by an all-star player is 9:2.  
 The player has a 50-goal  
 season. How many shots 
 did he take?

Apply
 8. A commercial said that 4 out of 5 dentists 

recommend a certain chewing gum to 
their patients. Suppose 185 dentists were 
interviewed. Determine the number of 
dentists who recommend this gum.

 9. These suitcases have the same length-to-
width ratio. 
a) Calculate the width of suitcase B.
b) Use a different strategy to verify your 

answer to part a. 

Practice

36 cm
A B

60 cm
0.5 m

Discuss
   the ideas

 1. In Example 1a, how could you check that the answer is correct?
 2. In Example 2, we first converted all measurements to centimetres. 

Could you have solved the problem without converting to  
centimetres? Justify your answer.

 3. In Example 3:
a) We multiplied the terms of one ratio by 2 and the terms  

of the other ratio by 3. Explain why this did not change  
the proportion.

b) Could we have multiplied the terms in each ratio by numbers 
other than 2 and 3? If your answer is yes, give an example of 
these numbers.
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 10. Assessment Focus 
a) Describe a situation that represents a 

proportional situation.
b) Use this proportional situation to  

create a problem that can be solved  
using proportional reasoning.

c) Write a proportion that can be used to 
solve the problem in part b.

d) Solve the proportion in part c to solve 
your problem.

 11. In rectangle MNPQ, the ratio of the 
length of MN to the length of MP is 4:5.
a)  Does this ratio tell you how long  

MN is? Explain.
b) Suppose MN is 12 cm long. How long 

is MP? Use a diagram to illustrate 
your answer.

 12. The scale on a map of Nova Scotia is 
1:5 000 000. This means that 1 cm on 
the map represents 5 000 000 cm actual 
distance. Suppose you want to find the 
straight-line distance between Springhill 
and Pictou. On the map, this distance  
is 2.1 cm. 
a) Estimate the distance between the 

towns. Explain your strategy.
b) What is the actual distance between 

these towns?
c) Use the estimate in part a to check  

the reasonableness of your answer in 
part b.

 13. The scale on a map of the Maritime 
Provinces is 2 cm represents 100 km.  
The actual straight-line distance between 
Halifax, Nova Scotia, and St. John,  
New Brunswick, is about 210 km.  

a) Estimate the map distance between 
these two cities. Explain your strategy.

b) Calculate the actual distance between 
these two cities on the map.

c) Use the estimate in part a to check  
the reasonableness of your answer in 
part b.

 14. Jacob drew this picture of his bedroom.

  The ratio of an actual dimension to the 
dimension in the drawing is 60:1.
a) The actual length of his bedroom  

is 9 m. What is the length of the  
bedroom in Jacob’s drawing?

b) The width of Jacob’s bedroom in the 
drawing is 12 cm. What is the actual 
width of his bedroom?

 15. Bella’s grandfather uses a wheelchair. 
He is coming to visit her. Bella wants to 
build a wheelchair ramp. Her research 
tells her that there should be 3.5 m of 
ramp for every 30 cm of elevation. The 
distance from the ground to the top step 
of Bella’s house is 9 cm. What should the 
length of the ramp be?

12 cm
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 16. On a blueprint of a new house, a  
particular room has length 11 cm.  
The actual room has length 6.6 m  
and width 4.8 m. What is the width  
of the room on the blueprint?
a) Write a proportion you can use to 

solve the problem.
b) Solve the problem. Show your work.

 17. Fatima plants 5 seedlings for every  
3 that Shamar plants. Shamar plants  
6 trees in 1 min.
a) How many trees does Fatima plant  

in 1 min?
b) Did you write a proportion to solve 

this problem? If so, how else could 
you have solved it?

 18. The ratio of left-handed to right-handed 
people is about 1:9. Suppose  
11 000 people attended the closing 
ceremonies of the 2011 Canada Winter 
Games in Halifax. Write and solve a  
proportion to predict the number of  
attendees who were right handed.

 19. Take It Further  
Bruno wants to mix concrete to lay a 
walkway. The instructions call for 2 parts 
cement, 3 parts sand, and 4 parts gravel. 
Bruno has 4 m3 of sand.  
How much cement and gravel should 
Bruno mix with sand? Give the answers 
to the nearest tenth of a cubic metre.

 20. Take It Further  
The ratio of male to female members  
at a local fitness club is 11:5. There are 
700 female members.  
How many more female members would 
the club need to recruit to reduce the ratio 
of male to female members to 2:1?

 21. Take It Further  

Consider this proportion: 2
5  5 x

12
a) Rewrite the proportion so that each 

ratio has the same second term.
b) Write an equation that you could use 

to solve the proportion in part a.
c) How is this equation related to the 

original proportion?
d) Could this strategy be used to solve 

all proportions? Justify your answer.

Reflect
The between strategy and the within strategy can be used to solve a proportion.
Describe each strategy. How are these strategies related?
How do you decide when to use each strategy? Include examples in your explanation. 
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8.4A

Compare your work with that of another pair of classmates. 
What do you notice about the polygon and its 2 images? 
Do you think this would be true for all combinations of transformations?  
Explain.

Work with a partner.
You will need 0.5-cm grid paper, a Mira, and a ruler.
Draw axes on the grid paper to get 4 quadrants.
Place the origin at the centre of the paper. Label the axes. 
Plot these points: D(1, 1), E(4, 2), F(2, 5), and G(21, 2).  
Join the points in order, then join G to D.
➤	 Translate polygon DEFG 3 units right and 2 units down.  

Draw and label its translation image.  
Write the coordinates of each vertex of the translation image.

➤	 Reflect translation image D9E9F9G9 in the y-axis.  
Draw and label its reflection image.  
Write the coordinates of each vertex of the reflection image.

Investigate

Ref lect
   Share&

Congruence of Polygons  
under Transformations

Each grid below shows a single transformation of polygon ABCD.

Identify each transformation. 
What are the coordinates of the vertices of each polygon ABCD? 
What are the coordinates of the vertices of each transformation image?

Draw a polygon given its image and the 
transformation, and draw the image of a 
polygon after a combination of transformations.

Focus  
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Connect

Congruent polygons match exactly.  
They have the same size and shape; that is, corresponding sides and angles are equal.

These diagrams show three different transformations of polygon RSTU. 
The coordinates of the vertices of polygon RSTU are:  
R(1, 3), S(1, 5), T(4, 5), and U(4, 2).

Translation

Polygon RSTU is translated 2 units left and 5 units down. 
Its translation image is polygon R9S9T9U9.
The coordinates of the vertices of the translation image are:  
R9(21, 22), S9(21, 0), T9(2, 0), and U9(2, 23). 

Polygon RSTU and its translation image are congruent and  
have the same orientation; that is, the vertices of both polygons  
RSTU and R9S9T9U9 are read in a clockwise direction.

Reflection

Polygon RSTU is reflected in the y-axis.  
Its reflection image is polygon R9S9T9U9.
The coordinates of the vertices of the reflection image are:  
R9(21, 3), S9(21, 5), T9(24, 5), and U9(24, 2).

Polygon RSTU and its reflection image are congruent and  
have opposite orientations; that is, the vertices of polygons  
RSTU and R9S9T9U9 are read in opposite directions.

Rotation

Polygon RSTU is rotated 908 clockwise about the origin. 
Its rotation image is polygon R9S9T9U9.
The coordinates of the vertices of the rotation image are:  
R9(3, 21), S9(5, 21), T9(5, 24), and U9(2, 24).

Polygon RSTU and its rotation image are congruent and  
have the same orientation.

Under a translation, reflection, or rotation, the original  
polygon and its image are always congruent.
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A counterclockwise rotation is shown  
by a positive angle such as 190º, or 90º.  
A clockwise rotation is shown by a 
negative angle such as 290º.
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Example 1

a) Plot the points: D(4,22), E(7, 2), and F(8, 26).  
Join the points to draw nDEF. 

 Translate the triangle 3 units left and 6 units up.  
Draw and label the translation image nD9E9F9.  
Write the coordinates of each vertex.

b) Rotate nD9E9F9 908 about the origin.  
Draw and label the rotation image nD0E0F0.  
Write the coordinates of each vertex.

c) How do the translation image and the rotation image compare with nDEF?

A Solution

a) To draw the image nD9E9F9, translate each vertex of nDEF 3 units left  
and 6 units up.

 The translation image of D(4, 22) is D9(1, 4). 
The translation image of E(7, 2) is E9(4, 8). 
The translation image of F(8, 26) is F9(5, 0). 

b) A rotation of 908 is a counterclockwise  
rotation. Use tracing paper to draw the  
image nD0E0F0.  
Rotate the paper counterclockwise until  
the positive y-axis coincides with the  
negative x-axis.  
After a rotation of 908 about the origin,  
D9(1, 4) → D0(24, 1) 
E9(4, 8) → E0(28, 4) 
F9(5, 0) → F0(0, 5)

c) Compare the corresponding sides and angles to see that nDEF,  
its translation image, and its rotation image are congruent.  
nDEF, its translation image, and its rotation image have the  
same orientation. 

Example 1 illustrates a combination of transformations, a translation  
followed by a rotation.
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Example 2

A pentagon with vertices J9(3, 22), K9(5, 3), L9(8, 2), M9(7, 24), and N9(5, 21) is 
the image of pentagon JKLMN after a rotation of 22708 about the origin.  
Draw pentagons J9K9L9M9N9 and JKLMN.  
Determine the coordinates of the vertices of pentagon JKLMN.
What do you notice about the rotation image and the original pentagon?

A Solution

Method 1

To determine the coordinates of the vertices of  
pentagon JKLMN, work backward.
To move the rotation image to the original pentagon, 
rotate polygon J9K9L9M9N9 by the same amount,  
in the opposite direction. 
A rotation of 22708 is a clockwise rotation. 
So, use tracing paper to rotate polygon J9K9L9M9N9  
2708 counterclockwise about the origin.
The coordinates of the vertices of pentagon JKLMN are:
J(22, 23), K(3, 25), L(2, 28), M(24, 27), and  
N(21, 25).
The rotation image and the original pentagon are  
congruent and have the same orientation.

Method 2

To move the rotation image to the original pentagon,  
rotate polygon J9K9L9M9N9 clockwise by the amount  
required to make a complete turn. 
A rotation of 22708 is a clockwise rotation of 2708. 
So, to make a complete turn, rotate the image 908  
in the same direction. 
Use tracing paper to rotate pentagon J9K9L9M9N9  
908 clockwise about the origin.
The coordinates of the vertices of pentagon JKLMN are:
J(22, 23), K(3, 25), L(2, 28), M(24, 27), and  
N(21, 25).
The rotation image and the original pentagon are  
congruent, and have the same orientation.
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Discuss
   the ideas

 1. Can you change the size of a polygon by translating,  
reflecting, or rotating it? Justify your answer.

 2. Which transformations can be reversed by performing  
them a second time? Explain.

 3. How can you show that a polygon and its image under  
a translation, reflection, or rotation are congruent?

A C
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20

Check 
 4. Each grid shows a polygon and its  

transformation image. Identify the  
single transformation that moves  
polygon A to polygon B.
a)

b) 

c) 

 5. Copy nABC on grid paper. Write  
the coordinates of each vertex. After  
each transformation below:
•	Write	the	coordinates	of	the	image	 

of each vertex.
•	What	patterns	do	you	see	in	the	 

coordinates of corresponding vertices?

a) Reflect nABC in the y-axis.
b) Translate nABC 4 units right.
c) Translate nABC 3 units down.
d) Reflect nABC in the x-axis.
e) Rotate nABC 908 about the origin.

Practice
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A rotation of 90° is a 
counterclockwise rotation.
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Apply
 6. a) Plot each point on a coordinate grid: 

F(26, 7), G(1, 3), and H(23, 2).
 Translate each point 2 units left and 

3 units down to get image points F9, 
G9, H9. Write the coordinates of each 
image point. 

b) Rotate points F9, G9, and H9 2908 
about the origin to get image points 
F0, G0, H0. Write the coordinates of 
each image point.

c) Draw and measure:
 i) FG, F9G9, and F0G0

 ii) GH, G9H9, and G0H0

 iii) HF, H9F9, and H0F0

 What do you notice?
d) Measure each angle:

 i) /FGH, /F9G9H9, and /F0G0H0

 ii) /GHF, /G9H9F9, and /G0H0F0

 iii) /HFG, /H9F9G9, and /H0F0G0

 What do you notice?
e) What do your answers to parts c  

and d tell you about nFGH, nF9G9H9, 
and nF0G0H0?

 7. a) Plot the points: D(1, 1), E(4, 1), F(4, 4), 
and G(2, 4). Join the points to draw 
quadrilateral DEFG. Translate the 
quadrilateral 5 units left and 6 units 
down. Draw and label the translation 
image D9E9F9G9. Write the coordinates 
of each vertex. Reflect the image 
quadrilateral D9E9F9G9 in the y-axis. 
Draw and label the reflection image 
D0E0F0G0. Write the coordinates of 
each vertex.

b) How does quadrilateral DEFG  
compare with its translation image 
and its reflection image?

 8. a) Plot the points: J(24, 5), K(25, 2),  
and L(22, 1). Join the points to  
draw nJKL. Rotate the triangle 1808 
about the origin. Draw and label the 
rotation image nJ9K9L9. Write the 
coordinates of each vertex. Reflect the 
image nJ9K9L9 in the x-axis. Draw and 
label the reflection image nJ0K0L0. 
Write the coordinates of each vertex.

b) How does nJKL compare with its  
rotation image and its reflection image?

 9. Polygon D is transformed to create  
image polygon E. For each transformation 
below, describe a transformation that will 
move polygon E back to polygon D.
a) A translation 6 units up
b) A reflection in the x-axis
c) A rotation of 1808 about the origin
d) A translation of 5 units left and  

1 unit down
e) A reflection in the y-axis

 10. A pentagon with vertices P9(3, 22),  
Q9(5, 3), R9(8, 2), S9(7, 24), and T9(5, 21) 
is the image of pentagon PQRST after a 
translation of 7 units right and 2 units up. 
Draw pentagons P9Q9R9S9T9 and PQRST.  
Determine the coordinates of the  
vertices of pentagon PQRST.  
What strategy did you use?  
What do you notice about the translation 
image and the original pentagon?

 11. Assessment Focus Plot	these	points	
on a coordinate grid: M9(3, 1), N9(6, 26), 
and P9(1, 24). Join the points to draw 
nM9N9P9.
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Reflect
When you see the image of a polygon on a grid after a given transformation, how do  
you find the coordinates of the original polygon? Include examples in your explanation.

a) Suppose nM9N9P9 is the image  
of nMNP after a reflection in the  
y-axis. Determine the coordinates  
of the vertices of nMNP. Explain 
your strategy.  
How does nM9N9P9 compare to 
nMNP? Explain.

b) Now suppose nM9N9P9 is the image  
of nMNP after a rotation of 2708 about  
the origin. Determine the coordinates 
of the vertices of nMNP. Explain  
your strategy.  
How does nM9N9P9 compare to 
nMNP? Explain.

 12. Take It Further  
Draw any nABC in Quadrant 2.  
Write the coordinates of each vertex.
a) Translate nABC 3 units left and  

4 units down. Draw and label the 
translation image nA9B9C9. Write  
the coordinates of each vertex. Reflect 
nA9B9C9 in the y-axis. Draw and label 
the reflection image nA0B0C0. Write 
the coordinates of each vertex.

b) Reflect nABC in the y-axis. Draw and  
label the reflection image nA9B9C9. 
Write the coordinates of each vertex. 
Translate nA9B9C9 3 units left and  
4 units down. Draw and label the  
translation image nA0B0C0. Write  
the coordinates of each vertex.

c) Does changing the order in which  
the transformations are performed 
affect the position of the final image? 
Explain your answer.

 13. Take It Further  
Draw any quadrilateral RSTU in  
Quadrant 1. Write the coordinates  
of each vertex.
a) Rotate quadrilateral RSTU 908  

about the origin. Draw and label  
the rotation image R9S9T9U9. Write 
the coordinates of each vertex.  
Reflect image R9S9T9U9 in the x-axis. 
Draw and label the reflection image 
R0S0T0U0. Write the coordinates of 
each vertex.

b) Reflect quadrilateral RSTU in the  
x-axis. Draw and label the reflection 
image R9S9T9U9. Write the coordinates 
of each vertex. Rotate image R9S9T9U9 
908 about the origin. Draw and label 
the rotation image R0S0T0U0. Write 
the coordinates of each vertex.

c) Does changing the order in which  
the transformations are performed 
affect the position of the final image? 
Explain your answer.
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Proportional and Non-Proportional Situations 
 

Specific Outcome: Students will be expected to solve problems that involve rates, ratios, and 
proportional reasoning. (8N05) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key Math Learnings 
1. In a proportional situation, two quantities are related by multiplication by a constant or division by a constant. 
2. In a proportional situation, the ratio of one quantity to the other quantity is always the same. 
3. The points on the graph of a proportional situation lie on a straight line that passes through the origin. 
 
 
 
 
 
 
 
Reaching All Learners 
Common Misconceptions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Curriculum Focus: Differentiate between proportional and non-proportional situations, and create problems 
that are examples of proportional reasoning. (8N05) 

Student Materials Optional 
■ 0.5-cm grid paper (PM 22) ■ play money 
  ■ maps with different scales 
  ■ Step-by-Step 8A (Master 5.35) 
  ■ Extra Practice 8A (Master 5.36) 
  ■ Extra Practice 8A: Sample Answers (Master 5.37) 

Vocabulary: proportional situation, non-proportional situation, proportional reasoning, factor, constant 

Assessment: Master 5.2 Ongoing Observations: Percent, Ratio, and Rate 

LESSON 5.8A

Common Misconception 
 Students think that all relationships that increase or decrease by a constant value represent  

proportional situations. 
How to Help: Remind students that in a proportional situation, the two quantities are related by multiplication 
by a constant or division by a constant. Provide students with this example.  
Suppose you go bowling. The shoe rental is $3, and each game costs $4. This table shows the total cost for 
different numbers of games bowled. 

Games Bowled 1 2 3 4 
Total Cost ($) 7 11 15 19 

As the number of games bowled increases, the cost increases by a constant, $4. However, look at the 
relationship between the games bowled and the total cost. For 1 game, the total cost is $7. We multiply the 
number of games by 7 to get the cost. Now, look at the cost of 2 games. If the situation were proportional, 
the cost should be 2 × $7, or $14. But, the cost is $11. So, the two quantities are not related by multiplication 
by a constant. The situation is a non-proportional situation. 

Extension 
Have students write equations to represent the situations in Practice questions 6 and 8. Have students 
explain how they can use the equations to determine whether the situations represent proportional or non-
proportional situations. 

REACHING ALL LEARNERS 

 LESSON ORGANIZER 80–100 min 




