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Welcome to
Pearson Math Makes Sense 9

Math helps you understand your world.

This book will help you improve your problem-
solving skills and show you how you can use
your math now, and in your future career.

The opening pages of each unit are designed to
help you prepare for success.

Square Roots and
Surface Area

Key Words
= perfect square

=F

What
You'll Learn
* Determine the toats of Why It's

fractions and that are
Important
perfact squares. q POl
* Approximate the squaregoots of Real-world measures are often
fractions and decimals thgt are expressed as fractions or decimals,
non-perfict squares. . We use the roats of these measures
» Determine the surface areasgf composite when we formulas such as the
3-D objects to solve problemsy Pythagarean Theargm.
° An undersianding oMurface area allows us
° 1o sobve practical pmhﬂvxs stnch as caloulating:
° the amount of paper needggl to wrap a gift:
° the number of cans of paint @eeded to paint a room;
° and the ameunt of siding nmﬂd.m caver a building
0 °
4 . ° 5
° .
Py
v °
° °
L4 °
° °
°
° °
° °
L4 °
° ° °

Find out What You’ll Learn and Why It’s Important. Check the list of Key Words.

Xi



4

e
'S

()
o
°
°
L]
o
ot @
[ ]

e Bt aret Bt

Square Rools of Non-Perfect Squares

Examples show
you how to use the
ideas and that there
may be different
ways to approach
the question.

1.3 Sqpuen Roohy of Wen Pertect Squeem 15
L)

Investigate an
idea or problem, usually

' Connect
summarizes
the math.

with a partner, and often
using materials.

Discuss the
Ideas invites
you to talk

about the math.

Practice
questions

reinforce the

math.

Take It Further questions offer
enrichment and extension.

Xii

A

. Reflect on the big
ideas of the lesson.
Think about your learning
style and strategies.



Mid-Unit Review |
1o Write sk power in sandindfon

Use the Mid-Unit Review to refresh

your memory of key concepts.

66006 61

Start
Where You

Then. 2. Frabusse.
“ w3 o o
o i we ]
104 orel Murben, ERTLL TR

Start Where You Are illustrates strategies you may
use to show your best performance.

Study Guide

Seale Oizgrams
For an enlargemest or seduction,
An eslarprment has 2 s

Similar Pobygoss & 200 8

Similas Triasgles
When we check whether two triangles are similar
¥ their comesponding ssghes mint be equab

Study Guide
summarizes key ideas
from the unit.

Review questions
allow you to find out
if you are ready to
move on.

The Practice and
Homework Book
provides additional
support.

Xiii
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Explore some interesting math when
you do the Projects.

o

Constructing a Math Quilt

A quit consists of umal blacks that sessetate.
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Icons remind you to use technology.
Follow the instructions for using a computer

or calculator to do math.

Verilying the Angle Properties
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dictionary of important math words.
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Project

Materials

1-cm grid
paper
wooden or
plastic cubes

e ruler
e 1-cm grid

card stock

e SCissors
e tape

Project

Making Squares into Cubes

Part 1
Copy the squares below onto 1-cm grid paper.

Determine the area of each square and its side length.
Describe your method and why you know it works.
Compare methods with your classmates.

Write a description of a method that is

different from your method.

Part 2

Choose one of these areas:

32 cm?, 40 cm?, 45 cm?

Draw a square with the area you chose.
Label the area of your square.
Determine its side length.



How could you fill your square with copies of one of the squares in Part 1?
Use as many copies of one square in Part 1 as you like. Sketch what you find.
How is the smaller square related to the larger square?

Part 3

Sketch a cube. Explain how you would determine the surface area of the cube.
Share your strategy for determining the surface area with a classmate. Did both
of you come up with the same strategy? If not, will both strategies work?

Build a cube from 1-cm grid card stock. Each face of your cube should be the
square you drew in Part 2. Use tape to assemble your cube.

Draw a net of your cube.

Calculate the surface area of your cube. Show your calculations.

Describe how you would calculate the volume of your cube.

Is the volume of your cube less than or greater than the volume of a cube

with edge length 6 cm? Explain.

Take It Further

Draw squares with these areas: 5 cm?, 20 cm?, 45 cm?, 80 cm?, and 125 cm?

How are these squares related? What makes these squares a “family”?

What other families of squares could you draw? Draw 3 squares from that family.
Describe the family of squares. Determine the side length of each square.

Making Squares into Cubes 3



Square Roots and
Surface Area

Which geometric objects
can you name?

How could you determine
their surface areas?

What
You’ll Learn

= Determine the square roots of
fractions and decimals that are
perfect squares.
= Approximate the square roots of
fractions and decimals that are
non-perfect squares.
= Determine the surface areas of composite
3-D objects to solve problems.

Why It’s
Important

Real-world measures are often
expressed as fractions or decimals.

We use the square roots of these measures
when we work with formulas such as the
Pythagorean Theorem.

An understanding of surface area allows us
to solve practical problems such as calculating:

the amount of paper needed to wrap a gift;

the number of cans of paint needed to paint a room;
and the amount of siding needed to cover a building



Key Words

= perfect square
= non-perfect square
= composite object




1

Square Roots of Perfect Squares

FOCUS

 Determine the square
roots of decimals and
fractions that are
perfect squares.

A children’s playground is a square with area 400 m2,
What is the side length of the square?
How much fencing is needed to go around the playground?

Investigate o2)

Each square below has been divided 10 1

into 100 equal parts.
In each diagram, what is the area of
one small square?

10 1

For the shaded square on the left:
What is its area?
Write this area as a product.
How can you use a square root to
relate the side length and area?

For the shaded square on the right:
What is its area?
Write this area as a product of fractions.
How can you use a square root to relate the side length and area?

6 UNIT 1: Square Roots and Surface Area



For the area of each square in the table:
Write the area as a product.
Write the side length as a square root.

Area as a Product Side Length as a Square Root

49 =

29
100

64 =

64—
100

121=

121 -
100

144 =

184 _
100

Reflect g Compare your results with those of your classmates.

How can you use the square roots of whole numbers to determine the
square roots of fractions?

Suppose each fraction in the table is written as a decimal.

How can you use the square roots of whole numbers to determine the
square roots of decimals?

To determine the area of a square, we multiply the side length by itself.
That is, we square the side length.

15, °
Area aﬁb
15 15
10 10
225
100

. 225 .
The area is 755 square units.

n units
10

1.1 Square Roots of Perfect Squares



To determine the side length of a square, we calculate 169

. Area: — square units
the square root of its area. 100
- 169
Side length B100
1313
B10 10
13
10

The side length is % units.

Squaring and taking the square root are opposite,
or inverse, operations.
The side length of a square is the square root of its area.

25 15, . 169 13

That IS, Bm 10 an Bm 10

We can rewrite these equations using decimals:
1.5and 1.3 are

2225 15and 2169 1.3 terminating decimals.

The square roots of some fractions are repeating decimals.
To determine the side length of the shaded square, take the square root of %:

i 101 1 unit
B9 B3 3 )
1 1 To find the square root of 3,
3 3 unit G I look for a number that when
0.333333333 ... I L multiplied by itself gives £
03 Area: g Square units

When the area of a square is % square units,
its side length is % or 0.3 of a unit.

A fraction in simplest form is a perfect square if it can be
written as a product of two equal fractions.

When a decimal can be written as a fraction that is a
perfect square, then the decimal is also a

perfect square. The square root is a terminating or
repeating decimal.

8 UNIT 1: Square Roots and Surface Area



Example 1 Determining a Perfect Square Given its Square Root

Calculate the number whose square root is:

Q) b) 1.8
A Solution
a) Visualize g as the side length of a square. %units
.. .37 3 3 I
The area of the square is: agh ¢ 3 3
9 3 unitsI
64
S0, 2 is a square root of
rglsasq 64"
11 square units
64 >
b) Visualize 1.8 as the side length of a square. [ ’
The area of the square is: 1.82 1.8 1.8
3.24

- 1.8 units

So, 1.8 is a square root of 3.24.

Example 2 Identifying Fractions that Are Perfect Squares

Is each fraction a perfect square? Explain your reasoning.
8 16 2
% 18 b) 5 99
A Solution
8
a) 18
Simplify the fraction first. Divide the numerator and denominator by 2.
8 4
18 9
Sinced 2 2and9 3 3, wecan write:
4 2 2
9 3 3
Since g can be written as a product of two equal fractions,
it is a perfect square.
8 .
So, 18 18 also a perfect square.

1.1 Square Roots of Perfect Squares 9



16
5
The fraction is in simplest form.

So, look for a fraction that when multiplied by itself gives E.

The numerator can be written as 16
written as a product of equal factors.

So, Bisnota perfect square.

2
c)§

The fraction is in simplest form.

5

4 4, but the denominator cannot be

So, look for a fraction that when multiplied by itself gives %

The denominator can be writtenas9 3
written as a product of equal factors.
So, % is not a perfect square.

3, but the numerator cannot be

Identifying Decimals that Are Perfect Squares

Is each decimal a perfect square? Explain your reasoning.

a) 6.25 b) 0.627

Solutions

Method 1

a) Write 6.25 as a fraction.
6.25 =

Simplify the fraction. Divide the numerator
and denominator by 25.

25
625
25 . 5 5
5 can be written as > 3
So, %5, or 6.25 is a perfect square.

b) Write 0.627 as a fraction.
627

0627 1500

This fraction is in simplest form.

Neither 627 nor 1000 can be written as a
product of equal factors, so 0.627 is not a
perfect square.

Method 2

Use a calculator.

Use the square root function.

a) 26.25 25
The square root is a terminating decimal,
50 6.25 is a perfect square.

b) 20.627 0.791 833316
The square root appears to be a decimal
that neither terminates nor repeats, so
0.627 is not a perfect square. To be sure,
write the decimal as a fraction, then
determine if the fraction is a perfect
square, as shown in Method 1.

10 UNIT 1: Square Roots and Surface Area



Discuss 1. How can you tell if a decimal is a perfect square?

2. How can you tell if a fraction is a perfect square?

Check 7. Use your answers to questions 4 and 6.
Determine the value of each
square root.

169 400

3. Use each diagram to determine the value of
the square root.

a) g b) 7106
a) 20.25 11 unit BLG Bﬁ
256 225
b) 7 _ — .
B16 1 unit e) 2144 f) 20.0225
B g) 20.0121 h) 23.24
16
C) _5g . PP .
25
B L unit i) 20.0324 j) 20.0169
Apply
8. Which decimals and fractions are perfect
4. a) List all the whole numbers from squares? Explain your reasoning.
1 to 100 that are perfect squares. a) 0.12 b) 0.81 c) 0.25
b) Write a square root of each number you d) 1.69 0) 9 f) 36
listed in part a. o1 ;2 8
9 2 h) 57 i) 0.081
5. Use your answers to question 4. 95 25 8
Determine the value of each square root. D 10 K & ) 50
a) 20.36 b) 20.49 .
— — 9. Calculate the number whose square root is:
¢ 20.81 d) 20.16 2 0.3 b) 0.12
1 25
e) 536 f) 59 c) 1..9 d) l:.l
) o h) 3 73 Ve
9 B100 B16 1 h 2
9 3 ) 5

6. a) List all the whole numbers from 101 e the val ¢ each
to 400 that are perfect squares. 10. Determine the value of each square root.

b) Write a square root of each number you a) 212.25 b) 230.25
listed in part a. c) 220.25 d) 256.25

1.1 Square Roots of Perfect Squares 11



11. a) Write each decimal as a fraction.
Which fractions are perfect squares?
i) 36.0 i) 3.6 iii) 0.36

iv) 0.036 v) 0.0036  vi) 0.000 36

b) To check your answers to part a, use a
calculator to determine a square root of
each decimal.

¢) What patterns do you see in your answers
to parts a and b?

d) When can you use the square roots of
perfect squares to determine the square
roots of decimals?

12. a) Use the fact that 29 3to write the
value of each square root.
i) 290 000 ii) 2900
iii) 20.09 iv) 20.0009
Use the fact that 225 5 to write the
value of each square root.
i) 20.0025 ii) 20.25

iiiy 22500 iv) 2250 000

(=3}
-

¢) Use the patterns in parts a and b. Choose
a whole number whose square root you
know. Use that number and its square
root to write 3 decimals and their square
roots. How do you know the square roots
are correct?

13. Assessment Focus
a) Which letter on the number line below
corresponds to each square root?
Justify your answers.

i) 212.25 i) 812%1 iii) 216.81
sl s
iv) 5100 v) 20.09 Vi) B 25

F B A C E D
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b) Sketch the number line in part a. Write
3 different decimals, then use the letters
G, H, and J to represent their square
roots. Place each letter on the number
line. Justify its placement.

14. A square has area 5.76 cm?,
a) What is the side length of the square?
b) What is the perimeter of the square?
How do you know?

15. A square piece of land has an area not less
than 6.25 km? and not greater than 10.24 km?,
a) What is the least possible side length of
the square?
b) What is the greatest possible side length

of the square?

c¢) A surveyor determined that the side
length is 2.8 km. What is the area of
the square?

16. A student said that 20.04  0.02.
Is the student correct?
If your answer is yes, how could you check
that the square root is correct?
If your answer is no, what is the correct
square root? Justify your answer.



17. Look at the perfect squares you wrote for

questions 4 and 6.

The numbers 36, 64, and 100 are related:

36 64 100,0or6> 8> 10°

These numbers form a

Pythagorean triple.

a) Why do you think this name is
appropriate?

b) How many other Pythagorean triples can
you find? List each triple.

Take It Further

18. Are there any perfect squares between 0.64
and 0.81? Justify your answer.

19. A student has a rectangular piece of paper
7.2 cm by 1.8 cm. She cuts the paper into
parts that can be rearranged and taped to
form a square.

a) What is the side length of the square?
b) What are the fewest cuts the student
could have made? Justify your answer.

l

Explain the term perfect square. List some whole numbers, fractions, and decimals
that are perfect squares. Determine a square root of each number.

Mach Bink)

History

The Pythagorean Theorem is named for the Greek
philosopher, Pythagoras, because he was the first person to
record a proof for the theorem, around 540 BCE. However,
clay tablets from around 1700 BCE show that the Babylonians
knew how to calculate the length of the diagonal of a

square. And, around 2000 BCE, it is believed that the
Egyptians may have used a knotted rope that formed a
triangle with side lengths 3, 4, and 5 to help design

the pyramids.

1.1 Square Roots of Perfect Squares

13



1.2

Square Roots of Non-Perfect Squares

A ladder is leaning against a wall.

For safety, the distance from the base of a ladder to
FOCUS the wall must be about % of the height up the wall.
e e How could you check if the ladder is safe?

square roots of 9m
decimals and

fractions that are

non-perfect squares.

A ladder is 6.1 m long.
The distance from the base of the ladder to the wall is 1.5 m.
Estimate how far up the wall the ladder will reach.

Reflect g Compare your strategy for estimating the height with that of another pair
of classmates. Did you use a scale drawing? Did you calculate?

Which method gives the closer estimate?

Many fractions and decimals are not perfect squares.
That is, they cannot be written as a product of two equal fractions.
A fraction or decimal that is not a perfect square is called a non-perfect square.

Here are two strategies for estimating a square root
of a decimal that is a non-perfect square.
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Using benchmarks, 3 4 5 6 7758 9
To estimate 275, visualize ' ;
a number line and the
closest perfect square

on each side of 7.5.

24 2and29 3

7.5 is closer to 9 than to 4, so
275 is closer to 3 than to 2.
From the diagram, an approximate value for 275i0s2.7.
We write 27.5 2.7

N -
O

Using a calculator

275 2738612788

This decimal does not appear to terminate or repeat.

There may be many more numbers after the decimal point that

cannot be displayed on the calculator.

To check, determine: 2.738 612 7882  7.500 000 003

Since this number is not equal to 7.5, the square root is an approximation.

Example 1 illustrates 4 different strategies for determining the square root of a
fraction that is a non-perfect square.

Estimating a Square Root of a Fraction

Determine an approximate value of each square root.

8 3 3 19
3 g5 b) 10 9 g7 )56
A Solution

a) Use benchmarks. Think about the perfect squares closest to the numerator and
denominator. In the fraction %, 8 is close to the perfect square 9,
and 5 is close to the perfect square 4.

8 9
So, B5 B4
9 3
B4 2
8 3
So, B5 2

1.2 Square Roots of Non-Perfect Squares



b) Write the fraction as a decimal, then think about benchmarks.
.3 L
Write 10852 decimal: 0.3
Think of the closest perfect squares on either side of 0.3.

20.25 0.5and 2036 0.6

02 025 03 0.36 Oi4

vy Y
05 2 06

0.3 is approximately halfway between 0.25 and 0.36, so choose 0.55 as a possible
estimate for a square root.

To check, evaluate:

0.552 = 0.3025

0.3025 is close to 0.3, so 0.55 is a reasonable estimate.
3
So, B10 0.55
¢) Choose a fraction close to % that is easier to work with.

-+ ~|w

0 1

= is a little less than %

05
205 20.49
And, 2049 0.7

3
So, 87 0.7
d) Use the square root function on a calculator.

19
B6 1.779 513 042 B

To the nearest hundredth, B% 1.78

N~ W
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Finding a Number with a Square Root between Two Given Numbers

Identify a decimal that has a square root between 10 and 11. Check the answer.

Solutions

Method 1

The number with a square root of 10 is:
102 100

The number with a square root of 11 is:
112 121

So, any number between 100 and 121 has a
square root between 10 and 11.

A decimal between 100 and 121 is 105.6.
So, 2105.6 is between 10 and 11.

Use a calculator to check.

21056  10.276 186 06

So, the decimal 105.6 is one correct answer.

Method 2

One decimal between 10 and 11 is 10.4.

To determine the number whose square root
is 10.4, evaluate: 10.42  108.16

So, 2108.16 is between 10 and 11.

Use a calculator to check.

2108.16 10.4

So, the decimal 108.16 is one correct answer.

Applying the Pythagorean Theorem

The sloping face of this ramp is to be covered in carpet.

a) Estimate the length of the ramp to the
nearest tenth of a metre.

b) Use a calculator to check the answer.
c) Calculate the area of carpet needed.

A Solution

1.5m

- [

6.5m

a) The ramp is a right triangular prism with a base that is a right triangle.

The base of the prism is its side view.

To calculate the length of the ramp, r, use the Pythagorean Theorem.

7 652 152
42.25 2.25
445

r 2445

J Jl.Sm

6.5m
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44.5 is between the perfect squares 36 and 49, and closer to 49.

So, 244.5 is between 6 and 7, and closer to 7. | M
Estimate 244.5 as 6.7. illi wjrj';‘ve:j'f:jh‘: i
To check, evaluate: 6.72  44.89 nearest tenth, the answer
This is very close to 44.5,so0r1 6.7 il intieten i this form.
The ramp is about 6.7 m long.

b) Use a calculator to check: 2445 6,670 832 032
This number is 6.7 to the nearest tenth, so the answer is correct.
¢) The sloping face of the ramp is a rectangle with dimensions 6.7 m by 2.2 m.
The area of the rectangle isabout: 6.7 2.2 14.74
Round the answer up to the nearest square metre to ensure there is enough carpet.
So, about 15 m? of carpet are needed.

Discuss 1. Explain the term non-perfect square.

2. Name 3 perfect squares and 3 non-perfect squares between the
numbers 0 and 10. Justify your answers.

3. Why might the square root shown on a calculator be an
approximation?

Check Apply
4. For each square root, name the two closest 6. Use benchmarks to estimate a fraction
perfect squares and their square roots. for each square root.
a) 2@ b) 2@ State the benchmarks you used.
¢) 2935 f 21135 B10 BS
o L 6 2
B13 B6
5. For each square root, name the two closest
perfect squares and their square roots. 7. Use benchmarks to approximate
5 55 each square root to the nearest tenth.
B1Y B State the benchmarks you used.
95 595 aC 1AL
’ 795 0 1095 c) 284.5 d) 21455
B 10 B 10 e) 2284.5 f) 2304.5
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8. Use each pair of squares to approximate
each square root.
Explain your strategy.

a) 2295

2
25cm 36 cm2

Njo |

1cm?2

4 cm?2

9. Which of the following square roots
are correct to the nearest tenth?
How do you know? Correct the
square roots that are incorrect.
a) 244 22 b) 206 0.3
c) 266 2.6 d 204 0.2

10. Find 2 decimals that have square roots
between each pair of numbers.
Justify your answers.
a) 3and 4
b) 7and 8
¢) 12 and 13
d) 1.5and 2.5
e) 45and 5.5

11. Use any strategy you wish to estimate the
value of each square root. Explain why you
used the strategy you did.

a) 245 b) 317 ¢ 2015 d 10

2 B4l
e) 207 1) B% ) 20.05 h) B%

12. Approximate each square root to the nearest
tenth. Explain your strategy.

3 5 13 25

a) B8 b) B12 c) B4

13. In each triangle, determine the
unknown length.

a) b)
1.2cm 05 cm 1.5cm h
h 2.2¢cm
c) d)
5.6 cm 2.4 cm S
S 2.5¢cm
2.8cm

14. Assessment Focus How many decimals
and fractions can you find with square roots
between 0.5 and 0.6?

List the decimals and fractions.
Justify your answers. Show your work.

15. Sketch a number line from 0 to 10.
Place each square root on the number line
to show its approximate value.

a) 20.1 b) 256.3
¢ 206 d) 20.03

16. a) Which square roots are correctly placed
on the number line below?
How do you know?

f ¢ t
R ! 2

o -+

b) Sketch a number line from 0 to 2. On the
number line, correctly place the square
roots that were incorrectly placed in
part a.
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17. Use a calculator to determine each square
root. Which square roots are approximate?
How do you know?

a) 2529 b) 2529 ¢ 22.25 d) 2225

18. Look at the numbers and their square roots
you have determined in this lesson.
How would you describe the numbers
whose square roots are:
a) less than the number?
b) equal to the number?
¢) greater than the number?
Justify your answer.

19. Determine a decimal or a fraction whose
square root is between each pair of numbers.
a) Oand 1 b) 1.5and 2

c)%and% d) 3%and4

20. On each grid below, the side length of each
square represents 0.25 km.
Determine the length of AB to the nearest
hundredth of a kilometre.
a) b)

A

21. a) Use a calculator to approximate each
square root.

i) 20.005
iv) 25000

i) 205 iii) 250

v) 2500 000

b) What patterns do you see in the square
roots in part a? Use the patterns to write
the previous two square roots less than
20.005 and the next two square roots
greater than 2500 000.

Take It Further

22. Are there any square numbers between 0.6
and 0.61? How do you know?

23. The grid below shows point A(1.1, 0.7) that
is one vertex of a square with area
0.25 square units. What are the coordinates
of the other three vertices of the square?
Justify your answer.

falie] y
Uio

A(1.1,0.7

06
V239,

[en)
I

[ew)
N

24. The side length of a square photograph is
5.5 cm. An enlargement of the photograph
is a square with an area that is twice the area
of the smaller photograph.

a) Estimate the side length of the larger
photograph. Justify your answer.

b) Why is the side length of the larger
photograph not twice the side length of
the smaller photograph?

Explain why the square root of a non-perfect square displayed on a calculator is
only an approximation. Include examples in your explanation.

20 UNIT 1: Square Roots and Surface Area



Mid-Unit Review

1. Explain how you can use each diagram to 7. Which decimals and fractions are perfect
determine the square root. squares? Explain your reasoning.
— 9 6
g B a) 61 b) 3.6 0 g d) 5.76
B36
1 unit

8. Use benchmarks to estimate each
square root.

a) 25.6 b)

¢ 24238

Ble |

b) 20.36 B

356 P 9

1 unit

9. In each triangle, determine the
unknown length.

\ a)

h
2. Calculate the number whose square root is:
3 7
)14 b 0 4 d) 0.5 2.5cm s em
3. Determine the value of each square root. b)
- o - * S
1 4
a) 20.04 b) gig O 2196 d) B8l \_‘0.9 o
4.1cm

e) 21.69 1) B% g) 20.09 h) B%
10. Which of the following square roots are

4. Determine the value of each square root. correct to the nearest tenth?
a) 23.24 b) 290.25 ) 22.56 How do you know? Correct the square
roots that are incorrect.

5. A square has area 148.84 cm?,

a) What is the side length of the square? 2 2%9 03 ) Zi 04

b) What is the perimeter of the square? 9 285 29 d) 2275 5.2
6. A student said that 20.16  0.04. 11. Find 2 decimals that have square roots

Is the student correct? between each pair of numbers.

If your answer is yes, how could you check Justify your answers.

that the square root is correct? a) 4and 8 b) 0.7 and 0.9

If your answer is no, explain how to get the ¢) 1.25and 1.35 d) 0.25and 0.35

correct square root. e) 45and 5.5 f) 0.05and 0.1
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Start How Can | Begin?

Where You
Are Suppose | have to solve this problem:

A right triangular prism is 20 cm long.

Each base is an isosceles triangle with side lengths
10 cm, 10 cm, and 8 cm.

What is the surface area of the prism?

What is my first step? Y

¢ | could use a model.

¢ | could sketch a diagram.

* | could visualize the prism in
my mind.

If I use a model, | can place stickers on the
prism to label its dimensions.

The model should have the shape of a
triangular prism, but the dimensions of the
prism do not have to match the given
dimensions.

If 1 sketch a diagram, | label it with the
given dimensions.

The diagram does not have to be
drawn to scale.
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If I visualize the prism, | picture its faces.

What do | already know?

¢ astrategy to find the area of a rectangle

+ astrategy to find the height of an isosceles triangle when the
lengths of its sides are known

+ astrategy to find the area of an isosceles triangle

Use strategies you know to find the surface area of the right triangular prism.

Check

1. Aright triangular prism is 35 cm high. Its bases are equilateral triangles,
with side lengths 12 cm. What is the surface area of the prism?

2. Aright cylinder is 35 cm long. Its diameter is 12 cm.
What is the surface area of the cylinder?

Start Where You Are
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Making a Larger Square from Two Smaller Squares

You will need

e 2 congruent square
pieces of paper

® SCiSsors

e square dot paper

Before you cut the squares, sketch them on square dot paper.
Draw possible cuts you could make.

Imagine joining all the pieces with no overlap.

Do the pieces form a larger square?

Number of Players
.2

Goal of the Game

= To cut two congruent Check diction by cutting th q ina th
squares and rearrange eck your prediction by cutting the squares and arranging the

the pieces to form one pieces to form a larger square. If your prediction did not work,
larger square try again using another two congruent squares.

Share your method with another pair of students.
Are there other possible ways of forming the larger square?
How could you do this by making the fewest cuts possible?

Suppose the area of each congruent square is 1 square unit.
» What is the area of the larger square?

* What is the side length of the larger square, to the nearest tenth?

Suppose the area of each congruent square is 2 square units.
Determine the area and side length of the larger square.
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Surface Areas of Objects Made from

Right Rectangular Prisms

These cube houses were built in
Rotterdam, Netherlands.

FOCUS Suppose you wanted to determine
« Determine the surface the surface area of one of
areas of composite these houses.

objects made from
cubes and other right
rectangular prisms.

What would you need to know?

Each of you needs 5 linking cubes.
Assume each face of a linking cube has area 1 unit?.

What is the surface area of 1 cube? Number of Surface Area
Put 2 cubes together to make a “train.” Cubes (square units)
What is the surface area of the train? 1
Place another cube at one end of your train. )
What is its surface area now? 5
Continue to place cubes at one end of the train, .
and determine its surface area. ;

Copy and complete this table.

What patterns do you see in the table?
What happens to the surface area each time you place another cube on the train?
Explain why the surface area changes this way.

With the 5 cubes, build an object that is different from the train and different from
your partner’s object.

Determine its surface area.

Compare the surface area of your object with that of your partner’s object.
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Reflect o Compare your objects with those of another pair of students who made
different objects. Are any of the surface areas different?

If your answer is yes, explain how they can be different when all the objects
are made with 5 cubes.

Here is an object made from 4 unit cubes.
Each face of a cube is a square with area 1 unit?.

Here are 2 strategies for determining the surface area of the object.

Count the square faces of all the cubes,
then subtract 2 faces for each surface
where the cubes are joined.

We say the faces overlap.

The object has 4 cubes. Each cube has 6 faces.
So, the number of facesis;:6 4 24

There are 3 places where the faces overlap,

so subtract: 3 2, or 6 faces
The surface area, in square units, is: 24 6 18

Count the squares on each of the 6 views.

There are:
4 squares on the top,

4 squares on the bottom, Left side B : nght side
3 squares on the front, | ] | . - I
3 squares on the back, + Front

2 squares at the right, l:l_l—_'Bottom
and 2 squares at the left.

The surface area, in square units, is:

4 4 3 3 2 2 18 Back
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An object like that on page 26 is called a composite object because it is made up,

or composed, of other objects.

Example 1 Determining the Surface Area of a Composite Object Made from Cubes

Each cube has edge length 2 cm.

Solutions

Method 1

Count the squares on each of the 6 views:

Top
l |
Leftside | i i Rightside
| | ]
i Front '
‘ Boitoni

5 'Back

Each of the front, back, top, and bottom views
has 4 squares.

Each of the right and left views has 3 squares.
The surface area, in squares, is:

4 4 @ 2 22

Each square has area: 2cm 2 .cm
So, the surface area is: 22 4 cm?

4 cm?
88 cm?

Determine the surface area of this composite object.

Method 2

The composite object has 5 cubes.
Each cube has 6 square faces.
So, the total number of squaresis:5 6 30

The cubes overlap at 4 places,

so thereare 4 2, or 8 squares

that are not part of the surface area.

The surface area, in squares, is: 30 8 22
Each square hasarea:2cm 2cm 4 cm?
So, the surface areais: 22 4cm? 88 cm?

We can use the surface area of composite objects to solve problems outside the classroom.

1.3 Surface Areas of Objects Made from Right Rectangular Prisms
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Example 2 Determining the Surface Area of a Composite Object Made from
Right Rectangular Prisms

Renee uses 3 pieces of foam to make this chair.

Each piece of foam is a right rectangular prism with
dimensions 60 cm by 20 cm by 20 cm. -
Can Renee cover the chair with 2 m? of fabric? [20 cm

20 cm
60 cm
A Solution
Convert each measurement to metres, then the
surface area is measured in square metres.
60cm 0.6m 20cm  0.2m
Determine the surface area of the rectangular prism Overlap
that is the base of the chair. "
04m 0.2m

Area of top and bottom faces: 2(0.6  0.4) 0.48
Area of front and back faces: 2(0.6  0.2) 0.24 02m 0.2m
Area of left and right faces: 2(0.2 0.4) 0.16 0.2m
Surface area of the base of the chair: 0.6 m
048 024 016 0.88
Determine the surface area of the rectangular prism
that is the back rest. 0.6 cm

02m A
Area of top, bottom, front, and back: 02 i Overlap

Zm

406 0.2) 0.48
Area of left and right faces: 2(0.2 0.2) 0.08
Surface area of back rest: 0.48 0.08 0.56

Add the two surface areas, then subtract twice the area of the overlap
because neither of these areas is part of the surface area of the chair:
088 056 206 02) 144 024

1.2
The surface area that is to be covered in fabric is 1.2 m?,
Since 2 m2 1.2 m2, Renee can cover the chair with 2 m? of fabric.
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Solving Problems Involving the Surface Area of a Composite Object

A warehouse measures 60 m by 30 m by 20 m. 60 m

An office attached to one wall of the warehouse 30m

measures 20 m by 20 m by 10 m.

a) Determine the surface area of the building. IL 20 m .
m

10 m

b) A contractor quotes to paint the exterior of the
building at a rate of $2.50/m?. 20m' R
These parts of the building are not to be painted:
the 2 roofs; the office door with area 2 m?;
3 loading doors, each measuring 10 m by 15 m;
and 4 windows on the office, each with area 1 m?.
How much would it cost to paint the building?

A Solution

The surface area is measured in square metres.

a) The 4 walls and roof of the warehouse form its surface area.
Area of roof: 60 30 1800
Area of left and right side walls; 2(30  20) 1200
Area of the front and back walls: 2(60 20) 2400
So, the surface area of the warehouse is: 1800 1200 2400 5400

The 3 walls and roof of the office form its surface area.
Areaof roof: 20 20 400

Area of front, left, and right side walls: 3(20 10) 600
So, the surface area of the office is: 400 600 1000

For the surface area of the building, add the surface areas of the warehouse

and the office, then subtract the area of the overlap.

The area of the overlap, which is the back of the office, is: 20 10 200

So, the surface area of the building is: 5400 m? 1000 m® 200 m? 6200 m?

b) To calculate the area to be painted, subtract the areas of the roofs, doors,
and windows from the surface area of the building.
Area of roofs: 1800 400 2200
Area of loading doors: 3(10  15) 450
Area of office door and windows: 2 4(1) 6
So, the area to be painted is: 6200 m?> 2200 m? 450 m? 6m? 3544 m?
The cost to paint the building is: 3544  $2.50 $8860.00

20m

1.3 Surface Areas of Objects Made from Right Rectangular Prisms
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Discuss 1. When a composite object is made from right rectangular
prisms, why is the surface area of the object not the sum of the

surface areas of the individual prisms?

2. The surface area of an object is the area of a net of the object.
How would drawing a net help you determine the surface area
of a composite object?

3. In Example 3, why are the bases of the warehouse and office not
included in the surface area?

"""""""

Check Apply
4. Make each composite object with cubes. 5. These are 1-cm cubes.
Assume each face of a cube has area 1 unit?. -
Determine the surface area of each M E
composite object. S
a) b) a) Determine the surface area of the

composite object formed by placing
cube 4 on top of each indicated cube.
i) cube 1 ii) cube 2 i) cube 3
b) Why are the surface areas in part a equal?

6. These are 1-cm cubes.

a) Determine the surface area of the
composite object formed by placing
cube 5 on top of each indicated cube.
i) cube 1 iiy cube 2 iii) cube 3

b) Why are all the surface areas in part a
not equal?
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7. Why could you not use 6 views to determine
the surface area of this composite object?

=y

8. Determine the surface area of each
composite object.
What effect does the overlap have on the
calculation of the surface area?

a)
cm
2cm 1cm 2 em
3cm
5cm
b) 2cm
2cm 41 cm
3cm
‘2cm
4cm 4cm '
3cm
6cm
C) 25¢cm
45cm
6.5cm
3.5[cm
55cm <~
3.5cm
A
1.5cm-/

9. Work with a partner. Tape a tissue box on a
shoebox to form a composite object.
a) What is the area of the overlap?
How did you calculate it?
b) Determine the surface area of the object.
How did you use the area of the overlap
in your calculation?

10. Assessment Focus A garage has the
dimensions shown. The attached shed has
the same height as the garage, but is
one-half as long and one-half as wide.

w\m

1/m
3 D 1m
/ I2m
m

a) What is the surface area of the building?

b) Vinyl siding costs $15/m?. The doors,
windows, and roof will not be covered
with siding. How much will it cost to
cover this building with siding?

7.8m

3.8m

2

11. This is a floor plan of a building that is 8 m
tall. It has a flat roof. What is the surface
area of the building, including its roof?

‘ 22m
18 m

27 m

12. Use 27 small cubes to build a large cube.
a) Determine and record its surface area.
b) How many ways can you remove one
cube without changing the surface area?
Explain your work.
¢) Suppose you painted the large cube. How
many small cubes would have paint on:
i) exactly 1 face? i) exactly 2 faces?
iii) exactly 3 faces? iv) O faces?
v) more than 3 faces?
How could you check your answers?
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13. Every January, the Ice Magic Festival is held
at Chateau Lake Louise in Banff National
Park. An ice castle is constructed from huge
blocks of ice.

a) Suppose you have 30 blocks of ice
measuring 25 cm by 50 cm by 100 cm.
Sketch a castle with no roof that could be
built with some or all of these blocks.

b) Determine the surface area of your castle,
inside and out.

Take It Further

14. Use 6 centimetre cubes.
a) Build a composite object. Sketch the object,

then determine and record its surface area.

b) Use the cubes to build other objects with
different surface areas. Sketch each object
and record its surface area.

c) Determine all the different surface areas
for a composite object of 6 cubes.

d) Describe the object with the greatest
surface area. Describe the object with the
least surface area.

15. Use centimetre cubes. Build, then sketch all
possible composite objects that have a
surface area of 16 cm?2.

16. A pyramid-like structure is made with 1-m?
wooden cubes. The bottom layer of the
structure is a rectangular prism with a
square base and a volume of 25 mq,

The next layer has a volume of 16 m?.

The pattern of layers continues until the
top layer, which has a volume of 1 m@,
Determine the surface area of the structure.
Describe any patterns you find.

17. The SOMA Puzzle was invented by a Danish
poet and scientist named Piet Hein in 1936.
The object of the puzzle is to arrange these
7 pieces to form one large cube:

a) Determine the surface area of each piece.

b) Use linking cubes to make your own
pieces and arrange them to form a
large cube.

¢) Suppose you painted the large cube. How
many faces of the original 7 pieces would
not be painted? How do you know?

Why is it important to consider the areas of overlap when determining the
surface area of a composite object? Include an example in your explanation.
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14 Surface Areas of Other

Composite Objects

A student designed this stand
for a table lamp. How could

FOCUS the student determine the
« Determine the surface surface area of this stand?
areas of composite What would he need to know?

objects made from
right prisms and
right cylinders.

4

To meet safety regulations, a wheelchair ramp must be followed by a landing.
This wheelchair ramp and landing lead into an office building.
Calculate the surface area of the ramp and landing.

1.6m
>

soom [N E— ;.
9.6 m
What strategies did you use to determine the surface area?

What assumptions did you make?

Compare your strategy and calculations with

those of another pair of students.

How many different ways can you determine the surface area? Explain.

We use the strategies from Lesson 1.3 to determine the surface area of a composite
object made from right cylinders and right triangular prisms. That is, consider each
prism or cylinder separately, add their surface areas, then account for the overlap.
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For composite objects involving right prisms, we can use word formulas to
determine the surface areas of the prisms.

A right rectangular prism has 3 pairs of congruent faces:
¢ the top and bottom faces

* the front and back faces

¢ the left side and right side faces

Top

The surface area is the sum of the areas of the faces:
Surfacearea 2 areaoftopface 2 areaof frontface 2 area of side face

A right triangular prism has 5 faces: Balise
2 congruent triangular bases
3 rectangular faces

The surface area is the sum of the areas of the
triangular bases and the rectangular faces:
Surface area 2 areaof base areas of 3 rectangular faces

Determining the Surface Area of a Composite Object Made from Two Prisms

Determine the surface area of this object.

10 cm

10 cm
4cm

3cm

8cm
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A Solution

3cm
The object is composed of a right triangular prism
on top of a right rectangular prism. The surface area
is measured in square centimetres.
6cm
For the surface area of the rectangular prism:
I 4cm
Overlap
8cm 4cm
3cm 3cm
-

4cm 3 cm

Surfacearea 2 areaoftopface 2 areaof frontface 2 area of side face
2 8 3 (@2 8 4 (2 3 4) Usetheorder of operations.
48 64 24
136

The surface area of the right rectangular prism is 136 cm?2,

For the surface area of the triangular prism:

Each base of the prism is a right triangle, 6cm
with base 8 cm and height 6 cm.

3cm

8cm Overlap

Surface area 2 areaof base areas of 3 rectangular faces

@ ; 8 6 (3 6 (3 8 (3 10 Usthefactthat2 > 1.
1 8 6) (3 6) (3 8 (3 10 Use the order of operations.
48 18 24 30

120

The surface area of the right triangular prism is 120 cm?.

Add the two surface areas, then subtract twice the area of the overlap.
Surfacearea 136 120 (2 8 3)

136 120 48

208

The surface area of the object is 208 cm?.
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When a composite object includes a right cylinder, m

we can use a formula to determine its surface area. O

A cylinder has 2 congruent bases and a curved surface.

Each base is a circle, with radius r and area r2. Height
The curved surface is formed from a rectangle with:

* one side equal to the circumference of the circular base,and  |,-=77 7~ .

+ one side equal to the height of the cylinder v

The circumference of the circular base is 2 r.

Surface area  area of two circular bases  curved surface area
2 areaof one circular base  circumference of base  height of cylinder
2 r* 2r height

Sometimes, one base of the cylinder is not included in the surface area calculation
because the cylinder is sitting on its base. Then,

Surface area  area of one base  circumference of base  height of cylinder
r> 2 r height

Determining the Surface Area of a Composite Object Made
from Two Cylinders

Two round cakes have diameters of 14 cm and 26 cm, and are 5 cm tall.
They are arranged as shown. The cakes are covered in frosting. What is the area of frosting?

14 cm

Solutions

Method 1

Calculate the surface area of each cake.
Do not include the base it sits on because this will not be frosted.
The surface area is measured in square centimetres.
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For the smaller cake:
The diameter is 14 cm, so the radius, r, is 7 cm. The height is 5 cm.
Surface area  area of one base  circumference of base  height of cylinder
r2 2 r height
( 7 (2 7 5) Use a calculator and the order of operations.
373.85

For the larger cake:
The diameter is 26 cm, so the radius, r, is 13 cm. The height is 5 cm.
Surface area  area of one base  circumference of base  height of cylinder
r2 2 r height
( 13 (2 13 5) Use a calculator.
939.34

To calculate the area of frosting, add the two surface areas, then subtract

the area of the overlap; that is, the area of the base of the smaller cake: 72
Area of frosting 373.85 939.34 ( 72) Use a calculator.
1159.25

The area of frosting is about 1159 cm?,
Since the dimensions were given to the nearest centimetre, the surface area
is given to the nearest square centimetre.

Method 2

Calculate the surface area directly.

The overlap is the area of the base of the smaller cake.
So, instead of calculating the area of the top of the
smaller cake, then subtracting that area as the overlap,
we calculate only the curved surface area of the
smaller cake.

Area of frosting  curved surface area of smaller cake
surface area of larger cake, without one base
(2 7 5 [( 13 (2 13 5)] Use a calculator.
1159.25
The area of frosting is about 1159 cm?,

When some of the lengths on a right triangular prism are not given, we may need to
use the Pythagorean Theorem to calculate them.
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Using the Pythagorean Theorem in Surface Area Calculations

The roof, columns, and base of this porch are to be painted.
The radius of each column is 20 cm.
What is the area to be painted, to the nearest square metre?

((\
r);L\\
2.0m
4
~ -
N\
[
25 m
<—15cm
2.2m
2.0m

A Solution

The roof is a triangular prism with its base an equilateral triangle.
To determine the area of the triangular base, we need to know the height of the triangle.
Let the height of the triangle be h.

A

! 1 !
T T

B 1Im D C

The height, AD, bisects the base, BC.
Use the Pythagorean Theorem in  ABD.

h2 12 22
h? 1 4 Solve for h?.
h2 4 1
3 —
h 23 Determine the square root.
1.732

The height of the equilateral triangle is about 1.7 m.

Since one base of the triangular prism is against the house, it will not be painted.
The rectangular faces are congruent because they have the same length and width.
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So, for the roof:
Surface area  area of one triangular base  areas of 3 congruent rectangular faces

;20 1732 [3 (20 22)]
1732 132
14.932

The base of the porch is a right rectangular prism with only the front, top,
and 2 side faces to be painted. The units must match, so convert 15 cm to 0.15 m.
Surface area  area of front face  area of top face 2  area of side face

20 015 (20 22) [2 (22 0.19)]

03 44 0.66

5.36

The two columns are cylinders. Only the curved surfaces need to be painted.
The radius is 20 cm, which is 0.2 m.
Surfacearea 2  (circumference of base  height of cylinder)

2 (2 r height)

2 (2 02 25)

6.283

To calculate the area to be painted, add the surface areas of the roof, base, and
columns, then subtract the area of overlap at the top and bottom of the columns.
The area of overlap is 4 times the area of the base of one column.
The area of each circular base is:
r? 0.22
0.126
Surface area  area of roof  area of base  area of cylinders
4 area of circular base of column

14932 536 6.283 (4 0.126)

26.071
The area to be painted is about 26 m?,

Discuss 1. What can you use to calculate an unknown length when the
base of a right prism is a right triangle? Explain why.

2. When do you think it is not helpful to draw a net to calculate
the surface area of a composite object?

1.4 Surface Areas of Other Composite Objects
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Check

3. Determine the surface area of each
composite object. Give the answers
to the nearest whole number.
a) cylinder on a cube

2cm
N
\_/T
ﬁcm
\_/+
4cm
4cm
4cm

b) cylinder on a rectangular prism

4cm
<_3cm
(:: @@1cm
3cm

6 cm

¢) cylinder on a cylinder

10cm

2cnr:¥.‘

d) cube on a triangular prism

9cm
12 cm

3cm

15cm

6cm
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e) cube on a triangular prism

2.cm 6cm

de“ 5cm

4. Determine the surface area of each
composite object. Give the answers to the
nearest tenth.

1.5cm

(10cm

b) The cylinder is 3.5 m long with
diameter 0.5 m.

1.5m

25m 25m

4.0 cm

5. Determine the surface area of each
composite object.
a) The cylinder is 2.5 m long with
radius 0.5 m.

25m
25m
ILOm
3.0m




b) The base of the triangular prism b) What are possible dimensions for a door

is an equilateral triangle with and 2 windows? Explain how including
side length 2.8 cm. these features will affect the surface area
1.2cm of the playhouse.
¢) Determine the surface area of the
28cm playhouse not including its doors and
W windows.
1.4cm
4.8cm 8. Jemma has built this doghouse. The roof is a
triangular prism with an isosceles triangle
Apply base. There is an overhang of 0.1 m. There is

an opening for the doorway.

6. Here is the lamp stand from the top of
page 33. The base of the lamp is a
triangular prism with an equilateral triangle
base. The surface of the stand is to be
painted. What is the area that will be
painted? Give the answer to the nearest
whole number.

4 cm
30cm
o 3em a) Determine the surface area of the
doghouse.
15cm . .
b) The doghouse is to be covered with
7. Assessment Focus 2 coats of wood stain. Wood stain can
rectangular prism with a triangular prism of st.ain COVers 6 m?. How many cans
roof. Determine the surface area of the of either size are needed?
playhouse. Explain your thinking.
0.75m
9. Each layer of a three-layer cake is a
1.25m . . .
cylinder with height 7.5 cm.
The bottom layer has diameter 25 cm.
20m The middle layer has diameter 22.5 cm.
The top layer has diameter 20 cm.
The surface of the cake is frosted.
2.0m a) Sketch the cake.
3.0m b) What area of the cake is frosted?
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10. In question 9, you determined the surface
area of a three-layer cake.

a) Suppose a fourth layer, with diameter
27.5 cm, is added to the bottom of the
cake. What is the surface area of cake
that will be frosted now?

b) Suppose a fifth layer, with diameter
30 cm, is added to the bottom of the
cake. What is the surface area of cake
that will be frosted now?

¢) How does the surface area change when
each new layer is added?

Give all the answers to the nearest tenth.

11. Rory will paint this birdhouse he built for
his backyard. The perch is a cylinder with
length 7 cm and diameter 1 cm. The
diameter of the entrance is 3 cm. What is
the area that needs to be painted? Give the
answer to the nearest whole number.

10 cm

P
12 cm
—
1

5cm
16 cm

12. Shael and Keely are camping with their
parents at Waskesiu Lake in Prince Albert
National Park. Their tent trailer is 5 m long
and 2.5 m wide. When the trailer is set up,
the canvas expands to a height of 2.5 m.

At each end, there is a fold out bed that is
1.7 m wide, in a space that is shaped like a
triangular prism. The diagram shows a side
view of the trailer.
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a) Determine the surface area of the canvas
on the trailer.

b) Two parallel bars, 1.3 m high, are placed
vertically at each end to support the
canvas and provide more space in the
beds. Does the surface area of the canvas
change when the bars are inserted?
Explain how you know.

13. a) What is the surface area of a cube with
edge length 24 cm?

b) The cube is cut along a diagonal of one
face to form two triangular prisms. These
prisms are glued together to form a
longer triangular prism. What is the
surface area of this prism? Give the
answer to the nearest whole number.

cut here

~
~

~

24 cm

¢) Why do the cube and the triangular
prism have different surface areas?



14. A birdbath and stand are made from

3 cylinders. The top and bottom cylinders
have radius 22 cm and height 13 cm.

The middle cylinder has radius 15 cm and
height 40 cm. The “bath” has radius 15 cm
and depth 2 cm. The birdbath and stand are
to be tiled. Calculate the area to be tiled.

Take It Further
15. a) What is the surface area of a cylinder that

is 50 cm long and has diameter 18 cm?

b) The cylinder is cut in half along its length
and the two pieces are glued together end
to end.

i) Sketch the composite object.
ii) What is its surface area?
Give the answers to the nearest whole number.

16. Grise Fiord, Nunavut, is Canada’s

northernmost Inuit community and it is
home to 150 residents. In Inuktitut, this
hamlet is called Aujuittug, which means
“the place that never thaws.” Although the
ground is frozen most of the year, it softens
in the summer. The freezing and thawing of
the ground would ruin a house foundation.
The houses are made of wood, and are built
on platforms. The homes are compact and
have few windows.

a) Design and sketch the exterior of a home
that could fit on a platform that is
10 m wide and 20 m long.
b) Determine the surface area of this home.
c) Every outside face needs to be insulated.
Insulation costs $4.25/m?.
How much will it cost to insulate
this home?

Sketch a building or structure in your community that is made up of two or more
prisms or cylinders. Explain how you would determine its surface area.
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Study Guide

Perfect Squares

When a fraction can be written as a product of two equal fractions,

the fraction is a perfect square.

For example, 25 tisa perfect square because —— w5 sand - ¢
When a decimal can be written as a fraction that is a perfect square,

then the decimal is also a perfect square.

The square root is a terminating or repeating decimal. S

8 1225 1225 35
For example, 12.25 is a perfect square because 12.25 0 and B100 10’ or3.5

W4 12 12, 144 12

Non-Perfect Squares

A fraction or decimal that is not a perfect square is a non-perfect square.
To estimate the square roots of a non-perfect square,
use perfect squares as benchmarks or use a calculator.

143 144
B 725 st,Whlch |s = or24

And, 26.4 2.5 to the nearest tenth

For example,

Surface Area of a Composite Object

This is the sum of the surface areas of the objects that make up the
composite object, minus the overlap.

The objects that make up the composite object can be:

A right rectangular prism with : Top
Surfacearea 2 areaoftopface 2 area of front face :L ___________
2 area of side face Front
Base
A right triangular prism with
Surface area 2 areaof base areas of 3 rectangular faces
Base &
A right cylinder, radius r, with m
Surface area 2  area of one circular base O
circumference of base  height of cylinder
2 r> 2r height Height

—————
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Review

1. Use grid paper to illustrate each square

root as the side length of a square,
then determine the value of the

square root. o
9

a) 2121  b) oo ¢ 20.64
81 Py 1
) B16 e) 22.56 f) B3
9 2025  h) B% ) 2361
N a0 36
. Determine each square root.
144 225
g2 b 56s
196 324
9 g8l 9 g121
e) 20.0196 f) 20.0289
9 21.69 hy 24.41

. Which fractions and decimals are perfect
squares? Explain your reasoning.

a) 14780 b) 1.6 0) 147%
d) 0.04 0) % f) 2.5
50 .. 63

. Calculate the number whose square root is:

a) g D16 o d) 0.8

. Determine the side length of a square with
each area below. Explain your strategy.

a) 0.81 m? b) 0.01 m?
c) 4.84 cm? d) 6.25 cm?
e) 0.16 km? f) 1.44 km?

6.

Use benchmarks to approximate each
square root to the nearest tenth. State the
benchmarks you used.

a) 238
c) 2133.8

b) 233.8
d) 2233.8

. Use benchmarks to estimate a fraction for

each square root. State the benchmarks
you used.

77 18 15
3) B10 b) B11 ) B39
83 28 50
9 B19 ¢ B103 " B63

. Use any strategy you wish to estimate the

value of each square root. Explain why you
used the strategy you did.

_ ; _

a) 25.9 b) B0 c) 20.65
21 a5 88

d) B3l e) 223.2 f) B10

. Which of the following square roots are

correct to the nearest tenth? How do you
know? Correct the square roots that are
incorrect.

a) 224 15 b) 21.6 0.4
¢ 21568 156 d) 2478 6.9
e) 205 0.7 f) 207 05
10. Which square roots are correctly placed on
the number line below? How do you know?
1 T 1 T 1 1 T 1 1
1 1 1 1 1 1
5 6 7 8 9 10
25.3 60.8 98.1
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11. Use the square roots listed below. Which 15. Each object is built with 1-cm cubes.

square roots are between each pair of
numbers? Justify your answers.

a) land 2 b) 11 and 12
¢) 3.5and 4.5 d) 1.5and 2.5
e) 4.5and 5.5 f) 14.5and 15.5
2129 248 21345 212
2212 2152 22221 296
232 22371 223 2213.1
21254 2231 21209 228
25.7 229.1

12. Determine the length of a diagonal of each
rectangle.
a) b)

3.5“cm 2.5Icm
u H —
+1.8cm T T

c)

13.

14.

46

8.4cm

+ +1.3cm

Determine a decimal or a fraction whose

square root is between each pair of numbers.

a) %and 1 b) 0.2 and 0.3
o 1.4and 1.41 d) % and %

a) Use a calculator to approximate each
square root.

i) 20.0015 i) 20.15

iv) 21500  v) 2150 000

b) What patterns do you see in the square
roots in part a? Use the patterns to write
the previous two square roots less than
20.0015 and the next two square roots
greater than 2150 000.

iii)y 215

UNIT 1: Square Roots and Surface Area

16.

Determine its surface area.
a)

b)

Determine the surface area of each
composite object. What effect does the
overlap have on the surface area?
a) rectangular prism and cube

1.5cm

3.5cm

0.7cm |

45cm

b) two rectangular prisms
10.5m

7.6m

8.4m

35m| [42m

3.2m




¢) triangular prism, rectangular prism,
and cube

3.6m

6.5m

6.2 m 3.6m

>

50m

17. A desk top is a rectangular prism with

dimensions 106 cm by 50 cm by 2 cm. Each

of 4 legs of the desk is a rectangular prism
with dimensions 75 cm by 3 cm by 3 cm.
a) Sketch the desk.

b) Determine the surface area of the desk.

18. An Inukshuk is a human-like object
constructed from stone by Canada’s Inuit
People. Traditionally, Inukshuks were used
as markers during the Caribou hunt.

The Inukshuk is now a symbol of
leadership, cooperation, and human spirit.
Each stone is separate; the stones are
balanced to make the Inukshuk. This giant
Inukshuk in Igloolik, Nunavut was built to

commemorate the new millenium.

Construct an Inukshuk of cardboard
boxes or other materials. Determine its
surface area.

19. Determine the surface area of each
composite object. Give the answers to the
nearest tenth.
a) The rectangular prism has dimensions
2.5 cm by 2.5 cm by 15.0 cm.
The cylinder is 3.5 cm high
with radius 9.6 cm.

b) Each of the two congruent cylinders is
2.8 cm long, with radius 7.8 cm.
The middle cylinder is 10.4 cm long,
with radius 3.6 cm.

20. There are 2 wooden ramps, each of which
is a triangular prism with a right triangle
base; and a platform that is a rectangular
prism. The ramps are joined to the platform
to make one larger ramp for a BMX bike.
This ramp will be painted completely.

0.6m 0.6m 0.6m

30m 15m 20m 15m 30m 15m

a) Calculate the surface area to be painted.
b) The paint costs $19.95 for one 3.78-L
container. This will cover 35 m?,
The surface area needs 2 coats of paint.
How much paint is needed and how
much will it cost?
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Practice Test

1. Sketch this number line. T B o e S L S
01 2 3 4 5 6 7 8 9 10

a) Do not use a calculator. Determine or estimate each square root. Where necessary,

write the square root to the nearest tenth. Place each square root on the number line.

49  omoE 64 e 9 9
i) B2 i) 26.25 iii) B9 iv) 298.5 V) B100 vi) B10
b) How can you use benchmarks to determine or estimate square roots?
2. a) Use a calculator to determine or estimate each square root. Where necessary,
write the square root to the nearest hundredth.
.3 N ... 576  ohraA Prays
i) B7 i) 252.5625 iii) B 25 iv) 2213.16 v) 2135.4
b) Which square roots in part a are exact? Which are approximate?
¢) Explain why a square root shown on a calculator display may be approximate.
3. a) Identify a perfect square between 0 and 0.5.
How do you know the number is a perfect square?
b) ldentify a number whose square root is between 0 and 0.5.
How can you check your answer?
N
4. One canoe is 2.56 km due south of a small S 8.28 km W T E
island, S. Another canoe is 8.28 km due east l
of the island. How far apart are the canoes? 2.56 km S
How do you know?
5. A garden shed is built against one wall of a garage. Wall of
i garage
The shed. has a sloping roof. lom
a) What is the surface area of the shed, \ 3.0m
not including its door and window? / {3
b) The shed is to be painted with 2 coats of paint. 35m 10m
Paint costs $3.56/L. One litre covers 10 m?., I2.o m 6.0m
What will it cost to paint the shed? 9

4.0m

6. Each of two congruent cubes has volume 64 cm?,
The cubes are joined at their faces to a cylinder
that is 5 cm long and has radius 2 cm.
a) Sketch the object.  b) What is the surface area of this object?
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Unit Problem Design a Play Structure

You will design a play structure for young children,
constructed of light-weight nylon fabric and
fibreglass poles.

Your budget for this project is $800. A student has
offered to sew the fabric for a donation of $125
toward upgrading the school sewing machines.

The design can only include cylinders, rectangular
prisms, and triangular prisms.

There should be between 6 and 8 objects, with at
least one of each type.

The objects can be connected face to face.

Keep in mind that cylinders and openings need to allow enough movement space
to safely accommodate a small child.

The fabric is available in three different colours:
Red costs $10/m?. Yellow costs $11/m?. Blue costs $12/m?2.

The skeleton of the structure is made from fibreglass poles that cost $3/m.

A fabric cylinder needs flexible circular supports every 1 m for reinforcement.
These cost $4/m.

Joiners are included at no cost.

Your work should show:
» models or sketches of your design
+ the surface area of each object
* the cost of each object
« how you calculated the total surface area and the cost of the project
+ an explanation of any unique features of your structure and why you
included them

What have you learned about perfect squares,
non-perfect squares, and square roots?

How are square roots used when you calculate
surface area?
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2 Powers and

Exponent Laws

Imagine folding a piece of paper
in half to form 2 layers.

Imagine folding it in half again to
form 4 layers.

Try this with a sheet of paper.
How many times can you fold the
paper before it is impossible to
make another fold?

What
You’ll Learn

= Use powers to represent
repeated multiplication.
« Use patterns to understand a power
with exponent 0.
= Solve problems involving powers.
= Perform operations with powers.
= Explain and apply the order of operations
with exponents.

50

Why It’s
Important

Powers provide an efficient way
to record our work. The properties
of powers lead to even more efficient
ways to perform some calculations.
Powers are used in many formulas with
applications in science, construction, and
design.



Key Words

* power
* base

* exponent

* square number

= cube number

= power of a power

= power of a product
= power of a quotient
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What Is a Power?

What is the area of this square? What is the volume of this cube?
Write the area as a product. Write the volume as a product.
FOCUS

 Use powers to
represent repeated
multiplication.

1 unit

Investigate | o2

You will need congruent square tiles and congruent cubes.
Use the tiles to make as many different-sized larger squares as you can.
Write the area of each square as a product. Record your results in a table.

Number of Tiles Area (square units) Side Length (units) Area as a Product

1 1 1 1x1

Use the cubes to make as many different-sized larger cubes as you can.
Write the volume of each cube as a product. Record your results in a table.

Number of Cubes Volume (cubic units) Edge Length (units) Volume as a Product

1 1 1 SR TR

Reflect o What patterns do you see in the tables?

Use the patterns to predict the areas of the next 3 squares and the volumes
of the next 3 cubes.

How are these areas and volumes the same? How are they different?
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When an integer, other than 0, can be written as a product of equal factors, we can
write the integer as a power.
For example,5 5 5is5%,

5 is the base. exponent
3 is the exponent.

3 base
5% is the power. power

5% is a power of 5.
We say: 5 to the 3rd, or 5 cubed

A power with an integer base and exponent 2 is a square number.
When the base is a positive integer, we can illustrate a square number.

Here are 3 ways to write 25. 5
Standard form: 25 5x5= 52
As repeated multiplication: 5 5 5 =25
As a power: 52 25 is a square
' number.

A power with an integer base and exponent 3 is a cube number.
When the base is a positive integer, we can illustrate a cube number.

Here are 3 ways to write 125.

X5 x5 =53
Standard form: 125 PSS _ i25
As repeated multiplication:5 5 5 125 is a cube
As a power: 5° number.

Writing Powers

Write as a power.
a3 3 3 3 3 3 b) 7

A Solution

a3 3 3 3 3 3
The base is 3. There are 6 equal factors, so the exponent is 6.
So,3 3 3 3 3 3 3

b) 7
The base is 7. There is only 1 factor, so the exponent is 1.
So,7 Tt

2.1 What Is a Power?
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Sl liZ Evaluating Powers

Write as repeated multiplication and in standard form.

a) 3 by 74

A Solution

a3 3 3 3 3 3 As repeated multiplication
243 Standard form

by7¢ 7 7 7 7 As repeated multiplication
2401 Standard form

Examples 1 and 2 showed powers with positive integer bases.
A power can also be negative or have a base that is a negative integer.

Example 3 Evaluating Expressions Involving Negative Signs

Identify the base of each power, then evaluate the power.
a) ( 3)* b 3 o (39

A Solution

a) The base of the poweris 3.
(3)* (3 (3 (3 (3 Asrepeated multiplication
Apply the rules for multiplying integers:
The sign of a product with an even
number of negative factors is positive.
So,( 3)* 81 Standard form
b) The base of the power is 3.
The exponent applies only to the base 3,
and not to the negative sign.

3 (3%
3 3 3 3)
81
¢) From part b, we know that 3% 81.
So, ( 3% ( 81) ( 81) is the opposite of 81, which is 81.

81
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We may write the product of integer factors without the multiplication sign.

In Example 3a, we may write ( [ 3) ( 3) ( 3)

A calculator can be used to evaluate a power such as ( 7)°

( as( H(C ) ) 3).

N C _
in standard form. =1 =
1 OmT
b I I
Discuss 1. Can every integer, other than 0, be written as a power? Explain.

2. Why is 3% negative but ( 3)* positive? Give another

example like this.

3. Two students compared the calculator key sequences they used
to evaluate a power. Why might the sequences be different?

Check

4. Write the number of unit squares in each
large square as a power.

a) b) C)

5. Write the number of unit cubes in each
large cube as a power.

a) @ b) @ C)

6. Use grid paper. Draw a picture to represent
each square number.
a) 42 by6 6 c) 49
d) 10? e) 81 f) 12 12

10.

. Write the base of each power.

a) 27 b) 43
c) 82 d) ( 10)°
e) ( 6) H 8
. Write the exponent of each power.
a) 2° b) 64
c) 91 d 32
e) (2)° n ( 8)°
. Write each power as repeated
multiplication.
a) 3 b) 104
c) 8° d) ( 6)°
e) 6° f) 42

a) Explain how to build models to show the

difference between 32 and 2°.
b) Why is one number called a square

number and the other number called

a cube number?

2.1 What Is a Power?
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11. Use repeated multiplication to show why 6*
is not the same as 4°.

12. Write as a power.
ad 4 4 4

b2 2 2
95 5 5 5 5 5
d)10 10 10

e) ( 79)( 79)
H (202 C C 2 2( 2)( 2)

Apply
13. Write each product as a power, then evaluate.
ab b5

3 3 3 3
10 10 10 10 10
d © 9 9

e ( 2( 2( 2)

n a4 4

9 ( 5( 5( 9 )
h  G)E)E)E)
(9 5 5 9

14. Predict whether each answer is positive or
negative, then evaluate.

a) 28 b) 108 ) 31 d 7°
(7 H(22 o 22 n 6
(6 ) (6)* k(5> n 4

15. Canada Post often creates special postage
stamps to celebrate important events and
honour famous people.

. HER lllzn-wmn CUP CANADA 2007
«  COUPEDU MONDE U-20 DE LA FIFA, CANRDA 2007

- CANADA
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a) Captain George Vancouver was a Dutch
explorer who named almost 400
Canadian places. To commemorate his
250th birthday in 2007, Canada Post
created a $1.55 stamp.

i) How many stamps are in a 3 by 3
block? Write the number of stamps
as a power.

i) What is the value of these stamps?

b) In July 2007, Canada hosted the FIFA
U-20 World Cup Soccer Championships.
Canada Post issued a 52¢ stamp to
honour all the players and fans.

i) How many stamps are in a 4 by 4
block? Write the number of stamps
as a power.

i) What is the value of these stamps?

16. Evaluate.
a) 3 by 77
C) 511 d) ( 4)10
e (9)° f) 22

17. Assessment Focus
a) Write as repeated multiplication and in
standard form.
43 iy 43 iy (4% vy (49
b) Which products in part a are positive?
Why? Which products are negative? Why?
c¢) Write as repeated multiplication and in
standard form.
) 42 i) 42 iy (4% iv) ( 4D
d) Which products in part ¢ are positive?
Why? Which products are negative?
Why?
e) Write other sets of powers like those
in parts a and c. Explain how you know
if each product is positive or negative
before you write the power in
standard form.



18. a) Isthe value of  3° different from
the value of ( 3)°or ( 3%)?
What purpose do the brackets serve?
b) Is the value of 48 different from
the value of ( 4)%or ( 45)?
What purpose do the brackets serve?

19. a) When does a negative base in a power
produce a negative product?
Give 3 examples.
b) When does a negative base in a power
produce a positive product?
Give 3 examples.

Take It Further

20. Write each number as a power with base 2.
Explain your method.
a) 4 b) 16
d) 256 e) 32

c) 64
f) 128

21. a) Write each number as a power in as many
ways as possible.
i) 16 i) 81 iii) 256
b) Find other numbers that can be written
as a power in more than one way. Show
your work.

22. a) How are the powers in each pair the same?
How are they different?
) 2% 0r 32 ii) 2°or 52
iii) 3% or 43 iv) 5%or 4°
b) In part a, which is the greater power in
each pair? Explain how you know.

What is a power?

23. Without evaluating all the powers, write
them in order from greatest to least:
3, 52,34 6°
Explain your strategy.

How many squares of each side length are
there on a checkerboard? Write each
number as a power.

a) 1 unit b) 2 units
¢) 3 units d) 4 units
e) 5 units f) 6 units
g) 7 units h) 8 units

What patterns do you see in the answers?

25. Explain how to tell if a number is a square
number, or a cube number, or neither.
Give examples.

Why are brackets used when a power has a negative base?
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Nuclear reactions in the core of
the sun create solar energy.
For these reactions to take place, extreme

FOCUS

* Explore patterns
and powers of 10 to

develop a meaning temperature and pressure are needed.
for the exponent 0. The temperature of the sun’s core is
about 107 °C.

What is this temperature in millions of
degrees Celsius?

Choose a number between 1 and 10 as the base of a power.

Use the exponents 5, 4, 3, 2, and 1.

Use your base and each exponent to write a power.

Then write the power as repeated multiplication and in standard form.
Record your results in a table.

Exponent Power Repeated Standard
Multiplication Form

[l NS IR SR SN & |

Describe any patterns in your table.
Continue the patterns to complete the entries in the last row.

Reflect g Compare your tables and patterns with those of other pairs of students.
What do you think is the value of a power with exponent 0?

Use a calculator to check your answer for different integer bases.
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This table shows decreasing powers of 10.

Number in Words Standard Form Power
One billion 1 000 000 000 10°
One hundred million 100 000 000 108
Ten million 10 000 000 107
One million 1 000 000 1086
One hundred thousand 100 000 105
Ten thousand 10 000 104
One thousand 1000 103
One hundred 100 102
Ten 10 10!
One 1 109 We use the pattern in the exponents

to write 1 as 10°.

We could make a similar table for the powers of any integer base except 0.
So, 1 can be written as any power with exponent 0.
For example, 1 2°

1 130

1 ( 95°

Zero Exponent Law
A power with an integer base, other than 0, and an exponent 0 is equal to 1.
n® 1, n 0

Example 1 Evaluating Powers with Exponent Zero

Evaluate each expression.
a) 40 by 4° o) ( 4)°

A Solution

A power with exponent 0 is equal to 1.
a) 4% 1 by 40 1 o ( 4° 1

We can use the zero exponent and powers of 10 to write a number.

2.2 Powers of Ten and the Zero Exponent
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Sz Writing Numbers Using Powers of Ten

Write 3452 using powers of 10.

A Solution

Use a place-value chart.

Thousands Hundreds Tens Ones

3 4 5 2
3452 3000 400 50 2

(3 10 (¢4 100 (5 10) (2 109

(3 1000) (4 1000 (5 10) (2 1) We use brackets for clarity.

Example 3 Interpreting Numbers in the Media

ead-Smashed-In Buffalo Jump is a UNESCO World Heritage Site
Hin Southern Alberta. This site covers 600 hectares and contains
cultural remains used in the communal hunting of buffalo. Head-
Smashed-In was first used for hunting bison at least 5700 years ago
and perhaps as early as 10 000 years ago. It is estimated that close to
sixty million Plains Bison roamed the prairies prior to the Europeans’
arrival in Western Canada. Less than one hundred years later, fewer
than 1000 animals remained.

600

100

6
5700

10 000

60 000 000

1
1000

A Solution
6

100
10?

5000

G
G
1

1

700

1000)
10%)
10*

7
7

Use powers of 10 to write each number in the above paragraph.

100)

102)

6 10000 000
6 107
102

10°

60
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1. In Example 1, why are 4% and ( 4)° equal to 1, while 4%isequalto 1?

2. What is meant by “a power of 10”? Name 6 numbers that are powers

of 10.

3. How would you use patterns to explain that 100 17

Check
4. Evaluate each power.
a) 500 b) 9° ) 10 d) 17°
5. Evaluate each power.
ay( 6)° b 119 ¢ 8 d)( 24)°

6. Write each number as a power of 10.
a)1000  b) 100 000  ¢) 1 000 000 000
d) ten thousand e) one hundred billion

Apply
7. Write 1 as a power in three different ways.

8. Evaluate each power of 10.
a) 107 b) 102
d) 1010 e) 101

c) 100
f) 10°

9. Use powers of 10 to write each number.
a) 6 000 000 000  b) 200 c) 51415
d) 60 702 008 e) 302411 ) 2 000 008

10. Write each number in standard form.
a) 7 107
by(3 10 (9 108 (5 10Y
(7 109
(8 108 (5 10 (2 10®

g9 100 (@ 109 (1 10°

e) 1 100

h (4 109 (1 10 (@ 10
G 109

11. The data below refer to trees in Vancouver.

Use powers of 10 to write each number.

+ Street trees have an estimated value of
over $500 million.

* In the past decade, the Park Board has
planted almost 40 000 new street trees.

» Nearly 3 million ladybugs are released
every year to help control aphids on
street trees.

* The most common street tree is the
Japanese flowering cherry, with over
17 000 growing on city streets.

» There are 130 000 trees lining the streets
of Vancouver.

» There are nearly 600 different types of
trees.

12. Assessment Focus Choose a negative
integer as the base of a power. Copy and
complete the table below. Use patterns to
explain why the power with exponent 0 is
equal to 1.

Standard Form

Exponent Power

O P N W A~ O
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13.

14.

In each pair, which number is greater?

How do you know?

a) (4 10% (6 109 (6 10Y
(7 10°) or 4327

by (2 109 (¢ 10 (2 109
(4 10% or 2432

o (7 100 (7 10%or 777777

» Worldwide, about one billion people lack
access to safe drinking water.

¢ Glacier ice over 100 000 years old can be
found at the base of many Canadian
Arctic ice caps.

» Approximately 1000 kg of water is
required to grow 1 kg of potatoes.

Reflect

Why is a power with exponent 0 equal to 1?

Mach Linky
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Your World

« Henderson Lake, British Columbia, has
the greatest average annual precipitation
in Canada of 6655 mm. That is more
than 100 times as much as Eureka, in
Nunavut, which has the least average
annual precipitation of 64 mm.

* In November 2007, at the request of local
First Nations, over 10 million hectares of
the Mackenzie River Basin were protected
from industrial development.

Using this information:

a) ldentify the powers of 10 and write them
using exponents.

b) Arrange the numbers in order from least
to greatest.

c) Explain how writing powers of 10 using
exponents can help you to order and
compare numbers.

Take It Further

15. What are the meanings of the words trillion,
quadrillion, and quintillion?
Write these numbers as powers.
What strategies did you use?

.
The amount of data that an MP3 player can store is measured in @
gigabytes. For example, one MP3 player can store 2 GB (gigabytes) of . ) L\
songs. One song uses about 7000 KB (kilobytes) of space, where \__)* e

1 GB = 2%0 KB. About how many songs can the MP3 player hold?
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Order of Operations with Powers

FOCUS )
* Explain and apply the .-/
order of operations

with exponents.

':"a':",W-"ﬂ'fl".l'#."JW."r.-f

This was a skill-testing question in a competition
6 3 2) 10 2

Which answer is correct: 5, 10, 15, or 25?
How do you know?

o2
Use each of the digits 2, 3, 4, and 5 once to write an expression.
The expression must have at least one power.

The base of the power can be a positive or negative integer.
The expression can use any of:

addition, subtraction, multiplication, division, and brackets
Evaluate the expression.

Write and evaluate as many different expressions as you can.

Share your expressions with another pair of students.

Where does evaluating a power fit in the order of operations?
Why do you think this is?

2.3 Order of Operations with Powers
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To avoid getting different answers when we evaluate an expression,
we use this order of operations:

+ Evaluate the expression in brackets first.

+ Evaluate the powers.

« Multiply and divide, in order, from left to right.

+ Add and subtract, in order, from left to right.

Example 1 Adding and Subtracting with Powers

Evaluate.
a) 33 28 py3 23 0B 2)°
A Solution
a) Evaluate the powers before adding. b) Evaluate the power, then subtract.
¥ 2 0 OO 3.2 3 900
27 8 3 8
35 5
c¢) Add first, since this operation is within the brackets. Then evaluate the power.
B3 28 5
(5)(5)(5)
125

When we need curved brackets for integers, we use square brackets to show the order of operations.
When the numbers are too large to use mental math, we use a calculator.

S clales s Multiplying and Dividing with Powers

Evaluate.
a2 (3P 6] b) (182 5% ( 5)°
A Solution

a) Follow the order of operations.
Do the operations in brackets first: evaluate the power ( 3)3

[2 ( 3)° 6] [2 ( 27) 6) Then multiply: 2 ( 27)
[ 54 6]2 Then subtract: 54 6
( 60)? Then evaluate the power: (- 60)?
3600
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b) Use a calculator to evaluate (182 592 ( 5)3.

For the first bracket: =E

Use mental math when you can: 5° 1 275
Evaluate 182 + 1 to display 325.

Evaluate 3252 to display 105 625. 325°

For the second bracket: 105525,
( 5)%is negative, so simply evaluate 5° to display 125.
To evaluate 105 625 ( 125), the integers have 573 195
opposite signs, so the quotient is negative. —
Evaluate 105 625 125 to display 845. N5525,/125
So, (182+5%2 ( 5)° 845 guc,

Example 3 Solving Problems Using Powers

Lyn has a square swimming pool, 2 m deep with side
length 4 m. The swimming pool is joined to a circular
hot tub, 1 m deep with diameter 2 m. Lyn adds 690 g
of chlorine to the pool and hot tub each week. This
expression represents how much chlorine is present
per 1 m? of water:

690
2 4 13
The suggested concentration of chlorine is 20 g/m3 of water.
What is the concentration of chlorine in Lyn’s pool and hot tub?
Is it close to the suggested concentration?

A Solution

Use a calculator. Since the denominator has a sum, draw brackets around it.
This ensures the entire denominator is divided into the numerator.

Key in the expression as it now appears: v 42690 E " 19.634 85

The concentration is about 19.6 g/m?3. This is very close to the suggested concentration.

Discuss 1. Explain why the answersto 32 23and (3  2)? are different.

2. Use the meaning of a power to explain why powers are evaluated
before multiplication and division.

2.3 Order of Operations with Powers 65



Check

3. Evaluate.
a) 32 1 by 32 1
0 (3 1)? d 3 1)?
e) 22 4 f) 22 4
9 2 4)? h 2 4)?
) 2 42 j 22 42

4. Evaluate. Check using a calculator.

Q)22 5 by 2 52
¢ (2 5)° d) (2 5)?
e) ( 10 5 f ( 10) 5°

o [( 10) 5P h) [( 10) 5]°

5. Evaluate.
a) 2 (2 b) 2 3)°
02 (3 d @2 3)°
e) 28 (1P ) (2 2)°
92 (2 h @ 1)°
Apply
6. a) Evaluate. Record your work.
)42 48 ii) 53 56
b) Evaluate. Record your work.
) 6% 62 i) 6% 6°

7. ldentify, then correct, any errors in the

student work below. Explain how you think

the errors occurred.

2490 2+ (6
=9+4 16 36

=13 16 36
=172
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10.

11.

12.

13.

. State which operation you will do first,

then evaluate.

a) (NE4) (5)?
o (3% @
e) 102 [10 ( 2)]%9 [18

b) 6(2 5)?

( OF 2

. Sometimes it is helpful to use an acronym

as a memory trick. Create an acronym to

help you remember the order of operations.

Share it with your classmates.

Evaluate.

a3 4?2 (4 6)°

by (8 22 13 3P

o 4 [8(6° 2Y]

9 9 (P

e) (22 13)2

f (118 5)° (42 29

Explain why the brackets are not necessary
to evaluate this expression.

(4 100 (6 2

Evaluate the expression, showing each step.

Winona is tiling her 3-m by 3-m kitchen
floor. She bought stone tiles at $70/m2. It
costs $60/m? to install the tiles. Winona has
a coupon for a 25% discount off the
installation cost. This expression represents
the cost, in dollars, to tile the floor:

70 3% 60 3 075

How much does it cost to tile the floor?

Evaluate this expression:

22 (3 4?2 6

Change the position of the brackets.
Evaluate the new expression. How many
different answers can you get by changing
only the position of the brackets?

d ( 6) 4 (2

An acronym is
a word formed
from the first
letters of other
words.



14. Evaluate each pair of expressions.
Why are some answers the same?
Why are other answers different?

ag3 5 8and5 8 3

b) 32 2%and (3 2)?

)

)

) 332 28 52and (3
d

e)

3 28 5 5
22 3and (2 3)°

5 3 3 4 20 7and

5 3 3 4 20 7

15. This student got the correct answer, but she
did not earn full marks. Find the mistake
this student made. Explain how it is possible
she got the correct answer. Write a more
efficient solution for this problem.

(4 3 # (2
= (24 129" (8
= (24 144° (8

= (120 (8
=1 (8)
-1

-8

16. Use a calculator to evaluate. Write the key
strokes you used.
a) (14 102 (21 28)°
by (36 22 11)% 10°
123
36112° 134
81?
? 92 1 922
e) (142 6%)?
f) (118 25%)° (277 339

<)

17. Assessment Focus Predict which

18.

19.

expression has a value closest to 0.
Explain your strategy for predicting,
then verify your prediction.

(30 9 11 3)°

(3 6) 4

1 (1 1)2+1°

Robbie, Marcia, and Nick got different

answers when they evaluated this

expression: ( 6)2 2[( 8) 2]

Robbie’s answer was 68, Marcia’s answer

was 4, and Nick’s answer was  68.

a) Who had the correct answer?

b) Show and explain how the other two
students might have got their answers.
Where did they go wrong?

A timber supplier manufactures and delivers
wood chips. The chips are packaged in
boxes that are cubes with edge length 25 cm.
The cost of the chips is $14/m?, and delivery
costs $10 per 25 km. One customer orders
150 boxes of wood chips and she lives

130 km from the supplier. This expression
represents the cost, in dollars:

10 25130 25% 106 14 150

How much does the customer pay?

2.3 Order of Operations with Powers 67






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A
algebra tiles,
adding polynomials, 226
dividing polynomials by a
constant, 245
modelling polynomials,
210-213, 258
multiplying and dividing
polynomials by a monomial,
249-254
multiplying polynomials by a
constant, 243
simplifying like terms, 219
solving equations with
variables on both sides, 277
subtracting polynomials, 232
angle of rotation symmetry,
362-365
angles,
in a circle, 404-409
in an inscribed triangle, 408
in an isosceles triangle, 394
in a semicircle, 406-408, 418
in a triangle, 316, 317, 386
verifying properties with
geometry software, 413
arc, 405
area of a square, 7-10

B
balance strategies,
solving equations with,
275-280
base, 53-55
Base Ten Blocks, 210
bias in data collection, 432, 457
binomials, 211, 231, 258
dividing by a constant, 245
dividing by a monomial,
254
multiplying by a constant, 243
multiplying by a monomial, 251
brackets,
in order of operations, 64, 65

C
Cartesian plane,
rotational symmetry on,
369-372

Index

census, 438, 457
Census at School, 442, 450
central angle of a circle, 405-407,
417
verifying properties with
geometry software, 413
chord, 393-396
verifying properties with
geometry software, 401
circle,
angle properties, 404-409
arc, 405
central angle, 405, 417
chord, 393-396
circumference, 405
inscribed angle, 405-407, 409,
417
major arc, 405
minor arc, 405
tangent, 384-387, 417
tangent-radius property,
385, 387
circumference, 405
cluster sampling, 446
coefficient, 211, 258
composite object,
surface area of, 26-29,
33-39,44
concave hexagon, 357
concept map, 239
constant term, 211, 258
constants,
multiplying and dividing
polynomials by, 241-245
convenience sampling, 446, 447
corresponding angles, 335-340
in similar triangles, 344,
346-348
corresponding lengths,
319-322
corresponding side, 319, 326,
335-340
in similar triangles, 344-348
costs in data collection, 432, 457
criteria, 452
cube number, 53
cultural sensitivity in data
collection, 432, 457

D
data collection,
designing a project plan for,
454, 455
potential problems in,
431-434, 457
use of samples and
populations, 437-440
decimals, 98-100
adding, 110
as fractions, 95
dividing, 131-133
identifying as non-perfect
squares, 14-18, 44
identifying as perfect
squares, 10
multiplying, 124, 126, 127
order of operations with, 138
subtracting, 117, 118
degree Celsius, 138, 139
degree Fahrenheit, 138, 139
degree of a polynomial, 211, 258
density formula, 269
dependent variable, 166
destructive sample, 446
diameter, 393
dimensions,
determining with scale
factors, 320, 321
distributive property, 243, 252,
270, 279

E
enlargements, 318-322
similar polygons, 335-340
equations,
describing patterns with,
154-158
for a linear relation, 166
for an oral pattern, 158
for a written pattern, 156, 157
for horizontal and vertical
linear relations, 175-177,
200
for solving a percent problem,
271
graphingax by ¢, 177
matching to graphs, 183-187
solving with balance
strategies, 275-280

Index 549












Acknowledgments

The publisher would like to thank the following people and institutions for permission to use their © materials.
Every reasonable effort has been made to find copyright holders of the material in this text. The publisher would be
pleased to know of any errors or omissions.

Photography

Cover: Martin Vrlik/Shutterstock

p. 3 lan Crysler; pp. 4-5 (clockwise) lan M. Butterfield/Alamy, Photos.com/Jupiter Images Unlimited, The Image
Bank/Getty Images, PhotoObjects.net/Jupiter Images Unlimited, tokmedia.de/Alamy, Mark Winfrey/Shutterstock,
Pat Behnke/Alamy; p. 6 Lynne Furrer/Shutterstock; p. 8 lan Crysler; p. 12 Pixonnet.com/Alamy; p. 13 (top to bottom)
lan Crysler, terry harris just Greece photolibrary/Alamy; pp. 22, 24 lan Crysler; p. 25 Hugo Nienhuis/Alamy; p. 26
lan Crysler; p. 27 lan Crysler; pp. 30-31 lan Crysler; p. 32 Aurora/Getty Images; p. 33 Photographer’s Choice/Getty
Images; p. 43 Brian & Cherry Alexander Photography/Alamy; p. 46 lan Crysler; p. 47 B&C Alexander/Firstlight;

p. 49 Corbis Premium RF/Alamy; pp. 50-51 Shutterstock; p. 52 (left to right) lan Crysler, Andy Crawford/Dorling
Kindersley; p. 56 Library and Archives Canada. Reproduced with the permission of Canada Post; p. 57 C Squared
Studios/Photodisc/Getty Images; p. 58 Stephen Coburn/Shutterstock; p. 60 Courtesy Head-Smashed-In-Buffalo
Jump; p. 62 (top to bottom) CP Photo/Ted S. Warren, Shutterstock; p. 63 Ray Boudreau; p. 65 Jupiter
Images/Creatas/Alamy; p. 67 jonphoto/Shutterstock; p. 70 lan Crysler; p. 71 (top to bottom) Dave Starrett,

Ray Boudreau; p. 72 Paul B. Moore/Shutterstock; p. 73 Photos.com/Jupiter Images Unlimited; p. 77 Mary E.
Cioffi/Shutterstock; p. 78 lan Crysler; p. 87 lan Crysler/Pearson Education Canada; p. 88 James P. Blair/National
Geographic/Getty Images; Comstock Images/Jupiter Images Unlimited; p. 90 Comstock Images/Jupiter Images
Unlimited; pp. 92-93 Tessa Macintosh Photography; p. 94 Stock Food/MaXx Images; p.102 Wirelmage
Stock/Masterfile; p. 103 Brad Wrobleski/Alamy; p. 105 lan Crysler; p. 106 (left to right) Judith Collins/Alamy, Blend
Images/Alamy; p. 110 Flashon Studio/Shutterstock; p. 112 All Canada Photos/Alamy, p. 114 Andre Jenny/Alamy;

p. 116 Gabe Palmer/Alamy; p. 118 All Canada Photos/Alamy; p. 119 Wolfgang Kaehler/Alamy; p. 120 Robert Harding
Picture Library Ltd. Alamy; p. 122 lan Crysler; p. 123 lan Crysler; p. 125 lan Shaw/Alamy; p. 128 (left to right) cb
pix/Shutterstock, Samuel Acosta/Shutterstock; p. 129 Classic Stock/Alamy; p. 130 lan Crysler; p. 135 (left to right)
Design Pics Inc./Alamy, Shutterstock; p. 136 Peter Griffith/Masterfile; p. 138 George Simhoni/Masterfile; p. 141

(left to right) Jupiter Images/Brand X Alamy, National Geographic/Getty Images; p. 147 (top to bottom) Wendy
Nero/Shutterstock; LOOK Die Bildagentur der Fotografen GmbH/Alamy; p. 148 lan Crysler; pp. 150-151 (clockwise)
Dash Shutterstock, Digital Vision/Alamy, Pablo Eder/Shutterstock, Thinkstock Images/Jupiter Images Unlimited,
PhotoslIndia.com/LLC/Alamy, Morgan Lane Photography/Shutterstock; pp. 152-153 lan Crysler; p. 156 CP
Photo/Larry MacDougall; p. 161 (left to right) John McKenna/Alamy, Photodisc/Getty Images; p. 162 lan Crysler; p. 164
Dennis Sabo/Shutterstock; p. 172 (left to right) BananaStock/Jupiter Images Unlimited, Harris Shiffman/Shutterstock;
p. 173 (top to bottom) Lori Adamski Peek/Stone/Getty Images, Perry Harmon/Shutterstock; p. 174 lan Crysler; p. 179
Jeff Whyte/Shutterstock; p. 183 Carlos Osono/Toronto Star; p. 191 Larry Lee Photography/Corbis; p. 192 Jeremy
Maudde/Masterfile; p. 193 Jeff Greenberg/Alamy; p. 194 liquidlibrary/jupiter Images Unlimited; p. 205 Rolf
Bruderer/Corbis; p. 207 lan Crysler; pp. 208—-209 (clockwise) Chris Cooper-Smith/Alamy, Oleg Kozlova/Sophy
Kozlova/Shutterstock, Pelham James Mitchinson/Shutterstock, iwka/Shutterstock, maigi/Shutterstock, david sanger
photographer/Alamy; p. 210 lan Crysler; p. 216 (top to bottom) Dennis Hallinan/Alamy, Wirelmage/Getty Images;

p. 217 lan Crysler; p. 224 AFP/Getty Images; p. 225 lan Crysler; p. 231 lan Crysler; p. 236 J.A. Kraulis/Masterfile;

pp. 238-239, 249, 253 lan Crysler; p. 261 David Papazian/Beateworks/Corbis; pp. 264-265 (clockwise) Kevin
Cooley/Taxi/Getty Images, Comstock/Jupiter Images Unlimited, Blend Images/MaXx Images/Getty Images, Tim
Pannell/Corbis, agefotostock/MaXx Images; p. 266 Sergiy Zavgorodny/Shutterstock, p. 269 Mike Perry/Alamy, p. 281
LOOK Die Bildagentur der Fotografen GmbH/Alamy; p. 282 Jon Riley/Stone/Getty; p. 283 Stockbyte/Getty Images;
p. 285 Photodisc/Alamy; p. 287 lan Crysler; p. 288 (top) PhotoObjects.net/Jupiter Images Unlimited, (bottom left to
right) Elisabeth Reisinger/Shutterstock, Reproduced with permission from the Motion Picture Classification
Corporation of Canada; p. 293 Carslen Reisinger/Shutterstock; p. 294 lan Crysler; p. 297 Jeff Greenberg/Alamy, p. 299
Sasha Burkard/Shutterstock; p. 304 Kelly-Mooney Photography/Corbis; p. 306 terekhov igor/Getty Images; p. 311
(top to bottom) Corbis Premium RF/Alamy, Cindy Charles/PhotoEdit; pp. 314-315 (clockwise) Comstock
Images/Jupiter Images Unlimited, Jupiter Images/Polka Dot/Alamy, CP Photo/Jonathan Hayward, Terrance
Klassen/Alamy, Kris Butler/Shutterstock, Corbis Premium RF/Alamy, Edwin Verin/Shutterstock; p. 318

Acknowledgments 553



Chris Cheadle/Alamy, p. 320 Gunter Marx Photography/Corbis, p. 323 (top to bottom) Visuals Unlimited/Corbis,
YYS/Shutterstock; p. 330 Chris Rabiar/Alamy; p. 331 (top to bottom) JRTT Transport/Alamy, Denis Scott/Corbis;

p. 332 agefotostock/MaXx Images; p. 333 Michael Newman/PhotoEdit; p. 343 All Canada Photos/Alamy; p. 344
Courtesy of NASA Goddard Space Flight Center and U.S. Geological Survey; p. 347 Minden Pictures/Getty Images;
p. 353 Photos.com/Jupiter Images Unlimited; p. 357 Reproduced with the permission of the Minister of Public Works
and Government Services Canada, 2008; p. 358 (top to bottom) The M.C. Escher Company, Haida Button Blanket.
Photo © Canadian Museum of Civilization, artifact VII-B-1525, Image D2004-26626; p. 360 (top to bottom) Ruslana
Stovner/Shutterstock, lan Crysler; p. 361 (clockwise) Thinkstock Images/Jupiter Images Unlimited, Henrik
Lehnerer/Shutterstock, R/Shutterstock; p. 365 Dariusz Sas/Shutterstock; p. 366 (top to bottom) The M.C. Escher
Company, Big Stock Photo; p. 368 (clockwise) Photodisc/Getty Images, Photodisc/Alamy, B.A.E. Inc/Alamy,
blickwinkel/Alamy, agefotostock/MaXx Images, Photodisc/Getty Images; p. 373 (top left to right) Sivolob
Igor/Shutterstock, Photodisc/Getty Images (bottom left to right) Westend 61/Alamy, Wolfgang Deuter/zefa/Corbis;

p. 374 Blaine Billman; p. 375 Denis Dryashkin/Shutterstock; p. 377 Sol Neelman/Corbis; p. 378 (clockwise)

Image Farm Inc./Alamy, Christophe Testil/Shutterstock, PhotoObjects.net/Jupiter Images Unlimited,
PhotoObjects.net/Jupiter Images Unlimited; p. 379 (top to bottom) Jane Mcllroy/Shutterstock, Feathered Rainbow.
Kenojuak Ashevak. Lithograph, 2002. Reproduced with permission of Dorset Fine Arts; p. 381 Martine
Oger/Shutterstock; pp. 382-383 (clockwise) Alan Sirulnikoff/firstlight, nialat/Shutterstock, The National Trust
Photolibrary/Alamy, R/Shutterstock, George H.H. Huey/Corbis, Shubochkin Vasily A./Shutterstock, CP Photo Jeff
Mclntosh; p. 384 (clockwise) Mandy Godbehear/Shutterstock, Mark Yuill/Shutterstock, Image Source Pink/Alamy,

D. Hurst/Alamy, Thinkstock Images/Jupiter Images Unlimited; p. 385 lan Crysler; p. 387 Oote Boel
Photography/Alamy; p. 391 Tony Pleavin/Alamy; p. 392 (top left to right) James RT Bossert/Shutterstock, Anastasiya
Igolkina/Shutterstock, Bob Gibbons/Alamy (left top to bottom) lan Crysler; p. 402 lan Crysler; p. 404 Riser/Getty
Images; p. 409 Ace Stock Limited/Alamy; p. 412 David Stoecklein/Corbis; p. 413 Royalty-Free/Masterfile; p. 421

lan Crysler; pp. 422-423 (clockwise) Jupiter Images/Brand X/Alamy, Picture Partners/Alamy, Blend Images/Alamy;

p. 424 GPI Stock/Alamy; p. 425 Yvette Cardozo/Alamy; p. 426 (top to bottom) Images-USA/Alamy, Stock Foundry
Images/Shutterstock; p. 428 John Van Decker/Alamy; p. 429 Transtock Inc./Alamy; p. 431 The Canadian
Press/Brandon Sun-Tim Smith; p. 433 tbkmedia.de/Alamy; p. 435 CP Photo/Winnipeg Free Press/Boris Minkevich;
p. 436 Anetta/Shutterstock; p. 437 Visual & Written SL/Alamy; p. 438 photobank.ch/Shutterstock; p. 439
cardiae/Shutterstock; p. 440 Blend Images/Alamy; p. 441 Megapress/Alamy; p. 444 Stock Connection Distribution/Alamy;
p. 445 (top to bottom) Rachel Epstein/PhotoEdit, Michael Newman/PhotoEdit; p. 446 (left to right) Design Pics
Inc./Alamy; Brian Goodman/Shutterstock; p. 449 (left to right) digital vision/Firstlight, Vick Fisher/Alamy; p. 452 Michael
Newman/PhotoEdit; p. 454 Photoresearchers/Firstlight; p. 457 CP Photo/Geoff Howe; p. 459 (left to right) Real World
People/Alamy, Nonstock/Firstlight; p. 461 lan Crysler; p. 462 Stephen L. Alvarez/National Geographic/Getty Images;

p. 463 SuperStock/MaXx Images; p. 465 Carlos E. Santa Maria/Shutterstock

Illustrations

ArtPlus Limited, Brian Hughes, Stephen MacEachern/Quack, Allan Moon, Neil Stewart/NSV Productions

p. 325 Map of Victoria Island reproduced with the permission of Natural Resources Canada 2008, courtesy of the Atlas
of Canada.

p. 442 Screen Capture: “Census at School” homepage Source: Statistics Canada, Census at School, from the Statistics
Canada Website

p. 443 Screen Captures: “Canadian summary results” and “Canadian summary results for 2007/2008” Source: Statistics
Canada, Census at School, from the Statistics Canada Website

p. 444 Screen Capture: Results and Data, Courtesy of CensusAtSchool, from the International CensusAtSchool
Project Website

p. 450 Screen Capture; Which method do you use most often to communicate with friends? Source: Statistics Canada,
Census at School, from the Statistics Canada Website

p. 451 Screen Capture: How long does it usually take you to travel to school? Source: Statistics Canada, Census at School,
from the Statistics Canada Website

Statistics Canada information is used with the permission of Statistics Canada. Users are forbidden to copy this
material and/or redisseminate the data in an original or modified form, for commercial purposes, without the express
permission of Statistics Canada. Information on the availability of the wide range of data from Statistics Canada can
be obtained from Statistics Canada’s Regional Offices or the Statistics Canada Website.

554 Acknowledgments



	00_WNCP9_SE_FM_i-xv
	01_WNCP9_SE_Project1_002-003
	02_WNCP9_SE_U1_004-049
	WNCP9_SE_U1_04-05.pdf
	WNCP9_SE_U1_04-24.pdf
	WNCP9_SE_U1_25-49.pdf

	03_WNCP9_SE_U2_050-091
	WNCP9_SE_U2_50-51.pdf
	WNCP9_SE_U2_52-91.pdf

	04_WNCP9_SE_U3_092-147


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




