Grade 9 Mathematics Unit 3: Powers & Exponent Laws

Section 2.1 - What is a Power?

When an integer, other than O, can be written as a product of What Are Powers?
equal factors, we can write the integer as a power. 43‘

X
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60& means

4x4x4=64

Terminology

The expression 34 is called a power.

3 is called the

4 is called the

The exponent tells us how many times the base gets multiplied.

3X3X3X3 = 34 = 81
repeated multiplication Ipowcr standard form

(4 factors of 3)
3 is the base

4 is the exponent
3*is the power

Question:

Are the base and exponent interchangeable? In other words, does 25 = 5%
25=2x%x2x%x2x%x2x2=232 52=5x5 =25

No! The base and the exponent cannot be switched and still be equal.

Challenge: M‘TH q-lA !\ENqG&

Can you think of one example where the base and exponent can be switched and
the answers are still equal? You cannot use the same number for both!
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A power with an integer base and an exponent of 2 is a square number.

When the base is a positive integer, we can illustrate a square number using an
area model.

S

There are three ways to write 25:

Standard Form:

Repeated Multiplication:

Power:

A power with an integer base and an exponent of 3 is a cube number.

When the base is a positive integer, we can illustrate a cube number using a
volume model.

5

There are three ways to write 125:

Standard Form:

Repeated Multiplication:

Power:
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Example:

Write as a power.

a) 3x3x3x3 b)6:6:6:6:6:6
) (=2)(=2)(-2) d) (DA
e) 12 H-3)(3)

Example:

Write as repeated multiplication.

a) 27 b) (—3)?

Example:
Write in standard form.

a) 2* b) (=5)(=5)(=5)(=5)
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Note: You have to be careful when evaluating expressions with negative signs!!!

(=3Y=-3x-3 =9 The base in this poweris —3

-3"=—(3) = —(3x3)=-9 The base in this power is just 3 (not —3) Why?

—(=3)=—(-3%x-3) = -9 The base in this poweris —3

The Importance of Brackets

(-3)2 The brackets tell us that the base is -3.
¢ (-3 = (-3) x (-3) = +9

When there is an EVEN NUMBER of negatives
then the product is POSITIVE.

« (438 = (-3)x (-3) x (-3) = -9

When there is an ODD NUMBER of negatives
then the product is NEGATIVE.

-32 There are no brackets so the base is 3.
The negative applies to the whole expression.

« -32 = -(3x3)=-9

Example:
Evaluate. Identify the base.

a) (—2)* base: b) —2* base:

c) —(—2)* base: d) —(-2% base:



Grade 9 Mathematics

Unit 2: Powers & Exponent Laws

Section 2.2 - Powers of Ten & the Zero Exponent?

/E Powers of Ten Gﬁ

A power of 10 is a power with a base of 10 and an integer TN T 1;"'""""' s
exponent. 102 [10x 10 100
10% [10x10x10  |1,000
The exponent is equal to the number of zeroes when the power 10* [10x10x10x10 |10 000
is written in standard form. 105 [10x10x10x10x10 {100,000
106 10x10x10x10x 10 x 10 1 000 000
107 10x10x10x10x 10X 10x 10 10’000'm0
1 1()8 Wx10x10x0x10x10x10x 20 100’000’000
10 - 10 109 10%10%10%10%10%10% 10% 10% 10 1’000’000’000
10%= 10 x 10 = 100 oS
3
10°= 10 x 10 x 10 = 1,000 —

10%= 10 x 10 x 10 x 10 = 10,000
10% 10 x 10 x 10 x 10 x 10 = 100,000
10°= 10 x 10 x 10 x 10 x 10 x 10 = 1,000,000

Following this pattern, what should 10° be?

The exponent is O so there should be no zeroes!!! So 100=1

This leads us to the Zero Exponent Law.

The Zero Exponent Law states: “that a power with
an integer base, other than 0, and an exponent of

Oisequalto 1.”

RO=1 130=1

But, -5°=-1 Why?

53480 =1

Power of Zere Exponent

The Index Power of Zero, using patterns of Powers
works out like this:

Subtract 1 23 =OwIwd =8 > Divide by 2
from Power

22=2x2= 4
Subtract 1 -
from Power Divide by 2

V=2 =2

Subtract 1 e b

from Power > Divide by
2°= 1

Any Value to the Power of Zero Equals 1: a’=1

(2+3)0=1
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Example:

Evaluate. Watch your order of operations!

a) (560)° b) (2x4)°

c) 3+2° d) 3%+ 2°

e) (3 +4x2)° f)-(3+2)°
g)—-3°+5 h) —3% + (-2)°

Zero Exponent

\ =4
KISS

Keep it Simple, Silly!
Any number or variable with
the exponent of 0 is ALWAYS 1
Yes, the Number 1!
Example:
Write each of the following as a power of 10.

a) 10 b) 100

c) 1000 d) 10000

e) one million f) ten billion
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We can use the zero exponent and the powers of 10 to write a number in
expanded form with powers

The number 485" in expanded form is:
Method a)
4000 + 800 + 50 +
Method b)
4 x 1000 + 8 x 100 + 5 x 10 +
Method ¢)
4 x103+8 x 102+ 5 x 101 +

Example:
Write each of the following using powers of 10.

a) 123

b) 1045

c) 12340

d) 308068
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Section 2.3 - Order of Operations with Powers

To avoid getting different answers when we evaluate an expression, we must use
this order of operations:

VVYY

do the operations in the brackets
evaluate the exponents
multiply and divide, in order from left to right
add and subtract, in order from left to right

We can use the word BEDMAS to help us remember the order of operations.

Or we could use any other way that would assist us in
remembering the order. For example, we could also use:

Order of Operations
Brackets ( )

Exponents nX
Divide -~

Muttiply x}
Add J’

in the order
they appear

Subtract il

WHAT IS THE ANSWER?
TETAT+TXT-T

unfortunately most will get this

WRONG!

Order of Operations Mnemonics

Please Excuse My Dear Aunt Sally.

Muittiplication

Division

Addition }
Subtraction

X

Parenthesis ( ) @7

Exponents 52

Use whichever
one comes first.

Use whichever
one comes first.

+_
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Example:
Evaluate.
a) 23+1 b) 8 — 32
c) 3-1)° d) [2x(=2)%]?
2 0y _ 1 4+24
&) (72 +5° + (=5) H—
Example:

This student got the correct answer, but did not earn full marks. Find and explain
the mistake the student made.

—(24—-3x42)0+ (—=2)3
—(24—-122)° = (-8)
—(24—-144)°+ (—-8)
—(—120)° + (—8)
-1 +(-8)
1

8
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Section 2.4 - Exponent Laws I

Patterns arise when we multiply and divide powers with the
same base.

Multiplication

35x33=(B3x3x3x3x3)x(8x3x3)
SEAXAIXAIXAIXAIXEIX3XS *since it’s all multiplication we don’t need brackets

TexTE=(TxT)x(TxTxTx7)
=T xTPxTxTx7x7
What do we notice?

* “When we multiply powers with the same base, the answer has the same
base and the exponent is the sum of the exponents of the original powers.”

Exponent Law 1

“To multiply powers with the same base, add the exponents.”
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Example:
Write as a single power first, then evaluate.

a) 43x4* b) 7°x775 e) (—3)?x(-3)*

Example:

Write as a single power.

a) 95%9 b) 8-11xg13 c) 3.8*x3.82
1 12 1 8
d) (Z) x(z) &) 52x5x53 £) (=2)3%(=2)x(=2)2
Example:

Use the laws of exponents to simplify and then evaluate.

a) 3*x32x33 b) 7°x7%2x7

¢) (=2)3 — (=2)%x(=2) d) 42 — 3° + 23(2)2
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Note:

* “Evaluate” means to find the answer in “standard form” (as a regular
number)

* “Express as a single power” means leave your answer in exponent form

Division

35 . 33= 35
33

=SEAXAIXAIXAIXA

3x3x3 *divide the numerator and denominator by their common factors

=3x3

What do we notice?

* “When we divide powers with the same base, the answer has the same base
and the exponent is the difference of the exponents of the original
powers.”

Exponent Law 2

“To divide powers with the same base, subtract the exponents.”
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Example:

Write as a single power first, then evaluate.

5. 92 GO 3*

a) 2° =2 b) oy c) ”
Example:
Write as a single power.

3
a) 126+ 12 b) = c) 1.46 =+ 1.42
x’ 57 4 0

d = e D (=2)* +(=2)

Example:

Use the laws of exponents to simplify and then evaluate.

a) 67¢ =+ 6* b) 812 = 87x8?2

(_4)10

R — 2 3 2
O e d) 6% + 63%6
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Example:
Write as a single power where possible, then evaluate.

a) 53x52 —52x5

b) —3%(3% + 3%) + 32

c) —23—26+24

d) (=3)°+ (=3)° — (=3)*x(-3)
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Section 2.5 - Exponent Laws II

We can use the exponent laws from the previous
section to simplify powers written in other forms. Wh@ l@wg @ﬁ Exp@m@m@
Product Law

Quotient Law

Power of a Power
Power ofa Power Law
We can raise one power to another power. Power of a Product Law
Power ofa Quotient Law
(32)3 is a power of a power. It means 32 x 32 x 32, Zero Exponent Law

Negative Exponent Law
32x3x32=(3x3)x(Bx3)x(3x3)

=3X3XA3IX3X3%x3B

What do we notice?

* “When we raise a power to another power, the answer has the same base as
the original power and the exponent is the product of the exponents.”

Exponent Law 3

“To raise a power to a power, multiply the exponents”

(an )m= an.m
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Example:

Write as a, power.

a) (3)* b) [(=7)%]? o) - (25)*

d) (3°)? e) (42%)2x (42%)* = ¥ Y
S d
(@)= amxo x
And /

am X apn=gm+n

Example:
Simplify first, then evaluate.

a) (2°)*x(3%)? b) (—3%)*x(-3%)’

) (32x38) + (3%)2 d) (23x22%) — (32x3)?
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Power of a Product

The base of a power may be a product.
(R x 3)%is a power of a product. It means (& x ) x (R x 3) x (8 x 3).
RBx3)x(RBx3)x(Bx3)=83x3x3x3x8x3 *remove brackets

=2x8xB8x3x3x3 *group common factors

=235 x 33

What do we notice?

* “When we have a power of a product, the answer is written as repeated
multiplication with powers. Each term of the product gets the exponent of

the power.”
Exponent Law 4
n n n
a =a
Example:

Evaluate each question using two ways. Use power of a product and BEDMAS.

a) [(=7)x5]? b) —(3%2)?
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Example:

Evaluate, using any method of your choice.

a) (3x4)3

b) [(=2)*x(=2)'°

) (23x2?%)3 — (32x3)?
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Power of a Quotient

The base of a power may be a quotient.

3
2 2 2 2
(5) is a power of a quotient. It means (5) X (5) X (5)

2 2 2 2 2 2
(—) X (—) X (—) ==X-=-X-= *remove brackets
3 3 3 3 3

*group common factors

What do we notice?

* “When we have a power of a quotient, the answer is written as repeated

multiplication with powers. Each term of the quotient gets the exponent of
the power.”

Example:

Evaluate each question using two ways. Use power of a quotient and BEDMAS.

a) [(—24) + 6]* o (2)’
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Challenge: m-&h @m

Use +, —, %, + to complete this equation.

6% 16 QR 6 = 83

& person could use _.
up a lot of chalk AaBbCcDdEeFfGgHNIiJiKkLIMmNN

writing all those X's.

¥D x ¥3
Wouldntithe a _
whole lot \ S(K XX XX XX XX)X (XXX *X)
gasier justto =5
addthe] =x(5 + 3)
exponents?

=x8




