Lesson 13: Exponent Rules

Definitions: Exponent, Base

Think about the following: 4° What does it mean?

In the exponential expression ¢° (read “a to the third power”), a is called the base and 3 is called the exponent.

Definition: If a is a nonzero real number and n is a positive integer, then 4" =qg-qa-a-...-a

2°=2.2.2.2.2=32

TRY: 4°
Be careful: Expressions of the form (_2)4 and —2* These expressions are not always equal.
(-2)"=(-2)(-2)(-2)-(-2) =16 —24=-2.2.2.2=-16

The placement of the ( ) makes a difference.

TRY: (=3)* and -3°

Product Rule for Exponents

Product Rule for Exponents
If mand n are integersand a £ 0, then, 4" .q" = ™"
i.e. When multiplying expressions with like bases, add the exponents to get the exponent of the
common base. If the base is a number, remember NOT to multiply the base.

3*.37 =3"2=3°=729 -2°y*(5y*) =-20y°
x*-y* =x*y? Since the bases are different, the factors cannot be combined.

TRY:  4x’(5x)
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Power Rules

Power of a Product Rule

If @ and b are nonzero real numbers and n is any integer, then (ab)n =a'b"

i.e. When a group of factors is raised to a power, raise each of the factors in the group to this power.
WARNING: (xy)°> = x°y> and (2ab)* = 2%a*b* but (2+3)3 # 2° + 3% because 2 and 3 are terms, NOT

factors!
(2+3)% = (2+3)(2+3)(2+3) or in general (a+b)3=(a+b)(a+b)(a+b)
(—2x)* =(-2)*(x)* =4x’ This is different than —22x? = —4x?
TRY:  (3y)’ (=3y)’ -(3y)°

Power of a Power Rule

If m and n are any integers and a # 0, then (@a™)' =a™
i.e. A power to a power is found by multiplying the exponents.

(3a’)’ 3a® 3 27 3

64’y 6a° 6 36 4

2y =27 =2=064 Q2x)* =2"x"* =2"x" =16x°

CAREFUL - do not reduce until after the power rule is applied!!

TRY:  (a’h*) 2x*y?y Qx*yY ()
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Quotient and Power of a Quotient Rules

Quotient Rule for Exponents

If mandn areanyintegersand a#0,then 4" +4" =

To divide expressions with like bases, subtract the exponent of the denominator from the
exponent of the numerator to get the exponent of the common base in the quotient.

5 3
a 5-2 3 Yy 3--5 2
a Yy
;
TRY: a_4
a

Power of a Quotient Rule

If @ and b are nonzero real numbers and n is any integer, then (%j = %
When a fraction is raised to a power, the numerator and the denominator are both raised to
that power.
sx ) a0 125K (2 T (2)3 .8
4] T3 g2 P il Ul B e
2y 2’y 8y 3 3 27
6 2 253
TRY: | 22 (a)
Tp (4a’)’
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Quick Review of Exponent Rules

Review: Think about the following: ¢® What does it mean? In the exponential expression > (read
“a to the third power”), a is called the base and 3 is called the exponent.

Definition: If a is a nonzero real number and n is a positive integer, then g" =qg-a-a-...-a

2°=2.2.2.2.2=32

TRY: 4°
Be careful: Expressions of the form (_2)4 and 2%
These expressions are not always equal.
(=2)*=(=2)(-2)-(-2)-(-2) =16 2'=-2.2.2.2=-16
The placement of the ( ) makes a difference.

TRY: (-3)> and -32

Product Property for Exponents
If mand n are integersand a £ 0, then, 4" .q" = o™
i.e. When multiplying expressions with like bases, add the exponents to get the exponent of the
common base. If the base is a number, remember NOT to multiply the base.

363 =3*"2=3°=729 —2%y* 5y =-20y°
Since the bases are differentin x*.3? = x*y?, the factors cannot be combined.

TRY: 23 ¢4 x o5x’ 4x° o 5x

Power Property of Exponents
If m and n are any integers and a # 0, then (a")' = a™”"
i.e. A power to a power is found by multiplying the exponents.

(2’ =2"=2=64  (2x7)" =2""x"" =2'x" =16"

Ga’) 3" 3 27 3
62’y 6a° 6 36 4

CAREFUL - do not reduce until after the power rule is applied!!

TRY:  (a*h*) (2x*y?)? Qx*yY (o
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Power of a Product Property of Exponents

If @ and b are nonzero real numbers and n is any integer, then (ab)" =a'b"

i.e. When a group of factors is raised to a power, raise each of the factors in the group to this power.
WARNING:

(xy)® =x°y° and (2ab)*=2%%* but (2+3)*# 23+ 33 because 2 and 3 are terms, NOT factors!
(2+3)° = (5)°

(—2x) = (-2)°(x)* =4x This is different than —22x? = —4x>

TRY: (By)’ (-3y)’ —(3yy’

A3y)’ ~2(-3y)’ ~(2xy)’

Quotient Properties of Exponents

If mandn are any integers withm>n and b #0, then b_ =p"" and (ﬁj _4
bn

To divide expressions with like bases, subtract the exponent of the denominator from the
exponent of the numerator to get the exponent of the common base in the quotient.

6 7 2
TRY: 3 a 6
34 at 7
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TRY: A Quick Review

1) 62

2) 72

3) 32

4) 52

5) 92

6) 23

7) -32

8) 82

9) 6°

10) 10?2

11) 1°

12) -52

13) 33

14) (-2)?

15) 23

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

(-1)°

103

(-3)?

—16

122

24

80

(-ay

112

—72

(-2)°

42

—-32

12°

62
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Zero and Negative Exponent Rules

Zero Exponent Rule

If a is any nonzero real number then, a’=1
Any number other than 0 raised to the zero power is equal to 1.

Consider: a _ a7 =a"=1
5
a
30 =1 (-5)" =1 -5)'=-1  5y’z7'(y’z)=5)"2"=5-1-1=5
. 0 2 -2 2x7 0
TRY: 9 4x°(2x7) = -(3%)
Negative Exponents
Consider:
3
a 35
Using the Power of a Quotient Rule: ~——5 =d  =d
a
One can think of itas: 444 _ 1 :iz or afz:%
a-a-a-a-a a-a a a
Negative Exponent Rule
For all real numbers a, a # 0, and positive integer n, 4" :i ex: 47 :iz = L
a" 4 16

If a and b are nonzero real numbers and n is a positive integer then,

. (1) 1 o1 1 .
a =| — = — a = — =a
a a" a a”
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A negative exponent on any base (except 0) can be written as one over that base with a positive
exponent. Thus, if a factor is moved either from the numerator to the denominator or from the

denominator to the numerator, the sign of its exponent will change. The sign of the base will
not be affected by the change.

-2 1 -2 1 1 1 3 1 2 2\—4 -8 1
X =— 3T =—=— — =X —=4"=16 X =x =—
x? 32 9 x> 47 ) x*
TRY:
1 1
m74 2_3 F Sj —2_3

Another way of thinking: When a base and exponent are moved across the division bar (from
the numerator to the denominator), the sign on the exponent changes.

513 53 8
i ~29 _2 Move the bases with negative exponents, then simplify.
a’bh® bbb

TRY:
a75b3 y75 5273
W F a3
Careful — when moving bases, only change the sign of the exponent: (_2)‘2 = 1 - = l
(=2 4
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When a fraction is raised to a negative exponent, write its reciprocal with a positive exponent.

TRY:

Be careful, DO NOT change any of the signs of exponents within ().

247 3_[ 3 T_ ¥ 3 274°
3 2a°b) 2'ap’ 2’ 8’

Another way of thinking: Sometimes it is easier to use the Power of a Power Rule first and then
work with any negative exponents. Many students find using this approach helps them avoid
the error of switching the sign of exponents within () as well as the sign of the exponent on the
outside ().

20" 2% Fd® 27a°
3 37 2’ &b’

. . . 2n-3 4-2
Before trying some more problems, think about how to solve this problem: 3.3

What does one do with exponents when like bases are multiplied? Do it.
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Using Exponent Rules

TRY: evaluate each of the following expressions. Leave no negative exponents.

2x'y)” 2y (=5y™)
(a’)” 3yGy™)
(a—2 )4 6y—2
3\ 2
(x72 )3 (x73 )72 [abz j
ab
A3
-3a’b%-2a7°b’ %
Yy z
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