Year

.. .- Number of Stores.

1991
1993
1995
1997
1999
2001
2003

116
272
676
1412
2135
4709
7225

Source: Starbucks Corporation

Is there a Starbucks® store nearby? The number of these coffechouses worldwid
increased greatly since 1991 (see Table 1). In Exercise 33 of Homework 4.5, yo
predict the number of stores in 2010 and describe the increase in the number of s
over time. )

In Chapters 1-3, we worked with linear expressions and equations. In this ch
we will work with a new type of expression and equation. In addition to wo
with linear functions, we will now use exponential functions to model some authi
situations. We will use these functions to make predictions, such as predictin‘
number of Starbucks stores in 2010.

PROPERTIES OF EXNPONENTS

Objectives
# Know the meaning of exponent, zero exponent, and negative exponent.
* Know properties of exponents.

Simplify expressions involving exponents.

Know the meaning of exponential function.

Use scientific notation.

In this section, we will simplify expressions involving exponents.

Definition of an Exponent

If n is a counting numbqr (Section A.2), what is the meaning of »"? The notatio
stands for b - b - b. S0, 4% = 4 -4 . 4 = 64. The notation b* stands forb-b-b - b
24=2.2.2.2=16. '

DEFINITION Exponent

For any counting number n,

?% i Compute —2*
4
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The expression 33 is a power. It is the 5th power of 3, or 3 raised to the 5th power.
For 35, the base is 3 and the exponent is 5. Here, we label the base and the exponent of
37 and calculate the power:

Exponent
=3.3.3-3.3=243
| ————

5 factors of 3

When we calculate a power, we say that we have performed an exponentiation.

Notice that the notation b! stands for one factor of b, so bl = b.

Two powers of b have specific names. We refer to b* as the square of b or
b squared. We refer to b3 as the cube of b or b cubed.

For an expression of the form —b", we compute b" before finding the opposite.
For example,

=) =

For —24, the base is 2, not —2. If we want the base to be —2, we must enclose —2 in
parentheses:

(=% = (-D(=D(D(-2) = 16

We can use a graphing calculator to check both computations (see Fig. 1). To find —24,

pressZ4.

Properties of Exponents ,
In this section and Section 4.2, we discuss five properties of exponents.

If m and n are counting numbers, then
o« HMPN = bm+n
b}’n

bil
(bc)n — bi’l Cn
H bn
{7_ —, 30
I o

( bm)” — bmn

Product property for exponents
=p""" b£Oandm >n Quetient property for exponents
Raising a produst to a power

Raising a quotient to a power

Ealsing a power to a power

In Example 1 (and the first Exploration), we will investigate why these properties
make sense.

Example 1 Meaning of Exponential Properties

. Show that b?b% = b°.
2. Show that »"5" = b _where m and n are counting numbers.

n bil -
3. Show that [ —) = —, where n is a counting number and ¢ # 0.
(¢ :
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Figure 2 Comparing
tables for y = x2x? and
y=x

1. By wr1t1ngb b without exponents, we see that

b3 = (bb)(bbb) Wrisﬁe without exponents.
= bbbbb Remove parentheses,

15
=b Write with an exponent.

We can Venfy that this result is correct for various constant bases by examin

graphing calculator tables for both y = x2x3 and y = x7 (see Fig. 2). For graph

calculator instructions, see Section B.14.
2. We write b™b" without exponents:

bb" = (bbb - - - b)Y = bbb b — gt
( bY(bbb---b) = bbb-..b = pmn

m facrors A factors s fac

. b\"
3. We write < ;) , where ¢ # 0, without exponents:

(4 -CIeE (-5

# factors # facton

Simplifying Expressions involving Exponents
We can use properties of exponents to simplify expressions involving exponents.

An expression involving exponents is simplified if
1. It includes no parentheses.

2. Each variable or constant appears as a base as few times as possible. For exampl '
we write x2x% = x©.

3. Each numerical expression (such as 72) has been calculated, and each numeric
fraction has been simplified.

4. Each exponent is positive. AN

Example 2 Simplifying Expressions involving Exponents

Simplify.
7.6 7.8
1. (262c3)° 2. (363c4) (2b5¢2) 3. 2 (2
126265 1662543

Solution

235 s, a5, a5
1. (Zb c’) =27 (bz) (C3) Raise factors to nth power: (bo)” = p75"
= 32p10.15 Multiply exponents: €{f¢'”"}n = B

2. (3b3c4) (2b602) =1(3-2) (b3b6) (C4C2) Rearrange factors.

=6b%cO = | Add exponents: bb" = pn
31776’6 b7—2C6—5 SR i S b
3. = Subtract exponente. — = p7
126265 4 ST
be S
= T 5&%?‘&3&"

WARNING
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g!’?’i

i ﬁzsio*trast exponente: —
&f?

o bm~n

Kasse numeratorand &&?‘%Qmma?@? to

ek ?aweﬁ;‘ (g?\f

\ ¢ o

.17

‘Raise factors to nth power: (bo)" = b'¢"

;-mbmn B

Multiply exponent

The expressions 3b? and (3b)? are not equivalent expressions:
3% =3b-b
(3b)> = (3b)(3b) = 9b - b
For 3b%, the base is the variable b. For (3b)2, the base is the product 3b.
Here, we show a typical error and the correct way to find the power (3b)2:
(3b)* = 3b° ncorrect
(3b)% = 3% = 9b>  Correct

Since the base 3b isa product we need to dlstnbute the exponent 2 to both factors 3

and b, o .
In general, when ﬁndmg a power of the form (bc)", don’t forget to distribute the

exponent 7 to both factors b and c.

Zero as an Exponent

m
What is the meaning of b07 If the property Z- = p™ " is to be true for m = n, then
71

bn
l:—*zbn“n:boa brféo
b}’l

So, a reasonable definition of Vis 1

For example, 70 = 1, (—3)% = 1, and (ab)® = 1, where ab # 0.

Megative Exponents

If n is an integer (Section A.2), what is the meaning of "7 In particular, what is the
meaning of a negative integer exponent? If the property ﬁ. = """ is to be true for

m = 0, then

ST 0o p 0

1
So, we should define ™" to b‘e’;;l—.







