Section 6.3

Exponential Functions



OBJECTIVE 1

1 Evaluate Exponential Functions



EXAMPLE

Using a Calculator to Evaluate Powers of 2

Using a calculator, evaluate:
(ﬂ) 2'1.4 (b) 2'1.41 (C) 21.4'14 (d) 21.4142 (E:) 2\/5



T heorem

Laws of Exponents

Ifs.t,a, and b are real numbers with a > 0 and b > 0, then
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Introduction to Exponential Growth

Let’s examine a function f that has the following two properties:
1. The value of fdoubles with every 1-unit increase in the independent variable x.
2. The value of fat x = 0is 5,50 f(0) = 5.

X f(x)
0 5
1 10
2 20
3 40
4 80




DEFINITION

An exponential function is a function of the form
f(x) = Ca’

where @ is a positive real number (a = 0) and a # 1, and C # 0 is a real
number. The domain of f is the set of all real numbers. The base a is the growth
factor, and because f(0) = Ca’ = C, we call C the initial value.




Theorem

For an exponential function f(x) = C-a*,a = 0,a # 1, if x is any real num-
ber, then

f(x + 1)
£(x)

=a or f(x+1)=af(x)




EXAMPLE | ldentifying Linear or Exponential Functions

Determine whether the given function is linear, exponential, or neither. For those
that are linear, find a linear function that models the data. For those that are expo-
nential, find an exponential function that models the data.

(a) (b)
X y X y
—1 s —1 2
0 2 0 4
1 —1 1 7
2 —4 2 11
3 —7 3 15
(c)

- y

—1 32

0 16

1 8

2 4

3 2




OBJECTIVE 2

2 Graph Exponential Functions



EXAMPLE

Graphing an Exponential Function

Graph the exponential function: f(x) = 2*

10 Yy = 2
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Properties of the Exponential Function f(x) = a*,a > 1

1. The domain is the set of all real numbers; the range is the set of positive
real numbers.

2. There are no x-intercepts; the y-intercept is 1.
3. The x-axis (y = 0) is a horizontal asymptote as x —> —00,
4. f(x) = a*,a > 1, is an increasing function and is one-to-one.

1
5. The graph of f contains the points (0, 1), (1, ), and (—L E)

6. The graph of f is smooth and continuous, with no corners or gaps.
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EXAMPLE| Graphing an Exponential Function

1 X
Graph the exponential function: f(x) = (—)




Seeing the Concept

Using a graphing utility, simultaneously

graph:
T\
(@ Y =3Y,= (5)

vy _ (1Y
@)ﬂ—&ﬁ—(J



o
———
==
e
2
—e
=




Properties of the Exponential Function f(x) = @, 0 < a < 1

1. The domain 1s the set of all real numbers; the range 1s the set of positive
real numbers.

2. There are no x-intercepts; the y-intercept is 1.
3. The x-axis (y = 0) is a horizontal asymptote as x — Q.
4. f(x) = a*,0 < a < 1,is adecreasing function and is one-to-one.

1
5. The graph of f contains the points (0, 1), (1, a), and (—1, E)'

6. The graph of f i1s smooth and continuous, with no corners or gaps.

Yk

fix) =a,0<a<T

(0,1)




EXAMPLE

Graphing Exponential Functions Using Transformations

Graph f (x) =2-3"* -4 and determine the domain, range,
and horizontal asymptote of f.



OBJECTIVE 3

3 Define the Numbere



DEFINITION

The number e 1s defined as the number that the expression

approaches as n — 00,

In calculus, this is expressed using limit notation as

1 H
e = lim (1 ~r —)
n—>00 ¥




1 1 2 2
i 0.5 15 =45

2 0.2 2.48832

10 0.1 1] 2.59374246
100 0.01 1.01 2.704813829
1,000 0.001 1.001 PR TR
10,000 0.0001 1.0001 2.718145927
100,000 0.00001 1.00001 2.718268237
1,000,000 0.000001 1.000001 2.718280469
1,000,000,000 B 1+107° 2.718281827
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EXAMPLE

Graphing Exponential Functions Using Transformations

Graph f (x) =—e** and determine the domain, range,
and horizontal asymptote of f.



OBJECTIVE 4

4 Solve Exponential Equations






EXAMPLE

Solving an Exponential Equation

Solve: 2°*1 =32




EXAMPLE| Solving an Exponential Equation

_ 1 _\4
Solve: eZ“:T-(e X)
eX

iE i -1 then u=v




EXAMPLE| Exponential Probability

Between 9:00 pM and 10:00 pMm cars arrive at Burger King’s drive-thru at the rate of
12 cars per hour (0.2 car per minute). The following formula from statistics can be
used to determine the probability that a car will arrive within # minutes of 9:00 pMm.

F(t)=1- "%
(a) Determine the probability that a car will arrive within 5 minutes of 9 pM (that s,
before 9:05 pMm).

(b) Determine the probability that a car will arrive within 30 minutes of 9 pm
(before 9:30 pm).

(c) Graph I using your graphing utility.
(d) What value does F approach as ¢ becomes unbounded in the positive direction?



Summary

Properties of the Exponential Function

flxy=a, a>| Domain: the interval (—00, 00); Range: the interval (0, 00)
| x-Intercepts: none; y-intercept: 1

Horizontal asymptote: x-axis (y = 0) as x — —X
Increasing; one-to-one; smooth; continuous

=¥

Domain; the interval (—00, 00); Range: the interval (0, 00 ),
x-Intercepts: none; y-intercept: 1 |
Horizontal asymptote: x-axis (y = () as x — 00

(Y S Decreasing; one-to-one; smooth; continuous

Xy=0

Ifa" =a’ thenu = v
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