Lecture 15 - June 5

e 5.3 Exponentials

Upcoming Deadlines

e 5.1-4 Homework (June 8)
e 5.5-6 Homework (June 10)
e Exam 2 (June 11)

e 6.1-2 Homework (June 15)

Complete Page 1



Exponents

Laws of Exponents

If 5.7, a, and b are real numbers with @ = 0 and b > 0, then

asat _ as+t (aS)" = g (ab)s = d-b°

1 iy
1°=1 a’=—= (—) a’ =1 (1)
a a
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Exponential Function

An exponential function is a function of the form

f(x) = Ca*

where a is a positive real number (a > 0),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. ]

For an exponential function f(x) = Ca*, wherea > Oanda # 1, if x is any
real number, then

fifx £ 1]

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

(proof)
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Example: Graphs

If we know how to graph an exponential function of the form f(x) = a*, then we
could use transformations (shifting, stretching, and so on) to obtain the graph of any
exponential function.

First, we graph the exponential function f(x) = 2%

X fix) = 2° Figure 18
—10 2719 =~ 0.00098
1
-3 > -
8
1
— ==
4
1
—1 2 = -
2
0 -
1 vl =
2 > — 1
3 2 =38
10 = ] |
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Graphs (a > 1)

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

1. The domain is the set of all real numbers or (—00,00) using interval
notation; the range is the set of positive real numbers or (0,00) using
interval notation.

2. There are no x-intercepts; the y-intercept is 1.

3. The x-axis (y = 0) is a horizontal asymptote as x — — [ lim a* = 0].

x——00
4. f(x) = a*,where a > 1, is an increasing function and is one-to-one.
: : 1
5. The graph of f contains the points (0, 1), (1, a), and (—'i, —).
a

6. The graph of f is smooth and continuous, with no corners or gaps. See
Figure 21.

Figure 21

y=20 X
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Example: Graphs
Graphing an Exponential Function

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

2
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Graphs (0O<a<1)

Properties of the Exponential Functionf(x) = a*, 0 <a < 1

1. The domain is the set of all real numbers or (—00,00) using interval
notation; the range is the set of positive real numbers or (0,20) using
interval notation.

2. There are no x-intercepts; the y-intercept is 1.
3. The x-axis (y = 0) 1s a horizontal asymptote as x — o0 [ lim a* = 0].

xX—>00

4. f(x) = a*,0 < a < 1, 1s a decreasing function and is one-to-one.

|
5. The graph of f contains the points (—1.5), (0, 1), and (1, a).

6. The graph of f i1s smooth and continuous, with no corners or gaps. See
Figure 25.
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Example

Graphing Exponential Functions Using Transformations

Graph f(x) = 27* — 3 and determine the domain, range, and horizontal asymptote

of f.
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Example

In Problems 33—40, the graph of an exponential function is given. Match each graph to one of the following functions.

(a) y = 3*
(e) y=3"—1
33. Vi
3_
y=10
L | L.
-2 2X
_1 -
37. y
3

34.

(b) y=3"
(ﬂ y = 3.r—l
Y
3
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(c) y=-—-3"
(g) y — 3I—X
Vi
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36.

40,

(d) y =-3*
(h) y=1-23"
-1 N
Z__L__-‘._ _____
| | | |
-2 2X
_aL
y
3
L |
29X



The number e is defined as the number that the expression

)

(2)

approaches as n — 00, In calculus, this is expressed using limit notation as

e = lim('lJri

n— H

;

n L 1+ L] (1 + l)n
n n n
1 1 2 2
2 0.5 15 235
5 0.2 1 2.48832
10 0.1 1.1 2.59374246
100 0.01 1.01 2.704813829
1,000 0.001 1.001 2.716923932
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 ji- 1+ 107° 2.718281827
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Figure 27 Vi
y=¢é -
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Exponential Equations

If a“*=a4" then u = v. (3)

Solve each exponential equation.

(EI) 3x+1 — 81 (b) 42}:-1 _ 8_1:+3

Complete Page 12



Example

Solving an Exponential Equation

1
3
e

Solve: e = (E‘I)z‘
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Example

75. 4%-2% = 162 76. 9% -27% = 3
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Example

/N 118. Difference Quotient If f(x) = a*. show that

flx+h) = f(x) ah—
P =a - ; h =10
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Example: Optics

101. Optics If a single pane of glass obliterates 3% of the light
passing through it, the percent p of light that passes through
n successive panes is given approximately by the function

p(n) = 100(0.97)"

(a) What percent of light will pass through 10 panes?
(b) What percent of light will pass through 25 panes?
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Example: Depreciation

103. Depreciation The price p, 1n dollars, of a Honda Civic DX
Sedan that i1s x years old is modeled by

p(x) = 16.630(0.90)*

(a) How much should a 3-year-old Civic DX Sedan cost?
(b) How much should a 9-year-old Civic DX Sedan cost?
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