456 Chapter 4 Exponential and Logarithmic Functions

Exercise Set 4.4

(EXAMPLE I l) Fair or Poor Health, by Annual Income

The bar graph in Figure 4.21 shows
people with lower incomes are more
likely to report that their health is fair or
poor. The function

f(x) =548 — 123Inx

models the percentage of Americans
reporting fair or poor health, f(x), in
terms of annual income, x, in thousands
of dollars. According to the model, what
annual income corresponds to 10%
reporting fair or poor health? Round to
the nearest thousand dollars.

Solution To find what annual income
corresponds to 10% reporting fair or
poor health, we substitute 10 for f(x)
and solve for x, the annual income.

f(x) =548 — 123In x
10 = 548 — 123 In x

Our goal is to isolate In x and then
rewrite the equation in exponential form.

—448 = —123Inx
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An annual income of approximately $38,000 corresponds to 10% of Ami

reporting fair or poor health.

Check Point |1 ‘According to the function in Example 11, wha
income corresponds to 25% reporting fair or poor health? Round to the:

thousand dollars.

Americans Reporting
Health, by A“n“allﬂ

24%
21%
18%
15% -
12% -
9% -
6% -

12

Fair or Poor Health

Percentage Reporting

2071 -
27

15 25 35
Annual Income (thousands

Figure 4.21

Source: William Kornblum and Joseph Juﬁaﬁ,
Problems, Twelfth Edition, Prentice Hall, 200

This is the given function.

Substitute 10 for f(x).

Subtract 54.8 from both sides.
Divide both sides by —12.3.

Rewrite the natural logarithm sho
base e. This step is optional.

Rewrite in exponential form.

Use a calculator.

Practice Exercises 1. 9* =27

Solve each exponential equation in Exercises 1-22 by expressing ~ 13. 317* = 5

each side as a power of the same base and then equating x-3

exponents. 15.6 * =V6

1. 2* =64 2. 3* =81 1
s % 17040 =——

3. 5" =125 4. 5 = 625 V2
251 - 2x+Et

5. 27 32 6. 3, 27 10 grt3 S Hpl

7. 4771 = 64 8.5 =% ;

9. 32F = 10. 4* = 32 o't =

e

12. 125% = 625
145 = o
1. 7.5 = \/7
1
18, 9F = —
V5

20. 8'7* = 4**2

22, 5t = —




each exponential equation in Exercises 23—48. Express the
n set in terms of natural logarithms. Then use a calculator to
a decimal approximation, correct to two decimal places, for
ution.

=391 24. 10* = 8.07
57 26. ¢* = 0.83
g 28. 195 =143
x =23 30. 9¢* = 107
5x — 1977 32. 4¢™* = 10,273
=5 = 793 M.c > — 7957
& 2 =10476 36. %> — 7 =11243
2 = 410 38. 5-:’_‘3 — 137
= 813 40. 37 = 02
B -l g2 el gl
—3°+2=0 44, ¢ —2eF -3 =0
+5¢ —24=0 46. e — 3¢% - 18 =0
+3°-2=0 48. 22 +2*-12=0

g3 x = 4 50. logsx =3
b — 2 52. mx =3
x+5)=3 54. logs(x — 7) =2
x—4)=-3 56. log;(x +2) = -2
g,(3x +2) =3 58. logy(4x +1) =5
3In(2x) = 20 60. 61In(2x) = 30
2lnx =5 62. 7+3lnx=6

Vx + 3 = 64.
x + logs(4x — 1) =1

Er + 5) + logex =2

5(x — 5) + logs(x +3) =2
x — 1) +logy(x +1) =3
ax +2) — loga(x — 5) = 3
024(x +2) — logy(x — 1) =1
0g3(x + 4) = logz 9 + 2
Polog)(x — 1) =5 — log, 4

2(x — 6) + logy(x — 4) — log, x =2
2(x — 3) + logo x — logy(x +2) =2
(x +4) = log x + log4

(5x + 1) = log(2x + 3) + log2

(3x — 3) = log(x + 1) + log4

(2x — 1) = log(x + 3) + log3

g x = log 25

g x = log 125

(x +4) — log2 = log(5x + 1)

(x +7) - log3 = log(7x + 1)

gx — log7 = log 112

In Vax+4:=1
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84. log(x — 2) + log5 = log 100

85. log x + log(x + 3) = log 10

86. log(x + 3) + log(x — 2) = log 14

87. In(x — 4) + In(x + 1) = In(x — 8)
88. log,(x — 1) — logy(x + 3) = logg(%>

80 n(x =2 —Infr 3 —n(x-— 1) —In(r +7)
90 1nx —5) — In{x £ 4) = In(x—1)—In(x +2)

Practice Plus

In Exercises 91-100, solve each equation.

91. 5%.5% =125 92, 3*+2.3* = 81
93. 2|lnx| —6=0 94. 3|logx| —6=0
95. 3 = 45 96.~5% = 50

97. In 2x )+ n(x—3) —2Inx =0

98. In3—_In(x +5) —lnx =0

s 100, 3712 = g

Application Exercises

101. The formula A = 36.1¢"%" models the population of
California, A, in millions, ¢ years after 2005.

a. What was the population of California in 2005?

b. When will the population of California reach 40 million?
102. The formula A = 22.9¢°"'% models the population of

Texas, A, in millions, ¢ years after 2005.

a. What was the population of Texas in 2005?

b. When will the population of Texas reach 27 million?

The function f(x) = 20(0.975) models the percentage of surface
sunlight, f(x), that reaches a depth of x feet beneath the surface of
the ocean. The figure shows the graph of this function. Use this
information to solve Exercises 103—104.

Intensity of Sunlight Beneath
the Ocean’s Surface

el

flx) =20(0.975)

Percentage of Surface
Sunlight Intensity

1
120 140

20 40 60 80 100
Ocean Depth (feet)

103. Use the function to determine at what depth, to the nearest
foot, there is 1% of surface sunlight. How is this shown on
the graph of f?

104. Use the function to determine at what depth, to the nearest
foot, there is 3% of surface sunlight. How is this shown on
the graph of f?
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