93 Evaluating Logarithms; Equations and Applications 413

) yn Logarithms = Ngq
( “'""f( ural Logar“hms "  Applicauons . B Z= 0 0
quations

10st important bases for logarithms are 10
rithm of y i wii . called common logarithms. The common loga-
X, re the base is understood to be 10.

_Common Logarithm
For all Positive Numbers x,

Rimade TS -

log x = log,, x.

Ed A calculator with
any positive number. Fi
mon logarithms, A com
ger (in this cage, 3):
log 142 and log .0058

a log key can be used to find the base 10 logarithm of
gure 20 shows how a graphing calculator displays com-
mon logarithm of a power of 10, such as 1000, is an inte-
Most common logarithms used in applications, such as
2 32, are irrational numbers.

1gure 21 reinforces the concept presented in the previous section: log x is

the exponent to which 10 must be raised in order to obtain x.
P ——

loa(16a6, » 0" 1031 1968 ie g

loa¢ %’6%3%%?8344 mAE 109( aasasz‘)‘g
~2.233152485 > O |
: . BAS832 :
|

Figure 20 Figure 21 u

NOTE Basea,a > I, logarithms of numbers less than 1 are always negative,
as suggested by the graphs in Section 9.2.

In chemistry, the pH of a solution is defined using logarithms as
pH = —log[H;0"],

where [H;0 ] is the hydronium ion concentration in moles* per liter. The pH
value is a measure of the acidity or alkalinity of a solution. Pure water has
pH 7.0, substances with pH values greater than 7.0 are alkaline, and substances
with pH values less than 7.0 are acidic. It is customary to round pH values to the ;
nearest tenth.

| 7

Acidic ~ Neumal ; 8T Alkaline

*A mole is the amount of a substance that contains the same number of molecules as the number of atoms
in exactly 12 grams of carbon 12.




414 CHAPTER 9 Exponential and Logarithmic Functions

“lo9C2. 5%~ -4) )
3.6682859991

"
EXAMPLE 1 FindingpH — 8

AN -

7.1)
7943282347 -8

The screens show how a graphing
calculator evaluates the pH and
[H;0*%] in Example 1.

. 1= 2,5 X 1038
(a) Find the pH of a solution with [H;0 1754

(b) Find the hydronium ion concentration of a solution with pH = 7.1,

Solution
(a) pH = —log[H.O"]
= —log(Z.S %1075 Substitute.
= —(log 2.5 + log 107%) Product property (Section 9.2)
— K %‘;79 - 4) log 10 * = —4 (Section 9.2)
= —13979 + 4 Distributive property
pH =~ 3.6
(b) pH = —log[H;0"]
pEre. "lOg[H_;OV"] Substitute.
—7.1 = log[H;0"] Multiply by — 1.
[H;0*]=10""" Write in exponential form. (Section 9.2)

[H:0*] = 7.9 X 10~%  Evaluate 10 7" with a calculator.

Now try Exercises 23

EXAMPLE 2 Using pH in an Application

Wetlands are classified as bogs, fens, marshes, and swamps based on pH
A pH value between 6.0 and 7.5 indicates that the wetland is a “rich fen.” Wi
the pH is between 4.0 and 6.0, it is a “poor fen,” and if the pH falls t
less, the wetland is a “bog.” (Source: R. Mohlenbrock, “Summerby Sw
Michigan,” Natural History, March 1994.)

Suppose that the hydromum ion concentration of a sample of water ﬂ‘v
wetland is 6.3 X 10>, How would this wetland be classified?

4

Solution pH = —log[H;0"] Definition of pH
= —log(6.3 X 1077) Substitute.
= —(log 6.3 + log 107°)  Product property
=100 6:3"— (—5) Distributive property; log 10" = ._
= —log63 + 5
pH = 4.2 Use a calculator.

Since the pH is between 4.0 and 6.0, the wetland is a poor fen.

Now ti

EXAMPLE 3 Measuring the Loudness of Sound

The loudness of sounds is measured in a unit called a decibel. To m
this unit, we assign intensity /, to a very faint sound, called the thres
If a particular sound has intensity J, then the decibel rating of this lo
isd =10 log 7, Find the decibel rating of a sound with intensity 10,000/;
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0007,
= 101log LU Let / = 10,000/,

0
= 10 log 10,000
= 10(4) log 10,000 = log 10* = 4 (Section 9.2)
= 40

The sound has a decibel rating of 40.

Solution o

okin Ahead to Calculus
LO

. patural Joearithmic function de-
e natural 10¢

{py flx) = InX and the reciprocal

|
ion defined by g(x) = 7 have an

Jortant relationship in calculus. The
| - qtive of the natural logarithmic
ction is the reciprocal function.
< na Leibniz notation (named after

of the co-inventors of calculus),

s fact

v d
is written —— (In:x) =l
dx X

Th{e™(322

(25,6)

AR
[

It e 22e 41374

Figure 23

e (1n¢32 >
e (1n(25.622
Z2one
e (1nt. 8608458 >
4,584

Figure 24

Now try Exercise 47.

Natural Logarithms In Section 9.1 we introduced the irrational number e.
In most practical applications of logarithms, e is used as base. Logarithms to
base e are called natural logarithms, since they occur in the life sciences and
economics in natural situations that involve growth and decay. The base e loga-
rithm of x is written In x (read “el-en x7).

Natural Logarithm

For all positive numbers x,  Inx = log, x.

N T 2y NS 0 NP NS DN S, 7507,

A graph of the natural logarithmic function de- y
fined by f(x) = In x is given in Figure 22. 7% At
} }(¥ ‘{3 } ‘It T é T é >4
2
Figure 22

FH  Natural logarithms can be found using a calculator. (Consult your owner’s
manual.) As in the case of common logarithms, when used in applications natu-
ral logarithms are usually irrational numbers. Figure 23 shows how three natural
logarithms are evaluated with a graphing calculator. Figure 24 reinforces the fact
that In x is the exponent to which e must be raised in order to obtain x. =

EXAMPLE 4 Measuring the Age of Rocks

Geologists sometimes measure the age of rocks by using “atomic clocks.” By
measuring the amounts of potassium 40 and argon 40 in a rock, the age ¢ of the
specimen in years is found with the formula

In[1 + 8.33(2)]
In 2 i

where A and K are the numbers of atoms of argon 40 and potassium 40, respec-
tively, in the specimen.

t = (1.26 X 10°)

(a) How old is a rock in which A = 0 and K > 0?

(b) The ratio % for a sample of granite from New Hampshire is .212. How old is
the sample?
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Looking Ahead to Calculus

Solution

() IfA=0,%= becomes

0 and the equation
In 1 9 =0
o101 _ (1.26 X 10°7)(0) =&
t = (1.26 X 10 )ln 5
The rock is new (0 yr old).

(b) Since’,% = 212, we have

In calculus, natural logarithms are
more convenient to work with than
logarithms to other bases. The change-
of-base theorem enables us to convert
any logarithmic function to a natural
logarithmic function.

TeACHING TiP Show students that
log 10 can be evaluated using
log 10 ¥ In 10

log 2 2’

The screen shows how the
result of Example 5(a) can be
found using common loga-

rithms, and how the result of
Example 5(b) can be found
using natural logarithms. The
results are the same as those
in Example 5.

In[1 + 833(212)] _ | g5 % 107
9 _—‘_—/ .
= (1.26 X 10°) In2
The granite is about 1.85 billion yr old.
Now j’t- -

ses We can use a calculator to find th

se ¢) or common logarithms (base 1
her bases. The following th

Logarithms to Other Ba
either natural logarithms (ba
sometimes we must use logarithms to ot
used to convert logarithms from one base to another.

Change-of-Base Theorem
For any positive real numbers x, a, and b, where a sé
log, x
log, x =

Any positive number other than 1 can be used for base b in. the cl
base theorem, but usually the only practical bases are e and 10 si
give logarithms only for these two bases.

EXAMPLE 5 Using the Change-of-Base Theorem

Use the change-of-base theorem to find an approximation to fou:f
for each logarithm.

(a) logs 17 (b) log, .1
Solution
los: 17 In 17 » 2.8332
(@) logs 17 = 50 TO94 ~ 1.7604  Using natural logarithms
i
log.l1  —1.0000 ‘
(b) log, .l = @ ~ TIO ~ —3.3219 Using common lo;
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r« o TE InExample 5, we showed logarithms such as In 17 and In 5 evaluated
n Intermediate steps to four decimal places. However, the final answers e
obtafned without rounding these intermediate values, using all the digits
obtained with the calculator. In general, wait until the final step to r ound off the
answer; otherwise, a build-up of round-off errors may cause the final answer to
have an incorrect final decimal place digit.

EXAMPLE 6 Modeling Diversity of Species

One measure of the diversity of the species in an ecological community is mod-
cled by the formula

= —[Pl 10g2 P] s P2 l()g2 P2 4 e + Pn log2 P"],

where P, P,,...,P, are the proportions of a sample that belong to each of n
species found in the sample. (Source: Ludwig, J. and J. Reynolds, Statistical
Ecology: A Primer on Methods and Computing, New York, Wiley, 1988, p. 92.)

Find the measure of diversity in a community with two species where there
are 90 of one species and 10 of the other.

Solution Since there are 100 members in the community, P, = % = .9 and

I
Pz=%=.l,so

= —[9log, .9 + .1log, .1].
In Example 5(b), we found that log, .1 = —3.32. Now we find log, .9.

log 9 —.0458 _ 150
log 2 3010

log, 9 =

Therefore,

H= —[9log,.9 + .1log, .1]
~ —[.9(—.152) + .1(—3.32)] = .469.

Verify that H = .971 if there are 60 of one species and 40 of the other. As
the proportions of n species get closer to % each, the measure of diversity in-

creases to a maximum of log, n.

Now try Exercise 57.

Exponential and Logarithmic Equations We solved exponential equa-
tions in earlier sections. General methods for solving these equations depend on
the property below, which follows from the fact that logarithmic functions are

one-to-one.

¢ Tip Point out that, in
«and y are each algebraic
ns. The process of going
y to log, x = log, y is
10 as “taking logarithms
' sides of the equation.”
—

-
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As seen in the display at the
bottom of the screen, when
rounded to four decimal
places, the solution agrees
with that found in Example 7.

Y, = AAHALNY, oBRES]

This screen supports the solu-
tion found in Example 8.

ntial Equation

EXAMPLE 7 Solving an Expon®

r decimal places.

given in Section 9.1 cannot
eding property of logarithms,
ctical base is base 10 or

Solve 7° = 12. Give the solution t0 fou

Solution The properties of exponents
solve this equation, sO W€ apply the ;:)re::l "
appropriate base b can be usgd, the best p
choose base ¢ (natural) Jogarithms here.

7t =12 |
75 = In 12 Property of logarithms
eln] =12  Pows property (Section 9.2)
jmint 12" bivide by In7.
R
¢y~ 12770 Usea calculator.

The solution set is {1.2770}.

5 . o1 InS12RS
CAUTION Be careful when evaluating a quotient like 775 in Exar
which can be written as In 12 -

not confuse this quotient with In 7, ; 3
ms to a difference of logai

cannot change the quotient of rwo logarith

TeacHING Tip Caution students
against applying the quotient
property of logarithms incorrectly
here.

In 12

2 S T

In 7

12
7

EXAMPLE 8 Solving an Exponential Equation

Solve 3% = 42, Give the solution to four decimal places.

a1 — g2
s = n 47
2x—1)In3=(x+2)In4
2xIn3 —In3=xIn4+2In 4
2xIn3 —xIn4=2In4+1In3
x2In3—-In4)=2In4+1n3

Solution

Take natural logarithms on both
Power property
Distributive property
Write the terms with x on

Factor out x.

b b Gt Divide by 21n 3 — In .4. ‘_
L Aner e
= m Power property
X = ll; 498 PQTl(J)dl.lct property ( i
n -4 otient property se{cn.
X =~ —2857 Use a calculator.

The solution set is {—.2357}.
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EXAMPLE 9  Solving Base e Exponential Equations

Solve each equation. Give solutions to four decimal places.

(@) " =200 (b) &=+ - e~ = 3e
Solution
(@) e* = 200
In e* = In 200 Take natural logarithms on both sides
x* = In 200 Ine* = x* (Section 9.2)
x=2VIn200 Square root property (Appendix A)
~ +2.3018 Use a calculator.
The solution set is {+2.3018}.
(b) ALy rtx
B iy, g =
eF=3 Divide by e; L =a""

Ines~—=1n3

—2xIne=1n3
—2x=1n3
1

=——In3

X 2 n

x = —.5493

The solution set is {—.5493}.

a

Take natural logarithms on both sides.
Power property

Ine =1

Multiply by —3.

Now try Exercises 69 and 75.

EXAMPLE 10 Solving a Logarithmic Equation

ING Tip Tell students that a
mic equation cannot be
ith two logarithms on the
ide of the equation. The
1 must be transformed so
ch side contains an expres-
th at most one logarithm.

Solve log,(x + 6) — log,(x + 2) = log, x.

% 6
2

Solution log, = log, x

X

X+ 6=x(x + 2)

x+6=x+2
2+x—6=0
x+3)x—2)=0

x==—3 or x=2

Rewrite the equation using the
quotient property.

Property of logarithms

Multiply by x + 2.
Distributive property
Standard form
Factor.

Zero-factor property (Appendix A)

The negative solution (x = —3) is not in the domain of log, x in the original
equation, so the only valid solution is the number 2, giving the solution set {2}.

Now try Exercise 81.
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ain of y = log, x is (0,%). For this re
apparent solutions of a logarithmic
umbers in the original equation.

CAUTION Recall that the do
is always necessary to check'that
result in logarithms of posifive 1

EXAMPLE 11 Solving a Logarithmic Equation

TEACHING TiP Point out that the
definition of logarithm could have
been used in Example 11 by first
writing
log(3x + 2) + logix — 1) = 1
logiol(3x + 2)(x — 1)] =1

(3x+2)(x — 1) = 10,

then continuing as shown in the
example.

Solve log(3x + 2) + loglx = 1) = L.

Solution The notation log x is an abbreviation for logox, and 1 = 1

log(3x + 2) + log(x — e 4
log(3x + 2) + log(x — 1) = log 10
log[(3x + 2) (x — 1)] = log 10
BGx+2)x—1)=10

Substitute.
Product property
Property of logarithms

P —x—-2=10 Multiply.
Bt =~ 12 =0 Subtract 10.
+ V1 + 144
S k. ; Quadratic formula (A
The number 2=~ is negative, so x — 1 is negative. Therefore, lo;

not defined and this proposed solution must be discarded. Since -

s : . [1 N
both 3x + 2 and x — 1 are positive and the solution set is {-6—*

EXAMPLE 12 Solving a Base e Logarithmic Equation

Solve In e"™* — In(x — 3) = In 2.

In €™ — In(x — 3) =1n2
Inx—In(x—3)=1In2

Solution

R
3n

e
5
o= 3

2 Property of logarithms g

x=2(x —3) Multiply by x — 3.
x=12x — 6 Distributive property
6=x Solve for x. (Appen:

Verify that the solution set is {6}.
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»INE

9.3 Evaluating Logarithms; Equations and Applications #24

A summary of the methods used for solving equations in this section follows.

_Solving Exponential or Logarithmic Equations

To solve an exponential or logarithmic equation, change the given equation
1nto one of the following forms, where a and b are real numbers, @ > 0, and
@

l.a™ =p

Solve by taking logarithms on both sides.

2. log, f(x) = b

Solve by changing to exponential form @’ = f(x).

3. log, f(x) = log, g(x)

The given equation is equivalent to the equation f(x) = g(x). Solve
algebraically.

4. In a more complicated equation, such as the one in Example 9(b), it may

SRS ot ARSI

be necessary to first solve for @’ or log, f(x) and then solve the resulting
equation using one of the methods given above.

S S e ST

¢ 2. increasing
logsx 4. logy 11

. common

CIC

7. There is no power of

Is a result of 0.

90308999

Concept Check Answer each of the following.

1.

= A

© o

For the exponential function defined by f(x) = a*, where a > 1, is the function
increasing or is it decreasing over its entire domain?

For the logarithmic function defined by g(x) = log, x, where a > 1, is the function
increasing or is it decreasing over its entire domain?

If f(x) = 5, what is the rule for f~'(x)?

What is the name given to the exponent to which 4 must be raised in order to obtain
11?

A base e logarithm is called a(n)
called a(n) logarithm.
How is logs 12 written in terms of natural logarithms?

logarithm; a base 10 logarithm is

Why is log, 0 undefined?
Between what two consecutive integers must log, 12 lie?

The graph of y = log x shows a point on the graph. Write »

the logarithmic equation associated with that point. \
(8,.90308999)
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10. In 2.75 = 1.0116009

k1. 1.5563 12. 1.8573

13. —1.3768 14. —.4962

I1S. 43010 16. —3.6990
17.-3.5835 18 42767

19. —3.1701 20. —1.1426

21. 4.6931 22. —3.3069

23. 32 24, 84 257 1.8

26. 135, 2720 X107

28. 40 X 107* 29, 1.6 X 10°*
30. 3.2 X 1077 31. poor fen
32. bog 33. rich fen

34. (a) 2.60031933

(b) 1.60031933 (c) .6003193298
(d) The whole number parts will
vary, but the decimal parts will be
the same. 35. 2.3219

36. 3.1699 . 3¥., —2537

38. —.1647 39. 1.9376

40. 1.0932 41. —1.4125

42, —22.0488 43. (a) 3

. 1
(b))} S*nr 25 {6 —
e

44. (a) 7 (b) In3 (¢) 2In3 or
n9 45. (@) 5 (b) In3

(¢) 2In3orin9 46. (a) 3

(b) 1 (¢) 2 47. (a) 20 (b) 30
(¢) 50 (d) 60 (e) about 3 decibels

10. The graph of y = Inx shows a point on the graph. Write

the logarithmic equation associated with that point.

Use a calculator with logarithm keys 10 find an approximation to four decimal

each expression. See Figures 20 and 23.

11. log 36 12. log 72 13. log .042 14. log 3
15. log(2 X 109 16. log(2 X {04, . A7 036 18. In 72 ‘
19. In 042 20. In 319 21. In(2 X ¢*) 22. In(2 X ¢~

For each substance, find the pH from the given hydronium ion concen '

Example 1(a).

23. grapefruit, 6.3 X 10°*
25. limes, 1.6 X 107°

24. crackers, 3.9 X 107 |
26. sodium hydroxide (lye), 3.

*

Find the [H:0"] for each substance with the given pH. See Example 1(b).

27. soda pop, 2.7 28. wine, 3.4
29. beer, 4.8 30. drinking water, 6.5

In Exercises 31—33, suppose that water from a wetland area is sampled a
have the given hydronium ion concentration. Determine whether the we

fen, poor fen, or bog. See Example 2.
BIL Ay X 107° 32. 249 X 1072 33. 249 X 1 '
34. Use your calculator to find an approximation for each logarithm.

(a) log 398.4 (b) log 39.84 (c) log 3.984
(d) From your answers to parts (a)—(c), make a conjecture concerning
values in the approximations of common logarithms of numbers

that have the same digits.

Use the change-of-base theorem to find an approximation to four de
each logarithm. See Example 5.
35. log, 5 36. log, 9 37. logs .59 38. I
@ log\w 12 40. log\ 7 5 41. logs 5 42.

43. Given g(x) = ¢, evaluate (a) g(In 3) (b) g[In(5%] () g[

44. Given f(x) = 3", evaluate (a) f(log;7) (b) fllogs(in3)] (€) f
45. Given f(x) = Inx, evaluate (a) f(e)  (b) f(e")  (e) fle*
46. Given f(x) = log, x, evaluate (a) f(2%) (b) f(2°x?) ©

Solve each application of logarithms. See Examples 3 and 4.

47. Decibel Levels  Find the decibel ratings of sounds having the fa

(a) 1001, (b) 10001, (¢) 100.0001,
(e) If the intensity of a sound is doubled, by how much is
increased?



1)

»1 (b) 70 (¢) 91
e) 140 49. (a) 3

ot 5(. about

W)/
\

(X

W

51. about
0/, 52. It was more
nes greater in

53, about 70 million
¢ must assume that the
case continues to be

48. Decibel Levels

49

50

S1.

S2.

S8

54.
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: Find the decibel ratings of the following sounds, having intensities
as given. Round each answer to the nearest whole number.

(@) whisper, 1157, (b) busy street, 9,500,000/,

(©) ‘heavy truck, 20 m away, 1,200,000,000/,

(d) rock music, 895.000,000,0007,

() jetliner at takeoff, 109,000,000,000,0001,

Earthquake Intensity The magnitude of an earthquake, measured on the Richter
scale, is log, 1%, where / is the amplitude registered on a seismograph 100 km from
the epicenter of the earthquake, and /,, is the amplitude of an earthquake of a certain
(small) size. Find the Richter scale ratings for earthquakes having the following
amplitudes.

(a) 10007, (b) 1,000,000/, (¢) 100,000,000/,

Earthquake Intensity  On June 16, 1999, the city of Puebla in central Mexico was
§ha|$en by an earthquake that measured 6.7 on the Richter scale. Express this read-
Ing in terms of /. See Exercise 49. (Source: Times Picayune.)

Earthquake Intensity On September 19, 1985, Mexico’s largest recent earth-
quake, measuring 8.1 on the Richter scale, killed about 9500 people. Express the
magnitude of an 8.1 reading in terms of /,. (Source: Times Picayune.)

Compare your answers to Exercises 50 and 51. How much greater was the force of
the 1985 earthquake than the 1999 earthquake?

(Modeling) Visitors to US. wisitors to National Parks
National Parks The heights of -

the bars in the graph represent the
number of visitors (in millions) to
U.S. National Parks from 1950—
2000. Suppose x represents the
number of years since 1900—
thus, 1950 is represented by 50,
1960 is represented by 60, and so
on. The logarithmic function
defined by

flx) = =269 + 73 Inx

(in millions)

closely models the data. Use this
function to estimate the number of
visitors in the year 2004. What
assumption must we make to estimate the number of visitors in years beyond 2000?

Source: Statistical Abstract of the United States, 2000.

(Modeling) Volunteerism among Volunteerism among College Freshman

College Freshmen The growth
in the percentage of college fresh-
men who reported involvement in 80|
volunteer work during their last 60 :ﬁ
year of high school is shown in the wll
bar graph. Connecting the tops of ‘
the bars with a continuous curve 204
would give a graph that indicates
logarithmic growth. The function
defined by

f(r)=7461 + 384Int, 1= i

100 |——-

Percent

O __ = ]
1995 1996 1997 1998 1999

Year

Source: Higher Education Research Institute, UCLA.

|~

2000 2001 2002

where  represents the number of years since 1994 and f(1) is the percent, approxi-
mates the curve reasonably well.
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(a) dpproximately 82,5956

This is exceptionally close to the
percent shown in the graph and to

the actual percent. §s, (a) 2
(b) 2 (¢) 2 (@) |
56. (a) 4 (b) 4 (¢) 5
57. 1 58.°1.59
59. log, 19; 128 19 In 19
log7 " In7
60. log, 10; 2810 1 In10
log3 " log3 In
61. log,, 13, —SB12_ In13
g .
log(—; In —i—)
B0 sty log 4 : In4
1 1
log| — —
q( 3 ) In( 3 )
63. {1.6309} 64. {1.7925
65. {—.0803} 66. {3.6674)
67. {2.2694) 68. =S5
69. {2.3863} 70. {—.4849}
. 1==1287h. 72 {2.1023}
73. 90 74. 9 75. {2} 7. {3}
|
. {T} 78. {—5} 79. ¢
4
80. ¢ 81. {1} 82. {?
83. {5} 84. {4)
85. {5} 86. {1}

) 3

89. {—17.5314} 90. {—2.4874}
91. {8} 92. {6} 93. {4}
94. {1.10} 95. {1.100}
96. {—2,2}
[ s )

| () 1/ N

“i\/\ “»L:\j\:}

=i

v 1

: t of freshmen entering o
S tion predict for the percent | tering ¢
i %gaztsﬁzspih;o?::;; volzmeer work during their last year of high schog

)
i are > actual percent of 82.6 -
- does this compare to the actual pct _
E W i would not provide a good m
L— 1(b) Explain why an exponential function wou p odel

data. 41 a §
55. (Modeling) Diversity of Species The number of species in a sample is gjy

n
S(n)=aln( 1+ )

he sample, and a is a constant that

is f individuals in t
Here n is the number of 1 g

the diversity of species in the community. If
(Hint: S(n) must be a whole number.)

(a) 100 (b) 200
(Modeling) Diversity of Species
the following values of 7.

(a) 50 (b) 100 (¢) 250

(Modeling) Diversity of Species Suppose a sample of a sn'lall communji
two species with 50 individuals each. Find the measure of diversity H. (See
(Modeling) Diversity of Species A virgin forest in northwestern Pennsyls
4 species of large trees with the following proportions of egch: hemlock, .52
.324: birch, .081; maple, .074. Find the measure of diversity H. (See Exam

(c) 150 (d) 10

56. In Exercise 55, find S(n) if a changes to

ST

58.

Concept Check An exponential equation such as 5° = 9 can be solved for
solution using the meaning of logarithm and the change-of-base theorem. Since

exponent to which 5 must be raised in order to obtain 9, the exact solution is
log9 In9 : ' - < "
—lgg s or %5- For the following equations, give the exact solution in three forms

the forms explained here.

59. 7= 19 60. 3* =10

Solve each equation. When solutions are irrational, give them as decimals
four decimal places. See Examples 7—12.

63. 3* =06 64. 4= 12 65.6'">=8

66. 3% = 13 67, 2 =158 68. 63 =4
69. e ' =4 s 7 = 112 71. 22 =13
72107 =5 73. 2= -3 74. 3* = —6

75. % - ¥ = &® 76. % - &F =

77. In(6x + 1) = 1n 3 78. In(7 — x) = In 12 ]
79. log 4x — log(x — 3) = log 2 80. In(—x) + In 3 = In(2x — 15)
81. log(2x — 1) + log 10x = log 10 82. In5x — In(2x — 1) =

@ 1og(x +25) =1 + log(2x — 7) 84. In(5 + 4x) — In(3 + x

85. log x + log(3x — 13) =1 86. n2x +5) +Inx=1In7
87. logs 4x — logs(x — 3) = logg 12 88. log, 3x + log, 3 = log 2x
80 572 =22 90..6F 4= s

91. Ine* — Ine’ =Iné’ 92. Ine* —2Ine =Inet

93! log,(log; x) = 1 94. log x = Viog x

@5 log * = (logx)’ 96. log, V2x? = —;—



b)

o 2011
1.6451 m per Sec

13 seC

1063

99, (a) about
100. (b) 984 ft

( Modeling) Solve each application.
1. Average Annual Public University Costs The

98.

99.

100.
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. Year - Average Annual Cost

table shows the cost of a year’s tuition, room 2000 _‘____ﬁ?_gg_’—f—
?nd board, and fees at a public university 2001 $8,470
rom 2000-2008. (Note: The amounts for e

2004-2008 are projections.) Letting y repre- 2002 _____j?lL

sent tht? cost and x represent the number of 2003 $9.,805
years since 2000, we find that the function e
defined by 2004 $10,295
ol MREeNA L
f(x) = 8160(1.06)" 2005 _'_ﬂojﬁ____
lfnodels the data quite well. According to this 2006 $11,351
unction, when will the cost in 2000 be 18
doubled? 2007 $11.9
2008 $12,514

Source: www.princetonreview.com

.Race Speed At the World Championship races held at Rome’s Olympic Stadium
in 1987, American sprinter Carl Lewis ran the 100-m race in 9.86 sec. His speed in
meters per second after f seconds is closely modeled by the function defined by

f@ = 11.65(1 — e~"*).

(Source: Banks, R. B., Towing Icebergs, Falling Dominoes, and Other Adventures
in Applied Mathematics, Princeton University Press, 1998.)

(a) How fast was he running as he crossed the finish line?
(b) After how many seconds was he running at the rate of 10 m per sec?

Fatherless Children The percent of U.S. children growing up without a father
has increased rapidly since 1950. If x represents the number of years since 1900,
the function defined by
25
o) = T 3643

models the percent fairly well. (Source: National Longitudinal Survey of Youth;
U.S. Department of Commerce; U.S. Bureau of the Census.)

(a) What percent of U.S. children lived in a home without a father in 19977
(b) In what year were 10% of these children living in a home without a father?

Height of the Eiffel Tower The right side of y
the Eiffel Tower in Paris, France has a shape A
that can be approximated by the graph of the
function defined by

x) = -3 . L
S(x) 01 In 207

X
f(x) = —301In —267

See the figure. (Source: Banks, R. B., Towing
Icebergs, Falling Dominoes, and Other Adven- e
tures in Applied Mathematics, Princeton

University Press, 1998.)

T
100

E](a) Explain why the shape of the left side of the Eiffel Tower has the formula

given by f(—x).
(b) The short horizontal line at the top of the figure has length 15.7488 ft.

Approximately how tall is the Eiffel Tower?
(c) Approximately how far from the center of the tower is the point on the right
side that is 500 ft above the ground?




