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. ANSWERS TO IVIATCHED PROBLEMS
1. The graph of g is the same as the graph of freflected in the y axis and vertically shrunk by a
factor of 1 |
o mtercepts. none ’
» intercept: 3
horizontal asymptote: y = 0 (x axis)
vertical asymptotes: none
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3. The graph of g is the same as the graph of /; stretched horizontally by a factor of 2, stretched
vertically by a factor of 2, and shifted 5 units down; g is increasing.
horizontal asymptote: y = —35
| vertical asymptote: none
, ¥ g
10

4. $2,707.04 5. After 23 quarters 3 i
6. Annually: $1,762.34; quarterly: $1,806.11; continuously: $1,822.12

5-1 Exercises

II|
|
|
1. What is an exponential function? 4. Explain why f{x) = (1/4)" and g(x) = 4 are really the ' ._: = J

) 2l ; ion. C this fact t
2. What is the significance of the symbol ¢ in the study of expo- ;ir:;{:lnnggon #0301 use this fact foradd tayouranswer for

nential functions?

: - >R, S
3. For a function f(x) = &Y, explain how you can tell if the 5. How do we know that the equation ¢® = 0 has no solution’

graph increases or decreases without looking at the graph. 6. Define the following terms related to compound interest: - |
principal, interest rate, compounding period. - |
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7. Match each equation with the graph of £, g, m, orn in the figure.

(Dy=(0ZF (Bly=2
©)y=GF D)y=4
[ g 6 m

EXPONENTIAL AND LOGARITHMIC FUNCTIONS

37.@%" =3
39.(1-x=@x— 1)
41, 2xe * =0

38. " =3
40.5° = x + 2
42.(x — 3)e* =0

43. %" — 5xe" =0 44, 3xe " +xe =0
; 45, 9~ = 3! 46. 4% = 2°°
N : 47,2553 = 1257 4847 = (6=
49, 42T = grte 50. 100%™ = 1,0007"°

¢}

51. Find all real numbers a such that a® = a2, Explain why this
does not violate the second exponential function property i
(A)y= P the box on page 330.

b o .
(=« Find real numbers @ and b such that a # b but a* = 5

Explain why this does not violate the third exponential func-
tion property in the box on page 330.

Evaluate y = 1" for x = =3, =2, -1,0,1,2, and 3. Why =
b = 1 excluded when defining the exponential function y = b

52.

53.

54, Evaluate v = 0° forx = =3, =2, — 1, 0,1,2, and 3. Why 15

b = 0 excluded when defining the exponential function y = bR

In Problems 5564, use transformations to explain how the graph

In Problems 9—16, use a calculator to compute answers to four ; '
of g is velated to the graph of the given exponential function f.

significant digits. . %
. B Determine whether g Is increasing or decreasing, find any
9.5V 10.37Y? asymplotes, and sketch the graph of g.
.o +e” 12.¢ ¢’ 55. g(x) = —() f(x) = &)
13. Ve 14.¢% 56. g) = —(1) 75 /) = @
15_2_% 186. 3_—2L 57. 566 = P + 3 ) = @

I 58. g(x) = 5 — G5 fv) = &)
s In Problems 17-24, simplify. 59, g(x) = S00(1.04)"; fix) = 1.04*

| o i Ix—1lynd—x 3xy2y
"o 17.107 10 g8 60. g(x) = 1,000(1.03)% /(x) = 1.03*
3x x—3 o "
19. 7 20. 2 6L g = 1+ 267 fl) = €
! | 62. g(x) =4 =7, fx) = &*
21. (g) 22, (2FY 83.g(x)=3—4& S f) =€
= A= e
: & A 64.g(x)=—2—3¢ L flx)=e
| 2.5 245

In Problems 65—68, simplify.

_2x3€—?,t —

xﬁ

- In Problems 25—32, use transformations to explain how the graph
i . of ¢ is related to the graph of f(x) = ¢”. Determine whether g is
increasing or decreasing, find the asymptotes, and sketch the

65. o a6, sxte™ — 4™

. g?'ﬂph Ofg 67. (ex il e—x)Z p (ex o efx)z
o 25, 800 =3¢ 26.8(x) = 2¢ 68. (e "+ 1) — e (" + 1)
27.5(x) =t 28. g(x) = te*

29, g(x) = 2 + &*
3. g0y = &2

30.g(x) = —4+e
82, ozl ="

In Problems 69—76, use a graphing calculator to find local

B, irema, v intercepts, and x intercepts. Investigate the behavior &
¥ —s o0 and as x — and identify any horizontal asymptotes.
Round any approximate values to two decimal places.

In Problems 33-50, solve for x.

I‘ = 33.5% = Féx-2 69./(x) =2+ &2

34, 107 = 107 .06y =" 3T e

72.1(x) = s

o 150 =™

38.7 = 7 Seldr g’
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75. f(x) = ——2_ 76. g(x) = e

77.Use a graphing calculator to investigate the behavior of
f(x) = (1 + x)"* as x approaches 0.

78. Use a graphing calculator to investigate the behavior of
f =01+ x)* as x approaches .

79. The irrational number /2 is approximated by 1.414214 to six
decimal places. Eachof x = 1.4,1.41, 1.414, 1.4142, 1.41421,
and 1.414214 is a rational number, so we know how to define
2* for each. Compute the value of 2* for each of these x values,
and use your results to estimate the value of 2V2, Then com-
pute 22 ysing your calculator to check your estimate.

80. The irrational number /3 is approximated by 1.732051 to six
decimal places. Each of x = 1.7,1.73, 1.732, 1.7321, 1.73205,
and 1.732051 is a rational number, so we know how to define
3* for each. Compute the value of 3* for each of these x values,
and use your results to estimate the value of 3V3, Then com-
pute 3V3 using your calculator to check your estimate.

It is common practice in many applications of mathematics to

B o proximate nonpolynomial functions with appropriately selected
polynomials. For example, the polynomials in Problems 81-84,
called Taplor polynomials, can be used to approximate the exponen-
sial function f{x) = e™. To illustrate this approximation graphically,
mn each problem graph f{x) = e” and the indicated polynomial in the
wame viewing window, —4 =x =4 and —5 =y = 50.

31.P1(x)=1+x+%x2
82.P2(x):1+x+%x2+éx3

83.P3(x) =1 +x+%x2+%x3+ﬁx4
84'P4(x):1+x+%x2+%x3+§x4+ﬁx5

85. Investigate the behavior of the functions fi(x) = x/e”,
Hlx) = x*/e”, and f3(x) = x*/e* as x — o and as x — —=, and
find any horizontal asymptotes. Generalize to functions ofthe
form f,(x) = x"/e", where n is any positive integer.

26. Investigate the behavior of the functions g1(x) = xe™,
2lx) = Ze”, and g3(x) = x°e” as x — 0 and as x —> —, and
find any horizontal asymptotes. Generalize to functions of the
form g,(x) = x"¢*, where 1 is any positive integer.

APPLICATIONS*

87. FINANCE A couple just had a new child. How much should
they invest now at 6.25% compounded daily to have $100,000 for
the child’s education 17 years from now? Compute the answer to

e nearest dollar.

88. FINANCE A person wants to have $25,000 cash for a new car
5 years from now. How much should be placed in an account now if
the account pays 4.75% compounded weekly? Compute the answer
to the nearest dollar.

#Round monetary amounts to the nearest cent unless specified
~ otherwise. In all problems involving interest that is compounded daily,

assume a 365-day year.
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89. MONEY GROWTH If you invest $5.250 in an account paying
6.38% compounded continuously, how much money will be in the
account at the end of
(A) 6.25 years?

90. MONE ROWTH If you invest $7,500 in an account paying
5.35% compounded continuously, how much money will be in the
account at the end of

(A) 5.5 years? (B) 12 years?

(B) 17 years?

91, FinANCE I£$3,000 is deposited into an account earning 8%
compounded daily and, at the same time, $5.000 is deposited into
an account earning 5% compounded daily, will the first account
ever be worth more than the second? If so, when?

92, 1nancE I $4,000 is deposited into an account earning 9%

; compounded weekly and, at the same time, $6,000 is deposited

into an account earning 7% compounded weekly, will the first ac-
count ever be worth more than the second? If so, when?

93. r1n AN CE Will an investment of $10,000 at 4.9% compounded
daily ever be worth more at the end of any quarter than an invest-
ment of $10,000 at 5% compounded quarterly? Explain.

94. rinance A sum of $5,000 is invested at 7% compounded
semiannually. Suppose that a sccond investment of $5,000 is
made at interest rate r compounded daily. Both investments are
held for | year. For which values of 7, to the nearest tenth of a per-
cent, is the second investment better than the first? Discuss.

95, PaESENT VALUE A promissory note will pay $30,000 at matu-
rity 10 years from now. How much should you pay for the note now
if the note gains value at a rate of 6% compounded continuously?

96. PRESENT VALUE A promissory note will pay $50,000 at ma-
turity 55 years from now. How much should you pay for the note now
if the note gains value at a rate of 5% compounded continuously?

97. voncy GrowTH The website Bankrate.com publishes a
weekly list of the top savings deposit yields. In the category of
3-year certificates of deposit, the following were listed:

3.12% (CQ)
3.00% (CD)
2.96% (CM)

Flagstar Bank, FSB
UmbrellaBank.com
Allied First Bank

where CQ represents compounded quarterly, CD compounded
daily, and CM compounded monthly. Find the value of $5,000 in-
vested in each account at the end of 3 years.

98, Refer to Problem 97. In the 1-year certificate of deposit cate-
gory, the following accounts were listed:

2.91% (CD)
2.86% (CM)

GMAC Bank
UFBDirect.com

Find the value of $10,000 invested in each account at the end of 1 year.

99, 11ANCE Suppose $4,000 is invested at 6% compounded
weekly, How much money will be in the account in
(A)} year? (B) 10 years?

100. #1nANcE Suppose $2.500 is invested at 4% compounded
quarterly. How much money will be in the account in
(A)3 year? (B) 15 years?
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'ANSWERS TO MATCHED PROBLEMS | |
1. ii ‘
f i B
: = | 1
1\ I
X 1 = (’2) X y = ]f)g”ﬂ X
RS s s s ‘:
-3 8 8 -3 ;
-2 4 4 -2 |
-1 2 ) -1 i |
0 1 1 0 — 1" i
! : } 1 7 o y=legipx \
2 ] ] 2 frEnE ; £ |
!
3 § : 3 |
28 2= BIE=32  ©5=37" ‘
3.(A)logs64 =3 (B)logg2=3  (C)log, (H) = —2 |
LA p=2 @=x=3 ©b=10 |
(A =5 @2 @0 @mtn (B4 (B P 1
6.(A) —1.868734  (B)3.356 663  (C) Not possible R
7.(A) 14275  (B) 1.022  (C) 1.022 I
8

L (A)x = 0006333  (B) x = 1.208 X 102 9.4.7486

B5-3 Exercises

1. Describe the relationship between logarithmic functions and Rewrite Problems 13—18 in equivalent logarithmic form.
exponential functions in your own words. A3 G =2 14.9 = 272 |
. . . . - |
2. Explafin why there are infinitely many different logarithmic 15.1 = 32~ 1/5 15k = = | 1
functions. i
AT = 18. ()% =0.16

3. Why are logarithmic functions undefined for zero and negative
inputs?
In Problems 19-22, make a table of values similar to the one in

4. Why is logs | = 0 for any base? -
Example 1, then use it to graph both functions by hand.

5. Explain how to calculate logs 3 on a calculator that only has

_ 12X el =
log buttons for base 10 and base e. 19./(x) =3 () = logsx
_ rlyx =1 =
8. Using the word “inverse,” explain why log, b* = x for any x 20. /) = () 7 @) = logisx
and any acceptable base b. 21.f(x) = & 7 x) = logapnx

22. f(x) = 107 Fl(x) = logx :
Rewrite Problems 7—12 in equivalent exponential form. = = |

7.log3 81 = 4 8.logs125 =3 In Problems 23-38, simplify each expression using Theorem 2.
9.10g,,0.001 = —3 10. log;( 1,000 = 3 23. log;s 1 24. log,s 1 25. logy 5 0.5 = '

11.logs 35 = —2 12. logy 33 = —6 26. log; 7 27.log, &* 28. log,, 10°
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29. log;(,0.01 30.log;, 100 31. log; 27
32.log, 256 33.log»2 34. log; s (35)
35. gloes 36. oz 10 37.logs V5

38. log, V8

In Problems 39-46, evaluate to four decimal places.

39. log 49,236 40. log 691,450
41.1n 54.081 42.1n19.722
43.log, 13 44.logy 78

45.logs 120.24 46. log,, 304.66

In Problems 47-54, evaluate x to four significant digits.
48.logx = 1.9168
50. logx = —2.0411
52.Inx = 5.0884
54.Inx = —4.1083

47.log x = 5.3027
49.logx = —3.1773
51.1Inx = 3.8655
53.Inx = —0.3916

Find x, y, or b, as indicated in Problems 55-72.

85.log,x =2 56. logy;x =3
57.logy 16 =y 58. logg 64 = y
59. log, 16 = 2 60. log, 1073 = —3
61.log,1 =0 62. log, b =1
63.log,x =3 64. loggx = 3
65.log, 9 =y 66. logs (5) = ¥
67.log, 1,000 =3 68. log, 4 = ;
69.loggx = —% 70. logysx = —%
Ti.log 8 =y 72.logy27 =y

In Problems 73-78, evaluate to three decimal places.

log 2 log 2
: s 74. =
log 1.15 log 1.12
In3 In4
3 < 76.
Inl.15 In1.2
In 150 log 200
77— fos
2In3 3log?2

In Problems 79-82, rewrite the expression in terms of log x and log v.

79.1 (x)
« 10 o
. 34

81. log (x**)

80. log (xv)

82. log (%)

EXPONENTIAL AND LOGARITHMIC FUNCTIONS

In Problems 83—86, rewrite the expression as a single log.

83.Inx —Iny 84, logyx + logsy

85.2Inx+3lny —Inz 86.loga — 2logh + 3loge

In Problems 87-90, given that log x = —2 and logy = 3, find:

88. log (f)
34

90. log (x°y°)

87. log (xv)
89. log (g)
¥

In Problems 91-98, use transformations to explain how the grapl
of g is related to the graph of the given logarithmic function f-
Determine whether g is increasing or decreasing, find its domain
and asymptote, and sketch the graph of g.

91. g(x) = 3 + log, x; /(x) = loga x

92. g(x) = —4 + logax; f(x) = logzx
93. g(x) = log; 5 (x — 2); f(x) = log, 5 x
94. g(x) = log,» (x + 3); f(x) = log,px
95. g(x) = —1 — logx; f(x) = log x
96.2(x) =2 — logx; f(x) = logx
97.5() =5 —3Inx: f(x) = Inx
98.2(x) = -3 —-2Inx;f(x) =Inx

In Problems 99-102, find [~

99.7(x) = logsx 100.f(x) = log 5 x
101. /(x) = 4 logs (x + 3)  202./(x) = 2 log, (x — 5)
103. Let f{x) = log; (2 — x).

(A) Find ", (B) Graph 7"
{C) Reflect the graph of /™' in the line y = x to obtain the
graph of .
104. Let f(x) = logs (—3 —x). ot
(A) Find 7. (B) Graph f ~".
(C) Reflect the graph off_1 in the line y = x to obtain the
graph of .

105. What is wrong with the following “proof” that 3 is less than 27

it ) Divide both sides by 27.
<%
27 < %
@ <67
log (5)° < log (3)°
3log; < 2logl Divide both sides by fog L.
Jr= g

- -
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through the point (1, 0) and has the y axis as a vertical asymptote.
The following properties of logarithmic functions are useful:

l.log, 1 =0
2.logy b =1
3.log, b = x

4.p°%% = x x>0

5. log, MN = log; M + log, N
M
6. IOng = log, M — log, N

7. log, M¥ = plog, M
8. log, M = log, Nifand only if M = N

Logarithms to the base 10 are called common logarithms and are
denoted by log x. Logarithms to the base e are called natural loga-
rithms and are denoted by In x. So log x = y is equivalent to
x = 107, and In x = y is equivalent to x = e”.

The change-of-base formula, log, N = (log, N)/(log, b), re-
lates logarithms to two different bases and can be used, along with a
calculator, to evaluate logarithms to bases other than ¢ or 10.

5-4  Logarithmic Models

The following applications involve logarithmic functions:

1. The decibel is defined by D = 10 log (I/1,), where D is the
decibel level of the sound, [ is the intensity of the sound, and
Iy = 107" watts per square meter is a standardized sound level.

cHAPTER D Review Exercises

Work through all the problems in this chapter review and check
answers in the back of the book. Answers to all review problems
are there, and following each answer is a number in italics
indicating the section in which that type of problem is discussed.
Where weaknesses show up, review appropriate sections in the text.

1. Match each equation with the graph of f, g, m, or n in the figure.

(A)y = logax (Byy =05
(C)y =logysx D)y=2
f 3 g
ahe “\ Al
-4.5 4.5

=3

2. Write in logarithmic form using base 10: m = 10".

EXPONENTIAL AND LOGARITHMIC FUNCTIONS

2. The magnitude M of an earthquake on the Richter scale is
given by M = %log (E/E;), where E is the energy released by
the earthquake and £ = 10*4° joules is a standardized energy
level.

3. The velocity v of a rocket at burnout is given by the rocket
equation v = ¢ In (W,/W,), where ¢ is the exhaust velocity, 17,
is the takeoff weight, and I}, is the burnout weight.

Logarithmic regression can be used to fit a function of the form
v =a + blnxto a set of data points.

5-5  Exponential and Logarithmic Equations

Exponential equations are equations in which the variable appeass
in an exponent. If the exponential expression is isolated, applying
logarithmic function to both sides and using the propermy
log, N* = p log, N will enable you to remove the variable from the
exponent. If the exponential expression is not isolated, we can
previously developed techniques to first solve for the exponential.
then solve as above.

Logarithmic equations are equations in which the variable
appears inside a logarithmic function. In most cases, the key
solving them is to change the equation to the equivalent exponesi-
tial expression. For equations with multiple log expressions, prog
erties of logarithms can be used to combine the expressioms
before solving.

3. Write in logarithmic form using base e: x = e”.

Write the expression in Problems 4 and 5 in exponential form.
4.logx =y S.Iny=x

6. (A) Plot at least five points, then draw a hand sketch of the grapii
of y = ("

(B) Use your result from part A to sketch the graph af
Y= 10g4/3 X.

In Problems 7 and 8, simplify.
73( +2 ( ex )x
7. 8.
72 —-x e e

In Problems 9-11, solve for x exactly.

10.l0g,25 =2  d1.log: 27 ==x

9.log,x =3



