; 33-36, find the function of the form f(x) =
19 B tai.:s the two given graph points. *) = ca*
on

t c
tho (0,1)3“‘1 (2,16) b. (0,1) and(—z.é)
e

. (1,1)and (2.5) b. (1v1)and(2,%>
3.8 37
a (1'5) and (2, 125) b. (—1,4) and (1‘ 16)

ises 3744, sketch the graph of the given functio,

n b
n all;dx:;‘ca table of values. (Use a calculator if necessary.) Y
m )= & 38. g(x) = 1¥
3 -X
O (3 40. h(x) =77
. 8(x) = (2) i

a1 h(x) = (%) 2. f(x) = (11_0>
g.f0) = (137 M. g(x) = (07)

Match each exponential function given in Exercises 45-48
with one of the graphs labeled (a), (b), (c), and (d).

5. f0) =5 46. f(x) = —5*
4. fix) =357 48. f(x) =57+ 1
"
61 L
| \1&««%
-1 0 1 x

_.1 0 1
(©) @

In Exercises 49-56, start with the graph of the appropriate
C eXponential function f and use transformations to

sk
ra:::‘ the graph of the function g. State the domain and

(39) of ¢ and the horizontal asymptote of its graph.
g (x) = 3x-1

g(x)=3"—l

S(I) = 4~x g(x) = —4*
53, o(r) _

80) = —2.5-1 4 4 54. g(x) = %.51-,‘ %8B
Bt .

8(x) = —gr-2 4 4 56. g(x) =3 + &¥7*

In Exercises 5760, write an equation of the ﬁ:-r,:p
f(x) = &* + b from the given graph. Then ¢

57.

58.

59.

60.
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ute f(2)-

1
4_
1,3.5)
/(0.3)
2_
1._.
I | | tioe
-1 OL_ 1 2 3x
y
26 [
6_.
5_
4._
(,3)
2’_&)
L | 1 | s
-2 -1 0}» 1 2 3%
y
c2n |
6_.
5_.
4_
3_
2_
LY g}
L | | | |
-2 -1 l() 1 2 3 x
_2M
71
3_
(—1,25)
2._
1 | | L |
-2 -1 0 1 2 3;

In Exercises 61-64, write an equation of each graph in the
final position.

61. The graph of y = 2% is shifted 2 units left and then 5 units up
62. The graph of y = 3 s shifted 3 units right and then is

reflected about the y-axis.

1\*,
63. The graph of y = (5) 1s stretched vertically by a factor of

2 and then is shifted 5 units down.

64. The graph of y = 27 is reflected about the X-
shifted 3 units up.

axis and then is
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In Exercises 65-68, find the simple interest for each value of
principal P, rate r per year, and time ¢.

65. P = $5000, r = 10%, = 5 years
66. P = $10,000, r = 5%, t = 10 years
7

67.P=$7800.r=68

%, t = 10 years and 9 months

1
68. P = $8670, r = 45%, t = 6 years and 8 months

In.Exercises 69-72, find (a) the future value of the given
principal P and (b) the interest earned in the given period.

P = $3500 at 6.5% compounded annually for 13 years
70. P = $6240 at 7.5% compounded monthly for 12 years
ﬁ\ P = $7500 at 5% compounded continuously for 10 years
__2yp = $8000 at 6.5% compounded daily for 15 years
In Exercises 73-76, find the principal P that will generate the
given future value A.

@A = $10,000 at 8% compounded annually for 10 years

74. A = $10,000 at 8% compounded quarterly for 10 years

A = $10,000 at 8% compounded daily for 10 years
7(/5, A = $10,000 at 8% compounded continuously for 10 years
In Exercises 77-84, starting with the graph of y = ¢*, use

transformations to sketch the graph of each function and
state its horizontal asymptote.

77. f(x) = e

79. f(x) = &2

81. f(x) =1+ ¢
83. f(x) = -2+ 3

78. f(x) = —€*

80. f(x) = **

82 flx) =2-¢7
84. g(x) =3 + &¥F

Applying the Concepts

85. Metal cooling. Suppose a metal block is cooling so that
its temperature T (in °C) is given by T = 200+4701" + 25,
where ¢ is in hours.

a. Find the temperature after
(i) 2 hours. (i) 3.5 hours.

b. How long has the cooling been taking place if the block
now has a temperature of 125°C?

c. Find the eventual temperature (¢ — ®).

86. Ethnic population. The population (in thousands) of
people of East Indian origin in the United States is
approximated by the function

p(t) = 1600(2)*1%%,

where ¢ is the number of years since 2010.
a. Find the population of this group in

(@i 2010. (if) 2018.
b. Predict the population in 2025.

87. Price appreciation. In 2010, the median price of a house in
Miami was $190,000. Assuming a rate of increase of 3% per
year, what can we expect the price of such a house to be in
20157

88. Investment. How much should a mother invest at the time
her son is born to provide him with $80,000 at age 21? Assume
that the interest is 7% compounded quarterly.

89. Depreciatio

90.

91.

92.

93

£

95,

n. Trans Trucking Co. purchased a try 6
§80,000. The company depreciated the truck at he o, "
each year at the rate of 15% of its current valye, Wha i
value of the truck at the end of the fifth year? S the

Manhattan Island purchase. In 1626, Peter Dy Miny;
purchased Manhattan Island from the Native Americap, fn
60 Dutch guilders (about $24). Suppose the $24 wyg ;. or
in 1626 at a 6% rate. How much money would thay j "

: : nves,.
ment be worth in 2006 if the interest was st

a. Simple interest.

pb. Compounded annually.

¢, Compounded monthly.

d. Compounded continuously.

Investment. Ms. Ann Scheiber retired from govemmen;
service in 1941 with a monthly pension of $83 and § 000
savings. At the time of her death in January 1995 at yp, : Ln
of 101, Ms. Scheiber had turned the $5000 into $22 iy
through shrewd investments in the stock market. She
bequeathed all of it to Yeshiva University in New York iy
What annual rate of return compounded annually woulq lUr.n
$5000 to a whopping $22 million in 54 years?

Population. The population of Sometown, USA, was 12,00
in 2000 and grew to 15,000 in 2010. Assume that the Popula.
tion will continue to grow exponentially at the same constay
rate. What will be the population of Sometown in

5 1/10
20207 | Hint: Show that ek = <Z) )

Medicine. Tests show that a new ointment X helps heal
wounds. If Ag square millimeters is the area of the original
wound, then the area A of the wound after n days of applica-
tion of the ointment X is given by A = Age ™4, If the area
of the original wound was 10 square millimeters, find the
area of the wound after ten days of application of the new
ointment.

Cooling. The temperature T (in °C) of coffee at time

¢ minutes after its removal from the microwave is given

by the equation

T =25+ 73792

Find the temperature of the coffee at each time listed.
at=0 b. t =10

¢ t=20 d. after a long time

Interest rate. Mary purchases a 12-year bond for
$60,000.00. At the end of 12 years, she will redeem the bond
for approximately $95,600.00. If the interest is compounded

quarterly, what was the interest rate on
the bond?

. Best deal. Fidelity Federal offers three types of investmens

(i) 9.7% compounded annually, (ii) 9.6% compounded
monthly, and (i) 9.5% compounded continuously. Which
investment is the best deal?

. Paper stacking. Suppose we have a large sheet of paper

0.015 centimeter thick and we tear the paper in half and P

the pieces on top of each other. We keep tearing and stacking
in this manner, always tearing each piece in half. How high

will the resulting pile of paper be if we continue the process

of tearing and stacking

a. 30 times?

b. 40 times?

¢. 50times? [Hint: Use a calculator.]
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Exercises
gasic Concepts and Skills
1, The domain of the functiony = log,xis ____ | 27, 3logg2 = 1 28. 1 + log 1000 = 4
anditsrangelsf___.- ln2=x 30. Inmr=a
3, The logarithmic form y = log,x is equivalent to the .
exponential form In Exercises 31-40, evaluate each expression without using a
3, The logarithm with base 10 s calledthe calculator.
logarithm, and the logarithm with base e is called the @ logs 125 32. log, 81
logarithm. ox 10000 “l |
4, g% = ,and log,a* = @ 08 2 - 10833
5, True or False. The graph of y = log,x,a > 0,a # 1,is 1 1
the graph of an increasing function. log, 36. log, &
6. True or False. The graph of y = log,x,a > 0,and a # 1, 37) log; V27 38. logy 3
has no horizontal asymptote. 39.\logy 2 40. logs V125
In Exercises 7-18, write each exponential equation in Tn Exercises 4152, evaliuate sach exyression;
logarithmic form.
1 41' 083 1 42, 1°gl/2 1
1.5 =125 ) Y / .
8. (49) 7 log;7 44. 108,05
4 ( 1\
=] = 22 = 4 5
16) 4 10. (a ) a ®10g667 46. lOg1/2 (%)
b = 12, 10 = 10,000 (a7 yous -
13- (10)"1 =01 14. 31 =5 \ (o7 " o s
15,02 4 2=7 e ( 9} 2°%:7 + logs5 50, 38 — 10822_3
.23 16 4 =m 51, 4ons — Jog a7 52, 1008% — gy
o 852 = In Exercises 53-60, find the domain of
In Exereiges 19._ n Lixercises , find the domain of each function,
30,
.“ﬂentlal form, write each logarithmic equation in 53, f(x) = logy (x + 1)
og, 3 5 _ 54. g(x) = logy (x — 8)
U, logyy 100 = 9 ;g iog-, 4190__21 55, f(x) = logzVx —
log1 = e = o 56. 8(x) = log4\/_
. log, 1 =
B logy001 = -2 o @ f(x) = log(x = 2) + log(2x = 1)

26. logys 5 = 1 58.g(x) =InVx+5 —In(x+ 1)
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Exercises

i concepts and Skills
§as

- + 3 4
MN = »(3x+1)
1, 108a - M - o 37. ln{
X logaM ~ log.¥ VR E 1+ 25 - 3
s — (x + 1) (x? - 2)%
310k i i 38.1 [
| The change-Of'baSC formula using base e is n (2 - 1)3/2 (x2 I 2)_4/5
loga M= — ' ;
Triae or False. logg (u + v) = log,u + log,v In Exercises 3048, write each expression in condensed form
' x _ 39.)\log; x + log, 7 40. log, x — log23
¢, True Of False. IOgTG =logx -1 <\
' 2logx- logy + logz
pp ercises 7-18, given thatlogx = 2,logy = 3,10g2 ~ ¢ 3, |
dlog3 0.48, evaluate each expression without using a 42, E( logx + logy)
calculator: X
@ogﬁ . 8. log4 43 5 (logyz + 2logy y)
1
og5 [Hinl:S = —2—] 10. log (3x) 1
4, 3 (logx — 2logy + 3logz)
2
@log(;) 12. log.x? 45.Inx + 2Iny + 3Inz
13,10g(2)£2}’) 14. longS 46. 2Inx — 3Iny + 4Inz
15, logVx™y'* 16. log (log x?) 41.2Inx - %ln (2 +1)
11, log V/48 18. log; 3 : |
(2 —1) — = 2
In Exercises 19-32, write each expression in expanded form, 4. 2Inx + 2 In(x* - 1) 2 In (x*+1)
Assume that all expressions containing variables represent
positive numbers. I In Exercises 49-52, write an estimate of each number in
x(x+1) scientific notation.
19.1n[x(x = 1)] 20. n—— 49, ° 50, 75%
(x=1)
32 51, 3247% 52, 723416
2. log,Vy? 22. |08n7y 53. Which is larger, 234%7 or 5672347
- 2 54. Which is larger, 4321375 or 87653219
@108«\3[; 2A. loga@ 55. Find the number of digits in 172+ 5367,
5 ) 56. Find the number of digits in 672% + 23!%,
) 1082\‘/ 2. 26. log,j 1
8 100 [P In Exercises 57-64, use the change-of-base formula and a
@log Vit +1 »-9 )2/3 calculator to evaluate each logarithm.
x+3 28. log, x2—6x+8 log, 5 58. log, 11
5, Iogbxzy3z 30. lOgb \/ﬁ . 10g1/23 60. logvg 12.5
i m[@ V- 2Vx+ 1] 61. logys V17 62. log;s 123
242 32 In I 2+3 og, 7 + logy3 64. log,9 — log\55
3, m[ (x + 1) .1 2&+3 ] In Exercises 65-72, find the value of each expression without
x=-3)Vxt4 - (x + 4 (x - 3yt using a calculator.
35,1,][(” 0 [2+2 (V2r+ 1 (x+ 1)] oga\/5 66. log, /44
22+ 5] Ao 15} (x - 1)2(3x +2) (67) logs (l0g28) 68. 22

@ 521logs 3+logs2 e31n2-21n3
71. log4 + 2log5 72. log; 160 — log,5
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11
( A In <7)

2 = re————— B e
.5 bx=3 ¥ 3 1 0.589

8
: 3~ 3819 4xr=In5~ 160
= —In .
35 - B tates: 343.61 million; Pakistan: 255.96 million
n
5.
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68 TS
b. Sometime in 2022 (after 11.69 1) ¢ In 23. " y

L = 7.x =
(sometime in 2033) 6.x =¢e . 4%.
9. The average growth rate was approximately B
1—é*

3

10.x < -2 11.x <

Exercises

ncepts and Skills

gasic CO
1, An equation that

R
3, An equation that contains terms of the form log, x is called

equation.

contains terms of the form a* is called a(n)
equation.

a(n) ——m8

3, The equation y = —]—:ﬁ represents a(n)

S model.

4, True or False. A logistic curve always has two horizontal
asymptotes.

5, True or False. Because the domain of f(x) = log,x is the
interval (0, %), a logarithmic equation cannot have a nega-

tive solution.
6. True or False. The equation 8% = 4% is true for all real
values of x.

In Exercises 7-22, solve each equation.

"=16 8. 3" = 243

W= 10. 557 = 1

1L 4% = 128 12. 94 = 243

13, 574 = 625 14. 37 = 81
Inx=0 6. In(x—1) =1

1. logyx = —1 18. log; (x + 1) =3

B logs |x| =2 20. logy |x + 1] =3
;‘logx—2=0 22.%log(x+1)—1=0

:’;Etxﬂclses 23-52, solve each exponential equation. Write the
answer with natural logarithms and then approximate
result correct to three decimal places.

%=
s 2.3 =
2 =15 26. 3%+5 = 17
Segx _
29321,_7=1° 28.3-5"+4 =11
31l 1:4 tasy 30.2:3%35-7=10
a2 32, 3% = 2**)
27 < quv 34, 52+ = 371
. ?.3«‘—1 = §x+1 36 5.22“,1 - 7,3x—1
. 106 t_ .
39, o B e 38. (1.0725)' = 2
~4-2X=2] 40. 4x_4—X=2

41. 9 -6-3*+8=0

X 4 §.37%
42.3__.L3_=2
3
43.3% - 4.3% +2.3* =38
4.2% +3.2% - 2" =3
¥F-3* 1 F—e* _ 1
ByieTa 673
4 7
= ’ =3
vy ! B 71
17 15
= , ————— =4
9. =1 50. 55
5 7
. = , —————— =4
lova 1 23552

In Exercises 53-70, solve each logarithmic equation.
@3+10g(2x+5) =2

54.1 +log(3x—4) =0

55. log (x2—x—5) =0

56. log (x> — 6x + 9) = 0

57. logs (x2 — Tx + 14) = 1

58. logs (x* + 5x + 10) = 1
(N (2x - 3) I (x+5) =0

60. log (x + 8) +log (x — 1) =1
61. logx + log (x + 9) = 1

62. logs (3x — 1) —logs (2x +7) =0
63. log, (5x — 2) — log, (3x + 4) =0
64.log (x — 1) +log (x +2) =1

65. logg (x + 2) + logg (x —3) = 1
66. log; (3x — 2) —logx (5x+ 1) =3
67.logy (2x —7) — logz (4x — 1) =2

68. logy Vx + 3 — logy V2x — =%

69. log73x + logz (2x — 1) = log, (16x — 10)
70. logy (x + 1) + log32x = logz (3x + 1)

nd Inequalities 447
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