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87. 15,000

ol 1 175
0

Yy, is the best approximation of y = e

91. f isnot one-to-one, so it does not have an inverse.

24x — 32
X2 —4x+ 4

3
95. f(x) = (x?(Z)ZZ 2xX+ 8+

Slant asymptote: y = 2x + 8
Vertical asymptote: x = 2
Intercept: (0, 0)

Section 3.2

89. f isone-to-one, so it has an inverse.

93.

f(x) = —3x + 3
y=—%+3
x=-y+3

X—3=-%
—x-3) =y
f~Yx) = §x+%
2
f(x)=)§(:13=x—1

_|._
X+ 1

Slant asymptote: y = x — 1

Vertical asymptote: x = —1

Intercept: (0, 3)
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Logarithmic Functions and Their Graphs

X

to base a.
y=log,Xx < a =x

(@ log,1 = Osincea’ = 1.

(b) log,a = 1lsincea® = a.

(c) log,a* = xsincea* = a*.

(d) If log,x = log, y. thenx = y.

m  You should know the following properties of logarithms.

m  You should be able to convert from logarithmic form to exponential form and vice versa.

m  You should know that a function of the formy = log, x, wherea >0, a # 1, and x> 0, is called alogarithm of x

—CONTINUED—
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—CONTINUED—
m  You should know the definition of the natural logarithmic function.
log.x = Inx,x>0
m  You should know the properties of the natural logarithmic function.
(@ In1 =0sincee® = 1.
(b) Ine = 1sincee! = e.
(©) Ine* = xsincee* = €
(d) IfInx=Iny, thenx =y.
m  You should be able to graph logarithmic functions.
Solutionsto Odd-Numbered Exercises
1. log,64=3 [0 4°=64 3. log,6=-2 O 72=
5. log,4=%: O 325=4 7.ln1=00 e&=1
9. 5=125 [0 logs125 =3 11. 81¥4=3 [ loggy 3=
13. 62=25 [ logga = —2 15. € =20.0855... [0 In20.0855...=3
17. €26 =13.463...[] In13.463... = 2.6 19. log, 16 = log, 2* = 4
21. log,4(3) = 10g;51 — logyed = 0 — log,16Y2 = —3  23. log,, 0.01 = log,, 1072 = —2
25. log,x = log,9 27. Ine® = x 29. logg 6% = x
X=9 8-lne=xXx 2logg 6 = X
8=x 2=x
31. log,, 345 ~ 2.538 33. log,(2) ~ —0.097 35. In(4 + /3) =~ 1.746
37. InV/42 ~ 1.869 39. 6l0g,,14.8 = 7.022 41. 12In6.4 = 22.276
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43. f(x) = 3, g(x) = log; x 45, f(x) = €, gx) = Inx

y y

./l/gx //gx

-2 -1 1 2 -2 -1 l 2

-1+ 4+
2 2 H
f and g areinverses. Their graphs are f and g areinverses. Their graphs are
reflected about theliney = x. reflected about theliney = x.

47. f(x) = loggx + 2 49. f(x) = —logs(x + 2) 51. f(x) = logs(1 — x)
Asymptote: x = 0 Asymptote: x = —2 Asymptote: x = 1
Point on graph: (1, 2) Point on graph: (—1, 0) Point on graph: (0, 0)
Matches graph (). Matches graph (d). Matches graph (b).

53. f(x) = log, x
Domain: x>0 [0 Thedomainis (0, o). y
Vertica asymptote: x = 0 )

x-intercept: (1, 0)

y=log,x O & =x /

-1 1 2 3
X 3 1 4 2 4
y | -1 |0 1| 3 2
55. h(x) = log,(x — 3) y
Domain: x — 3>0 or (3, c0) 6l !
Vertical asymptote: x = 3 ar
Intercept: (4, 0) 2T !
L /_‘—_ X
2'Yfa 6 8 10
,2 +
al

57. y= —loggx + 2
Domain: (0, co)
Vertical asymptote: x = 0
x-intercept: —loggx +2 =0

2 = logz X
F=x
9=x y
The x-intercept is (9, 0). ]
y=—loggx + 2 4
log;x=2-y O 32Y=x 27
X 27 9 3 1 % _: 2 4 6 8 10 12 §
y | -1 o | 1] 2| 3 N
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59. f(x) = 6 + logg (x — 3)
Domain: (3, o)
Vertical asymptote: x = 3
x-intercept: logg(x — 3) = —6
6°6=x-3
x=3+6°=3

x|4|9]3
y|6]7|5

X
6l y= Iog10<5>

Domain: g>0 0 x>0
The domain is (0, co).
. X
Vertical asymptote: 5= 0O x=0

The vertical asymptote isthe y-axis.

x-intercept: Iogm(;) =0

The x-intercept is (5, 0).

63. f(x) = In(x — 2)
Domain: x —2>0 O x>2
The domainis (2, co).
Vertical asymptote: x —2=0 O x=2
x-intercept: 0 = In(x — 2)
e=x-2
3=x
The x-intercept is (3, 0).
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65. gx) = In(—x)
Domain: —x>0 [ x<O0
The domainis (—oo, 0).
Vertical asymptote: —x =0 O x=0
x-intercept: 0 = In(—X)
= —x
—-1=x
The x-intercept is (— 1, 0).

67. f(x) = g - |n§1
@ 7

-1 I T T T Y Y N e P}

(b) Domain: (0, co)

(c) Increasing on (2, oo)
Decreasing on (0, 2)

(d) Relative minimum: (2, 1.693)

10In2

=167 — Ins0

~ 23.68 years

w
@
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75. (a)
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150

(b) T > 300°F when p > 67.3 pounds per square
inch

[The graph of T and y = 300 intersect at
p = 67.3]

(©) T(74) = 306.48°F

Y

-4

69. h(x) = 4xInx

@ s

S T T | 1111 g

>

(b) Domain: (0, co)

(c) Increasing on (0.368, o)
Decreasing on (0, 0.368)

(d) Relative minimum: (0.368, — 1.472)

73. (a) f(0) = 80 — 17log,,(0 + 1) = 80

77.

(b) f(4) = 80 — 1710g,,(4 + 1) ~ 68.1
(©) f(10) = 80 — 17l0g,,(10 + 1) ~ 62.3
(d) 3

r 0.005 0.010 0.015
t 138.6 yr 69.3 yr 46.2 yr
r 0.020 0.025 0.030
t 34.7 yr 277 yr 23.1 yr

The doubling time decreases asr increases.
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|
79. B = 10Ioglo<ﬁ) =
@I=1=10 Iogm(ﬁ> = 10 - log,o(10%?) = 10(12) = 120 decibels

1002 8=10 Ioglo(%) = 101l0g,,(10'°) = 10(10) = 100 decibels

(b) 1
(c) No, thisis alogarithmic scale.

8l. y =804 — 11Inx, 100< x< 1500
450 cubic ft per minute
@ 30 children
(b) From the graph, for y = 15 you get x = 382 cubic feet.
(c) If ceiling height is 30, then 382 square feet of floor space is needed.

= 15 cubic feet per minute per child

1659.24
. t=16. — | = 85. Total amount = (1659.24)(10)(12) = $199,108.80

83. t=16 625|n(1659_24_ 750) 10 years ( )(10)(12) ~ $

Interest = 199,108.80 — 150,000 = $49,108.80
87. True. log,(27) = logy 3° = 3 89. 4

-4 1 1 1 i 1 1 1 1 1 8

AN

L@ T1] 5 [ 10 | 1020 ]| 108 10°

f(x) | 0| 0.322 | 0.230 | 0.046 | 0.00092 | 0.0000138

(b) Asx increases without bound, f(x) approaches 0.

© o

93. Vertical asymptote: x = 0 95. Vertical asymptote: x = 7
No horizontal asymptote No horizontal asymptote

97. €/2 = 33.115 99. 6e~8 ~ 0.002



