Chapter 6

Exponential and Logarithmic Functions

6.3 Logarithmic Functions

1. 9=%F isequivaentto2=1og,9

3. a’=16isequivaentto 2 =1log,1.6
5. 1.2 =Misequivaentto 2 =log,, M
7. 2"=72isequivaentto x =log, 7.2
9. x¥ =pisequivalentto 2 =log,p
11. e* =8isequivalenttox =In8

13. log,8=3isequivaentto 2’ =8

15. log,3 =6isequivalentto a® =3

17. log,2 = xisequivalentto 3" =2

19. log, M = 1.3isequivalentto 2*° = M
21. log,p = xisequivalent to (JE)X =p
23. In4 =xisequivaenttoe* =4

25. log,1=0since2=1

27. log,25=2 since =25

29. log,16 =- 4since (3)“=2"=16

1
-

31. log,+10 =% since 107 =10

10.

12.

14.

16.

18.

20.

22.

24,

26.

28.

30.

32.

16 = 4 isequivalentto 2 = log, 16
a’ =21lisequivdentto 3=log, 2.1
2.2° = Nisequivalentto 3=1log,, N
3 = 4.6isequivaent to x = log, 4.6
x" = eisequivaenttop = log, e
e** = Misequivalent to 2.2 = InM
log,($) = - 2isequivalent to 3° = 4
log,4 = 2isequivaentto b* = 4
log, 6 = x isequivalentto 2" = 6
log, N = 2.1 isequivaent to 3#* =N
log, x = § isequivalent to pé =X
Inx = 4isequivalent to e* = x
log,8 =1since8 =8

log,(3) =- 2 since ¥ =%

log, 9= - 2since (3) " =3" =9

2
-

log, 325 =% since 5° = 25

1
-
3

=325
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33.

35.

37.

39.

4]1.

43.

45.

Iogﬂ4:4since(‘/§)4 =4

1
InJe = } sincee® = e

Thedomain of f(x)=In(x- 3)is.
x-3>0
X>3
{x|x>3}

The domain of F(x) =log,x? is:
x>0

{x|x1 O}

The domain of
h(x) = log, (x* - 2x+1) is:
x?-2x+1>0
(x- 1 >0
{x|x1 1}

' _.2&lj
The domain of f(x)-lnéx—ﬂg

is:
1
x+1 0
x+1>0
Xx>-1

{x|x>-1}
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. 4
34. log 5 9= 4S|nce(J§) =9

36. Ine® =3sincee’ =¢€°

38. Thedomainof g(x) =In(x- 1) is:
x-1>0
x>1

{x|x>:|}

40. Thedomain of H(x) = log, X’ is:
x* >0
x>0
{x|x> O}

42. Thedomain of G(x) = Iogz(x2 - 1) is:
x*-1>0
(x+1)(x-1)>0
x<-lorx>1
{x|x<-1orx>1}

44. Thedomain of g(x) = Ingeﬁg IS
1
X- 5>o
X-5>0
X>5
{x|x>5}

1

The domain of g(x) = |095§(%18 requires that —X; > 0.

The expression is zero or undefined when x =-1orx =0.

f(x)= X3 y .
Interval Test Number Positive/Negative
- ¥ «x<-1 -2 1/2 Positive
-1<x<0 0.5 -1 Negative
O<x<¥ 1 2 Positive

Thedomainis{x|x<-lorx>0}
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46.

47.

49.

ol

52.

53.

S7.

61.

The domain of h(x) = |ogg§x%18 requiresthat +— . 1>0.

The expression is zero or undefined when x =0 orx =1.

X
f(X) = =1
Interval Test Number X =x1 Positive/Negative
- ¥ «x<0 -1 1/2 Positive

O0<x<1 0.5 -1 Negative
l<x<¥ 2 2 Positive

The domain is{x| x<O0orx> 1} :

In3=0511 48. 5°» 0536

In(10/3) _ In(2/3)

—oor - 30.099 50. o 4.055

For f(x)=log, x, find a sothat f(2) =log,2=2 ora’ =2ora= J2.
(The base a must be positive by definition.)

For f(x)=log, x, find a sothat f(})=log,(}) = - 4.

a‘=% ® a_l“:% ® a'=2 ® a=Y2

(The base a must be positive by definition.)

B 54. F 5. D 56. H
A 58. C 5. E 60. G
f(x)=In(x+4) N
Using the graph of y =Inx, shift the i
graph 4 unitsto the left. 2y
Domain: (- 4, ¥) 7 )
Range‘ (_ ¥’ ¥) ; + _14 _12 + - + :=2 t c=|. 1
Vertical Asymptote: x=- 4 =l

_4 L
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62.

63.

64.

65.

f(x) =In(x- 3)

Using the graph of y = Inx, shift the
graph 3 unitsto theright.

Domain: @ ¥)

Range: (- ¥, ¥)

Vertical Asymptote: x =3

f(X) =In(- x)

Using the graph of y = Inx, reflect the
graph about the y-axis.

Domain: (- ¥, 0)

Range: (- ¥,¥)

Vertical Asymptote: x=0

f(x)=-In(-x)

Using the graph of y = Inx, reflect the
graph about the y-axis, and reflect about
the x-axis.

Domain: (- ¥ 0)

Range: (- ¥,¥)

Vertical Asymptote: x =0

g(x) =1In(2x)

Using the graph of y = Inx, compress the

graph horizontally by afactor of %.
Domain: (O, ¥)

Range: (- ¥, ¥)

Vertical Asymptote: x=0

Section 6.3  Logarithmic Functions
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66.

67.

68.

69.

h(x) = In($x)

Using the graph of y = Inx, stretch the
graph horizontally by afactor of 2.
Domain: (O, ¥)

Range: (- ¥, ¥)

Vertical Asymptote: x =0

f(x) =3Inx

Using the graph of y = Inx, stretch the
graph vertically by afactor of 3.
Domain: (O, ¥)

Range: (- ¥,¥)

Vertical Asymptote: x=0

f(x)=-21mn

Using the graph of y = Inx, stretch the
graph vertically by afactor of 2, and
reflect about the x-axis.

Domain: (O, ¥)

Range: (- ¥,¥)

Vertical Asymptote: x =0

g(x) =In(3- x) =1In(- (x- 3))
Using the graph of y = Inx, reflect the
graph about the y-axis, and shift 3 unitsto

theright.
Domain: (- ¥ 3)
Range: (- ¥,¥)

Vertical Asymptote: x =3

Exponential and L ogarithmic Functions

=2 2 4 =]

-1

-4
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70.

71.

72.

73.

75.

17.

h(x) =In(4 - x) =In(- (x- 4))

Using the graph of y = Inx, reflect the
graph about the y-axis, and shift 4 unitsto
the right.

Domain: (- ¥ 4)

Range: (- ¥, ¥)

Vertical Asymptote: x=4

f(X)=-In(x- 1)

Using the graph of y = Inx, shift the
graph 1 unit to the right, and reflect about
the x-axis.

Domain: (@ ¥)

Range: (- ¥, ¥)

Vertical Asymptote: x=1

f(x)=2- Inx

Using the graph of y = Inx, reflect the
graph about the x-axis, and shift 2 units
up.

Domain: (O, ¥)

Range: (- ¥,¥)

Vertical Asymptote: x =0

log,x =2 74.

x =3
X=9

log,(2x+1)=3 76.

2x+1=23
2x+1=8
2x=7

X =

NI

log, 4 =2 78.

X’ =4
Xx=2 (x?! -2, baseispositive

log,(3- 2)=2
3x-2=3
3x-2=9
x=11

11

ng

log, (3
X

W S—"
1

N ol

X
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79.

81.

83.

85.

87.

89.

Ine* =5
e =e
Xx=5

5

log, 64 = X
4" =64
4= 4
Xx=3

log, 243 = 2x +1
32x+l — 243
32x+l:35
2x+1=5
2x=4
X=2

e” =10
3x=1n10
¥ = In10

3

e2>(+5 :8
2x+5=1n8
2x =-5+In8
= -5+Ing
—
log,(X* +1) =2
X +1=%F
x*+1=9
x*=8

Xx=+J8=+2L

82.

86.

88.

90.

92.

Exponential and L ogarithmic Functions

log, 625 = x
5 =625
5¢ =5
X=4

logs 36 = 5x+3
65x+3 - 36
65X+3 - 62
5x+3=2
bx=-1

X=-t

D
1
wie

- 2X

X

1 1
5 S
Wi~ Wi

1
N

e =13
-2x+1=1n13
-2x=-1+1In13

o= -1+In13
ELAL

logs(x” +x+4) =2
X+ X+4=5
X +x+4=25

X +x-21=0
12 P A 21) -1+ BB
X= > -T2
_-1- J85 -1+J85
X= ——— o ———
log,3" =-1

3 =3!

x=-1
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Section 6.3  Logarithmic Functions

Vin(- x) i in: (-¥, 0)E (0¥
% f(x):i::(x)() o e (-(¥,¥)) 0¥
B x-intercept: (- 1, 0), (1, 0)

vertical asymptote: y —

Domain: (-¥, 0)

Range: [0, ¥)
x-intercept (- 1, 0)
vertical asymptote: y —

o5 f(X)_?-Inx if Ox<1 Domain: (0, ¥)
“finx if x31 Range: [0, ¥)
5 x-intercept: (1, 0)
vertical asymptote:  y =
d
5
L

\
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Chapter 6

"{Inx if 0<x<l1
- Inx if x31

05 1 15 2 328 3

97. P =100e*'"
(@ 50 =100e *'"
05 =g
In0.5-0.1n
N In0.5
-0.1
n» 6.93
7 panes of glass are needed.

98. pH =- log,[H’]

Exponential and L ogarithmic Functions

Domain: (0, ¥)

Range: (-¥,0]
x-intercept: (1, 0)

vertical asymptote: ¢ =

(b) 25 =100e "
0.25 ="
In0.25 - 0.1n
n= In0.25
- 0.1
n»13.86
14 panes of glass are needed.

(@ pH =- log,,[0.0000001] =-(-7)=7
() 42=-log,[H| ® -42=log,[H'| ® [H']=10"

99. w =50e *®¢
(a 30 = 50e %%
06 —g 0.004 d
In0.& - 0.004d
_1n0.6
d=- 0.004
d»127.7
Approximately 128 days.

100. A= Ag®®"
(a) 50 =100e **"
05 - 0.35n
In0.5 - 0.35n

n= %55» 1.98 days

Approximately 2 days.

=6.31" 10"° = 0.0000631

(b) 5=50€ ***¢
0.1=g00d
In0.1=- 0.004d
_ In0.1
~-0.004
d » 575.6
Approximately 576 days.

(b) 10 = 100e **"
0.1=¢g%®"
In0.1=- 0.35n
_In0.1
n= o 6.58 days

Approximately 6.6 days.

602



Section 6.3  Logarithmic Functions
101. F(t)=1- e "
(a 05=1- " (b) 08=1- %"
-05=-¢"" -02=-¢""
05 — e—O.lt O 2 — e—O.lt
In0.5- 0.1t In0.2 - 0.1t
t:In0.5 t_InO.2
- 0.1 - 01
n» 6.93 n » 16.09
Approximately 7 minutes. Approximately 16 minutes.
(c) Itisimpossible for the probability to reach 100% because e **' will never equal zero.
102. F(t)=1- e *®!
(@ 050=1-¢°* (b) 0.80=1-¢°*""
_ 0.5 - _ e-0.151 _ 0.2 - . e-0.15t
0.5 = g 0! 0.2 ="
In0.5 - 0.15t In0.2 - 0.15t
t= %5» 4.62 minutes t= l ?)35 » 10.73 minutes
Approximately 5 minutes. Approximately 11 minutes.
103. D =5 104. N = P(1- ¢°*)
9 = 504N 450 =1000(1- & ***¢)
0.4 = 0" 045=1- ¢
In0.4 - 0.4h - 0.55 = - g %°¢
In0.4 — A 015d
h = 055=e
h 2269|h In0.55 - 0.15d
» ours
d= '7”%?5 3.99 days
é -
105. 1= 5 - e &
3 s
0.5 ampere 1.0 ampere .
A @00 A @00, ~ 1
05=51-ef  10=75d-ef 7
e e 3 d 1
04167 =1- &2 0.8333=1- ¢* 51
2t = 05833 2 = 0.1667 L.51
- 2t = 1n0.5833 - 2t =1n0.1667 41
_ 1n0.5833 _In0.1667 2l
T2 T2 i :
t = 0.2695 seconds t=08958seconds I 7 T 1M
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Chapter 6 Exponential and L ogarithmic Functions

106. L(t)= A(1- e
(@ 20=200(1- ¢*®)
0.1=1- e
e® =09
-5k =1n0.9

k:In0.9

"= » 0.021

(b) L(10) =200(1- &%) = 200(1- €°*)=200(1- 0.811) » 38 words
(©) L(15)=200(1- € °% ) =200(1- &%) =200(1- 0.730) » 54 words

(d) 180 =200(1- €°*")
09 =1- e—0.0th
e 0021t — 01
- 0,021t =1n0.1

_ In0.1
t= oot > 109.65 » 110 days

107. R =3~ (b)

@
10 = 3%
10
— — g0
3

a00
| == K(O.
g3 (000)

2200
3g
0.06

(©) (d)
100 = %( 20.07)x

100 2007

3
2000_

k= » 20.07

| 20.07)x

38 (e

108. Answerswill vary.

R= %(20.07)(0.17)
R =311 3, 00.97%

15 = (20X

(20.07)(%)
5=e

In(5) = (20.07)(x)

X = m » 0.080
20.07

Answerswill vary.
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109.

Section 6.3  Logarithmic Functions

New = OId(eRt)
Age Depreciation rate Age Depreciation rate
1 38000 = 36600e" ¥ 2 38000 = 32400k @
36600 32400
Ina@80009: R | 8@80009: R
€366000 "€32400
® R» 0.03754 = 3.8% Ina@80009
€32400 g_
2
® R»0.07971=8%
Age Depreciation rate Age Depreciation rate
3 38000 = 28750eR ¥ 4 38000 = 25400eR )
28750 25400
3380000 3380000
"§287500 254008
lnaasooog Inaasooog
828750!25: R 828750z: R
3 4
® R»0.0930 = 9.3% ® R»0.1007 =10.1%
Age Depreciation rate
5 | 38000=21200e"®
21200
| 2330000 _
212000
Inaasooog
—822200“: R® R »0.1167
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