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10. f(x) = 2Inx

Domain: x > ¢

L f(x) = In2x

Domain: x > ¢

y

- f(*) = In|x|

Domain: x # 0

/(x) = In(x - 3)

Domain: x > 3
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446 Chapter 5 Logarizhmic.'Exponentia[, and Other Transcendental Functions

14 f(x) = lnx-4 M =mxthy-Inz
Domain: x > 0 ‘
22. ln(xyz) =lhx+lny+ In z

23, 1n(x\/x2 + 5) = Inx+In(xt + 5)'/2

Inx + %In(x2 + 5)

i}

24. ma—1 = Ina - 1)* = (1) in(a - 1)
' 12
15. A(x) = In(x + 2) - 25, In |22 =1ﬁ("") =11n(x~1]
X X 2 x
Domain: x > -2
v = -[ln(x—1)—1n x:I
=-In(x-1)--nx
26. n3¢* = i3+2me=2+m3
27. lnz(z—l)2 =1nz+1n(zA-~l)2
16. f(x)=In(x - 2) +1 =lnz+2In(z-1)
Domain: x > 2 1
) - 28 h-=Inl-le=-]
y e
at
' -2
2L 29, In(x = 2) — In(x + 2) = In =
}/ (=2) =i 2=y
A '
-2t , 30. 3lnx+2iny-4inz=mx*+Iny -lnz
-4t x3y2
=
n=—3
17. (@) m6 =2 +In3 ~ 1.7917
(b) n2 =12 -In3 w~ -0.4055

() b8l =13 = 4In3 ~ 43944
@ M3 =mn3" =1mn3~ 05493

18.(a) 1025 =Int=1Inl-2In2 ~ -13862
(b)) 24 =32+ 3~ 3.1779
© hi2 =122+ mn3)~ 08283

@ L =inl-(3In2+2In3) ~ 42765
19. In

20, Inv/x° = Inx%? =§1nx




2
1 mx(x +3)
37 X -1

: %[2 In(x + 3) + Inx - ‘ln(xz -1)]

= In
X2 -1

finx - In(x + 1) - In(x - )] = 21n ad

x 2
=1
".(f . 1)

. 2In3 —%m(x2 +1)=In9-Invxl+1=1In f

3 x*+1

x2+13
=1In
x* -1

-3
2
by f(x)= ln% =Inx* - In4 =2Inx - In4 = g(x)

because x > 0.

-1

by f(x)=h x(x2 + 1) = —;—lnl:x(x2 + l)]
= %[lnvx +(ln(x2 + l)] = g(x)

37 limn(x - 3) = <

x->3*

38. lim 1n(6 - x) = —0

x—6~

39. lim In[x*(3 - x)] = In4 =~ 1.3863

x=2"

40, limin——=— = In5 ~ 1.6094

st Nx -4
41. f(x) = In(3x)
16 =50

S x(x + 3)?

(x#+D)x-1)

x* +1

3 2 =
- ST )= )= i - )] = Sn T
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42,
43.

44,

45.

46.

47.

48.

f(x) = I(x - 1)
)=

x -1

g(x)=lx* =2nx

g6 ==
h(x) = ln(2x2 + 1)

, 1 4x
H(x) = ——(4x) = >
2x° + 1 2x* +1

y = (nx)’
3
.d.Z - 4(11'1 X)J(—l—') - 4(ln x)
dx X x
y=x"Inx

y'=x2(—1—)+2x1nx=x+2xlnx= x(1+2nx)
x

y =TIt +1) =2 +1)

1 2 ‘
'=2-——-——=———
Y t+ t+ 1
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57.

58.
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y = ]n[xxlx2 -~ 1] =Inx+ —;—ln(x2 - l)

2x? —-1

x(x2 - 1)

)
-—+—~ -
x 2t -1

y =‘1n[t(t2 + 3)’] = Int+3In(f +3)

T 1 6
l=~ -—-——-—2 = -
7 t+t2+3(t) t+t2+3

i 4

f(x):lnx2+1=1nx—ln(x%+l)
oy ] R
f(x)—x x2+1—x(x2+1)

' 2x -
J(x) = In[x : 3) = In2x - In(x + 3)
, -.]...; 1 _ 3
7 x x+3  x(x+3)

Int
g() = =
, 2f) -2t 1-2In¢
g(r) = - 7 =Tp
e) = 2
, {Yy-Int 1-1Int
h(t)=( 2 = 2
y=ln(1nx2)
@__1d x2)=(2x/x2)= 2 1
dx  Inx?dx ‘In x* xlhx? xhhx
y = In(ln x)
y_Yx 1
dx Inx xhux

x+1 1

y=I x_}:;[ln(x+l)-ln(x-—1)]
Q=l{1 _ 1]~ 1
dc 2lx+1 x-1 1-x?
mmafx=t_1 1=
y=nd—s 3[ln(x 1) - In(x + 1)]

2

y,z_l_[l ot 712
x-1 x+1 3xr -1

3(x* - 1)

/ 2
59. f(x) = 1n-4—:—"— = %m(4 +x%)-Inx
yoy X 1 4
f(x)—4+x2 x x(x2+4)
60. f(x) =1n(x+\/4+x2)
1 ( X 1
f{x) = 1+ = :
) x+va+ 20 i+ Vit
61. y = In|sin x|
—@=c?sx=cotx
dx sinx
62. » = Injcsc x|
, -CSC X - cot x
y = ———— = —cotx
cSC X
63. y=In|—2%_
cosx ~1
= In|cos x| - In|cos x - 1|
gjz_z—sinx_ —sin x
dx cosx cosx-—1
sin x
= —tan X + ————
cosx — 1
64. y = In|sec x + tan x|
:dlzsecxtanx-i-seczx
dx sec x + tan x
_ secx(secx + tan x) cec x
T secx+tanx
65. (a) y=1nx4=4lnx,(1,0)
& _4
dx x

(®)

When x = I,Q: 4,
dx

-3
8
B
=4
g
33
~
t
(==}
i

4x - 1)
4x — 4

<
il
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Section 5.1 The Natural Logarithmic Function: Differentiation 449

L@ y=mhx¥= —;—ln x (1, 0)
& _ 3
dx  2x

® 2

7. y=3x*-lx (1,3)

Tangent line: y ~ 3 = 5(x - 1)
y=5x-2
0=5x-y-2

(b) s

/!

-3

4oy -m(—“x) (0,4)

[~aY
o
Lo
&
<
{]

-dl=—2x-——-1—__(l)=-zx- _
dx /2)x + 102 x+2

Whenx~0dy —%.

Tangent line: y - 4 = —%(x -0)

=—-!-x+4
2

(b)

N‘\C;,_‘%

-4

69. () f(x) = In+/1+sin®x

-1 In(1 + sin? x), (1‘-, In \/EJ
2 4 2

7(x) = 2sin xcosx _ sin x cos x
2(1+ sin?x) 1+ sin? x

f(z) i} (V2/2\V2/2)

1
4 G2 3

. 3 1 T
Tangentline: y ~In,[= = ~{x - —
gent line: y n\/-; S(x 4)
1
3

® 2

_2’—#’#’/_’

70. (2) f(x) = sin(2x) In(»?) = 2sin(2x) In x, (1,0)

J'(x) = 4 cos(2x) In x +

* f'(1) = 2sin(2)
ngent line: y — 0 = 2sin(2)(x - 1)
y = 2sin(2)x - 2 sin(2)

2 sin(2x)
x

(b 2

e .,
o L .

VU

M@ f(x)=xx (1,0
S(%) =3xInx + x*

=1
Tangent line: y — 0 = I(x - 1)
y=2x-1
(b) 2
|0
/

~2
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450 Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

7@ ()= sxi(?), (-10) 7. try + I ¥y =
' . dxy +2Inx+Iny=7
y 1 1 (2x I, .
r(x) = -2—1n(x2) + Ex(;}: EIn(;ﬂ) +1 ol + 4y + 2, Ly
‘ P
f(f1)=1 4X‘Llf=~4 .,
Tangent line: y — 0 = 1(.,‘ + 1) : " y y
y=x+1 o - 2
(b) 2 y -

X
/ : . 4x + L
1.0 L . » v y

7. X -3lmy+3*=10

. : yo=-
L PN S :
ynz_._z_
2x=éy——3-—2y * .
dx\y . 2),2
'y =x-—=|+=-=0
a@y 2x o 2y x x
& (3/y)-2y 3-2y?
T 78. y = x(Inx) - 4x
74. In +5x =30 )
(o) + 52 ’ y'=x(l)+lnx~4=—'-3+lnx
Imx+Iny+5x =30 X
L1 o, (x+y)-w' =x+xInx~-4x - x(-3+Inx)
x  ydx ‘
2
lfl"_z_l_S . 79.y=-x—-—]nx
ydx x 2
&y y (y + Sxy] Domain: x > 0
dx X | X Y o=x—= .
x
75. 4x’ +Iny* + 2y = 2x . C(x+)x-1)
2 x
122 + =y 4+ 2y =2
x yy 7 = 0 whenx = L.
U l
Z+2y'=2—12x2 V=1l+—=5>0
y x
y = M Relative minimum: [l, l)
2y +2 2
6w - 6) r 7
1+ y. I+y !
(3)
] 3
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80, y = 2x ~Im2x = 2x -In2-Inx

Domain: x > 0

y’=2~i=M=0whenx=-l-.
x x 2
1
"= =>0
yo=a

Relative minimum: (%, 1)

VAl

81, y = xInx

Domain: x > 0

¥ J;(l).”n‘x=1+lnx-—a0whenx=e
X

y' = 1 >0
X
Relative minimum: (e“, —e") :

2

(Ca=al

-1

82, y = Inx
x

Domain: x > 0
,  x(/x)-Inx
- CEITE

x? x

L ) - (- 2}z

1-Inx
2

2in 5) - 3
= % = 0 when x = &2,
e

Relative maximum: (e, e")
Point of inflection: Le” 2 %e“” 2)

2

(e. e")‘(eifg“—%)

-4

|

= 0whenx = e

83.

84.

Section 5.1 The Natural Logarithmic Function: Differentiation 451

X

y=—

Inx

Domain: 0 < x < L, x > 1

o (020 = () _ns-1_

(1]’1 x)z (ln x)2
Y = (in x)z(l/x) = (nx-1)2/x)inx’
(in x)*
= 2—-—-13—';- = O when x = &%
x(In x)

Relative minimum: (e, €)

2
. . . e
Point of inflection: | &2, 0

ES

v
o) (e, ¢12)

|

|
IS

y=x*In %, Domain: x > 0

}"=x2(—l-)+2x1ni =xt+2mZ| = 0when:
. x 4 4

" 1+2lni+2x(l] =3+2m
4 x . 4
32

y" = 0 when x = 4e
Relative minimum: (4e"/2, —8e")
Point of inflection: (4¢¥2, ~24¢™?)

4 (432, 9467

y "

-4 (45717 _ge)
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85. f():) = In x,
f’(‘x) = ;’,
1) = -
A =7+ SO)x-1) =
B(x) =

;@-o-gpqﬁ

R(x) =1,
Bxy=1-(x-1)=2-x
B'(x) = -1

The values of f, B, B, and their first derivatives agree at x = 1. The values of the second

- derivatives of f and P, agreeat x = 1.

2

£

-1

I
5,
[ X
Fi 3

86. f(x)
/')

7"()
R(x)

F(%)

~2

] n.on

]

K (x) =

B'(x)

B'(s) =

" The values of f, B, B, and their first derivatives agree at x = 1. The values of the second derivatives of fand P, agree ﬁt

x =1

©

xInx,
1+ Inx,

1

ok f’(l)(xv— )=x-1
1)+ 70 1)+ 570 - 1)

5

(5= 1)+ 56 - 1,

1,

X5

=l+(x-1) =x,

A

;"/!/
Y,

-2

.
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x -1,

)+ L0 =)+ 570 - 1

=0
=1
@ =-1
P,(l) =0
RN =0
A =1
A1) =1
B = -1

m=o
=1
) =1
B(D) = 0
B(1) =0
R() =1
B =1
B'() =1
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Section 5.1

Find x such that 1n X = —x.

f=lhmx+x=0
1
fi(x) = = +1
re)y=—+ |
. fx)  [1-mx,

Xn+l n f’(x,,) X 1+ x,

n 1 2 3

X, 0.5 0.5644 0.5671

f(%) | —0.1931 | ~0.0076 | —0.0001

Approximate root: x =~ 0.567

Y= AR+ +2), x>0
¥o= 2 (x + 1)(x + 2)
_ 2'lny=21nx+ln(.x+1)+1n(x+2)

The Natural Logarithmic Function: Differentiation

88. Findx suchthat Inx = 3 — x.
) =x+(nx)-3=0

1
=) =1+ p

= 5 - S [

n 1 2 3

%, 2 22046 | 2.2079
f(x) | -0.3069 | ~0.0049 | 0.0000 |

Approximate root: x =~ 2.208

89, y=xvxt+1

In y
l(ﬂ)=l+ x_
Wdx) x x*+1

Q—y 2 +1 | . 2" +1
dx x(x2+1) N

= lnx+-;—ln(x2 + 1)

2y 2, 1 1
ydx x x+1 x+2
£Z=1[§+ LI 1]
dx  2|x x+1 x+2
dy \ 2(x+1Jr+2|_2(x+1(x+2)+x(x+2)+.a:(x+1) 4x2 + 9x + 4
& x(x + 1(x +2) S+ D) x +2)
V3x - 2 _
y=x__.f_2_£ 92. y= X 1
(>+1) x2 41
‘ 1
1ny-=2lnx+%ln(3x—2)—2ln(x+l) 1ny=5[ln(x’—l)~ln(x2+l)]
lézj_L 3 2 l(d_y=l[i_ 2x}
wax)  x 2(3x-2) x+1 y\dx 2lxr -1 x*+1
& _ [ 3 +15x-8 Y _ xz—l 4Zx}
dx _y2x(3x—2)(x+l) dx P | Al |
12
_ 3% 4157 —8x ] (x* -1)"2x
2x + 1f'\x - 2 (= + (2 - ) +1)
2x
2

453
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454 Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

x(x _ l)3/2 96. The base of the natural logarithinic function is e
93. Y = ———
Vx+1 97. g(x) = f(x), f(x)>0
3 ) ‘
Iny=hx+=-n(x-1)-—In{x+1 : , x
y 5 ( ) ( ) g(x) - §(£x_))
ey)_1,3(_ 1) _1f_1
wWdr) x 20x-1) 2x+1 (2) Yes. If the graph of g is increasing, then g!(;
Ay ll:g' 3 1 } Because f(x) > 0, youknow that f'(x) =
& 2lx x-1 x+1 and so, S'(x) > 0. Therefore, the graph of ;
_ vl +dx-2 (227 + 2x - INx -1 increasing. )
2 x(xz - 1) (x+ 1)3/2 (b) No. Let f(x) = x* + | (positive and conc

%

‘ glx) = \n(x2 + ]) is not concave up.

)= (.x+1)(x-2)

94, =
(x=1)(x+2) 98. (a) Lim T = 20
Iny = In(x + 1) + In(x - 2) = In(x ~ 1} - In(x + 2) b= '
d ' The temperature of the object seems to appro
1 l) -t + 1 1 20°C, which is the temperature of the surrow
wWdr) x+1 x-2 x-1 x+2 medium
& - -2 + 4 _ 2x* + 4 (b) The temperature changes most rapidly when
dx ¢ xt-1 x*-4 Y (x2 _ 1)(,;2 - 4) removed from the furnace. The slope is steep
' h=0.
_(x+1)(x+2)' 2x* + 4
(x=-Dx~-2) (x+)(x-x+2)(x-2) 99. False
2(x2 + 2) Inx +In25 = In(25x) = In(x + 25)
= Z P -
(x - 1) (x - 2) 100. False. The property is )
95. The domain of the natural logarithmic function Inxy=Ihx+mhy(forx,y >0) Asa countiqr,
is (0, ) and the range is (-, o). The function is example, let x = y = e.Then

continuous, increasing, and one-to-one, and its

: 0 Inxy = Ine? =2 and lnxlny=1'~1'
graph is concave downward. In addition, if g and b .

are positive numbers and » is rational, then In(1) = 0, 101. False; 7 is a constant.
In(a-b) = Ina+nb, In(a") = nina,and —d—[ln7r]=0

In(a/b) = Ina - In &.
102, False. If y = Ine = 1, then ' = 0.

103. ¢ = 13.375 In(———x—-—-— L x> 1250 IR
: x - 1250 R
@ 2 (b) When x = 1398.43:.1 » 30 years
Total amount paid = (1398.43)(30)(12) = $503,434.80

1000 3000
0

(c) When x =1611.19: ¢ ~ 20 years
Total amount paid = (1611.19)(20)(12) = $386,685.60
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Section 5.] The Natural Logarithmic Function: Differentiation 458

(d) — = —«[13 375(n x — In(x — 1250))] = 13. 375[ ‘ ] - 1671875

-1250]  x(x - 1250)

When x = 1398.43: & ~ —0,0805
dx
When x = d

1611.19: — =~ -0.0287
. dx

(e) The benefits include a shorter term, and a lower total amount paid.

@ A= ( ! J : 106. (a) You get an error message because In 4 does not
3 2 ln 10 10716 ‘ exist for = 0.
[ln / - in IO"°] (b) Reversing the data, you obtain
" 10 . h = 08627 ~ 64474 In p.
= 10 [lnl + 16In 10] [Note: Fit a line to the data (x, y) = (In p, k).]
(c) 350
= ——In/ + 160 e
1n 10 g
= 10 logyy / + 160 {,,r
®) p(107%) = 20 1107 4 160 ° 1
In10 X .
= 50 + 160 = 110 decibels @) If p =075k ~ 2.72 km.
(e) If h = 13km, p =~ 0.15 atmosphere.
05. (a) 0
f— ()., h=08627 - 644741 p
= -, 4474 — (lmplmt differentiation)
ok 100 ap - p
- 3496 3.955 dh 64474
®) ( ) p \/; For h = 5, p = 0.5264 and
T'(IO) ~ 475 deg/lb/in.2 _ dp/dh = ~0.0816 atmos/km.
TI(70) ~ 0.97 deg/lb/mz For £ = 20, p = 0.0514 and
» © A dp/dh = —0.0080 atmos/km.
c) a0
. As the altitude increases, the rate of change of
pressure decreases.
4] 100
0
lim 7"(p) = 0

pw

Answers will vary. Sample answer: As the pounds
per square inch approach infinity, the temperature
will not change.

X

. / _ 2 : :
107, y = lOln(w—J -J100 - 2 = IO[In(]O +/100 - xz) - Tn x] - J100 - 2

@ =

0l 10
o

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied-or duplicated, or posted to a publicly accessible website, in whole or in part.




. (b) f(x) = lnx,g(x) = .ﬁ/;

15

.ff"'{"_'-*
f

0 20,000
0

i

= Loy = =
1) = 580 =

slowly for “large” values of x.

5 1
j;dx = SI;dx = 5In|x|+ C

LUy IOJ—I—dx = 10In|x|+ C
X X

u=x+1,du=dx

| ds = Tn|x + 1]+ C
x+1

4, u =x-5du = dx

| ! dx = In|x - 5|+ C
x =5

U =2x+5du=2dx

1 1. 1
j2x+5dx_5-[2x+s(2)dx
=%ln|2x+5[+C
»u=5—-4x,du = -4 dx
9 9, 1
=2 [———(-a
-f & 4I5—4x( )
N2 W N
4
7.u=x2—3,du¥2xdx
x 1 1
e T T L

' %m[x’ -3+ ¢

]

8 u=5-x"du=-3x"dx

1
J.' - T = —515_13;3 (—sz)dx

—inf5 - 2]+

1]

Section 5.2 The Natural Logarithmic Function: Integration 457

O

For x > 256, g'(x) > f'(x). g is increasing at a faster rate than f for “large” values of x. f (%) = In x increases very

9. u = x* + 3x, du =(4x3+3)dx

= jx4 13)6(4):3 +3)

ln'x4 + 3x’+ C

45 + 3
x* + 3x

1l

10, v = x° - 3x%, du = (3x2 - 6x)dx = 3(x2 - Zx)dx

2 -2 1 1
e & Tl O - e e

i

llnlx3 - 3x2]+ C
3

fl- )

2
=£——41n|.x|+ C
2

11. Ixzx_4dx

=x2—2~1n(x“)+c
12. J.fsx_z—gxdx= j( —%de
=-’52——81n[x|+c
2

1B, u =5+ 357 + 9x,du = 3(x* + 2x + 3) dx

X+ 2x 43 1 3(x* + 2x + 3)
I; 2 =—j3 2 dx
x* + 3x* + 9x 3% + 3x* +9x

—l—ln|x3 +3x% + 9x|+ C
3
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