() f(x) = lnx g(x) = ix

15

.a-"'g""'—H
f

o 20,000

)= Loy = =
76 = 580 =

slowly for “large” values of x.

ST 1
. j;dx = SI;dx = 5h|x|+ C

Da =10/l =10mfxs ¢
X

u=x+1du=dx

f I ax=1nlx+l]+c
+

4 u=x-5du =dx

[——ax = m|x- 5]+ C
x-35

=2x+5,du=2dx

1 1, 1
J’:z)c+sdx=E-[2x+5(2)dx

=%ln|2x+5[+ c

6. u=5-4x,du=-4dx

9 9, 1
I5—4xd" =_ZI5—4x(_4dx)

= —-9—1n|5 ~4x|{+ C
4

u=xz—3,du¥2xdx
x 1

%1[ ~3|+c

=5-xdu=-3dx

1 1
J‘Sicx3dx“—_3— 5—~x3(_3x2)dx

—llnls— x3l+ C
3

Section 5.2 The Natural Logarithmic Function: Integration 457

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

ection 5.2 The Natural Logarithmic Function: Integration

9. u=x"+3x,du = (4;.-3 +3)dx

_[55-3+—3dx = j——]~3-(4x3 +3)ax
X

x* + 3x x4

1n|x“ + 3x|+ c

10. v = x* =35, gy = (3.7:2 - 6x)d.x = 3(x2 - 2x)dx

-2 1 1
[ = et - e)e

—l-lnlx3 - 3x2|+ C
3

I~ e

2
= f——4ln|xf+ C
2
xZ
= —2——1H(X4)+C
. :
12. j"—ng’—‘dx = j(x—;s(—]dx
xz
== -8m|x|+C
2

13. u=x3+3x2+9x,du=3(x2+2x+3)d:g

[EE1ER _1;3(;2::.231)
X +3x22+9x 3% +3x% + 9x

l1n|x3 +3x2 + 9x|+ C
3
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14.

15.

1

A

17.

~3

18,

20.

21.

22.

Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

w=x+6x"+ 5du = (3" +12x)dx = 3(x* + 4x) ax

.[xﬂ x* + 4z 3(x2 + 4x) dx

+6x2+5 =§Ix3+6x2+5

= —1—1n|x3 + 6x2 +5|+ c
3

3‘2—-.4x+61n{x+ 1|+ C

2 —
j-—-—z" *7x 3dx='_[(2x+11+ 19 )dx
x -2 x-2

=x* +1lx +191In|x - 2|+ C

-3t +5 5
! x-3 = I( x—Bde

3
=ﬁ3-+51n|x-3|+c

x+5 x+5

- %+19x——1151nfx+ 5+ C

]

Ix - 6x ~ 20 ( —Sx+19~ 115 )dx
2
3

.‘-x4+x—4dx_

3 x2~2+—2x—]dx
x*+2 x“+ 2

- 2x+%ln(x2 + 2)+C

—2x+I/x¥*+2+C

i

I
el el =

jx _4i2::x+20dx I(‘x 4+ X de

1 1¢1 1
‘[xln(x3)dx B E-‘E—; ‘ -;dx

= %m|‘1n|x||+ o
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-3
23 u=1-3V3,du= ——
2%

o 2 1 -3
J.\/E(i—z,\/})d’r ) __3'[1 -»3\/3(5?/—;J
—§1n|1—3\/§|+c

24, u—1+x'/3 du_3—12/3dx

1 1 1
!xm(l + xI/B) dx = 3.[1 + xl/3(§;273_]

= 3ln|1 + x'/3‘+ C

2x - 2x -2+ 2
ety ey
_ 2(x ) 1
s o i
=2fx—1 zj.(x*l)
= 2hjx - (xil)+c

2. jx(x Z)dx j‘ '—21+l—1,dx

G-
N e
IR [
1 1
- ey

=h|x-1|+ ——— +C

Il+i/§;d"= J(u;l)dw J.(lr-li—)du

\/5;) - Inll + ﬁ;]w‘Cl
2x—1n(1+J£)+c

it

=

i
=N
=

+
0

]
—
+

where C = C, + 1.
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Section 5.2 The Natural Logarithmic Function: Integration

=1+ ~/3x,du = \/g._dx::wb. —(u—l)du
j ] dx_j%(u-l)du

= %[u lnIuD +C

-%1+\/3;—1n1+\/3_x- +C
3 (14 +/32)

=£ 3x~~§ln(1+\/§;)+c,

3
u=-~Ix—3du= 2\/_ {u + 3)du = dx
j%w:zjg%i)idu

2
ZJE——Mdu=2Iu+6+2 du
u U

2122—+6u+9ln]u'| + G

u? +12u + 18 Injul+ G

(Vx - 3)2 +12Vx -3}« 18mfx -3+ ¢
x+ 6/ +18In[+/x - 3|+ C

where C = C, - 27.

1

0. u=xP -1,du= 3—2,3-dx:> dx = 3(u +1)2du
X

YRS 2 ' ‘
=

3(u + 1) du

3f* : 1(u2 +2u+ 1) du

=3![u2+3u+3+—1—)du
u

3 2
L3 s+ C
372

i3 _ /3 _ 2
3 (x 3 1) + 3(x 5 I) + 3(x'/3 - l) + ln|x'/3 - l] +C

3523

3lnlx’/3 - ll+ -+ 38 4 x4

g1 . N 5 sin 59
? '(COt(-?: (5) @0 ' 32 J‘ tan 56 df = J- cos 56 .
6| l
3ln sm§+C =—g-ln|00356?i+C

459

)
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460. Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

]

33. f csc 2x dx -;—_"(csc 2x)(2) dx

——i—ln|cac 2x + cot 2x|+ C

34, jsec%dx= 2!5ec§(%—]dx=21n +C

sec> + tan =
2 2

1{cos 36(3) a6 - [do
1sin36 -6+ C

240 - 4 [tan 2 L) o
4\4

20 +4in

35 {(cos36 - 1) do

L

36. j(z - tan g] de

cos2 +C
4

4

=

. I(sec 2x + tan 2x)dx = 1 I (sec 2x + tan 2x)(2) dx =

5
2-x
-3 L

x =2
—31n|x—-21+C
(1,0):0=-3m|I-2|+C=>C=0.
y=-3ljx-2|

41.

~
[}

I

]

10

(1.0

——F”"j ,,

~10

2. y= 'j”;2dx= j(l—%)dx={c—21n|x|+c

(L0} 0=-1-2l|-l[+C=-1+C=>C=1
y=x-2n|x|+1

_ -
1.0 /

" L [}

y/

£

~a

37. u =1+sint,du = cost dt '

_[—cgi,-t— = In|l + sint|+ C
1+sint
38. u = cott,du = —csc? t dt
2
J-csc ar = ~In|cot t]+ C
cot ¢

39, u =secx —1,du = sec x tan x dx

X bl 1] C

secx — 1

1 Infsec 2x + tan 2x|~- lnlcqs 2x|+ C

2x
3. y= J.x2~9dx

lnlx2 —9|+ C
(0,44 =m0-9+C=>C=4-n9
y=ln|x? - 9|+ 4-m9

8

0 ]

-0 L i)

-4

44. r

fa

In|tant + 1|+ C

(7,44 =m[0+1[+C=>C=4
r=In|tant + 1|+ 4

I

10

-8 1

T @yl

-2




f"(x)=fz—=2f2, x>0
() = =2
J)=—+C
fl=1==2+C=C=3
a2

f(x)—x+3

f(x)=2Inx+3x+ G

) =1=20+3+C > C =-2
Cf(®) =-2lnx+3x -2 ‘
) = (3:‘1)2 S2=aa-NP -2 x>

4
f’(x)=(;—:]—)—2x+C
S(=0=4-4+C=C=0

() = 2 _
f(x)_x—l 2x

fx)=4m(x-1) -5+ G
@) =3=40-4+C =G =1
F(x)=4an(x-1)-x*+7

®) y=jxi2dx

Y)=1=1=lh2+C=>C=1-h2

=In|x + 2|+ C

3

vd"f’_PP’—-.

-3

So,y=Injx+2|+1-m2= ln(x;ZJ««-l.

Section 5.2 The Natural Logarithmic Function: Integration 461

dy lnx
48.—-—=——-—1 ~2
)

¥

@)
]
el
) _ Iln x (ln x)
x
W)= 2= 2= (‘“21) +C=C=-2
2
So, = (in x) )
2
4
-1 e I
"

-4

4
w. [ 5 dx:[ilnpxﬂﬂ = 2m13 ~ 4275

03x +1 3 0 3
50. [\ = = 2fnf2x + 3]
L +3 mer l—

:—;—[]nS-lDI] —InS =~ 0.805
51.u=]+lnx,du =ldx
X
J-(l-i-lnx) l:_(]+ln_x)]

52. u =lxdu= ldx
X

e2 1 22 1 1
L xlnxdx: '['-’ (-]EJ;‘&:

~ 0.693
2x2 =2 2 1
dx = -1~ dx
k ¥+ 1 IO(X x+1)

1 2
={—x2—x—ln|x+1[| =~In3
2 0

[in] 1n|x||]:'2 =In2

53.

w

~ —~1.099

1x

I°x+ldx Ildx J-0.7¢+1
=[x—-21n|x+1|]0 =
~ ~0.386

73
>

1-2In2

q
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462 Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

’”) 5. jféﬂﬁde [in]6 - sin 0[]

= 22820 999
1-sinl
56. u=20,du=2d00=2u=26=Lony=L
8 . 47T g 2

1]

j://: (csc 20 - cot 26) d6 % '[://: (csc u ~ cot u) du
o1 - . /2
= E[—lnlcscu + cot #|~ In|sin u|]::/4

= %l}ln(l+0)~1n(1)+1n(\/5+1)+1n-\—?—:l

1 o2
= EI:hl(ﬁ + 1) + In '—5—‘:|
2 2
1 ' _
57, jm_;dx=2\/——2ln(l+\/;)+c 64. F(z) = [ tantar
F'(x) = tan x
58, J'l_’".L/—ﬁ;ix:4\/J_c—‘x—4ln(l+\/;-)+C ]
L+a/x (65 F() = [Toa
. r . ) 1
) so. [X g o Y21}, () = 0) =
) .jx_ldx 1n\/;+1+2\/}+c 3
' (by Second Fundamental Theorem of Calculus)
60. J dx = ln{x - 1’+ —+x+C Alternate Solution:
x~1 .
F(s) = ["2at = [inl |]3* ln[3x|
/2 . V2 ‘
61 7 (esex ~sinx)dr = In(v/2 + 1) - o~ 0174 ) = L(3) 1
. Ix X
#/4 sin? x — cos? x N/ES! 27
62. — T = 2 = ]
-L'/“ cos x (\/- 1] V2 66. F(x) = L ?dt
~1.066 , 2x 2
- FG) ===
Note: In Exercises 63—66, you can use the Second
Fundamental Theorem of Calculus or integrate the 67. A = j3§_ dx = [6 ln|x|]3 = 6In3
function. Iy i
. x1
63. F(x)= [ St
F(x) =1
X
4 22}
68. 4= j ety L ——dx 21In|ln x[]; = 2[In(in 4) - In(in 2)] = ZIn( — ) = 21n‘2

/4
69, 4 = I:/4tanxdx= —lnlcosx[l = ——ln%+0 =2 =l_n§_2_
o
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3x/4  sin x
A= ——
#/4 1 + cos x

J4x2+4
1

X

.
x* 42

(Zx dx)

ey
[{&)
[¢]
0x|§<‘
&
1
|

-0 6

12(
— In
/4

12 2sec [ﬂ)% dx =

i

s T
sec — + tan —
3 3

74, [ (2x - tan(0.3x)} dx = | x> + L cos(0.3x) 4 =
‘ ) 0 o035

75. f(x):%,b—a=5—1=4,n=4

12
lox
Exact: 12In5

Calculator: J. dx =~ 19.3133

Section 5.

dx = —In|l + cos x[]ij:“ = -In

2 4
dr = f UM PR Oy
1 . 2 ,

2
X

= [é In
2

l—2{ln
/4

—1n|1+o[)

i

S{mbson: %4)-[]’ (1) + 4£(2) + 2/(3) + 47(4) + f(5)] =

X
sec — + tan —

2 The Natural Logarithmic Function: Integration

1‘_‘?T+ lnl+—{2—/]= In i—%—% = In(3+2\/5)

= (8+41n4) -—%:lgwmzﬁ 13.045

In% =5In3~ 54931

R RV

=—§-(ln 27-1n3)=

5
+2ﬂ
1

.

2
X
Al

=12 1n(2 + ﬁ) ~ 5.03041
x

[16 + l3gln cos(l.2)j| - {l + —139 In cos(O.S):I = 11.7686

Trapezoid: 2—&5[ FQ) +2£(2) + 2/(3) + 2£(4) + 1(5)] = —;-[12 +12+ 8+ 6+ 2.4] = 202

%[12 + 24 4+ 8 + 12 + 2.4] ~ 19.4667

463
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464,

7.

78.

79,
80,
8L

82.

83.

76.

Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

8x
2+ 4

f(x) = b-a=4-0=4,n=4

Trapezoid: 5%[ 70) + 21(1) + 2/(2) + 2/(3) + F(4)] = %[o +32 4+ 4+ 3.6923 + 1.6] ~ 6.2462

Simpson: 3(%)[ F(0) + 47Q) + 21(2) + 47(3) + £(4)] ~ 6.4615

8 i ~ 6438

4
Calculator: IO e
Exact: 4In 5
fF)=mxb-a=6-2=4n=4

Trapezoid: «5(%[ 7(2) +2/(3) + 27(4) + 2£(5) + £(6)] = %[0.6931 + 2.1972 + 27726 + 32189 + 1.7918] ~

Simpson: -3-&5[ f(2) + 41(3) + 2/(4) + 47(5) + f(6)] ~ 5.3632

Calculator: Lﬁ In x dx ~ 5.3643

f(x)=secx,b—a=%—(—%):%,n=4

Trapezoid: 22%{)3[ f[»;i) +2 f(—%j +2£(0) + 2/(%] + f(%)] ~ 152[2 + 23004 + 2 + 23094 + 2] ~ 2780

Simpson: -23-’(%/)3[ f(w%) +4 f(—%) +2£(0) + 4 f(%) + f[%)jl ~ 2.6595

Caleulator: [ sec x dx = 2.6339

Power Rule
Substitution: (u =x* + 4) and Power Rule

Substitution: (u =x* + 4) and Log Rule

Substitution: (# = tan x) and Log Rule
5
A ~ 3; Matches (a)
x3 x1
85. \ —t-dt = J‘]/A;
X X
[3 Inltl]l = [ln|t[|w
Smx=Inx~- ln(%]
A = 1.25; Matches (d) 1
. 21nx=—1n(—)=]n4
\4
Inx = lln 4=1n2
2
x=2 .
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Section 5.2 The Natural Logarithmic Function: Integration 465

:':%d[ = [ln|t]]: =lnx (assumex > 0) 87. Icotudu = jc.osu du = In|sinu|+ C _

sin u 7

\
g mx=I35S=x=5 _ Alternate solution: AN
O) mx=1=x=c¢ —d—[ln|sinu|+C]= _1 cosu +C =coty + C
du sin u
'-'(cscu du = ‘fcsc Y] gscu +cotu du = ;J.~l—-(—cscu cot u — csc? u) du = —]n[csc u + cot u|+ C
\escu + cotu cscu + cotu

‘Alternate solution:
1
cscu + cotu

s csc u(cot u + csc u)
(—cscucotu — CSC u) = —————— = = C5C U

—‘—i—[—lnlcscu +cotul+ C] = -
cscu + cotu

du

—1n|cosx|+ C=1In ! +C = in|secx[+ C
cos x

+C = ~Infesc x|+ C

) (sec x + tan x)(sec x ~ tan x) . C

(sec x — tan x)

2 2
sec’x — tan“x
= In|————=|4+ C
Sec X — tan x

i

i -

=In n +C = ~In|sec x — tan x|+ C
sec x — tan x ﬁ
“Injose x + cot x|+ C = 1 (cscx+cotx)(cscx»cotx)+c )
(csc x - cot x)
2. g2
=__1ncscx cotx+c
csC x — cot x
=—1n———l—-——-—+C=ln|cscx—cotx|+C
cscx —cotx| .
1 48 1 ped(x +1)
S-A = e | —— = eee——— —_—
verage value i3 L 7z dx 94. Average value ype ZL ) dx
=4jx'1dx =24[l+~!-}dx
Ax X
4
4 o]
x1 =2llnx - —
X1
- 411 =1 i 1
T la o) =21n4———]n2+5]
=2n2 + -~ =ln4+—12-z1.8863
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466 Chab)}_er 5 Logarithmic, Exponential, and Other Transcendental Functions

e‘-l— IJ‘221nx e

e—-1 2

1ox

1

61_1(1-— 0)

1 L0582
e -1

96. Average value = —— | sec — dx

- %[111(2 + J§) ~In(l + 0)]

= 2111(2 + \/5)

4

3000 0.25

7. P(t) = |————dt = (3000)(4) | ———4d
? ® "‘1+0.25tt ¢ )()§1+0.25tt

= 12,000 In1 + 0.25¢t|+ C
P(0) = 12,000 In|1 + 0.25(0)|+ C = 1000
‘ C = 1000
P(f) = 12,000 In|1 + 0.25¢|+ 1000
= 1000[12 In|1 + 0.25¢+ 1]
P(3) = 1000[12(ln 1.75) + 1] = 7715

X
1+ x*

101, f(x) =

y

05T,

@ y= %x intersects f(x) = S

I+ x
LI
27 142
X

1452 =2
x=1

A= j;([ﬂ’i;] - %x]dx - B In?

$(2) = kIn 2+ C = 200
S(4) = kIn4+C =300

Solving this system yields k = 100/In 2 and

C =100.80,
100 In ¢

S) = +100 = 100 2L 4 1}
in2 In2

99, = 2L ™_1__gr
In2925% 7 - 100
10 300 10
= i;l—-z-[ln(T ~100)],.;
- 10 1:{3] ~ 4.1504 min
In2 3
100, 1 j-so 90,000
50 — 40940 400 + 3x
In2- —1-
4

dx = [30001n|400 + 3]

= ln—z[ln 200 - In 150j

~ $168.27




) f(x) = =
: (1 + x2) (I + x2)2
7 =1
So, for 0 < m < 1, the graphs of fand y = mxenclose a finite region.
.
24y
y=mx
i
1-m A
x) = —— intersects y = mx
/() R y
x —
1+ x?
1= m+ mi?
£ = 1 -m
-m

1-m
xz.}————-—
m

4= J'O'("m)/m(—-x—— - mx] dx, 0<m=<]}

1+ x?

mxz A I(l—m)/m

= —lz—ln(l + xz) -

3 104. Fal
02. (a) At x = -1, f(-]) » l False
? d 1
1 —inx] = —
The slope of fat x = -1 is approximately —. dx x
105, True

(b) Since the slope is positive for x > -2, f is
increasing on (-2, ). Similarly, fis decreasing on
(-,-2).

%(ln x) = ln(x‘/z) # (In J;)llz

Section 5.2 The Natural Logarithmic Function: Integration

467

jldx = In|x|+ C; = In|x|+ In|C|= In|Cx|,C = 0
X

106. False; the integrand has a nonremovable discontinuity at
03. False x =0

© 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.




