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CHAPTER 35 |
Logarithmic, Exponential, and Other Transcendental Functions

Section 5.1

1. Simpson’s Rule: n = 10

x| 05 15 2 2.5 3 35 4
j i—d.r —0.6032 | 0.4055 | 0.6632 | 05163 | 1.0987 | 1.2529 | 1.3865
1
0.5 .
Mote: j ldt: Wf 1:1;‘
y # o5 ¢

3. (2) In 45 =~ 3.8067

459
) n de = 3.8067
;L

6 {a) In0.6 = —-0.5108

0.6 1
{(b) ;a’! =~ —~0.5108
1

9, flx) = Inlx — 1)

Herizontal shift 1 unit to the right

Matches {2}

1L fx) =3l x

Domain: x > 0

® e

-4

The graphs are identical.

4. (a) In8.3 = 2.1163

33 i
)] -;d: =~ 2.1163
1

F.fxy=Imx+2

Vertical shift 2 units upward

Matches (b)

12 flx) = —2Inx

Domaing x > 0

X
h
T

18, f(x} = —In{—x)

The Natural Logarithmic Function: Differentiation

5 (a) n0.8 =~ —0.2231

0.8 i
(b) ?dx ~ —{.2231
1

8 flx)=-mnzx
Reflection in the x-axis
Matches (d)

Reflection in the y-axis and the x-axis
Matches {c)

S

=t

13, flx) = n2x

Domain: x >

441
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. f{z) = In|x| 15, f{x) = In{x — 1) 16. glx) =2 + Inx
Domain: x = { Domain: x > 1 ‘ Domain: x > 0
¥ b4 ¥

.
| .
17. (8) M6 =162 + In3 = 1,7917 1B (@) h025=hj=hl-2n2~—13862
() In3 =2 - In3 =~ —0.4053 (b) 24 =32+ 1n3 = 3.1779
() In8l =In3*=4m3 ~ 43944 (© m¥12=32n2 + In3) =~ 0.8283
(@) In/3 =In3Y2 =5n3 ~ 05493 (@ I =In1—~(3In2 + 21n3) =~ —42765
2 3 xy :
19. 7 =mn2 -3 28. mﬁ=mzﬂ2=5mz AT =lnx+lny—lnz
22, Infxyz) =lnx + Iy +Inz 23, Y22+ 1 = in{a® + D)3 =1 + 1)
- _ _ 2 v .
24. nJa — 1 =Mlfg - N2 = 3 infg — 1) 25, In Q) = Hnlx? — 1) — A7)
=3infx+ 1)+ Wnfx— 1) — 3nx]
26, In3¢2=1n3 +2mne=2+1n3 27, nz{z — 1P =Inz + Inlz — 1) 28, ln%=1n1—1n‘e=—l

=Inz+ 2z — 1)

29. In(x — 2} —in(x+2)=lnili 30.3nx+2lny—4inz=Ix +ly?—inz
34,2
=lnxz

31 22 i+ 3) + Inx - (2 - D] = 21 0 32. 2flnx = Infe + 1) = Inr = )] = 2 gy
x + 3P | o
=Inyy xiﬁis =m(x2i 1)

1 9
. - = + = - 4+ 1 =n——
33. 2In3 5 InG2 + 1) =1n9 — In/»? In N

34. 2002 + 1)~ tnle + 1) = Ine = 0] = 22 = /(55
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® f6) = Z = Inx? — In4 =21nx ~ In4 = g

since x > (L

37. lm In{x - 3) = —oo 32, lim In(6 — x)
x =3t x 36"

36. ()

3

=1

) fx) = In/x(x? + 1) = %In[x(xz + 1}]

= %Elnx + Inf{x? + 1}] = glx}

= —op =in4

39, Lin%_ a3 — x)]

~ 1.3863

x
i = = = = 42, y=1nx? ==}
48, xigls'ﬂ+ 1‘.{1m In5 1.6094 41, y=Inx=3Inx ¥ nx
y' = 2 3
* Y 2x
3
Slope at(l,.O) 51 Slope at (1,0) is .
y—-0=3x~-1 3
- 0==(x—1)
y=3x—3 Tengent line ¥ 2
3 .3 .
y=gx—3 Tangent line
43, y=lhx?=2Ilnx 44, y"—'lnxUz:%inx 45. glxy=lx2=2Inx
' 2 v 2
y=2 1 g0 =2
_ Y 2x
Slope at (1, 0) is 2. At (1, 0), slope is %.
y—0=20x-1) i
—o=ip-
y=2x—2 Tengent line y 2
= 1,1 Tangent line
46, b(x) = m{25* + 1) 47. y=(lnx* 48. y=xlnx
, 1 4x - dy 3(1) 4{In x) ay (1)
W) m‘lx) 22 +1 dx 4(lnx) x X dx xx hx=1+Inx

49. y=Infx xz—l}=lnx+%ln(x2—1)
dy 1+1( Zx )_2;:%1
dx x 2R -1/ x2-1)

—_— x — —
5L f) =lnzT7=hx= @@+ 1)
12 1 -2
1) = -

¥ 241 2+ 1)

50, y=ln\fmx2“4:%1n(f~*4)
@ZE( 2x )z
dx 2x?—4

2x
52. flx) = ]n(x T3

X% —4

)zi_nle}n(erii)
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Int Int
55, gl =—7 " we) ==
, i/ — 2l 1 -2 , #1/e) —m: 1 -int
()= 4 = 3 h(£)= 2 = 2
55 y = In(ln?) 56, y = In{ln %)
dy L dgo @) 2 1 o _Mx_ 1
dr Inadde " Inx  xlhx® xhx de Ilnx =xhzx
: x+1 1 : _ *x—1 1 oy
57. v=1In x_l——E[ln(x+i)—1n(x-'l)} 58, y—irx.,Sfx+1—§[ln(x 1) — in(x + 1)}
@Ml[l _ 1]= i _ ,:l[l _ i:izl 2 _ 2
dr 2lrti1 x—-1f 1-x2 YR TT T x4l 321 3@ -
59. fx) =In 4x+x2 11n(4+x2)—1nx _ 60. £(x) = Inlx + AT 2)
: 1 x i
1 —4 () = i+ =
f’(x)=”x———=2— 7 x+ 4+xz( J4+x2) JE 2

— fad
61, y=“++1+ln(x+\/x2+l)

g_g:—x(x/\/x2+1)+\/x2+1+ 1 .
dx x? x4 22+ S+
_ 1 +( 1 «/x2+1+x)
a1 A\t JRFIN Jmrl
| i a+2  JFFT

= + = =
22+ Rl 2 SE A

-2 +4 1 f2+ /aP+4 -Ja2+4 1
. y=— 2+ JEF A+
2.y 2 e % e 1“
dy _ ~22{x/SFT A + /¥ 4 1( )( x
dx 4x4 : 42+\/'c2+4
MNote that ! = L FA4_2- +4
' 2+ /214 2+ J2t4 2—Jx2T4 f '
Hence, 2. ot SO SEX R [ + L
Cﬂdx /AT + 4 2 4 - R B
Sl RR-JPEA) JEEa
2/ + 4 x 4x
—./x2+4+\/m+i:\/xz+4
dx /a2 + 4 2 4x 5 7
- - | ' - E 2
63. y = ln|sinx| 64. vy = In|csc x| 65, y=ln———"
% = iomsi = cotx y' = %;cotx = —cotx = In|cos x| — In|cos x — 1]
dy —sinx  —sinx

dx COs X cosx — 1

sin x

= —tanx + —————
cosxy — 1
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— + 3
§6. ¥ = In[secx + tanx| 7. y= m’ﬁ 68 y=In/2 + coslx
dy secxtanx + secix . . 1
pnC APkt st = -1+ - + = =in{2 + 2
e p— In|—1 + sinx| — In|2 + sin x| 5 n{Z + cos?x}
dy CO8 X o8 X .
sec x{sec x -+ tan x) == — — - , 1 —2cosxsinx
= = — + P Biudiolmnlil
wecx + nx seC % dx 1+sinx 2 +sinx vy 7+ corx
= 3cosx —cos x sinx
{sinx — L(sinx + 2) = m
n(2x) In %
69, flx) = J g+ 1) dr 70, glx) = j {£2 + 3} di
2 1
lnf2x) + 1 d, nx)?+3
76 = Iz + 1) - B2 £ = [(inz? + 315 (n ) = L2222

Second solution:

ﬂﬂ:j“m@+nw

In{2x) + 1

(Second Fundamental Theorem of Caloulus)

= {[ln(zx)] + 1n(2x)j| -2 +2]
1
2x

f = —2 ln(Zx) +-{2) =

X

Tho{a) y=32-lnx (1,3)

%r&—l

Whenxwljx 5.

Tangent line: ¥y — 3 = 5(x — 1)
y=35x—2
0=5x—y—12

9. (a) y=4-x - ]n(%x + 1), (0, 4)

@ _ ;(l) -
dx 2x (/2% + 1\2

o __1
When x O’dx >

Tangent line: vy — 4 = *%(x - 0)

y=—%x+4

® 8

x+2

(b 4
X/
73. (@ flx) = In/1 + sin?x

_1 02 m \/i
1 —Zln(1+sm x}, (4,111 2)

SR X COS X
I+ sinx

oy 28iXCOSX
S0 = o0+ st

#(5)- 2 -

ine: v — 3_ Y, =
Tangent line: ¥ In\/; 3(x 4)

(b) 2

=
5
Bz
>

~2

-2
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74. (a) flx) = sin{2x) In{x?) = 2sin(Zx)Inx, {(1,0)

£ = 4cos(20) Inx + 23%@

(1) = 25in(2)

Tangent line: v — 0 = Zsin(2)(x — 1)
y = 2gin(Z}x — 2 sin{2)

®

-2

6. (a) flx) = %x In(x%), (—1,0)
£ = HinGe) + 1@(3) = bt 1
2 27\ 2

==t
Tangent line: y — 0 = 1{x + 1)
y=x+1

77. X —3hy+ ¥ =10

3dy dy

- =4 = A

2x s =0
&3 _
2x—dx(y 2y)
Q= 2x _ 2xy
dx (3/v)—2y 3-27

79, Xty t=In(e by, (1,0)

. Zx 4 2y

Ay 4+ Yy = 2+ 2y
Ar(i, Q) 1 +y' =2
y' =1

Tangent line: y = x — 1

5. (@) flo=xmx (1,0
F)=3x%1nx + x*
iy =1
Tengent iine; y — 0 = 1{x — 1)
y=x—1

yad

TS

-2

& 2

@ .
AL
Vi

-2

78. In{xy) + 5x = 30
Inx +Iny+ 5x = 30

1 1dy
242 4 5=
T yd 5=0

1y 1,

vy dx x

d_ _y_ =_(L‘L5ﬂ)

dx x % x

80. ¥+ () =2, (e 1)

L.ty
Yy’ +E—t =
¥ xy

yy' 'y =0
Atle, 1) Zey' + ey’ + 1 =0
-1

’

¥y =75

le -
Tangent line: y — 1 = :i(x — e
3e

-1 4
=——x+z
YEE 3
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&1, y =20z} + 3
, 2
y =7
X
" __ 2
Y=g
2 2
JW”"‘})’:}C(T_,Z) +==0
_ x x

, ‘
83 y=2 ~Inx

2
Domain: x >0

. 1

yi=x— - 6

* [}

_ (x + x ~ 1)
h x

= 0whenx = 1.

y”=1+%>0

Relative minimum: (1, %)

88, y=xnx

Domain: x > 0§

1
y'=x(;) +hnx=1+hx=0whenzx=¢ L

y/.r:l) 0
X

Relative minimurm: {e71, —e71)
Inx
#6. y = -
Domain: x > 0

s xl/x)—Inx _1-lnx

¥ P PR Owhenx = e
s ¥(=1/x) — (1 — Inx){2x)
7T *
= ng -3 = QO whenx = £¥2,

=

Relative maximum: (e, e™1)
o 3
Point of inflection; | £3/2, 7€ 32

2

(EFD)] (e%-%"_%)
-1 (/ [

-4

82. y = x{lnx) — 4x
1
}"=X(;) +Inx—4=-3+Inx

F+y - =xtamnx—4dx—x{-3+hx =0

8. y=x—-Inx 8
Domain: x > 0 L~
(L1
y'=1—-1—=0whenx:1. k@—””//
x - 5
1 -1
y”=§ >0

Relative minimum: {1, 1)

pd

(e1, 1)

-1

X

].n_x

87, v =

Domain: 0 < x < L,x > 1

R CE SR nx— 1

= (whenx = e,

(in x)? T {nxp
s mx(1/x) —(lnx — 12/ inx
- {In x)*
_2-Inx

_W= 0 whenx = &2,

Relative minimum: (e, e)

2
Point of inflection: (ez, %)

4

(. )

=)

-4
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88,

89.

91,

y = x? I_nE, Domain: x > 0

4
y’=‘x2(-1-) -I-2Jcln£=x(1 +21n£)=0when:
x 4 4
1 e x x_ 1 - A.—1/2
1-21n4=>1n4 2:"’5 4e

x 1 X
=142+ 2d=)=3+2m>
¥ I +2 1 Zx(x) 3+2In 2
y" = (¢ whenx = 4e3/2
Relative minimuny; {d4e~ V2 —8¢71)

Point of inflection: {4e 32, —24e73)

fa) =iz, =0
£ =1, IZORS
Frx = —%, Fry=-1
P =) + (M- =x—1, P}=0
P = 1) + £/ = 1) + 3700 = 1P
=== 1R Py1) =0
PG = 1, PU(1) =1
P =1—-(x~1)=2-x P()=1
P, = —1, Pty = -1

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

2

A X

Find x such that Inx = —x

f(x)rlnx-r_x=.0

HCEEES!
Flx) 1 —lInx,
%“zﬁ"fhﬁm%[1+a]
n 1 2. 3
%, 05 05644 | 0.5671
£x,) | —0.1931 | ~00076 | —0.0001

Approximate root: x = 0.567

9.

92,

4 (422 ~2457)
T 8
I
-4 et )
fla) = xinx, fy=20
Slap=1+nx friy=1
#, —_ i ” =
[ = o frn=1

P = (1) + S~ D=x— 1, P1)=0

PA) = £(1) (0 = 1)+ 20— 1

= (= 1)+ 36— 1 P =90
P/ =1, /(1) =1
Py =1+x—1) =gz P =1
P = x, P =1

The values of f, P,, £,, and their first derivatives agree at
x = 1. The values of the second derivatives of f and P,
agrec atx = 1.

3

V / 151
-2 4
4

-1

Find x such thatInx = 3 — x.
fy=x+{mx)-3=90

S =1
X, =X, — ‘f_(ﬁ")' = X, ]:4'_"' 'hlx““n}
at+l “*a f’(x,,) n 1+ %,
n 1 2 3
%, 2 22046 | 22079
Flx,) | —0.3069 1 —0.0049 0.0000

Approximate root: x = 2.208
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o3, y=x/x —1

1ny=1nx+-%ln(x1_ 1)

E(Q)=l+ x

yidx x x-1
dy _ {le—l]‘u 22— 1
@ E -0l JEo
95 m__xZ\/Bx—Z
YT Tk ip

Iny = 21nx+%1n(3x— D —2n{x— 1)

z(d_y);__z+ 32
y\dx) x 2(3x-2) x-—1
dy _ [ I —15x+ 8 }
ax 2 2Bx - D~ D
_ 3 - 158 + 8
x —1PV/3x -2
x(x — 1372
97, o A
y x4

]ny=1nx+%]n(x—1)—%ln(x+1)
)5+ i) -1
y\dx x 2\x-—1 Wx+1

o_sf2, 3 1]

de 2lx x—-1 =zx+1

_2[4xz+4x—2 @+ 2 - Dx— 1
IRV x + 1P~

95, Answers will vary. See Theorems 5.1 and 5.2.

195 g(x) = nf(x), f&) >0

. )
o) =
8'(x) 3 )
{a) Yes. If the graph of g is increasing, then g’{x) > 0.
Since f(x) > 0, you know that f'(x) = g'(x)f(x)
and thus, f'(x) > 0. Therefore, the graph of f is
increasing,

94, v= Vi~ 1j(x 2 — 3)

_ ]ny=%[ln(x— 1)+ In(x — 2) + In(x — 3)]

Edy) 1[ i 1 1 }
skl ™ [l +
y(ix Zlx—1 x—2+x—3

11: 3x2 — 122+ 11 }
(x

T2l - D - 2 - 3)
dy 3 - 12x+ 11
dx 2y
322 — 12x + 11

T2 G = D = DG = 3)

. 2 —1
% y=~Erl
1ny=%[1n(x2— 1) — In(x? + 1)]
H2) A7
y\adx) 22 -1 2+

dy _ xzml{ 2x }
dx 24+ ixt—1

- (2 — DV22x
T2+ D0 - 1)+ 1)
2x
G2+ 172 — 1)

_ b+ +2)
YT o= - 2)

Imy=Inf{x+ 1)+ Ia(x + 2) - In{x — 1) ~ Inlx — 2}

1(Q)= 1 I S |
yidx x+1 x+2 x-1 x-—-2

28.

R e R S e

e+ —6{x2 — 2}

THE-DE-2 GFDa- Do+ 2E-2)

6(x* — 2
o = 1x -2

104, The base of the natural logarithmic function is e.

() No. Let f(x) = 22 + 1 (positive and concave up).
g(x) = In(x? + 1) is not concave up.
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102. (3) 7(1) # £(3) ' 103, False

by =1 —%zﬂ forx = 2.

5.315
1905. t—m, 100 < x

@ =

ieco 4000
k]

() H{1157.41) = 20 years

T = (1167.41)(20)(12) = $280,178.40
(c) 1(1068.45) =~ 30 years

T = (1068.45)(30)(12) = $384,642.00

Inx + In 25 = mIn{25x)
# In{x + 25)

104, False; = is a constant,

d
dx{ln 7] =0

& _ —5.315(—6.796% + lnx)—ﬁ(i)
dx x

_ 5315
A(—6.7968 + InzxpP

When x = 116741, dt/dx ~ —0.0645, When x =
1068.48, dt/dx = —(.1585,

(e) There are two obvious benefits to paving 2 higher monthly

payment:

1. The term is lower
2. The total amount paid is lower.

I 10 i .
184, B= 1010&0(10_16) ~ 10 m(l{)—m) o ji0[1111 + 1610 10] = 160+ 101ogo 7
A10719) = —2 {10 10710 1 1610 10] = 2 101n 10 + 161n 10] = —2-06 1 10] = 60 decibels
In 10 In 10 In 10
3496 3.955
107. (a) 200 o T(p) = =
p vp
T7(10) =~ 4.75 deg/1b/in?
T7{70) =~ 0.97 deg/ib/in?
1] 160
Q
m7'{p) =0
P-—-BOJ
108. (a) You get an error message because In A does not exist (e) Ik = 13 km, p ~ 0.15 atmosphere.
' forh = Q.

Y h=038627 — 64474 np
(b) Reversing the data, you obtain

‘ _ tdp . L
h = 0.8627 — 6.4474In p. = 6.4474p 7 (implicit differentiation)

[Mote: Fit aline to the data (x, y) = {Inp, &).] dp __ p
© = dh —6.4474

Forh = 5, p = (.5264 and dp/dk = —0.0816 atmos/km.

For kh = 20, p = 0.0514 and dp/dh = —0.0080
atmos/km.

’ As the altitude increases, the rate of change of pressure
() Ep =075 h~ 272 kmn. decreasss.
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10 + /100 — &2
109, y = 10m(~+5‘«) - V100 = 2 = 10[1m(10 + V100 = 2) — Inz] — /100 - #
dy —x 1 x
{2) 20 b —=10[ ——1+—————~—~
© % V00 — 210 + V100 - ) x] 100 — 72
_ x B —10 } 18 + x .
S0 — 210 + /100 — 2 x LS00 — i
_m.__..m_‘:_.“m_..ﬂ ' =
D‘O 10 _ x — 10 + 1] _ E
: ; 100 - 2L1e + Vi — & x
. 34 r
© Jip =0 s [ vwm==E |
J100— 2|10 + J100 — 2| x
- x I
10+ /100 — 2 - %
Alo- /oo - =) 10 _ /106~
= = x ¥
When x = 5, dy/dr = — /3. Whenx = 9, dy/dx = —/15/9.
180, (a) f(x) = Inx, glx) = Vx () £(#) = Inx, gx) = ¥
25 15 -
e 8
I
I
0 500 1] 20,000 °
0 o
fria) = g’(X) - iy o L )

4J_

For x > 256, g'{x} > f’{x). g is increasing at a faster raie
than f for “large” values of x. f(x) = In x increases very
slowly for “large” values of x.

Forx > 4, g (x) > f(x). g is increasing at a faster
rate than f for “large” values of x.

111 y=1Inx

1
¥y =3 =>0forx > 0

Since In x is increasing on its entire domain (0, cc), it is a strictly monotonic function and therefore, is one-to-one.

1 4
2. (& s © f = _ﬁ - o
o 150

X

2Vx = 2

~15 8\/;5 - X

(b) Using a graphing utility, there is a relative mini- - 64x = x*
mum at (64, —8,6355). _ <= 64

By the First Derivative Test, x = 64 is a relative minimum.
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452 Chapter 5

Section 5.2  The Natural Logarithmic Function: Integration

3 u=x+1,du=dx

D= 10_{£dx= 10| + €
x x
j L ge=lmfrt i+ C

5 i
i jmdx=5j—dx=51n|x[ +C
x X

x+ 1
4, u=x- 35 du=dx =3 —2x,du=—2dx 6 L =il ()
o u =~ 5, du 5w = = _ BER 3]3x+2
1 o 1 S
J'x—gdxﬁhlx S|+ {3—255{35’ 2}3—2; Y . %1ﬂ§3x+21+C
:—lln|3—2x|+c
2
xt— 4 4 '
Fou=a"t 1, du=2xdx 8 u=3 - du= —3a*dy 9, - dx = —;dx
x x2 1 1
_1 . ¥ N S 2
Llﬂdx ey pip et | e =% —4hj + C
=%mW+4)+C m_%m3_fy+c
=/ +1+C
10, u=9~ 3, du= —2xdx 1L = 20 + 322 + Ox, du = 302 + 2x + 3) dx
_* ___l _ —1/20_ 2+ 2x+3 :l 3(x2+2x+3)
,ﬁ‘,/g—ﬁdx_' © - 22 dx A4+ 32+ o x3+3x2+9xdx
Vol =-;_1ﬂ|x3+3x2+9x|+c
ax +2) 3 + 6x
=0+ 32— 4
12. fﬁ+3ﬁ—4dx e ey LA
= St} + 32— 4]+ C
. .I_ —
LOR a2 x—4+-M)dx e, (2P 3, (2x+11+ 19 )dx
T+l x—2 x— 2
' = + —3l+cC
=§—4x+61n|x+1|+c # + 11 + 19 1n]x = 2|
2 — 6x — 20 ) 115)
iy = — Sy + 19 — ——}dx
15, o léf — _(x Sx+19 - —=
£WE+19x—1151n|x+5|+C

+5tfx— 3|+ C =55

j‘ﬂ—sxusdx f 2+
£
3

P32+ 49
+x+
13.f S dx = f ~3+x 2+3)dx

*+x—4 x
17, j_m_dx_J(ﬂ_2+x2+2)it

R RN CL R

* 1
=—-3x+ > +t-lx2+3)+C
3x 5 T3 (x 3)
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t 1 1l 1
19. u=Inx, du=—dx L g = — e e =
7 x 20 jxin(f) ax 3f1nx xdx
{In x)2 1 5 1
J{—x dx mxp + C = 5h1|ln|x|[ +C
1
2Lou=x+1,du=dx 22,Mi1+x3/3,du:§x—275dx
v ST
de= [(x+ 17324y 1 i
x4+ 1 21+ 27 dx = T xi/s ) dx
= + 1p/7 +
e+ P2+ C =311 + 25| + €
=2Jx+1+C
2x w—2+2 xlx — ¥»-2x+1—1
23, f(x_ il et 1)2 dx 24, j(x —p J Lo 1)3 ax
20x — (- 1) 1
= + =
{x dx 2-{( J(xm 1)3dx o 1)3a’x
=2 —dx+2, S U RN (S
-1 -1 -1
1
=72 = — 4+ —
nfx — 1} - (x ) +C tnlx — 1 20— 12 €
28 u=1+ \/2x,du=—1-dx = (u— 1)du=dx 26, u=1+ \/3x,a’u=idx = dx=§(u— 1} du

J1+J_ j-(u_l)

NG

< Jli- i)

=y —Inlu| + T,

(1

Il

where C = ) + 1.

2N u=Jx -3, du=

+V2%) - |t + V2] + ¢
Zx — n{l + /2x) + C

ﬁd_x = 2(w+3)dw¢d?f

Jx . )
4{\/5“3‘& 2j PR

g

2 4
Emﬂwdu=2f(u+6+%)du

i

JHf J‘"{“

2~/3x

) due

-2

= %[u ~ Iju|l + C

=§[1+ 3% — {1 + V35| + ¢

=§ 3x—%h1(1+~./§)+cl

2
2[3 + 6u + 91n|u|] + &

=u? + 12u + 18 njul + C,

= {(Va- 3P+ 12(VF-3) + 18m|vax -3l + ¢

=x+6/x+18In]v3 -3+ C

where O = C; — 27.
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28, u=x/*~ 1,du=de = dx=3{u + 1P du

3x2/3

‘?/J_r et
j%_ldx—J u Hu + 1) du

= 3J’M il l(uz + 2+ 1) du

U

:3j(u2+3u+3 +i)d§4

3 2
=3[E“+3i+3u+ln|u|}+c

3 2

32— 1)

(x1/3 — 1)3
= +
3{ 3 2

3 x2/3

= 3|z — 1| +-—~£—~+3x1/3+x+(,'1

29, f"‘.’s 949 = lnfsin 8] + €
sin 8

(» = sin 8§, du = cos 846)

31 jcsc 2xdx = -;f {cse 2x)(2) dx

= —%]n[cchx + cot x| + C

cos ¢ .
ol — + -
33 jAl el In|l + sin¢| + C

as, dex =In|secx — 1| + C
secx — 1

+ 3(x1/% — 1) + Infxt/? — 1|] +C

37,y=j > dx 1

2-x
(L
— 1 -1
- 3fx_2dx

—

It

~3mlx -2/ +C
(1,0} 0= -3kl - 2|+ C = C=0
y=-3mx-2

]

1{5sin58
30, JntanSEdﬁ# SJ-COSSG ds

= —éln|cos 56| +C

X xf1
3z. jseczdxﬁz‘j.secz(z)dx
x x
= Z+tans| +C
Zlnsecz tan2
34, u= cott dy = —cse?tdt
b
jcsc L s = —Injcot#| + C
cott

36. J(_SGCF + tan £} dt = Ia|sec ¢ + tan¢| — Infeos | + €

sec  + tan §
08 ¢

‘+c

= In|sec ffsec ¢ + tan )} + C

3&y=jx2i_9dx
= -9+ C
0,4 4=mj0 -9 +C = C=4—19
y=Mmmj@ -9 +4—-in?
8

-

"9 ¥ ¥

V
24
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' . sec? ¢
39, 5= Jtan(ZS} 49 @2 4 o 40y = jtan.t n ]df

A

=laltanz + 1| + C

i~
| é__
u(""

= %jm(ze)(z 49
(mdy =0+ 1|+ C = C=4

1
=—§]n|c0326|+c r=Injtanz + 1| + 4

©.2: 2= ~Sinjeos (O] + € = € =2

5= —%mgcas 28 + 2

2. "0 = :41)2 —2=—4x-1)2 -2 x>1

4. f(x) = % =2x2 x>0

’ __““_% ’ ___4__
f(Jr)—erC f(x)w(x_l) 2+ C
F)=1=-2+C=C=3 f2)=0=4—-4+C = C=0
"y = —2 iy =t
flg=—+3 Fld=——— 2

Fflx)=4mx - 1) — 2 +C,
f@R=3=40)-4+C, = C, =17
fay=4mz— 1) —x2+7

fl=-2Inx+3x+C
Fl=1=-200+3+¢C = C, =-2
fla=-2lnx+3x—2

&__ 1 : & _mx .
43, P 1) M-dx x’(L 2)

{ay

1
) y—jx+2dx—}n|x+2{+c

yO)=1=1l=mh2+C=C=1—-1n2

x+2
2

Hence,y=Ihlx+2[{+1-In2=1In ‘+1. Hence,y=1n——2_

3

P

A

_5(
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45, {a) y(]|4 . 45, (a)

!
TTTRY 1T SE—
e B e v e R

) %= i +§, (1. 4) ®) %=secx, ©, 1)
y=x+hx+ vy =lnlsscx + tanx| + C
A=140+C=C= t=jl+0|+C=C=1
y=x+Inx+3 y=In|secx + tanx| + 1

8 : s

-

-1 8 /
-1 )
47 L5 dx*[sl 3 +1]4 : L dx 1 49, 1+1 1
STt 31'l|x |o. 48. 3tz ~[1n|x+2|}71- w=1+Inx du=_de
= —_ = € 2
=313 ~a275 in3 —nl=1in3 G+lnn? [hﬂm]
) x 3
_7
3
_1 1 -2 2( L1 )
.Sﬁcu—Mx,afwA;dx 51,£x+1dx—Lx i x+1dx
¢ REY : [lxz ] +1]2 n3
j; xlnxdngg (In_x);dx —[!n|1nix||]e, =2 T2 * m|x | o n
ly—1 1 L -2 21 —cos @ [ ir
52, de= | ldc+ d fPlrcos® _ g
j;x+1 A J;val x 53 JZ B—sinﬂdﬁ in|6 s11r119|1
1 .
z{qulnh-&}.[E =1-2In2 =;n}w_2_5132 ~ 1.929
e _ 1—sinl )

0.2 0.2
4. j {csc 20 — cot26)2d8 = {csc? 26 — 2 csc 28 cot 28 + cot? 26) d8
0.1 V 0.1

0.2 )
= f {2 cac?28 — 2csc 26cot 20 — 1) 48
0.1

0.2
= [—cotZ& + csc 28 — 9]01 = (.0024

i = —
55.J1+ﬁdx—2(l+ﬁ) 211 + Vx) + €,

=[x~ (1 + V&) + Cwhere C = ¢, + 2.
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56. ji;—ﬁdx= {1+ Vxp+s{i+ Vx) - amlt + =)+ ¢

=4z —x—4lfl + /3) + Cwhere C = ¢, + 5.

\/;E \/xT -1 x2 x2
- = + + . = — —_— .|.
&7 j ldx in -\/— 1 2.«/:; c . 58 ldx— h1|x 1i + +x L

/2 /2
59, j {cscx — sin x) dr = [—ln|csc;c+cotx| + cosxiE
/4 /4

= (/2 + 1) - »—:Z‘/—i»zo.lm

/4 gial o ool /4
&0. J SR ET OOV e = [ln|secx + x| — 2 si_nx]
—arf4 £O5 X —a/4
2+ 1) ,
=n - 2/2 = ~1.066
(ﬁ -1

Note: In Exercises 61-64, vou can use the Second Fundamental Theorem of Calonlus or integrate the function.

61. F(x)=j'%d: : 62. F(x)=jtm£dt
1 ‘ o :
F'(x)=-1- F'(x)=tanx
x .
C3 : x21
63. F(x) = J- 2d s, F(x) = f =ar
1t 1
oy = Ly = L | iy =2X_2
Frix) = 3x(3} T F/(x) 7

X
(by Second Fundamental Theorem of Calculus)

Alternate Sclution:

Pl = jl "= {mmﬁx = ]33]

P =33 =1

&5.

-1

-1
2z

i
2z

A = 1.25; Matches (d)

A = 3; Matches (a)

34 3
67,A=j —dx=4ln|x|] =43
X 1
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4 4
68.A=j 2 dx=2j.ila’x
, xinx , Inxx
4
=21n|]nx|]
2
= 2[In{ln 4} — nfln 2)]
Z2In2

=2].’[1("m) =3In2

in/a i
0, A = -jf _Smx
aja 1 T cosx

= —In|1 +Vcosx|]::4
)
. {2+2

_h‘(z - ‘/i)-

= (3 + 2.2}

4 ra
72.A=Jx+4dx=f(1+£)dx
1 F 1 &

4
= [x + 41nx]

i
=4+4m4—1
=3+ 4In4 ~ 8.5452

74. J 4(2x ~ tan(0.3x)) dx = [xz + ? M|cos(0.3x)|]j

il

[16 + %}ncos(f_z)] - [1 + 1—30-1ncos(0.3}] = 11.7686

w4

/4
§9. A= J{ tap x dx = —!n‘cosx]]
o

:km%?+0

0

=In/Z = %g ~ (.3466

4 .2 4
71.A=f x +4dx=j(x+f)azx
1 x 1 “
7 x2 4 4 i
=i= 4+ - -
{2 4m41 8+ 44 >

= %é + 8n 2 ~ 13.045 square units

2 o, 1247 (m)'n“
73.£25e06dx— ﬁosec g 6dx

= [Eln
w
kul

sec = + tan—‘ ——17%111|1 + 0]

X
se¢c— + fan—
6 6

x|
o

12
—'n"lu 3 3

12

w

m(2 + /3) = 5.03041




Section 5.2 The Natural Logarithmic Funciion; Integration 489

12

)= b e 1=4 =4

76.

7.

78.

7.

82.

Trapezoid: ——[ f(1) + 2F(2) + 27(3) + 2f(4) + F(5}] = —[12 +12+8+6+24]=1202

2(4)

Simpson: gf(%[ F) + 47 (2) + 27(3) + 4f(4) + f(5)] = %{12 + 24 + 8 + 12 + 2.4] =~ 19.4657

12
Caleulator: | —=dx = 19.3133
1

Exact: 12In3
e h—a=4-0=4 =4
f(x)—x2+4, a= =4 n=
Trapezoid: 2(4)[f(0) + 270 + 2F2) + 2F(3) + Flay] = —[O + 32 + 4 + 3.6923 + 1.6] = 6.2462
Simpson: 2 4)[ FO) + 47(1) + 27(2) + 4F(3) + F(4)] ~ 6.4615
Calculator: J x28+ 4dx 6438

Exact: 41n5

fy=lox, b—a=6—-2=4 n=4

Trapezqid: %[f@)-ﬁ- 27(3) + 27(4) + 27 (5) + fl6)] = %[0.5931 + 2.1972 + 2.7726 + 3.2189 + 1.7918] = 5.3368

Simpson: 34 )[f(Z) + 47 (3) + 27(4) + 4F(3) + f(6)] ~ 5.3632

]

Calculator: j In x dx =~ 5.3643
2

jl‘“(x)=secx,b—a=g—(—G—T)=2—’Ir n=4

T

2ar/3 P " T T ' ' _
Trapezoid: 2D [ f(—g) + Zf(—g) + 2f(0) + zf(g) + f(—?;)] = E[z + 2.3094 + 2 + 23084 + 2] = 2,780

Simpson: %[ f(m%r) + 4f(—%") + 27(0) + 4f(g) + f(’g)] = 2.6595
w3 ‘ '

Calculator: j sec x dx =~ 2,6339
—a/3

Power Rule B0, Substitation: (¢ = 2 + 4} and 81. Substitution: (& = x? + 4} and
Power Rule Log Rule

Substitution: (u = tan x) and 83. —In|cosx| + C= ]an +C

Log Rule Cos X

=lnjsec x| + C = —Infescx| + C
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85. ln|secx + tan x| + C = In|

86, —Injcscx + cotx| + C = —

87.

89. Average value

91

93

i

de —

3000
- P = f T+ o257

P(0)
C = 1000

1
Average value = i j;

' 4
=41 x
2

(sec x + tan x){sec x — tan x)|
(sec x — tan x) |

1
secx —ianx

In +C

{csc x + cot x)(csc x — cot 3}

+C=mh

(csc x — cot )

n|—
c8Ccx —cotx

48
x2

adx

-2 g

1

2

== (3,291

0.23 &

= (30004 | T 25

12,000 In|1 + 0.25¢] + €
12,000 |1 + 0.25(0)] + € = 1000

P(H) = 12,000 In|1 + 0.25¢| -~ 1000

P(3)

i

1 90,600

" 50 — 40,, 400 + 3x

100012 In[t + 0.25z] + i]
1000{12(In 1.75) + 1] =~ 7715

50
dx = |:3000 In|400 + 3x!]40

~ $168.27

83. Average value =

| Te7 -

—Injsecx — tanx| + C

+ ¢ =lesex — cotx| + C

sec? x — tan? x .
secx — tan x

1

2

in2 +

7]114“%—h12+

2 2
cectx — Cot x
— |+ C
cscx — cotx

“4(x + 1)
4—2-j &

xZ

i

1

-] :1n4+%ml.8863

4

] Yo
9, Average value = . Oj;sec 5 dx

4

6

ESE

sec = + tan -
6 6

)

= %-[m(z +V/3) - Inft + 0)]

3

v

In(2 +

3)
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a5 k
oyt

5 = j%dr= klnlt) + C=kmz+ Csincet > 1

S2)=%kn2 + C =200
34)=klnd + C =300
Solving this system yields ¥ = 100/1n 2 and C = 100. Thus,

100In ¢ _ Int
50 = ) +100f100{m2+1].
95 (3} P -y = (B) 2 = ¢/ = oot € = /(L) = ;1; &
2 = -8
’ g letk = 4and ahzzE ( =i _—__m;z;)
y =22~ 8 I A \/;»yz Nz
Yy = /232 -8

JINT |

(c) Inpart (a): 222 —y* =38 In part (b): y2:$=4x“
4x =2 '.=o Dy’ =
Yy Yy =
o 2x P > Nt N
Y ¥ Y et 2 Ay 2x

Using a graphing utility the graphs intersect at (2.214, 1.344). The slopes are 3.295 and
—0.,304 = (—1)/3.295, respectively.

9. k=L fx=x—-1 ' y
' -1
k=05 f40) = ‘/f‘; = 2Avx-1)
0/ —
k=01 £, = fgl L_ 10(19/% ~ 1)
i A0 =tz ) :
97. False 98, False C 99, True 100, False; the integrand
) d . { has a nonremovable
E(lnx) = In{x!/%) a[ln x] = p | f;dx = Injx| + C, _ _.discominuity atx = (.
# {(Inx)1/? = In|x| + In[C|

= In|Cx|, C# 0
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W1 f0) = 7 jf 5

¥

0.5

(3 y= -;%x intersects f{x) = 1 .f =
1 x
7T R
1+x2=2
x o=

4
1 1
=§h‘12—1
ey (L 21—
(b)f(x)— (1 + 27 _-(l+x2)2
£10) =1

" Hence, for 0 < m < 1, the graphs of f ancfy = mx
enclose a finite region.

2
192, F(x)=f ?dt, x>0

i
Fiix) = 5(2} — i =0 = Fis constant on {0, 0o).

Alternate Solution:
. .
Fx) = m:] ~ 18(2%) - Inx

=In2+nx—~Inx
=in2

I
1+ x2
1 =m+ mx?
1..,..
x? = i
"
1—-m
x= —_—
m

jm ¥
A= (
G

= {%ln(l + x%) — @CT

1
= E[m — In(m) — 1]

intersection point

1+x2—mx)dx, J<cm<l1

Z:i\/(lfm)/m

0
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1. (2) FfE) =5x+1

o) =15

£e() =f(x; 1) = S(ch ]) +1 =%

S = glow+ 1 = B

2. (2. flx)=3— &

g(x)=3;x

X

e = (25 SEEE {155) =+

) = 506 — 4 = 2 C

3@ )=
gl = ¥x
£l = f(¥5%) = (¥a) =«
g f@) =gbd) = ¥ =x

4 (@ flH=1-%
gl = I —x

Pl = F(IT =) =1 - (¥T-2)

=] —-{(i-x=x
(=) = gll — )
- YT D)= ¥R =a

5.0 f=Jx-d
gly=x+4 x20
fle) = FGE + 4)
=J/EFH 4=t =x
g7 () = g(~/x — 4)

=(Vx—adPta=x—4+d=x

{b)

®) !

) Y

——1 b x
-2 -1 2 3
a4
-2
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6@ fR=1i6-2 x=20 (B
glx) = V16— x fa
flet) = (VT8 =3) = 16 ~ (VIE =2
=16—-(16~2)=x
g(f) = (16 — 8 = /16 — (16 ~ 1)
- SE=x
1
To@  fO) = (b) ;
X b
_1 s lif=g
g =~ N
(e) = - = L
Fleglx)) = i/x = x 7
_ 1 T
S/0) = 7= x
8 (&) f(x)ilj_x, xz0

1_
g(x)=-~—xx, 0<x<1

t—x ’ 1 1
f(g(x))=-f( . )=1+1—x=I=
x X
1— 1
) 1 1 +x X 1+x
g(f(x))-zg(wx)z 1 1+x 1
1+x

9. Matches (¢} 10. Matches (b)

13. fx) = %x + 6

Une-to-one; has an inverse

11. Maiches (a)

4. f(x) =5x—-3

One-fo-one; has an inverse

12, Matches {d)

15, f(8) = sin @

Mot one-to-one; does not have an
inverse
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1 1 -
6. Flx) = 5—— 17, #s) = —— — 3 18. gl = ————
6. () =55 () =— 8 = 7
Not one-io-one, does not have One-to-one; has an inverse Mot one-to-one; does not have
an inverse an inverse
¥ _a L 8 .
n
%". \ . ___,ﬂa-f”#ﬂ-m‘q""’%»-».\_\_ .
-1 _1 L 1 * -
z . z -1
.
i
19, flx) = Inx 20, f(x) = 5x/x — 1 21 glx) = (x + 57
One-to-one; has an inverse One-to-one; has an inverse {ne-to-one; has 2n inverse
2 2 280

/ u

/

22, h(x) =[x + 4] — |x— 4]
Not one-to-one; does not have an inverse

a

-9 9

-
34, f(x)=cos32—x
f'(x) = 251n2—0whenx 0,393,--«

fis not strictly monotonic on (oo, oo), Therefore,
fdocs not have an inverse.

26, flx) =2 —6x* + J2x
Fi) =32 - 12x+12=3x— 2> 2 Oforallx

fis increasing on {— oo, co). Therefore, f is strictly
menotonic and has an inverse,

28, fR=(x+aP+b

F'x)=3x+a)? = 0forallx

fis increasing on (- oo, co). Therefore, f is strictly
monotonic and has an inverse,

23, .f(x} =l{x—3), >3

e

3>Ofo:rx>3

fis increasing on (3, oo}, Therefore, f is sirictly monotonic
and has an inverse.

25, flx) = ’%: — 2

flxy=x —dx=0whenx=0,2, -2

Fis not strictly monotonic on {— oo, co), Therefore,
fdoes not have an inverse,

27 fEy=2—-x—2
filz) = —1—32% < Oforallx

fis decreasing on {—cc, oc), Therefore, f is strictly
~ monotonic and has an inverse.

_y+3
)
‘=x+3
)

f“(x)=x+3
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3 flg=3x=y

R =R —1=y

=Yy +1
y=35+1

Fi) = 9T

¥
*Ty
. x
Y73
X
g X
=3
y
SIf
T -1
1 S
EE=
Al
33 f(x)=\/;:y ¥

L
38, frl=vd-F=y 0<zx=2
= T
= AR
F U= J4-2 G<x<2
3 fl=¥x—1=y 2
x=y +1 /JifT
y=2x +1 ma’yﬂ;_y»/)
F =2 +1 :

-2

The graphs of fand ! are reflections of each other
across the line y = x.

34.

Ffx)=x=y, 0<x ¥
x=Jy ar s
y=+x T
1 i
F = Y ’
o
N S T

S _
f=r1Z8 7

486 v ,[

_ x4+ 243
486 -6

P24

Fix) 86

The graphs of fand f! are refiections of each other
across the line y = x,
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39, f=xP=y x20 4 45, flm=225=y : 2
_ -1
x:ysﬂ ! fi J::y5/3 ! i
g = 2 y = : ?
fﬁl(x) =-x3/23 X 2 0 Da s fﬁl(x) =x5/3 -2

The graphs of fand /! are reflections of each other
across the Hne v = x.

x

41". f(x)=_rﬁzy 2 =
y = ﬁy 3 ﬂ”"ﬂiwa
=7 /
I -
TR
e xf\/;%, —1<x<l

The graphs of fand £~ are reflections of cach other
across the line y = x.

- 43,

Fliig lo| 1|21 4

45. (a) Let x be the number of pounds of the commodity
costing 1.25 per pound. Since there are 30 pounds
total, the amousnt of the second commedity is 50 — x.
The total cost is

1.25x + 1.60(50 — x)
—0.35x + 80, 0 < x £ 50

i

b

I

{c) Domain of iverse is 62.5 < x £ 80.

46. C=3(F —32), Fz —455.6
(1) 2C=F-32 -
F=32+3%C .

(c) For F 2 —459.6,C = 3(F — 32) = —~273.1L.
Therefore, domain is C > —273.1 = —273.

- 47, f(x) = (x — 9?on[4, o)
frlx) = 2{x — 4) > Oon (4, cc)

fis increasing on {4, oc). Therefore, fis strictly
monotonic and has an inverss.

The graphs of f and /1 are reflections of each other
across the line y = x.

+
o =22 -, !
X F
5 £
- T -5 [
x y-1 Aj\
_ 2 L
YTy
2
1 =
£ =

The graphs of fand ! are reflections of cach other
across the line v = x.

161210

{b) We find the inverse of the original function:
y = —0.35x + 80
0.35x = 80 — y
x = (80 — )
Inverse: y = %(80 —-x) = 2—,.—0(80 - x)
x répresents cost and ¥ represents pounds.

(d) If x = 73 in the inverss function,

= Wrgy — 73) = 12 = 20 pounds.

{b) The inverse function gives the temperature F correspond-
ing to the Celsius temperature C.

(&) FC =22 then F = 32+ 3(22) = 71.6°F.

48. f(x) = |x + 2| on[~2, c0)

f’(xj = -‘H—z—[(l) =1 > 0on{—2,00)

x+2

Fis increasing on [~ 2, oo). Therefore, fis strictly
monotonic and has an inverss.
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49, flx) = ;450“'(0’ &o) 50, f{x) = cotxon (0,

Fa) = —csc?x < Qon {0, o)

f’(x)=—§—<00n(0 o) :
x2 . Jis decreasing on {0, ). Thersfore, fis strictly monotonic

. . . , and has an inverse.
fis decreasing on (0, oo). Therefore, fis strictly

monoionic and has an inverse.

51.. Fx) = cosxon o, 52. flxy=secxon {0, g)

Fix) = ~sinx < Qon (0, w)

s J— o-??:
Fis decreasing on [0, w]. Therefore, fis strictly monoionic frx) = secxtanx > Gon (0’ 2)

and has an inverse. . . L
Fis increasing on [0, #/2). Therefore, fis strictly

monotonic and has an inverss,

x
53. Fx) = a_goron (—2,2) | %b .
ity —dy =x -a ! 3
¥y—x—4y=290 ' P

a=y,b=—1,¢c=—4y

_1x1- a(y){— 4y) 114167

The graphs of fand f~? are reflections of each other actoss

2 % the line y==x
i) = {1 - VT+163)/2x, ifx+0
Y=7 W=, ifx=0
Domain of f~1: allx
Rangeof f 71 —2 <y <2
3 8
54, fx=2- Z=rou (0, 10) : 1
22— 3= ' )
22—y =3 ’ ok 10
3 .
xr=x e The graphs of fand f ! are reflections of each other across
u the line y = x.
3
y== 2-—x
F = = x<2
2-x '
55. (@, @) g 36. (a), (B) 2 57, (a3, () 4
7
4 o & ﬁ{”—
s / f”"id-iu -8 h'\ -h 8 '6_1\ 8
i s
) -2 —4

(c) Yes, fis one-to-one and has an {c) A is not one-to-ore and does {c) g is not one-to-one and does

inverse. The inverse relation is
an inverse function.

ot have an inverse. The
inverse relation is not an
inverse function.

not have an inverse, The
inverse relation is not an
inverse function.
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58, (a). () 10

{¢) Yes, fis one-to-one and has an inverse. The inverse

relation is an inverse function.

80 flx)= -3

Not one-to-one; does not have an inverse

L fy=|x—-2|, x<2
=—{x-2
=32 —x
fis one-to-one; has an inverse
2—-x=y
2—-y==x
FFig=2-x 220

63. flx} = (x — 3)?is one-to-one for x = 3.

x-3P=y

i—3=Jy
x=\/§+3
y=ﬁ+3

FWE=Jx+3, x20

(Answer is not unique.)

65. f(x) = |x + 3] is one-to-one forx = 3.

x+3=y
x=y~-3
y=x~—3

FFix)=x-3 xz20
(Answer is not unique.)
67. Yes, the volume is an increasing function, and hence

one-to-one. The inverse function gives the time ¢
corresponding to the volume V.

2, flx) = x — 2, Domain: x = 2

> Oforx » 2

1
) =
) T
fis one-to-one; has an inverse

Jrx—-2=y

x—2=3
x=y2+ 2
y=x+2

Flg=x*+2, 220

2. flx)=ax+ b

. fis one-to-one; has an inverse

ax + b=y
x=y“&
a
=x“b
¥ a
f“(x)=x¢b, a*0

o

&4. f{x) = 16 — x*is one-to-one for x = 0.

6—xt=y
16 — vy = z*
Y16~ y=x
Yie—-—x=y

fHx)= ¥6—x xs 16

66, f{x) = Ix — 3| is one-to-one forx = 3.

x—3=y
x=y+3
y=x+3

FUx)=x+3 x=0

68. No, there could be two times t; # {, for which
Bty = Alg).
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$9. No, {1} is not one-to-one becauss long distance costs are
step functions. A call Iasting 2.1 minutes costs the same
as one lasting 2.2 minutes,
71, fR=2+=—-1L fl)=2=2a
Flay =32 +2
1 1 1 1
=1y 2} = = = =—
U= mmay “ ro T e s
B g6 =sms (Z) =1
. X} = sinzx, 5] =35 = a
Fix) = cosx
(fwl},(g): 1 __ -1
2/ SN2 Fw/6) cos(w/6)
__l 24
3/2 3
4
75. fzy =2 — > fiAy=6=4
Fila) = 3x2 + %
1 1 1 1

(F 1) =

PR PR Rt @ B

77, {a) Domain = Domainf~! = {—co, o}

(3]

—t— ——
-3 -2 o2 3

78. Yes, the area function is increasing and hence one-to-cne.

72,

74.

78,

@

The inverse function gives the radius r corresponding o
the area A.

1 .
flx) = ﬁ(xs + 2%
1 )
f-3) = (-243 — 59 = ~1i =@
i) = i%(5x4 + 6x)
’ 1Y 7 _. = _,Ml___
Ve = mremy
. 1
TR TS v e(—ar 17
Sy =cosdx, Fl)=1=¢
F=—2sin2x
IR S O
U0 = 7y T 7o)
=— 2 iin 0 = é which is undefined,
f=Vx—4 fR)=2=a
’ — I _.
IRV =
IR
U0 = e T e
S W S
1/(2/8=4) 1/4
(b) Range f = Range f~1 = (—o0, 00)
11
=2, (13)
Frx) = 342
(1Y _3
f (2) T4
s 11
= 3~ (g.i)
(1)) = ;/“

3
-
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78. (a) Domain f = Domain f~! = (—oo, co}

79, (s) Domain f = [4, o), Domain £~1 = [0, oo)

81.

(b) Range f = Range ! = {—oo, o0)

(@ FO) =3 — 4x, (1, - 1)
@ =4
Fy=-4
Ly 3T x o,

f {x}_ 4 !( Ll)
) b
{1 () = a
ey = L
F(-1= 2

(b) Range f = [0, o0}, Range £~ = [4, o0

(cy : (d) = Vx—4, (5,1
12+ -t :
p 7 = zi/xlé 2
°T i
s P Fe =7
z-‘-
; {T:‘: : ' iz =2 +4 (1,39
(F 6 =2x
(=2
80. (2) Domain f = [0, oc), Domain ! = (0, 4] {b) Range f = {0, 4], Range /™' = [0, o0}
© % | @ ) =1a
16 = S0 = 2
1 A " e ; . f“l(x) - 4 ;‘ x
I Y0 = =2 (02 = -k
24— 2% 2
x=yY - T +2 ‘ 82. x=2m{y*-3)
DY PN ot dy
1—3y2‘ix 14ydx 1 2y2w32ydx
a__ 1 & _y-3
dx 397 — 14y  dx 4y
dy_ 1 -1 dy _16—3_13
A4, 3T T A4, = s 16"

Alternate Solntion:

Let flx) = 2® — 72® + 2. Then f'{x) = 322 - l4x and
F(1) = —11, Hence,
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In Exercises 8386, use the following.
flx) = %x — 3 and gix) = »°
FHx) = 8(x + 3 and g~ Hx) = ¥x

8. (f e H) = e W) = 1) =32

85. (' -f7HE) = /(e = £ 1(72) = 600

En Exercises 87-20, use the following,
fEi=xr+4andglx)=2x— 5

Fi i =x—4misg = xtr3

B7. (g7 o D) = g7 a)
=g 'x—4)
s

89. (f '_’g)(X) = felx))

= f(2x - 5)
=Qx—-35)+4
=2x—1

Hence, { fog) 1(x) = & '; 1

Note: (feg) ™' =g 'of!

91. Answers will vary. See page 343 and Eiampie 3.

23, fis not one-to-one because many different x-values vield
the same y-value.

Example: f(0) = flm} =0

(2n— D

Not continuous at 7 , where n is an integer.

95. f (x).= k(2 — x — %) is one-to-one. Sinee f1(3) = —2,
=2 =3=k2~ (-2 - (~2) = 1% = k=1

B (gl of W -3) =g (=3 =570) =0

86. (g7 og~)(—4) = g g™\(~4) = g~{¥/=3)

88 (Flog ™ Nx) = f g7 Ux)

_ 71x_+_5)
=
=x;—5“4
=x—3

2

90. (g < f)x) = g( f(x)
=glx + 4)
=2x+4)—5
=2 +3

Hence, {g < f) " x) = x; 3.

Note: (g of) L =f1og™!

92. The graphs of fand f~' are mirror images with respect to
the line y = x.

94, fis not one-to-one because different y-valnes yield the
same y-value.

e 19-4) -3

Not continuous at -2,
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96, (8 Fx) = 255 + 32 — 36x
f does not pass the horizontal line test,

20

il

45

27, Let f and g be one-to-one functions.

(@) Let (Foghx) = (Feg)x)
Feln)) = flgle))

glx) = glxy) (Because f is one-to-one.)

T A

Thus, f» g is one-to-one.

98. If fhas an inverse, then fand £~ are both one-to-one. Let
(D7 Hx) = ythenx = f~!{y) and f(x) = y.
Thus, (f~1)7" = f.

{Because g is one-to-one.)

b} f/x) = 6x* + 6x — 36
= 6(x2_+ x—6) = 6(x + Nx — 2)
Flay=0ax=12,-3

Hence, on the interval [— 2, 2], f is one-to-one,

(5) Let (7= g)(s) = y, then x = (f= )= 1(). Also:

(feadn) =y
flelx) =y
glx) = =4
x=g A0

x= (g7 o)y

Thus, {(fog)"'(») = (g7 of 1)y} and
(Fogyt=gteft

99, Suppose g{x) and A(x) ave both inverses of f(x). Then the
graph of f{(x) contains the point (z, b) if and only if the
graphs of g(x) and h(x) contain the point (b, #). Since the
graphs of g(x) and 7(x) are the same, g(x) = ().
Therefore, the inverse of f(x} is unigue.

100. If fhas an inverse and f(x)) = F(x,), then f~'(f(x;)} = F ' flx,}) = x; = x,. Therefore, f is one-to-one. If
(%) is one-to-one, then for every value b in the range, there corresponds exactly one value g in the domain, Define
g(x) such that the domain of g equals the range of fand g(b) = a. By the reflexive property of inverses, g = f -1,

161, False. Let f{x) = x2,

104, Faise. Let f(x) = xorglz) = 1/x

146. From Theorem 5.9; we have:

, _ i
50 = 5w
P = L0)O = el )
GNP

Fglx) - [1/(F (g&))]
Lf (eGP

f(glx)

Lr(gl=))

If f is increasing and concave down, then f’ > 0 and
f7 < 0 which implies that g is increasing and concave up.

102, True; if £ has a y-intercept

103, True
195, Not true. .
X, 0<x=1
Letf(x) = 1—x 1<xs52

fis one-to-one, but not strictly monotonic.

—_— * d...._._t . =
107, fla) = i Ty f@=0

F) = —m

1+ x?

PR S S
(YO = 555 = T = VT
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108. f(x) = f ST R, F2) =0
2

Fly=Vi+=2

F{x) > Oforallx = fincreasingon (—oo, 00) = f

is one-to-one.

I U
(F)'0) = 7

I~

Section 5.4

1 ehr =4

x=4

12. Indx =t

dy = ¢’ = ¢

el
5

109, (a) y=§:§
w—x=y—1
wyoy=x—12

=12
G

Hence, if fix) = %‘:“g, then f(x) = f{x}.

-1

(b} The graph of f is symmetric about the line y = x.

Exponential Functions: Differentiation and Integration

2 T =12 3. e=12 4. 4¢* = 83
2x = 12 x = 1n12 = 2.485 s=5
x=6 x =) ~ 3033
6, ~6+35=38 7. 50e7% = 30 8. 200¢~% = 15
36t = 14 er=1 e =g =5
e =4 —x= h’l(%) —dx = ln(,f—g)
r= wl¥) - = 1Y) e= t(®)
=~ 1.540 =~ 0.511 ~ (648
10, Inx? = 10 1L nix—3) =2
xE=ell x—3 =g
x = e’ ~ +148,4132 x =3+ ¢~ 10,389
13, InJx + 2 =1 14, In(x — 22 = 12
7 Jrtl=éd=2¢ (x— 2)2 = g2
x+2=¢ x—2=¢5

x=e2—2=5389

16, y = %e"

x =2+ £° =~ 405.429




-1

Horizonial shift 2 unifs to
the right

28. (a) 70
T
-8 —"’P/ 10

-2

Horizontal asymptotes: y = Jandy = §

21, y = Ce®*
Horizontal asymptote: y = ¢

Matches (c)

C
24’y_1+e“”‘
. C
.xl-l—)n;lcl'l‘e"m_‘c
lim L=O

xo—w ] + g7

Horizontal asymptotes:
y=Candy =0

Matches (b)

22,

25,

A reflection in the x-axis and

a vertical shrink

RO

-1

Vertical shift 3 units upward
and a reflection in the y-axis

S
N

~-8 10

-2

Horizontal asymptote; y = 4

y = Ceg™2* 23. y=C(1 - &™)
Horizontal asymptote: y =0 Vertical shift C units
Reflection in the y-axis Refiection in both the x- and
‘ y-axes
Matches (d)
Matches (a}
Flx) = ¥ 26, f(x) = e*?

£x) =In/x = %lnx

glxy=Ix¥=3nx

Section 5.4 Exponential Functions: Differentiation and Integration 475
Moy=e* 18, y = ™2
Symmetric with respect to the y-axis ¥
Horizontal asymptote: y = @ 4
¥
24
= =
13. () 7 () 3 {c) 7
 Je _ /jr \ £
-2 nE‘_": a 2
-5 et 7 \‘\ 4 Nl 8
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2 ) =er— 1 28, flx) = =1 28, 3
gle) = Infx + 1) g% x e

39, In th 31 (1 P )1‘°°°‘°°° ~ 2718280460
. LD UIC SAMe Way, . A 1’000’000 .
tim (1 + Jé’;) =¢ forr > 0. ¢ ~ 2718281828
X =G0 .
> (1 P
¢ 1,000,000
V14 1+5+3+5+75+ 75+ o5 = 2.718253%6
e =~ 2. 718281828
e> 1+ 1+5+i+k+is+d+ s
33 (a) y = ¥ 34, (a) y =¥
¥ = 3 ¥ = 2e™
y =3 y{0) =2
Cy—1=3x-0) y—1=2{x—10)
y=3x+1 Tengentline ye=2x+1
&  y=e¥ ® y=e¥
y' = —3eH y' = —2em
y()y=-3 y(0) = -2
y—1=—3x-0) y—1l=-2-0
yv=—-3x+ 1 Tangentline y=—2x+1
35, f(x) = ¥ 36 y=&7 37. y=er
£ = 260 dy_ e dy _ e
dx ax 2%
38. y =t 39, g = (e + e 40. g(e) = 3"
l — —t 4 gt — &t
% = —x2g * + Qxe ¥ g (t) 3(6 € ) (e € ) g’(z) = 8—3/12(65—3) =
= xe *(2 — x)

41, -y = in(l + &%)

dy _ _2e&
dx 1+ ¥

-1

-1

az.

0.5y

x 00 x

1
dy & N er 2
dx 1+e 1-e¢" 1—¢¥

Asx— oo, the graph of f
approaches the graph of g.

lim (1 +—'—) = 05

)1,000,000

5
33

y=ln(li:)=hl(l+e‘)—ln('l—ex)
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’ e — ¥
= = —x)-1 =
43 ¥ pra— et + ™) 44, y 2
dy _ — 2 — &™) dy & +e*
A fz 25+ xY—=2 —_ a—xY = = —
= (&7 + e7*)7He" — ™) T = -
45, y = &(sinx + cosx) 46. y=Inef=x
gx:e"(cosx—sinx)~i~{s’mx+cosx)(e") D 1
dx dx
=2 cosx) = 2e¥cosx
tn x 25
47, Flx) = ng cos et dt 48, Flx) = f Int + 1) 4r
T . O

F'(x) = cos(e?) - % _ %(x)
‘39= f(x) = el—x, (1, l)
f’(x) = _e'l*x, f’(l) : -1
y=-—-x-+12 Tangent line
51, y=1n(e") =22 (-2,4)
y’ — zx, y'(_z) = _4
y—4=—-4x+2)

y= —d4x—4 Tangent line

53, v = x%e* — 2xe* + 2e%, (l,¢)

¥y = x%¥ + Zxe® — Qxe¥ — 2e* + le* = x%¢7 '

y(l)=e
y—e=-elx—~1)

¥ =ex Tangent line

55 flx)=e*Inx, (1,0)
) = e"f(é) —e*lhnx = e‘x(i* - lnx)
Fy=e! !
y-0=ellx—1)

Tangent line

_1 1
¥ e .

50.

52,

56.

Fr(x) = In(e + 1)26% = 26 Infe™ + 1)

y o= e—2x+x2, (2, 1)
y = (2x — De HTE 3 (2) =2
y—1=2(x—2)

y=12x—3 Tangent line

x4 g%

R
= e ele = o]

YT reyme T

y'{© =0
y=10 Tangent line

y=in {0, 0}

y =zxe*—e5, (1,0)

¥’ = xe¥ + e — ¥ = xe*
y(D=e
y=O=ex—1)

y=exr— e Tangent line

Fx)=&nx (1,0)
)= %3 f=éa

y-0=2Gx-1)

y=¢(x— 1) Tangent line
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7. - 1x+3y =20 i 58. &+t -y =10
ay dy | ( dy ) dy
Y —— Y - e - 4 + — =L
xedx+e 1{)+3dx 4] X yie” + Zx Zysix 0
Do - 10— B oy — o) = =y —
dx(xe +3)=10— & dx(xe"y 2y) ye — Ix
dy _10-¢ Dyt
ax xe? + 3 dx xe? — 2y
59, xe¥ +yer =1, (0,1} 60 1+ In{ey) =%, (L, 1)

xe¥y’ + ¥ + yer + ye* =0 1, , _ ,

’ e —l +yl =l - y]
ALO 1 e+1+y =0 A
Ar{l, 1 [y +1]=1—y

’

y'=—e-1

Tangentline: y — 1 ={—e — I){x — 0) y'=20

y={(—e—Dx+1 Tangent line: y — 1 = 0(x — 1)

y=1
61, Flx) = (3 + 2x)e 3 §2. gln) = Jx+ Flnx
’ — — =3 —3x
Fx =03+ 2x(~-327%) + 2¢ ) = —+£+e"h1x
={—7 — bx)e 3 2%
G = (=7 — 6x}(=3e ™) — e g"x) = —4;:;/2 + xe"x; g E—x +etlnx
= 3{6x + 5)e ¥ '
_ 1 ex(Zx —- 1)
= 41\/32 2 + e lnx

63. e"(cos SIx+ sin J’Z’x}
= (= /2 sin Zx + /2 cos +/2x) + e{cos +/Zx + sin +/2x)
e‘[{l + \/_) cos\/fx ( ﬁ) sinﬁx}
e"[ (\/_ 2+ 2) sin +/2x + (\/5-— 2) cOs ﬁx} + e’f[(l + ﬁ)co&/ﬁx + (1 - Ji} sin 2x]
e"[( 1—2J_)sm 2x+(71+2ﬁ)cos>/§x]
—2y"+ 3y = —26"[(1 + ﬁ) co8 /2x + (1 - ﬁ) sin \/?:xJ + 3@‘{005 x4 sin ﬁx}
= (1 - 2./2) cos V3x + (1 + 2/Z) sin /2x] = —y”

Therefore, ~2y "+ 3y = —y" = y"— 2y"+ 3y = (.

&4, v = %3 cos 2x — 4 sin 2x)
y" = e{—6sin 2x - 8 cos 2x) + €3 cos 2x — 4 sin 2x)

®

= &{—10sin2x — 5 ¢cos 2x) = —5¢%(2 sin 2x + cos 2x)
"= —§e‘(4 cos 2x — 28in 2x) — 5&(2 sin 2x -+ cos 2x) = — 3¢5 cos 2x) = —25e% cos 2x
¥ — 2y" = ~25¢5cos 2 — 2{—5e°)(2 sin 2x + cos 2x) = —5e*(3 cos 2x — 4 sin 2x) = — 5y

Therefore, y" — 2" = — S5y —=y"— 29"+ 5y = 0.
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2t e % —er
§5. f()=2F 6. flo) = L8
2 2
& — g% X4 op X
Fix= 26 = O whenx = (. Fiix) = £ 23 0
&+ o ~ g
Frie) = 2e >0 = = coer Owhenx = 0,
Relative minimum: (0, 1) Point of inflection: (0, 0)
& 2
| /l 7
\ Y. » 0,0) / .
S
-3 3
0 -2
7. glx) = e t==2P/2
7 (2‘ _,L)
0.8 m
-1 2 fe.
g'lx) = {x — 2)e" G272 05 / £05
v [ \?—) (3;2‘)
i
» _ _ - —{x—2)%/2 /\
g"(x) m(x & — 3e 0 4
0
Relative maximum: (2, —%) =~ (2, 0.399)
T

i i
Points of inflection: | 1, -2 13,
( W )( T

68. g(x) ='—1§;euix-3ﬁﬂ _

g = J;Tr(x — 3 G-32 |
g") = jﬂ(x — D — e =32

Relotive maximun: (3 7;_7—]_) = (3, 0.399)

em) ~ (1,0242), (3, 0.242)

. b
o
Q 8

1 1.
Points of inflection: | 2, —=¢~ 12}, | 4, e~ 12 = (2. 0.242), (4, 0.242
( e ) ( o ) ( ). { )

69, flx} = x%e*
Fx)= =27+ 2xe™ = xe” 2 — x) =0 whenx = 0,2
& =—e2x — x5+ 52 — 22)
=& —4x +2) =Owhenx =2 + /2
Relative minimuem: (0, 0}
Relative maximum: (2, 472
x =2k ﬁ _
y = (2 + \/i)ze‘(&ﬁ}

Points of inflection: (3.414, 0.384), (0.586, 0.191)

4 -2
@, 0) (2, 47

Ms

% (2497 (62 4Dy @3V
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78, f(t) = xg~ ¥
Filx)=—xe "+ e =¢l —x)=Cwhenx = 1.

FAixy=—e*+{—eHil —x)=e*x— 2) = Owhenx = 2.
Relative maximum: {1, e™1)

Point of inflection: (2, 2¢~%)

7. gl =1+ (2 + fer
g =—-(1+ge!

g’y = tet
Relative maximum: {—1, 1 + &) = {—1,3.718}

Point of inflection: {0, 3)

72, flx) = —2 + ¥4 — 2x)
Fx) = (—2) + 36¥(4 — 2x) = (10 — 6x) = Owhenx = 3.

fx) = &4—6) + 361D — 6x) = (24 — 18x) = Owhenx = %

Relative maximum: (% 96.942)

Point of inflection: (%, 70.798)

73, A = (base)(height) = Zxe™%

A _ —Axle=F | 2R

S

o= 2¢7%] - 2x%) = Owhenx =

A= S22

T4, @ flo) =fle+2)
10ce™ = 10(c + xje e+

c+x
gc+x

C —_—
e

cetTE = {o + x)e*

ceF=c¢c+x
cet —c=x
x
=
e&—1

(0 Alx) = xf(c) = x[l(}( = f 1)e"(x/{8"“1)}]

10x2

= ol (1)

-]

1, e
¢ v ) (2,267

-z

-1,1
¢ ”?‘\,w. 3

-3

o0 (2, 96942)

G

(c) Alx) = ;G—le er/ (=)

]

(2.118, 4.561)

0
The maximum area is 4.591 forx = 2.118 and
Flx) = 2.547,

X
W=

0

~

c=1
x—0*
lim ¢ =90

X —en
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L

75 vy = 1+ ae 7t

a>0,b>0L>0

—_ ﬁg *x/b) é —x/b
’ L( be 5 e

¥y = {1 + ge=¥/%)2 = (1 + ge>/)

L

{1 + ge/?)? (_baf‘ e”‘/b)' - (a—;‘-'e*‘/b)Q(l + ae'“/b)(:;e_”b)

Y= (1 + ae=¥5)*
_ —al al _ . \Ma
_ {1+ ae "/b)( B C /”) + 2(?3 /")(Ee /b)
{1 + qe—v/¥p
_ Lae ¥ ae*? — 1]
(1 + ae*/ty p2

V"= Qif g = 1=>-";;E = ]n(;l;):.x': bing
Yoma) = L L _L

1+ ae-®Ba/s [ + alja) 2

Therefore, the y-coordinate of the inflection point is L/2.

76, (a} 4
.---—-'——'"'J-r
—4 ,‘,_,..-4-“-'—“'— 5
77, flx) = &
Fix) = 26~

Let (x, v} = (x, £2) be the point on the graph where the
tangent line passes through the origin. Equating slopes,

e —
25 =
2e S
)1
X
1 /
x:E‘yze!y =23_
Point: (é—, e)

Tangent line: y — ¢ = Ze(x - %)

v = 2ex

{b) When x increases without bound, 1/ approaches zero, and el/*
approaches 1. Therefore, f{(x) approaches 2/(1 + 1) = 1. Thus,
f(x) has a horizontal asymptote at y = 1. As x approaches zero
from the right, 1/x approaches oo, '/ approaches o and f(x)
approaches zero. As x approaches zero from the left, 1/x
approaches —co, !/ approaches zero, and f{x) approaches 2.
The limit does not exist since the left limit does not equal the
right limit. Therefore, x = 0 is a nonremovable discontinuity.

78. Let (xp, ) be the desired pointony = ™%

y= e
y = —eF (Slope of tangent line)
—)% = e* (Slope of normal line)

y — e % = gy — xp)
We want (0, 0) to satisfy the equation:

. —e_xﬂ = -".xﬂexﬂ

I = xpe™o
X — 1 =10
Solving by Newton’s Method (0.4263, ¢~ 0-4263)

or using a computer, the t —
solution i3 x, = 0.4263.

(0.4263, ¢ 04263)

|
(53
(.
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79, V = 150000620 0§ <t < 10

(a) 20000 (b) ;ﬁ = — 942G 0528 {c} 20000
t
When s = 1, & =~ —5028.84.
0 0 - ] 10
o When { = 5,ﬁ = —406.89. ’
di
80. 1.56e702% cos 4.9¢ < (.25 (3 inches equals one-fourth foot.) Using a graphing 2
utility or Newion's Method, we have £ = 7.79 seconds. ' & ﬂ
D \f llfﬁ't)n\.-‘nvﬂv i

81. 0 5 1] i5 20
P 183,332 | 5583 2376 1240 517
InP | 9243 | 8627 | 7.773 | 7.123 | 6248
‘ (a) 12
—p 22
0
y = —(.1499% + 9.3018 is the regression line
. for data (&, In P),
{c) 12,000 .

82. (a) Linear model: ¥V = —1686.8¢ + 28,242

Quadratic model: V = 100.52/% — 3877.3; + 38,756

20,000

() nP=ah+b
P =gttt = ghoot
P=Ce C=¢
For our data, @ = —0.1499 and C = ¢%018 = 10,957.7.
P = 10,957.7¢ 01459

Gy i%i = (10,957.71)(—0.1499)¢0-1499

= — 1642.56¢0145%

dP dar
Forh = 5, i —776.3. For b = 18, P ~110.6.

{b} The slope represents the average loss in value per year.
(c) Exponential model: V = 49,591.06(0.8592)
= 49,561.06¢ 0158

(d) Ass— oo, V— 0 for the exponential medel. The value
tends to zero.

(e) When ¢ = 8, V" = —2235 dollars/year.
When ¢ = 12, V' = —1218 dollars/year.
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83. flo) = &, =1 ,
f
) = 5e HOEE
2 2 Py F!
1 1 -5 y 6
frl) = e, 1o =g - :
1 i
P =1+=(-0=2=+1, P0) =1
2 2
, i , 1
Pl(x):zi P1(O):§

x*  x
=3 + 2 + 1
i1 1
Pz’(x) = Erx + 5, : Pz'(O) = E
1 . 1
P =% PO - 1

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

fand Py agres at x = @,

84, flx) = e P, CfO) =1 2
F1& = —xe L, . f=0 j»f' el
FUx) = x2emT L~ g B2 = R (5 1), £10) = —1 -8 /é \\ &
Plo)=1+0x-0) =1, P0) =1 2
P =10, PO =0
P =1 H 00~ - 0P =1 -2, Py0)=1
P = —x, P(0) =0
Px) = —1, P0) = —1

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

fand Py agree at x = Q.

85, Letu = 5x, du = 5 dx.

fé’ﬁ) dr=e"+ C

Jx
87, Jﬂf\-]_“dx=2jeﬁ(2j/_)d,r=2eﬁ+ c
X x

89, letu=1+ e~ du= —e " dx

1+ 1+ e

J(eﬁx i“""“j —€ gy —In(i + e +C =

86, Letu = —x% du = — 475 dx.

je-f(—4x3)dx =40

e/ i, (—2) 1
ey = —— /2 = — i b
88. dx Zje 7 | dx 2e +C

e’
+C=x— + 1)+
ln(ex " 1) C x—Infer+ 1} + C
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90, Letwu = 1 + & du = 2% 4x,

23 2%
je dx—lj( 2 dx=%h:{1+eh)+c

P+em™ Tl e

92. letu=¢& + e du= (¢ — e dx

e — g F g
j€x+e_xdx—ln(e‘+e Y+

94. Letu = & + ¢ %, du = (¢t — ¢7%) dx,

{2¢% = 27
m& = 2}(9‘ + &) e — e ) dx

_ —2
ot -

+ C

2% 4
6. fu%?—ldx=f(ex +2 + e dx

=& +2—e+C

98, j Ie=1) e = j (x — 1) d

=3 —x+

4 4 1
169, j‘ee‘*"dx: i:w-e%"} =—e b4+ 1=1-—=
. 3 3 4

i 1 i
WL | xe P dx == Jr ™% (—2x) dx
o 2 4y

1]

|
B |
|
LY

I
L
5=

= 3l - 1]
1—{i/e) _e—1
2 2e
: 3
163, letu="du= ——dx.
X x
383/x 13 3)
= — 3/x
e ax 3j;e ( 7z dx

91, Lety = 1 — &, du = —&*dx.
jﬁﬂdx= —j(i — AU~ dx

— A.g;.(l _ leJc)3/2 + &

o3, lety = & — e—"‘-"’ dun = {ex + e—x) ax.

g+ 27t e
= - +
je” o Wl ~ e + C

95, F & jsg'z‘ﬁ - fe"‘dx
&
5

= —Ee_zx ‘e + C

97, J( e~*tan(e™) dx = — j [zan(e-r)](Qe—r)dx :

= Injcos{e™*}| + C

99, Tetu= —~2x,du= —2dx

1 1 1 1 1
—2x = e — —Zx{ — = —— o 2x
J;e dr Zfoe (=2) dx { Le ]O

et — 1
222

'=%(1 - e7?) =

1032, Oxﬁef’/idx _2 Oe"a/z(éxz)dx
- 3)., P

A,
=2n- e
i)

_2
104, Letu = R du = —xdx.

Nl V2
f Xe X gy = —j e U — ) e
o o

Z —
= {—g_xz/z] =1 e“l = € !

[} £
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w2 ¥ w2
195, 5T oog gy gy = &5 ™ gr o5 grx) dx
I 7 o ’

= _.l_.{esm '.'rx:i /2
" o

o ‘
= Lrmisyy g
W[e ]

af2 /2
106. J g5 W gap Dy tan 2x dx = E J’ &5¢ 2(7 sec Zx tan 2x} dx
w/3 ’

=3 2
= _1_|:esec2x:|’”/2
2 /3
=l = e
- E{l _ l} _e—1
20e  £1 2
107. Lot w = ax, du = 2ax dx. {Assumea # 0. 08 v = j(e’f — e )y

y= {xemldx

of

= J'(elx — 24 e~ )y

N -1 '
_2aJ‘e {Zax) dx 2ae“’fz+C =%eb~2x—%e‘2”+c
198, f'{x) = J.%(ex + e ) dx = %(e‘" —e*)+ 0 oo = j(sinx + e¥ydx = —cosx + %eh + )
r0-6m0 fo—mtbee g
i
70 :j%(é—e”’)dx=§(é+e‘x) e L
Fx) = —cosx + Eez" + 1

fO=1+C=1= ¢ =0

=|{= 1o
f(x)=%(e)f+e_‘) f(x)“—J.( Cosx-i-ze -!-1),51);
=—Sinx+-i~r2x+x+cz
) .
fO=tsc=tac-0

1
fly =x—sinx + Zeh

® L2, (0,1) :
dx : .
) o B - ) /’_,_
y= {2 ¥dx = ~4 e ——dx
’ : 2 —d 7 8
= —dg ¥ | C '1_2 -

(0,1 1=-4"+C=—-4+C = C=3

y= —de™¥? + 5
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v W
115, Jr xe gy = {—2&’-9/4}
0 0

= —2¢3/2 4+ 2 ~ 1.554

-3

4
117, f Sretdy, n= 12
[+

Midpoint Rule: 92,1898
Trapezoidal Rule: 93.8371
Simpson’s Rule: 92.7385
Graphing utitity: 92.7437

650

EELA 0.0665J‘ £—00139(—48)? 4,
48

Graphing utility: 0.4772 = 47.72%

(b} % = xe 02 (0, _—)

y = J‘xe_o-zxzdi: =1 ) fe*O'M{—O,éx)dx

R Sy = 95 —0%7 ‘
= 0‘43 + = —-2.5e +

(o, '—é): 3o —25L 4+ C= ~25+C = C=1
2/ 2
y= —25¢70% + 4

o0 — g—b

Ao, T
26 0

2
116. j (e + 2)dx =
o

S GRS
= -Gt 4+ o= 4491

2
118. Jr 2xe Fdx,n =12
0

Midpoint Rule: 1.1506
Trapezoidal Rule: 1.1827
Simpson’s Rule: 1.1880
Graphing utility, 1,18799

124, j0.3‘°3’d§ = L
<1
_emozt] ==
- -3
_eAO.Sx +1= %
1
—03x — —
€ 2
—03x = 1 =-—-In2
’ 2
x = In2 = 23] minutes

0.3
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1ds

121, fefd;z j
0 0

B3 X

]2 1

0 0

F-1zx= ¢ 2]1+aforx=20

=

122.
H 0 1 2 3 4
R 4325 240 118 71 35
R 6052 § 5.481 1 4771 | 4263 | 3.584
(&) InR = —0.5155: + 6.0609
R = 8—046155:+6.0609 = A28 TRe 06135
123. f(x) = ¢*. Domain is (o0, oo} and range is (0, co).

fis continuous, increasing, one-to-one, and concave
npwards on its entire domain.

lim ¢ = Qand lime&* = oo.

X3 oo X=r30

125, Yes. f{x}) = Ce*, C a constant.

127, e=x= flx)=x—e*
fiay =14
o Flx,) . X e
Agrr T Ky ff(xn) = Xy 14+ e %
x =1
e f(x1) .
=X e 0.5379
o Jxa) .
Xy = Xy ) = Q.5670
)
X = — f’(j:) ~ 05671

We approximate the root of fto be x = 0.567.

125, !né:lne“—]ne"’=a—b

®

Exponential Functions: Differentiation and Integration 487

4 4
) f BlHdi = J( 408,78 06155¢ gy
a o

== §37.2 liters

124. The graphs of f{x) = Inx and glx) = &* are mimor
images across the line y = x.

126. (2) Log Rule: (1 = & -+ 1)

() Substitution: {w = )

128, Area = % - j_ e dx = _g—xL e et e
Letz = &%
-2t
§z= —1‘+ z2

32 —8:-3=0
Bz+Dz—-3)=0

z=3 = ¢ =3 =a=Inj
(“—l=>e"——lim ossible)
S 3 P

Answer a =1n3

i
Inet 2 =a~b
e -b ; : ¢ -k
Therefore, In s = In ¢*~? and since y = In x is one-to-one, we have p = g%,
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130, fx) = % _ y

(@ 'z = ! ;jnx = O when x = ¢. i

On (0, e),f'(x) > 0 = f is increasing.

On (e, o0, f'{x) < 0 = fis decreasing.

(b) Fore < A < B, we have
A _inB
A B
BlnA>AIlnE
nA® > In B4
A% = BA

(¢} Since ¢ < , from part {b) we have e™ > ¢,

Section 5.5 Bases Other than ¢ and Applications

L log, § =log, 273 = =3 2. logy, 9 = log,, 272/ = §

4. I»ogai =jog,1 —~log,a = —1 5. (a) P =3
log, 8§ =3
4
B |
(" 3 3
|1
log, :9; =—1
7. {ay log,, 0.01 = -2 (b) Iogys 8 = —3 8. (a) log,3 = —2
1072 = 0.01 053=8 32 =1
G~
by =3 ' 16, y =31

=
!
[
|
s
o
-
58]
&
|
=
=)
-
b
Led

S
o=
Uy

[

[N

o
S

i
[y
Lol
(U8 ]

D

.
i T T
-2 -1 1 2

— 1 —
-1 -1 1 2 3 4

3. log,1=0
6. (&) 21 =9
2
log,, 9 = 3
(b)) 1634 =3
3
logs 8. = 1
b 4912=7
loge 7 =13
1y =) =3
x -2 -1106p 12
y| s |3 1|53
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48%

12 y=2¢ 13, Az} = 577 4.y =3
x{ =2 -14{0| 1} 2 x| -1§ 8 11213 x | 0 kb [ 22
yl16| 2 i]|2]16 ylmis (|15 y |11 %213
¥ ¥y ¥

: ) .
) T T )
-2 -1 1 2

15. (a) log, 1000 = x 16. (a) log, & = x 17. (@) logyx = —1
10° = 1000 3 =g 3l=yx
x=3 x=—4 x:%
() log,, 0.1 = x ) loge36 =x (b) log,x = —4
107 = 0.1 6 = 36 274 = x
x=—1 . x=12 x:fg
18, (2) log, 27 = 3 (b) fog, 125 = 3
B =27 b =125
b=3 b=5
19, () 2 - x = log, 25 () 3x + 5 = log, 64
W#—x=log, 5% =2 3+ 5 =log, 2= 6
X*—-z—-2=0 _ Jx=1
+Dx-2=0 . 1=3

x=-1 0OR x=12

20. {3) logyx + log,(x — 2) = 1 ) logyglx + 3) ~logpx=1
logix(x — 2)] = 1 x+3
logy, = = 1
Hx—-2)=73¢ *
2—2x—3=10 x+3=}91
x
+x-3)=0
b+ D - 3) x4+ 3= 10x
x=-10R=x=3
3 =9x
x = 3 is the only solution since the domain of the {
logarithmic function is the set of all posifive real x==
numbers. ' 3
21, 3= =75 22, 56 = 3320
2xIn3 =75 6xin5 = 1n 8320

1\a 75 _ In8320
x= (Z)E—v 1.965 x= 615 = (0.935
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23, 237 = 625
(3-2)In2 =625
n 425
PTE Ty
z=73 —@z —6.288

m2

0.09\12
" 4 ——— =
28 (]; 2 ) 3

0.0\ _
12:111(1-1— 12)_1113.

, 009

: (%)h’(l 3

27 dogfx— 1) =3
x—1=25=732
x =133

30. logs vx—4=32

Vr—4 =52
¥ — 4 = (53.2)2 = 564
x =4+ 55
=~ 29,748.593

33, Als) = 32log,y(s — 2) + 15
Leror 5 = 2,340

2

Sar”

al=

A=

—

[N I YT
N

=
=
FNT
—_
8]
N

=
H
|
b2
|
-
<
L Lo
-

In3

28. log,o(t — 3) = 2.6

3, glx) = 6(21-7) — 25,

4. 3551 =86
26

5x—l == e

3

x—1lns = m(%é)

1n(86/3)

1= el

ns

In{86/3)
ns

0.10)%
26, (1 + 365) =2

=1+ 3.083

365

~ 12253 f= (%) L@m ~ 6932
' . ln(i + = )

29. logyx* = 4.5
x2 = 345

x=4./3" =~ £]1.845

-3 = 1028
£=3 4+ 10°5 ~ 401107

32, £ = 300(1,007512) — 735.41

Zero: x = — 1,059 Zero: =~ 10
' a0 10
\/ )—1.059,0} ) '
- _‘% 0 0 - S 20
\_H"_____
-30 =10
34, glx) =1 — 2log,g[x(x — 3)] 5
Zerog: x =~ —{.826, 3.826 (‘0_326_02(; \
8 N 58260

L x —2(-110]1]2 FR ' P
/ T

36. fiz) =3 y

glx) = logy x | T s

/ﬁa‘ @ 5 :

=
Y[
i
—
o
b=l
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37, fla) = &
=
. )=
) = 2 ma);if — 3%
_3(2um3 — 1)
- s =

42, gla) = 572 5in 2o

Bases Other than e and Applications
38, y=zx26 3. gl = 2%
dy 'ty = {n 2)2° + (202

dx

=62 —2x(ln &) + 1}

Z =y -UnE)e ) + &=

22 +2)
= 22 + ¢ln2)

=621 — 2xn &)

g'(e) = 57222 cos 2 — %(Iﬂ 5)5-«/2gin 2o

44, k(x)=log3%
1
=10g3x+§log3(x—1)—log32
i 1 1
4 4w -
=t Goms
=L[1 ]
In3|x Z(x—l)
_ e
T3l - 1)
x2~1
46, y = logy
= logo(x* — 1) — log,p x
dy % 1
dx (xzmi)lnl() xIn 10
B O B _l]
In10[x* -1 «x
=,_1_7ﬂ_]
In 10l x(x* — 1)
+
48. F() =1 log, 1+ 1= 3/2;%

0 =5s [tw— + 20100+ 1)}

t+1

41, k{8 = 27 %o0s wh
. 4(8) = 27 ¢ —msin #8) — (In2)27%cos B
= —27%(in 2) cos w8 + 1rsin wh]

)
43, flx) = IOgZ;“_—l

2 log, x — log,(x — 1)

Bl

s 2 1
SO A T = Dme
_ x—12
T (o 2x{x — 1}

. . 1
45, y=log, /it — 1= Elcgﬁ(x"‘ — 1)

a_1, Zx = il
dc 2 (2—-1)ksS (- 1S5

a7, gt = 1l S0 in1)
. t(1/5) —nt
W= m:i £2 ]
zﬁm4[1_1“f]
-2 _(1-wd
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9, y=2% (-1,2)
y'=-27"mn(2)
Ar{—1,2),y" = -2In{2).
Tangent Iihe: y—2==2I{2)x + 1)
y=[-2m|2)}x + 2 — 21a(2)

51. y=log,x, (27,3)

xIn3
At (27,3), 9" = -
hY T iy
. _ 1 _
Tangent line; y — 3 = 27}113(:5 27)

b1
YT W ma” In3

53. y = 2
2
Iny—;lnx
ifdy _z(z) (_z)ﬁg _'
y(dx)_xx + In x 2 _x2(1 In x)
ay

2= 20—y = 20971 1)

. B8, y = (x — 2p+!?
Iny=(x+ 1}In{x — 2}

) -6+ (L) < w2

ﬂ_ x+1 _
dx“y[x—z+m(x 2)]

= - ,1c+1'x+1
{x ~ 2} L:—ﬁ

+ Infx ~ 2)]

— Sinx T
57" y IS 2 (2,2)
Iny=sinxlnx
y—=w+cosxh1x
b4 x ‘

T vy’ 1
Moo —=—=+
(33 @ @ O

y' =1

Tangent line: y — -;I = l(x - 1_7-)

50, y=57% (2,1)

52.

54,

56.

58,y = {sinx)%, (f} 1)

) -s) - of

Iny = 2x In(sin x)

Lo —.z—x—cosx + 2 In{sin x)
y sinx
At(g,i), y = 0.

Tangent line: y = |

y' =525
AL(2, 1),y = In5.
Tangent ins: v — 1 = a{5)(x — 2)
y = [In(5)c + 1 - 2In(5)

y=10g10(2x), (59 1)
,_ 1
Y T imio
AL, Dy o)
A
Tangent lins: v — 1 =;(x—5)
5In 10
S SN U
YTEimit T T
y=a1

Iny={x—~ 1){inx)

)0l -

dy _fx—1 }

'dx_y’: . + nx
=x" 2 x— 1+ xkx)
y={1 + x)/x

ny = i—ln(l + x)

d_ygz{_a_;w]
dr x{x+1 X

(1+ﬂw{ ! _$@+1ﬂ

x x+1 X




Section 5.5  Bases Other than e and Applications 493
5. y=(nx)>% {e 1) 60. y=a7 (1, 1)
= . i
lny = cosx * In{ln x) !ny=;3nx
¥ I S
5 eosx s o sinx in(ln x) » 1 x
. 1 y x x?
Atl(e, 1), y'= cos(e)z - 0. AL, Y =1 —0=1.
T tlime: v —1=1Hx~1
Tangent line: y — § = cose) (x - ¢ angenl Lae- 1)
y=x
= S:E)E)-(flx + 1 — cosle)
6l |3 =+ C 6. |52 d="2"4 ¢ 63, jx(S“"’}dx: —3;( (= 2x) dx
" n3 ng 2
)5~
= —|{= +
Gl re
e 1 (e
= 5(5 )+ C

. j(z, - x) 70~ gy = —%Jf—ze — %) 7O gx

2 111 A7 C

B4,

fZS"“_cosxdx, u = sinx, du = cos x dx

1 .
—— _asinx |
mzz c

2 2 A1
68. j gy =2 4"/2(§dx)

-2 —2
1 2
/2
[2 Ind * ]—2

1 2 2
— X,
[ln24 L

3_3 L = W gy — 2w
H5. J’}+3hdx,u—1+3 L din = 2(In 3)3% dx

I (2 In 3)3* 1

= + 2% +
T R i T b St R
2 2x2
67. dex {mzL
=_1_[4_1]=__L,ZL
n2 21 22 4
1 -5':: 3x1
69,J;(5—3)dx—[m5—m30
m(i_i_(_i__;)
“ims5 In3 ni Ikn3
__4 _ 2
TS5 W3

3
»|
o

3
71, Area = f 3 dx

=[1
in3
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T

T2. Area :j 39953 gin x oix

a

B |:,3cosxj|1'r
- 1]13 1]

—1

= —[23-1 _
1113[3_ 3]
8
= g3~ 24273

== = i ogsx (i, 2)

v = je“"“’fcosxcix = ginx 4

(m,2) 2 =67+ C=1+C = C=1

Y= esinx +1

76, fx) = log,, x

(a)
(b}

{c)

Domain: x > §

I

y =log,x
107 =x
ST =10
log,, 1000 = log,, 10° = 3
log,, 10,000 = log,, 10* = 4

IF1000 < x < 10,000, then 3 < f(x) < 4,

73. D _ 04443, (0, %)

75.

dx

by y= f 0.4 ey = 3 f {}.4’@’3(% afx)

3
_ - /3
g 0T C
1 3 L 3
— =" 4 T -
2 " mod ST  hoa
1 3
= A3 —
Y= o4 2 mo4
3 B 1 3(1—047) 1
= B B I i
o4l 03 23 2
4
—
& f’/ 5]
/1
i x | 12|38
o
y |0 113
L 8,38
al
1 &(2, 1)
1,0 o
L S R T

(a) y is an exponential function of x: False
(b} yis a logarithmic function of x: True; y = log, x
(o) x is an exponential function of y: True, 2V = x

(d) ¥ is alinear function of x: False

(@) Tff(x) < 0, then @ < x < 1.
(e) f(x) + 1 =log,ux + log,, 10
= log,,(10x)

x must have been increased by a factor of 10.
*
(£ log;q ! log,y x; — logy, x,
2

=3n—n=2n

Thus, x,/x, = 102 = 1007,
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1
= ’ = J—
71, fla) = logyx = f'(0) = 33 78 @) y =5t
[ — 1
gl =5 = g'() == + ) yoa
Mote: Lety = glx). Then ®) y=a
Iny=Ix=xlnx y'=(lnaa
1 & y=x
;y:x -+ Inx Iny=xlnx
yzy{1+h1x) ‘l“y’z,Y'%“l’(l)th
yo= {1 +lnxd = g'lx) Y .
v =31+ lnx}

o =» = x)=2
M) =2 = Elx)={n2)?*

From greatest 1o smallest rate of growth:

g0, k), Blx), f(x)

79. C{) = P(1.05)
(@) C(10) = 24.95(1.05)®
= $40.64

89, V(1) = _20,000(—)r

20,000 -
16,000 —
12,000 +
8,000 +

4,000

. 2
v(2) = 20,000(%) = $11,250

81. P = $1000, r = 3L% = 0.035, 1 = 10

10m
A= 1000(1 + —0‘?135) ‘

A = 100009900 = 1419.07

82. P = %2500, r=6% =006, ¢t =20

201
A= 2500(1 + %)

A = 2500£009E0 = §300.29

y = {1 +inx

@ y=a"

y'=0

(b} % = P(In 1.CS)(1.05)

Whent = 1, i? == {051F.

When ¢ = 8,

dl

dC
dar

== (,O7T2P.

® % = 20,000(111%)(%)‘ _

When = 1, % = —4315.23.

(e} % = (In 1.05)[P(1.05) ]

= (In 1.05)C()

The constant of proporiionality
is In 1.05.

When ¢ = 4, v 1820.49.
‘ di :
Horizontal asymptiote: V' .= 0
As the car ages, it is worth less each
year and depreciates less sach year, but
the value of the car will never reach $0.
n 1 2 4 12 365 | Continuous
A 1 1410.60 | 141478 | 141691 | 1418.34 | 1419.04 1419.07
n 1 2 4 12 365 Continnous
A | 8017.84 | 8155.09 | 822666 | 827551 | 8299.47 8300.29
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83. = §1000, r = 5% = 0.05, ¢ = 30 " ! 2 4 12 365 | Continuous
A= 100@( 1+ @)30" A | 432194 | 439575 | 244021 | 446774 | 448103 | 448160
n
A = 100000930 . 448] 50
. P = = = {}, =
84 $5000, 7 = 7% = 0.07.1 = 25 n 1 2 4 12 365 | Continuous
0,072
A= 5000(1 + _}T) AL 2713706 | 27924.63 | 28,340.78 | 28,627.09 | 28,768.19 | 28.773.01
A= 500060'07(25)
_— 0.05, — —~0.05
85. 100,000 = POO% = P = 100,000¢ 005 ; ] 10 20 30 0 50
P | 9512294 | 60,653.07 | 36,787.94 | 22,313.02 | 13,533.53 | 8208.50
86. 100,000 = PO — P = 100,000e700% [ ) 10 20 30 0 50
P | 94,175.45 | 54,881.16 | 30,119.42 | 16,520.89 | 9071.80 | 4978.71
12 —12
27, 100,000 = P(l b %) "= P = 100,000(1 + 4@) '
12 12
t 1 10 20 30 40 50
P | 95,132.82 | 60,716.10 | 36,864.45 | 22,382.66 | 13,589.88 | 8251.24
0.07 Y365 0.07\-365
88. 100,000 = P(l + 365) = P= 100,000(1 +E) )
' 1 10 20 30 a0 50
P | 93,240.01 | 49,661.86 | 24,663.01 | 12,248.11 | 6082.64 | 3020.75
0.06\365)(8) '
89, (a) 4 = 20,000{1 + % = $32.320.21 9 LetP = $100, 0 < ¢ < 20.
— 0.03z
() A = $30,000 (a) A = 100¢
‘ s i A{20) ~ 182.21
0{)6 36548 006 365)(4;
(c) A= 8000(1 + E) 20,0{}0(1 + 3—65'“) (b A = 1002005

=~ $12,928.09 + 25,424.48 = $38,352.57

(d A= 9000[(1 +

= $34,985.11
Take option (c).

365

(365)(8)
o

0.06)(3‘55)(4)
365

-

A{20) = 271.83

A = 100008
A(20) = 332.01

()

400

——

A= 10020.06: .

‘%A - IOOEO.OSr

A= 1000

20
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91, (a) lim 6727980/ = 70 = 6,7 million £ 92, {z) lim _{}8__§M_ = 0.86 or 86%
{Seo A& e 1+ 2-025n
() V= 3;25;_2.,7.8—(48.1)# ’ ) pr e —0.86(—0.25)(3_0'25") B 0.215¢025n
- {1 + ¢ 0257 T (1 4 em025)

V/{20) = 0.073 million f*/vyr
V/{60) = 0.040 million f/yr

P(3) = 0.069
P{10) = 0.016

.
YT Ry 17005

/ ) 0

93. 94, (a) 120

=]

0

{a) 1too

ok 00 (b) Limiting size: 10,000 fish
10,000
(b If x = 2 (2000 egg masses), y =~ 16.67 = 16.7%. ¢ pln= 1T 1007
(¢} Iy = 66.67%, then x ~ 33.8 or 38,800 cgg masses. o - e (}2)(100%) _ 38,000~/
(@) y=300(3 + 1770065 P T+ 19em2\ 5 )V (1 + 197 5%
L 318.75¢7006%x p'(1) =~ 113.5 fish/month

y= (G + 172 o065

19.921875¢00625% (1700625 — 3)

” 38,000, _ 1~ 153
(3 + 17670‘062'&)3 (D . P (f) == 5 {e ‘/5)[(1 -+ 198—3/5)3:] =0

p' {10} =~ 403.2 fish/month

”

17¢7005% — 3= 0 = 1965 = 1

x =~ 278 or 27,800 egg masses.
3
3= Ini9

t=5m19 =~ 1472

95, (2) B = 4,7539(6.7744)! = 475391 913% ©) Bd) = 9.0952¢' 91324
B(0.8) = 42.03 tons/inch .

B11.5) == 160.38 tons/inch

96. (a) y, = 16321 + 43.4, linear a0
y, = —93.58 + 131221nx
¥ =
¥, = {36.55)x0754 a0 ‘ -

(c) The amount given increases 16.32 billion on average
per year. : i

@ »,'(6) = 16,32 /
131.22

Y2‘(6) =Te =21.87 4;—-—-—-—-—-—--»»“--» 13 4-.

¥;(6) = (80.99)1.097%(1n 1.097) = 13.07
v,/ (6) = 36.55(0.754)6%734"1 = 17.74

(80.99)1.007" j /
0
50
1]

¥, is increasing at the greatest rate.
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4
97, (a) J( O de~ 567 () s
0

98.

9.

101,

184,

A
J gty dr = 3.67
0

4
J‘ A8y dt = 5.67 ' -
0

x Pl o100t ) o072 | 1074 | 1076
(T+ x| 2 | 2594 | 2705 | 2.718 | 2.718
¢ ) 1 2 3 4
v | 1200 | 720 | 432 | 259.20 | 155.52
y = Cl&)
Whent = 0,y = 1200 = C = 1200.
y = 1200(8") .
720 432 _ 25920 155.52
1200 06, 720 0., w06 25920 0.6
Letk = 0.6.
y = 1200(0.6)
False. e iz an irrational number. 192, True

flenty — fler) = lne"t!l —ne

True 165, True
dhy
i Ce~

=yforn=1273,...

180,

=n+l1—n

=1

e =g *whenx = 0

(e)—e = ~1

{c)

The functions appear to be equal: £{1) = gt} = &(s),
Analytically,

- {2
h(f) = 4e0653886 — Ao 0SS ~ 4(0,52002)
o) = 4(9—?)' ~ 40.52002)

No. The definite integrals over a given interval may
be equal when the functions are not equal.

7 ¢ 1 2 3 4
¥ 600 | 630 | 661.50 | 694.58 | 72930
y=C¥}
Whene=0, y=600 = C = 600.
y = 600(%}
630 _ 661.50 _ . 69458
'600.- 1.05, 30 1.05, 661.50 1.05,
729,30
694,58 1.05
Letk = 1.05.

¥ = 600(1.05)

d dr _a_ .
dx[e‘]—e’anddx[e 1= —¢

103. True
Flgl) = 2 + enie=2
=3l+x—-2=x
gfx) =m2 + & - 2)
=he =x
196, True

) =gkl =0 =
glx) = O since & > O for all x.
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& _ 8 (5 _
197. e 25y(4 y), wHo) =1

MG/ -3 25 25 = j (5/4) - y) dy = j 25 #=

3 2
Iny 111(4 y)—§z+(,‘

m(@_;’—_y) “Zive

= /5h+C Cle(z/s)’

y
(5/4) —»

D=1 = C, =4 => 46/ = oo
70 1 (5/4) —

= 48(2/5){% — y) =3y = 591 = 49y + y = (48250 4+ 1)y

5el2/3) 5 1.25

= VTR ] g w0 1 0250k

198. f(z) = o*
@ flatv)=ar= ata’ = Fl) f(v)
(b) f(2x) = o¥ = (@) = {f (1)

260, (a) y¥ =y ) () At{e.chy' = 222_}% =1 (c#0¢)
xIny=yvinx
o ) At(2,49): y’ 146 88;?24 ?_;in§~ —3.1774
x%-klny:ﬁ-i-y’lnx

., _A4-8Im2 1-2mln2
y'[f_mx]zz—lny iy Ac(d, 2 v 6 8md- 41— al2 03147
> X '

{c) v’ is undefined for .
’ ((i};;? lny ’ HR=phxx =r=yhx=Ilnx = ¢ =zx"
Ly —aylny At (e, £}, v’ is undefined.
¥y = —m

120, fx) = 1 + x, glx) = &

Q) &=2 ) B b= © glx)=e*z1+xforallx
glx) = 2* ‘ glx) =3

g0 = 1= 0)

/ : Hence, g(x) = flx) forallh = e

e

—0al : ; Jo4
0.5

=]

-0.5 1.5
o

Intersection points: (0, 1), {1, 2) Intersecticn point: (0, 1)
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1L Letfl) = 2%y s o 112, 10ge(i + 1} = m(z + 1)
x % x
1—In b+x gy
Frlxy = 5 2 Oforase = F is decreasing for = J“ )
< B
x =z e Hencs, fore S x < R} .{1+x d _ (becausel +x2i)
1+x onx == 1+x
i) > f{y) ¥
¢ 1+x
I Iy -]
& ¥

Inx In
O
¥
Inx > Iny*

x>y

Fornz8,e</n </n+1, (/8 =2828) and so
etiimgx = /i,y = /2 1 1, we have

(Va) " s (Ve ),
Note: /8% = 22.6 and /08 ~ 22.4.

MNote: This same argument shows ™ > #<.

w}+x_ X
t+x l+x
- 1
i+

Mote: You can confirm ¢his resnlt by graphing
1
W= Ini i + ; and

o1
y2_1+x’

Section 5.6  Inverse Trigonometric Functions: Differentiation

. 4. y = arcsinx

@ T-1 08 | ~06 | -04 | -02 02 |04 j06 |08 |1
y | —1571 | —0927 | —0644 | —0.412 | —0201 0.201 | 0.412 | 0.644 | 0.927 | 1571
)] ¥ {c) 2 {(d) Symmetric about origin:

~%

[SE]

arcsin{—x) = —arcsinx

Intercept: (0,0}

} x /
-1 1
-2
_%.
2. y = arccos x
@ n ~ - -
x i 0.8 —0.6 0.4 0.2 ) 04 106 log |1
y| 3142 | 24909 2214] 1982 | 1772 | 1571 | 1.369 | 1.159 | 0.927 | 0644 | 0
) F () v (d) Intercepts: (0, E) and (1, 0)

.
T
~1 1

2
No symmetry
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T a
3. y = arccos x 4, (__ 4) = (1, 4)
(——2—2, f) because cos(%’w) = ~—4‘é—§ ( _E) _ (__@ ﬁiﬂ')
i 37 6
(E E) because cos(—) = 1 T
73 ) (-3, }:(—\/_.,—g)
(£ E)be e o (E) _3
2 06) ARG T
5. arcsins = % 6. arcsin 0 = 0 7. arccos s = =
5. arcsin s = o . . atccos 5 =3
5
8. arccos 0 = = 9. arctanﬁ =Z 16, arccot(* ﬁ) S
p 3 ¢ 6
11. arcese(— /2 ) = —fz: 12, arccos(ﬁif?) = %T ‘ 13, arccos(—0.8) =~ 2.50
14. arcsin{—0.39) = —0.40 15, arcsec(1.269) = arccos(I ;69) 16. arctan{—3} ~ —1.25
== {).66
17. (a) sin(arctan %) =% 12. (a) 'tan(arccés %) = tan(%r) =1

| L5y
(b) sec(arcsin g) = % (b) cos(arcsm 1—?;) ==

5)] _ 5/

‘ | {b} tanliarcsin(—— =
'6)} csc[arctan(—%ﬂ B & | 11
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21. y = cos(arcsin 2x) 22. v = sec(arctan 4x)

1+ 1622

8 = arcsin 2x & = arctan 4x 4x
‘ 9
y=cos 8= /1 4 y=sec =1+ 162 1
23. y = sinfarcsec x) 24. y = cos(arccot x)
§=arcsecx, 0 £ 6= 'n',ﬁ#g § = arceot
= cos 8 = ——ex ’
cng= Y1 7 N

y=gind = o T

The absoluts value bars on x
are necessary because of the
restriction 0 < 6 £ w, 8 # w/2, and sin 8

for this domain must always be nonnegative.

25,y = tan(arcssc g)

# = arcsin{x ~ 1)

. arcsec% e - E— 1
= g&c f = ———m——
xz — 9 y «f 2.}? - xz X
y=tfan @ = 3

7.y = csc(axctan i) 28, y= cbs(arcsinx ; h)

' ﬁ i
o= axctan% 8 = srcsin =— IS
N ‘ /% ey oy v
y=gxgd=s— y=¢osf=——"7TT"" " " -"-—
* r
29, (@ 2 _ ’ 30. (a) 5
——————— - : f=z
= —
(b} Let  y = arctan(2x} x

(b Let Y = arccos
tany = 2x

sin y = sin{arctan({2x)) cosy =

- x
R tany = tan(arccos 2)
{c) Asympioies: y = +1 e le
X

{c) Noe horizontal asymptotes; domainis —2 € x < 0,
D<cxg2

{Vertical asymptote: x = 0}
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31, arcsin(3x — o) = %
Ix—-w= sin(%)

x = 4sinll) + @] ~ 1207

33, arcsin./2x = arocos /x
ix = siﬂ(arccos J;:)
JIx=J/1~-x 0<x=<1

2x=1—=x
3x=1
x=1
3

1
- 35. (a) arcese x = avesin |=] = 1
Let y = arcesc x. Then for

T T
-2 = < —
2_y<0and0<y_2,

cscy=x => siny = 1/x. Thus, y = arcsin{1/x).
Therefore, arcese x = aresin(1/x).

36. (a) arcsin{~x) = —arcsinx, |¥| £ 1

Let y = arcsin{—x). Then,

—x=siny = x= —siny =» x = sin(—y}.
Thus, —y = arcsinx == y = —arcsin x, Therefore,
arcsin{—x) = —arcsin x.
37.  flx) = aresin{x — 1) ¥
‘x—1=siny i
zl h, &
x=1-+giny ' /{ 2)
Domain: [0, 2] N4
“21(0.-5)
Range: {—E E] T
S )

(%) is the graph of arcsin x shifted 1 unit to the right.

32. arctan(2x — 5) = —1
Zx — 5 = tan{— 1)
x = ${tan(—1) + 5) = 1.721

34, arccos x = aErcsec x

x = cos{arcsec x)
1

x ==
X

2=1

x==1

{b) arcianx + arcﬁ:fml = E, x>0
x 2

Lety = arctan x + arctan{1/x). Then,

tanf{arctan x) + tanfarctan{1/x)]
i — tanf{arctan x) tanfarctan{1/x)]
_x+ /%

1 — x{1/x}

x+ (1/x)

= 5 (which is undefined).

tany =

Thus, y = /2. Therefore, arctan x + arctan(l/x) = a/2.

(b) erccos(—x} = w — arccosx, |xf £ 1
Let v = arccos(—x}. Then,
—x=cosy =2 x = —cosy =2 x = cos{w — ¥

Thus, w — y = arceosx = y = 7 — Brecos X.
Therefore, arccos{—x} = 7 — arccos x.”

W ¥

2

ey

Domain: {—oo, o)

38. f{x) = arctan x +

______ -
g

J

T

Range: (0, w) 6 - 3 i
F(x) is the graph of arctan x
shifted /2 units upward.
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39, flx) = arcsec 2x ¥ ) a8, flx) = arccos(i)
2x = secy 5m) 1 ‘
X
i —_J Z =CO8 Yy
X = _Tsecy X
2 it il i~
: r=4dcosy
Domain: | —o0, —+ 1 — /.{5'0.) Domain: [~4, 4]
in: o, 5|7 %° wa— s omain: \
Range: [0, =]

a\ [w
Range: [O, 2), (2, 'n“]

41, flx) = 2 avesin{x — 1)

e 2
s e
2
-2

44. f(x) = arcsec 2x

| 2
|2x| /42 — 1
R S

N

fix =

arcsin 3x
47, glx) = —

3/./T = 02%) — arcsin 3x
2

X

g = x(

el 9x? arcsin 3x
x2./1 — 92

50, f(x) = arcsin x + arccosx = g

ffxy =0

!

52, y=m{t2+ 4) — -é—a_rctan 2

P _L;(l)
P TR aT 2 T 2P\
A Y |
244 2+4 2+ 4

42, f{#) = arcsin ¢?

) = 2
f(r)_m

45, flx) = arctan-z 46. fx)

oy m 82 £
;e = 1+ et +2

48. h{x) = x? arctan x 48, A1)

‘ —_ x2 ’
h(x)—2xarctanx.+‘1+x2 R

51. y = xawcosx — ~/1 — &°

¥ = arcoos x — —=
J1 =22

43, g{x) = 3 arccos z

g'lx) = 7

4,71

TR
——
-6 -4 =2 zZ 4 6

2

—34/2) -3
1 {24 J4-—x

= arctan -/x

- ()2

N 1
T2/ + %)

= sinfarccos &) = /1 — £
= 201 = 13- 1)

—f

JE -

L - ayia-20)

2
= arccos x
1, x+1
53, y_Z(me— 1 +arctanx)

= %{[ln(x + 1). — In(x — 1}] + %al'ctanx

/2 1

szxzi( L1 )+
dx 4d\x+1 x—1/

1+ 1-x*




Inverse Trigonomeiric Functions: Differentiation 508

Section 5.6
54. y=%x‘/4—xz+4axcsin(gﬂ
1] 1 1
= = xm(d = A 2) + SE R A e
¥ 2| 2( Yy~ 2x) x ’_i~(x/2)2}
=lr_-i+m+_i___
z2|VA- 2 LA =
= /4 —
55, y=yxarcsinx + /1 ~ &2
dy x( 1 ) + arcsin x aresi
= = x| — e — = nx
dx S1—2 =42
. x x/16 — x*
87. y=Bacsin- — ———
4 2
1 16—x x
' = . — — —1/2( __
Y= T g T e - )
__. 8 _a/16—x2+ x
S8 — A2 2 2/16 — 2
=16—(16—:;2)+:42_ P
2/16 — x° 16 — 2
x
59, ykarctanx-i-rl_ﬁ_‘xz
s {1 + 2% — x(2x)
Y T2 a+ 2%
R F SRR
B (1 + )2
R
{1 + 2?7
&1 = Jarcsinx (l E)
i T A23
%
YA
(1 Tr) , 2 4
Ao, Dy = e = —
2°3 JI=-0/4 /3
mer y— F= L
Tangent ling: y 3 \/g(x 2)
y=S T 2
V333
_AB w23
Y73 37 3

86, v = xarcien 2x — %111(1 + 4x%)

dy _ _ 1 dx .
I T T 4 T e 4(1; T 4x2) = arctan(2s)
58, y =25 arcsin%—x\/%—xz
i 1
P e — /25 — 2 — x=(25 — )22
y T x2(5 .) {—2x)
25 (25— P
V25— V25 -2 25 A
o2
V25 — £
&0 =arctan£—;
-7 2 22+ 4
, 1 1 Loy g2
V= Ta G T )
2 + X
244 (P 4P
2P+ B+
TR ae
62. y = = arccos x, (_%2,’%;)
,:——1
YT /iog
At _QS_?T f = _1 —_ﬁ
PN Wiy 5
: 3m_ 2 2
Tangent line: v 8~ 5 (x + 2 )
_ Y2 3w 1
Y 2 8 2
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) ' 4. v = arcsec(4x), (f Z}

INE

83, y = arctan(%), (2,

) | ‘ 4 ! forx > 0
7 )4x}\/16x2 —1 leéx -1

fa—

z

YT E (x2/4} (E

T 1 Vi 1
=2 1 At = e = 2 /3,
At<2 4)” s+4 4 (4 4)y (V2/8/2 =1 V2
"Tangent line: y—E:E(XAZ) Tangent line: y—f=2ﬂ x—l/——%
4 4 4 4
=-1~x+E—£ :Eﬁxiiml
TR T ¢ 4
. 17
65, y = drvarccos(x — 1), (1,2%) 66, y = 3x arcsin x, 5
I SR —1
¥ S Py (- 1 arecos(r — 1) y’~—~3x—-;1*2+3afcsi‘ﬂx
-
At{l, 2w,y = —4 + 2w | 3 .
Ty 2 Y k)
Tangent line: y — 2o = Qo — 4){(x — 1) At(g’Z)’y ) /3/4+3(6) £+2’
y=03w—4x+4 1_7_( _q_r)( i)
Tangent line: ¥ i 3+ S5
T 3
= oy —
y={v5+3)-3

§7. fl(x) = arctanx, ¢ =20
jo =0

7 I 1 £ J—
f(x)"1+x2’ Floy=1

oy —dx
Frla) = (1 + 22

Plx) =70+ f(Ox=x

S0y =0

PA3) = FO) + /O + 37003 = »

68. f(x) = arccosx, a=0 3

. Jal

=7 \\
By m: 7 {0 1 _i —:1 ! \f\ N

== (—‘W Foy=0
P) = £(0) + 710 = T~ x

PAx) = F0) + fO + 5O = F = 2
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69, flx) = arcsinx, a= é

Pl 05 10 15

P

)
o

“iu

—2x
76 =3 2y
P = F0) + W = 1) = T+ 2= D)

’ 1 #”, 2_E E _ _,1_ . 2 -
PR = F) + 0 = 1)+ 3 (e = 1P = T4 2= 1) = 4~ 1)

7. Flx} = arcsecx — x 72. flx) = arcsinx — 2x
1
Fix) = -1 . x) = ———= -
e |f‘_ ===
| =0Wh$ﬂ!x|\f‘x —-1=1 —‘OWh‘EﬂF—% =i_2§
-1 =1
xéWXZ““l:OWhenxz:lz—\/g or 700 = (1 x2)3/2
A3
x= 1+2”/§=¢1.272 f(T >0
Relative maximum: {1.272, —0.606) Relative minimum: EX —0.68
Relative mini : (—1.272,3.74 '
elative minimum: ( 72, 3.747) f”(_ﬁ) .
2
Relative maximum: (~\;§ 0. 68)
73.  f(x) = arctan x — arctan{x — 4) . 74. Flx) = arcsin x — 2 arctan x
oy o1 1 wy o L2
S gy gy I = = T+n
Ph@=1+(x— 42 1+x2=2/1-2x2
0= -8+ 16 1+ 222 + x4 = 4(1 — %%
x=72 ¥+ex2—-3=40
By the First Derivative Test, (2, 2.214) is a relative - x = +0.681
Mazxiumm. By the First Derivative Test, (—0.681, 0.447) is a relative

maxirum and (0.681, —0.447) is a relative minimum,
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78, x2 +xarctany =y — 1, (*?Zi i) 6. arctan{xy) = arcsin(x + ¥}, (0, 0)
X R T i — )
2x+arctany+my’=y’ i +(xy)2 m

A0, 0 0=14y = y'=—1

x L
(1 1 +y2)y = Ix + arctany

Tangent line: y = —x
P 2x + arctan y
¥ L P
1+32
T T
—_— + —_ .
At(—:‘z E) fo 24 _ 2 _ —iw
O
2 4
. =& ar
Tangent line: y — 1 = g ﬂ_(x 4)
- 2 x+ 1
R 16 + 2
77, arcsin x + arcsiny = g, (%, %_%) 78, arctan{x + y) = ¥* + %‘, (1,0}
1 1 1
+ =0 ——1 + 3] = 2wy’
Vi T3 e ypn T 1= 2
‘ L v = - At {1,0) l{1-0-_\>)’]:()=>y’=v1
iy T iR 2 S
At(%%) = 1 - Tangent line: ¥y — 0= ~1{x — 1)
. Vi J3 y=-xtd
Tangent line: y — — = —1{x ~ —
2 2
y&= —x-+ ﬁ
79. The trigonometric functions are not oﬁe-to-one on 80. arctan 0 = Q. 7 is not in the range of ¥ = arctan X.
(— oo, c0), so their domains must be restricted to
intervals on which they are one-i0-one,
8i. y=arccoty, D<y<w 82. The derivatives are algebraic, See Theorem 5.18.
x=Coty
1
tany = .
So, graph the function y = arctan{1/x) for x > 0 and
vy = arctan(i/x) + wforx < O.
83. False _ 84. False 85, True
1 = Ay d _ 1
arccos2 =3 sm(4) =3 , 8G dx[axctanx] T2 >0 for all = |
since the range is [0, #]. , ( Ny ) T
Arcsin T = Z ‘
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86. Talse 87, True 88. False

= avesin x i 2 2

The range of y = arcsin x is -fg-[arctan(tan x}] = X aresin® § + arccos* 0 =0 + (E)
dx 1 tan® x 2
_rm
{ 2 2]’ . sec? x # 1
=== =
sec? x

89. {(a) cot 8 = % 90. (a) cot® = g
p X
8= arccot(g) . §= arccot( 3)
(m@: —1/3 .‘.i;x;.z =3 gﬁ' (b)@: —3 i“’-E
d 1+ /5P d 2 +254d dt x4+ 9dr
Ifd—JC = —400 and x = 10,@ = 16'tad/hr, Ifx = 10, ki = 11.001 rad/hr.
di di t
If% = —400and x = 3,% == 58.824 rad/hr. fx= 3,d—f = 66,667 rad/hr.
A lower altitnde results in a greater rate of change of €
9. (a) Ay = —166% + 256 92, cos § = 139
— 2 = =
1642 + 256 = O when{ = 4 sec e (@)
' B —162 + 256 T O T
®) e 8= 556 = 500 .
d6_do dt____L__(750)a
\/ﬁ Z
- 8= arctan[%{—ﬂ + 16)} doods TR0 S d
: _ 750 ds
48 _ —8:/125 s-/s2 — 7502 dt -
de 1+ [{4/125)(—¢2 + 16)] o
_ — 1000
15,625 + 16(16 — 2)?
When ¢ = 1, d8/dr = —0.0520 rad/sec.
When ¢ = 2, d8/dt = —0.1116 rad/sec.
tan(arctan x) + tan{arctan ) L 1
. = b) Letx =sandy = 3.
93, (a) tan(arctan x + arctan y) T — tan(arctan.3) tan(arcean y) (o) Letx=3andy =3
+ arctan(l) + arctan(l) = ar¢tan (1/2) + (1/3) I
— o w1 2 3 =1/ 0/
Theref . . ' = aIctan—S/é—
erefore, )

= arctans—/6 = arctan 1 = z

+
arctan x + arctany = arctan(]x_ y),xy # 1.
xy 5/6 4

94. (a) Lety = arcsin u. Then (b) Let y = arctan w. Then

siny = u tany = u
cosy-y'=u’ seczyﬂzu’

dy v @ &

dx  cosy 1 — 2 dy _w

. .
—CONTINUED— de  sec’y 1+ u
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94, ——CONTINUED =
{c) Lety = arcsec w. Then

seCY = u

& _
secytanydx“ u

s

ay _ n’ _ u
dv  secyfany  jul/uF— 1

Mate: The absolute value sign in the formula for
the derivative of arcsec u is necessary becauss the
inverse secani function has a positive slope 2t every
value in jts domain,

() Lety = arccot . Then
coty = u

a
—csczy;éj =u'

dy _ u’ #’

de  —cac?y

95, Flx) = kx + sinx

N

filxy=k+cosx = Ofork

v

1
FE) =k+cosx < Ofork s —1

Therefore, f{x) = kx + sin x is strictly monotonic and
hasaninverse fork < ~lork 2 1.

97. (a) f(x) = arccos x + arcsin x

i
-} 1

(b) The graph of f is the constant function y = =/2.

(¢} Let ¥ = arccosx and v = arcsinx

sinv = x,

COS i = X and

sinfe + v) = sinucos v + sinveos u
W1 —x2/1 -t xex

=l-xt+x*=1

Hence, u + v = /2. Thus, arccos x -+ arcsin x = w/2.

{d) Lety = arccos u. Then

cCOsSy =
| “siny%=u’
A W N
dx siny 1— &2
() Lety = arccsc u, Then
CSCY = ¥
—cscycoty@=u’
dx
& _ ¥ .

u
dc  —cscycoty  |ul/wE— L
Note: The absolute value sign in the formula for the
derivative of arcesc u is necessary because the invetse
cosecant function has a negative slope at every value in

its domain.
96, flx) = sinx a
g{x) = arcsin{sin x} . /A\ ! .
(a) The range of y = arcsin x \%9’}
is—w/2 <y < w2 ¢

—a

(b) Maximum: 7/2

Minimum: — /2

98, Let 8= arctan(;/ix—__xz), 1l =<x<i
tan § = —=te
-2
sinb"=%=x
arcsinx = 4.

—x—)for'ﬁl <x<1
11— )

Thus, arcsinx = arctan(
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9.

©0 o

—-%*z O<cx4d
—-e

2
tan 8, = —, tan62:4
[

To maximize §, we minimize flic) = 8, + &,

fley = arctan(%) + arctan( 4_% c)

) = 2 4 2 N
e e

1 1
A+4 {4—cF+4

d+d=2—8c+16+4

o

8c=186
c=2

By the First Derivative Test, ¢ = 2 is 2 minimum. Hence,
(e, flc)) = (2, m/2) is a relative maximurm for the angle 6.

Checking ihe endpoints:

4
c=0 tan3%§=2 = §== 1107
c=4& l;ana9=§=2 = &= 1,147
c=2: 9=w—31—€2=g%1.5708

Thus, (2, 77/2) is the absclute maximum.

‘ T 397
0x<—, wE x < —

101 f{x) = secx, > 2

i

M:*:“‘:":"_".iI

| |

L b

: ;

} +
S = —ela
)

[T R

]

=

() y=amcsecx, x< —1 . or

(b} vy = arcsecx

tan 8 =

2 3 :
T tan61=z,0<c<3

To maximize §, minimize f{c) = o, + 8,

- &

flo= axct;m(gi) + arctan(g)

>y - 2 R
IO -Gogva din

AU +25)=5(cF —6c+ 9+ 4)

o

32 -3+ 15=0
= 10c+35=0
c=15—2/3 =~ 05279 {since ¢ € [0, 3])
g, + & =~ 2.1458 and
8=~ — (8 + &)~ 09958
Checking the endpoints:

c=3= tan9=%::> 8=~ 0.5404

c=0 tan6=%=‘> &=~ (0.9828

Thus, ¢ = 5 — 2-/5 yields the absolute maximuen.

tany + 1 = sec®y

x=gsecy’ fany = +./secty — 1
1 =secytany-y’ Cn0<y< w/2and

{ T<y < 3u/2, tany = 0.
r e secytany




512

Chapter 5

Logarithmic, Exponential, and Other Transcendental Functions

Section 5.7

L

e

W

=

==}

10.

12,

14.

16,

1

@

12,

jﬁdx =3 arcsin(g) + C

7 7 x
j16+x2dx—4arctan(4)+6‘

dx = arcsec|2x| + C

fxdx 2.1:

jx\/%dx:jh\/@iT:f

e [[e-s]e

=1 1
,j2+1ﬁ=f(f—1)dx=§ﬁ—x+c

X

Letwu = %, du = 2t dt.

1 2
—arctan— +

Inverse Trigonometric Functions: Integration

3 30 2 3
2, | g = 2| e g = = axcsin(2) + €
j i a2 zj g = o wesin(2)

4 4 3 4
4 L TR 3J(1 el 3arctan(3x} +C

1 1 x—1
X e — = e +
6 J4 o 1)24c1‘.,7c Zarctan( > ) +

= lx - %ln(x2 + 1} + € {(Use long gdivision.)

dx = aresin(x + 1) + C

1
o jl/l—(x+1)2

1. Let # = #2, du = 2t ds.

(20 dr = 1 arcsin(s?} + C

._{1“‘4'16 J(4)2+(32)22’)‘ﬂ:8 4 j’—hl—r“ J/ — (PR )
Let u = x% du = 2x dx. 13, Letu = e, du = 26% dx.

1 1 g2e 1 2o 1 ¥
Jr=e- Lm‘zﬂdx f4+e4x“‘§j4+(eu)2dx‘4“°‘“2 re
' i 2

chsecz-i-c
j+¢=f : 1 dx 15 f—Lmdxu=ﬁx=u2dx=2udu
34 (x— 22 iﬁ)2+(x—2)2P I BV e
\}garctan( ﬁ2)+c fﬁ(Zudu—Z \/__.. =Zarcsinu + C
' = 2 arcsin /% + C
3 1 _ k=3 _1f 2 1
‘!‘2\/;(1+x)dx,u—ﬁ,du-—2\/§dx,dx—2udu 17, fx2+1dx—2fx2+1dx 3L2de
3{ Zudn du 1
= = = == +1) - +
2fu(1+u2) 3!1+u2 Jarctan a + C 2ln(x2 1) — 3amctanx + C
:3arctah\/;c+C
Axt 3 f a‘x+3j dx = —4./1 — x* + 3arcsinx + C
\/waz A V1 -z :
x+5 j J’
B-G-g" f“""—gw(x—s)z m

= -9~ {x—-3P - 831(:3i1;1(xw

3

3)+CI —\/6x-xz+8arcsin(§-— 1)+C
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313

x—2 _1f a+2 _ 3
29" j(x+1)2+4ﬁ_2f{x+1}2+4ﬁ J-(x+1)2+4

)+c

I 3
= 1pls2 -
2 In{x? + 2x + 5) 2 arctan(

28, Letw = 3x, du = 3 dx.

jl/ﬁ H gy ljl/s 1 (3)(&
o JT=62 3y JT- (%
1/6 ar

1 . _
o= {3 al"csm(Bx)]o =13

23, Letu = 2x, du = 2 dx.

32 V372
Jf i szf 2
A 2, 1+ (2xP

]ﬁfz T

=L
-{ arctan(2x) A 5

2

1
25. Letu = arcsinx, dy = ——— g

SI=2
1/v3 : 13 2
arcsinx 1 o
: Vi dx = [2 arcsin x}o = M32 = {3,308

27 Letu=1— 2 du = —2xd.

o x 1 fo
j ——gr = ——j {1 — =5~V —2x) dx
—1j2 i 2jap

0 —
- [_m] _3-2
—1/2 2
=~ —(,134

29, Letw = cos x, du = —sin x dx.

- sinx ' T —sinx
———dx = — .
L/z 1+ cos?x L/z 1 fcosz™™
- ks
= | —arctan(cos x) = —
w2 4

- 1 .
31',[,f—zx_+2_ﬁ,§+(x~1)2dx

= [arctm(x - I)J: = g

x +

x
3 35 36

28, Letn =1 + x*, du = 2x dx.

I’ X dx=lo L(ZJ\:)a’:s:
ﬁl‘i'xz 2,‘/§1+x2

1 O
= 2 = — .
—[2]11(1+x}:|“/§ nZ

7T eogx ]"/2 .
2 ———— dx = arctan{sin =—
5 jo 1+ sin*x {sinx) 5 4

| o [ __a&
Tl Rt A+ 13 [ L x+27+9
- [man(52)]
3T,

L2
3arcan3

1
" 26, Letw = arccos x, duy = ———— dx.
“ ~1 =3
V2 arccos x gy = — lf‘/i—arccosxdx
o 1 — i o V= A2
[l 3
—[ 2ar::cos x]o =7 == {).925
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2x x+ 6 1 : x + 6 1
3 sz-l-(i +13d Jc2-9-6_7c+13£]1"x_6;4i’352-l-6Jc+]‘?sdx_J&xl-i-6)c-3-mf?:d-bI 6[4+(x+3)2dx

= ln|x® + 6x + 13| - 3 arcta.n(f-»;—é) +C

-5  { w2 1 ~
34, x2+2x+2dx_ x_2+2x+2dx 7J~Wl+(x+l)2a’x—m|x + 2x + 2| ~ Farctan{x + 1) + C
35j ! dx=f ! dx 35 fm-z—‘dX”f 2 dax
B BV A x4 2 ‘ R I e Ja = (x- dx + 4
x+2 2
= arcsin + = | =
( 2z ) !44—(;;—2)2

—231(:5111( > 2)-i—C

37 Letu = —x% — do, du = (—2x — 4) dx. 38 Letu=x"— Zx.du= (2x — D dx
_x+2 s i e _x—1 2 _ Ve —
—= 4xdx 2_{( X — AV —2x — A dx «/_—w (x 2x)" VU2 — D dx
Y . Sy . =JP_—“E+C

3 x—3 Y% — 4 31 3 3 1
3%. di = dx + dr=—1 (dx -~ D V4 - 2 dx 4+ | et
£¢4x~xz 2\/4x—x2x j;\ﬂhc*xz‘ J;(x )T %) J; /a — (x — 2

— 3
= {—2\/4* 2+ arcsin(x > Z)L =4-2./3+ ;—T =~ 1059

43, et =22+ 1, de = 2xdr.

' 1 B -1
4. f(x — D= 2x R J(x G-I 1 e

x - 1 2x '
= arcsec|x — 1| + C jmdx—ij(xz + 1P +_1dx

= %arcwn(xz + 1+ C
42, Letu = x% — 4, du = 2x dx.

X 1 2x 1] L2 -4
—_— =i = LN
,{ N 2.{ Y Zamsm( 5 ) c

43. letu= & — 3. Thenu? + 3 = ¢ 2udu = & dt, and 2u = ds,

P+ 3
du = [{2du — 6~m_1"—-d
31'4— 24 u2+31i

=2u—2\/§arctan%+c=2\/e‘—3—Zﬁaxctan

f - J 2u?
et — 3de = >
e -+

M. Letu=/x— 2,08+ 2 =x 2udu = dx
N 2u? 2 +6—-6 1
fxﬂ 213 ] E ] o

6 # .
= 2y~ ——arctan —= + C = 2-/x — 2 — 2-/3 arcian
V3 V3

x— 2
3
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j‘B dx ! dx
45, — 46.[“——“%
: V(1 + 3 o 23— xJx+ 1
Letu:\/;,wzzx,2udu=aix,1+x=1+u2. Letu=Vx+1Lwt=x+1 2uds = dx,
’ /3 — 5= 4 — 2
3 D dus _ ) p 3o #-
. ull =+ 1 T+ a2 : j‘/i 2udu (YT gu
V3 i 2\14_15254 1 \/‘4—%2
=Zarctan(u}:r 7
1 L fu
=arcsm(—)]
:z(ﬂ_ﬂ):i" 2/,
3 4] 6 : ,7C._2_.(i)
= aresin| — arcsin >
T T_T
4 6 12
. 1
47, {a) f ——ﬁ—m:xza‘x:arcsinx-lr C, u=x 48. (a) fe"z dx cannot be evaluated using the basic

integration rles.

() j—“,x__dx=—\/1_:}7+a w=1—32
- tor () xe‘ldx=%e"2+c,u=x2

1 .
¢} | —==—=dx cannot be evaluated using the basic ' .
© fx\/_l - x2 & * () lel/zdxz —ellr 4 u=£

integration rules. x* 7 x

49, (a) qu—lﬁzg(x—1)3/2+c, w=x—1

) Letu = Vx— 1.Thenx = 12 + 1 and dx = Zu du.
3

j-x\/;r—:_d_x ju3+1)(u(2u)du—2j(u +u2)du—2(5 ”;)Jrc

- —u3(3u2 4 5) O x— DB — 1)+ 5]+ C = 2x— 12Bx 4 2) + C

15 15
(¢) Letu = /x — 1. Thenx = u + 1 and dx = 2u du.
j = dx:ju2+1(2u)du=2j(u2+ 1)du=2(u—3+u)+C=gu(u2+3)+c=g\/;—_l(x+2).+c
Jx—=1 u 3 3 3
Nete: In (b) and (), substitution was necessary before the basic integraﬁon miles could be used.
50. (a) j T:é"; dx vamnot be evaluated using the basic 51, Area =~ (1)1} =
integration rules. Maiches (c)

(b)J-l-i-“dx f}-%(x

= Earctan(xl) + O, u=x*"

x? 1 48
1+x4dx_4jl+x4dx

_=%hl(1-f—x4)+c, =1+ x*

(c)

52. No. This integral does not correspond to any of the basic differentiation rules.
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1 1
X P S— 4. y’ , (2,
55,y N S an (2, m
i x i i x
= — = 11l — = = — —
¥ jmdx arcsm(z)-ﬁ-c ¥ j4+x2 2m0m2 C
W) =m=cC ﬁ”larctau(g)JrC
2 2
i x
y=arcsm(—
Z ar Far
= — = e——
P C=C 3
i x T
yAZarctan(z)-iw 2
dy 3
55, (a) o T 142 ©,0) iz
dx
y—3jm—3&r¢t&ﬂx+€ e
0,0:0=3amectan(0) + C = C=90
Tan
¥ = 3 arctan x 2
56. (a) ®) 3 = ——, (0,2) 2
94 x¥
= 2 = 2 areta (—)+C —
VE gy g T gy ]
-4
2=0C _1
i y = %arctan(%) + 2

87, (8)

1
by =——, (3,1
® == &Y
_ 1 _1 ||
y= . J{2_4415!:—Zam:s»fac2 +C
1= %arcsec(l) +C=C
=larcsec£+1 xz2
773 27t S
’ 2 &
= T,
{®) » e &7
: 2 .(x)
= | ———=dx = 2arcsini=| + C
Y j‘/zs—fx 5

w=2acsin(l) + C = C=0

y=12 arcsm@ﬁ_)

-4

-4

75
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dy 10 4y 1
L (3} = A =
R Sty ¥3) =0 8. = =2
o > o 4
b o B S e
75.%2 ?i;,a-ff":ﬁiz R i o
R I ettt N N Sy
] jlg.-.-.‘rf— —6 bt ittt 8
s e AP
o= e Al e S e e e s ]
o o Yy Lt e e e e ] [ e e e e
%, 4, L e N A A
iy —4
d__ - & _ My _
61. & e ) =2 82, 1t ¥@) =4
3. 7
7 77 o =
Wy / “
M(’Jﬁpﬂ/ .-
|~ e |~
e ) 2 G
mmmmmmmmmm LA Al A i e e et o
R L ! -1 6
-1 0
L . 64. Ar [ R 24
83 4= 1x2—2x+5dx_£ Goipza® | T P A8 T | Grarra™
= Larc (x — 1)}3 = arctan(x . 2)]0
= arctan| — 1 .
= arctan(l) — arctan{Q
= %arctan(l) — —arctan(0) arctan(1) = arotan(G)
-
_m 4
T8
65. Ari 'fl L dx 66. Ar jz 1 dx
- ATEA = | e | . Arga = —
b A — 22 N 2T BEE = 1
EAND :r"
= inl = = AYCSEC X
wesin5) "
i : - 2) - 2
= arcsin(i) — arcsin{Q) . T Aresee ATCHEC /2
=% - _ T _ T
6 3 4 12
=2 3cosx /2 1 {5}
67.. Area = J_ﬂzm X = irfzm(cosxdx) 68, A= j{) T+ ez;ch’ (a0 = &%)
/2 n /3
= 3 arctan(sin x}] = arctan(e")}o
—af2 B
- = 3arctan(1) — 3 arctan(— 1) = arctan \/5) — arctan{l)
3 3w 3w T =T _ T
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8. (@) %[Inx—im(l +x2)_arctanx+c} =%W x _(x[l/(l +x2)]—ar{;tanx)

2 ' x 1+ x*
_ 1+ 1 arctan x _ arctan x
x(1 + x2) (1 + =2 b 2

Thus,fm:"“cL nx - 21t + 23 - FEE ¢

73
arctan x
by 4 —ﬁ o ax

3
= [lnx - %m(l + 57 — %]

1

V3

PR SIPSR NN 7~ 0.3835

p 9

(ln 3 - —1:1(4) arctan ﬁ) - (—mé*l—]n 2 - arctan(l))
1
2

6. (2 %[x(arcsjﬂ a2 = 2x + 21 - P2 aresinx + C]

= (arcsin x)? + 2x(mcsmx)f— 2 - \/_ arcsinx + 2-/1 — m = {arcsin x)?

(b) 4= j](arcsin xVP dx
o

1
= i:x(arcsmx)l — 2x + 2./1 — 2 arcsin x]
o

(#-9-

-
= 2 =0.4674

7L (a)

T

(¢) Divide the rectangle into two regions.

Area rectangle = (base)(height) = l(g) = g

1 /2 .
arcsin x dx + J sin y dy

Area rectangle = j
0

o]

o 1 wf2
— = J’ arcsin x dx + (—cosy)]
2 o o

1
Shaded area is given by J-o arcsin x dx. = flmcsm xdx + 1
(8]

1 1 )
(b) J; arcsin x dx ~ 0.5708 Hence, f arcsin x dx = 323 ~ 1, {=~0.5708).
0

14 1 'n‘)
72. =4 = darctan 1 ~ 4arctan 0 = 4{ ) — 4(0) =
(2 j;1+x2dx { arctanx]o arctan arctan (4 H0) = =

(b) Letn =6,

4}1 L=~ 4(i)[1 s 2 4 2 . 4 1] ~ 31415018
b 1+ 2 18 L+(1/36)  1+{/9 1+ (/49 1+(4/9) 1+ 25/36) 2 ’
(c) 3.1415927




Section 5.7

519

Inverse Trigonometric Functions: Integration

73

PTG 172 F DRt @i tacrs  ovnr=-l
T4 j;dx
N
(@) 6r— =0 —(2—-6x+ 9 =9~ {x— 332 () 4
¥
1 r dx . (x - 3)
————dx = |y —aresinl—— + O Nt
jdéxwﬁ J\/Q—(x—s)l 3 » e ;
(b)) u= % =xTudy = dx T
2
1 5 - 2
m( v di) = JSE= R du The antiderivatives differ by a constant, 7/2.
) J ‘ Domain: {0, 6]
=1 arcsm(i) +C=12 arcsm(——m + C
NG N/
dx _1 13| _dx . _ 2 x
75, Faise, jm =15 aI’CSECT +C 76. False, _{25 2 dx 5 arctan 3 +C
77, True 78. False. Use substimtion: u = 9 — &, du = —2e¥dx
d X 1/2 1.
dx[ Arecos 3 C] JioGp Ja-=
d , fu 1 u’ u’ d{l Y }_1{ ¥'/a ]
£ L S S p— - Al S arctan 2 + ¢ = 4| A
7 dx[a.rcsm(a) N C:l 1= (uz/al}(a) Ja? = . Bl a ™ o all + (w/a)?

81.

82.

d u’
_{u-\/uz ~ & ju\/uz —a*

F(n) = ot

1x+1‘ 2
EJ; 2+

{a) F(x) represents the average value of f{x) over the interval {x,x + 2]. Maximuom at x = — 1, since the graph is

greateston [—1, 1],

by Flx) = [arctan :}IH = arctan(x + 2} — arctan x

4

1 1

O+ -2+ 4+ 5)

—4(x + 1)

= arcsin(ﬁ) + C.
a

mst
N

Assurne i > 0,

#’/a

_l[ ul ]_ E!’
(22 (az + uz)/al a?. + Hz

u’
at + 2

dn
Thi =
s, j- gt + ot

dx=£axctanE+C.
a a

—d-[l arcsec = +
drxla a
The case # < ( is handled in a similar manner. Thus,

1 Ju]
dx == —arcsec— + C.
a a

1o
(a)A_J;1+x2dx

(b) Trapezoidal Rule: n=8,b—a=1—-0=1
A == (.7847

O TINUE L —

C} - ﬁ[(u/aﬂ)\m] N i[u\/(u—;g—az)/?] - P l:;’— a? |
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82,

83.

. Let f(x} = arctan x —

—CONTINUED-—

(c) Because

L dx = arctan ]1;3,
12T T w

you can nse the Trapezoidal Rule to approximate 7r/4, and hence, #. For example, using n = 200, you obtain

ar == 4{0.785397) = 3.141588.

(2) v(#) = —32r + 500

550

AN

1
© Jimn=-fa
t k

marctan(J%v) =—+

[ /& :

arcé:an\ 2 = - J3r+C
\/%v = tan(C — /32Kk:)
v= . /%_tan(c—- 32k)

When ¢ = 0, v = 500, C = arctan{500-/%/32 ), and
we have

W) = \/%taniarctan%m@) - ‘/37%3] :

by s{} = jv{t) dr = j (—32: + 500) dt

—162 + 5006 4+ C
S0 = — 160 +500Q) + C=0 = C=19
s{8) = —16£%2 + 500

]

When the object reaches its maximum height, v(r) = 0.

vit) = —3% + 500 =0

—32t = —-300
t=15.625
£(15.625) = —16(15.625)* + 500(15.625)

3906.25 ft (Maximum height}

If

(d} When £ = 0.001:

Wty = /32,000 tan] arctan(500./0.00003125 ) — /0.6324]

500

0

v(t} = 0 when ¢, =~ 6.86 sec.

T 6.86
© k= j /32,000 tan| arctan(500/0.06003125 ) — /0.032 1| di
o]

Simpson’s Rule: » = 10; 4 ~ 1088 feet

(f) Adr resistance lowers the maximum height.

X
T+ 2

ven 1 I—x
S A s R (g

Since f(0) = 0 and f is increasing for x > 0,

> Oforx > 0.

X

arctan x — > O forx » 0. Thus, arctanx >

2
Let g{x) = x — arctan x

s 1
@ =1l - E= T2

> Oforx > 0.

1+ 2%

Y

Since g(0) = 0 and g is increasing for x > 0, x — arctanx > 0 for x > 0. Thus, » > arctan x, Therefore,

< arctanx < X,

X
L+ a2
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193, y = ccoshf
Let P(x;, y;) be a point o the catenary.
x
"= sinh -
7 ¢ 0.7 B
The slope at P is sinh{x, /). The equation of line L is
y— o= ——l(x - 0.
sinh(x, /)
Wheny =0 c*-w-i—m-" = x = csinh(i) The lengih of L i
S sinh{x, /c) e/ £
/ x x
o sinhz(_l) +2=¢-cosh—L= Vi
c c
the ordinate y, of the point P.
164. Thers is no such common normal. To ses this, assume there is a common normal. .
v =coshx => y’ = sinhz. {0, cagh )
. N -1 (¢, sinh €}
11 t — = — al. )
Normai line at (@, cosha) is y — cosha sinha(x .a)
Similarly, y — sinhc = co;h C(x — ¢) is normal at {¢, sinh c}. Also,
-1 _ - => cosh¢ = ginha
sinhg coshe ¢ )
. . i e — _
The slope between the points is w. Therefore, ———-ac—. = ¢osh ¢ = sinh 4.
—a coshg — sith ¢
coshe >0 = g >0
sinh x < coshx for all x = sinh e < coshe = sinha < cosha. Hence, ¢ < a. But,
a—c .
——— =< 0 iction.
cosha — simh ¢ < 0, acontradiction
Review Exercises for Chapter 5
Lflg=Ihx+3 ) 2. F@) = In{x — 3) y
Vertical shift 3 units upward "7 =g Horizontal shift 3 units to T i P
, =0 the right T '
Vertical asymptote; x = { ol L : /
Vertical asymptote: x = 3 —— e
2+ 1 2 i 4 3 [
. T i
b y
S T

(Zx;x?# - .;_[]n(gx ~ 1) + In(Zx + 1) — In(4e? + 1]

422 — 1
R VL

4 (2 + D(x — 1] = 1n(@ + 1) + In(x — 1) 5 3+ %m(r; — 2 —Ix

=3 +mh¥d—-x-lnx
=]n(33/2,_m}5)
x
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6 3[nx— 2l + D]+ 25 =3tz — 6In(x® + 1) + In 52

=y —n(x@+1°+ k25 = ln[

{_xZ + 1}6

25x°

|

T h/x+1=2 8. mx+In(x—3 =0
Jr+l=é& Inxfx—3)=0
x+1=¢ xMx —3)=£°
x=¢*— 1= 53598 »=3x—-1=90
3x./13
X o= e
2
x=3—+£0niysinceM<O.
L2 2
1 afr — 1)
9. gl =InVx=zlnx 10. AR) =In>—r=Inx+infvr — 1) ~ In(z — 2)
1 1 1 1 P —dx+ 2
’ E 4 = - 4 — =
&'t} 2x k) ¥ x—-1 x-2 -3+ 2

1. fx) = x/Tnx

12, 7(x) = [x(o® — 2% = Inx + %En(xz ~2)

f'(x):(%)(inx)‘lf’z(l)-a--/ln_x ) = 1 +g( 2x ): Tt~ 6
* x 3x2-2 38 — 6x
1 1+2nx
= + Jing = ——
2-/lnx % 2/ Inx
13, y:%[a+bx—aln(a+bx)] 14, y=_i b ot bx
_ b ax  o? x
gl_i _ ab _ x _ i E
dx_bl( a—i—bx) Tt B = _E+a2[m(a + bx) — Inx]
| dy 1( 1) b[ b 1]
[ A Rl R — +— —
dx a\ x*/ afla+b =x
ax  axle + bx)] ax®  ada + B
=(a+bx)—bx: 1
axf{a + bx) o + bx)
+
15 y=b@+D 3 (-1,2) 16, y=m ey - s (L)

=1_2
2+x (2+4=x7

Y- =1-2=—i

?

¥

Tangent line: y ~ 2= —1{x + 1)
y=-—x+1

y' (=
Tangent line: y —In2 = —%(x - 1)

1 i
y—~-2x+1r|.2+2
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7.

1%,

NS

2

ey

23,

25

26.

27.

28.

-

u=Tx— 2, du=Tdx
1 1{ 1
J-7x—2‘b‘“?f7x—2(7)dx‘

sinx —sinx
Jni +cosxdx_ ji +cosxdx

= —la|l + cosx| + C

&=f@+3¢=%+mﬂf

=3+ In4

,—;h‘ll7x - 2,| +

4x+ 1
. X

/3 /3
J sec §df = [lnisec 8+ tan ﬁi] = m(z + \/5)
0 1¢]

@  f=@-3 (b) 7
y=%x—3 f'/‘/ P
2y +3) ==x },x}’ ’
2+ 3) =y -
Flly=2x+6
@ fl=5-7 (b} 5
y=5x—-17 o ___};“_‘__,,,_,Z_»——-ﬂs
y+7 _ _ I ‘
5 7 !
x+7 -
s =Y
=L
@ f=Vx+1 ® :
y=Jx+1 d 7
w—1=x -3 f’f 6
w-1=y —
Flil=x2-1,x20
(@ fW=x+2 ) a
LA
y=#+2 =
Yy =x | "“___}_,,,) i
Yx—2=y -

8. u=2x2— 1, du=2xdx

X 1 2x
fﬁ—lﬁ"Eff~1

2.ou=lnx du= iwd;x

F—‘%@dx = %ﬁ“”}(}%) dx = H{nzP + C

o [0 fuon(fr-[no -

d_x:%hl!xz— I+c

wid .
24, j' tan(ir - x) dx = [m
X 3

@ FU = -3 =2 -3)+6=x
fFa) =fx+6) =302+ 6) =3 =x

© FUF) =7 B5x—7) = @_:g'l)lz _.

A6 = AEET) = s(ZE D) - 7=

© = {Vat )= J@IFE~1=x
=2~ = V-1 +1

= Jxt=xforxz= (.

QF =@+ =¥F+7 " Z=x
S =f@Fr-2)= (-2 +2==x
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28 @ fW=Yxt+l )
y=¥x+1

V¥ -1l=x -1

A—l=y |

=1

30, (a)

© 31 flp=x5+2 or
S = - 2
()6 = 3 - 278

(F)1(—1) = %(_1 gy = Flg)z'ﬁ

I
335_/3 =~ (L160

I

- © FH) = (xT)
! = (¥x+TP - 1=x
— Al FFE) =768 - ) =Y =T 7 1=
fa \
o @G =R 5)

=/E -5 +5=xforx =z 0.

=
/

) =fVa+3)=(Vx+5)-5=x

-5

F=31) = -1
Fa) = 32
FU=3Y) = 3(=31/5 = 3573

D = 55w = 7

32, B =x/%-3 33 Flx) = tanx
=4 m\ _ 3
1 f(é) =73
Flo=JVx-3+ Ex(x - 3j-in Fx) = sectx
flay=1+2=3 Amy _ 4
- 9
(f—l)r(4)=m=§ (f_l)’(ﬁ)z 1 .3
3 fm/8) 4
34, fx) =Tz
fHa) =&
=&
(FyO==1
35 @ &= ® : © £ = £74in V5) = @0E = gnx
-1
y = lnvx R ) FUD) =) =i VB = e = »
&= «/;: (
P =x r;
g =y

F) = e
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® FUH)

3. (@ flx) =¢77 )] 4
y=¢g 7 Kv
— /
Imy=1—=x .2 i
fkl
x=1—Iay =~
y=1—Inx
F U =1~ lnx
3.y =7

38, glH = 12

2'() = i + e’ = te't + 2)

41, y= S+ eI

. —2x
y' = %(e?“‘ + e—:b:)—l/‘l(zeu - 26"2") =

& — g
JE i eE
X
43, glx) = pe:

_&2x - e x(2-x)
N e T &

g'(x)

45, fG) =Inle™®) = —x%, (2, —4)
Fix) = —2x
f2)y=-4
Tengent line: y + 4= —4(x — 2)
y=—4x+4
47. Wax) +2 =0
1 237 AN
Y (x) * x)(d_x) o (dx) 0
& _ =y
{2y + ].nx)dx =
&y Ty
dr  x(2y + Inx)

© S = e ) = 1 - (e )
=i-{l-x=x
f(l - ]ﬂx} = 31—{3—1!:1:;) = g

..........

49, glx) = h‘x(l j_xex)

=lne —Inl + ) =x— Il +¢&)

e _ 1
1+,€x 1+ &

g'lxy=1-

42, Kz = ¢ 72

B'(z) = —ze™ %2

84, y =37t

—-3/t
y* = 3e3(3yT) = 2

46, f(6) = 1em2e, (0,4

F(8) = 32 - 2cos 28
=1
Tangent line: y — % = 1{x — 0

y=x+3
48, cos 22 = xe¥

. a
~2xsina? = x4 o
dx

_Zxsiny? + &
xe¥

&1&

]nx:x
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| B
49, | xe ¥ gy = ——J’ 32— &y )
o 61

1
|
i
&

I
|
|
iy
LY
I
t
!
[y
—_

AX e P2
&1, j-u—-"rldx=f(e3x—ex+e_“)dx

e‘

1
=gt E et H C

_eW =3 3
= e +C

3
er
55°jle"—1dx

letu=e"~ 1,du= e dx.

3 & . :13
J:ex_idx—hﬂe" 1|.1

= In(e* — 1) — Infe — 1)

& —1
_m(e_i)

=Infe? + ¢ + 1)

57, ¥ = e¥acos 3x + bsindx)

B2, Letu = e + ¢, dy = (2o — o) 4dx,

2 _ a—2x — g-2x
fe e ﬁljZez" 2e dx

e+ e 2] e+ g™

= %ln(ez" + e 4+

54, letu=x>+ 1,du = 3x2 dr.

jxlet“ﬂdx = %Jex’“exz)dx = %ex’“ +C

2
Sﬁwj;eu_{_ldx

Letu = e + 1, du = 2% dx.

142 282" _._jﬁ 2 }2
2Leh+1dx—2h1(e +1)0

I _1
—zln(e + 1) 21112

_ lln(e4 + 1)
2 2

¥ = e{—3asin3x + 35 cos 3x) + &g cos 3x + bsin3x)

#{(—3a + b) sin 3x + (g + 3¥) cos 3x]

y" = &[3(=3a + b) cos 3x — 3(a + 38) sin 3x] + £[(—3a + b)sin 3x + (g + 3b) cos 3x]

it

I

¥y — 2y + 10y

8. (a), (c) o0

&{(—6a — 8b) sin 3x + (~8a + 6&) cos 3x]
e{[{(—6a — 8B) — 2(—3a + &) + 10b]sin3x + [(—8a + 65) — 2(a + 36) + 10a] cos 3z} = ©

6y V=238000e"% 0<gs<35
V(§) = —4800g 00
v*(1) = - 2634.3 dollars/year:

V!(4) = —435.4 dollars/year
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4 1 _L 1
59, Area = | xe ¥ dx= [——e‘f}o = —E(e—lﬁ — 1) =~ 0.500

o 2

2 2
60. Area = j e vdx = {—Ze“"} =—%e2+2=2- ;% = 1,729

o 0

$1. y = 32 62, glx) = 6275

MW os R
PR W
¢

(A i
-4-3-2-1 11 2 3 4

-

—4
65, flx) =31

FH =313
7. y=x=tl

my={2x+ ox

Yozt s

¥y . )

y,:-y(Zx:— Ly 21nx) =x2x+1(2x7+1+ 2]nx)

69, glx) = log; /1 — x = %logz,(l - x)

N\ t
g'(x) = (2/‘(1 -3 2Gx— D3

1
(+iP g = [ 2 ]—=— glx+1)?
7L, j.(x + 1)5 dx (2)1115 5 +C
18,000
73. : =350 logm('i‘gpoo—_h)
{(2) Domain: 0 £ & < 18,000
) I
160
B0 :
60+ | .
0T :
20+ :
4,000 12,000 1

Veriical asvmptote: 2 = 18,000

€3.

66.

y=loglr — 1)

fx) = &
Fix) = 4% + (In 4)4°e"
= 41 + In4)

68,y = 247

70,

72,

)

y=4*—-x-4*nd

x
h{x) = log, i log; x — logg(x — 1)

hi(x) = 'IglgE Tz = 1} - E%[H;:}ﬁ}

27 H .
o, = —— L
f L F R

18,000
=50 1og10(18’000 - h)
10:/50 - M_
18,000 — A4

18,000 — & = 18,000{10~%)
A= 18,000(1 — 107%)

dh 1 Y50
o 3601n 10 o is greatest when ¢ = 0.
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74, (2) 10,000 = PeLon0%) 75. f(x) = 2 arctan{x + 3) 76, Ax) = —3 avcsin(2x)
106,600 : ¥ ¥
=~ ~ $3496.38 R .
®) 2P = Pei®r /,_,.......,
2 S annniE =
In2 = 10r T N
n2 T -
Fo= T 6.93%
7. (a) Letg = arcsin% 78. (a) Let & = arcoot 2
cot@ =2
. 1
gin § = 3 |
“tan{arccot 7) = tan § = 5
1
sm(arcsm 2) =siné=z o) Let & = arcsec /5
(b} Let§ = arcsin% : sec 0= /5
cos(arcsec V5 ) = ¢os5 6
sin § “—“’5 ] -1
: NG
cos(arcsin }-) = Cos § = 3/—3
oo 2 2
x
79, y = tan(arcsin x) = ——— 80, » = arctan(x® — 1
y ( )= = y { )
2x Ix
— 2172 — e 1/2 (- —
y =4 =) ;’fjff XV =y A N N A
1
Bl. yv=nxarcsecx 82, y= 5 arctan e
¥ = — X arcsecx 1 1 g%
RN ) = s
83, y = xflarcsinx)? — 2x + 2+/1 — Parcsinx
2x aresin x 2.1 — x .
! = mmemee— 4 (gresinx)? — 2+ — arcsin x = {arcsin x)?
1= x? ‘( ) I =2 J1-5 )
84, v=/x*— 4—23xcsec%, 2ax< 4
. x i X 4 2-4 /P-4

y =

74 ([/2V& 1 J2-3 We-4 p/E-d =

85, Letu = &, duy = 2e¥ dx.

Lo | = ML ey g = L aetan( + ¢
P A F 2/ 1+ (2 2 ’
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86, Letn = 52, du = 5 dr.

5
arctan 2 +

1 _1 1 P _ 1
fa+25x2“‘5j(ﬁ)2+(5x)2‘5)dx 53 T

87. Letu = 2%, du = 2x dx.

x 1 1 1
dy =S —————(Ix}dx = —arcsin 22 + C
7= 2}(\/1——(;@)"2” 2
39 Letu=arctan(£) du = z dx
’ 2/ 44+ 27
arctan{x/2) _1( E)( 2 )
j4+x2 dx"zjmmz ) K
2
= Z(arctané-) +C
L g4—-y
9%, A = ey
0\/‘4"12
jl 1 If 2y-1/2
=4 ———dr + > | (4= D VA2 dx
Rt K RaCE®

= [4 a:csin(g) + MJ;
= (4arcsine) + ﬁ) -2

2
.

- ‘%/E
S =N

AN
s

+ 3~ 2= 1.8264

Since y = 0 when ¢ = 0, you have C = 0. Thus,

/B3
enl /)

9%, y = xtanh™! 2x

+ tanh™? 2x

2 2x
' = + -1 =
¥ x(1_4x2). tanh ™! 2x = 4
96, Letn = x%, du = 2x dx.

X —l_}-— =i _
fmdx_ZJ\f(;jitT(zx)dx il + VF=T)+C

97, Letn = 23, du = 3x% dx.

J sech P dx = %f(scch A3 dx = %tanhf +C

-

4
x
92. ilﬁ + 22

ﬁz+£‘ . Y
7

1 i x
P - Z 4+
16+x2dx 4amtan4 c

1

80, Letu = arcsinx, d = —————dx
J1 =22

arcsin X

1
——= gy = ~{arcsin 2P + C
T 2( )

1 4
dx = —1n(16 + x2}
2 o

1 1
=532 - sl
1
=Zn2
04, y:2x—cosh\/§
1 sinh-/x
r=2 - sinh /x} = 2 — ——
zﬁ( ) 2/
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Problem Selving for Chapter 5

3
L tan § =—
x

tan92=mmx

Minimize §, + 6, =0 +8= a;rctan(%) + arctan(l 06_ x)

a1 =3 1 6 _

f(x)—1+2(x2)+1+ 36 _((10—x)2> 9
x2 (10— x)?

3 &

2+9 (10— 2P + 36
(16~ xR+ 36 =2(2+ 9)
100 — 20x + 32 + 36 = 222 + 18

¥+ 2Wx—118=90

—20 + /207 TH=118)
Ik 202 a 118)=_10i_\/2T&;

a=—10 + /218 = 47648  f{a) ~ 1.4153
§g=m— (6 + 8) = 17263 or 989°
Endpoints: a = 0: 8 = 1.0304

a= 10 8~12793
Maximum is 1.7263 at ¢ = — 10 + /218 =~ 4.7648.

2, (a)

14

RS
E)
CERE
E]

g

£ 2ar et
sinxdx = — sinxdx = sinxdx =0
o 0

o

(©)

om

\\ x
1

1 ‘
f arccos x dx = 2(3-) = ar
1 2

. ?/:.
\
- +

(®

jzw(sinx +2) dx = 2(27) = 4
Q

@ -

]
.

Bl
ol

-1 L . fm 1
¥ = W symmeiric with respect to point ( py 2).

S S =E(£)mﬂ
, L+ (mxn2" 2\2) 71
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Infx + 1)

. (a) flx) = = —-1gx<gt {c) Let glx} = Inx, g’(x} = 1/x, and g’(1) = 1. From the
’ definition of derivative
2
' +x) = ' +
\\ g'{1) = lim gl + x) — gll) = lim In(1 )
x>0 X x=0 .o
T Thus, lim f(x) = 1.
x—0C
-1 1
Q
(b) m Fflx) =1
x>0
. Fix) = sin{ln x)
(2) Domain: x>0 or (0,00) ) fG)=1=sin(nx) = hx= {g + 2k
(© f() = —1 = sin(inx) => Inx = 3’2«___"7 + 2k Two values are x = e™/2, g7/ +27,

{d) Since the range of the sine function is [— 1, 1],

= o2 32
Two values are x = 77%, 7%, parts (b} and (c) show that the tangs of Fis [— 1, 1]

@ Fflx= %cos(ln x) - & 2
[r] Jﬂe-'_‘_ &

-

Fx) =0 = cos(lax) =0 = lnx=g+qu=>

x=e"%on(1,10] ' 2

e =1 _ lim f (x) seems to be —5. (This is incorrect.)
x—

Fly=0 Maximem is 1 at x = ¢/2 =~ 48105

F{10) = 0.7440

{(g) For the points x = ™2, ¢~ 37/2 2~7W2 e have f(x} = 1.
For the points x = e~™?, ¢757/2 ¢=9%/2 e have f(x) = —1.

That is, 25 x— 07, there is an infinite number of points where f{x) = 1, and an infinite number
where f{x} = — 1. Thus, Er{ﬁ sin(ln x) does not exist. You can verify this by graphing f(x} on small
intervals close o the origfn.

. v = 0.5 and y = 1.2* intersect y = x. y = 27 does not intersecty = x.

3 }'-1-2)r y=x
Suppose ¥y = x is tangent to y = &% at (x, y).

& =x = a= 3/

y=clha=1= xInx*"=1 = lnx=1 = x= ¢ a=els

For 0 < a < el/e = 1,445, the curve y = a® intersects y = x. 2

Area sector t £ ¢
+ @ eacicle ~ 2g = Areasector = 57(m) =5

(b) Area AOP = %(base)(height) - f N JE T dx
1

’ cosh 7
A(r):%coshr-sinht— S 1dx
1
A = %[coshzr + sinh?¢] — ~/cosh?s ~ 1sinh¢s = —;—[coshzr + sinh? t] — sinh? ¢ = %[coshzr — sinh?t] = —;—
!
Al = “2“5 +C

But, A(0) = € = 0 => C = 0 Thus, A1) = 3ror s = 24().
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7. (&) y = f(x) = arcsin x

siny = x
/4 T4 _ .
Area A = j siny + dy = —cosyj - + BT 0.1589
/6 /6 2 2 2
_(Iym
brea B = (2)(6) =1 0.2618
272
{b) arcsin x gy = Area(C) = (E) ﬁ —A—R
1/2 . 4 2
- ’ﬁ‘\/i B ﬁ - ﬁ o _\/2 L
T8 2 12 8 12

w3
(c) Arca A = f e¥ dy
0

In 3
:ey] =3 —-1=72
18]

3
AreaB:meﬁz3(1:13)—A=3k13—2=]n27—2%1.2958
1

(d) tany = x

/3
AreaA=j' tan y dy

/4
/3
=—in|cosy|] H
wi4 ¥ = arctan x
o 1 ﬁ_ . _1 z
= m2+m2—1nf—21n2 3
/3 T 1 T
AreaC = | arctanxdx ={>)(v3) — -2 - [ ))
) 1 3 2 4 —
~ T(4/3-3) —im2 ~ 06818
12 ‘ 2
B, y=lnx 9. y=é&
, 1 ' y=e
J =;
y—b=¢x— q)
y_;;,:é(x_a) ¥ = ¢’x — ge® + b Tangent linc

Hy=0 e% = aqe— b
bx=ab—b (b= ¢
Fx=0c=b—-1Ths, b—c=b-{p-1})=1. x=ag—1

1
v = Ex + & — 1 Tangent linc




Problem Solving for Chapter 5

543

14, Let5¢=1+x/;r-,«/_=u—1,x=u1—2;4+1,
dx = (2u — 2) du.

E1. Lets = tan x, du = sec? x dx.

Area = /4 i dx = /4 sec? x
o sin’x + dcos’x

(b} n* term is x*/n! in polynomial: v, =} + x + i + 2 + =

PARCY
{c) Conjecture: e = 1 +x+§+§;+,..
12 12

12,

v= (985.93 - (120:000)(0-095))( L+ 0.095) :

12 12
1000
¢ as

41

)1 2¢

4 3 _ 2 x
Area:j I dx:j’ 2u—2 " o ta?x + 4
i Vrtx 2 — 1)+ (2 — 2+ 1) (I
320 ~ 1) =ju2+4'
=J£";z——ud“ j
- |Feromn(3)]
3 3 - 5
=f gdu=E:21n!u|] 2 2/do
2“ 2 I 1
_ 3 =§arctan(5)
=”21n3*2h12=2h1(~25)
=~ (L8102
@) ) y=~¢ iy y=e¢ (i) y=¢
yo=1+x ; (&) _ 2L 2
, ya=1l+x+ 2 V3 1+x+2+6
¥ 4 4
* Jf.f s
_2-'—""_-"-':”“ 2 ;) .
= —2H 2 72§=£f"/ z

{5) The larger part goes for interest, The curves intersect

when ¢ = 27.7 vears.

(c) The sﬁopcs are negatives of each other, Analytically,

u3985.93—v=:>@=
dr

1'(15) = —v/(15) = — 14.06.
(d) r= 127 years

dv

dt

Again, the larger part goes for interest.




