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CHAPTER 5
L ogarithmic, Exponential, and Other Transcendental Functions

Section 5.1  The Natural Logarithmic Function: Differentiation
Solutions to Odd-Numbered Exercises

1. Simpson’'sRule: n = 10

X 0.5 15 2 25 3 35 4

X
f%dt —0.6932 | 0.4055 | 0.6932 | 0.9163 | 1.0987 | 1.2529 | 1.3865
1

0.5 1
Note: f 1dt = *f 1dt
1 t 0.5 t

3. (& In45 = 3.8067 5 (& In0.8 = —0.2231
451 0.81
(b) f Ydt ~ 3.8067 (b) f ¥dt ~ —0.2231
1 1
7. f(x) =Inx+ 2 9.fx) =In(x— 1)
Vertical shift 2 units upward Horizontal shift 1 unit to the right
Matches (b) Matches (&)
11. f(x) = 3Inx 13. f(x) = In2x 15. f(x) = In(x — 1)
Domain: x > 0 Domain: x > 0 Domain: x > 1
y y y

3+ pai

1
1
i
2+ I
1+ '
N s ' /
| | | X
'
1
1
'
1

—t
SRR R i
| ! |
1 2 3 _
i
21 1 i

31

17. @ In6=1In2 + In3 = 1.7917 19. In%zan—InS
(b) In3 =In2 — In3 =~ —0.4055
() In81=1In3*=4In3 ~ 4.3944
(d) In/3=1In3"2=1In3~ 05493

21. Inx—zy =Inx+Iny—Inz 23. InFa2+ 1= In(@+ 1)¥3 = % In(a2 + 1)
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25.

29.

31

33.

35.

39.

49.

53.

57.

X27137 > 3 2 _ 2
In & = 3[In(x2 — 1) — Inx3] 27. Inz(z— 12 =1Inz+ In(z— 1)
=Ilnz+2Iniz—-1
= 3In(x + 1) + In(x — 1) — 3Inx] nz+2inz-1)
X—2
In(xfz)fln(x+2)—lnx+2
1 i — 1] = L XX 82 g /XX 3)?
3[2In(x+3)+|nx In(x 1)]—3In 1 =In 2 — 1
2In3—1In(x2+1):In9—ln\/x2+ :Ini
2 Y2+ 1
3 37. lim In(x—3) = —o0
f=g x 3*
O/ 9
-3
Iirrz1 IN[X3(3 — x)] = In4 =~ 1.3863 41, y=Inx®=3Inx
Jm
,_3
' =X
At(1,0),y’ = 3.
. y=1Inx2=2Inx 45. g(x) =Inx2=2Inx 47. y = (Inx)*
/:g /1 :g gz 3<1>=M
y =5 9 = o~ A 2 ”
At(1,0),y = 2.
y = INXJ/5 — =Inx+%ln(x2—1) 51. f(x):mxz—’il:lnx—m(xul)
g_;Jr;( 2x )_ 22 -1 f’(x)=1— x 1=
dx x 2L -1/ x(&-1) X X+1 xR+1)
Int 2
g(t)=t7 55. y = In(Inx?)
2 _ _ dy_1.d, o, _ @) 2 _ 1
g/(t)=t(l/t)t42“m=1 tglnt dx Inx2dx(|nx) Inx2  xInx®  xInx
/ 2
y=In XJrl:l[ln(x+1)—ln(x—1)] 59. f(x)zlnﬂzlln(4+x2)—lnx
x—1 2 X 2
g:;[ 1 1]: 1 o Xl -4
dx 2|x+1 x-1] 1-x2 V=252 X x02 + 4)
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— /y2
61. y:X7+1+In(x+ SE+1)

X
g:—x(x/ ¥+ 1) + x2+1Jr 1 1+ X
ax X X+ R+ 1 N

B 1 ( 1 )(x/x2+l+x>_ 1 L1 1+ NS
X +

= + = == __
X2 /x¢ + 1 X2+ 1 X2+ 1 XX +1 U+ 1 e+ 1 X2
. COS X
63. = In|sinx 65. =In————
v = Ilsinx v =]
dy _ cosx_ cot X =
i~ sinx = In|cosx| — In|cosx — 1]
dy _ —sinx __—sinx _ tanx 4+ _SNX_
dx COS X cosx — 1 cosx — 1
— + { . .
67. y:mli.smx 69. f(x) = sin2xInx2 = 2sin2xInx
2 + sinx

. 1
=In|-1+ sinx| — In|2 + sinx| f(x) = (2sin 2x)<;) + 4cos2xInx

dy ~ cosx  cosx 5
dx —1+snx 2+ snx :;(sm2x+2xc052x|nx)
_ 3 cosx 2
" (sinx — 1)(sinx + 2) = ;(stx + xcos2xInx?)
71. (@ y=3x—-1Inx (1,3 (b) 4
.3
& 1 \/’
dx X ) 2
_q dy_
Whenx = 1, dx_5' =
Tangentline: y — 3 = 5(x — 1)
y=5x—2
0=5x—y—2
73. X —-3Iny+y>=10 75. y=2(nx) + 3
_3dy L, Ay .2
2 ydx+2ydx_O Y =5
dy 3 ” g
2X—&<§—2y> y = 2
dy_ o x 2 xy”+y’:x(—%>+g:0
dx  (3/y) -2y 3-2°? X
2
77.y=X§—Inx
Domain: x >0
yomx— Lo DX ey - g , .

X X 0
y”:1+x—12>o

Relative minimum: (1, %)
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79.

81

83.

y = xInx

Domain: x > 0

y' = x(%) +Inx=1+Inx=0whenx =e %

//_1
y—X>0

Relative minimum: (e7%, —e™?%)

Domain: 0 < x < 1,x>1

_(nx(@) - 0@/x) _Inx—1
- (Inx)? = (nx?

’

= Owhenx = e.

”

(Inx)2(1/x) — (Inx — 1)(2/x) Inx _ 2 — Inx
(Inx)* " x(Inx)3

Relative minimum: (e, e)

Point of inflection: (€?, €%/2)

f(x) =Inx, f(1)=0
F(x) = % £(1) = 1

, 1
f7(x) = G

(1) = -1
P =f(1) + F(D(x — 1) =x—1, P,1) =0

P00 = F(1) + F(Dx — 1) + %f”(l)(x —

~ (-1 - 2(— 1% P =0

PX =1 P1)=1

Px)=1-x—-1)=2-% P,1) =1
P = —1, P(1) = 1
85. Find x such that Inx = —x.
f(x) =(nx) +x=0
() = L
f(x) = ™ +1
_, o fx) [1* Inxn]
Xn+1_xn f/(xn) - 1+Xn
n 1 2 3
Xy 0.5 0.5644 0.5671
f(x,) | —0.1931 | —0.0076 | —0.0001

Approximate root: X = 0.567

87.

(€% e%2)

(e€)

o

= Owhenx = e2

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

2

Py
f

\:z

y=x/¥ -1
Iny=|nx+%|n(x2—l)
o) 1, x
yldx/  x  x2—1

dy _ [ZXZ—l]_ZXZ—l
ax xee—1] T Se=-1
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X2/3X — 2

Iny=2|nx+%|n(3xf 2) —2In(x — 1)

(dy) 2, 3 2
dx 2Bx—2) x-—1
dy _ [ 3x? — 15x + 8 }
ax Y 2x(3x - 2)(x — 1)

3@ - 15%% + 8x

S 20x— 133 — 2

93. Answers will vary. See Theorem 5.1 and 5.2.

97. (8 f(1) # (3

91 _ X(x—1)%2
X+ 1
Iny:Inx+§In(x—l)—lln(x—kl)
2 2
)22 -2
y\dx X 2\x—-1 2\x + 1
dy_y[2, 3 _ 1]
dx 2[x x—-1 x+1

X[4x2 + 4x — 2] @2+ 2x—-1DIx—1
=3 =

X( — 1) (x + 1)%2

95. Ine* = x because f(x) = Inxand g(x) =
are inverse functions.

(b) f'(x) = 1—§=0forx=2.

| 10 |
99. B = 10|0910<10716> =i 10In<10716> =i 10LInI + 161n10] = 160 + 10log,, |
B(10710) = —[In 1070 + 161n10] = 1(])_0[ 10In10 + 161n10] = 7[6 In 10] = 60 decibels

101. (a) You get an error message because In h does not exist

forh = 0.
(b) Reversing the data, you obtain
h = 0.8627 — 6.4474 In p.

© =

103. (@) f(x) = Inx, g(¥) = VX

25

0 500

f/(x) = ,g(X) 2J

Forx > 4,g’(x) > f/(x). gisincreasing at afaster rate
than f for “large” values of x.

(d) If p=0.75 h = 2.72 km.
(e) If h =13 km, p = 0.15 atmosphere.
(f) h=0.8627 — 6.4474Inp

—6.4474 % - (implicit differentiation)

d__ p
dh —6.4474

For h = 5, p = 0.55 and dp/dh = —0.0853 atmos/km.
For h = 20, p = 0.06 and dp/dh = —0.00931 atmos/km.

As the altitude increases, the rate of change of pressure
decreases.

(b) F(x) = Inx, g(x) = ¥x

15

0 20,000

/| — 1 /| — 1

f(X)_Xlg(X)_4é/)§

For x > 256, g’(x) > f/(x). gisincreasing at afaster rate
than f for “large” values of x. f(x) = In x increases very
slowly for “large” values of x.
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105. False
InX + In25 = In(25x) # In(x + 25)

Section 5.2

1 J§dx=5f1dx=5ln|x| +C
X X

5 u=3—-—2x,du= —2dx

1 1 1
fs— ox X = _§f3— ox( 2 o

= —%In|3 -2 +cC

9. fx2;4dx=f<x—f>dx

2
=% —4inx| + C

2 __
13 [ 2y (X_4+ 6 )dx
X+ 1 X+ 1

x2
25—4x+6ln|x+ 1 +C

xXr+x—4 (., X
17.[ 2+ 2 dx—j(x 2+X2+2>dx

2l u=x+1,du = dx

1 — -1/2
f\/mdx—f(x+1) /2 dx

=2x+ 1D¥2+C

=2Jx+1+C

The Natural Logarithmic Function: Integration

3. u=x+1,du=dx

f 1 dx=Inx+ 1 +C
x+1

7. u=x2+ 1, du= 2xdx

X 1
fx2+ 1 %= zf 7 12 K

=%In(x2+ 1)+cC

=In/%+1+C

11 u=x3+ 3x2 + 9%, du = 3(x2 + 2x + 3) dx

X2+ 2x+ 3 _1 3(x2+2x+3)dx
X3 4+ 3x2 + 9x 3) x®+ 3x2 + 9

= %In|x3 + 32+ 9% +C

3 2
15 [¥=3+5 (X2+ 5 )dx
X—3 X—3

X3
:§+5|n|x—3|+C

19. u=Inx, du =%dx

f(lnxx)z dx = %(In X+ C

2X 2X—2+2
o [ 2 B2

2(x —
20D o +2J

-1

1
— 1dX+ Zdex
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25. u=1+

— 1
2X, du = ——=dx u-—1)du=dx
v/ 2x ( )

T (e

whereC = C; + 1.
27.u:ﬂ—3,du:2—\1/;(dx 2(u + 3) du = dx
f\/i/f3dx=2j(u+7ua2du=2f@du=2f(u+6+%>du
—2[ +6u+9|n|u|]+C =W+ 12u + 18Inju| + C;
= (Vx- 3P+ 12(Vx -3 + 18In|Vx— 3 + C,
= x + 6/ + 18In[/x — 3 + CwhereC = C, — 27.
29. fyda—ln|9n6|+c 31. fCSCZXdX:%f(CSCZX)(Z)dX
(u=sin g, du = cos 6 do)

u-—Injul +C,
(1+ v2x) - Inl1+ V2 +
= /- In(1+ /) +C

= —%In|(‘sc2x+cot2x| +C

33 |—SL g —inj1+sint| + C 35, | XXy njsecx — 1) + C
1+ sint secx — 1
3
37.y= fz_ de 10 39. s= ftan(ZG) do 0.2, 4
=—3fx_2dx 10 N =Eftan(26)(2d0) A AN A
— 1 JNIAT N
=-3Inx—-2| +C — = —ZIn|cos26| + C
2 3
(1,0: 0=-3Inj1—-2[+C C=0 (0'2):2:75”'003(0)' c  coo
2
y=—3In|x — 2|
s= —%In|c0520| +2
dy _
4l dx x+2 ©.2)
@ y by y= J 1 dx=Inx+ 2| +C 3
0,2 X+ 2
3 ,,-z-ﬂ
yo=1 1=In2+C C=1-1In2 Y —a

X+ 2
2

Hencey =Injx+ 2| +1—1In2=1In ‘+1.
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“ g 5 4 1
== 45. u=1+Inx du==dx
43, L3x+ldx [3In|3x+1|]0 ”
5 1 + Inx)? [1 ]e 7
= — ~ - == + 3 —
3In13 4.275 L x dx 3(1 Inx) =3
2,2 2 2
X —2 1— cosé6 .
. 49, | =—/—=2Y4p = _
47 JoX+ 1 f 1) dx 9 Le—smedg [In|0 sin 6’|]1
2 o
[ — x— In|x + 1|] = -In3 - |n273‘.”2‘ ~ 1.929
1-snl
1

51. —Injcosx| + C = In + C=In[secx| + C

COS X

— — 2
53. In|secx+tanx|+C=In(SechrtanX)(wCX n +C=Inw +C
(sec x — tan x) sec X — tan x
1
=In|——"-—-| + C= —Injsecx — tanx| + C
sec X — tanx
1
55. dx = 2(1+ V) — 2In(1 + Vx) + C
[ w2 R 2nas K e,
=2 /x—In(1+ Jx)] + CwhereC =C, + 2.
57. fcos(l—x)dx: —sin(l1 —x) + C
/2 /2 f
SQ.J (cscxfsinx)dx=[fln|cscx+cotx|+cosx]/ =In(\/§+1)f—~0174
/4

/4

Note: In Exercises 61 and 63, you can use the Second Fundamental Theorem of Calculus or integrate the function.

X 3x 3x X
61. F(x) = 1dt 63. F(x):f 1dt:f ldt—fldt 65. y
1t Xt 1 t lt
iy — L - 3 1 27
F(x)—x F(x)—3x X—O
T
2 2
A= 125
Matches (d)
4 o 4
67.A=fx+4dx=f<x+é>dx 10
. X 1 X

X2 4 1
== + = + - =
[2 4Inx]1 (8+ 4In4) >

15 o
=5 + 81n 2 = 13.045 sguare units
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2
69. f — dx _12 sec<1X>7—T dx 10
o T Jo 6/6
= [1—2In ™ + tan wx]
T 6 6 |lo
0 4
1—2Insec—+tan7—-r‘—1—2In|1+0| °
T 3 3 T
= 1—:ln(z + /3) = 503041
71. Power Rule 73. Substitution: (u = x2 + 4) 75. Divide the polynomials:
and Log Rule 2 N 1
x+1 X+ 1
_ 1 (8 _ [*_, 1 f[elnx 1 [(Inx)z]
77. Averagevaue = -2 2dex = 4Lx dx 79. Averagevaue = o1 1), x dx = e—1 2 |
14 1 /1
- [_4;]2 T e-— l(E)
1 1 1
__4<Z_E>_l = 55~ 0291
3000 0.25
8l P(t) = fl o= (3000)(4)f1 025 Ot = 12000In[1 + 0.251] + C
P(0) = 12,000In|1 + 0.25(0)| + C = 1000
C = 1000
P(t) = 12,000 In|1 + 0.25t| + 1000 = 1000[12 In|1 + 0.25t| + 1]
P(3) = 1000[12(In 1.75) + 1] =~ 7715
1 (* 90000 . 50
83. 50— 40[40 200 + 3de = [SOOOIn |400 + 3X|}40 ~ $168.27
85. (@ 2X* —y>*=38 (b) y2 = e /@i = g-Inx+C = gn1/(el) = ;k
X
y2=2¢—8
4 =2/Jx
y, = V22 -8 Letk:4andgraphy:; (yl:/z/\/;(>
Y, = —V2x* -8 10

- \ &/
-10 10

Sia
VAN S

-10

(©) Inpart (), 2x*—y>=38 In part (b), y2:§:4xfl
Ix —2yy'=0
2 ,:;4
, X Y X2
y Zv-

T2 y2x2 . ax 2
Using a graphing utility the graphs intersect at (2.214, 1.344). The slopes are 3.295 and —0.304 = (—1)/3.295, respectively.
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87. False

%(Inx) — In(2) # (Inx)Y/2

Section 5.3  Inverse Functions

1. (a f(x) =5x+ 1

o = X5+

(o) = 1(*5 1) = s(*5 %) + 1=

(5x+51)—1:X

9((f(x) = glbx + 1) =

3@ fx=x
g = ¥x
fgo0) = H(¥x) = (¥x)° = x
9(f(x) = g0d) = ¥¢ = x

5@ f=Vx—4
gx)=x2+4,x O
fg() = f0& + 4)
= V¢ +4) - 4= /x=x
g(f) = g(Vx —4)
=(/X—4P+4=x-4+4=x

7. (@ f(x =%

900 =
ww=ﬁ=x
o) = 77 = X

9. Matches (c)

89. True

Jédx =1In|x + C,;
X

=1In|x| + In|C| = In|Cx|, C# 0

(b)

(b)

ZW‘/X

——————
2 4 6 8 10 12

(b) 1

11. Matches (a)
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1
13 f(x) = 3x + 6 15. f(6) = sin 17.h9 =353
One-to-one; has an inverse Not one-to-one; does not have an One-to-one; has an inverse
inverse

y 1

y 4 | 8

N )

19. f(x) = Inx 21. g(x) = (x + 5)3
One-to-one; has an inverse One-to-one; has an inverse

2 200

(0% 5 A

- -50

23. fx)=(x+a3+b 25. f(x)=§72x2

f(x) = 3(x+ a2 Oforadlx.
) x+2) oratx f’(x) =x¥—4x=0whenx =0, 2, —2.
fisincreasing on (— oo, oo). Therefore, f is strictly

monotonic and has an inverse. fis not strictly monotonic on (— oo, oo). Therefore, f does

not have an inverse.

27. f{(x)=2—-x—x3
f(x) = —1— 3x2 < Oforal x.

f is decreasing on (— oo, c0). Therefore, f is strictly monotonic and has an inverse.

2. fx)=2x—3=y 3. f=x=y 33 fx=Jx=y
x:y+3 x=\fy X =Yy?
2 y:\/;( y:x2
y:x;3 fi(x) = &/x=x/5 f-ix)=x% x 0
X+ 3 {
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x=J4—y
y=J4-x

39. fx)=x¥=y,x 0
X = y3/2
y = x3/2
f7i) =x¥2, x 0

4

The graphs of fand f ~* are
reflections of each other
acrosstheliney = x.

37. fx=3¥x—-1=y
x=y+1
y=x3+1

fi 0 =x+1

The graphs of f and f ~* are
reflections of each other
acrosstheliney = x.

X
41. f(X) Y Yy
VX + 7 _ ﬁy
Vi-y
__Vx
y J1—-x2
X
= G Lex<a
2 The graphs of f and f ~* are
= reflections of each other

acrosstheliney = x.

45. (a) Let x be the number of pounds of the commodity
costing 1.25 per pound. Since there are 50 pounds
total, the amount of the second commodity is50 — x.
Thetotal cost is

y = 1.25x + 1.60(50 — x)
= —035x + 80 0 x 50
(b) We find the inverse of the original function:
y = —0.35x + 80
0.35x =80 -y

x =280~y
Inverse: y = 13%0(80 —X) = ?(80 — X).
X represents cost and y represents pounds.
(c) Domain of inverseis625 x  80.

(d) If x = 73 in the inverse function,
y = %(80 —73) = % = 20 pounds.
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47.

51.

53.

55.

59.

63.

f(x) = (x — 4)20on[4, )
f(x) =2(x — 4) > 0on (4, co0)

fisincreasing on [4, co). Therefore, f is strictly
monotonic and has an inverse.

f(x) = cosxon[O0, ]

f(x) = —sinx < 0on (0, m)

@JWzém@@

, 8
f(x) = R 0on (0, c0)
f is decreasing on (0, oo). Therefore, f is strictly
monotonic and has an inverse.

f is decreasing on [0, 7]. Therefore, f is strictly monotonic and has an inverse.

f(x) = x2)i4 =yon(—22)

X2y — 4y = X

Xy —x—4y=0
a=yb=-1c= -4y
(oLl VI-AY(=4y) 1 J/1+16p

2y 2y
o = /T 18@)/2x, ifx#0
y="1 1(’(){ 0, ifx =0
(@), (b) 6

-5 10

_—)L—

4

(c) Yes, fisone-to-one and has an inverse. The inverse
relation is an inverse function.

f(x) = x — 2,Domain: x 2

f(x) :ﬁ\/lfz > Oforx > 2.
f is one-to-one; has an inverse
UXx—2=y
XxX—2=y?
X=y2+2
y=x>+2

f-ix)=x+2,x 0

f(x) = (x — 3)2isone-to-onefor x 3.

x—=32=y
x—3=Jy
x=Jy+3
y=x+3

f2x)=Vx+3 x 0

(Answer is not unique)

Domain: all x
Range —2 <y <2
2 The graphsof fand f 1 are

‘Q reflections of each other
f
-3

acrosstheliney = x.

57. (@), (b) 4

e

-4

(c) gisnot one-to-one and does not have an inverse.
Theinverse relation is not an inverse function.

6l f(x) = [x—2|,x 2
=—-(x—-2
=2-X
f is one-to-one; has an inverse
2—-Xx=y
2-y=xX
fix)=2—-x,x 0

65. f(x) = |x + 3| isoneto-oneforx  —3.
X+3=y
x=y—3
y=x-3

fix)=x—-3,x 0

(Answer is not unique)
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67. Yes, the volume is an increasing function, and hence

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

71. fx=x+2x—-1,f)=2=a
f(x) =32+ 2
1 1 1 1

(f12) f() 312+2 5

(91 =

75 f(X) = — ;, f2)=6=a
f(x) = 3x2+%

1 1 1

(f=916) =

77. (a) Domain f = Domainf ! = (—oo, co)

(b) Rangef = Rangef ! = (— o0, c0)

00 - 9% (13

~

1
3/32

(17 =

3
)3

H

f(fX6) (2 302+ (4/22)

69. No, C(t) is not one-to-one because long distance costs are
step functions. A call lasting 2.1 minutes costs the same as
one lasting 2.2 minutes.

. T 1
73. f(x)—smx,f(B)—z—a

f/(x) = cosx

v 1 _ 1 _ 1 _ 1
() (z) =T {1/2) ~ (w/6) _ coslm/6)
1 _2/3

T 327 3

1

13

79. (a) Domain f = [4, c0), Domainf~1 = [0, c0)
(b) Rangef = [0, o), Rangef 1 = [4, o0)
(© v

124

10+

6 8 10 12

(d) f(x) = Vx—4, (51)

oy 1

P60 = 2/x— 4

() = L

f/(5) = >

f-1(x) =x2+ 4, (1,5

(f 9 (x) = 2x
(79/1) = 2
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8l x=y—-7y2+2

dy dy
— a2 _ b
! 3ydx 14ydx

dy_ 1 a1 -1
dx_3y2—l4y'At( 4’1)’dx_3—14_ 11°

Alternate solution: let f(x) = x® — 7x2 + 2.

Thenf/(x) = 3x2 — 14xand /(1) = —11.
dy_ 1 _ -1

Hence, o = 11~ 11

In Exercises 83 and 85, use the following.
f(x) = gx — 3and g(x) = x3

f=4x) = 8(x + 3) and g~4x) = ¥x
83. (fteg)(D) =1fHgMD) =14 =32

In Exercises 87 and 89, use the following.
fx) =x+4andg(x) =2x -5

X+5

f=3(x) =x —4and g~}x) = 5

87. (g7t f () = g Hfx)
=g ix—4
_ (x—4)+5

91. Answerswill vary. See page 335 and Example 3.

95. fisnot one-to-one because many different x-values yield

the same y-value.
Example: f(0) = f(m) =0

@n -7

Not continuous at >

, Where n is an integer

85. (f-1-f-1)(6) = f1(f ~%(6)) = f1(72) = 600

89. (f-g)(x) = f(g(x)
=f(2x — 5)
—(2x—5+4

=2x-1

X+ 1
2

(Note: (fog)t=gt-f1

Hence, (f-g)~Xx) =

93. y = x2on (— oo, oo) does not have an inverse.

97. Let (fog)(x) = ythenx = (f-g)~Xy). Also,
(fegx) =y
flgx) =y
g(x) = f-Xy)
x =g fXy)
=@ty

Since f and g are one-to-one functions,
(fegt=gtoft

99. Suppose g(x) and h(x) are both inverses of f(x). Then the graph of f(x) contains the point (a, b) if and only if the
graphs of g(x) and h(x) contain the point (b, a). Since the graphs of g(x) and h(x) are the same, g(x) = h(x).

Therefore, the inverse of f(x) is unique.
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101. False

Letf(x) = X2

105. Not true

X, 0 x 1
Letf(x) = 1-x 1<x 2

f is one-to-one, but not strictly monotonic.

Section 5.4

1. =1
In1=0

7o =12
X =1n12 = 2.485

11, 50e % = 30
3
—x — 2
€75

15. In(x — 3) = 2
X—3=¢€
X =3+ € = 10.389

103. True

107. f(x):f( ®_ (2 =0

VIt
P
VT
I S 1
(f )(0)—f,(2)—1/ﬁ—m

Exponential Functions: Differentiation and Integration

In2 = 0.6931 5 =4
0693l .. — 2 X =4

9.9—-2=7
2e¢=7
e=1
x=0

13. Inx =2
X = €2 =~ 7.3891

17. In/x+2=1
JXx+t2=¢e=¢
X+ 2=¢€
x =€ — 2~5389

2L y=¢e*
Symmetric with respect to the y-axis
Horizontal asymptote: y = 0

y

AN




234  Chapter 5

Logarithmic, Exponential, and Other Transcendental Functions

23. (3 7

-1
Horizontal shift 2 units to the
right
25, y = Ce™
Horizontal asymptote: y = 0
Matches (c)

29. f(x) = e

gix) = Inx = %Inx

33. 3

(b) 3 (c) z
-2 -E::: 4 1

-1

-3

Vertical shift 3 units upward
and areflection in the y-axis

A reflection in the x-axis and a
vertical shrink

27. y=C(1 — e )
Vertical shift C units
Reflection in both the x- and y-axes

Matches (a)

3l f(x)=e—1
gx) = In(x + 1)

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

lim (1 " ﬁ)x — s
X oo X

37. (@ y=¢€*
y’ = 3eX
At (0,1),y’ = 3.

39. f(x) = X

f/(x) = 2

45, g(t) = (et + ¢&)3
g’y =3t +e)e—et)

2 g
+ 12 + ‘11 + g X
35 (1 + ;)1,000,000 ~ 2718280469
' 1,000,000 o
e~ 2718281828
S <1 N 1 )1,000,000
€ 1,000,000
(b) y=e*
y' = =3
At(0,1),y’ = —3.
41. f(x) = e 2+* 43, y=eX
g’ — _ — 2X+ X2 g — e\/;
dX—Z(x le & 275

47. y=Ine*=x2 49. y=In(1+ &)

&_ZX dx 1+ e
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= = —x)—1 53. =X — 22X+ 28 = (X2 — 2X + 2
5L Y= g7 ox 2(e< + e¥) y ( )
dy
== = g{(2x — 2) + (X% — 2x + 2) = X%
Yo oo+ e e —er) i~ S& T2 el ) =X
_ —2e—e)
(ef + ex)?
55. f(x) = e *Inx 57. y = eX(sinx + cosx)
, (1 _ [1 dy . .
f(x) = e ) ¢ XInx = 7 v Inx v e{(cosx — sinx) + (sinx + cosx)(eX)
= (2 cosx) = 2eXcosX
59. xe¥ — 10x + 3y =0 61. f(x) = (3 + 2x)e=*
) — _2a-3 -3
xeyg—)):+e‘/—10+3%/=0 f(x) = (3 + 2x)(—3e ¥) + 2e
= (=7 — 6x)e~*
Y +3 =10 @ X) = (—7 — 6x)(—3e-3) — be-
— ~3
dy_10-e 3(6x + 5)e~3
dx xe+3
63. y = €(cosv/2x + sinv/2)

e~ /2sin V/2x + /2cos /2x) + e(cos/2x + sin /2x)

e{(1 + 2)cosv/2x + (1 - /2)sinv/2¥

"= e{— (V2 + 2sin v2x + (V2 — 2)cos V2 + &{(1 + V2)cos/2x + (1 — V/2)sin v/2¥
=e{(-1-2/2)sin V2x + (—1 + 2./2)cos V24

—2y’+ 3y = —2¢{(1+ V2)cos V2x + (1 — V2)sin /2 + 3e{cos/2x + sin /24
=e{(1 - 2v/2)cos V2x + (1 + 2/2)sin V2 = —y”

Therefore, =2y’ + 3y = —y” y’—2y’+ 3y =0.

+ e X
65. f(x) = 2 6
— X
fi(x) = = Owhenx = 0.
e+ e X -3 ©Y 3
f(x) = > >0 0

Relative minimum: (0, 1)

67. gx) = 12We,(x,2)2/2 s
vV 2, —F/—
00 = —(x — e x-2772 /2
\/277 (1 ef) (3,%)

& 7
9"(x) = \/127T(x — 1)(x — e *x-272 //\

. . 1
Relative maximum: | 2, ——= | = (2, 0.399
( 777> ( )

1 1
Points of inflection: | 1, ——e /2, 3, ——e /2| = (1, 0.242), (3, 0.242
( o > ( o ) ( ), ( )
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69. f(x) = x2e X
f(x) = —xPe ™ + 2xe ¥ = xe (2 — Xx) = Owhenx = 0, 2.
f7(x) = —eX(2x — X3 + e X2 — 2X)
=eXx2—4x + 2) = Owhenx =2 + /2.

Relative minimum: (0, 0)
Relative maximum: (2, 4e2)

X=2zx 2

y=(2 + J22e V2

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

71 git) =14+ 2+ t)et
gt) = (1 + te
g’(t) = tet
Relative maximum: (—1,1 + e) = (—1,3.718)
Point of inflection: (0, 3)

73. A = (base)(height) = 2xe™**

= —4x%e X + 267°

dx
:2e*X2(1—2x2):0whenx:§.
A= J2e 12
75 —#a>0b>OL>O
Y T T ’ ’

_ _é 7x/b> iL —x/b
L< be b e

Y = 0+ ae 2 ~ (1 +ae ¥

—alL al

-2
0.0 (2,/4e )

{"MS

% (24v2 (62 4vRe @V2)

(-1,1+¢

0,3

;
NS
(0]
Nl
D

(1 + ae™x/P)2 (vefx/b) - (Fefx/b)Z(l + ae*x/b)<%aefx/b>

y'= (1 + ae™/b)*

—aL aL a
—x/b)[ = a—x/b = ax/b |l Za—x/b
1+ ae )( > € >+2<be )(be )

(1 + ae™/b)3

_ Lae ¥ ae Vb — 1]
(1 + ae*/b)3p?

—X 1
7= 0if ag~¥/b = 2 Inl= =
y’=0if ae 1 b In(a) x=hlna

(blna) = L = : .
Y 1+ aebhakd 1+ a1/a 2

Therefore, the y-coordinate of the inflection point isL/2.
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77. e X=X f(x) =x— e

fx) =1+ e

oy _f0) X
Xnt1 = X f/(xn) =X, 1+ e %
X =1
_y _ f)
Xo = X x) 0.5379
_ o f)
Xg = X (x,) ~ 0.5670
%o = % — 109 _ 5671

f(x3)
We approximate the root of f to be x = 0.567.

8L [ 0 5 10 15 20
P 10,332 | 5583 | 2,376 | 1,240 | 517
InP | 9243 | 8627 | 7.773 | 7.123 | 6.248
(a) 12
-2 22

0

y = —0.149%h + 9.3018 is the regression
line for data (h, In P).

(©) 12,000

8. f(x) = e/2(0) =1
Fx) = %e"/z, £10) =

700 = 5092 1(0) =

INIEERLS

P = 1+ 2(x—0) = 5+ 1Py0) = 1

1 1
P = 5 P(0) = 5

79. () 4

_

-2

(b) When x increases without bound, 1/x approaches zero,
and ev* 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 co, €'/* gpproaches oo and f (x) approaches
zero. As x approaches zero from the lft, 1/x approach-
es — oo, e/* 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
nonremovabl e discontinuity.

() InP=ah+b
P = eh*b = ghgah
P=CeMC=¢
For our data, a = —0.1499 and C = €>3018 = 10,957.7
P = 10,957.7e 0149

(d) % = (10,957.71)(— 0.1499)e 01499

= —1642.56e 014%h

dP dpP
For h =5, - —776.3. For h = 18, ah —110.6.

P, Py
. >/ s

-1

_ 1. _ 1, X X _
Pz(x)—1+2(x o)+8(x 0)—8+2+1,P2(o)—1
, i1, 1
PZ(X):ZXJ’_E’PZ(O):E
W 1 W 1
p2 X):Z'PZ(O):Z

The values of f, P, P, and their first derivatives agree at x = 0. The values of the second derivatives of f and P,

agreeat x = 0.
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85. (@ y=¢ (b) y=e
_ 2
Yi=1+X y2:1+x+<xf>
2
4
y 4
i /
_2-—’7?.H 2 Y2
,2::_—:"‘# 2
1
-1
© y=¢
1 X X3
y3— +X+E+€

/VY3

,2——?""#-# 2
-1
87. Letu = 5x,du = 5dx. 89. Letu= —2x,du = —2dx.
1 1
fesx 5dx = € + C o2k = —+ e2(—2)dx = [—lefﬂ}l
0 2 ), 2 0
1 o ef—1
==
w2 1 2 1 w2 e\/; 1
91. xeXdX=—*fex(—ZX)dX=—*ex+C 93. f—dx:zfeﬁ dx = 2ev* + C
f 2 2 JX 2/X

9. Letu=1+¢eXdu= —e*dx

e dx = — —e dx:—ln(l+e‘x)+C:In( & )+C:x—ln(ex+l)+C
1+ e 1+e* e+ 1

97. Letu=§,du=—%dx. 9. Letu=1—€,du= —e‘dx.
3a3/x 3 — e — 1/2(
fesz dx:_;J é/x(—%)dx fex\/l e<dx f(l €)/2(—e¥) dx
p X 3); X
1 3 e - —2(1 — 932+ C
= [— e3/x] (-1 3
1
_ _ 5— ¢ _ _
101. Letu = & — e X, du = (e + e ¥ dx. 103.J = dx=j5e2xdx—Jede
e+ e X _
jexiefdeZIn|eX—eX|+C :—ge*Zx-i-e*X—i-C
105. fes'” ™ COS X dX = %Jes'” ™ (77 cOS 7X) dX 107. fe*xtan(e*x) dx = *J [tan(e *)](—e™) dx

_Lanmy ¢ = In|cose )| + C
a
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109. Letu = ax?, du = 2axdx. (Assumea # 0) 111. f/(x) = f%(ex +eX)dx = %(ex —eX)+C;
yzfxeaxzdx f(00=C, =0
1 1 ) = |2 - eax =L+ e +C
:?a ?XZ(ZM)dx:?aéxz+C - 2 - 2 2

f0)=1+C,=1 C,=0

f(x) = %(eX +e™)

113. (a) 0 Y =262 (01
dx
_ _ 1
y= JZe /2 dx = —4Je X/Z(—de)
= —4e¥2+C
(0,1):1=-4+C=-4+C C=5
y=—4e%2+5
6
-4 IIIII. 8
-2
5 5 NG /6
115. f e“dx = [ex] =e — 1= 147413 117. f xe ¥/4dx = [—26‘*2/4]
0 0 0 0
150 = —-2e3%2+ 2~ 1554
3
o 6 -45 45

60
119. (@ flu—v) =&V =(e")(eV) = e_Iw 121. 0.0665| e 0013(—487 g
e f(v 48
(b) f(kx) = &= () = [f(X] Graphing Utility: 0.4772 = 47.72%
X X
123. J' edt f 1dt 125. f(x) = €. Domainis (— oo, o) and rangeis (0, co).
° 0 f is continuous, increasing, one-to-one, and concave
[ et]x [t]x upwards on its entire domain.
0 0 lim &= 0and lime* = co.
X —oo X oo

e—1 X e« 1+xforx O

2
127. Yes. f(x) = Ce*, C aconstant. 129. e*>0 J' e Xdx > 0.
0
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Inx

131. f(X) = 7 y
@ f'x) = 1 flenx = Owhenx = e. 1 .
On(0,e),f(x) >0 fisincreasing. 2% 46 s
On (e o0),f(x) < 0 f is decreasing. 3T

(b) Fore A < B, wehave:
InA _ InB
7>7
A B

BInA > AInB
InAB > InBA
AB > BA

(c) Sincee < m, from part (b) we havee™ > 7©.

Section 5.5 Bases Other than e and Applications

1\t/3 1\V7
lLy= (7) 3.y= (7) 5. log,3 = log,273 = -3
2 2
1 6/3 1 1 10/7
Att, =6,y = <5> = Att, =10y = <§> ~ 0.3715
7. log,1=0 9. (@ 23=8 11. (a) 10g,, 0.01 = —2
log,8 = 3 1072 = 0.01
(b) 3= % (b) logys8 = —3
053%=38
logy = = ~1 (z)°=8
3
l X
13. y = ¥ 15. y = (5) =3 17. h(x) = 52
X |—-2|-1]0|1]|2 x| -2l -110l1]2 x| -1, 0 1
1 1 1 1 1
y 3 3 11319 y 9 3 1 % % y 125 25 5
y y

T t
-2 -1 1 2
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19. (&) log,;1000 = x
10 = 1000
x=3
(b) log,; 0.1 = x

100=01
Xx=-1
23. (a) X2 — x = logg 25
X2 — x=logs 5% = 2
¥ -=x—2=0

x+1Dx—-2=0
X=—-10Rx=2

25, I =75
2xIn3 =1In75
1In75
2 Ing 19
009 12t
29. (1 + f) =
0.09
+ —| =
12t|n(1 12) In3
1 In3
t—EI <1+@> ~ 12.253
12

33. log; x? = 45
X2 = 345

X = +/3* = 411845

35. g(x) = 6(2tx) — 25
Zero: x = —1.059

30

\/ -1.059, 0)
_4 10
\\____

-30

21. (@) logzx = —1

31=x
x =

(b) log, x = —4
274 =x

Y
~ 16

(b) 3x + 5 = log, 64
3+ 5=1log,25 =6

xX=1
27. 28—x =625
(3—=xIn2 =1In625
_,_In625
In2
In 625
“Tin2 —6.288

31 logyx — 1) =5
X—1=25=32
X =33

37. h(s) = 32log,o(s — 2) + 15

Zero: s= 2.340
40
_1 / |
lr(2.340, 0)
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39. 109 = # x | -2 -1]o0]}%]1 {
B f
90 = l0g, x f0| % |t |1]2]a :
2
g
X 1 5 |1]2]4 / _— )
1 -1 2 3
o0 | —2| -1 |01 %//
41 f(x) = & 43 y=15-2 45, g(t) = 22t
f/(x) = (In4) 4 dy _ (In5) 52 gty =t2(In2) 2t + (2t) 2
o —t2(tin2 + 2)
= 242 + tIn2)
47. h(6) = 2=%cos w6 49. y = log, X
h(0) = 27%—msinm6) — (In2)2-% cos 76 dy 1
= —2"9(In2) cos w0 + = sin 7] d  xIn3
X2 2 1 2
51 f(x) = Iog2X 1 53. y=logs /X —1= Elog5 (-1
= 2log, x — log, (x — 1) dy 1, 2 = X
5 1 dk 2 (X—1In5 (x-1)In5
) = xIn2  (x—1)In2
_ X—2
" (In2)x(x — 1)
_10log,t _ 170<Init> — y2/x
55. g(t) = T “inalt 57. y =X
2
, _Et(l/t)—lnt] Iny ==Inx
9t = In 4[ t2 X
sl =)+ =) - %
__10 _ _ 5 _ =5 = + Inx - =7(1—Inx)
7t2In4[1 Int]—tzlnz(l Int) y\dx X\ X X X
% = %(1 —Inx) = 2x2/¥-2(1 — Inx)
3X
59. y=(x— 2)x+1 61. fsxdx:|n3+c

Iny = (x+ 1) In(x — 2)

1/dy\ 1

9(&) = (X+ 1)<m> + |n(X* 2)
dy _
&—y

[x+1

X_2+In(x—2)]

—(x- 2)x+1[§%; + In(x - 2)]
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2 2>< 2 2 1 2
X _ —X — _ = - _
63. Lz dx—[lnzl1 65. fxs dx = 2f5 (—2x) dx
1 1] e
= = |g4-= _ 1)5*
In2 2 = <2 In5+C
__ 7 _ T 1
" 2In2  In4 =1 exe
2ins® )+ C

32x
67. fidx, u=1+ 3> du=2(In3)3*dx

1+ 3
1 (@In33> 1 o
2In3f 1+ X gt +c

(b) 4

69. dy = 0.4%/3, (0, 1)
X 2

d
y= f 04 dx = 3 f 0473 (% dx)

3 «
= /3 = x/3
ino4 0.43 + C = 3(In2.5)(0.4)/3 + C

y = 3In2.5(0.4)%3 + % —3In25

31— 043)

!
In25 2

71. Answers will vary. Example: Growth and decay problems.

(a) yisan exponential function of x: False

(S x [1]2]8
o7 y lo]1]3 (b) yisalogarithmic function of x: True; y = log, X
T @3 (c) xisan exponentia function of y: True, 2 = x
2l
(d) yisalinear function of x: False

14 ®(2,1)

(1,0 ‘

R

75100 = logyx  F(x) = Xli ; 77. C(t) = P(105)
g(x) = x* g’(x) = xX(1 + Inx) (3 C(10) = 24.95(1.05)°
[Note: Lety = g(x). Then: Iny = Inx* = xInx ~$40.64
1)” =X- 1 + Inx (o) ac _ P(In 1.05)(1.05)
y X dt
y' =yl + Inx)

Whent = 1. d£ ~ 0.051P
y = x1+Inx) = g’(x).] dt

hX) =>*  h'(x) = 2x Whent = 8: %—f ~ 0.072P
k(x) = 2 k’(x) = (In2)2x

dc
From greatest to smallest rate of growth: © g = (In105)[P(1.05)]
g(x), k(x), h(x), f (x) = (In 1.05)C(t)

The constant of proportionality
isIn 1.05.
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79. P = $1000, r = 33% = 0.035, t = 10

n 1 2 4 12 365 Continuous
0.035)\t0n
A = 10001 + o A 1410.60 | 1414.78 | 1416.91 | 1418.34 | 1419.04 1419.07
A = 1000€(0035(10 = 1419.07
81. P = $1000, r = 5% = 0.05, t = 30 n 1 2 4 12 365 Continuous
A= 1000<1 N 0-25)30“ A | 432194 | 4399.79 | 444021 | 4467.74 | 448123 | 4481.69
A = 1000€(00530 = 4481.69
83. 100,000 = Pe’0st P = 100,000e-0903t | 1 10 20 30 40 50
P 95,122.94 | 60,653.07 | 36,787.94 | 22,313.02 | 13,583.53 | 8208.50
12t —12t
85. 100,000 = P<l + %> P= 100,000(1 + %>
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
0.06\(35)® . .
87. (d A= 20,000(1 + %> ~ $32,320.21 89. (a) :“m 6.7e-48 1/t = 6,7¢" = 6.7 million ft3
322.27
(b) A = $30,000 (b) V= 5T e e
(365)(8) (365)(4) -
() A= 8000(1 + %) + 20,000(1 + %) V/(20) = 0.073 million ft3/yr

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

(365)(8)
(A A= 9000[(1 + @> + (

365 365
~ $34,985.11
Take option (c).
300
9 y= 3 + 17e 00625
(@ 10

0

(365)(4)
0.06) n 1]

(b) If x = 2 (2000 egg masses), y =~ 16.67 ~ 16.7%.

V’(60) = 0.040 million ft3/yr

(c) If y = 66.67%, then x =~ 38.8 or 38,800 egg masses.
(d) y = 300(3 + 17e 00625¢)~-1

, 318.75e 00625«
y = (3 + 17e 00625x)2

_19.921875¢0.0625x (1700625« —
B (3 + 17 0.0625¢)3

3

”

17e-00625x _ 3 = X = 27.8 or 27,800 egg masses.



Section 5.5 Bases Other than e and Applications 245

93. () B = 4.7539(6.7744)¢ = 4.7539¢"-9132d
(b) 120

4
95. (a) f f(t) dt ~ 5.67
0

f 4g(t) dt = 5.67

0

f 4h(t) dt =~ 5.67

0

(b) d

-1

10
97. P = f 2000e~ 096t it
0

[ o
—0.06 0

~ $15,039.61

101. Fase. eisanirrational number. 103. True.

f(g(x) = 2 + nx-2

=Ilne =X

(© B(d) = 9.0952¢19132d
B’(0.8) = 42.03 tons/inch
B’(1.5) =~ 160.38 tons/inch

(c) The functions appear to be equal: f(t) = g(t) = h(t)
Analyticaly,

w2 -
h(t) = 4e 053886t = 4[e~0653386]t = 4(0.52002)"

glt) = 4<%/3)t = 4(0.52002)"

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

9. | ¢ 0 1| 2 3 4
y | 1200 | 720 | 432 | 250.20 | 155.52

y = C(K)
Whent = 0,y = 1200  C = 1200.

y = 1200(k')

720 432 259.20 155.52

1200 ~ 98 700 = 06 T4z =06 55950 = 06
Letk = 0.6.

y = 1200(0.6)t

105. True.

d d a0
&[ex]—exand&[e 1= —€

=2+Xx—-2=X

g(f(x) =In2 + e —2)

e = e Xwhenx = 0.

@)(-e9=-1
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ﬂ_§<§_ ) _
107. i~ 252 yy0) =1

dy _8 AL, 1 Vo _ |8
)/[(5/4)—)/]_25t 5f(y+(5/4)—y>dy_ 25 &
Iny—In<%—y) §t+c

|n(m) = %t +C

_ Y _ de/etic = ¢ g2/t
(5/4) —y !

0=1 C=4 4e2n=_Y _
4e(2/5)t<% _ y) —y 525t = 4g2/5ty 1y = (4625t + 1)y

s 5 125
Y= 425 417 4+ e 0% 1+ 0.25e 0%

Section 5.6  Differential Equations: Growth and Decay

dy _ dy _
1d—x+2 3 dx—y+2
_ _x dy
y—J(x+2)dx—E+2x+c yr2 X

1
fy+2dy_fdx

Inly + 2| =x+ C,
y+2=e+%=Ce

y=0Ce -2
5 y,zg 7 y' = JXy
y Y’
yy/:5x y:\/;(

fyy’dx:fSde fyyldx:J’\/idx
fydyszxdx J%:J'ﬂdx

2
Iny = §x3/2 +C,
y = e2/3x2+C

= C g2/32
= Cgl2/3%"
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9.

15.

1+x)y —2xy=0

Sy

Y =1+

y’ 2x

y 1+x

y' o 2X
fydx—J’71+X2dx

dy 2
Jy_ 1+

Iny =1In(1+ x% + C,;
Iny =1In(1+ x? +1InC
Iny =InC(1 + x?)

y=C(1+ x?
@ Y
of
* “No.o
%’ Et (0, 10) 16
1 \“‘—'TISE/
dy = [5tat ©10
2
—4
y=-t2+C -
1
1022(0)2-‘:-0 CcC=10
_1e
y = 4t + 10
dy _
ax

y = Ceé* (Theorem 5.16)
(0,4): 4=Ce?=C

.10 = 46 _1 (§)
(3,20 10=de*  k=3In[>

When x = 6,y = 4e!/3In(5/2(6) = 4gn(5/2)

5 2
= 4<§> =25

Q _k dN _
11. e 13. = k(250 — 9)
f%? dt = —dt j— ds = jk(250 -9 ds
k K 2
Q= —+C dN = —5(250 92+ C
Q:_'%JFC N=f§(25073)2+c
dy _ e
(b) w6~y 00 7
dy B
y-6_ \
-6 6
Inly — 6] = — + C -1

y — 6= efx2/2+c — C187X2/2
y=6+Cex/?
(0,0: 0=6+C, C,=-6 y=6—6e%/?

dy 1
19. i 2y, (0, 10) 16
dy 1 (0,10)
-1 10
= -1
Iny = 2t +C;

y=e U2+C = g2 = Cg V2
10 = Ce° C=10
y = 10e 2

dav
23. at = kv

V = Cet (Theorem 5.16)
(0, 20,000): C = 20,000

(4,12,500): 12,500 = 20,000 k= %In(g)

When't = 6,V = 20,000e%/4!5/81(6) = 20,000¢"(5/8)**

5 3/2
= 20,000<§> ~ 0882.118
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25. y = Ce&, (o, %) (5,5) 27, y=Cet, (L1), (5.5
o 1 1= C¢
2 5 = Ce
— Kk
y= % o 5Cek = Ce®
5ek = e
5= 1 5 = e
2
In5
K = In510 ~ 0.4605 k= 7= 0.4024
— 4024t
y = 1 €0-4605t y Ce”
2 1 = CgP4024
C =~ 0.6687
y = 0.6687¢4024t
. . Lo . . dy 1
29. A differential equation in x and y is an equation that 31 = =2xy
. - dx 2
involves x, y and derivatives of .
% > 0 when xy > 0. Quadrants | and I11.

33.

35.

37.

39.

4]1.

Since the initial quantity is 10 grams, y = 10e/!n(1/2/1620t \When t = 1000, y = 10gHn(1/2)/1620](1000) ~ § 52 grams. When
t = 10,000, y = 10€/n(1/2/1620](10000) ~ (0,14 gram.

Sincey = Cd!n(1/2/1620t \ye have 0.5 = CglIn(1/2)/1620}(10,000) C =~ 36.07.
Initial quantity: 36.07 grams.
When't = 1000, we have y = Cel!n(1/2/1620](1000) ~ 23 51 grams.

Since the initial quantity is 5 grams, we have y = 5.0€l!n(1/2)/57301t
Whent = 1000,y ~ 4.43 g.
When't = 10,000,y ~ 1.49 g.

Sincey = Cen(1/2)/24360k e have 2.1 = Celln(1/2)/24,360](1000) C =~ 2.16. Thus, the initial quantity is 2.16 grams. When
t = 10,000, y = 2.16¢!n(1/2/24360(10000) ~ 1 63 grams.

Sinceﬂ =ky, y=Celory =y, 43. Since A = 1000, the time to double is given by
dx 0
2000 = 1000e°%8 and we have
%yo — y091620k 2 = eD.OGt
-2 In2 = 0.06t
~ 1620 _In2 _
t=gog ~ LL55years

y = yoe—(ln 2)t /1620

A= 0.06)(10) ~
When't = 100,y = y,e ("2/162 ~ v (0.9581). Amount after 10 years: A = 1000¢' $1822.12

Therefore, 95.81% of the present amount still exists.
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45, Since A = 750€t and A = 1500 whent = 7.75, we have

the following.
1500 = 750”7

In2
— ~ — 0,
r 775~ 0.0894 = 8.94%

Amount after 10 years; A = 750e208%4(10 ~ $1833.67

(12)(20)
49. 500,000 = P(l + M)
12
—240
P = 500,000(1 + %)

~ $112,087.09

53. () 2000 = 1000(1 + 0.07)
2=107"
In2 =1tIn1.07

In2
t= n107 10.24 years

12

O.OO7>12t
12

12t
(b) 2000 = 1000(1 + w)

2:<1+

12

_ In2
~ 121In(1 + (0.07/12))

In2 = 12t|n(1 + w)

t

55. (a) 2000 = 1000(1 + 0.085)!
2 = 1.08%
In2 = tIn1.085

{ = In2

= n10ss ~ oo0vears

12t
(b) 2000 = 1000(1 + %>
12
0.085>12t

2:<1+ o

0.085

= + —

In2 12t|n<1 P )
(=1 In2

12 0.085

In(1+ 12)

~ 8.18 years

~ 0.93 years

47. Since A = 500et and A = 1292.85 when't = 10, we have

the following.

1292.85 = 500e'™

r= In(1292.85/500) =~ 0.0950 = 9.50%
10
The time to double is given by

1000 = 500g°-0950t
In2

t= 0,095 7.30 years.
(12)(35)
51. 500,000 = P(l + w)
12
0.08\ 42
P= 500,000(1 + f)
= $30,688.87
007 365t
(c) 2000 = 1000(1 + %>
0.07)\365t
2= (1 + %>
0.07
In2 = 365t|n<1 + 365>
In2
Y= 3651n(1 + (0.07/365)  0vears
(d) 2000 = 1000€(007t
2 = ghott
In2 = 0.07t
In2
t= 007 = 9.90 years
0.085) 365t
0085 365t
2= <1 + 365 )
0.085
In2 = 365t |n<l + ﬁ)
1 In2
t= ﬁim(l N 0.085) ~ 8.16 years
365
(d) 2000 = 1000e°-085t
2 = e().085t
In2 = 0.085t
In2
t= 0.085 8.15 years
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57 P = Cgt = Ce 0009t 59. P = Ce¢ = Ce?03®
P(—1) = 8.2 = Ce 00091 C = 8.1265 P(—1) = 4.6 = Ce>036(-1) C = 4.7686
P = 8.1265¢ 0009 P — 4.7686€00%
P(10) ~ 7.43 or 7,430,000 peoplein 2010 P(10) ~ 6.83 or 6,830,000 peoplein 2010
61. If k < 0O, the population decreases. 63. P = Cé, (0, 760), (1000, 672.71)
If k > 0O, the population increases. C =760

672.71 = 760e'000%

. In(672.71/760) _

1000 —0.000122

P ~ 760g0.000122x

When x = 3000, P = 527.06 mm Hg.

65. (@ 19 = 30(1 — &%) (b) 25 = 30(1 — e 00502t)
30e?% = 11 00502t — 1
6
k= NAL/30) 4 oe0p
20 t= -6 _ 36 days
~0.0502 Y

N = 30(1 — e*0.0SOZt)

67. S= Ce"t
@ S=5whent=1 (b) Whent = 5, S~ 20.9646 which is 20,965 units.
5 = Cek (©) =0

tIirgo Cet=C=30

5 = 30€*
k=Ing~—17918 o

S= 30e 1.7918/t

69. A(t) = V(t)e 1% = 100,000e°8v" g 010t = 100,000e"8~t~0.10t
A _ 04 _ .8/1—0.10t —
= 100,000( = 0.10)e° — Owhen 16.

The timber should be harvested in the year 2014, (1998 + 16). Note: You could also use a graphing utility to graph A(t)
and find the maximum of A(t). Use the viewing rectangle0 x 30andO y  600,000.

— L — 10-16 _Inl-0, _ IN10 — 10R
71 B8() lOIOglOIO, lo =10 73. R= In10 =R =10
10-14 . Inl —0
—14) — == _ =
(@ B(10~**) = 10log,, 101 20 decibels (a 83 in 10
N 10-9 . | = 1083 ~ 199,526,231.5
(b) B(107°) = 1O|091°W = 70 decibels o
ni —
10765 . ® 2R=7 15
(c) B(1075%) = 101l0g,y 7 ~—5 = 95 decibels
10 | = g2RIN10 — 2RIN10 — (eRIn 10)2 = (10R)2
-4
(d) B(10~% =10 Iogm% = 120 decibels Increases by afactor of €?R'"10 or 10R.
dR 1
© & =T
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75. False. If y = Ceé¥, y’ = Cke # constant. 77. True

Section 5.7  Differential Equations: Separation of Variables

1. Differentia equation: y’ = 4y
Solution: y = Ce*
Check: y’ = 4Ce® = 4y

3. Differential equation: y”+y =0
Solution: y = C, cosx + C,sinx
Check: y’= —C,sinx + C, cosx

y”= —C,cosx — C,sinx

y’+y=—C,cosx — C,sinx + C, cosx + C,sinx =0

5. y = —cosxlIn|secx + tan x|
y’ = (—cosx)———————(secx - tanx + sec?x) + sinxIn|secx + tan x|
Sec X + tanx
—COSX .
= ¥(secx)(tanx + secx) + sinxIn|sec x + tan x|
Sec X + tan x
= —1+ sinxIn|secx + tan x|
y” = (sinx) —————(sec x - tan x + sec2x) + cosxIn|sec x + tan x|
SeCX + tanx
= (sinx)(secx) + cosxIn|secx + tan x|
Substituting,

y”+y = (sinx)(secx) + cosxIn|secx + tan x| — cosx In|sec x + tan x|

= tan X

In Exercises 7-11, the differential equation isy® — 16y = 0.

7. y = 3CoSX 9. y=¢e*
y¥ = 3 cosx y@ = 16
Y9 — 16y = —45cosx # 0, Y9 — 16y = 16e > — 16e 2 = (,
No. Yes.
11. y = C,e* + C,em> + Cysin 2x + C, cos 2x
y@ = 16C,e* + 16C.e 2 + 16C, sin 2x + 16C, cos 2x
Y9 — 16y = 0,

Yes.
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In 13-17, the differential equation isxy’ — 2y = x3*.

13. y=x3 y' = 2x
Xy’ — 2y = X(2x) — 2(x?) = 0 # x3
No.

17. y=Inxy’ =

Xk Xk

xy’—2y:x( )—2Inx¢x3e><, No.

19. y= Ce

dy _
o Chke

Since dy/dx = 0.07y, we have Cké* = 0.07Cée*.
Thus, k = 0.07.

23. Differentia equation: 4yy’ — x =0
Generad solution: 4y? — x2=C

Particular solutions: C = 0, Two intersecting lines
C = +1, C = +4, Hyperbolas

25. Differential equation: y’ + 2y = 0
Genera Solution: y = Ce™
y ' +2y=C(-2)e >+ 2(Ce>) =0
Initial condition: y(0) = 3,3=Ce’=C

Particular solution: y = 3¢~

27. Differentia equation: y”+ 9y = 0
Generd solution: y = C, sin3x + C, cos 3x
y’ = 3C, cos3x — 3C, sin 3x,
y”= —9C, sin 3x — 9C, cos 3x
y”+ 9y = (=9C, sin 3x — 9C, cos 3x) +
9(C,sin3x + C,cos3x) =0

15. y = x%(2 + €), y’ = x%(&) + 2x(2 + &)

Xy’ — 2y = X[X2e< + 2xe* + 4x] — 2[x%e* + 2] = X3¢,

Yes.

21. y? = Cx3 passes through (4, 4)
16=C@64) C=13

Particular solution: y2 = § x3 or 4y2 = x3

c=0
_3 3
-2
2 2
e | C2AT - C=-4 _-
-2 -2

Initial conditions: y<g> =2, y(%) =1

. T o
2=0C, sm(z) +C, cos<5)

y’ = 3C, cos3x — 3C, sin 3x

m . w
1=23C, cos(E) - 3G, sm(i)

1
C=-3

C,=2

= -3C,

Particular solution: y = 2sin 3x — %cosSx
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29.

31

35.

39.

41.

45,

Differential equation: x2y” — 3xy’ + 3y = 0
General solution: y = C;x + C,x®

y’ = C; + 3C, %%, y” = 6C,x

X2y” — 3xy’ + 3y = x¥(6C,x) — 3x(C; + 3C,x?) +

3(Cx + C,x3) =0

dy _ ..
dxf3x

y:f3x2dx:x3+c

[l

=x—2Inx] +C=x-1Inx2+C

Initial conditions: y(2) = 0, y(2) = 4
0=2C, + 8C,
y’ = C, + 3C,x?
4=C, + 12C,

c1+4c2=o} 1
=

, C = -2
C,+12C, =4 '

Particular solution: y = —2x + %XS

— - = 2
y = j1+x2dx In1+ x3) + C

(u=1+ x2 du = 2xdx)

37 W

7 =sn2
ax = SN

y = fsiandx= —%COSZX‘F C

(u= 2x, du = 2dx)

%ZX X—3 Letu= /x— 3 thenx =u? + 3anddx = 2u du.
= fx\/x —3dx = f(u2 + 3)(u)(2u)du
us 2
=2 (u“+3u2)du=2§+u3 +C=§(x—3)5/2+2(x—3)3/2+c
dy _ dy _x
dX—xeX 43. x "y
2 1 2
y:Jxede:Eex +C f fxdx
(u=x2 du=2xdx) y? _
5 2+C1
y2—x2:C

ﬂ_ 0.05r

Jdr Joo5ds

In|r| = 0.05s + C,
CeP-05s

[ = 005s+C, —

47. (2 + x)y’ = 3y

J9-Jee

Iny =3In2 + x) +
y=C(x + 2)?

+InC=InC(2 + x)°



254  Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

49. yy’=sinx 51. \/1—4x2:—i:x
fydy = Jsinxdx X
=———d
dy V1 - 4@ X
2
Y~ —cosx + C,
2 for [t
— 2
y2=—2cosx + C 1=
- -3 f (1 — &)V~ 8x dX)
1
y= _Z(l - 32+ C
53. yInx —xy’=0 55. yy' —e=0
fy=f|nfxdx<u=lnx,du=%> Jydyzfexdx
y X X
2
Iny:%(lnx)vaCl TG
y = g1/2m2+c, — celmi?/2 y2 =2+ C
Initial condition: y(0) =4, 16 =2+ C, C= 14
Particular solution: y? = 2e* + 14
’ dy
57.y(x+ 1) +y' =0 59. y(1 + xz)& =x1+y?
&_ (x + 1) dx Y dy = o
y 1+y2 1+x2
_ 7(X + 1)2 1 2) — 1 2
Iny = = +Cy 2In(1+y) 2In(1+x)+Cl
y = Ce~(x+1%2 N1+ y?) =In(1l+ x3 + InC = In[C(1 + x3)]
Initial condition: y(—2) = 1, 1 = Ce /2, C = e%/2 1+y?2=C1+x)
Particular solution; y = 1~ &+1%/2 — g-(¢+20/2 y0O =3 1+3=C C=14
1+y2=4(1+x3
y2 =3+ 4x2
du .
61l. —- =uvsinv? 63. dP — kPdt =0
dv
dp
f%:fvsinvzdv jF_ jdt
1 , InP =kt +C,
Inu——Ecosv +C; P — Cet
u = Ce (cosvi/2 Initial condition: P(0) = P,, P, = Ce’ = C
Initial condition: u(0) =1, C = 1 el/2 Particular solution: P = Py

e 12"

Particular solution: u = el1—cosv)/2



Section 5.7 Differential Equations: Separation of Variables 255
dy _ = _dy__0-y _ ¥y
€. dx 16y 67. m_dx_(x+2)—x_ 2
fleydy:—JQde Jiyzj_ldx
y 2
2_"9, 1
By*=—-x+C Iny = —2x+C
Initial condition: y(1) = 1, 8 = —g +C C= % y = Ce”2
Particular solution: 8y? = —79)(2 + %
16y2 + 9x2 = 25
3 2 3 f X2y2
69. f(x,y) = x3— 4xy? + 71. YY) = —Y—
(xy) =x3—4xy2 +y (X y) NET:
— +3y3 _ 22 3
ftx ty) = t3x3 — 4t xt2y2 + t3y3 (o) s N G e
= t3(x3 — 4xy? + y®) s 22 + t2y? X2+ y?

Homogeneous of degree 3

73. f(x,y) = 2Inxy
f(tx, ty) = 2Intxty
= 2Int2xy = 2(Int?2 + Inxy)

Not homogeneous

X +
77. y =22y

= Y = VX
v+ X@_ X + VX
dx 2
x@: 1+v v
dx 2
dv dx
2]1 -v Jx
—In(1 — v)2 =In|x| + InC = In|C¥]
1
1-v?) Cx|
1
FRIR
X2
oc—ye 1

x| = C(x — y)?

Homogeneous of degree 3

75 f(xy = 2In§

tx X
f(tx,ty) = 2In— = 21In-
(tx, ty) ty y

Homogeneous degree 0
X~y
79. ’ = =
9 Y = ry Y =W
dv. x—xv
VA4 X— ="
dx x4+ xv
vdx+xdv=1_vdx
1+v
le\,:_ dx
V+2v—-1 X
C
1In|v2+2v—1|:—In|x|+InCl:In—1
2 X
V-1 =2
X
Y2, oY c
4+ Z - =
@ 2x 1‘ X2

ly? + 2y — x?|=C
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X
81. y' = 2 _yyz,yz VX
v v
dx X2 — x2v?
vdx + xdv = de
Tl w2
1—-v? dx
f e
1
v Injv| = In|x| + InC; = In|C,X|
-1
v In|Cyxv|
_X2
27 In[Cyy]
y = Ce ¥/
85. (xsec)%er)dxfxdy:O,y:vx

(xsecv + xv)dx — x(vdx + xdv) = 0

(secv + v) dx = vdx + xdv

Jcosvdv= J%
X

snv=Inx+InC,
X = Cesnv
= Cesnly/¥
Initial condition: y(1) = 0,1 =Ce®=C

Particular solution; x = esn/%

dy_,
89. dx_4 y

dy _
j4*y7fdx
Inj4 -yl =-x+C;

4__y:efx+c1

y =4+ Ce ¥

Sl T T i85

dy _

91. ax

0.5y,y(0) = 6

AR,
.
N

PN -

G
rir
Ll
s
s

" e e

7
I
!
£
e

N e e
N e e

Pl ey
Bt

D

LN
ENENENUNUNEY

>
B
R LR
- &
- &
R e
ER &Y

o

)

!
IS

83. xdy — (2xe V¥ + y)dx = 0,y = vx

X(vdx + xdv) — (2x¢ v+ w)dx =0

fe"dv: J'gdx
X

€' =1InC;x?
e*=InC, + Inx?
e/¥=C+ Inx?
Initial condition: y(1) =0,1=C

Particular solution; &/* = 1 + In x2

dy _ _
93. 5 = 0.02/(10 - y),¥(0) = 2

.
N

B
e R
IRE T RN EY
vigef i
Y NNy
IR PNy
- [
P i 48
R T T T T N
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dy _ _
9% = ky= Cet
Initia conditions:  y(0) =y,

y(1620) = %

C=yY,
Y
50 — y0e1620k
K — In(1/2)
© 1620

Particular solution: y = y,etIn2/1620

Whent = 25,y = 0.989y,, y = 98.9% of y,,.

dy _ _
99. ax ky(y — 4)

[
97. dX—k(y 4)

The direction field satisfies (dy/dx) = 0 alongy = 4; but
not alongy = 0. Matches (a).

The direction field satisfies (dy/dx) = O alongy = 0 and y = 4. Matches (c).

dw

101. i k(1200 — w)
dw
leOO -w fkdt
In(1200 — w) = —kt + C,;

1200 — w = e M+C = Ceg™®
w = 1200 — Ce ™™
w(0) = 60 = 1200 — C C = 1200 — 60 = 1140
w = 1200 — 1140e ¢

(a) 1400 1400

1400

0 10
0

(b) k=108 t =1.31years
k=09 t=116yeas
k=10 t= 105years

(c) Maximum weight: 1200 pounds
limw = 1200
t 0

dv
&— k(W—V)

dv
—In(W-v) =kt + C,
v=W-—Ce¥

103. (a)

Initial conditions:
W= 20,v=0whent =0, and
v=>5whent =1
C =20,k = —In(3/4)
Particular solution:

v = 20(1 — &n@/at) ~ 20(1 — g 02877)
(b) s= J 20(1 — e 087 gt

~ 20[t + 3.4761e 0%7"] + C

Since S0) = 0, C = —69.5 and we have
s~ 20t + 69.5(e 077t — 1),
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105. Given family (circles): x2 +y?=C

X+ 2y’ =0

Orthogonal tragjectory (lines): y’ = );/

dy _ [dx
y  Jx

Iny =Inx+ InK

y = Kx
4
6 6
-4
109. Given family: y? = Cx®
2yy’ = 3Cx?
_ 3CX2_37X2<y72>_y
oy oy e
' i 2x
Orthogonal trajectory (ellipses): y’ = 3
3Jydy: —ZJde
3 2
3y2 + 2x2 = K

113. M(x, y)dx + N(x, y)dy = 0, where M and N are
homogeneous functions of the same degree.

117. Fase
f(tx, ty) = t%2 + t2xy + 2
# t2f(x,y)

107. Given family (parabolas): X2 = Cy

2x = Cy’

S S S

Y=¢ Xly X
Orthogonal trajectory (ellipses): y' = —2Xy

ZJydy = —fx dx
X2
y2 = _? + K,
X2+ 2y2 =K

4

SR

-4

111. A general solution of order n has n arbitrary constants
while in a particular solution initial conditions are given
in order to solve for al these constants.

115. Fase. Consider Example 2. y = x3isasolution to
xy’ — 3y = 0, buty = x® + 1isnot asolution.
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Section 5.8

1. y = arcsinx

11

17.

21.

@

Inverse Trigonometric Functions: Differentiation

x| -1 —0.8

—0.6 —-04 —-0.2 0|02

0.4 0.6 0.8 1

y | —1571 | —0.927 | —0.644 | —0412 | —0.201 | 0 | 0.201

0.412 | 0.644 | 0.927 | 1571

(b) y

N
|
t

Nl
|
t

. False.

arccos1 ==
2 3

since therange is [0, =].

1
. arccos; =

arcese(—/2) = —

L]

(@ sin(arctan§) =

(b) sec(arcsing) =3

y = cos(arcsin 2x)
0 = arcsin 2x
y=cosf=1— &2

&

oy

9. arctan—(— =

w

13. arccos(—0.8) = 2.50

(d) Symmetric about origin:
arcsin(—x) = —arcsinx

Intercept: (0, 0)

1
15. arcsec(1.269) = arccos<@>

=~ 0.66

6

19. (a) cot[arcsin<f%>] = cot<fﬂ> =-J3

V3

23. y = sin(arcsec x)

X

+/1-4x2

6 =acsecx,0 0 77,09&2

A4 ® efacan( - 3)| = %
.

/%2 —
y=sint9=)(71 X
X

The absolute value bars on x are necessary because of

the restri

ction0 6 w0 #* w/2, andsin @ for this

domain must always be honnegative.
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X
6 = arcsec - 3

2X
V1 + 4x2

29. sin(arctan 2x) =

Asymptotes: y = +1

tan 6 = 2x 2x
. 2X 1
sinf =

V1+ 4

33. arcsin/2x = arccos +/x
/2x = sin(arccos V/X)
J2x=J/1-%x0 x 1

2X=1-x
1
X=1 ViTx
1
i VX
X=3

35. (a) arccsex = arcsin%, x| 1

Lety = arccsc x. Then for

) y<0andO <y 7—27
CCy = X siny = 1/x. Thus, y = arcsin(1/x).

Therefore, arcesc x = arcsin(1/x).

37. f(x) = arcsin(x — 1)

<

X —1=sny
x=1+sny
Domain: [0, 2] 1
| T T
Range: [ o 2}

f(x) isthe graph of arcsin x
shifted 1 unit to the right.

X 2
27.y = csc(arctan—) X%+2
y ﬁ X
6 = arctan X V2
= — 2
V2
VX +
y=csc€zxf2

31 arcsin3x — ) = 3
sin(3)

isin(3) + =] = 1.207

X—7

X

1
(b) arctanx + arctan; = g,x >0

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

; _ tan(arctan x) + tan[arctan(1/x)]
ANY =1 " tan(arctan ) tan[arctan(1/x)]

_ X+ (1/%)
T 1-x(1/%)

= X+ /% hich is undefined).

Thus, y = /2. Therefore, arctan x + arctan(1/x) = w/2.

39. f(x) = arcsec 2x y
2X = secy (*%’ ) 1
x:lsec J
2 y R el
. 111 ((5:9)
Domain: <—oo,—2],[2, oo> S o

e 0.3} (57
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41. f(x) = 2arcsin(x — 1)
2 2

P60 = \/1—(x—1)2: 2X — X2

45. f(x) = arctang

1/a a

P69 = 1+ 0@/ &+ %

49. h(t) = sin(arccost) = /1 — t2
—t
1-—1t?

) = 51— 1) a(-21) =

/1, x+1
53. y—§<ilnx_ 1+ arctanx)

1 1
= Z[In(x +1) —Inx— 1]+ Earctanx

y_;(1_1) /2 1
dx  4\x+1 x-1/) 1+x 1-x
—_ 2
57. yZSHcgnZ_Xivlex
4 2
1 16 — x2 X
=2 - — 2(16 — ) V(- 2x
Y 1— (x/4)2 2 4l )2
_ 8 —‘/16_X2+ X2
V16 — X2 2 2J16 — x2
:167(167x2)+x2: X2
216 — x2 V16 — X2
. 1
61. f(x) = acsinx, a =3
1
f'(X) = ——
) T
Y — X
f(x)_(l_xz)s/z

o= ) B35+ %3

6
P,(x) = f<%> + f(%)(x - %) +3

X

2
-31/2 _
1-(¢/4)

43. g(x) = 3arccos

-3
4 — x2

g'(x) =

arcsin 3x
X

/%) — x(3/V/1— 9))((22) — arcsin 3x

_ 3 — /1 — 9%%arcsin 3x
x2/1 — 9x?

47. g(x) =

51. y = xarccosx — /1 — X2

y’ = arccosx — - %(1 = X3)Y2(—2x)

X
J1-—x2

= arccos x

55. y=xarcsinx + /1 — x?

dy ( 1 ) . _
—= = X| —=] + arcsinx — = arcsin x
dx J1 -2 1-x

59 = arctan X + X
Y 1+

1 1+ X3 — x(2x)
1+ % (1+x7

A+ +1-%
- 1+ x?)2

_ 2

T (1+x)2

X

I I I
f f f
05 10 15
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63. f(x) = arcsec x — x 65. f(x) = arctanx — arctan(x — 4)
1
fx)=—"——-1 1 1
2 _ /| = — =
XV =1 PO=17% " 1rx_ap °
= Owhen x|/ — 1= 1. 1+x=1+ (x— 402
-1 =1 0=-8x+ 16
=2
x4—x2—1:Owhenx2:1+T\@0r X
By the First Derivative Test, (2, 2.214) is arelative
«— i\/l +2\@ L1272 maximum.
Relative maximum: (1.272, —0.606)
Relative minimum: (—1.272, 3.747)
67. The trigonometric functions are not one-to-one on 69. y=arccotx,0<y<
(— o0, o0), sot their domains must be restricted to -
intervals on which they are one-to-one. x=coty
teny = *
Y=x

So, graph the function

y = arctan(%) forx > 0andy = arctan(%) + wforx < 0.

1

_x d9_ 5 dx_ -5 d

(@ cotf=75 ®) & = +<§>2dt_x2+25dt
5

X
0= arccot(S)

If % = —400and x = 10,% = 16rad/hr.
If % = —400and x = 3, % ~ 58.824 rad/hr.
73. @ h(t) = — 16t + 256
—16t2 + 256 = Owhent = 4 sec.
(b) tan 6 = %10 _ —16'[;0-5 256 h

_ 16 .
0= arctan[soo( t2 + 16)}

do —8t/125 _ — 1000t
dt 1+ [(4/125)(—t2 + 16)F 15,625 + 16(16 — )2

Whent = 1, df/dt = —0.0520 rad/sec.
Whent = 2, df/dt = —0.1116 rad/sec.
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tan(arctan x) + tan(arctany) _ x +y

75. tan(arctan x + arctany) = 1 — ten(arctan ¥) tan(arctany) 1 — ,Xy #1
Therefore,
arctan x + arctany = arctan(x+ y),xy# 1
1-xy
Letx=3andy = 3.
1/2) + (1/3) 5/6 5/6 T
arctan< > + arctan( ) arctan = arctan —.——= = arctan—-—~ = arctanl = —
1-[(1/2) - (1/3)] 1-(1/6) 5/6 4
77. f(x) = kx + sinx
f'(x) =k + cosx Ofork 1
f(x) =k+cosx Ofork -1
Therefore, f(x) = kx + sinxis strictly monotonic and hasan inversefork —lork 1.
79. True 81. True
d d sec? X sec? x
&[arctan X] = v 0 for all x. dX[arctan(tan X)] = 1+ rex — o x

Section 5.9  Inverse Trigonometric Functions: Integration

5 X
1 | ———=dx = 5arcsin<f) +C
f\/9—x2 3

3. Letu = 3x,du= 3dx

1/6 -
arcsi n(3x)]0 =—

1 e !
L JT-9e" J V1 )2(3) ox = [5 18

o

7 7 X
_— = —arctan| = | +
f16 + x2 o 4 ot <4> c

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

V3/2 V3/2 V3/2
1 1 2 1 -
L 11 2e%=2 fo 1+ 2™ [2 arda”(zx)] %

dx = arcsec|2x| + C

9 f ! dx=f 2
I xde -1 2/ (2x)? — 1

X3 _ X 1 2 1, 1. .,
1. fszr 1dx—f[x 2 1] dX—fXdX 5@y =5¥ ~5In0¢ + 1) + C (Uselong division.)
13. f%dx:arcsin(x+ 1)+C 15. Letu = t2, du = 2t dt.

1— (x+ 1)?

=1

t 1 1 1 .
———dt = = | ———=(2t) dt = Z arcsin(t?) + C
f Ji-t 2f ) * e
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17. Letu = arcsinx,du=;dx. 19. Letu=1— %2 du = —2x dx.
J1-x2
V2 : 1 12 2 JO X4 110 (1 - x)2(—2%) d
arcsin N _m? —dx= —= — x3)~V2(—2x) dx
; 7mdx— [zarcsm x] =3 ~ 0.308 —12/1 — X2 2)_ 12
0 —
:|:_ /1_X2:| :@
—1/2 2
~ —0.134
21. Letu = & du = 2e*dx. 23. Letu = cosx, du = —sinxdx.
e 1 2e> 1 e T osnx T —sinx
4+e4xdx—§f4+(eZX)de—Zarctan7+C L/21+coszxdx_ _L/21+coszx X
= [farctan(cosx)] =z
/2 4
1 _ oo Xx—-3 1| 2 _ 1
25. Jiﬂmdx.u—ﬁ,x W, dx = 2udu 27. JX2+1dx—2fX2+1dx 3J'7X2+ldx
J#(Zudu)ZZ L:Zar(‘sinu+c zlln(x2+1)—3arctanx+c
uv/1—u? VAT 2
=2arcsin /X + C
X+5 (x — 3 J 8
2 |V | VIt | V=X
f\/g —(x—23)? V9 - (x—3)? V9 - (x—23)?

- - o= =37 - sacsn(* 5 %) +

—V6X — X% + 8arcsin<§— 1) +C

2 1 > 1 , _
3. Lmdx - Lmdx = [arCtan(x - 1)]0 -

2 2%+ 6 1 2%+ 6 1
3. fx2+6x+ &= x2+6x+13dx_6fx2+6x+ 13dx_fx2+6x+13dx_614+(x+3)2dx
= Inj)@ + 6x + 13| —3arctan<X;3> +C
1 1 (X + 2
35. —————dx = 7dx=arcsm( >+C
f\/—x2—4x J\/4—(x-|-?_)2 2

37. Letu= —x2 — 4x,du = (—2x — 4) dx.

szdx = —%f(—xz — ) VA2~ A e — /T Ak 4 C

—X2 — 4x

3 3 3 3 3

2x—3 X —4 1 o f 1

39. ————dx = dx + dx=—] (4x—x? 4 — 2x) dx + ————dX
2\/4X_X2 2\/4X_X2 L\/4X Xz J;( ) ( ) 2\/4_()(_2)2

X—2
2

o 3 _
:[—2J4x—x2+arcsin< )] =4—2\/3+%z1.059
2
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4]1.

47.

49,

51.

Letu=x2+ 1,du = 2xdx.
X X 1
fx4+2x2+2dx_2f(x2+1)2+1dX:§arC"a”(X2+1)+C

Letu= /& — 3. Then? + 3= ¢, 2udu = e dt, anduzzufusz .

212 1
J\/e‘—3dt—f dU—JZdU—J6mdU

u?+ 3

:2u2\/§arctanj§+c=2\/el32J§arctan\/é;3+c

. A perfect square trinomial is an expression in x with three terms that factor as a perfect square.

Example: X2 + 6x + 9 = (x + 3)?

1 _ . _ X _ TR — 2
@ J‘ifixzdx—arcsmx+c,u—x (b) fimdx— -J1-x¥+Cu=1-x
(© J _ dx cannot be evaluated using the basic integration rules.
X1 — x2

@ f\/x—1dx=§(x—1)3/2+c,u:x—l
(b) Letu= /x — 1. Thenx = u? + 1and dx = 2udu.

woou
Jx\/mdx = J‘(u2 + 1)(u)(2u) du = 2f(u4 + W) du = 2<€ + 5) +C

_33 2 _é — 1)3/2] _ _3 — 1)3/2
—15u(3u +5)+C—15(x 1)%/793(x 1)+5]+C—15(x 1)%2(3x + 2) + C

(¢) Letu= /x — 1. Thenx = u? + 1and dx = 2u du.

2 3
J X dx=fu l:rl(ZU)duzzj(u2+1)du=2<u§+u>+C=gu(u2+3)—irC=g\/x—l(x+2)+C

Jx—1 3 3

Note: In (b) and (c), substitution was necessary before the basic integration rules could be used.

(€Y y dy 3
4 ®) o =752 00 5
dx rﬁ
y:3f1+X2:3arctanx+C s 8
(0,0): 0 = 3arctan(0) + C C=0 =
2
y = 3arctan x
dy _ 10 B B 1 3 1
' dx_x‘/xz—l'y(s)_ 55 Affl x272x+1+4dx7j1 (x71)2+22dx
4 1 x—1N\]P 1 T
R —— =[farctan< )] = Zarctan(l) = — = 0.3927
;V-rf::'lz 2 2 1 2 8
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57. Area= (1)(1) = 1
Matches (c)

1
4
59. (8 J dx = [4 arctan x]
ol + %2

4
)[1 v ame tirwe tirwe T1r @9 T 1 253

(b) Letn = 6.

1
4 1
4L 1+ 2™~ 4(36

(0) 3.1415927

6L (a) %[arcsjn(g) + c] =

uw
W(ﬁ Nz

N O ——

1

N e
x

2

= 4actanl — 4arctan 0 = 4(’1) —40) = 7
(0]

4

4 2 4

1

du . (u
— = -+ C.
Thus, J T arcsm(a> C

1

d u _
(b) &[garctang + C:| =

1

a

1
) + E] ~ 3.1415918

du
Thus'fa2+u2_fa2+u2

(c) Assumeu > 0.

e R S
1+ (u/a)?] a2l (a?+u)/a?| a+ u?
u dx=1arctan9+c.

a a

[wavo—=i)-

d[l u ] 1
—| zacsec- + C| =7
dx[ a a al
du u’
Thus, — = —
fu\/uz—a2 fu\/uz—a2

63. (@) V(t) = —32t + 500

—CONTINUED—

dx=1arsec
a

d
aluJ/uw? — ad/a?  uJu? — a?

u’ u’

|u

a

20

.Thecaseu < Oishandledin asimi-

+ C.

lar manner.

(b) st) = fv(t) dt = j(—32t + 500) dt

—16t2 + 500t + C

s(0) = —16(0) + 500000 + C=0 C=0
s(t) = — 16t2 + 500t

When the object reaches its maximum height,

v(t) = 0.
v(t) = —32t + 500 = 0
—32t = —500
t = 15.625

5(15.625) = —16(15.625)% + 500(15.625)
3906.25 ft (Maximum height)
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63. —CONTINUED—

1
© f 2+ ® =" f dt
1 \/k
—— arctan —v|=—-t+C
/32K ( 32 ) !
arctan<\/£v> = —J32kt + C

\/3—k2v = tan(C — /32kt)

v= \/3—k2 tan(C — /32kt)

Whent = 0, v = 500, C = arctan(500./k/32), and we
have

v(t) = \/ 3T(2 tan[arctan(SOO\/ 3k2> - \/372kt].

(d) Whenk = 0.001, v(t) = /32,000 tan|arctan(500./0.00003125) — /0.032t].

500

0

v(t) = Owhent, =~ 6.86 sec.

6.86
@ h= f /32,000 tan|arctan(500./0.00003125) — ./0.032 ] dit
0

Simpson's Rule: n = 10; h = 1088 feet

(f) Air resistance lowers the maximum height.

Section 5.10  Hyperbolic Functions

1 (8 snh3="F _29_3 ~ 10018 3. (@) eschin2) = _zefm -5 _?1/2) - ‘5"
i — —2 _ sh(l e|n5 —In5
(b) tanh(—2) = :0':;((_?) == 222 ~ 0964 (b) coth(in5) = ‘;_Onh((”:‘ ;) -
_5+(/5 _13
T 5-(1/5 12
5. (@) cosh™4(2) = In(2 + /3) = 1.317
) sech*l(g) - |n<1+— V21/;(4/9)> ~ 0.962

=1

eX—e*X)2 < 2 )2_e2X—2+e*2X+4_e2X+2+e*2X

2 X + 2y — =
7. tanh? X + sech?x <e>< g prp— (& + e "2 & + 2 + g &
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_ a—X -y _x _ oy
sy s (557 (e

= %[eXer — @ XY 4 @Y — @ (X+Y) f @Xty 4 @ Xty — @X—y — e*<X+y>]

exty) — g=(x+y)

5 = sinh(x +y)

= %[Z(e“y — e )] =

— @ Xx\2
11. 3sinhx + 4sinh®x = sinhx(3 + 4sinh?x) = <ex )[3+4(ex Ze )}

<ex )[3 +ex-2+e = %(eX —e e+ e >+ 1)

ex — e

%[15'3X+e’<+eX e —eXx—egN= 5 = sinh(3x)
. 3
13. sinhx = 2
2 /
coshzx—(§) =1 coshzx=1—3 coshxz—13
2 4 2
3/2 3./13
tanhXx = ——— =
J13/2 13
cx = L =2
- 3/2 3
wchy— L _2J/13
J13/2 13
V13
cothx = — =
3//13 3
15. y = sinh(1 — x?) 17. f(x) = In(sinh x)
/= — — y2
y 2x cosh(1 — x°) f(x) = .i(cosh X) = coth x
sinh
X 1. X
19. y= In<tanh 5) 21. h(x) = Zsmh(Zx) -5
, . 1/2 2(5)_ 1 oy _ 1 1 _cosh(2x) —1_ .
Y'= tannix/2) ¥ 2) = 28nh(x/2) cosh(x/2) h'x) = 3 cosh(2) — 5 = 2 = sinh
1
sinhx osch x
23. f(t) = arctan(sinht) 25. Lety = g(x).
, B 1 y — Xcoshx
PO = T gnmer oy _
Iny = cosh xInx
cosht
—COSth—secht %(%)zcosm(aninhxlnx

dy y[Cosh x + x(sinhx) Inx]

xcoshx
= [cosh x + x(sinh x) In x]
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27. y = (cosh x — sinh x)?
y’ = 2(cosh x — sinh x)(sinh x — cosh x)

= —2(coshx — sinh x)2 = —2e %

29. f(x) = sinxsinhx — cosxcoshx, —4 x 4 ¢ ,cosh ) 45 (,cosh)

f/(x) = sinxcosh x + cosx sinhx — cosx sinh x + sin x cosh x

= 2sinxcoshx = Owhenx = 0, + .

Relative maxima: («+ 7, cosh ) B \*2’”(0, B I
Relative minimum: (0, —1)
31. g(x) = xsechx = X 33. y=asnhx
cosh x ,
y’ = acosh x
1 .
(1.20, 0.66) y” = asinhx
o - y” = acosh X

Therefore,y” —y’ = 0.

(-1.20, 0.66) -1

Relative maximum: (1.20, 0.66)
Relative minimum: (—1.20, —0.66)

35. f(x) = tanhx f(1) = tanh(1) = 0.7616 2 5
1 f

7, — 2 7, — ~

f/(x) = sech?x /(1) cos2(l) 0.4200 3 N 4

f(x) = —2sech?x - tanh x (1) =~ —0.6397 P

2

P.(x) = f(1) + f(1)(x — 1) = 0.7616 + 0.42(x — 1)

P,(x) = 0.7616 + 0.42(x — 1) — @(X — 1)?
37. (8 y = 10 + 15 cosh %5, ~15 x 15 (b) At x = +15,y = 10 + 15cosh(1) =~ 33.146.

Atx =0,y = 10 + 15cosh(1) = 25.
y
X

20+

10—+

—t——————+
-10 10 20

39. Letu=1— 2x,du= —2dx 41. Letu = cosh(x — 1), du = sinh(x — 1) dx.

fsmh(l — 2 dx = —%fsinh(l — 2)(—2) dx fcoshZ(x — 1) sinh(x — 1) dx = %cosh3(x —+c

= —%cosh(l —-2xX)+ C
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47.

49.

53.

57.

61.

63.

65.

67.

69.

7

=

. Let u = sinh x, du = cosh x dx.

fcf’thdx — In|sinhx| + C
sinh x

Letu= l,du = —%dx.
X X

X2
45. Letu = —, du = xdx.

2

X2 X2
2 — 22
chsch 2dx J(csch 2)

JCSCh(l/X) fOth(l/x) dx = —Jcsch1 coth 1(—%) dx = cszch1 +C
X X X\ X X

41 dx—[iln‘SH
0 25 — %2 10 |5-x

Let u = X2, du = 2x dx.

X 1 2x 1
— 2 k=] —dx == 2
f R Zf(xz)z 19X arctan(x®) + C

y = sinh~1(tan x)
1

y' = —————(sec? x) = |sec X|

JVta?x +1
y = 2xsinh 1(2x) — /1 + 4x2
ook
1+ 4%
See page 395.
y = asech*l(l) - Jaz - x?
a

dy -1

]

+ 2sinh~1(2x) — = 2sinh~%(2x)
X

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

V2/4 1

o V1-—(2x2

55. y = cosh~(3x)

3

y :\/9x2—1

59. y = coth~%(sin 2x)

A l —
Y =1 am o 2x(2 CoS2X) =

X2 — a2 = a2 — x?

— = —+ =
dx (x/a)1— (%/ad) 2 — ¥2

1 - e
f\/1+e2de_Jex\/1+(eX)2d

1
Letu = /X, du = —— dx.
2/

X = —csch™4(e¥) + C = fln(

1 —
f NN TT R

|

-1 1 -4
fr_xzdx—fi(x_2)2_4dx—fln

a—x2 xJa?— x? X

1+ 1+ e

=)

1 )dx=2sinh*1\&+c=2|n(ﬁ+ 1+x)+C
X

| +c

(2) ox = [arcsi n(2x)] s

X2
xdx = —cothE +C

v2/4 o

I

0

2 sec 2x
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1 _ 1 _ -1 V2
I fmdx - fs TR sz[\/z(er N
||J2(x+ J§+c= 1 ng(x+1)+J3‘
2f |f(x+ + /3 26 1/2(x + 1)

75. Letu=4x — 1,du = 4dx

—17dx = *J—idx = 1aI’CS-I'1<4X — 1> + C
/80 + 8x — 16x2 4) /81 — (4x — 1)2 4 9
X3 — 21x 20 1
77.y—f5+4x_xzdx—J(fxf4+5+4X_X2>dx—f(fxf4)dx+20f32_(X_Z)zdx
_ X 20 1(x—2) +3 X 10 X+1‘ _—® _ , 10 —5‘
=3 4x+ In(x 2)73‘+C > 4x+3I 75+C— > 4x 3In +1+C
4 2
X 5x
79. A= 2| sech—- dx 8l A= | ———dx
L 2 J;\/x“+1
PY SN o &
~2) e e 2)o o+ 1™
4
exi/z _1|5 2 ]2
_4L(ex/2)2+1dx —[Zln(x +Jx4+1)0
4
= [8 arctan(ex/Z)]0 -5 In(4 + /17) =~ 5.237
= 8arctan(e?) — 27 = 5.207
3k 1
8 = jx2712x+32dx
3kt 1 x—6)—2 _1 . |x—8
16_j(x—6)2—4dx 2(2)I (x—6)+2‘+c_4|n —4‘+C
When x = 0: t=0
= —7InQ)
Whenx = 1 t=10
30k 7
2t
2 7
= 15g)

When't = 20: (%)(125) ()(20) % 2"_2

In<z>2 In —8
6 2x -8

49 _ x—-8
36 2x—8
62x = 104

_ 1 52

& ~ 31~ L677kg
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85. Ask increases, the time required for the object to reach the ground increases.

87. y=coshx = +2e* 89. y = cosh™1x
,_ex—e‘x_.h coshy = x
Y= - S (sinhy)(y) =1
y = 1 _ 1 _ 1
sinhy cosh?y — 1 x2—1
91. y:sechx:ex+e,X
-2 e —e X
[— —X)—2 — o X) = - —
y 20+ e ) (e — e <ex+efx>(e><+efx> sech x tanh x
Review Exercises for Chapter 5
1. f(x)=Inx+3 y
Vertical shift 3 units upward
Vertical asymptote: x = 0
H—1 1 (Xx-1@x+1) 1 B o
3. In\5/4X2 11 5In 22+ 1 = 5[In(2x 1) + In(2x + 1) — In(4x2 + 1)]
PR 3 _ 2
5 1n3 +%In(4— ) —Inx=In3+In¥4 - x - Inx = In<3\/4X7X)
7.Inx+1=2 9. g(x)=|n\/;<=%lnx
Ix+1=¢ %) 1
(x) = —
x+1=¢ 9 2X
x = ¢e* — 1~ 53.598
11. f(x) = x/Inx 13 y=i[ln(a+ bx) + a ]
' b? a + bx
, X a1
f(x) =<§>(Inx) 1/2(;) + /Inx iy:i[ b ab ]: X
dx b?a-+bx (a+ bx)? (a + bx)?
__ 1 + Vinx = 1+ 2lnx
2/Inx 2/Inx
+
15, y= —iln(aTbX) = —%[In(a + bx) — InX] 17. u= 7x — 2,du = 7dx

1 1 1

1
Q:_% b _l)zx( 1 f7x_2dx—?j7x_2(7)dx—$ln|7x—2|+C

dx a\a+ bx x a+ bx)
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19. sinx dx = — —sinx dx
1 + cosx 1 + cosx

—In|1 + cosx| + C

/3 /3
23. J sec 0 do = [In|sec9 + tan 6|] =1In(2 + /3)
0 0

25. (a) f(x) =3x— 3

y=2x—3
2y +3) =x
2x+3) =y
f~2(x) =2x+ 6

27. (@ f(x)=vx+1

y=Vx+1
y2—1=x
XX—1=y

f~ix) =x2—1,x O

20. (@ fX)=%¥x+1
y=¥x+1
yY¥-1=x
X—1=y
f7ix) =x*-1

31. fx) =x3+ 2

f-1() = (x — 23

(79100 = 5x — 272"

1 1
“V—1) = =(—1 — 9)2/3 — ___—
(f9H1-1) 3( 1-2) 3(—3)723
1
= ﬁ ~ 0.160

4 4 4
21. JXJF1dx:j<l+1)dx:[x+ln|x|] =3+1In4
L X 1 X 1

(b) 7
—11 f V 10
el

-7

=2(3x —3) +6=x

(© Y f(x) =fY3x -3
=3(2x+6) —3=x

f(f~x) =f(2x + 6)

(b) 4

© fLYf) =fY/x+1)=/0€—-12-1=x

f(fx)=f—-1)=J/(x—-1+1
= /%2 =xforx O

(b) d

- J 5
_,—o-""’-)ll/'

© FUfW) =fY¥x+1)=@x+1)°-1=x
f(f2x) =f0 - 1) =¥ - 1) + 1= x

33. f(x) = tanx
- /3
f(e)‘?

f(x) = sec?x
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3. (@ f(x=InJx (b) 2
J— ~ fil
y—In:/x ) Y f 3
&= Jx (
ey =x -2
=y

© f3(f(x) = fYIn J/x) = Invx = gnx = x

—1(y) — @2
o =¢ F(F1() = f(€) = In V& = Ine* = x
37.y=e¥2 39. f(x) =In(e™®) = —x2
y f(x) = —2x
oL
4L g = e 43 y= /e +eX
g'(x) = t?%e + 2tel = tel(t + 2) 1 o - e — g
f = (X 4 @) L20eX — e ) = =
y =5l e %) e~?) Joien
X2
45. g(x) = & 47. y(Inx) + y2 =
1 d
0 = (2 — X _x2-X Y(;) + (In X)(;i) + @(%) =0
9 & & &
ay _ 7y
2y + In X)dx ”
dy -y
dx x(2y + Inx)
49. Letu= —3x% du = —6xdx. 51. fe‘lx%m dx = f(eSX — &+ e ¥ dx
xe~3 dx = —+ e >(—6x) dx = ey 1
6 6 =§e3x—e><—e*X+C
e =3 -3
v a— +C
53. fxel‘x2 dx = —%Jel‘xz(—Zx) dx 55. Letu =€ — 1,du = e*dx.
eX
=f%e1*>‘2+c fe(ildxfln|ex—1|+c
57. y = e{(acos3x + bsin3x)

y’ = e(—3asin 3x + 3bcos3x) + e{(acos3x + bsin3x)
=e{(—3a+ b)sin3x + (a + 3b) cos 3x]
y” = e{3(—3a + b) cos3x — 3(a + 3b) sin3x] + &{(—3a + b) sin3x + (a + 3b) cos 3x]
= e{(—6a — 8b) sin3x + (—8a + 6b) cos 3x]
y’— 2y’ + 10y = e4[(—6a — 8b) — 2(—3a + b) + 10b]sin3x + [(—8a + 6b) — 2(a + 3b) + 10a]cos3x} = 0
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4 1,4 1
59. Area = j xe ¥ dx = [—fefxz] = —Z(e1% - 1) = 0.500
0 2 0 2

6L y =32

nesroe

-4-3-2-1 ] 1 2

65. f(x) = 31

X
3 4

f(x) = 3 1In3

69. g(x) = logsv/1 — x = %Iogg(l - X)

=it _ 1
g 21-xIn3  2(x—1)In3
@ y=x (b) y=a
y’ = axafl y/ — (Ina)ax
75. 10,000 = Pel0.07)(15)
10,000
P =" ~ $3499.38

79. P = CePost

2C = CePo1st
2 — 015t
In2 = 0.015t
In2

~ 0.015

46.21 years

63.

67.

71.

©

7.

81.

y = log,(x — 1)

PN oW A
P A
H—t—t—

y = xx+1

Iny = (2x+ 1) Inx

y_x*1 + 2Inx
y
+ +
- (@ggéﬁ,zmx>zxﬂ+<§ggi
X X
(X + 1)5xV° dx = 11 geiary
2In5

y=x @ y=a
Iny = xInx y'=0
1/-x.1
yy =X X+(1)Inx
y’ =yl + Inx)
y' = x(1+ Inx)
P(h) = 30e
P(18,000) = 30e'8%0% = 15
_ In(1/2) _ —In2
18,000 18,000

P(h) — 30ef(hln 2)/18,000

P(35,000) = 30 (35.000In2)/18,000 ~ 7 79 jnches

dy x*+3

fo-Ji- e

X2
y=5+3In|x| +C
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83y — 2y =0
dy _
dx_2Xy

1
=dy = |2xdx
fy Y f

Inly| =x2+ C,
et =y
y = Ce*
2 2
s B X
(¢ +y?)dx — 2xydy = 0
Lety = vx, dy = xdv + vdx.

(homogeneous differential equation)

(X2 4+ v2x2) dx — 2x(vx)(xdv + vdx) = 0
(R + v — 22 dx — 23vdv =0
(X2 — x3?) dx = 2x3v dv
1—-vd)dx=2x dv

= 2l v
X J1-\2

Injx| = —=In]1 = v?] + C; = —In|]1 - v3 + InC
(. C __¢c _ cx
L=V 1= (P @y
Cx X
1=X2_y2 or Clzixz_y2

87. y=Cx+ C,¢&
y’ = C, + 3C,x?
y” = 6C,X
X2y” — 3xy’ + 3y = x¥(6C,x) — 3X(C; + 3C,%) + (Cx = C,x3)
= 6C,x® — 3C;x — 9C,x3 + 3C;x + 3C,x¥ =0
X=2y=00=2C, +8C, C,=—4C,
x=2y =4 4=C, +12C,

4=(-4C) +12C, =8C,  C,=3,Cy = -2
y = —2x+%x3
89. f(x) = 2 arctan(x + 3) y
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91. (& LetG:arcsin%
2
. 1 1
sm0—2
sin(arcsin1>:sinG:1 v
2 2
1
(b) LetB:arcsmi
. 1
S|n0—§
o1 V3
cos<arcsm2>—cos€— 5
X
93. y = tan(arcsinx) = —— 95. y = xarcsecx
y ( ) N y
X
1 - )Y + X1 — X))~ 1/2 /= ———=——— + arcsecXx
y/:( ) (2 ) :(1_)(2)73/2 y |X|\/X2_ 1
1-—x
97. y = x(arcsinx)?2 — 2x + 2/1 — x2arcsin x
/1 — w2
y' = w+(arcsnx)2—2+2 1-x X arcsin x = (arcsin x)?
J1—X 1—-x? 1—-x?

99. Letu = e du = 2e*dx.

f L= ezxdx=1fl+(ez)()(2e2x)dx L actane) + C

e + e 1+ e
101. Let u = %2, du = 2x dx. 103. Letu = 16 + X3, du = 2x dx.
X i1 — 1 ine X _if_ 1 _1 2
ﬂdX_ZJW(ZX)dX 5 arcsinx +C J16+x2dx 2flaerz(Zx)dx 2In(16+x)+C
2
105. Letu = arctan( ) du=——adx
4+ x
arctan(x/2) _;( 5)( 2 ) _;( §>2
J 4+ dx—zf arctan ) 72 dx glactans +C
- \/E - x
107.Jm—f ot 109. y = 2x — cosh/x .
I y/=2—i(sinh\&)=2—smh\/x
arcsin(%>= \/at-i-c 2% 2./x

Sincey = Ovlhmt = 0, you have C = 0. Thus,
o V/k0) -
y=Asin<\/Et>
111. Letu = ¥4, du = 2x dx.

J\/i J\/T )dx=%|n(x2+\/x4—1)+c



