APTER 4

2 9y P b _
—3+C)—Ex—(2x +C)——6x == 4. dt—5
y=5+C
2x"——1-—+C Y P R I d
. o o 2 Check: E[St +C]=5
1
=8x + =x? = 8x° + —
2 2X2 S‘fi}_’_zxgglz
dx
_ 2
=9 y=2x" 4 C
=38 +C

eck: %[3!3 + C] = ?t’

iven Rewrite Integrate Simpli;
. 4/3 3
Yx dx i3 gy X _ x4 C
J'\/-; _{x 7 4x +
=1
— dx ‘ —I-Ix‘zdx 1= ¢ Lic
457 4 4 -1 4x
. 1 ‘ x“/z 2 B
dx x ¥ dx I—4C i 4 C
x ] -1/2 Jx
_ -1 -
P~ Tt YD )i Zic
(3%) 9 9\ ~1 9x
1 2
._[.(x+7)dx=—2—+7x+c
a2
Check: L% 4 7x4+C|=x+7
dx| 2
j'(ls—x)dx=13x—"—2+c .A 13 j(x5+1)dx=56—+x+c
3 2 ) : 6
- 2 : 6
Check: H13x -2 C|=13-x Check: HX 4 x+C)=x+1
dx 2 dx| 6

357
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358 Chapter 4 Integration

14, j(8x3—9x2+4)dx=2x“-—3x3+4x+C 2 (550 4 o [ 4+ 6x2) g
d 25 = [+ 6)
N 4 _ 3 _ 3 _ 2
Check: —(2x" = 35° + 45+ C) = 85 - 95" + 4 S L
: » 32 2
15. j(x3/2 +2x + 1) dx = %xﬁf? +xl+x+C : = -23—x3/2 +12472 4+ C

2 /2
Check: gx—(%xm + x4 x4 C) = x4+ 2x+1 - EX/ (18 +c

' ' \ d(2
1 1 Check: — Zx¥? + 1242 + C
16. {|/x + dx = (xl/" + —-x"ﬂ) dx (
I( 2\/§j J 2 a\3
) : 2(3 1
12 = A 2.0 12l = -—1/2‘
=iﬂ;li‘./_ 3(2" ]+ )
3/2 0 211/2
/ B S LA * 0
= i;'-xm +x? 4 C *
‘ ‘ X' -3x2 45 - »
Check: _g}_(%xs/z £ o2y C) = 2 4 _;_X-I/Z 22. — dx = I(l -3 + 5x )dx
-1 -3
=X+ ! =x_3_xl__+5x3+c
w/x ’ - . -
5/ . = X+ —3- - F + C
X X
17. [5 ax = jxﬂ3dx=%+c=%x5/3+c
/ Check:
Check: _d_(ixs/a + C] = x¥ = Y x? i—[x N ~§-3~ + C—| = —fi—[x +3x7 -~ x4
ax\5 dx x  3x 1
4 =1-3x72+ 5x7°
18. j(\4/x3+l)dx= j(x3/4+1)dx=—7-x7/4+x+c 3 s
' =t
Check:—é—(ix7/4+x+cj=x3/“+l={/;+1 Xt -3x2 45
dx\7 =
- 1, - x4 ~1
1. [ds= _[dex=:+C ==+ C 2. [(x+1)(3x-2)dx = [(3x7 +x - 2)dx
1
=x+=x?-2x+C
Check: ——( 14 C) = i[*lx“ + C)
x" dx\ 4 _
= -—:I‘-(—4x‘5) = -1; Check: gx—(ﬁ + %xz ~2x + C) =3x% 4 x 2
X
3 3578 1 = (x+ )3x-2)
) 20 [Sdi= [ dx="-+C=-5+C ,
x 6

24. [(a2 +3) ar = [(l6t* + 24 + 9)
d 1 1
Check: —| —— + C| = —| ——x 4 ' ‘ -
ec] dx(Z + ) (2x.+C) -]%t—-+8t3+9t+C
1), . 3 o |
— —6 x'7 = — 3 s
( 2)( ) % Check: %{% +85 + 91+ C] 166* + 241 + 9
. t .

(4 + 3)°
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Section 4.1 Antiderivatives and Indefinite Integr'tzlion 359

I(Scos.x+ 4sinx)dx = Ssinx - 4cosx + C

Check:

fx—(SSinx—4cosx+C)=Scosx+4sinx

.“J‘(t2 - cos t)dt = gi—sin t+C

Check'iﬁ—sint+c = % —~ cos ¢
P E

. J'(l ~cscreotf)dt =t +csct + C

d .
Check: Z(l +csci+ C) =1~ csctooti
J(6 e 6)d0 = 26+ an 05 C
"Check: 1[193 +tan @ + C) = 6% + sec? 6

daé\3 . :
. I(sec2 6 - sinB)dﬁ =tand +cosf + C

d Y .
Check: Zg(tan 6 +cosf+C)=sec §—sind

, jsec y(tan y — sec y) dy = j'(secytany -~ sec? y) dy

=secy—tany+C

Check: g—(sec y - tany + C) = sec ytan y - sec’ y
y

sec y(tan y — sec y)
. I(taﬁ2y+l)dy = Iseczydy =tamy+C

Check: g—(tan y+C)=sec?y =tan’y+1
Yy .

. J.(4x - cse? x)dx =2x* + cotx + C

Check: i(sz +cotx + C) = 4x - cs¢? x
dx

X f’(.x) = 4

f(x)=4x+C

Answers will vary._

34.

3s.

36.

37.

38.

39.

S(x) = x
1) = i‘if+c

¢ = $42

AN

Answers will vary,

7(x) = 6x, £(0) = 8

f(x) = [6xdx =32 + C
f(0)=8=30+C=C=8
S(x) = 3x* + 8

g(x) = 4% g(-1) =3

g(x) =A_|'4)c2 dx = §x3 +C

4 13

=35t = C =

g(-1) 3707573
g(x) = gx* +‘_3§

H(t) = 82 + 5, h(l) = -4

K(e) = [(82 +5)dt = 26" + 5t + C
Wl)=-4=2+5+C= C=-l11
h(r) = 26 + 5t - 11 ’

F(s)=10s-125%, f(3) = 2

7(s) = [(10s - 12¢%) ds = 55 - 3s* + C

() =2=53)"~3(3)"+ C=45-243+C = C=200
S(s) =557 - 3s* + 200

f(x) =2
f '(2) =35
7@ =10

f(®) = [2ac=2x+ ¢
S2)=4+C=5>C =1
r(x) =241

f(x) = J(2x+1)dx =x* +x+ G
f2)=6+C=10=C =4

S =x+x+4
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40.

41.

42.

f(O)=O+»0+C2=4=>C’2 =4 y=3"5__x+c

1
J(x) = =x* +8x + 4 3

12 3_%2-—(~1)+c
"JC = y 32
f,) * 7 v c=1
7(4) = 2 3 -4

3 .

7(0)= 0 M S /
f’(x)=.-[x—3/2vdx=~2x_l/2+C] =“"\/2—-‘;+ C[
f'(4)=--22-+c,=2:~c,=3
f’(x)=-——%+3
f(x) = [(-2xv2 +3)dx = 4512 4 35 4 ¢,
f(0)=0+0+C2=0$C2=0
J(x) = —4x12 +3x = —4Jx + 3x
S"(x) = sin x
r(0) =1
f(0) =6
f(x) = fsinxdx = ~cos x + C
SO0 =-1+C=1=>¢=2
‘l F(x) = ~cos x + 2
fx) = I(——cosx+2)dx=—sinx+2x+Cz
O =0+0+CG=6=0¢ =6
S(x) = ~sinx+2x+6
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szapt'er 4. - Integration -

S(x) = x? 43. (a) Answers will vary. Sample answer.
.

1) =8

70 = 4

f(x) = fxz dx = %x’ + G
SO)=0+G=8=¢=3
S(x) = %x3 +8

f@:j@f+ga=

—l—x4 +8x+C,
12 ,
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B 49, Because f" is negative on (-0, 0), /" is decreasing gn
NN SNl s S . . .. n
NN s (-0, 0).Because /" is positive on (0, ), f"is
B} e = ravihd . . . P
~\\ AN v ‘ increasing on (0, oo). /" has a relative minimym at
NN S ) !
A AL (0, 0). Because f is positive on (-0, ), /" is
& increasing on {—o0, ).
.ZXX = 2x, (—2, —2)“‘ g ( ’ )
: .
y=.[2xdx=x2+C 2
2 i 51
2=(20+C=44C=>C=-6 , -
- 2 — 1 1 1 + 1
y=x-6 2 A

15

e~ e e — e e ]

50. f(0) = —4. Graph of f"is given.
@ f'(4)~-1.0

; ; (b) No. The slopes of the tangent lines are greater than 2
- : on [0, 2]. Therefore, f must increase morg than 4
s/
v

units on [0, 4].

° (c) No, f(5) < f(4)because f is decreasing on [4, 5]

= 0/, (4,12) (d) f is a maximum at x = 3.5 because f'(3.5) ~ 0

4 and the First Derivative Test.

= (22 ax = = + C : 'is i i
3 (e) f is concave upward when [ is increasing on

32

2= §(4)3/2 +C = %(8)4- C- 2 +C o C = i;. (-, 1)and (5, ). f is concave downwgrd on

(1, 5). Points of inflection at x =1, 5.
(f) f"isaminimumat x = 3.
(g) NEED NEW ART

47. They are the same. In both cases you are finding a

function F(x)such that F'(x) = /(). SL @) A(f) = [(15t+ S)dr = 0757 + 5+ C

48. f(x) = tan® x = f'(x) = 2tan x - sec’ x h0)=0+0+C=12=C=12
| g(x) = sec® x = g'(x) = 2sec x - secxtanx = f'(x) k() = 0.75¢ + 5t + 12
The derivatives are the same, so f and g differ by a ' (b) h(6) = 0.75(6)2 +5(6) + 12 = 69 cm

constant. In fact, tan® x + 1 = sec? x.
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Pty = (k¥ dr = 132~kt3/2 +C

- P(0) =0+ C =500 = C = 500
Pl = %k +500 = 600 = k = 150
P(t) = %(150):3/2 + 500 = 10072 + 500
P(7) = 100(7)" + 500 ~ 2352 bacteria

53. aft) = -32 fifsec?
W) = [-32.dr = -32 v G
W0) = 60 = G
s(t) = [(-32¢ + 60)dr = -168% + 60r + C,
sO@)=6=C,
s(r) = ~16t* + 60« + 6, Position function
The ball reaches its maximum height when-
() =32t +60 =0
32t = 60

t = -‘éi seconds.

5(%) = -16(%)° + 60(%8) + 6 = 62.25 feet

54, a(t).= 32 fi/sec?

W)= [-32d = =32+ ¢
0+G=W=>0q=V
s(t) = =32t + ¥,
s(t) = J‘(—32¢ + Vo)dt = =168 + Vgt + C,
50)=0+0+C, =85 = G =8,
s(t) = 166 + Ve + S,

<
—_
<

i

s'(8) = 32t + vy = Owhen t= 31% = time to reach

maximum height. = .
2
Vo Vo : Yo
— | ==16l =] + vy| L | = 550
3(32) (32) v"(szj,
2 2
S X s
64 32

vp2 = 35,200
vo ~ 187.617 fi/sec

55. vy = 16 ft/sec
5o = 64 ft
(a) () = =167 + 161 + 64 = 0
~16(r* =1~ 4) = 0-
L V17
, 2
Choosing the positive value,
[ = l#l_l ~ 2.562 seconds.
(b) V() = s() = 32t + 16
JLET) (1T
2 2
= ~163/17 =~ —65.970 fi/sec
56. aff) = -9.8 '
W) = [-9.8 dr = -9.8 + C

v0) = v = C, = v(t) = ~9.8/ + v,
F@) = [(-9.8t+v5) dr = 4.9 + vy + G,
7(0) =50 =Cy = f(t) = ~4.9 + vyt + 5

So, f(t) = —4.9/ + 10t + 2.

v(r) = —9.8¢ + 10 = 0 (Maximum height when v

9.8t =10
F= 10
9.8

f(;l%) ~ 7.1 m

57. From Exercise 56, f(f) = ~4.9¢% + vyt + 2.If
F(0) = 200 = ~4.92 + vy + 2,
then
(t) = 9.8+ v = 0

for this ¢ value. So, ¢ = v,/9.8 and you solve

2
-4.9("—0) + vo(”—") +2 = 200

9.8, 9.8
: 4.9ng +(ﬂ’i) _ 108
(9_3)' 9.8 »
-4.9v2 + 9.8y,2 = (9;8)2198
49v, = (9.8)°198
V2 = 3880.8

vy & 62.3 m/sec.
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‘From Exercise 56, f(t) =
canyon floor as position 0.)
() = 0= —4.9 +1800

4.9¢* = 1800

tz—l—j—%q:tz92sec

=-1.6

stone was dropped, vy = 0.

s(¢) = [(-1.61)dt = 0.8 + 5, - '

Section 4.1

—4.9£ + 1800. (Using the

v(t) = J—1.6 dt = ~1.6t + vy = —1.6¢, because the

Antiderivatives and Indefinite Integration 363

62. x(r) = (t - 1)t -3 0<r<5
=1 -7 +15~9
(@) v(t) = x(¢) = 3* — 14t +15 = (3 - 5)(¢ - 3)

a(t) = V(1) = 61 -
(b) v(t)>0when0<t<%and3<t<5.
©) a(t) =6t ~14 = Owhen ¢ = 1.

9= () - 96 -3 - 269

_4
3

63. v(t) = % =" >0
t .
x(t) = Jv(t)dt =2+ C

(p=4=2)+C=>C =

5(20) = 0 = ~0.8(20)" + 5, = 0
5 = 320 Position function: x(f) = 26/2 + 2
So, the heig'ht of the cliff is 320 meters. Acceleration function: a(t) = V() = ~%,—3/2 = 2;3}2
v(t) = -1.6¢
¥(20) = ~32 mfsec 64. (2) a(t) = cos ¢
. W) = I a(t) dt
vy = oM [ dy = [cost dr
Y =sint + C, = sinz (because vy = 0)
.l_vz = % + C .
2 ¥ () = Iv(t) dt = jsml dt = —cost + C,
When y = R, v = v, f0)=3=——cos(0)+ C, =-1+C, = C, = 4
1 2~9£+C F{) =—cost+4
2% TR () v(t)=0=sintfort = kr, k =0,1,2, ...
C=2w -—F% 65. (3) v(0) = 25 km/h = 25 - 1000 = 280 m/sec
lo_GM  1,. OM v(13) = 80 km/h = 80 - 1000 = %00 ;/sec
2 y 2 R a(t) = a (constant acceleration)
o= 2GM + VOZ - -.-—-—ZGRM V(t) =at+C
y
) ) T v(0) = -235—60 =) = a + 2756‘1
v o=y + 2GM(-y————) v(]3) = 8300 = 13a + 235(?
330 = 3¢
Lx(t)=£-62+9%-2 0<:<5 ¥ 5 275 2
, 0t < a =330 = Z5 ~ |.175 mfsec
(a) V(t) = x'(t) = 3[2 —-12t+9 - t2 250
= 3 - a0+ 3) = 3(t - (- 3) ®) s(t) =+ 5 (S(O) =0)
at) =v()=6-12=6(t-2) - 5(13) = _2_13(13) 250(13) 189.58 m
(®) v(r) > Owhen 0 <t <lor3<t<S5. 234 2
(©) aft) = 6(t - 2) = Owhen ¢ = 2.
v(2) = 3()(-1) = -3
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64 - Chapier 4 Jntegrat‘z'on

66. v(0) = 45 mi/h = 66 fi/sec 67. Truck: ¥(r) = 30
30 mi/h = 44 ffsec ' s() = 30r (Let 5(0) = 0))
15 mi/h = 22 f/sec Automobile: a(f) = 6
) = -a W) = 6t (Let ¥(0) = 0)
v(t)_ T e 6 s(r) = 3¢* (Let 5(0) = 0))
a
s(e) = “5’2 + 66t (Let s(0) = 0') At the point where the automobile overtakes the tria
¥(t) = 0 after car moves 132 . 30t = 3¢
66 0 = 32 - 30¢
7o+ 66 = Owhen £ = =~ 0 = 3(¢ - 10) when ¢ = 10 sec.
2
s(-é-é) = —3(-6§) + ss(ﬁ) . (@ s(10) = 3(10)* = 300 ft
a 2\a S \a ,
33 (b) v(10) = 6(10) = 60 fi/sec ~ 41 mi/h
=132 whena = 7" 16.5.
e 68. a(t) = k
= -16.
a(t) 5 o) = ke

W) = -16.5¢ + 66
s(t) = -8.25¢% + 66t

(8) ~16.5t + 66 = 44 ' At the time of lift-off, & = 160 and (k/2)¢* = 0.7

s(t) = %tz because v(0) = s(0) = 0.

]

f=22 1.333 Because (k/2)* = 0.7,
16.5
4
s(—zij ~ 7333 r= 14
16.5 o k
(®) -16.5¢ + 66 = 22 ' v( HJ N [
: : k k
t = % ~ 2.667 X
’ ' 160
44 = 1602 =
s() ~ 11733 L4k = 160° = k = ——
c) - o A. i/h2
© ¢ ¢ ¢ 4 % 18,285.714 mi/h?
s y oy ~ 7.45 fifsec?.
& SIS . . cq :
hal e 69. False. /" has an infinite number of antiderivatives, eac
o [ |m= differing by a constant.
7333 [17.33 .
feet feel
70. True

It takes 1.333 seconds to reduce the speed from 45
mi/h t0 30 mifh, 1.333 seconds to reduce the speed
* from 30 mi/h to15 mi/h, and 1.333 seconds to 72. True
reduce the speed from 15 mi/h to 0 mi/h. Each .
time, less diétance;"is needed to reach the next speed
reduction. ' 74. False. For example,
J'x-'xdx # jx-aix- !xdxbecause

3 2 2
x? +C=# [352—- + C,J(% + Cz].

71. True

73. True
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Section 4.1 Antiderivatives and Indefinite Integration 365

1..(»"):2" . -1, 0<x<2 ¥
'(x)=x2+C 76. f1(x) =42, 2<x<3 2
'(2)=0=>4+C=0=>C=—4 0, 3<x<4 ,<\ /_‘
3 ’ T
g =5——4x+C, -x+C, 0gx<2 Y S
) =42x+Cy, 2<x<3
(2’):--0=:>»§—8+C1=0=>C1=1—3g G, 3<xx<4
f0)=1=¢ =1
3 16
() = %— - 4x + 3 . f continuous at

x=2=24+1=4+C, = C, =-5
fcontinuousat x =3 = 6-5=C; =1
-x+1, 0<sx<2
f(x)=42x~5 2<x<3
1, 3<x<4

77. %[[s(x)]z + [c(x)]z} = 2s(x)s'(x) + 2c(x)¢'(x)
= 2s(x)e(x) — 2¢(x)s(x) = 0
So, [s(x)}z + |:c(x):|2 = k for some constant £.

Because, s(0) = Oand c(0) = L, k = 1.

Therefore, [s(x)]z + |:c(x)]2 =1

[Note that s(x) = sin xand ¢(x) = cos x satisfy thege

properties.]

- S+ 3) = 73)70) - g(x)ely)
g(x + y) = f()e() + ()7
=0 .
[Note: f(x) = cos x and g(x) = sin x satisfy these conditions]
- f(x+ ) = F(x)S'(y) - g(x)g'(v) (Differentiate with respect to )
g'(x + ) = f(x)g'(y) + g(x).f(») (Differentiate with respect to )
Letting y = 0, f'(x) = f(x)/'(0) - &(x)g'(0) = -g(x)g'(0)
| ¢(x) = f(x)e'0) + 2(x)70) = f(¥e'0)
So, 2/(x)/(x) = -2/ (x)g(x)¢'(0)
2g(x)g'(x) = 22(x)7(x)g'(0).
Adding, 21(x)f'(x) + 2g(x)g'(x) = 0.
Integrating, f (14:)2 + g(x)2 =C.
Clearly C = 0, for if C = 0,then /(x)* = -g(x)" = f(x) = g(x) = 0, which contradicts that f; g are nonconstant.
Now, C = /(s + )’ + g+ ) = (f()70) - B + (/(2)el) + e O)
= G FOY + 8 80) + 7= 80) + (= (Y
= [/ + g6 [10) + 20)] =

So, C = 1and you have f (Jc)2 + g(:c)2 = 1.
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Section 4.2 Area

6 6 6 '
LD (Bi+2)=3)i+>2=31+2+3+4+5+6)+12=
1= i=1 i=1
9
2 3+ =(F 1)+ (£ 1)+ 4 (9 41) =287
k=3
Lo 1 1.1 1 158
3 =ld b — o — =
,§,k2+1 BT RATINT:
6
4. Z§=§+§+_3.=17_
S 45 6 20
4
5. Zc=c+c+c+c;4e
k=1
6. ]G -1y #(+1f] = @+ 8)+(1+27)+ (44 64) + 9+ 125) = 238
i=1
T 24 24 24(25)
7. — | = [ = —— ] =
25 15. ;4; 4’;1 4[ 5 1200
9 | 1617
8 %: 1+ 16. Z(Sz 4) = 521 4(16) = [ ( )} 64 = 616
i=1
06
9; T={+5 20 19
;Zx 6 J 17. -1 =32 = [1—?(—2%)@} = 2470
i= i=|
4 J 2
10. 1- (—) 10 10 10
;[ 4 :l 18, (1'2_1)- P - 1=[MJ~
i=] i=l i=] 6
n \3 . S
11. 2‘. (2.’.) - (&) 15 » 15 15
ni=|\n n 19. Y i(i-1) =) 2~ 221’2 + i
i=1 Coi=l I=1 i=]
N2 152(16)° - 15(16)(31)  15(16)
lz,z"[z(uzﬂ S 5150961 , 1509
nia h &
= 14,400 — 2480 + 120 = 12,040
12 . '
13. 7 =1712) = 25 25 .2
§ ) 20. ) (P -2i) =P -2)i
f=1 il =l .
30 ’ ’
14. Y (-18) = (~18)(30) = 540 _ (29)(26)° _ ,25(26)
i=1 4 2
= 105,625 - 650
= 104,975 .
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