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CHAPTER 4

Integration
Section 4.1  Antiderivatives and Indefinite Integration
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,2fl )_
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29.

31.

33,

35,

37

39.

41.

f(x + 1)@ — Dax = j(3x2 +x—2)dx

=x3'+%x2—2x+c

d i
23 0 22 = 52 —
Check: (Jb + 2x 2x + C) A+ x—-2

= (x + 1)(3x—2)

J[y’\/idy = fymdy ”—“% "+ C

df2 :
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¢ =+ C) =
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Check:

I(ZSinx +3cosx)dx = ~2cosx + 3sinx +C

Check: %(—Zcosx +3sinx + C) = 2sinx + 3cosx
J(l —csctcott)dt=t+cset+ C

' d

Check: Er(t +csct+ C)=1-—cscteott

f(sec’ﬂ—sinﬂ)d9=tan6+cose+c

Check: %(tan 0+ cosf+ C) =sec?f—sinb

f(mzy + 1dy= fseczy dy =tany + C
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30. f(zﬂ —1)2dt = f (4 — 42 + 1) dt

4 43
35 _ =
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1 - cos®x
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it o L b,
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dy_
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flx) = f‘lxdx: x4+ C - g(x) =j6xzdx= 23+ C
f0)=6=202+C= C=6 g)=-1=20P+C= C=—1
Fx)=2x2+ 6 gy =22 -1
57. B =88 + 5, k1) = —4 . 58, f/(s) = 65 — 853 f(2) = 3
h(t)zj(8P+5)dt=2t4+St+C f(s)=J’(6S*833)ds=3s2—2s4+6’
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59. f(x) = 2. |
f@ =5 .
f@ =10

f’(x)=J‘2dx_—~2xl+ C,

FR)=4+C =5=C =1
f=2x+1

f(x)=f(2x+1)dx= 2+xtC,

FD)=6+C,=10 = C, =4
f=x2+x+4

61, fx) = x3/2

f4) =2
foy=o0
&)= fx_md" = W= ‘% +e

f’(4)=-%+c,=2:>01:3

() = — 2
[ = \/;+3

1) = f (—2x 12+ B dr = =482 + 35 + C,

fO)=0+0+C,=0=C,=0
Flx) = ~ 4312 + 3x = —4/x + 3x

63, (@ A = f(l.Sr + 5)dt = 075¢ + 5t + C

HO)=0+0+C=12 = C=12
Ch(D =0752+ 5t + 12
(B Al6) = 0.75(6)2 + 5(6) + 12 = 69 cm

60. f(x) = 2
Fy=6
f@=3

f'(;)=fx2dx=§i3+cl
CfO=0+C=6=C=6
FW=te e
: 3 .
- (L _L
f(x)HJ’(f’ +_6)dx— T+ G
f0)=0+0+C,=3 = (C,=3

Lo .
f(x)—ux + 6x +3

62. flx) = sinx
F) =1
flo)=6

fix) = Jsinxdx = —cosx + C,

FO=-1+C=1= ¢ =2
Fle) = —cosx + 2

flx) = j(wcosx +2)dx = —sinx + 2 + C,

fO=0+0+C,=6=3C,=6
flx) = —sinx +2x + 6

P
64. — = k1, 0

A

t= 10

P = jkr‘”4 dt = %kﬂ/2,+ C

1

P(0) =0+ C =500 = C =500

P(1) = %k + 500 = 600 = & = 150.

P(7) = 100(7)32 + 500 = 2352 bacteria
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65.

66.

68.

F(0) = —4. Graph of f' is given.

@ f4) =~ -1.0

() No. The slopes of the tangent lines are greater than 2
on [0, 2]. Therefore, f must increase more than 4 units
onl0, 4].

(c) No, f(5) < f(4) because fis decreasing on [4, 5].

(d) fis a maximum at x = 3.5 becanse f3.5) = 0 and the
First Derivative Test,

Since f”is negative on {(—oco, 0), f* is decreasing on

(- o, 0). Since fis positive on (0, o0), f* is increasing
on {0, oo). £ has a relative minimum at (0, 0). Since f* is
positive on (— oo, o), f is increasing on (— e, o).

f’”(#) = a(f) = —32 ft/sec?
f’(O) =%
f(()) = 8y

) = vl = f»—sz dt= =32+ C,

IO =0+C =vy=C, =1
F) = =32 + v,

fo) = s} =f(—32: +v)dt = — 162 + vt + Cy

FO)=0+0+C=5,= C=5,

FlO) = —162 + vt + 5

(e) f is concave upward when f' is increasing on (— oo, 1) and
(5, co). f is concave downward on (1, 5). Points of inflection

abx = 1, 5. ‘;g;; @ﬁi ﬁf

¢ a minimum at x = 3.

67. a(t) = —32 ft/sec?

v = fm3zd:= —32 + C,
v{0) = 60 = C,
s(e) = j(*32t + 60)dt = — 1662+ 60r + C,

s0) =6=C,
s(f) = — 162 + 60t + 6, Position function
The ball reaches its maximum height when
Wty = —32 + 60 =10
32t =60
= %5 seconds.
%) = —16(5F + 60(¥) + 6 = 62.25 feet
69. From Exercise 68, we have:
s{f) = — 1682 + vyt
Yo

9 — fime to reach

s = =32t + vy = O when t = 32

maximurn height.

AT A% (rg)z
s(32) 16(32) + vl 35 ) = 550

v | Yol _
PYIREY) =550

v, = 35,200
vy = 187.617 ft/sec
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70. vy = 16 ft/sec
5, = 641t
@ ' () = —162 + 16t + 64 = 0 (b v} = s} = —32¢ + 16
—16(2 -t~ 4} =0

1+ /17
e

Choosing the positive value,

= ~1_+2— V17 = 2,562 seconds.

. alf) = —9.8
W) = f—9.8 dt = =98t + C
O =vo=C, = vt = 9.8t + vy
fi = f (98t + vy)dt = —49% + vt + C,
f0) =s5,= G, = FN = —4.5:2 + vt s,
73. From Exercise 71, f(f) = — 492 + 10¢ + 2.
v({®) = —9.8¢ + 10 = 0 (Maximum height when v =0.)

9.8 = 10

_10

Y

10y
f(g—g) = T7.1m

75. a=-—16

: v(l—iz—m) = *32(—1-'-—2‘/_12)' + 16

—16/17 ~ —65.970 ft/sec

72. From Exercise 71, f(f) = —4.92 + 1800. (Using the
canyon floor as position 0.)

F(6) = 0= —452 + 1800

4.9 = 1800 M.-“'%

=@ = t==0.2sec

2
Y

74. From Exercise 71, f(f) = —4.972 + vyt + 2. If
Fl) =200 = =492 + vy + 2,
then
vt) = —9.8++v,=0

for this ¢ value. Hence, ¢ = v,/9.8 and we solve

.8

. |
~4.9(—f°—) + vo(ﬁ) +2 =200

R
+9‘8ﬁ198

~49v,2 + 9.8 v = (9.8)2198
4.9 v,2 = (9.8)% 198

vp? = 3880.8 = v, = 62,3 m/sec.

ve) = f— 1.64dt = —1.6f + v, = — 1.6¢, since the stone was dropped, v, = 0.

s(5) = f(— 1.61) dr = — 0.8 + s,

5(20) = 0 = —0.8(20)2 + 5, =0
56 = 320
Thus, the height of the cliff is 320 meters.
v(i) = —1.6¢
v(20) = —32m/sec
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1, _GM .
2 y
Wheny =R, v = v,.
1 GM
—y = amme— |
0 =R tC
1, GM
C—zvD R
1,_GM 1, GM
2 ¥y 20 R
2GM 2GM
V2=-*;—+VOZ—T

i 1
vZ =y + ZGM(; - E)

78. x(f) = (r — 1)t - 3)? 0<rgs
=P -7+ 15— 9
@ v =x() =32 -1+ 15=03—50t—-3)
a(ty = v{z) = 6t — 14 '

(b) v{t) > O when0 < £ < gand3 <t<5.

(c) a(t) =6 — 14 =0whent =
9-60)- ) 9

80. (a) a(t) =cost

v

(PSR |

77.x(t)=t3—6t2-i;9t—2 0<tg5
@D vi)=x()=32-12t+9
=302 — 41+ 3) = 3¢ — 1)t — 3)
ald =v()=6:—12=16(—2
(&) v() > 0whenO < r < lor3 <t <5,
() alt) = 6(t — 2) = 0 when ¢ = 2.
v(2) = 3(1)(—1) = ~3

1
79. w{f) = — =12 t>0
( 7 ‘

x*(2) = f Wil de = 2012 + C

WM=4=210+C=C=2
x(f) = 2442 + 2 position function

alt) = v = —%t‘f'/ 2= 2:3}2 acceleration

v(y) = fa(t) dt = fcos tdr=sint + C, = sint (since v, = 0)

o= fv(t)dt= fsintdt = —cos¢+ C,

fO)=3=—cos@)+ C; = —-1+C, = C,=4

fl = —cost+ 4
) v(i) =0 = sintfort=km k=0,1,2,. ..
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} g5 1000250 250 )
8L (@) w(0) =25km/hr =25 2600 ~ 3g M/sec (b s = a— 4 ¢ GO=0
B .. 1000 _ 800 _ 275 (13 250 .
v(13) = 80 km/hr = 80 - 3600 Y m/sec s(13) = 734 (13) 185.58 m
a(f) = a (constant acceleration)
vid=ar+C
(0)* ==> v(t)—at-&-%
800 250
v(13) = 13g - 6
550
36 1@
_ss0_ 215 2
=368 = 234 =~ 1.175 m/sec
82. v(0) = 45 mph = 66 ft/sec (@) —16.5¢ + 66 = 44
30 mph = 44 ft/sec t_126_25m 1333
15 mph = 22 ft/sec
22 '
) = — e } e T3,
alf) a 3(16.5) 73.33 ft
f)=—at+ 66
W =-a ‘ (®) —165¢ + 66 = 22
8.
=22 + 661 (Lets(0) = 0. '
s() = =5 + 66t (Let5(0) = 0.) UL R
16.5
v() = O after car moves 132 ft.
. 44
66 S(E) = 117,33 ft
—at+66=0whent=;. ' ‘
©@ ¢ g ¢
Y
s(@) = wﬂ(éé)z + 66 @) & f r'v"é
a 2\a a ! s 4
& § &z
33 w LS *57" &)
= 132 when a = 2= 16.5. 0 j 12
7333 11733
feet feot

a(f) = — 16.5

It takes 1,333 seconds to reduce the speed from 45 mph to

v(e) = —16.5¢ + 66 -
s(f) = —~8.25¢2 + 66¢

30 mph, 1.333 seconds to reduce the speed from 30 mph
to 15 mph, and 1.333 seconds to reduce the speed from
15 mph to O mph. Each time, less distance is needed to
reach the next speed reduction. ‘

(@) s(10) = 3(10)2 = 300 ft

83. Truck: v() = 30 _
(b) ¥(10) = 6(10) = 60 ft/sec = 41 mph

s(8) = 30« (Let s(0) = 0.)
* Automobile: a(f) = 6
v(f) = 6t (Let v(0) =0.)
s() = 32 (Let 5(0) = 0.)
At the point where the automobile overtakes the truck:
30 = 3:2‘ |
0=372—30
0 = 3#¢ — 10) when ¢ = 10 sec.
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(1 mi/hr)(5280 fi/mi) _ 22
B4 0 sec i) 15 e

(a)
¢ ols |10 |15 |20 |25 |30
V(t/sec) | 0 | 3.67 | 1027 | 23.47 | 4253 | 66 | 95.33
V(itfsec) | 0 | 308 | 5573 | 748 |88 | 93.87| 9533

10 .
() 8§ = fV,(t) dr =2 368 p - 20416 0;16 £+ 0.3679¢
3 2
S,(1) = sz(t) dr = —0'12303’ + 6'79291’ —~ 0.0707¢

[In both cases, the constant of integration is 0 because $,(0) = 5,(0) = 0.1

5,(30) = 953.5 feet
5,(30) = 1970.3 feet /

The second car was going faster than the first until the end.

85. alty =k
W) =k

s(t) = %ti since v{0) = s(0) = 0.

At the time of lift-off, k&t = 160 and (k/2)}* = 0.7, Since (k/2)}f =

i= J12
k
1.4 1.4
"( k ) - k\/: = 160
L4k = 1607 = k = 5%
: 1.4
== 18,285.714 mi/hr?

== 7,45 ft/sec?.

0.7,

® V,() = 0.10687 — 0.0416t + 03679

V,(f) = —0.12082 + 6,7991: — 0.0707

86. Let the aircrafts be located 10 and 17 miles away from the airport, as indicated in the figure.

v{f) = ke — 150 vy = kyt — 250

5400 = %kAzz — 1506+ 10 55 = %kgﬁ — 250t + 17

(a) When aircraft A lands at time iA you have
50

Valta) = gty = 150 = —100 => ky ===
A

SA(IA) = lkAfAz - lSOIA + 16 =20

2
150\ , .
L — — = —1
z(rA )r,, 150z, 10
1251, = 10
, 10
A7 125

—CONTINUED—

Airport

-4 - B
; .
a 10 17
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86. —CONTINUED—

k=20 50(£) = 625 = 5,() = 22212 — 150¢ + 10
1y 10 : 2
Similarly, when aireraft B lands at time #, you have
valty) = kytp — 250 = —115 = &, = itﬁ
) B

splty) = %kgt,} — 2501, + 17=10

l(@)rg — 250t = —17

2\ ty
5,
34
ty = %hr.
135 365\ _ 49,275 49,275 ,
= ———= —_— = — e —_— +
kg . 135( 34) v alt) = =g 2 = 250 + 17
() = ' (©) d = s5(t) — s5,(8) = 3%?5:1 - 100t + 7
Yes,d < 3 for ¢ > 0.0505 hr.
) 20
1] 0.1
1] . -
Ay,
Q 04
0
87. True : 88. True | 89. True 90, True

2

' 2
91. False. For example,-fx cxdx #_fx dx + fxdxbecause? + C #* (x_’ + CI)(% + Cz).
92. False. f has ‘an infinite number of antiderivatives, each 93. f{x) = 2x
differing by a constant. ) =32+ C
fR)=0=4+C=0=C=—4

M=% ~ 4

f(2)_:0=>~g~—8+C1=0=>C1=%
Answer; f(x)=£33- —-43r+13—6
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-1, 0=x<2 ¥
94, flx) =492 , 2<x<3 2t
0, 3<x=4 14
—x+C, 0=£x<2 — o
f=42x+C,, 2<x<3 1 3
C, , 3<x=<4

95.

96.

fO=1=C =1
fontinmousatx =2 = -2+ 1=4+C, = ;= —5
feontinmousatx =3 = 6 —5=C;=1

—-x+1, 0£x<2
fy={2xr—5, 2<x<3
1 , 3=x<4

oo |1, 0=x<2
f(")_[sx, 2<x<5

x+C, 0=2x<2

) = 3—2x3+c2, 2<x<5

A)=3=1+C =3=C =2
f is continuous: Values must agréc‘at x=12
4=6+C,=C,=—12

x+ 2, 0<x<?2

e 2
) ?zi_z, 2<x<5

The left and right hand derivatives at x = 2 do not agree. Hence f is not differentiable at x =2.

Ll + [e@F] = 255°6) + 2e()e )

= 25(x)e(x) — 2c{x)s(x)
=0

_ Thus, [s(0)]2 + [c(x)]* = k for some constant k. Since, 5(0) = O and ¢(0) = 1,k = 1.

97.

Therefore, [s(x)? + [e(x)]? = 1.

[Note that s(x) = sin x and ¢(x) = cos x satisfy these properties.]

Flx +3) = fOf(y) — gle(y)
glx + y) = fl)g(y) + gy ()
fe=0
[Note: f(x) = cosxand g(x) = sin x satisfy these conditions]
F (x +y) = FF () — gx)g(y) (Differentiate with respect to y)
g2'(x + y) = F(x)g'(y} + g(x)f'(y) (Differentiate with respect to y)
Letting y = 0, /() = fx)(0) - g(0)g(0) = —5(x)g"(0)
g (1) = fx)g(0) + glx)f(0) = flx)g (0)

—CONTINUED—
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97. —CONTINUED~—
Hence, 2/(x)f (x) = —2f(x)e(x)g(0)
2g(x)g‘(x) = 2g(x)f(x)g (0).

Adding, 2/(x)f{x} + 2g ()¢ () =

Integrating, f(x)? + glx? =,

Clearly C # 0, for if C = 0, then f(x)® = —g(x)* = f(x) = g(x) = 0, which contradicts that f, g are nonconstant,

Now, C = flx + y)* + glx + 3)* = (Af() ~ gle()) + (Fx)e(y) + g(x)F()>
= fOP + g0Pg()* + fOGP + glxPr(y)?
= [/ + GPIO) + )]
=2

Thus, C = 1 and we have f(x}* + g(x)® = 1.

Section 4.2 Area

.
1. 221+1)—22;+21 2(1+2+3+4+5)+5—35
i=1

{=

P
m—
—
—
—_
—
—
Lh
o

2 3k(k 2) = 3(1) + 4(2) + 5(3) + 6(4) = 50 3. 21 2 s Tt T s |

ta

|

1,11
ot o= . = = 4
73 4+5 60 Sk=lc ctetete=4de

.
|

_6.2(i—1)2+(1+1)3]—(0+8)+(1+27)+(4+64 + (9 + 125) = 238

_ S LR w0 $[1- (4]

w2 @) w-E)] ei3E-E] WSS

15. {22; = 2§ [20(21)] 420 16. 25(21 —-3) = 22: - 3(15)
= 2[L(216)] — 45 =195
Z(’ = 2 - 18, ;01(;-2 — = 2:‘2 - _:1

- [&?(39_)] = 2470 | _ [10(11) )]
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15 15 15 135
19 N ili—12= Y- 232+ Y 20. 2:(12+l) 213+21
=1 =1 =1 =1 :
_ 12206 15(16)(31) | 15(16) _ Lo [10(11)] — 3080
4 6 2 4 2
= 14,400 — 2480 + 120 |
= 12,040
21. sum seq(x(1) 2 + 3,x, 1,20, 1) = 2930 (T7-82) 22. sum seq(x ()3 — 2x, %, 1,15, 1) = 14,160 (T1-82)
20 15 2 2 + 1
S +3 - 20020 + 1)( Qo)+ 1) +3020) S - 20) - (15) (1: +1)? 15(152 )
i=1 £
2, 2
- M(ZO)(ZJ)(41) + 60 = 2930 - -——(15)4(16) — 15(16) = 14,160
23, 5=[3+4+2+3510)=%=165 2, S=[5+5+4+21) =
=[t+3+a+fwy=%8=125 s=[4+4+2+0](1) =10
28, 8=03+3+35)(1)=11 26.S=[5+2+1+%+%}=%
s=[2+2+31)=7
2.1, 11_9
_[2+1+5+2+3]—2_4.5

27. 5(4) = i(i) + \/é(%) + \/%G) + \/TG) _1+v2 - Y3+ 268
s =o2) 0+ S+ A - LS s

28. s(s)=( §+z)%+(

\DI)—-

29. S(5) = 1@) + E;_s(%
1

R RN IV ARG CRNV/EETE
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S(100) = 1.006566
$(1000) = 1.00066567
~ 5(10,000) = 1.000066657

)

nwn + 1)

2

|81 nz(n+1)2]_§ . [n4+2n3+n"]w81 _8
31 lim _(n4) 4 |72l P e
' , "gjn(n+1)(2n+1)]_6 [2n3+3n +n]
2. nlggc _(n3) 6 " 6 e n? (2) B
. En(n-l-l)]_lS. n2+n]_g _ ,
. 3. nl—lﬁ (nz) 2 B 2n]i>nolo n? B 2 (1) =9 34. nll)rgo
R U I A nlr + 1) ]Mn+2_ 2 _
35, 27 T n2l:2}(21+ 1) nz[Z R - 1+==
5(10) = 12 = 12
$(100) = 1.02
S(1000) = 1.002
5(10,000) = 1.0002
s +3 L&, 1fdnn+ 1) ]_2n+5_
6 3052 L 3wy - nz[—~2 ] =252 = s
8(10) = 2 —25
5(100) = 2.05
$(1000) = 2.005
© $(10,000) = 2.0005
&n6klk—1) 6 & [n(n + )2n+1) - nln+ 1)}
37. é}l— =3 2 6 3
6[2h*+3n+1—3n— 1 2 .
nz[ 5 ] = F[an 2l=2—-==8n
5(10) = 1.98
S(100) = 1.9998
S5(1000) = 1.999998
5(10,000) = 1.99999998
] 27 e 2, 2
18, 24: (1 D _ [n (n+ 12  nln+ 1)}2n + 1):]
i — nt , 6
[rP +22+ 0 22430+ 1]
6
= %[3:13 + 6n% + 3n — 4n? — 6n — 2]
3—[ nt 4+ 2n2 = 3n — 2] = S(n)
5(10) = 1.056

| = [757] = 300 =

1

2
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(1) s 12 5= i 202 - ()] =m0+ ) -
9. tim $(19) < tim 29 50— i {707 = i o7 | =8 fim{1+ ) -
o D2 = i A% = in("+1))_ - -ﬁ( _)
40. ftllingol:l(n)(ﬂ)mnll)ngonzf;__zll_nﬁwﬂz( 2 —nlj-)n:oz L+ =2
. A | I it o (n—l)(n)(Zn—l)}
22 e 152 Ajln T Dinhen = 1)
4. Jim S gl = = Jm s o
A2 -3 4+ m] 12—(3/n)+(1/n2))]_l
“3‘3&6[ B ]‘RL‘{E[ 6( 1 =3
, .3 2522 o 2 2
42. lim 1_21(1 + n) (n) = lim n3§‘l(n + 2i)
= sim 2 S an $ie a3 |
_nggc n3 ,Zln n;:ZII f;t
= lim —2—[713 + (4n)(n(n+ 1} 4 4m)n + )(2n + 1)]
rl—)ocn3 2 6
204 2 2
=21 2SS+ =
anggo[l 2+n 3 n+3n2]
4 26
= + =) ==
2(1+2 3) 3
. (2 _ &, , 18] 1 ln(n"i-l))]_ . [ n2+n] ( 1)_
e im S+ D)) =2 300 S| <2t o () |- |1 gt =l ) =
& L2V L 1 ;
44. lim 21(1 + n) (n) = 2 lim 42‘,1(:: + 24)
| = 2 lim — 5 (7 + 6% + 127 + 8i9)
n—+oon4‘-=1
2 2
— 5 lim %[n“+6n2(n(n+ 1)) N 12”(n(n+ 1)2n + 1))+8(n (n+ 1) )]
n-3co N 2 6 4
=2 lim (1+3+§+4+§+%+2+5+%)'
oo n n R n R
=2 lim (10+E'+‘%)=20
N300 n R .
45, (@) ! (b)Ax=2“O=g
n n
Endpoints:
o<1(%)<2(%)<...<(n—1)(%)<n(%)=2
n n n n

—CONTINUED—



. 45, —CONTINUED—

(¢) Since y = x is increasing, f(m;) = f{x,_,) on [x,_, x].

S(n) = é;f(x";i)Ax

5 A5 3o o2

® 5 10 | 50 | 100
stw) | 1.6 | 1.8 | 1.96 | 1.98
S {24 | 22 | 204 | 22

46. (a) 7

7
" (c) Sincey - x is increasing, f(m,) = flx,_ ) on [x,_, x.].

s{n) = znlf(xf—l) Ax

(b) Ax =

Section 4.2 Area 367

@ £) = £l) on [, 2] -
st = s = £ - LG

2342

® lim E{[(z - Il)(;)](;) - lin %21 (- 1)

g A ]

noo B 2

= lim [2(”—+1) - f]é 2

fi—00 n n

SO - s
- 1 (£)ex D

n—oo \H¥ 2

- lim 2n + 1)

fi—00 n

=2

—1-2 .
n

Endpoints;

1<1+2<1+£<~-<1+2—@=3
n n n

Crerei®)<rea)ccrron o) < iof2)

3o Sl oo

(d) f(M,) = flx) on [x,_, %]

© 5 | 10 | 50 | 100

sn) | 3.6 3.8 396 | 3.98
Sn) | 44 42 404 | 402

R

Zn+2 4

= lm [2 +

H—tco

n

w8 ) mder G

= lim [4+-2-]=4

n—oo

“im |2+
n—roc

20+ )]

o6

S() = 21 Fl) Ax = 21 f[l + z(%)](%) - ;1 [1 T i(

-l

= lim [4 - %] =4
n—oo Fi13

13
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47.y=—2x+ 3 onf0, 1} (Note:Ax =}*~;—0:1)

- A0 301

- 28, 4, _2ntDn_o 1
=3 nziz}l;—a =27,
Area = lim s(n) =2
ﬂ-’w‘
. -2 3
48. y =3z — 4on[2,5] (Note:Ax=5n =;)

=323
= ;[3(2 + %) - 4](%) =18 +3 %)ZE; - 12

Ces Bty g7 L)
" 2 n

Area = lim S(n) = 6+£
oo 2

49,y = 2% + 20on [0, 1]. (Note: Ax = %)

s = $(2)) - B1CT 16

1 & .2] nn + 1)2r + 1) 1( 1
= | — + _— L ee— = — + = 4
[nf’;f 2 P +2 62
. 7
Area = lim S(n) = <
n—co 3
50.y:x2+10n{0,3}.(N0te:Ax=3;0=%)
_ 4 (30Y3) L & [ (é)
St = ;f(n)(n)éfg[(n) " 1] n
27 & g
=232+ =Y
n e n;]
C2an+ D2+ 1) 3 922 +3n+1
T i — i — = “mmm—— |
n? - +n(n) 2 n? 3

Area = lim S() =2@2) +3 =12
n—on 2 .

n*

)+2
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51. y=16 —x?on[l, 3]. (Ngte: Ax = %)

2

n

_2_[15 _ﬁin(n+1)(2n+1) _in(n+1)]
P ™ 6 r 2

8 4
=30~ 6n2(n + D@2n+ 1) n(n + 1)

- e B _ 4270 _ 5,1
Area = ”lgxgos(n) = 30 3 4= 3 233

52. y=1—3x2on[~1,1]. Find area of region over the interval [0, 1]. (the: Ax = ;l;)

=80 - 3 - GIG)

o la, _net)@etl) _1( 3 _1_)
.— n3§11 -'-1 6713 —1 62+n+n2
1 ooia_ . 12
3 Ara = Jlin s0) = 1= 5= 3
Arca=§
. — ¥
53.y=64—x30n[1,4].(Note:Ax=4n1=%)
. 33y 2 3% (3
s(n)~§f(1+n)(n)—i=zl[64 (1 + n)](n)
3% [e 22200
_n,zl[& r wooon
_ §[63' 2 rn+ 12 alk+ D)2r+ 1) 9nl+ 1)]
nl n 4 n* 6 n 2

o BLi s g 8L fnsl
.= 189 4n2(n+1) 6n2(n+1)(2n+1) = n

Area = lim s{n) = 189 — 81 _ 27 — Z = 313 128.25
n—co 4 2 4 ‘

n H

54, y=2x— ¥ on[0, 1] (Note:Ax='1W0 1)

Since y both increases and decreases on [0, 1], 7(n) is neither an upper nor lower sum.
n AYa! o i i B:I( 1 )
= —_—] = 2—1—-1—- =
w = 5000 - 226) - GG

23, 1 &, nn+1) 1[rMe+ 1)
D D 7[ 7

- -, 1.3
Area = lim Tmy =1 il
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55, y=x2—x¥on[-1,1] (Note: Ax =

1—(—1):2)

Again, T(n) is neither an upper nor a lower sum.

<) -3l

10 = 34(-

36
n 10/ 1612 8 0% 4 2y 163,
=Sl ) - R B

n

A - 3010)

8_1e )
o Bji\n

‘_1()“29«.”(""'1)+§g,n(”+l)(2”+1)m1_6.n2(n+1)2
o et 2 n 6 nt 4
%4w10(1+) 16(2+ +I) 4(1+%+L)
3 n 2
Area~hmT(n)—4—10+?;—2m4_%
56. y=2>—x*on[-1,0] (Nute:szo—'-"-;g_—IL%
-3 ATEANNECT VRPN PN 1
o= S 20G) - Bl - (- 0
-~ _S a2 PV 5 a 48, 1&g,
- fgl[(z n i n na)(ﬂ) N 2¢21I * n 1211 ”42:11
g3 3,4 2 2 1 1 1
=273 3t et Ty 20 dn?
. 5.4 1 7
Area~"1ingcs(n)w2 2 T3 171
57. f(») =3y, 0<sy< 2 (NG(E:Ay:z_;O.=%)
- % = D ()2 2 (22
S0 = g,lf(m,-) a =522 - 213(n)(n)
2’ (12)_n(n{r1)z6(n+1)=6+g
2 n n

Area = lim S(n)} = lim (6 + é) =6
=00 oo n

4m_‘

58. g(y) = —y,2 fy<4 (Note: Ay = "

l\)

Area= lim S(n) =2 +1=3
n o

2_2)
" n
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59, f(y) =y:0<y<3 (Note: Ay = % = %)

- S0 5 610 - 73

_2 alnt Y2n 1) 9(_2n2+3.n_+1) 9+21+1
n 6 n? 2 2n  2n?

Are=1'imS()=Iim(9+£+i)=9 T
a R—co & H—o 2n 21‘!2

60. F(y) = 4y — 21<y‘<2(NoteAA)7=-ZR—I~%) : A

£l
o~
=Y
+
| &
o
—
t
|2
|
[
S

1]
R R - R
bvg=
P
[§%]
= |2
|
KM"-;;,
——

2nln+1) 1 alnt )20+ 1)}
n 2 n* 6

nt+1l (n+1)2n+1)
n 6

Area = lim S(J'1)=3+I~l=1—1
oo 3 3

61. g(y) = 4y *\ya,l £y< 3, (Note: Ay = 3 ; 1 %)
5 (0 2i\(2
Sty = 2 g(l " n)(n) .

Sl - 0308

il
=

] 7 2 3
=gﬁ4[1+ﬂ+4—’2] [1+@+1@—+%]
n = n n n? 5
2 0, 42 8P _ 2[ 10 n(r + 1) 4n(n+1)(2n+1) 8n2(n+1)2]
Area= lim S =6+ 10+ 25— 4=
" —eo 3 3



372 Chapter 4 Integration

62. h(y)2y3+1,15y22(N0te:A =%)

S(n) = ; (1 +i’

=_1_2 an(n+1)2+in(n+1)(2n+1)+§n(n+l)]
P 4 n* 6 n 2
(n+17 1+ D2a+1), 3n+1)
* n4 + 2 n? * 2n
= B gl 3.
Area_nh_l)lch(n)—2+4+1+2 4
63. f()=x2+3,0=2x22,n=4 64, fF} =+ 4,0 x < 4,n=4
x + Xy A
Letc,.=-{--2—. Letc, = 2' L
1 1 3 5 7 1 3 5 7
Ax=§,cl ﬁz,cz=z,cg SpC=y Ax =1, ¢, == a=56=3
n 4 1 . . n 4
Area =y fle) Ax = Y fef + 3](5) Area = Y flc) Ax = Y [c? + 4c](1)
i=1 =1 =1 =1
1/ 1 9 25 49 1 9 25 49
= — _— — - + + — = — -_
2[(16 * 3)+ 16" 3)*(16 3) (16”)] [(4”)*(4*6) (4 * 10) (4 * 14)}
_ 5 =53
8
T T
65.f(x)=tanx,0$xsz,n=4 66f(x)—s1nx,0<x£-2— n=4
o A Xt
Lot = 245 | Lerg, = S8,
w37 5':7 I 7 o_a _3m 5_17 _dm
Ax = 16’ T T STty e T e T R TS TS
n 4 T n ' 4 3 ar
Area =y f(c) Ax = ¥ (tan c")(ﬁ) Area = ¥ flc) Ax = ¥ (sin c,-)(g)
&, & = =1
T 37 S5 T
T 37 S Ta (sm + sin =— + sin — + sin —) 1.006
= tan -= + tan 22 =z =] =0.
l6(tan32 tan 0 + tan 0 + tan 32) 0.345 8 16 16 16 16
67. f(x) = Vxon{0, 4.
n 4 8 12 16 20

Approximate area | 5.3838 | 5.3523 | 5.3439 | 5.3403 | 5.3384

(Exact value is 16/3.)
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68. f(x) = xzs%llon [2,6]. |

n

Approximate area | 2.3397 | 23755 | 2.3824 | 2.3848 | 2.3860

69. f(x) = mn(fsf) on (1, 3].

n

Approximate area | 2.2223 | 2.2387 | 2.2418 | 2.2430 | 2.2435

70. f(x) = cos~/xon[0,2],

4 8 12 T 16 20°

n
1.1041 | 1.1053 | 1.1055 | 1.1056 | 1.1056

Approximate area

2,

71. ¥

(b) A=6 square units (a) A = 3 square units
73. We can use the liney = x boundéd byx=aandx=b. The sum of the areas of these circumscribed rectangles is the
The sum of the areas of these inscribed rectangles is the

lower sum.

upper suin.

¥

¥

7 x
a b .

We can see that the rectangles do not contain all of the area in
the first graph and the rectangles in the second graph cover
more than the area of the region.

The exact value of the area lies between these two sums.

74. See the definition of area. Page 265. -
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¥

75. (a)

Lower sum: . O  Upper sum:
s{4) =0+ 4+ 55 +6=15 =7 ~ 15333 S(4) =4+ 5] + 6+ 62 =211 =3 ~21.733

(d) In each case, Ax = 4/n. The lower sum uses left end-
points, (i — 1){4/n). The upper sum uses right endpoints,
(1}{4/n). The Midpoint Rule uses midpoints, (1‘ —3)(4/n).

Midpoint Rule: '
M) =25 + 4 + 55 + 6§ = 5 ~ 19.403

© [y 4 g 20 100 200
sn) 15333 | 17.368 | 18.459 | 18995 | 19.06
S [21.733 | 20568 | 19.739 | 19.251 | 19.188
M) | 19403 | 19201 | 19137 | 19.125 | 19.125

(f) s(n) increases because the lower sum approaches the exact value as » increases. S(n) decreases because the upper sum
approaches the exact value as r increases, Because of the shape of the graph, the lower sum is always smaller than the
exact value, whereas the upper sum is always larger.

76. f(x) = sinx, [0, %Z:I

Let A) = area bounded by f(x) = sin x, the x-axis,x = O and x = =/2. Let A, = area of the rect-
angle bounded by y = 1, = 0, x = 0, and x = 7/2. Thus, A, = {m/2)(1) = 1.570796.
In this program, the computer is generating N, pairs of random points in the rectangle whose
area is represented by A,. It is keeping track of how many of these points, N, lie in the region
whose atea is represented by A,. Since the points are randomly generated, we assume that

4

—mﬂ=>A ==
A N, !

Mia
N,

The larger N, is the better the approximation to 4.
77. True. (Theorem 4.2 (2)) 78. True. (Theorem 4.3)

79. Suppose there are nrows and n + 1 columns in the figure, The stars on the left total 1 + 2 + « + - + n, ag do the stars
on the right. There are n(n + 1) stars in total, hence

A1 +2+ - 4+ nul=nn+1)
1+2+- -« +n=3inn+ 1)



80. (a) 0 = L
n

@ sino="2
k= rsin 6
| L, o 1,
A= 2bh—51*'(1'811“9)—2135111‘9

(cy A, ;“n(lrzsm— =

2 n 2a/n

Letx = 2ar/n. As n— oo, x~0,

lim A, = ]Jm fn'rz( mx) = aqr¥(l) = mr?

n—oQ

81. (a) y = (—4.09 x 10753 + 0.01622 — 2.67x + 4529

(c) Using the integration capability of a graphing utility,

you obtain
A = 76,897.5 ft%,

82, For n odd,

=1, 1row, 1 block
n=3, 2rows, 4 blocks
n=75 3rows, 9 blocks

n+1
3

+ 2
n, rows, (1_7:_1) blocks,

n \
83. () S2i=nln+1)
The formulaistrue forn = 1:2 = 1(1 + 1) = 2.

Assume that the formula is true for n = k

iZi = k{k + 1).

=1
k=1 K '
Then we have »,2i = 32 + 2(k + 1)
i= =1
=ik+1D+2k+1)
= {k + 1)k +2)

which shows that the formﬁla isnueforn =%k + 1.

277) P 2w _ - 2(sin(zqr/n)

" (b) s
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For n even,

" n=2, lrow, 2block

n=4 2rows, 6 blocks

n==6 3rows, 12 blocks .

nton blocks,

n
n, —IOWS, 1

2

a¥n + 12 + )2

1) E3

The formula is true for n = 1 because

11 + 1) _ 4
R LS S
1 Z =1

Assume that the formula is true forn = &
£ kz(k + 1)2

2;
+1 K

Then we have 21‘3 =Y&+ (k+ 1)
, = f=1

_ Bk + 1)2

3
2 + (k + 1)

- &2 D 1 s+ 1)

_ k1 2
= {k +2)

which shows that the formula is true for n = & + 1.
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84. Assume that the darthoard has corners at (+1, +1). ¥

A
A point (x, y} in the square is closer to the center than the top edge if 1l
. 1
S+l -y ,%xy}
4yl =2y 42 : -1 oo 7
y < l(1 - %9, -1
2
By symmetry, a point (x, ¥) in the square is closer to the center than th
right edge if ‘
x< l(1 — y7),
2

In the first quadrant, the parabolas y = (1 — #2) and x = 1(1 - y?) intersect at (ﬁ -1,/2 - I). There are 8 equal regions
that make up the total region, as indicated in the figure.

Ty
3
1(«/5—!1.\/54)

/1/ [¢P Y]

-1

Probability =

85 [2ﬁ 5] 4.2 5

Area square

Section 4.3 Riemann Sums and D.eﬁnite Integrals

\ 372 y
1. f(x):\/;r,y'—""(),x=0,x=3,ci=? i
: 1
2 —_ 2
Ax, 3;1—’2——3(' ~ D2 30— N i

rl““?mf 1 i=1 % Eﬂg;”l%n—lzg
- i 2B$a - ) T
n—oo R fed
- lim 3\/§r2n(n + 12+ 1) nn+t 1)}
n—oe n3 I_ 6 2
_ o (mn+D2r+1) n+l}
B nl—]{go 3\/?_’[ 3n? 2n?

= 3J§[§ - o] =2./3 ~ 3.464



Section 4.3 Riemann Sums and Definite Integrals

77

13
3

I

\/;c,y—-Ox—Oxwl ¢ =

Q (;"—1)3 3:2—3i+1

AJC, =
z 313 - 31 + 1
"].—l’m gf(C;)Ax h R—)m;ﬁ

s —_— 1_ 2
nl_'fﬂ,n 2(3: 3+ 9)

AR+ 1P (nln 4+ 1)2n + 1)) n(n + 1):‘

- nlggc n4_3( 4 ) 3( 6 , +7

- lim L 3n4+6n3+3n2_2n3+3n2+n+n2+n]
H—rco n"“ 4 2 2

.13 A A 3,1 1]_3
=dms ] Mim [4 T 4n_,2] ~3

n—)oon_4 2 4

0—4

3.y = 6onl4, 10] (Note: Av=1 = S, Al — 0 as n— oo)

Sefa) = 27 -0 - e =

3t s = 34+ 2)(§) -

10
j 6dx = lim 36 = 36
- Ja A—oo

4. y=xon[-2,3] (Note: ag =372 % lA] = 0as n-»OO)

$rynn=$ (-2 HE) - 32+ Y- -0 B3

25\nln+1) _ 25( _g) 5.2
10+(n2)~— 10 + ~l=3+5%

1l
|

_ 2 2
3 ‘ '
L (5,25\_3
J_;‘d" = lm (2 * 2n) ~2
.,/':
5.y=xon[-1,1]. (Note: Ax = 1—:;(—:«-11 o %,"A"—)Oas n—)oo)
3 I TE-AT AT Y 23(2)_'"[,, 6 _ 127
3 (c,)Ax—zlf( 1+n)(n)_21( +n) 23+ STy

1
fx3dx= Iimgﬁo
-1

2

ﬂi](_,
7 \n

)
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=1

6. y = 3x* on[1, 3], { Note: Ax— %, "Aﬂ»—éOasn——)oo)

s
3 s = $(1+ 2)(2 )

$0-27()

- i3(
}:(1 +%+4n—f)

f—

=1

i=1 .

[n v 4n(n+ 1) N 4 n(n + 1)(2r + 1)]
no 2 n* 6

I 3|

=6+12n+1 4(n+1)753n+1)

[6 + 12{n + 1) + 4n + 1)(22:: + 1)]
n "R

3
f3x2dx= {im
1,

A oo

=6+ 12+8=126

_2-(=1)

i
= W
E
l
o

8

3

1

8
"

_ 3[3?1 _18n(n + 1) + 27nn+ D20+ 1) - ZH]
n 2 n? 6

st D) | 27+ Dnt 1)
n 2 r?
"3 + Dax = tim [15 ) AL E) R 1)]
-1 . now ! n 2 n

=15-27+27=15

n 4 ‘
9. Ilm E(?;c + 10) Ax, = f (3x+ 10 dx 10. Rl\.}go "22160,.(4 - g Ax, = J;Gx(ﬁi- — x)?dx

on the interval [—1, 5], on the interva] [0, 4].
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3
11, lim z";\/c,.z TAAx, = f JE T Ads
A0 = o

on the interval [0, 3].
' 5
13. f 3dx
2
17. f (4 — 22 dx
-2

2
21, J y3 dy

V]

24. Rectangle -
A = bh = 2(4)(a)

” )
A=J' 4dx = 8a

—a

Rectangle

27, Trapezoid

__b1+b21_(5+9)
A= 5 h= 7] 2

2
A=I(2x+5)dx=14
-

2
[
] _ 0
1
w |
-1

4— ) dx

2
22, j(y -2y dy
‘ o

25, Triangle

! 1,
A = 3bh = A

‘ . _
A=J.xdx=8
0

15, _E(4 = |x]) dx

1 ™ <
xz+1dx 19.Jsinxdx
o

a3 ‘ _ 33 .
12. lim ,-Zl(c_ﬁ)m"_ﬁ 2%

on the interval [1, 3],

2
16. szdx
0 .

‘ /4 . '
20. f tan x dx
0

23. Rectangle
A = bh = 3(4)

26, Triangle

1 1
A= Ebh = -2-(4)(2)

29, Triangle

1
200

1
szbh—

A=J‘_ll(l - ax=1




380 Chapter 4 Integration

+ 30. Triangle 31. Semicircle 32. Semicircle
L, _1 R SENP G S
: 2bh 2(2a)a A=omrt= 271'(3) A= Xl

A= fd(a— |%]) dx = &*

4 4 4 .
In Exercises 33-40, Jr‘dx = 60,].1::1):: 6,fdx= 2
2z 2

2
2 4
33. jxdx=—fxdx=—6
4 2

4 4
35. f4xdx=4fxdx=4(6)=24‘
2 2

4 4 4
7. f(x—S)dx:fxdx—Sfdx=6—8(2)=—10
2 2 2
41 ‘ 104 4 4
39, f(—xa—3x+2)dx=—"‘x3dx*3jxdx+2fdx
2 2 22 . 2 2
=%(50) ~3(6) + 2(2) = 16

7 5 7
4t. (a) ff(x)dx=Jf(x)dx+jf(x)dx= 10 +3 = 13
0 0 5
0 5
), _Lf(x)ix=—J;f(x)dx:H10
5 .
© Lf(x)dx:O

8 5
(d) J;3f(x)dx = 3fof(x) dx = 3(10) = 30

) (+] 3
8. @ f LF6) + )] e = f ) dx + f o) dx

=10+(-2)=8
6 6 )
® f [e () ~ £()] dx = j o) dx — f ) dx
=—2-10=-12

G 5
© ng(x)dx - zj2 §()dx = 2(~2) = —4

6 6
©(d) J;3f(x)abc = 3Lf(x) dx = 3(10) = 30

3
A=~f NCErp s
-3

41 Semicircle

2

2
34, fxadx=0

2

4 4
36.[15dx=15fdxﬁ15(2)=30

2 2

4 4 4
38.j(ﬁ+4}dx=jx"’dx+4 dx = 60 + 4(2) = 68
2 2 2

4 4 4 4
40.f(6+2xﬁx3)dx=6J‘d,x+2J’xdx—jx3dx
z 2 2 2

= 6(2) + 2(6) — 60 = —36

& 3 ! & .
42. (a) -Lf(x)dx=J;f(x)d,x+Lf(x)dx=4+(—1)=3
3 [
®) Lf(x)dx=~J;f(x)dx=—(—1):1
’
© J;f(x)dx=0

6 6
(d) L —5f(x) dx = "5J;f(x)dx“—‘ -5(-1)=5

4. (2) f_]f(x) dx = .j_lf(x) dx — fof(x)dx =0-5=-5
(b) Lf(x)dr j}f(x)dx= 5—(=5)=10
(© Laf(x)azx =3 _lf('x) dx =3(0) = ¢

L 1
@ J(;3f(x)dx = SLf(x) dx = 3(5) = 15
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45,

47.

48.

49,

50.

51.

Lower estimate: [24 + 12 — 4 — 20 — 36)(2) = —43 46. (a) [—6 + 8 + 30](2) = 64 left endpoint estimate

Upper estimate: [32 + 24 + 12 — 4 — 20){2) = 88 () [8 + 30 + 80](2) = 236 right endpoint estimate
' ¢} [0 + 18 + 50](2) = 136 midpoint estimate
If f is increasing, then (a) is below the actual value and (b)
is above. .
(2) Quarter circle below x-axis: —imr? = —{#(2)* = — &

(b) Triangle: 1bh = 3(#){(2) = 4

tc) Triangle + Semicircle below x-axis: 3@ - ia(2P = -(1 + 29)
(@) Sum of parts (b) and (c): 4 — (1 +2m) =3 — 27 ‘

(e) Sum of absolute values of (b) and (¢); 4 + {1 + 27) =5 + 27

¢f) Answer to (d) plus 2(10) = 20: (3 - 27) + 20 =23 — 297

L g
{a) f —f(x) dx = —J‘f(x)dxmé
0 0
4
(&) f ) de =3(2) = 6
3
© [rma=-talom+z+ioe-Les
c) | X 5t 2 -5

o [ rwa=t-lwe+i=-3
(@ Sf(x) =373 2=

11

) f(x)dx=—%+2+2+2—4+ =2
0

B =

10 .
63) Jf)dx=2—-4=-2"~
4

5 | 5 5 3 5
{a) f[f(x)+2]dx=ff(x)dx+f2dx=4+10=14 (b) J f(x+2)dx=J’f(x)dx:4 (Letu=x+2.)
o Jo 0 - 0 )

5 5 . 5
© [ feyax=2 f Wa=29=8 Gow) O [ Da=0 (o
= {b s

L F6) dx = 4(4) + 4) + 20 = 40

The left endpoint approximation 52, The right endpoint approximation - 53. f (x) = 1 4
will be greater than the actual area: will be less than the actual area: < x
> ' . is not integrable on the interval

[3, 5] because fhas a
discontinuity at x = 4.
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84, f(x) = |x|/x is integrable on [—1, 1}, but is not continuous on [— 1, 1].
There is discontinuity at x = Q. To see that

[ Ee

is integrable, sketch a graph of the region bounded by f{x) = |x!/x and the x-axis for

—1 = x < 1. You see that the integrai equals 0.

.55, ¥

(a) A = 5 square units

57. ¥

[

v na
.
g™

Wl
[

1
@ f 2 sin arx dy ~ (1)) ~ 1
o . 2

3
59, fx\/3 ~ xdx
o

56.

58.

n 4 8 12 16 20
L(n) | 3.6830 | 3.9956 | 4.0707 | 4.1016 | 4.1177
M(n) | 43082 | 42076 | 4.1838 | 4.1740 | 4.1690
R(n) | 3.6830 | 39956 | 4.0707 | 4.1016 | 4.1177
3
5
60, L e

n 4 8 12 16 20
Lin) | 7.9224 | 7.0855 | 6.8062 | 6.6662 | 6.5822
Mn) | 62485 | 62470 | 62460 | 62457 | 6.2455
R(n) | 45474 | 53980 | 5.6812 | 5.8225 | 5.9072

S

1A
1\

J
z )

(by A = % square units

=il ot tal Ovi -k el

(c) Area = 27,



'
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/2
61, J’ sin? x dx
0
n 4 8 12 16 20
L{n) { 0.5800 | 0.6872 | 0.7199 | 0.7363 | 0.7461
M{n) | 0.7854 | 0.7854 | 0.7854 | 0.7854 | 0.7854
R(m { 09817 | 0.8836 | 0.8508 | 0.8345 | 0.8247
3
62, J‘ X sin x dx
0
n 4 8 12 16 20
L(n) | 2.8186 | 2.9985 { 3.0434 | 3.0631 | 3.0740
M(n) | 3.1784 { 3.1277 31185 | 3.1152 | 3.1138
R(n} | 3.1361 3.1573 | 3.1493 | 3.1425 | 3.1375
63, True 64. False 65, True

[ ([ [

67, False

‘J:(—x)dx =-2

66. True

69, F(x) = 22 + 3x, [0, 8]
N=0xn=Lx=3xn="7x,=8
Ax, = 1, A%, =2, Ax; =4 Ax, = 1
=5¢=28

c,=1l¢=2,c

:i (c) Ax = £(1) Ax, + £(2) Ax, + £(5) Ax, + £(8) Ax,

= (4)(1} + (10)(2) + {40)(4) + (88)(1) = 272

70. f(x} = sin x, [0, 2]

xD=0,x,2%,x2=%r,x3=7r,x4=,2w
‘ T LA _
Ax1‘=Z,Ax2 17 S,Ax4~'n'
a @ 2 3w
aTpaTyeTTaty
4 .
31 = () am + 1(F) 4 12 (3 ) 4

68. True. The limits of integration are
the same.

00 e (21 o=
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71. Ax=b_

c,=a+i(Ax)=a+i(b;a)
fx s = | (e &

i 3+ (45)]55)

- i :(b;")ia (5523

LA ( e

1

= lim
[ —_ 2
= Hm a(b—a)+ a)n+l]
a—oo |
2
:a(b—a)_l._(,.éz—a)

(b—a)[a+b;a]

_{b—allat+ b b2-a?
B 2 )

‘72.Ax=bha,c,-:a+i(Ax}=a+i(b;a)

Lb P Ef (c)Ax
= i S+ (A2

[ 05 )

i=1

_ ,,11,"2;,( :1- a) [mzl_l_ Za(bn— a) n(nz-l- 1) N (b ; a)2 nin + 1)6(2n + 1)]
- i [az(b g+ b2 +1), (6-aP @+ Dont 1)]
Py n 6 n

=a¥b—a)+alb—aP+ %(b - a)?

S PR
=3 - )
N 0, x=0 i
|1, xisrational ) '
73 f) = {0, x is irrational . fi) = ch O0<x=1 2+
is not integrable on the interval [0, 1]. As JAl =0, The lim
Fle)) = Lor fle) = 0 in each subinterval since there ¢ . it T
are an infinite number of both rational and irrationat ﬁunn E Flo)Ax,
jafo=5

numbers in any interval, no matter how small.
does not exist. This does not 4
contradict Theorem 4.4 because
fis not continuous on [0, 1].
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75. The function fis nonnegative between x = —Land x = 1,

Hence, '
b
f {1 — x2)dx
: a
_ is a maximum for ¢ = ~landb = L.

76, To find j'g [x] dx, use 4 geometric approach.

Thus,

Jzﬁx]]dx:I(Z—l)zl.

77, Let f(x) = 22,0 < x < 1, and Ax, = 1/n. The appropriate Riemann Sum is

3 reran = ${EL- L3

AV 7
1 .

H 12 2 2 P 2] = i

leaxgong[1+2 +32 4+ -+ a7 Jim 3 3

2*+3n+1

= lim o2

o0

1 nGn+ Din+ 1)

. 1 1 1y 1
= lim (3+2n+6h2)_

n—eC

Section 4.4 The Fundamental Theorem of Calculus
1 flx) = 1 2. flx) = cosx.
' 2+
J:x‘z j_ 1 dx is positive. 5 L cos xdx =0
3 fla) =22 T 1 4, flx) = x/2 —x
2 ' z
j Vx4 1de =0 J x~/2 — x dx is negative,
-2 -2

o 1
S.fhdx:[xz] =1-0=1
' 0

» [mna o] o< o) 3

.

& f(—sv +4)y = [—%vz + 4\;}:': (~% + 20) —(—6+8)

L 2

o [o-a 5] =) ()8

2

6. L . [31;}7 - 3(7) _30)=15

39
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3 2 5
10.J(3x2+5x—4)dx=|:x3+%—4x:| (27+%—12) (1+5-4)
1 1

= 38

1 1 4 1 4 1
1L (23—1)2dt=f(4t2~4t+l)dt=[—t3—2t2+£:| =——-2+1==
o Jo 3 o 3 3
1
_ - 14_22]‘ =(l_-2)_(l_2)=
12. f_l(ﬁ 9t)dt—[4t il il i 273 0
13 2(}"“~I)dx:[—z—x]zﬂ-(—g—Z)—(—S—1)=l
R x 1 2 2
- 1 w170 1 1)w
14.J’_z(u—;i*)du—[3+;}m2—(5“1)“‘(2—5 = =2

5 J’Iau “2 gy = f‘(u;/z 20V dy = [%um - 4u1/2]j - E(\/‘) _ 4f] [_ -~ } ;

Ta

16. Ja Vi dy = |:—v4/3:|A3 i( )] (\/_3)4] =0

| 17, fl(é/i - 2)at = [%:4/3 - 2:]1_1 = (% - 2) (i + 2) = -4
18. J;S\/%dx = ﬁijl/z dx = [«/5(2)351/2]? - [2\/-2;]? = 8 -2/2

! -f ! 2 1 |
X xi;::—l — A2 =1[£_33/2:l =l(}._,2.)=__..1_
19.j0 3 3J;(x-x V=317 =37, 73373 18

20. E(Z —)Vrdr = _LZ(Z;:/Z — %) dt = [gf’ - %’S”]f, B [IJ(QO )]2 Zf(zo —s 161\5/5

3 3 N 3 3 27
. /3 _ 42/3 — | Zp4/3 _ 2573 = () — fom 4 =] =
A ﬁx(r ) s [4t 5t5 ]—i 0 (4 _5) 20

-1__ .2 —1
xX— X 1
22. dx = = x2/3 — 5% gy
J‘—s 23/x 2J—B( )
4569

13 ., 3., [£° g
= o g 3/3 . 24 8/3 [ [ - [ ==
2[ 20 - 2 ]_8 [80 (24 15")]_3 L9+ 2 (144) By

3
23.

[

1 32 ' 5
J [2x — 3| dx = f (3 —2xdx+ | (2x—3)dx (Sp}it up the integral at the zero x = -:,Z—)
i o 3/2

3/2 3 9 9) (9 9) (9 9) 9
— 2 2 _ {2_2)_ _g 2 a2 2y =2
[Sx x ]o + [x 3Jcl”2 (2 1 0+(9—-9) i) 2 271 =32
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24, f(s—1x—31)dx=f[3+(x—3)]dx+J;4[3—(x—3)]dx
=IJ;3xdx+-L4(6—x)dx
-[5 +le-%]
:(%—%)+[(24—8)—(18—%)]

=4+16~18-+%=13

3

‘28, J:|x2—4|dl'x=L2(4—x2)dx+J;(x2"4)a{xl

- [4x 2] +[E-af

(split up the integral at the
zeros ¥ = 1, 3)

4 1 3 ‘ 4 .
26.f|x2—-4x+31dx=J’(x2w4x+3)dx—j(ﬁ—4x+3)dx+f(ﬁ—4x+3)dx
0 0 1 3
S 3 4
=[x—3—2x2+3x:|~[x—3—2xi+3x]+[-—x3——2x2+3x]
3 o 3 1 3 3

=(§—2+3)—(9~«13+9)+(%—2+3)+(§3—4—732+12)—(9—13+9)

4 .
=3 -0=4

4
—0+-+
—0 3

W

m

27. ‘Lw(l.-!- sin.x)dx ='[X”f' cosx]o =(g+1)-(0-1=2+nw

‘ w2 L7 I .,,./‘.3
28, | 1Sl a0 [e] -
o cos* 0 o 0

/2 /2 o
30.] (2-csc:2x)dx=[2x+cotx]- =('rr+0)—(-——+1
w/d w/4 2

=13

2‘9. fﬁé sec? x dx = [tan x]‘”/ﬁ £ - (—ﬁ).= -2—5‘/—3

— /6 —u/6 3

)zzﬁimfzz

2 -2

/3 wf3
31 j 4 sec ftan #d6 = [4 sec 9] =4(2) - 42) =0
—af3 —/3

w2 /2 2 v l ;
32.] (2;+cost)a‘r=[r2+sint] /=(———+I)W(T—1)»—~2

—f2 —wf2 J

_[ (22 L ’ Y PP h[ul o8
33.A—J;(x—x2)dx—[5—?]0w-6- | 34.4—;{1(1 xde=|x 5,15]*1-“5
3 . 3 .
35. 4= f (3 — x)Vxdx = f (3x1/2 — 3/ dy = [2;9/2 - %xsfﬂ]z = ["Sﬁ(lo-— 2")]2 = 125—‘/5
0 E 0
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X Bl 0

21 1 2 1 1 /2 /2
36, A= —gdx=[“—] =——=+1== 37.A:J' cosxdx=[sinx] =1
i 2 2 _ o .

- ' 2 - 2 2
38.A=j(x+sin.x)dx=[£~ﬁcosx:l m':""-—+2=q1--l-4
a 2 o 2 2

39, Since y = 0 on[0, 2],

e )
A=j(3x2+1)dx=[x3+xl)=8+2=10.
{+]

40. Since'y = 0 on [0. 8],

8 8
Area = f (1 + x'/3)dx = [x + §x4/3] =8+ §(15) = 20.
: e ¥ 4

41. Since y = 0 on [0,2], 42. Since y = 0on[0, 3],
E A=f(x3+x)dx=[§+§]zz4+2:6. A=E(3x—x2).dx—_~[%xz_§]2=%_

R s S SRS IR - e

foe-0-S=82 f(C)(3—19)=4

)

C—%E+l=l%%é+1 2

(\/;_1)2;&:_;@ c=2 §m1.6510
Je—-1=+% 5‘--:3%
c=lie SR

¢ =~ 0.4380 or c =~ 17908

/3

cosxdx = [sinx] " =3

—,

/3

w4 /4 :
45, J 2secixdx = [2 tanx] p =21} —-2(-1)=4 46, J

—m/4 —-a/3

(e ol (5]

8
2seclc = — 3.3
T cose =
2.4 :
sectc = ¢ = +0.5971
2
secc = +——
J
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S U _1[ _1]’ _1[( _§)w(_ s)]_s 188 (e
47.2_("2)L(4 Aa=ga-27| =q-3)-(-8+3)] =3 (43, (89 -
o , /
Average value = 3
_ . s
4—x2=—8-whenx2=4—§orx=¢M;=il.155. -1 '
. 3 3 3
48 1 Sde = 2 3(1 + x dx = Z[x —- 1]3 49, —— Trsmxdlx = [——cosx]1T = —
: 3-1 1 x2 ’ 1 xXh ' = Q 0
1y 16 2 2
= 2(3 - 5) =3 Average value = = (069, 2)
‘ _ | (2.451, 2)
Average value = 16 sinx = 2 -z 3
o 3 T
+ 16 ' Loy . -1
4(.7:22 1):_=> s x == 0,690, 2.451
X 3 .
1 w2 9 /2 9 .
50. m J- cosxdy = [— sin x] ==, .51. The distance traveled is f;, v(f) dt. The area under
& 0 . 0 - the curve from 0 < ¢ < 8 is approximately
2 16 {18 squares) (30} =~ 540 ft.
Average value = —
w {0881, 2}
cosx = 2 | \ '
T 0 271
x == (L.881 08

52. The distance traveled is [ v(7} dr. The area under
the curve from O < ¥ < 5 is approximately
(29 squares) (5) = 145 ft.

‘ 7
54, (a) f F(x) dx = Sum of the areas
. 1 ‘
= A + A+ A, +A,

1 1 ]
= 5(3 +1) + 5(1 +2) + 5(2 +1) + (3)}(1)

=8

2
55, ff(x) dx = —(area of region) = —1.5
A .

" 53, If £ is continuous on [a, #] and F(x) = f(x) on [a, b],

then f F() dv = F(p) — Fla).

7
f SEds gy
(b) Average value = et
7—1 6 3
() A=8+ (6)(2) = 20
20 10
Average value = s 3

=35-(-15)=50

6 ' 6 2
56. ff(x) dx = (area or region B) = ff(x) dx — ff(x) dx
. 2 0 ¢ .
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6 2 6
57. j | £} dx = —| Fx) dx +ff(x)dx =15+50=65
(1] [ 2

59, J:[Z +f(x)]dx=£32dx+L6f(x.)dx

=12+ 35=155

61. (a) F(x) = ksec’x
F(0) = &k = 500
Fix) = 500 sec® x

62, —— Rk(R2 —)dr = E[Rzr —~ i]R ==
"R -0, R 3 3

58. f 2-”2f(x)d.x = —2ff(x)dx = —2(—1.5) = 3.0
0 Q

] .
60. Average value = é Flx) dx = %(3.5) = 0.5833
0

1 [ y 1500[ ]wﬁ
(b 273 _O.L 560 sectxdx = - tan x
_ ISOO(Jg _ 0)
aT

= 826,99 newtons

== §27 newtons

] ' 5
63. g—%—-aj (0.1729¢ + 0.1522¢2 — 0.03748) dt ~ %[0.086451.‘2 + 0050738 - 0.0-0935t‘{|0 = (,.5318 liter
0 ) : ' :

64. (a) 1

1} /-\ 24
N

—
The area above the x-axis equals the area below the

x-axis. Thus, the average value is zero.

65. (a) v = —8.61 x 1079 + 0.0782:2 — 0.208: + 0.0952
(b) ol

~10

%0 - —4p4 2
© f vt dt = [ 8.61 x 10744 _ 0.0782¢ _ 0.208¢

66. (a) histogram N

(by 110

/

a

The average value of S appears to be g.

0

[
+ 0.0952:]o = 2476 meters

) [6+7+9+12+15+ 14+ 11 + 7 + 2}60 = {83)60 = 4980 customers

—CONTINUED—
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66.

67.

68.

69.

~—CONTINUED—
(c) Using a graphing llltility, you obtain

N = —0.0841754 + 0.634927 + 0.79052 + 4.10317.
(d) 18

-2 10

-2

9
(e) J- N(i) dr = 85,162
_ 1]

The estimated number of customers is (85.162)(60) ~ 5110.

(f) Between 3 p.M. and 7 P.M.,, the number of customers is approximately ( f N dt)(ﬁO) = (50.28)(60) =~ 3017.
3

Hence, 3017/240 =~ 12.6 per minute.

F(x)=J’x(t—5)dt:l[§—5t]; =%2—5x

Q
F2) = g _502) = -8

Fi5) = % - 5(5) = —325

F§) = 2 - 5(8) = -3

F(x)=f‘(p+2;—2)d;=[f+tz“2t]x
2 4 2
b
4

b 2] - (4=

x*
o+ x2 - —
n ¥-2x—4

FQ)=4+4-4-4=0 [Nute:F(2)=f(r3+2r—2)dr=0]

F(5) =§i—§+ 25 — 10 — 4 = 167.25

4
F(8)=%+64w16~4=1068

Flx) = J’:L—S dv = J; xmr?dv = _Tm]j 70. F(x.) = L _72 dt = —Ezrsdr = ?12]: = % - i
= ~1§+ 10 = 10(1—%) _ F(2) = %_—i—=o

F) = 10(%) =5 | | F5) = 5= — 3 = == =021

F(5) = 10(%) =8 F(8) = é - % = —é—i
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- .
7L F(x)=fcos gdo = sinﬁ] = ginx — sin 1
1

1
F(2) =sin2 — sin 1 = 0,0678
F(5} = sin5 — sin1=~ ~1.8004
F(8) =sin8 — sin 1 = 0.1479

X X
72. F(x):fsm 40 = —cose} = —cosx +cos0=1—cosx
o

0
F(2) =1 — cos2 =~ 1.4161
F(5) =1 — cos 5 = 0.7163
F(8) = 1 — cos § =~ 1.1455

73. g(x);‘fo(t) dt
Q
@ 8(0) = f A0 de = 0
g(2)=f2f(t)dtz4+2+1=7
g(4)ﬂff(t)dr%7+2=9
06 .
g(6)=Lf(t)dr*9+(“1)=8

8
g(8)=ff(t)dtm8—3=5
[s]
{(b) g increasing on (0, 4) and decreasing on (4, 8)
(c) £isamaximum of 9 at x = 4.

@

o]

x ’ 2 x
0 2 o 2

a1, J:
(b} dx[zx +2x|=x+2

76. (a) J 2+ 1) dr = j B+Dd= [-l-t“ + ltz}x
o o 4 2 lo

) %[%x“ + %xz] =@ +x=x(x*+1)

X x
77. (a) f Yrdt = F:‘*/SJ =3 - 16) = 354 - 12
A 4 L 4 4

) fi[éxﬂt/:% - 12] = x1/3 :%/;
dx| 4

74, gs) = j oy
. 0
(@ 2(0) = f W di=0
2
50 = [70.4= ~Jox® = -4
4
@ = [70a =~ = -3
06
&(6) = ff{t)dt = —8+2+4=-2
0

. .
2(8) = ff(t)dt= —2+6=4
A .
(b g decreasing on (0, 4) and increasing on {4, 8)
(¢) gisaminimumof —8atx = 4.
{d) v

T .
24
¢ ——H

vi 2 4 B 10

-6+
-6

‘X — .2_3/2]x=2 /2__1_6=g /2
78. (a)LJEd: [3.: \ 3x3 3 3(x3 8)

dl2 .16
—_ = /7- —_ | = 1/2 =
(b dx[3x3 3] X \/;_c
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79. (a) J;/“sec2 tdt = [tan‘t]x/‘1 =tanx — 1
() %[tanx — 1] = sec?x
81. F(x) = -r {2 —-20dr 82. Flx) =
2 .
Flx)=x—2x P =
84. F(x) = fﬂﬁdt 85, F(x) =
1
Fix) = Yx Ffx) =
l i x+2. l
87. Flx) = f (4 + 1) ar
_ [2£2 + t]x+2
=[20x + 202 + (x + 2)] — [222 + x]
= 8x + 10
Flx) = 8‘
I O

Filx)=0

!

sin x

sin x 2 9
89, F(x) = j Jrde= [gtaf 2] = =(3in x)3/2
0 : 0 3

F(x) = (sinx)V2cos x = cos x-/sinx

x _—

: . 2P i :|ﬂ
90.F(x)——2t dt_l:—Z]z_[ W S22 T3
Alternate solution: F(x) = (x3)73(2x) = 2x~*

91. Flx) = J sin ¢* dt

o
FA(x) = sin(x®)? + 3x% = 3x?sin x5

X

=secx — 2
/3

x .
80. (a) J sec tfan tdt = [sec t]
/3

(b) %[sccx — 2] =secxtanx

¥ t'Z ) X 4.
. =] Jrt+1
jl ey ldt 83. F(x) J’_l t dt

X2 Filx)=J/x*+1
x2+1
x x
ftcostdt 86. Flx) = j sec® £ dt
0 - ‘ o
XCOSX Fx) = sec® x
Alternate solution:
x+32
Fix) = j (4 + 1) dt
X
i} T fx+2
=J(4x+ 1)dt+f (4t + 1) di
x . 0 :
. X x-l;i .
= »—I (4t + D dr + J (4t + 1) dt
) 0
F)=—-@x+1)+4x+2)+1=8
Alternate solufion:
Fi{x) = j Adt
—-x
] X
= j Pdt+ f P ds
—x [3]
= —f t3dt+ft3dt
. 0 ) 0 )
Fla) = —(=aP(-D+ &) =0
Alternate solution:
sin x )
Fix) = f Jrdr
)
Fix) = \/sinxiix(sinx) = ./sin x{cos x)

= Ffx} = 2x7

X:

92. F(x) = f sin 6246

o
Fx) = sin (x%)2 (2x) = 2x sin x4
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93. g(x) = J; Tf(t) dt

5(0) = 0,8(1) = 5, 8(2) ~ 1,56) = 5,5(4) = 0

£ has a relative maximum at x = 2.

9%4. (a) ® 3

x |1]2|3| 47 5| 678|910
gy lt]l2|0|-2|-4]-6|-3|0]|3]| 6

(c) Minimum of g at (6, —6).

(d) Minimum at {10, 6), Relative maximum at (2, 2},

{e) On[6, 10], g increases at a rate of % =3,
(f) Zerosofg: x=3,x=8§
x 4
95. (a) Clx) = 5000(25 + 3 f ey 9. () gl) =4 -3
o
= s000(25 + 3| 2pre [ lim g(y) 4
- 5 o 100
12 Horizontal asymptote: y = 4
= 5000(25 + ?15/4) = 1000(125 + 12x5/9) - 4
| 6) Alx) = f (4 - —2) dr
by C(1) = 1000(125 + 12(1)) = $137,000 - d
C(5) = 1000(125 + 12(5)%) ~ $214,721 - [4, . %]" . ; _ g
1

C(10) = 1000(125 + 12(10)°/%) = $338,394
_ A -8x+4 4z 1P

X X

lim A(x) = lim (4x+£—8)=oo+0—8=oo
x—00 x—o0 x
The graph of A(x) does not have a horizontal asymptote.

9. x{t) = —6:2+ 9 -2
(=32 - 12t + 9
= 3(t? — 4t + 3)
=3 -3 1)

E
Total distance = J‘ 22| dt
0

= J%I(t — 3} — D) dr
3

1 5
=3’-(12—4:+3)dr—3((r2—4t+3)dr+3[(t2w4r+3) dt

JO J1 J3

=4+4+20

= 28 units
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98, x() =0 —-Dt—3P=—-T7+15-9
=32 —14+15
Using a graphing utility,

5
Total distance = f |x"(f)|dt = 27.37 units.
o

. 4‘
99, Total distance = J’ ()| de
1
4 :
= J |v(#)| dr
1
4
1
= | —ar
I
4
= 2;"/2]
1

= 2(2 — 1) = 2 units

mf2 P
100. P=-2—f sin 8d0 = [—gcos e] = —3(0~ 1) =2 . 63.7%
7)o a 0 T T

101. True
103. The function f(x) = x~* is not continuous on [~ 1, 1].

1 0 1
J’ Jc'zdx=f x‘zdx+jx‘2dx
-1 “J-t o

Each of these integrals is infinite. f(x) = 22
has a nonremovable discontinuity at x = 0.

X 1/x 1 % 1.
105. f(x)=J; 'mdt-i-'[)tz +.1dt

By the Second Fundamental Theorem of Caleulus, we have

a1 (1 ]

f(”)‘(1/x)2+1( x2)+x2+1
1 1

= TretEa ™Y

Since f(x) = 0, f(x) must be constant.

106. G(x) = J; x[sff(t) dth ds

(a) G(0) = -L G[JL}(t) dt] ds = 0 |

© G = x - £ + f ) de

@ G"0) = 0 £0) + f 0 dt=0
. [+]

102, True

104. Let F(7) be an antiderivative of £(#). Then,

v(x) vx)
| f0a=[rO] =P - ru)

vix) d .
[ £} dr] = SFOL) - Flulx)
ulx) x

= FOE)v /() — Fulx))u'(x)
= fG)y () — fulb))u’lx).

4
dx

(b) Let Fls) = s L }(t) dr.
G = j “Fls) ds
G’(;c) ="Flx) = xf?(t) dr

G0y = Orf(t) =0
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Section 4.5  Imtegration by Substitution

f SN d u=gl)  du=gx)de
1 f (522 + 12(10x) dx -~ S+ 1 10x dx
2. f RV Ldx P 322 dx
E f\/xszIdx 2+ 1 2x dx
-4. Jsechtaandx 2x 2dx
5. j tan? x sec? x dx tanx - sec? x dx
6. f:;i’;dx : | sin x cos x dx
7. J(1 +zx)4(z)dx=%+c
Check: %[(1+—52x)5 + C] = 2{(1 + 2x)*
8. J(xz ~9)3(zx)dx=93§ﬁ+ c
Check: %[('”2—;9)4 + c] = 4(_x24:_g)§(2x) = (x* — 9)(2)
9. f (9 — A3~ 2x) dx = % te=20- @ +c

Check: %[%(9 -z + c] = % . %(9 — 2W2A=2x) = /9 — xH—2x)

10, f (1 = 25~ de = S(1 = 200 +

al3 3 4
s =121 — /. == =] — 3 — = — 73—
Check: dx[4(1 223 4 C} y) 3(1 sz)‘ H—dx) = (1 — 2x9)1/3(—4x)

1. jxﬂ(x* 3P ax =§J(x4 )=t EEE o EED
Check: dix[w 1+23)3 + c] = W(mﬁ) = (* + 3)%(*)

12. Jxl(xe‘ + 5 dx = -;—f(_x.3 +5)43x%) dx = %(xs ; S ;-5523 +C
Check: %[—(xa—:-s——s)i + C] = w = (@ + 542
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1. f 208 — 1) dx =% (@ — 1)(3) dx

14,

15

16.

7.

18.

19.

20,

21.

22.

Check: a[

] e

508 = 1)4(3x?)

,Afee -1 ]_m= oy
Check: dx{ =+ 0| =T 202 = 1)

(4 + 3)4} oo @t

fx(4x2+3)3dx——(4x2+3)3(8)dx [ . -+

d[ (42 + 3¢ + C] 4(4x + 3)%(8x) — x4 + 3y

32 32

1 (2 + 2)32 (P + 207

1
7) ==|(2 1/2 =
J-:\/: +2dt 2]: + )22} dt = 2 3h +¢ 3 +C

2 3/2 1/2
Check: g;[(i—% + C] = M = (2 + )%

/2
fﬁﬁdx—uf(msyﬂw) =§(‘4;/52)3 ro=drsprtc

Check: F[ (4 + 5P + c] =L 3 s = @+ 90)

5 5 (1= 15
— DV e em 2 (] — 23— S R € St w2201 23403
fo(l XV dy 2J(i A 2x) dx 2 a3 +C 8(1 2P+ C
Check: —d!|:——~185(1 — x4 + C] = 185 4( — 3 —22) = Sx{l — ) = 5x31 — &2

3 3/2 3 3/2
(2 +2) 20w + 2) +C

: i i
2 /73 LY P Y212 dyy == 2 =
fu i+ 2du 3f(u + 2)Y2(342) du 3 3z +C 9

3 3/2 '
Check: diu[z(_“i})_ + C] = % . %(ua + DU2(302) = (P + 272 ()

9
| o
f(l_%)sdm —%f(; — (-2 as = 2 _;) NP E—
Check: %[4(1—139)5* ‘?] %i(ﬂz)(l A H=22) = "’"Tz)s

[t J(””‘ i = =51+ 7 = gy
d 1 ) S
Check: [m“FC]_ 21+ %) 4%} = T+ 77
2 apas (1 + " R S

j(1+£)2¢r J(l+x3} (o) dx = [ -1 ] MR s R
Check: d[ 3(11;3)+C]= ( D1+ 2)73(3?) = {a fxﬂ)z

. (16~%)"1], ~___1
[z = -3fus s “’[ e Rt o
Check: d[;(i-;—f,)w]=§(—1)(16~—x3)-2(3x)=(1-6—ix~3-)-2-
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_ 1/2
dx = _%J’(l — AV~ 2x) dx = —%Qﬂl/x;—)+ C=-JV1-2F+C

X
23. jm
Check: %[—(1—x2)1/2+c] u(l_ A2 = ey

_x o _1 -1/2 _ia+ e _ M+
24.‘[ T 4f(l+f) (45%) dx PR +C , tC
AR _1.1 12 _ a2
Check: —[—u—-——-—z + C} =5 2(1 + x4 (4x3) _J1+— e

25. f(l + %)3(712) dr = —f(l + %)3(—%2) dt = _L‘(‘l/t)]“ + C
) I (| A T
26. J‘[xz+ (31)2]6&2f(ﬂ+é“x_2)dx=§+é(i——;) +C=§—$+C= 3x49; Lic

af1, 1 1 1
. — = — x4 — 42 2 —
Check [3x3 7 C] X+ 2= x2 4 G

9

27. —d j(lx) 127 gy = [(21"/)2/2] +C=I%+C

Alternate Solution f \/_ \/_ f 2 gy = \/_(1/2) +C= St C
Check: %[\/ﬁ + C] = 5(2x)"1/2(2) - ﬁ

i/2
28. ;j—!ﬂdx 1( )+C Jr+C

1
dex N1z

Check: %[ﬁ + ==

2Vx
2
29, X EEHT f(x‘ﬁ + 352 + I3V dx = %xsﬂ + 22+ 1412 + C = %ﬁ(ﬁ +5x 4+ 35) + C

Jx
X+ 3 +7
L) 4. 5n /2 1/2 AraxT s
Check [_x5 + 2:5/2 + 14x +C] 7

t+ 272 2 4 2
30. = {2+ 28 dt = P71 + 2192 4 C = 25 + 6 +
f 7 dt f(t 22y dt 31‘3 s C 5 5+6:0+C
d

Check: —[29/2 + itsf2 v c|=pntopn=t
dn 3 5

31. Jﬂ(r - %) dt = f(ﬁ - 20)dt = iﬁ -g2+C

Check: i[lt'* - £+ C] =8 -2u= tz(t - E)
dr| 4 ¢

+ 27
t
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M2y Wya=1{1s lwz) 4
3. J(3 +4r2)dt“ﬂ3t A

a1, 1 Loy b
Checks dr[u’ a " C] =3t

3. j © — Pydy = J (Gy1/2 — y3/%) dy = 9(%&”)

d

1 1

)+C=—~t4——+C

12 4t

~Ipnsc=Zpns - v C

Check: %[%3?/2(15 -y + C] = %[63}3/2 - %ys/z + C] =gz — 2= (9 — Py

4ary?

34, J-Z'n'y(S -y dy =278y — ¥ dy = 27'1'(4y2 - %y"'/z) +C = 5 (14 - y3/i) + C

dldm

7

: 2
Check: —[—-L(lcl- — ¥ + C] = %[217(43}2 - %y"/z) + 'C] = 167y — 2my™2 = Quy)(8 — ¥*/%)

dyl

5. [ gl
-4 j e -2 f (16 — ) 2(-29)
-5) -]
2 4R C

£

_ x+1
37'y__}’(x2+2x—-3)2dx

= %f(xz + 2x — 3)72(2x + 2) dx

=%[Lx?;2;xl—_3):i]+c

1
h 2(x2+2x—3)+c

39. (a) ¥

a0
36- ¥ = f‘f—‘m"x

=159 (1 + )-12(3:2) dx

)

- —f(x2 — 8x + 1)71/2(2x — 8) dx

e

= /2 —-8x+1+C

® 2 - /I 2,00

L

% 24— P24 = _%(4‘_ A2+ C
(2,2 2= —%(4 -+ C = C=2

ye oo apnis

NV

N

=

2




400  Chapter 4  Integration

40. (a)

41. (a) ¥

RS etuey

2
s
Py
-~
-~

&y _
(b) 2y = X008 2,001

y = ijOSfdx= %fcos(xz)%dx

=1 sin(x?) + C

{0, 1) 1==%sin(0)+C = C=1

y=%sin(x2)+l 5

T -8 ]

-3

43, f‘:rsi.nm:dx= —cosax + C
. 1, 1 '
45. stxdx=~2— (sm2x)(2x)dx:w§—c032x+c

1 1 1 1 1
. —— —_ = — —_— —_—— = —gin — +
47 f@2 COS edﬂ fcos 9( 92) de smg C

_ 1 (sin2x)

49, fsinlxcostdx=~;- (sinlx)(Zr:os23c)afx—2 )

jsin.Zx cos 2x dx = —% (cos 2x){—2 sin 2x) dx =

2
_% (cos 2x} N

® 2 = 262 - 12,0,0)
y = fo(xa — 1Y = % © ~ 1262d) (= 2 — 1)

1M+c=$(ﬂ—1)3+c

3 3
0=C
ng(f“l)

42. (a)

(b % = —2 sec(2x) an(2x), (0, — 1)

y = I—Z sec(2x) tan(2x) dx (v = 2x)
= —sec(2x) + C

—1=-sec(0)+C = C=0
y = —sec(2x)

1

44, j4x’sinx4dx=fsinx“(4x3)dx= —cosxt+ C

1

g Sin 6x + C

46, fcos 6x dx = %f(cos 6x)(6) dx =

48, fxsinxzdx= %J’(sinxz)(lx)dx = ——;-cosx2 +C

+C=%sin22.x+C OR

C = —%cosl’lx +C, OR

jZSiancostdx :%jsinlﬁxdx = ""'81'008436 +C,
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50. _J'sec(l — x)tan(l — x) dx = —j[sec(l - tan(l — -1 dy = —sec(l —x) + C -

: 5 a2
51. ftan4xscczxdx=tan x —%tansx+(} 52, j\/wnxseczxdx=(mg;c2) +C=%(tanx)3/2+c

5

csc?x sl
53, J’coﬁ dx = j (cot x)3(—csc? x) dx

-2
S 2 SN

1 1 1
= — +C=—tanlx + C = =fsec?x — 1} + C = —sec?
= Sy C=,tan’x c 2(sec x—1}+C 5 Sect x +C,

: -2
54. f_smx dx = —f(cosx)‘3(—s)inx)dx= L CCLE) R Y é%seczx +C

cos® x -2 2 cos? x
55, fcotzxdx = f(csc?x —1)dx= —cotx —x + C 56. fcscz( )dx ZJCSCZ(Z)(;) dx=—2 cot(g) +C
57, f{x) = jcos%dx = 251'11326- +C " 58, flx) = j'rrstj,c arx tan mx dx = sec wx + C
Since £(0) =.’3 =2sin0 + C, C = 3. Thus, Since f(1/3) = 1 = sec(=/3) + C, C = —1, Thus
flx)y=2 sin-; + 3, F(x) = secmx — L ‘
59. f'(x) = sin 4z, (%, -—-fi) . 60', Fx) = sec(24), (%T’ 2)
flg) = Freos dx + C - ) = Stanax) + C
_1 J— -
f(-%) = Tcos(4(%))-+ C= —43: , f(%’) = %tan(z(-"zf)) +C=2
1 ~3 - - 1 '
D vC=— SO +c=2
c=-1 c=1
fx) = ——cos 4x — 1 : : flx) = -;—tan(Zx) +2
61. f'(x) = 2x(4v — 10)2, (2, 10) _ 62. f(x) = —2x/8 - 22, (2,7)
oo EIOR 2R IR LT o Lo
12 3 3
(= Q+C 18+C=10= C=—8 f2) = 2(4) + (= 136+C 7=>C"*%
2 ' | 28 — a2 §
f) = 524 — 5P — 8 ) = 5
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3. u=x+2,x=u—2,dr=du

foJmL_de= f(u— DVu du

= J'(MS/Z — 2ul/?) du

2 4
= o /2h....3/2_+_
Su .3u C .

u
1

3/2
5 Bu-10)+C

= 2+ 23+ 2) - 10] + €

%(x +2¥(3x — 4 + C

5. u=1l—xx=1—ude=—du

J'xz\/z_—'}dx = —J(l — u)*u du

- —f(um _ 2!.¢3/2 + us/z) du

2

1l

2u3/2
105

_2
105

2
105

66. u=2—x,x =2~ udc=—qdu

f(x +1)V/2 = xdx = —f(3 — u)udu

]

—f(zu”" S iar

21372
5

5—-u+cC

If

4 2
%32 Fosp 4 £
(3u su +7u )+C

(35 — 42u + 1540 + C

(1 - xP152 + 12x + 8} + C

—(2:43/2 - %—us/z) +cC

~2e- 05— 2~ 6]+ C

—%(2 - xPPx +3)+C

64.u=2x+1,x=%(u—1),dx=%du

foZx +ldx = j%(u - l)ﬂ%du
= %j(ualz — " du

12, 2 /2)
4(5u 3u3 +C

u3/2

= —(3u - 5) +
30(3u 5)+C

_1 3/2 —
=30(2x+1)/[3(2x+1) s5]+c

_1 3/2 —
=30(2x+1)/(6x 2 +cC

= %(2;: + 13- 1)+ C

(1 — H¥235 ~ 42(1 — x) + 15(1 — 97 + €
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67. u=2xw1,x=-é—(u+1),dx:ldu

2
=1 J[(l/z)(u+ DE-11
dx = : —di
V-1 Ju 2%
= %ju‘lfz[(uz + 2u+ 1) — 4]du
= %j(ua/z + 2t/ — V) oy
Y2 ban ,)
8(5“ +3u 6u +C
W,
—'a(?m + 106 —45) + C
=——"2’660'1[3(2x—‘1)2+ 10(2x ~ 1) — 45] + C
=6—10\/2x*“1(12x2+8x—-52)+(?
=%\/2x_—“f(3x2+2xv— 13) + C
68.Let_u=x+4,x=u~4,du=a!x. . I 69.u:x+1,)§_=u—1,dx=du
x4+ 1 Wu—4)+ 1 f —x J’H(u—n
d = |4 : =
JiTa j Ju " P w a2
e f(zullz_ 7w 172) du _ _J-(\/; + 1)(\/;— 1)
= gua/z - 1442 + C = _f(l + w1 du
— %u”z(').u _ 21) +C = —(H + Zulllz) +C
' o =—u-2Ju+C
- AT Gy -l C — e -2ATIAC
R . =—x-2J/x+1-1+C
== - + :
GVET 4 - 13)+C S (x2S F)F G

where C; = —1 +_‘C.
0. u=¢t—4,t=u+4,dt = du
J’téft — 44t = J(u + A)ul’? du
= f(u“/f* + 4ul/3) du

= %um + 3w+ C

33
7

w+7+C
=26-ale- et C

(¢ - HHe+3)+ C

i

du
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T Letu=x% + 1, du = 2x dx.

fllx{x’ + 1P dx = %L(xl + 13(2x) dx = [%(xz + 1)4]171: 0

72. Letu=x* + 8, du = 3x* dx.

f_:xz(r"’ +ERdr =3 E(xs + 8§2(322) dx = E (—"—313“——3)—3]4 -‘

-1

- é[(sa; + 8P — (-8 + 8P] = 41,472

73. Letu = * + 1, du = 3% dx.
2 2
fwmdx= 2 -;- O + 1)V2(352) dx
1 1

-5

-]

4 8
=5l27 - 2v2] =12 - 542

74. Letu = 1 — 22, du = —2x dx.

1 rl L
T B = 2| (1 = D2(=22) d = [—1(1 - x2)3/2] =o+i=1
Jo 24, -3 o 3 3
5. Letu=2x + 1, du = 2 dx.
4 4
1 1 4
———dx =y 2-+1“1/22dx=[\/2 +1]= - /=2
[ a- 1] x4 pom ST I[ = A A
76. Let u = 1 + 222, du = 4x dx.
7 x 1 B-1/2 L mvaal =23 1
J;—mdx—zj;(l'l'h) (4x)dx—|:5 1+ ]0—5—5—1
1
77. letu =1+ L dy = ——dx,
| o du =
e =L orlg)e= [l - -4
=2 (1 + VA== | ——| =S+ 1=
s V1 + aP 1 Y N2 1+ a2 2

78. Let s = 4 + 32, du = 2x dx.

2
0

2 2
J TR f (@ 2y s = B ey ] = 2o — gy = s -2/~ 3619
¢ 1]

79. u=2—x,x=2—u,&x=—du
Whenx =1, u=1.Whenx =2, u =40

fz(x — )2 xdx= fﬁ — 1@ - - (udu = fo(u?ﬂ — W) dy = [Euﬂz - gu”{r = —[
1 1 1 5 3 1 .
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80. Lety = 2x — 1,du;2dx,x=%(u + 1),

Whenx=1l,u=1 Whenx=5u=9

°1/2(u + 1) 1
Ju

1
[—u3/ 2+ 2w 2]

‘ -‘1;[( @) + 2(3)) @ + 2)]
p |
3

5
; e dx = f @2 + w2 du

/3 /3 8 'i'g
83 dy = 18x2(223 + 1), (0, 4 aa D (~1,3)
- _ (0, “dx (x toF +5)3'
y=3j(213+1)2(6x2)dx (=26 +1) y=—4sf(3x+'s)—3dx,
\ _
=3(2—x3-§:—1~)—+c=(2x3-i-1)3+c =(—48)%J(3x+5)f33dx
4=1P+C=C=3 _-16@x 457
y=(223+ 1P +3 , —2
-8
Bt ©
- 8 _8 =
3=mCpasEtC-yte ==l
___8
Y= Gxrap !
dy 2= | dy _ 92
85. —~ f2x2_—“T’(5’4) 86. dx_4x+(3x3+1)3/2’(0’2)
y=4fee-nvrea wose-y = [+ @+ p0m
_ 1@ - 12 = = _ (33 + 1) V2
y=3 7 +C=/22-1+C —sz+m~——(_‘1/2) +C
4=JB/+C=7+C= C=-3 PP S
y=v2E-1-3 - V3t 1

2=0—2+C=>C=4

1

y=2— 2

Rl

+4
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87.

88.

89,

99.

91.

92.

93.

96.

929,

u=x+1l,x=u—l,dc=du
Whenx =0, = 1. Whenx =7, u = 8.

7 8
Meaﬂfx\3/x+ 1dx=f(u— D¥udu
o 1

8 .
= J (** — ') du = [%uv/a - %uan _ (384 2
t —

u=x+2,x=u—2,dv=dn

Whenx = —2, .0 =0. Whenx = 6, u = 8,

6 8 8
Area = f 23+ 2dx = f (u— 223 udu= f (73— 4u 4+ A3 dy = [10
-2 o o

ir T
A=f(28i11x+sin2x)dx=——[ZCosx—F%cost] =4
o ' 0

A zf (sinx + cos 2x) dx = [—cosx+lsin2x]0 =2
)

2
2m/3 “(2m/3 2m/3
- NEAU of % 1) - [ (z)] - _
Aren J;—/z sec (2) dx ZL/z sec (2)(2 dx 2 tan| 2) |2 2(\/5 1)
Letu = 2x, du = 2 dx.
/4 1 w/4 : 1 w/4
Area = f esc2xcot2xdx = = csc2xcot 24(2) dx = [——csc 2x] =
w12 2)inz 2 /12
Y ox 10 : Sirid '
—dx =~ 3,333 = — 94, | 2 /x+ 2dx=~ 7581
,[) J2x+ 1 3 'J;
3
- __? A
-1
5 3 0
J 2*/x — 1dx = 67505 97. f (0 + cos g) de = 7.377
1 o

J(Zx-—_l)zdx=l”(2x—1)22dx=é(2x—1)3+Cl=§x3—2x2+x—é+cl

)
“~J

J'(zxf1)2azx=f(4x2—4x+1)dx=§xﬁ—2xi+x+c2

They differ by a constant: C, = C, — é

B =

)W(éwi)_@
7 4/ 28

ium/s - 17_2“,7/3 + '_;m,»a/z\]E = %

7 144
95, fx\/xw Fdx =288 =
3

[SE

-1
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in
160. f sin x cos ¥ dx = f {sin x)'(cos x dx) = s“; LJer
2
fsinxcosxdx: —f(cosx)l(—smxdx) = _CO; XL c,
cos? x (1 ~ sin?x) dn?x 1
2 +C2=_“"—T_ 2= _5+C2

i

They differ by a constant: C, = C, + 7

101. f{x) = A*(x* + 1) iseven.

' 2 2
jx’(x2+1)dx=2f(x“+x2)dx=2[x—s+x—a:|2
-2 o ' 5 3o
_ 32,8
_2[5+3]

103, f(x) = sin® x cos x is even.

_ 22
718

/2 /2
j sin? x cos x dx = J sin? x{cos x) dx
—arf2 0

[sin3 x]“ﬁ
3 b

[

Wit

2 2
105. J’ xX2dx = [f]
o 310

0 2
(a)'f xzdx=jx2dx=
-2 0]

w]oo

) 2 2
© j(—ﬂ)dx=—fﬁdx=—§
0 : 0 :

102, f(x) = x(x2 + 1) is odd.

2
j 22+ 1Pdx=0
~2

104, f{x) = sin x cosx is odd. -

/2
J sinxcosxdx =0
~mf2

8 . \ . .
= 5; the function x? is an evén function,

2 2 16
® f fdx=2fﬁdxx?
-2 0 .

‘ 0 2
(d)j 3ﬁ_dx=3]fdx=8
-2 _Jo

/4 .
106. (a) sin x dx = 0 since sin x is symmetric to the origin.
/ —n/4 )
/4 /4 /4
() cosxdx =72 f cos xdx = [2 sin x}o = /2 since cos x is symmetric to the y-axis.
—m/4 0
/2 Copmfa /2
(c) cosxdx=2j cosxdx=[23inx] =72
—mf2 ] [
/2 )
(d) 8in x cos x dx = O since sin{—x) cos(—x) = —sin x cos x and hence, is symmetric to the origin,
—uf2 o

4 4 . 4
107.[(x3+6x2—2x—3)dx=j(x3—2x)dx+f
—4 —4 —4

m

. ™ L3
108, J' (sin 3x + cos 3x)dx=f sin3xdx+J-

-

™ w
cosdxdx =0+ 2-[ cosdxdx = [zsin3x]0 =

.
(6I2—3)dx”"=0+2f(ﬁx2__3)dx=2[2x3—3x]:=232
' 0

0

o 3
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109. ffu = 5 — 42, then dy = ~ 2 dx and jx(S — P dx = —%f(s (=24 dx = u%juz du.

2

110. f(x) = x{x? + 1)?is odd. Hence, J x(2 + 1)2dx = 0.
2

av__k
dt (e + 1)2

-k k
V() = fmdt: "*m

V(0) = —k + C = 500,000

1132,

+ C

V(1) = —-é—k + C = 400,000

Solving this system yields &k = —200,000 and

C = 300,000. Thus,

200,000
t+1

When ¢ = 4, V{(4) = $340,000.

Wii) = + 300,000.

I

3’-"] dt =

262.5
6 b—a T

[74.50: -

b
114, 1 f [74.50 + 43.75 sin
b—a),

dQ

= — A2
= K100 = )

111.

o) = Jk(lOO - Htdr = flgc(lOO -+
0(100) = C =0

o) = —%q100 - pp2

0(0) = - (100 = 2000000 = & = —6

Thus, Q) = 2(100 — ¢)*. When ¢ = 50, Q(50)
$250,000,

113. R = 3.121 + 2.399 sin(0.524¢ + 1.377)
(@ =

N

4]

Relative minimum: (6.4, 0.7) or June
~ Relative maximum: (0.4, 5.5) or January

12
(b) f R(z) dt ~ 37.47 inches
0

1z
© 1f R() dt =~ —1-(13) = 4,33 inches
3)s 3

€os ﬂ]b
6 la

3
(a) l['."4.502‘ _ 2625 cos E] = l(223.5 + 26&) = 102.352 thousand units
3 T 6l 3 T
6 :
b l["1‘4.50;‘ 265 cos E] = l(447 + 2623 _ 223.5) = 102.352 thousand units
3 6k 3 T
12
© L[74_503 — MCOS “_'f] e i(ggz; - 2625 + 2@2) = 74.5 thousand units
12 T 6l 12 m T

70

TN

115, (a)

24

Maximum flow: R ~ 61.713 at¢ = 9.36.
{(18.861, 61.178) is a relative maximum, ]

24

(b) Volume = j R(f) dt = 1272 (5 thousands of gallons)

0
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1 (. 1
116. -2 J; [2 sin(60ms) + cos(1207s) ] dt = 5 a[ 0m —— cos{604t) +

117.

118.

119.

1

1 , b
0 sm(120m‘)]u

; L (21 o) - (—L)] = 4~
(a) {1/60) =0 [ o = cos{607¢) + 200 sm(1201rt)] 60[( +O) ( 30'17)] = — = 1.273 amps

b ——--—1~—[ L os60ms) + —— sin(120 r)]um = 240[(_—-1—‘ + _1_) _ (__l_)]
®) {17240) — oL~ 304 <0 T 1205 AT 027 120m 307
%(5 - 2\/_) 1.382 amps

A
© 70y =

1 e = o () - (-g5)] - o
[ 30m cos(60m‘)+ T30m sm(lZOwt] 30[ on o = 0 amps

u=1—-xx=1—wudx=—du .

Whenx ~a,u=1—a. Whenx=b,u=1—>b.
bis 1-b
Pa.b=f—xvl—x ="Z

—(1 ~ w)Sudu
‘ % (ualz - u N du = 17‘5[_5_“5/2 — .,ua/z] b = ]5[2”3/2(3u — 5)}1—b = [__(1_—37)3/2(3x + 2)]b

1—a
1-a 1—a —4— 15 1—a 2

(@) Poso,005 = [ MG + 2)] = 0.353 = 35.3%

.(b)_Po’bz[ (- x)/(3 +2)] —(I__Tb)m(éb+2)+1=o.5‘

(1 —8PP3p+2)=1
b~ 0.586 = 58.6%

u=1-xx= 1—u,dx——d
thnx=a u=1—a.Whenxzb w=1-—5h

Pa,b J’ 1155 )3/2dx - .@ _(1 — u)3 u3/2 du
1155 1k o 1155[ 2 6 2 }[_b
o 2o /2 372 - LY R Vi ) Al _ = 8/ 4 =2 — 252 )
32 (u 3u 3y W) du = =35 | 1T* ¥ 7 rLds

B 1155[2u
B 1155

-6
(1054° — 385u% + 495u — 231)] = [ 15 {1053 — 385u* + 4Y5u — 231)]

—-a —a

52 0.75
(3) Py ozs = [——(105:;3 ~ 385u + 495u — 231)] =~ 0.025 = 2.5%

(®) Pos,1 = [ (1050 — 385u* + 495u — 231)] =~ 0.736 = 73.6%

)
18
) C = 01f 1zsm ] [ 144 “'(‘ 8) 0.6:]

o 10

_ [ e 4(_-5‘-/:) - 10.;3] - [%(%i) - 6] ~ $3.14

zo : a0 -
@ C = 01] 12 5in 8 8)] dt =[ - 0s T 8)]8 ::'4(—1 ~ 1) ~ $9.17

Savings =~ 9.17 — 3.14 = $6.03.
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1 [ ‘ 2a{t — 60) 100000] 365  2a{t — 60)T
120, — X 1+ si . = - 22 o EE R = 100, _
365, 100 000[ Sin — ez ]dr 365 Lt Ly Jo 100,000 lbs
121, (a) * (b) g is nonnegative because the graph of f is positive at the
ﬂ 0(_/ beginning, and generally has more positive sections than
0 //\, ;f\ 0 negative ones,
f

-4

{c) The points on g that correspond to the extrema of fare -
points of inflection of g.

(e) The graph of & is that of g shifted 2 units downward,

4

AN /

|72

~d4

gl = L rf(x) dx

/2 t

= 5 Fde+ | fl)dx =2+ hl).

w2

122. Let f(x) = sinmx, 0 < x < 1.

LetAx = % and use righthand endpoints

Ci'—‘;i‘,I:]—pZ; s 1.
. &sinfiar/n) - & |
n—br{-logl R h llnlxlﬁgo ,lef (c) Ax
1
= f sin ax dx
0
1
= —~—cos 'mc]
)
1 2
h 11'( I-1= T

124, (a) sinx = cos(g - x) and cos x = sm(g - x)

-7 _ - _ =F_ .
Lc:tu—2 x,‘du dx, x > i

/2 w2 - ¢]
f sinx dx = f cosz(— - )dx = f cos2u(—du)
0 ) 0 2 /2

/2 /2
= J’ cos?u du = f cos%x dx
o] ) (4]

(d) No, some zeros of £, like x = 77/2, do not correspond to
an extrema of g. The graph of g continues to increase
after x = 7/2 because fremains above the x-axis.

123. (@) Letu =1 - x,du = ~de,x=1—u

x=0=u=lLx=1=u=0

J:xl(l — x)5dy = J:O(l = )5~ du)
= Llus(l — u)?du

L ,
= fxs(i — xPdx
0

(b) Letuu=1—x,du=—dr,x=1—u

x=0=u=1Lx=1=u=0

J;lx“(l — x)dx = J:o(l — w)ut(—du)
= jolub(l — W du

1
= fx"(l — x)edx
o

(b) Lctu=-q2—7—xasinpart(a):

/2 /2 . G
j sin"x dx = J’ cos"(— - x) dx = J cos™ul —du}
0 0 2 /2

/2 /2
= J’ cos*u du = j cos"x dx
[ 0 -
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125, False N 126. False
J(Zx +1Pdx = %j(Zx +1P2de= e+ 1P+ C fx(xz 1P de =2 2+ @) dx = 32 + 12+ €
127, True

HO

10 1¢ 10
f (ax3+bx2+cx+d)dx=J‘ (ax3+cx)dx+f (bx2+d)dx=0+2j (B2 + d) dx-
-10 -10 -10 - .

0

Odd Even

128, True
' b+ 2

b : b
J sinxdx = [—cosx] = —cosh + cosa= —cos(b + 27) + cosg = J’ sin x dx

a @ a

129, True

4jsinxcosxdx=2fsin2xdx=—cost+C ' | ,

130, False "

' ‘ i 3
J’SimZx'COSZdeE% (sin 202 cos )dxml(stx) 1

= gind
2 3 +C 651n2x+C

131. Letu = cx,du = cdx:
b b
o sy i = 02
ch
= | flu)du

. b
C=| fix)ax

132. (a) %[sinu— ucosu + C|= cosu — cosu + usinu = usinu

Thus,fusinudu =sinu — ucosu + C.
(0) Letu = Vx,u? = x,2udu = dx.

’n‘Tz ' a
f sin-/x dx = f sin w(2u du)
0 0
kis
= 2[ usin udu
0

= 2[sin ¥ — UCos u]ﬂ (part (a))
0
= 2[— o cos{m)}

=27
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133, Because fis odd, f(— = —f(x). Then
ff(x)a:x s+ [
[ e+ [10 i
0 o
Let x = —u, dx = —du in the first integral.

Whenx = 0,1 = 0. Whenx = —a,u = a.

e = = [ + [ 169

[+ [709 -

134. Letu = x + h, then du = dx. Whenx = q,u = a + h. Whenx = b, u = b + k. Thus,

b+ h b+k

. fdu=| fldx

a+h a+h

ff(x+ Ry dx =

135, Let f(x}) = ag + ax + gy 22 + -+ + gx"

1
2 e JERSRY
= - g —
0f(x)tc;rbc [aox+a12+023+ a"n+1jlo

.4 a
=a0+_1.+_2+...

2 T3 +1 =0 (Given)

By the Mean Valuc Theorem for Integrals, there exists ¢
in [0, 1] such that

1
L 1) dx = (1L - 0)
0 = flc).

Thus the equation has at least one real zero,

Section 4.6 Numerical Integration

2 1. 8
1. Exact: j 2dr = [5"3] =3~ 2.6667

]

Trapezoidal: f By = —[

[\

e
N o e

L .

x ¥

2. Exact: _L(2+l)dx |:6
1

Trapezoidal: f( + E) [
0

1
" Simpson’s: f (
0

1
] ——%11667

b %,

03,

1
136. azJ‘ fid) dx = o’(1) = o
o
—ZQJlf(x)x dx = —2ala) = ~2d°
o

f lf(x)x2 dx = o
0
Adding,
f[alf(x) — 2axf(x) + Kf(x)}dx =0
Q
jlf(x)(a ~aPdx=10
0 .

Since (o — x)* = 0,f = 0. Hence, there are no such
functions.

1) + 2017 + 2(%)2 + (2)2] = 5 = 27500

4
8
3 2.6667

2 64

U o) O ) (1) B

e S U {022 ) R )+(1;+1)].=g31166-,
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, i _
3. Exact: J’ Xy = [—] = 4,0000
o 4 o
. * 1 1 . 3\ .1 17
Trapezoidal; Bde=~—0+2{=] +2(12+2(=) + 2P| =—= 42500
b 4 2 2 4
o 2 1 1\3 3\ 24
Simpson's: Bde== 0+ 4] + 20003+ 457 + (2| === 4.0000
b 6 2 2 6
21 -1
4, Exact: —dx = [T] = 0.5000
, 4\2 4 1 ‘
Trapezoidal: dx 1 + 2 + 2 3 + 2 5 + 2= 0.5090
S'. : 1 = dx = —[1 + 4( ) + 2(‘—‘)2 + 4(‘—‘)2 + 1} %l 05604
impson's: ) x2 12 6 ) 7 4 .
2 1 2
5. Exact; J' Bdx = [—.x“] = 4,0000
0
. 1 13 5\3 6\? 7\3
Trapezoidal; xﬂdxrzg 0+2(7 +2 +2 +2(1)3+2 2] t247) t2g) 8| 406s
Simpson’s: x3dx ~— 0 + 4( ) + 2(3) + 4(2)' 2018 + 4(§) + z(ﬁ) + 4(-?-) +'s] = 4,0000
' 4 4 4 4 4 '
8 3 8 .
6. Exact: f Yxdx = [me]o = 12.0000
(4] .
8
Trapezoidal; J 3¢ dx = %[o +2 4232 + 233 + 234+ 235 + 23/6 + 247 + 2] = 11,7296
. 0 ) -
o .
Simpson’s: J%dx = %[0 +4 4232+ 433 + 234+ 43/5 + 23/6 + 43/7 + 2] = 11.8632
X ' _
Exact: f Vxdx = —x3/7'] 18 — 1—6 = % ~ 126667
. 47 67
Trapezoidal: f\/;dx = —[2 + 2[ + 2\[ + 2\/7 + Zf + 2\/_ + 2\/—— + 2\/7 + 3:|
4
= 12,6640
9
Simpson’s: Jﬁam—[z+4f+f+4\/5+f+4f ,/""+4f+3] 12,6667
4
. 3 3
. Bxact f(4—x2)dx:|:4x—£] -3 2 6667
\ 3L 3 3

)2] +2(0) + 2[4 - (%)2] - 5} - —0.'}500'

3
7
) +0+ 4(4 - 2—5-) —-5] ~ —0.6667

3

Trapezoidal: f 4—- ) dx= %[3 + 2[4 - (
1

9

4 4

3 -
Simpson’s: J- (4 — 22 dx ~ é[S + 4(4 -
1 X
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2
1 1.7 1 1 1
A : P ——y = [ — = —— + — = == (},
9. Exact jl(er 1)2dx l: x+ll AT g 0.1667

gt [ e I o)+ ) < )

ifl 32 8 32 1
f§(1+ +25+ﬁ+9)~0.1676

Simpsors: f(x_f‘ﬁ"x - %E ! 4(«5/4)1+ 1)2) ¥ 2(«3/2)1+ 1)2) ¥ 4(«7/4)1+ 1)2) * '3]

10.

B 3

12.

13.

4,

- %(% Lo % + % + ;) 0.1667
z i 2
"Exact: J;x\/mwc = % (= + 1)3/2]0 = %(53/2 — 1) =~ 3.393
Trapezoidal: fxm dx = % 0+ 2( )‘/W +2)J/1TP+ 1+ 2(3)J‘3/2)2 + 1+ 2422+ 1] = 3,457
Simpson’s: fo 2x\/JW dx ~ é 0+ 4( )J(T/z““”" + 2D/ + 1+ 4(§)J(3/2)2 1+ 228+ 1] = 3,392

2

Trapezoidal: J- V1 ¥ PBdx = %[1 4 2T+ (1/8) + 24/2 + 2/1 + (27/8) + 3] = 3.283
0
2

Simpson’s: f V1 + Bdx= é[l + 4T+ (1/8) + 22 + 4/1 + (27/8) + 3] = 3.240
A .

Graphing utility: 3.241

Trapezoidal: J:ﬁdx_ =~ %[1 + 2(\/1.:1@/7)3) -+ 2(\/ﬁ) + Z(W) + %] = 1.397

Simpson’s: J:\/I_I:C}?& m é[l + 4(\/1_+1(W) + 2( 11+ 13) + 4(‘/@?) + ﬂ = 1,405

Graphing utility: 1.402

Llﬁmw=LIMﬁ

1
Trapezoidal: f S =R dx =~ é[o +2 %(1 - i) (1 -1 1 -3 } ~ 0342
.l V 2./
o — - 1 1 3
Simpson’s: (1 — x) dx = 0 + 4 4 +2 3 1- — 7 1- — =~ (.372
0

Graphing utility: 0.393

Trapezoidal: f Sxsinxdx = ﬁ“[\/‘(l) f + 0| =1,
/2

Simpson’s: f % sin x dx = f + 4\/7 —W \/ifsin(éq—r) + 4 7——wsm(7—w) + 0] == 1.458
- 8 4 4 8 8 _

Graphing utility: [.458
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15.

16

17,

18.

19.

20.

Sz —=T
Trapezoidal: J. cos(x?) dx = %/2 cosO + 2 cos( ,
A .
= {),.957
. \/'TTE F 2
Simpson’s: f cos(x2) dx == 12/2 cos0 + 4cos(—74r—/2) + 2 cos
. JO L .
= (,978
Graphing utility: 0.977
T Pyl
Trapezoidal: tan(x?) dx =~ g/ 4 1
Q ) . L
= 0,271
e =74l : / 2
Simpson’s: j tan{x?) dx ~ —%/4 tan 0 + 4 tan(—'gﬁ') +2 tan(
. o
== (0,257

Graphing utility; 0.256

(@)2 + 4005(@)2 + §os(

_t;no +2 tan(—-@)z +2 tan(@-)z + 2 tzua(&—d’:r_&)2 + t;n( \@ )2_

@)2 +4 tan(@)2 + tz’m(\/%:r)z

11
Trapezoidal: f sin x* dx =~ —élb"[sin(l) + 2 5in(1.025)2 + 2 sin(1.05)2 + 2 sin(1:075)* + sin(1.1)?] ~ 0.089
1

1
Simpson’s: - sin x? di == —-1——[sin(1
: 120

Graphing utility: 0.089

/2 : : .
Trapezoidal: j 1+ cos?xdx = —Z{ﬁ +2./1 + cos?{
o

ot

ar
A

o]

: . iz
Simpson’s: J. 1+ cos?xdx ==
. 0 .

Graphing utility: 1.910

) + 45in(1.025)% + 2 sin{1.05) + 45in(1.075)2 + sin(1.1)2] =~ 0.089

L v acol Y 4 2oL o 2]

7]

w/8) + 2/T + cos?(n/4) +2./1 + COSZ(3W/Sj + 1] = 1,910

V2 +4/1+ cos?(m/8) +2/T + cosi(w/4) + 4T + cos?(3/8) + 1] = 1.910

Graphing utility: 1.852

T/ 4 .
N 7 f k 2ar 27 3 3y = -
Trapezoidal: J; xtan x dx *—32[0 + 2(16) tan(ls) +2 _16) tan(—-16) + 2("—16) taﬂ(_m) + 4] 0.194
/4
. T L 27 27 37 37 T
2 : P | —_— —_ — — | + —_ —_— — == (),
.Simpsons J; xtanx d 48[0 +‘4(16)tan 16)+2(16)m(16) 4(16)tan 16)‘+4] 0.186
Graphing utility: 0,186
. Tsin x 17[ 2sin{mr/4) | 2sin(w/2) | 2sin(3w/4) ] .
' _— R + -+ - == |,
Trapezoidal fo P dx 3 1 /4 /2 3n/4 +0 1.836
N Tsin x T 4sin{m/4)  2sin(w/2) | 4sin(37/4) J
s: Sy + +0] =1,
Simpson’s fo . dx 12[1 + vy " 3/4 0 1.852
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21, ¢ _ 22. Trapezoidal: Linear polynomials

Simpson’s; Quadratic polynomials

The Trapezoidal Rule overestimates the area if the graph
of the integrand is concave up.

23. flx) =4 _ 24. flx)=2x+3
=32 flo =2
) = 6x fa)=0
fx) =6 ~ The error is 0 for both rules.
@) =0 !

. 2-0pP .
. P =
(a) Trapezoidal: Emor < 12(2) {12) = 0.5 since

|#7(x)| is maximum in [0, 2] when x = 2.

{b) Simpson’s: Brror < (2 - 0 (0) = 0 since ‘

180(4%)
B = 0.
25 f)=—g 2. f&)=(x~ )2
_1 . ) = —2(x— 1)
flx) = m | F1x) = 6(x ~ 1)~*
0 = | £ = =24(x = )75
G+ v 1y F9() = 1200 — 1)7
i —6
) = G+ 17 (2) Trapezoidal: Error < (—:1%(6)
Fx) = (x+—41)5 since | F*(x)| is a ma(ximu;r; of 6atx =1 2.
- b) Si 's: Error £ 120
(a) Trapezoidal: Error < %@%)—2(2) 916 0.01 since (b) Stmpson's: Error £ 180(44)( ) =12
since | f“¥{x)} is a maximum of 120 at x = 2.
F7(x) is maximum in [0, 1] when x = 0.
1—-0)P
(b) Simpson’s: Error < (1 50( 44)) (24) = ] 9120 = (.0005

since f®(x) is maximum in [0, 1] when x = 0.
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28.  flx) = sin(mx)

27. f(x) =cosx
Fx) = mreos(my)

flx) = wsir}x
fx) = ~cos x fx) = —ar? sin{mx)
) = sinx Fx) = — 73 cos{mx)

f“‘)(x) = cosx fO) = ot sin(mx)

(- 0p | , a-o¢ , =
X b <
(a) Trapezoidal: Eror < 1208 (1) = 1 ) = (L1615 (a) Trapezoidal: Error 12 42) 192 = (.0514,
because |£*(x)| is at most 1 on [0, =], since |f"(x)| £ 7% on [0, 1],
. (m— 0. s . : A=0p , '
8 < = (0, : s: < 4= = (),
(b) Simpson's; Error < 180(a7%) = 6,080 0.006641 | (b) Simpson’s: Emor 180(a%) 7 26,080 0.0021,

because |F(x)] is at most 1 on'[0, . since | f¥(x}| < m4onfo, 1].

29, f1x) = %m (1, 3].

(@) || is maximum when x = [ and |f(1)| = 2.

Trapezoidal: Error < 120 2(2) < 0.00001, n* > 133, 333 33, r > 365.15; let n = 366.

O = —m [1,3]
(b) |F(x)] is maximum when x = 1 and |f@(1)] = 24.
(24) < 0.00001, #* > 426,666.67, n > 25.56; letn = 26

Simpson's: Error < 180 3

2 .
30. f”(x) mm[{) 1].
(a) |#%x)} is maximum when x = 0 and | fm(o |=2.

Ttapezoidalr Emror < -}3*5(2) < 0.00001, #* > 16,666.67, n > 129.10; let n = 130,

F90) = (1_?;? [0, 1]

(bj |F®(x)| is maximum when x = 0 and |f“}0)| = 24,
{24) < 0.00001, r* > 13 33333, n > 10.75; let n = 12. (In Simpson’s Rule » must be even.)

Simpson's: Error < 180 vy
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3. f=(x+2Y2, 0s<xs2

P =5+ 9
W = g D7
10 = 3+ 275

F9) = e + D7

St S
+ 2p/?

{a) Maximum of |F*(x)| = ‘ ﬂ

13

122 \ 16

25 892 105 - 205

"= 12(16) 24
n="768.Letn="77.

— O
Trapezoidal: Error £ 2-9) (‘/_) < 0,00001°

. 15
(b) Maximum of |f*(x)] = ’mﬁ

15./2
256

== (,0829.

1 80n“ 256

, 32052 Y20,
" 2 Je0(256) 1° =96 |

n 2 6.2, Letn = 8 (even).

5
Simpsor’s: Error < (15 f) < 0.00001

33. Fla) =cos(mx), 0 x<1
f) = —mwsin(m)
F1x) = —ar? cos(mx)
Fx) = 7 sin{mx)
F9(x) = 7* cos(mx)

(a) Maximum of |f*(x)| = |- mcos(ms)| is =2

— )3
Trapezoidal: Error < (11 an) < 0.00001

(S

i

>_
i2

10°
n = 286.8. Let n = 287,

(b} Maximum of {f#(x)| = |mcos(mx)| is frr“‘.

Simpson’s: Error < a* < 0.00001

1

180n"
at

2 350" 1O°

153.Letn = 16,

is == == 0.0884.

32, f=xY, 1sx<3

Sy = -_Tlx'm

f) = g5

) = ‘Tlsxwm

FOR) = SZxr
H " — 3 : é 1.3
(a) Maximum of [f"(x)| = YD 154011[ , 3L

. (3 - 1)3(3)
. < =
Trapezoidal: Error = 7 \4 < 0.00001

2> = . 108

MI»—-

I . n = 2236 Letn = 224

105
(b) Maximum of | (x}| = ‘ 105 'sion[l 3].

6x9/2

5
Simpson’s: Emor = 2 (105

180n%\ 16
7

4> = . 5
H 5 10

) < 0.00001

18.5. Let n = 20 {even)

3

34, f(x) =sinx, 0sx= )

Fix) =cosx

Fx) = —sinx
Frx) = —cosx
F9%) = sinx

All derivatives are bounded by 1.

3
(a) Trapezoidal: Error < M(l) < 0.00001

1242
n = ;’2 105
n 2 179.7. Let n = 180.
(b) Simpson’s: Error < (1’;{)2'3: (1) £ 0.00001
nt = g% K

n = 8.5. Let n = 10 {even).
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35, ) = V13 x
@ f= _miﬂ [0, 2].

) s maximum when x = 0 and | f”(O)] = %

Trapezoidal:‘ Error < %ni(i) < 0.00001, %2 > 16,666.67, n > 129.10: let n = 130.

®) 196) = fg7 7 grain (0.2

]f(4}(x)| is maximum when x = 0 and |f(4)(0)| = 12.

Simpson’s: Error < 1;; (ig) 0.00001, n? > 16,666.67, n > 11.36; letn = 12.

36. flx) = (x + 1)

(@) f1x) = -_56.:2—1—)7/_3— in[0,2].

| F(x)| is maximum when x = 0 and l£10)| = %
N |

2-) < 0.00001, n? > 14,814.81,n > 121.72; let n = 122,

‘ 8
: . <& —
Trapezoidal: Error < 12n4(9

56 :
W) = —————= 5
(b f (x) 81(.76 + 1)1073 in[0Q, 2].
@O is maxi = @(g)| = 0
|F90)| is maximum when x = 0 and |f@(0)| = FrR
. , 32 (56 ’ . '
Simpson’s: Error < TR0 81 < 0.00001, »* > 12,290.81, 1 > 10.53;letn = 12. {In Simpson’s Rule. n must be even.)

37, f(x) = tan(x?)
(a) £ = 2 sec?(:A[1 + 42 tan(x?}] in [0, 1].
|Fx)] is maximum when x = 1 and |£*(1)| ~ 49.5305.

Trapezoidal: Error < a T2 2) S5 (49.5305) < 0.00001, n* > 412,754.17, n > 642.46; letn = 643,

) f9) =8 sec:z(.wc2)[12x2 + (3 + 32x4) tan(x2} + 36x2 tan?(x2) -+ 48x* tan®(x*)] in [0, 1]
[£4(x)] is maximum when x = 1 and |f“(1)| = 9184.4734.

Simpsori’s:. Error < (1180 4) (9184, 4734) < 0.00001, n* > 5,102,485.22, n > 47.53; letn = 48.

38. Fx) = sm(xz)
(a) f1x) = 2[—2x% sin(x?) + cos(xz)] info, 1],
|f“(%)] is maximum when x = 1 and |f” 1)| == 2.2853,

Trapezoidal: Error < a Ton 2) ~——{22853) < 000001 n? > 19,044.17, n > 138.00; letn = 139,

() f9x) = (16x* — 12) sin(x?) — 48 cos(x?) in {0, 1]
|F“60)] is maximum when x =~ 0.852 and {/(0.852)| = 28.4285.

Simpson’s: Error £ (1180 4) (28.4285) < 0.00001, n* > 15,793. 61 n > 1121 ket = 12.
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3. (@b-a=4~-0=4 n=4 40.n=_8,b—a:8—0=8
. 8
f ") e = gi[3 +207) + 2(9) + 2(7) 0] @) J Fxdx ~ lis[o + 2(15) + 203) + 2(5.5) + 206)
4] ' o
_ %(49) _ 4_29 — 245 _ ‘ + 2(10) + 2(9) + 2(6} + 0]
= 568) = 44

4
(b) J;f(x) dx = %[3 + 4(7) + 209) + 4(7) + 0] ,
(b) Lf(x)dx = %[0 + 4(1.5) + 2(3) + 4(5.5) + 2(9)

3 + 4(10) + 2(9) + 4(6) + 0]

134

1
= 3(134) = =3

41, The program will vary depending upon the computer or programmable calculator that you use.

42. Fx) = /2 + 32 on [0, 4].

n L{n) M(n) R{n) T(n) Stn)
41127771 | 15.3965 | 18.4340 | 15.6055 | 15.4845
14.0868 | 15.4480 | 16.9152 | 15.5010 | 15.4662
10 | 14.3569 | 15.4544 | 16.6197 | 15,4883 | 15.4658
12 | 14.5386 | 15.4578 16.4242 15.4814 | 15.4657
16 | 14.7674 | 15.4613 | 16.1816 | 15.4745 | 15.4657
20 | 14.9056 | 15,4628 | 16.0370 | 15.4713 | 15.4657

43. f(x) = V1 — x*on |0, 1]. :

n L{n) M(n) R(n) T(n) S(n}

4| 08739 | 0.7960 | 0.6239 | 0.7489 | 0.7709
0.8350 | 0.7892 0.7100 0.7725 0.7803
10 | 0.8261 0.7881 0.7261 0.7761 0.7818 |
12 | 0.8200 | ©.7875 | 0.7367 | 0.7783 | 0.71326
16 | 0.8121 0.7867 0.7496 07808 | 0.7836
20 | 0.8071 0.7864 0.7571 0.7821 0.7841

44, f(x) = sin/x on [0, 4].

n L{n) M{n) R(n) T(n) S(n)
4| 28163 | 35456 | 3.7256 | 3.2709 | 3.3996
8 | 3.1809 | 3.5053 | 3.6356 | 3.4083 | 3.4541

10 | 32478 | 3.4990 | 3.6115 | 3.4296 | 3.4624

12 | 3.2009 | 3.4952 | 3.5940 | 3.4425 | 3.4674
16 | 33431 | 34910 | 3.5704 | 3.4568 | 3.4730
20 | 3.3734 | 3.4888 3.5552 | 3.4643 | 3.4759
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/2
45, A =j ﬁcos,x,dx
o

Simpson’s Rule: n= 14

\/J_ccosxdxm— OcosO+4f +2\/7cos—+4\/;r 317 e \/Ecosz]
s 84 2 20

= (0,701

46. Simpson’s Rule: r =8 |

w2
8.3 l—zsmzedﬂwﬂ\/I—Zsin20+4\/1——sm2—+2 Iwusmz— -+ lfgsinzjI
Ml VT3 6 3 vV AV )

= 17.476

] o
47. W= f 100x-/125 — x3 dx
¢

Simpson’s Rule: n = 12

5 / 5% 10 10
f 100x/125 — P dx =~ 3(12)[0 + 4{)0( 2) 125 (12) + 200(12) 125 (12) |
/ 3 . : ‘
+ 400(%) 125 — (1—5) +ooe e+ 0:' = 10,233.58ft -+ Ib

48. () Trapezoidal:
ﬁ 2f(x) dx == %8)[4.32 + 2(4.36) + 2(4.58) + 2(5.79) + 2(6.14) + 2{(7.25) + 2(7.64) + 2(8.08) + 8.14] = 12.518 ‘
Simpson’s: | |
L 2f(x) dx = 5(%)[4.35 + 4(4.36) + 2(4.58) + 4(5.79) -+ 2(6.14) + 4(7.25) + 2(7.64) + 4(3.08) + 8.14] =~ 12.592

(b} Using a graphing utility,
¥y = —13727x% + 4.0092x% — 0.6202x + 4.2844.

2

Integrating, f ydx =~ 12.53,
0

6
49, ———dx 8i s Rule,n = 6
J; N impson’s Rule, n
ar = [6 + 4(6.0209) + 2(6.0851) + 4(6. 1968) + 2(6.3640) + 4(6.6002) + 6. 9282]

3(6)

I 5
== 36[1 13.098] =~ 3.1416
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50. Simpson’s Rule: n =6

- 1o 4 4 2 4 2 4 1
“=4J0 T +x2d""“ﬁ[l TTTaeE T TT Gl T T Ger 1w @R +(5/6)2+E]

=~ 3,14159

51. Area~ %0(%[125 +2(125) + 2(120) + 2(112) + 2(90) + 2(90) + 2(95) + 2(88} + 2(75) + 2(35)] = 89,250 sqm

52. Arca ~ 5%[75 T 2(81) + 2(84) + 2(76) + 2(67) + 2(68) + 269) + 2(72) + 2(68) + 2(56) + 2(42) + 2(23) + 0]

= 7435 sqm

53. Let f(x) = Ax® + Bx? + Cx + D. Then f¥(x) = 0.

(b — a)

T8om 0 =0

Simpson’s: Error <

Therefore, Simpson’s Rule is exact when approximating the integral of a cubic polyncmial.

! 1 132 1

. = -] + —_— o —

Example L 2 dx 6[0 4(2) + 1] p
This is the exact value of the integral.

t
54 fsin\/;dx=2,n= 10
Q

By trial and error, we obtain 7 = 2.477,

55. The quadratic polynomial

L x—mx) = x) (= x)x — x3) (xr — x)x — x)
Pl = (x, — )0, — x) i (x, — x])_(xz - %) 2 (o — %)y — x) :

passes through the three points.

Review Exercises for Chapter 4

o ol
/7 A\

3. J(2x2+x—1)dx%2f+lxz—x'+c 4, Jﬂz—dx=£—fx‘1/3dx-ﬁi—xi+c
. 3 2 . 3/ ¥ 3/3(2/3)
%
= i 23 (T
B TC

= (323 +C
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Call S Dgp=lo 1 - ' P2l sy
5.‘-[ 2z dx-f(x+x2)dt—2x x+C ! . ﬁ.j 2 dxﬁf(x. l2+x ) dx

Y T gy
2 X

7. f(4x— Isinx)dy =202 + 3cosx + C 8. J(Scosxm23ec2x)dx=5sinx—2tanx+ C
9, fx) = —2x, (—1,1) ‘ 10. f4x} = 6(x — 1)
f(x)=j—2xdx=-—x2+C f’(x)=f6(x—I)dx=3(xﬁ1)2+C!
Whenx = —1: . . . . .
- Since the slope of the tangent line at (2, 1) is 3, it follows
y=-1+C=1 : that £/(2) = 3 + C, = 3 when C, = 0.
c=2" Filx) = 3(x - 1)2

y=2-2

f) = f3(x —1)2dx = (x.- P+C

f2)=14+C,=1whenC, = 0.

F@) = (-1
12. (a) y
26 A A
i 7 NN=S
£ RN e
;e LNt
FEL Yoy f
IEL 38 N i &
! NN
/’ NN S
Nhe s il
ey L ANl
ra N
AR x
fs FENN
AN,
-2~

. S o dy 1, o
) L=2x-4, (4,-2) | 0 =37~ 62
y=f(2x—4)dx=x2—4x+c - ' y=f(%x2—2x)dx=%x3—_x2+c_
~2=16—-16+C = C= -2 | 2=-é~(63)—62+c=>c=2
y=x—dx-2
: 1

L =—x3 - x2+2

- s YT %
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13. a) = a 14. 45 mph = 66 ft/sec
o) = f wdi —at + €, 30 mph = 44 ft/sec
. a(!} = g
= + = =
V) =0+ ¢ = Owhen €, =0. v(d) = —ar + 66 since v(0) = 66 ft/sec.

15,

17.

19.

20.

21.

23.

i) = at
a
RGES fat dt = Etz + C,
5(0) =0+ C, = 0whenC, = 0.

=85
s() o

5(30) = %(30)2 = 3600 or

2(3600)
(30)*

v(30) = 8(30) = 240 ft/sec

a= = 8 ft/sec?

a(fd) = —32
v() = =321 + 96

s(t) = — 1682 + 96t

[l

@ v(t) = —32t + 96 = O when s = 3 sec.
(b s(3) = — 144 + 288 = 144 ft

(@ vl = —32t + 96 = 26 when ¢ = 3 sec.

2 2

3Y _ _qef2 AR
(d 3(5) = 16(4) + 96(2) = 108 ft
g 1 1 1 1
D TR R )
n (3)(i+ 1)2 3(1 + 1)2 3(2 + 1)2

= == + = +
=i\n n R\ n n\ n
(i;l)i}_ fk] [ 2]
'213;[2+ ~ —3[2+n,+62+n+
103f=3(£(—19):ms
&= 2
20 20

(+1P=NE+2+1)

i

]
-

i=1

20(21)
2

2870 + 420 + 20 = 3310

20(21)(41)
3 +

; + 20

16.

(a) vif) = —9.8t + 40 = O when = ;% = 4,08 sec.
(®) 5(4.08) ~ 81.63 m '
(© v{) = —9.8t + 40 = 20 when t = 98~ 2.04 sec.
(d) 5(2.04) ~ 612m
2/+2 142 2+2 3+2 1242
. = + A et
8. 3% ") 20 ¢ 20 2(12)
é(u + 1)2
1 n
2
+3n[2+ (n 1)]
20
22. Y @4i—1)= 42—0(2:2—12 — 20 =820
i=1

24.

s(n) = —%tz + 66t since s(0) = 0.
Solving the system

vit) = —at + 66 = 44
a
s(0) = ~§r1 + 661 = 264

we obtain ¢ = 24/5 and @ = 55/12. We now solve
—(55/12)¢ + 66 = 0 and get ¢ = 72/5. Thus,

B) - SHES o) - msan
s( 5 ) =5\ + 66 5 475.2 ft.
Stopping distance from 30 mph to rest is

4752 — 264 = 2112 ft.

a(t) = —9.8 m/sec?
v(t) = —9.8t + vy = — 9.8t + 40
s(f) = —4.92 + 40 (s(0) = 0)

ﬁqi(iz -1} = 2(:‘3 - i)

_(123(13% 12(13)
' 4 2

= 6084 — 78 = 6006
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25. (a) f}(zf - 1)
i=1
=1

© f‘,} (4i + 2)

2. 3, =20, =-1,x=5,x,=3,x,=7

s
é}‘d =~(2—1+5+3+7)——6
1.1 1,137
(b);x“ {44 +3+7— T

© 1:21(296: —x7) = [202) - @F] + [2(=1) — (=07 + [2(5) — (5)7] + [23) ~ (3)*] + [2(7) - (77 = —56

C) Zi‘z(x:*%-l)=(—l—2)+[5—(“1)]+(3—5)+(7_3):5

10 T
27, y,—m,Ax—E,n— 4
w110 10 - 10 10

Sl = 5(4) = 2[ L @r 1 ar+1 T GRE T 1]

~ 13.0385 | ‘
10 10 10 10

sln) = 5(4) = [(1/2)2 Y1141 GRsl 2 1]

~ 9.0385

9.0385 < Area of Region < 13.0385

1
28, y=9—ZxZ,Ax:1,n=4

s =1 (5- 1) + (5~ 50) + (- Lug) + 9 - éfzs)]
~ 225
s(4) = 1[(9 - %(9)) N (9 - %(16)) " (9 - %(25)) - 9)}‘

= 14.5

29. y=6—x,Ax= %, right endpoints

Area = lim Ef(c)Ax

n— DQ‘-

i $ (e 4
n—reo /=9 n/n
, — Lm i[s,, - EM]
n—oo R t3 2
= [24—8”“]—24—8=16
n—3o0 ‘
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5 :
3 y=x*+3Ax= " right endpoints

Area = lim if(c,) Ax

il
3
15
8
v
prs—
T
=R
SR
S
+
w
| S
P
| b2
S

2[4n(n+1)2n+1) ]

= = n

n—eo 11 A° 6

e [4l 1)@t 1) }_g _ 26
nliﬂ[s n =376=3

=W

M. y=5—-x2 Ax =

Area = lim Ef(c}Ax

n— wi

?2[5‘( 2+37)G)
w3302

3[ _I_%n(n;- 1} _%n(n+ 1§2n+ 1)]

nt+l 9(n+ 1)2n+ 1)]

EI

::IU-\

= lim
n—oo Pl

= [3+18

J‘l‘-’DO

3+18-9=12 e

32, y= 5, Ax =

I
3
1
8
b=
e
—_———
[au]
+
L
—

_ 1 & 24 | 248 813:I
- r}gg: 2n ;’1[8 - o
n ] 2 3

= lim = [1+2+3—‘2+'—s]

n—oo Fl £ n n

*(n + 1)2

- lim i[n+§n(n + 1) +in(n +12n + 1) _E_ian(n 1)]

noe 71 n 2 nzj 6 7 4

=41+ 6+4+1=15

‘
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33. x=5y—y2,2£ysl5,Ay—%
n ; I\2
Area = lim 2[5(2 + ﬁ) - (2 ﬂ) ](3)
nweo ST\ n n
L 3 15i i 9{2]
= _ + —— —_ o —_ —
n]—l{gcn,;[lo n 4 n n?
.3 3i 91‘2]
= —_ + —_ e —
nl-l-anolonjzl[s n  nt
= lim §|:6n +§n(n +1) %n(n + 1){2n + 1)
noce n 2 7 6
. 9 27
= + = — = —
[18 9] 2

n-t bi)(b) ol fbi
s(n) = === ¥m
(=) - ,Zof(n L =o \n
: oo mbn+1l) . ombn-1) 1
(C) Area = n]l»xga 2n h n]l)rgc 2n B 2

b 1 P 1
(d) medx = [imxz:lo = Emb2
n 6
35. ”ﬁr_%;](zci - 3) Axi = J; (2x - 3) dx
o
37. L(sx + 6) dx

39.

f.(S— lx—5l)dx2f(5—(5_x))dx=fxdx=

(triangle)

18 5

)

t

25

2

- mb? : _ Smb* ¥
)ﬁ 16(1+2+3+4)— 3
_mb? _ 3mb?
= 16(1+2+3)— 2
_ m_bz(n(n--l- 1)) _mbn+ 1)
n? 2 2n
B m_b_z_((n - l)n) _mbn— 1)
n 2 " 2n

mb? = %(b)(mb) = %(basc)(hcight)

. - ) 3
36. lFmo 1;3«:,(9 — ¢f) Ax, = f] 3x(9 = ) dx

38, j i 9 — 22)dx

Y .
f 16 — x2dx =%7r(4)2 = 8
—4

(semicircle)
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& 6 6 .
41, (@) L [flx) + glx}] dx = J;f(x)dx + Lg(x)dx =10+3=13
6 6 6
®) L[f(x) — e)]dr = J;f(x)dx“ Lgoc)dx: 0-3=7
(] . 5 5
© f /() — 360 d = 2 f ) dx — 3 f o) dx = 210) — 30) = 11
(@ J; 5f(x) dx = SL £ dx = 5(10) = 50

4 16

4
(2+x)dx=[2x+%2}0=8+—:16

6 3 Y
42, (a) jf(x)dxij(x)dx+ff(x)dx=4+(—l)=3 43.J )
o 0" 3

0

) Ef(x)dx = —ij(x)dx= —(=1) =1

4
© f £ dx = 0

6 6
(d) J;—lOf(x)dx= —10Lf(x)dx= —-10(-1) = 10

Cen LA
44, _1([2+2)df=|:%3+2t]l =I4 '} " 3 J‘ls. J;l (4{3_21)0}1:[!4_9]1_129

2 3 2
46.[ (x4+2x2—5)dx=["—5_+£—5x]
2 -2

_ 5 3
{32 16 [ 32 16
-(5+3 10) (5 3+10)
52
T 15

47 L e rdx = f " = [%xs/l]g = %{(ﬁ ¥ - (va)y] = %(243 -3 ="

4 4

A T S Y S 1 1P _( 1,1 1) 1
o [ B firmra [ 2o 2] - (- (43

/4 3mfd .
49.[ sm9d9=[_cose] =*(fﬁ)+1=1+——2=‘/§;2
Q

0

/4 /4 ’
50. f sec? tdt = [tant} =1-(-1)=2
—/4 — /4 .
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2

2
52, f(x+4)dx=[x§+4x] =10
]

0

56. J’lﬁ(l - x) dx = (x1/2 — 537 dx

2 2 1
= | 33/2 — Z45/2
[3x3 st ]o

_ 4

135

2_2
375

w2
58. Area = f (x + cosx) dx
Jo ‘_

x2 N w2
= [2 + smx]o

53. L 4(x2 - 9) dy = [%3 - 9x]:

=(@—36)-(9~27)

3 A

_64_54_10
3 3 3

1

57. Area = j sin x dx
(4]

If

1
— CO8 x]
o]

—éos(l) +1
=1 — cos(1)
= (0,460
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/3

B3~ 1) =16 60. Area =J' sec? x dx

4x1/ 2]
o

59. Areamff (1/2) |
3 . = tan x]w3 V3

0

Ii

1 (°t ” 2. 2
61. 9 - 4J; ﬁ [ 2‘/] (3-2 —SAverage value y
2_ 1
5 Vx
o3
=2
Ty
2 ) ,
62 _—Lffdxz[g] =2 63. Fix}) = 2/1 + 2
2-0J, 8 lo 1
¥=2 ; -
x=Y2
64. F’(X);é 65. F’(x)=x2+3x+2 66. F’(JC)=CS(22:C

7. j(xu1)3¢x=f(x6+3x4+3x2+1)czx:§+§xs+xs+x+c

132 N X 1
68. X"’r;‘ dx = (x2+2+x2)dx=§+2x—;+()

69, u=x>+ 3,dn = 3x%dx
X 1 2
g dy = | (@ 4+ 3) V22 dx = < + 371232 gy = (0 172 4 C
.[x3+3 f( ) 3f(f 3)71/2 3.2 3( +3)

70, 4 =23 + 3, du = 3% dx

¥
fﬂmdx=%J(x3+ )23 de = 2 + 32 4+ C ﬁ\ (X;'I’5> LCIXX?/

7L u=1-3x%du = —6xdx

x(1 — 32 dx = —éJ(l —3H(—6xd) = —3c(1 — 3 + C = 3506 — 15+ C
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T2 u=x*+6x— 5,du= (2x + 6)dx

x+3 1 _2x+6 -1 ety
f(xuax—s)fz ey L B T oy
73. J‘sin'3xcosxdx:%sin4x+c . 74. fxsin3x2d.x='é‘ (Sin3x2)(6x)dx=—é-c053x2+c

sin @ .
78, | ———df= | (1 ~cos @ 2sin8dd=2(1 —cos * + C=2/1—¢os 8+ C
fvl—cosﬂ J’( ) ( )

76, | S2L gy = f(smx) V2cosxdx = Z(surwc)l/2 +C=2ysinx + C

J/sinx
. tan"+! x E . 1 1
7. tan"xscczxdx=m—-+c,n¢wl 78. scclxtaandx=§ (sechtaan)(Z)dx=55602x+C

[
79. j(l + sec srx)? sec wxtan wx dx = 7—1_J(1 + sec mx)*(mw sec wx tan wx) dx = ﬁ(l +secwx)? + C

. 80. jcot“ o csc? a‘da = ——J(cot a)*(-—csc? a) da = —écotsa +C
2
81, f 202 — ) dx = f (2 — 4(2x) dr = b~ ; 4 ] =do-91=-2
1 L 1
82, J;xz'(x"’ VTR @+ 1P dr = %{(ﬁ_ ¥ 1)4]0 -6 -1 =%

83,

| o
12 gy = [2(1 +x)1/2] —4-2-2
. [}

1
oV1+x
6 x __.IN g] o - 3
M.Lmdx.—ﬁj;(x{ 8)"V/%(2x) dx [(x" 81/3] —(2ﬁ 1)

85. u=1—y,y=1—-udy = —du
Wheny 0u—1thny-lu—

27 (y + DT~ ydy = 2,'.'1' —[(1 - w) + 1]fdu

0 0
= 27| (2 — 2u/%) du = 27r[§u5/2 - %u”z] - 27
1

15
86. u=x+ 1l x=u—l,de=du

Whenxy = —1,u=0Whenx=0,u= 1.

0 1
RS+ Ldx=2a| (0~ 12V udu
-1 0

4,002 ]1 32
o 105

) ‘
=20 | (52 — 2 + wll) du = 2,{2_“7/2 — bk 2
A T
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(01 - 4)

12 —....-.......1-—
y_J(g_ 22 xdy = 32

y= =30 - A+

90. (a) y

o

G
91. jx(x — 1) dx. Letu=x— 1,du = dx.
1

8 8
= f (u + 1)u1/3 du = f (u4/3 + u1/3)du
0 o

3u‘7/3 3u4/3]ﬂ
= +
[ 7 4 Jo
3 3 468
= 7(128) +5(16) = ==
93, p = 1.20 + 0.04¢
_ 15,000 (71

15,000 {1
c- 150 f
(a) 2000 corresponds to ¢t = 10.

11
C= %399- f [1.20 + 0.04r] dr

| 243
N 2 = ——
1.20¢ + 0,02f 10 M

.. 15,000
M

=)

(0 — 2P

=2

1
+C= —3.(9~

4=—%—(9—0)3/2+C=~%(27)+C=> €=5

(1.20 + 0.045) ds

/4
88. f
—n/4

sin 2x dx = 0 since sin 2x is an odd function.

22+ C

]

® 2 = -2 xsin(),

-5

0,0

y= f _L s sin(@)ax = —i j sin(2xdy)  (w = £)

2

—S{(—cos() +

= lcos(.w:z) +C
4
0=lcos(o)+c=> c=-=
4 4
y= lcos(;cz) —-=
4

/2
92, j {cos x + sin(2x)) dx =
. Jo

JEERTE

1

1 /2
[sinx -= cos(2x)]
2 ¢

(b) 2005 corresponds to t = 135.

15,000

16
c= [1 208 002:2] =
15

M

27,300
M
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. ‘
94, J 1.75 Sinﬂdf = 2|:1 75 cos ﬂ] = —2(1.75)(—1 -1} = 1 ~ 2,2282 liters
N 2 2 iy T
Increase is _
731 19, 0.6048 liters.
A
2 1 1 | 2 2 | 2 I E
g i = 4): P + _ + 2= (),
95. Trapezoidal Rule (n = 4) Jl T % 8[1 A (T R B T R WA (I R +23] 0.257
. ) :
1 i 1 4 2 4. 1
' f — 4 — o — . + + == {),
Simpson's Rule (1 = 4): L 2% _12[1 TE T+ 2P 105 1+ sy 1+ 23] 0254
Graphing utility: 0,254
L
£ 1[ 21/4772 | 212P2 | 23/ ]
. i = 4): G~ + ~ 0,
96. Trapezoidal Rule (n = 4) L3 — xzdx 3 0 3 AE 3o/ T3 - B/ap 172
1
; $/? L [ 4174972 2Q1/2P7 4(3/4)3/2 ]
s = . —_— P +
Simpson’s Rule (n = 4) J;S_xzdx 120 3—Q/4% T 3= (/2 3_(3/4) 0.166
Graphing utility: 0.166 '
w2 T
97, Trapezoidal Rule (n = 4): f V% cos x dx = 0,637
0
Simpson’s Rule (n = 4); 0.685
Graphing Utility: 0.704
. I :
98. Trapezoidal Rule {(n = 4): f 1 + sin? x dx = 3,820
0
Simpson’s Rule (r = 4): 3.820
Graphing utility: 3.820
Problem Solving for Chapter 4
| '1 1
1. (a) L{1) = f ?dt =0 (b) L¥x) = ;by the Second Fundamental Theorem of Calculus.
1
ey L) =1
© L) =1= f S di for x = 2.718 . -
' (d) We first show that f L =f = dt.
1 t l/xlt

2,748 1
J‘ ?dt = (.599896
1 .

(Note: The exact value of x is e, the base of the
natural logarithm function.)

. ¢
To see this, let u = —and du = -l—dt.
Xy *

% 1 1 ' 1
Than ldt=j L(xldu)=J‘ ldu=j la’t‘.
1 ¢ 175 M% 14 it

]| 1 . : ¢
Now, L{x;x,) = —dt ~dul using u = —
! 1/n % B! Rl

X .
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2. (a) Flx) = fxsmﬂdt
2

x 0 1.0 1.5 1.9 2.0 2.1 2.5 30 4.0 5.0
F(x) | —0.8048 | —0.4945 | —(.0265 | 00611 O | —0.0867 | —03743 | —0.0312 | —0.0576 | —0.2769
1 X
b Glx) = f sin 2 dt
— 2 5
x 1.9 1.95 1.99 2.01 2.1
G(x) | —0.6106 | —0.6873 | —0.7436 | —0.7697 | —0.8671
lim G(x) = —0.75
. x—2
© F/2) = tim 22 =12

—2 X2

X
= Hm — L fsintzdt
-2 _x -2 2
= lim G(x)
x—2 _
Since F'(x) = sin 2, F(2) =

2i

3, yo=ax*— 43 + 42, [0,2], ¢

i

() Ax = %,f(x) = x4 — 4y + 442

A= Hm }n:f(ci) Alx
n—yoo
R 2iy4 2i\3 2iN] 2
M,Zi(:) - 4(1) ¥ 4(:) |E

= lim
® 3|(G) - -6

8(n + 1)

4 8+ 1)2n + 1)

n
1573
_ [S(n + D —-n+n— 1)]2
N 1543 )
8+ DWW ~n?+n-—- 1)]%
155° n

- [S(n + D6 + 9 +n—1)
7

© 4= jin|

Sl

2i
CI' == ;,

[0,2], Ax

4.y = %xs + 2x3,

@ A= lim 3 f(c) Ax
oo/

EHEGR
>§[%() o312

[ 1)2(2112 + 2n — 1)

I:S(rz + 1)2(5122 + 2n — 1)]

2

o313

4n + 1)2

J

2
n

n

3n

{c) A= 111)11[

sind = lirr% G(x). (Note: sin 4 = —0.7568)
x—

E

8(n + 1)X5n2 + 2n — 1)]

40
Int 3
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1NN L
1 \/3

) = sin T2 =
(c) S.(x)—sm 2 0= 5

®» 3

Q51

0501

0251

IV IR NN VY

T
—x

—025 1

. KR .
The zeros of y = sin %— comrespond to the relative

extrema of 5(x).

arx? : o
— =nw = x*=2n == x = ./2n, ninteger.

Relative maximum at x = ~/2 ~ 1.4142 and x = /6 = 2.4495

Relative minimum at x = 2 and x = /8 =~ 2.8284

i

@) §"(x) = cos(%'xi)(vrx) =0 = 7

Points of inflection at x = 1, /3, /5, and /7.

1 1 :
f cosxdx = sinx] = 2 sin(1) =~ 1.6829
-1 . -1

Error: |1.6829 — 1.6758] = 0.0071
L 1 1 3

() IR Tr T Trap 2

(Note: exact answer is 77/2 = 1.5708)

) ‘ 3 3
7 (@) Area=J‘ 9 - xBdx= 2[ (9 — x) dx
-3 o
_ _x2P
.= 2[9x 3]0
=2[27 - 9] = 36
. ] 2 2
(b) Base = 6, height = 9, Area = gbh = 5(6)(9) = 36

¥

e
=)

-3 W A h G 68

-4 "~z 12 435

=-211‘+mr=:-x2=1+2n=>x=\/1+2 , 1 integer

- .
6. (a) Jllcosxdx s cos(——%) +.cos(71_§) = ZCOS(%) = 71.6758

(c) Let p(x) = ax® + b2 + ex + d.

‘ bR T |
ﬁlp(x)dx_[T+T+_2_+dx]#1_?+2d

{-35) )61+ ) Bom

{c) Let the parabola be given by y = #? — a%?, a,b > 0.

2b

bfa
Area = 2J’ #? — a® dx ¥
, o

= z-blx m azx_3:|b/a
| 340

1
1
oo

2 .
Base = ;b, height = #?

IR
BN

Archimedes’ Formula: Area = %(zaé)(bi) =
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Integration

8. Let d be the distance traversed and a be the uniform

10.

acceleration. We can assume that v(() = 0 and 5(0) = 0,
Then

s{fy =dwhent = 2—d

The highest speed is v = a\/—%T = /2ad.

The lowest speed is v = 0.

The mean speed is %(\/ 2ad + 0) = %d—

The time necessary to traverse the distance d at the mean
speed is

S
- Jadf2 a

which is the same as the time calculated above.

20

L
02 04 06 08 LD

{(b) v is increasing (positive acceleration} on (0, 0.4) and (0.7, 1.0).

v{04) —v0) 60-0
64-0 04

{c) Average acceleration ==

(d) This integral is the total distance traveled in miles.

flv(r) dt =~ 1—10[0 + 2(20) + 2(60) + 2(40) + 2(40) + 65] =
0.

(e} One approximation is

(b)
x o] 1 2 3 4 5 6 |7
1 7 7 1
Flx)| 0 5 -2 ) 4 2 2 p
[~ x, 0<x<?2
x—4, 2=<x<6
© f&=1]
5x~1,65x<8

{(—x%/2), 0<x<?
(x2/2) —4x+4, 22x<6

F(x) = j}(t) dr =
0 (1/4)x*—x — 5, 6<x=<8

F(x) = f(x). F is decreasing on (0, 4) and increasing
on (4, 8). Therefore, the minimum is ~ 4 at x = 4, and
the maximum is 3 at x = 8.

-1, 0<x<2

1, 2<x<6
d) F'(x} = f(x) = i

E’ 6<x<8

x = 2 is a point of inflection, whereas x = 6 is not.

= 150 mi/hr?

385 .
0 - 38.5 miles

a(0.8} =~

v(0.9) — ¥(0.8) .30 —40

0.9 - 08

{other answers possible)

G.1

= 100 mi/hr?
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il J; J}(x)(x - dt= J; xx f() de — L xtf(r) dr=x Dxf(t) dt — J; xtf(t) dr

Thus, %J:f(t)(x — ) dt = xf(x) + L}(r} di — xf(x) = J:f(t) dt

Differentiating the other integral,

p L ( L 70) dv) dr = L v,

Thus, the two original integrals have equal derivatives,

Ef(t)(x —Ndr = J:( L rf(v) dv) dt + C.

. Letting x = 0, we see that C = 0,

12.

14.

15.

Consider F(x) = [f() => F'@x) = 2/(x) fx). Thus,
[ s = [ e
1 b
-[zrw]
= STFG) - Flo)]

1 2 2
- 6B - Sl

1
. _XF 1 .
Consuicrj;xsdx— 6]0 =&

“The corresponding Riemann Sum using right endpoints is

e CRCAC)
=}z—16{15+25+' ; -+,

T N 1 i
Thus, lim Str) = lim 2+ =
it 6

H—oo n

b TR
Similarly, m < flx) = mb—a) = f mdx < Jf(x) dx.

13. Consider J; 1w/3c-.:i'x = %x”/z]: = 32" The corresponding
Riemann Sum using right-hand endpoints is
S(n)=;1;|:\/%+ \/%+- Ce ﬁ} |
=#[\/1'+\/§+---+\/H].
VIA24 2

R S -3

. 5 b
By Theorem 48,0 < f(x) S M = jf(x)a!x s Jde =Mb — a).

b
Thus, m(b — @) < ff(x)dx < M(b — a). On the interval [0, 1],1 < VT + ¥ < 2andb —a = L.

1 1
Thus, 1 < f I+ Ade < J2 (Note: j ST+ Fde = 1.0894)
] L 4]
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x 1
16. (a) LetA = fmdx b b=1= fmdx=5
Letu=b — xdu= —dx. © b=3Fx=Vx
e : f___g__ _3
A= ﬂb—u+ﬂ)(“) AT AT
j  flb-w)
f(b—u)+f
S — %)
f@—ﬂ+ﬂ)“
Then,
i flx) J' [ x)
Sl W ey s R N g T
=fbldx=b.
0
Thus,Azg.

17. @ Q1 +iP=1+3+32+P = (1 +iP-F=32+3i+1

) 3+ Bi+l=(+1P-p
(3t + 31 + im+1P“ﬂ

=(R-1+FE -2+ +[((n+1P-nY)]
=(m+ 1P -1

L3

Hence, (n + 1)? 2312+3i+1)+1.

e

1

. i

. ) &, 3kt l)
€ ln+1P—-1= :241(312 + 3+ 1)= 1;1312 +---—2— +
3nln + 1)
2

=2n3+6n2+6n—3n2—3n-2n

2
_ 2w+ 3+ n

_2
_np+ 1)2n+ 1)
2

nln + D2n + 1)

n
2
= ,le 5

. 1]
= 23:’2 = +3n+3n—

18. Since — /()] = £ < LA,
b b . ]
~[1renac s [swars [l e =

b
< f |7&)] dx.

T 7
i i

18, (@ R<I<T <
) S(4) = 75 LA0) + 47(1) + 272) + 473) + S 4]

Pt

- 3[4 +42) +201) + 4(%) + }J ~ 5417



Problem Solving for Chapter 4 439

X 4
20, Si(x) = f RO
Yokt

{a) 2

-~

-2

b S = —S% Si{x) = 0'for x = 2n7

For positive x,x = (2n — D)w
For negative x, x = Znw
Maxima at , 3w, 5, . .. and — 2, —4, —6m, ...

xcosx — sinx
—2._............: 0
X

(©) Si"(x) =

xcos x = sinx for x = 4.4934
8i(4.4934) = 1.6556
(@) Horizontal asymptotes aty = ig

fim Si(x) = Z
X—rao 2

lim Si(x) = —2
A3—co 2
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