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CHAPTER 4
| ntegration

Section 4.1
Solutions to Odd-Numbered Exercises

Eé _E -3 — _ —4_;9
1 dX<X3+C)—dX(3x +C)=-9%x*= @
Y _ 3
S =

y=t+C

Check: %[P + C]=3t2

Given Rewrite Integrate
9. |%xdx x1/3 dx x4 +C
4/3
11 idx X~3/2 dx X2 +C
) xJx -1/2
1 1 1/x 2
_— = -3 P A
13. J2X3dx fo dx 2(_2)+C
X2
15. f(x+3)dx=§+3x+ C
2
Check:%[%+3x+ c] —x+3
19. f(x3 + 2)dx = %{x“ +2x+C
d/1
Check: &Zx4+2x+c =x3+2
23. |¥xdx = [x¥/3dx = X c=3en1c
5/3 5

Check: Q<§x5/3 + c) = x2/3 = 3/%2
dx\5

Antiderivatives and I ndefinite I ntegration

213, >—2, — _
3'dx(3x IX+Cl=x2—4=(Xx—2(X+ 2

ﬂ_ 3/2
7. dxfx

y=§x5/2+ C

Check: E[EXS/Z + C] = x%/2
dx[ 5

Smplify

gx‘m +C

2

X

1
22T C

17. f(ZX —-3xYdx=x2—-x¥+ C

Check: %[x2 - x84+ C]l=2x—3x2

21. J(x3/2+2x+ 1)dx:§x5/2+x2+x+c

Check: %(%xw + X2+ x + C) =x¥2+2x+1

L= [xzax=X -1
25 >(3dx—Jx dx 2+C 2X2+C
. d 1 1
Check: dx( ol C) 2

177
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2
o7, |21 1dx = | (&2 + x¥2 + x Y?) dx = 2602 4 23372 4 o1/ 4 C= £X1/2(3X2 +5x+ 15 + C
Jx 5 3 15
» 9262 4 25072 4 g2 >— 82 4 w12 4 12 = X EXH]
Check: dx(SX +3x + 2xY2 + C| = x¥2 + x/2 + X = I
29. f(x + 1)(Bx —2)dx = f(3x2 + x — 2) dx 31. fyz\/ydy = fyf’/z dy = % 72 + C
¢+ D -2+ C Check: E(gym + C) =2 =2y
2 dy\7
d 1
Check: —(x¥+ 2 —2X+C| =3 +x—2
dx 2
=(x+1)Bx—2)
33. de= fldx= x+C 35. f(2§nx+ 3cosx)dx = —2cosx + 3sinx + C
d d . .
Check: &(x +0) =1 Check: &(—Zcosx + 3snx + C) = 2sinx + 3 cosx
37. f(l— cscteott)dt =t + csct + C 39. f(secze— sng)dp =tan @ + cosh + C
d d .
Check: a(t +csct+ C)=1—cscteott Check: d—o(tane +cosf+ C)=sec?20—sinf
41. f(tan2y+ 1dy = fseczydy: tany + C 43. f(x) = cosx

Check: d—dy(tany+ C) =sec?y=tanPy + 1

45, f/(x) = 2 47. f(x) = 1 — %2 49 d—;’ =2x-1, (1,1

d
f(x) =2x+C ¢ B x3 c
0 =x=7+ y:f(2x—1)dx=x2—x+c

1=12-1M+Cc cC=1
y=x—-x+1

3
109 = =5 +

ST, f(x) = 2x

Answers will vary.

Answers will vary.
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dy _
51. o~ COS% (0,4

y=fcosxdx=sinx+C

4=s8n0+C C=4

y=snx+4

55. f(x) = 4x,f(0) = 6
f(x) = f4xdx= 2x2+ C

f0)=6=20?+C C=6

f(x) = 22 + 6
59. f7(x) = 2

f(2) =5

f(2) = 10

f(x) = f2dx=2x+cl

f(2=4+C, =5 C/ =1
f(x)=2x+ 1

f(x)=f(2x+1)dx=x2+x+c2

f(2=6+C,=10 C,=4
fx) =x2+x+4

&4@h®=fua+am=amﬁ+a+c

hO)=0+0+C=12 C=12
h(t) = 0.75t2 + 5t + 12
(b) h(6) = 0.75(6)2 + 5(6) + 12 = 69cm

53. (8) Answerswill vary.

<

A x
5

@ _1
(b) o =5x—1 42 :
X2
y=—-x+C J
4 -4 8
_# =
2=,-4+C
2=C

2

X
=——-X+
y 2 X+ 2

57. h(t) = 8t + 5,h(1) = —4
h(t) = j(st3 +5dt=2t*+5t+ C
h(l) = -4=2+5+C C=-11

h(t) = 2t* + 5t — 11

61. f(x) = x~3/2

f(4) = 2

f(0)=0

f(x) = fx‘e'/z dx = —2x Y2+ C, = 2y C,

VX
, 2
f4=-3+C=2 C=3
2
f0=—"=+3
) A

f(x) = J(—Zx‘l/2 +3)dx = —4x2 4+ 3x + C,

f0)=0+0+C,=0 C,=0
f(x) = —4x¥2 + 3x = —4/x + 3x
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65. f(0) = —4. Graph of f’is given.
(@ f(4) =~ —-10

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

(c) No, f(5) < f(4) becausef is decreasing on [4, 5].

(d) fisan maximum at x = 3.5 because f(3.5) = 0 and
the first derivative test.

(e) fisconcave upward when f’isincreasing on (—oo, 1)
and (5, o). f is concave downward on (1, 5). Points
of inflectionat x = 1, 5.
67. a(t) = —32 ft/sec?
v(t) = f%SZdt =32t +C,
v(0) = 60 = C,
s(t) = f(—SZt + 60)dt = —16t2 + 60t + C,

s(0)=6=C,
s(t) = —16t2 + 60t + 6 Position function
The ball reaches its maximim height when

v(t) = -32t+60=0

32t = 60
t= 1—85 seconds
%%) _ _16(%)2 + 60(%) + 6~ 62.26 feet
71 at) = —9.8

v(t) = f79.8 dt = —9.8t + C;
v(0) =vo=C, V() = —98t+ v,
f(t) = J(—9.8t + Vo) dt = —4.9t° + vt + C,

f(0) =g =0C, f(t) = =492 + vt + 5

75. a=—-16

(f) f7isaminimumat x = 3.

69. From Exercise 68, we have:

S(t) = — 162 + vt

v,

s/(t) = —32t + v, = Owhent = -2 = timeto reach
. . 32

maximum height.

Yo\ _ _4af Vo (ﬁ) _
s(sz) - 16(32) Vol 35) = 590

Vo? | Vo? _
o 3y = 550
v = 35,200

v, ~ 187.617 ft/sec

73. From Exercise 71, f(t) = —4.9t2 + 10t + 2.
v(t) = —9.8t + 10 = 0 (Maximum height when v=0.)

9.8t = 10
10
t= 98
10
f<9.8> =~71m

v(t) = f —16dt = —1.6t + v, = — 1.6t, since the stone was dropped, v, = 0.

s(t) = J(—1.6t) dt = —082 + s,

s(20) = 0 -0.8(202 + =0
s = 320
Thus, the height of the cliff is 320 meters.
v(t) = —1.6t

v(20) = —32m/sec
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T7. x(t) =3 — 62+ 9t — 2 0 5
@ v(it) =x(t) =32 - 12t + 9
=3 —-4+3)=31t-Dt-23
alt) =v/(t) =6t — 12 =6(t — 2)
(b) v(t) > Owhen0 <t < lor3 <t <5,
() at) =6(t —2) = 0whent = 2.

v(2) = 3(1)(—-1) = -3

t

81. (@) Vv(0) = 25km/hr = 25 - % = %m/sec
1000 800
v(13) = 80 km/hr = 80 - 3600~ gm/sec

a(t) = a (constant acceleration)

1
79. v(t) =—=1t"12 t>0
Vi

X(t) :fv(t)dt: 22+ C
X1)=4=21)+C cC=2

X(t) = 2t/2 + 2 position function

at) = vi(t) = —%t—z/z _

1372 acceleration

83. Truck: v(t) = 30
s(t) = 30t (Let S(0) = 0.)
Automobile: a(t) = 6
v(t) = 6t (Letv(0) = 0.

v(t) = at + C s(t) = 3t* (Let s(0) = 0.)
250 250 At the point where the automobile overtakes the truck:
v(0) = —— v(t) = at + —
36 36 30t = 32
80 _ ., 250 0= 3¢ - 30t
v(13) = % 13a + 6
0 = 3t(t — 10) whent = 10 sec.
550
35~ 13 (@) s(10) = 3(10)2 = 300 ft
(b) v(10) = 6(10) = 60 ft/sec = 41 mph
a= S0 _ 25 1.175 m/sec?
468 234
t2 250
b) sty =a5 + 5t (50 =0)
_ 275032, 250,
s(13) = >34 2 + % (13) = 189.58 m
(1 mi/hr)(5280 ft/mi) _ 22
8 " (300sec/hn) 15/
@/ ol s 10 15 20 o 20 (b) V(1) = 0.1068t> — 0.0416t + 0.3679
V,(t) = —0.1208t2 + 6.7991t — 0.0707
V,(ft/sec) | 0 | 3.67 | 10.27 | 23.47 | 4253 | 66 95.33
V,(ft/sec) | O | 30.8 | 55.73 | 74.8 88 93.87 | 95.33
© S = j Vi ot = 22 e - 0% 1 36701
3 2
S0 — j V(0 dt = 70.12308t 6.79291t _ 0.0707t
[In both cases, the constant of integration is 0 because S;(0) = S,(0) = 0]

S,(30) ~ 953.5 feet
S,(30) ~ 1970.3 feet

The second car was going faster than the first until the end.
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87. at) = k
v(t) = kt

st) = 'E‘tz since v(0) = 5(0) = 0.
At the time of lift-off, kt = 160 and (k/2)t2 = 0.7. Since (k/2)t2 = 0.7,

14
t‘\/?

()

1602
14k = 1602 k= VS
~ 18,285.714 mi /hr?

=~ 7.45 ft/sec?.

89. True 91. True

3 2 2
93. Fase. Forexample,fx-xdx#fxdx-fxdxbecausexg+ C#+ (XE+ Cl><X§+C2)

1, 0 x<2
%. f/(x)_[Bx 2 x 5

x+C, 0 x<2

f(x) = 13x?
2—+C2,2 X 5

f1)=3 1+C, =3 (C;=2
f is continuous: Values must agree at x = 2:
4=6+C, C,=-2
X+ 2, 0 x<2
f(x) = {3x2 5

2772,2 X

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

Section 4.2 Area

5 5 5
1L Y@+1)=2>i+>1=21+2+3+4+5+5=35
i=1 i=1 i=1

4 1 1 1 1 1 158
3. 2%k2+’1_-1+—§4_§_%164_1?_ﬁ§§ 5.2;CA*C+’C+'C+'C7‘R
1 8[(1’) ] 2.80[/(21\2 (2 38 3i\2
7. - 9. 5=+ 3 z Z) (£ hd S
;1 3i ;Z‘l 8 ol ;l[(n> (n)] 134 ;1[2(1 * n) ]
2, .8 20(21)} _ 20 19
15. iZlZI = Zile = 2[72 = 420 17. igl(l —12= 241'2

_ [19(22)(39)] Y
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15 15 15 15
19. Yl - 12=Yiz- 232+ Yi
i=1 i=1 i=1 i=1

21. sumseq(x(F) 2 + 3, 1,20, 1) = 2930 (TI-82)

_ 152167 215(16)(31) . 15(16) ii(i2 +3) = 2020 + 1)é2(20) L 3(20)
4 6 2 -
= 14,400 — 2,480 + 120 = % + 60 = 2930
= 12,040
23. s=[3+4+3+51)=F=165 25.S=[3+3+5](1) =11
=[1+3+4+3w=%=125 s=[2+2+3)(1)=7
a0 il A VA )1 o
so-d})+ Vil V30 - VI R om
29 s(5)=1< ) ylg;(g) +715(;)+§15(;) +9715(§) R B RS
9 = 5sls) * 76ls) * 7els) *7ela) Az 6778 5t a0

. gnz(n+1)2]_g. [n4+2n3+n2] 8L, 81
8L J'Q[(n‘*) e Iy Ll n 2V =7

2
3. lim [(%)”(”; 1)] = 7n|| n [” nt ”] = %(1) =9
n2i+1_ 13 1 n(n+l) ]_n+2_
35 Zl P _nzi;( +1) = [ I = 9n)
S(10) 2
S(100) = 1.02
S(1000) = 1.002
$(10,000) = 1.0002
n 6k(k _63 _6[nn+1@n+1) n(n+ 1)]
3 K=1 Skz B ns[ 6 2
6[2n+3n+1—-3n—-3 1
= 6 ]=ﬁ[2n2—2]=8(n)
S(10) = 1.98
S100) = 1.9998

S(1000) = 1.999998
S(10,000) = 1.99999998

16<n(n + 1)) niTo [8(”2':; n

2

39, lim 2(16') lim

nooi

J-sinfs-3 -
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41. I|m2 = lim 2| lim [%]
_|w%[W] 'm[e( (3/n)1+(1/n)>] %

2

© | x 5 10 | 50 | 100
/ sn) | 1.6 | 1.8 | 1.96 | 1.98

Sn) | 24 2.2 2.04 2.02
o g 5[0 (1) m 50

_ I 7[n(n; 1) n]
e

43, nlirgo21<1+iﬁ)<i> 2 lim [El-ﬁ- E} 2 lim 1[n+ (”(“+1)>] anin;:

45. (@) v

2-0 2
(b) AX_T_E

Endpoints:

- [22D 4]
ALY B n] 2
A T R
(c) Sincey = xisincreasing, f(m) = f(x_,) on [x_4, %] P mn;_ln(n +1)
sin) = if(m,om ) M(?) °

no (2 - 2\(2)  &f, 2\1/2 :”meZ
-3 (55)G) - e -2 C)G) "

(d) f(M;) = f(x)on[x_y,x]

oS- (25 (313

47. y = —2x + 30on|0, 1]. (Note: Ax = 1;0 = 1)

n y
0 (VI a[ \
an = S8 3 40) 1)
=3 %23 -8 2(n2:21)n —2-1 T
Area=nlirro1os(n)=2 T \}

49. y=x2+ 20on]0,1]. (Note: Ax = %)

o= S0 - 2 &+ 2[)

A ve-tnr D, 1,8, 0),

Area= lim Sn) = !
n oo 3
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51. y =16 — x?on[1, 3] (Note: Ax = %)

sin) =

S+ - $ - (-2

;)

2[ 4 nn+ 1)(2n+ 1) 4n(n+1)]
= - 15n77 - —
n n 6 n 2
8 4
—30—@(n+1)(2n+1)—ﬁ(n+1)
. 8 70 1
Area—nllrgcs(n)—30—3—4_ 3 _233
53. y:64—x3on[1,4].<Note: Ax:4;1—%> y
n 3i\(3) _ & 3iV]/3
0= 3 30 - e (-3 [G)
n 3 2 i
:§E|:63_%_%_9I]
n < n n n
3[63 _27Tr(n+ 12 gn(n+1)(2n+1)_gn(n+1)]
n nd 4 n? 6 n 2
—189——( 412 — (n+1)(2n+l)—2—27n:l
Area = I|m s;(n)—189—ﬂ—27—2—27 5%3=128.25
55. y=x2—x3on[—-1,1] (Note: Ax:%(_l):% y

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

T(n)

-3 D0 - 2 (-

Il
M:

10i

Il
M=
—
N

2 D) 2

oo

12i

. : o
o-3+8)- (32
i~ n o n n o n

o8- B R

32 n(n+ 1(2n+ 1)

(271
e

16 2

23

16 n*(n + 1)

n2 2 nd

:4—10<1+1>+§<2+3+
n 3

Area = I|m T(n)—4—10+%—4—%

6

L) -af1+2+
n

n* 4

1
2
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57. f(y) = 2

3,0 vy

f(2)5)- 24500 1

12 &, 12\ nn+1) 6(n+1) 6 1
= —E| == = =6+ —
s An 2 n n o R
2 4 6
. 6 il
Area= lim gn) = lim (6 + 7> = ol
n oo n oo n
50. f(y)=y30 vy 3 <Note: Ay=70=%> y
o
noo(3i\/3 no(30\2(3 27 1
=3I - £ 21~ —
izl n/\n izl n/\n n izl 2
:g_n(n+1)(2n+1):9(2n2+3n+1> 9 27+i A A
n3 6 n? 2 2n 22 -2+
. 27 . 9 “T
Area—nllToS(n)— <9+—+ﬁ>—9
6L gly) =42 —-y3,1 y 3. (Note: Ay = % = i) y
. 10+
n 2i\(2
n) = 1+—)= 8+
s izl g< n)(n) ol
N2 \3 T/
S$[da ) (1 22 .
“~ n n/ In I
o
28 [, 4, AR [, 6, 12 80
= nizl4[1+ ot nz} [1+ = n3]
2. 100 = 4i¢ 8i® 2 10nn+1) 4nn+1)2n+1) 8n¥n+ 1)2]
== — 4+ = —-=|=F3;n+= + = - =
n;l[s n n2 n3] n[3n n 2 n2 6 n2 4
Area= lim S(n):6+10+§—4=ﬂ
n oo 3 3
63. fx) =x2+3,0 x 2,n=4 65. f(x) =tanx,0 x g,n=4
X+ %4
Letc = —————. L+ X
| 5 Letc _XTX 1
2
Ax = c—1 —303—5c—7 3 5 7
ST R T % T % _m_m, 3w _bm . _Tm
=190 =300 3G 54"
n 4 1
Area= ) f(c) Ax = c-2+3<7>
Zl (@) ax 21[ ' ] 2 Area~2f ) Ax = E(tanc)( )
1/ 1 9 25 49
=—|-—=+3 — + 3 — + 3 — + 3 37 5 1T
Lo e BBl - mfrsmd e w)-
=16 tan 0 + tan e + tan 2 + tan e 0.345
_ 69
8
67. f(x) = V/xon[0, 4].
n 4 8 12 16 20
Approximate area | 5.3838 | 5.3523 | 5.3439 | 5.3403 | 5.3384

(Exact valueis 16/3)
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8

69. f(x) = tan<lx> on[1, 3.

n

12

16 20

Approximate area

2.2223

2.2387

2.2418

22430 | 2.2435

71. We can use theliney = x bounded by x = aand x = b.
The sum of the areas of these inscribed rectanglesis the

lower sum.

73. (@ v

Lower sum:

1 1 46
sS4 =0+4+5 +6=15 =7

©

Midpoint Rule:

M@4) =25 + 42 + 5 +

=~ 15.333

65 = %¢ ~ 19.403

C)

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

The sum of the areas of these circumscribed rectangles is the

upper sum.

We can see that the rectangles do not contain al of the areain

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.

(b)

Upper sum:
S4) =4+5;

(d) In each case, Ax = 4/n. The lower sum uses |eft end-

+6+ 65 = 21fz =

— 326 __

21.733

points, (i — 1)(4/n). The upper sum uses right endpoints,
(i)(4/n). The Midpoint Rule uses midpoints, (i - %)(4/n).

n 4 8 20 100 200
s(n) 15.333 17.368 18.459 18.995 19.06
S(n) 21.733 20.568 19.739 19.251 19.188
M(n) | 19.403 19.201 19.137 19.125 19.125
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75. y

b. A = 6 square units

79. f(x) = sinx, [o, 7—27}

Let A, = areabounded by f(x) = sinx, the x-axis, x = O and x = 7/2. Let A, = area of the rect-

77. True. (Theorem 4.2 (2))

10

angleboundedbyy = 1,y = 0, x = 0, and x = =/2. Thus, A, = (7/2)(1) = 1.570796.

In this program, the computer is generating N, pairs of random points in the rectangle whose 05T
areaisrepresented by A,. It is keeping track of how many of these points, N,, liein the region 025+

whose area is represented by A,. Since the points are randomly generated, we assume that

Al Nl Nl
A2 - N2 Al - N2 A2

The larger N, is the better the approximation to A,.

81. Suppose there are n rows in the figure. The starson thelefttotal 1 + 2 + - -

n(n + 1) starsin total, hence
21+2+---+n=nh+1

1+2++--+n=3nn+1).

83. (@) y = (—4.09 x 10-5)x¢ + 0.016x2 — 2.67x + 452.9
(c) Using the integration capability of a graphing utility,

you obtain
A = 76,897.5 ft2.

Section 4.3
LX) =Vxy=0x=0x=30¢ =?Ti22
nlin;i:ilf(ci)Axi - n|in;§)1 i—'j%

= lim 3;?2 (2i2 — i)

i=1

3/3[.nn+1)@2n+1) n(n+1)

(2 -1

- nllno]c n3 LL 6

:n”m 3\/§[(n+ )@n+1) n+1

3n2

= 3/@[2 - o] = 2.3~ 3464

(b)

500

0.75+

f(X) = sin(x)

~|

350

Riemann Sums and Definite Integrals

‘ ‘
3 322 3n-173
n” T

ISpS

|

- + n, as do the stars on the right. There are
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3. y=60n[4,10]. (Note: Ax = lOn— 4

n@z

S LHED R

10
f 6dx = lim 36 = 36
n oo

5 y=x3on[—-1,1] (Note: AX = 1%(71) = % Al Oasn

1
fxe’dx: Iimg=0

1 n N

7.y=x+1lon[1,2] (Note: AX = % = % [A] Oasn

S+ 2)R) - 220 - 5%

~ Al oasn oo>
n

=)

6i 12i2

-1

<)

if(c)Ax, = En: f(l + i)@) = 2[(1 + i>2 + 1](1> = 2[1 + 2 + E+ 1](1)
= (=1 n\n/ =il n n/ = "
PSS SR I PP 1y, Yy, 3,1y_10 3 1
st r'ziglI +n3i21| _2+(1+n)+6(2+ n+n2)_ 3 +2n+6n2
2
. 10 , 3 1 10
2 — =~ 2, =) _
L(X + 1) dx nllTo(erZnJan?) 3
n 5 n 3
9. ‘H‘mo Y (3¢ + 10) Ax = f (3x + 10) dx 11. ‘ﬂ‘mo ¥ V2 + 4Ax = f VX2 + 4dx
i=1 -1 i=1 0
ontheinterval [—1, 5]. on theinterval [0, 3].
5 4 2
13. dex 15. f (4 — |x]) dx 17. f (4 — 3 dx
0 —4 -2
T 2
19. f sin x dx 21. f y3 dy 23. Rectangle
0 0
A = bh = 3(4)
3
A= J 4dx = 12
0
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25. Triangle Y 27. Trapezoid y
_1 :1 T _b1+bz_ 5+9
A=Sph=Z@@ ‘ N ) I
4 + Triangle } 2 61 i
AZIXdXZS 2l i A:f(2X+5)dX:14 A iTrapezoid
Y | 0 3+ |
4 i i
TR T Lo
29. Triangle y 31. Semicircle
1 1 1 1
A= Ebh = E(Z)(l) Triangle A= E’ﬂrz = 577‘(3)2
1 3 9
A=f(1—|x|)dx=1 Y N Azj \/9—x2dx=?
1 -3

4 4 4
x3dx=60,fxdx=6,fdx=2

In Exercises 33-39, f
2 2

2

2 4
33. fxdx=ffxdx=76
4 2

4 4 4
37. f(x—8)dx:fxdx—8fdx:6—8(2):—10
2

2 2

7 5 7
41. (a) J;f(x)dx:ff(x)dx+f5f(x)dx:10+3: 13

0 ’ 5

(b) ff(x)dx= —ff(x) dx = —10
5 0

(© fsf(x) dx =10
5

(d) fsﬁ (x) dx = stf (x) dx = 3(10) = 30

0

45. () Quarter circlebelow x-axis: —57r2 = —3m(2?2 = —

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

4 4
35. f4xdx=4fxdx=4(6) =24

2 2

41 1 4 4 4
30. f(,X3,3X+z)dxz—fx3dx73fxdx+2f dx
2 2 22 2 2

- %(60) —36) + 2(2) = 16

43. (@) fe[f(x) + g(x)]dx = f f(x) dx + feg(x) dx

2
=10+ (-2) =8

(b) L[Q(X) —f()]dx = J g(x) dx — Lf(X) dx

2
=-2-10=-12

6

(@] JGZQ(X) dx =2 j 6g(x) dx=2(-2) = -4

2

(d) f 63f (x)dx =3 f 6f (x) dx = 3(10) = 30
2 2

(c) Triangle + Semicircle below x-axis. —3(2)(1) — %77(2)2 =—01+2m

(d) Sumof parts(b) and (c): 4 — (1 + 2m) = 3 — 27

(e) Sum of absolute valuesof (b) and (c): 4 + (1 + 27) = 5+ 27

(f) Answer to (d) plus2(10) = 20: (3 — 2w) + 20 = 23 — 27

47. The left endpoint approximation will be greater than the
actual area >

49. Because the curve is concave upward, the midpoint
approximation will be less than the actual area: <
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__ 1 53. v

51. f(x) = o
is not integrable on the interval [3, 5] and f has a 1
discontinuity at x = 4. 3

a A = 5sguare units

Nl N

e

1
d. f 26nmx dx ~ ~(1)(2) ~ 1
0 2

3
57. f X</3 — xdx

n 4 8 12 16 20

L(n) | 3.6830 | 3.9956 | 4.0707 | 4.1016 | 4.1177
M(n) | 43082 | 4.2076 | 4.1838 | 4.1740 | 4.1690
R(n) | 3.6830 | 39956 | 4.0707 | 41016 | 4.1177

L(n) | 0.5890 | 0.6872 | 0.7199 | 0.7363 | 0.7461
M(n) | 0.7854 | 0.7854 | 0.7854 | 0.7854 | 0.7854
R(n) | 0.9817 | 0.8836 | 0.8508 | 0.8345 | 0.8247

61. True 63. True 65. False

2
—x) dx

Il
\
N

67. f(x) = X2 + 3x, [0, 8]
X=0,%=L%=3X=7X=38
Ax, = 1, A%, = 2, Axg = 4,Ax, =1
c,=1c,=2c¢=5¢=28

24: () Ax = f(1) Ax, + f(2) Ax, + f(5) Axz + (8) Ax,

= (4)(1) + (10)(2) + (40)(4) + (88)(1) = 272
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1, xisrationa
0, X isirrational

69. f(x) = {

is not integrable on the interval [0, 1]. As|Al 0, f(c) = 1or f(c) = 0in each subinterval since there
are an infinite number of both rational and irrational numbers in any interval, no matter how small.

71 Letf(x) =x%,0 x 1, and Ax, = 1/n. The appropriate Riemann Sum is

i=1

+
|imi[12+22+32+...+n2]:|imi.w
n oo n3 n oo n3 6

2+ 3n+1 (1 1 1 1
=lim——s——=Ilim|5+-+-5|=3
n oo 6n2 n oo

Section 4.4 The Fundamental Theorem of Calculus

5

1 f(x) = 3f(X)=xs/%+1

4
X2+ 1
2
f” 4 o _/& fx\/x2+1dx=o 5 5
dx is positive. - 5 _5

o X2+ 1

1 1 0 X2 0 1 5
5.J2xdx=[x2] =1-0=1 7.f (x—z)dx:[——zx] :o—(—+2>:——
o 0 1 2 -1 2 2
1
t3 1 1 1 10
2 = |- — == — — (== =
9 L(t 2 dt [3 2tl1 (3 2) < 3+2> .
1 1 4 1 4 1
11.J(th1)2dt=f(4t274t+1)dt=[ft372t2+t] _4 54,0
o 0 3 o 3 3

s [ [ (3902

fu-2 4 2 4 20 s ~1 [2 2
- /2 _ ou12) qu = | Lue/2 — agv2| = |5 _ _|2_4]=2
15. L 7 du L (u 2u~Y2) du [ 3! 4u L [ 3(\/4) 4\/4] [ 3 4} 3

17. fl(% —2)dt = Etm - 2t]l_1 = (% - 2) - (g + 2) =4

1 1
X_\/;( :; _\1/2 :l[xj_ng]l:;(;_g):_i
19'L 5 X 3L(X Xox=5%5 -3, "3273) 7 "1

0
3 3.,.]° 3 3 27
1/3 _ $2/3 — | Z+4/3 _ Z45/3 — _ = )= =
21, ffl(t t2/3) dit [4t ot ]71 0 (4+5) 0

2

w

3 3/2 3
. f |2x — 3| dx = j (3 —2x) dx + f (2x — 3) dx <sp|it up the integral at the zero x = g)
0 0 3/2

3/2 3 9 9 9 9 9 9 9
= 52 2 _ =(2_2)_ —_g—(2_Z)=o2_2) =2
[3x X ]0 + [x Sx]s/z (2 4) 0+(9-9 <4 2) 2(2 4) >
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3 2 3
25.f|x274|dx:f(47x2)dx+f(x274)dx
] 0 2

X3 2 X3 3
*[4 ‘E]o *[E“‘XL

™

27. fﬁ(l+sinx)dx:[x—cosx] =(r+1)-O0-1D =2+
0 0

/6

29. sec? X dx = [tan x]
—/6

/3 /3
31.f 4sec€tan0d0=[4wc€] =42 42 =0

t X2 x3]1_1
o 6

3 2 3 1
33 f 10,000(t — 6) dt = 10,000[* - Gt} = —$135,000 35 A= J (x —x3) dx = [* - =
o 2 0 0 2 3

3 3 3 3 >~
37. A= | 3-xJ/xdx= | (32 — x3/2) dx = [2x3/2 - gxs/Z] = [X—‘/X(lo - 2x)] _12v3
0 0 5 0 5 0 5

/2 /2
39. A= f cosxdx = [sinx]0 =1 41. Sincey 0on[0, 2],
0

2 2
A=f(3x2+1)dx=[x3+x] =8+ 2=10.
0 0

2 2 3/2712 5
43. Sncey  00n[0,2], s f(x—m)dx:[g_“g ] TP
0
2 3 d X4 X22 2 6 0 f
A= - =|>+Z| =4+2=6 -
fo(x ) ox [4 2}0 f(c)(2—0)=67§2
C_z\/5:3—7;rﬂ

c—2ﬁ+1:377:\/§+1

(ﬁ_l)zzﬁ—:\/é

JE—lzi,/L;ﬁ
e

c =~ 0.43800r c = 1.7908
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/4 /4
47. f ZSeczxdx:[Ztanx] =21)-2(-1) =4
— /4 —m/4

g (5]

2sec?c =2
T
o
aw
2
SECC = +——
o
C = +arcsec| —
* (ﬁ)
- 2
1 1
49, 4 — x?)dx = [4)(_,)(3
2-(2) _2( ) 3

Average value = g

J_rarccosﬂ ~ +0.4817

[=dl-9-

8 8 2.3
w2 = = 2 — N = 34— =
4 — X 3whenx 4 3orx + o +1.155.
51. ! snxdx:[—lcosx] =—
- O T 0
2 2
Averagevalue = — (06%0, 2)
4 | (2451, 3)
: 2 " an
SnXx = 77_ -2 >
x = 0.690, 2.451 -t
2
55. ff(x) dx = —(areaof region A) = —1.5
0

6 6 6
59. J[2+f(x)]dx=f2dx+ff

=12+ 35=155

(x) dx

61. (@) F(x) = ksec?x
F(0) = k = 500
F(x) = 500 sec? x

8 8
-s+g)]=3

53. If f iscontinuous on [a, b] and F’(x) = f(x) on[a, b],

b
thenf f(x) dx = F(b) — F(a).

6 2 6
57. |f(x)|dx=—ff(x)dx+Jf(x)dx=1.5+5.0=6.5
0 0 2

/3

1 1500 /3
2 —

(b) /3 OL 500 sec? x dx = [tan]

0

1500 ( Ja- O)

=~ 826.99 newtons

=~ 827 newtons

5
63. 7J (0.1729t + 0.1552t2 — 0.0374t3) dt ~ [0.08645t2 + 0.05073t% — 0.00935t4]0 ~ 0.5318 liter
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65 (@

0 -"/-\ 24
NS

-1

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

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

(b)

/

0 24
0

The average value of Sappearsto beg.

67. () v= —8.61 x 10743 + 0.0782t> — 0.208t + 0.0952

() =

-10 70

-10

0.0782t>  0.208t2

60
=~ 2476 meters

0 _[—861x 1044
() J; v(t) dt —[ 1 + 3

69. F(X) :fx(t_S)dt: [Lzz—St]x .

0 0 2
F) =3 -52) - -8
F(5) = 2 — 5(5) =~

F®) = 5 — 5(8) = —8

X

X
73. F(x) :fcosed(?:sine] =snx—snl

1 1

F(2) = sin2 — sin1 = 0.0678
F(5) = sin5 — sin1 ~ —1.8004
F(8) = sin8 — sin1 ~ 0.1479

g 3.5 _ 3 3
77. (a) f Ydt = [44/3] = =(x43 — 16) = >x¥3 — 12
s 4 s 4 4

(b) %Ex““ ~ 12] = /3 = ¥/x

8l F(x) = f (t2 — 2t) dit
-2

F/ () =x2— 2x

83. F(x) =f VA + 1dt
-1

F()= /T 1

+ 0.0952t]

2 0

71. F(x)=ngw=f1W*2m=_—m]
1V 1 v

1

=—1—0+1o=1o<1—1>
X X

F(2) = 10(%) 5

F() = 10(%) 8
F(8) = 10@ -2

X t2 * 1
75. (a) f(t+2)dt=[—+2t] = %% + 2X
0 2 o 2

(b) %Exz + 2x] =x+2

X

=tanx—1

X/4

79. () fx sec?tdt = [tant]
X/4
(b) d%([tanx — 1] = sec?x

X

85. F(x) = ftcostdt
0

F’(Xx) = xcosx
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X+2

87. F(x) =f (4t + 1) dt

X

X+2
= [Zt2 + t]

=[2(x + 22+ (x + 2)] — [2¢ + x]
=8x+ 10
Fi(x) =8

sinx sinx
89, F(x) = f Jidt = [gts/z] — 2(sinx)3/2
0 3 o 3

F/(x) = (Sinx)Y2cosx = cosX~/sin x

Alternate solution
sin x
F(x) = f Jtdt
0
F'(x) = \/sinx%(sinx) = /sin x(cos x)

93. g(x) = f Xf (t) dt

0

1

0(0) = 0,9(1) ~ 5, 9(2) = 1,9(3) ~ 5, 9(4) = 0

g has arelative maximum at x = 2.

97. True

2+ 1 ot2+1

1/x X
101, f(x)=j 1 dt+f 1
0]

By the Second Fundamental Theorem of Calculus, we have

/| j— 1 _i 71
¥ = (1/%)2 + l< xz) 1

1 1

S TTreTer1 O

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

Alternate solution:

F(x) = fx+2(4t + 1) dt

0 X+2
f(4t+1)dt+f (4t + 1) dt

0

X X+ 2
—f(4t+1)dt+f (4t + 1) dt
0

0

F(x)=—-(@4x+1)+4x+2+1=8

X3

1. F(x):f sint2dt

0
F/(x) = sin(x3)2 - 3x2 = 3x2sin x®

95. (@) C(x) = 5000(25 +3 f s dt)

0
4 X
= 5000(25 + 3[45/ 4}0>

12

= 5000(25 + §X5/ 4) = 1000(125 + 12x5/4)

(b) C(1) = 1000(125 + 12(1)) = $137,000
C(5) = 1000(125 + 12(5)5/4) ~ $214,721
C(10) = 1000(125 + 12(10)5/4) ~ $338,394

1 0 1
99. Fase J X~2dx = f X~ 2dx +f X~ 2dx
-1 -1 [0]
Each of these integralsis infinite. f(x) = x~2
has a nonremovable discontinuity at x = 0.
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103. x(t) = t3 — 6t2 + 9t — 2
X(t) =3t2— 12t + 9
=3(t2 -4t + 3
=3(t—-3)(t—1)

5
Total distance = j [x(t)|dt
0
5
= f 3|t — 3)(t — 1)|dt
0

1 3 5
=3f (t2—4t+3)dt—3f (t2—4t+3)dt+3f (t2 — 4t + 3)dt
0 1 3

=4+4+20
= 28 units

4
105. Tota distance = j [x(t)|dt

- "o
f N

— 2tl/2]4

1
= 2(2 — 1) = 2 units

Section 4.5  Integration by Substitution

f f(9(x))g"(x) dx u=g(x) du = g'(x) dx
1 j (5x2 + 1)%(10x) dx 5x2 + 1 10x dx
3. f X dx X+ 1 2x dx

YR+ 1
5. ftanzxwzxdx tan x sec? x dx
5
7. f(1+ 2x)42dx:(1+TZX)+ C
Cdf@+2x° ] _ 4
Check: dx[is +C|=201+ 2
(9 — x?)3/2 2
_ y2\1/2( VA — £(0 _ y2)3/2

9. f(g X2)/2(—2x) dx 3/2 +C 3(9 X2)%/2 4+ C

Check: —[ (9 — x)32 + c] = % . g(g = XVA=20) = /9~ x¥(~2X)
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l(x4+3)3 C_(x4+3)3

1 3 T

[

Jx3(x“ + 3)2dx = f(x4 + 3)%(4x3) dx = +C

Chk*[

LRI
dx

B o (4x3) = (x* + 3)2x®)

13. f X0E — 1)t dx = %f(ﬁ — D*3x?) dx = %[le)s] +C= ()(31;51)5 +C

= %23 — 1)*

(- 1" _ 50¢ = D433
ches: S[E=12 , o] 50— 1)

15 15

2 3/2 2 3/2
1(t+2) +C_(t + 2)

1
2 - = 2 1/2 = =
15. ft\/t + 2dt 2f(t + 2)Y2(2t) dt 2 32 3 +C
2 3/2 2 1/2
Check: f[% + C] M (2 + 2)1/2t
5 5 (1 — x3)43 15
_ 2)1/3 - _2 — 2)1/3(— 2. =-"A) — _ 29\ 2)4/3
17. f5x(1 X2)1/3 dx 2J(l X2)1/3(— 2x) dx 5 43 + C 8(l X2)4/3 + C
Check: %[*%(1 s 4 c] I A 20 = (1~ @) = YT 0
1 —2)-3(— — _lw 7#
19. (1_X2)3 2f(l XA (-2 dx = —5 = tC=ai et C
1 L o oy = X
Check: [4(1 7 + C] = 4( 2)(1 — x3)=3(—2x) = 1= 8
e ea - YL o1
Zl'f(1+x3)2 f(1+x (3x?) dx = ) +C= 3(1+X3)+C
. E — 1 - _=(_ 3)—2, 2 _X72
Check: dx[ 3(1+X3)+c]_ S+ X)) = s
1(1— x3)v2
23. 1-X®) V(-2 dx=-="——"—+C=—-/I1-x2+C
\/1—x2 f( ) HA=29 2 12 X

d 1 X
Check: —[—(1 = Y2 + Cl = —=(1 — x3)~Y2(—2x) =
dx[ ( ) ] 2( )~VA ) J1 =

S [P YE P O S PRI R e

o 3L ] - fo - 3(-3)- oo

27. f—dx— f(ZX)’l/Zde— [(21’(/)2/2} C=J2x+C

. d — ; —-1/2 —
Check: [V2x + C] = @29 ¥4(2) =

1
V2
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2+ 3x +
29. L\/{?dx = j(x3/2 + 3XY2 + Tx Y2 dx = %xs/z + 2x3/2 + 14x2 + C = %J)?(x2 +5x + 35 +C
X
df2 . X2+ 3 +7
:77/2_’_ 3/2+ 1/2+ L v~
Check dx[ X 2x 14x C] N

31 ft2<t—%>dt=f(t3—2t)dt=%t4—t2+c

a1, ] ( 2)
= =4 — + — 3 _ — 12 _ =
Check dt[4t t C t 2t =ttt n

33 [0 - nvyaoy= @z - oy = o(3) - B o= Bpaas -y v

Check: —[ £y8/2(15 — y) + c] y[ey3/2 - %WZ + C] = Oyl2 — y32 = (9 — )y

dyl 5
_ Xx+1
3h. y= f[4x+ \/16—x2] dx 37.y= 7(x2+2x—3)2dx
4fxdxf J(167x2) 1/2(—2x) dx =%f(x2+2x73)*2(2x+2)dx
_ ) _ w] (@ + 2x — 3) 1
=4(3) -7 2 |*° S R
=2¢—-4/16 — 2 + C - 1 L c
20+ 2x— 3
39. (9 y (b) =xJ4 - %%,(2,2)
y= fx\/4 —x2dx = —%J(4 — X)Y/2(—2x dx)
R =2 24— C= —J@- Y+ C
(22 2= -j4-2p2+C  C=2
y = —3( — 2+ 2
2
R
“1
41. fwsin mxdx = —cosax + C 43 fsiandx:%f(sinZX)(Zx) dx = —%c032x+ C

1/ 1 1
45f cos— de——fcose(—02>d0——sn§+c
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tegration

47.

49

5

53.

57.

=

fsiancostdx = 1f(sin 2X)(2 cos 2x) dx =

1 (sin2x)? 1.,
> 5 o +C—4S|n 2x+ C OR
1 (cos 2x)? 1
2 2 +C, = 4c0322x+c1 OR

fsiancostdx = *%f(COSZX)(*ZSin 2X) dx =

fsiancostdx=EJZSjancostdx:}fsjn4xdx—1cos4x+ C,

2 2 8
5
.Jtan4xseczxdx:tar;X+C:%tan5x+C
0502de = — | (cot X)~3(—csc? x) dx
cot® x
_(cotx)~2 __ 1 1l _1 _ _1
= —,  tC=o gy =gt x+C—2(sec2x 1)+C—2se(:2x+c1
fcotzxdx:J(csczx— )dx = —cotx—x+ C 55. f(x):fcosgdx:2§n§+c
Sincef(0) = 3=2sin0+ C,C = 3. Thus,
f(x) = 2sin=> + 3.
2
U=x+2,x=u-—2,dx=du

Jxe+2dx=

J(u—z)ﬁdu

J‘(u3/2 — 2uY2) du
2

4
£ 5/2 _ 1 3/2
5u 3u +C

2u¥/2
15

(3u—10) + C
2 3/2] _
1—5(x + 2)%q3(x+ 2) — 10] + C

£ 3/2, —
15(x + 2)%2(3x — 4) + C

M u=1-xx=1—-udx=—du

fxz 1—xdx=

—j(l — u)2Judu
—f(ul/2 — 2u%2 + u5/?) du

_<§u3/2 _ gUS/Z + %U7/2) + C
2u%/2
105

_2
105

(35 — 42u + 151) + C
(1 —Xx)3¥735 - 42(1 — x) + 15(1 — 2] + C

2
_ = _ 3/2, 2
105(1 X)¥2(15x2 + 12x + 8) + C
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61. u=2x71,x=%(u

x2 -1

——dx =
V2x—1

1
+ 1),dx—§du

[(1/2)u+ 1P -11
f N 2

%fu‘l/z[(u2 +2u+ 1) — 4]du

%f(uy2 + 2u¥2 — 3u=Y2) du

1/2 4
= 455/2 1 Z3/2 — @iL/2
8<5u + 3u 6u ) +C

ul/2
E(3U2 + 10u — 45) +C

VX -1

o 13(2x— 17+ 10(2x — 1) — 48] + C

= 6—10\/2x —1(12x2 + 8x — 52) + C

T15‘/2X — 13 +2x—13) + C

63. u=x+1,x=u—1dx=du

—X
f(x+l)—«/x+l

_|mu-1
dx—fu_ﬁdu

__j(ﬁ+1)(ﬁ—)
Vu(Vu -1

= —f(l + u=2) du

du

—(u+2u¥?) + C
-u-2Ju+cC
=—-x+1)-2J/x+1+C
=—x—-2/x+1-1+C
=—(x+2/x+1)+¢C

whereC, = -1+ C.

65. Letu = x2 + 1, du = 2xdx.

1
f X(x2 + 1)3 dx
-1

1
-1

-1 fl(x2 + 1)3(2x) dx = [%(xz i 1)4] o

67. Letu=x3+ 1,du = 3xdx

2
f 23+ 1dx =
1

2
23 f (¢ + 142(3x) dx
1

5" ]

o]

8

A7 -2v2=12-2s2

9 9



202  Chapter 4 Integration

69. Letu=2x+ 1,du = 2dx.
4 1 14 4
—dx=7] (&x+ 1722 dx=[\/2x+1] =J/9-J/1=2
LT+1 ZL( )~3(2) .

1
71 Letu=1+ /X du=—=dx
2%
9 1 9( A) 1 2 P 1
——dx=2| (1+ x*2<—7>dx=[—77}=—7+1=
J;\/x(l + Ux)? fl 2/x 1+ Uxlh 2
73.u=2—-xXx=2—-udx=—du
Whenx =1, u=1.Whenx=2,u=0.

NI

2

fz(x— 1)V2 — xdx = JO -[2-uw—-1Judu= Jo(u3/2 - uY/?2) du = Euf’/z - §u3/2]: = —[g - Z] =4

[l B 55

77. u=x+1,x=u—1dx=du

Whenx =0,u= 1. Whenx=7,u=8.

7 8
Area:fxé/x+ 1dx:f(u—1)\3/adu
0 1

8
3 3 8 (384 3 3 1209
_ 4/3 _ 11/3 — 273 _ 2,43 = (2°F _ _ (2 _2) =
Jl(u u/3) du [7u 2V ] < 2 12) (7 >

1

79. A=f (2sinx + sin2x) dx = 7[2003x+%(3052x] =4
0 (0]

8l. Area= Zw/ssecz(g) dx = ZJZﬁ/chZ(X)(;) dx = [2 tan(lﬂzw/3 =2(V3-1)

/2 /2 2 2) /2

4 x 10 7 144 3
83 | ——=—dx~3333="" 85. | Xx/X — 3dx~ 288 =" 87. f
J;) V22X +1 3 J:g 5 0

3 15

(6 + cos%) do =~ 7.377

5

89. J(ZX— 1)2dx:%f(2x— 1)22dx:%(2x— 13 + ClngS— 2x2+x—%+C1

f(Zx—1)2dx=f(4x2—4x+1)dx=gx3—2x2+x+02

They differ by aconstant: C, = C, — %
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91.

95.

97.

99.

101.

105.

f(x) = X3(x2 + 1) is even.
2 2 X5
f X2(x2 + 1) dx = Zf x*+ x3) dx = 2[— +
-2 0 5

P E
5 3 15

X312
sl

2 x3? 8
f X2 dx = [—} = —: the function X2 is an even function.
0 3o 3

0 2 8
@ x2dx=fx2dx:f
s o 3

2 2 8
(C)f (7)(2) dx = *J\ Xdx = ——
0 0 3

-4 -4

4 4 4
f(x3+6x2—2x—3)dx=f(x3—2x)dx+ (6x2—3)dx=0+2f
—4

93. f(x) = x(x2 + 1)%is odd.

2
f X(x2 + 1)%dx =0

-2

2 2
(b) X2 dx = Zf X2 dx = 16
2 o 3

0 2
(d) 3x2dx:3fx2dx:8
-2 0

4 4
(6x2 — 3) dx = 2[2x3 - 3x} =23
0 0

Answers will vary. See “Guidelines for Making a Change of Variables’ on page 292.

2
f(x) = x(x? + 1)?is odd. Hence, J X(x2 + 1)2dx = 0
-2

262.5
6

b
. [74 50 + 43.75 sm—] dt = L [74 50t — ——cos
b—a b— T

262.5 it 262.5

103.

dv k

dt  (t+ 1)

B k __k
V(t)_f(t+1)2dt_ t+1+¢

V(0) =

—k + C = 500,000
V(1) = —%k + C = 400,000

Solving this system yields k = — 200,000 and
C = 300,000. Thus,

200,000
V(t) = == + 300,000,
When't = 4, V(4) = $340,000.

=
6 la

@ [74 50t — Y cos—] 3(223 5+ 7) ~ 102.352 thousand units

6 Jo

®) 7[74 50t — 262.5 Coslt] 1( 262.5
T 6]s 3

262.5 7t 1 o4 — 2625

(© *[74 50t — = COSE]O 12(8 —

262.5>

447 + Y 223. 5) ~ 102.352 thousand units

= 74.5 thousand units
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b
107. bfla f [2sin(607t) + cos(120mt) ] dt = Fla[‘ﬁ cos(60mt) + ¢ sin(lZOwt)]:
1 1 1/60 4
(@ (1/60) — [ 00 ——— cos(607rt) + Wsn(lzoqrt)] = 60[(3077 ) (_ﬁﬂ =_= 1.273 amps
1 1 1 . 1/240 1
(b) 7(1/240) — 0[_ﬁ cos(607rt) + lzoﬂ_sn(lzom)]o = 240[( 30\/577 12077-) ( 3077)]

- 727(5 — 2/2) =~ 1.382 amps

1 12 1/30 1 1
—— cos(607rt) + 207 sin( qut)] 30[( 30W> - <_@>] = 0 amps

1 1
© (2/30) - [ 307

109. False

j(2x+ 1)2dx:%j(2x+ 122k = Z(2x + 17 + C

111. True

10 10 10

(bx2+d)dx=0+2f (bx2 + d) dx

0

10
f (ax3+bx2+cx+d)dx=f

—10 —10

(ax® + cx) dx + f
—-10
Odd Even

113. True

4Jsinxcosxdx= 2Jsin2xdx= —cos2x + C
115. Letu = x + h,thendu = dx. Whenx = a,u=a + h.Whenx = b, u = b + h. Thus,

b b+h b+h
ff(x-i—h)dx:f f(u)du:f f(x) dx.

a a+h a+h

Section 4.6 Numerical Integration

2 1.2 8
1. Exact: f x2dx = [fx3] = — = 2.6667
o 3 o 3
2 1 1\2 3)\2 11
Trapezoidal: X2 dx = 7[0 + 2<7> + 2(1)2 + 2<7> + (2)2} = — = 2.7500
o 4 2 2 4
z 1\2 3 8
Simpson'’s; f X2 dx =~ 7[0 + 4(§> + 2(1)2 + 4< > (2)2} =3~ 2.6667
[0]
2 X4 2
3. Exact: f x3dx = [f] = 4.000
o 4 o
2 3 3
Trapezoidal: X3 dx =~ 1[O + 2<1> + 2(1)3 + 2<§> + (2)3} i 4.2500
o 4 2 2 4
2 3 3
Simpson'’s; x3dx = 1[0 + 4(1> + 2(1)3 + 4<§> + (2)3} 2 4,0000
b 6 2 2 6
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Section 4.6 Numerical Integration
2 1 2
5. Exact: fx3 dx = [fx“] = 4.0000
o 4 o
2
. 1 1\3 2\3 3\3 5)\3 6\3 7\3
. 3 ~ = = = b 3 ~ e L —
Trapezoidal: Lx dx 8[0 + 2(4> + 2<4> + 2<4> + 2(1)°% + 2<4> + 2<4> + 2<4> + 8] 4.0625
2
. 1 1\3 2\3 3\3 5\3 6\3 7\3
o 3 ~ = = = 3 = - — =
smosons. [~ 2o a2 22 o s a5 4 oS 4 2] 4] - aomo
o 2...° 16 38
7. Exact: f Uxdx = [*XW] =18 - = == =~ 12.6667
A 3 33
] _ _ - _ _ o -
P Sy~ 2 37 21 47 26 o7 31 67
Trapezoidal: Ldex~16[2+2\/8 +2\/4 +2\/8 +2\/4 +2\/8 +2\/4 +2\/8 +3]
~ 12.6640
. _ _ _ _
Simpson's: f Uxdx = 254[2 + 4\/3—87 + 21+ 4\/g + V26 + 4\/5—87 + 31+ 4\/% + 3} ~ 12.6667
4
9. Exact: Z#dx=[—i]2= It L oieer
' ' L (X + 1)2 X+ 1|1 3 2 6 '
2
- 1 11 1 1 1 1
Trepezoldal Jl(x e PR (E e R et R (e T R
/1 32 8 32 1
—§<2+a+g+ﬁ+§>~01676
2
. L 1 11 1 1 1 1
Simpson's L(x 1™ 12[4 " 4(((5/4) ¥ 1)2) * 2(((3/2) ¥ 1)2) * 4(((7/4) ¥ 1)2) * 9}
1/1 64 8 64 1
2 1 . _ N
11. Trapezoidal: f J1+3dx = er[1 +2J/1+ (1/8) + 2/2 + 2/1 + (27/8) + 3] = 3.283
(0]
2
Simpson’s: J J1+ x3dx = %[1 + 41+ (1/8) + 22 + 4/1 + (27/8) + 3] = 3.240
(0]

13.

Graphing utility: 3.241
1 1

J\/;( 17xdx=j\/x(1fx)dx
0 0

Trapezoidal: ledXzé[o +2 /%(1 - %) +2 /%(1 - %) +2 /%(1 - j)} ~ 0.342
smoris [T Ra- o+ a /Y13 v 2 /Y1-3) v 4 /31- ) |- oam

Graphing utility: 0.393
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) idal: 2) dx =~ > AU N T/ < KU
15. Trapezoi fo cos(x?) dx 8 _cosO+200s< 2 ) +2005< > > +2cos< 2 ) + co! > |
=~ 0.957
/2 \/77/2_ Jm/2\? Jm/2\? NZ A s(\/:r>2_
Si 'S 2) dx =~ 0 2 o
mpson’s. fo cos(x?) dx B ;cos +4cos< 1 ) + cos( 5 > +4cos< 2 ) + co 2) |
~ 0.978

Graphing utility: 0.977

11
17. Trapezoidal: f sinx2dx = 8—10[sin(1) + 2sin(1.025)2 + 2 sin(1.05)2 + 2 sin(1.075)2 + sin(1.1)2] = 0.089
1

11
Simpson’s: J sinx2dx = é)[sin(l) + 4sin(1.025)2 + 2sin(1.05)2 + 4 €in(1.075)2 + sin(1.1)2] = 0.089
1

Graphing utility: 0.089

/4
" m T\ o 2m\ . (27 3m) (37 L 7| o
19. Trapezoidal: fo Xtan x dx = 32[0 + 2<16) tan(16> + 2( 16) tan( 16) + 2( 16) tan(lB) + 4] 0.194

w/4
- - ~ T T eanl T 2m\ (27 3T an(37) £ 7| <
Simpson’s: JO X tan x dx 48[0 + 4<16) tan(16> + 2( 16) tan( 16> + 4( 16) tan(lG) + 4] 0.186
Graphing utility: 0.186
21. () v 23 f(x) =%
f(x) = 3x?
y=f(x) f//(X) = Bx
f7(x) = 6
f@(x) =0
a b " . (2 -0 .
() Trapezoidal: Error 1208 (12) = 0.5since
The Trapezoidal Rule overestimates the area if the graph
of the integrand is concave up. f7(x) ismaximum in [0, 2] when x = 2.
! L 2-0°5 .
(b) Simpson’s: Error 180(4%) (0) = Osince

f@(x) = 0.

2.
25. f(x) = &in [1, 3].
(@ |f(¥)] ismaximum whenx = 1 and |f"(1)| = 2.

3
Trapezoidal: Error ﬁ(Z) < 0.00001, n? > 133,333.33, n > 365.15; let n = 366.

24 .
(4) ==
f@(x) &N [1,3]
(b) |f“@X)| is maximum when x = 1 and when |f@(1)| = 24.
5
Simpson's. Error 27(24) < 0.00001, n* > 426,666.67, n > 25.56; let n = 26.

180n*
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27. f(x) = /1 +x

29.

31

33.

oy 1 .
@ f(x) = W1+ X2 in[0, 2].
|£7(x)| is maximum when x = 0 and |f(0)| = %,
Trapezoidal: Error 128nz<%> < 0.00001, n? > 16,666.67, n > 129.10; let n = 130.
(b) F9) =~ in[0,2]

16(1 + x)7/2

| f@(x)| is maximum when x = 0 and | f¥(0)| = 1—2

. . 32 (15 " ) _
Simpson’s. Error 7180n4( 16) < 0.00001, n* > 16,666.67, n > 11.36; letn = 12.
f(x) = tan(x®)
(@ f(x) = 2sec?(xd)[1 + 4x2tan(x®)]in [0, 1].

|f(x)| is maximum when x = 1 and |f”(1)| =~ 49.5305.

(1-03
12n2

Trapezoidal: Error (49.5305) < 0.00001, n2 > 412,754.17, n > 642.46; let n = 643.

(b) T@(x) = 8sec2(xd)[12x2 + (3 + 32x4) tan(x?) + 36x2 tan?(x?) + 48x* tan3(x?)]in [0, 1]
[f@(x)| is maximum when x = 1 and |f¥(1)| =~ 9184.4734.

1-09°
180n*

Simpson’s. Error (9184.4734) < 0.00001, n* > 5,102,485.22, n > 47.53; let n = 48.
Letf(x) = A3 + Bx2 + Cx + D. Then f@(x) = 0.

(b — a)®
180n*

Simpson's. Error 0 =0

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

1
1 1\3 1
- 3 = = =
Example: Lx dx = 6[0+4<2> + 1] =2

Thisisthe exact value of the integral.

f(x) = V2 + 3x2on|0, 4].

n | LN M(n) R(n) T(n) S(n)
4 | 12.7771 | 15.3965 | 18.4340 | 15.6055 | 15.4845
8 | 14.0868 | 15.4480 | 16.9152 | 155010 | 15.4662

10 | 14.3569 | 15.4544 | 16.6197 | 15.4883 | 15.4658

12 | 145386 | 154578 | 16.4242 | 15.4814 | 15.4657

16 | 14.7674 | 15.4613 | 16.1816 | 15.4745 | 15.4657

20 | 149056 | 15.4628 | 16.0370 | 15.4713 | 15.4657
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35. f(x) = sinv/xon [0, 4].

n | L M(n) R(n) T(n) Sin)
4| 28163 | 3.5456 | 3.7256 | 3.2709 | 3.3996
8| 31809 | 35053 | 3.6356 | 3.4083 | 3.4541

10 | 3.2478 | 34990 | 3.6115 | 3.4296 | 3.4624

12 | 32909 | 34952 | 35940 | 34425 | 3.4674

16 | 33431 | 34910 | 35704 | 34568 | 3.4730

20 | 3.3734 | 34888 | 35552 | 3.4643 | 3.4759

/2
37. A:f VX cosx dx
0

Simpson'sRule: n = 14

/2
T 37 37 (] {
=~ — + 4 - - + — — + 4 - — + -+ = -
J;) \/)2 cos X dx 3 |:\/6 cosO \/ COS 2\/ COS \/28 Cos 28 \/2 Cos 2:|

=~ 0.701

X

5
39. W= f 100x+/125 — x3dx
0]
Simpson’'sRule: n = 12

f 100x/125 — @ dx ~ (12)[0 + 4oo \/125<52>3 . 200(1;’)\/125(1(2))3
15

/ 3
+400 125 — (12) + e ~1023358ft Ib

dx Simpson'sRule, n = 6

1/2
41 J &
. o V1-— X2

1
~-0
<23(6) ) [6 + 4(6.0209) + 2(6.0851) + 4(6.1968) + 2(6.3640) + 4(6.6002) + 6.9282]

77 =
~ L 113.008] ~ 31416
36 :

43. Area~ %[125 + 2(125) + 2(120) + 2(112) + 2(90) + 2(90) + 2(95) + 2(88) + 2(75) + 2(35)] = 89,250 sy m

t
45, Jsin\/xdxz 2,n=10
0

By trial and error, we obtaint = 2.477.



