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CHAPTER 6
Applications of Integration

Section 6.1  Area of a Region Between Two Curves

Solutions to Even-Numbered Exercises

2.A=J2 [(2x+5) — (x2 + 2x + 1)]o|x:f2 (=32 + 4) dx

-2

4.A=fl(x2—x3)dx 6.A=2fl[(x—1)3—(x—1)]dx
o 0

/4
12. J' (sec?x — cosx) dx
—m/4

8. fl [(1—x3) — (x2—1)]dx

8
14. f(x) = 2 — x 16. A = f [(10 - %x) - (—gx(x — 8))] dx
2
gix) =2 — X 83
— [ (Be - Lis 10) i
A=1 L(S 2
3 2 8
Matches (a) - [’L _ T 10x]
8 4 )

264
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18. The points of intersection are given by
- +adx+1=x+1
-x*+3x=0

x2 = 3xwhenx = 0,3

A=f3[(—x2+4x+l)—(x+l)]dx

= f,(—x2 + 3x) dx

5
1
22.A—£<?*

08—+
0.6+
04+

0.2+

24. The points of intersection are given by
Ix—1=x-1
X=1=Kx-13=x3-32+3~-1
=32+ 2x=10
Xx2—-3x+2 =0
Xx—2(x—1)=00 x=01,2
A= 2fl[(x— 1) — &x - 1]dx

0
1

_o¥ 3, 4/3]
—2[2 X 4(x 1)

o193

20. The points of intersection are given by:
—X2+4x+2=x+2
X3—-x) =0 when x=0,3

A= J (70 — g9 dx

0

= f’[(—x2 + 4x+ 2) — (x + 2)] dx

3 3 3
— ) = | =X §2] :9
L( X2 + 3x) dx [3 +2x 02

y

(1,0 |

7 ©.-1)
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26. The points of intersection are given by:
2y —y2=-y
y(y —3) =0 when y=0,3

3
A:L [f(y) — g(y)] dy
:L [(2y —y?) — (-y)]dy

: 3, 1,°_9
— —v)dy = | 2y2 — =y3| =2
JO(Sy y?) dy [2 3y] >

0

28. A= f [f(y) — a(y)]dy

[y
- L [\/16 —y? 0] dy
3
-3 s yera-znay

[_\/167_),2]2:4—ﬁz1.354

! 4
30.A:f<4—7)dx
o 2-X

1
= [4x+4|n|2—x|}
0
=4-4In2
=~ 1.227

32. The point of intersection is given by:
X3 — 2+ 1= -2

x3+1=0 when x= -1

A= f [0 — o] dx

-1

—fl [(x3—2x+ 1) — (—2x)] dx

-1

1 x4 1
J (x3+1)dx=[—+x] =2

-1

Numerical Approximation: 2.0

y

1,2 1

\ 1,0

-2 \(l, -2)

(1, 4n
1

/‘ 0.2

34. The points of intersection are given by:
x4 — 2x2 = 2x?
X3(x2—4) =0 when x=0,=%2

A= ZJZ[ZXZ— (x* — 2x?3)] dx

0
2
= 2f (4x2 — x* dx
0
o[ X] 18
3 5o 15
Numerical Approximation: 8.533

10

(-2, 8) (2,8)

4 4

-2 (0,0)



Section 6.1  Area of a Region Between Two Curves

267

36. f(x) = x* — 4x3, gx) = x3 — 4x y
The points of intersection are given by:
x4 — 4x? = x3 — 4x

Xt =x3—4x2 4+ 4x=0

XX —1DXx+2)(x—2)=0 when x=-2,0,1,2

2

A= fo [0 = 4x) — (x* — 4x?)]dx + jl [(x* — 4x2) — (x® — 4x)]dx + f [ — 4x) — (x* — 4®)]dx

-2 1

_ 248,37, 53_2%
30 60 60 30
Numerical Approximation: 8.267 + 0.617 + 0.883 = 9.767

3
6X
38.A—L [X2+1—0]dx

= [SIn(x2 + 1)]
=3In10
~ 6.908

3
o -1

Numerical Approximation: 6.908

/6 1 X X
42.A:J (cos 2x — sin x) dx 44. A = (f—4)x+4—sec%tan%]dx
—1/2 0
1
/6 2—4 4 X
=[ésjn2x+cosx] = V2 2+ Ax — = sec T2
2 — /2 2 T 4 0
J3 /3 3.3 J2-4 4 < 4)
== 4 X2 | — ==V - = + 4 — — —[—-=
( s v )| 0=",7~129 5 4--2 -
X =72+2+5(1—ﬁ)~2.1797
73
/ ) ,
} t t } X }
2 5
sl
[ _ T 2+
2’ ]) (l,«/é)
N
il X

46. From the graph we see that f and g intersect twiceat x = 0 48. A = J' [(2sinx + cos2x) — 0] dx
0

andx = 1.
! ' =[—Zcosx+15in2x]v:4
A= f [9(x) — (9] dx ZSn2x|
0 3+ 1,3
1 2
= f [(2x + 1) — 3] dx 2+ ) (. 1)
0 . o
1 1 0,1) 4 2
= 2 = (12X
[X T )]0 % _—
-1 / 1 IaR -2

1
= 2<l - m) =~ 0.180
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5
50. A:j [4|nx—o]dx
1 X

= [Z(In x)2]: = 2(In5)? =~ 5.181

2

(5, 1.29)

10

54. F(x) = J; X(%tz + 2) dt = [%ﬁ + ZI]

(& FO) =0

52. (8 y= J/xe, y=0x=0, x=1

1
(b) A= f Jxexdx.
0

No, it cannot be evaluated by hand.
(c) 1.2556 V=

X3
— + 2

0 F@) =+ 24 = 2

3 (©) F(6) = 36 + 12 = 48

y y
56. F(y) = f 4e¥/2 dx = [SeX/Z] = 8e¥/2 — 8e /2
-1

-1
@ F(-1)=0

y

58. A:L“[(gxf 12>f(x75)]dx+f
= f:(%x— 7> dx + L6<—;x+ 21> dx

(b) F(0O) = 8 — 8e"1/2 =~ 3.1478 (c) F(4) = 862 — 8e /2 = 54.2602

y y

[<fgx + 16> —(x— 5)] dx
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60. f(X) = m
g _ X
PN = ~te+ 12
1 PN |
At (1, E)' (1) = >
Tangent line:

1 1 1
y—2——2(x—1) ory=-5x+1

The tangent line intersects f (x) = )(2711 atx=0.

1
1 1 x2 1 -
= —|—=X+ = + — — =
A L[x2+1 ( 2x 1>]dx [arctanx 1 x]o

62. Answerswill vary. See page 417.

64. x3

v

x on[—1,0]

x3

IN

x on|0, 1]

Both functions symmetric to origin

0 1
f (x3—x)dx=—f (x3 — x) dx.

-1 0

1
Thus, f (x3—x)dx=0.
-1

1 2 471
_ 3 dy — L_L] _1
A ZL(X x3) dx 2[2 =2

4

~ 0.0354

1+ (1,1)

66. Proposal 2 is better, since the cummulative deficit (the area under the curve) is less.

9 x21¢
68.A:2f(9—x)dx=2[9x—f] =81
o 2o

2Fb[(g—x)—b]olx:s1
o 2
zfgb[(gb)x]o|x=81
. 2
x2]°-b 81
2|:(9—b)X—E] 27
81

(9—b)(9—b):7

_9

9_b_\/§
bzg—i%2.636
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n
70. lim 4 — x2) AX
HAM;( K

wherex, = —2 + %and Ax = %isthesameas
2 372
) dx= |ax - X7 =32
j72(4 x2) dx [4x 3| ,~ 3

5

5
72. J [(7.21 + 0.26t + 0.02t2) — (7.21 + 0.1t + 0.01t)] dt = f (0.01t2 + 0.16t) dt
0 0

B [o.on3 0.16t2] 5

= +
3 2 Jo

29 . . .
—Ebllllon~$2.417bllllon

74. 5% : P, = 893,000 e
33%: P, = 893,000 0!

Difference in profits over 5 years:

5 €005t 5003575
j [893,000e%%5t — 893,000e%935] dt = 893,000[ ]
0

005 0035
~ 893,000[(25.6805 — 34.0356) — (20 — 28.5714)]
~ 893,000(0.2163) ~ $193,156

0

Note: Using a graphing utility you obtain $193,183.

76. The curvesintersect at the point where the slope of y, equals that of y;, 1.

Yy, =008+ k O y,=016x=1 X=i=6.25

.16
(@) Thevalue of kisgiven by (o) Area= 2 J:'ZS (y, — yy) dx
Y1=Y
6.2; - (;.08)(6.25)2 + K =2 fo " (008¢ + 3125 — ) dx
k = 3.125. _, [0.08)(3 3195 — Xj] 6.25
3 2o

= 2(6.510417) ~ 13.02083

78. (@) A~ 6.031 — 2 [”(Tleﬂ -2 [w(%ﬂ ~ 5.908

(b) V = 2A ~ 2(5.908) ~ 11.816 m3 (c) 5000V ~ 5000(11.816) = 59,082 pounds

80. True
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Section 6.2 Volume: The Disk Method

2 2 5 3 2
2V=m| (4-x)2dx=n (x4—8x2+16)dx:w[x——8l+16x]:@
o o 5 3 o 15
3 3 X2 2.2 ¥2\2
4.V:7TJ(\/9—x2)2dx:7-rf(9—x2)dx 6. 2=4-—" v:wf [(47—> 7(2)2]dx
0 0 4 —22 4
313 — 16 — y2 2.2
:w[gx—x—]:lsw 8=16-x =2 [£—2x2+12]dx
3o . o L16
x>=8
X5 2X3 22
X=+2/2 = 2 _ 2
V2 217[80 3+12]
. [1282 32,2 ]
—277[ 0 3 + 242
N
=5 7= 13269
4 4
8.y=V16-x2 0O x=.16—y? 10. V = f(fy2+4y)2dy= j(y478y3+16y2)dy
4 4 1 1
V=7rf (V16— y2)?dy = | (16 —y?)dy [yS , 16y3]4
0 0 =7l -2+ —
5 3 1
314 128
= w[lefyg] = o7 4597 1537
0 3 _ Im_ 2o9T
15 5

12.y=2x%,y=0, x=2

@ Rly) =2 r(y) = Vy/2 (b) RX) = 2x% r(x) =0
8 2718 2 572
_ DA _YT _ agy = | PC|7 _ 1287
V—TrJ; <4 2)dy—w[4y 4]0—1677 V—wL 4x dx—w[S]o— 5
(©) RO =8, r(x) =8 — 2x2 @ Ry) =2-Vy/2,1(y)=0

2 8 2
y
V= f[64—(64—32x2+4x4)]dx V= L<2—\/2> dy
0
2 2 8 y y
:Wfo (32x2 — 4x%) dx = 47| (8x2 — x%) dx =T \4 Aot

0

2 4.2 218 167
— 47T|:§X3 1X5:| — 896 = 7T|:4y — Tys/z + ):1:| = T
3 57 o 15 0
y y
__________________ o]
6+ 6
47T 47
27T 2
B R B T




272  Chapter 6  Applications of Integration

14. y=6—2x— X3, y =X+ 6 intersect at (—3, 3) and (0, 6).

@ RX=6—-—2x—x%r(X)=x+6 b)) Rx) =6—-—2x—x3) =3, r(x) = (x+6) —3
0 0
V= f[(6—2x—x2)2—(x+6)2]dx V= f[(3—2x—x2)2—(x+3)2]dx
-3 -3
0 0
= rrJ (x* + 4x3 — 9x2 — 36x) dx = wf (x* + 4x3 — 3x? — 18x) dx
_3 -3
I N 2]0 _ 2437 _ [15 4_ 3 _ 2]0 _ 1087
—w[Sx + X 3x 18x .75 —775x + X X ¢ .T s
y y
8-t 8-+
ol
2+ 2+
-6 -4 -2 2 X —g -4 -2 2 *
X3
16. R(x) =4 — E,r(x) =0 18. R(X) = 4, r(x) = 4 — secX
/3
2 ¥3\2 V:Trj [(4)2 — (4 — secx)?] dx
V:WJ (4—E> dx 0
0 /3
2 =1 8sec X — sec? x) dx
:wf[16—4x3+f]dx L ( )
0 4 /3
X712 =7T[8In|secx+tanx| —tanx]
:7T|:16X_X4+278:| 0
[0]
= a(8In2 + /3| — V/3) — (8In|1 + 0] — 0)]
B 128] 144
—7T32—16+§ —7# :ﬂ{8|n(2+ \/§)—\/§]%27.66
y
y
I 24 ___ *1
o I
24 3

20. R(y) =6, 1(y)=6—-(6—y) =y \
V= L[(G)2 — (y)?] dy

374
= 17'[36y— yg]o: %
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22.

26.

6
Ryy=6-2,r(y)=0
y
6
62
W
WL y) ¥
6
=36wf<1—g+ )dy
2 y y?
16
= 3677[y - 2lInly| - ?]2

367 (E_ 2In 6) (g—ZMZ)]

- (%Jrzm )—1277(13 61n3) ~ 241.59

R(x) = rx) =0

3
x+1

8 2
V=7Tf( 3 )dx
o\X+1

8
97rf (x + 1)~2dx
0]

8
977[— L ] = 8w

0

V= L4[<4—%X>2 - (ﬁ)z] o + WLS[(ﬁ)Z - (
= L“(Xzzf bx + 16)dx+ wL8<);2+ Bx — 16>dx

X3 5X2 4 X3 5X2 8
= — -+ + -+ —— -
77[ 12 > 16X]0 77'[ 12 > 16X]4

88 56
Zrt =
3 T 3 T = 487

) | o

24. RX) =xJ/4—x2 r(x)=0

2
V= 2WJ [x/a = x2)? dx
0
2

(4x% — x% dx
0

43 x°)2
B 2”[? B 5]0
_ 1287
15

=27

28. Rx) =e¥2 r(x) =0

4
V= wj (e92)2 dx
0

4
7TJ exdx
0
4
||
0

= m(e* — 1) ~ 168.38

y

8+

6+

IS
L
t

N
!
t




274  Chapter 6

Applications of Integration

2.y=9-x3,y=0,x=2,x=3
X=J9—-y

Ve ”Ls[(m)z - 2]dy

Il
3
1
al
<
|

5
wf (5—y)dy
0

5
38. V= wf [2 arctan (0.2x)]2 dx =~ 15.4115
o

40. A=~3
Matches (b)

46. R(x) = %x, rx) =0

h 2

\Y,

~ 3n2

Bl
|

S
I

Sl
!

Bt
b

==

ar
o h?
24
[WXB

2
~oh3=Zarh

>

456789

3
36. V= wJ [Inx]? dx = 3.2332
1

42. V = f bA(x) dx or V= j dA(y)dy

’ ( -
8 y
- 16
g Y x)
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4 i 4 2714
48. x= JIZ=y2 R(y) = JTZ— 2, r(y) = 0 50. () V = wf (Vx)?dx = 'n'f xdx = [%]0:877
[0] 0
Vzwj( r2—y2)2dy LetO < ¢ < 4 and set
h
: “dx — [T T
:wf(rz—yz)dy WLXdX—[ 2]0— > = 4.
h
y3r 02:8
= r2y — = = =
31n c=.8=2/2

Il
3
|
—
=
w
|
wl T,
N————
|
—
=
N
>
|
w|T
N~——
| S

Thus, when x = 2./2, the solid is divided into two
parts of equal volume.

2r3 5 h ¢ 8 .
=Mz T reh + 3 (b) Set | xdx= ?(onethlrd of the volume). Then
0
m ) 16 4 43
= T(2r3 — 3r%h + b3 T =2 ==
3! : 2 3973 T BT 3
, : d 167 :
To find the other value, set | xdx = 3 (two thirds
P of the volume). Then 0
/ —
! —_—
A ad? 16w o, 32 /32 _ 46
| ; 2 3" 3’ /3 3
AT - The x-values that divide the solid into three parts of equal
volume arex = (4/3)/3 and x = (4./6)/3.
50y — 0.1x3 — 2.2x2 + 109x + 222, 0 < x < 115 Y
Y7 295, 115 < x < 15 o]
115 15 ol
V= f (VoG — 22 + 10.9x + 22.2)°dx + f 2.952 dx
0 115 s
4 3 2 115 15
= w[o'lx _ 227, 109¢ 22.2x] + 77[2.952X] 2t
4 3 2 0 115
~ 1031.9016 cubic centimeters I
54. (8) First find wherey = b intersects the parabola:
X2
b=4-"
x2 =16 — 4b = 4(4 — b) A
of
x=2J4—-b L

J‘Z\/4—b X2 2 4 %212
V= 77[4—*—b] dX+J 7T|:b_4+*:| dx -
0 4 2J/4-p 4 w/ |

J A

A 4 2
=7Tf [X—72x2+b%+b278b+16]dx

2 2 2.4 2 ~y
—Xz—b] dx # ‘

o L 16
N S SN S ]“
—77[80 3 + 6 + b%x 8bx-|r16x0
_ |64 128 32 2 _ _ 2 _ 64 @]
777[5 3 + 3b-i-4b 32b+64]777[4b 3b-l- 5

—CONTINUED—
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54. —CONTINUED—

512

64
— 2 272 o2
(b) graph of V(b) 77[4b 3 b+ 15]

120

-\\“ﬁ-______d_,

0 4
0

Minimum Volume is 17.87 for b = 2.67

56. () V= floﬁ-[f(x)]2 dx
0

Simpson'sRulee b —a =10 — 0 = 10,

n=10

© V/(b)=w[8b——]=OD b="2"=3=2

Vb)=8r>00 b= %isarelativeminimum.

V=~ 7—37[(2.1)2 + 4(1.9)2 + 2(2.1)2 + 4(2.35)2 + 2(2.6)2 + 4(2.85)2 + 2(2.9)2 + 4(2.7)2 + 2(2.45)2 + 4(2.2)2 + (2.3)2]

~ §[178.405] ~ 186.83 cm?

(b) f(x) = 0.00249x* — 0.0529x% + 0.3314x? — 0.4999x + 2.112

6

hh.}.,-*“'""‘ﬁom‘_.

0

10
(© V= f 7f(x)? dx = 186.35 cm®
0

58. V = %(10)(2)(3) — 30m?

60. y

‘ ‘
-3 1 3
b

Base of Cross Section = 2/4 — X2

@ AKX = b2 = (2.4 — x2)?
2
V=J 4(4 — x?) dx
-2
x312 128
B 4[‘“ B 3]_2 e
~—2/4-x2 —>

—CONTINUED—

(b) AX) = %bh = %(2\/4 —x2)(V/3V4 - )
= V34 -x)
V= \/§J2(4—x2)dx

372
_ \@[4)(_&] _ 323
3]-2 3

2v/4-x2 2v/4-x2

l~— 2. /4 —x2 —>I



Section 6.2 Volume: The Disk Method 277

60. —CONTINUED—

1
© AKX = %wrz (d) A) = 3bh
1
= (VA=) = T4 - ) = eva= ) (VA=) = a-x
2 372 2 372
-7 2 _ T4 X|° _ 167 V= 4 — x2 :[4 _L] _32
Y, 272(4 x?) dx 2[4 3]_2 3 72( x2) dx 3l." 3
~—— /42—
62. The cross sections are squares. By symmetry, we can set ff

up an integral for an eighth of the volume and multiply
by 8.

Ay) = b2 = (VrZ=y?)?

V:8f(r2—y2)dy
0
1 r
— 2y — =3
S[ry Sy]o

16

3

r3

64. V = wJ o [(\/R2 —x2)? - rz} dx

- VR
JRET R
:Zﬂf (R2 — r2 — x?) dx
0
3] /Re—r2 . r )
=2w[(R2—r2)x—X—] o : !
3o
VR2-r2 R
(R? — r2)3/2
- onre e B
3
_ gﬂ.(Rz _ r2)3/2
66. (8) Whena = 1: |x| + |y| = 1 represents a square. y

Whena = 2: |x|? + |y|? = Lrepresents acircle.

() ly] = (1 = [x3¥=

Azzfl (1- |x|a)1/adx=4fl(1fxa)1/adx ‘k/
-1 0

To approximate the volume of the solid, form n slices, each of whose areaiis
approximated by the integral above. Then sum the volumes of these n dlices.
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Section 6.3  Volume: The Shell Method
2. p(x) = x 4, p(x) = x
h(x) =1 —x hx) =8—-(x2+4) =4—-x2
1 2
V:27Tj X(1 — x) dx V=277f X(4 — x?) dx
0 0
. NI L 2
_ 2 — AL T — _y3
2 ) (x — x3) dx 277[ > 3]0 3 2 ; (4x — x3) dx
X412
= 22| =
ZW[ZX 4]0 8w
6. p(x) = x 8. p(x) = x 10. p(x) = x
— A — 2 — 4
h(x) = 1o h(x) = 4 — x h(x) = 4 — 2x
2 2 2
61 V:27Tf (4x — x3) dx V=27Tj X(4 — 2x) dx
V= 27rj =3 dx 0 0
0 2 1 72 2
6 = 277[2x2 - fx“} =87 =2m| (4x — 2x?) dx
_ xX*° _ 4" o o
= WZ = 3247

0

2
= 277[2x2 - %xe’]o

y

X

1 2 3 4 5 6

T

:27Tf
0

14. p(y) = =y (p(y) = 0 on [—2,0])
hyy=4-@2-y=2+y

(=y)(2 + y) dy

V:27Tf
-2

0

T

e
N
ESEY

0

sinxdx = [—chosx]

16. p(y) =y
h(y) = 16 — y?

V= ZvTry(lG —y)dy
0

167

3

4

= ZWL (16y — y%) dy
y4 4
il
= 2m[128 — 64] = 1287

= 277[
-2

= 277[7y2 —

(—2y —y?)dy

f]‘i -

8w

3
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18. p(x) = 2 — x 20. p(x) = 6 — X
h(x) = 4x — x2 — x2 = 4x — 2x2 h(x) = V/x
2 4
v=2wf (2 — x)(4x — 2x?) dx V=27-rf (6 — x)/xdx
0 0
2 4
= 277] (8x — 8x2 + 2x3) dx = wa (6xY2 — x3/2) dx
0 0
8 1,]? 167 2 4 1927
— 2 _9y3 4 —yal| 227 — 3/2 _ £y5/2| — 20
277[4x 3x + 2X:|O 3 277[4x 5x ]0 5
y y
4+ ' a1 i
\ sl I
5T I I
I 2T I
2 : 1+ : I :
1r E 1 2 3 4 s ! X
1 -1 1
—j}l 1 : 3 * -2 E
22. (a) Disk (b) Shell
10 y
R(x) = 2 r(x) =0 o RX) = xr(x) =0
5 2 8T 5
V=m J <1—8) ax T V=2r x(l—g) dx
1\X 4t 1 \X
5 24 5 1
= 1007Tj X~ 4 dx ' S | —— X = ZOWJ —dx
1 —1_2” 1 2 3 4 5 1 X
x=371° 5
= 10077[*] = 207T[In|x|] = 20wIn5
-3 1
-0l 1] 4
3 125 5"
(c) Disk
R = 10, r(x) = 10 — %
5 2
V= f [102— <1o—1—g> ]dx
1 X
_ [@ B @] _ 1904
T3 xli 157
24. (@) Disk " (b) Same as part a by symmetry
R(X) — (az/s _ X2/3)3/2 y
r(x) =0
a
V=n f (a%3 — x/3)3 dx (-a,0) @0
—a X

a
=2 f (2 — 32453 + 3a%%Y3 — x?) dx
0
9 9 1.]2
=2 2_,4/35/3+,2/37/3_,3:|
W[a X 5a X 7a X 3X

0
3
— 277(a3 _ 9a3 + gas _ 1a3> _ 32ma

5 7 3 105
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2% (8 ; (b) i ©
2 2% 2 )
" -I,r -y A5 = 5 ™~y
g a<c<b
-2
4 Ix
28. wa x<7> dx 3. &
o \2
1

represents the volume of the solid generated by revolving
the region bounded by y = x/2,y = 0, and x = 4 about
the y-axis by using the Shell Method.

FNT TR N

X

. f [16 - y)?dy = = f (@7 — (2] dy
0 0

represents this same volume by using the Disk Method.

Bl
Nl =
INPRE

1
A ©) V= 2wf x/1 = X3dx ~ 2.3222
4T 0
3l
.l
Al
T s 4 s
ol
Disk Method
32 (@ v 34.y:tanx,y:0,x:0,x:77:
“ Volume = 1
3]
. Matches (e)
14 y
L2 os a4

5 T
) V=2n f o dx ~ 19,0162
1

EEE
INEES

36. Total volume of the hemisphereis3(3)mr3 = 37(3)% = 18 By the Shell Method, p(x) = x, h(X) = /9 — X2
Find x, such that

Yo
GWZZWJ X9 — x2dx y

0

% Sl
6= —f (9 — X)¥2(~2¥) dx KW\

— 245 23/2]%: _245_ 2\3/2
[3(9 X?) o 18 3(9 X&)

(9 -x)¥2 =18
X = /9 — 1873 ~ 1.460.
Diameter: 2./9 — 1873 ~ 2.920
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.
38. V= 47Tf (R = X)/r2 — x2dx

r r
=47 R \/rZ—XZdX—47Tf X2 — x2 dx
-r —-r

o) oG]

= 272r?R
b
40. (a) Arearegion = J [ab" — ax"] dx (c) Disk Method:
0
b
_ N xn+17b V= 27Tf x(ab" — ax") dx
a [ab T ey 1]0 0 )
Capilo g pn+1 = 27raf (xb™ — xn+1) dx
n+1 0
B @ . Xn+2 b
— ab”“(l _ 1 ) — abn+1< n ) - Zwa[ 2X n+ 2]0
n+1 n+1
_ pn+2 3 pn+2 _ n+2< n )
abn+1(n:1> ] _Z’Ta[z n+2]_77ab n+2
Rl(n) = . =
(ab"b n+1 Traer—Z( >
n+2
(B) lim Ry(n) = lim %1 1 Reln) = (mb)(@b") ( )
. . . n
[1|Ln; (abMb = o0 @ n“j‘; Re() = nILTo (m) =1

lim (#b?)(ab") = co
(e) Asn - oo, the graph approachesthe line x = 1.

4

42. (@ V= 217[ xf(x) dx
_ 21 (40)
3(4)

= &7[5800] =~ 121,475 cubic feet

[0 + 4(10)(45) + 2(20)(40) + 4(30)(20) + 0]

40 —fxEI y——1x+50

(b) Topliney — 50 = >

0—40

m( *ZO)Z*Z(X*ZO) [ y=72x+80

Bottom line:y — 40 =

20 1 40
V= 27rf x(—ix + 50) dx + 277[ X(—2x + 80) dx

0 20

20 1 40
= 27rf (—7x2 + 50x) dx + zwf (—2x2 + 80x) dx
0 2 20

3 20 2X3 40
= 277[—3 + 25X2] + 27T|:—? + 40X2]

_, [26,000] ) [32,000]
T3 T3

20

=~ 121,475 cubic feet

(Note that Simpson’s Rule is exact for this problem.)



282 Chapter 6  Applications of Integration

Section 6.4  Arc Length and Surfaces of Revolution

2. (1,2),(7,10)
@d=J7-12+10-22=10

4 2
(b) y=3x+3

4

oo [V (5[5

6. y=gx2/3 +4

[

y’ = x"1/3[1, 27]

27 1)\2
S = fl 1+ (@) dx
A L i
1 X2/3

3(% 2

27
— [2 2(X2/3 + 1)3/2]
1

= 10%2 — 28/2 = 28794

4 y=232+3
y’ = 3x1/2,[0, 9]

9
s=f\/1+9xdx
0
_ i 3/2]9
= [27(1 + 9x) ,

_ 2—27(823/2 — 1) ~ 54929

X1
Y=10 "6
1.1
Y =X T e

R s HER)
s=jbmdx
e

10. y =S +e

1 X —X
=E(e e™), [0, 2]
L= |G+ e o2
s= f21 / E(ex+ e‘x)]zdx
1 (? .
= E,L (e + e dx

1+ (y)2=1+

L L]P_T19_
[10X 6x3]1 240 = 3240

12 @y=x2+x—-2-2<x<1

5

]

(b)

-5

y'=2x+1

1+ (y)?=1+4x+4x+1

1
L:f V2 + 4x + 4x% dx
-2

(©) L~ 5653

1

(1 + x)?2

1
1+ x*

(1 + x)4

(© L=~1132
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16. (a) y = cosXx, —7—27 <x< g (b) y’= —sinx (c) 3.820
2 1+ (y)?=1+ sinx
"
-2 il B S 2 L =f V1 + sin2xdx
—m/2
-2
18. @ y=Inx,1<x<5 (b) y’:% (c) L = 4.367
2 1
N2 — il
» (//',_,..---""__ . 1+ (y) 1+ 2
5
L= f <1+ %dx
1 X
-6
dx 1
20. (@) x= /36 —-y2,0<sy<3 (b) @y 536~y V2(=2y) (©) L= 3142 (=)
y= /36-x23/3<x<6 _y
" - V36— y?
//_\ f 1 y2 dy
-10 10
- Jo \/36 y
Alternatively, you can convert to a function of x.
y= /36— x2
, dy X
y= V36 — x2

L_j T e

Although thisintegral is undefined at x = 0, a graphing utility still givesL = 3.142.

22. J;M /1+ [%(tan x)]zdx i
- L

Matches (e)

0,0 5‘ 3n

24, f(x) = (x2 — 4)2, [0, 4]

@ d= V(4 - 0)? + (144 — 16)> =~ 128.062

() d= VI -02+©- 162+ J2- 12+ (0 92+ /B 27+ (25— 02+ V(& — 32+ (144 — 25
~ 160.151

(c) s= f4 V1 + [4x(x%2 — 4)]?dx =~ 159.087
0

(d) 160.287
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e
26. Lety:Inx,lsxse,y/:%andLl:f \/de

Equivalently, x =e,0 <y < 1 g—y*eyandL2 J'\/1+e2de J\/1+e2"dx

Numerically, both integralsyield L = 2.0035

28. y = 31 — 10(e¥/® + e ¥2)

y/ — _%(ex/ZO — efx/ZO)

2
+(y)2=1+ ;(ex/lo — 24 e Y1) = [l(ex/zo + e—x/zo)]

s—f \/ (eX/2°+e X/ZO)] dx

20
= 7‘[ (€X/20 + e X/20) gy = [1o(ex/20 e x/20):| _ 20<e B ;) ~ 47t
—20 20 e

2
Thus, there are 100(47) = 4700 square feet of roofing on the barn.

30. y = 693.8597 — 68.7672 cosh 0.0100333x
y’ = —0.6899619478 sinh 0.0100333x

299.2239
s= f 1 + (—0.6899619478 sinh 0.0100333x)? dx =~ 1480
~299.2239

(Use Simpson’s Rule with n = 100 or a graphing utility.)

32. y= 25— x2 34, y=2J/x
—x 1
= = y =—51[49]
y V25 — x? IX
9
25 / 1
N2 = S=27| 2%/ 1+ =dx
1+ ) 25 — x? WL X
4 9
sS= 25 dx =47 X+ 1dx
25 — x2 4
5 _8 3/2 °
— dx =_m(x+ 1) ]
L V25 - %2 3 .
8
~ 5 arcsinX]’ = 2T (1032 — 5%/2) ~ 171.258
5|-3 3
= S[arcsin%1 — arcsin (—g)] =~ 7.8540

%[277(5)] ~ 78540 = s
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X
1
y'=5
5
1+ (y)2=2.[0,6]

40 y =Inx
1
=X
X2+ 1
1+ (y)»?=——-I[L¢

X
e 2
szzwfx,/x 1o
1 X

e
- 27Tf VX2 + 1dx = 22.943
1

38. y=9-x4]0,3]

y'= -2

3
S= 27rj X/1 + 4x2 dx
0

3
= EJ (1 + 4x®)V/2(8x) dx
4 0

3
= [3(1 + 4x2)3/2]
6 0

= %(373/2 — 1)~ 117.319

42. The precalculus formulais the distance formula between
two points. The representative element is

SO T Ay = J1+ <i—§2)2 AX.

44. The surface of revolution given by f; will be larger. r(x) islarger for f,.

46. y = /r2 —x?

, —X

y = 12 — %2

n2 r2

L=

r r2

S=2#J \/I'Z—X2 mdx
—-r
r r

= 277] rdx = [27rrx] = 4712
—r —r

48. From Exercise 47 we have:

& rx

—dx
; & —2xdx
e [ m2xox

) JIZx
a

|- 2rm im0
0

=2r2p — 2rm /12 — a2
=2rm(r — V12— a2

= 27rrh (where h is the height of the zone)

S=27

X
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circumferences:

6

v $onao - ol - 4 S
:3[<50+6 >2 (655+70)+<70+662
_3

) +<66+58>2+(58+512
2 2
= [57 752 + 67.752 + 682 + 622 + 54.52 + 49.52]

(5]

50. (d) We approximate the volume by summing 6 disks of thickness 3 and circumference C, equal to the average of the given

Er[21813'625] = 5207.62 cubic inches

(b) The latera surface area of afrustum of aright circular coneis #s(R + r). For the first frustum
65.5 — 50\2]¥4 50 @ 65.5

~ 2 Rttt oYy Y

S W[3+( 2 )] |:27T+27T:|

(50 + 65.5)[ <65.5 — 50)\?
T2 P\

1/2
27 )] '
Adding the six frustums together

o (255 o (] (5 2o (]
P (1 (257 (2]
=52 (T

1/2

51 + 48
27

[*
 E= N

~ 224.30 + 208.96 + 208.54 + 202.06 + 174.41 + 150.37
= 1168.64

20

18
(d) V:f
{‘m

ar2dy = 5275.9 cubic inches
0

(©) r = 0.00401y3 — 0.1416y? + 1.232y + 7.943

S= f 27r(y)V/1 + r’(y)?dy
0
~ 1179.5 square inches
-1 19
-1
52. Individua project, see Exercise 50, 51
)L _

54, (a) 4 1

X2
(b) y=2 1—§,Osxs3
Ellipsey, =2, /1

,_ (1 X2\ Y2 —2x
=315 (&
—2X —2X
=_9 1_7 =
Yo 9 9\/ 2 3 9 — x2
1_7
4

©PX,
+
I
I
-

-4

L‘f\/ 81—9x2

(c) You cannot evaluate this definite integral, since the integrand is not defined at x = 3. Simpson’s Rule will not work for the
same reason. Also, the integrand does not have an elementary antiderivative.
56. Essay
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Section 6.5 Work

2. W= Fd = (2800)(4) = 11,200t - Ib 4. W = Fd = [9(2000)][4(5280)] = 47,520,000 ft - Ib

b
6. W= f F(x) dx isthe work done by aforce F moving an object along a straight line from x = atox = b.
a

9 10 5 5 10
8. (a)W=f 6dx = 54ft - lbs 10. W=f fxdx=[fx2]
0 o 4 8 le
7 9
(b) W= j 20 dx + J (—10x + 90) dx = 140 + 20 =40in - Ib = 3.33ft - Ib
0] 7
= 160ft - lbs
9
1 X3 9
— 2y = 2| = .
(ORW L o7 X dx 81]0 9ft - lbs
o 2 .10 2
(d) W=j \/>7<dx=fx3/2] = =(27) = 18ft - lbs
0 3 o 3
12. F(x) = kx 14. F(x) = kx
800 = k(70) [ k=8—70 15 = k(1) = k
4 4
0 o 2170 W=2 f 15x dx = [15x2]
W= F(x) dx = @xdx= 40x ] 0 0
o o 7 7 Jo
=240ft - Ib
= 28000n - cm = 280 Nm
1/6 271/6 h h
1e.w=7.5=f kxdx:ﬁ] - X g k=50 18. W = de:[—w]
0 2 Jo 72 4000 X X 4000
5/24 5/24 — 80,000,000
W = 540x dx = 270X2] = 4.21875ft - Ibs = —————— + 20,000
1/6 1/6 h

hIim W = 20,000 mi/ton = 2.1 x 10* ft - Ib

20. Weight on surface of moon: %(12) = 2tons

Weight varies inversely as the square of distance from the center of the moon. Therefore,

k
F(X) = ;
K
2= (1100)2
k = 242 x 10°
1150
- 242 % 10° [ —2.42 x 105|150 6( 1 1 )
W= e @ T [ X ]1100 = 242> 1% 7900 ~ 1180

~ 95.652 mi - ton =~ 1.01 x 10°ft - Ib
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22. The bottom half had to be pumped a greater distance then the top half.

24. Volume of disk: 47 Ay
Weight of disk: 9800(47) Ay

Distance the disk of water is moved: y

12 y2 12

W= f y(9800)(4) dy = 39,2007 [E]
10

= 39,2007 (22)

10

= 862,4007 newton—meters

2
26. Volume of disk: w(%y) Ay

2
Weight of disk: 62.477<§y) Ay ol

!
Distance: y 1 I
3

2

2
y4>] ~ 11097 ft - Ib
0

N

@ w= 3(62.4)77J y3dy = [3(62.4)77<

0

6
y4)] ~ 72107 ft - Ib
4

™

6
(b) W= 3(62.4)77 L y3dy = [3(62.4)77(

28. Volume of each layer: %(3) Ay = (y + 3) Ay y

Weight of each layer: 55.6(y + 3) Ay | @3
Distance: 6 — y

3 3
W= f 55.6(6 — y)(y + 3) dy = 55.6J (18 + 3y — y» dy
0 0

_ 3y ﬁ]a
= 55.6[18y + 5 3],
= 3252.6ft - Ib
30. Volume of layer: V = 12(2)/(25/4) — y? Ay y
Weight of layer: W = 42(24)/(25/4) — y2 Ay Ground ™ g
level
, 19 T %
Distance: 5~ 3 2¢ Y

25 R N
[ s B v
W= J—z.s 42(24) 7Y ( 5 y) dy .
19 (*° 25 rs 25
=1008[—f = —y2dy + N 2(—)d}
N RV e A IRV I A

The second integral is zero since the integrand is odd and the limits of integration are symmetric to the origin.
The first integral represents the area of a semicircle of radi us%. Thus, the work is
51

2
W= 1008(%)77'(5) (E) = 29,9257 ft - |b = 94,012.16 ft - Ib.
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32.

The lower 10 feet of chain are raised 5 feet with a constant force.
W, = 3(10)5 = 150ft - Ib

Thetop 5 feet will be raised with variable force.
Weight of section: 3 Ay
Distance: 5 — y

5
_ _ N I PR L P
W2—3J0(5 y)dy—[ 2(5 y)]o— 2ft Ib

W= W1+W2—150+7—25*§ft Ib

. The work required to lift the chain is 337.5 ft - Ib (from Exercise 31). The work required to lift the 500-pound load is

= (500)(15) = 7500. The work required to lift the chain with a 100-pound load attached is
W = 337.5 + 7500 = 7837.5ft - lbs

6 6
36 W = 3f (12 — 2y) dy = [—2(12 - 2y)2]0 _ %(12)2 _ 108t - Ib
0

38.

42.

44,

Work to pull up the ball: W, = 500(40) = 20,000 ft - Ib 40. p= 5
Work to pull up the cable: forceis variable K
] ) 2500—7 0O k= 2500
Weight per section: 1 Ay
. ! 3
Distance: 40 — X W = f 2500 dv = 2500 Inv]
40 1
1 2 40

=f0 (40 — ) dx = [—5(40— )]0 = 2500 In 3 =~ 2746.53ft - Ib

= 800ft - Ib
W =W, + W, = 20,000 + 800 = 20,800 ft - Ib

(& W= FD = (80007)(2) = 16,0007 ft - Ibs

2

~ 24,88.889ft - Ib

[o + 4(20,000) + 2(22,000) + 4(15,000) + 2(10,000) + 4(5000) + 0]

(c) F(x) = —16,261.36x* + 85,295.45x° — 157,738.64x? + 104,386.36x — 32.4675

25,000

0 2
0

(d) F(x) = 0 when x = 0.524 feet. F(x) is a maximum when x = 0.524 feet.

2
(& W= f F(x) dx ~ 25,180.5ft - Ibs
0

2
W= J 100 dx = 11,494 ft - Ib 46. W = J 1000 sinh x dx = 2762.2ft - Ib
0
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Section 6.6 Moments, Centers of Mass, and Centroids
> %= 7(=3) +4(-2) + 305 +86) _17 4 %= 12(=6) + 1(=4) + 6(=2) + 3(0) + 11(8) _ 0
' 7+4+3+8 11 ' 12+1+6+3+11
6. The center of massis trandated k units as well. 8. 200x = 550(5 — X) (Person on left)
200x = 2750 — 550x
750x = 2750
x = 35 feet
12(2) + 6(—1) + 2(6) + 15(2)
_10(1) + 2(5) + 5(—4) _ 2 93 62
0 x="""51255 °© 2. %= 15 T 405 27
12 +6 + 3 + 15 ’
y= 10(—1) + 2(5) + 5(0) -0
0+2+5 12(3) + 6(5) + 1—25(8) FI5(-2) o,
(%y) = (0,0 y= I = 205" 37
sl 12 +6 + > + 15 ’
TSy 62 64
sl (55 v o) — (04 b4 y
g *.y) <27' 27) i
o, e T *6.9
-1 -2 or‘nl 4 6 i .6”
27 (1,-1) m,® |
191 oo
P B S S
T S
2
I P Xj]z _4
14. m_pLZXdX_[p60_3p y
21(1,\(1,, p[? P> 32 4 21
Mx—pLE<EX>(§X>dX—§L%dX—[%X]O—Ep—gp .
4 1 (E*E)
M 5 3
Y"m~™4 75 1 s
3P
2 2
- 1, _1 3 dy — [B ]2 —
M, pLX(zx)dX ZpJOX dx 8x“O 2p
oM 2 3
X=—">=—=—
m 4 2
3P
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271
m = pJ (Vx—xdx = [§x3/2—x—] =§ y
_ f+>< 2 P top 7
_pf (x x)dx—z[ ]0—12 Eu
M 1/
V=ﬁ ﬁ(G) =% N xy)
1 1
2 X3t p > X
— _ — 3/2 _ 2 — Ey52 & [ i 1 1 3 1
M, pJ; (/X = x) dx pJ;(X x2) dx p[SX 3}0 15 11 s
M

J:£(§):Z
m_ 15\p) 5

(x,y) = (g %)

18. m—pj [(f+1) (;erlﬂdx—pf(\/i—;x)dx

2 x21° 27 9
=, %ee X\ = a9
”[3" 6}0 ”(18 2) 2

9\&+1+%x+1 1 9 1 1
M, = —<ﬁ+l—fx—l>dx=gj<\/>7<+fx+2>(ﬂ—fx>dx
pL 2 3 2, 3 3

9 9
f <x - %x3/2 + %x3/2 - %xz + 2% - gx) dx = Bf (lx ~ley 2\/;() dx

2),\3" 9
3 9
+ﬂx3/2] :g[g—27+36] -5
0

3 2 3P
1 9( 1) [2 1]9
+1—=x— — 3/2 _ =2 — | Ey5/2 _ =3
1 3 l}dx pLx 3 dx ps)@ 9xo
]_ﬂ
= 5p
)
Bo_M_4"_5
57T m 9 2
2p

(9,4)
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8 8
2. m= 2Pf (4 — x¥3)dx = 2p[4x - gx5/3] =
0

0

By symmetry, M, and X = O

128p
5

8 /3 8
MXZZPJ <4+X )(4—X2/3)dX2p[16X—§x7/3] _ 5%
0 7 0 7
,_512,3( 5 )_@ o
Y="7 \128p) = 7
o 20
9= (0.7)
2. m= pf 2y - yz)dy—p[y—f] gp ,
_ 2y - y) 2 3[1_4 yj]z 8p 21
M, pL( @y -y)dy =315~y + 5| =1 O
X:ﬂz@(i>:g e
m 15\4p 5
2
2y3 y4]2 4p
= — y2 — =2 _ 2 —
M, pJOy(Zy y?) dy p[3 Zl,= 3
o= M @(3>_
Y="m =32 1
2
(ny):(g,].)
2 y2 y32 9[)
2. m=pf [(y+2)*y2]dy=p[*+2y*f] == y
-1 2 3]-1 2
o]
2
+2) +y?
Mﬁﬂf M[(erZ)—y?]dy A
_P 2 _\a p[ly +2)° yj’]2 _36p o
2 [(y+2) yidy = [ 3 5]. 5 }1
X:M:@<2> 8 1t
m 5 \9% 5
:J y[(y + 2) — y?] dy
y3 y4]2 gp
= — 3 2 _ 2 — IF
J2y+y ¥ dy p[y 3 4], 4
p-Me_%(2)_1
Y=~ a\e) "2
oy = (81
(x,y)—(5.2>
41 4
26. A= *dX:|:|n|)(|j| =1n4
1 X 1
1(*1 1/ 1\|* 1 1\ 3
M= 2 ) e ™ [E(‘;)]l - (‘é " E) 8
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3 3 3

2 2 372
28, A:J' —(x2—4)dx:2f (4—x2)dx:[8x—21] —15-0_3
2 0 0

1 (? 1(*
Mx:*f (x2—4)(4—X2)dX=_*J (x* — 8x2 + 16) dx
2], 2)

1[x>  8x3 2 32 64 256
===+ =—|=-—=+ ==
2[5 3 16’(]_2 [5 3 32] 15
M, = 0 by symmetry.
4 3
30. m=p f xe¥/2 dx ~ 2.3760p
0
(®9)
4 —x/2 4
M, = pf (xe )(xe*x/z) dx = Bf x2e *xdx =~ 0.7619p 4 CA
0] 2 2 0
4 -1
M, = pf x2e /2 dx = 5.1732p
0]
M
X=—"=~22
m
M
y=-_~03
Therefore, the centroid is (2.2, 0.3).
2 8
32. m= p Jizm dx = 6.2832p 3
2 2
1 8 8 1
Mx =p f,2§<X2 T 4><m> dx = 32p fizmdx =~ 5.14149p ) /\‘ 3
M
y= ﬁx =~ 0.8 -1
X = 0 by symmetry. Therefore, the centroid is (0, 0.8).
34, =bh=ac y

C
= 2Ty o] - (3] v
a2 Cy cy y %y

(x,y)
.

=i C<@ +a2>d x
2ac o c y y 0,0 (a,0)
_ 1l]ab, Z]C,L 2o = L
_ZaC[cy +ay0—2ac[abc+ac]—2(b+a)
=L [ o) (- [25] -
yacoycy v Y c2jo 2
o _(bt+tac
(va)_( 2 12)

Thisis the point of intersection of the diagonals.



294  Chapter 6  Applications of Integration

36. X = 0 by symmetry y
A:%WI‘Z r
1_2
A 7r?

I 2N W L p— o
y—ﬂ_rzzJ:r( r x) dx
1 [2 x3]r 1 [4r3] 4r
=—|rx—- = sl | = o=
r 3]-r @r?l 3 37
cor = (o4
(xy)—(0.3W>

! 1
38. A=f[l—(2x—x2)]dx=§
0

1
AT 3
1 1 2 471
% = (2% — %) dx = _2325_235]:1
X 3J0x[1 (2x — x?)] dx SL[X 2x2 + x3] dx 3[2 3x+40 1
1 1
+ — y2
y=sf L@ (o~ 2 ax :§f [1— (2 - x9?] dx
0 2 2 0
_§ ' — 2 3 _ y4 —§|: ,ﬂ3 4,X75:|l—l
_ZL[l 4x2 + 4x x]dx—zx X + x 51, = 10
(i T
) = (3 25)
40. (&) M, = Oby sggmetry b))y > g because there is more area above y =g
M, = ﬁ x(b =" dx =0 than below.
/b
because bx — x2"*is an odd function. )
n| 1 2 3 4
b b+ x2)(b — x2 b q
@ [ RO g [Pl xmac [y [ | B0 | b
723/'5 —2%
1 Xt e n+1, 1
Lo 2] N 1
2< *Tan+ 1] © imy=Jman+ 1P~ 2P
= p2p¥2n — plan* w72 4n p(4n=+1)/2n (f) Asn - oo, the figure gets narrower.

an+1 4n+1

y
25 2n+1 2 ‘m
A=J (b—x2”)dx=2[bx— X ]Jb

2% 2n + l 0
b(2n+1)/2n an
= . pV2n — = (2n+1)/2n I |
2[b b 2n+1] 2n+1b : :
y= M, _ 4nb“n+v/20/(4n +1)  2n + 1b s 2 x

A 4nb@n+D/n/(2n + 1) 4n+ 1



Section 6.6

Moments, Centers of Mass, and Centroids

42. Let f(x) bethetop curve, given by | + d. The bottom curve is d(x).

X 0 05 | 10 | 15 | 20
fl] 20 |193|173|132| O
d| 050|048 | 043|033 | 0O

(a) Area= Zf[f(x) — d(x)] dx

2
~ 2@[1.50 + 4(1.45) + 2(1.30) + 4(.99) + 0]
1
= 5[1386] = 462
M, = fz M(f(x) — d(x)) dx
-2

= fz[f(x)2 — d(x)?] dx
0

2

3(4)

= %[29.878] = 4.9797

[3.75 + 4(3.4945) + 2(2.808) + 4(1.6335) + Q]

M, _ 49797
A 462

y =1.078

(%) = (0,1.078)
. ) ) 13
44. Centroids of the given regions: <§, 5), (2, =

Area A=3+2+2=7
_3(1/2) +2(2) + 2(7/2) _25/2 _ 25

X

(b) f(x) = —0.1061x* — 0.06126x2 + 1.9527
d(x) = —0.02648x* — 0.01497x2 + .4862
M

X

oM, 49133
A~ 459998

© = 1.068

(%, y) = (0, 1.068)

@.

Z’ml
7 7 14 IRENE
T + .
o _3(3/2) + 2(1/2) + 2(1) _15/2 _15 Lo
Y 7 7 14 A A A
) - (28)
V=14 14
7 7 7
46. m, = g(Z) = Z, Pl = (0, E) y
7(. 7\ _ 287 55
m=g(o-g) = 5P (0.5

By symmetry, X = 0.

(7/4)(7/16) + (287/64)(55/16) _ 16,569 _ 5523
(7/4) + (287/64) © 6384 2128
5523

(%y) = (O'T28> ~ (0, 2.595)

y:

295
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48. Centroids of the given regions: (3, 0) and (1, 0) 50. V = 27rA = 27(3)(4w) = 2472
Mass. 8 + 7
y=0
81+ w3 8+ 37w
X = =
8+ 7 8+ 7
.\ _(8+ 37 _
) = (3527,0) = w360
® 4 6 32
52. A=J2\/x72dx=f(x72)3/2] == y
5 3 2 3
6 6 61
M, = J' (X)2v/x — 2dx = Zf X/ X — 2dx ©,4)
2 2 4T
Letu=x—2,x=u+ 2,du=dx ol
4 4 2 4 a (xy)
M, = 2f (u+2)Judu= ZJ (U2 + 2uY/?) du = Z[gus/z + §u3/2] s
0 0 0

:2[%+Q]:@
5 3 15
M, 704/15 22
A 32/3 5

22
5

X =

X

r =

22\(32 1408
V = 2arA = 277(3)(3) =15 =~ 294.89

54. A planar laminais athin flat plate of constant density. The center of mass (X, y)
is the balancing point on the lamina.

56. Let Rbearegioninaplaneand let L be aline such that L does not intersect the interior
of R. If r isthe distance between the centroid of R and L, then the volume V of the solid
of revolution formed by revolving R about L is

V = 2arA

where A isthe area of R.

58. The centroid of the circleis (1, 0). The distance traveled by the centroid is 27r. The arc length of the circle is also 2.
Therefore, S= 27 (2m) = 472
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Section 6.7  Fluid Pressure and Fluid Force

2. F = PA = [62.4(5)](16) = 4992 b 4. F = 62.4(h + 4)(48) — (62.4)(h)(48)
= 62.4(4)(48) = 11,980.8 b

6. h(y)=3—-y 8. h(y) = -y
L(y) = 24 — y2

LY) = 3y )
Foe2a| vy

’ 4
F= 62.4J0 3- y)<§y) dy : O
- ‘5"(62_4) L ’ By — y?) dy = [62-4<§>(4 - y2)3/2] = 3328lb

_4 3y? yf]s _ N
- 3(62.4)[ Y- L] = 3744t
Force is one-third that of Exercise 5. \%1 ?’1
y
a4 3t
1
T
- .

10. h(y) = -y y

Ly = 3V0 -

0
F= 62.4f (—y)gmdy
-3

-4+

= ez.4<§) fog (9 — y)¥2(—2y) dy

_ [62_4<g>(9 - y2)3/2:| :} — 74881b

12 hy =(1+3v2) -y !
1+3\/§\
L,(y) = 2y (lower part) R R
Lo(y) = 2(3v/2 ~y) (upper par) 22 /N
3.2/2 32 1  &my---2
F= 2(9800)“ (1+3/2—yydy + f (1+3/2-y)(3/2~y) dy] T 7
0 32/2 — — x
f 3\/2 -3 -2 -1 1 2 3
=19,600[yj_3ﬂy_f]3 2/2+ 3\f2y+18y+f—6‘/§+1y
2 3o 3 2 3V2/2

_ 19’600[9(2\/‘21 +1) 9(f24+ 1)}

= 44,100(3/2 + 2) Newtons
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14. h(y) =6 -y 16. h(y) = -y

18.

20.

22.

Liy) =1 4
. Ly - 2(3v5- )
F= gsoof 1(6 — y) dy

0 0 4
s F= 140.7f (—y)(2)<§\/9 - y2> dy
- 9800[6y - y?]o = 171,500 Newtons o
_ (140.7)(4) —2(_
, =5 ), VoY (—2y) dy
______ d o
_ M(Z) _ 23/2]0 _
—[ 3 3)@ - yd¥?| = 337681
y
NI
Sl 125 "
h(y) = —y y
5 T
L(y) =5+3y MSERI R
0 5 ot
F= 140.7f (—y)(S + 3Y dy sl 5,3
-3
ol
ol

= 140.7fO <75y - gy2> dy

w07 S 5

= 140.7[%
hy) =5 -y
Ly = 2[3)vo = a2

3/2 3 3/2
F=42f <57y>\/9774y2dy=63f

—3/2 —3/2

3/2
apey B[ A ey
—3/2
The second integral is zero since it is an odd function and the limits of integration are symmetric to the origin.
Thefirst integral is twice the area of a semicircle of radius %
(Vo =42 =2/(9/4) - y?)
Thus, the force is 63(37) = 141.757 ~ 445.32 Ib.

@ F = wkar? = (62.4)(7)(w2?) = 1747.2 Ibs 24. (3) F = wkhb = (62.4)(%)(3)(5) = 5148 Ibs

(b) F = wkarr2 = (62.4)(5)(3?) = 2808 Ibs 17
(b) F = wkhb = (62.4)<€)(5)(10) = 10,608 Ibs
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26. From Exercise 21:

2
F- 64(15)77(%) ~ 753.981b

28. h(y) =3-—-y

Solving y = 5x2/(x? + 4) for X, you obtain

X = J4y/(5-y).

L(y) = 2\/547_)/y
_ P Y
F = 62.4(2) L B-vy 5_ ydy

3
= 2(124.8) J; 3 - y)\/zydy =~

y

51

4+

L L L
+ t t t t +
-3 -2 -1 1 2 3

30. h(y) =12 -y

SIS =Y) - ras—ys
2

L(y) =2
4
F =624 f (12 — y)/7(16 — y?) dy
0
4 —_—
= 62.4ﬁf (12 — y)/16 — y2dy =~ 21373.7 |b
0

546.265 Ib

32. Fluid pressure is the force per unit of area exerted by a 34. The left window experiences the greater fluid force

fluid over the surface of a body.

Review Exercises for Chapter 6

o
il \ (3:4) (5.4)

because its centroid is lower.

4 A:f (2~ 2) - (- D]dy

0

1
=L (y? =2y +1)dy

1
:f (y = 1)?dy
0

[52]-3

[N
I

-1, 1+

Nl
I

1

N

|
ol 1

|
ol 1
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6. A=j [(y +3) — (y? + 1)]dy

-1
2
:f 2+y-y)dy
-1
_ 12_13]2 _9
_[2y+2y 3| .72

-1

<

57/3 1 T7mw/3 1
10. A= J (E_ cosy) dy+J <cosy—5) dy
/3 5m/3

T,

Iy . 51/3 [ _¥:|71-r/3
—|:2 Smy] P + sny 2

, 57/3

2
14. A= 2] [2x2 — (x* — 2x?)] dx
0
2
= ZJ (4x2 — x* dx
0
2
= 2[4jx3 - lxﬂ ~ 18 _ g
0

3 5 15

10

(-2, 8) @9

-2 (0,0)

w2

8 A= 2] (2 = cscx) dx
/6

/2

= 2[2x — Injescx — cotx|]

/6

= 2([77 - 0] - [% —In(2 - Jé)])

= 2[2” +1In(2 - Jﬁ)] ~ 1555

o=
Wl
[SER
[
|G

12. Point of intersection is given by:

X¥—x2+4x—-3=00 x=0.783.

0.783
Azf (3 — 4x + x2 — x3) dx
0

1 1 0.783
— — %2 4+ Zx3 — x4
[3x 2X SX 4x ]0

~ 1.189

0o

-2 (.7832, .4804)

16. y=Vx—-10 x=y2+1

y=X;1D x=2y+1

A=L[(2y+ 1) — (y?+ 1)]dy

N e SRS 1 PN
2

1

[SSAN

~ |- v - - 17 -

<

(5.2
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1 5
18.A=f2dx+f[27\/xfl]dx
0 1

X=y2+1

2
A=J (y?2+ 1) dy
0

_|:; 3+ ]Z_E
- Sy yo_3

20. (8) Ry(t) = 5.2834(1.2701) = 5.2834 0231

40

0 10
0
22. (a) Shell
2 P 2
V= wa y3dy = [—y“] = 87w
0 27 Jo
o
a
2
14
1 2 3 4 X
(c) Disk
2
_ 4 _ |75 Z&T
\% wLy dy [5y]0 5

(b) R,(t) = 10 + 5.28 &2

15
Difference = f [Ry(t) — Ry(t)] dt = 171.25 hillion dollars
10

(b) Shell

2
V= 2n-f (2 — y)y?dy
0

2
=2m f (2y? — y3) dy

0

_ 23_14]2_8777
_2”[3 2" 3

1

(d) Disk
2
Ve [l - gy
0
2
= wf (y* + 2y?) dy
0

_ |1 23]2_@
_”[5y+3yo 15

y

N



302 Chapter 6  Applications of Integration

24. (a) Shell

V= 477J (x)i%\/a2 — x2dx
0

_ [—47'rb
3a

(0,b) a? b? -

26. Disk

1 1 2
V=2 —| d
WL [\/1+x2] X

1
= |:2’7T arctan x]o

30. (a) Disk

0
V=7rj X3(x + 1) dx

-1

0
= wj (X3 + x?) dx
-1

x4 x3]° T
”[Z*EL—E

a7'rb f: (a2 — x2)V2(—2x) dx

a
(az - x2)3/2] = gwazb
0]

(b) Disk
ab2
V= quJ — (@2 — x?) dx
o &

_2mb?[ L, la]a
Toa? [ax 3X 0

(0,b) a? b? -

(b) Shell
u=Jx+1
X=u?-1
dx = 2udu o

0
V= 27rf X2/X + 1dx
1

1
= 47TJ (u? = 1)%u2du
0

1
= 477j (ué — 2u* + ud du
(0]

1 2 1 .]* 327
= “u’ —=ud+ = — ==
4”[7” 54 T 3 ]o 105
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32. A(X) = %bh = %(2\/a2 —x2)(v/3/a% = x?)
= V3@ - )
V= ff
4a3
- 3(%)

Since (4./3a%)/3 = 10, we have a® = (5./3)/2. Thus,

a= 3/ 5\2@ ~ 1.630 meters.

2V/a?-x? 2va?-x?

/ \,

<—2./a

X312
— x2) dx = \/é[azx - —]
3]-a

36. Sincef(x) = tanx hasf’(x) = sec?x, thisintegral
represents the length of the graph of tan x fromx = O to
x = ar/4. Thislength is alittle over 1 unit. Answers (b).

40. F = kx

50 = k(9) [ k=5—:

F50

W= f—dx——]z

=225in - |b = 18.75ft - Ib

x3 1
34. y—g‘i'&
A R
Y =2 " 2
1 1\?
N2 — | =y2 _—
1+ (y) <2x 2x2>

38 y = 2%

,_ 1
YA

1 x+1
N2 = e
1+ (y) 1+X "

3 3
szzwf 2 /% /Xildx=4wf JXF Ldx
0 0

SAEE

42. We know that

dv _ 4gd/min — 12gd/min _ 8 .
dt 7.481 gal /3 = ~74g1 C/min

V= qgr2h= W(%)h

av _ z(@)

dt — 9\dt

dh  9(dv\ 9/ 8 -
dh_ ;(E) _ ;(‘ﬁ) ~ —3.064ft/min.

Depth of water: —3.064t + 150

' . ., 150 .
Timetodrainwell: t = 3060 49 minutes

(49)(12) = 588 gallons pumped
Volume of water pumped in Exercise 41: 391.7 gallons

3917 _ 588

52w X7
 588(52)
= a7 -8

Work = 78 ft - ton
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44. (a) Weight of section of cable: 4 Ax
Distance: 200 — x

200
W= 4] (200 — x) dx = [—2(200 - X)

200
] = 80,000 ft - Ib = 40ft - ton
0

2
0

(b) Work to move 300 pounds 200 feet vertically: 200(300) = 60,000 ft - b = 30ft -

Total work = work for drawing up the cable + work of lifting the load
= 40ft - ton + 30ft - ton = 70ft - ton

b
46. W:f F(x) dx

[-@/9x+6 0<x<9
FX) = {—(4/3)x +16, 9<x<12
12

9
W=f <fgx+6>dx+f <fﬂx+16>dx
0 9 9 3
_[ 1, ° [_2 2 ]12
—[gx +6x]0+ 3x +16xg

=(—9+54) +(—96 + 192 + 54 — 144) = 51ft - Ibs

IN N

<
<

3 3
48. A:f [(2x+3)—x2]dx:[x2+3x—1x3] -
1 3 1.2 3
1_3
A 3
x=—= 3x(2x+37x2)dx=i 3(3x+2x27x3)dx=£[§x2+gx3f
2], 2], 2(2" "3

y:(§>1 3[(2x-i—3)2—x4]dx=i 3(94—12x+4x2—x4)dx
32)2 64| ,

-1

_3 2 63_15]3 _w
764[9x+6x +3x 5x .~ 5
sy = (1L
xy) = (1Y)

o 4 5
1_5
A 16
_ 5 (® 1
== 2/3 _ =
X l60x(x 2x)dx
__£§8/3_13]8_E
- _16[8)( 650 3
o (5\L (% 1 )
= (== /3 — —y2
y (16>2L(x 4x dx
_ 1<£>[§X7/3 _ ixs]g _4
2\16/| 7 127 [0 21
(X,):(@@)
Y =\3 2

ton

u




