Applications of the
Integral

6

6.1 Concepts Review

1 [ feode- [ fods
(]
2. slice, approximate, integrate

3. g(®)-f(x) f(x)=g(x)

4, f [9(») - p(»)]dy

Problem Set 6.1

1. Slice vertically.
A = (2% +1)Ax

_R,2 |13 :
A—L(x +l)dx—[3x +ch|_l
)

3 3

2. Slice vertically.
A = (x3 -x+2)Ax

1]

6

2
2
A= L 3 —x+2)¢x=[lx4 —lx2+2x]
! 4 2 -l

11 33
_(4—2+4)—(Z-—-2J_—

3. Slice vertically.
A z[(xz +2)—(—x)]Ax=(xz +x+2)Ax

2
2
A=L (x2+x+2)dx= lx3+lx2+2x
2 3 2 2

=(§+2+4]—(—§+2—4]=ﬂ
3 3 3

4. Slice vertically.
A = —(x 24+ 2x = 3)Ax = (~x% - 2x +3)Ax
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1
A= j_’3 (-x* —2x+3)dx = [-%R -x? +3xL

=(-%—1+3)-(9—9-9)=3—32

o . . 2
. To find the intersection points, solve 2—-x" = x.

2

x“+x-2=0
(x+2)x-1)=0
x=-2,1

Slice vertically.
M =[@-2?)-x]ax = (-x? - x-2)Ax

1
A= E (—x2 —x+2)dx =I:—-]—x3 —lx2 +2x:|
2 3 2 2

=(—1—l+2)-(§—2-4)=2
3 2 3 2

. To find the intersection points, solve

x+4=x-2.

x> -x-6=0
(x+2}x-3)=0
x=-2,3

Slice vertically.

A4 z[(x+4)—(x2 —2)]Ax = (=x? +x+6)Ax

3
_ P2 {13 12
A_I-z( X +x+6)dx—[ 3x +2x +6xl2

(—9+2+18)—[§+2«12)=E
2 3 6

. Solve x> —x? -6x=0.

x(x2 -x—6)=0
x(x+2)(x-3)=0
x=-2,0,3

Slice vertically.

A4y = (x3 —x? - 6x)Ax
Ady = —(x> — x2 —6x)Ax = (-x> +x7 +6x)Ax
A= Al + A2

= fz (x3 - x? —6x)dx+ E (—.7:3 +x° +6x)dx
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- 0
113 52
4 3

'J

w

+—1 r+3x
4 3

[1esyo]
fot [ 4o

16 63 253
—— =
3 4 12

8. To find the intersection points, solve
—x+2=x.

x>+x-2=0

x+2)x-1)=0

x=-21

Slice vertically.

AA z[(—x+2)—x2]Ar=(—x2 -x+2)Ax

1
A= ﬁ (-x2 —x+2)dx= —le —lx2+2x
2 3 2 >

=(_l_l+ 2)—(§-2—4)=3
32 3 2

9. To find the intersection points, solve
y+1=3- y2 .
Y +y-2=0

G+2-1D=0
y=-2,1
Slice horizontally.

[6-3)-0 0]y = -y
a=[ (y*-y+2u —{—l CRILEY ]]
N A et T N
=(—l—l+2)—(§—2—4)=2
3 2 3 2

10. To find the intersection point, solve y2 =6-y.

Y +y-6=0
+3)y-2)=0
y=-3,2

Slice horizontally.
=[6-»-  |ay= -y -y + 68y

2
2 2 1 3 12
A= Py —y+6)dy=| -y —=y2 +6
[ -y )y[3y oY y]o

——§—2+12=zz
3 3

instructor's Resource Manual

11.

12.

2
5x - x

=[£_9j_(i_l]=3_4~“33
2 2 3 3

Estimate the area to be (2)(5%) =11.

13. ¥
|J|\|+| .
_5 5X

—(x—4)(x+2)

% —(x—4)(x+2)Ax = (—x% + 2x+8)Ax
3.2 1 3 2 ’
A= L (—=x +2x+8)dx=|:-—3-x +x +8x]
0
= 9+9+24=24
Estimate the area to be (3)(8) = 24.
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14.

15.

16.

266

Ad = —(x2 —-4x-5)Ax = (—x2 +4x +5)Ax
A= f] (-x2 +4x+5)dx

| 4

= l:——x3 +2x2 +5x]
3 1

= (-ﬁ+32+20)—(l+2—5) _100, 3333
3 3 3

Estimate the area to be (5)(6%) = 32%

M:-%(x2—7)Ax

2
= ‘2_1 2 _ __l _l_ 3_
A 4(x Tdx = [3): 7x]

- _l(§- 14) 7 oom
;

0

413
Estimate the area to be (2)[1%) =3.

A4 ~—x’Ax
Ady = XAx

3
A=A]+A2 = f3 —x3dx+L x3dx

Section 6.1

ARG

=40.5
Estimate the area to be (3)(7) + (3)(7) = 42.
17. ¥
2 _»A.x‘_
||
- Yu
} !
-2 27X
s |
Ax =2+
Ml = "2/; Ax
AA2 ~ %/;Ax

A=A,+A2=f2—3/2dx+lf%/§dx

0 2 3 3
_ _§x4/3:| +[§x4/3] _ 3_*/2 . ﬂ
IR P VR O ) 2
=3Y2~3.78
Estimate the area to be (2)(1) + (2)(1) = 4.

18.

T

_lllllllll
0 10X

Jx-10

IR

—ll—

Ax

-16

A = —(Jx —10)Ax = (10~ JVx)Ax
A= E(IO—\/;)dx=|:IOx—§x3/2:|

=90-18=72
Estimate the area to be 9 - 8 =72.

9

0

19.

x=(x=-Nx-1)

A =[x—(x-3)(x-1]Ax
= [x—(x2 —4x+3)]Ax= (=x% +5x—3)Ax

To find the intersection points, solve
x=x-3)x-1).

Instructor's Resource Manual
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21. ¥

X% -5x+3=0 3
1_51\/25-12
2
5+413
xX=
2
54413

- |’ 2 (2 -
A= 53 (—x* +5x-3)dx
2 -2
_ _lx3 +_5_I2 —3;5—*'2"/1_1 B IBJE . AA =[—x2 —(,vr2 —2x)]Ar=(—2x2 + 2x)Ax
) 2 _S-Jﬁ T e To find the intersection points, solve
2 —x? = x? -2x.
. 1 2x?-2x=0
Estimate the area to be 5(4)(4) =8. 2x(x~1)=0
x=0,x=1
20. y 1 1
i A=L(—2x2+2x)dt=[—-2—x3+x2:]
- 3 0
: Jr-(x-49) =—z+]=l=0.33
7| ] 3 3
) Estimate the area to be (l)(l} = l .
2N2) 4
¥
22. ||\11'hs|'|1
3 5
AA:[\/;—(X—4)]AX=(\/;-X+4)AI =9 - (=143
To find the intersection point, solve
Jx =(x-4).
2 Ax
x=(x—4) -9
2
x*-9x+16=0 2
A4 =[(x —9)—(21—1)(x+3)]Ax
. 9+y81-64
T 3 - [(x2 —9)—(2x2 +5x—3)]Ax
x=9¢;/1_7 = (=x* - 5x-6)Ax
To find the intersection points, solve
- 7
(x:9 ;/1_7 isextraneoussox=9+;jl_.) (2x—1)(x+3)=.r2—9.
2
S5x+6=0
9417 X
= 2 - (x+3)x+2)=0
A | (\/; x+4)dx =3 2
2
97 =[] (5 -5x-6)dx

= -2-x3/2 —lx2 +4x
3 2

0 s 5. T
3/2 2 =[-=x -=x —6.\']
3[9+J17) _1(9+\/17J +4[9+J17) [ 3702 3
K 2 2

2 2 =[8_10+12 —(9—£+18)=l:0.17
3 2 6

Estimate the area to be l(l) 5- 42) = 1 .
2 3) 6

372
=3[9+*/1—7J +243 ‘T ~15.92

3 2 4 4

Estimate the area to be l(5l 5l =151.
20 2 2 8
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23,

725'_ 18%

~1

Ad = (8y-y*)ay
To find the intersection points, solve

8y—y* =0.
Y@8-y)=0
y=0,8
) 2 1 s 8 26.

A=f(8y—)' )dy=[4y b 4 ]

3" o
=256-§£=ﬁ=85.33

3 3
Estimate the area to be (16)(5) = 80.
24.
-3
Ad = (3-yXy+ DAy = (-y* +2y+3)Ay
3
3
A= L (—y2 +2y+3)dy=[——:l"-y3+y2+3y]
-1
=(—9+9+9)—(1+1-3)=3—2=10.67
3 3
. 1
Estimate the area to be (4)| 2— (=10.
( )( 2) 27.
25, y
] —
(65" +4v) - (2 - 3y)
&Ay

0] I

At =[ (=657 +4y)-(2-31) |ay

= (~=6y% +7y-2)4y
To find the intersection points, solve

268 Section 6.1

—6y2+4y=2—3y.
6y2-7y+2=0

(2y-D3By-2)=0
2

12
2’3

y:
2/3
2/3 5 3 7 2
A= 6V +Ty=)dy =| 23+ L2 -2y
,ﬁ,z( Yy~ +7y—2)dy [ y oy }]m
=[_E+E_1j_[_l+l_1 -1 L 0.0046
27 9 3 4 8 216

Estimate the area to be

(-

¥

O+ -0 -2

4
M =[(r+ -2 =29 |ay = (7 +3y+ )y
To find the intersection points, solve
y2-2y=y+4.
y2-3y-4=0
o+ Dy-4)=0
y=-1.4

2 1332 ¢
A= [ (-5 +3y+ )y =[—§y +2y +4y:|-l

= —ﬁ+24+16J-(1+3_4J=E ~20.83
3 32 6

Estimate the area to be (7)(3) = 21.

B-y) -2

a4 =[3-y")-22 |ay = (-3p* + )y
To find the intersection points, solve

2 y2 =3- y2 .

3 y2 -3=0

3+ Dy -1)=0
=11
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A= E] (—3y2 +3)dy = [-y3 +3y]l_]

=(-1+3)-(1-3)=4
Estimate the value to be (2)(2) = 4.

28. y
S
T @-ah -4y
— {
{ A\ —t Ay
-1 g x}
_S -

M=[(8-4y")-(ay") |ay = (8-8y" )ty

To find the intersection points. solve

4yt =8-ay*.
8y4=8
¥ =1
y==%l
4 8 s l
a=[ -8y )dy=[8y—§y L

=(g_§)_(_g+§)=ﬂ= 12.8
5 5)7 s

Estimate the area to be (8)(1%) =12.

29,

Let R, be the region bounded by 2y +x =0,
y=x+6,andx=0.

A(Ry) = ﬁ[(x+6)—(—%x]]dx
- Ji(%x+6)dx

Let R, be the region bounded by y = x + 6,
y= x> .andx=0.

ARy) = ﬁ[(x+6)—x3]dx = Lz(—x3+x+6)dx
A(R) = A(R))+ A(Ry)

= ﬂ (%x+6)dx+ Lz (-x3 + x + 6)dx
2

0
=|:§x2+6x:| +[—lx4+lx2+6x
4 4 4 2 o

=12+10=22

¥y

An equation of the line through (-1, 4) and (5, 1)
is y= —%xi—%. An equation of the line through

(-1, 4) and (2, -2) is y = -2x + 2. An equation of
the line through (2, -2)and (5, 1) isy=x-4.
Two integrals must be used. The left-hand part of
the triangle has area

21 1 7 2 (3 3
Ll[—5x+—£—(—2x+2)]dx = Ll(zx+5)dx.

The right-hand part of the triangle has area

5 1 7 5( 3 15
{1 o £ 3B

The triangle has area

I_z (2x+1)dx+ E[—1x+1—5—)dx
2 2 22

[323]2[3215]5
=|=x"+=x| +|-=x"+—x
a” T2 T2,

=2+£=£=13.5
4 4 2

2 1.3 152 ° _ _ _
3L fl Gt —241+36)dt-[z —121 +361] | =(729-972+324) - (-1 - 12 - 36) = 130

Instructor’'s Resource Manual

The displacement is 130 ft. Solve 312 -241+36=0.
3(1—-2)(r-6)=0
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w
9

33.

270

t=2.6

32 -24r+36 1<2126
Vl=1"

=3t +241-36 2<t<6

[ |312-241+36ldt= fl (32 - 24+ 36)dr + [} (<307 +24t-36)dt+E(312 241 +36)ds

2 6 9
=[13—1212+361] ]+[—13+1212 —36z]2 +[13—l212+361]6 =81 +32+81=194

The total distance traveled is 194 feet.

3n/2
3n/2 1 1 3
Ln [l+sin21 dt = ll—lCOSZI =(3_n+_)_(0__)=_n+l
2 2 2 o 4 2 2 4

| . 3
The displacement is %}H ~3.36 feet. Solve E+sm 2t=0 for 0<r< —22 .

. ] Tn lin Tn 1ln
sin2f=-—o U=—,—DI=—7,——
2 6 6 12 12
| l-i-sin2t 05157—n.mSts3—n
—+sin2i| = 2 12 2
2 . In 1ln
——-sin2t —<t{<—
2 12 12
3n/2 1x/12 3n/2 )
Ln l+sin21 dt:Lhtllz [l+sin2t)dt + B [—l—sinZIJdt + " [l+sm21)dt
2 2 nl12 2 /12| 2
/12 /12 3n/2
1] 11 1 1
={—t-—cos2t +| ——t+—cos2t +| —t——=cos2t
22 o 2 2 72712 Hx/12
= 7—n+—‘/§+l + —£+£ + 7—R-l-—‘/—§+l =5—n+ 3+1
24 4 2 6 2 24 4 2 12
The total distance traveled is ?—;+ \/5 +1=4.04 feet.
s(t) = jv(:)m: j(zr-4)d¢=t2-4x+c b. Find ¢ so that fx‘zdx=i.
12
Since s(0)=0, C=0and s(t)=1>-41. s=12 L |
when { = 6, so it takes the object 6 seconds to get fx'zdx = [——] =1--
s=12. X c
4-21r 0<tr<2 1 5 12
|2r-4|= < j——=2,c=—
21-4 2<t c 12 7

2 2 . _12 .
L |2 - 4| dr = [_tz +41]0 = 4. so the object The line x = 7 bisects the area.

av i i . . . . . .
travels a distance of 4 cm in the first two seconds c. Slicing the region horizontally, the area is

X ) X 2
- =2 - . |
L|2t 4|dr —[1 4t]2 =x"-4x+4 &/36%dy+(—;—6)(5). Since %(% the
x2 —4x+4 =8 when x = 2+ 242, so the object 7

takes 2+ 242 = 4.83 seconds to travel a total
distance of 12 centimeters. and y = 1, so we find d such that

line that bisects the area is between y = 3—16

1 5 1 1
. a. A= x-zdxz[—l}(’:_%*_l:% Eﬁdy=ﬁ;ﬁ-\7_)—)dy=[2\/}_]d

=2-2J4; 2—2\/_=%;
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d=351 o621,
576

The line y = 0.627 approximately bisects the
area.

35. Equation of line through (-2, 4) and (3, 9):

36.

y=x+6
Equation of line through (2, 4) and (-3, 9):
y=-x+6

A(A) = [’3[9 —(~x+6))dx + ﬁ[9 —(x+6)ldx
- f3(3 +x)dx+ ﬁo- X)dx

0 3
= 3.\'+lx2 +[3x—lx2} =2+2=9
2 1 2 Jo 22

A(B) = L; [(~x+6) - x*)dx
+ fz[(—x+6) —(x+6))dx
= [; (—x? — x+6)dx+ f2 (=2x)dx

-2 0
=l:—lx3—lx2 +6x] +[—x2] =Z
3 2 3 -2 6

7
AC)= A(B) == (by symmetry)

A(D) = fz[(.r+6)—x2 Jdx+ If[(—x+6)—.r2]d.t
0 2

=|:—-lx3 +lx2 +6.r] +|:—lx3 —-lx2 +6x]
3772 L L3 72 X
T3

44
AA)+ AB) + A(O)+ AD) =
3
3
A(A+B+C+D)= [[(O-x")dx =[9.r-%x3]
-3
=36
Let f{x) be the width of region | at every x.

Ay = f(D)Ax, sody = [ f(x)dx
Let g(x) be the width of region 2 at every x.
A4y = g(x)Ax, so Ay = Eg(x)dx.

6.2 Concepts Review

1.

2

nrh

n(R2 -7 Yh

Instructor's Resource Manual

37.

38.

Since flx) = g(x) at every x in {a, b],
4= [ rde= [ gtode=ay.

The height of the triangular region is given by

for 0 < x<1. We need only show that the
height of the second region is the same in order
to apply Cavalieri'’s Principle. The height of the
second region is

hy = (2% = 2x+1) - (x% -3x +1)
- 2x+1-x? +3x-1
=x for 0sx<l1.
Since ) = hy over the same closed interval, we

can conclude that their areas are equal.

Sketch the graph.

INn_N
"/

-1rF

Solve smxc—l for0<x<l_7_
2 6

_m 5t 13n 17n
676 6 6
The area of the trapped region is

/6 51/6
K (l—sinx)dyﬁ L-[ (sinx—ljdr
2 /6 2
13n/6( 1 . 1216 . 1
+Ln,6 (5—smx)dx +f3n/6 (51nx—5)dr

/6 1 Sn/6
|:—Y+COSY} +l:—COSX——I]
2 /6

137/6 1 17n/6
X+COSI] +|:—COSX-—X]

5n/6 1376

ik
(% ERA A

ot Ax

m(x® +2)% — 4)Ax
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Problem Set 6.2 0<y<4

) 2 37*
1. Slice vertically. y.___nﬁ( _%) dy=n _g(z_g)
0

AV = 1r(x2 +1)2Ax = 1t(.7c4 +2x2 4+ 1)Ax
2
V=nj0(x“+2x2+1)dx =2 2 16.76
[15 2, T (32 16 )206n
=f|=x"+—X"+x| =1 +—+2|=— 5,
573 b 5 3 15
~ 43.14

2. Slice vertically.
AV = n(~x2 +4x)? Ax = n(x* - 8x> +16x%)Ax

V=nj03(x“ _8x3 +16x%)dx

3 S| e | B 1
n[l 5 _2x +16 3] " TAx
5 3 o

—n(—24—3—162+144)
5
_153n

5

~96.13

3. a. Slice vertically.
AV = n(4-x2)?Ax =n(16-8x% +x*)Ax 6.

V=7tL2(16—8x2+x4)dx

b. Slice horizontally.

x=4J4-y
Note that whenx =0,y =4.
2 3\2 6
AV =n(Ja=y) ay=n(4-y)ay AV = n(x3)? Ax = m®Ax
4 3 6 1 4 2187
1 V=m dx=mn|— =~ 981.52
V=nﬂ(4—y)dy=N[4y—-2-y2] b= [7" ]z 7
0
=n(16-8)=8n=25.13 7 y
2—
4. a. Slice vertically.
AV = n(4-2x)* Ax
0<x<2 L
2 Ax
2
V=nL(4—2x)2dx=n[—l(4—2x)3:| = J1_r
6 0
!
=&=33.51
3
. . 1 1
b. Slice vertically. (—) = (—Zij
y * x
x=2-= 4
2 V=nEde=n[—i] =n(__l_+l)=£
»Y x* x 4 2) 4
AV =n|2-=| A -
[ 2) Y = 0.79
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10.

10 y 11. 5 y 2
— - ¥
L N
: ——Axd— » JA)'
B || N AEEEREEN |f
-1 N 9 x
™ o2
- |
. Lt ys
3 AV =n(y?) oy =my Ay

_ 65 5105 12.
4
Yy
8—
 Ax
B 9-x’
|| m— )| L1
- - 57 2\ 1
2 AVzn(—] Ay = 4n| — Ay
Yy y©

2
~ —_— 2 = - 2 6
AV~n(\/9 x ) Ax = m(9-x*)Ax V=4nfidy=4n[_1]
y

2
O P N 13
v=r[ 0O x)dx—n[9x 3 ];_2 =335=4_19
8)|_100m
—n[(27—9)—(—18+5):|— T~ 10472 B
10 /7 - 2'/? |
A - By 4 Ay

T T T T T 17T T%

j1 11

30x AV = 1:(2\/;)2 Ay =4nyldy

AV zn(x2/3)2Ax= et 3 Ax
27
7
V=1t£2 x4/3dx=1r|:ix7/3j| =n(@—z]
7 1 7 7

6558n
7

=2943.22

Instructor's Resource Manual

1
v =4n[: ydy=4n[5y2T =321=100.53
0
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. y
14. ¢ bzn[z x3:|a
a
—-a

L 18. To find the intersection points, solve 6x = 6x.

10
6(x* -x)=0
AVzn(y2/3)2Ay=7ry4/3Ay 6x(x0_1])=0
X:
27 ’
27
Van y‘”3 d)‘=ﬂ[%y7/3:| =-65$ AVzrtl:(Gx)2 —(6x2)2]Ax=36n(x2—x4)Ax
0
1
= 1
2944.57 14 =36nL (x* —x4)dt=367t[lx3 —lx5
13 5 1
13 ! > 1 1) 24
L ¥
: — =36n(———)=—nz15.08
L / 35 5
- —i .
= fA-" 19. Sketch the region.
L y
L 10
| ! | | ] 1
30%
-2 8%
AV =n(y*?) ay = Ay
9
1 4 6561n
ve=nf ydy=r| oy | == =5153.00
i [4y ]0 4 -10
16 y To find the intersection points. solve §= 2Wx.
2 4—y2 5
X —ax
- iA 4
Y
. . [ x*-16x=0
] 3% x(x—16)=0
» x=0,16
2 (x 2 x?
AV = (2Vx) —(— Ax=n|dx— |Ax
-2 2 4

2 2 316
AV:“(\/“‘J’Z) Ay =n(4-y*)ay V=1t£6 [4x—x7]dx=n|:2x2 —T—Z:I
0
2
2 1
v=nl (4—y2)dy=n[4y—§y3:| =n(512_1024)=512nz536_17
2 3

=n (8—§)—(—8+§) =32—n=33.51
3 3 3

17. The equation of the upper half of the ellipse is

2
y=b 1—% or y=2\/a2—x2.
a a

B 2 s
V-nfaa—z(a —x")dx
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20. Sketch the region. To find the intersection point, solve

r
iwr2+3=ix2+5.

T 16” 16
12 50
8

x2-16=0

(x+4)x-4)=0
x=—44

2 2
0 r=h r V=n_E (ix2+5—2 —(ix2+3—2) dx
r 16 16

V=njr, (rz—xz)dxzn[rzx—lx{l
-h 3 r—h _ng (_1_x4_§x2+9]
256 8

1 .2
=—mh*(3r-/
3 Gr=h)

21. Sketch the region.

v
18+
B =n[32-2 ~1287 g0.42
B 5 5
= 23. 24Y -
- Va-x°
| 1 (= Ja-2)
) 2 x |
To find the intersection points, solve P ﬂ 1
4 2 -2 x x
2y
lf 4 ~ oo (x.—m)
y -4y=0 -
— 4 = 0
;j(: 0, 2 The square at x has sides of length 24 - x? ,as
b shown.

2 2 2
AV =n (@] —(%) va(%—’;—()}/&y V= f2 (2 4—x2]2dx= f24(4—x2)dx

2
_ 4 3
2 23 x 8 8 128
I D P P —alax-X =4(8__)_(_3+_)]=
V—H-C(As 16de "8 48} [ 3]_2 [ 3 3 3

= 42.67

24. The area of each cross section perpendicular to

the x-axis is %(4)(2\/4—;2 ) =442,

22, y=ix2 +3.y= sz +5
16 16 « . . .
The area of a semicircle with radius 2 is

Sketch the region. 2
: I—z Va-x2 de=2n.

10
2
V= L24\/4—x2dx= 4(2m) =8n = 25.13

¥
-
-

25. The square at x has sides of length vcosx .

I3 :
V= f;/zcosxdx =[sinx]*2, =2

T T T S T B B
5 x
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26. The area of each cross section perpendicular to

27.

28.

30.

276

the x-axis is [(l—,l:z)—(l—x“)]2 =x®-2x8 +x*

V= j_ll(xs—2x6+x4)dx

|
=[lx9—zx7+lx5:| =16 . 0051
9" 77 57 ], 315

The square at x has sides of length Vi-x%.

1
3
_ 1 _ 2 _ _X Z -
V_J’O(l x)dx—[x —3]0 3 ~ 0.67

From Problem 27 we see that horizontal cross
sections of one octant of the common region are
squares. The length of a side at height y is

\/rz - y2 where r is the common radius of the

cylinders. The volume of the “+” can be found
by adding the volumes of each cylinder and
subtracting off the volume of the common region
(which is counted twice). The volume of one
octant of the common region is

1
L -yhay=rly-2y"l
3_13_23

=y —-——r =
3 3

Thus, the volume of the “+” is
¥ = vol. of cylinders - vol. of common region

=2(7rr21)—8(§r3)
= 2n(22)(12)—8(§(2)3) - 96,,-%%

= 258.93 in?

. Using the result from Problem 28, the volume of

one octant of the common region in the “+" is
1
Lot =y =ry-2y"0

Sl 2
3 3

Thus, the volume inside the “+" for two cylinders
of radius r and length L is
¥ = vol. of cylinders - vol. of common region

=2(zrL) —S(EH)
3
=2xr’L- 16 r
3
From Problem 28, the volume of one octant of

Lo 2
the common region is 3r3 . We can find the

volume of the “T” similarly. Since the “T" has
one-half the common region of the “+” in

Section 6.2

31.

32.

33

Problem 28, the volume of the “T" is given by
V = vol. of cylinders - vol. of common region

=(rr? )L +14)-4(§r3)

With »=2,L =12, and L, =8 (inches), the

volume of the “T” is
¥ = vol. of cylinders - vol. of common region

=(rr? )L +1,2)—4(§r3)

=(7z22)(12+8)—4(§23)

—go7r- in?
3

=229.99 in’

From Problem 30, the gencral form for the
volume of a“T" formed by two cylinders with
the same radius is

¥ = vol. of cylinders - vol. of common region

=(/rr2)(L, + IQ)—4(§7‘3)
2 8 3
=nr (Ll +L2)—§r
The area of each cross section perpendicular to
2
o] 2
the x-axis is En[—z-(\/; -x )]
= %()r4 -2x°'? +X).

v =§£(x4 ~25512 4 x)dx

1
=1‘.[lx5_ix7/2 +lx2] 2% 0050
0

815 7 2 560
Sketch the region.

y
10~ /

| IS W T |
10X

a. Revolving about the line x = 4, the radius of
the disk aty is 4 - ‘3’})2 = 4—y2’3 .
v=rf @~y dy

= [ (16-8y2+ y*)ay
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b.

Revolving about the line y = 8, the inner
radius of the disk at x is 8- vx® = 8- x'2

V=1tE[:82—(8—x3/2)2]dx

= nE(l6x3/2 —13)dx

4
=71 2x5/2_lx4 = (%_64]
5 PR 5

04T 44234

5

34. Sketch the region.

10

T T 7T 1T 7 T 1]

-

y

f N Y T T Y I Iy |

10x
Revolving about the line x = 4, the inner

radius of the disk at y is 4 - \3/y2 =4- yZ/3 .

V= n§[42 —(4—y2/3)2]dy
_ “E @y*'3 =y 3)ay

8
24 3
n[_ym __y7/3J
0

5 7
= 768 384} _3456m 41021
5 7 35

Revolving about the line y = 8, the radius of
the disk at x is 8—\/x_3 =8-x32
V= n_[: B-3'%)2dx

=n§(64-16x3/2+x3)dx
4

=n| 64x— 32 Pl lx4]
B 2" ],

[256—% 64] 576 3619 ¢
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35.

36.

37.

38.

The area of a quarter circle with radius 2 is
2

L \[4—y2 dy=m.
2

L [2 4—y2 +4—y2]dy

2 2
=2J’O Ja-)? dy+L (4-y%)dy
2
1 3 [ 8
=2n+|4y—-— =2n+|8-—
" [y 37 ]0 i ( 3)

=21r+]—3§z11.62

Let the x-axis lie along the diameter at the base
perpendicular to the water level and slice
perpendicular to the x-axis. Letx = 0 be at the

center. The slice has base length 2+ r? - x* and
height E
r

2h 2_ 2
V=" xV¥r<—x“dx
!

3127
:ﬁ —-l(rz—xz) =2(l,—3)=£r2h
r 3 ri\3 3

0

Let the x-axis lie on the base perpendicular to the
diameter through the center of the base. The slice

at x is a rectangle with base of length 2r? - x?
and height xtan@ .

V= £2an0Vr2 -x2dx

=[—3mna(r )3’2]
3 0

=3r3 tand
3

k

Slice horizontally.

{4

If the depth of the tank is 4, then

y= n_[;‘\/_dy [2 3’2]

3J'h

The volume as a function of the depth of the
2
tank is V(y) ="—n-y3/2.

Wk
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b. Itis given that (Z—It/ = —-m\[;.

From part a, ﬂ = —Tc—y”2 Q
a Jr dt

T dy
Thus, —=/y—=—=-m and —
Jk W dt ) ar

which is constant.

39, Let A lie on the xy-plane. Suppose A4 = f(x)Ax
where f{x) is the length at x, so 4 = [f(x)dx.

Slice the general cone at height z parallel to A.
The slice of the resulting region is 4, and A4,

is a region related to f{x) and A x by similar
triangles:

il

(l ——J S(x)Ax

2 2
Therefore, 4. = (1-—) If(x)dx ( ZJ A.

2 2
AVzAzAz=A(1—£) Az VzAj:(l——'—) dz

h 2
h
3
iy —5(1-3) =L
3\ h) 3

b. A face of a regular tetrahedron is an
equilateral triangle. If the side of an
equilateral triangle has length r, then the area

lff

S A=—r-—r=—
2 i

6.3 Concepts Review

1. 2mx f(x)Ax

2 9 2 2
2. 2nL x dx;TtL (4-y)dy
3. 21t£)2(1+x)xdx

4. 2m Lz(l +y)2-y)dy

278 Section 6.3

40.

41.

The center of an equilateral triangle is

3‘ig-r = —Lr from a vertex. Then the
3 2 B

height of a regular tetrahedron is

Moy

=1Ah—
3 12

If two solids have the same cross sectional area at
every x in [a, b], then they have the same volume.

First we examine the cross-sectional areas of
each shape.
Hemisphere: cross-sectional shape is a circle.

The radius of the circle at height y is \lrz - y2 .
Therefore, the cross-sectional area for the
hemisphere is

4y =a(r? =y =7 - %)

Cylinder w/o cone: cross-sectional shape is a
washer. The outer radius is a constant , r. The
inner radius at height y is equal to y. Therefore,
the cross-sectional area is

Ay = 7r? —nyz =ll'(r2 —y2) .

Since both cross-sectional areas are the same, we
can apply Cavaleri’s Principle. The volume of
the hemisphere of radius r is

V = vol. of cylinder - vol. of cone

=nrth —%m-zh

= z7rr2h
3
With the height of the cylinder and cone equal to
r, the volume of the hemisphere is

2
V= -2—7rr2 (r)= Zar
3 3

Problem Set 6.3

1.

a,b.

c. AV = 271{

lJAr = 2nAx
X
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de. V=2 de=2nfx]f = 6n =188

2, a,b.

~

c. AV = an(xz)Ar = 2m3Ax

1
de. V= 21r£ x3dx=2n[%x4] =§= 1.57

0

3. ab.

&
T

¢ AV = 2mx Ax =2’ 2Ax

3 2 3
de. V= 2nL 2= 2n|:gx5’2:|
0

4. a,b.

¢. AV =2mx(9-x?)Ax = 2n(9x - x°)Ax

3 9 5 1 47
d.e. V=2nL (9x—x3)dx=2n|:5x2 —Zx“]

9

- 2:{9-&) 8 12703
1) 2

Instructor's Resource Manual

0

C.

C.

d,e.

7. a,b.

y
3

= —>I|<—

p Jx

! i ! 1

0 5 x 6 *

B
-3

AV = 2n(5- x)Jx Ax
=2n(5x"% - ¥ )Ax

5
. V=2nL(5x"2—x3/2)dx

s
_ 2n[ﬂx3/2 _2.502
3 55 b

= 27{50;[5-—10\/5} = 403\/3 n%93.66

lll/lj]l

AV = 2n(3 - x)(9- x?)Ax
=2r(27 -9x-3x% + x*)Ax

V= znﬁ (27-9x 322 + x*)dx

=2n 27):—2.x2 -x +lx4:|j
2 B T

=2n(81-ﬂ—27+ﬂ)=
2 4

Section 6.3
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e AV = 210:[(:11-_:3 +1)—(l—x)]Ax

= 21{%.:4 +x2)Ax

c. AV =2mx(3x -x*)Ax = 21:(3Jc2 —x°)Ax

3
de. V= 27:E (3x% - x*)dx = 21![::3 -lx“]
4 o
=2n(27—§—1)=ﬂ-z42.41
4) 2

9, ab. 21 _y

k<|\)

o
Y

c. AV = 21'ry(y2 YAy = 21ty3Ay

1
d,e. V=2n_€y3dy=21t[:ly4] =T157
47 15 2

280 Section 6.3

10. a,b.

5 x
c. AV =2my(Jy+1)ay=2a0>"" +y)8y

de. V= 2n§ (312 + y)dy

[y
=
0
-
&
‘<

(8]
|
~
—r
g
<

. AV =2n(2- y)yiay =2m(2y* ~ Ay

2 2 3 23 1 4 2
de. V=2 (2y*-y )dy=2n[_y __y]
0

3 4
= 21:(1—6-—4) = §I[— ~8.38
3 3

c. AV~ 2n(3—y)(\/5+1)Ay
_ 2n(3+3\/§y”2 _y_ﬁyslz)Ay
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de. ¥V =21r‘|;)2 (3+3x/§y”2 —)'-\/Eyslz)dy d V= 2nf (4_1)(

- \/_ 2
1 2V2
3y+2v2y%"? —;}’2 -—5—)’5/2}

L - 0

I
o
A

6+8—2—?]=%7£z55.29 16.

1
[2%]
£

10

13. a. :rE :f(x)z—g(x)z]dr

T T T T T VT T T%

b 2n [ x[f(0-g()]ds

c. 2an (x=a)[f(x)-g(x))dx
a, A= LZ (X3 +1)dx
a. 2x[ (b-0)[f(x)-gx)dx
b. V=2l *(2 + e =21 [ (x4 + x)dy
1o x[ [S0)2-200" |y
c. V= 1:_[)2 [(x3 +2)? -(—1)2]

b. 27rf y[fF»)-g»)]dy =nL2(x6 +4x° +3)dx

. 2nf G- [0 -g»)]dy 4 Ve 21:];)2 (4 - x)(2 +1)dx

) y 2
15 1-‘ =271:L (—x4+4x3—x+4)dx

3

17. To find the intersection point, solve J— = ‘:—2 .

yo2
1024

' % ¥©-1024y =0

- y(y° -1024) =0
a. A=£ —3—dx y=0,4

3
V= 2nﬁ y(f——%]dy
4
= 2nE (yyz —%}dy
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18.

19.

20.

21.

282

3
}7
V=2 4—y)| Jy-=|d
nﬂ( y)( 32Jy
—2n 4 '1/2_ ;3/2_£+v_ d)
- £ ) ) g 32 |Y

4
. §y3/2_§y5/2__)i+L
3 5 32 160 o
=2n(ﬁ—6—4—8+3—2J=208“
3 5 5

= 43.56

Let R be the region bounded by y = Vb2 —x? ,

v= —\/b2 —-x? , and x = a. When R is revolved
about the y-axis. it produces the desired solid.

V= Zan _r(\/;2 -x? +\/b2 - x2 )dx

S e )]
"

=4nB(b2 _az)slz] =%(b2 ~a2p?

}’=i‘\Jaz-x2,—an5a

V=2nfa(b—x)(2 a? —xz)dt
=4nbfa\/a2—x2dx—4nfax a?-x%dx

a
= 4nb(lna2)—4n[_l(a2 —x2 )3/2]
2 3 .

=2n2a%
(Note that the area of a semicircle with radius a is

Va® —-x*dx=-mna
fa 2 2 2

To find the intersection point, solve

sin()c2 )= cos(x2 ).

tan(x?) =1

[)
[E]

x< =

NI§I &I

X=

V= ng/;jz x[cos(xz)—sin(x2 )]dx
=2n E/;/z [xcos(xz)— xsin(xz)]dx

Section 6.3

| I R Jri2
=2n —sin(x2 )+—cos(x”)
2 2 0

= 2{[#;%)-%] ==(V2-1)=130

25
22, V= ZT[LT X(2+sin x)dx
2
= ZRL-R (2x + xsin x)dx
2R 27 .
= 2nL 2xdx+2nL xsinxdx

2n
= 27:[.\'2 ]0 +2nfsin x-xcosx]gn
= 2n(4n’ )+ 2n(=2n) = 4n2 (2n~1) = 208.57

23. a. The curves intersect whenx=0andx=1.

V =ﬂ’£ [x2 —(.\'2)2](1'x=7r£ (x2 —x4)dr

1
2
= lx3—lx5 =7z(l—l)=i=0.42
37 s L, 3Ts) s

b. ¥ =2n£ (- x2)dx = 2nj'0' (% - ¥)dx

1
= 2n|:l.t3 —l.r4] = 27{1——1—J=E
3 4 o 3 4) 6

= (.52

¢.  Slice perpendicular to the line y = x. At
(a. a), the perpendicular line has equation
y=—(x—a)+a=-x+2a. Substitute

y=-x+2ainto y= x% and solve forx>0.
x2 +x—-2a=0

-1+ VJ1+8a
2
_-1+Vl+8a
=—
Substitute into y =—x + 2a, so

_l+4a-\1+8a
2

. Find an expression for

, the square of the distance from (a, @) to

I
[ ~1+y1+8a 1+4a—\/l+80]

2

2
;2 _[a_—l+\/1+8a]

2

2
[ l+4a—\/l+8a]
+ a_——

2
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2

2
+[_2a+l—\/1+8a]

2
_[20+1—\/1+80J

2

2
_2[2a+1—\/l+8aJ

2
=2a% +6a+1-2a\1+8a -1+8a
AVznrzAa

|
V=nL(2a2+6a+l

-2a\J1+8a-1+8a) da

=x —z—a3 +3a2+a—i(1+8a)3/2
3 12

—rr[)l 2av/1+8a da

“el(3ee-5)-(5)

—IIE 2a\/1+8a da
=5—”—n£ 2av1+8ada

2
To integrate E 2a\J1+8ada, use the

substitution u = 1 + 8a.

1

0

6.4 Concepts Review

1. Circle
x? +y2 =16cos? 1 +16sin?1 =16

2. x2+1;x

10,712 112
3. Lror +g@pf «
4. Mean Value Theorem (for derivatives)

Problem Set 6.4
1. f(x)=x*a=-1b=3

a, n=2x=-1L131y=119

iAw,- =Ja+n2+a-1?
i=l
+JG-12 +(©9-1)?

=4 +J68 =2+2V17 =~10.2462

Instructor's Resource Manual

EZa\/HSada: f%(u—])xf;%du
_1 32 _ 112
=3 J:)(u u " “)du

l & 2
“5/2 1‘3/2

3205 3
1 (ﬁ_lg)_(i_z) _149
32|\5 5 3)] 60
p=2n M0m_m o0s2
2 60 60

24, AV = 4nelax

-
V= 4n£x2 dx =4n[%x3] =§nr3
0

25. AV =—ZSAX

b. n=4x=-1,0123y=10,14,9

iAw,- =JO+1? +(0-1)?
i=l

+J(1-0)2 +(1-0)
+(2-1D2 +(4-1)
+\/(3—:2)2 +(9-4)?

= 2+J§+ 10+\/’23

=11.0897

Section 6.4
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2. f(x)=Vx:a=0:b=4
a. n=2;x=0,2,4;y=0,\/5.2

iAw:J(Z—O)z +(V2-0)?
i=]

+(4-2)? +(2-2)?
~4.5335
b. n=4x=01234y=01+v232

im: ,/(1 -0)% +(1-0)?
i=]

-2 +(W2-1)?
G- +(B-2)

+@=3)2 +(2-43)
~4.5812

3. f(x)=sinx;a=0;b=271
a. n=2x=0,72r,9=0,0,0

im: Vi —0)2 +(0-0)
i=]

+@r-m) +(0-0)
= 27262832

b. n=4x=0,x/2.7,37/2,2n:
y=010-1.0

iAw=\/(zt/2—0)2 +(1-0)?
i=l

w(T-712) +(0-1)?

wErI2-1) +(-1-0)

H@r-37/2)2 +(0+1)2
~ 74484

37 5r 3n 7

C. n =8;x=0,£,£,— r—,—,—2m
4 2 4 4 2 4
yzo,ﬁ’],_‘/zyo,i,_l“_‘”,o
2 2 2 2

284 Section 6.4

S aw=\z/4-07 +(2/2-0)

i=|

T 2-7 14 +(1-2/2)?
+GTI4-712)2 +(2/2-1)2
+(r=3714)2 +(0-2/2)?

57 14=7) +(~v2/2-0)?

+GTI2-51/8)% +(—1442/2)?

(T 14=3712)2 + (42 /2+1)2

Q@7 -T714)2 +0+2/2)?
= 7.5802

4. f(Jc)=sin2 x;a=0b=2x

a, n=2x=0727y=0,00

iAw =z -0)? +(0-0)?

i=1

+\/(27r-z)2 +(0-0)2
=27 = 6.2832

b. n=4;x=0,7/2,7x37/22x:
y=0.1,0,1,0

Y tw=\f(z12-0) +(1-0)°

i=]

Wz -7/2)? +(0-1)?

+GrI2-7)2 +(1-0)2

@7 -3712)% +(0-1)

~7.4484
c n=8,x=0£~,£,3—”’7r,5—,3—,7—,27f:
424747
L1 1 1
=0~ L=,0~.1+.0
YERI S

3 aw=z/4-07 +(1/2-0)?

i=1

+(r/2-718)2 +(1-1/2)?

O/ 4=-712)2 +(1/2-1)
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+(r =37/ 4)2 +(0-1/2)

wGrld=-m)2 +(1/2-0)

+Gr/2-5714)% +(1-1/2)?

w(T2/4-3712)2 +(172-1)?

+Q@r-T7/4? +(0-1/2)2
=~ 7.4484

5. f(x)=2x+3.f(x)=2 10.

L= f V1+(2)° (Lv:\/Efdr:z\/E

Atx=1y=2(1)+3=5,
Atx=3y=2(3)+3=9,

G- +(9-57 =V20=25

3
6. x—y+;

g(y)=y+§~g'<y>=1

L=+ =2 ay=212
Aty=1 x=l4==

Aty=3 x=3+

Nw V| w
o N

1.

-

d=J(§-§)2+(3—|)2 =V8=2J2

7. f(x)=42"2 f(x)=6x""2
5
L=£ J]+(6x”2)2dx=f J1+36xdx 2 [y® 1 2y 1 2
13 /3 =£ —+—-dy=£ Rt dy
y

5
=,:—l--z(l+36.t)3/2
36 3

3 4 -2
3 2[2_[L+L]dy=_[L_ ! l
(181V181-13413) = 44.23 P4 16 2)% |,

_ L
54 1Y (81 1)]_59
=_(1__H___ SELCNPRE
. 8) \16 18)] 144

8. f(x)= %(xz +1%2, () = 2x(x +1)17?

S
2 2 _JY 1
L={ Jl+[2.t(.r2+l)l/2] dx 12. TR
2 2 5 4
= [ Vadtsaxd erax= [ 2 4D 0y =2 py=2__3
g 3075380 3
2 > (16 2 17 2 °
= §X3+I} =(?+2J—(§+1)=?=567 3 4 2
! L=] 1+[%——34] dy
y
9. f(x)=(4-x2"3P2 T
» 3 2 2 - = y— —_———
f(x)=;(4—xm)”~(_5x “3) Fy5 2T
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2 3yt 3 ﬂ=4cos;,ﬂ=—4sint
v = L —6—+_ d}' dt dt
L= L" J(dcost) +(~4sinn)? dt

3
Y o (81 11} 1154 A T
= ___-.—; | = E—-ST‘ - E_E ——l'? =L 16cos” 1+16sin” 1 dt

30 2y
~ 8.55 = [ 4di=4n=1257
13. y
T 16. A+
: I Nl
" s \_ 1f
[ I I T I B | [~
o 4k
E:ﬁ Q:, £=2 5cos2l,ijl=—2\/5-sin21
dt dt dt di
1 1 /4 2 X 2
L= L N (0% dI=L At d L:_[;' J(Z\/gcosm) +(—2J§sm2:) dr
1 /4 nl4
- ﬂ, ,2+1d,=[l(,2+,)3/2} = E’ \/20c05221+205in221d1=g 25 dt
3 o A
S5n
_ N = ~3.51
-5(2\.5—1)»-0.61 >
4. _p 17.
150~
-I I T S N T N |
10
£=6t fd'l=612 é=3a<:ostsin21,ﬂ=-3(zsintcoszz
dr dt

d

rd
The first quadrant length is L
sz l(6t)2+(612)2 dl=f /3612+3614 di e first quadrant length is

/2 ) 5
s = E \/(Ziacostsm2 1)2 +(—3asmtcos2 1)2 dt
= [ o ar=[20+"] "
! = E V9a? cos® tsin®  +9a” sin® tcos® t dt
=2(17317 - 2¥2) = 134.53

12 7.2, . 2
= _[: \/9a2 cos” tsin” t(sm2 t+cos”r)dt

IS'JIIII'VIIIII /2 1 77:/2
- § 4t .
3 ) =K 3acostsmtd1=3a[——cos"t]
5
s 0
_3a
2

(The integral can also be evaluated as

=10
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nl2 dx dy .
3a [%sin2 1]0 with the same result.) T a(l-cos@). 20 asiné so
2 2

i . d dy )

The total length is 6a (d_;] +[d_;) _ [a(l —cosB)]z +[a sxn9]2

2 .2
=a® -2a% cos6 + a? cos? 0 + a® sin? o

=24’ -2a% cos0 = 2a2(l - co0s8)

18. a. ﬁ=lcnglh (ﬁ)zaﬁ

b. From Figure 18 of the text,

sin0=P=Q=£Q and cos
PC a PC a

— — 2l-cosfd 2. 20
(9=Q=C=Q—C. =4aq 5 =4a”sin (2)

The length of one arch of the cycloid is

Therefore 7’5 =asinf and @: acosf.
2 27
[ }m%ﬁ#(%) do = L’zasin[g)d()
c. x=0T—P_Q-=a()—asint9=a(9—sinO)
_— 2n
y=CT-CQ=a~-acos6 = a(l-cosb) =2a[—2cosg] =2a(2+2)=8a
<Jo

19. From Problem 18,
x=a(f-sin@), y =a(l-cosf)

20. a. Using @ = wt , the point Pis at x = aw! - asin(w!), y =a-acos(wt) attime /.
dx
7 = aw - aw cos(wt) = aw(l - cos(wt))
!

Q = awsin(w!)
dt

a_ o] [&]
ar dt di
\[azw2 sin? (wt)+ a’w? - 2a%w? cos(wt)+ a’w? cos? (wt) = \/2a2w2 -2a%w? cos(wt)

2aw, % (1—-cos(wr))

=2aw, ’sin2 o 2aw|sin 2[l
2 2
b. The speed is a maximum when sin%‘ =1, which occurs when 1= £(.'Zk +1). The speed is a minimum when
[7)
2kn

. Wt .
sm;l =0, which occurs when = —.
w

c. From Problem !8a, the distance traveled by the wheel is a#, so at time ¢, the wheel has gone a8= aw ¢ miles.
Since the car is going 60 miles per hour, the wheel has gone 60r miles at time ¢. Thus, aw = 60 and the
maximum speed of the bug on the wheel is 2aw = 2(60) = 120 miles per hour.

21 . %z\/x:‘_—l‘ b. f'(t)=1-cost, g'(t) =sint
L= EnJ2—2c051d1= "2 sin(i)‘dx
2 2
L=J;\/l+x3-ldx=£x3/2dx E 2
5 . t). .
5 . sin| — | 1s positive for0 <t <27, and
=[§x>/2] =§(4\/§—1)=1.86 (2 pe
1

by symmetry. we can double the integral
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fromOto2x.

b3
93, =
L=4 ‘(—Tsin(i)dt = [—8COSL]
2 21y
16

Il
22. a. & \/64sm xcost x-1
d\

13 A
L= l-t—6~‘1%sm2 cos* x-1dx
/6
ni3 . 9
= E 8sinxcos” xdx
ASA )

8 =/3 1
=[—:cos3x] =——+J3=1.40
- 3

s /6

dx . .
b. d_ =—gsinr+asin{+alcost = al cost
i

dy . .
d;= acost—acost+arsint =arsint
1

! 22 22 .2
L= I_l\]a't' cos? 1 +a*t* sin’ tdt
1
= I—x |at|dt = _[;aldl- 1atdt

=aq
23, f(x)=6x,f'(x)=6
A =2n£6x\/l+36dr=12\/3_7n£.rdx

_12J_n[ L =637n = 114.66

24, f(x)= V25-x° f(x)——

A= 21t£\/;x_-\/_‘

= 2nI_2 V25-x° +x2dx

3
= 2an 5dx = 10n{xF, =501 = 157.08

N
h
b

.\‘3 )
S(x)= 3 S()=x"
=2n J:[  Vi+xt dx
ﬁ n
[ ] = (25012 +2V2)
1 9

282 = 124.40

288 Section 6.4

26.

28.

29.

f(x)—

7
= 27:_{3 "—+¥-+-1— dx

3
_27‘: PR T,
[128 32 395t l

6561 27 1 )_(_I_+i__l_)
178 32 2592 128 32 32

B4 0692
81

ax = l,ﬁ =32

dt dt

A=2nf)t3\/l+914dr
]
| 4,372 n
=2n| —({+9 =—(10410-1
n[54( +9r) ]0 27( )

)
A=2n£21 47 +adr =8z [ N2 +1dr

1
=8n[l(12+1)3/2] 8 oyioy
3 o 3
=~ 15.32

y=f()c)=\/r2—x2

S =-xr? =22y

A= \/——\/: x(rl - "2] dx
=2z[r\ﬁ—r\/r+x-(r-—x )L dx
=27rfr\Kr2-x2)(l+x2(r2—xz)_l)dt
=27r[rmdx
=2n [ JPde=27 [ rds

,
=2nrx| = 47r"
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30. x= f(1)=rcost
y=g(t)=rsint
f'(t) =-rsins

g'(t) = rcost

7T . . 2 2
A= 271'L rsm/\/(-rsml)‘ +(rcost)ydt

/e . T, sl sl
= 275_[) rsmlx/r‘ Sin~ 1 +r° cos” tdt
s . 2
=27 L rsiniNrod
Ty . 2
= 27[L rosintdt = =2xr" cost |}
2 b4
==2ri(-1-)=4zxr°

31. a, The base circumference is equal to the arc
length of the sector, so 2nr = 81. Therefore,
2nr

6=
!

b. The area of the sector is equal to the lateral
surface area. Therefore, the lateral surface

area is l129 = —112 (ﬂ) =7rl.

2 2 !

c. Assume » >r.Let /; and /5 be the slant
heights for #; and ry, respectively. Then
A=nnl —wily =an(l +1)-nnl.

2y  2mn  2my

From parta, 0 = = =
P Lo h+l
Solve for /) :lyr, =l +1n
hir,=n)=1y
Il = lrl
r2-h

/
A:nrz( I +I]—7tr|[_ d ]
= n-n

= n(ln +in) = 2n[" :rz ]1

32. Put the center of a circle of radius a at (a, 0).
Revolving the portion of the circle fromx=bto
x = b + h about the x-axis results in the surface in
question. (See figure.)
v

b a b+h X
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The equation of the top half of the circle is

y= \/az —(x—a)z,

dy _ —(x-a)
dx

\/az - (x—a)2

p PRy
A:.’ZrtJ:H'\(az—(.t—a)2 l+7('tha)_)dx
a —(x-a)”

h
= 27{J:+ \/a2 -(Jc—a)2 +(.t-a)2 dx

h+hr
= QTCJ: ady = 27ra[.t]z+h =2rah

A right circular cylinder of radius a and height A
has surface area 2 x ah.

dx

d .
33, a. m =a(l —cosr).d;:/=asmt

27
A= 2nL1a(l—cosl)-

\/az(l—cost)zﬂz2 sin? 1 dt
2
= ZMLH (1-cosy) 2a® - 2a% cost di

27
= 22na? L-:(l—cosl)”?dt

a2t
b. l-cost= 2sm“[;], SO

r4

2 -
A=2V2na* I;n 2372 gin3 (%)dl

=8na? Ln sin (iJsin2 (Ljdt
2 2

=8na? ﬁnsin (L)[l —cos® (L):ldl
2 2

34. E = —asint,d—y = acost
dt dt

Since the circle is being revolved about the line
x = b, the surface area is

27 .

A= ZnL (b- acost)\/a2 sin? 1 +a? cos® tdt
27

=27taL1(b—ac051)a’t

= 2nalbr — asin 13"

=4nlab
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¢ f'(ty=cost—tsint, g'(r)=1icost+sin¢

L= En\/(cost-tsinl)z +(tcost +sint)’dt

= E“\/1+:2d:z179.718

d. f'(t)=-sint, g'(1)=2cos2

2
L= L‘n sin® 1 +4cos® 21 dr ~9.429

e. [f'(t)=-3sin3r,g'(1)=2cos2

‘,l
L= J;)“"\/9sinl3z+4cos2 % dr
x> |5.289

f.  f't)=—sint. g'(t)=ncosmt

0 . B B
L= E \,/sm2 t+n”cos” mtdt

= 86.58

37.

© o o o

1
8
.6
4
2

0 0.2 0.4 0.6 0.8 1

y=xy'=1,
L= Ll\[fdrz[\/_ix]; =2 ~ 1.41421

|
y=xty =2x. L=jO 1+4x%dx ~ 1.47894

]
y=x'y =4, L= [VI+16:°dr ~ 160023

y=x10,y'= 10x?,

L= ﬂ 1+100'8 dx = 1.75441

?o""i’i'i’i"o'l"’i’i’??’i’iﬂ

/OO XX
AN BSOS L= E 14+10,000x'* dx = 1.95167
@'&?f:&ﬁ‘!‘:‘!‘:!!!’%‘ When n = 10,000 the length will be close to 2.

36. a. f'(¢)=-3sint, g'(t) =3cost
L= Lz“\/9sinzr+9cos2 tdt

21 In
= L 3de =3()3" =6n ~ 18.850

b. f'(t)=-3sint, g'(t) = cost
2
L= L“ 9sin? t+cos? tdr = 13.365
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6.5 Concepts Review

o

i F-(b—a):_CF(x)dr

hex

30-10=300

. 652 Av(12- y) = 62.4(12 - y)n(25)Ay;

62.47(25) ﬁz (12— y)dy

Problem Set 6.5

. F(l)=6:k%=6.k=l2

2
F(x)=12x

172 27142
W= 12xdx=[6.r ]0 = 1.5 ft-Ib

_3
2

. From Problem 1, F(x) = 12x.

2
W= L’ I2xdx=[6x2]0 =24 fi-lb

F(0.01)=0.6; k=60
F(x)=60x

w= " 60xdx = 3020'02—00121 1
= xdx = X , = oules

F(x) = kx and let / be the natural length of the
spring.

W= E_'I’ kxdt=[%lcr2jl

1 NPT 2
_51.[(81—181+1) (64161 +1 )]

9-/
8-/
= %k(l?— 21) = 0.05

Thus, k= L

7-21

W:L’"" locdx=[lla~2]
._[ 2

|

_ 2 _ 2 _ _ 2
—2k[(100 200 +12)— (8118 +1 )]

10-1

9-1

1
=—k(19-20)=0.1
3 ( )
0.2

Thus, & = .
19-2{

0.1 0.2 [_g
17-21 19-21" 2°

Solving

Thus & = 0.05, and the natural length is 7.5 cm,
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10.

F(8)=2kl6=2k=

!
8
27
27
O R RS

= 117.16 inch-pounds

,

R 2

W:E ‘)sds=9[%sz] =18 ft-lb
0

One spring will move from 2 feet beyond its
natural length to 3 feet beyond its natural length.
The other will move from 2 feet beyond its
natural length to 1 foot beyond its natural length.

W= E 6sds+ L‘ 6sds =[3s2 ]: +[3s2 ]l’

=3(9-4)+3(1-4)=6flb

A slab of thickness Ay at height y has width
4- %y and length 10. The slab will be lified a
distance 10 - y.

AW = 6-10(4—%;)@(10 -y)

=86(y* -15y+50)Ay

W= ﬁ&s‘(y2 ~15y+50)dv

S

= 8(62.4)[l y —% ¥+ 50_v]
0

= 8(62. 4)(2—EZZ 250)

= 52,000 ft-b
A slab of thickness Ay at height y has width

4—%)} and length 10. The slab will be lifted a
distance 8§ —y.

AW = 5-10'(4-§y].&y(8—y)
=-‘;—0§(24—11y+y2)Ay

W= ﬁ405(24-1|y+v \dy

3

40 11 2 1 37
=—(624)| 24y-—)" +-y

3( )[ yoYA ]0
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11.

12.

13.

292

= ﬂ(62.4)(72 —9—9-+9)
3 2
=26,208 ft-1b
A slab of thickness Ay at height y has width

3 y+3 and length 10. The slab will be lifted a
4
distance 9 — y. AW:5‘10-(%y+3)Ay(9—y)
=1—75-5(36+5y—y2)Ay
15 2
W=| —5836+5y-y°)d
];2 ( y—-y“)dy

4
15 5 9 1 3
=—(62.4)| 36y+—y" —=
> ( )[ y+syi o3y ]0
= E(62.4)(144+40—ﬁ]
2 3
=76,128 ft-1b
A slab of thickness Ay at height y has width
2\/6 y— y2 and length 10. The slab will be lifted

a distance 8 - y.
AW = 5~10-2\/6y—y2Ay(8—y)
=205y6y -y (8- )y

W= ﬁzoa 6y— 2 (8- y)dy

=206 [} Jey-y2 G-»)dy

+206ﬁ 6y — 2 (5)dy
3

- 206[1(6y—y2)3’2]
3 o

3
+1005L \}6y—y2 dy
3
Notice that L \/6y—y2 dy istheareaofa

quarter of a circle with radius 3.
W =205(9)+1005 (% n9)
=(62.4)(180 +225 ) ~ 55,340 ft-Ib

The volume of a disk with thickness Ay is
16mAy . If it is at height y, it will be lifted a

distance 10 - y.
AW = S16mAp(10-y) =16n5(10- y)Ay

Section 6.5

14,

15.

16.

17.

18.

10
W= ﬂo 1675(10 - y)dy = 16n(50)[1oy—1y2]

27 1o
=167 (50)(100 - 50) = 125,664 ft-Ib
The volume of a disk with thickness Ax at height
xis m(4+x)? Ax . It will be lifted a distance of
10 -x.
AW = 6n(4+ x)? Ax(10 - x)

= 18160+ 64x +2x% — x> )Ax

W= ];0 25(160 + 64x + 232 — x*)dx

) 1 10
= n(50)| 160x +32x% + = x> ——x*
3747 ]

= n(SO)(16OO +3200 +3(;O—0— 2500)

= 466,003 ft-1b

The total force on the face of the piston is 4 - flx)
if the piston is x inches from the cylinder head.
The work done by moving the piston from

x; tox is W= j;z A-f(x)dx=A _[;‘12 F(x)dx .

This is the work done by the gas in moving the
piston. The work done by the piston to compress

the gas is the opposite of this or 4 E f(x)dx.

c=40(16)"*

A=1;p¥)= ov 4

fey=atf

16 _

2.9
1

X =

1
6 16
W = E cx-mdx=cl:—2.5x_0'4]2

=~ 2075.83 in.-Ib

16, Xy =

¢ = 40(16)"
A=2,p(v)= v
fO)=cn™

xl =7=8,X2 :%:l

W =2 fc(:>.x)"~4 dx=2c [-1 25(2x)7%4 ]?

=80(16)"4 (-1.25)(16 %4 —27%%)
~ 2075.83 in.-Ib

80 Ib/in.2 = 11,520 1b/fi?
c=11,520(1)"* =11,520
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AW = p(»)Av =11,5200""Ay

4
W= f 11,520v" 4dy = [-28.800v‘°"‘ ]1
=-28,800(47%* —17%%) ~ 12,259 fi-1b

19. The total work is equal to the work ¥, to haul
the load by itself and the work #¥5 to haul the
rope by itself.

W, =200-500 = 100,000 fi-Ib
Let y = 0 be the bottom of the shaft. When the
rope is aty, AW, =~ 2Ay(500-y).

500
W, = ﬁoo2(500—y)dy - 2[500)7-%}12]

=2(250.000 ~ 125.000) = 250,000 fi-ib
W =W, + W, =100,000+ 250,000
=350.000 ft-1b

0

20. The total work is equal to the work W} to lift the
monkey plus the work W, to lift the chain.
W; =10-20=200 fi-lb
Let y = 20 represent the top. As the monkey
climbs the chain, the piece of chain at height y
(0 £ y < 10) will be lifted 20 - 2y ft.

1

AW, = 4y(20-2y) = (10- )y

10

= Eo(lo—y)dy =[10y—%y2}

100 - 50 = 50 fi-Ib
W= W +W, =250 fi-Ib

0

2. f(x)= iz; £(4000) = 5000
X

k

4000°
Evoo 80,000,000,000 ooo 000

= 5000, & = 80,000,000,000

| 200
= 80,000,000, OOO[-—:'
* 14000

- M ~ 952.381 mi-lb

22. F(x)= iz where x is the distance between the
x

k
charges. F(2)= 10;2 =10,k=40

5
W= 540dx [ ﬂ:, =32 ergs
1

2 x
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23.

24,

25.

The relationship between the height of the bucket
and timeisy =250 t = %y . When the bucket is
a height y, the sand has been leaking out of the

bucket for % » seconds. The weight of the bucket

and sand is 100 + 500 - 3(%}') = 600—%y.

AW = [600—% y) Ay

80
0
w= [ [600—3y)dy =[6ooy-3y2]
= 48,000 - 4800 = 43,200 ft-1b
The total work is equal to the work #| needed to

fill the pipe plus the work W, needed to fill the
tank.

2
1 omy
A = —_ = —) )
m &(2) Ay(y) 2 Ay

W= (00 4 (62.4)7r[1y2 ]30
4 4 27 Jy

= 22,054 ft-lb

The cross sectional area at height y feet

(30<y<50) is 7r® where

r =102 —(40- y)? = =32 +80y-1500 .
AW, = 5nr’Ayy = Sn(—y” +8032 —1500y)Ay

50
W, = £0 sn(-y” +80y% ~1500y)dy

50

—(624)11[ 14,8, —750y2]

3 30
=(62.4)n[(-1,562.500+w—‘0-°3&@-1,875,000)

—(~202,500+ 720,000 - 675,000)

~ 10,455,220 fi-Ib
W =W, + W, 10,477,274 fi-lb

Let W) be the work to lift ¥ to the surface and
W5 be the work to lift ¥ from the surface to 15

feet above the surface. The volume displaced by
the buoy y feet above its original position is

1 a ) 1 s y 3
“nfa-2y| (h-y)=—mah[1-2] .
3 [a hy)( y)=3ma '[ h)

3
mzh(l—l) .
h

Note by Archimede’s Principle m = %nazh or

The weight displaced is g
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a’h= %’;1 . so the displaced weight is

by

) 3
m(l-ij .
h
3
‘J
AW =[m-m(l—‘—)
h
, 3
W =mﬁ’ ]—(]-)—)
h

4 h
h y Imh
=ml{y+—|1-= =
T4 h 4
0

Wy =m-15=15m

W= iy = s
4
. Since 5[1na2 (8)=300,a = |22
3 2nd

When the buoy is at z feet (0 < z < 2) below
floating position, the radius r at the water level is

(8+2) 225 (8+z)
r= a= ‘ )
8 2né\ 8

de[%nrz)(8+z)—300

l5-(8+z)3 -300
28

o 75 3 _
W= L[n—8(8+-) 300}&
2

=] 28+ 2)* - 3002
512 X

6.6 Concepts Review

(34

294

. right;

4-146-3
+6

2.2

2.5; right; x(1+x): 1 +x
1:3

24 40
16716
The second lamina balancesat ¥ =3, y=1.
The first lamina has area 12 and the second
lamina has arca 4.
12-144-3 24

¥y = e—————=

24 12:3+4-1 40
12+4 16

Y s 16

Section 6.6

217,

- (46;;75 —600)— (600—0)

3475 6484 fi-lb
32

First calculate the work W, needed to lift the

contents of the bottom tank to 10 feet.
AW, = §40Ay(10 - y)

W, = [ 54000~ y)dy
4

- (62.4)(40)[—%(1 0- y)2:|

= (62.4)(40)(-18 + 50)
=79,872 ft-lb
Next calculate the work W, neceded to fill the top
tank. Let y be the distance from the bottom of the
top tank.
AW, = 6(36m)Ay y
Solve for the height of the top tank:
160 _ 40

36nh=160h=—=
36t 9=

0/9
Wy = [ 836my dy
40/9n

0

= (62.4)(3(m)[l y2]
27 b

= (62.4)(36n)( 8002]
8lin

= 7062 ft-1bs
W =W, +W, = 86,934 {t-lbs

Problem Set 6.6

1.

2.

2:5+(=2)-7+1-9 _ 5
S5+7+49 21

X =

Let x measure the distance from the end where
John sits.
180-0+80-x+110-12 _

180+80+110
80x +1320=6-370
80x =900
x=11.25
Tom should be 11.25 feet from John. or,
equivalently, 0.75 feet from Mary.
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3. = ‘[’7 r\/;dxz [%XS/Z]O - %(49ﬁ) _ 21 A7
[Rac [30m] 304) ;
2

Ex(l+x3)dx [%I2+%XST 1

4. X = 0
7 7 -
[ 0+ [H%xﬂo 1 —>
(4_94,19&) 33,859 S(x)=2-xg(x)=0
_\2 5 _ 10 _9674"‘558 '[;,.x[(z ) ]d
- 2401y 2429 =. _ —x)-0}dx
(777) 2971735 < _ p @00k

Lz[(z —x)-0]dx

5. M, =1247-3+(=2)-4+(-1)-6+4-2=17 5
,
L[Zx—x‘]dx

M, =1-241-34(=5)-440-6+6-2=-3

Mm=2+3+4+6+2=17 Lz[z—x]dx
_ M, M, 3
X:—:l,y:———-:—-— 2 l 3.2 8
m m 17 (x —Ex Yo 4_3
6. M, =(-3)-5+(=2)-6+3-2+4-7+7-1=14 (2x—%x2)3 4-2
M, =2.5+(=2)-6+5-2+3-7+(=1)-1=28 5
m=5+6+2+7+1=21 3
My, 2 _ M, 4
SRR T
- s [e-0 -0k
7. Consider two regions R and R, such that R is y= ﬁ[(Z—x) O)dx
bounded by f{x) and the x-axis, and R, is
v
bounded by g(x) and the x-axis. Let R; be the L‘ [4—4x+x2]dx
region formed by R, — R, . Make a regular = 3

partition of the homogeneous region Ry such

that each sub-region is of width , Ax and let x _ _
be the distance from the y-axis to the center of 4 4
mass of a sub-region. The heights of R and

R, atx are approximately f{x) and g(x)

respectively. The mass of Rj is approximately i

Am = Amy ~ Amy 3+
=& f(x)Ax - 5g(x)Ax
=61/ (x)~- g(x)lAx

where 4 is the density. The moments for Ry

(4x—2x2+%x3)8' 8-8+=

2
3

are approximately

My =M (R)-M (R) a4 L\
) 2 6 2 -2 27
=/ A\'—E[g(x)]“Ax / \
2 -1}
_d 2_ 2
=3 [(f ()" - (g(x) ]A" X =0 (by symmetry)
M, =M, (R)-M,(R,) 1 IJ\—ZF @ -x*)dx
= X5 f(x)Ax - x5 g(x)Ax y= 22 '
= X8[ f(x) - g(x)]Ax EZE (2-x7)dx

Taking the limit of the regular partition as
Ax — O yiclds the resulting integrals in
Figure 10.
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tof—

ol

2\/3:')2 —(2x —4)2]dx

(l+s/ﬁ)
1l

f [2\/'.1.‘—(2x—4)]dr7

2 f (~x% +5x - 4)dx

2 2 _ .4
3 1-J1—3) (x"+6x+9-x")

13v13
6

I+

A
3
Z

2

’:3 +3x +9‘c—--x5](l \/ﬁ)

1
2

~

15.

(8]

-2

To find the intersection points, solve y2 =2.

(li—\/l_}) y—i\/;
l(,_J,—) x(x+3=x )dx _ %frf 2 -] dy [5(4 y)dy
To_ 2 *= V2
=g T
J'(] \71_) (x+3-x )dx
) 6
l+\/_ 5
l (r +3x-x Ydx
= (1+Jﬁ) 16.
1,2 _1.3 2
[zx +3x 3 :](I-Jﬁ)
(l+\/—l3)
13,321,410 2
[3"( AN }("‘/ﬁ) 133 |
= 2 __ 1 _1
= 1313 T3 2
6 6
(l+~./rj)
%'(l—jﬁ) [(x+3) _(x-)z]dx 2To find tixc intersection points, solve
5= 5 y-=-3y-4=-y.
: (1+113) Y -2y-4=0
L= (x+3-x%)dx 24420
z y=
3 2
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y=]+\/_

x=

N [ vy P

“f [9)-02=3p-)]dy

145
zL 5 Gy 6y’ -24y—16)dy

J'IHJ_S (—y +2y+4)dy
5

1+
l[—- +3y4-12y% 16 J
v +3yt-12y? — 16y i

l+f
[ ER AR W

2045

To2045
3

- fff )= -3y-9)|ay

17. Welet & be the density of the regions and 4; be

298

2 -0 -3y-4)]ay
145
g &+ ranay
205
3
1+J5
[——y +3v +2y° ]‘J—:L;Bﬂ
2045 2045
3 3

the area of region i.

Region R;:
m(Ry) =64, =51/ 2)(1)(1) = %5
1 13
X = '[)I(x)dr 37 0_3_2
T 1 ) 1 1 3
Lde —x’ 5
2

Since Ry is symmetric about the line y=1-x,

the centroid must lie on this line. Therefore,

2 1
¥1=1-X =1-==—; and we have
Y ] 373

_ 1
My(R,)z.rz -m(Ry) =§5

— 1
My (R)) =¥, -m(Ry) = 5
Region R;:
m(Ry)=84, =6(2)(1) =26
By symmetry we get

N | —

X2=2 and y; =

Section 6.6

18.

19.

Thus,
M},(Rz) =fz 'm(Rz) =45

M (R)=y,-m(Ry))=6
We can obtain the mass and moments for the

whole region by adding the individual regions.
Using the results from Problem 17 we get that

m=m(R))+m(Ry) =%5+2§ = %5

1 13
M, =M).(Rl)+M).(R2)=§(5+4§=?5

My =M (R)+M(Ry) =é5+5 =%5

Therefore, the centroid is given by
13

— A{y 35 26
X=——==
m S 15
2
7
- M, 35 7
y=—~=§—=—
m. 2 15
2

m(R) =6 [ (g() - f(x)dx

m(Ry) =& [[ (g(x)- f(x)dx

Me(R) =S [ (@ - ()
Me(R) = [ (@) - (S () )de
My(R) =6 [ d(g(x) - f(x)dx
My(Ry) =6 [} x(g(x) = f(x))dr

Now,

m(R3)=5 [ (g(9)- f(x))ax

=5 [/ (200~ S(Nde+ 6 [ (g(0) - f (e

=m(Ry)+m(Ry)
M (B) =S [ (@) - (0P )
-2 Lae* -y

) 2 2
+2 [ (et ~(f (s
=M (R)+M,(Ry)
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My (Rs) =5 [ x(g(x) - f(x)ds
=5 [ x(g(x) - (D
+6 J: x(g(x) - f(x))dx
=M, (R)+M (Ry)
20, m(R)=6 J:(h(x) - g(x))dx
m(Ry) =5 [ (g(x)~ f()dx
) 2
MR =5 [ (G0 - (gl
é 2 N
Mo(Ry) = [ (@) - (/ (o))
M",(R, )=6 j:x(h(x) - g(x))dx

My (Ry) =3 [ x(g(0)- f(x)dx

Now.
m(Rs) =3 [[ (hx) - (O
=5 [ (h(x) - g() + £(x) ~ S ()
=6 [ )~ gxae 6 [[ (g(0)— f(x )
= m(Ry) + m(Ry)
MR = [/ () - ()N
=2 [ (07 ~ (g0 + () (S )
=2 [ e -
+2 L@ - e
=M (R)+ M, (Ry)
My (Ry) =6 [[ x(hx) - f ()
=6 [ x(h(x)- g(0)+ g(x) - S ()

=6 [0 x(h() - g+ [ x(g(x) - [ (0D
= M, (R)+M,(R,)

21. Letregion | be the region bounded by x=-2,
x=2y=0,andy=1,80 m=4-1=4,

By symmetry, x; =0 and ¥, =% . Therefore

-~

My, =xm; =0 and M, = yym =2.

Let region 2 be the region bounded by x = -2,
x=1l,y=-l,andy=0,50 my =3-1=3.

Instructor's Resource Manual

22,

23.

- - |
By symmetry, ¥y = Y and ¥y = -5 Therefore
My, =Xymy =-=and My, =¥ymy =—=
3

?_ﬂfly+ﬂ’f2‘ _2__1
’ my +ny 7 14
S MMy 5]
Vo= === —

my + ny 7 14

Let region 1 be the region bounded by x = -3,
x=ly=-l,andy=4,s0 m =20. By

- - 3
symmetry, ¥ =-1 and 7 =3 Thercfore,

My, =xym =-20 and M|, =y, m =30. Lt

region 2 be the region bounded by x = -3, x = -2,
v=-=3.andy=-1,s0 my =2. By symmetry,

5 — "
Xy = -3 and v, =-2. Therefore,

Ar’/'_,‘. = Yz my = -5 and 1‘12'( = _T‘-_y ny = —4. Let

region 3 be the region bounded by x =0, x = |,
y==2,andy=-1,s0 my =1. By symmetry,

and y: =—%.Thcreforc,

and A’I}_‘ = 5-’.3 ny = —% .

_ M]),+A12V+A’{3‘. -% 49

X = = = e——= -
my + iy +my 23 46

V= My +My, +M;, _ iZQ _ﬁ

. my +niy + niy 23 46

Let region 1 be the region bounded by x = -2,
x=2,y=2 andy=4,s0 m =4-2=8. By
symmetry, X; =0 and 3, = 3. Therefore,

My, =Xxymy =0 and My, =yym =24, Let
region 2 be the region bounded by x = -1,
x=2,y=0,andy=2,s0 my; =3-2=6. By

symmetry. X, =% and y = 1. Thercfore,

A‘Izv‘, = lenz =3 and AIZ.{ = 572"12 =60.Let
region 3 be the region bounded by x =2, x =4,
y=0,andy=1.s0 my=2-1=2. By symmelry,
— - | . —
X3=3andy; = 3 Therefore, M3, =X3m3 =6

and /ﬂ_‘;x = T3I)13 =1,
hl]),"'ﬁ'lz).‘)'ﬁll‘, (8]

:\_'z = —

my +nmy +my 16
— AII‘,+A[‘)‘,+A13Y 31
V= - = —_— = —
i m +ngy +my 16
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24. Letregion | be the region bounded by x = -3,

25,

26.

300

x=-l,y=-2,andy=1,s0 m =6.By
symmetry, x; =-2 and y, = —% . Therefore,

A{]). =I'| m =-]2 and Allx "—'fl my =-3.Let

region 2 be the region bounded by x =-1,x =0,
y=-2 and y=0,s0 m =2. By symmetry,

|
5 and y, = -1. Therefore,

M,y =Xymy =1 and My, = yymy =-2. Let

region 3 be the remaining region, so my =22. 29
By symmetry, X3 =2 and y; = —%. Therefore,

A/IB)’ = ES ”13 = 44 and A’I}\, = )_’3 )"3 = _l l .

— Afly"'hlly"'ﬁl}\' 31 b.
X = —_ = —

my +niy +m3 30
f‘M"" tMy + My, 16 8

m +niy +my 30 15

1 3 1 4 l 1
A= Lx dt:[—.r ] =—

4 o 4

From Problem 11, X =

hi
5
V= AQ2nx) = 1 ZnﬁJ _2n
4 5 5
Using cylindrical shells:

1
| |
V= ZHL x-xXdx = 27rL Ay = 27([%.1’5] = 27

30. a.

The area of the region is na’® . The centroid is the
center (0, 0) of the circle. It travels a distance of

2rx(Qa)=4ra. vV =an’a’®

. The volume of a sphere of radius a is —gm}. If

the semicircle y = Ja? -x* is revolved about

the x-axis the result is a sphere of radius a. The
centroid of the region travels a distance of 2my.

The area of the region is %naz. Pappus's
Theorem says that

(2@)(%7{3] = nzazi = %na"’ .

4
¥=-=, X=0 (by symmetry)
3n

. Consider a slice at x rotated about the y-axis.

AV = 27xh(x)Ax, so V = 21 j:’ xh(x)dx.

Section 6.6

Am = h(x)Ax ,s0 m = fh(x)dx =4.
AM , = xh(x)Ax ‘ so M, = Exh(x)dx.

m A

The distance traveled by the centroid is 2nX .
(27) 4 = 2 j" xh(x)dx
a

Therefore, V = 2ax4 .

AV =2n(K - y)w(y)Ay

d
V= 2n[ (K = y)w(y)dy

Am = w(y)Ay,so m= f w(y)dy=4.
AM, = yw(y)Ay ,s0 M, = J:d y(y)dy.

[

Y T4

The distance traveled by the centroid is
2K -y).

2K -V)A=2n(KA-M,)

= 2n(f Kw(y)dy - f yw(y)dy)

=2 [' (K- ywndy
Therefore, V =2n(K -y)4.

mzlbh
2

The length of a segment aty is b—%y.
AM, =)’(b—2y)Ay =(by—2y2)A.v
h h
_th b >
M, = L(by Y )dy

h
1,2 b 3 1.2
Lo 23| = b
[2y > ]O 6

M X

m

Ll
3

|

A= %bh : the distance traveled by the

centroid is 2n(k - 2) .

V= Zn(k -ﬁ)[lb/,) ki)
3\2 3
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31. a.

32, a.

The area of a regular polygon P of 2 sides

. 42 . T T . .
is 2r“nsm2—cosz—. (To find this consider
n n

the isosceles triangles with one vertex at the
center of the polygon and the other vertices
on adjacent corners of the polygon. Each

such triangle has base of length 2rsin 2£
n

and height rcoszl.) Since P is a regular
n

polygon the centroid is at its center. The
distance from the centroid to any side is

7t . .
rcos7— . so the centroid travels a distance
2n

n
of 2nrcos— .
2n

Thus, by Pappus's Theorem, the volume of
the resulting solid is

n 2 . W T
2arcos— || 2r°nsin—cos —
2n 2n 2n

. T 2 I
=4nr'n sin—¢os”™ — .
2n 2n

. . T i
lim 4nrnsin — cos? —
n—w n 2n
N 7T
_osins n

lim —22 2727 cos? = = 2123
n—sw = 2n
2n
As n—> o, the regular polygon approaches

a circle. Using Pappus's Theorem on the

circle of area nr? whose centroid (= center)
travels a distance of 2ar, the volume of the

solid is (rtr2 Y2nr) = 2723 which agrees
with the results from the polygon.

The graph of f(sinx) on [0, 7 ]is

. . T
symmetric about the line x = 3 since

A

S(sinx) = f(sin(n-x)). Thus ¥ =—.

~N

Exf(sinx)dx n
j;‘ fsinx)dx 2

Therefore

. n .
f x f(sin x)dx = Py K S(sinx)dx

X=

. . . 2
sinxcos* x = sin x(1- sin? x)“, so

f(x)=x(1-x*)2.
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33.

34.

35.

H

E[ xsinxcos® xdx =

h
|l I 5 T
=—|-—cos’ x| =—
2[ 5 ]o 5

Consider the region S - R.
[ -rAw]w
S-R
1 { 2 oode
R
SR[[@-r2w]a 6B ] 2w

o)A

E sin xcos” xdx

Ys-r 2y

SR{[20- 0o 2R [ (e
Zé(S—R)Efz(x)dr+-;-RLlf2(x)dx
éRE gz(x)de%S_[; A )dx
{femar { [/ o

S R
Ys2¥r

To approximate the centroid, we can lay the
figure on the x-axis (flat side down) and put the
shortest side against the y-axis. Next we can use
the eight regions between measurements to
approximate the centroid. We will let 4; ,the
height of the ith region, be approximated by the
height at the right end of the interval. Each
interval is of width Ax =5 cm. The centroid can
be approximated as

8
inhi

izl _ (5)(6.5) + (10)(8) +--- +(35X10) + (40)(8)

=
Z/ 65+8+--+10+8
y
i=1
=.I6£z23,38
2.5
8
lz(h‘)z 2, 2 2
e 2.5 _(1/2)(6.5 +8% +---+10 +8%)
i”: (6.5+8+---+10+8)
i=|
:335.8 5 z4.63
72.5

First we place the lamina so that the origin is
centered inside the hole. We then recompute the
centroid of Problem 34 (in this position) as
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8
Zx,-h,-
i= _ (=25)(6.5) +{(=15)(8) +---+(5)(10) + (10)(8)
8 6.5+8+--+10+8

Z h;

i=
—-480

=——=-0.62
72.5

X=

8
%Z((h,- a2 - (=4)?)
- i=1

y=

M=

lli

H -~
[l

_ (/2252 - (D) 4+ (42 - (<9
6.5+8+---+10+8
45875 | o
72.5

A quick computation will show that these values agree
with those in Problem 34 (using a different reference
point).

Now consider the whole lamina as Rj , the circular
hole as R, , and the remaining lamina as R;. We can
find the centroid of Rj by noting that

M (R)= M.\'(RJ)_A!x(RZ)

and similarly for My(Ry).

From symmetry, we know that the centroid of a circle
is at the center. Therefore. both

M (Ry)and M ,(R;) must be zero in our case. This

leads to the following equations
A/!y(R3)_ h{)(RQ)

36.

M (Ry) - M (Ry)
m(R3)-m(R,)
_ 5Bx(45.875)
SAX(72.5) - 67(2.5)°
229375
T 342.87

y=

= 0.669

This problem is much like Problem 34 except we
don’t have one side that is completely flat. In
this problem, it will be necessary, in some
regions, 1o find the value of g(x) instead of just
Ax)—g(x). We will use the 19 regions in the
figure to approximate the centroid. Again we
choose the height of a region to be approximately
the value at the right end of that region. Each
region has a width of 20 miles. We will place the
north-cast corner of the state at the origin.

The centroid is approximately

19
S x(f () -g(x)

i=]
19
D (x)-glx))
=]
_ (20)(145-13)+(40)(149 - 10) +---(380)(85 — 85)
(145-13)+ (149 - 19) +---(85 - 85)
_ 482,860
T 2780

19
IS @) - (g ()]
2

i=l

=

=173.69

}7 = 19
D () -g(x))

X=
m(R3)—m(Ry) i=l
. .1 M l[(1452—132)+(1492-102)+---+(852—852)]
OAx(72.5)- 67 (2.5)° _2
~2400 (145-13)+(149-19)+---+(85-85)
= =-7 <
342.87 2 230.805 _os 0
2780
This would put the geographic center of lllinois
just south-east of Lincoln, IL.
2. True: The integral represents the area of the
6.7 Chapter Review region in the first quadrant if the
center of the circle is at the origin.
Concepts Test
3. False: The statement would be true if either
o g - . Ax) 2 g(x) or glx) 2 flx) for
1. False: Ecos xdx = 0 because half of the 4 < x < b. Consider Problem 1 with
area lies above the x-axis and half fix) =cos x and g(x) = 0.
below the x-axis.

4. True: The area of a cross section of a
cylinder will be the same in any plane
parallel to the base.
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5. True: Since the cross sections in all planes 16. True: Atslice y, Ad = (9_)'2 )Ay
parallel to the bases have the same ' ’
area, the integrals used to compute the 17. True:

volumes will be equal. Since the density is proportional to the

square of the distance from the
midpoint, equal masses are on ecither

6. False: The volume of a right circular cone of . .
side of the midpoint.

radius » and height &1 is lm-zh . If the
3 18. True: See Problem 30 in Section 6.6.

radius is doubled and the height

halved the volume is %nrzh.. Sample Test Problems

1
7. False: Using the method of shells, L. A= ‘[;(_\,_xz ydx = LI B B
1 2 27 3 J, 6
V= ZKL x(—x* +x)dx . To usc the

method of washers we need to solve

| 2.2
2. V=a|(x—-x")dx
y=—-x%+x forxin terms of ). '[)
1
oo ) = T[L(.l‘z -5 +x4)dx
8. True: The bounded region is symmetric
1
about the line x = 1 . Thus the solids = n[l o _lx“ +lx5 =
2 3 2 5 4 30
obtained by revolving about the lines
x =0 and x = 1 have the same volume. 1 ,
3. V=2nf x(x-xP)dr= 2n£ (x2 = 3)dx
9. False: Consider the curve given by .
i 1 1
‘\.:&sx_‘ v=.5_m_',2§,<oo, =2n|i—x3——x4} =z
! ’ ! 3 o 6
10. False: The work required to stretch a spring | 2 2 2
2 inches beyond its natural length is . V= n{)[(x-x +2)°-(2) ]dx
v
L“k\'dt = 2k, while the work = nﬁ (x* =27 < 3x% +4x)dx
required to stretch it 1 inch beyond its |
1§ 1 4 1 2 n
. 1 =) —x"——xX —-x +2x° | =—
natural length is ﬂkrdf =Ek . 5 2 b, 10
11. False: If the qmc-shaped tank is placed with 5. V=2 £(3_ X)(x—x2)dx
the point downward, then the amount
of water that needs to be pumped from a3 a2
near the bottom of the tank is much - “KL(A A"+ 3x)dx
less than the amount that needs to be 1 3,1 s5n
pumped from near the bottom of the = 27:[— A S “] =—
cylindrical tank. 2 4 6
12. True: (100)(10) + (100)(15) + (200)(~12.5) 1 1
=0 _ L.r(x—.rz)dr [%13 —%X4]o 1
6. x= = 1 = —
13. True: This is the definition of the center of E(-‘—Xz )dx [%xz —%x3] 2
0
mass. |
1 22 11,3 _ 1,441 5]
14. True: The region is symmetric about the =2 E(" x") dx _ 2[3X R S N
point (7 . 0). j;(x—.rz)dx [%xz —%x3]l
< 0
15. True: By symmetry. the centroid is on the 1
line x ==, so the centroid travels a T

2

. s
distance of 27{;) =n,
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10.

11,

304

8=F(8)=8k. k=1

8
—(64-4)

a. W=ijd.r=[lx2 =]
2 2

2
=30 in.-Ib

b. W= E d.r—[ 2] =72 in.-lb
27 b

- E(62.4)(52)n(10— V)dy

- 1560n£ (10— y)dy

6
= lSéOn[lOy—%yz] = 65,5207 = 205,837 {i-Ib
0

The total work is equal to the work ] to pull up
the object to the top without the cable and the
work ¥, to pull up the cable.

W, =200-100 = 20.000 fi-1b

2
The cable weighs 120 = s 1b/ft.
100 5

6 6
AWy =—=Ay-y=—=YyA
2 5)’}’ 5)’)’

100
100 6 61 -
W, = dy =
2 L -y 5[2}’ :L

= 6000 ﬁ-!b
W =W, + W, =26.000 ft-Ib

a. To find the intersection points, solve

4.'=x2.

-4x=0

x(x 4)=0
x=04

l\)u-'

Section 6.7

13.

4

A= E (4x-x2)dr=[2.r2 -%9]

=(32_£4.)=£
3

0

b. To find the intersection points, solve

Y _
4 z
v

Y o_y
16

2—]6) =0

»y-16)=0
=0,16

X=

L[ [@n? -2 Jax

E(4x—x2)dx
%J:(mxz—x"')dx

32

1
32 32
3 3

V= nJ: [(4x)2 —(xz)z]dx
= nE (l6x2 —x4)a'x

4
2
| 16,3 Lys| (2048w
37 5T Jy 15

Using Pappus’s Theorem:
From Problem 11, A4 _2
3
32
From Problem 12, y = —

2048n

5
V =2ny- A=2n(32) 3—]
53 15
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4. V=2n E X(4x-x?)dx
=27rE(4x2 -P)dx

4
=27r[i.r3 —l.#] _128n
3740

Using Pappus’s Theorem:

(9

32
From Problem 11, 4= T
From Problem 12, x=2.
V=2nr-4= 2n(2)(3_2_J - 128n

3 3
16.
|
5 X

The loop is -B<i<43. By symmetry, we can
double the length of the loop from =0 to

dr dy
t= == -1
B dr
L= ng\h +20% +1dt = 2£f(t + 1)dt
= 2[113 +1] =43k
3 0

17. V= f3 (\]9—):2 )2 dx = f3 (9-x%)dx

3
=[9x—1x3] =(27-9)-(~27+9) = 36
315

18. A= [[f()-g(0)]dx

6.8 Additional Problem Set

1. a, feet/second
F(T) is the change in velocity from 6 seconds
to T seconds.

b. foot-pounds

F{(s) is the change in work from 3 feet
to s feet.
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19.

20.

21.

22,

23.

Jf[f (x)-g (A)J

V=2n I:x a)[f(x)—g(x)]dx

5f (x)—g(x)] dx

=§ [720-g20]ar

L= j:,/1+[f'(x) 2 x
L= Ey,lﬁ-[g'(x)]z dx

Ly = f(a)-g(a)
Ly = f(b)~g(b)
Total length = Ly + Ly + Ly + L,

A =2n J:’ FONT+[f (0P
A = 2nJ:g(x)\’l+[g'(x)]2d\‘

ay =1 (@-g%@)]
a4 =n[ 2 ®)-22 )]

Total surface area = 4 + Ay + 43 + 4.

c. inches
F(r) is the center of mass of an object »
inches long whose mass at x is f{x).

This follows from the Fundamental Theorem of
Calculus.
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3. F()= f) £ Qu)du

306

a.

a,

. 3 3
lim F(1)= | Adu=|Auj, =34=1
fim D) L u=[Aul,
a=1

3

7
lim F(@) = L A = Tu)du
{—©
.

= A[lll3 —Zuz] =§4—3A =1

3 2 [, 6

_6
343

lim F(r) = L} A du + j;’ A9 —1)du

[

1,7 i
=A|:—u3] +A[9u——-uz]

3 b 2 4
=94+ 18A=274=1

1

A=—
27

lim F(r) = E 1540 (4 - u)? du
{—>wx
- ISA_G (u* - 8u3 +16u%)du
4
=15A|:—1-115 —2u4+-léu3:|
5 3 1,
=lSA(10524—512+10324)=512A=1

1

A=—0
512
F@)= 35%142(4-14)2@
3
=1—5- —l-us—2u4+Eu3
51205 3
s 1) 49
512 5 512
Pr(fail after 3 years)=1- F(3)
459

=1-(—=)=0.1035
(512)

F()=154 g[x2(16—8x+x2 )]dt+ F(0)
= 15,4‘[;(1&:2 ~8x3 +x*)dx+ F(0)
= 15A[1—6-13 214 +lz5]+ F(0)
3 5

From the initial conditions, we know that

Section 6.8

5.

a.

F(0)=0and that

Fd)=1= ISA[]—OE—SLN--!%]
3 5

= A[512] =1

Therefore,

-

T 512

and we get:

A

15 l15—21"+E13) 0<r<4
F(t)=4512\5 3
l t>4
An
I—
| | | |
51
F(1)
l—
] 5 ¢

We can consider the expression

L” of ()t

as a moment if we consider that the total
mass of the region is one unit. The total area
under the curve must equal one as well, and
s0 we can consider the region to have a
density of § =1. A moment is defined to be
the product of a region’s mass times it’s
directed distance from the rotation point.

J{1) represents the height of small region and
dt represents a very small change in t. f{t)dt
can be considered as the area of a very small
sliver of the region. Since the density is
equal to 1, the quantity f{)dt aiso represents
the mass of the sliver. Multiplying by ¢, the
direct distance from the y-axis, we obtain the
moment for that sliver about the y-axis. The
integral represents an infinite sum over all
the slivers that make up the region, and
represents the moment of the region about
the y-axis.
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force on the wall by using n =100,
b. ,[)45]7 [ @-0° ]d 1 ’ -
Ahzﬁ,and depth =10~ A; . where

- B Faed -+ :
hi = ﬁ is the ith height. At a particular

15]16 A 85 1 6
3217 4 e 6 depth, the force on the wall will be
il 0 approximately F = 62.4-75-(10 - h)(Ah)
5 [|024_819- 4096]=2 .
5 12 5 6 b. Given the coordinate system, the depth at h
is (10 — k). On the interval [0, 10],
6. a
} " lim 624- 7521;(10 k) Al
=
0.3 =62.4-75 L (10-h)dh .
0.15
9. a. Atheight i, astrip Ak has
. F =624(10-h)Ah-W(h).

~

Thus F = 62.4 I;O (10— KW (h)dh.
b. F()= L f(u)du

For0 </ <5 b. W)= 2 follows from the geometry of
Fiy=-2 [ 12(5-1)d V3
0)= 625 L wro—u)du an equilateral triangle. (Similar triangles,
6 (1s 54 253 30-60-90 triangle, etc.)
) 523(3 2 3 ) 10
6 5 3 L2 ¢. F=624[ (10-h)2h/3)dh
31250 125 10
12 =624 (39 J_lz ydlh
- +i13 if0sr<5
F(t)= 3125 125 25 10 2 L0
=624 W -—_h ~ 12009
t>5 [\/5 3\/'5 ]0
Fuy
i 10. Let h measure the distance from the top of the
plate, where 0< A < 3J/3. This also gives the
0. depth at that distance. The width of the plate at A
is given by W(h) = ——\/2—3(11 —3\/3). At distance &
l : > from the top, a strip A has
¢ F(z23)=1-FQ) Fz62.4hAh[-i(;z-3J§)].
6 s 3 .4 2.3 \/3
=j-——3"+—3"-—3"=0.31744 48 3\/—

d. We would expect 33
100.000.0.31744 = 31.744 124.8 |: ]

batteries to be working. =

s
7. F=(62.4)(10)(0.0004) = 0.2496 1b
p = (62.4)(10) = 624 1b/fi? = —T( ) 1684.8 1b

8. a. The total force is the sum of the forces at
each depth. For example, the force will be
approximately equal to the sum of the forces

at every T& foot. We can approximate the
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11.

12,

13.

308

Let & measure the distance from the top of the

plate, where 0 < h < 34/3. The depth at that
distance is 2 + 3. The width of the plate at /& is

given by W(h) = ——2—(h —3\/5). At distance h

NE]

from the top a strip Ak has

F = 62.4(h +3)Alz[——j=(h - 3J§)].

(h+3)(h-33)dh

Fo- 1248EJ'

=_12J“_78§f[h2 +3(1=3)h-9431dh

3\.5
__1248[1,5 30-V3) 2o g
J3 |3 2 X

124.8 [_ 27(3+ﬁ)]

N 2

=1684.8(1+3) = 4602.96 Ib

Let y measure the distance from the bottom of the
patch, where 0 < y < 2. Let/be the length of a
side of the cube. The depth at y is / — y. The width

of the patch at y is 2\/;. Aty, astrip Ay has
F = 62.4(1- y)Ay-2\[y.

F =124.8I)2J;(I—y)dy
1248 [ 0y -y* D)y

2
1248 2 2 2 2y5/2]
3”75

= 33.282(5! - 6)

33.28V2(51 - 6) = 200, so ! = 2.05 ft.

Let y measure the distance from the bottom of the
window, where 0 < y < 2. Let A be the height of

the tank. The depth at y is & — y. The width of the
window aty is y. Aty, the strip Ay has

F =62.4(h-y)Ay-y.
F= 62.4L2 y(h - y)dy

2
=624 [ (hy-y*)dy
2
h 1
=62.4 -
[2y 37 ]0

=62 .4(2]1 —§)
3

62. 4[ h-—) 400, so & = 4.54 fi.

Section 6.8

14.

15.

The mass of the car is

320015 00 1b-s2/t.
32 fis?

Since acceleration is uniform,

- §66‘—0 =11 fvs?. Thus,

F=ma=(100 Ib-s2/f)(11 fs?) = 1100 lb.
v(r)=11¢, s0
P(t)=F - v(t)=(1100)(117) = 12,100z. The
most power needed is at 6 seconds, so
P(6) = 12,100 - 6 = 72,600 ft-1b/s.

72.600 ft-1b/s

—— =132 hp is needed.

550 (ft-1b/s)/hp

Since the amount of horsepower needed
depends on the acceleration, we cannot
necessarily determine the horsepower
needed, but we can determine the minimum
horsepower needed. To calculate the
minimum horsepower needed, assume that
power is constant. Then

= 100a(n)w(t). Since a(t) = d‘;(:)

P di = 100v(r) dv(?). Integrate both sides to

get Pt =50v(1)* +C. Since W0)=0, C=0,

50v(1)*
!

50(66)*
6

o P= . Att=6,

P= = 36,300 ft-Ib/s.

36,300 ft-lb/s
550 (ft-1b/s)/hp
horsepower needed.

= 66 hp is the minimum

The additional force on the car is the
component of the force due to gravity along
the incline.

F =100-32sin(tan"! 0.05) ~ 159.8 Ib.
P = 159.8 - 66 = 10,546.8 fi-Ib/s
10,546.8 fi-Ib/s
550 (ft-1b/s)/hp
required,

= 19 hp additional is

Since acceleration is not assumed to be
uniform, we will calculate the minimum
horsepower required, so we will assume that
the additional power is constant while
accelerating.

= 100a(r)\(1). Since a(t) = -d;i)

t

P dr = 100v(s) dv(1).
Integrate both sides to get Pt
60 mi/h = 88 fi/s
Att=0,v=66andats=4, v=_88,
Therefore, C =-217.800 and

=50v(1)% +C.
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P = 42,350 fi-lbss.

_50(88)° -217.800
4

42,350 ft-lb/s
550 (fi-1b/s)/hp
required. Note that since the car is already on
the incline, we do not need to consider the
power needed to overcome the force due to

gravity.
If we assume uniform acceleration, then

a= 88—;@ =5.5 fs, so the additional

= 77 hp additional is

force is F = 100 - 5.5 = 550 Ib. The most
power is needed when v = 88 fUs, so
P =3550- 88 =48,400 ft-Ib/s.

48,400 fi-1b/s
550 (fi-1s/2)/hp
required.

= 88 hp additional is

¢. The force duc to gravity along the incline is
F =100-32sin(tan™ 0.05) = 159.8 Ib. The
distance traveled is
(66 fUs)(180 s) = 11,880 ft.

Thus the work is
W =~ 159.8 - 11,800 = 1,898,424 fi-lb

Instructor's Resource Manual Section 6.8 309





