6.1

2 A= /[21— 2’ —4z)]dz = /(Ga:—x)d:c [z —%x3]6=108—72=36

34. The curves intersect when V16 —2° =z =
16—z°=2" = 22°=16 = 2°=8 = z=2
Let f(z) = ¥/16 — 2 — z and Az = 22,

The shaded area is given by

A= [ f(=)dz ~ M,
=3[£(3) +£(3) +£(D) +£(3)]
~ 2.8144

6.2

M V= n/: {[sinz — (=2)]* = [0 — (—2)]*} d=

=,r[r [(sinz +2)* — 2°] dz

6. V = [° A(z) dz ~ M5 = 222 [A(1) + A(3) + A(5) + A(7) + A(9)]

= 2(0.65 + 0.61 + 0.59 + 0.55 + 0.50) = 2(2.90) = 5.80 m®

68. We consider two cases: one in which the ball 1s not completely submerged and the other in which it 1s.

) T S N B

Case i1: 0 < h < 10 The bail wiil not be compieiely submerged, and so a cross-seciion of ihe waier paraiiei {o the surface

will be the shaded area shown 1n the first diagram.  We can find the area of the cross-section at height = above the bottom of the
bowl by using the Pythagorean Theorem: R? = 152 — (15 — z)? and r* = 5% — (z — 5)®, s0 A(z) = w(R* —r?) = 207z.
The volume of water when it has depth & is then V' (k) = [ A(z) dz = [’ 207z dz = [1072?], = 107h® cm®
0<h<10.

Case 2: 10 < h <15 In this case we can find the volume by simply subtracting the volume displaced by the ball from
the total volume inside the bowl underneath the surface of the water. The total volume underneath the surface 1s just the

volume of a cap of the bowl, so we use the formula from
Exercise 51: Ve (h) = 2mh?(45 — h). The volume of

the small sphere is Vian = 37(5)% = 2227, so the total c‘

volume is Ve — Vian = 37(45h% — h® — 500) em®.

6.3



A typical cylindrical shell has circumference 27z and height sin(z?).
V= fo‘/rr27r:t sin(z”) dz. Let u = z”. Then du = 2z dz, so

V= "fo" sinudu = w[— cos u|y = w[l — (—1)] = 2x. For slicing, we
would first have to locate the local maximum point (a, b) of y = sin(z?)
using the methods of Chapter 4. Then we would have to solve the equation
y = sin(z?) for z in terms of y to obtain the functions z = g (y) and

z = g»(y) shown 1n the second figure. Finally we would find the volume
using V = [ {[1(4)]" ~ lo2(v)]"} dy. Using shells is definitely
preferable to slicing.
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38. Use disks: Y

=—x24+ —
V= [}n(—2® +6z—8)’dx 1 y=—x 28x—8
_ 40 4 3 2 _ N
= [, (z* — 122% + 522 — 96z + 64) dx 0| / A
=7r[%15—3x4+5—:a:3—4812+64z]:
— (32— = e

6.4

2. W = Fd = (100)(200) = 20,000 ft-Ib

6. W = [[° f(z) dz ~ Ms = Az[f(6) + £(10) + F(14) + f(18)] = 222[5.8 + 8.8 + 8.2 + 5.2] = 4(28) = 1127

16. The work needed to lift the bucket itself1s 4 Ib - 80 ft = 320 ft-Ib. At time ¢ (in seconds) the bucket 1s = = 2¢ ft above 1ts
original 80 ft depth, but it now holds only (40 — 0.2¢) Ib of water. In terms of distance, the bucket holds [40 — 0.2(3z;)] Ib
of water when 1t 1s z; ft above its original 80 ft depth. Moving this amount of water a distance Az requires
(40 — &27) Az fi-Ib of work. Thus, the work needed to lift the water is

W = lim fj (40 — La7) Az = [°(40 — Lz)dz = [40z — L2?]5° = (3200 — 320) fi-Ib

n—o0 i

Adding the work of lifting the bucket gives a total of 3200 ft-1b of work.



22. Let y measure depth (in meters) below the center of the spherical tank, so that y = —3 at the top of the tank and y = —4 at the
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mriAy = (9 — y*) Ay m®. It weighs about (9.8 x 1000)7(9 — y*) Ay N must be lifted (y + 4) m by the pump, so the
work needed to pump it out is about (9.8 x 107)(y + 4)x(9 — y*) Ay J. The total work required is
W [? (9.8 x 107)(y + 4)7(9 — *) dy = (9.8 x 10%)7 [ (9y — ° + 36 —4y?) dy
= (9.8 x 10°)7(2)(4) [ (9 —y*)dy  [by Theorem 5.5.6]

= (78.4 x 10°)7 [9y — §y3]z = (78.4 x 10%)7(18) = 1,411,2007 ~ 4.43 x 10°J

6.5
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16. (2) vae = 755 Ju v(t) dt = 5. Use the Midpoint Rule with n = 3 and At = = 4 to estimate I_

I ~ Mz = 4[v(2) +v(6) + v(10)] = 4[21 + 50 + 66] = 4(137) = 548. Thus, vawe ~ 75(548) = 452 km/h.

(b) Estimating from the graph, v(¢) = 452 whent ~ 5.2s.
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22. vm—ﬂ/ v(r)dr = R/ —(R r’)dr = r= lR [R?r—3 ]0 =m(§)R3=6_7)l

2
Since v(r) 1s decreasing on (0, R, vmx = v(0) = % ThUS, Vse = 3 Vmax-



