Section 6.4 Winter 2008

5. The force fimction 1s given by F'(x) (in newtons) and the work (in joules) is the area under the curve, given by

[3 F(z)dz = [} F(z)dz + [; F(z)dx = 1(4)(30) + (4)(30) = 180 J.

7. 10 = f(z) = kx = $k [4inches =  foot], so k = 301b/ft and f(x) = 30z Now 6 inches = 3 foot, so

W = [1/?30zdz = [152°] /% = 2 fIb.

13. (a) The portion of the rope from z ft to (z + Az) fi below the top of the building weighs 2 Az Ib and must be lifted =} fi,
50 its contribution to the total work is %:r:-: Agx ft-Ib. The total work is

W= 1lim 3 1zl Ac= [[° lede = [12?]] = 22 — 625 fi-lb
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Notice that the exact height of the building does not matter (as long as 1t 1s more than 50 ft).

(b) When half the rope is pulled to the top of the building, the work to lift the top half of the rope is
Wi = [° Lzdr = [L2?]2" = 222 fi-Ib. The bottom half of the rope is lifted 25 ft and the work needed to accomplish
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thatis W2 = [(r 1 .25dz = 25 [2 ]2 — 25 fi [b. The total work done in pulling half the rope to the top of the building
I

SW=W1+Wr =52 492 _2.65=25fi]b

15. The work needed to lift the cable is lim 37 | 2o} Az = [7*° 2z de = [2*] " = 250,000 fi-Ib. The work needed to lift

the coal is 800 1b - 500 ft = 400,000 fi-Ib. Thus, the total work required is 250,000 + 400,000 = 650,000 fi-Ib.

21. A rectangular “slice” of water Az m thick and lying = m above the bottom has width z m and volume 8z Ax m?_ Tt weighs
about (9.8 x 1000)(8x Az) N, and must be lifted (5 — =) m by the pump, so the work needed is about

9.8 x 10 — x)(8x Ax) J. The total worl 15
(5 A The total k required 1

32

W [7(9.8 x 10%)(5 — z)8z dzx = (9.8 x 107) [(40z — 82%) dz = (9.8 x 107) [202 — 22°]]

= (9.8 x 10%)(180 — 72) = (9.8 x 10%)(108) = 1058.4 x 10% ~ 1.06 x 10° J

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

spigot. A horizontal disk-shaped “slice™ of water Ay m thick and lying at coordinate y has radius /9 — y* m and volume
arlAy = m(9 — y*) Ay m®. It weighs about (9.8 x 1000)7w(9 — 3*) Ay N must be lifted (y + 4) m by the pump, so the
work needed to pump it out is about (9.8 x 10%)(y + 4)7(9 — y*) Ay J. The total work required is
W e [7(98 % 10%)(y + 4)m(9 — v*) dy = (9.8 x 10%)xr [7_(9y — o° + 36 — 43%) dy
= (9.8 x 10%)7(2)(4) [7(9—y*)dy  [by Theorem 5.5.7]

= (784 x 10°)7[9y — 14°]] = (78.4 x 10%)m(18) = 1,411,2007 = 4.43 x 10° J
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23. Let z measure depth (in feet) below the spout at the top of the tank. A honizontal
disk-shaped “slice” of water Az ft thick and lying at coordinate = has radius

£(16 — z) ft (») and volume nr*Az = 7 - Z(16 — z)* Az ft®. It weighs d
+8

about (62.5)2% (16 — x)* Az Ib and must be lifted z fi by the pump, so the 8=

work needed to pump it out is about (62.5)x 2= (16 — z)* Az fi-1b. The total
work required is
W [7(62.5) 22 (16 — ) de = (62.5)2% [ (256 — 32z + z%) dz

3

d
(*) From similar tniangles, - =
—x

Sor=3+d=3+Z(8—=x)
T T 8
= (62.5)2 [7(256z — 322° + 2°) da = (62.5) & [1282% — L™ + 127 - @ + g,[g_ )
— 3716 —
_ (62.5) 2% (L1264 _ 33 000 ~ 1.04 x 10° fi-1b =5(16—=)
64 3
24. Let x measure the distance (in feet) above the bottom of the tank. A 12
horizontal “slice™ of water Ax ft thuck and lying at coordmnate x has 6—x 2x

volume 10(2z) A=z ft* It weights about (62.5)20x Az Ib and must be

lifted (€ — ) ft by the pump, so the work needed to pump 1t out 1s about
(62.5)(6 — )20z Az ft-1b. The total work required is
W s fnﬁ(62_5j(6 — )20z dxr = 1250 j:(ﬁ.r —z’)dz = 12503z — %x‘?]ﬁ = 1250(3€) = 45,000 fi-Ib.
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