Solutions 6.4-Spring 2008

1. W = Fd = mgd = (40)(9.8)(1.5) = 588 J

2. W = Fd = (100)(200) = 20,000 fi-Ib
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3. H’:ﬁ f(x}dx:ﬁ (1+$}2dm=10£ Edﬂ [u=1+=z, du=dx] =]D[—;} =IU(—ﬁ+1)=9ﬂ—lb
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9. @If [0 kzde =27, then 2 = [1kz?]0"? = 1k(0.0144) = 0.0072k and k =

— 00 . i
° — 2890 o 277 78 N/m.

00072 0072

Thus, the work needed to stretch the spring from 35 cm to 40 cm 1s

0.10 2500 1280 271/10 _ q9s0 ¢ 1 1Yy _
.-rﬂﬂﬁ = zdr= [9‘1—]1,’20_ 5 \100 nu:lu}__:j]m‘]

(b) f(z) = kz,5030 = Bz andz = 22 m =108 cm

14. Assumptions:
1. After lifting, the chain is L-shaped, with 4 m of the chain lying along the ground.
2. The chain shides effortlessly and without friction along the ground while its end 1s ifted.
3. The weight density of the chain is constant throughout its length and therefore equals (8 kg/m)(9.8 m/s®) = T8 4 N/m.
The part of the chamn = m from the lifted end 1sratsed 6 —z mf0 <z < 6m andf s hfted Omif =z > € m.
Thus, the work needed is

W = lim E (6—a7) T8.4Az = [F(6 — 2)78.4dz = T8.4[6z — 27| = (78.4)(18) = 1411.2]

ﬂ—’m

17. At a height of = meters (0 < z < 12), the mass of the rope 1s (0.8 kg/m)(12 — x m) = (9.6 — 0.8x) kg and the mass of the
water is (37 kg/m)(12 —  m) = (36 — 3z) kg. The mass of the bucket is 10 kg, so the total mass is
(9.6 — 0.82) + (36 — 3x) + 10 — (55.6 — 3.8) kg, and hence, the total force is 9.8(55.6 — 3.8z) N. The work needed to lift
the bucket Az m through the ith subinterval of [0, 12] is 9.8(55.6 — 3.8z} ) Az, so the total work is

n 12
W= lim 3 98(556 —38x;)Az = [,(9.8)(556 — 38z)de =98 [55.& — l_gxz] = 9.8(393.6) 2 3857 J
0

25 b
0ft

2(x — 5) ft, so the work needed to lift the zth subinterval of the chain is 2(z; — 5)(2.5 Ax). The total work needed is

18. The chain’s weight density is = 2.5 Ib/ft. The part of the chain = ft below the ceiling (for 5 < = < 10) has to be lifted

W = lim Z 2(z; —5)(2.5) Az = [}°[2(z — 5)(25)]de =5 [ °(z — 5) da

n—»m

=5[12? — 5z]1° = 5[(50 — 50) — (& —25)] = 5(%&) = 62.5 ftIb
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21. A rectangular “slice” of water Az m thick and lying = m above the bottom has width z m and volume 8z Az m®. It weighs
about (9.8 x 1000)(8z Az) N, and must be lifted (5 — x) m by the pump, so the work needed 1s about

(9.8 x 10%)(5 — z)(8z Az) J. The total work required is
W [7(9.8 x 10%)(5 — z)8x dz = (9.8 x 10°) [7(40z — 82”) d = (9.8 x 10°) [202” — £27]

— (9.8 x 10%)(180 — 72) = (9.8 x 10¥)(108) = 1058 4 x 10% ~ 1.06 x 10°J

23. Let z measure depth (in feet) below the spout at the top of the tank. A honizontal

3 3

disk-shaped “slice” of water Az ft thick and lying at coordinate = has radius
X
; d

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

3
work required is

(*) From similar tniangles, SL = g
1 e B or PR _ or 8 . 3 —x
W= [[(62.5)x 55 (16 — z)* dz = (62.5) 5] [, =(256 — 32z +z”) d= Sor—3+d=3+ 2(8— )
= (62.5)2 [7(256z — 322° + 2°) da = (62.5) & [1282% — L™ + 127 - @ + g,[g_ )
11,264 = Z(16 — )

_ (62.5)?—1( ) — 33,0007 ~ 1.04 x 10° f1b
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