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7 is defined and continuous on [1, 2}. /1 P da is prop

g ) . : 1
ite di inui z =2 dx is a Type II improper integral.
{b) Since y = 2$1_ S has an infinite discontinuity at © =-3, . /n w1 ype

R infinite i i ion, it is an improper integral of Type 1
(c) Since / 1511 iz dz has an infinite interval of integration, it 1s an imprope
—

: i i er integral.
(d) Since y = In(z — 1) has an infinite discontinuity at z = 1, [ In(x —1)dzisaType 11 improp gral
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Convergent
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9. [Ce ¥ dy = Jim. [fevPdy = Jim [-—Ze_”/z]

= lim (—2e7%? +2¢72) =0+ 2% =2¢">.  Convergent
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# / - o=l t “L dz = lim [ : arctan = J! 1 li (arctau g arctan ! >
' e +3 - - e 7= = —= lim —_ —
o 43 el (e 4 (v3) VBT VB, VBt 73 V3

t—o0
= % (g - %) = % (%) = —\9/—— Convergent

2 o0 [+ 5] 2
cos” T 1 1 1 . . cos” x .
4. Forz > 1, T2 < TT a2 < g ./1‘ = dz is convergent by (2) withp = 2 > 1, so/l. 1122 dx is convergent by
the Comparison Theorem.
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( 42. Forz > 1, +: > s [sincee™ > Q] > i / %dz is divergent by (2) withp = 1 < 1, so/ il i
1 * 1

dz is
divergent by the Comparison Theorem.

M Forz>1,0< e « 2 __ T 1 /midic ith p = = i
\/___? Ny b~y - T 1S convergent by ‘(2) withp=2>1, g0 /1 m dz is
convergent by the Comparison Theorem,




74 Arc Length

tLy=2-3z = L=/ i+ (dy/d)?de=[",/T+(-3)2dx=VI0[1~(-2)= 34/10.
The arc length can be calculated using the distance formula, since the curve is a line segment, so

— [distance from (—2,8) to (1, ~1)] = /[T = (—2)]7 + [(-1) - 8” = 80 = 3+/10.

SECTION7.4 . ARCLENGTH = OO 393
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16.y=2" = dy/dr=(2")ln2 = L= [/1+(In2)?2% dx

¥ 75

6. 25 = f(r) =kz =k(0.1) [10cm=0.1m], sok =250 N/m and f(x) = 250z. Now 5 cm = 0.05 m, so
W = [% 250z da = [1250%]*® = 125(0.0025) = 0.3125 ~ 0.31 J.

42. The work needed to lift the bucket itself is 4 Ib - 80 fi = 320 fi-Ib. At time ¢ (in seconds) the bucket is z; = 2¢ ft above its
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 it is =} ft above its original 80 ft depth. Moving this amount of water a distance Ax requires

(40— 116“”:) Az ft-lb of work. Thus, the work needed to lift the water is

W = lim 2 (40 — La7) Az = [3°(40 — z)dz = [40z — £2?);" = (3200 — 320) fi-lb

n—oo ;.

14. The chain’s weight density is 1?) g = 2.5 1b/ft. The part of the chain z ft below the ceiling (for 5 < = < 10) bas to be lifted

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

W—nler;oZ2($,—5)(25)Aw— . 10[9(z — 5)(2.5)] dz = 5 [}°(z — 5) dz
=5[1a? — 5z].° = 5[(50 - 50) — (3 —25)] = 5(%) =625 fi-lb

17. (a) A rectangular “slice” of water Az m thick and lying z ft above the bottom has width  ft and volume 83:'A{m;".
It weighs about (9.8 x 1000)(8x Az) N, and must be lified (5 = ) m by the pump, so the work needed is about
(98 x 10%)(5 — x)(8x Az) J. The total work required is
W= [(9.8 x 10*)(5 - z)8z dz = (9.8 x 10°) [*(40z — 827) dz = (9.8 10%)[202? — 82%)°
0

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