
I 1 l2 d r  is proper. 
2. (a) Since y = - is defmed and continuous on [I, 21. 

- 
22 - 1 2s-1 

I 1 
(b) Since y = - has an infinite discontinuity at s = .$, dx is a Type U improper integral. 

22 - 1 

I m sin x 
(c) since 1, TTE~ dx has an infinite interval of integration, it is an improper integral of Type I. 

I (d) Since y = In(z - 1) has an infinite discontinuity at x = 1, /: Ln(z - 1) dx is a Type I1 improper integral. 

Convegent 

- 

't 9. 1 '  e - ~ / 2  dy = lim j " e - ~ I ~  dy = li, [ - 2 e - ~ / ~ ]  ' = lim (-2e-'I2 + 2e-') = 0 + 2e-' = 2e-" Convergent 
t-w t-m 4 t-m 

c0s2 2 1 1 m 41. Forx 2 1, - < - < -. 
I + x2 - + x2 x2 lm -$ dx is convergent by (2) with p = 2 > 1, SO 

dx is convergent by 

the Comparison Theorem. 

2 +eL3 2 
(+ 42. For x 2 1, -- > - [since e-2 > 01 > -. lw 2 + eCX &$ x x oh is divergent by (2) with p = 1 _< 1, so - x x 

divergent by the Compui8on Tbmrem. 

2 
m 4 4 . F o r x > l , O < - <  

5 lm -$ dz is convergent by (2) with p = 2 z 1, so -- @ = 2 = S s  d i ~ ; s " '  
' -z convergent by the Comparison Theorem. 



7.4 Arc Length 

The arc length can be calculated using the distance formula, since the curve is a line segment, so 

L = [distance from (-2,8)  to (1 ,  - I ) ]  = dl - (-2)12 + [(-I) - 812 = = 3 m. 
- 
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L = J: ($y1/2  -I- $ y - 1 / 2 )  dy  = [g y3l2 + 2y lI2] = $ [(f .27 + 2 . 3 )  - (f . 1 + 2 . I ) ]  

= f ( 24 -  $) =a(? )  = y 

6. 25 = f ( x )  = kx  = k(O.l) [ lo  cm = 0.1 m], so k = 250 N/m and f (2)  = 2502. Now 5 cm = 0.05 m, so 

2 0.05 W = s,0'05 2502 dx  = [125x l o  = 125(0.0025) = 0.3125 z 0.31 J .  

12. The work needed to lift the bucket itself is 4 lb - 80 ft = 320 ft-lb. At time t (in seconds) the bucket is x: = 2t ft above its 

original 80 ft depth, but it now holds only (40 - 0.2t) Ib of water. In terms of distance, the bucket holds [40 - 0.2( jx : ) ]  Ib 

of water when it is x;  A above its original 80 ft depth. Moving this amount of water a distance Ax requires 

(40 - &T;) A x  ft-lb of work. Thus, the work needed to lift the water is 

80 W = lim 5 (40 - ' 2 ' )  A x  = Jo (40 - & x ) d s  = [40z - & x 2 ] y  = (3200 - 320) A-lb 
n-m r= l  

10 

25 Ib 
44. The chain's weight density is - = 2.5 lblft. The part of the chain x ft below the ceiling (for 5 5 x 5 10) has to be lifted 

10 ft 

2 (x  - 5 )  ft, so the work needed to lift the ith subinterval of the chain is 2(x: - 5)(2.5 A x ) .  The total work needed is 

W = lim 2 2(x: - 5)(2.5) A x  = ~,"[2(x - 5)(2.5)]& = 5J1°(z  - 5)  dx 
n-m i=l 

= 5[+2 - 5x]:0 = 5[(50 - 50) - (5 - 25)] = 5 ( 5 )  = 62.5 ft-lb - 
/- 17. (a) A rectangular "slice" of water A x  rn thick and lying x ft above the bottom has width x ft and volume 8 x . A ~  m3. 

It weighs about (9.8 x 1000)(8x A x )  N ,  and must be lifted (5  - x )  m by the pump, so the work needed is about 

(9.8 x 103)(5 - x) (8x  A x )  J .  The total work required is 




