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Since cos>x = 1 — sin’x, we have

j sin"xdx = —cos xsin" 'x + (n — 1) j sin"Zxdx — (n — 1) ‘[ sin”x dx

As in Example 4, we solve this equation for the desired integral by taking the last te
on the right side to the left side. Thus, we have '

n f sin"x dx = —cos xsin" 'x + (n — 1) J. sin" %x dx

: 1 st 1 i
or f sin"x dx = ——cos x sin" 'x + f sin"%x dx
n

n

The reduction formula (7) is useful because by using it repeatedly we could even
express | sin"x dx in terms of | sin x dx (if n is odd) or [ (sin x)°dx = [ dx (if n is ev

8.1 Exercises

1-2 1l Evaluate the integral using integration by parts with the
indicated choices of u and dv.

1. fxlnxdx; u=1Inx, dv=xdx

2. f 0 sec?0dO; u= 0, dv = sec’0do
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3-32 i Evaluate the integral.

Loy
23. fo ;E dy
25. fol/z cos x dx

27. j cos x In(sin x) dx

24. f:f x cscix dx
26. jol x5dx

28. j‘lﬁ arctan(1/x) dx

3. fxcos Sxdx
5. j‘re'/2 dr
1. j‘xz sin 7rx dx
9. [ In(2x + 1) dx
11. J‘arctan 4t dt
13. f (In x)*dx
15. [ e sin30d0
17. [ ysinhy dy
19. {"1sin 3rdt

2 Inx

2. | - dx

1

4. jxe”” dx

6. jtsin 2t dt

8. fxzcos mx dx
10. f sin”'x dx

12. fp5 Inpdp

1. [ retdr

16. Je“’cos 2046
18. fycosh ay dy
20. fol (x% + 1)e " dx

22, f Jilntdr

29. j cos(In x) dx

30 [ e
Y fo AN 4

31. f 2 (Indx)2 dx 32 Lt e’ sin(t — s) ds
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33-36 1 First make a substitution and then use integration by,
to evaluate the integral.

33. f sin v/x dx

34. j}“ eVidx

VT3 2 52
35. LWEO cos(6*) do 3e. jx ety
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37-40 i Evaluate the indefinite integral. Illustrate, and che
your answer is reasonable, by graphing both the function and:
antiderivative (take C = 0).

37. fx cos mx dx 38. fxm In x dx

39. J‘ (2x + 3)e*dx 40. j)ﬁe"2 dx
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(a) Use the reduction formula in Example 6 to show that

i —X = Sin-2
fsmxdx > ——4

(b) Use part (a) and the reduction formula to evaluate
[ sin*x dx.

. (a) Prove the reduction formula

ni=Ll

1 .
fcos"x dx = —cos" 'x sin x +

f cos" *x dx
n

- (b) Use part (a) to evaluate [ cosc dx.
‘ () Use parts (a) and (b) to evaluate f cos*x dx.

. () Use the reduction formula in Example 6 to show that
el masElsre Hosils
f sin"x dx = —f sin"”“x dx
0 n 0
where n = 2 is an integer.

(b) Use part (a) to evaluate fg’/ % sin’x dx and f(;’/ % sin’x dx.
() Use part (a) to show that, for odd powers of sine,

E 254l e < n
n d_
§ ST O

 Prove that, for even powers of sine,

1-3-5-~--(2n—1)£
2'4'6""’2’1 2

w2 .
f sin®x dx =
0

i Use integration by parts to prove the reduction formula.

—_—

(lnx)"dx = x(Inx)" — n f (In x)" 'dx
| x'e*dx = x"e* — nfx"“lexdx

| (" + a®)"dx

Gt oY) 5 2na’
2n + 1 2n + 1

f(xz +a?)" ldx (n# -1)

g tan x sec" > n — 2 SEE
| sec’x dx = 3T | +n_1fsec xbxg‘ (n#1)
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2 1l Find the area of the region bounded by the given curves.

=xe '™ y=0, x=5

y=5Inx, y=xlnx
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/A 53-54 m Use a graph to find approximate x-coordinates of the

points of intersection of the given curves. Then find (approxi-
mately) the area of the region bounded by the curves.

53. y=xsinx, y=(x —2)?
54. y = arctan 3x, y = x/2
55-58 i Use the method of cylindrical shells to find the volume

generated by rotating the region bounded by the given curves about
the specified axis.

55. y = cos(mx/2), y=0, 0<x=<1; aboutthe y-axis
36. y=e', y=¢" x=1; about the y-axis

57. y=e, y=0,x=—1, x=0; aboutx=1

58. y=e", x=0, y=m; about the x-axis
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59. Find the average value of f(x) = x2In x on the interval [1,3].

60. A rocket accelerates by burning its onboard fuel, so its mass
decreases with time. Suppose the initial mass of the rocket at
liftoff (including its fuel) is m, the fuel is consumed at rate /75
and the exhaust gases are ejected with constant velocity v,
(relative to the rocket). A model for the velocity of the rocket
at time ¢ is given by the equation

. — rt

o(t) = —gt — v.In

where g is the acceleration due to gravity and 7 is not too
large. If g = 9.8 m/s*, m = 30,000 kg, r = 160 kg/s, and
ve = 3000 m/s, find the height of the rocket one minute
after liftoff.

61. A particle that moves along a straight line has velocity
v(t) = t’¢ " meters per second after ¢ seconds. How far will
it travel during the first r seconds?

62. If f(0) = g(0) = 0 and f” and g” are continuous, show that
[} 109" dx = f@)g'@ = Fi@gta) + [* g0 d

63. Suppose that £(1) = 2, f(4) = 7, (1) =35, f'(4) = 3, and
f" is continuous. Find the value of ﬁ X0 dox.

64. (a) Use integration by parts to show that

ff(x) dxy— xfi(x) = fxf’(x) dx

(b) If f and g are inverse functions and f' is continuous, prove
that

[ 709 dx = b (6) ~ ar(@ ~ [ g0 ay

(a

[Hint: Use part (a) and make the substitution y=f(x).]




