m Exercises

1-2 Evaluate the integral using integration by parts with the

indicated choices of v and d.

1. f}zln_rd_r; u=Inx dv— ¥ dx

2 _[H cos@dil; u=— 0 dv— cosfdi

3-36 Evaluate the integral.

3 [xcossxdx

5 [ e ar

T [ (x* + 2x)cos xdx
9 [ yxdr

1n J' arctan 4¢ dt
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2 [ pmpdp

—
L

1 J-rsec;Z!.rdr

—
e

. I (In x*dx
1. J' &% sin 30 do

19. J-zze’dz

)

xe’t
3 ST
. J.m.r-:os arx dx
{1

. Ll tcosh ¢ dt
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18 [ e cos 20 dt
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37-42 First make a substitution and then use integration by parts
to evaluate the mtegral.

B | ferd

o

3. {cos Jr dx
3. [ 0 cos(6?) do . [ e='sin 2t ot

a. J.'xlnu + x)dx 2. ( sin(ln ) dr

43-486 Evaluate the indefinite integral. Nllustrate, and check that

your answer 15 reasonable, by graphing both the function and its
antiderivative (take C — 0).

13 [ xe *dx M | 7 Inxde

8 [ PYT+ 2 dr 8. | o sin2xdx

47. (a) Use the reduction formula m Example 6 to show that

-, _i_sinlr
Ismxriar 3 n

+C
{b) Use part (a) and the redoction formmla to evaluate
| sm*xdx.
48. (a) Prove the reduction formula

n—

1 . |
{ cos™ dr — —cos" 'xsinx + | cos™ x dx
o Fil J

(b) Use part (a) to evaluate r cos®x d.
(c) Use parts (2} and (b) to evaluate r cos*rdx.
49. (a) Use the reduction formula mn Example & to show that

n—1

=1 . = .
f sin"x dy — { " sin" Cxdx
0 =10

n

where 7 = 2 is an integer.
(k) Use part {a) to evaluate ‘ru"'z sy oy and Li'u"q sin'x dx.
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(c) Use part (a) to show that, for odd powers of sine,

2-4-6-----2n
ETEE

(=2 . 2at1 _
|, sin* i RGP

Jo 3

50. Prove that, for even powers of sine,

[:,’:_ud 13«5« 20-1) &
L B T U

51-58 Use integration by parts to prove the reduction formula.

51. | (n 2)"dx = x(ln 2f — | (o 0" dx

R2. | verdx — xtet — nf x* et dx

a1

r tan” ' x
8. | tan"xdx —
J n

T {ta.u"'zxd.r (n==1)

tan a2 -2
reec = sec” rdxy (me 1)

54, | secmy dx —
JSBE.I’J' p— —

55. Use Exercise 51 to find [ (In x)* dix.

5. Use Exercise 52 to find | x*e* dx

57-58 Find the area of the region bounded by the given curves.
B.y=xhxy y=4hx B oy=ae™ y=ae

50-60 Use a graph to find approximate y-coordinates of the

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

5. y — arcsinftx), y—2 — &

6. y— xlnix+ 1), y=3r—x°

61-63 Use the method of cylindncal shells to find the volume
generated by rotating the region bounded by the given curves
about the specified axis.

61. y=coslma/2), y=0, 0=x=1;, aboutthe y-axis

B2 y— &', y— e x—1; aboutthe y-axis

B y—e ", y=0, x— -1, x—10; aboutyx-—1

64. Calculate the volume generated by rotating the region
bounded by the curves y — Inx, y — 0, and x — 2 about each
axis.

(a) the yaxis () the raxis
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CHAPTER 7 TECHNIQUES OF INTEGRATION

Calculate the average value of flx) — xsec’x on the interval
[0, /4]

A rocket accelerates by buming its onboard fuel, so its mass
decreases with time. Suppose the mitial mass of the rocket at
liftoff (including its fuel) is m. the fuel is consumed at rate r,
and the exhaust gases are ejected with constant veloeity v. (rel-
ative to the rocket). A model for the velocity of the rocket at
time tis given by the equation

m — rt

vlt) = —gt — veln

where g 15 the acceleration due to gravity and (15 not too
large. If g — 9.8 m/5°, m — 30,000 kg, r — 160 kg/s, and
v, = 3000 m/s, find the height of the rocket one minute
after liftoff.

. A particle that moves along a straight line has velocity

v(f) = e~ meters per second after ¢ seconds. How far will
it travel during the first ¢ seconds?

. If A0) = 4(0) — O and /" and ¢ " are continuous, show that

}: flxlg"(x) dy — Aa)g'la) — Malgla) + ‘L‘ F{x)glx) dx

. Suppose that F(1) — 2, f4) =7, F(1) =3, F(4) = 3, and /

is continuous. Find the value of [} x/"(x) dx.

. (a) Use mtegration by parts to show that

J‘ fx) dx — xfAx) — { xf(x) dx

{(b) If f and g are inverse functions and /” 15 continuous, prove
that

Jj Ax) dx— bAB) — afla) — }‘::3 gly dy

[Hint: Use part (a) and make the substitution p = f{x).]
(c) In the case where f and g are posifive functions and
b= a = (0, draw a diagram to give a geometric imterpreta-
tion of part (b).
(d) Use part (b) to evaluate _I'J" In xdx.

. We arrived at Formula 53.2, V' — [*2ax f(x) dx, by using

cylindrical shells, but now we can use mtegration by parts to
prove it using the slicing method of Section 5.2, at least for the
case where f is one-to-one and therefore has an imverse fune-
tion g. Use the figure to show that

V= abid — wa'c — " w[o(A] dy

Make the substitution y — f(x) and then use integration by
parts on the resulting integral to prove that

V- [ "Vx flx) dy

=gyl ¥=flx)
___1“'___59?
L

b x=b

. Letl, — 7" sin"v dx

(ﬂ) ShDW ﬂ]ﬂt [!.mz = I!m:l = I!.n-
(b) Use Exercise 50 to show that

Fini n+1

L, 2n+2

(c) Use parts (a) and (b) to show that

n+1 )
n+2 o R

and deduce that lim, .- L, /B, — 1.
(d) Use part (c) and Exercises 49 and 50 to show that

and is called the Wailts product.

(e) We construct rectangles as follows. Start with a square of
area 1 and attach rectangles of area 1 alternately beside or
on top of the previous rectangle (see the figure). Find the
limit of the ratios of width to height of these rectangles.

F——1—— F——g——
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