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

@‘.rz Inxdx; wu=Inx, dv=x"dx

2. fﬂcosﬁdﬂ: w= 40, dv=cos0df

3-36 Evaluate the integral.

ﬂ 3. | X cos Sx dx

4 [)ye"> dy

e " dt 6. [(x— 1) sin 7x dx

w 2+ 2x)cos x dx 8. l t* sin Bt dr

9. J In Vx dx 10. '.bil'l Ly dx

l arctan 4¢ dt

-

12. (pi Inpdp

; 13. ‘ tsec’ 2t dt

15.)[ (in xfdx

| | e*sin 3040

19. f e dz

Ix

" xe
n [——u
[ T+ ™

1/2
23. f x cos mx dx
il

ﬂ 25, f“' r cosh 1 dr

21. “f r3n rdr
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. [ s2'ds
16. [rsinhmmr

18. [ e*cos 2040

@v tan’x dx

22, [' (arcsin x)* dx

;| 2. [' (x> + 1)e " dx
LSO
»
] .
o4 ‘\;"f_"‘

e .
28. | 1% sin 2t dr
Rl
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30. [I'E arctan(1/x) dr

ﬂm Ry

’ Jo e
ﬂsl. |;|"2 cos 'xdrx
; J

. 3
'; 33. J cos . Infsin x) dx 34 J:'I \;,4:_—’1 dr

ﬂ 35, J: x*(In x)* dr

36. 1; e sinlt — 5) ds

37-42 First make a substitution and then use integration by parts
to evaluate the integral.

’ 37. | COs \,f‘: dx 38, [ e dr

» - -
ﬂ:ﬂ I:i 8 cos(#7) d# ['"e“wsin 2t dt
. W T J

ﬁ a. [x In(1 -+ x) dx 42 [ sin{In x) dx

43-46 Evaluate the indefinite integral. Tllustrate, and check that
your answer is reasonable, by graphing both the function and its
antiderivative (take C = 0).

44 [1”‘2 In x dx

43, | xe Tdx

[1:3 [,tf sin 2 dx

a5, J‘.l'"q"l + x2 dx

Vi
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() Use part (a) to show that, for odd powers of sine,

S

2 . 4
sin®" lrdx =

2:4-6-----2n

3:5-7+----(2n+1)

50. Prove that, lor even powers of sine,

e
f sin®x dx =
(1]

“3.

e @n=1) W

[~

5.
4621 2

51-54 Use integration by parts to prove the reduction formula.

ﬁ 5. [ (In )" dx = x(In £ — nll. (In )" dx

52 j-.r”e‘a‘x =x"¢" —n b-_r

ﬂ."ﬂ. h tan"x dx =
J J

54. [ secvdr =

tan""'x
n—1
-

n—1

tan x sec” “x

1,5

etdx

- ‘.mn" fxde (ms£ 1)

n—2

— [Rec” rde (n# 1)

_g i55. )Jse Exercise 51 to find _I' (In x)* dx.

56. Use Exercise 52 1o find _I' xle dx.

57-58 Find the arca of the region bounded by the given curves.

5. y=x"lnx,

y=4Inx

-

r, -
58 v=xe", y=ue
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)} Use the reduction formula in Example 6 to show that

L x sin 2x
Jeinxdr= ==+ €
(b) Use part (a) and the reduction formula to evaluate
[ sintrdx.
48. (a) Prove the reduction formula
n—1

-l

Tsiny +

[cns" Trdx

1
[ cos"x dx = — cos
o n J

(b) Use part (a) to evaluate | cos’x dx.
(c) Use parts (a) and (b) to evaluate | cos'x dx.

ﬂﬁl. (a) Use the reduction formula in Example 6 to show that
»

o=

w1, I poz
[ sin"vdx = J sin""x ey
S n

where n = 2 is an integer.

)

(b} Use part (a) to evaluate |;

sinx dox and [ sin’x dux.
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59-60 Use a graph to find approximate x-coordinates of the
points of intersection of the given curves. Then find (approxi-
muately) the area of the region bounded by the curves.

59, v = arcsin(2x), y=2 — x’

B0. v=xlInlx+ 1), v=3r—x’

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

cos(wx/2), y=0, 0 =x=1; about the y-axis
~, x = 1; about the y-axis

.;63. y=¢ L y=0 x=—1 x=10; aboutxr=1

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

(a) the y-axis (b) the r-axis
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65. Calculate the average value of f(x) = x sec’x on the interval

[0, =/4].

B6. 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 r,
and the exhaust gases are ejected with constant velocity . (rel-
ative to the rocket). A model for the velocity of the rocket at
time ¢ is given by the equation

m — ri

wvt) = —gt — v.1n
e

where g is the acceleration due to gravity and £ is not too
large. If g = 9.8 m/s*. m = 30,000 ke, r = 160 kg /s, and

2. = 3000 m/s, find the height of the rocket one minute
atter liftoff.

L

J 67. A particle that moves along a straight line has velocity
#(r) = r*e”' meters per second after r seconds. How far will
it travel during the first ¢ seconds?

September 23, 2015

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

V= I'-_h 2axflx)dx

\ .:'=.f{-t']

72 Letl, = [7" sin"x dx.
(a) Show that Ly = fyey = oy
(b) Use Exercise 50 to show that

bLyey n+1
L., 2n+ 2
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v = 3000 m/s, ind the height of the rocket one minute
after liftoff.

. A particle that moves along a straight line has velocity

v(f) = t'e™ meters per second after ¢ seconds. How far will
it travel during the first + seconds?

L IF f{0) = g(0) = D and " and g" are continuous, show that

o
]

J: Flxlg"(x) dx = fla)gia) — fla)gla) + ‘.I F(x)glx) dx

. Suppose that f(1) =2, f{i4) =7, (1) =35, f'(4) = 3,and f"

is continuous. Find the value of II" xf"(x) dx.

. {a) Use integration by parts to show that

' Flx) dx = xf(x) — [ xf(x) dx

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

[[ @ ax = br®) — ar@ ~ [ gty dy

[Hint: Use part (a) and make the substitution y = f(x).]
(¢} In the case where § and g are positive functions and
b =z a = 0, draw a diagram to give a geometric inlerprela-
tion of part (b).
(d) Use part (b) to evaluate || In x dx.

. We arrived at Formula 5.3.2, V = J:' 27x fix) dx, by nsing

cylindrical shells, but now we can use integration by parts to
prove it using the slicing method of Section 5.2, at least for the
case where [ 1s one-to-one and therefore has an inverse func-
tion g. Use the figure to show that

V=mhd — ma'c — ‘r w[g(y] dy
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Ie LeLi, = | SInX dax.

il
(a) Show that Iopiz = Lyt = T,
(b) Use Exercise 50 to show that

L, S+ 2

Lo 20+ 1

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

n+ 1 Ly
e o S2OEL
In+ 2 by

=]

and deduce that lim,—. Lo/l = 1.
(d) Use part (c) and Exercises 49 and 50 to show that

and is called the Wallis product.

(e) We construct rectangles as follows. Start with a square of
area 1 and attach rectangles of area 1 alternately beside o
on top of the previous rectangle (see the figure). Find the
limit of the ratios of width to height of these rectangles.
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1-2 Evaluate the integral using integration by parts with the
indicated choices of 1 and dv.

" 1. l.riln_rd_r; u=Inx, dv=x>dx MV\X\VCM
’ -4 ) L3
JM_XCIX \/::3_)( ycquoZ»
o=
L3 1= lxq’
| 3= 3
&‘xi,()my dyw = %X3/®“Y—§éy3.;dy 3 X . oA
Ly L Lx” +C
3 f?X )" 3 i3
| ’5/&5(“;\; +C

=3
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3-36 Evaluate the integral.
. U=
4. ‘ }'E“'E-" dy ’

Lo (L™
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1. | (x* + 2x)cos x dx

= gxlcmy dy + ’Lgxw,cx dy

Iy = du
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/MO-/’VV/\ /QL» (ff() .

9. [ In¢x dx

i
u-= /6\4 (xi)
- )

du= 3Cdx - 5y 9
<3

— uv- gvd%

:xﬂ(x)— ngl\c

- xﬂ<<ﬁ> _égw

\‘/Q\,\(W>VJ3-X +C

dy = dy

v= K

dy

wl-

n

Thalk G (s)=u .
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11. l arctan 4+ dr y < Lot (4t)
L= Lo (48) bamy = 1E
duz 2 ey g

ot +\
/—
A\/: A‘k lj ﬂd j
v=F “
e
- WV- g\} olu ’

d+

I\

t

b oancton (W) — glc e
wz It

i o(u: 3'7.4: cH:

il

o et dt
{Mc‘l'am(qu) - T;i g )C‘(LH

P
:~,-€ a/\cim(‘*'l')—é/g“‘qj +C
- % an (‘,J_W" ("'Qg \5"@“ (‘b-l:l-!" +C

= 1_[ W\C'La/\a (L/JC)+ g‘ ,@\,\ (IU{]-{—/} e

gro'/"?
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(ﬁ:ﬁ
See? (tan" '(%))

e -

o v

11
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15. [ (n xyd S Lo 7
‘ n x) dx ho ko) = u, j’@‘“x o
2
MZC&(A lc( o 70q o 7/245 —/&y c(\/:clS(
du= 28,695 Sk gmv“e{-lw;j Vb e 9 us= l ]
A’V: C,(X A(‘fQW\y«‘LI‘é’LVLj du= :dX v= X
= [
dv = mv—g\,olu-.
S\H = Y./Q"‘x - ¥ +C

8 .
) )s@'u("\> B Sx. Q,Q“(\z}-x dx

—

b (/Qw %)Q—lgﬂmi dy
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[ 2 Cloat gt\uj‘f anyg 70@(/.
20. | xtan x dx
. But You want 4o do

Qs l/mucL o P"{Sew/

J\jwvu‘(q,Qaj.
du= % d¥
due 2 omn - sed o dx ve Lwt

2
o 1 - ) ’L_ .‘7 X sed ij
uv - gv du = ’\,;Y fo” X §RX 2T o X

SN u—SJu c,o'3 ,W
e ™ - o
— lxq’JcM'lX‘ g%
-2
u= Cos X

L L = [L dv = S X Cos'gx oJx du=-—s&x cf)(
=2 = o
ou ’D(C(Y Yo lc S " gafj +o v:.'ll/wc/uma
£ove
a6 g
uv - gvc,h& /30((*] _ —\—\A):L"’C j ﬁ
sY 2y dy W -2 fp =\ -
= r = rn\ % osdX
QOS'}Y
= 15:1_} @MXC(Y——/@\«IC"ZX/ +C
=M ey
7( d\/:_ S;(_(L’l)( Cl)‘
W=
c\u:d\l g = ta~X ﬂg),-s»;)(czx ’—//@».ICOSX[ L C
cos X
-LS";Y _ cl\( C
- — X x{'MX gjco»a)( L eos X >\}’
=7 cog? ¥ L — _/eh( I
BD"”‘A’Q’ - Jeos x| +
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M.ﬂ'unHMl¢3JX

= onedam C3)

du — . (‘é)JX

- g
(>\ dv=dy
\ |
= — ([—-_ V=X
()
X
-l
Sl
XO(X _J
x 4 (

Lﬁﬂfdaﬂ{%] dx %ln[Z] - %:rc+ %ﬂ:\/? @



7-1-notes.notebook

cin(a) D st cos 4
0. | é sim 2 alr

T ot
= Q‘g ecos st cost b
(o]

T 4
-_1 g cos & ewﬁ(_gw% c“-)
o

v u
Av= emé (st d4) ge duze «C

+
du= -5&.%0(% NE: QQOS _
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]". {a) Use the reduction formula in Example 6 1o show tha Coupu e, 9 /rwes H, o
1 . 3 . 3
. sin 2x -— sm(x]3 cog(x) — = cos(x) sin(x) + —=x
| sin‘rdy =—— a7 i 4 8 g
(b} Lﬁic |.'c'lr['u.‘ aiid the rediiction Mormila o evaliale goo I UU‘/—l NTS
| sin £l i
= ~ = - 01>1
u:s;’z}( C&VTC‘X Uu=snx A\) S X
— c'b\:Car - -
c(u: YN C0§Xo()( V=X X OJX v cos X
N N = _ s X Cos ¥ — | _cosX CosX ox
[VAVES g‘vdu: XSWQX— gx-’lswx C(?SXAX s y
cx cosx + (eosu I
. . 2x) o
=X s»(zv(—’lg‘xsl«x cosx X _ L % Cosx +—§('-5°‘ x) X
- -2
U= ¥ Qu= som% - Cos X d¥ <~5b;vcofx+§°(“—g§“‘>(dx
\
d% V= 713\"“)( Loy - Ss(;’Lle)(
§9Q3><cl>< _ _sul x Cosx

= xsF 2 P"g JMl Alrarc oy = x - saxcesx +C

) 2 CJ\(]
- ~gw X I8
\sz %’QY xswt &Q Sgb;l)col\lra—

|
¥~ 5

o Asa x QosK 5 )
_ L2 ls™>" .=
& 2 d VIR J‘{S%% . NeTe 2 =
s ydy = ."‘ Theg (‘NS
v CQ])*I—Q

1 —l<
ng}yo«hﬁ'—’mx ?

sk Cos X <
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gg;}x dx = S s x dx

u = e\( Q\\/: SV:XAY
- €<_‘. _ }'/cog('lx3>cl¥ ez e Xalx V= -cosx
- 2

N
b
J v - y\,clut -e cosy—&tcosxe d x
_ LQQX\L* % tos (20 X% \
- ¥ cly
l ) 2 Wdx ~ —otcesy + \® cos X
_ Ly _l; a%uS (2x \2)‘ dv= cosy dx
= 3 Sy
(w=e” vEo#
ls':“(f'\go “!/C °

| _ -
e o ]

X (%o xalx
X w X 2 S
cos x +2 S g
ge‘,«xéx =4 /\

~ ) \l—C
¥ y © Quw X
Q ‘ eYS. N o‘y = € Cos ¥

Yoo + C
de 2] eees e sax |
e X = 2

18
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in o) el y@ x)”dx - x@ ) = a g@& X)n'(;/x

'
JE&. Use Exercise 51 to hind |

n="3 Mfﬂx dv=dx
3 a2 du= ;idX vEX
g (oiVey = w(fnv) - 3 g@& 2) d¥ w-fvcm
= < bx

X &x)g- 3Y>< @ux)q\. ’zg,é“% c(ypz

- XC@M;-%QQM)”L*Q{*L“K’S ¥iad (

MM‘“ ’ C]

D]

19
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Bl. v=rlwy/2), v=0, 0=t =1; abou II'I/_I:H
\\\/, @ 1\/ (
° Cos x 27 CDS@ )

£

n
V = é/fzvxygcoﬁ Ay

K=t )

i ng cos(Z el
o
u = X dvu = CoS('—.j;‘%}o'x
du= OIX \): —S'%-(h5‘>

uw—g vdu=|x CEse (IXJ S 2 oo (T )4)‘

frenTs] vz ﬂ{sw

- ——(IBS‘«—— 0] +~— (— COS(TX))]

25 [COS@— cos <°3] =

20
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