Integration by Parts

1. Review:

What is this formula? < You might have
seen this using
different letters!

1t's  Hhe Produd‘ cule !

2. (a) Use the review: What is the derivative of f(z) = ze®?

f(x) = ex + ’ch

(b) /((Ew —+ .%61) dr = X ex + C/ s Hint: look very

carefully at part (a)
(¢) Ava: Milo, this is crazy! Look what just happened!
Milo: Uhhh...hi Ava. Too much coffee early in the morning?

Ava: Yes, but look! We can now figure out the antiderivative [ xe” dx.

Milo: What?! That is not the problem we just did in part (b).

Group chat: How can you use the information above to solve for / xe® dx?
@x+xex>d'x = |e*4 *d * *dx = *+ C
x t [ Xe ax,  so e dx + | xe"dx = xe” +

Now \[exo!x =e¢+( s Jxe"= xeX - e* +C

3. (@) [ W) +u/ @) dr=__ubd v+ C

(b) /u'(fc)v(x) dx—}—/u(a:)v’(x) dx = u(x)v(x) +C

(¢) Ava: What we did in #2 was just a specific example.

Milo: Oh yeah, now we can try to solve for [ u(z)v'(z)dz.

Group chat: What are they talking about? Try to rewrite / w(x)v' (z) dx, but

using a different integral.

JU(AV’(X\ 0(9< = u(x} v(x} - fu'(x) V(’X> doc + C
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KINTEGRATION BY PARTS N

/u-dv = u-v - /U-du

Keep in mind the following important pieces of strategy:

e You have to “break up” the integral into two multiplied pieces, one called u
and the other called dv.
e Whatever you choose as u will have to have its derivative taken.

e Whatever you choose asdv will have to have its antiderivative taken.

° You will have to find the antiderivative of v - du in order to finish. Y.

4. Use integration by parts to find / rsinx dr.

Guess for u: (= % = Calculate du: du=dx

< Your u and dv
Guess for dv:  glv= sin(x)dx = Calculate v: 1 = —(ps (x\ MUST multiply to

equal zsinx.

Now calculate: uv — /vdu = x (— c:>s(x\> — | (- as(x“ dx <3 If you did this
right, finding the
antiderivative of v du

— should not be harder
- X Cos (’)() + \g\ ()s(x) AQL than the original

problem.
S'X S‘m()()d)c = - (_os(x) + Sin (X) + C

5. Marissa: Javier, I really need to know [ z Inzdx.

Javier: OK. I think we should do what we did before, so let’s try
U=z and dv =Inzdx.

Marissa: Thanks for trying to help, Javier, but that made it worse.
Group chat: What went wrong with Javier’s idea?

Tt u=x and du = \n(ﬂ dx, N o= I]“ ('x\ dx, but we don't

know on anfiderivative of h(x).

Group task: Don’t give up! Is there a different way we could choose v and dv? Can

you figure out [ z Inzdz?

LQ,+ W= lt\(X\ ou\o( 0‘/\/ = ‘Xo(oc.

Then du = JyZAX and V_—_"i%.

Then S x WG dx = ) Tx" - j%xz- + dx
)
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6. Find /xS Inzdz.

Le.“' u-= In x an ol\l = X3 Aac.
T hen du= ‘;’< o‘/x and

N = Tlf'xq,
Then: \‘.')(3 |n(x\ dx = 'A('x)~ “qxq - J‘# X“.-,:? dx
= b ) -4 5

=E><" W0 - o xt + CJ'

7. Find /lnxdx.

< Hint: remember
thatlnz =1-Inx.

Let u=lx ond dv=1ldx.
T hen olu:‘la_w(oc and N= X

T hea: \Yln(x\ dy = n () % —JX-‘;‘(dyz
- x ) =1 =[x -+ C

8. Find /xz cosx dx.

< The integral you
get after doing

2 _ . integration by parts
LQ{- u= % aAd dv = (=S (X] JX . TL“ Au‘ 27( d“ ﬂnd N= Sl'\(x), won't be simple, but
it will be simpler than

Then: \Y'x’z 0036()dx = x 3 (X) - ZIX sia (K\ dx = xls;ﬁ(x) -2 ("X tos (1) f;},(x\.) + (_  what you started
| ) - with. Keep going!
inteqrate by parts! -

Sx sin(x) ds: let uzx and dv = sl dx
then duzdx and A= —coslk)dx

So jx sin(Qdx = - x ws()dy + Ias(k\ de = —o¢ cos(x) + sinlx) +C

Thus, leas(x) dy = \xlsin(x) + Iy cos () - Zsia(x) +C
9. Find / xsinx dx.
0

F rom #Y, we know Xx sin()dy = —x cos () + sinlie) +C.

Thus, I:r'x Sia (x) dx = [-zx s () + sia (x)] )

X=
x=0

\

("ﬂ ws(m) + i (rv\) - (—O cos (0 + sn(o\)
(v« 0)-(0 + o)
=[n]
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10. Find /xzexg dx. u- sobstitution! < SLOW DOWN! Is

there something easier

3 than integration by
Let wu=x, so duw=3x"dx. parts for this?

Thea é Xe,du—3e,“+c :éex3+C

< You will need to do
integration by parts
twice. After that, you
should end up with
Then J\ex tos (x) dx = eXsin (x\ - g e g (x\ dx the same integral you
started with, so it
might seem hopeless.

Now use i:\+ejm~Hor\ l"}’ Pnr’rs +o eua{ua{'& je"s:n(x\a‘x: But is it?

11. Spicy! Find /e”” coszdx.

First: u__ex’ dv=ws()<)¢{x, So dlue,kdx, w= sin (x).

u= e", d‘\}: Sh(}() "(X, So Au: CXD‘X/ N _CDSCK\J)C.
Th X gin = - e*ew + X co Vdx.
“ je . (K) \ N S(x) je S(x:J So\ue, ‘G:r Ie"cns(x)dsa

SUL,5+.‘+U+FA3, we have! \Y y .
jex CDS(X) dx = X s\‘n(ﬂ _ (—-e"ws(k) + J\ex os(x\ d’(B ZJG Cos(x\ dx = e s.‘n(x\n‘ ¥ s (x) +C
= e* s (y\ + o o (K\ _ J‘est(x) dy Xex (,as(x\dx = ’ls_e)‘ (su‘n(x\ +w(x)> + C]

12. Flnd/ lnyd

Ld‘ u= \A(y) oAJ o(rv: J\|,=>, dy. Tﬁe'\ o(u.= —J/‘o'y and V:Z_\B—'.

q y=1 q =1 T,
. In i - _ %
Thew g‘l _—\\;;{: dy - [‘"(Y) 2\5] y=4 - L 25 Y Aly [Z |“(Y) ry]\/:q - \L ! A}'

=14
= [2 |h(y)\rf - l‘l \ry—:’y:q
= (2\.“(«3&——4{«‘)—(2\"(‘(\1? -Lfﬁ)
= | 6 \n(q\ - Y () =4

13. Find / 2" Inx dx. Here, assume n is a constant and n #-1.

<3 Why doesn't n =-1
work?

Let u=l(x) and dv=x"dx. T du"yl?dpc and W= ',\'T, x™
ThCn'- an Ir\(}(\d)( - ‘Vl (_XB '\LH,XMI _ \[_'L_l XMI'?(C_ AX

N | |
b = (o = | R - +CJ

]
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