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Integration by Parts

Often multiplied functions being integrated don’t contain a useful derivative to use u-substitution.

Another integration tool is Integration by Parts (IBP).

One function will be labeled # and the other function will be considered a derivative (not of u).

ex. J-xexdx J- X .l e’ de Build a chart:
L
u dy U=x dv=e'dx

du=1-dx=dx v=e
pick the one that simplifies

as a derivative to be u Integration by Parts Formula:

the rest becomes dv J' u-dv=uyy — J' v -du

=xe' —|e'dx
* | now the integral is easy to take

=|xe’ —e" +C




3x
ex. _f Xe dx
u dv

Integration by Parts — Example #1

3
u=x dv=e’dx

1 —

3
du=dx v=—e"

J-u-a’vz Uy —Iv-du

_x_e3x_ = 3xdx
’L3
lxe‘” —lj.e”dx
3 3
lxe‘” —l-—e3x +C
3 313

ju-dv: uv —jv-du

u=3x

du = 3dx
la’uza’x
3




Integration by Parts — Example #2

eX. J-x3 Inx dx

pick the one that simplifies u=Inx dv = x3 dx
re-order as a derivative to be u 4
du = 1 dx r _ 1
B = — V=—=—X
uv Ilvdu | | X 4 4
= J-lnx-xg’dx = lnx-—x“——_.‘x4 — dx

4 44 x
simplify

= lx4 Inx —l Ix3dx
4 4

= %x“ Inx —l-lx4 +C

:lx4 lnx—ix4+C
4 16




IBP with One Function

IBP can be used for integrating a single function when it 4as a derivative but 1s not a derivative
of the function.

ex. J-lnx dx = jlnx-l dx Build a chart:
re-write u=Inx dv=1dx
U dv |
¥ V=x
J7 s x

—xlnx —[1 dx

judv= uy —jvdu

:xlnx‘ —x +C

3 3
ex. L Inxdx =xlhnhx-—x |2

:31113—3—(21112—2)
=3In3-3-2In2+2 combine like terms
=|3In3 2In2 -1




More Integration by Parts

Sometimes IBP must be taken multiple times: j udv= uv —j vdu

ex. szex dx =x°¢é" —J-ex 2x dx u=x dv=e"dx
:xZex_zj'xexdx du=2xdx y=e€
uv—jvdu
=x'e" —2(xe" - J. e*dx)

= x’e" —2(xe*—e") +C
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