
INTEGRATION BY PARTS

Product rule :
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Integrate both sides and rearrange terms
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Let us check again by taking the derivative :
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theorem Every rational function can be
integrated in closed form .
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Partial traction decomposition :
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Set the numerators to be equal :

£2 -
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: 2A t B t C = 0

to : A = I

⇒ A = I
,
C = - k
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B = - I

Now we can integrate :

I = ¥ (ln It I 1- ±
- in It + It ) to
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Example
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dx

I =/ f-* + III.⇒

= EEx x x /2- tax
( x -It ( x't 1)

= It +
'

Solve :

Al x't It t (Bx t C) (x - II = 2

⇒

{
A + B = 0

- B + C = 0

A - C = 2

⇐> A = I

{ B = -I Integrate :

⇐ ⇒ I ±

- I *



I ⇐ = I + I
Everything together :

I = Ex't x if It, - f× dx
#I

= Ex't x x ln K - KI - ¥lnlx'xk)
- arctanx + d

For rational functions the integral
function always is a sum of
polynomials , logarithms, or avatars .

Example In = IN e×dx ( new )

Recursion :

|Ne×dx = x" ex - f n x
"-←e×d×

In = x
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It terminates
,
since Io = /e×dx =

eked



Example
- -

I = / sinkDX = - sin × cos× 1- / costxdx

= - sin x cosx + / (I - sink) dx

= - sin xcosx 1- fdx - I

We get : I =
× - sinxcosx
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Example I = /ek× sinnx tax (kto )
I = ¥ ek×sinnx - f I ek×cosnxdx

µ ektcosnxdx = EEektcosnx-ffeks.cn
= Ee eksinnx-fzekxcos.mx -¥I

Again, solve for I ?


