Integration by parts

Derivation from product rule for differentiation

d(uv) du N dv
dx _dxv udx

du N dv  d(uv)
dxv udx_ dx

dv  d(uv) du
dx  dx dx

u

Formula

fudv=uv—jvdu

Heuristics for choosing u

Can you choose u = stuff in a way that satisfies some of the following criteria?

e u can be differentiated, preferably without a more complicated result
e dv can be integrated, preferably without a more complicated result

Type of function Have differentiation formula? | Have antiderivative formula?*
Logarithms Yes No
Inverse trigonometric functions Yes No
Power law and polynomial functions Yes Yes
Exponential functions Yes Yes
Trigonometric functions Yes Yes

* Before knowing about integration by parts

Page 1 of 2 DAVIDLIAO.COM



Integration by parts

Example: Single application Example: Tabular method
jxcosxdx jx3exdx
u=x dv = cosx dx Derivatives Integrals
du = dx v =sinx
+ - u=x3 N dv=e¥dx
fxcosxdx=xsinx—fsinxdx N 32 N o
= xsinx + f(— sin x)dx + - 6x N e*
R — 6 N e*
=xsinx +cosx +C
+ - 0 \ e*
Example: Repeated application Example: Apparently endless repetition
fx3ex dx f e* sin x dx
u=x3 dv = e* dx u=e* dv = sinx dx
du = 3x%dx v=e* du = e*dx V= —CoSXx
fx?’exdx = x3e¥ — f e* 3x? dx fexsinx dx = e*(—cosx) — f(— cosx) e* dx
:x3ex—3fx2exdx =—excosx+f e* cosx dx
fxzex dx f e* cosx dx
u=x? dv = e¥*dx u=e* dv = cos x dx
du = 2x dx v=e* du = e*dx v =sinx
fxze" dx = x%e* — f e* 2x dx fe" cosx dx = e*sinx — f sinx e* dx
=x2ex—2]xexdx =exsinx—fexsinxdx
fxexdx fexsinxdx= —excosx+[exsinx—fexsinxdx]
u=x dv =e*dx =e"(sinx—cosx)—fexsinxdx
du = dx v=e*
2 f e*sinxdx = e*(sinx — cosx) + C;
fxexdx:xex—fexdx
_ e*(sinx — cos x)
e*sinxdx = +C
=xe* —e*+(; 2
fx3ex dx = x3e* — 3[x%e* — 2(xe* — e* + C;)]
= x3e* — 3x2%e* + 6xe* — 6e* + C
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