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Goals :

o Integrate using re- substitution .

o Chain rule .



Integnaticnoperaticnisl.my
Recall : gbaffcsc, +god) da = fabfox) da c- fabg doc .

fbacfcx) dx= a fabfood doc .
o integration plays nicely with + and scalar

multiplication .

o integrations like fetedx ,
S9 sink cosxdx

are difficult even though they are well- behaved -



Checkmate

Recall : If y = Fcu) and u
= U Cx) , then

adz Fcucxs) = It . da.ec

EE Differentiate food = sin 'se

ans : using chain
rule let Flu) =

us
}⇒fc⇒=FCuC)"

re Cx) = sin Cx) .

dI= deaf day = f- (us ) dodgy = 9.sink cosx
da u u

- -

F'cuexD n' ex)

= 9 = Coste)



chainnileccont.cl# next sink
,
Fcu3=u9 .

So
,

sin ex) is anti derivative of 9 sink. cosx .

⇒ f9sin8x cos a doc = sin x + c .

- un un

F'cute) rice) found

⇒ S§u4u⇒in
.

-
cow)d" "

'↳
sinus

"

⇒ f ( 9usfu.si#,cesGd)dx-ffgu8du) )
re - sink.



risnbstitntion

THI (The substitution rule - CLP 1. 4.2)

Let f be an integrable function
and let

a- Uca) be a differentiable function . Then

I f-Cuba) day
,

doc = f fcu) du l
U = Ucsc)



theorematic ffcucx )) u'
c) dx = ffcu3du/

a-Ucsc)

o Let Fcu) be antideeivat.ie of fca)
⇒ ffcusdu = Fcu) + C

0 Assume u -_ uca) . Evaluate at u=ucx)
:

ffcusduf = Fences) + c

u=ucx)

o Differentiate both sides : fcucxs) n' ca) = F'Cruces) n'ex)

•
So
,
F Lucas) is anti derivative of fcucxs> n' ex)

① So
,
f f cute)) U' ex) dx = Fcucxs) + c .



-

Main idea

T.si#::.;:.:::...easieeaJn:::UCxD=coscx3
rice) = - sin Cx) .

⇐"om#f g sing, as a doc -

①S-9sin8xcoxxricx
If u= since) ⇒ u

'

GG = cosGc)

① = 59 I.⇒⇒ I. Yin:! ! sin.'

J f g us! n' ca) doc =
a-sin c)



Example (contd) Sf Cuca)) ' U' on dk = S fcusdulu.mx,
o f 2x e'd doc .

let u Cx) = K2

÷ =
2x

⇒ fries . e
"" doc = f e" du! E- exclu⇒E

= e'Ia
=

o f 3×2 (set4) dx

= S@a5+12×2)d×
let u =

a'+4 ⇒ day = 3×2

= 53 side + fared,
⇒ friend nucx) da

= 3¥+↳+ 12,1 + Cz
= f" d" In

= *3+4

= zest ¥4 c = Etc↳⇒*= ⇐}tC



Example (contd) n= sink)

fuicx3fcucxHdx-fcotxdxaduz-cosGd-fcosc@docsinC7D-fulcxs.caTedx = Sri ' dat
u- sinCx)

of€1 doc

= bnlul +clues;n↳,
-

-

lnlsincxltc

312
u= 2x-11

= + C .

du→= 2 3
dx uh §
£fzi¥dx ixy"Icl

= { fake> TEDx = If data
,

£
axe



LinearsubstitutionlhmLet Fcu) be any
antiderivative of fore) and

let a, b be constant . Then

⇒⇒=FMt ffcasc+b) doc = at Fcaxtb) + c '

• Choose uGc)= axtb .
Then dd÷= n' Cx) = a
-

⑦ Substitute
da → ↳du da = at du

o integrate La f ferus du = ta Flax+ b) to .



Lineaesubstitutionccontd
More generally , du

S fences) re' doe Idc
=
n' ex)

By substituting
dx → ↳ dae

, we get

f fenced u#¥⇒du
= f fois du

Note : da f- L du .

relex)



Rerisitingexaomple

ofTEE doe

U GO = 2X + I

SEEda = If Fu du
= tight c

312
= I + C
3



substitutionfordfiniteinteg.ro#
Thom ( CLP 1. 4.6) Let f- be an integrable function
and let u = need be a differentiable function , then

ucb)

fab fracas) a' ca) dx= f fore) du
Ula)

Q : Let FCK) be anti derivative f- Gas . ive ddaFCx)= food .

What is a antiderivative of flacks) n' ex)

A : The antiohrivatine of fcucxjduicx) is Fluck ))

By FTC , fabfcucxs) n'ex, de = Fcucxssfba -- Feast
"
""

= Flubs) - Ffucay)
u-uld



xd )

E : y = 's f II dx
Evaluate f!u÷1d" no,

xcu> = u2+1 ⇒
n'= acre) - I =L - ¥ ) da

Z

÷: :÷. )::*:c:¥o.S:#du.su#Iudx=ESIdx--tzI1-enco)




