
We have seen that when f is continuous .

then

( fifty ) dt) = f- (X)
.

Recall : / f- ( glx) ) )
'

= f
/ ( glx) ) • 91×1

Exercise : Find the derivatives of :

⑦ FIX) =fHu3 - 2) du
Iii) G- (x) = ftp.dtsinx
Ciii) Had =/

"
etdt

✗
a
F

ANSWER

⑥ Let glx)=f×lu3 - 2) du .

We know that 81×1=1/3-2
.

The function in question is

FCX) = 91×2 ) ⇒ FIX ) = g.
'
hi ) - 1×29

= 1×6 - 2) • 2X

= 2×(+6-2)=21×7-2×1 .



sinx

Iii) G-(X) = f 't
'

dit = - f Edt
sinx 2

G-Tx) = - ffgsimttddtf
= - lsinxf . ( sins }
= - sink . cos ✗

.

Liii) Had = if?¥dt
= f.
'

F- dt + f*¥dt
=/
*

F- dt - [¥ dt
Hkx) = e¥,- .

1×31
'

- e¥ .
1×25

= 3¥ze - 2¥52 =
3É - Reid

✗
•



These examples are all particular
cases of a general theorem .

LEIBNIZ'S RULE : Suppose glx) and hcx) are
differentiable and for any ✗ the function
f- is continuous on the internet defined
by glx) and hlx )

.

Then

hlx)

( f f-(f) dtf-flhlxD.tn/h)-flgcxDg1x7 .

gcx)

* In the integral fabfcx> DX
,

the symbol
"DX" is called the

differentia of the variable ✗
.

When we have a variable y
which is a function of ✗ , say

y = FCX )

then the differential of y is

dy = fix> DX

E. g. if y =P then dy =2×d✗



INTEGRATION BY SUBSTITUTION

If f) g :[Ohb] → IR are continuous
and g is differentiable , we have

9lb)

fabflglx) ) gtx ) DX =/ flu )du .

glow

In practice ,
when we see the integral

febflgcx) )gT×> DX
we set u=gcx) ⇒ du=g1x7d×

X , = a ⇒ u
,
-

- glad
Xz=b ⇒ Uz=glb )

and
b 9lb)

faflglxl )g¥d_× =/ flu )du
glad



• f#e×¥d¥ =f%+×Yeñ+×d×
set u=×#X ⇒ du=l2x-Dd_

✗1=0 ⇒ u , =D

X, = I ⇒ 42=2

= Te " du
O

= [en] ?
= é -1

.



• {¥-É¥I*= set u=enx⇒

du=1×dx
×,=e ⇒ u, =L

Xz=é ⇒ uz= 2
2

2

=/ Edu = [ enlul ] , =ln2 .

I

• fee>✗ + ' dx =

Set 4=3×+1
du -43×+11'd×=3¥

✗1=0 ⇒ u,=I

4 112=1 ⇒ uz=4

=/ e"- f.du = Igf "eudu
2

y

=§[ e
"

] ? = flea - e) .

du=3dx ⇒

dX=§du



V2

• of sin(E) DX =

set u=¥⇒du=£dx
⇒ DX = Zdu

✗1=0 ⇒ u , = 0

Xz =L =) 42=41
nks %

=/ since . 2 du = 2 ofsinudu
0

= 2 fcosu]? = 21 - cosy - C- coso ))
= 2 frog + 1) = 212 -%) = 2- V2

.



u = V57

are du¥¥d×=¥¥
• of 4 ✗ ✓ +1 dx

Set u=x4l
du = 2x dx

×,
= 0 ⇒ u,

= I

xz=Ñ2 ⇒ we = 9

2K 252

fax V57 dx = ✓ 2.2€ - VIET
zoo

g

= f 2 VI du
2

= 1,92 u¥du

=e÷÷ ]:# ¥1 :
= 4g ( GE - 1¥ )

= 4g ( V53 - 2) = § (27-1)=104-3 .



( ✗3-1×5 = 3×2-11

f%¥¥,dx =
set U=x%x

du = (3×2+1) DX

✗1=1 ⇒ u ,
= 2

xz = I =) ↳ = 10

i=/ 2- du = [enui]É0

= en IO - en 2

= In 5 .



•
=

set u=¥
i.
-

-

-

'

du=(¥fd✗= - ¥zd×
×
, :& ⇒ u,=2

Xz = I ⇒ Uz = I

2
2

= f- eudu = feudu =[eY?=e?e .

2 I

V6

• fcosxesimdx = Set u=sinx
0

du = rosy DX
✗ =D ⇒ 4=0
✗ = I ⇒ u= sing =L

1/2

=/ eudu = Ce
"]% = re - 1-

.

0



fihydy = [eniyl ]i=ln2

• f?¥d× =

Set u=x-3 ⇒ du=dx
✗ = 4 ⇒ U=1

✗ = 9 ⇒ 6=6

= [ Indu = 2[eniul] ! = 2hr6
.

• f) ¥1, =

set a- 2×+1 ⇒ du=2d×
✗ =L ⇒ u =3
✗ = 4 ⇒ u= 9

=§%u . 's du = £ {1- du

= ¥ [ lnlul]? = lz3_ .



• Y&¥
,

=
Set 4=2×+5

du = edx
- 2

✗ = -2 ⇒ I = I
✗ = - I ⇒ u =3

3

= ! # du = ten 3 .

• §d¥ ¥! [ enixl] :} = end - en 3

= en 's .

(we don't
need

a substitution
%


