
(4.5) The Substitution Rule § chain rule in Revere?

We know that Cos(x)dx = sin(x)+C. But what

is §sin (Ex)dx =?

It This is whee we introduce the 'l-sub" rule

Exl (sin (Fax)dx

hit U= JEx then dus fede or de da
Now the intepral becomes

Simla (14)

I Cos(uste) insubstitute

Sin (2x)6 FE COS(VEX) +C



E x I  e v a l u a t e  3 x - V I + x $ d x

l e t  k = 1 + x '  t h e n  d u =  3 x ' d x

so the integral become s

(3x" dx)

=  J u  d a
£+1 =%

= ?
+ C

? + |

+ C
3



( 3
E X

let U= X'+1 ?  d u =  2 x d x  ?  d x = d u
2 x

b u t  x = = U - 1

= {) (4-1) Ju du

= È  S u l  d u  -  É C u "  d u

3/+1 ?+1

= Z -  2 4
=+1

5 / 3/2

=  2 5/2 -  2 3/2

=2=4% zu"*

5 5 (Ix*41)'+c

+  C

i+ C

Jusub

a c

b



Theong

Thim

And

I f
i f

t h e n

(4=g(x)) is difble on range I
fix) is continous on I also

f(9x)) g'(x)dx = ff(a)du

proof:

I . I examin I=S f(91)) g'ixdx
? Noted

d x [F (96)) = F'(9) g'
? now let F'=f

so then f(gia) g'(x)d x

becomes = F'(9)dg

=  F(g )  +C by  FTC. I .

Now let (4=g(x)) - du=g'dx
then ? F'(9x)) g'ix/dx

= { F ( u )  d u
RHS

but F'=f LHS

chain Rule

GED.



I n  C h a p t e  6  w e  r e v e a l  t h a t
d In (x)

d x

(In (x)-loge (x)

(log (x) - log, (x)

So In reverse (antiderivation

Ldx  = lu (x )+C

F i n d  t a n  ( x ) d x

(s in (k )dx ,  now le t  U= (058)  so  du=-s in (x )dx
cos(x)

- du=

=en (4) + C
=- la (Cus (x)) +<

¡b'log (a) = log(a' Y

let b=-1
log (a) = log/a")

= log (à)

= la (Cosixs) + C

= la (sec(x)) +C

50 tan (x)d x= la| sec(x))+c



[ I l  Def in i te Integrals

For definite Integrals we have two choices

A . Evalute the integral, alo limits, via
a u-sub, then unsubstitute and reapply.
the l imits.

B. Change the limits when we do the k-sub.
x=b a= g (a)

+(udu

u = g (b)x=a

Ex of method A.
78/3

sin (E) tsin (z)tan" (z) d z
sec? (z)

"/3 sec? (2)

=Jo
sin (z) (1+ tan(a)dz

sec (7)

T / 3

=). Sin (z)d ?
T//3

= - Co (7)

+-609(9) -(-805(0))

= - - - (-1) Hmm

I t t ' = s e c

s i n
</3

T / y

#0/ 6

2  ?

N o  u - s u b

needed
after al l



EX Evaluate 3x21+x dx
x = 1

method du: 3x*dx) §previous

x=4

x = 1

J u d u

x = 4

=
u n - s u b s t i t u t e

X=1

2 0 1 7 x 3

3

x = 4

x=1 Devaluate limits...

=
3

=

(JI+4"

(ros"-52"

65/65 -33252

( ra)  = rafafa
a r a

3

1 3 0 5 6 5 - 4 5 2
3 3



cont. ( 8
method x = 4

x=1

l e t  U = 1 7 x 3 ,  d u = 3 x 2 x
x=4

J u  d u

x=14=1+(4)3
=

4= 1+ (1) "

? =65 Totally converted to l

=

4 = 2

6 .

u ' s  d u
6 5

N o  m o r e

=
3/2 2

= 3 1 6 5 - 2
3/2

=  2 - 6 5 5 6 5

3

2 . 2 7 7

3



Symmetry and Integrals

If f(x) is continuous on a symmetic
interval I-a, a3 tha

(a) I f  fo )  =  even funct

(b) If f(x)= odd Function

f ( x ) d x  = 0

-  a

proof for (b): Recall flax =-5.fixldx

The Faxe (fax 1 (Fax

l e t  u = - x
du=-dx

6

x = -

x=0
flalde+S, fax

4 = 9

u= 0 L odd

- I - = - I + I - D O T
?=0



EX Evatiate

-

" / 4
x ' d x

odd

+

I/4
(x'+X" tan (x)) dx

- T/4
T/4 never

x " tan (x )d  x
odd

odd,

tan(x)

sym
interval

+
even odd = odd

odd-odo = eve

Just another u-sub
example

, d u =  2 x a x

=
u=1+0"

?? (*2)

2

= 3 1 2 - 5 5 3


