
4.5, The Substitution Rule {chain rule in Revere)

he Know that Scos(x)d x = sin(x)+C. But what

is sin (fax) dx = ?

If This is where weintroduce the 'a-sub" rule

EX S sia (5&x)dx

lit then du= rEdx or de- du
Now the interal become

= 7 sin (w)du

Sin ((2x)b2 ? Cos (Ve x) + C



Math 211 CW 4d Name :

1. use a u-substitution to evaluate

x  s i n  ( x ) d  x
Qway wi ~ ti

ditera

mixed integral
Keep going

? = ? 3
du = 3x dx ? X du

3x7

x  s in  (u )  (au
3x?

= 3 jin(4) du
make sure after the
u - sub the entire
integral is in "u"
before proceeding

=cos (u) +C

? INT

- cos (x) + cl

Done!
102-68

Done? No!
you must put the
results back into
the original varible

TN GUN!



EX I evaluate 3x V1+ x3 dx

let U= 1+x then du= 3xdx
so the integral become s

S vù (3x'dx)

=  V ? du
#+1 = ?

=
K + 1  t C

= 2(NT+x3))13
- + C

3

unsubstitute

xD (x)g L + (A)INA

M I N E A N O  X

thphin x phenbung to tros ?7tíí (x59 71
2 00 )
1 9 g

att remart, lles eilis or Nognein o
(20'9 Suitfuiob tt li ?roO LaNiaw At

( x  -  ( 3 2  1 x b ( 2 0
ártsuong nera 1 to

Li, X Arai dao navbo
T h a a b i n x  e t



EX Evaluate x3Jxz+i dx

let M= X*+| ? du= 2x dx ? dx = .

S x° vu (24)

(3

d u

2  x

= mixed integral. How do we
convet the "X" to"u" to ?

but  xz  =  U- |

= ? (u-I) Ju du

- = Sured - 2, Jud

« Fully a "n" integral now

=  22

=

? / + l

3  + 1
5/2

5/2

? + 1

-  2 4
2 + 1

3/2

+  C

+  C

a c

b

=5(x*+1 5 (SH) +C



Theong

Thm

a n d

I f

f

then

4= g (x) is difble on range I
f (x) is continnons on I also

f(9x)) g'(x)dx = ff (4) du

proof:

I . (st examn I=S f(9x)) g'(x)dX

? Note d x [F (9a)} = F'(9) ? g'? Chain Rule

? now let F'= fSo then Is F551a) g'(x)d x

becomes = F' (g) dg

= F(g) +C* 7 by FTC:I
Now let (U= (x)) ? du= g'(x)dx

( A -
PHS

b u t  F '  =  f LHS

15 f(g(x)) g'(x)dx = & (ndu QED.



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

d x =

(In (x) - log e(x)

log (x) log., (x)
lu (x)

So In rererse (antiderivation

<? dx = lu(x) + c

Find Stan (x)d x wow, what to do here
use def)

oftangent.

Sin (&) dx
cos (x)

,  now  l e t  u  =  ( osQx )  so  du=  - s i n ( x )dx

= ln (u) + C
= - lu (Cus (x)) + C

b'log (a) = log (ab y

let b = -1

log (a) = logla")

= log (á)
-  e n  c o s  ( x )

= ln ( sec (x)) + C

50 ? tan (x)d x = lu| sec(x)+c



E X

make sure
to completely
convert the
intesral to
one in "n"

make sure to
completely

convertto

# 4  o n  C W  I I  b

I= sec? (4t) [ 3- tan (44) d t

l e t

=

?  =  4 t
du = 4dt

sec° (u) [3-tan(u)) /du
4

l e t W = 3- tan (u)
do  =  -  sec ' (u )  du

= 4J [3-tan(4)] 3 (se c°(u) du

5 0 0 .
W

=

(w") +c-

= - -
16

= T6 [3- ta (46)] " +C
6

S Y

u n  s u b  w

u n s u b  a

make sure the
result are in the

original variable

U T T Y



I I  Def in i te  In tegra ls

For definite Integrals we have two choices

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

B. Change the
x=b

l imits when wedo the u-sub
a = g (a)

f(a)g' xidx =
x=a ? =g (b)

E Xl o f  m e t h o d  A . 1 + t?n = se c2

T/ 3
sin (E) + sin (7) tan" (z) d z

sec '  (z )
sec  (2 )"/3

sin (z) < 1 + tânt)) d z
S in

</3
see (z ) " /4

"I/ 6
T /3

s i n  ( z ) d  ?

?/?

(ss

-  C o  ( 2 ) !

- - 603(5) - (- cos (0))

= - 12 - (-1) Hmm

=

N o u - sub
needed
after all



EX Evaluate

4

3 x 2

x = 1

I + x 3

10 d
?  =  1  +  x 3

x =  4

du: 3x* dx { previou)examples

X=1 ?/ / x= 4, x=4 ) integrate

3/2 X =1 ) un - substitute
x = 4

3 Devaluate limits...

=

= ?(ra) = rarafa

= 65165 - 3252

= 130565 - 4 ?? done
3

next approach



method x=4

Do it again but now use

3x2 T+ x° dx

8

x = |

x = 4

-  ? ?

x=1u= 1+ (4) 3

= V? du
?= 1+ (1)*

? = 65

b u t  n o w  w e  c o n v e r t

E the l imits to 'u" also!

=
d u

Totally converted tóu

No, more ' X "u  =  2

65
u  d u

2
6 5

?/2

3 / 2

= 2 653/2 _ 23/2

=  2 .  6 5 5 6 5

3

??/TX

p | ° = 00x0

X = 2 5 0



I  f

(a)

Symmetry and Integrals

f(x) is continuous on a symmetic
interval [ - a ,  a ]  t h a

I f ff) = even function
2 -9

f(x) d x = 22? fix/dx

9

(b) I f f(x) = odd functio

/ f(x)dx = 0

x= 0
a

proof  for  (b) :  Recal l

a -

le t  u  = -  x

du=-dx

=

=  -

x = -  9

x = 0

u = 0 / odd

=  -  I  + I  = 0
- I  ? ? = 0 x= 0



EX E v a h a t e ? /4
( x ' + x "  t a n  ( x ) )  d x

I no method will
work that we

Know
o d d

1 0

tan (x)

=

-

- T/4
?/4 - ever

x" tan(x)d x
od d

-  4
odd

???
interval

=

=

+
even . odd = odd

odd odo = eve

Just another u-sub
example

u  =  1+x *2,  du = 2xdx

4 = 17,2

= 2 (dy)
u= |+ 0

=2f Vadu

2

4  3 /

3/2

2 52
3 -  3


