Warmup

Fill in the blank'

1. Slnce — cos( +1) =

/ dx = cos(z? + 1) + C.
2. Since d In | cos(z)| =
ince — =
dx '

so/ dxr = In|cos(z)| + C.

Example: % 23dx = 322, so [ 3z2dx = 2% + C.
dx

Undoing chain rule

In general:

o / f(9(@)) * ' (2)dz = f(g(x)) + C.

Example: Calculate the (extremely suggestively written) integral

/Cos(x3 + 52 — 10) % (32% + 5% 1+ 0)dx



|ess obvious chain rules.

Look for a buried function g() and it's derivative ¢'(x) which can
be paired with dz:

Examples:

1
/x\/a:2+1dx:/§\/x2+1*2x dx

/ CO;E/‘?) dz = / cos(v/z) * % d

Method of Substitution

Look for a buried function ¢g(x) and it's derivative ¢'(x) which can
be paired with dx.

Example: / COS—(SC)CZ:):

sin(x) + 1
Let u = g(x). Let v = sin(x) + 1
Calculate du. % = cos(x) so du = cos(x)dx
Clear out all of the z's, 1
replacing them with u's. /ﬂdu
Calculate the new integral. [Lidu=nlul+C
Substitute back into z's. In|u|+C =1In|sin(x) + 1|+ C
Check 2 In|sin(z) + 1|+ C = m * cos(x)v’




Method of Substitution

Look for a buried function g() and it's derivative ¢'(x) which can

be paired with dz.

Example: /x

Let u = g(x).
Calculate ¢ * du.

Clear out all of the z's,
replacing them with u's.

Calculate the new integral.

Substitute back into x's.

2+ 1 dx

Let v = 22 + 1

U _ 9r 5o Ldu = x dx
dx 2

/\/ﬂ*%du

%ful/Zdu = (%u3/2) +C

N[

=5(?+ 1)+ C

Check %%(:1:2 + 1)3/2 +C = %%(mQ + 1)1/2 *x 2V

Method of Substitution

Look for a buried function ¢() and it's derivative ¢'(x) which can

be paired with dz.

Example:
Let u = g(z).
Calculate ¢ * du.

Clear out all of the z's,
replacing them with u's.

Calculate the new integral.

Substitute back into x's.

eﬁd

N

Let u = /x

du 1 1
%:m SO QdU:ﬁdZ‘

/e“ * 2du

2 [e'du = 2¢e"+ C

—2eVZ 4L O

Check %26\/5 1+ O = 2eV7 % %

v

1
NG




Method of Substitution

Look for a buried function g() and it's derivative ¢'(x) which can
be paired with dz.

2
Example: / 3—$dx

22+ 1
Let u = g(x). Let u = 22 + 1
Calculate ¢ * du. & =2x so du=2xdx
Clear 9ut all of the x s /—du _ /u_l/?’du
replacing them with u's.
Calculate the new integral. fu_1/3du = %u2/3 +C
Substitute back into z's. = 3(2? + 1)¥3 4 C

Check £23(224+1)¥3 + C = 32(2? +1)"Y/322v

Same integral, different substitution!

Look for a buried function ¢() and it's derivative ¢'(x) which can
be paired with dz.

Example / 2
xample: ————dx
P Va2 +1

Let v = g(x). Let u = Va2 + 1

Calculate e+ du. 2 = (22 +1)"%/32¢
Uh oh? Let's try to force it!! Cross-multiply:

d
2xdr = “ = 3(z% + 1)?3du = 3u’du.

%($2+1)_2/3
Yay!l So

_ 3 9
/ —x2 dm-/—du—B/udU—Qu +C
:§(\3/zc +1)? +C:g(x2—|—1)2/3—|—0,

2
just like before!



You try: Compute the following using substitution. Check your
answer each time by taking a derivative.

1 /(3 LT d z?
. x x
0. /1+a:6 dx
2. vVor — 9 dx
/ 10. /(1—x)\/1—|—m dz
1
3. — dx
/\/4x+3 )
1 ; 11. sin 3x dx
4. _—
/\/3—43; v
1 , 2
5 / T+ Jx 12 /CSC (2x + 5) dx
22422 —3
6,/ 4z -5 dr 13. /sinxcosx dx
222 —bhxr +1
2 + 3
1. dx -3
V22 132 2 14. /sm xrcosz dx
dx
8.
/\/1—351:—\/5—3:17 15. /Cosﬁdx
Nz



