
25 Integration by parts

MATH 1A

We see that it is often better to di↵erentiate log first. The word LIATE explained

below tells which functions we want to call u and di↵erentiate.

Example: Marry go round: Find I =
R
sin(x) exp(x) dx. Solution. Lets inte-

grate exp(x) and di↵erentiate sin(x).

= sin(x) exp(x)�
Z

cos(x) exp(x) dx .

Lets do it again:

= sin(x) exp(x)� cos(x) exp(x)�
Z

sin(x) exp(x) dx.

We moved in circles and are stuck! But wait. Are we really? We have now derived an

identity

I = sin(x) exp(x)� cos(x) exp(x)� I

which we can solve for I and get I = [sin(x) exp(x)� cos(x) exp(x)]/2.

Tic-Tac-Toe

Integration by parts can become complicated if it

has to be done several times. Keeping the order of

the signs can be especially daunting. Fortunately,

there is a powerful tabular integration by parts
method. It has been called “Tic-Tac-Toe” in the

movie Stand and deliver. Lets call it Tic-Tac-Toe
therefore.

Example: Find the anti-derivative of (x� 1)
3e2x. Solution:

(x� 1)
3

exp(2x)

3(x� 1)
2

exp(2x)/2 �
6(x� 1) exp(2x)/4  
6 exp(2x)/8 �
0 exp(2x)/16  

The anti-derivative is

(x� 1)
3e2x/2� 3(x� 1)

2e2x/4 + 6(x� 1)e2x/8� 6e2x/16 + C .

Example: Find the anti-derivative of x2
cos(x). Solution:

x2
cos(x)

2x sin(x) �
2 � cos(x)  
0 � sin(x) �

∫ udv = uv − ∫ vdu

∫ (x − 1)3e2xdx



Poll
(uv)′￼ = (uv′￼ − vu′￼)/v2

(uv)′￼ = (uv′￼ + vu′￼)/v2

(uv)′￼ = (uv′￼ + vu′￼)

(uv)′￼ = (uv′￼ − vu′￼)

A

B

C
D



The Method

∫ udv = uv − ∫ vdu

(uv)′￼ = uv′￼ + vu′￼

∫ (uv)′￼dx = ∫ uv′￼dx + ∫ vu′￼dx

Integrate the product rule

the left hand side is uv. 

Write v'dx =dv and


u'dx = du and solve for 



First Example

∫ x cos(x)dx dv

u

x sin(x) − ∫ sin(x) dx=

x sin(x) + cos(x) + C=



∫ xex dx

BASIC EXAMPLES

∫ x log(x) dx

∫ x2 cos(x) dx

A

B

C



First observations
We need to find a product of two functions. 


Integrate what you can and differentiate the later.

As a general rule, the derivative should become simpler. 



∫ x2ex dx

MORE ADVANCED

∫ log(x) dx

∫ (x − 3)cos(x + 5) dx

A

B

C



More observations

Sometimes, we have to go several times. 


Sometimes, we have to invent a second function 1



∫ ex cos(x) dx

TOUGH EXAMPLES

∫ arctan(x) dx

∫ x5ex dx

A

B

C



Mary 

Go Round

∫ sin(3x)cos(4x) dx



Tic Tac Toe

∫ x2 sin(x) dx T I C

T A C

O E

T



Tic Tac ToeStand and Deliver

1988



Jam

∫ (x − 1)3e2x dx

B) Solve

with Tic Tac Toe

(x − 1)3 e2x

A) Solve 

∫ log(2x)x dx



The End


