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Math 2413- Calculus I 

Dr. Melahat Almus 

Email: malmus@uh.edu 

 

• Check CASA calendar for due dates. 
• Bring “blank notes” to class. Completed notes will be posted after class. 
• Do your best to attend every lecture and lab.  
• Study after every lecture; work on the quiz covering the topic we cover on 

the lecture immediately afterwards. Retake your quizzes for more practice.  
• Get help when you need help; bring your questions to the labs, or my office 

hours. We also have tutoring options on campus. 
• Respect your friends in class; stay away from distractive behavior. Do your 

best to concentrate on the lecture.  
• If you email me, mention the course code in the subject line. Email is the 

best way to communicate with me outside of class. Teams chat messages 
are not monitored or replied to. 
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Section 6.3 – Basic Integration Rules 

To understand Section 6.4; you must know 6.3 very well!!! 

 

TABLE OF INTEGRALS 

1

1

r
r xx dx C

r

+
= +

+ ; 1r  −    
1 dx ln x C
x

= +  

sin x dx cos x C= − +    cos x dx sin x C= +  

2sec x dx tan x C= +    2csc x dx cot x C= − +  

sec x tan x dx sec x C= +    csc xcot x dx csc x C= − +  

x xe dx e C= +     
x

x aa dx C
lna

= +  ;  0  1a , a  . 

sinh x dx cosh x C= +    cosh x dx sinh x C= +  

2
1

1
dx arcsin x C

x
= +

−
    2

1
1

dx arctan x C
x

= +
+  
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Question#  )    3 12 ?x x dx
x

 + + = 
   

a) 4 2 ln( )x x x C+ + +  

b) 
4

2 ln
4
x x x C+ + +  

c) 
4

2 ln
4
x x x C+ − +  

d) None 

Question#  )    2

1 ?x dx
x

 + = 
   

a) 3/2 ln( )x x C+ +  

b) 
3/23 1

2
x C

x
+ +  

c) 
3/22 1

3
x C

x
− +  

d) 
3/22 1

3
x C

x
+ +  

e) None 

Question#  )    ( )sin ?xe x dx+ =  

a) cosxe x C+ +  
b) cosxe x C− +  
c) sinxe x C− +  
d) None 

 

 

 

 

 

6.4

I

6.4
I

6.3
-

-
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Question#  )    ( )2 5 ?x dx+ =  

a) 2 5x x C+ +  
b) 2 5x x C− +  
c) 23x C+  
d) None 

 

Question#  )    ( )22 5 ?x dx+ =  

a) 2 5x x C+ +  

b) ( )32 5
3
x

C
+

+  

c) 
3

24 10 25
3
x x x C+ + +  

d) 3 24 10 25x x x C+ + +  
e) None 

 

 

What if we need to compute:  ( )32 5 ?x dx+ =    or  ( )102 5 ?x dx+ =  
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Section 6.4 – Integration by Substitution 

 

The method of substitution is based on the Chain Rule: 

( ) ( ) ( )( ) ( )f g ' x f ' g x g' x=  . 

When we have an integrand of the form ( )( ) ( )f ' g x g' x , we can find the integral by reversing 

this process: 

( )( ) ( ) ( )( )f ' g x g' x dx f g x = . 

In the integral, we let ( )u g x=  and then the differential of u  is ( )du g' x dx= . Hence, 

. 

Replacing ( )g x  by u  and ( )g' x dx  by du  is called substitution (or u − substitution). We use 

this method for when the integrand is a composition of functions.  

 

Example: Evaluate the integral:  

( )322 5x x dx+  

 

 

 

 

 

 

 

 

L
number

a sugly expression (C
power
rule
↳

- -

Sudu =1+-

Let u
=x2+5 back

↓ ↓
deir

n +(s +c

**
=2x

↓
,
deir

=>du =2x.dX

-y4(x2+5.2x-chahren
-=



Day continued
Power rule

Sxrdx = +

(r+ - 17

Sx2dx =1 +

St2.dt =2 +
E

Su2.de = +



S(x3+1)2d +2

↑
ruto

(ugiy)
-

Sdx=S. du
m

-
u =x2 +1 -

-4
-C

↓ I

du =2x L
Ex -("+2
du=2xdx
-



S(x2+13dx

fixu=x+1

du=2xdX
-

-?
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Example: Evaluate the integral:  

( )( )522 3 3x x x dx+ +  

 

 

 

 

 

 

 

 

Example: Evaluate the integral:  

 
( )42

10

2

x dx
x +

  

 

 

 

 

 

 

 

 

 

- ↓
pre

5
= S U. de =1+c
I

Let u=x
2
+3x

Mea

↓
mater!!! I

&=2x +3
↓X

E
du =(2x+3).dX -
n
& ???

-

- Snd*
u= x2+2 switl
to

x
-

-S. dude 2x

3
du=2xdX

=S. (*.de-
powerret -3

S=.+
L



= - 5(x2+25 +c

-
-

faswer.

-
Sdx =fxdx= +a

Sdx *n??= 2
&

S. du=Sudu:t
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Example: Evaluate the integral:  

2 12x x dx+  

 

 

 

 

 

 

 

 

 

Example: Evaluate the integral:  

 
3

4

8

2

x dx
x +

  

 

 

 

 

 

 

 

 

ragty generally calls for sub.

Try u=inside

↑
-
=SF. =ISi

u=x
+12 -

↓ ↓Pe 312
d
=
2.x =
L back
du= 2.x.dX 7 x

k 3/2

+
x.dX -

- (x2) +e
3

2. Y
=Sdu

* 2 2

163
u=x

4
+2

↓ =2.Si. du
dy =4x
dX ↓Power rule

du = 4 x3.dX
42

-

I

=

2 +
E

2du =8x3dX ↓ back tox

-2+2



check
--

4.2 +C 2 recen
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22
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Example: Evaluate the integral:  

2cos 4 sinx xdx+  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exercise: Evaluate the integral:        cos
4 sin

x dx
x+  

Exercise: Evaluate the integral:        
4

x

x

e dx
e+

  

 

Ngte u=inside

- 2. S.du=2. Judy
-

↓
u
=4 +six)

X -2 +

d =0ex
3/2

du =Con(x).
dX

=((4+si(a))+

--
-

!

(ex+1) ↑

Sext dx =ex+ +c
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Integrals of Exponential Functions:   Formula: u ue du e C= +  

Example: 4xe dx  

 

 

 

 

 

 

 

 

MUST KNOW: 
mx

mx ee dx C
m

= +   

 

Exercise:  12xe dx =  

 

 

 

 

 

 

 

6.3 Sedx=e +C

case-2
=

Se"du =2" +--

u=exponent

u=4X

=Se.M =

I Se.
du

d ↓formula
d =

du =4 =Ie +c

a* =du +I

12x3 1.e +2

12

what if Sext'dx Sex
-Ex Seche
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Example: 
2 1xxe dx+  

 

 

 

 

 

 

 

 

Example: 
xe dx
x

=  

 

 

 

 

 

 

 

 

 

 

 

eugly u:export

=SeY =I Sedu
u=x

2
+1 format

↓ =1.e +
du =2x
-

↓X backxd
du=2.X.dX x

2
+1

di =1.e
+c

dux.dx = I
12
~Se[2

&
Jezdu

u=X

=2x =2 Se du

du =dX =2e +2

d

2.du= +



Note:

Sadx =a+

SaYdx =+

Sa*dx= I S2"du
u=3x +1

du= 3.dX =+



3x+1

=I
-

-

Scos(x)dX=Sin(x) +

Scan(Sx)dx=?

Sx.cos(x2)dX
Er

Scos (2) du =sin(u)+



11      S6.4 
 

Trigonometric Functions 

Example: ( )cos 4 ?x dx =      Formula: cos( ) sin( )u du u C= +  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MUST KNOW:  

cos( )sin( ) mxmx dx C
m

−
= +   

sin( )cos( ) mxmx dx C
m

= +  

 

case
-3 cos(ugly)

u=inside- Si
-

=

↓

u
=
4x =(cos(n).d =ifcos(u).du

a =4 formula1,
6. 3

du =2 = Isin(u)
+c

↓
dx = du
I ⑭x+

ex:(sin(5x)dx =
.2(5x) +2

[
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Example: ( )2sin 5 ?x x dx =      Formula: sin( ) cos( )u du u C= − +  

 

 

 

 

 

 

 

 

 

Example: ( )2sec ?x xe e dx =     Formula: 2sec ( ) tan( )u du u C= +  

 

 

 

 

 

 

 

 

 

 

 

sin(ugly) u=inside

mustinclude
details

Is

u=3x2 -Ssincz.= Ssinsudu
↓

↓formula d.3

&y =10x
du=10xdx

=

.
-((n) +c

I ↓
xdx=4

= - !(a)Sx2)+

=

↓
X

u=e =Ssec (n) du
↓
du=edx F

- ta(n)
+C

-
+c



f(x) =Sn(x)

&S

"Wf(x) = 2.Sin(x).Coc()

q(x) = cos(X)

& S↓

gi(x) = -3.c05(x). Snx>
Product
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Products of Trigonometric Functions 

 

Example:  Evaluate the integral:   

( ) ( )sin cosx x dx  

 

 

 

 

 

Example: Evaluate the integral:  

 ( ) ( )6cos sinx x dx  

 

 

 

 

 

Example: Evaluate the integral:  

2sec ( ) tan( )x x dx  

 

 

 

 

power
ret

d

-
=Su. du =

+e

u=sin(x)

-+a↓

du=cox(x).dX

= Su.-du = -Sub.du
e

power = - +2

u=co(x)

du = -Si(x)dX =-x) +

easier
-Sude = +

=ten(x)
=Ith(x) +

du=Cez(X) dx



car

Ixdx =fIdx
=e(x) +c

S1dx

I +
du =b(u) +2
U
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Some rational functions (special case!): 

Example:  Evaluate: 2
6

5
x dx

x +   

 

 

 

 

 

 

 

Example:  Evaluate: 2
2 6

6 1
x dx

x x
+

+ +   

 

 

 

 

 

 

 

 

 

 

 

Siste try u=denominator

u=x
2S St

du =2xdX

formul6.3
=3. Un(ul+ 2

+5) +c

-

I
u
=
x2+6x +1

=S.
du

↓
du=(2x+6)dx =In(u) +c

=en(x2+6x +1) +c
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Example: Evaluate:  
5 1

x

x
e dx
e +  

 

 

 

 

 

 

 

 

 

 

Example: Evaluate:  8
4 1

dx
x +  

 

 

 

 

 

 

 

 

 

 

cal
-S. de

u=5 ex +1

du* s.e.dx ==b(u)
+c

E

= In/5ex +11
+2

rak = Stid
u=4x +1

X
=8. Stidu=4.dX

=St.du
=2en(u) +2

= 2.M14x+1)
+C



rainz

-dx =SaS
-

u
=x+1

du
=dx

=2(x + 1) +2

S&dx
=Ax - 21 +c

x-2
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Exercise:  

sin( ) ?
2 cos( )

x dx
x

=
+  

 

 

2
1 1 1 ?

2 1
dx

x x x
+ + =

+ −  

 

( )2
1 ?
1
dx

x
=

−
  

 

 

 

 

 

 

 

 

 

 

 

 

importere
⑧
I Si du

=Su du

u=x- 1

du =dX

u
=x - 1

to

d =1
=du

=dX
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The method of u-substitution with Definite Integrals 

You either integrate and recall the limits after finding the integral in terms of x, 

OR 

change the limits of integration (but fund the integral only in terms of u, not x!) 

 

 

Example:  

OPTION 1:  

 ( ) 3 2
31 3 4 4 43 2, 32 3 3

0 2
1 30 2 2

3 2 653 2
4 4 4 4

u x du x dx
x u
x u

ux x dx u du= + =
= → =
= → =

 
+ ⎯⎯⎯⎯⎯⎯⎯→ = = − = 

 
   

 

 

OPTION 2:  

( ) 3 2
11 4 3 43 2; 3   " "2 3 3

0 0
4 4

( 2)3 2
4 4

3 2 65
4 4 4

u x du x dx back to xu xx x dx u du C C= + =    +
+ ⎯⎯⎯⎯⎯⎯⎯→ = + ⎯⎯⎯⎯⎯→ +   

   

= − =
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Example: Evaluate:  

2

2
0

4
1
x dx

x
=

+  

 

 

 

 

 

 

 

Example:  Evaluate: 

/2

0

cos
2 sin

x dx
x



=
+  

 

 

 

S,dx
=

Sdx
2Edd

S =.du
=2e(u) +) =(ze1x++2].

-

+x=0 =u=0+1 =17 =2.1(5) - 22(1)

"
=
2x.dx x=2

=u =

2+1 =5

-6
-du:(zenlul]"=cas)-ze()

=e5)
-3

-
an =[enlul]-e-e

0 S N
- 2

u =2+S(y)

↓

du=cos(x)dX

x =0
=u

=1+sin(0) =2
+0=2

x=yz
=n =
2+sin() =2+1

=3
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Homework: Read Section 6.4 from your text book to see how these formulas are 
derived. Study the examples there.  

 

 

 

 

 

 

 

! E Cak-u
-ge -

-
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Study these solved examples (applications of formulas). These type of integrals 
will show up a lot in Calculus 2. 

 

FORMULA: 2 2

1 1 arctan xdx C
a x a a

 = + +    

 

Ex:  2
1 1 arctan

4 2 2
xdx C

x
 = + +     

 

Ex:  2 2
2 1 22 arctan

9 9 3 3
xdx dx C

x x
 = = + + +     

 

Ex:  

5
52 2 2

2 1 1 2 12 2 arctan
9 25 9 (5 ) 9 5 5 3 3

2 5arctan
15 3

u x
du dx

du udx dx C
x x u

x C

=
=

 = ⎯⎯⎯→  =  + + + +  

 = + 
 

  
 

 

 

 

 

 

 

S#xdx =arctan(x)

-

->

rea-Sub
-

- - -

= -

Lo 0
--

number th
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FORMULA:  
2 2

1 arcsin xdx C
aa x

 = + 
 −  

 

Ex: 
2

1 arcsin
24
xdx C

x
 = + 
 −  

 

Ex: 
2 2

2 12 2arcsin
39 9
xdx dx C

x x
 = = + 
 − −   

 

Ex:  

7
72 2 2

2 2 2 1 2 arcsin
7 7 39 49 9 (7 ) 9

2 7arcsin
7 3

u x
du dx

udx dx du C
x x u

x C

=
=

 = ⎯⎯⎯→ = + 
 − − −

 = + 
 

  
 

 

 

 

 

NOTE: The integrals  
24

x dx
x−  or 24

x dx
x+  are NOT about these formulas: 

they are typical “u-sub” questions. Do you see why? 

 

 

 

Sx dx
=arcsm(x)+

-

I
Cr

S*ye ax vs &X

I 5.S&dx4+x2
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Remark: Make sure you know how to integrate the following: (Very important!) 

 

2
ax dx
x c+  

 

 

 

2
b dx

x c+  

 

 

 

 

 

2
ax bdx
x c
+
+  

 

 

 

 

 

 

 

 

 

u-seb
dron.

u=

arctal

S
at dx -SI -

x2+c

- n

e-Y
water
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MISCALLENAUS EXERCISES: 

Compute the following integrals: 

1) 2
2

5
x dx

x +  

 

2) 2
4 1

1
x dx
x

+
+  

 

3) 4 2
1 1

dx
x x

+
+ −  

 

4) 
2

4 8

4 1

x dx
x x

+

+ +
  

 
 

5) 
1

2
0

6 12

4 1

x dx
x x

+
=

+ +
   

 

6) ( )
1 32

0

1x x dx+ =  

 
 

7) 2 4

x

x
e dx

e +  

 

8) 
4

x

x
e dx
e +  

 
 

9) 2
4 8

4 1
x dx

x x
+

+ +  

Getpages!!!
22 xdx=?

⑮ x2 +5

mane:Janexa: I--
&

important
⑰ =2Sde for final
-

u= x
2
+4x+1 I
* O ~ judy =.)-i
u =x

2
+1 -15/32.

⑬ =2] du:2h1x4xtiltC
u=x

2
+4x+1

de =2x+4
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10) 
0

sin( ) 8 cos( )x x dx


+ =  

 

11) 
/2

2

0

sin( )cos ( )x x dx


=  

 
 

12) sin(2 ) cos(4 )x x dx+ =  

 

13) 5
2

1xe dx
x

 + = 
   

 
 

14) 
( )2

1 ?
1
dx

x
=

+
  

 
 

15) 
( )2

1 ?
2 1

dx
x

=
+

  

-
~ Frde

u
=0+cx) 9

**O -(2x) +ysin(4x)+

* O se* -+



*Sax =Idy
D S

u=x2+5
=[nlul]

du= 2xdx
x=0
=u =S

x=1 fu =b Eeeen(s)
-
answer

exc "I dygetax -Su↳

v =3x2+2 -[enIul]:
*

du =6xdX
x=0 =u=2 e-m(z)
X=2 =u =14



example important
Sad -Ste

↓
,
formula

u=5x2+9 29

du:loxdx -Entula
x
=0=4

=9

x
=
2 =u

=54 +9
=

29
1.
plugin
u-bound,

=b(29) -4(9)
-

->
answerfinal


