Math 2413- Calculus I
Dr. Melahat Almus

Email: malmus@uh.edu

Check CAS A/ calendar for due dates.

e Bring “blank notes” to class. Completed notes will be posted after class.

e Do your best to attend every lecture and lab.

e Study after every lecture; work on the quiz covering the topic we cover on
the lecture immediately afterwards. Retake your quizzes for more practice.

e Get help when you need help; bring your questions to the labs, or my office
hours. We also have tutoring options on campus.

e Respect your friends in class; stay away from distractive behavior. Do your
best to concentrate on the lecture.

e 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
xr+l

Ixr dx = +C; r=-1
r+1

Isinx dx=—-cosx+C
Jseczx dx=tanx+C

secxtanx dx=secx+C

e dx=e"+C

.sinhx dx=coshx+C

1 )
dx=arcsinx+C

1—x

“1+x

l dx:ln|x|+C
Jx

cosx dx=sinx+C

csczx dx=—-cotx+C

csexcotx dx=—cscx+C

X
a

[ o dx=—+C ; a>0,a#l.

Ina

.coshx dx=sinhx+C

1
dx =arctanx+C
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Question# )

a) x'+x +In(x)+C

4
b) %+x2 +1n|x|+C

4
c) %+x2 —ln|x|+C

d) None

Question# )

a) x”+In(x)+C

3/2
3 +1+C
X

b)

c)

d)

e) None

Question# )

a) ¢ +cosx+C
b) e"—cosx+C
¢) ¢ —sinx+C
d) None

_[(ex +sinx)dx:?
6-5
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Question# ) _[(Zx +5)dx =?

a) x’+5x+C
b) x*-5x+C
¢) 3x’+C
d) None
N IA
se

Question# ) [(2x+5) ax="

a) x’+5x+C beS
e, 5(%\3)Am dx

b

) 3
3

¢) 4%+10x2+25x+C

d) 4x° +10x° +25x+C
e) None

What if we need to compute: j(2x+5)3 dx=? or I(2x+5)10 dx =7

a— c—
L] L]

KL-

§ 244

X
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Section 6.4 — Integration by Substitution

The method of substitution is based on the Chain Rule:
(fog)(x)=r"(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:
[1(g(x) ' (x) dr=(s =) (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.

A
ot .
c’ Anple: Evaluate the integral:s\'\’ ( u 0.9 \‘a < x{;mo
I2x(x2 + 5)3 dx 9::— 5 ub. d

— L. o4
- —J = -
— x*+5 At
LQ% U"x . \"i' . g|.
1' &M‘ -_—_-(x'fs.).‘.c
du = 2 K
AX

= X .AX

- ad
> L (x45) - X
craw




Day i
M ab-  Sel Confinced

@DwrQQL
& x' dy = <
= +~ <
C
((-1&—()
SXZ(AX = X2
S -\_C






S Cﬂz'fl)gdx

u=x"«|
Qo= 2ZrdX



TTok_
Example: E@ral: \' { 6
j(2x+3)(x2 +3x)5 dx = S u?. d-(i — Br“" C—
Jebk u= xFxx ’}Mﬁ‘l.’
Y
du - 2x45 / B
dx P SK)L
<) =\ (X 4 C
duz (Ax+2)-dx c
Example: Evaluate the integral:
J' 1gx d : S. 2 K . A\K
(x2 + 2)4 (Kz'f' Z) L,
'li: x*x 2 b“;’tf)t[:
du o 2x = SE— du
g dx T\
du= AR
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qu/
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(ugly quualy ols $or U-Y.
Wz o

Example: Evaluate the integral: ] r&

Ix x% +12dx

S S A (o

zJ) R T
— w24l 2
_J_I_ XS+ S J,‘"ﬁ
au - X T Y
3r- 7 =t % <
\’ L ©
; B/
AM?JD\ 0% b _'-.éﬁle-l@zre—
x.dx = % 2
4} Example Evaluate the inte % ~ £ ( Kq—;(‘zsu B
14> S =\ 3
Uré
& —
u= ¥ * K
{ = 2.5 u g au
o b "
ax lfowf !
3 Yo
o = L_'\:’_i_ “i% —a W e
-
20u- dx3dx JJW“* )







(s U=
Example: Evaluate the integral:

Y2
[ 2c080:/4-+sin xdx — 9 S ‘{lu .du = 2 Su dy

Mz 4 4 sWx) A
4{ -~ ‘2ﬂ a—
3/z

dy\ — QODKXI)
Iy %o

ENY; Cenlyx)- A X

-
-_—
Exercise: Evaluate the integral: j 4COS?C dx
Vva+sinx
Exercise: Evaluate the integral: I %
4+
\
(€
8 NG| A )(Z-.H $6.4
(S = e +C



6.5 (efdx:- e* xc
- -

[ Y = e C
cor” — Je' du= e’ «
Integrals of Exponential Functions: Formula: Ie“du =e"+C
Example: Ie4xdx ,\’ u;exm}ﬂ_
= 5 eu' da — ‘S et . an
uz 4x ¢4 q
\b golw\,\
- )
Y
e &
du= 4 ‘Al %

Y
&K:".ﬂ L: _Le"'x +Q1
T 5«

MUST KNOW: j Mdv=—+4C

m

Exercise: I e dx =

W § § &+ gx ot Seus



e ¥'e

2
Example: J-xe)C dx

w= X\
Y

_ 2%
Sy

M:&.K'LA’(

xdxz

N \ ,mele j—dx_
2

L‘)

»
:
*q

10

du e
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“ 3w

1

{ st = Smlx) ~c

S Q9 (5z<)o\7<:;?

S X. LD (zl_z)d)k
Y

S Cos>(U) AU = s\(u) v



CPK~ o s(u@\p} et

metrlc Functions

Example: I cos 4x dx = Formula: J. cos(u)du =sin(u) +C

usz kn = (eostawidd -

”\%’
.\:
T
%:-L‘
&7

D = L S +<

\a
l\J-‘
Yo -t"
o
+¥

"
-
3
mn
£
Z
+
N
L/

ex - S s(B<)dx = =L can(T¥%) +C_

MUST KNOW:
T
—cos(mx)

Isin(mx)dx = i C

L_" I cos(mux)dx = Sin(my) | ¢
m
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S‘V\(“‘%\‘:D u= Msde_
MU Me lwde M*GT\S

Example: jxsin(sz )dx =7 Formula: _[sin(u)du =—cos(u)+C
L
unz Sxt = s(n) - L L S;,\a(u)o\u
", ° \o
éﬁ- ~\oKk ‘L e 03
dr
Az loxdx = 1. " (w+ <
(o
RAX= % L
- L conlse®) ¥
(o
Example: Iex sec? (ix-)dx=? Formula: J.secz(u)du=tan(u)+C
) {
u= € 2
_ oX '
du= edx csl

= 4ton(u) *C
___.lr—l-a/\(ex) +Q1
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20 = :_\_}\Q'(K)
$(a = (_2 sw(x) - 003&))

(- = C—O.Sg()(
é? ) S

%'(70 = =% oY) - SR
Mr:mb/d’




Products of Trigonometric Functions

rufe_
gV
Example: Evaluate the integral: ,L " 2
Isin(x)cos(x)dx e S MU M - —_— % <
— 2

= (¥4
Mj/ SME) _ &_\.. s + C
2

A= coo(x) .d x

Example: Evaluate the integral:
b _ M - - S‘ ub ,A\'\
Icos6 (x)sin(x)dx = 5 L - -

A ’

QQM
A= co?K)

diuz -smdx =- @i

Example: Evaluate the integral:

2
. - U
\U‘ Isec (x) tan(x)dx — g M . du ~— —TZ— '\' L
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Some rational functions (special case!):

Example: Evaluate: I

A= XL"CS

d,
o = l%d)(

Example: Evaluate: j

us x*bx+l

¥
duz (Rx+6)dx

14

x+5

6x S’BZKQAK

.‘—9'

;Ju e XU

(Mdi'
9. dnlul + &
;lz\&:\‘x"fql “'Q)

2x+6

X2 +6x+1

M

dx

(

o

S_x_

Anlul v <

= ‘,in)(,?’-(—(oﬁ"(l\ r C
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'V
C
C_au( 4‘
Example: Evaluate:
U= S e*+\

\

M= 2 Qx.d)(

Wl

'S -~
&9 Example: Evaluate:

15

J.Sex+1 g

0l
1~

rn
g
g
=
4
[\

8 . — B- _(__’Aﬁ
'[4+1 SL"K“’\
U
L.
- 9 S"’* 4
y .du






Exercise:

_[ sin(x) dy—?
2+ cos(x)

ud
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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:

1 3 4 4 4
32 (53 42 3 d u=x342,du=3x2dx s (d :{u } _ 3 2765
J. X (X ) X JM u — . —_———=

x=0—->u=2
0 x=l->u=3 2

OPTION 2:

1

1
3 _.3 a2 4 . 3 4
J'3x2 (x3 n 2) dx u=x"+2;du=3x"dx >J‘u3du _ u_ L C back to "x N (.X + 2) L C
0 4 4 .

23 28 65

4 4 4
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: | 2
| ‘;’“ dx = L.du = 22 ul+C :Em\xu\l»&]o
“ 41

/-x*] K=O =¥ 'u-D"" ;}} - 2 &n(ﬁ)-—W(‘)
Xz &= 74»\_’&1"-—
An..axd% ‘W(ﬁ')J

t: S Au[thu)] = 92.00\(9) - 22 Q1)
\ftnl?)l

Exampde: Evaluate:
)K\’S 1 du [ﬁnluls l&n(n —gnczj
A~
= A+ NE)
Y

daz L (OAK
x=0 =y U= %+t cm(p)= 2rd=%

K:-;“(L Cd U= A< J;V\(%): 14125
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Here is a summary of the formulas we covered in this section:

TABLE OF INTEGRALS

n+l

u" du= +C, for n#-1.

n+l

g'(x)

l du = /n|u| +C and
u

(.\')|+C

Jmnx dx =—In|cos x|+ C = In|sec x|+ C

\lﬁx dx = In|sec x +tan x|+ C
J. dx = arcsin +C J.; du = arcsin " +C
W / a /az 2 a

==

—

1 1 1 1
J. T3 d\‘z—arcmn( )+C J. T3 du =—arctan u +C
a“+x a a a +u a a
P
-

Homework: Read Section 6.4 from your text book to see how these formulas are
derived. Study the examples there.
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S \ x‘dx = orcfon(y)

Study these s0Ived exantples (applications of formulas). These type of integrals
will show up a lot in Calculus 2.

N —
I ! x (29\‘)9"
FORMULA: I 7 dx=—arctan| — |+C Y
a +x a a ‘\}

4+x

-
] _— o
-

Ex: j 12dx:%arctan(§)+C

-

Ex: I 2 2alx 2_[ :zarctan(x)+C
‘2+x 9+x* 3 3
r-Exz
dx =2 j % larctam(u}r(?
@ 9+(5x) 9+’ 53 3
——arctan
15 ( 3 J
k /
2 y
N\vewhJ™ + \ X |
2
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dx = o SMKK) £C_

(
S (\:K’

FORMULA: j

dx = arcsin(fj +C
a

1

dx = arcsm(xj +C

Exjm

2 1 [ x 5
Ex: jﬁdx = 2jﬁdx = 2aI'CSIH(§j +C

-

E .

u=7x >2I ! du:garcsin[z)+c
7 3

e \/9 495 &=] ~/9 (7x)> T T oy

= zar031n(7x]+c
7 3

NOTE: The integrals .[ dx or .[ 4J:C ~dx are NOT about these formulas:
X

x
V4-x°

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

@ _ ¢ VS S ,AK
2 & 1K

&X
21 7 5 Q_SGB a
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Remark: Make sure you know how to integrate the following: (Very important!)

ax
j dx
X“+c

X +c

Iax+bdx

X +c
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MISCALLENAUS EXERCISES:

Compute the following integrals:
_Q KC- S P
* @ I x? +5dx - dl{ o
q 4x + 1 L \

2) Ix +1 R —\
3) jﬁ+%dx W"U\ s,
4x + - i d_H & \
@ [ = 15\‘_6 g:t

wz K4 Qx|
”Ji
" 1 L\ \ \
+ X = = U =z — -kp-—-
U< ;&"‘t\ =15/2, .
7)Ie +4

3) | efi o

R |5 =Q~S ;\&_A,,lua 2 A\ el €

¥ +4x+1

ue ¥ 2-"\-\%{) $6.4
Mz 2y |
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10) '[ sm(x)\/mdx = —) S “ A’*

Wz €treonlx)

11)

’ wuw <
gﬁ(@ [ sin(2x) + cos(4x)dx = JZUDDC?—(\ 4—_2‘ e (UW)
9K _ | 4 C
K@ fetpe g T
14) I(Hll)zdx:o
1) .[ 1 s dx=7?

24

/2

j Sin(x)cos (x)dx =

0

(2x+1)
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ex g™
; e (O~ portont) :

5 o A°
e L TCT Ay
5%+ 1 ; )

0]
U= %%« 9 l/ preats
AL - \O‘(d)( [ %
Lo U< C’ 1 ﬁ/\[u\}q
(:1 -_-;) w_-i"l*"l:?‘l (
PLAT
L v;?oono\,
= An(29)~(A)
| J

dgma(/ oAy



