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Theorem 2.4.2: [Basic Continuous F unctions]
The following types of function are continuous at every point in their domains.

1. Polynomial functions: _\Guo{ pP(x) =ap " +ap1 X '+ ...+ ayx+ag o= R
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4. Trigonometric functions: =R sinx, CosXx, tanx, secx, CSCX, cotx

5. Inverse Trigonometric functions: sin"'x, cos™'x, tan~'x, sec 'x, csc™x, cot™lx

6. Exponenlial functions: &,a a>0 O= Ra=(~000)

7. Logarithmic functions: Inx, log,x W A2\ 0

8. Hyperbolic functions: sinhx, coshx, tanhx, sechx, cschx, cothx

9. Inverse Hyperbolic functions: sinh ™! x, cosh™!x, tanh~!x, sech™!x, csch™'x, coth™' x
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Continuity of CGomposite of Function

Theorem 2.4.3: [The Limit and Continuity of a Composite Function]
Let f and g be two functions and let a and L be two real numbers.

1. If limg(x) = L and f is continuous at L, then lim £(g(x)) = f (xli_x’xtxx g(x)) = f(L).

2. If g is continuous at a and f is continuous at g(a), then the composite function (f o g)(x) = f(g(x)) is

continuous at a.
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Theorem 2.4.1: [Properties of Continuity]
If f and g are continuous function at a and k is any real number, then the following functions are continuous

at a.

1. Sum and Difference: f+g 2. Product: fg

3. Quotient: g provided g(a) #0 4. Constant multiple: kf.
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Limits of composite function
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Let’s investigate at the flowing points:

x= -3
Discontinuous at this point
The value is not defined at -3
“Removable discontinuity”

x=10
Discontinuous at this point
The limit of the left is not equal
to the limit from the right
“Jump discontinuity”
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x= 2
Discontinuous at this point
The limit from the left is equal to
the right, but is not equal to the
value of the function
“Removable discontinuity”

x=4
Continuous at this point
The limit from the left is equal to
the limit from the right and equal
to the value of the function

x=5
Continuous at this point
The limit from the left is equal to
the limit from the right and equal
to the value of the function

xX=6
Discontinuous at this point
The value of the limit is equal to
negative infinity and therefore
not defined
“Infinite discontinuity”
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The Intermediate Value Theorem
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Theorem 2.4.4: [Intermediate Value Theorem]

If f is continuous on the closed interval [a,b] and k is any number between f(a) and f(b), then there is at
least one number c in [a, ] such that f(c) =k.

Em""\e les Shew ‘\\Q* e fumekiow
Tare 4 2x o\ hasEaZwo n the QS ¢
‘w\-qu\ Co s \1 Y&\ =0 : , ‘ i

? T
?Lo‘\ = 0 4 ALS) _\ = -\ se k OS5 [a,b] sl & dlaie alls f el 1)

L) = G2ty =2 91 e 5438 (D) 3 () o seana s
f(c)=k <u~ [a,b] 53 A& ¢ sy 2

Qo) = -\ ¢ o< =RW).

EAmples Show et e Fundion ¥ ®I=x"
has valee 8 5. [ 2,32]
9

2
C-2=-y P
t 3 v
- - P
\\ /
\ 5 f
."l 4 g £ q \q s /
|
2°3
2 Luase 1 L cdad Ll
L oS 55 adas giall dagil) 4, 0 adaa e f(c)=8 dlatasl .
S aalall s f(o)=k Uabadll Ja 2 9a
’ C Aadd (yuad g(&\: C
Q= c?*
JE = C

7_‘/‘9_ - C e C‘l.f}

f2k): (av3) = 4.2
=g v



‘i > ¥(c]= 3
What abe 9¢x)= %° has value 3 Ca.31 2

3(2—): '-l
3(3): |
bt
3 is not in Heinlterval CH, qj-

Eramples Show that e Funchion Fox1z 2342 has

p“‘:\:\alu Oc 94 i Mhe inkerval TV\,2 1.

F(ﬂ: \3.{.\ 2 =
Py=9%,.2:- 10

A LA
e ¥ 4’4)0

< (_d S L\")



Definition of the Derivative
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Basic Differentiation Rules

For y = f(x), all of the following are used to represent the derivative: f'(x), ¥,

The constant Rule:

Cex) = ¢ then P'x) o Ev: Lon-e

Power Rule:

Cexy = " +Hen F‘(F\: n%"-l EX:

Radical Power Rule \
L \ - |
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Theorem 3.2.5: [The Constant Multiple, The Sum and Difference Rules]
Let ¢ be a constant. If f(x) and g(x) are differentiable, then cf(x) and f(x)+ g(x) are also differentiable,

and
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Quotient Rule:
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Derivative of Exponential, Trigonometric and

Exponential function
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Derivatives of Trigonometric Function
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The Chain Rule
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Trig. Function and the chain Rule

QMM?\e:
Led 9 = 38 _coellt) ane Fxr= Sec(x) o

©®© ®
Set y= £(aw)). F‘\w) dy
dt
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oAl 45k Jall

y= Sec ( 3t _cost)
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Exp.Function and the Chain Rule
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Log.Function and the Chain Rule
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Implicit Differentiation and Higher Derivatives
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Higher Order Derivatives

The followingnotations fouthigherdefivatives, with y= f(x) are usually used

F£1x), £®), %), fPx), - )
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E?Caw\?\e e Vud AMe 't\mr_cl elexwa\-\Ve oL L= x* * 1‘3-
G\ () = \{ )(‘%' + 3 9‘1
W\ ‘!7'_'\
gtﬂ"-:'('%:\ x + 32
= =L & x
X » - x
W '—},'_‘\
(%)= (-%\L—%‘) % ~ 6
= > x__r;: + 6 Rewem oo
R " wn
\ 5\
= 2 . + 6
r= 14 /)(5 (R 3L > W
(3:-&)\;3 w2 e
= 3 4+ 6 3\,5\» @»,&\ J.‘L\



Example = Gwd ¥ b xf - a

1. 33+ x.35' y' =0

2 3
3x3J = -9
3‘ - '/a} = _"_:)_z -L(i)
3pg 3 3%
9\\_ 1 *3\-?(—1 b
3 x? _
- _t i '3%)'?(‘5-
3 [ 7 x=
= -(_ i .'% -9 'i-—A: .-'.3—-—3:3
3 i prs 3 \ J
-uy =2
= -\ 3 °
B nt
yy
_ = _ 4y ( . 4




exqw\p\e e Tindd e pt* dervakives of Hhe Funclion

Ce)= al_ ¢3+ A% _ Tx +4

\ 3 z
Vor-uyg 3% La2¢_7

N 2z
)= 12% €% 2

\

F (¥)- M¥ —¢
)

£ (v1- au
(5)
£ W) =0
25
Example 3 Find D‘z (St ) p
D. (s )= COSX) 1) 25
* 2u
D: (STnE)= —SinX 2
3
D (S‘V\%) = _CoSX
«®
l.'
D (8nux)- Sinx
%
25 |



[’Hopital’s Rule
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Maximum and Minimum Values

Extreme values:

max and viiw va\weg

Local maximum.
No greater value of
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Absolute minimum.
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Rolle’s Theorem and the Mean Value Theorem
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Monotonocity and The First Derivative Test

Definition for Monotonic Function:

S 4
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First Derivative test and local Extremum:
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Concavity and the Second Derivative Test

44

Concave Down

21CL
Cong¢av

Inflection Péint
A Y

<

Definition and Test for Concavity

1: Ofew wkexved
Co LifRerenakle o T
! ]‘3£Test

By Defintion

. - \
?\ \S Wworensm ow X sy CUL Q\ &Y o 5 cw U
\oC\ wWlw 4.\

Yo o\ccxeus'\v\% en 1 5 CD .
£ G\ <o cO
\acn\w

Points of Inflection:

A ?e\w\- ak Which the %rme\r\ ol a ew\&x\'eh £ d"“"‘%‘&

QQ“Q,N\\..& . £ adlall Jinie jediladie Lty Sl dkadil) &
Exawmple 12
‘&3 A A \

Fud Whexe the 3\@%\« o Ve L a4l )
\S Cowceawne, “’9 avnel Cowcone dou.w\ QV?A Qo\-\s ow- \W‘-\Q&\QV\

O

?\CJC\.: _% -%4‘-3-3-.\3.-«7_
3
= L X - 'S_'X-L
s x*



—~00 Q % e
Test Value -1 1 (3
T I gI " -3 | 3y = 2
est Value)| f’(-1) = 5 f L=z 1 f'B)=3
sign of f”(z) i - i +
Concl ‘Up Down , Up
: Ao\ e :
\Ra\ walwa f‘\ ~ \ecal\
YWV

© s CU on (-o0jy0) U L2 o0)
i3 CD own (o0y9)
@g)&s}[\.&s - adaa Dl
oSy Al Ll s
e in Pleckion Paiw\'s are o and 2. : Sy 4l @uﬁw

Isase e ) iuall
) PUTI VO gy



Example 2.
2z
\:*w:\ whexe -\hzngh oL Sen- %X\ (g comcave u\b
oand Concave doww . AE-\

Pone (X0 an) — Cxon) Cax)

SR
_ &/ﬁg- A% - 245 2%
(x*-n %
_ -4z
(-
T
ey = P -0 () - (Y ) (2) CEE-D) (2x)
( K-\
_ 4 (3% &)
( -\ )3
& (X)) =0 P“U) uhd&?’\v\&nx
32541 =0 (x*-1> =0

but -l'wrejsnoswh')ﬂ

3
N (k) (x-\) =0
= x|\

+ O L@‘ = Q- i_t\-s
T Was wo wmblechkion ?0‘\\'\\*3 .



-2 0 g 700

Test Value : R )
f .

f/(Test Value) | f/(=2) =351 f'(O)=~4 1 f'@)=5 \

/ 3

sign of f"(z) +/ : — , 4!

Concl Up | Down " Up
I T
H t
U ; ! U
\oca\ \eca\
\ocal wviwn AR VAR

< %\ C\W\ own ‘L‘M)_\) \V L‘) 00)

WOON ewv (B\H 1))

'/quwxpla". Frck Where the graph ol Pexr= %X s
aneave up ond concave down and ponts of  *
anleoln‘oﬂ.

Plexy- (25D ) — 2 2%)

(x*-1) ©

AT\ - 2x%
(x* -1t

- 162'._ \
(x™=1)2

u

- Cat+0)
(x*-0t%

1]




c
PNa) = G-V (—a¥) 4 20D - 200) ()

Lt )Y
- 2% C x 3)
(x*\)3
e (x¥)=o ?—“(’)c) u\m\egtwecj
1L XD =0 (X —\\* - o
2x=06 neer = %= %|
Jero

=0

SA® = R-1a\y
N ? has ?o‘wu\' eg '\V\Q\QQ\";°V\ c* L=0

. -1 !
o) —O— L o0
Test Value —2 1 = iL 1 I B
| l .
" , _ ” '
f"(Test Value) f'(-2) =32 E F(3L) = 28 E f1(3) = =3* ! "R =%
sign of f(z) . + ; - ¢ F
Concl Down : Up ! Down i Up
: | |
! i :

. € s €D on (—w5-\) y (031)
s CW owv (-\90) L L\) 0d)



Theorem 4.8.2: [The Second Derivative Test]
Suppose that f” is continuous on the open interval containing ¢ such that f'(c) = 0.

1. If £"(c) > 0, then f(c) is a local minimum.

2. If f"(c) <0, then f(c) is a local maximum.
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Antiderivative( integrals)
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Integral of Power Function
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Integral of Logarithmic Function

() S l&&x:\vx\x\ xC
\
& | ¥ ax- w\bolac
(M &)
G) 3“‘“ dx= Wxxe
K
EfawPle L2 Cowpute s 5  dx
2x\
3 adlal) Jeales
K — dx = Sj \ d x SEBLRECIRAR
%‘\'\ "C‘tl adla

= B \V\ \X—\\\,-\-C

Examdle ) ¢ CowaRuie S Yanx dx

adlal) datia
& rowyx dx = S SIWX - Ax 9 ol Gaka Jiall 13 3
CoO VXK 4l

5_,,.;.(_,__’,.;, W N2 s - \mn \Cos'x\ X C O (Baadas o
-\
= \w \CD( w \ N C il Al pal i Gula
= \n _\ x C
|\

= \n \sec&\_\_c



2z

e
Examdle T o 5 2 Jdx

\ «K
e oF
S %A% - 3 S '\75 O\K o yila ) ¢ il Guka
\ \ >
= 3 Inen \
= 3 \_\n(e}\ — W) \
= ll\v\(e.\ ~\v\L\\_X
- 3 {. 1‘°—.& =
2 Al dsiia
X
é'xéo\w\?\e 43 Compuie S et X
o eXx\ 4
2 2
S e dx = \n \é+\\\ o yila ¥ () 5l Gukas
& ex-\\ o

= \n \(e?' x\) -Le?-u)\
= \wn \(Qz*ﬂ - '2\

—

I PR TS I TN G



Eaomle S 5 Evaluake S \ =
ot \/—-\:v\%

2
\ aAX = SeFx d A

Qe A¢ \/TW \I Xany
= 2 J Yank o, C

E/quxe\g S e Evaluale S

dx

Vm**\
‘)..J;j\ Caat adla

cC—m¢
g

DR e
2
Lr 4\ o ?'TJLQ\J
l.\
X o

= \l_ﬂ(ll) 4+ — 20+l
- va -V

¥ ool (gl

Y uﬁd.a\i.ﬂ\u)a.\
aJlal) Asida ga
Slagle auidig

OB Gl apdai

Jalil)

Joamd ey ¥y gilal) Lanka
Jal<l)



Integral of Exponential function
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Integral of 'Trigonometric Function
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