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$,p, $$ fii 3:; 'lf the values of a funo{ion
AS

we like to a frxed nur+fber L by tdklng r
we say that L is the'lirsfit'af f a'a' t
as 

J '  

" t ' '

y = f {x ) can be made as close

dose to x, ( but'R ,6gual to xs')
aPP xo,rlr 66i rltrl'ite it

lim /(r) '= l'
x.1xo

A ffifi say at the I m:it of / as ,{ approaches x6 equals L

Definition 3.1,2 :

Let f be a'ttnci,h;defi,neo on'the's€t" txo *'F ,xo) U (xo ,xa * p ) , wifh
p > 0 . T h e n

lim /(x) = 1,
xnxo'  

-

i f f  foreadt  e>0 thereexisf i$a d>0 suchthat

if CI <' lx *.,x; l

Theorem 1 :

1) l im x= x0
x_+ko

2 )  l i f f i k = k
. x--+Xo

Theorem 2: If  l im f(x) = L,
x_+xo 

-

1 )  l i m  l f ( x ) + s ( x ) J =  L r *- 
x+Xe

. - : .

2)  l im  [ / ( r )  -  sU)1 ;  L1 -'  
x+Xo

3) _rig t f  @) . s{x)l  -  L1
x+xo

4 )  l i l n r  f k . f { r t ]  = . k .L r
x--+Xo

f{i)

and lim g(r) - 1,r , then
x+x0

L2

I
ltz

L2

5) lirn
x+Xo

= 
'il'.!.{

L2s{x)
i f  [ , 2 * 0  i



, . . ] t

s .  J s { . ; - 1 =  j s S T g = l n ( r - 5 ) -  o - s = - g  i

f&tm*e.m 3 :

1 )  l g Y =  7

2) Js L-gq*" - o

Expp.nlg 3.1,.*, Find each of the following :

L  S i #x-+0 S,lIl b.t
... :
3x

2. l im
i-*o sin 2x



,  

' .  

* .

!:;w,
r '. W

3x
- ! t

sinZx
tx . -2.

=:fiff l
*--+O

" n.'t

r 5' , '

J

1
L

3x
2. lirn --

r---r0 $n /.f

rs inr  1 .  r
l ; . - l
\ f, cos.r /

:E  t im  /g -T .
. r*O \  COSX

3. l im' i
x*+0

s$t x
i  ,nx, ..
T :

F,. , . ' '  , i) =m
= ' ] , x L  q 1  : . ,  i , u ,

Exe.rGiF$,fl,1.6: f*nO Jaah of thefbtloWing:

1 $ f f i
2. ,'$ (:r + .ot] )

3. $*fn.'
i-+0

+:'

5. l im
y*cb

,r4

ya-7Y3+3y2+E

Sffi$i$W.rli t Aiunction f (3')""]$ lild'td' continuous at xs if

1 )  f  i s d e f i n e d a t x o  ( i . e  f ( x o ) = L  w h e r e L € R ) .

" ' ' ' - ' r , ,  
' ,  

.

2) liin /(x) ex.iets
.}-+x0

3) g, to, ;+" f,(x6$;= L 
,rlir :

-cos#:
J(

t



. ' t ;  t '

*mu.{+;,, .l l"** f(x) -{:*r*-  ' \ '  r 3 _ Z x

ls f coffi*wous at .*'w 1 . ,,

Solut ion:

1 )  f ( 1 ) = 1 , 2  7 1

2) jgL /(r) = j!{ *' = i' = 1

j g .  fC t l ' *  ,g . (3  
-2x) -  3*2(1)

since ,tg1- f@)- 1=,1_g- f$)
, .  

_ i i  

t  

"

Therefore |gi /(x) exists and !g /(z) * 1
i a ' :  i . , , t ,

3 )  $ l ( ; l = i = f ( 1 )

"tt'',.'

: , 1

Therefore f is continuous at x = 1

' r  r  | x * L
Example..3-,1..L Let f(x):l J_;

ls /  cont inuousat r=*l
: : : : l

Solution :

1 )  f { * z )  =  ( - 2 ) '  * . 2 -  4 * 2 - t .

tl.t':;:

sinee liq._ f (x) * lim.. f(x)x " + ( * 2 ) -  " '  x - r ( ' | ) + '  
- '

There.fore fu#-, f fu) does rmt exiets
.X1+t : -Z l  .  .  r  r r .

:ontiwuog#';$" * = *i','Trus f is noffi

x S
* >

. - 1- f

if:;x 1 -Z

t f  x > * ?

:

; r i f  : l r " i ; '  . i

L
I

4:ilYr



Exercise 3.1.9.:
(  x?*zx-a rt

Le t  / ( * )= lT  : :
[ - 3  i f

f,s : f'. obn ntd d',t x'a ;7' ''

s#j,Di$*q[t':?lion

x * = 7
x ,x . ;2

Definit ion 3.2.1:

Let .fi * f{x; be a functio,n,',a,nd }et tlre va,'ri lb x receive a certtin

incre,ment A x.'T,hen the functi:sn y wi'll"re€eive a elfain increment

Ay. Thus for the value of * we have y *,f(r) and for the valu'e of

x + A x , w e  h a v e  !  +  L Y =  f ( x + A x )

Thus the increment AY is given bY :

Ly= f ( x+Ax ) -  f ( x )

R*rnq.tk S,, ,i2ii A is an abbrev'iatio'n of diff€rence { in

a factor.

:Fe fig ,fh ratio,o,f th* ineret',tl nt o$'l,tlq€'fu'nction y ts th€ incremcfi'tt

of the variable x , we get
'  '  ' ' .  ' ,

a - :

A x  A x

ise*ieA e average,rate'of€h*nge of,t"tre f*$ ion y - .f{r} with
A u

respe 'to the variable x 
tr 

is als'o ea,tled th€ diff renee quo'tient

of the function y - f (x) . lf the limit of this ratio as A x approaches

zero exls'*st'thfit' i's
" f {x+Ax}* l (x )

d x

-rc r .t ) and is not

l

Em Af = [m
A"r+0 A; f ,  dx+0

,d differentiable and the limit { ti*" {J )e, l r ' , i  n thgnthg |  .  ,  a : r+o ; ts .
. : , .

. : . . : : : j : . :  
: : : "  :'

is called the first derivative of the function y = f (x) with respect to


