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KIT POLYTECHNIC

CHAPTER-5
LIMIT

Some definitions Related to limit

Constant: A quantity which does not change its value under different mathematical operations of
a problem is called constant.

Ex:5,,e,~/3etc.areall constants.
Variable : A quantity which changes its value under different mathematical operations of a problem
iscalled a variable.

Ex:The equation of a straight line y = mx + c.Here x&y are variables.

Indepedent variable ‘A variable(x), which can assumes any arbitrary value fromasetis called an

independent variable.
Dependent variable: A variable (y), whose value depends on the value of another independent

variable (x) is called dependent variable.

Ex:Area of a circle is A= zr®.Here A is the dependent variable & r is anindependent variable.
Function or Mapping : Let X and Y be any two non empty sets and there be a correspondence f

between the elements of X and Ysuch that for every element x € X, there exists a unique and
definite element y e Y, which is written as y = f (x), then we say that f is a function of X to Y
writtenasf : X - . X Y

Note-1:Every element of X will be mapped by f.
2:The element of y €Y s called the image of x under f

Meaning of f(a):The value of the function y = f (x) at x =a denoted by f(a). It is obtained by

putting a in place of x in f(x).

Domainand range of afunction : Let f : X — Y be a mapping from a set X to the set Y.

Domain: The domain of f = X
Range: The range of f = f (x)={ f(x): f(x) Y, x e X} =setof allimage points inY.
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Note:1.If xe X , then f (x) € f(X)
2f(X)cY ieRangeoff cvy
3.Y iscalled the co-domain of f

Range

Domaln

Real valued function: If f : X =Y beafunctionfromaset X toasetY where X,Y < R, then
f isareal valued function.

X+1

Ex:y=f(x)= ,XxeR
y="10() X2 +1 <

Modulus function:The modulus of a real number x denoted by is |x| is its magnitude or numerical value

taken with a positive sign. Y
x if x>0 P f "
ie |x=q-xif x<0 o 7
0 ifx=0
O
Greatest integer function:The greatest integer function of xisdenoted by [ x]is the greatest integer
less than or equal to xi.e [x]< x. Ya
-1,-1<x<0 31
0,0<x<1 1 S
1<x<2 1L
2,1<Xx< 2. and soon. < Lo 1
2-1Q| 1 2 3
Ex: [3]=3,-3/=3,0|=0, - o
—{ —_2
Ex: [2] =2, [3] =-3, [O] =0, [2.98] =2, [-2.98] =-3, [0.5] =0, [-0.5] =-1, v

[2-h]=1,[2+h]=2wherehisasmall+vequantity.

Logarithm function:If a >0and a = 1then y = log, xis called alogarithm function with base a, for

all x> 0.
Note:1. log,a=1, log,1=0 , log, x=InXx

—o0,if a>0
2. log, 0= .
+o0,if 0<a<l

Ex:y=log, (x+1) , y= Iogs(x2 +2)

Exponential function:The function y = a* or y = e¢”iscalled an exponential function, forall x € R.
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sinx COosSX

Ex:y=2",y=x"",y=e
Note:1: e™ = x =¢'%* g* =e**%*  g"%* =x (a>0a=1)

2:log, mn =log, m+log, n

m
3:log, — = log, m—log, n v
n
4:log, m" =nlog, m
Signum function:Thesignumfunctionis definedas 1.
|x| <] S —
lif x#0 23 219 1 2 3
f(x)=< x .,
0,if x=0
LIMIT OF A FUNCTION The limit of a function f(x) ,
'IJ'Y

is defined as the value of a function at some indicated points.

The limit or limiting value of a function is the fundamental concept of calculus.

Definition:If 'l 'be the limiting value of a function f (x)ata point x = a then which is written as
_ whichisreadasthevalueof f (x)tendstolasxtendstoa
limf (x)=I0OR It

X—a X—a

ief(x)>lasx—a

Note:x > ameans xclosetoabut x = a

Limit or limiting value of a function:(Meaning of lim)
X—a

If y = f (x) beagivenfunction of x then for every value of x we obtain a definiteand unique
value of.But sometimes for a particular value of x, the value of f (x) IS not determinate.

x* -9
Forexample Lety = f (x)= atx=3
2 —
f(3)= 3 -9 :gwhich is not determinate.
3-3 0

In maximum case we obtain the limiting value of the function at a point where it is indeterminate.

Algebra of limits

LIim(f(x)+g(x))=lim f(x)+limg(x)
2.lim(f(x)xg(x))=lim f (x)xlimg(x)
lim f(x)
3.1im () = X228 wherelimg(x) =0
=ag(n) limg(y o
4.1imkf (x) =k lim f (x) Where k is a constant.

5.limk =k Where k is a constant

X—a

Engg. Math-| 5 Satyajit Mohapatra



KIT POLYTECHNIC

LIMIT FORMULAS

F —1.For nbeany rational

.o x"—a" ~
lim =na"*
x>a X—a
et -1
F—-2.lim =1
x—0 X

=Inaorlog, a(a>0)

x—>0

F—4.Iimwzlorlmlna+x) =lorlim
Xx—0 X Xx—0 X x—0 |n(1+ X)
1
F—5.Iirr01(1+ X)* =e
F—6.Iim(1+1j =e
X—00 X
1
F—7.lim(L+ Ax)" e’
F-8.1i mﬂ_lorl mizl
x—0 X anSmX
]
F—9.IimsIn X_lorllm =1
X x-0 5in~* X
F 10Im——1o lim—— =1
X x=0 fan x
F—11.Iimtan =lorlim =1
X x>0 tan ™ x

F-12.limsinx = Ollmcosx 1

x—0

F —13.Iim% =

x—0 X

F —14.Iim(1L)_1=—

x—0 X
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Rules for finding lim £ (x)

Rule—1.Putx=alf f (a) givesa finitevalue
Ex:lim(x* +3x+1)
X—2

Ans:lim(x2 +3x+1): 22 13x2+1=11

X—2

Ex:Iim(x2+3x)(x—2)

Xx—3

Ans:lim(x2 +3x)(x—2): Iim(x2 +3x)><|im(x—2)=(32 +3><2)><(3—2)=15><1:15

X—3 x—3 x—3

L x2—2x+5 IM(X-2x+5) 2 _5.9.5 4
Ex:lim =X2l = =—=1
-l X+3 lim(x+3) 1+3 4

x—1

Rule — 2(9 formj
0

If f(x)bearational functionthen factorize both numerator(N") & deno min ator(D").cancel the common
factor and putx=a.

2
Ex: lim > —4
x>2 X —2
2 _
anslim =4 _jim U222 i) 24024
x—>2 X —2 xX—2 X—2 xX—2
3
Ex: lim > -1
x-1 X =1
3_ X=1)(x*+x+1
Ans : lim 2 1:Iim( )( )zlim(x2+x+1):1+1+1=3
x>l x—1 x—1 X—-1 x—1
2
Ex:ImX 5X+6
xX—>2 X—2
2 2 _ _ _ _ _
Ans :lim X PH0 iy X3k 2x48_p X(X=3)=2(x=8) _p, (x=2)(x=3)
X—2 X—2 X—2 X—2 x—2 X—2 xX—2 X—2

=lim(x—3)=2-3=-1

X—2
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Rule-3.1f the given function containsasurd, then multiply a conjugatesurd in both N'& D’
,after simplification put x = a.

i 52

AnS'Iim\/m_\/E lim (\/F \/—)(MJM/_) =lim x+2-2)
lim == oo x(Vxr2+42) O x(Vx+2+42)

1

_IX'L'QX(M+\/_)_IXI*°(M+\/_) JE+J§(pUtX:0)

X—)

1
2\2
EX:“ng\/Z—x—\/2+x
X—> X
s | 7 % —J2+x i (V2—x- J2+x)(J2 x+J2+x)
ns:lim im
k50 X -50 (\/_x+\/f)
=lim (2-x)-(2+x) _lim—22X=2"X i 2X 2
HOx(\/z x+\/2+x) HOx(\/Z x+\/2+x) HOx(\/2 x+\/2+x) (\/2—x+\/2+x)
N |
V242 22 2
, 2 2
Ex—lim¥ XL py gim X .Ex—Iim)(Jr—;"_z.Ex—lim1+X;X_1
x—0 X x—0 ,X+4—2 x—0 X x—0 X
Ex—lim XX =P~ ,2a—b
X—a X _a
2
Ex:lim 2 —x
X1 \/;_1
2_ —
Ans: lim 2 \/; (X J_) x (< +\/_) (\/—H) (double conjugate multiplication)

N S e o
i X)X +1) i XX (x° —D(Vx +1) _im XD +X+1) (X +1)
ot (x DOE+)) ot (=D +x) = (x=D(X +X)

_lim X(x? +X+1)(\/;+1):1><3><2:
o1 (X +4x) 2
Jx+2- J_  UxP+1-1

Ex—lim————~= —lim

X*O\/ﬁ \/_ 0 x4 4-2
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Formula: lim>—2_ = na"*
X—a X_a
9 ~9
Ex:IlmX 2
x->2 X —2
x° — 29
Ans:lim =9x28
Xx>2 X —2
5
Ex:IlmX 32
x—>2 X—2
5 5 5
Ans:lim 3 _imX =2 =5x2*=32
x—2 X_2 X2 X —
5_
Ex:IlmX3 32
X2 X _8
X =20
it X232 W 5 5x2* 32 8
o2 -8 Iimx3—23 3x2?2 12 3
x=2 X—2
Ex:lim Xm
x»lx _
lim X1
Ans: lim 1ot x-1 nx1" _n
x->1 x™ -1 lim X" =1" mx1™ m
x>l X=1
1
4 ﬁ_
Ex:Iim\/; \/g,Ex li X 81,Ex:|imx1
x—5 X—5 X3 X — x—3 =
Xxm -1
Engg. Math-| 9
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et -1
Formula:lim =1
x—0 X
. e*-1
Ex:lim
x—0 X
ax ax
. -1 . e"-1
Ans:lim =lim xa=1xa=a
Xx—0 X Xx—0 ax
-3x
.oe -1
Ex:lim
x—0 5x
-3x -3x -3x
-1 1, e*-1 1, e*-1 1
Ans:lim ==lim ==lim x—3==x1x(-3) =
x—0 5)( 5x—>0 X 5x—>0 _3)(
—3X
-1
Ex:lim :
x—0 @>* _1
-3x -3x
a4 lim lim&_~*x_3
gim& Tl _x0 x _x0 3x 1x(-3) -3
Ans:lim = = = = = -
x>0 @* 1 . e”-1 . e 1(5) 5
lim lim x5
x=>0 X x—>0 By
ax —aX
. —e
Ex:lim
x—0 X
ax —ax ax —ax ax —ax
. — . e -1+1-¢e . (@ =-D—-(e" -1
Ans:lim =lim :Ilm( )~ ( )
Xx—0 X x—0 X Xx—0 X
ax —ax ax —ax
) - e -1 - e
=lim —lim =lim xa—lim x(-a)=1xa-1x(-a)=2a
x—0 X x—0 X x—0 ax x—0 —axX
-3x 4x
e~ —e
Ex:lim———
ane e
_e¥_e™ e ¥o141-e™ . (¥ -D)-(e"-))
B¢ _ gdx lim———— lim lim
Ans I|m _ x—0 X _ x—0 X _ x—0 X
X0 eSx _e—2x . e5x _e—2x ] e5x _1+1_e—2x . (e5x _1) _ (e—2x _1)
lim———— lim lim
x—0 X x—0 X x—0 X
-3x 4x -3x 4x
. . (e" — e -1 . (e -1
lim —Ilm( ) im x(—3)—|lmgx4
x>0 X Xx—0 X _x=0 —3x x—0 4x _ -3-4 _—7
- 5x —2X - 5x —2X - -
. -1 e -1 . (e = . (e -1 5-(-2 7
Ilm( ) Ilm( ) Ilm( )x5—|lmgx(—2) (=2)
x—0 X x—0 X x—»0 By x>0 —2X
3x 3x 3x 5x ax cX
- e —e . —e
Ex:lim Ex:lim—; JEx:lim Exclim— =
X—0 X x—0 @2% _ x—0 X x—0 @™ _ g™
Engg. Math-| 10
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. a
Formula:lmg =Inaorlog, a(a>0)
X—>

><3:E><|nb><3:§><|nb
5 5

Ex:Iim3 -1
x—0 X
Ans:lim=—==1In3orlog, 3
x—0 X
2X
Ex:Iima 1
x—0 X
2X 2X
Ans: lim 2 1:Iima l><2:Ina><2=2Ina:Ina2
x—>0 X x>0 2%
3x
Ex:Iimb 1
x—>0 By
ob¥-1 1, b1 1. b¥-1
Ans:lim ==lim ==lim
x—>0 By 5 x>0 X 5 x>0 3x
Ex:lim 2 -1
x—0 -1
Ans : lim X_leo X _Ina_ 9,2
x-0p*-1 . b*=1 Inb
lim
x—0 X
Ex: lim 2 —b
x—0 X
Ans : lim 2 —b :Iimﬂzlim(a —)-0 - _
x—0 X x—0 X x—0

X X

.oa*=-1 . b*-1 a
=lim —lim =lna-Inb=In=
x->0 X x->0 X b

Ex:lim2 _bx
x=0 ¢ —
Co gimE T pasitt @ =D =07 D)
Ans:lim —b" o0 x oo X _ x20 X
X—0 X_ X X_ X X_ _ X X_ _ X_
c’—d lim C d lim © 1+1-d Iim(c 1)—-(d*-1)
x—0 X x—0 X x—0 X
im® Lm0t In2
x=0 X x>0 X Ina—Inb _

c -1 dx—l_lnc—lnd_I c

lim=——=—1lim n
x—0 X x—0 X
N e | . 35 A
Ex:lim JEx:lim JEx:lim
x—0 5% _1 X—0 X x—0 B* _ 7%
Engg. Math-| 11
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Formula:limwzl
Xx—0 X
Ex: ||mM
x—0 X
Ans:limM: Iime2:1x2:2
Xx—0 X x—=0 2X
Ex: ||mM
x—0 5X
Ans:lim 129:+2%) 1109, A+2) 1, 100.U+2%) 5, 1., ., 2
x—0 5x 5 x>0 X 5 x>0 2X 5 5
Ex: ||mM
x—0 X
Ans: ||mM — |imwx (_3) =1x (—3) =-3
x—0 X x—0 (_3))(
X
|099(1+j
Ex:Iim—z, Ex:IimM
x—0 X x—0 5x
1
Formula: Iirr(}(1+ X)X =e
1
Ex: Iing(1+3x)X
1 1, 1)}
Ans:lirr(}(l+3x)X :Iirr(1)(1+3x)3X =[Iirrg(1+3x)3Xj =
2
Ex: Iirr(}(l+3x)5X
2 12 142 1.6
Ans:ling(1+3x)5X = Iirr(}(1+3x)X 5= Iirrg(1+3x)3X 5= Iirr(1)(1+3x)3X 5

13\ 6
:[Iim(1+3x)3Xj =e°

x—0

1 1
Ex: Iirrg(l+ 2x)*, Ex: Iirrg(l—Zx)5X

Engg. Math-| 12 Satyajit Mohapatra
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. SinXx
Formula:lim——=1
x—0 X
. sin3x
Ex:lim
x—0 X
. sin3x .. sin3x
Ans:lim =lim x3=1x3=3
x—0 X x—0 3X
. Sin3x
Ex:lim
x—0 5X
.. sin3x 1,. sin3x 1.. sin3x 1 3
Ans:lim ==lim ==lim x3=="x3==
x—0 By 5 x>0 X 5 x>0 3x 5 5
sin—
Ex:lim—=
Xx—0 X
. X X
sin— sin=
Ans:lim—Z:Iim—Zx——lx
x—0 X x—0 X
2
=2
. sin“x
Ex:lim >
x—0 X
in? x sinx )’
Ans:: lim=—; :Iim(—J =1 =1
x—0 X x—0 X
sin® =
Ex:lim 5
x—0 X
2 2 2
- 2 - X
sin” — sin— sin— sin= 1 1
Ans:lim——=<=1lim 2 =lim 2, =lim _2 x—=1°x==2=
x>0 X x—0 X x—0 X 2 x—0 X 4 4 4
2 2
. 1-cosx
Ex:lim——-;
x—0 X
2 2 2
2sin? sin X sin sin X
. 1-cosx 9 ) 9 9 9 1
Ans:lim > =1 > =2lim 2 =2lim X = :2I|m—2 X =
x—0 X x—0 X x—0 X x—0 x—0 X
2 2
1 1
=2x1’x===
4 2
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OR
Iim1—cosx_”m(l—cosx)><(1+cosx)_ . (1-cos’x) . sin® x
x>0 x? x>0 x? (L+cos x) x>0 x*(14+cosX) x>0 x*(1+Cos X)
_sin®x . 1 _ (sinx) 1 1 1
=lim——xlim =lim| — | x==1lx===
x>0 X x>0 (1+cosx) x>0\ X 2 2 2
. tanax
Ex:lim
x—0 X

. nax .. n . nx
Ans:lmgta a :“mta axxazlxa=a(-.-llmta—=1]
X—>

X X—0 ax x—0 X
ia-1
. SinT4x
Ex:lim
Xx—0 X
i1 ia-1 ia-1
. SInNT4x .. sin4x . SInT" X
Ans = lim =lim ><4:1><4=4[-.-I|m :1j
x—0 X x>0 4X x>0 X
. tan"'bx
Ex:lim
x—0 X
. tan'bx . tan'bx . tan'x
Ans:lim =lim xb=1xb=Db]| . lim =1
x—=0 X x>0 px x—=0 X
. X
Ex:lim—
x=0 8N 2X

Ans : lim— =[im _2X ><£=1><l=l clim——=1
x>08jn2X *»0sin2x 2 2 2 x-0 8N X

. sinmx
Ex:lim—
x=0 §in nX
Iimsinmx Iimsinmx><m
. sinmx 0 0 Ixm m
Ans:lln;l - = sianx = sirm\x SR
X—> . -
sinnx i lim “n xN n
x—0 X x>0  NX
. Sinax . tan3x . tan3x . Sin2x
Ex:lim—— Ex:lim JExEXx:lim JEx:lim
x-0 sin bx x-0 tan 5x x>0 By x>0 7X
5
(x+h) =x°

Some problems by using substitution: Ex:lim

_ (x+h)5—x5 Letx+h=y=h=y-x
Ans:lim——~——
h—0 Ash—>0=y—>x
5 5
—lim Y =X g5yt _ gy
yox Yy —X

Engg. Math-| 14 Satyajit Mohapatra
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Ex: “mln_x
x=1 X =1
Letx-1= x=1
Ans: Ilmln—x y= Yy
-1 X—1|Asx—>1=y—>0
_lim In(L+y) 1
y—0 y
Ex:limM
x—1 X—=1
— Letx—1= x=1
Ans:lim—ln(zx Y y= oy
1 x-1 [Asx—>1=y—->0

In(2(1+y)-1) _iim In(2+2y-1) _lim In(L+2y)

y—0 y y—0 y y—0 2y
Ex—:lim Inx
x—1 X—l
In x Letx-1=y=x=1+y
Ans: lim—— X+ —I|m ><I|m X +1
X1 / 1 xal( [x -1)( [x X +1) *(Wx+1) ( 1) ( ){ASX—>1:> y—0

_1imMEHY) a1y 1x222
y

y—0

In(x-1) In(1+ x) Ex - lim In(x-1)

Ex:lim JEx G lim———— | EX: — 7
o2 X—2 0 Ix+1-1 =2 (X=2)(X—3)
3
2 —27
Ex:Iimm
x—0 X
x—l_
Ex:Iim3 !
x>l x—1
“1_1{Letx-1= Xx=1+
Ans:lim3 ! )= y
-1 x=1 |Asx—>1=y—>0
y _
=Iim3 =1In3
y—0 y

Engg. Math-| 15 Satyajit Mohapatra
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Ex:Iim3 3
x>l X —1

3X—3{Letx—1:y:>x:1+y

Ans:lim

1 Xx—=1 |[AsXx—>1=y—>0
y+1 y _ y _
Cim 2 im P 8 im Pt L sinso g oy
y—0 y y—0 y y—0 y
x-1
Ex:Iim3 !
x—1 X_l
x-1 _ x-1_ x1_ Letx-1= Xx=1+
AnsilimS— 2 Clim——2 =L (X +1) = limS L lim(Jx +1) e )
ol fx—1 o1 (Yx=D(Xx +1) ol (x=1) o1 Asx >1=y—0
=lim=—=x2=2In3=In3?=1n9
y—0 y
x-1 x-1
Ex:Iim2 1,Ex:|im2 L
x>l x—1 x—1 X —1
Ex:Iimﬂ
X—)IZ'7Z'_X
i Letx—7z=y=>X=nx+
Ans:lim—smx =y Ty
org—X |(ASX>r=YyY—>0
_ Iims.ln(;z+ y) i =SNY _ i SINY 4
y—0 _y y—0 _y y—0 y
Ex:Iiml_S—mx2
ey
2
T T
, LetX——=y=>X=—+Yy
Ans:liml_s—mx2 2 2
Hz(”_xj Asx>Z=y—50
2 2
7 y yY
1-sin| =+ in2 ind
: ( Y . 1-cosy __2sin : S|n2
=lim —==lim———==lim——% =2lim| —%
y—0 (_y) y—0 y y—0 y y—0 y

Engg. Math-| 16 Satyajit Mohapatra
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.o x-1

Ex:lim—=

x-1 |n X

. 2sinx—sin2x
Ex:Ilm—3
x—0 X

2sin X —sin 2x

. . 2sinx—2sinxcosx . 2sin x(1—cos x)
Ans:lim 5 =lim 5 =lim -
x—0 X x—0 X x—0 X
2 2
2sin2 X sin > sin >
._sinx ,. (L—cosx . 9 . 9 . 9
=2lim ><I|m( > )=2><1><I|m—22:2><2I|m =4lim — 24z
x->0 X x—0 X x—0 X x—0 X x—0 2
2
2
sinx
. 9 1 1
—4lim| —2 | x> =4xIx==1
x—0 X 4 4
2
. tanx—sinx
Ex:lim——
x—0 X
sinx . Sin X —sin X cos X
tan x —sin x —sinx sin x(1—cos x)
Ans : lim ———=1lim&S X —|im cOsX =lim>——
x—0 X x—0 X x—0 X x—0 X° COS X
2 2
2sin2 X sin X sin >
..sinx .. 1-cosx .. 1 . . .
= lim——xlim————xi =1xlim———=~x1=2lim| —= | =2lim x=
x>0 X x—0 X x—0 COS X x—0 X x—0 X x—0 X 2
2
2
sinx
9 1 1
=2lim _2 Xx—=2xIx===
x—0 X 4 2
2

_ _ 2
Ex||m]ﬂ ,Ex||mw

. 1+sinx —+/1—sin x
- : 3 — ,Ex:llm\/ \/
x-0 X SIn 2X x-0 tan”® X —sin” X

x=0 tan x

Ex: Find thevalueof a If lim 20 &(x=a) _2
X—a X—a 3

— Letx—a=yV=>X=a+
Ans;”mwzz{ y y

e X—a 3|AsXx—>a=y—>0
_ lim 2Ny _2

y—0 y 3

|imtanay a:g:>1xa:_:>a:g

y—0 ay 3
Engg. Math-|
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Ex : Find thevalueof aIf Iimi:S
1 (x=1)Ina
X _ Letx-1= =1
Ans:limi: oL y=x=i+y
1 (x=1)Ina Asx—>1=y—>0

5% -5 . 5x5Y-5 5 . 5-1 1
=5=|lim————=5=—Iim
y>o ylna y>0 ylna Inay-o 'y Ina

=In5=lha=a=5

Ex: Ex—46: Find thevalueof alf Iimm:Z
X—2 a(X_Z)
— Letx—2= X=2
Ans:limwzz y= Yy
x>2 g(x—2) Asx—>2=y—>0

—lim In{2(1+y)-1} 92— lim In{2+2y-1} _9 :>l|im In(1+2y) 9

y—0 ay y—0 ay a y-o0 y
:llimMXZ:2:>1><1><2:2:>E=2:>a=1

ay>0 2y a a
Find thevalueof a

. sin3x 1 . e e
Ex:lim ==, Ex:lim—=3,
x—0 tan ax 3 X—0 X

Limits at infinity or infinite limit

Meaning of X —>w:The symbol X — cowill be used to mean that x takes very large values.

Ex: Showthat lim l =0

X—>»00 X

1 .
Ans : As x takes very large value ,— becomes very small value ,(i.e close to zero)
X
1
Thus ,when X —o0,then ——>0
X

1
Hence lim==0

X—>00 X

Note:

1.Iim§:0

X—>o0 X

.3
2.lim— =0 and soon ————
X—0 ¥
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: e 1

Working rule for finding lim f(x) Replace xby = in the given function and take the limitas y — 0
X—00 y

OR

In case of a rational function divide the numerator(N" Jand the denominator(D" )by the highest power of x .

. 5x*+3x-6
Ex:lim———
x—o 2% —Bx+1
x? X 6
Ans:lim 2 X208 i 2x* X X' (piyidetheN” and D'by x?)
x>0 25X +1  xoe X Xx 1
X X X
3 6
Sto— _
_im—x x2 _5+0 0(putx:oo)
X X
_2
2
Ex:hmzx_3
x>0 4X +
DRRPLEE
Ans : lim :IimM(DividexinbothN'&Dr)
xaw4x+5 X4)0047 §
X X
3
2_2
_fim—x_-270_2_1
4 2
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o2n=3 _ . 3x*—4x"+2 3n°—4n+1 2n
Ex:lim JExClim—— Ex:lim————  Ex:
oo 4n+5 xoo 4x° 45X -1 x> 4n° 45N —2 noo 4n+5
3 —4x*+2
Ex:lim—————
x>» 4x* +5X—3
X x5 2
3 _4y? 354 3+ 3
Ans:lim X X2 i ¢ X X’ (pividex®inboth N & D'
x>n 4x* +5x—3 o X X 3
T
3 4+2
i x ¢ _3-0+0_3_
=24 5 37040-0 0
2 3
x X X
2
Ex:Iim—gX3 4X2+2
x>0 4X° +5X° -3
x> X 2
Ans : lim 3X3 4X2+2=I' XXX (Dividex’inbothN" &D")
x>0 4% 4 5X* =3 xow X X 3
4734'573—73
X x X
3 4 2
_|im;_?+F_0_0+o_
e, 9 3 440-0
x x°
£ :Lm1+2+3r; ------ +n
n(n+1)
ans:limTE2E3 ¢ iy 2 i DO i L e ninboth N” &)
n—o0 n n—o n n—o n n—wo 2N
n 1 1
—+= 1+
lim N jjm 101
e 20 now 2 2
n
P2 +n®
Ex.!ﬂ; "
n(n+1)j2
3,93, 723, . 3 ( 2 2 2
Ans: lim> 2 +3j T lim ; :”m{n(n+41)} :Iimw
n—w n n—w n—w 4n n—ow 4n

Engg. Math-|
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n? n 1
2 724‘2724‘72
~tim T2 jim 210 (Divide n’ inboth N’ &)
n 4n72
n
1 2 1
_jim_n n?_1+040 1
n—oo 4 4 4
Ex:Iiml+%+%+%+ -------- +2in
Ans:lim1+1+i2+i3+ -------- +i
oo 2 2 2 2"
n+l n+l
3] () e
—lim—2._ —|jim—22_ _2lim 1-(-) =2(1—0)(Iimx”:0if—1<x<1
n—w 1_1 n—w 1 n—w 2 n—o
2 2
=2
1 1 1
1+§+?+?+ ........ +?
Ex:lim
n%w]_ ;4_3124_3];,4_ ........ +?:)I;
1 1 1 1 . 1 1
l+f+72+73 ........ +7n ||m1+f+72+73+ ....... —
Ans : lim —2 2 2 _ o 2 2
now 1 1 1 . 1 1
1 +72+73+ ........ +T ||m1+f+72+73+ ....... +T
3 3 3 now 3 3 3
n+1 n+1
3 3
lim lim—=2 _ 1\
N0 1_1 N 1 2lim<1-| =
2 2 B n—o 2 _ﬂ(l_o)_ﬂ
3

lim

n—o 1_7 n—o g

3 3
Ex:Iim1+1+i2+i3+ ........ +i
n—o 3 3 3 3n

Test the existence of the limit lim £ (x)

1n+1= 1n+1_3- 1 n+l _3(1_0)_
A
_\3) IimA 2 n—e 3

The limit of a function f(x) is said to be exist at x=a (i.e lim f (x)exist)
X—a

If Left hand limit (LHL) = Right hand limit (RHL)

Engg. Math-| 21
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Left hand limit (LHL)

Ling f (a—h)where his small (+ve) quantity

or lim f(x)

X—a~

Right hand limit (RHL)

Iim f (a+h)wherehis small (+ve) quantity

or I|m f(x)

x—a*

Note:If L.H.L # R.H.L then the limit of a function does not exist

Ex: Test the existence of the limit Iirq x-1
X—>

Ans lim|x -1

x—1

Herea=1, f (x) =|x-1|

L.H.Llhirrgf(a h) =lim f (1=h)(put x =1-hinthegiven function f (x) =[x -1])
=liml-h-1 =lim|- h|_I|mh 0

h—0 h—0 h—0
R.H.Llimf(a+h —Ilmf (1+h) (putx:1+hinthegivenfunction f(x)=|x-1))

=lim[l+h- H_I|m|h|_llmh 0

h—0 h—0 h—0

SoLH.L=RH.L
Hence the limit of the function exist.
Ex: Test the existence of the limit Iirr3|x|
Ans 1im|x|
X—0
Herea =0, f (x) =|x|
LH.Llim f (a~h)=lim f (0=h)(putx=0-hin thegiven function f (x) =|x|)
_I|m|0 h|_I|m| h|=limh=0

h—0 h—0 h—0
RH.Llim f (a+h):lim f (0+h)(putx =0+hinthegiven function f (x) =|x|)
_I|m|0+h|_I|m|h|_I|mh 0

h—0 h—0 h—0

SoLHL=RH.L
Hence the limit of the function exist.
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Ex: Test the existence of the limit IlngU
X—>! X
X
Anslim—
x—0 X
X
Herea =0, f(x) =U
X

L.H.Llhigg f (a—h):lhigg f (O;h)(putx:O—hinthegiven function f (x) :%J

—lim 0-h = lim [ _lim- —lim-1= 1

h-0 0—h h-0 —h h—0 —h  h-0

R.H.Llhigg f(a+ h):lhigg f (()Lh)(putx:O+hinthegivenfunction f (x) :%l

0+h] h .
=lim—— =lim—=Iliml=1
h-0 O+ h h—0 h h-0ph h-0

SoLHL#RH.L
Hence the limit of the function does not exist.
Ex:Test the existence of the limit

(a) lim{x-=2| (b)lim|x+1(c)lim= ( )I|m| _]4( e)lim [x=2

X—2 x—-1 X—’0|X| x>l x—1 xol X —2

Ex:Test the existence of the limit Iin; [x]
Ans:lxlir;[x]
Herea =2, f(x) =[x]

L.H.Llhlin0 f (a—h):m f (2—h):L|Lrg[2—h]=L|L731:1
RH.Llim f (a+h)=lim f (2+h)=lim[2+h]=lim2=2
h—0 h—0 h—0 h—0

SoLH.L=#RH.L
Hence the limit ofthe function does not exist.
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Ex:Test the existence of the limit Iing [X]
X—>

Ans : lim[x]

x—0
Herea =0, f (x) =[]
L.H.Lm f (a—h):m f(0-h)= le[O—h]: m—lz—l
RH.LIim f (a+h)=lim f (0+h)=1im[0+h]=1im0=0
h—0 h—0 h—0 h—0
SoLH.L#RH.L
Hence the limit ofthe function does not exist.
Ex:Test the existence of the limit Iirrl1 [x+1]
Ans:lim[x+1]
Xx—1

Herea =1, f (x) =[x +1]

LH.LIim f (a—h)=lim f (1-h)=lim[1-h+1]=lim[2—h]=1
h—0 h—0 h—0 h—0
R-H-Llh'ﬂ(] f (a+h):L|Lrg f (1+h)_le[1+h+l]_L|Lrg[2+h] 2

SoLH.L#RH.L
Hence the limit ofthe function does not exist.
Ex:Test the existence of the limit lim [x]

X2

Ans: lim [x]

Herea=+/2, f (x) =[]
LH.LIim f (a=h)=lim f (V2 —h)=lim[ V2-h |=lim1=1

h—0 h—0

£ (V2 +h)=lim[V2+h]=lim1=1

h—0 h—0

RH.LIim f (a+h)=
h—0
SoL.H.L=RH.L

Hence the limit of the function exist.
Ex:Test the existence of the limit

(a)IXiLrll[x](b)XILrpz[x](c)lxiLTr][x]if n beaninteger(d)XILrIl)g[x]

lim
h—

Ex:Test the existence of the limit Iirq f(x)
X—>

1 (x) = {2x+1x<1
X—-3,x>1
Ans:
LH.Llim f (a—h):LiLrg f(1-h) {Here f (x) =2x+1and putx =1-h}

= lim{2(1—h) + T = lim{2 - 2 +1} = lim3—2h =3

Engg. Math-| 24 Satyajit Mohapatra



R.H.Llhlgg f(a+ h):m f(1+h) {Here f (x) =x—3and putx=1+h}
= lim{(1+h) -3} = lim(h—2) = -2
SoLH.L=#RH.L
Hence the limit does not exist.
Ex:Test the existence of the limit Iin; f (x)
2X—3,X<2

If f(x)=

(%) {x2—3,x>2

Ex:Test the existence of the limit Iin; f(x)

X, x>0
If f(x)=1-%xx<0

0,x=0
CONTINUITY

A function f(x) is said to be continuous at a point x=a if

{lxin;f(x) = f(a) }

limiting value =functional value

OR
LH.L=RH.L=f(a)
{m f(a—h)=lim f (a+h) = f(a)}

DISCONTINUITY

A function f(x) is said to be discontinuous at a point x=a if

1.f (a)isnotdefined
2|XILT; f(x)= f(a)
3LH.L=RH.L= f(a)
4LHL=RH.L="f(a)
5L.HL=f(a)=RH.L
6.LLH.L=RH.L= f(a)
7.1im f (x) does not exist

X—a
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Ex:Test the continuity of the function

sin 3x %
f(x)=+« x ' atx=0.

3 ,X=0
Ans:Atx=0,f(x)=3= f(0)=3
atx £0, f(x)= M3
lim £ (x) = lim 20 _jim 03X 3_1,3-3
x—0 x>0 X x>0 3x

Solim f (x)= f (0)=3

x—0

Hence the function is continuousat x = 0.

Ex:Find the value of aif the function f (x)=
3
Ans:Atx=0,f(x)=3= f(0)=3
atx =0, f(x)= &
2X
lim £ (x) = lim 30 _ L jj SINAX_ L, Sinax
x—0 x—>0  2X 2 x>0 X 2 x>0 ax

Since the functioniscontinuousat x = 0.
Solim f (x): f (0)

x—0
:>§:3:>a:6
2

Ex:Test the continuity of the function

Ex;tl
FO)=1 x-1" atx=1.
7 x=1
Ans:Ans:Atx=1,f(x)=7= f(1)=7
7_
atx 21, f(x)= X
x—1
7 747
lim £ (x)=lim > = lim XL 7515 =7
x—1 x>l x—1 x>l x—1

Solim f (x)=f(1)=7

x—1

Hence the function iscontinuousat x =1.
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Ex:Test the continuity of the function
1
F(x) = (1+3x)x,x#0
e’ ,Xx=0
Ans:Ans:Atx=0, f(x)=e’= f (0)=¢°

1

atx =0, f(x)=(1+3x)x

atx=0.

3
lim f (x)= Iirr(}(1+3x)i = Iirr(}(1+3x)31xx3 :{Iim(1+3x)31x} =g’

x—0 x—0

Solim f (x)=f (0)=¢°

x—0

Hence the function is continuousat x = 0.

Ex:Test the continuity of the function
sin 2x

, X Z
(a)f () =1 2> atx =0
— ,X=0
3
x> —a?
(b)f(x)=9 x-a X#8 aix=a
2a ,X=a
e5x_e—2x
©)f(x)=1 x 7Y ax=0
5 ,Xx=0
a’-b x=0
(d)f(x)=1 * atx=0
InE ,Xx=0
b
In(1+3x)
©f(x)=1"x 7% ax=o0
3 ,Xx=0

(f)f(X): (1+2X);,X¢0 atx=0
e’ ,Xx=0
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Ex:Test the continuity of the function

|X| X#0
f(X)Z X atx=0
0 ,X=0

Ans:atx=0,f(x)=0= f(0)=0
atx;«to,f(x):%

LH.L lim f(a—h)=limf (0- h)_Ilm|0 h Iimﬂzlimlz—l
h—0 h—0 0-h h—0 _h h—0 —h

RH.LIm f (a+h)=lim f (0+h) = I|m| iE' im == lim
SoLH.L#RH.L# f(0)

Hence the function isdiscontinuous.

Ex:Show that the function f (x)=[x]is not continuous at x = 2.

Ans:Atx=2,f(x)=[x]

= £(2)=[2]=2
LH.Llim f (a—h)=lim f (2-h)=lim[2-h]=lim1=1
RH.L lim f (a+h)=lim f (2+h)=lim[2+h]=lim2=2
h—0 h—0 h—0 h—

SoLH.L=RH.L=f(0)
Hence the function is discontinuous.

Ex:Test the continuity of the function

f(x)= {)2()(_4;3 ))(;11 atx=1

Ans:atx=1,f(x)=x-4= f(1)=1-4=-3

LH.L lim f (a—h)= lim f (I-h) , f(x)=2x+3,(putx =1-hinthefunction f (x)=2x+3)
:Liirg{z(l—h)+3}: Lim2—2h+3:5

= Ihlm f(a+h)= ngg f(1+h) ,f(x)=x-4,(putx=1+hinthefunction f (x)=x-4)

= Ihigg{(1+ h)—4}= Lim1—4=—3

LHL=RH.L=f(1)

Hence the function isdiscontinuous.
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Ex:Test the continuity of the function
2x-1,x<1
(0=

X+2 ,x>1
Ex:Test the continuity of the function

atx=1

2x-1,x<0
f(x)=13 ,Xx=0 atx=0
X+2 , x>0

Ex:Test the continuity of the function

X ,X>0
f(x)=40 Xx=0 atx=0
—X ,Xx<0

Ex:Find the value of a if the function
sin ax

X#0

f (x) _J tanx iscontinuousat x =0

1 ,Xx=0
a

Ex:Find the value of a and b if the function
ax’+b,x<1

f(x)=41 ,X=1 iscontinuousat x =1
2ax—-b ,x>1

(hints-see the semester question below )

C (1+x)" -1
Formula:llm%:n
x—0 X
o (1+x)" -1
proof:llng% letl+x=y=>x=y-1
X—> X
Asx > 0=y -1
—lim2— nx1"'=n
y—1 y_
-x)" -1
Note:llm( ) -n
x—0 X
1
1+x)2 —
Ex:lim( +X) == (byusing formula)
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1
Ex:lim (1_XX)2 1 —=(by using formula)
3
Ex :Iing (L+ XX -1 =—(by using formula)
Ex :lim 1+ X —-V1-X
x—0 X
J _/_ f _ —_N— 1+x-1)—-(+vy1-%x-1
Ans:lim Y2FX —VI=X o X =141V Xzznm( - )
x—0 X x—0 X x—0 X
J+x-1 T-x-1 5. e
—Iim( )—Iim( )zlim(l+x)2 L jimzx)2-t
x—0 X x—0 X x—0 X x—0 X

1 1y 1 1
2 ( 2) 2" 2

3f 3 _
Ex||mM
X

x—0

Ans:lim

x—0

Yrox—-x . frx-1e1-3[ox (+x-1)-(A-x-1)
X

x—0 X x—0 X

o @X)el (LX)

x—0 X x—0 X x—0 X x—0 X

Iin(1J J1+x—+1-x
' lim Mrx—3—x

V1+ X —+/1-X lim VI+x-1+1-+1-x

limvi+x-v1-x lim
Ans: Ex : X0 == X =0 X
Iingi’/1+x—\3/1—x Iim\3/l+x—\3/1—x lim PL+x-1+1-31-x
x—0 X x—0 X
(\/1+x—1)—( 1—x—1) («/1+x—1) ( 1—x—1)
lim lim —lim
x—0 X x—0 X x—0 X

T

x—0 X x—0 X x—0 X
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1 1
_(L+x)2-1 . (1-x)2-1 1_(_lj 1 1
e 22) 2"5 1 3
1 1 - - - = —
- (1+x)3 _ (1-x)s-1 1.1y 1.1 (2) 2
lim ~lim 3 (3 33 (3
x—0 X x—0 X

) cos? X
Evaluate lim -
1-sinx

s
X—>=
2

3

a
X—>=
2

2
Ans: lim cos X =i - -
1-sinx 1-sinx

H% 1-sinx)

(1—sin2 x] _ "m((l—sin X)(1+sin x)j

NN

= Iim(1+sin x) :1+sin%:1+1: 2

X—>=
2

Evaluate lim

X—0

cosecx—cot x
X

1 COS X
. ( cosecx —cot x ) iny o . (1-cosx )
Ans:llm(—j:hm SInx_smx =I|m( : j=||m
X—0 X X—>0 X X—0 XSInX
X )
sin = sin = sin = 1
— lim 2_ |~ lim x lim -y x=x1=1x=
X—>0 X X—>0 X X—>0 X—0 X 2
X COS — S— =
2 2

tx=0

3x—2whenx <0
f(x)= a
Xx+1 whenx>0

Ans:
Atx=0,f(x)=3x-2 = f(0)=3x0-2=-2

LH.L
lim f (a—h) =lim f 0~h), f (x) =3x—2

= lim{3(0-h)-2}=-2 ,

RH.L
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lim f (a+h) =lim f (0+h)
ha(? h—0 ) f(X) —x+1
=Ih|n3(0+h+1)=1

So LH.L=f(0) # RH.L

Hence the function is discontinuous.

fim (VX 1-x)

A”Siiw(m&)=m&(dﬁ%§)&;)ﬂ+&)

X (x+1-x) Jx . 1 1
:Ilm—\/_:“m =lim :E
( X+1+ X) \/;( 1+1+1] ( 1+l+1}
X X
. sin™tx
lim
x—0 X
. sin™tx - .
Ans: |IrT(')l " let sin™" X =y = x=siny
Asx—>0=>y—0
—lim—Y— =1
y-0siny
lim log,(2x-1)
x—1 Xx—-1
Ans:
Iimw let Xx—1l=y=>x=1+Yy
x—1 X—-1

As X >1=y—>0

=lim Ioge(2(1+ y)_l) =lim Ioge(2+2y_1) =lim Ioge(1+2y)

y—0 y y—0 y y—0 y

im109:A+2Y) 5 1.0 s

y—0 2 y
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ax’+b,x<1
f(x)=+1 ,X=1 iscontinuous at x=1 ,then find a and b.
2ax—b,x>1

Ans: atx=1, f(x)=1 =f(1)=1
L.H.L
lim f (a—h) =1im f (1—h)

: , f(x)=ax*+b
=”maa—m2+b=a+b

R.H.L

lim f(a+h)=Ilim f (1+h)
h—>(? h—0 ) f (X) _ Zax—b
=um2aa+h)—b=2a—b

Since thefunction is continuous, so L.H.L= R.H.L=f(1)
So

a+b =1
2a-b=1

Wl

:>3a=2:a=§ so a+b=1:b=1—§=

. 1
lim xsin =

X—>00 X

. o1 1 1
Ans: lim xsin= let X=—=>Yy=—
y X

X—>0 X
As X >0=>Yy—>0

:Hmiﬁnyzﬁmgﬂle
y—0 y y—0 y

3
2 _
Iim(x+9) 27

x—0 X

3
2 _
i (X+9)7 =27

x—0 X

Ans: Let X+9=y=>x=Yy-9

As x>0=y—>9
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3 3
2 _g2 3 1
—lim Y _3 921:§x92:§x3:g
>0 y—-9 2 2 2 2
—,x#0
f(x)= |X| examine the continuity of f(x) at x=0.
1 ,x=0

Ans: at x=0,f(x)=1 = f(0)=1
At x#0, f(x):M
X
0-h
LH.L imf(a=h)=Ilimf(0-h)= Iimu: Iimlz lim-1=-1
h—0 h—0 h—-0 0—h h—0 —h  h-0
0+h
R.H.L I|m f(a+h)—I|m f(0+h)—I|m| - |—Iimhzlimlzl
00+h h-»0ph h-0

LHL # RHL=f(a)

Hence the function is not continuous at x=0.

. sin3x
lim=
x>0 §jn 5X
Iirnsin3x Iirnsin3x><3
ImS|n3X_x—>O X _x—>0 3x 1X3 3
x—0 Sin 5x lim sin5x Imsm5x 5 T1x5 5
x=0 X x—0 By
sin 2x
—— Xx#0
f(x)= X 7 atx=0.
2 ,X=0

Ans:At x=0 , f(x)=2 = f(0)=2

sin 2x

At x =0, f(x)=

sin2x ,. sin2x
=lim

x>0  2X

x2=1x2=2

im (9 =i
So Iing f (x) = f(0)=2

Hence the function is continuous.

Engg. Math-| 34 Satyajit Mohapatra



KIT POLYTECHNIC

X
Ans: Herea=0 , f(X)=—

LH.L Iimf(a—h):limf(O—h)—IlmO—h—Ilm—h—Ilm 1=-1
h—o h—o | _h| h—o h h—o

R.H.L I|m f(a+h)—I|m f(O+h)—I|m 0+h —IimE:Iimlzl

|O+ h| h—»of h-o

So LHL #RHL , Hence the limit does not exist.

. sin3x
If lim =1, find the value of a.
x-0 tan ax
Ans:
. sin3x . Sin3x
sin 3x I|ng Img x3
e a1 taﬁ);x =
x-0 tan ax . .
lim lim xa
x—0 X Xx—0 aXx
1x3 3
=>—=1=—-—=1=a=3
1xa a

1

I f (x) = (1+3x)%,x =0

then examine the continuity of f(x) at x=0.
e’ x=0

Ans: Atx=0, f(x)=€’= f(0)=¢’

1

Atx=0, f(x)=(1+3x)*
1 1 1)°
lim £ (x) = lim(1+3x)* = lim(1+3x)> :{Iing(l+3x)3x} —¢’
So Iirrg f (x) =f(0)

Hence the function is continuous.

. X—XC0S2X
x>0 §IN° 2X

Engg. Math-| 35 Satyajit Mohapatra



KIT POLYTECHNIC

. X—XC0S2X .. X(1-cos2x) .. x2sin’ x . X2sin®x
AnSlemT=|lm_—3= _—3= s 3. 3.
x>0 sin® 2x x>0 (sin 2x) x>0 (2sin XCOoS X)®  *>08sin” XCos” X
. X 1. X . 1 1 11
=lm——————==lim——xlim—— == xIx- =~
x>0 43N XC0S” X 4 x>0sinX x»0cos’X 4 1 4
. 1-cosx
lim >
x—0 X
2 X 2
2sin? 2 sin—= sin=
. 1-cosx . .
Ans:lim — =lim —==2lim 2| —2lim 2,
x—0 X x—0 X x—0 X x—0 5
2
2
sin—
. 1 1 1
=2lim| — £ | x==2x1’x===
x—0 4 2
2
x*-9
. —, X#3 .
Determine the value of & suchthat f (x)=1 x—3 is continuous at x=3.
a ,X=3

Ans:  Atx=3, T(X)=a= @)=«

2_
At x 20, f(x) = X

X—3

2 2 Q2
lim £ (x) = lim X =2 2 imX =3 _ o3t =6
x—3 x>3 X—3 >3 X—3

Since the function is continuous at x=3 . So Iir‘g f (x) =f(3)
X—

=b6=q«x.
IimIn(2x—1)
x—1 X—=1
Ans:lin}m let X—1=y=x=1+y
X—>. X_

As Xx—>1=y—>0

_lim In(2(L+y)-1) _lim In(2+2y-1) _lim In1+2y)

y—0 y y—0 y y—0 y
= |ime2 =1x2=2
y—0 2y

Engg. Math-| 36 Satyajit Mohapatra



KIT POLYTECHNIC

Iirnsinx
x—0 X
sin x° smix sin—— X - - -
Ans:  lim —lim—180  _|jm_—180 T _4, T _
x>0 X x—0 X x>0 T 180 180 180
180
i 1P+22 43 +....... +n?
nLoc n3
n(n+1)(2n+1)
2 2 2 2 -
Ans:llml +2°+3 3+ ....... N im 63 _lim n(n+1)(32n+1)
n—o n n—ow n n—o 6n
2n? 3n+ 1
2 2 T T Ty
_lim 2n +2n2+n+1=Iim 2n +32n+1zlim n n2 n
n—w Gn n—w n n—w n
7
5.3, 1
lim_nn? _2+0+0_2 1
n—w 6 6 6 3

Examine the continuity of the function

2x+1 whenx <1
f (x)at x=0defined by f (x) =40 whenx =0
x?—=1 whenx>1

Ans:Atx=0,f(x)=0= f(0)=0

L.H.Llhigg f(a—h)zLiLrg f(0-h), f(x)=2x+1
=Liﬂg{2(0—h)+1}=1

RH.L ngg f(a+h):LiLr3 f(0+h), f(x)=x"-1
= IhiLr(}{(O—h)2 -}=-1

SoLH.L#RH.L= f(0)
Hencethe functionis not continuous
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Evaluateling—‘“x_ 1-X

X—> X

Ans:lim V1+x—+/1-x _lim (V14X = 1= X)(V1+ X ++1-X)

x>0 X x>0 X(V1+ X ++1-x)

_lim (1+x)—(1-x) _lim 1+x-1+X _lim 2X
S0 X (V14X +1-%X) O X(W1+ X +/1=%) 0 x(V1+ X ++/1-X)
: 2 2

=lim———————===1
20 1+ X +41-x 2
Evaluate lim tan 5

x>0 tan 7x
tan 5x tan5x><5
Ans :1im B0X i X i 5x _~_1x5_5
x-0 tan7x  x~0 tan7x x—>otan7x><7 1x7 7
X X

Test the continuity of the functionat x = Oif

1
xsin=whenx %0
f(x)= X

0 whenx=0
Ans:atx=0,f(x)=0= f(0)=0

atx =0, f(x)=xsinl
X

o1 1
Wehave-1<sin =<1—= —x< Xsin=<x
X X

. . .1
= lim—x<limxsin =< lim x
x—0 x—0 X x—0
butlim—x=0 and limx =0 by using sandwich theorem we get
x—0 x—0
. .1
limxsin==0
x—0 X
. .1
Solimxsin== f(0)
x—0 X

Hencethe function is continuous
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Reference Books: Elements of Mathematics Vol. - 2 (Odisha State Bureau of Text Book
preparation & Production)
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