DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 12
Unit # 12, Limit and Continuity

Continuous Function:

A function f is said to be continuous at a number "c" if and only if the following three conditions are satisfied.
(i) f(c) is defined
(i) lim f(x) exists
(iii) legg f(x)=1(c)

Discontinuous Function:

If one or more of these conditions fail to hold at "'c", then the function f is said to be discontinuous at "c" .

Existence of Limit of a Function
limf (x)=L ifandonlyif lim f(x)=Ilim f(x)=L

X—C X—>C~ x—c*

EXERCISE 12.2

Q.1  Determine the left hand limit and the right hand limit and then, find the limit of the following functions when
X—>C.

(i) f(x)=2x*+x-5, c=1
Solution:
f(x)=2x*+x-5
L.H.L= Lim f (x) = Lim(2x* + x-5)
x—1" x—1"
=2(1)?+1-5=2+1-5=-2
R.H.L =Lim f (x) = Lim(2x* + x —5)
x—1" x—1*
=2(1)?+1-5=2+1-5=-2
As Lim f (x) = Lim f (x)
x—1" x—1"
Hence Lirp f (x) exists and
Lim f (x) = Lir11(2x2 +X-5)=-2
X’ -9
Xx-3'

(ii) f(x)= c=-3

Solution:

f(x)=

x> -9
x—3'
2
LH.L= Lim f(x)= Lim X =2
X—>-3" x—>-3" X—3
(-3-9 9-9 0

= = —_— :O
-3-3 -6 -6

2
RH.L= Lim f(x) = Lim X2
x——-3" x>-3" X—23
(-3)'-9 9-9 0 _,
-3-3 —6 —6
As Lim f(x) = Lim f(x)
X—>-3~ x—>-3"

c=-3

Hence, Lin; f (x) exists

2 —
and Lim f (x) = Lim X9
x—>-3 x>-3 X—3

=0
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(iii) f(x)=[x-5, c=5
Solution:
f(x)=[x-5, c=5
L.H.L= Lim f (x) = Lim|x—5|
X—5" X—5"
+(x-5) if x=5
s TS
—(x-5) ifx<5
= Lim[—(x-5)] =—(5-5) =0
X—5"
R.H.L= Lim f (x) = Lim|x—5|
x—5" x—5"
=Lim(x-5) =5-5=0
x—5"
As, Lim f (x)=Lim f (x)
X—5~ x—5*
Hence, Lirgl f(x) exists and
Lim f (x) = Lins1|x—5|=0

x—5

Q.2  Discuss the continuity of f(x)at x=c:

2x+5 if x<2
i f X == , =
(M) () {4x+1 if x>2
Solution:
At x=2
f(x)=2x+5= f(2)=2(2)+5=9
f(2)=9
Now,
L.H.L= lirgl_f(x)
X—
Lirzn f(x)= Ligj(ZX+5) =2(2)+5=9
R.H.L=lim f(x)
x—-2%
Lirzrj f(x)= LirZTJ(4x+1) =4(2)+1=9
As,
00 = LR (). s0
';LT f(x) exists.
And, f(2)=Limf(x)
Hence, f(x)is continuousat x=2.
3x-1 if x<1
(i) f(x)=4 4 if x=1, c=1
2x if x>1
Solution:
At x=1
f(x)=4:> f(1)=4

Now,
L.H.L= lir{1_ f(x)
X—

Lim f(x) = Lim(3x-1) =3(1)-1=2
x—1" x—1"
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R.H.L=lim f(x)
x—1t
Lim f (x)=Lim(2x) =2Lim(x)=2
x—1" ( ) xal*( ) xal*( )
As,

fim f (x) = lim
(

so lim () exists.

And, f(1)= I;'_T f(x)

4£2

Hence, f(x) is discontinuous at x =1
3x if X<-2

Q.3 If f(x)=x*-1 if —2 < x< 2. Discuss continuity at x=2 and x=-2.
3 if X>2
Solution:
(1 At x=2
f(x)=3= f(2)=3
Now,

LH.L= lirél_ f(x)
X—
Lim f (x) = Lirzn(xz 1) =2°-1=4-1=3
R.H.L=lim f(x)
x-2%
Lim f(x) =Lim(3) =3
x—2" x—2"

As,
o (0 =L (x). S0

Lim f (x) exists.

X—2

And f(2)=Lim f(x)

x—2

Hence, f(x)is continuousat x=2.
(i) At x=-2

f(x)=3x= f(-2)=3(-2)=-6

Now,

L.H.szgg_f(x)

Lim f () = Lim(3x) =3(-2) =6
RH.L= lim f(x)

x—-—2%
Lirp f(x)= Lirp (x*-1)
—(-2?-1=4-1=3

As,
0= Hp f(x),

So Lim f () does not exists.

Hence, f(x)is discontinuous at x=-2.
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X+2 x<-1
4 If f(x)= '
Q ) {c +2 , x>-1
Find “c”so that Lim f (x) exists.

x—>-1
Solution:
As Lirrl f (x) exists.
So,
LHL=RH.L

Lim f (x) = Lim f(x)
x—-1" x——1"
Lim(x+2)=Lim(c+2)
x—>-1" x—-1"
-1+2=c+2=>-1=c=>c=-1
Q5 Find the values mand n, so that given function f is continuous at x=3.

mx if x<3
(i) f(x)=4 n if x=3

-2x+9 if x>3
Solution:
At x=3, f(3)=n
Now,

LH.L= lim_f(x)
Lim f (x)=Lim(mx) =m(3) =3m

x—3" x—3"

And,
RH.L=lim, f(x)
X—
Lim f (x)=Lim(-2x+9)

x—3" x—3"
=-2(3)+9=-6+9 =3

As f(x) is continuous at x=3
So, f(3)=Lim f(x)=Lim f(x)

x—3~ x—3"
n=3m=3
So, n=3and 3m=3=>m=1

. ¢ mx if X<3
) (X)_{xz if X>3
Solution:
At x=3
f(x)=x*=f(3)=3"=9
Now,

LHL= lim_f(x)
Lim f (x)=Lim(mx) =3m

X—3" Xx—3"

And,
R.H.L=lim f(x)
x—-3*%
- _ - 2 _ 2 _
Lim £ (= Him{x’) =3 =9

As f(x) is continuous at x =3
So, f(3)= I;lgn f(x)= I;lrsn f(x)
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9=3m=9=3m=3

m=1
Jox+5-x+7
Q6 If f(x)= x_2  X#2
k , X=2
Solution:
At x=2
f(x)=k = f(2)=k
Now,
Lim f (x) = Lim Jx+5-x+7
X—>2 X—2 X—2

By rationalizing with numerator
_LimV2X+5 VX +7  N2x+5+x+7
X2 X-2 V2X+5++/x+7

Lim (\/2x+5)2—(\/x+7)2
x>2 (x—2)(m+\/m)
—Lim 2x+5-(x+7)
X2 (x—2)(«/ﬁ+«/ﬁ)

_Lim 2X+5-x-7

R (—2) (e + e T)

=Lim X-2

R (—2) (e + e T)

=Lim !
o2 A[2X+5+~/X+7
B 1 1 1

_\/2(2)+5+\/2+7 "o+ 343

Limf(x):%

X—>2

As, f(x)iscontinuous at x =2
So, f(2)= IIL”Q f(x)

k==
6

2X+3,
Q.7  Given the function f(x):{ X+
—X+4,

Solution:
For limit of f(x) at x=1
First, we find the left hand and right hand limit of f (x) at x=1
LH.L= lim f(x)
x--1"
i £ (5) -l (2149
=2(1)+3=2+3=5
And,
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find the value of k so that f is continuousat x=2.

<1 _. - .
1 Discuss the limit and continuity at x=1.
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RH.L=lim f(x)
x—-1t
i £ (x)= i (xr4)
=-1+4
lim f (x)=3

x—1"

Since, lLT f(x)=lim f (x)

x—1*

So, lim f (x) does not exist and when lim f (x) does not exist, then f (x) is discontinuous at x =1
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