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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)    is definedf c  

(ii)  lim   exists
x c

f x


 

(iii)    lim
x c

f x f 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 

     lim   if and only if  lim lim
x c x c x c

f x L f x f x L
   

    

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) 2( ) 2 5, 1f x x x c      

Solution: 

  22 5f x x x     

L.H.L= 2

1 1
( ) (2 5)

x x
Lim f x Lim x x

  
    

22(1) 1 5   2 1 5   2   

R.H.L = 2

1 1
( ) (2 5)

x x
Lim f x Lim x x

  
    

22(1) 1 5   2 1 5   2   

As 
1 1

( ) ( )
x x
Lim f x Lim f x

  
  

Hence 
1

( )
x
Lim f x


exists and 

 2

1 1
( ) (2 5) 2

x x
Lim f x Lim x x
 

      

(ii) 
2 9

( ) , 3
3

x
f x c

x


  


 

Solution: 
2 9

( ) , 3
3

x
f x c

x


  


 

L.H.L= 
2

3 3

9
( )

3x x

x
Lim f x Lim

x  





 

 
2

3 9

3 3

 


 

9 9

6






0

6



0  

R.H.L= 
2

3 3

9
( )

3x x

x
Lim f x Lim

x  





 

 
2

3 9

3 3

 


 

9 9

6






0

6



0  

 As 
3 3

( ) ( )
x x
Lim f x Lim f x

  
  

 Hence, 
3

( )
x
Lim f x


 exists 

 and 
2

3 3

9
( ) 0

3x x

x
Lim f x Lim

x 


 


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(iii) ( ) 5 , 5f x x c    

Solution: 

( ) 5 , 5f x x c    

L.H.L= 
5 5

( ) 5
x x
Lim f x Lim x

  
    

 

 

5   if  5
| 5 |

5  if 5

x x
x

x x

  
  

  

 

 
5

( 5)
x
Lim x


   (5 5)   0  

R.H.L= 
5 5

( ) 5
x x
Lim f x Lim x

  
   

5
( 5)

x
Lim x


  5 5  0  

 As, 
5 5

( ) ( )
x x
Lim f x Lim f x

  
  

 Hence, 
5

( )
x
Lim f x


 exists and 

5 5
( ) 5 0

x x
Lim f x Lim x
 

    

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

(i) 
2 5 if 2

( ) , 2
4 1 if 2

x x
f x c

x x

 
 

 
 

Solution: 

At 2x    

     2 5 2 2 2 5 9f x x f        

 2 9f    

Now, 

L.H.L= lim
𝑥→2−

𝑓(𝑥) 

2 2
( ) (2 5)

x x
Lim f x Lim x

  
  2(2) 5  9  

R.H.L= lim
𝑥→2+

𝑓(𝑥) 

2 2
( ) (4 1)

x x
Lim f x Lim x

  
  4(2) 1  9  

As, 

   
2 2

,
x x
Lim f x Lim f x

  
  so  

 
2x

Lim f x


 exists. 

And,    
2

2
x

f Lim f x


   

Hence, ( )f x is continuous at 2x  .  

(ii) 

3 1 if 1

( ) 4 if 1, 1

2 if 1

x x

f x x c

x x

 


  
 

 

Solution: 

At 1x    

   4 1 4f x f     

Now, 

L.H.L= lim
𝑥→1−

𝑓(𝑥) 

 
1 1

( ) (3 1)
x x
Lim f x Lim x

  
  3(1) 1 2    
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R.H.L= lim
𝑥→1+

𝑓(𝑥) 

   
1 1

2
x x
Lim f x Lim x

  
  

1
2 2

x
Lim x


    

 As, 

   
1 1

lim lim ,
x x

f x f x
  

   

 so  
1

lim
x

f x


 exists. 

 And,    
1

1
x

f Lim f x


   

 4 2   

Hence,  f x  is discontinuous at 1x    

Q.3 If 2

3 if 2

( ) 1 if 2 2

3 if 2

x x

f x x x

x

 


    
 

. Discuss continuity at 2x   and 2x   .  

Solution:  

(i)  At 2x   

  3f x    2 3f   

Now, 

L.H.L= lim
𝑥→2−

𝑓(𝑥) 

2

2 2
( ) ( 1)

x x
Lim f x Lim x

  
 

22 1 4 1    3  

R.H.L= lim
𝑥→2+

𝑓(𝑥) 

 
2 2

( ) (3)
x x
Lim f x Lim

  
 3  

 As, 

   
2 2

,
x x
Lim f x Lim f x

  
 So  

 
2x

Lim f x


 exists. 

 And    
2

2
x

f Lim f x


   

Hence, ( )f x is continuous at 2x  . 

(ii) At 2x    

     3 2 3 2 6f x x f        

Now, 

L.H.L= lim
𝑥→−2−

𝑓(𝑥) 

2 2
( ) (3 )

x x
Lim f x Lim x

  
 3( 2)  6   

R.H.L= lim
𝑥→−2+

𝑓(𝑥) 

2

2 2
( ) ( 1)

x x
Lim f x Lim x

  
   

2( 2) 1   4 1  3  

 As, 

   
2 2

,
x x
Lim f x Lim f x

  
   

 So  
2x

Lim f x


 does not exists. 

 Hence, ( )f x is discontinuous at 2x   . 
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Q.4 If 
2 , 1

( )
2 , 1

x x
f x

c x

  
 

  
 

Find “ ”c so that 
1

( )
x
L xm fi


 exists.  

Solution:  

As 
1

( )
x
L xm fi


 exists. 

 So, 

L.H.L = R.H.L 

1 1
( ) ( )

x x
Li f x fLim xm

  
  

 
1 1

( 2) ( 2)
x x
Lim x Lim c

  
    

 1 2 2 1 1c c c          

Q.5 Find the values m and n , so that given function f is continuous at 3x  . 

(i)  

if 3

if 3

2 9 if 3

mx x

f x n x

x x




 
  

  

Solution: 

At 3x  ,  3f n   

Now, 

L.H.L= lim
𝑥→−3−

𝑓(𝑥) 

   
3 3x x

Lim f x Lim mx
  

  3m 3m  

And, 

R.H.L= lim
𝑥→3+

𝑓(𝑥) 

   
3 3

2 9
x x
Lim f x Lim x

  
    

 2 3 9   6 9   3  

As  f x  is continuous at 3x   

So,      
3 3

3
x x

f Lim f x Lim f x
  

   

 3 3n m   

So, 3 and 3 3 1n m m        

(ii)  
2

if 3

if 3

mx x
f x

x x


 


 

Solution: 

At 3x   

   2 23 3 9f x x f      

Now, 

L.H.L= lim
𝑥→−3−

𝑓(𝑥) 

   
3 3x x

Lim f x Lim mx
  

 3m  

And, 

R.H.L= lim
𝑥→3+

𝑓(𝑥) 

   2

3 3x x
Lim f x Lim x

  
 23 9  

As  f x  is continuous at 3x   

 So,      
3 3

3
x x

f Lim f x Lim f x
  

   
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 9 3 9 3 3m m     

 1m    

Q.6  If  
2 5 7

, 2
2

, 2

x x
x

f x x

k x

   


  
 

 find the value of k so that f is continuous at 2x  . 

Solution: 

 At 2x   

  f x k    2f k  

 Now, 

  
2x

Lim f x
 2

2 5 7

2x

x x
Lim

x

  



 

By rationalizing with numerator 

2

2 5 7 2 5 7

2 2 5 7x

x x x x
Lim

x x x

     
 

   
 

   
  

2 2

2

5 7

2 2 5 7x

x x
Lim

x x x

   


   
 

 

  2

5 7

2 2 5 7x

x x
Lim

x x x

   


   
 

  2

2 5 7

2 2 5 7x

x x
Lim

x x x

  


   
 

  2

2

2 2 5 7x

x
Lim

x x x




   
 

2

1

2 5 7x
Lim

x x


  
 

 

1 1 1

3 39 92 2 5 2 7
  

  
 

  
2

1

6x
Lim f x


   

 As,  f x is continuous at 2x   

So,    
2

2
x

f Lim f x


   

 
1

6
k   

Q.7 Given the function  
2 3, 1

4, 1

x x
f x

x x

 
 

  
 Discuss the limit and continuity at 1.x    

Solution: 

For limit of  f x  at 1x   

First, we find the left hand and right hand limit of  f x  at 1x   

L.H.L= lim
𝑥→−1−

𝑓(𝑥) 

   
1 1

lim lim 2 3
x x

f x x
  

   

 2 1 3 2 3 5      

And, 
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R.H.L= lim
𝑥→1+

𝑓(𝑥) 

   
1 1

lim lim 4
x x

f x x
  

    

1 4    

 
1

lim 3
x

f x


  

Since,    
1 1

lim lim
x x

f x f x
  

  

So,  
1

lim
x

f x


 does not exist and when  
1

lim
x

f x


 does not exist, then  f x  is discontinuous at 1x    

 


