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CONTINUITY 
 

 

 Introduction . 

 The word ‘Continuous’ means without any break or gap. If the graph of a function has no break, or 

gap or jump, then it is said to be continuous. 

 A function which is not continuous is called a discontinuous function. 

 While studying graphs of functions, we see that graphs of functions xsin , x, xcos , ex etc. are 

continuous but greatest integer function [x] has break at every integral point, so it is not continuous. 

Similarly xxx sec,cot,tan , 
x

1
 etc. are also discontinuous function.  

 

 

 

 

 

 

 

 

 2.3.1 Continuity of a Function at a Point. 

 

 A function )(xf  is said to be continuous at a point ax =  of its domain iff 
ax→

lim )()( afxf = . i.e. a 

function )(xf  is continuous at ax =  if and only if it satisfies the following three conditions : 

 (1) )(af  exists. (‘a’ lies in the domain of f)  

 (2) )(lim xf
ax→  exist i.e. )(lim)(lim xfxf

axax −+ →→
=  or R.H.L. = L.H.L. 

 (3) )()(lim afxf
ax

=
→

 (limit equals the value of function). 

 Cauchy’s definition of continuity : A function f  is said to be continuous at a point a of its domain 

D if for every 0  there exists 0 (dependent on )  such that .|)()(|||  −− afxfax   

 Comparing this definition with the definition of limit we find that )(xf  is continuous at ax =  if 

)(lim xf
ax→

 exists and is equal to )(af  i.e., if )(lim)()(lim xfafxf
axax +→→

==
−

. 

 Heine’s definition of continuity : A function f  is said to be continuous at a point a of its domain 

D, converging to a, the sequence   na  of the points in D converging to a, the sequence < )( naf  
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converges to ..)( eiaf  ).()(limlim afafaa nn ==   This definition is mainly used to prove the discontinuity 

to a function. 

Note :  Continuity of a function at a point, we find its limit and value at that point, if these two 

exist and are equal, then function is continuous at that point. 

Formal definition of continuity : The function )(xf  is said to be continuous at ,ax=  in its domain 

if for any arbitrary chosen positive number 0 , we can find a corresponding number  depending on 

  such that xafxf − |)()(|  for which − ||0 ax . 

 

 2.3.2 Continuity from Left and Right. 

 Function )(xf  is said to be  

 (1) Left continuous at x = a if )()(lim
0

afxf
ax

=
−→

   

 (2) Right continuous at ax =  if )()(Lim
0ax

afxf =
+→

.  

 Thus a function )(xf  is continuous at a point ax =  if it is left continuous as well as right continuous 

at .ax =  

Example: 1 If f(x) = 








−

=

+

3,53

3,4

3,

xx

x

xx 

 is continuous at x = 3, then  =                   [MP PET 1994, 2001; Rajasthan PET 1999] 

  (a) 4 (b) 3 (c) 2 (d) 1  

Solution: (d) L.H.L. at x = 3, )(lim)(lim
33

+=
−− →→

xxf
xx

      = )3(lim
0

+−
→

h
h

= +3    …..(i) 

  R.H.L. at x = 3, )53(lim)(lim
33

−=
++ →→

xxf
xx

    = }5)3(3{lim
0

−+
→

h
h

= 4   …..(ii) 

  Value of function 4)3( =f      …..(iii) 

  For continuity at x = 3 

  Limit of function  = value of function 3 +  = 4   = 1. 

Example: 2 If 







=


=

0,

0,
1

sin
)(

xk

x
x

xxf  is continuous at x = 0, then the value of k is   

  (a) 1  (b)–1 (c) 0 (d) 2 

Solution: (c) If function is continuous at x = 0, then by the definition of continuity )(lim)0(
0

xff
x→

=  

  since kf =)0( . Hence, 







==

→ x
xkf

x

1
sin)(lim)0(

0
 

   k = 0 (a finite quantity lies between –1 to 1)    k = 0. 

Example: 3 If 








−

=

+

=

1when25

1when

1when12

)(

xx

xk

xx

xf  is continuous at x =1, then the value of k is            [Rajasthan PET 2001] 

  (a) 1 (b) 2 (c) 3 (d) 4 

Solution: (c) Since )(xf is continuous at x = 1,  

    )1()(lim)(lim
11

fxfxf
xx

==
+− →→

    …..(i) 

  Now  )1(lim)(lim
01

hfxf
hx

−=
→→ −

= 31)1(2lim
0

=+−
→

h
h

 i.e., 3)(lim
1

=
−→

xf
x

 

  Similarly, )1(lim)(lim
01

hfxf
hx

+=
→→ +

= 2)1(5lim
0

−+
→

h
h

 i.e., 3)(lim
1

=
+→

xf
x
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  So according to equation (i), we have k = 3. 

Example: 4 The value of k which makes 








=










=

0,

0,
1

sin
)(

xk

x
xxf   continuous at x = 0 is     

  (a) 8 (b) 1 (c) –1 (d) None of these   

Solution: (d) We have 
x

xf
xx

1
sinlim)(lim

00 →→
= = An oscillating number which oscillates between –1 and 1. 

  Hence, )(lim
0

xf
x→

 does not exist. Consequently )(xf  cannot be continuous at 0=x  for any 

value of k.  

Example: 5 The value of m for which the function 









=

1,2

1,
)(

2

xx

xmx
xf  is continuous at 1=x , is                   [MP PET 1998] 

  (a) 0 (b) 1 (c) 2 (d) Does not exist 

Solution: (c) LHL = mhmxf
hx

=−=
→→ −

2

01
)1(lim)(lim  

  RHL = 2)1(2lim)(lim
01

=+=
→→ +

hxf
hx

 and  mf =)1(  

  Function is continuous at 1=x ,   LHL = RHL = )1(f  

  Therefore 2=m . 

Example: 6 If the function 






=


=

0,

0,)(cos
)(

/1

xk

xx
xf

x
 is continuous at 0=x , then the value of k is         [Haryana CEE 1996] 

  (a) 1 (b) –1 (c) 0 (d) e 

Solution: (a) kx
x

kx
x

x

x
log)log(cos

1
lim)(coslim

0

/1

0
==

→→
kx

x xx
logcosloglim

1
lim

00
=

→→
1log0

1
lim

0
==

→
kk

x
e

x
. 

 

 2.3.3 Continuity of a Function in Open and Closed Interval. 

   

 Open interval : A function )(xf  is said to be continuous in an open interval (a, b) iff it is 

continuous at every point in that interval. 

Note : This definition implies the non-breakable behavior of the function )(xf  in the interval (a, b). 

 Closed interval : A function )(xf  is said to be continuous in a closed interval [a, b] iff, 

 (1) f is continuous in (a, b) 

 (2) f is continuous from the right at ‘a’ i.e. )()(lim afxf
ax

=
+→

 

 (3) f is continuous from the left at ‘b’ i.e. )()(lim bfxf
bx

=
−→

. 
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 Example: 7 If the function















−

+

+

=








xxaxb

xbxx

xxax

xf

2
,2cos2sin

24
,cot

4
0,sin2

)(

2

,  is continuous in the interval [0, ] 

then the values of (a, b) are      

  (a) (–1, –1) (b) (0, 0) (c) (–1, 1) (d) (1, –1)    

Solution: (b) Since f is continuous at 
4


=x ; 








−=








+=










→→

hfhff
hh 444 00

  









−+








−=+ 0

4
sin20

4
)1(

4
2 

ab  

 
4

sin2
44

2 
ab +=+  22

2

1
.2 abab ==  

  Also as f is continuous at 
2


=x ; 








−==










→
−→

hfxff
h

x 2
lim)(lim

2 0
0

2




 

 







+−−=−

→
bhhab

h
)

2
cot()

2
(lim

2
2cos

2
2sin

0

   babab =+=−− 0)1(0. . 

Hence (0, 0) satisfy the above relations.  

Example: 8 If the function 















+

−+

=

63for
12

tan6

31for

1for
2

sin1

)(

x
x

xbax

x
x

xf




 is continuous in the interval )6,(−  then the 

values of a and b are respectively        [MP PET 1998] 

  (a)  0, 2  (b)1, 1 (c) 2, 0 (d) 2, 1 

Solution: (c)   The turning points for )(xf  are .3,1=x  

  So,  )1(lim)(lim
01

hfxf
hx

−=
→→ −

 = 







−+

→
)1(

2
sin1lim

0
h

h

  = 















−+ 0

2
sin1


  = 2 

  Similarly, )1(lim)(lim
01

hfxf
hx

+=
→→ +

= bha
h

++
→

)1(lim
0

= a + b 

    )(xf  is continuous at ,1=x  so )1()(lim)(lim
11

fxfxf
xx

==
+− →→

 

    ba +=2       ..…..(i) 

  Again, )3(lim)(lim
03

hfxf
hx

−=
→→ −

  = bha
h

+−
→

)3(lim
0

= ba+3  and )3(lim)(lim
03

hfxf
hx

+=
→→ +

 = )3(
12

tan6lim
0

h
h

+
→

  = 

6 

  )(xf  is continuous in )6,(− , so it is continuous at 3=x  also, so )3()(lim)(lim
33

fxfxf
xx

==
+− →→

 

   63 =+ba       ..….(ii) 

  Solving (i) and (ii) a = 2, b = 0. 

  Trick :  In above type of questions first find out the turning points. For example in above 

question they   are x = 1,3. Now find out the values of the function at these points 

and if they are same then the function is continuous i.e., in above problem. 

  baf

fx
x

bafxbax

fxx

xf +=













=

+=+

=−+

= 3)3(,

6)3(63;
12

tan6

)1(31;

2)1(,1;
2

sin1

)(




 

Which gives ba+=2  and ba+= 36  after solving above linear equations we get 0,2 == ba . 
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Example: 9 If 










+


=









xx

xxx
xf

2
when),sin(

2

2
0when,sin

)(  then                  

  (a) )(xf  is discontinuous at 
2


=x  (b) )(xf  is continuous at 

2


=x  

  (c) )(xf  is continuous at 0=x  (d) None of these  

Solution: (a) )(lim

2

xf
x

−

→
 2

)(lim,
2

2




−==

+

→

xf
x

 and .
22


=








f ` 

  Since )(limlim

22

xf
xx

+−

++




,   Function is discontinuous at 
2


=x  

Example: 10 If 

















−+

=


−

=

0when,
4)16(

0when,

0when,
4cos1

)(

2

x
x

x

xa

x
x

x

xf  is continuous at x = 0, then the value of ‘a’ will be               

(a) 8 (b) –8 (c) 4 (d) None of these 

Solution: (a) 84
)2(

2sin2
lim)(lim

2

2

00
=















−− →→ x

x
xf

xx
 and 8]4)16[(lim)(lim

00
=++=

++ →→

xxf
xx

  

  Hence 8=a . 

 

 2.3.4 Continuous Function. 

  (1) A list of continuous functions : 

 

 Function f(x) Interval in which f(x) is continuous 

(i) Constant K  (–, ) 

(ii) xn, (n is a positive integer) (–, ) 

(iii) x–n (n is a positive integer) (–, ) – {0} 

(iv) |x – a| (–, ) 

(v) n
nnn axaxaxaxp ++++= −− ........)( 2

2
1

10  (–, ) 

(vi) 
)(

)(

xq

xp , where p(x) and q(x) are polynomial 

in x 

(–, ) – {x : q(x) = 0} 

(vii) xsin  (–, ) 

(viii) xcos  (–, ) 

(ix) xtan  (–, ) – {(2n + 1)/2 : n  I} 

(x) xcot  (–, ) – }:{ Inn   
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(xi) xsec  (–, ) – }:2/)12{( Inn +   

(xii) xcosec  (–, ) – }:{ Inn   

(xiii) xe  (–, ) 

(xiv)  xelog  (0, ) 

 

 (2) Properties of continuous functions : Let )(xf  and )(xg  be two continuous functions at 

.ax = Then  

 (i) )(xcf is continuous at x = a, where c is any constant 

 (ii) )()( xgxf   is continuous at .ax =  

 (iii) )(xf . )(xg  is continuous at .ax =  

 (iv) )(/)( xgxf  is continuous at ax = , provided 0)( ag . 

Important Tips 

 A function )(xf is said to be continuous if it is continuous at each point of its domain. 

 A function )(xf  is said to be everywhere continuous if it is continuous on the entire real line R i.e. 

),( − . eg. polynomial function ,xe ,cos,sin xx constant, ,nx  || ax−  etc. 

 Integral function of a continuous function is a continuous function. 

 If g(x) is continuous at x = a  and f(x) is continuous at x = g(a)  then (fog) (x) is continuous at ax = . 

 If f(x) is continuous in a closed interval [a, b] then it is bounded on this interval. 

 If f(x) is a continuous function defined on [a, b] such that f(a) and f(b) are of opposite signs, then 

there is atleast one value of x for which f(x) vanishes. i.e. if f(a)>0, f(b) < 0  ),( bac  such that 

f(c) = 0. 

 If f(x) is continuous on [a, b] and maps [a, b] into [a, b] then for some x  [a, b] we have f(x) = x. 

 

(3) Continuity of composite function : If the function )(xfu =  is continuous at the point ,ax =  and 

the function )(ugy =  is continuous at the point )(afu = , then the composite function ))(())(( xfgxgofy ==  

is continuous at the point x = a.  

 

 2.3.5 Discontinuous Function. 

 (1) Discontinuous function : A function ‘f’ which is not continuous at a point ax =  in its domain is 

said to be discontinuous there at. The point ‘a’ is called a point of discontinuity of the function. 

 The discontinuity may arise due to any of the following situations.  

(i) )(lim xf
ax +→

 or )(lim xf
ax −→

 or both may not exist 

(ii) )(lim xf
ax +→

as well as )(lim xf
ax −→

 may exist, but are unequal. 

(iii) )(lim xf
ax +→

 as well as )(lim xf
ax −→

 both may exist, but either of the two or both may not be equal to 

)(af . 
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Important Tips 

 A function f is said to have removable discontinuity at x = a if )(lim)(lim xfxf
axax −+ ++

=  but their common 

value is not equal to f(a). 

 Such a discontinuity can be removed by assigning a suitable value to the function f at x = a. 

 If 
ax→

lim )(xf  does not exist, then we can not remove this discontinuity. So this become a non-

removable discontinuity or essential discontinuity.  

 If f  is continuous at x = c  and g is discontinuous at x = c, then 

 (a) f +g  and f – g are discontinuous  (b)    f.g may be continuous  

 If f and g are discontinuous at x = c, then f + g, f – g and fg may still be continuous. 

 Point functions (domain and range consists one value only) is not a continuous function. 

 

Example: 11 The points of discontinuity of 
2

1
2 −+

=
uu

y  where 
1

1

−
=

x
u  is   

 (a) 2,1,
2

1  (b) 2,1,
2

1
−

−  (c) 2,1,
2

1
−  (d) None of these 

Solution: (a) The function 
1

1
)(

−
==

x
xfu  is discontinuous at the point .1=x  The function 

)1()2(

1

2

1
)(

2 −+
=

−+
==

uuuu
xgy  is discontinuous at 2−=u and 1=u  

 when 
2

1
2

1

1
2 =−=

−
−= x

x
u ,  when .21

1

1
1 ==

−
= x

x
u  

  Hence, the composite ))(( xfgy =  is discontinuous at three points .2,1,
2

1
=  

Example: 12 The function 
x

bxax
xf

)1log()1log(
)(

−−+
=  is not defined at 0=x . The value which should be 

assigned to f at x = 0 so that it is continuous at x = 0, is  [IIT 1983; MP PET 1995; Karnataka CET 1999; Haryana CEE 2002; AMU 2002] 

  (a) ba −  (b) ba +  (c) ba loglog +  (d) ba loglog −     

Solution: (b) Since limit of a function is ba +  as 0→x , therefore to be continuous at 0=x , its value 

must be ba +  at bafx +== )0(0 . 

Example: 13 If 








=


−

+−
=

1for,2

1for,
1

34
)( 2

2

x

x
x

xx
xf  , then        

  (a) 2)(lim
1

=
+→

xf
x

   (b) 3)(lim
1

=
−→

xf
x

  

  (c) )(xf  is discontinuous at 1=x  (d) None of these  

Solution: (c)  1
)1(

)3(
lim

1

34
lim)1(,2)1(

12

2

1
−=

+

−
=

−

+−
=+=

+→+→ x

x

x

xx
ff

xx
 

  )1()1(1
1

34
lim)1(

2

2

1
−−=

−

+−
=−

−→
ff

x

xx
f

x
.  Hence the function is discontinuous at 1=x . 
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Example: 14 If 














=

−

=

0,

0,
4

1
0,1

)(

2 xx

x

xx

xf , then            [Roorkee 1988] 

  (a) 1)(lim
0

=
+→

xf
x

   (b) 1)(lim
0

=
−→

xf
x

  

  (c) )(xf  is discontinuous at 0=x  (d) None of these  

Solution: (c) Clearly from curve drawn of the given function )(xf , it is discontinuous at 0=x . 

 

 

 

 

 

 

 

 

Example: 15  Let 

















=

−+

=

6
0,

0,

0
6

,|)sin|1(

)(

3tan

2tan

|sin|





xe

xb

xx

xf

x

x

x

a

, then the values of a  and b  if f  is continuous at 

,0=x  are respectively  

   (a) 
2

3
,

3

2  (b) 3/2,
3

2
e  (c) 2/3,

2

3
e  (d) None of these 

Solution: (b)  











=









−














+

=

6
0

0

0
6

;

;

;|)sin|1(

)(

3tan

2tan

|sin|





x

x

x

e

b

x

xf

x

x

x

a

 

   For  )(xf  to be continuous at 0=x  

    )(lim)0()(lim
00

xffxf
xx +− →→

==    ax

a
x

x

a

x
eex x ==+















→

−→ |sin|
|sin|lim

|sin|

0

0|)sin|1(lim  

   Now, .limlimlim 3/23/2

0

3.
3

3tan
2.

2

2tan

0

3tan/2tan

0
eeee

x

x
x

x
x

x

x

x

xx

x
===

+++ →


















→→

 

    3/2ebea ==   
3

2
=a  and 3/2eb= . 

 

 

(0,–1) 

O 

(0,1/4) 

y 

y = x2, x >  0 

x 

y = x-1, x < 0 

y' 

x' 
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Example: 16  Let )(xf  be defined for all 0x and be continuous. Let )(xf  satisfy )()( yfxf
y

x
f −=








 for all x, 

y and ,1)( =ef  then  

   (a) =)(xf  In x             (b) )(xf  is bounded        (c) 0
1

→








x
f  as 0→x  (d) 1)( →xxf  as 0→x  

Solution: (a)  Let =)(xf  In 0),( xx  =)(xf  In )(x  is a continuous function of x  for every positive value 

of .x  

   =








y

x
f  In =









y

x  In −)(x  In ).()()( yfxfy −=  

Example: 17  Let 








+
=

]1[
sin][)(

x
xxf

 , where [.] denotes the greatest integer function. The domain of f  is 

….. and the points of discontinuity of f  in the domain are     [IIT 1996] 

   (a) }0{)},0,1[|{ −− IxRx    (b) }0{)},0,1[|{ − IxRx   

   (c) }0{)},0,1[|{ −− IxRx    (d) None of these 

Solution: (c)  Note that 0]1[ =+x  if 110 + x  

   i.e. 0]1[ −+x if .01 − x  

   Thus domain of f is )}0,1[{)0,1[ −=−− xR  

   We have 








+ ]1[
sin

x

  is continuous at all points of )0,1[−−R  and ][x  is continuous on ,IR−  

where I denotes the set of integers.  

   Thus the points where f  can possibly be discontinuous are……, ...........,2,10,1,2,3 −−− But 

for 0][,10 = xx  and 








+ ]1[
sin

x

  is defined. 

   Therefore 0)( =xf  for .10  x  

   Also )(xf  is not defined on .01 − x  

   Therefore, continuity of f  at 0 means continuity of f  from right at 0. Since f  is 

continuous from right at f,0  is continuous at 0. Hence set of points of discontinuities of f  

is }.0{−I  

Example: 18  If the function )0(,
tan2

sin2
)(

1

1


+

−
=

−

−

x
xx

xx
xf  is continuous at each point of its domain, then the 

value of )0(f  is   

   (a) 2   (b) 1/3 (c) 2/3 (d) – 1/3 

Solution: (b) )0(
tan2

sin2
lim)(

1

1

0
f

xx

xx
xf

x
=















+

−
=

−

−

→
     , 








form

0

0  
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 Applying L-Hospital’s rule, 










+
+















−

−

=
→

2

2

0

1

1
2

1

1
2

lim)0(

x

x
f

x
 

3

1

12

12
=

+

−
=  

 Trick : f (0) = 
xx

xx
x 1

1

0 tan2

sin2
lim

−

−

→ +

−

3

1

12

12

tan
2

sin
2

lim
1

1

0
=

+

−
=

+

−


−

−

→

x

x
x

x

x
. 

Example: 19 The values of A and B such that the function 

















−+

−−

=

2
,cos

22
,sin

2
,sin2

)(







xx

xBxA

xx

xf , is continuous 

everywhere are  

  

 (a) 1,0 == BA  (b) 1,1 == BA  (c) 1,1 =−= BA  (d) 0,1 =−= BA    

Solution: (c) For continuity at all ,Rx  we must have )sin2(lim
2 )2/(

xf
x

−=







−

−−→ 


)sin(lim

)2/(
BxA

x
+=

+−→ 
 

    BA+−=2      …..(i) 

  and )sin(lim
2 )2/(

BxAf
x

+=







−→


)(coslim

)2/(
x

x +→
=


 

    BA+=0      ….(ii) 

   From (i) and (ii), 1−=A  and 1=B . 

Example: 20  If 
107

2510
)(

2

2

+−

+−
=

xx

xx
xf  for x  5 and f is continuous at ,5=x  then =)5(f     

  (a) 0 (b) 5 (c) 10 (d) 25 

Solution: (a) )(lim)5(
5

xff
x→

=
107

2510
lim

2

2

5 +−

+−
=

→ xx

xx

x
 0

25

55

)5)(2(

)5(
lim

2

5
=

−

−
=

−−

−
=

→ xx

x
x

. 

Example: 21  In order that the function xxxf cot)1()( +=  is continuous at 0=x , )0(f  must be defined as  

  (a) 
e

f
1

)0( =  (b) 0)0( =f  (c) ef =)0(  (d) None of these 

Solution: (c) For continuity at 0, we must have )(lim)0(
0

xff
x→

=   

 x

x
x cot

0
)1(lim +=

→

xx

x

x
x

cot
1

0
)1(lim














+=
→










→

→















+=

x

x

x

x

x

x
tan

lim
1

0

0

)1(lim  ee == 1 . 

Example: 22  The function ||sin)( xxf =  is        [DCE 2002] 

 (a) Continuous for all x   (b) Continuous only at certain points  

  (c) Differentiable at all points (d) None of these 

Solution: (a)  It is obvious. 



 

37 

 

Example: 23  If 










=


−

−

=

2
,

2
,

2

sin1

)(








x

x
x

x

xf  be continuous at 
2


=x , then value of   is   

  (a) –1 (b) 1 (c) 0 (d) 2 

Solution: (c) )(xf  is continuous at 
2


=x , then )0()(lim

2/
fxf

x
=

→
 or 

x

x

x 2

sin1
lim

2/ −

−
=

→ 



  , 








form 

0

0  

 Applying L-Hospital’s rule,  
2

cos
lim

2/ −

−
=

→

x

x 
   .0

2

cos
lim

2/
==

→

x

x 
  

Example: 24  If ),0(;
2sin

42
)( 

+−
= x

x

x
xf  is continuous function at 0=x , then )0(f  equals   [MP PET 2002] 

  (a) 
4

1  (b) 
4

1
−  (c) 

8

1  (d) 
8

1
−  

Solution: (d) If )(xf  is continuous at ,0=x  then, )(lim)0(
0

xff
x→

=  
x

x

x 2sin

42
lim

0

+−
=

→
     , 








form 

0

0  

 Using L–Hospital’s rule, 
8

1

2cos2

42

1

lim)0(
0

−=















+
−

=
→ x

x
f

x
. 

Example: 25  If function 




−
= ,

irrational isif1

rational isif
)(

xx

xx
xf  then )(xf  is continuous at ...... number of points 

 (a)   (b) 1 (c) 0 (d) None of these 

Solution: (c)  At no point, function is continuous. 

Example: 26 The function defined by 













=


















+=

−

−

2,

2,)(

1

2

1
2

xk

xexxf
x

, is continuous from right at the point x 

= 2, then k is equal to 

 (a) 0 (b) 1/4 (c) –1/4 (d) None of these 

Solution: (b) 

1

2

1
2)(

−

−















+= xexxf  and kf =)2(  

 If )(xf  is continuous from right at 2=x  then kfxf
x

==
+→

)2()(lim
2

 

  kex x

x
=















+

−

−

→ +

1

2

1
2

2
lim  )2(lim

0
hfk

h
+=

→
  

1

)2(2

1

2

0
)2(lim

−

+−

→
















++= h

h
ehk  

    1/12

0
44lim

−−

→
+++= h

h
ehhk   1]004[ −−+++= ek   

4

1
=k . 

Example: 27 The function 
xx

xx
xf

cossin1

cossin1
)(

++

+−
=  is not defined at .=x  The value of ),(f  so that )(xf  is 

continuous at =x , is  

 (a) 
2

1
−  (b) 

2

1  (c) – 1 (d) 1 
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Solution: (c) 

2
cos

2
sin2

2
cos2

2
cos

2
sin2

2
cos2

lim)(lim
2

2

xxx

xxx

xf
xx

+

−

=
→→ 









−=

+

−

=
→→ 24

tanlim

2
sin

2
cos

2
sin

2
cos

lim
x

xx

xx

xx




 

                            At 1
4

tan)(, −=−==


 fx . 

Example: 28  If 








−+

−
−−+

=

10for ,232

01for,
11

)(
2 xxx

x
x

kxkx
xf  is continuous at ,0=x  then =k    [EAMCET 2003] 

 (a) – 4 (b) – 3 (c) – 2 (d) – 1 

Solution: (c) L.H.L. k
x

kxkx

x
=

−−+
=

−→

11
lim

0
  

 R.H.L. 2)232(lim 2

0
−=−+=

+→
xx

x
 

 Since it is continuous, hence L.H.L = R.H.L  2−=k . 

Example:  29 The function 
x

x
xxf

||
||)( +=  is       [Karnataka CET 2003] 

 (a) Continuous at the origin   

 (b) Discontinuous at the origin because |x| is discontinuous there 

  (c) Discontinuous at the origin because 
x

x||
 is discontinuous there  

  (d) Discontinuous at the origin because both |x| and 
x

x||
 are discontinuous there 

Solution: (c) ||x  is continuous at 0=x  and 
x

x||
 is  discontinuous at 0=x  

  
x

x
xxf

||
||)( +=  is discontinuous at 0=x . 
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ASSIGNMENT 

1. If the function 




+

−
=

21if,34

10if,45
)( 2 xbxx

xx
xf  is continuous at every point of its domain, then the value 

of b  is  

(a) –1 (b) 0 (c) 1 (d) None of these 

2. If 







=


−−+

=

0,

0,
)1log()21log(

)(
xk

x
x

bxax
xf  is continuous at 0=x , then k equals    

(a) ba +2  (b) ba −2  (c) ab 2−  (d) ab+  

3. If 




−


=

21when,2

10when,
)(

xxk

xx
xf  is continuous at 1=x , then value of k is    

(a) 1 (b) –1 (c) 3 (d) 2 

4. If 










=



=

0,

0,1

0,

)(
2 xx

x

xx

xf ,  then true statement is      

(a) )(lim
0

xf
x→

= 1 (b) 0)(lim
0

=
→

xf
x

 (c) )(xf  is continuous at x = 0 (d) )(lim
0

xf
x→

 does not exist 

5. If 
ax

ax
xf

−

−
=)(  is continuous at x = a, then )(af  equals          [Rajasthan PET 1987]  

(a) a  (b) a2  (c) a (d) 2a 

6. If ||)( bxxf −= , then function        [Roorkee 1984] 

(a) Is continuous x   (b) Is continuous at =x  (c)Is discontinuous at bx =  (d)None of these  

7. If 








=


−

−
=

2when,16

2when,
2

16
)(

4

x

x
x

x
xf  then           

(a) )(xf  is continuous at 2=x  (b) )(xf  is discontinuous at 2=x  

(c) 16)(lim
2

=
→

xf
x

   (d) None of these 

8. In the following discontinuous function is       

(a) xsin  (b) 2x  (c) 
x21

1

−
 (d) 

21

1

x+
 

9. If 






+


=

1when,5

1when,
)(

2

xx

xx
xf  then                 [MP PET 1996] 

(a) )(xf  is continuous at 1=x  (b) )(xf  is discontinuous at 1=x  

(c) )(lim
1

xf
x→

=1   (d) None of these 

10. If 




−

+
=

2when,5

2when,1
)(

xx

xx
xf  then 

(a) f(x) is continuous at x=2 (b) f(x) is discontinuous at x=2 

 (c) )(xf  is discontinuous at 0=x  (d) None of these 

11. The point of discontinuity of the function )(xf = 
x

x

4cos1

5cos1

−

+  is  

(a) 0=x  (b) =x  (c) 2/=x  (d) All of  these 

 

12. Function ||)( xxf =  is        
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(a) Discontinuous at 0=x   (b)Discontinuous at 1=x  

(c)Continuous at all points (d) Discontinuous at all points 

13. If 






=


=

1when,2

1when,
)(

2

x

xx
xf  then  

(a) 2)(lim
1

=
→

xf
x

   (b) )(xf is continuous at x = 1   

(c) )(xf  is discontinuous at x  = 1  (d) None of these 

14. Let 







=


=

0,

0,
5

sin
)(

xk

x
x

x
xf


. If )(xf  is continuous at ,0=x  then k =    [Karnataka CET 2002] 

 (a) 
5

  (b) 


5  (c) 1 (d) 0 

15. Function ||)( xxxf −=  is  

(a) Discontinuous at 0=x   (b)Discontinuous at x = 1  

(c) Continuous at all points (d) Discontinuous at all points 

16. Function ||)( xxxf +=  is          

 (a) Continuous at all points (b) Discontinuous at 0=x   

 (c) Discontinuous at 1=x   (d) Discontinuous at all points 

17. If )(xf  is continuous function and )(xg  is discontinuous function, then correct statement is 

(a) )()( xgxf +  is continuous function (b) )()( xgxf −  is continuous function 

(c) )()( xgxf +  is discontinuous function  (d) )().( xgxf  is discontinuous function 

18. Function 










−

−−

=

1 when,1

11- when,

1 when,1

)(

x

xx

x

xf  is continuous     

(a) Only at 1=x    (b) Only at 1−=x   

(c) At both 1=x  and 1−=x  (d) Neither at x=1 nor at x=–1  

 

Advance Level 

19. Let 
x

xx
xf

sin1sin1
)(

−−+
=  the value which should be assigned to f at 0=x  so that it is continuous 

everywhere is  

 

(a) 
2

1  (b) –2 (c) 2 (d) 1 

20. The value of )0(f  so that the function )(xf = 
x

xx 3/1)1(1 +−+  becomes continuous is equal to                     [AMU 1992] 

 (a) 
6

1  (b) 
4

1  (c) 2 (d) 
3

1  

21. If 







=


−

−

=

ax

ax
ax

ax
xf

when1

when
||

)(  then                      

 (a) f(x) is continuous at x=a (b) )(xf  is discontinuous at x=a  

 (c) 1)(lim =
→

xf
ax

   (d) None of these 

 

22. If 







=


+=

0when,0

0when,
1)( /1

x

x
e

x
xf x  then      
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 (a) 1)(lim
0

=
+→

xf
x

 (b) 1)(lim
0

=
−→

xf
x

 (c) )(xf  is continuous at x = 0 (d)None of these 

23. If the function 










=


−=

2
when,3

2
when,

2

cos

)(






x

x
x

xk

xf  be continuous at 
2


=x , then k= 

 (a) 3 (b) 6 (c) 12 (d) None of these 

24. A function )(xf  is defined in ]1,0[  as follows 




−
=

irrationalisif,1

rationalisif,
)(

xx

xx
xf ,  then correct statement is    [Haryana CEE 1991]  

 (a) )(xf  is continuous at 0=x   (b) )(xf  is continuous at 1=x  

 (c) )(xf  is continuous at 
2

1
=x   (d) )(xf  is everywhere discontinuous  

25. If 








=


+

−
=

0,1

0,
1

1
)( /1

/1

x

x
e

e
xf x

x

, then at )(,0 xfx =  is    

 (a) Continuous  (b) Left continuous  (c) Right continuous (d) None of these 

26. The function 








−

=

+

=

2,23

2,4

21,2

)(

xx

x

xx

xf  is continuous     [DCE 1999] 

 (a) 2=x  only (b) 2x  (c) x1  (d) None of these 

27. If  then

4

3
 when,

9

2
sin2

4

3
0 when,1

)(
















=






x
x

x
xf       

 (a) )(xf  is continuous at 0=x   (b) )(xf  is continuous at =x  

 (c) )(xf  is continuous at 
4

3
=x   (d) )(xf  is discontinuous at 

4

3
=x  

28. If 















=

−

=

=

−

=

1,1

12/1,2/3

2/1,2/1

0,0

2/10,2/1

)(

x

xx

x

x

xx

xf , then false statement is   [Rajasthan PET 1984 (Similar to MP PET 1996)] 

 (a) )(xf  is discontinuous at x = 0  (b) )(xf  is continuous at 
2

1
=x  

 (c) )(xf  is discontinuous at 1=x   (d) )(xf  is continuous at 
4

1
=x  

29. 10,
2

12
01,

11
)( 

−

+
=−

−−+
= x

x

x
x

x

pxpx
xf  is continuous in the interval ]1,1[−  then p equals  [Karnataka CET 1998] 

 (a) –1 (b) 
2

1
−  (c) 

2

1  (d) 1 

30. The function 












−





=

xxbb

xa

xax

xf

2,/)42(

21,

10,/

)(

22

2

 is continuous for ,0  x  then the most suitable values 

of a and b are 

 

 (a) 1,1 −== ba  (b) 21,1 +=−= ba  (c) 1,1 =−= ba  (d) None of these 

31. Let 








=


−

+−+

=

2If ,

2if ,
)2(

2016

)( 2

23

xk

x
x

xxx

xf  if )(xf  be continuous for all x, then =k     
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 (a) 7 (b) –7 (c) 7  (d) None of these 

32. If 








−=

−
−+

−+

=

5 when,

5 when,
152

103

)( 2

2

xa

x
xx

xx
xf  is continuous at 5−=x , then the value of ‘a’ will be   [MP PET 1987] 

 (a) 
2

3  (b) 
8

7  (c) 
7

8  (d) 
3

2  

33. The function ][][)( 22 xxxf −=  (where [y] is the greatest integer less than or equal to y), is discontinuous 

at              

           (a)All integers   (b) All integers except 0 and 1  

  (c)All integers except 0 (d) All integers except 1  

34. If 1
2

1
)( −= xxf , then on the interval [0, ] 

(a)  )]([tan xf  and 
)(

1

xf
 are both continuous  (b) )](tan[ xf  and 

)(

1

xf
 are both discontinuous  

 (c) )]([tan xf  and )(1 xf−  are both continuous  (d) )](tan[ xf  is continuous but 
)(

1

xf
 is not continuous  

35. Let ],[][)( xxxxf −+=  where ][x  denotes the greatest integer function. Then,   

 (a) )(xf is continuous on R+  (b) )(xf  is continuous on R  

 (c) )(xf  is continuous on R – Z   (d)None of these  

36. Let ]52[)( 3 −= xxf , [.] denotes the greatest integer function. Then number of points in (1, 2) where 

the function is discontinuous, is 

 (a) 0 (b) 13 (c) 10 (d) 3 

37. The number of points at which the function 
][

1
)(

xx
xf

−
=  [.] denotes, the greatest integer function) is 

not continuous is 

 (a) 1 (b) 2 (c) 3 (d) None of these 

38. If 







=

+
=

0when,2

0when,cos
sin

)(
x

xx
x

x
xf , then   

 (a) 2)(lim
0


+→

xf
x

 (b) 0)(lim
0

=
−→

xf
x

 (c) )(xf is continuous at x = 0 (d)None of these 

39. The number of points at which the function 
||log

1
)(

x
xf =  is discontinuous is 

 (a) 1 (b) 2 (c) 3 (d) 4 

40. The function ],1[]1[)( −++= xqxpxf  where [x] is the greatest integer function is continuous at 1=x  if   [Orissa JEE 2002] 

 (a) 0=−qp  (b) 0=+qp  (c) 0=p  (d) 0=q     

41. Function 
x

a

x
xf

/1

1)( 







+=  is continuous at 0=x , if )0(f  equals    [MNR 1989] 

 (a) ae  (b) ae−  (c) 0 (d) ae /1  

42. Let [.] denote the greatest integer function and ].[tan)( 2 xxf =  Then    

 (a) )(lim
0

xf
x→

 does not exist  (b) )(xf  is continuous at 0=x   

 (c) )(xf  is not differentiable at 0=x  (d) 1)0(' =f  

 

 

43. The function 










−

+

+

=







xxbxa

xbxx

xxax

xf

2/sin2cos

2/4/cot2

4/0sin2

)(  is continuous for  x0  then a, b are    [IIT 1989] 

 (a) 
12

,
6

  (b) 
6

,
3

  (c) 
12

,
6


−  (d) None of these 
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44. Let RRf →:  be any function. Define RRg →:  by |)(|)( xfxg =  for all x, Then g is     [IIT 2000] 

 (a) Onto if f is onto   (b) One-one if f is one-one  

 (c) Continuous if f is continuous (d) Differentiable if f is differentiable 

 

 

ANSWER 

 

ASSIGNMENT ( BASIC & ADVANCE LEVEL ) 

 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  

a a c b b a,

b 

b c b a d c c a c a c d d a 

21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  

b c b c c c c b b c a b d b b b d c c b 

41  42  43  44  

d b c c 

 

 


