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CONTINUITY& DIFFERENTIABILITY 

* A function f is said to be continuous at x = a if  

     Left hand limit = Right hand limit = value of the function at x = a  

 i.e. )a(f)x(flim)x(flim
axax




 

            i.e. )a(f)ha(flim)ha(flim
0h0h




. 

* A function is said to be differentiable at x = a 

if  )a(fR)a(fL 
      i.e        

h

)a(f)ha(f
lim

h

)a(f)ha(f
lim

0h0h









 

(i)  
dx

d
 (x

n
) = n x

n – 1
,      

1nn x

n

x

1

dx

d











,         

x2

1
x

dx

d
  

(ii)  
dx

d
 (x) = 1     (iii)  

dx

d
(c) = 0,  c  R   

(iv)  
dx

d
 (a

x
) = a

x
  log a, a > 0, a  1.   (v)  

dx

d
 (e

x
) = e

x
.     

(vi)  
dx

d
 (logax) =, 

a logx 

1
a > 0, a  1, x   (vii)  

dx

d
 (log x) = 

x

1
, x > 0   

(viii)  
dx

d
 (loga| x |) = 

a logx 

1
, a > 0, a 1, x  0 (ix)  

dx

d
 (log | x | ) = 

x

1
, x  0   

(x)  
dx

d
 (sin x) = cos x,  x  R.   (xi)  

dx

d
 (cos x) = – sin x,  x  R.  

(xii)  
dx

d
 (tan x) = sec

2
x,  x  R.   (xiii)  

dx

d
 (cot x) = – cosec

2
x,  x  R.  

(xiv)  
dx

d
 (sec x) = sec x tan x,  x  R.  (xv)  

dx

d
 (cosec x) = – cosec x cot x,  x  R. 

(xvi)   
dx

d
 (sin

-1
x) = 

2x1

1


.   (xvii)  

dx

d
 (cos

-1
x) = 

2x1

1




. 

(xviii)  
dx

d
 (tan

-1
x) = 

2x1

1


,   x  R              (xix)  

dx

d
 (cot

-1
x) = 

2x1

1


 ,  x  R. 

(xx)  
dx

d
 (sec

-1
x) = 

1x|x|

1

2 
.   (xxi)  

dx

d
 (cosec

-1
x) = 

1x|x|

1

2 
 . 

(xxii)  
dx

d
 (| x |)  =

|x|

x
, x  0    (xxiii) 

dx

d
(ku) = k

dx

du
 

(xxiv)  
dx

dv

dx

du
vu

dx

d
     (xxv) 

dx

d
(u.v) = 

dx

du
v

dx

dv
u   

(xxvi) 
dx

d

2v

dx

dv
u

dx

du
v

v

u










 

 

SOME  ILUSTRATIONS :  

**Q. If f(x) = 















  1  xif   , 2b5ax

1    x if             11

1   xif    b,3ax

, continuous at x = 1,  find the  values   of a and b. 
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)i().........1(f)x(flim)x(flim
1x1x


 

Sol.     

   b2a5b2h1a5lim)h1(flim)x(flim
0h0h1x


 

 

   ba3bh1a3lim)h1(flim)x(flim
0h0h1x


 

 

11)1(f   

2 = b , 3 = a issolution  and 11 = 2b  5a = b + 3a(i) From   

 

Q. Find the relationship between  a and  b so that the function defined by  f(x)  = 








3xif,3bx

3xif,1ax
   

is continuous at x = 3. 

Sol.  f(x) is cont. at x = 3   )i().........3(f)x(flim)x(flim
3x3x


 

 

   1a31h3alim)h3(flim)x(flim
0h0h3x


 

 
   3b33h3blim)h3(flim)x(flim

0h0h3x


 
 

1a3)3(f 

 

b and abetween relation  required  theis  

3b3 = 1a31a3 = 3b3 = 1a3(i) From 

23b3a 


 

 

**If  y =   .
dx

dy
findxxlog

xlogx
e

e  

      xelogx

ee xlogxloglogxlogx
e eexxlogy Sol.  

   xlog.xlogxloglogx eee ee   

     


















x

xlog

x

xlog
e1.xloglog

x

1
.

xlog

1
.xe.

dx

dy xlog.xlogxloglogx eee  

    


















x

xlog
2xxloglog

xlog

1
xlog

xlogx
e

e  

 

   
2

π
θat

dx

yd
find,cosθ1ay,sinθθaxIf

2

2

**  

   θcos1a
θd

dx
sinθθax Sol.  

   θsina
θd

dy
cosθ1ay   

 
  2

θ
cot

θ/2sin2

osθsθcθ/2.sin2

θcos1a

θsina

θddx/

θd/dy

dx

dy
2





  

 θcos1a

1
.

2

θ
eccos

2

1

dx

θd
.

2

1
.

2

θ
eccos

dx

yd 22

2

2


  

a

1

a

1
.2.

2

1

2

π
cos1a

1
.

4

π
eccos

2

1

dx

yd 2

2

π
θ

2

2





























 



 

25 
 

**     0ym
dx

dy
x

dx

yd
x1thatprove,xsinmsinyIf 2

2

2
21  

 

   
2

11

x1

m
.xsinmcos

dx

dy
xsinmsiny


 

Sol.

 
 xsinmcosm

dx

dy
x1 12   

 
2

1

22

2
2

x1

m
.xsinmsinm

x1

x2

dx

dy

dx

yd
x1,x.t.r.w.diffAgain





















 

 

    ymxsinmsinm
dx

dy
x

dx

yd
x1 212

2

2
2    

  0ym
dx

dy
x

dx

yd
x1 2

2

2
2   

SHORT ANSWER TYPE QUESTIONS 

 

1. Discuss the continuity of the function f(x) =








2  xif   , 95x

2   xif   3,2x
  . 

2. Discuss the continuity of the greatest integer function  f (x) = [x] at integral points. 

 

3. Discuss the continuity of the identity function  f (x) = x. 

4. Discuss the continuity of a polynomial function. 

5. Find the points of discontinuity of the function f defined by f(x)  = 















10x3if,5

3x1if,4

1x0if,3

 

6. Find the number of points at which the function f (x) =
3

2

xx9

x9




 is discontinuous. 

7. Discuss the continuity of f(x) = 










1  xif  , x

1   xif   1,x

2

10

 , at x = 1. 

8. Discuss the continuity of modulus function f(x)= |x – 2|. 

9. Discuss the continuity of the function f(x) is defined as f(x) =











0xif,0

0xif,
x

x

2   at x = 0. 

 

10. Find the value of k for which f(x) =













0     x,k           

0  x,  
5x

sin2x
     is continuous at x = 0. 

11. Discuss the continuity of the function f(x) =











0xif,0

0xif,
x

x

2   at x = 0. 

 

12. Find the  value of k for which f(x) =














0     x,  k            

0  x,   
2x

4x cos1
2   is continuous at x = 0. 
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13. The value of k for which f(x) =











0xif,3

0xif,
x

kx

  is continuous at x = 0 is : 

14. Discuss the differentiability of the greatest integer function defined by f(x) = [x], 0 < x < 3 at x =1. 

15. Discuss the differentiability of the function f(x) = |x – 2| at x = 2. 

16. Find :
 

  xcossin
dx

d 2
    17. Find :

 
 1xsinlog

dx

d 2    

18. Find :
 

 x2
dx

d 
     19. Find :

 








  x
e

log1
e

dx

d
  

20. Find :
 






 x2cos2
dx

d
    21. Find :

 




















2

x

4
tanlog

dx

d
e   

22. Find :

 


























 

x

1x1
tan

dx

d 2
1

   

23. Find :

 






























2

1

x1

1
sin

dx

d
  

24. Find :

 
4

x0where,
xsin1

xsin1
tan

dx

d 1 






























  25. Find :

 















 

2

xcosxsin
sin

dx

d 1
  

26. Find :
 

 xsinx
dx

d
     27. Find :

 




 xxx

dx

d
  

 

ANSWERS 

1. Continuous for all real values of x 2. Continuous everywhere   3. Continuous everywhere 

4. Continuous everywhere  5. 1, 3     6. Exactly at two points 

7. Continuous at x = 1   8. Continuous everywhere  9. Discontinuous at x = 0 

10.
 5

2
     11. Discontinuous at x = 0  12. 4  

13. k = 3     14. not differentiable at x = 1  15. not differentiable at x = 2 

16.

 )xcos(2

)xcoscos().xcossin(.xsin2
  17.

 1xsin.1x

1xcosx

22

2




  18.

 
2log

2

1
x

   

19. e     20. x2sin.2log.2 x2cos   21. xsec   

22.

  2x12

1


    23.

 
2x1

1


     24.

 2

1
  

25. 1     26.

 










x

xsin
xlog.xcosx e

xsin   

27.

 
  










x

1
xlogxlog1x.x xx x

  

 

LONG ANSWER TYPE QUESTIONS 
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1. Find the value of k for which f(x) =


















1x0,
1x

1x2

0x1,
x

kx1kx1

  is continuous at x = 0.  

2. Find the value of k for which f(x) =


















1x0,
1x

1x2

0x1,
x

kx1kx1

  is continuous at x = 0 .  

3. Find the value of k for which f(x) =
 















0xif,k

0xif,
3x

363x
2

  is continuous at x = 3 .  

4. Find the value of k for which f(x) =








xif,xcos

xif,1kx
  is continuous at x = π . 

  

5. Find the value of k for which f(x) =












0xif,1k

0xif,
x2x

x5sin
2   is continuous at x = 0 . 

6. If f(x) = 















1  xif   , 2b-5ax

1    x if             11

1   xif    b,3ax

, continuous at x = 1,find the  values of a and b. 

7. Determine a, b, c so that f(x) = 























0x  ,  
bx

xbxx
   

0  x,              c             

0x  ,
x

xsinx)1asin(

3/2

2

 is continuous at x = 0. 

8. If f(x) = 
















2
x,3

2
x,

x2

xcosk

, is continuous at x = 
2


, find k. 

9. Show that the function f defined by  f(x) = 














2x  , 45x

2 x 1   ,x    2x

1x0  , 2x3

2
 is continuous at x = 2 but not    

    differentiable . 

10. Find the relationship between  a and  b so that the function defined by  

f(x)  = 








3xif,3bx

3xif,1ax
   is continuous at x = 3. 

11. For what value of    the function  f(x) = 








0xif,1x4

0xif,)x2x( 2

   is continuous  at x = 0. 
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12. If   f(x) = 

























4xifb
4x

4x

4xifba

4xif,a
4x

4x

    is continuous at   x = 4, find a, b. 

13. If the function  f(x) = 















8x4if,b5ax2

4x2if,2x3

2x0if,baxx2

 is continuous on [0 , 8], find the value of a  & b. 

14. If f(x) = 






























2
xif

)x2(

)xsin1(b
2

xifa

2
xif,

xcos3

xsin1

2

2

3

is continuous  at  x = 
2


, find a, b. 

15. Discuss the continuity of  f(x) = 2x1x    at x = 1 & x = 2.  

16. If  y =   .
dx

dy
findxxlog

xlogx
e

e  

17.
 

   
2

π
θat

dx

yd
find,cosθ1ay,sinθθaxIf

2

2

   

18. If x = 






 
 sinayand

2
tanlogcosa find

dx

dy
at 

4


 .  

19.
 

    0ym
dx

dy
x

dx

yd
x1thatprove,xsinmsinyIf 2

2

2
21     

20.
 

.
x

y

dx

dy
thatshow,ay,axIf tcostsin 11




  

21.

 

 
22

n
22

ax

ny

dx

dy
thatprove,axxyIf


   

22. 
yx

yx

dx

dy
thatprove,

x

y
tanyxlogIf 122

e












  . 

23.  
x

y

dx

dy
thatprove,yxy.xIf

nmnm 


  

24. 
 2x1

1

dx

dy
 thatprove 1,  x  1–  ,  0   x1y   y 1 x If


   

25.
 

 
2

2
22

x1

y1

dx

dy
thatshow,yxay1x1If




   

26.

 

.
dx

dy
find,

x

1
1

x

1
log1xyIf

2

2














   

27.     .ttan
dx

dy
thatshow,t2cos1t2cosyandt2cos1t2sinxIf




   

28. 0y
4

1

dx

dy
x

dx

yd
)1x(thatprove,1x1xyIf

2

2
2   
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29.
 

.
dx

dy
findthen,........xxxyIf    

30. If  .
dx

dy
findthen,)y(sin)x(cos xy   

 

LONG ANSWER TYPE QUESTIONS 

ANSWERS 

1. k = 
2

1
     2. k = 1     3. k = 12  

4. k = 



2

    5. k = 
2

3
    6. 2 = b , 3 = a   

7. number real zero-nonany  is b,2/1c,2/3a      8. k = 6  

10. b and abetween relation    theis  23b3a       

11. 0.atcontonuous isf(x)whichforofvaluenoisthere    

12. 1= b , 1 = a     13. 2 = b , 3 = a     14. 4b,
2

1
a   

15. continuous at x = 1 & x = 2. 16.     


















x

xlog
2xxloglog

xlog

1
xlog xlogx

  

17. 
a

1
     18. 1     26. 

x

1x2 
  

29.

 1y2

1


    30.

  ycotxxcoslog

xtanyysinlog





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


