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Unit I 

Limit, Continuity, Differentiability and Mean Value Theorem 

Q.1  Objective Questions       Marks – 02 

 

1. 
2

25

4 5lim          
2 35x

x x is equal to
x x→

− −
+ −

 

 a)  1                      b) 1
2

              c) 1
2
−                d)  none of these   

2.  
1

coslim         
1x

x is equal to
x→ −

 

 a)  0                       b) 1               c) -1               d) none of these 

3. Evaluate   30

tanlim
x

x x
x→

−      

 a)  1
3
−                 b)   1

3
                  c)  0                d)    1     

4.  The value  of   the  
0

log(sin 2 )lim
log(sin )x

x
x→

   is     

 a) 2          b)  0                 c)1                  d) -1  

5.  lim
n

xx

x
e→∞

 is  equal  to    

 a) 1             b) -1             c) 2            d) 0 

6.  
0

log(sin )lim         , ( , 0)
log(sin )x

ax a b
bx→

>   is  equal  to    

  a) -1      b) 1          c)  0          d) none of these  

7. 
0

lim log
x

x x
→

   is equal to   

 a) 0       b) 1        c)  2             d) -1  

8. 
0

1 1lim
sinx x x→

⎡ ⎤−⎢ ⎥⎣ ⎦
  is equal to  

     a)  0        b)1         c) -1     d)  none of these  

 



9.  
0

1 1lim
1xx x e→

⎡ ⎤−⎢ ⎥−⎣ ⎦
  is equal  to   

  a) 1         b)   1
2
−           c)  1

2
             d) 0 

10.   
0

lim x

x
x

→
  is equal   to   

   a)   1              b) -1        c) 2       d) none of these  

11.  ( )tan 2

4

lim tan x

x
x

π→
   is   

  a) e               b) 1
e

             c)  1
e
−             d) – e  

12.  The function  
1( ) sin               ,   0   

(0) 0                         ,   0 

f x x for x and
x

f for x

= ≠

= =
 

    a) Continuous and   derivable                            

          b) Not continuous but   derivable                

          c)  Continuous but not derivable 

          d) Neither continuous nor derivable                        at the point  x = 0          

13. The function  
2 1( ) sin               ,   0   

(0) 0                         ,   0 

f x x for x and
x

f for x

= ≠

= =
             is  

    a) Continuous and   derivable                            

          b) Not continuous but   derivable                

          c)  Continuous but not derivable 

          d) Neither continuous nor derivable   

14. For which value of    ( , )c a b∈ , the Roll’s theorem is verified for the  function   

        [ ]
2

( ) log    ,
( )

x abf x defined on a b
x a b
⎡ ⎤+

= ⎢ ⎥+⎣ ⎦
  

a) Arithmetic mean of a & b  b)   Geometric mean of a & b 

c) Harmonic mean of a & b   d) None of these . 



15. For which value of  ( , ) (0, 2 )c a b π∈ = , the Rolle’s  theorem is applicable for 

the  function    [ ]( ) sin        , 0,2f x x in π=  

 a) 0            b) 
4
π                   c)  

2
π              d) 

3
π  

16.  For which value of   0,
2

c π⎛ ⎞∈⎜ ⎟
⎝ ⎠

, the Rolle’s theorem is applicable for the  

function     ( ) sin cos    0,
2

f x x x in π⎡ ⎤= + ⎢ ⎥⎣ ⎦
 

    a) 0              b)  
4
π            c)  

3
π              d) 

6
π  

17.  For which  value of  (1,5)c∈ , the Rolle’s theorem is verified  for the function  

         [ ]2( ) 6 5  1,5f x x x in= − +   

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

18.  for which  value of c∈ (-2, 3)  . the L.M.V.T. is verified for the function 

[ ]2( ) 3 2          2,3f x x x in= − + −  

 a) 1                b) 1
2

                c) 1
2
−             d) 0 

19. L.M.V.T  is verified for the function  [ ]2( ) 2 7 10         2,5f x x x in= − +  

  a) 5
2

            b) 1
2

        c) 0                d) 7
2

 

20.  For which value of   0,
2

c π⎛ ⎞∈⎜ ⎟
⎝ ⎠

  C.M .V.T. is applicable for the function   

f(x) = sin x  ,  g(x) = cos x  in [0, π/2]  

   a) 0                b) 
3
π               c) 

6
π                  d)  

4
π  

21.  If the C.M.V.T. is applicable for the function   

f(x) = ex  ,  g(x) = e-x , in [a, b]    find the value of ( , )c a b∈  

   a) 
2

a b+              b) ab                 c) a + b     d) none of these  

 



22. If the  C.M.V.T. is applicable for the function   

f(x) =1/x2  ,  g(x) = 1/x , in [a, b]     find the value of   C. 

   a) 
2

a b+              b) ab                 c) 2ab
a b+

    d) none of these  

23. If   log log 5( )           , 5
5

xf x x
x
−

= ≠
−

  is continuous  at x  = 5  then  find  f(5) 

         a)  5                  b)  -5                c) 1
5

          d) 1
5
−  

24. If  2

1 sin( )               ,
( 2 ) 2

xf x x
x

π
π
−

= ≠
−

  is continuous at   
2

x π
=  then f(π/2) is 

 a) 1
8

                   b) 2
3

              c) 1                 d) -1  

25.   If   1 cos( )         , 0
sin

xf x x
x

−
= ≠   is continuous at x = 0  then value of f(0) is  

       a) 0                     b) 1                c) -1               d)  none of these 

26.  I f   ( )         ,
x aa af x x a
a x
−

= ≠
−

   is continuous  at x = a , then find  f(a)  

 a) logaa a           b) logaa a−           c) log a          d) none of these   

27.   Evaluate     
0

lim sin log
x

x x
→

 

         a) 0           b) 1        c) -1         d) 
2
π  

28. Evaluate  
0

lim tan log
x

x x
→

         . 

        a) 0            b) 1               c)-1              d) none of these  

29.   
1

1 1lim
log 1x x x→

⎡ ⎤
−⎢ ⎥−⎣ ⎦

    is equal to  

 a) 1
2
−          b) 1

2
                c) 2                 d)-2 

30.  
1 cos

0

1lim
x

x x

−

→

⎛ ⎞
⎜ ⎟
⎝ ⎠

      is equal to  

          a)  -1                b) 1                c) 2              d) 1
2

   



31.  Evaluate  lim௫՜௔ሺݔ െ ܽሻሺ௫ି௔ሻ      

  a) 1
2
−             b) 1

2
               c) 1                  d) -1             

32.  Evaluate   lim௫՜ଶ ቀ ଵ
௫ିଶ

െ ଵ
୪୭୥ ሺ௫ିଵሻ

ቁ       

     a) 1
2
−             b) 1

2
              c) 1                  d) -1      

33.   Evaluate      
1

lim(1 ) x
x

x
→∞

+  

 a) -1              b)     2        c)     -2       d)     1 

34. If    2

sin 4( 3)( )                 , 3
2

xf x x
x

−
= ≠

−
  is continuous  at point x = 3   find  

f(3)  

  a) 2
3

                 b) 1
3

       c) 3
2

              d) none of these  

35.  Evaluate     
sin

0
lim

sin

x x

x

e e
x x→

−
−

 

   a)  1              b) -1            c) 2            d) -2 

 

 

 

 

 

 

 

 

 

 

 

 

 



Q.2    Examples       Marks – 04 

 

1. Evaluate  
0

tanlim
sinx

x x
x x→

−
−

 

2. Evaluate 
0

1lim
log(1 )

x

x

e x
x x→

− −
+ −

 

3. Evaluate 
0

log(tan 2 )lim
log(tan )x

x
x→

 

4. Evaluate 2
20

1lim cot
x

x
x→

⎛ ⎞−⎜ ⎟
⎝ ⎠

 

5. Evaluate 
( )tan 2

lim 2
x

a

x a

x
a

π

→

⎛ ⎞−⎜ ⎟
⎝ ⎠

 

6. Evaluate 
0

lim(cot )            , 0x

x
x x

→
>  

7. Evaluate 
1

log

0
lim(cot ) x

x
x

→
 

8. Evaluate 
1

1lim tan
2

x

x
xπ −

→∞

⎡ ⎤−⎢ ⎥⎣ ⎦
 

9. Examine for continuity,  the function   

2

3

2

( ) ,           0

        0  ,             0

           ,            

xf x a for x a
a

forx
aa forx a
x

= − < <

= =

= − >

 

10. Using      δ∈−    definition , prove that    

2 1( ) cos   ,           0

        0       ,                 0

f x x if x
x

if x

= ≠

= =
       is continuous at x = 0 

11.  Examine the continuity  of the function   

 

1

1
1( ) ,         0
1

       0   ,                0

x

x

ef x if x
e

if x

−
= ≠

+
= =

             at the  point x = 0. 

 



12.   Examine the continuity of the function   

    

2

2

9( ) ,         0 3
3

       6   ,                3
18       8 ,            3

xf x for x
x

for x

for x
x

−
= ≤ <

−
= =

= − >

          

                                                          at the point x = 3.    

13.   Examine the continuity  of the function   

   

2

2

( ) 4,         0 4
4

       2  ,                4
64       4 ,            4

xf x for x

for x

for x
x

= − < <

= =

= − >

          

           at the point x = 4..    

14. If the function   

sin 4( ) ,         0
5

       4  ,            0
       1     ,                    0

xf x a for x
x

x b for x
for x

= + >

= + − <
= =

          

is continuous at x = 0 , then find the values of a & b. 

15.  If  f(x)  is continuous on   [ ],π π−  

( ) 2sin ,                     -
2

-       sin   ,                
2 2

       cos ,                             
2

   & .

f x x for x

x for x

x for x

Find

ππ

π πα β

π π

α β

−
= − ≤ ≤

= + < <

= ≤ ≤

     

16. Define differentiability of a function at a point and show that ( )f x x=   is 

continuous, but not derivable at the point x = 0. 

17. Discuss the applicability of Rolle’s Theorem for the function 

[ ]( ) ( ) ( )     ,m nf x x a x b defind in a b= − −   where m, n are positive integers. 

 



18. Discuss the applicability o Rolle’s Theorem for the function 

5( ) (sin cos )    ,
4 4

xf x e x x in π π⎡ ⎤= − ⎢ ⎥⎣ ⎦
 . 

19. Verify Langrange’s   Mean Value theorem for the function  

( ) ( 1)( 2)( 3)f x x x x= − − −  defined in the interval[ ]0,4 . 

20. Find  θ  that appears in the conclusion of Langrange’s Mean Value theorem 

for  the function    3 1( ) , 1,
3

f x x a h= = = . 

21. Show that  1 1
2 2tan tan ,      0

1 1
b a b ab a if a b

b a
− −− −

< − < < <
+ +

. 

    And hence deduce that   13 4 1tan
4 25 3 4 6
π π− ⎛ ⎞+ < < +⎜ ⎟

⎝ ⎠
 

22. For  0 < a < b  , Prove that  1 log 1a b b
b a a

− < < −   and  hence show that  

1 6 1log
6 5 5
< <   

23. If  < a < b <1  ,  then  prove that 1 1

2 2
sin sin

1 1
b a b ab a

a b
− −− −

< − <
− −

 

  Hence show that 11 1 1sin
6 4 62 3 15
π π−− < < −  

24. Show that 1
2 tan ,      0 

1
x x x x
x

−< < >
+

 

25. For x > 0  , prove that  
2 2

log(1 )
2 2(1 )
x xx x x

x
− < + < −

+
 

26. Separate the interval in which   3 2( ) 8 5 2f x x x x= + + −    is increasing or 

decreasing. 

27. Show that  log(1 ) ,     0
1

x x x x
x
< + < ∀ >

+
  

28. Show that  
1

2

1 tan 1,        0
1

x x
x x

−

< < ∀ >
+

 

29. With the help  of Langrange’s formula  Prove that 

2 2tan tan ,       0
cos cos 2

whereα β α β πα β β α
β α

− −
< − < ≤ ≤ ≤  



30. Verify Cauchy’s Mean Value theorem  for the function   

f (x) = sinx,         g (x) = cosx   in 0
2

x π
≤ ≤  

31. Show that   sin sin cot ,             0
cos cos 2

whereα β πθ α θ β
β α
−

= < < < <
−

 

32. If 2

1 1( )    ( )f x and g x
x x

= =      in Cauchy’s Mean Value Theorem, Show that 

C is the harmonic mean between a & b. 

33. Discuss applicability of Cauchy’s Mean Value Theorem for the function           

f (x) = sinx    and g (x) = cosx   in  [ ],a b  . 

34. Verify Cauchy’s Mean value theorem    [ ]1( ) , ( )   ,f x x g x in a b
x

= =  

35. Find (0,9)c∈  such that 

       (9) (0) '( )
(9) (0) '( )

f f f C
g g g c

−
=

−
          where  3( )                 ( ) 2f x x and g x x= = −  

36. Discuss the applicability o Rolle’s Theorem for the function 

( )
2 12( ) log   3,4xf x in

x
⎡ ⎤+

= ⎢ ⎥
⎣ ⎦

 . 

37. Verify Langrange’s   Mean Value theorem for the function                               

1( ) ( 1)( 2)  0,
2

f x x x x in ⎡ ⎤= − − ⎢ ⎥⎣ ⎦
 

38. Discuss the applicability o Rolle’s Theorem for the function 

-( ) cos   ,
2 2

xf x e x in π π⎡ ⎤= ⎢ ⎥⎣ ⎦
 . 

39. Verify Langrange’s   Mean Value theorem for the function   

[ ]2( ) 2 10 29   2,7f x x x in= − +  . 

 

 

 

 

 



Q.3 Theory Questions      Marks – 04 / 06 

1. If a function f is continuous on a closed and bound interval [ a, b] ,then show 

that  f  is bounded on [a, b]. 

2. Show that every continuous function on closed and bounded interval attains its 

bounds. 

3. Let  [ ]: ,f a b R→  be a continuous on [a ,b] and if  ( ) ( ),f a k f b< <    then 

show that there exists a point   ( , )c a b∈  such that f (x) = k. 

4. If f (x) is continuous in [a, b] and  ( ) ( )f a f b≠  , then show that f assume 

every value between f (a) and f (b). 

5. If a function is differentiable  at a point then show that it is continuous at that 

point. Is converse true? Justify your answer. 

6. State and Prove Rolle’s theorem             OR 

        If a function f(x) defined on [a,b] is    

i)continuous on [a,b]   ii) Differentiable in (a, b)   iii) f (a ) = f( b)  

        then show that there exists at least one real number ( , )c a b∈  such that f’(c)=0. 

7. State and Prove Langrange’s Mean Value Theorem.          OR 

      If a function f(x) defined on [a,b] is   i) continuous on [a,b] 

                                                                    ii) differentiable in (a, b) 

      then show that there exixt at least one real number  ( , )c a b∈  such that                      

( ) ( )'( ) f b f af c
b a
−

=
−

 

8. State and Prove Cauchy’s Mean Value Theorem. OR  

  If f(x) and g(x) are two function defined on [a,b] such that   

                   i) f(x) and g(x) are continuous on [ a, b] 

                        ii) f(x) and g(x) are differentiable  in (a,b)  

                        iii) '( ) 0,   ( , )g x x a b≠ ∀ ∈  

then show that there exist at least one real number ( , )c a b∈  such that  

          '( ) ( ) ( )
'( ) ( ) ( )

f c f b f a
g c g b g a

−
=

−
  



9. State Rolle’s Theorem and write its geometrical interpretation.                

10. State Langrange’s Mean Value Theorem and write its geometrical 

interpretation. 

11. If f(x) is continuous in [a,b] with M and m as its bounds then show that f(x) 

assumes every value between M and m. 

12. Using Langrange’s Mean Value Theorem show that   

cos cos , 0a b b a ifθ θ θ
θ
−

≤ − ≠  

13. If f(x) be a function uch that  '( ) 0, ( , )f x x a b= ∀ ∈   then show that  

f(x) is a constant in this interval.  

14. If f(x) is continuous in the interval [a,b] and '( ) 0, ( , )f x x a b> ∀ ∈  then show  

that  f(x) is monotonic increasing function of x in the interval [a,b]. 

15. If a function f(x) is such that   i) it is continuous in [a, a+h]                                       

                                                       ii) it is derivable in (a, a+h)   

                                                        iii) f(a) = f(a+h) 

     then show that there exist at least one real numberθ  such that '( ) 0,f a hθ+ =  

          where 0<θ  <1. 

16. If the function f(x) is such that       i) it is continuous in [a, a+h]                                      

                                                       ii) it is derivable in (a, a+h)   

         then show that there exists at least one real number θ   such that  

      ( ) ( ) '( ),   0 1f a h f a hf a h whereθ θ+ = + + < <   

17. If f(x) is continuous in the interval [a,b] and  '( ) 0, ( , )f x x a b< ∀ ∈  then show 

that  F(x) is monotonic decreasing function of x in the interval [a, b]. 


