
CONTINUITY AND DIFFERENTIABILITY 

TOTAL MARKS (15) 

FOUR MARK: 

Find the values of k so that function f is continuous at the indicated points in the 

  following 

    1.  𝑓(𝑥) = {
𝑘𝑥2  if 𝑥 ≤ 2
3, if 𝑥 > 2 

, at 𝑥 = 2. 

      Solution: Given 𝑓(𝑥) = 𝑘𝑥2 



                               𝑓(2) = 4𝑘 

                    RHL= lim
𝑥→𝑎+

𝑓(𝑥)                   

                           = lim
𝑥→2+

3 

                            = 3 

                       LHL= lim
𝑥→𝑎−

𝑓(𝑥)                   

                           = lim
𝑥→2−

𝑘𝑥2 

                            =4k 

       Since f(x) is continuous at x = 2  

             ∴ 𝑓(𝑎) = 𝑅𝐻𝐿 = 𝐿𝐻𝑆 

                 4𝑘 = 3 = 4𝑘 

                   ∴ 4𝑘 = 3 

                         𝑘 =
3

4
 

2. 𝑓(𝑥) =  {
𝑘𝑥 + 1, if 𝑥 ≤ 5
3𝑥 − 5, if 𝑥 > 5

   at x = 5 

    Solution: Given 𝑓(𝑥) = 𝑘𝑥 + 1 

                             𝑓(5) = 5𝑘 + 1 

              

                     RHL= lim
𝑥→𝑎+

𝑓(𝑥)          

                          = lim
𝑥→5+

3𝑥 − 5        

                          = 3(5) − 5 

                          = 10 

                      LHL= lim
𝑥→𝑎−

𝑓(𝑥)                   

                           = lim
𝑥→5−

𝑘𝑥 + 1 

                           = 5𝑘 + 1 

       Since f(x) is continuous at x = 5  

             ∴ 𝑓(𝑎) = 𝑅𝐻𝐿 = 𝐿𝐻𝑆 

           5k + 1 = 10 = 5k + 1 

                     5𝑘 + 1 = 10 

                              ∴ 𝑘 =
−9

5
 

3. 𝑓(𝑥) =  {
𝑘𝑥 + 1, if 𝑥 ≤ 𝜋
cos 𝑥 , if 𝑥 > 𝜋

  at x = 𝜋 

      Solution: Given 𝑓(𝑥) = 𝑘𝑥 + 1 

                             𝑓(5) = 𝜋𝑘 + 1 

                      RHL= lim
𝑥→𝑎+

𝑓(𝑥)          

                          = lim
𝑥→𝜋+

𝑐𝑜𝑠𝑥        

                          = cos 𝜋 

                          = −1 

 

               LHL= lim
𝑥→𝑎−

𝑓(𝑥)                   

                           = lim
𝑥→𝜋−

𝑘𝑥 + 1 

                           = 𝜋𝑘 + 1 

              Since f(x) is continuous at x = 𝜋  

                           ∴ 𝑓(𝑎) = 𝑅𝐻𝐿 = 𝐿𝐻𝑆 



                                𝜋𝑘 + 1 = −1 = 𝜋𝑘 + 1 

                                    𝜋𝑘 + 1 = −1 

                                            ∴ 𝑘 =
−2

𝜋
 

4. 𝑓(𝑥) =  {

𝑘𝑐𝑜𝑠𝑥

𝜋−2𝑥
 , 𝑥 ≠

𝜋

2

3,       𝑥 =
𝜋

2

 at x = 
𝜋

2
 

     Solution: Given 𝑓(𝑥) = 3 

                    RHL= lim
𝑥→𝑎+

𝑓(𝑥)          

                          = lim
𝑥→𝜋

2⁄
+

𝑘𝑐𝑜𝑠𝑥

𝜋−2𝑥
        

                          = lim
ℎ→0

[
𝑘𝑐𝑜𝑠(

𝜋

2
+ℎ)

𝜋−2(
𝜋

2
+ℎ)

] 

 = lim
ℎ→0

[
𝑘.(−𝑠𝑖𝑛ℎ)

𝜋−𝜋−2ℎ
] 

                 =  lim
ℎ→0

[
−𝑘 sin ℎ

−2ℎ
]  

                         =
𝑘

2
lim
ℎ→0

sin ℎ

ℎ
  

                         =. 
𝑘

2
 

                      LHL= lim
𝑥→𝑎−

𝑓(𝑥) 

                          = lim
𝑥→𝜋

2⁄
−

𝑘𝑐𝑜𝑠𝑥

𝜋−2𝑥
        

                          = lim
ℎ→0

[
𝑘𝑐𝑜𝑠(

𝜋

2
−ℎ)

𝜋−2(
𝜋

2
−ℎ)

] 

 = lim
ℎ→0

[
𝑘.(𝑠𝑖𝑛ℎ)

𝜋−𝜋+2ℎ
] 

                 =  lim
ℎ→0

[
𝑘 sinℎ

2ℎ
]  

                         =
𝑘

2
lim
ℎ→0

sin ℎ

ℎ
  

                         =. 
𝑘

2
 

 

               Since f(x) is continuous at x = 
𝜋

2
  

                           ∴ 𝑓(𝑎) = 𝑅𝐻𝐿 = 𝐿𝐻𝑆 

                               3 =
𝑘

2
=

𝑘

2
 

                                  ∴  
𝑘

2
= 3 

                                     𝑘 = 6 

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

     𝑓(𝑥) = {
𝑎𝑥 + 1, if 𝑥 ≤ 3 
𝑏𝑥 + 3, if 𝑥 > 3

 

 

Solution: Given 𝑓(𝑥) = 𝑎𝑥 + 1 

                           𝑓(3) = 3𝑎 + 1 

                 RHL= lim
𝑥→𝑎+

𝑓(𝑥)          

                                 = lim
𝑥→3+

𝑏𝑥 + 3      

                                 = 3𝑏 + 1   



                           LHL= lim
𝑥→𝑎−

𝑓(𝑥)                   

                           = lim
𝑥→3−

𝑎𝑥 + 1 

                           = 3𝑎 + 1 

              Since f(x) is continuous at x = 3 

                           ∴ 𝑓(𝑎) = 𝑅𝐻𝐿 = 𝐿𝐻𝑆 

                              3𝑎 + 1 = 3𝑏 + 3 = 3𝑎 + 1 

                                      ∴   3𝑎 + 1 = 3𝑏 + 3 

                      3a= 3b+2 

                           𝑎 =  
3𝑏+2

3
 

                            a = 𝑏 +
2

3
. 

 

 

 

 

 

5. Find the value of a and b such that the function defined by  

     𝑓(𝑥) = {

5                              𝑖𝑓 𝑥 ≤ 2
𝑎𝑥 + 𝑏   𝑖𝑓 2 < 𝑥 < 10              

  21        𝑖𝑓 𝑥 ≥ 10                                        
TRY 

  Solution: At 𝑥 = 2 

               𝑓(𝑥) = 5,     𝑅𝐻𝐿 = 2𝑎 + 𝑏, 𝐿𝐻𝐿 = 5 

                        ∴ 2𝑎 + 𝑏 = 5… … . . (1) 

              At 𝑥 = 10 

               𝑓(𝑥) = 21,     𝑅𝐻𝐿 = 21, 𝐿𝐻𝐿 = 10𝑎 + 𝑏 

                        ∴ 10𝑎 + 𝑏 = 21…… . . (2) 

          From (1) and (2) we get 𝑎 = 2 𝑎𝑛𝑑 𝑏 = 1 

 

SECOND ORDER DERIVATIVES 

FIVE MARK:  

1. If 𝒚 = 𝑨𝐬𝐢𝐧 𝒙 + 𝑩𝐜𝐨𝐬𝒙 then prove that 
𝒅𝟐𝒚

𝒅𝒙𝟐 +  𝒚 = 𝟎 

Ans : Given, 𝑦 = 𝐴 sin 𝑥 + 𝐵 cos 𝑥 

                  Differentiate w.r.to 𝑥 

               
𝑑𝑦

𝑑𝑥
= 𝐴 cos 𝑥 − 𝐵 sin 𝑥 

                Differentiate w.r.to 𝑥 



                
𝑑2𝑦

𝑑𝑥2 = −𝐴 sin 𝑥 − 𝐵 cos 𝑥 

               
𝑑2𝑦

𝑑𝑥2 = −( 𝐴 sin 𝑥 + 𝐵 cos 𝑥) 

                
𝑑2𝑦

𝑑𝑥2 = −𝑦 

                    ∴    
𝑑2𝑦

𝑑𝑥2 + 𝑦 = 0 

2. If 𝒚 = 𝟓𝐜𝐨𝐬 𝒙 − 𝟑 𝐬𝐢𝐧 𝒙 then prove that 
𝒅𝟐𝒚

𝒅𝒙𝟐 +  𝒚 = 𝟎 

   Ans : Given, 𝑦 = 5𝑐𝑜𝑠𝑥 − 3𝑠𝑖𝑛𝑥 

                      Differentiate w.r.to 𝑥 

                   
𝑑𝑦

𝑑𝑥
= −5sin 𝑥 − 3 cos 𝑥 

                    Differentiate w.r.to 𝑥 

                  
𝑑2𝑦

𝑑𝑥2 = −5 cos 𝑥 + 3 sin 𝑥 

                  
𝑑2𝑦

𝑑𝑥2 = −(5 cos 𝑥 − 3 sin 𝑥) 

                  
𝑑2𝑦

𝑑𝑥2 = −𝑦 

                   ∴
𝑑2𝑦

𝑑𝑥2 + 𝑦 = 0 

3. If 𝒚 = 𝟑𝒆𝟐𝒙 + 𝟐𝒆𝟑𝒙  prove that 
𝒅𝟐𝒚

𝒅𝒙𝟐 − 𝟓
𝒅𝒚

𝒅𝒙
+ 𝟔𝒚 = 𝟎 

     Ans : Given,  𝑦 = 3𝑒2𝑥 + 2𝑒3𝑥 

                       Differentiate w.r.to 𝑥 

                          
𝑑𝑦

𝑑𝑥
= 3𝑒2𝑥(2) + 2𝑒3𝑥(3) 

                        
𝑑𝑦

𝑑𝑥
= 6𝑒2𝑥 + 6𝑒3𝑥 

                      Differentiate w.r.to 𝑥 

                         
𝑑2𝑦

𝑑𝑥2 = 6𝑒2𝑥(2) + 6𝑒3𝑥(3) 

                      
𝑑2𝑦

𝑑𝑥2 = 12𝑒2𝑥 + 18𝑒3𝑥 

                Consider, LHS=  
𝑑2𝑦

𝑑𝑥2 − 5
𝑑𝑦

𝑑𝑥
+ 6𝑦   

                          = 12𝑒2𝑥 + 18𝑒3𝑥 − 5(6𝑒2𝑥 + 6𝑒3𝑥) + 6(3𝑒2𝑥 + 2𝑒3𝑥) 



                          = 12𝑒2𝑥 + 18𝑒3𝑥 − 30𝑒2𝑥 − 30𝑒3𝑥 + 18𝑒2𝑥 + 12𝑒3𝑥 

                         = (12 − 30 + 18)𝑒2𝑥 + (18 − 30 + 12)𝑒3𝑥 

                          = 0 

                         = 𝑅𝐻𝑆 

                         ∴  
𝑑2𝑦

𝑑𝑥2 − 5
𝑑𝑦

𝑑𝑥
+ 6𝑦 = 0 

4. If 𝒚 = 𝑨𝒆𝒎𝒙 + 𝑩𝒆𝒏𝒙 Show that 
𝒅𝟐𝒚

𝒅𝒙𝟐 − (𝒎 + 𝒏)
𝒅𝒚

𝒅𝒙
+ 𝒎𝒏𝒚 = 𝟎 

     Ans : Given, 𝑦 = 𝐴𝑒𝑚𝑥 + 𝐵𝑒𝑛𝑥 

                       Differentiate w.r.to 𝑥, we get 

                       
𝑑𝑦

𝑑𝑥
= 𝐴𝑒𝑚𝑥(𝑚) + 𝐵𝑒𝑛𝑥(𝑛)   

                       
𝑑𝑦

𝑑𝑥
= 𝐴𝑚𝑒𝑚𝑥 + 𝐵𝑛𝑒𝑛𝑥   

                      Differentiate w.r.to 𝑥, we get        

                       
𝑑2𝑦

𝑑𝑥2 = 𝐴𝑚𝑒𝑚𝑥(𝑚) + 𝐵𝑒𝑛𝑥(𝑛)   

                        
𝑑2𝑦

𝑑𝑥2 = 𝐴𝑚2𝑒𝑚𝑥 + 𝐵𝑛2𝑒𝑛𝑥   

    Consider, 𝐿𝐻𝑆 =  
𝑑2𝑦

𝑑𝑥2 − (𝑚 + 𝑛)
𝑑𝑦

𝑑𝑥
+ 𝑚𝑛𝑦  

                         = 𝐴𝑚2𝑒𝑚𝑥 + 𝐵𝑛2𝑒𝑛𝑥 − (𝑚 + 𝑛) (𝐴𝑚𝑒𝑚𝑥 + 𝐵𝑛𝑒𝑛𝑥) + 𝑚𝑛(𝐴𝑒𝑚𝑥 + 𝐵𝑒𝑛𝑥)  

                =  𝐴𝑚2𝑒𝑚𝑥 + 𝐵𝑛2𝑒𝑛𝑥 − 𝐴𝑚2𝑒𝑚𝑥 − 𝐵𝑚𝑛𝑒𝑛𝑥 − 𝐴𝑚𝑛𝑒𝑚𝑥 − 𝐵𝑛2𝑒𝑛𝑥 + 𝐴𝑚𝑛𝑒𝑚𝑥 + 𝐵𝑚𝑛𝑒𝑛𝑥 

                = (𝐴𝑚2 − 𝐴𝑚2 − 𝐴𝑚𝑛 + 𝐴𝑚𝑛)𝑒𝑚𝑥 + (𝐵𝑛2 − 𝐵𝑛2 − 𝐵𝑚𝑛 + 𝐵𝑚𝑛)𝑒𝑛𝑥 

                = 0 

                = 𝑅𝐻𝑆 

                ∴  
𝑑2𝑦

𝑑𝑥2 − (𝑚 + 𝑛)
𝑑𝑦

𝑑𝑥
+ 𝑚𝑛𝑦 = 0 

5. If 𝒚 = 𝟓𝟎𝟎𝒆𝟕𝒙 + 𝟔𝟎𝟎𝒆−𝟕𝒙 Show that 
𝒅𝟐𝒚

𝒅𝒙𝟐 = 𝟒𝟗𝒚 

     Ans : Given, 𝑦 = 500𝑒7𝑥 + 600𝑒−7𝑥 

                        Differentiate w.r.to 𝑥 

                          
𝑑𝑦

𝑑𝑥
= 7(500𝑒7𝑥) − 7(600𝑒−7𝑥) 

                       Differentiate w.r.to 𝑥 



                         
𝑑2𝑦

𝑑𝑥2 = 49(500𝑒7𝑥) + 49(600𝑒−7𝑥) 

                           
𝑑2𝑦

𝑑𝑥2 = 49(500𝑒7𝑥 + 600𝑒−7𝑥) 

                           ∴  
𝑑2𝑦

𝑑𝑥2 = 49𝑦 

6. If 𝒚 = 𝟑𝐜𝐨𝐬(𝐥𝐨𝐠 𝒙) + 𝟒𝐬𝐢𝐧(𝐥𝐨𝐠 𝒙) show that 𝒙𝟐𝒚𝟐 + 𝒙𝒚𝟏 + 𝒚 = 𝟎 

         Ans : Given, 𝑦 = 3 cos(log 𝑥) + 4 sin(log 𝑥)  

                            Differentiate w.r.to 𝑥 

                          
𝑑𝑦

𝑑𝑥
=

−3sin(log𝑥)

𝑥
+ 

4 cos(log 𝑥)

𝑥
 

                             Multiplying 𝑥 on both sides 

                          𝑥
𝑑𝑦

𝑑𝑥
= −3sin(log 𝑥) + 4 cos(log 𝑥) 

                               Differentiate w.r.to 𝑥 

                            𝑥
𝑑2𝑦

𝑑𝑥2 +
𝑑𝑦

𝑑𝑥
=

−3cos(log𝑥)

𝑥
− 

4sin(log𝑥)

𝑥
 

                              Multiplying 𝑥 on both sides 

                       𝑥2 𝑑2𝑦

𝑑𝑥2 + 𝑥
𝑑𝑦

𝑑𝑥
= −[3 cos(log 𝑥) + 4 sin(log 𝑥)]  

                          𝑥2 𝑑2𝑦

𝑑𝑥2  + 𝑥
𝑑𝑦

𝑑𝑥
= −𝑦 

                          𝑥2 𝑑2𝑦

𝑑𝑥2  + 𝑥
𝑑𝑦

𝑑𝑥
+ 𝑦 = 0 

                           ∴ 𝑥2𝑦2 + 𝑥𝑦1 + 𝑦 = 0 

7. If 𝒚 = 𝐬𝐢𝐧−𝟏 𝒙 show that (𝟏 − 𝒙𝟐)
𝒅𝟐𝒚

𝒅𝒙𝟐 − 𝒙
𝒅𝒚

𝒅𝒙
= 𝟎. 

     Ans : Given, 𝑦 = sin−1 𝑥 

                    Differentiate w.r.to 𝑥 

                       
𝑑𝑦

𝑑𝑥
= 

1

√1−𝑥2
 

                  Multiplying √1 − 𝑥2 on both sides 

                       √1 − 𝑥2  
𝑑𝑦

𝑑𝑥
= 1  

                  Differentiate w.r.to 𝑥, we get 

                        √1 − 𝑥2  
𝑑2𝑦

𝑑𝑥2 +
𝑑𝑦

𝑑𝑥

1

2√1−𝑥2
 (0 − 2𝑥) = 0 



                       √1 − 𝑥2  
𝑑2𝑦

𝑑𝑥2 −
𝑑𝑦

𝑑𝑥

𝑥

√1−𝑥2
 = 0 

             Again, multiplying √1 − 𝑥2 on both sides 

                      (1 − 𝑥2)
𝑑2𝑦

𝑑𝑥2 − 𝑥
𝑑𝑦

𝑑𝑥
= 0. 

8. If 𝒚 = (𝐭𝐚𝐧−𝟏 𝒙)
𝟐
 show that (𝒙𝟐 + 𝟏)

𝟐
𝒚𝟐 + 𝟐𝒙(𝒙𝟐 + 𝟏)𝒚𝟏 = 𝟐. 

      Ans : Given, 𝑦 = (tan−1 𝑥)2 

                      Differentiate w.r.to 𝑥 

                         
𝑑𝑦

𝑑𝑥
=

2 tan−1 𝑥

1+ 𝑥2   

                  Multiplying  (1 + 𝑥2)  on both sides 

                               (1 + 𝑥2)
𝑑𝑦

𝑑𝑥
= 2 tan−1 𝑥  

                      Differentiate w.r.to 𝑥, we get 

                  (1 + 𝑥2)
𝑑2𝑦

𝑑𝑥2 +
𝑑𝑦

𝑑𝑥
(0 + 2𝑥)+= 2

1

1+ 𝑥2 

                  Again multiplying (1 + 𝑥2)  on both sides 

                      (𝑥2 + 1)2 𝑑2𝑦

𝑑𝑥2 + 2𝑥(𝑥2 + 1)
𝑑𝑦

𝑑𝑥
= 2 

                    ∴ (𝑥2 + 1)2𝑦2 + 2𝑥(𝑥2 + 1)𝑦1 = 2. 

9. If 𝒆𝒚(𝒙 + 𝟏) = 𝟏 Show that 
𝒅𝟐𝒚

𝒅𝒙𝟐 = (
𝒅𝒚

𝒅𝒙
)
𝟐
 

           Ans : Given, 𝑒𝑦(𝑥 + 1) = 1 

                                (𝑥 + 1) =
1

𝑒𝑦 

                            ∴  (𝑥 + 1) = 𝑒−𝑦 

                  Differentiate w.r.to 𝑥, we get 

                         1 = −𝑒−𝑦 𝑑𝑦

𝑑𝑥
 

                       ∴  
𝑑𝑦

𝑑𝑥
= −𝑒𝑦    .........(1)  

           Differentiate w.r.to 𝑥, we get 

                         
𝑑2𝑦

𝑑𝑥2 = −𝑒𝑦 𝑑𝑦

𝑑𝑥
 

                        
𝑑2𝑦

𝑑𝑥2 = (
𝑑𝑦

𝑑𝑥
)(

𝑑𝑦

𝑑𝑥
)     using (1) 



                        
𝑑2𝑦

𝑑𝑥2 = (
𝑑𝑦

𝑑𝑥
)
2
 

10. If 𝒚 = 𝒆𝒂𝐜𝐨𝐬−𝟏 𝒙 Show that (𝟏 − 𝒙𝟐)
𝒅𝟐𝒚

𝒅𝒙𝟐 − 𝒙
𝒅𝒚

𝒅𝒙
− 𝒂𝟐𝒚 = 𝟎 

        Ans : Given, 𝑦 = 𝑒𝑎 cos−1 𝑥 

                   
𝑑𝑦

𝑑𝑥
= 𝑒𝑎 cos−1 𝑥 (

−𝑎

√1−𝑥2
) 

                Multiplying √1 − 𝑥2 on both sides 

                     √1 − 𝑥2  
𝑑𝑦

𝑑𝑥
= −𝑎𝑒𝑎 cos−1 𝑥 

                 Differentiate w.r.to 𝑥, we get 

            √1 − 𝑥2 𝑑2𝑦

𝑑𝑥2 +
𝑑𝑦

𝑑𝑥
 

1

2√1−𝑥2
(0 − 2𝑥) = −𝑎𝑒𝑎 cos−1 𝑥 (

−𝑎

√1−𝑥2
) 

              Multiplying √1 − 𝑥2 on both sides 

                 (1 − 𝑥2)
𝑑2𝑦

𝑑𝑥2 −
𝑑𝑦

𝑑𝑥

𝑥

√1−𝑥2
= 𝑎2𝑒𝑎cos−1 𝑥 

                    (1 − 𝑥2)
𝑑2𝑦

𝑑𝑥2 −
𝑑𝑦

𝑑𝑥

𝑥

√1−𝑥2
= 𝑎2𝑦 

                ∴ (1 − 𝑥2)
𝑑2𝑦

𝑑𝑥2 − 𝑥
𝑑𝑦

𝑑𝑥
− 𝑎2𝑦 = 0 

THREE MARKS 

Rolle’s Theorem 

Let 𝑓: [𝑎, 𝑏] → 𝑅 be continuous on [𝑎, 𝑏] and differentiable on (𝑎, 𝑏) such that 𝑓(𝑎) = 𝑓(𝑏) 

where 𝑎 and 𝑏 are some real numbers. Then there exists some 𝑐 in (𝑎, 𝑏) such that 

𝑓′(𝑐) = 0 

Problems 

1. Verify Rolle’s theorem for the function 𝒚 = 𝒙𝟐 + 𝟐,  𝒂 = −𝟐 and 𝒃 = 𝟐 

    Solution: The given function 𝑓(𝑥) = 𝑥2 + 2 is polynomial function, is continuous in  

      [−2, 2] 

      And 𝑓(𝑥) = 𝑥2 + 2 

              Diff w.r.t 𝑥 

                𝑓′(𝑥) = 2𝑥 

         ∴ 𝑓(𝑥)𝑖𝑠 differntiable in on (-2, 2) 

        Also, 𝑓(𝑎) = 𝑓(−2) = 4 + 2 = 6 

  𝑓(𝑏) = 𝑓(2) = 4 + 2 = 6 

         𝑓(𝑎) = 𝑓(𝑏) 

Then there exists atleast one real number c 𝜖 (-2, 2) such that 𝑓′(𝑐) = 0 

          ∴ 2𝑐 = 0 



 

 𝑐 =
0

2
= 0 ∈ (−2, 2) 

Hence Rolle’s Theorem is varified  

2. Verify Rolle’s theorem for the function  𝒚 = 𝒙𝟐 + 𝟐𝒙 − 𝟖 , 𝒂 = −𝟒 and 𝒃 = 𝟐 

     Solution: The given function 𝑓(𝑥) = 𝑥2 + 2𝑥 − 8 is polynomial function, is continuous  

      in [−4, 2] 

      And, 𝑓(𝑥) = 𝑥2 + 2𝑥 − 8 

                  Diff w,r.t to 𝑥 

                 𝑓′(𝑥) = 2𝑥 + 2 

    ∴ 𝑓(𝑥)𝑖𝑠 differntiable in on (-4, 2) 

        Also, 𝑓(𝑎) =  (−4)2 + 2(−4) − 8 = 16 − 8 − 8 = 0 

          𝑓(𝑏) =  (2)2 + 2(2) − 8= 4 + 4 − 8 = 0 

                   𝑓(𝑎) = 𝑓(𝑏) 

          Then there exists atleast one real number c 𝜖 (-2, 2) such that 𝑓′(𝑐) = 0 

          ∴ 2𝑐 + 2 = 0 

            2𝑐 =  −2 

                𝑐 =  −2/2 

               𝑐 =  −1 ∈ (−4, 2) 

Hence Rolle’s Theorem is varified  

 

 

Mean Value Theorem 

Let 𝑓: [𝑎, 𝑏] → 𝑅 be continuous on [𝑎, 𝑏] and differentiable on (𝑎, 𝑏). Then there exists some 

𝑐 in (𝑎, 𝑏) such that𝑓′(𝑐) =
𝑓(𝑏)−𝑓(𝑎)

𝑏−𝑎
 

3. Verify mean theorem if 𝒇(𝒙) = 𝒙𝟐 in the interval [a, b] where a = 2 b = 4  

    Solution: The given function 𝑓(𝑥) = 𝑥2 is polynomial function, is continuous  

      in [2, 4] 

    And, 𝑓(𝑥) = 𝑥2 

            Diff w,r.t to 𝑥 

             𝑓′(𝑥) = 2𝑥 

    ∴ 𝑓(𝑥)𝑖𝑠 differntiable in on (2, 4) 

     Also,      𝑓(𝑎) = (2)2 = 4 

                      𝑓(𝑏) = (4)2 = 16 

                       𝑓(𝑎) ≠ 𝑓(𝑏) 

     Then there exists atleast one real number c 𝜖 (2, 4) such that 

           𝑓′(𝑐) =
𝑓(𝑏)−𝑓(𝑎)

𝑏−𝑎
 

               2𝑐 =
16−4

4−2
 

                   2𝑐 =
12

2
 

                  2𝑐 = 6  

                   𝑐 =   3 ∈ (2, 4) 

    Hence Mean value Theorem is varified  

4. Verify mean theorem if 𝒇(𝒙) = 𝒙𝟐 − 𝟒𝒙 − 𝟑 in the interval [a, b] where a = 1 b = 4 

     Solution:  The given function 𝑓(𝑥) = 𝑥2 − 4𝑥 − 3 is polynomial function, is continuous  

      in [1, 4] 



     And, 𝑓(𝑥) = 𝑥2 − 4𝑥 − 3 

            Diff w.r.t to 𝑥 

        𝑓′(𝑥) = 2𝑥 − 4 

    ∴ 𝑓(𝑥)𝑖𝑠 differntiable in on (1, 4) 

   Also, 𝑓(𝑎) = 1 − 4 − 3 = −6 

               𝑓(𝑏) = 16 − 16 − 3 = −3 

  Then there exists atleast one real number c 𝜖 (1, 4) such that 

           𝑓′(𝑐) =
𝑓(𝑏)−𝑓(𝑎)

𝑏−𝑎
 

               2𝑐 − 4 =
−3−(−6)

4−1
 

 2𝑐 − 4 =
−3 + 6

3
 

 2𝑐 − 4 = 1 

 2𝑐 = 1 + 4 

 𝑐 =
5

2
∈ (1 ,4) 

Hence Mean value Theorem is verified 

5. Verify mean value theorem if 𝒇(𝒙) = 𝒙𝟑 − 𝟓𝒙𝟐 − 𝟑𝒙 in the interval [𝟏, 𝟑] 

    Solution: The given function  𝑓(𝑥) = 𝑥3 − 5𝑥2 − 3𝑥 is polynomial function, is 

continuous  

      in [1, 3] 

    And, 𝑓(𝑥) = 𝑥3 − 5𝑥2 − 3𝑥 

                    Diff w.r.t 𝑥 

            𝑓′(𝑥) = 3𝑥2 − 10𝑥 − 3 

    ∴ 𝑓(𝑥)𝑖𝑠 differntiable in on (1, 3) 

  Also,𝑓(𝑎) = (1)3 − 5(1)2 − 3(1) = 1 − 5 − 3 = −7 

         𝑓(𝑏) = (3)3 − 5(3)2 − 3(3) = 27 − 45 − 9 = −27 

  Then there exists atleast one real number c 𝜖 (1, 3) such that 

           𝑓′(𝑐) =
𝑓(𝑏)−𝑓(𝑎)

𝑏−𝑎
 

           3𝑐2 − 10𝑐 − 3 =
(−27)−(−7)

3−1
 

 3𝑐2 − 10𝑐 − 3 =
(−27)−(−7)

3−1
 

 3𝑐2 − 10𝑐 − 3 =
−27+7

2
 

 3𝑐2 − 10𝑐 − 3 =
−20

2
 

 3𝑐2 − 10𝑐 − 3= −10 

 3𝑐2 − 10𝑐 =  −10 + 3 

 3𝑐2 − 10𝑐 =  −7 

 3𝑐2 − 10𝑐 + 7 = 0 

 3𝑐2 − 3𝑐 − 7𝑐 + 7 = 0 

 3𝑐(𝑐 − 1) − 7(𝑐 − 1) = 0 

 (3𝑐 − 7)(𝑐 − 1) = 0 

 (3𝑐 − 7) = 0 𝑎𝑛𝑑  (𝑐 − 1) = 0 

 𝑐 =
7

3
𝜖 c (1, 3) and 𝑐 = 1 ∈ (1, 3)  

         Hence Mean value Theorem is verified 

 

THREE MARKS 



IMPLICIT FUNCTIONS 

 

Find 
𝒅𝒚

𝒅𝒙
 in the following : 

1. 𝑥 − 𝑦 =  𝜋 

Diff. w .r .t .x 

1 −
𝑑𝑦

𝑑𝑥
= 0 

𝑑𝑦

𝑑𝑥
= 1. 

2. 𝑥 + 𝑠𝑖𝑛𝑦 = 𝑐𝑜𝑠𝑥. 

Diff. w. r. t. x  

1 + 𝑐𝑜𝑠𝑦.
𝑑𝑦

𝑑𝑥
= −𝑠𝑖𝑛𝑥. 

𝑐𝑜𝑠𝑦.
𝑑𝑦

𝑑𝑥
= −𝑠𝑖𝑛𝑥 − 1 

𝑑𝑦

𝑑𝑥
=

−[1+𝑠𝑖𝑛 𝑥]

𝑐𝑜𝑠 𝑦
. 

3. √𝑥 + √𝑦 = 𝑥 

Diff. w. r. t. x  

1

2√𝑥
+

1

2√𝑦
 .
𝑑𝑦

𝑑𝑥
= 1 

1

2√𝑦
 .
𝑑𝑦

𝑑𝑥
= 1 −

1

2√𝑥
 

𝑑𝑦

𝑑𝑥
= [1 −

1

2√𝑥
]  2√𝑦.  

4. 𝑦 + 𝑠𝑖𝑛 𝑦 = 𝑐𝑜𝑠 𝑥 

Diff. w. r. t. x. 

𝑑𝑦

𝑑𝑥
+ 𝑐𝑜𝑠𝑦.

𝑑𝑦

𝑑𝑥
=  −𝑠𝑖𝑛𝑥 

𝑑𝑦

𝑑𝑥
[1 + 𝑐𝑜𝑠𝑦] = −𝑠𝑖𝑛𝑥 

𝑑𝑦

𝑑𝑥
=

−sin 𝑥

1 + cos 𝑦
. 

5. 2𝑥 + 3𝑦 = 𝑠𝑖𝑛𝑥 

Diff. w. r. t. x. 

2 + 3
𝑑𝑦

𝑑𝑥
= 𝑐𝑜𝑠𝑥 

3 
𝑑𝑦

𝑑𝑥
= 𝑐𝑜𝑠𝑥 − 2 

    
𝑑𝑦

𝑑𝑥
=

𝑐𝑜𝑠𝑥−2

3
 

6. 𝑎𝑥 + 𝑏𝑦2 = 𝑐𝑜𝑠𝑦 

Diff. w. r. t. x. 

𝑎 + 2𝑏𝑦.
𝑑𝑦

𝑑𝑥
=  −𝑠𝑖𝑛𝑦.

𝑑𝑦

𝑑𝑥
 

𝑎 + 2𝑏𝑦.
𝑑𝑦

𝑑𝑥
+ 𝑠𝑖𝑛𝑦.

𝑑𝑦

𝑑𝑥
= 0 

𝑎 +
𝑑𝑦

𝑑𝑥
[2𝑏𝑦 + 𝑠𝑖𝑛𝑦] = 0 



𝑑𝑦

𝑑𝑥
[2𝑏𝑦 + 𝑠𝑖𝑛𝑦] =  −𝑎 

𝑑𝑦

𝑑𝑥
=

−𝑎

2𝑏𝑦+𝑠𝑖𝑛𝑦
. 

7. 𝑥𝑦 + 𝑦2 = 𝑡𝑎𝑛𝑥 + 𝑦 

Diff. w. r.t.x. 

𝑥.
𝑑𝑦

𝑑𝑥
+ 𝑦 + 2𝑦.

𝑑𝑦

𝑑𝑥
= 𝑠𝑒𝑐2𝑥 +

𝑑𝑦

𝑑𝑥
 

𝑥.
𝑑𝑦

𝑑𝑥
+ 2𝑦.

𝑑𝑦

𝑑𝑥
−

𝑑𝑦

𝑑𝑥
= 𝑠𝑒𝑐2𝑥 − y 

𝑥.
𝑑𝑦

𝑑𝑥
+ 2𝑦.

𝑑𝑦

𝑑𝑥
−

𝑑𝑦

𝑑𝑥
= 𝑠𝑒𝑐2𝑥 − 𝑦. 

𝑑𝑦

𝑑𝑥
[𝑥 + 2𝑦 − 1] = 𝑠𝑒𝑐2𝑥 − 𝑦. 

 
𝑑𝑦

𝑑𝑥
=

𝑠𝑒𝑐2𝑥−𝑦

[𝑥+2𝑦−1]
 

8. 𝑥2 + 𝑥𝑦 + 𝑦2 = 100 

Diff. w. r. t. x 

2𝑥 + 𝑥.
𝑑𝑦

𝑑𝑥
+ 𝑦 + 2𝑦.

𝑑𝑦

𝑑𝑥
= 0 

𝑑𝑦

𝑑𝑥
[𝑥 + 2𝑦] =  −2𝑥 − 𝑦 

𝑑𝑦

𝑑𝑥
= −

[2𝑥+𝑦]

(𝑥+2𝑦)
. 

9. 𝑥3 + 𝑥2𝑦 + 𝑥𝑦2 + 𝑦3 = 81 

Diff. w. r. t. x 

3𝑥2 + 𝑥2.
𝑑𝑦

𝑑𝑥
+ 𝑦. 2𝑥 + 𝑥. 2𝑦.

𝑑𝑦

𝑑𝑥
+ 𝑦2 + 3𝑦2

𝑑𝑦

𝑑𝑥
= 0. 

𝑑𝑦

𝑑𝑥
[𝑥2 + 2𝑥𝑦 + 3𝑦2] = −3𝑥2 − 2𝑥𝑦 − 𝑦2 

𝑑𝑦

𝑑𝑥
=

−(3𝑥2+𝑦2+2𝑥𝑦)

𝑥2+2𝑥𝑦+3𝑦2 .  

    10.  𝑠𝑖𝑛2𝑥 + 𝑐𝑜𝑠2𝑦 = 1 

Diff. w. r. t. x. 

2𝑠𝑖𝑛𝑥. 𝑐𝑜𝑠𝑥 + 2𝑐𝑜𝑠𝑦. (−𝑠𝑖𝑛𝑦).
𝑑𝑦

𝑑𝑥
= 0 

 2𝑠𝑖𝑛𝑥. 𝑐𝑜𝑠𝑥 = 2𝑐𝑜𝑠𝑦. 𝑠𝑖𝑛𝑦.
𝑑𝑦

𝑑𝑥
 

𝑑𝑦

𝑑𝑥
=

2 sin𝑥 𝑐𝑜𝑠𝑥

2 𝑐𝑜𝑠𝑦 𝑠𝑖𝑛𝑦
=

sin 2𝑥

sin2𝑦
. 

     11. 𝑠𝑖𝑛2𝑦 + cos(𝑥𝑦) = 𝑘 

          2 𝑠𝑖𝑛𝑦. 𝑐𝑜𝑠𝑦.
𝑑𝑦

𝑑𝑥
− sin(𝑥𝑦) (𝑥.

𝑑𝑦

𝑑𝑥
+ 𝑦) = 0 

sin 2𝑦.
𝑑𝑦

𝑑𝑥
− 𝑥𝑠𝑖𝑛(𝑥𝑦)

𝑑𝑦

𝑑𝑥
− 𝑦𝑠𝑖𝑛(𝑥𝑦) = 0 

𝑑𝑦

𝑑𝑥
[𝑠𝑖𝑛2𝑦 − 𝑥𝑠𝑖𝑛(𝑥𝑦)] = 𝑦 sin (𝑥𝑦) 

𝑑𝑦

𝑑𝑥
=

𝑦𝑠𝑖𝑛(𝑥𝑦)

[𝑠𝑖𝑛2𝑦−𝑥𝑠𝑖𝑛(𝑥𝑦)]
. 


