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CBSE Class 12 Mathematics Differentiation Worksheet 
 Higher Order Derivative 

Q1. 
If 𝑦 = cos−1𝑥, find

𝑑2𝑦

𝑑𝑥2
in terms of 𝑦 alone. 

Sol.1 We have ,    y = cos-1x                   -------(1) 

Diff  w.r.t x 

                  
𝑑𝑦

𝑑𝑥
=

−1

√1−𝑥2
 

⇒       √1 − 𝑥2
𝑑𝑦

𝑑𝑥
= −1         (cross thus SH e) 

                  
𝑑𝑦

𝑑𝑥
=

−1

√1−𝑥2
 

Diff again w.r.t x        (using Quotient rule) 

⇒       
𝑑2𝑦

𝑑𝑥2
=

√1−𝑥2(0)−(−1)
1

2√1−𝑥2
(−2x)

(1−𝑥2)
 

 

⇒       
𝑑2𝑦

𝑑𝑥2
=

−
𝑥

√1−𝑥2

(1−𝑥2)
 

⇒       
𝑑2𝑦

𝑑𝑥2
=

−𝑥

(1−𝑥2)√1−1x2
 

from of (1)  x = cos y  ,  put in 
𝑑2𝑦

𝑑𝑥2
 

⇒       
𝑑2𝑦

𝑑𝑥2
=

−cos𝑦

(1−cos2𝑦)√1−cos2𝑦
 

⇒       
−cos𝑦

sin2𝑦.sin𝑦
 

                 
𝑑2𝑦

𝑑𝑥2
= −cot𝑦. 𝑐𝑜𝑠𝑒𝑐2𝑦  Ans. 

Q2. 
If 𝑦 = 𝐴𝑒𝑚𝑥 + 𝐵𝑒𝑛𝑥, show that 

𝑑2𝑦

𝑑𝑥2
− (𝑚 + 𝑛)

𝑑𝑦

𝑑𝑥
+𝑚𝑛𝑦 = 0. 

Sol.2 We have ,   𝑦 = 𝐴𝑒𝑚𝑥 + 𝐵𝑒𝑛𝑥  -----(1) 

Diff  w.r.t x , 

                 
𝑑𝑦

𝑑𝑥
= 𝑚𝐴𝑒𝑚𝑥 + 𝑛𝐵𝑒𝑛𝑥-----(2) 

Diff again w.r.t x 

                 
𝑑2𝑦

𝑑𝑥2
=

−cos𝑦

(1−cos2𝑦)√1−cos2𝑦
   ----(3) 

Taking LHS 

                 
𝑑2𝑦

𝑑𝑥2
= (𝑚 + 𝑛)

𝑑𝑦

𝑑𝑥
+𝑚𝑛𝑦 

Substituting the value of
𝑑2𝑦

𝑑𝑥2
,
𝑑𝑦

𝑑𝑥
&𝑦    ...{from (1) , (2) & (3)} 

                  𝑚2𝐴𝑒𝑚𝑥 + 𝑛2𝐵𝑒𝑛𝑥 − (𝑚 + 𝑛)(𝑚𝐴𝑒𝑚𝑥 + 𝑛𝐵𝑒𝑛𝑥) + 𝑚𝑛(𝐴𝑒𝑚𝑥 + 𝐵𝑒𝑛𝑥) 

⇒       𝑚2𝐴𝑒𝑚𝑥 + 𝑛2𝐵𝑒𝑛𝑥 −𝑚2𝐴𝑒𝑚𝑥 −𝑚𝑛𝐵𝑒𝑛𝑥 −𝑚𝑛𝐴𝑒𝑚𝑥 − 𝑛2𝐴𝑒𝑛𝑥 +𝑚𝑛𝐴𝑒𝑚𝑥 +

𝑚𝑛𝐵𝑒𝑛𝑥 = 0RHS.   (Proved) 

Q3. 
If  y = tan x + sec x , show that 

𝑑2𝑦

𝑑𝑥2
=

cos𝑥

(1−sin𝑥)2
. 

Sol.3 We have    y = tan x + sec x 

Diff  w.r.t x 

Downloaded from www.studiestoday.com

Downloaded from www.studiestoday.com

http://www.studiestoday.com/


 
 

Copyright © www.studiestoday.com All rights reserved. No part of this publication may be 
reproduced, distributed, or transmitted in any form or by any means, including photocopying, 
recording, or other electronic or mechanical methods, without the prior written permission. 

 

                  
𝑑𝑦

𝑑𝑥
= 𝑠𝑒𝑐2𝑥 + 𝑠𝑒𝑐𝑥tan𝑥 

⇒       
𝑑2𝑦

𝑑𝑥2
=

−cos𝑦

(1−cos2𝑦)√1−cos2𝑦
 

⇒       
𝑑𝑦

𝑑𝑥
=

1+sin𝑥

cos2𝑥
 

⇒       
𝑑𝑦

𝑑𝑥
=

1+sin𝑥

1−sin𝑥
 

⇒       
𝑑𝑦

𝑑𝑥
=

1+sin𝑥

(1−sin𝑥)(1+sin𝑥)
 

⇒       
𝑑𝑦

𝑑𝑥
=

1

1−sin𝑥
 

Diff  again w.r.t.  x (using Quotient rule) 

⇒       
𝑑2𝑦

𝑑𝑥2
=

(1−sin𝑥)(0)−1(−cos𝑥)

(1−sin𝑥)2
 

⇒       
𝑑2𝑦

𝑑𝑥2
=

cos𝑥

(1−sin𝑥)2
      (Proved) 

Q4. 

If (𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 = 𝑐2-------(1) , Show that 
[1+(

𝑑𝑦

𝑑𝑥
)
2
]
3 2⁄

𝑑2𝑦

𝑑𝑥2

is a constant and independent of a and b. 

Sol.4 We have ,  (𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 = 𝑐2             …..(1) 

Diff  w.r.t. x 

                 2(𝑥 − 𝑎) + 2(𝑦 − 𝑏)
𝑑𝑦

𝑑𝑥
= 0 

⇒       (𝑥 − 𝑎) + (𝑦 − 𝑏)
𝑑𝑦

𝑑𝑥
= 0 

⇒       
𝑑𝑦

𝑑𝑥
=

−(𝑥−𝑎)

(𝑦−𝑏)
                      …..(2) 

Diff again  w.r.t.  x (Quotient rule on RHL) 

⇒       
𝑑2𝑦

𝑑𝑥2
= − [

(𝑦−𝑏)(1)−(𝑥−𝑎)𝑑𝑦 𝑑𝑥⁄

(𝑦−𝑏)2
]       

⇒       
𝑑2𝑦

𝑑𝑥2
= −[

(𝑦−𝑏)+(𝑥−𝑎)(
𝑥−𝑎

𝑦−𝑏
)

(𝑦−𝑏)2
]                 …..{from eq.  (2)} 

⇒       
𝑑2𝑦

𝑑𝑥2
= − [

(𝑦−𝑏)2+(𝑥−𝑎)2

(𝑦−𝑏)3
] 

⇒       
𝑑2𝑦

𝑑𝑥2
=

−(𝑐2)

(𝑦−𝑏)3
                          …...{From eq. (1)} 

Consider   
[1+(

𝑑𝑦

𝑑𝑥
)
2
]
3 2⁄

(
𝑑2𝑦

𝑑𝑥2
)
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         =      
(1+

(𝑥−𝑎)2

(𝑦−𝑏)2
)
3 2⁄

−𝑐2

(𝑦−𝑏)3

 

         =      
(
(𝑥−𝑎)2+(𝑦−𝑏)2

(𝑦−𝑏)2
)
3 2⁄

−𝑐2

(𝑦−𝑏)3

 

         =      
[

𝑐2

(𝑦−𝑏)2
]
3 2⁄

−𝑐2

(𝑦−𝑏)3

 

         =      

𝑐3

(𝑦−𝑏)3

−𝑐3

(𝑦−𝑏)3

         =      
𝑐3

−𝑐3
= −𝑐 which is a constant and independent of a and b.  (Proved) 

Q5. 
If 𝑥 = 𝑎(𝜃 − sin𝜃)and𝑦 = 𝑎(1 + cos𝜃)find

𝑑2𝑦

𝑑𝑥2
. 

Sol.5 We have , 

            𝑥 = 𝑎(𝜃 − sin𝜃)                                      𝑦 = 𝑎(1 + cos𝜃) 

Diff   w.r.t.  𝜃                                                  Diff  w.r.t  𝜃 

     
𝑑𝑥

𝑑𝜃
= 𝑎(1 − cos𝜃)      ….(1)                                     

𝑑𝑦

𝑑𝜃
= 𝑎(−sin𝜃) 

Now   
𝑑𝑦

𝑑𝑥
=

𝑑𝑦 𝑑⁄ 𝜃

𝑑𝑥 𝑑⁄ 𝜃
                                          

⇒       
𝑑𝑦

𝑑𝑥
=

−𝑎sin𝜃

𝑎(1−cos𝜃)
 

⇒       
𝑑𝑦

𝑑𝑥
=

−sin𝜃

1−cos𝜃
=

−2sin(𝜃 2⁄ ).cos(𝜃 2⁄ )

2sin2(𝜃 2⁄ )
 

⇒       
𝑑𝑦

𝑑𝑥
= −cot(𝜃 2⁄ ) 

Now Diff  w.r.t  x 

                 
𝑑2𝑦

𝑑𝑥2
= − [−𝑐𝑜𝑠𝑒𝑐2

𝜃

2
] .

1

2
.
𝑑𝜃

𝑑𝑥
   {main step} 

⇒       
𝑑2𝑦

𝑑𝑥2
=

1

2
𝑐𝑜𝑠𝑒𝑐2 (

𝜃

2
) .

1

𝑎(1−cos𝜃)
        …..{from eq. (1)} 

⇒       
𝑑2𝑦

𝑑𝑥2
=

1

2a
. 𝑐𝑜𝑠𝑒𝑐2 (

𝜃

2
) .

1

2sin2(𝜃 2⁄ )
 

⇒       
𝑑2𝑦

𝑑𝑥2
=

1

4a
𝑐𝑜𝑠𝑒𝑐4 (

𝜃

2
)           Ans. 

Q6. 
If 𝑥 = 𝑎(cos𝜃 + sin𝜃)&𝑦 = 𝑎(sin𝜃 − 𝜃cos𝜃). Find 

𝑑2𝑦

𝑑𝑥2
at𝜃 =

𝜋

3
. 

Sol.6 We have,  𝑥 = 𝑎(cos𝜃 + 𝜃sin𝜃) 
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Diff  w.r.t  𝜃 

                 
𝑑𝑥

𝑑𝜃
= 𝑎[−sin𝜃 + 𝜃. cos𝜃 + sin𝜃] 

                 
𝑑𝑥

𝑑𝜃
= 𝑎𝜃cos𝜃    …...(1) 

                 𝑦 = 𝑎(sin𝜃 − 𝜃cos𝜃) 

Diff  w.r.t. 𝜃 

                 
𝑑𝑦

𝑑𝜃
= 𝑎(cos𝜃 − (−𝜃sin𝜃 + cos𝜃)) 

⇒       
𝑑𝑦

𝑑𝜃
= 𝑎𝜃sin𝜃 

Now          
𝑑𝑦

𝑑𝑥
=

𝑑𝑦 𝑑⁄ 𝜃

𝑑𝑥 𝑑⁄ 𝜃
 

⇒       
𝑑𝑦

𝑑𝑥
=

𝑎𝜃sin𝜃

𝑎𝜃cos𝜃
= tan𝜃 

Diff now w.r.t. 'x' 

                 
𝑑2𝑦

𝑑𝑥2
= 𝑠𝑒𝑐2𝜃.

𝑑𝜃

𝑑𝑥
 

⇒       
𝑑2𝑦

𝑑𝑥2
= 𝑠𝑒𝑐2𝜃.

1

𝑎𝜃cos𝜃
=

1

𝑎𝜃
. 𝑠𝑒𝑐3𝜃 

⇒       (
𝑑2𝑦

𝑑𝑥2
)
𝜃=𝜋 3⁄

=
1

𝑎.
𝜋

3

𝑠𝑒𝑐3(𝜋 3⁄ ) 

⇒       (
𝑑2𝑦

𝑑𝑥2
)
𝜃=𝜋 3⁄

=
3

𝑎𝜋
(2)3              ….....{cos

𝜋

3
= 1 2⁄ .. . 𝑠𝑒𝑐 𝜋 3⁄ = 2} 

⇒       (
𝑑2𝑦

𝑑𝑥2
)
𝜃=𝜋 3⁄

=
24

𝑎𝜋
 

  Ans. 

Q7. Find A and B so that y = A sin(3x) + B cos(3x) satisfies the equation 

𝑑2𝑦

𝑑𝑥2
+ 4

𝑑𝑦

𝑑𝑥
+ 3y = 10cos(3x) 

Sol.7 We have ,    y =  A sin(3x) + B cos(3x) 

Diff  w.r.t. x 

                 
𝑑𝑦

𝑑𝑥
= 3A. cos(3x) − 3𝐵sin(3x) 

Diff again w.r.t.  x 

                 (
𝑑2𝑦

𝑑𝑥2
)
𝜃=𝜋 3⁄

=
1

𝑎.
𝜋

3

𝑠𝑒𝑐3(𝜋 3⁄ ) 

given equation : 

                 
𝑑2𝑦

𝑑𝑥2
+

4dy

𝑑𝑥
+ 3y = 10cos(3x) 
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subst.   The values of    
𝑑2𝑦

𝑑𝑥2
,
𝑑𝑦

𝑑𝑥
, 𝑦 

         −9𝐴sin(3x) − 9𝐵cos(3x) + 4(3Acos(3x) − 3𝐵sin(3x)) + 3(𝐴sin(3x) +

𝐵cos(3x)) = 10cos(3x) 

⇒ −9𝐴sin(3x) − 9𝐵cos(3x) + 12𝐴cos(3x) − 12𝐵sin(3x) + 3(𝐴sin(3x) + 𝐵cos(3x))

= 10cos(3x) 

⇒ sin(3x)[−9𝐴 − 12𝐵 + 3𝐴] + cos(3x)[−9𝐵 + 12𝐴 + 3𝐵] = 10cos(3x) 

⇒ sin(3x)(−6𝐴 − 12𝐵) + cos(3x)(−6𝐵 + 12𝐴) = 10cos(3x) 

equating the coefficients of sin(3x) and cos(3x) on both sides. 

We have ,     –6 A – 12 B = 0 

       and        –6 B + 12 A = 10 

solving these two equations we get 

  𝐴 =
2

3
, 𝐵 =

−1

3
  Ans. 

Q8. 
If 𝑥 = 𝑎cos𝜃 + 𝑏sin𝜃and𝑦 = 𝑎sin𝜃 − 𝑏cos𝜃, show that 𝑦2

𝑑2𝑦

𝑑𝑥2
− 𝑥

𝑑𝑦

𝑑𝑥
+ 𝑦 = 0. 

Sol.8 We have, 

            𝑥 = 𝑎cos𝜃 + 𝑏sin𝜃                                      𝑦 = 𝑎sin𝜃 − 𝑏cos𝜃 

Diff w.r.t 𝜃                                                                                        

           
𝑑𝑥

𝑑𝜃
= −𝑎sin𝜃 + 𝑏cos𝜃                               

𝑑𝑦

𝑑𝜃
= 𝑎cos𝜃 + 𝑏sin𝜃 

           
𝑑𝑥

𝑑𝜃
= −(𝑎sin𝜃 − 𝑏cos𝜃)                            

𝑑𝑦

𝑑𝜃
= 𝑥 

           
𝑑𝑥

𝑑𝜃
= −𝑦 

Now   
𝑑𝑦

𝑑𝑥
=

𝑑𝑦 𝑑⁄ 𝜃

𝑑𝑥 𝑑⁄ 𝜃
= −

𝑥

𝑦
 

⇒ 𝑦
𝑑𝑦

𝑑𝑥
= −𝑥        …...(1) 

Diff  again  w.r.t  x                    (product rule on LHL.) 

⇒ 𝑦.
𝑑2𝑦

𝑑𝑥2
+
𝑑𝑦

𝑑𝑥
.
𝑑𝑦

𝑑𝑥
= −1 

⇒ 𝑦
𝑑2𝑦

𝑑𝑥2
+

𝑑𝑦

𝑑𝑥
(
−𝑥

𝑦
) = −1    ….{from eq. (1)} 

⇒ 𝑦2
𝑑2𝑦

𝑑𝑥2
− 𝑥

𝑑𝑦

𝑑𝑥
= −𝑦 

⇒ 𝑦2
𝑑2𝑦

𝑑𝑥2
− 𝑥

𝑑𝑦

𝑑𝑥
+ 𝑦 = 𝑜    (Proved) 
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 Implicit Functions And General Differentiation 

Q9. 
If log(𝑥2 + 𝑦2) = 2tan−1 (

𝑦

𝑥
), show that 

𝑑𝑦

𝑑𝑥
=

𝑥+𝑦

𝑥−𝑦
. 

Sol.9 
We have, log(𝑥2 + 𝑦2) = 2tan−1 (

𝑦

𝑥
) 

Diff.  w.r.t.  x 

               
1

𝑥2+𝑦2
. (2x + 2y

𝑑𝑦

𝑑𝑥
) = 2.

1

1+
𝑦2

𝑥2

. [
𝑥.
𝑑𝑦

𝑑𝑥
−𝑦(1)

𝑥2
] 

⇒     
2

𝑥2+𝑦2
(𝑥 + 𝑦

𝑑𝑦

𝑑𝑥
) = 2

𝑥2

𝑥2+𝑦2
(
𝑥𝑑𝑦 𝑑𝑥⁄ −𝑦

𝑥2
) 

⇒     𝑥 + 𝑦
𝑑𝑦

𝑑𝑥
= 𝑥

𝑑𝑦

𝑑𝑥
− 𝑦 

⇒     𝑥 + 𝑦 = 𝑥
𝑑𝑦

𝑑𝑥
− 𝑦

𝑑𝑦

𝑑𝑥
 

⇒     𝑥 + 𝑦 = (𝑥 − 𝑦)
𝑑𝑦

𝑑𝑥
 

⇒     
𝑑𝑦

𝑑𝑥
=

𝑥+𝑦

𝑥−𝑦
               (Proved) 

Q10. If 𝑥√1 + 𝑦 + 𝑦√1 + 𝑥 = 0, show that 
𝑑𝑦

𝑑𝑥
=

−1

(𝑥−1)2
 

Sol.10 We have ,   𝑥√1 + 𝑦 + 𝑦√1 + 𝑥 = 0 

   ⇒      𝑥√1 + 𝑥 = −𝑦√1 + 𝑥 

squaring 

   ⇒      𝑥2(1 + 𝑦) = 𝑦2(1 + 𝑥) 

   ⇒      𝑥2 + 𝑥2𝑦 = 𝑦2 + 𝑦2𝑥 

   ⇒      𝑥2 − 𝑦2 = 𝑦2𝑥 − 𝑥2𝑦 

   ⇒      (𝑥 + 𝑦)(𝑥 − 𝑦) = 𝑦𝑥(𝑦 − 𝑥) 

   ⇒      (𝑥 + 𝑦)(𝑥 − 𝑦) = −𝑦𝑥(𝑥 − 𝑦) 

   ⇒      𝑥 + 𝑦 = −𝑦𝑥 

   ⇒      𝑦 + 𝑦𝑥 = −𝑥 

   ⇒      𝑦(1 + 𝑥) = −𝑥 

   ⇒      𝑦 = −
𝑥

1+𝑥
 

Diff  w.r.t.  x          (Quotient rule) 

   ⇒      
𝑑𝑦

𝑑𝑥
=

(1+𝑥)(−1)−(−𝑥)(1)

(1+𝑥)2
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   ⇒      
𝑑𝑦

𝑑𝑥
=

−1−𝑥+𝑥

(1+𝑥)2
 

   ⇒      
𝑑𝑦

𝑑𝑥
= −

1

(1+𝑥)2
          (Proved) 
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