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           Differentiation Rules: 

Let  𝒚, 𝒇 𝒂𝒏𝒅 𝒈  𝒂𝒓𝒆 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒕𝒊𝒂𝒃𝒍𝒆 𝒇𝒖𝒏𝒄𝒕𝒊𝒐𝒏𝒔  𝒐𝒇 𝒙,  𝒕𝒉𝒆𝒏 : − 

 
 

1. If  𝒚 =  𝒌 , where 𝒌 is constant , 𝒚ˊ= 0  

2. If  𝒚 = 𝒌 ∗ 𝒇(𝒙),  𝒕𝒉𝒆𝒏 𝒚ˊ = 𝒌 ∗ 𝒇ˊ(𝒙). 

3. If  𝒇(𝒙) = 𝒙𝒏,  (𝒏 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒊𝒏𝒕𝒆𝒈𝒆𝒓 𝒐𝒓 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 )   then for every 

real value of 𝒙, 

        𝒇ˊ(𝒙) = 𝒏 𝒙𝒏−𝟏. 

4. If 𝒚 = 𝒇(𝒙) ∓ 𝒈(𝒙),  𝒕𝒉𝒆𝒏  𝒚ˊ = 𝒇ˊ(𝒙) ∓  𝒈ˊ(𝒙). 

5. If 𝒚 = 𝒇(𝒙) ∗ 𝒈(𝒙),  𝒕𝒉𝒆𝒏  𝒚ˊ = 𝒇(𝒙) ∗ 𝒈ˊ(𝒙) + 𝒈(𝒙) ∗ 𝒇ˊ(𝒙). 

6. If 𝒚 =
𝒇(𝒙)

𝒈(𝒙)
  , where (𝒙) ≠ 𝟎 𝒇𝒐𝒓 𝒆𝒗𝒆𝒓𝒚 𝒙 , 

𝒕𝒉𝒆𝒏 𝒚ˊ =
𝒈(𝒙)∗𝒇ˊ(𝒙) −𝒇(𝒙)∗𝒈ˊ(𝒙) 

(𝒈(𝒙))𝟐   . 

   7.   If  𝒚 = (𝒇(𝒙))𝒏,( 𝑨𝒏𝒚 𝒓𝒆𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒏) then 𝒚ˊ = 𝒏 (𝒇(𝒙))
𝒏−𝟏

. 𝒇ˊ(𝒙) 

. 

 

 

Derivative of higher orders:- 

Frist order derivative of 𝒚 = 𝒇(𝒙) →  𝒚ˊ,  
  𝒅𝒚

𝒅𝒙
, 𝒇ˊ(𝒙). 

Second order derivative of 𝒚 = 𝒇(𝒙) →  𝒚ˊˊ,   
𝒅𝟐𝒚

𝒅𝒙𝟐  ,  𝒇ˊˊ(𝒙). 

Third order derivative of 𝒚 = 𝒇(𝒙) →  𝒚ˊˊˊ,  
𝒅𝟑𝒚

𝒅𝒙𝟑  ,  𝒇ˊˊˊ(𝒙). 

     ⁞ 



The 𝒏𝒕𝒉 order derivative of 𝒚 = 𝒇(𝒙) → 𝒚(𝒏),
𝒅𝒏𝒚

𝒅𝒙𝒏 , 𝒇(𝒏)(𝒙) 

 

Examples:- Find derivative of following functions: 
 

1. 𝒚 = 𝟒𝒙𝟑 + 𝟓𝒙  .         𝒚ˊ = 𝟏𝟐𝒙𝟐 + 𝟓. 

 

2. 𝒚 = (𝒙𝟐 + 𝟏)(𝟑𝒙 + 𝟓)         𝒚ˊ = (𝒙𝟐 + 𝟏) ∗ (𝟑) + (𝟑𝒙 + 𝟓) ∗ 𝟐𝒙 

                                    = 𝟑𝒙𝟐 + 𝟑 + 𝟔𝒙𝟐 + 𝟏𝟎𝒙 = 𝟗𝒙𝟐 + 𝟏𝟎𝒙 + 𝟑. 

 

3. 𝒚 = (𝒙𝟐 + 𝒙 + 𝟏)𝟑 

 𝒚ˊ = 𝟑(𝒙𝟐 + 𝒙 + 𝟏)𝟐 ∗ (𝟐𝒙 + 𝟏) 

 

4. 𝒚 =
𝒙𝟐

𝟐𝒙−𝟏
 

  𝒚ˊ =
(𝟐𝒙−𝟏)∗(𝟐𝒙)−𝒙𝟐∗𝟐

(𝟐𝒙−𝟏)𝟐  

          = 
𝟒𝒙𝟐−𝟐𝒙−𝟐𝒙𝟐

(𝟐𝒙−𝟏)𝟐   = 
𝟐𝒙𝟐−𝟐𝒙

(𝟐𝒙−𝟏)𝟐  = 
𝟐𝒙(𝒙−𝟏)

(𝟐𝒙−𝟏)𝟐 

 

5. 𝒚 = √𝒙 + 𝟑  → 𝒚 = (𝒙 + 𝟑)
𝟏

𝟐 

 𝒚ˊ =
𝟏

𝟐
(𝒙 + 𝟑)

−𝟏

𝟐 ∗ 𝟏 =
𝟏

𝟐√𝒙+𝟑
 

 

6. 𝒚 =
𝟏

(𝒙𝟐+𝟑)
𝟐 → 𝒚 = (𝒙𝟐 + 𝟑)−𝟐  

𝒚ˊ = −𝟐(𝒙𝟐 + 𝟑)−𝟑 ∗ (𝟐𝒙) 

=  
−𝟒𝒙

(𝒙𝟐+ 𝟑)
𝟑 . 

 

7.  Find 𝒚ˊ,  𝒚ˊˊ, 𝒚ˊˊˊ of 𝒚 = 𝟔√𝒙𝟐𝟑
 

𝒚 = 𝟔(𝒙)
𝟐

𝟑 → 𝒚 = 𝟔(𝒙)
𝟐

𝟑  

   𝒚ˊ = 𝟔 ∗
𝟐

𝟑
 (𝒙)

−𝟏

𝟑 =
𝟒

√𝒙
𝟑  

  𝒚ˊˊ = 𝟒 ∗ (
−𝟏

𝟑
) ∗ (𝒙)

−𝟒

𝟑 =  
−𝟒

𝟑 √𝒙𝟒𝟑  



   𝒚ˊˊˊ =  
−𝟒

𝟑
 ∗ (

−𝟒

𝟑
) ∗ (𝒙)

−𝟕

𝟑 =  
𝟏𝟔

𝟗 √𝒙𝟕𝟑 .   

𝒄 

8. let   𝒇(𝒙) = 𝒙𝟐(𝒙 − 𝟒)𝟑, find 𝒇ˊ(𝒙)? 

 𝒇ˊ(𝒙) = 𝒙𝟐 ∗ 𝟑(𝒙 − 𝟒)𝟐 + (𝒙 − 𝟒)𝟑 ∗ (𝟐𝒙) 

               = 𝒙(𝒙 − 𝟒)𝟐(𝟑𝒙 + 𝟐(𝒙 − 𝟒)) 

             = 𝒙(𝒙 − 𝟒)𝟐(𝟑𝒙 + 𝟐𝒙 − 𝟖). 
              = 𝒙(𝒙 − 𝟒)𝟐(𝟓𝒙 − 𝟖) 

 

9. 𝒇(𝒙) = 𝒙𝟑 ∗ √(𝟕𝒙𝟐 + 𝒙 − 𝟏)𝟐𝟑
= 𝒙𝟑 (𝟕𝒙𝟐 + 𝒙 − 𝟏)

𝟐
𝟑⁄   

𝒇ˊ(𝒙) = 𝒙𝟑 ∗   
𝟐

𝟑
(𝟕𝒙𝟐 + 𝒙 − 𝟏)

−𝟏

𝟑 ∗ (𝟏𝟒𝒙 + 𝟏) + (𝟕𝒙𝟐 + 𝒙 − 𝟏)
𝟐

𝟑⁄   ∗ (𝟑𝒙𝟐). 

 

Trigonomtric Functions 

𝒔𝒊𝒏𝒙 ,  𝒄𝒐𝒔𝒙 ,  𝒕𝒂𝒏𝒙,  𝒄𝒐𝒕𝒙,  𝒔𝒆𝒄𝒙 ,  𝒂𝒏𝒅 𝒄𝒔𝒄𝒙. 

Important relations: 
 

1. 𝒄𝒐𝒔(𝒙 ± 𝒚) = 𝒄𝒐𝒔 𝒙 𝒄𝒐𝒔 𝒚 ∓ 𝒔𝒊𝒏 𝒙 𝒔𝒊𝒏 𝒚   
2. 𝒔𝒊𝒏(𝒙 ± 𝒚) = 𝒔𝒊𝒏 𝒙 𝒄𝒐𝒔 𝒚 ± 𝒄𝒐𝒔 𝒙 𝒔𝒊𝒏 𝒚 

3.𝒔𝒊𝒏𝟐𝒙 + 𝒄𝒐𝒔𝟐𝒙 = 𝟏 

4. 𝒔𝒆𝒄𝟐𝒙 − 𝒕𝒂𝒏𝟐𝒙 = 𝟏 

5. 𝒄𝒔𝒄𝟐𝒙 −  𝒄𝒐𝒕𝟐𝒙 = 𝟏 

6.  𝒄𝒐𝒔𝟐𝒙 =  
𝟏

𝟐
 (𝟏 + 𝒄𝒐𝒔 𝟐𝒙 ) 

7. 𝒔𝒊𝒏𝟐𝒙 =  
𝟏

𝟐
 (𝟏 − 𝒄𝒐𝒔 𝟐𝒙 ) 

8. 𝒍𝒊𝒎𝒂→𝟎  
𝒔𝒊𝒏 𝒂

𝒂
= 𝟏 

9. 𝒍𝒊𝒎𝒂→𝟎
𝒄𝒐𝒔 𝒂−𝟏

𝒂
= 𝟎 

10. 𝒕𝒂𝒏𝒙 =
𝒔𝒊𝒏 𝒙

𝒄𝒐𝒔 𝒙
 

11.  𝒄𝒐𝒕 𝒙 =
𝒄𝒐𝒔 𝒙

𝒔𝒊𝒏 𝒙
 

12. 𝒔𝒆𝒄 𝒙 =
𝟏

𝒄𝒐𝒔 𝒙
 

13. 𝒄𝒔𝒄 𝒙 =
𝟏

𝒔𝒊𝒏𝒙
 



Derivatives of Trigonomtric Functions 

 

Let  𝒖 = 𝒇(𝒙) 𝒃𝒆 𝒂 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒕𝒊𝒂𝒃𝒍𝒆 𝒇𝒖𝒏𝒄𝒕𝒊𝒐𝒏 𝒐𝒇 𝒙 ,  𝒕𝒉𝒆𝒏 : − 

 

1.
𝒅

𝒅𝒙
𝒔𝒊𝒏 𝒖 = 𝒄𝒐𝒔 𝒖 

𝒅𝒖

𝒅𝒙
 

2. 
𝒅

𝒅𝒙
𝒄𝒐𝒔 𝒖 = − 𝒔𝒊𝒏 𝒖 ∗  

𝒅𝒖

𝒅𝒙
 

3. 
𝒅

𝒅𝒙
𝒕𝒂𝒏 𝒖 =  𝒔𝒆𝒄𝟐 𝒖 ∗   

𝒅𝒖

𝒅𝒙
 

4. 
𝒅

𝒅𝒙
𝒄𝒐𝒕 𝒖 = −𝒄𝒔𝒄𝟐𝒖 ∗  

𝒅𝒖

𝒅𝒙
 

5. 
𝒅

𝒅𝒙
𝒔𝒆𝒄 𝒖 = 𝒔𝒆𝒄 𝒖 ∗ 𝒕𝒂𝒏 𝒖  ∗

𝒅𝒖

𝒅𝒙
 

6. 
𝒅

𝒅𝒙
𝒄𝒔𝒄 𝒖 = − 𝒄𝒔𝒄 𝒖 ∗ 𝒄𝒐𝒕 𝒖 ∗

𝒅𝒖

𝒅𝒙
 

 

Examples:- Find derivative of the following functions:- 

 

1. 𝒚 = 𝒕𝒂𝒏𝟒𝒙   

  𝒚ˊ = 𝟒𝒕𝒂𝒏𝟑𝒙 ∗ 𝒔𝒆𝒄𝟐𝒙 . 

 

2.𝒚 = 𝒔𝒆𝒄𝟒(𝒙𝟐 + 𝟏) 

𝒚ˊ = 𝟒 𝒔𝒆𝒄𝟑(𝒙𝟐 + 𝟏) ∗ 𝒔𝒆𝒄 (𝒙𝟐 + 𝟏) ∗ 𝒕𝒂𝒏(𝒙𝟐 + 𝟏) ∗ (𝟐𝒙) 

              = 𝟖𝒙 𝒔𝒆𝒄𝟒(𝒙𝟐 + 𝟏) ∗ 𝒕𝒂𝒏(𝒙𝟐 + 𝟏). 
 

3.𝒚 = 𝒄𝒐𝒔(𝟑𝒙 − 𝟐)  

         𝒚ˊ = − 𝒔𝒊𝒏(𝟑𝒙 − 𝟐) ∗ (𝟑) = −𝟑𝒔𝒊𝒏 (𝟑𝒙 − 𝟐). 

 

4. Find 𝒚ˊ𝒂𝒏𝒅 𝒚ˊˊ if   𝒚 =
𝒔𝒊𝒏 𝒙

𝟏+𝒄𝒐𝒔 𝒙
?   

           𝒚ˊ =
(𝟏+𝒄𝒐𝒔 𝒙)∗𝒄𝒐𝒔 𝒙 −𝒔𝒊𝒏 𝒙 ∗(− 𝒔𝒊𝒏 𝒙)

(𝟏+𝒄𝒐𝒔 𝒙)𝟐  

=
𝒄𝒐𝒔 𝒙 +  𝒄𝒐𝒔𝟐𝒙 +  𝒔𝒊𝒏𝟐𝒙

(𝟏 + 𝒄𝒐𝒔 𝒙)𝟐
=  

𝟏 + 𝒄𝒐𝒔 𝒙

(𝟏 + 𝒄𝒐𝒔 𝒙)𝟐
=  

𝟏

𝟏 + 𝒄𝒐𝒔 𝒙
 

     𝒚ˊˊ =
(𝟏+𝒄𝒐𝒔 𝒙)∗(𝟎)−(−𝒔𝒊𝒏 𝒙)

(𝟏+𝒄𝒐𝒔 𝒙)𝟐 =
𝒔𝒊𝒏 𝒙

(𝟏+𝒄𝒐𝒔 𝒙)𝟐  . 

 

 



5 .𝒇(𝒙) = (𝟕𝒔𝒊𝒏 𝟓𝒙 − 𝒄𝒐𝒔 √𝒙)𝟑 

       𝒇ˊ(𝒙) = 𝟑(𝟕𝒔𝒊𝒏 𝟓𝒙 − 𝒄𝒐𝒔 √𝒙)𝟐 ∗ (𝟑𝟓 𝒄𝒐𝒔 𝟓𝒙 +
𝟏

𝟐√𝒙
 𝒔𝒊𝒏 √𝒙). 

 

6. 𝒇(𝒙) = 𝒔𝒊𝒏𝟑(𝟓𝒙) 

      𝒇ˊ(𝒙) = 𝟑(𝒔𝒊𝒏𝟓𝒙)𝟐 ∗ 𝒄𝒐𝒔𝟓𝒙 ∗ (𝟓)    

= 𝟏𝟓 𝒔𝒊𝒏𝟐𝟓𝒙 ∗ 𝒄𝒐𝒔𝟓𝒙 . 
 

7. 𝒚 = 𝒄𝒐𝒕 𝒙 ∗ 𝒄𝒔𝒄 𝒙 

      𝒚ˊ = 𝒄𝒐𝒕 𝒙 ∗ (−𝒄𝒔𝒄 𝒙 ∗ 𝒄𝒐𝒕 𝒙) + 𝒄𝒔𝒄 𝒙 ∗ (− 𝒄𝒔𝒄𝟐𝒙)   

            = − 𝒄𝒔𝒄 𝒙 ∗ 𝒄𝒐𝒕𝟐𝒙 − 𝒄𝒔𝒄𝟑𝒙. 

 

8. 𝒚 = √𝒙𝟑 − 𝒔𝒊𝒏 𝒙 =  (𝒙𝟑 − 𝒔𝒊𝒏 𝒙)
𝟏

𝟐 

      𝒚ˊ =
𝟏

𝟐
(𝒙𝟑 − 𝒔𝒊𝒏 𝒙)

−𝟏

𝟐 ∗ (𝟑𝒙𝟐 − 𝒄𝒐𝒔 𝒙)   

           =
𝟑𝒙𝟐−𝒄𝒐𝒔 𝒙

𝟐√𝒙𝟑−𝒔𝒊𝒏 𝒙
 . 

 

9. 𝒚 = 𝒔𝒊𝒏 ( √𝒙
𝟑

) 

         𝒚ˊ = 𝒄𝒐𝒔 √𝒙
𝟑

∗ (
𝟏

𝟑 √𝒙𝟐𝟑 )   

 

10. 𝒇(𝒙) =  𝒄𝒐𝒔𝟑𝟕𝒙 = (𝒄𝒐𝒔 𝟕𝒙)𝟑 

        𝒇ˊ(𝒙) = 𝟑 (𝒄𝒐𝒔 𝟕𝒙)𝟐 ∗ (−𝒔𝒊𝒏 𝟕𝒙) ∗ 𝟕    

                    = −𝟐𝟏 𝒄𝒐𝒔𝟐𝟕𝒙 ∗ 𝒔𝒊𝒏 𝟕𝒙 .    
 

11. 𝒇(𝒙) = 𝒄𝒐𝒔 𝟑𝒙 − 𝒕𝒂𝒏 𝟓𝒙 + 𝒔𝒆𝒄 𝟒𝒙 

        𝒇ˊ(𝒙) = − 𝒔𝒊𝒏 𝟑𝒙 ∗ (𝟑) − 𝒔𝒆𝒄𝟐𝟓𝒙 ∗ (𝟓) + 𝒔𝒆𝒄 𝟒𝒙 ∗ 𝒕𝒂𝒏 𝟒𝒙 ∗ 𝟒  

                       = −𝟑 𝒔𝒊𝒏 𝟑𝒙 − 𝟓 𝒔𝒆𝒄𝟐𝟓𝒙 + 𝟒 𝒔𝒆𝒄 𝟒𝒙 ∗ 𝒕𝒂𝒏 𝟒𝒙 . 
 

 

 

 

 

 


