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2.4  Derivatives of Implicit Functions: 

          If 𝑥 and 𝑦 are connected by a relation 𝑓(𝑥, 𝑦)  =  𝑐, then it may not be 

possible to express y as a single valued function of x explicitly. Such a function are called 

as implicit function. However such functions can be differentiated both side of the 

equation with respect to 𝑥 and then solve the resulting equation for  
𝑑𝑦

𝑑𝑥
. 

Example: 

      Find 
𝒅𝒚

𝒅𝒙
 for the following functions: 

a) 𝒙𝟐 + xy – 𝒚𝟐 = 4 b) 𝒙𝟑 + 𝒚𝟑 + 3axy = a   c) 𝒙𝟐𝒚𝟐 + 𝒙𝒔𝒊𝒏 𝒚 = 𝟒 

Solution: 

a) 𝑥2 + 𝑥𝑦 – 𝑦2 = 4 

Differentiating with respect to 𝑥 

    2𝑥 + 𝑥 
𝑑𝑦

𝑑𝑥
 + 𝑦 – 2𝑦 

𝑑𝑦

𝑑𝑥
 = 0 

 (𝑥 –  2𝑦) 
𝑑𝑦

𝑑𝑥
 = −2𝑥 −  𝑦  

                  
𝑑𝑦

𝑑𝑥
 = 

− (2𝑥+𝑦)

𝑥−2𝑦
 

b) 𝑥3 + 𝑦3 + 3axy = a 

Differentiating with respect to 𝑥 

3𝑥2 + 3𝑦2 𝑑𝑦

𝑑𝑥
 + 3𝑎𝑥

𝑑𝑦

𝑑𝑥
 + 3𝑎𝑦 = 0 

  (3𝑦2 + 3ax) 
𝑑𝑦

𝑑𝑥
 = −3𝑥2 – 3ay 

                      
𝑑𝑦

𝑑𝑥
 = 

−3𝑥2−3𝑎𝑦

3𝑦2+3𝑎𝑥
 

c) 𝑥2𝑦2 + 𝑥 sin 𝑦 = 4 

                      Differentiating with respect to 𝑥 

              𝑥2.2y
𝑑𝑦

𝑑𝑥
  + 2𝑥𝑦2 + 𝑥. 𝑐𝑜𝑠 𝑦

𝑑𝑦

𝑑𝑥
 + 𝑠𝑖𝑛 𝑦 = 0 

(2𝑥2𝑦 + 𝑥𝑐𝑜𝑠 𝑦) 
𝑑𝑦

𝑑𝑥
 = −2𝑥𝑦2 − 𝑠𝑖𝑛 𝑦 

                             
 𝑑𝑦

𝑑𝑥
 = − [

2𝑥𝑦2+𝑠𝑖𝑛 𝑦

2𝑥2𝑦+𝑥𝑐𝑜𝑠𝑦
] 
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Example : 

      If 𝒙𝒚 = 𝒄𝟐 then show that 𝒙𝟐 𝒅𝟐𝒚

𝒅𝒙𝟐
 + 

𝒙𝒅𝒚

𝒅𝒙
 – 𝒚 = 0 

Solution: 

 Given, 𝑥𝑦 = 𝑐2 

Differentiating with respect to 𝑥, 

                𝑥 
𝒅𝒚

𝒅𝒙
 + y = 0 

                    ⇒
 𝒅𝒚

𝒅𝒙
 = 

−𝒚

𝒙
 

 Derivatives of Logarithmic Functions: 

𝑑

𝑑𝑥
 (𝑙𝑜𝑔𝑎x) = 

1

𝑥 𝑙𝑜𝑔𝑒𝑎
 

𝑑

𝑑𝑥
 (𝑙𝑜𝑔𝑒𝑥) = 

1

𝑥
 

𝑑

𝑑𝑥
 (𝑙𝑜𝑔𝑒𝑢) = 

1

𝑢

𝑑𝑢

𝑑𝑥
 

𝑑

𝑑𝑥
𝑙𝑜𝑔𝑒  |𝑥| = 

1

𝑥
 

𝑑

𝑑𝑥
 (𝑎𝑏) = 0 

𝑑

𝑑𝑥
 [𝑎𝑔 (𝑥)] = 𝑎𝑔(𝑥)[𝑙𝑜𝑔𝑒𝑎] g′(x) 

Example : 

      Find 
𝒅𝒚

𝒅𝒙
 if,    (a) y = 𝒙𝒙   (b) y = 𝒙𝒄𝒐𝒔 𝒙  (c) 𝒙𝒚 = 𝒚𝒙   (d) y = 𝒙𝒙𝒙..

∞

   (e) 𝒙𝒚 = 𝒆𝒙−𝒚 

Solution: 

(a) 𝑦 = 𝑥𝑥 

               Taking logarithms on both sides 

       Log 𝑦 = log 𝑥𝑥 

       Log 𝑦 = 𝑥 𝑙𝑜𝑔 𝑥 

Differentiating with respect to 𝑥 

          ⇒
1

𝑦

𝑑𝑦

𝑑𝑥
 = 𝑥

1

𝑥
 + 𝑙𝑜𝑔 𝑥 

       ⇒
𝑑𝑦

𝑑𝑥
  = 𝑦 (1 +  𝑙𝑜𝑔 𝑥) 
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(b) 𝑦 = 𝑥𝑐𝑜𝑠 𝑥 

          Taking logarithms on both sides 

log y = log 𝑥𝑐𝑜𝑠 𝑥 

log y = 𝑐𝑜𝑠 𝑥 𝑙𝑜𝑔 𝑥 

Differentiating with respect to x 

⇒
1

𝑦

𝑑𝑦

𝑑𝑥
 = cos x 

1

𝑥
 + log x (- sin x) 

⇒
𝑑𝑦

𝑑𝑥
 = y [

𝑐𝑜𝑠 𝑥

𝑥
 – sin x log x] 

⇒
𝑑𝑦

𝑑𝑥
 = 𝑥𝑐𝑜𝑠 𝑥[

𝑐𝑜𝑠 𝑥−𝑥 𝑠𝑖𝑛 𝑥 𝑙𝑜𝑔 𝑥

𝑥
] 

(c) 𝑥𝑦 = 𝑦𝑥 

            Taking logarithms on both sides 

Differentiating with respect to 𝑥 

                   𝑦 𝑙𝑜𝑔 𝑥 =  𝑥 𝑙𝑜𝑔 𝑦 

⇒y 
1

𝑥
 + log x   

𝑑𝑦

𝑑𝑥
 = x 

1

𝑦

𝑑𝑦

𝑑𝑥
 + log y 

⇒
𝑑𝑦

𝑑𝑥
 (log x - 

𝑥

𝑦
) = log y - 

𝑦

𝑥
 

⇒
𝑑𝑦

𝑑𝑥
 (

𝑦 𝑙𝑜𝑔 𝑥−𝑥

𝑦
) = 

𝑥 𝑙𝑜𝑔 𝑦−𝑦

𝑥
 

⇒
𝑑𝑦

𝑑𝑥
 = 

𝑦 (𝑥 𝑙𝑜𝑔 𝑦−𝑦)

𝑥 (𝑦 𝑙𝑜𝑔 𝑥−𝑥)
 

(d) 𝑦 = 𝑥𝑥𝑥..
∞

 

           ⇒y = 𝑥𝑦 

Taking log on both sides 

             𝐿𝑜𝑔 𝑦 =  𝑦 𝑙𝑜𝑔 𝑥 

Differentiating with respect to 𝑥 

⇒
1

𝑦

𝑑𝑦

𝑑𝑥
 = y 

1

𝑥
 + log x 

𝑑𝑦

𝑑𝑥
 

          ⇒ (
1

𝑦
 –  log x) 

𝑑𝑦

𝑑𝑥
 = 

𝑦

𝑥
 

           ⇒ (
1−𝑦 𝑙𝑜𝑔 𝑥

𝑦
) 

𝑑𝑦

𝑑𝑥
 = 

𝑦

𝑥
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         ⇒
𝑑𝑦

𝑑𝑥
 = 

𝑦2

𝑥(1−𝑦 𝑜𝑔 𝑥)
 

(e) 𝑥𝑦 = 𝑒𝑥−𝑦 

 Taking log on both sides 

      𝑦 𝑙𝑜𝑔 𝑥 =  (𝑥 −  𝑦) 𝑙𝑜𝑔 𝑒 

       𝑦 𝑙𝑜𝑔 𝑥 =  𝑥 –  𝑦 

       𝑦 (𝑙𝑜𝑔 𝑥 +  1)  =  𝑥 

                ⇒ 𝑦 = 
𝑥

1+𝑙𝑜𝑔 𝑥
 

              ⇒
𝑑𝑦

𝑑𝑥
 = 

(1+𝑙𝑜𝑔 𝑥)(1)−𝑥 (
1

𝑥
)

(1+𝑙𝑜𝑔 𝑥)
 

               ⇒
𝑑𝑦

𝑑𝑥
 = 

𝑙𝑜𝑔 𝑥

(1+𝑙𝑜𝑔 𝑥)2
 

Exercise  

1. Find 
𝒅𝒚

𝒅𝒙
 for the following implicit functions 

(i) 𝑥2 + 𝑦2 = 𝑎2     Ans: 
𝑑𝑦

𝑑𝑥
 = 

− 𝑥

𝑦
 

(ii) 𝑥2 + 𝑦2 + 2𝑔𝑥 +  2𝑓𝑦 +  𝑐 =  0     Ans: 
𝑑𝑦

𝑑𝑥
 = 

−𝑥−𝑔

𝑦+𝑓
 

(iii) 𝑐𝑜𝑠 𝑥 +  𝑠𝑖𝑛 𝑦 =  𝑎                                         Ans: 
𝑑𝑦

𝑑𝑥
 = 

𝑒𝑥

1− 𝑥𝑒𝑦
 

(iv) 𝑦 = a + 𝑥𝑒𝑦                                                        Ans: 
𝑑𝑦

𝑑𝑥
 = 

𝑒𝑥

1− 𝑥𝑒𝑦
 

(v) 𝑥 𝑠𝑖𝑛 𝑦 +  𝑦 𝑠𝑖𝑛 𝑥 =  𝑐                                     Ans: 
𝑑𝑦

𝑑𝑥
 = 

−(𝑠𝑖𝑛 𝑦+𝑦 𝑐𝑜𝑠 𝑥)

(𝑥 𝑐𝑜𝑠 𝑦+𝑠𝑖𝑛 𝑥)
 

2. Find y՛՛ by implicit differentiation 

(i) 𝑥3 + 𝑦3 = 1    Ans: y՛՛ = 
−2𝑥

𝑦5
 

(ii) 𝑥𝑦 + 𝑒𝑦 = 𝑒 𝑎𝑡  𝑥 =  0                                      Ans: y՛՛ = 
1

𝑒2
 

(iii) 𝑦2 = 𝑥2 + 2𝑥                                                     Ans: y՛՛ = 
[ 𝑦2− (𝑥+1)2

𝑦3
 

3.Find y՛ using logarithmic differentiation 

(i) 𝑦 =  103𝑥−1                                                     Ans: 𝑦′ = 3 [103𝑥−1] 𝑙𝑜𝑔𝑒 10 
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(ii) 𝑦 = (𝑠𝑖𝑛 𝑥)𝑥                                                    Ans: 𝑦′ = (𝑠𝑖𝑛 𝑥)𝑥 [x cot x + log sin x] 

(iii) 𝑦 = 𝑥𝑠𝑖𝑛 𝑥                                                       Ans: 𝑦′ = (𝑠𝑖𝑛 𝑥)𝑥 [
𝑠𝑖𝑛 𝑥

𝑥
 + log x cos x] 

 (iv) (𝑠𝑖𝑛 𝑥)𝑐𝑜𝑠 𝑦 = (𝑠𝑖𝑛 𝑦)𝑐𝑜𝑠 𝑥                           Ans: 𝑦′ =  
𝑠𝑖𝑛 𝑥 (𝑙𝑜𝑔 𝑠𝑖𝑛 𝑦)+𝑐𝑜𝑠 𝑦 𝑐𝑜𝑡 𝑥

𝑠𝑖𝑛 𝑦 (𝑙𝑜𝑔 𝑠𝑖𝑛 𝑥)+𝑐𝑜𝑠 𝑥 𝑐𝑜𝑡 𝑦
 

(v) y = (𝑠𝑖𝑛 𝑥)(𝑠𝑖𝑛 𝑥)(𝑠𝑖𝑛 𝑥)..
∞

                                 Ans: 𝑦′ =  
𝑦2 𝑐𝑜𝑡 𝑥

1−𝑦 𝑙𝑜𝑔 𝑠𝑖𝑛 𝑥
 

 Differentiation of parametric functions: 

Sometimes x and y are both expressed in terms of a third variable, usually called a 

parameter. 

If 𝑥 =  𝑓1(𝑡) and 𝑦 =  𝑓2(𝑡), then    
𝑑𝑦

𝑑𝑥
 = 

𝑑𝑦

𝑑𝑡
𝑑𝑥

𝑑𝑡

 = 
𝑑𝑦

𝑑𝑡

𝑑𝑡

𝑑𝑥
 

Example  

Find  
𝒅𝒚

𝒅𝒙
 if (a) 𝒙 =  𝒂 𝒄𝒐𝒔 𝜽, 𝒚 =  𝒃 𝒔𝒊𝒏 𝜽   (b) 𝒙 =  𝒂 𝒄𝒐𝒔𝟑𝜽, 𝒚 =  𝒂 𝒔𝒊𝒏𝟑𝜽  

(c) 𝒙 =  𝒍𝒐𝒈 𝒕 +  𝒔𝒊𝒏 𝒕, 𝒚 =  𝒆𝒕  +  𝒄𝒐𝒔 𝒕  

(d) 𝒙 =  𝒂 (𝜽 +  𝒔𝒊𝒏 𝜽), 𝒚 =  𝒂 (𝟏 –  𝒄𝒐𝒔 𝜽) 

Solution: 

    (a) 𝑥 =  𝑎 cos 𝜃 , 𝑦 =  𝑏 sin 𝜃 

          𝑥 =  𝑎 cos 𝜃                      𝑦 =  𝑏 sin 𝜃 

         
𝑑𝑥

𝑑𝜃
 =  − 𝑎 𝑠𝑖𝑛 𝜃

𝑑𝑦

𝑑𝜃
 =  𝑏 𝑐𝑜𝑠 𝜃     

      ∴
𝑑𝑦

𝑑𝑥
 = 

𝑑𝑦

𝑑θ
𝑑𝑥

𝑑θ

  = 
𝑏 𝑐𝑜𝑠 θ

− 𝑎 𝑠𝑖𝑛 θ
 

                                          = 
− 𝑏

𝑎
. cot θ 

(b) 𝑥 =  𝑎 𝑐𝑜𝑠3𝜃, 𝑦 =  𝑎 𝑠𝑖𝑛3𝜃 

𝑥 =   𝑎 𝑐𝑜𝑠3𝜃 𝑦 =  𝑎 𝑠𝑖𝑛3𝜃 

𝑑𝑥

𝑑θ
 = 3𝑎𝑐𝑜𝑠2 θ (- sin θ) 

𝑑𝑦

𝑑θ
 = 3 𝑎 𝑠𝑖𝑛2θ cos θ 

 

𝑑𝑦

𝑑𝑥
 = 

𝑑𝑦

𝑑θ
𝑑𝑥

𝑑θ

 = 
3𝑎𝑐𝑜𝑠2 θ (− sin θ)

3 𝑎 𝑠𝑖𝑛2θ cos θ
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                                        = 
− 𝑠𝑖𝑛 θ

𝑐𝑜𝑠 θ
  

                                       = − tan θ 

(c) 𝑥 =  𝑙𝑜𝑔 𝑡 +  𝑠𝑖𝑛 𝑡, 𝑦 =  𝑒𝑡  +  𝑐𝑜𝑠 𝑡 

𝑥 =  𝑙𝑜𝑔 𝑡 +  𝑠𝑖𝑛 𝑡 𝑦 =  𝑒𝑡  +  𝑐𝑜𝑠 𝑡 

𝑑𝑥

𝑑θ
 = 

1

𝑡
 + cos t 

𝑑𝑦

𝑑θ
 = 𝑒𝑡 – sin t 

𝑑𝑦

𝑑𝑥
 = 

𝑑𝑦

𝑑θ
𝑑𝑥

𝑑θ

 = 

1

𝑡
 + cos t

𝑒𝑡 – sin t
 

(d) 𝑥 =  𝑎 (𝜃 +  𝑠𝑖𝑛 𝜃), 𝑦 =  𝑎 (1 –  𝑐𝑜𝑠 𝜃) 

𝑥 =  𝑎 (𝜃 +  𝑠𝑖𝑛 𝜃) 𝑦 =  𝑎 (1 –  𝑐𝑜𝑠 𝜃) 

𝑑𝑥

𝑑θ
 = a (1 + cos θ) 

𝑑𝑦

𝑑θ
 = 𝑎 𝑠𝑖𝑛 θ 

𝑑𝑦

𝑑𝑥
 = 

𝑑𝑦

𝑑θ
𝑑𝑥

𝑑θ

 = 
a (1 + cos θ)

𝑎 𝑠𝑖𝑛 θ
 

𝑑𝑦

𝑑𝑥
 = tan 

θ

2
 

 Differentiation for hyperbolic and inverse hyperbolic functions 

Formulae: 

𝑆𝑖𝑛 ℎ𝑥 = 
𝑒𝑥− 𝑒−𝑥

2
 𝑐𝑜𝑠 ℎ𝑥 = 

𝑒𝑥+ 𝑒−𝑥

2
 

Hyperbolic Identities: 

𝑠𝑖𝑛ℎ (−𝑥)  =  −𝑠𝑖𝑛 ℎ𝑥; 𝑐𝑜𝑠ℎ (−𝑥)  =  𝑐𝑜𝑠ℎ𝑥  ; 𝑐𝑜𝑠ℎ2𝑥 − 𝑠𝑖𝑛ℎ2𝑥 =  1 

Derivatives of hyperbolic functions 

𝑑

𝑑𝑥
 (𝑠𝑖𝑛 ℎ𝑥)  =  𝑐𝑜𝑠 ℎ𝑥             

𝑑

𝑑𝑥
 (𝑐𝑜𝑠 ℎ𝑥)  =  𝑠𝑖𝑛 ℎ𝑥 

𝑑

𝑑𝑥
 (𝑡𝑎𝑛 ℎ𝑥)  =  𝑠𝑒𝑐ℎ2𝑥                   

𝑑

𝑑𝑥
 (𝑐𝑜𝑡 ℎ𝑥)  =  − 𝑐𝑜𝑠𝑒𝑐 ℎ2𝑥 

𝑑

𝑑𝑥
 (𝑐𝑜𝑠𝑒𝑐 ℎ𝑥)  =  − 𝑐𝑜𝑠𝑒𝑐 ℎ𝑐 𝑐𝑜𝑡 ℎ𝑥 

𝑑

𝑑𝑥
 (𝑠𝑒𝑐 ℎ𝑥)  =  −𝑠𝑒𝑐 ℎ𝑥 𝑡𝑎𝑛 ℎ𝑥 

 Derivatives of inverse hyperbolic functions 

𝑑

𝑑𝑥
 (𝑠𝑖𝑛ℎ−1𝑥) = 

1

√1+𝑥2
 

𝑑

𝑑𝑥
 (𝑐𝑜𝑠 ℎ−1𝑥) = 

1

√𝑥2−1
 

𝑑

𝑑𝑥
 (𝑡𝑎𝑛 ℎ−1x) = 

1

1− 𝑥2
 

𝑑

𝑑𝑥
 (𝑐𝑜𝑡 ℎ−1𝑥) = 

1

1− 𝑥2
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𝑑

𝑑𝑥
 (𝑐𝑜𝑠𝑒𝑐−1𝑥) = 

1

|𝑥|√𝑥2+1
 

𝑑

𝑑𝑥
 (𝑠𝑒𝑐 ℎ−1𝑥) = 

1

𝑥 √1− 𝑥2
 

Example  

      Find the derivatives for the following functions 

a) 𝒇(x) = x sin hx – cos hx 

b) 𝒇(x)  = sin h (sox hx) 

c) 𝒇(x)  = 𝒆𝒙𝒐𝒔 𝒉 𝟑𝒙 

Solution: 

a) 𝑓(𝑥)  =  𝑥 𝑠𝑖𝑛 ℎ𝑥 –  𝑐𝑜𝑠 ℎ𝑥 

          𝑓′(𝑥) = 𝑥 𝑐𝑜𝑠ℎ𝑥 +  𝑠𝑖𝑛 ℎ𝑥 –  𝑠𝑖𝑛 ℎ𝑥 

         𝑓′(𝑥) = 𝑥 𝑐𝑜𝑠ℎ𝑥 

b) 𝑓(𝑥)  =  𝑠𝑖𝑛 ℎ (𝑐𝑜𝑠 ℎ𝑥) 

       𝑓′(𝑥) = 𝑐𝑜𝑠 ℎ (𝑐𝑜𝑠ℎ𝑥) 𝑥 𝑠𝑖𝑛 ℎ𝑥 

      𝑓′(𝑥) = 𝑠𝑖𝑛 ℎ𝑥𝑐𝑜𝑠ℎ(𝑐𝑜𝑠ℎ𝑥) 

c) 𝑓(𝑥) = 𝑒𝑥𝑜𝑠 ℎ 3𝑥 

      𝑓′(𝑥)= 𝑒𝑥𝑜𝑠 ℎ 3𝑥 (3 𝑠𝑖𝑛 ℎ3𝑥) 

      𝑓′(𝑥)= 3 𝑠𝑖𝑛 3𝑥 𝑒𝑥𝑜𝑠 ℎ 3𝑥 

Example  

     Find the derivatives of the following inverse functions 

a) 𝒇(x) = 𝒕𝒂𝒏 𝒉−𝟏√𝒙 

b) 𝒇(x) = 𝒕𝒂𝒏−𝟏 (tan hx) 

c) 𝒇(x) =  𝒕𝒂𝒏 𝒉−𝟏(𝒔𝒊𝒏 𝒙) 

Solution: 

a) 𝑓(𝑥) = 𝑡𝑎𝑛 ℎ−1√𝑥 

       𝑓′(𝑥) = 
1

1− (√𝑥)2

1

2√𝑥
 

      𝑓′(𝑥) = 
1

2√𝑥(1−𝑥)
 

b) 𝑓(𝑥) = 𝑡𝑎𝑛−1 (𝑡𝑎𝑛 ℎ𝑥) 
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     𝑓′(𝑥) = 
1

1+ 𝑡𝑎𝑛 ℎ2𝑥
𝑠𝑒𝑐 ℎ2 𝑥 

    𝑓′(𝑥) = 
1− 𝑡𝑎𝑛 ℎ2𝑥

1+ 𝑡𝑎𝑛 ℎ2𝑥
 

c) 𝑓(𝑥)  =  𝑡𝑎𝑛 ℎ−1(𝑠𝑖𝑛 𝑥) 

     𝑓′(𝑥) = 
1

1− (𝑠𝑖𝑛 𝑥)2
 𝑐𝑜𝑠 𝑥 = 

𝑐𝑜𝑠 𝑥

1− 𝑠𝑖𝑛2𝑥
 

    𝑓′(𝑥) = 
𝑐𝑜𝑠 𝑥

𝑐𝑜𝑠2𝑥
 

    𝑓′(𝑥) = 𝑠𝑒𝑐 𝑥 

Exercise 

1.  Find the derivatives for the following parametric functions: 

(i)  𝑥 = 𝑎𝑡2 , 𝑦 = 2𝑎𝑡    Ans: 
𝑑𝑦

𝑑𝑥
=

1

𝑡
 

(ii) 𝑥 = 𝑐𝑡 , 𝑦 =
𝑐

𝑡
     Ans: 

𝑑𝑦

𝑑𝑥
=

1

𝑡2
 

(ii)  𝑥 = 𝑎(𝑐𝑜𝑠𝜃 + 𝜃𝑠𝑖𝑛𝜃)𝑦 = 𝑎(𝑠𝑖𝑛𝜃 − 𝜃𝑐𝑜𝑠𝜃) Ans: 
𝑑𝑦

𝑑𝑥
= 𝑡𝑎𝑛𝜃 

(iv) 𝑥 = 𝑎𝑠𝑒𝑐𝜃 , 𝑦 = 𝑏𝑡𝑎𝑛𝜃    Ans: 
𝑑𝑦

𝑑𝑥
=

𝑏

𝑎
𝑐𝑜𝑠𝑒𝑐𝜃 

(v)  𝑥 = 𝑎𝑐𝑜𝑠2𝜃 , 𝑦 = 𝑏𝑠𝑖𝑛2𝜃                        Ans: 
𝑑𝑦

𝑑𝑥
= −

𝑏

𝑎
 

2.  Find the derivatives for the following hyperbolic functions: 

(i)  𝑦 = 𝑙𝑜𝑔(𝑐𝑜𝑠ℎ𝑥)     Ans: 
𝑑𝑦

𝑑𝑥
= 𝑡𝑎𝑛ℎ𝑥 

(ii) 𝑦 = 𝑠𝑒𝑐ℎ2(𝑒𝑡)     Ans: 
𝑑𝑦

𝑑𝑡
= −2𝑠𝑒𝑐ℎ2(𝑒𝑡)𝑡𝑎𝑛ℎ(𝑒𝑡)𝑒𝑡 

(iii)  𝑦 = tanh (1 + 𝑒2𝑥)    Ans: 
𝑑𝑦

𝑑𝑥
= 2𝑒2𝑥𝑠𝑒𝑐ℎ2(1 + 𝑒2𝑥) 

3.  Find the derivatives for the following inverse hyperbolic functions: 

(i)  𝑦 = 𝑐𝑜𝑠ℎ−1√𝑥     Ans: 
𝑑𝑦

𝑑𝑥
=

1

2√𝑥(𝑥−1)
 

(ii)  𝑦 = 𝑡𝑎𝑛ℎ−1 (𝑡𝑎𝑛
𝑥

2
)    Ans: 

𝑑𝑦

𝑑𝑥
=

𝑠𝑒𝑐 𝑥

2
 

(iii)  𝑦 = 𝑠𝑒𝑐ℎ−1√1 − 𝑥2                                            Ans: 
𝑑𝑦

𝑑𝑥
=

1

1−𝑥2
 

 


