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Nonlinear equation (Bernoulli Equation) 

 

To solve this equation, must nonlinear equation convert to linear equation. 

The method: 

1- Divide two side of equation by yn 

                 
𝒅𝒚

𝒅𝒙
  + P(x) y = Q (x) yn ÷ yn 

2- Submit  

          Z = y1-n                                                   
𝐝𝐳

𝐝𝐱
  = (1-n) y-n 

To convert to linear equation. 

Note: It can find the equation in the  
𝒅𝒙

𝒅𝒚
  + P(y) x = Q (y) xn 

Ex. 13. Solve 

1-  2 
𝐝𝐲

𝐝𝐱
 -  

𝐲

𝐱
  = - y3 cos x       (nonlinear) ÷ y3 

      2y-3 
dy

dx
  -  

1

x
  y-2

  = - cos x let z = y1-n  = y 1-3  = y-2 

       
dz

dx
  = - 2y-3  

dy

dx
             -  

dz

dx
  - 

1

x
   z = - cos x * -1 

     
dz

dx
  + 

1

x
   z =  cos x             linear equation  
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P =  
1

x
      , Q = cos x                    ρ =  e∫ P(x)dx = e∫

1
x
 dx  =  eln x = x 

ρ.z = ∫ ρ Q(x) dx                 x.z =  ∫ x . cos 𝑥 dx                  

x.z = x. sin x - ∫ sin 𝑥 𝑑𝑥  

x.z = x. sin x + cos x + c 

x. y-2 = x sin x + cos x + c 

 

H.W. Solve the following equations 

1) 3xyʹ + y + x2y4 = 0 

2) y2yʹ + x2y3 = x2 

 

 

 

 

 

 

 

 

 

 

 

 

Let  u = x                      du = dx 

      dv = cos x dx            v = sin x 

         ∫ 𝑢𝑑𝑣 = uv -∫ 𝑣𝑑𝑢 
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2-   3xyʹ + y + x2y4 = 0 ÷ 3x 

      yʹ + 
1

3𝑥
 y + 

𝑥

3
  y4 = 0     

      yʹ + 
1

3𝑥
 y  = -  

𝑥

3
  y4        ÷ y4 

      y-4 yʹ + 
1

3𝑥
 y-3  = -  

𝑥

3
   

      let z = y-3   𝑑𝑧

𝑑𝑥
 = -3y-4  

𝑑𝑦

𝑑𝑥
         

      
𝑑𝑦

𝑑𝑥
 = - 

𝑦4

3
 
𝑑𝑧

𝑑𝑥
 

        y-4 ( - 
𝑦4

3
 ) 

𝑑𝑧

𝑑𝑥
 + 

1

3𝑥
 z = -

𝑥

3
           - 

1

3
 
𝑑𝑧

𝑑𝑥
 + 

1

3𝑥
 z = -

𝑥

3
             * -3 

        
𝑑𝑧

𝑑𝑥
 -  

1

𝑥
 z = x    linear 

P =  
1

x
 , Q = x                    ϕ =  e∫ P(x)dx = e∫ − 

1
x
 dx  =  e-ln x = 

1

𝑥
 

ϕ.z = ∫ ϕ Q dx                 
1

𝑥
  . y-3 =  ∫  

1

𝑥
 . 𝑥 dx      

 
1

𝑥
  y-3 + x + c 
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3-   y2yʹ + x2y3 = x2 

Let  z = y3 

𝑑𝑧

𝑑𝑥
 = 3y2 

𝑑𝑦

𝑑𝑥
                              

𝑑𝑦

𝑑𝑥
 y2 = 

1

3
 
𝑑𝑧

𝑑𝑥
 

1

3
 
𝑑𝑧

𝑑𝑥
 + x2 z = x2 

* 3 

𝑑𝑧

𝑑𝑥
 + 3x2 z = 3x2      P = 3𝑥2         Q = 3𝑥2 

 ϕ =  e∫ P(x)dx = e∫ 3𝑥2dx  =  𝑒𝑥3

 

ϕ.z = ∫ ϕ Q dx                 𝑒𝑥3

  . z =  ∫  𝑒𝑥3

. 3𝑥2 dx      

𝑒𝑥3

. z = 𝑒𝑥3

 + c            𝑒𝑥3

. y3 = 𝑒𝑥3

 + c 


