
Mathematics(II)                                 Al-mustaqbal University Collage 

Dr. Alaa Mohammed Hussein Wais 

1 
 

3) Linear Equation (first order first degree) 

                Alinear of ordinary differential  Equation 

(ODE)can always be put in to the standared from   

        
𝒅𝒚

𝒅𝒙
+ 𝝆(𝒙)𝒚 = 𝑸(𝒙) 

 𝛒 = (𝒊𝒏𝒕𝒆𝒈𝒓𝒂𝒕𝒊𝒐𝒏 𝒇𝒂𝒄𝒕𝒐𝒓) → 𝝆 = 𝒆∫ 𝝆(𝒙)𝒅𝒙 

eqation[𝒚 = 𝒆− ∫ 𝝆(𝒙)𝒅𝒙 ∗ (∫ 𝝆 ∗ 𝑸(𝒙) + 𝑪)] 

Example// Solve 
𝒅𝒚

𝒅𝒙
= 𝒆𝑿 − 𝒀 

Solution/ 

𝒅𝒚

𝒅𝒙
+ 𝒀 = 𝒆𝑿 ↔

𝒅𝒚

𝒅𝒙
+ 𝝆(𝒙)𝒚 = 𝑸(𝒙) 

𝝆(𝒙) = 𝟏   & 𝑸(𝒙) = 𝒆𝑿 

𝝆 = 𝒆∫ 𝝆(𝒙)𝒅𝒙 = 𝒆∫ 𝟏𝒅𝒙 = 𝒆𝑿 

𝒚 = 𝒆− ∫ 𝝆(𝒙)𝒅𝒙 ∗ (∫ 𝝆 ∗ 𝑸(𝒙) + 𝑪) = 𝒆−𝑿 ∗ (∫ 𝒆𝑿 ∗ 𝒆𝑿𝒅𝒙 + 𝒄)

= 

𝒆−𝑿 ∗ (∫ 𝒆𝟐𝑿 𝒅𝒙 + 𝒄) = 𝒆−𝑿 (
𝟏

𝟐
𝒆𝟐𝑿 + 𝒄) =

𝟏

𝟐
𝒆𝒙 + 𝒆−𝑿𝒄 

H.W. // Solve    
𝒅𝒚

𝒅𝒙
− 𝟑𝒚 = 𝒙𝟐 
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-# Bernoullis Equation: 

using when not linear equation  

The general form 

𝒅𝒚

𝒅𝒙
+ 𝝆(𝒙)𝒚 = 𝑸(𝒙)𝒚𝒏         (𝒏 ≠ 𝟏) 

Assume  𝒖 = 𝒚𝟏−𝒏 →
𝒅𝒖

𝒅𝒙
= (𝟏 − 𝒏)𝒚−𝒏 𝒅𝒚

𝒅𝒙
 

=
𝒅𝒚

𝒅𝒙
=

𝟏

𝟏−𝒏
𝒚𝒏 𝒅𝒖

𝒅𝒙
 𝒔𝒖𝒃 𝒊𝒏 (𝟏) 

𝒅𝒚

𝒅𝒙
+ 𝝆(𝒙)𝒚 = 𝑸(𝒙)𝒚𝒏  ÷  𝒚𝒏

→ [𝒚−𝒏  
𝒅𝒚

𝒅𝒙
+ 𝝆(𝒙)𝒚𝟏−𝒏 = 𝑸(𝒙)] … … (𝟏) 

→ [𝒚−𝒏  
𝟏

𝟏 − 𝒏
𝒚𝒏

𝒅𝒖

𝒅𝒙
+ 𝝆(𝒙)𝒖 = 𝑸(𝒙)] ∗ (𝟏 − 𝒏) 

=[
𝒅𝒖

𝒅𝒙
+ (𝟏 − 𝒏)𝝆(𝒙)𝒖 = (𝟏 − 𝒏)𝑸(𝒙)] 

Example// Solve 
𝒅𝒚

𝒅𝒙
+

𝟑

𝒙
𝒚 = 𝒙𝟐𝒚𝟐 

Solution / 

𝒅𝒚

𝒅𝒙
+

𝟑

𝒙
𝒚 = 𝒙𝟐𝒚𝟐            ÷ 𝒚𝟐 (𝒏 = 𝟐) 

𝒅𝒚

𝒅𝒙
𝒚−𝟐 +

𝟑

𝒙𝒚
= 𝒙𝟐 
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       Assume  𝒖 = 𝒚𝟏−𝒏 → 𝒖 = 𝒚−𝟏 →
𝒅𝒖

𝒅𝒙
=

−𝟏

𝒚𝟐

𝒅𝒚

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= −𝒚𝟐

𝒅𝒖

𝒅𝒙
    𝑠𝑢𝑏 𝑖𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 

→ −𝒚𝟐 ∗ 𝒚−𝟐
𝒅𝒖

𝒅𝒙
+

𝟑

𝒙𝒚
= 𝒙𝟐 →

𝒅𝒖

𝒅𝒙
−

𝟑𝒖

𝒙
= −𝒙𝟐   𝒊𝒔 𝒍𝒊𝒏𝒆𝒂𝒓  

𝝆(𝒙) =
−𝟑

𝒙
   & 𝑸(𝒙) = −𝒙𝟐 

𝝆 = 𝒆∫
−𝟑
𝒙

𝒅𝒙 = 𝒆−𝟑𝒍𝒏𝒙 = 𝒙−𝟑 

𝒚 = 𝒆− ∫ 𝝆(𝒙)𝒅𝒙 ∗ (∫ 𝝆 ∗ 𝑸(𝒙) + 𝑪)

= 𝒙𝟑 ∗ (∫ 𝒙−𝟑 ∗ (−𝒙𝟐)𝒅𝒙 + 𝒄) = 

𝒙𝟑 ∗ (∫
−𝟏

𝒙
𝒅𝒙 + 𝒄) = 𝒙𝟑(−𝐥𝐧 𝐱 + 𝒄) = −𝒙𝟑𝒍𝒏𝒙 + 𝒙𝟑𝒄 

 

H.W. // Solve    
𝒅𝒚

𝒅𝒙
+

𝒚

𝒙
= 𝒙𝒚𝟐 

 


