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Introduction 
 
The subject of differential equations can be described as the study of equations involving 
derivatives. It can also be described as the study of anything that changes. The reason for this 
goes back to differential calculus, where one learns that the derivative of a function describes 
the rate of change of the function. Thus any quantity that varies can be described by an equation 
involving its derivative, whether the quantity is a position, velocity, temperature, population or 
volume. 
 
Definition 01 : An ordinary differential equation (ODE) is an equation involving a independant 
variable, a unknown function of one variable (dependent variable) and some its derivatives, 
while a partial differntial equation (PDE) can be defined as is an equation involving an unkown 
function of two or more variables and certian of its partial derivatives. 
 
Examples : 

 
 
 

Remark 1 : in the ODEs we may refer for simplisity  
𝒅𝒚

𝒅𝒙
= 𝒚′or  

𝒅𝒚

𝒅𝒙
= 𝒚𝒙 , therefore the equations 

in the previous example can be rewritten in this way  
 

𝒚𝟐𝒚′ = 𝒆𝒕       ,         𝒚′′ + 𝟑𝒙𝟐𝒚𝟐𝒚′ = 𝟎. 
 
 Definition 2 :The  order highest derivative which appears in any differntial equation is called The 
order of differential equation. 
Examples : 

1) 𝒚′′ + 𝒚′ + 𝒚 = 𝒔𝒊𝒏𝒙, 𝒊𝒔 𝒂 𝒔𝒆𝒄𝒐𝒏𝒅 𝒐𝒓𝒅𝒆𝒓 𝑶𝑫𝑬. 
2) 𝒚′ + 𝒚𝟐 = 𝟎, 𝒊𝒔 𝒂 𝒇𝒊𝒓𝒔𝒕 𝒐𝒓𝒅𝒆𝒓 𝑶𝑫𝑬. 
3) 𝒚′′′ + 𝒙𝒚′ = 𝒍𝒏(𝒙), 𝒊𝒔 𝒂 𝒕𝒉𝒊𝒓𝒅 𝒐𝒓𝒅𝒆𝒓 𝑶𝑫𝑬. 

 
Definition 3 : The function 𝒚 =  𝒚(𝒕), is called is a solution to a ODE on the open interval 𝑰, if it 
satisfies the equation and defined on 𝑰. 
Example : 

Let 𝒇(𝒙) =
𝟏

(𝒄−𝒙)
, 𝒄 ∈ 𝑰𝑹. We have  𝑫 = 𝑰𝑹 − {𝒄}. 

This function is a solution of the following EDO : 𝒚′ = 𝒚𝟐. 
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First order linear equations 
Separation of variables 

 

Examples : 

 

Example : 

 

 

Explicit and implicit solution 

 Explicit solution is a solution where the dependent variable  𝒚(𝒙)  can be separated.  

 Implicit is when the dependent variable  𝒚(𝒙)  cannot be separated. 
Example : 

Let : 𝒚′ =
𝒚

𝒙(𝒚+𝟏)
. 

We have : 
𝒚+𝟏

𝒚
𝒅𝒚 =

𝟏

𝒙
𝒅𝒙 →   ∫

𝒚+𝟏

𝒚
𝒅𝒚 = ∫

𝟏

𝒙
𝒅𝒙 → 𝒚 + 𝒍𝒏(𝒚) = 𝒍𝒏(𝒙) + 𝒄, 
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Is an implicit solution. 

initial conditions 

 Initial conditions are values of the solution and/or its derivative(s) at specific points. As we will 

see eventually, solutions to “nice enough” differential equations are unique and hence only one 

solution will meet the given initial conditions. 

Example :  𝟐𝒚′ − 𝟒𝒙𝒚 = 𝟎,  𝒚(𝟎) = 𝟏. 

We have 𝒚′ = 𝟐𝒙𝒚 → 𝐥𝐧|𝒚| = 𝒙𝟐 + 𝒄 → 𝒚 = 𝒌𝒆𝒙𝟐
. 

Now apply the IC, this gives :𝟏 = 𝒌, 

And so the solution is : 𝒚 = 𝒆𝒙𝟐
. 

General Solution 
The general solution to a differential equation is the most general form that the solution can 
take and doesn’t take any initial conditions into account. 

Example : 𝒚(𝒙) =
𝟑

𝟒
+

𝒄

𝒙𝟐
    is the general solution to  𝟐𝒙𝒚′ + 𝟒𝒚 = 𝟑. 

Second order linear equations  
Homogeneous equations 

 

 
Example01 : 

 
This equation is a homogeneous second order equation,  



4 
 

 

 
 
NonHomogeneous Linear Equations 

 

METHODS FOR FINDING THE PARTICULAR SOLUTION (𝒚𝒑 )  
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