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Chapter 8  

Ordinary Differential Equations 

Introduction 

A differential equation is an equation, where the unknown is a function and both the function and 

its derivative may appear in the equation. Differential equations are essential for a mathematical 

description of nature. They are the core of many physical theories. For example, Newton’s and 

Lagrange’s equations for classical mechanics, Maxwell’s equations for classical electromagnetism 

and Einstein’s equation for the general theory of gravitation. When the function involves only one 

independent variable then the equation is called an Ordinary differential equation or ODE. 

For example: In Radioactive decay, the amount ‘u’ of a radioactive material changes in time as 

follows, 

                 

where k is a positive constant representing radioactive properties of the material. Differential 

equations are also classified according to their order. In radioactive decay, the equation is first 

order ordinary differential equation because the highest derivative is a first derivative. A second 

order equation would include a second derivative. For example, Newton’s law: Mass times 

acceleration equals force, t = na, where n is the particle mass, 

                 

where the unknown is x(t)– the position of the particle in space at the time t. As we see above, the 

force may depend on time, on the particle position in space, and on the particle velocity. This is a 

second order ordinary differential equation (ODE). Similarly, when dealing with nth order 

differential equations, n conditions are required to obtain a unique solution. 

Euler’s Method 

In mathematics and computational sciences, the Euler’s method is the first order numerical 

procedure for solving ordinary differential equations with a given initial condition. It is the most 

basic and explicit method for numerical integration of ordinary differential equations. Leonard 

Euler was a famous Swiss mathematician. He contributed to all branches of mathematics, 



especially its application to the problems of physics. He invented a method to compute the 

numerical solution of a first order and first degree differential equation. The method is as follows:  

Consider a first order differential equation 

 

  



  

  



  

  

  



  

  



  



 

 

 

 



Modified Euler’s Method 

  

  

 



  

  

                                           



  

  



  

  

 



Mid-Point Method 

Mid-point method is a simple modification of Euler’s method. The mid-point method is a one-step 

method for numerically solving the differential equations. Midpoint method uses Euler’s method 

to predict value of y at mid-point of interval. The predicted value is used to calculate slope at the 

mid-point. Graphical representation of mid-point method 

 

 

This midpoint method is superior to Euler’s method because it utilizes a slope estimate at the 

midpoint of the prediction interval. 
 

  



  

  



 

 

   

  

     


