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Problem 1: First order differential equations 

In this problem we would like to solve a differential equation.  

Problem 1.a :  

Use the program from the page (33) of the lecture notes to solve the differential equation: 

     

For the following initial conditions: a=1 , a =-0.1 Plot the result.  

Problem 1.b : Pen and paper : find the solution to this differential equation analytically. 

Problem 1.c : 

In your program, add a line of code such that you write into a different file (fort.102) the difference between 

the numerical solution obtained in 1.a and your analytical solution. Plot the file fort.102 and obtain an 

estimation of the error obtained with the numerical method in 1.a. Where does the error stem from, what is 

the approximation which was made? 

Problem 1.d :  

In this problem, we define a new integer variable N. We will specify to the program that N is a constant, and 

will not change its value. To do this, add a declaration at the beginning of the code, below the implicit none 

statement: 

      Integer(4),parameter :: N=10000 

The statement parameter specifies that the variable N will be seen by the computer as a number, equal to 

10000. Replace in your code the number of time discretization (10000) with the variable N. Now you can 

change the number of time discretization easily, simply change the number in the declaration of the variable 

N :  

      Integer(4),parameter :: N=20000 

Repeat now 1.c with a double discretization, what do you observe for the error? What do you obtain with 

N=10 ?  

 

 

d

dx
y(x) = −y(x)
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Problem 2: Generalizing your code with a function 

As a simple extension of Problem 1, we want here to make your code more general. We will define a 

function F1(x,y) which will define which differential equation is solved. 

Add a module on top of your program : 

 Module l ibrary 

 Contains 

 End module 

 Program 

 use l ibrary 

 End program 

In the module, add a function F1(x,y) : 

 Funct ion F1(x,y)  

 Impl ic it  none 

 Real(8) : :  x,y 

 F1= …. 

 End funct ion 

This function will define the right hand member of the equation in 1.a. F1 is a function of x and y in general. 

For instance in 1.a, F1(x,y)=-y.  

Change your code such that within the do loop in the Taylor method, you use F1(x,y) instead of the ( - y( j ) ) 

term.  

We want now to solve the differential equation: 

       

To solve this differential equation instead of the one solved in 1.a, make a minor change in your function 

F1(x,y).  

Repeat points 1.a-1.c.  

d

dx
y(x) = y(x)


