CE317 : Computer Methods in Civil Engineering

Lecture 20(:Numerical Solution of Ordinary Differential Eqs (ODE’s).

Problems described by ODE’s can be classified according to the specified conditions into two types:

1- Initial-value problems: Initial conditions (at x = x0 and/or t = t0) are specified. Examples are:
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2- Boundary value problems: Conditions are specified at the boundary points (end points for 1-D problems. Examples are:
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and so on.

We will, first, consider the initial condition problems.

Consider the following form of ODE:
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 for a < x < b with the initial condition y(a) = a given constant

We will discuss the following three methods to solve ODE’s similar to the one above:

1- Euler’s method

2- Modified Euler’s method

3- 4th order Runge-Kutta method

Let us consider the behavior of the solution over a small interval {xi,xi+1}. A simple way of predicting the solution at xi+1 is by assuming a straight line behavior over the interval {xi,xi+1}.
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where y’ is the slope at xi. Then:
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Now let us apply this approach to the general case. Assume that the interval of the ODE is {a,b}

Let us divide the interval {a , b} into n sub-intervals of equal length, h. So that we calculate the solution at the end of each sub-interval:
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Example1:

Use the Euler’s method with h = 0.1 to determine y(0.4) for the following ODE:
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Solution:

i

xi

yi
     f(xi , yi)
     h f(xi , yi)

0

0.0

-1.   

 1.    

0.1

1

0.1

-0.9   

 0.7    

0.07

2

0.2

-0.83  

 0.43   

0.043

3

0.3

-0.787  
 0.187    
0.0187

4

0.4

-0.7683           
If we use h=0.1, we get y(.4)=-0.807

Exact solution y(0.4)=-0.811

Example2:

Use the Euler’s method to determine y(1) for the following ODE, using h = 0.2.
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Solution: 
f0=0y1 = 0

f1=-.2 y2=-0.04

f2=-.401, y3=-.120

y4=-0.243

y5= -0.417

If h=0.1, we get y(1)=-0.488
Exact solution =0.577













( Important: This handout is only a summery of the lecture. The student should take detailed notes during the class and refer to the textbook for more examples and discussion.
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