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LECTURE #6
Numerical Solution of Ordinary Differential 
Equations



ODE Classifications

Order
Linearity
Boundary or Initial 
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y: dependent Variable
x: Independent variable

3rd order 
Nonlinear

General Form of linear ODE
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R(x)=0 Homogeneous ODE

If bo, b1,..,bn don’t depend on x and R(x)=0 autonomous system



To obtain a unique solution for an nth order ODE we need to 
specify n values for y or its derivatives at specific value of x
initial or boundary conditions.
Initial-value problem: y, dy/dx, ….are given at initial value of x
Boundary-value problem: some of y, dy/dx, ….are given at initial 
value of x and others at the end value of x 

[y (x=0), dy/dx(x=1)]



Canonical Form

ODE of nth order n simultaneous first order ODEs: Canonical Form
Given: 
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Canonical Form 
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If G doesn’t depend on x
Autonomous system



Example
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Canonical Form



Solution of Linear ODE 
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For single ODE: 

For system of ODE’s (Matrix form) 

Eigenvalue-Eigenvector Method 1
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Example: Solve the following ODEs system: 2 1 1
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Solution :  
First determine the eignevalues and eignevectors of A 

Eigenvector x1 for λ1
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Eigenvector x2 for λ2



Eigenvalue-Eigenvactor Method using MATLAB

% Eignevalue-Eigenvector method Linear ODE system
% dY/dt=AY , Y(t=0)=Y0 ==> Y(t)=exp(At)Y0
% exp(At)=X exp(lambda*t) inv(X)

%[V,D] = EIG(X) produces a diagonal matrix D of eigenvalues and 
a
%   full matrix V whose columns are the corresponding 
eigenvectors so
%    that X*V = V*D.
Y0=[1 0]'
A=[2 1; 3 0]
[X,lambda]=eig(A)
for n=1:5
t(n)=.1*n    
AL=[exp(lambda(1,1)*t(n)) 0; 0 exp(lambda(2,2)*t(n))]
Y(:,n)=X*AL*inv(X)*Y0
end
for n=1:5

t(n)=.1*n
y1(n)=0.75*exp(3*t(n))+0.25*exp(-t(n))
y2(n)=0.75*exp(3*t(n))-0.75*exp(-t(n))
end
plot(t,Y(1,:),t,y1,'*')



ODE MATLAB Solver











Nonlinear ODE: Initial value Problems
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Approximated using Finite differences 

Euler Method

Implicit Euler Method
1 1 1( , )i i i iy y hf x y+ + += +

Modified Euler method


