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Abstract: An important class of integral equations in space-time is discussed. The studied equations, called 
Volterra-Fredholm integral equations or integral equations of the mixed type are used in technology, 
mechanics, biology and the heat conduction theory. First, the Galerkin method is applied to the Fredholm 
integral equations in space-time. Next, it is used for the Volterra-Fredholm integral equations. The presented 
algorithm is illustrated by graphs and tables. 

1. I N T R O D U C T I O N 

Consider the f o l l o w i n g integral equation 

w h e r e Φ j is an orthonormal bas i s in L2(D) and constants c1, c2,..., cn are choosen such that 

(2) 

2 . G A L E R K I N M E T H O D 

We search for a numerical solution in the form 

T h e considered integral equations in space-time play very important role in mechanics and 

technology. Presented equations arise in the w a v e theory. Some initial-boundary problems for 

a n u m b e r of d i f ferent ia l partial equations in physics can be reduced to the considered integral 

equations. 

w h e r e M is a compact subset of Euclidean space Rk or compact manifold. Suppose that this 

equation has a unique solution in the space L2(D) 

(1) 
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Then we get 

Putting (2) in the above equality and taking into account the orthonormality of the system (Φn) 

we obtain the f o l l o w i n g system of a lgebraic equations 

(3) 

w h e r e 

(4) 

so-called Volterra-Fredholm integral equation or a mixed integral equation in the space-time. 

Considered integral equations of the Volterra-Fredholm type are very important in mechanics 

and b io logy . T h e y arise in the heat conduction theory and the mathematical model l ing of 

the spatio-temporal development of an epidemic. The spread of the d i sease in the g iven popu-

lation can be descr ibed by the Volterra-Fredholm integral equations. 

The general theoty of these equations w a s presented in weighted spaces [3]. It has been shown 

and the deviation function is de f ined in the f o l l o w i n g w a y 

In the c a s e . equation (1) is reduced to the equation 

that the integral equation (4) has a unique solution in spaces C and Lp (p 1). Numerical 
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solutions were investigated in [1-6], In this paper the Galerkin method is used for solving 

the equation (4) and it leads to the system of algebraic equations (3) with 

(5) 

where 

Our considerations are restricted to the orthonormal Legendre polynomials defined in intervals 

[ - 1 , 1] and [0, 1], respectively. 

3. I M P L E M E N T A T I O N IN M A P L E V 
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E x a m p l e 1 

with 

Absolute e r r o r s : 

n=3 n=5 
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Example 2 

with an exact solution f(x, t) =x + s in( t ) 

n=5 

Absolute error Relative error 

n=10 

Absolute error Relative error 
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E x a m p l e 4 

n = 7 

Absolute error Relative error 

E x a m p l e 3 

where f(x, t) = e-tx2 is an exact solution. 

Absolute errors'. 

n=5 n=8 

w h e r e f ( x , t) = e -t cos x is an exact solution. 
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n= 8 

Absolute error Relative error 

The exact analysis of the Galerkin method is presented below. 

Example 5 
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Table of factors c [ i , j ] 



Computational Results for Integral Equations in Space-time 15 

5. C O N C L U S I O N S 

In this paper we extend the exis t ing literature related to s o l v i n g integral equations of 

the m i x e d type [1-6], We have shown that increasing the number of the bas i s funct ions one 
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Galerkin method 

4 . D E P E N D E N C E O F T H E G A L E R K I N M E T H O D 

O N T H E N U M B E R O F B A S I S F U N C T I O N S 

Consider the f o l l o w i n g integral equation in space-time 

obtains better results only for when n > 11 the Galerkin method becomes w e a k l y stable. 

Comparing f i f teen various numerical examples we conclude that the best results are obtained for 




