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: ot " ABSTRACT .. -

'Hus ‘paper pments a’ technique that uses both
E.apIace and Fourieér -transforms to solve a system: of
partial differential equations. Numerical - method is
-also used to relate the frequency domain to time domain
of the solution. A system of four variables is selected ‘as
an example to illustrate the techmque

INTRODUCTION

In thls paper the transform methods refer to Laplace
and Fourier transforms. The Laplace transform reduces
the solution of a linear total or partial differential equa-
tion to essentially an algebraic procedure. In addition,
the relevant boundary conditions are introduced early
in the analysis, and the constants of integration are
automatically evaluated. The final solution of the equa-
tion is obtained by the inverse Laplace transform
However, Laplace transform is not always ascertained
for the solution of the equation resulting from certain
complicated situations. This difficulty can be overcome
by applying Fourier transform which converts a complex
variable into time domain. Therefore, the two trans-
forms can be used to solve a system of partial diﬁeeential
equations when the inverse Laplace transform is not
feasible for the solution.

DEFINITIONS OF THE TRANSFORMS

The Laplace transform of a function f(t) is defined
for positive value of t as a function of new variables

by the integral

I[fel= ]o “e > pdt

The transform exists if f(t) satisfies the following
conditions: ) )
1. f(t) is continuous or piecewise continuous In any
interval t, = t = t,, where t, > 0.
2. to | f(t) | is bounded near t = 0 when approached
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~from posmve values of t for someé number n,
whenn < 1.

3. The eSet|f(t) | is bounded for large values of t
for some number s,.

The function f(t) is said to be piecewise continuous
in the range t; = t = t, if it is possible to divide the
range into a finite number of intervals in such a way
that f(t) is continuous within each interval and ap-
proaches finite values as either end of the intervals is
apprcached from within the interval. Thus, a piecewise
continuous function may have a number of discon-
tinuities; and the method may be used for the solution
of a finite difference equation as well as a differential
equation.

In dealing with ordinary functions, Laplace transform
is more favorable because Fourier transforms of many
functions occuring in practice do not exist. However,
we may find that they do exist in a generalized sense.
Furthermore, since the Fourier transform is simpler
conceptually and is more meaningful physically than
the Lap'ace transform, we shall find that an operational
calculus for generalized functions based on the Fourier
transform is a fairly ideal one. For practical application,
a restricted definition is given as follows:

If f(t) is a real function of time which is zero for
all t < 0, then its associated Fourier transform pair
(Guillemin, 1963) is

F(w) = f: f(t)e?tat , £(t) =0 , t<O ()

£(t) = [ F(gw)e-Itan ,

NUMERICAL TRANSFORMS
Equation (1) may be broken into real and imaginary
parts and evaluated with special quadrature formulas
as shown below:

£(t) = peal, 3£ =-1 (2)

r(jw)=ff(t)comdt - jff(t)sinwtdt. (3)
or F(jw)= R(w) + JI(w) (4)
2 acE rlkaticos(viat) - mglr(m)m(um:
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dz ke .
b—4 (—=¢c =8)z=0 (20)
dx S +k

tion of Equation (20)is given by Lai ( 1966 ):
‘j‘..{' e ﬂ [b 'h = q] (21)

a (ke/S + k)= ¢ = a, and B; and Bz are integration cons-
etermined by the boundary conditions which give B)= 0,
e final solution of the equation is

-ﬁi- Laq
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2(x,8) = z exp) [x 22
’ 0 = (22)

nction z(t) is assumed to be Fourier trans-
and so jw can be substituted for S to give the
 transform at a specified values of x — L and
g de Moivre's theorem, the expression z(jw)
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tional purposes, the function is nonvor“d into real,
imaginary, I(w), parts :
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h ARy , Al;. Al;, m‘," otcq, refer to R(w) in lquluonm))lnc
w) in Equaiton (24), and their du%uuvn.

 WORLDWIDE ENVIRONMENTAL AND
- FOOD-SUPPLY STUDIES PUBLISHED

yridge  University Press has just published
st volumes of the International Biological Pro-
a ten-year study investigating ways of man-
natural resources.

|  the IBP, established by the International Coun-
I of Scientific Unions in 1964, scientists all over the
| joined forces to study ecosystems, conservation
and techniques, the productivity of plant and
nimal life in all environments. and the adaptability of

‘ populations.

ts of this study will be published over the

CONCLUSIONS

In the solution of a differential equation by classical
method, we must determine two solutions, the general
solution of the homogeneous equation and a pameuhr
solution of the non-homogeneous equation, using dif-
ferent techniques. Furthermore, the initial conditions
are taken into account only after we have determined
the general solution of the differential equation, and
the arbitrary constants are determined so that the
solution satisfies these conditions. With the Laplace
transform method we may obtain the solution to dif-
ferential equations without having to distinguish be-
tween parts of the solution. Furthermore, with the initial
conditions built in, the Laplace method is particularly
useful when applied to certain system of differential
equations. In the classical method for solving system
of equations we are confronted with the problem as to
whether the general solution involves more constants
than the essential number of constants; Laplace trans-
form method does not present this problem. However,
the inverse Laplace transform is not always readily
ascertained. This difficulty could be overcome by
numerical Fourier Transform pair as shown in the
example.
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next few years in 30 or more volumes, each edited
by m!emanonally-known authorities in their respective
fields. The first six volumes, to be published before
the end of 1975, are:

The Evolution of IBP; Crop Genetic Resources for
Today and Tomorrow; Photosynthesis and Productivity
in Different Environments; Food Protein Sources; Small
Mammals—Their Productivity and Pepulation Dy-
namics; and Nitrogen Fixation by Free-Living Micro-
Organisms.
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