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On the reliability of iterative solutions for
Poisson's type equation

F.B.A.GIWA

. Thu s it is safe to say th at SOR is only a few
times faster than Gauss Seidel. This statement is
especially true in thc case of other ellipt ic equationa
for which it is difficult to calculate th e accelerat
ing factor. We shall therefore limit our discussion
to Gauss Seidel.

fa.,test iterative schemes presently available.
These fast schemes reduce the time to obtain a
given accuracy by a facto; which is critically
d~pendent on.the acceleratinli factor. ]<'or example
WIth the optimum acceleratmg factor SOR is
about 40 times flL'lter than Gauss Seidel. When
this accelerat ing factor is altered by abo ut one
per cent, the scheme is only 20 times faster
(see Smith 1971,p. 150).
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vesttgated for different number of Iterations end (or different number of mesh pointe in a rectangualr area.

It is ..hown that in ~neral iterative methods oC ....rution of PoiMon', type of equation a.re not to be re-
commended for etmoepheric problems. .

1. IntrodueUon

In numerical computation of atmospheric mo
tion we often come across equations of form

whcrn for example 0 could be th e vorticity whose
spat ial distribution is known and 0{- th e unknown
could be the st ream functio n.

There are various methods of soving thi s
equat ion. Owing to th eir simplicity iterative
meth ods of solution have been popular amongst
meteorologists .

The purpose of this paper is to point out some
short-comings of iterative schemes,

2. Iterative solution of Poisson'. equation

. The five point finit:e d ifference form of Eqn. (1)
III rectangular coordinates (X, Y) is:

o{-" , = Ho{-. oJ>,HI + o{-. ,, - II + o{-' +II ,. +
+ oJ>. _I", - 11'0..,) (2)

where II is the grid size.

There are various iterative schemes possible.
Wc have thc J acobi scheme which calculates a
set of ite ra tes exclusively in terms of the previous
set . This is hardly used because th cre are other
schemes which arc not only f...ster but also de
mand less storage . An example of this is thc Gauss
~idcl iteration which involves th e use of recent
Iterate as th ey become available. Details of these
t wo 8Ch~es can be obtained in many te xt-books
on numerical methods, example of which is Smith
(1971).

The Young (1954) successive over relaxation
SOR, the Altel'llating Direction Implicit Seheme
AD! , proposed by Peaceman and Rachford (1955)
and subsequent modificat ions of these are the

.iBl

2. Numerical test solutions of Poisson's equaUon

In order to test the reliability of iterative solu
tions, random numbers were generated and assig
ned to values of 0{- at the grid points of a recta ngu
~r area. ~he ~te d~erence form of the Lapla 
cian 0 as given in equation (2) were than calculated
at each of the grid points. Thus the set of 0{
which henceforth we shall denote by T represen~
the true solut ion of the given set of o ,

Now taking the set of 0 as the known quantiti..,
from which the 0{- were to be calculated , th e Gauss
Seidel technique was appli ed on Eqn. (2)
a number of times to obtain better and bcttcr
values for o{-. At each iteration wc calculated
the successive fractional error E which for th e kth
iteration is defined as

s, = E I T - o{-k II E I T I
where summat ion is over all th e grid points
except at the boundaries where values of 0{- were
known and fixed.

Table 1 illustrates the successive accuracy
attained for deffereat number of mesh pointa .
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