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ABSTRACT

The work presented in the thesis entitled 'Stable
Methods for Second Order Ordinary Differential Equations',
1s divided into five chapters. |

. A general Adiscussion of numerical methods for 'solving
second order initial value problems is given in the first
Achépter.

In Chapter II, a class of one step methods for solving
the differential equation y" = f{x,y,y') is discussed, 2
method of O(th) in this class involves derivatives of y of
order i for 1 = 1,2,...,p+l. It is self starting, stable
in the sense of Rutishauser, and P‘—stable for second order
periodic initial value problems y" = £(x,y), y(x ) = Yo7

y'(x,) =y!. A bound for the global error is obtained for

this class of methods. It has a small error constant. An
algorithm for controlling the global error by controlling
the local érror per unit step has been suggested for this
class of methods. Numeric}al‘ comparisons are given in the emnd
of this chaptér.

‘In C‘napter 111, a fourth or.der numerical method for
sélving the general second order differential equation
y"' = £x,y,v'), y(xo) = Y1 y! (xo) = yé has been derivec?..
This method is self starting, P-stable {(when applied to
y" = £(x,y)), and it involves only two function evaluations

per step, An important feature of the formula is that



«bility' is obtained even though equations including y'

can alsO be treated, since most of the previous formulae with
this property have been applied only to y" = £(x,y). However,
when y' is not present calculations get further simplified. |
Easily calculable and six;xple truncation error estimates are
given, which can be used for automatic error control in |

computations. The method is illustrated on numerical examples,

In Chapter IV, two Nystrom type methods for the integra-
tion of second order differential equetions y" = f(x,y), y{x,)

=Y s y'(xo) =y} are cbtained. The fomulae are derived in
- tWo steps, 1In the first step we apply the Lobatto quaéraf:ure
formula with k nodes to the integral form of the initial wvalue
problem. This gives one equation for the unknown Yo,1 which
involves k-2 unknown y-values at non-step pcints, 1In the
second step we express these y—vall;es at k-2 non—stgp points

in terms of these values and y Thus we get a system of
n+

1°
k-1 equations iﬁvolving Yn+l’ Hence, 2t each integration
step, generally, @ non-linear system of s{k-1) equations has
to be solved if y € RS. Methods of ordér six and eight'which
correspond to k = 4 and k = 5 respectively have been
Oﬁmin,ed. These methods are éhown to be P-stable. Numerical

examples are also given in the end of the chapter,



In the last chapter, a sixth order P-stable sjﬁmetric
four step method for periodic initial value problem yﬁ = f(x,yﬁg
is derived. It requires three function evaluations per step.
The method can be considered as a stabilized modification of
Lambert and watson's sixth order implicit mcthoi'which,has a
finite interval of periodicity. The mcthod is 1llustrated

on numerical examples,
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