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ON THE APPLICATION OF THE SINGULAR PERTURSATION
THEORY TO THE WAVES IN A
SELF-GRAVITATING WZDIUM

Yce Zengyuan

(Zapariment of Geophysics, Peiking University)
Abstract

Some vroblems on the application of the singular perturbation theory are discuss-
ed in terms of two example related to the waves in a self-gravitating medium. the first
example is the complex eigen-value problem in the density wave theory, where three
turning points are inveolved and two of them are close to each other. It is pointed out
that the geometrie distribution of the turning points depends upon the complex eigen-
value @ sensitively. Thus, it is necessary to make some explicit analysis on the
«dependence of @ on the perturbation parameter A in advance, even for obtaining the
first-order uniformly valid asymptotic solution. We expand w(i) in a series o=

©

Z w;A~i and obtain the different orders of the real and imaginary parts of o from
i=0

the radiation condition. This is the key to the analysis of this problem. Formally,
this method looks like the strained parameter method (Lindstedt-Poincaré method),
‘but essentially they are different. The second example is the asymptotic periodie
solution and the dispersion relation of weakly non-linear waves in a self-gravitating
medium. It is indicated that, if the expansion w = wy(k) + ew (k) + &%, (k) + -
is adopted, where @ is the angular frequency, k the wave number, the weakly non-
linear dispersion relation is not uniformly valid as1-—»1;  (Jeans length). Based on
the analysis of this non-uniform-validity, we adopt another expansion in this paper:
E = kfw) + ek(w) + &% w) -+ -, in this way, not only the weakly non-
linear asymptotic solution uniformly valid for (z, t) for a given A is obtained, but also
the weakly nonlinear dispersion relation is uniformly valid for the wave length A.
Thus, we see the necessity of choosing the proper strained parameter for this and other
similar problems.



