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PERTURBATION AND APPROXIMATION THEORY FOR 
HIGHER-ORDER ABSTRACT CAUCHY PROBLEMS 

L. BOBISUD AND R. HERSH 

1. Introduction and summary. Given a (possibly unbounded) 
linear operator A on a Banach space B, and a polynomial P(A, s) = 
]£o=m;J= CyXV, there is defined the abstract Cauchy problem 

P(dldty A)u = 0 for t > 0, 
(0.1) 

(dldty \t=0 u = fj for 0 êj ^ m - 1. 

It has been shown in [D] that if A generates a group T(t) and if 

roo m—1 
(0.2) £ T(s)fkgk(t,s)ds 

J-°° k=o 

converges, where gk(t, s) is the solution of (0.1) in the special concrete 
case A = — dldx, fj = 8jk8(x), then M is given by (0.2). If gk is a 
generalized function, (0.2) is interpreted by integration by parts. 

A number of concrete Cauchy problems may conveniently be 
studied in terms of (0.1). This was done in [M] for one-dimensional 
parabolic equations of arbitrary order whose coefficients are measur
able functions of x; other applications are mentioned below. 

In the present work we exploit formula (0.2) to study two types of 
perturbation problems for (0.1). In the last section, we replace the 
fixed generator A by an approximate generator A^. It is natural to 
suppose that if A^ generates a group T€(t) and T€(t)-^> T(t), then the 
corresponding solution u( converges to u. This is often true, but for 
some P we will see that it requires an extra restriction on the d a t a / 

Most of our work is concerned with perturbations of the polynomial 
P; i.e., we keep A fixed and let the coefficients c# depend o n e . In 
particular, we allow the leading coefficients to vanish as e —» 0, so 
that singular as well as regular perturbations are included in our 
theorems. 

For technical reasons, we find it convenient to treat several cases, 
depending on the "type" of P€ and of P; see Friedman [C] or Gel 'fand-
Shilov [B] for definitions and properties. The details vary, depending 
on whether the approximating or limiting polynomial is hyperbolic, 
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