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Abstract. In this paper, the existence of a (classical) solution to a diffusion process with free
boundary is obtained by applying Rothe’s method (method of lines). A collection of semi-
discrete approximate problems is obtained by discretizing the partial differential equations
with respect to the time variable. A sequence of approximate solutions to the diffusion process
is constructed from this collection of semi-discrete problems by interpolation between the
lines in the grid. This sequence is then shown to converge to a solution to the free boundary
problem.

1. Introduction. In an earlier article [6], we investigated the convergence of the
method of lines approximations to the following implicit nonlinear parabolic free
boundary problem:

Upr = U + f(t,2,u,uz), 0<t<T, 0<z<s(t),

(Bu)(t) = a(t), u(t,s(t)) =wu.(t,s(t)) =0, 0<t<T, (P)

u(0,0) =0, s(0)=0,
where (Bu)(t) := au(t,0) — bu,(t,0), with a,b > 0, a+ b = 1, and «(t) > 0 for
0 < t < T. In this paper, we extend these earlier results to give a constructive
existence proof for problem (P). Our approach to this problem is to apply the
transversal line method (also known as Rothe’s method [3], [4]) and is motivated,
in part, by some results of G.H. Meyer ([1], [2]) on a similar problem.

In the transversal line method, a finite difference is substituted in the place of the
time derivative u, in (P). Using the notation h := T/N, where N is a whole number,
N > 1, t, := nh, u,(z) = u(t,,z) and éu,(z) = A" (up, —up_y),n =1,...,N,
we may associate with the above problem a discretized problem

uzzéun'i'f(tnv‘r,unvu;l)v OSxSsvu
Bu, = n , un(sn) = u;l(sn) = 07 (PN)

UO(-T) =0, so=0,
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