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Proposition. Discontinuity points of t+  occur on R-stable manifolds. Similarly, 
discontinuity points of t -  occur on R-unstable manifolds. Hence the internal trellis 
of the resonance zone partitions the zone into its exit time decomposition. 

Proof. For simplicity the proof will be given for the resonance zone pictured in 
figure 1, but it can be generalized to any resonance zone. Let x E R. Since iterates of 
H are continuous functions one can choose R. that 
t '(y) s t + ( x )  for each y in this neighbourhood. Thus t+ is discontinuous at x if and 
only if there exists a sequence of points {xi} converging to x such that t'(xj) = m and 
m is less than t+ (x) .  Since H"-'(xj) is in the exit set, H"-'(x) is on the boundary of 
the exit set. Hence H"-'(x) E Sp[a, b] and it follows that x E T"(R).  

Each component of an R-unstable manifold is called a string. The endpoints of 
each string are homoclinic points on the boundary of the resonance zone. Each 
string produces a shower of fragments as it is clipped into pieces by deleting its 
intersection with the exit set, and stretched by applying the transformation f. The 
R-unstable manifold of a saddle point p on the boundary of the zone is constructed 
by successively clipping and stretching the string containing p .  This process is 
illustrated using the Henon map and the resonance zone pictured in figure 1. 

The R-unstable manifold of the saddle point p may be constructed by choosing 
the string K = Up[p, H ( a ) ] ,  applying H to K, and deleting the part of H ( K )  crossing 
the exit set of R to form the set K [l]. Continue this process by defining 
K [ n  + 11 = H ( K [ n ]  - Rout). Then the R-unstable manifold of p is the union of the 
initial segment K ,  and the sets K [ n ]  for n 1. 

The endpoints of each string are homoclinic points and they must belong to one 
of the three segments of stable types of 

strings are ignored. 
A new symbolic dynamics of strings will replace the usual symbolic dynamics. 

since 

H(S,)  c &, H(S2) c S, and H(S3) c S,, the forward orbits of string endpoints 
are determined. The fragmentation of strings occurs in the following way. An 
alpha-string which is clipped and stretched breaks into one alpha and one 
beta-string. A beta-string is transformed to a gamma-string. A gamma-string is 
stretched and clipped into two alpha-strings. 

A string population model can be formed by defining a population vector v(n) 
with three components specifying the number of alpha-, beta- and gamma-strings 
present at the nth generation. Then v(n + 1) = d07i96pT where A is the matrix 

The population of fragments of the alpha-string K which form the components of 
the set K [ n ]  is given by A"07i0) where 07i0) is the column vector with entries 1, 0, 0. 
The asymptotic growth rate of the string population is determined by the largest 
positive eigenvalue A of the matrix A. 

A rough estimate of the asymptotic escape rate of entry points from the 
resonance zone is vlwl + v2w, + v3w3 where v = (v,, U , ,  U , )  satisfies the conditions 
Av = Av, and v1 + v2 + v3 = 1. wl, w,, w, are the average fractions (in terms of arc 
length) of strings of type alpha, beta and gamma respectively that are clipped by the 
exit set. 
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