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intersection points are primary, a resonance zone is bounded by a Jordan curve and has an exit
and an entry set [15]. The area of each of these sets is the geometric flux, the area leaving
the resonance zone each iteration of the map. The images of the exit and entry sets and their
intersections completely define the transport properties of the resonance zone [16].

Thus, the beginning of a generalization of this theory to higher dimensions is the study
of the intersections of codimension-one stable and unstable manifolds for volume-preserving
maps.

As is well-known, a transversal intersection of stable and unstable manifolds is associated
with the onset of chaos, giving rise to the construction of Smale horseshoes. A widely used
technique for detecting such intersections is the Melnikov method. Given a system with a
pair of saddles, and a heteroclinic or saddle connection between them, the Melnikov function
computes the rate at which the distance between the manifolds changes with a perturbation.
The integral of the Melnikov function between two neighbouring primary intersection points
is the first-order term in the geometric flux [17, 18].

Most applications of the method are for two-dimensional maps and flows [19–21], though
Melnikov methods were developed for three-dimensional incompressible flows in [22], for
symplectic maps in [23], and for general n-dimension diffeomorphisms in [24]. In this latter
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Figure 2.TwonormallyhyperbolicinvariantcirclesC 1 a n d C 2 w i t h a s a d d l e c o n n e c t i o n W . T h e o r e m 6 . S u p p o s e f � i s a f a m i l y o f d i f f e o m o r p h i s m s w i t h i n v a r i a n t s u r f a c e s W � . L e t 	 b e

a n a d a p t e d o n e - f o r m a n d � � b e a n a d a p t e d d e f o r m a t i o n o n W 0 . D e Þ n e µ : W





1582 H E Lomelı́ and J D Meiss

Following a standard Melnikov argument based on the implicit function theorem [28], we
conclude that if x0 is a nondegenerate zero Mν then near x0, the two manifolds Wu

ε (p) and
Ws

ε (q) intersect transversely. �

In a more general version of proposition 8, we would need to drop the condition that
X0
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Figure 6. The circle map h
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