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1. Introduction

Oseledets theorem implies that for a.e. point with respect to any invariant measure, the sum of

the Lyapunov exponents is

lim
n!1

1

n
log j det ðDFnðxÞÞj;

where xnþ1 ¼ F(xn) is the system under consideration. We are interested in the validity of this

assertion for every point in the space, when F is a two-dimensional quasiperiodically forced

skew product. In that case, ‘lim’ has to be replaced by ‘lim sup’ in the above expression and in

the computation of the Lyapunov exponents.

2. Basic definitions

Let us consider a differentiable map F:M ! M defined on a smooth compact Riemannian

k-dimensional manifold (we do not require F to be invertible, since we will only consider forward

orbits). For each x [ M and v [ TxM the Lyapunov exponent at x in the direction v is defined by:

lðx; vÞ ¼ lim sup
n!1

1

n
log kDFnðxÞ�vk [ ½21;1Þ; ð1Þ

where DF n(x) denotes the differential of nth iterate of F evaluated at x and k·k is a norm on TxM.

Since, TxM is a k-dimensional vectorial space, all its norms are equivalent, and thus l(x,v) does not

depend on the chosen norm.

It can be proved that for each x [ M, l(x,·) takes finitely many different values:

21 ¼ lx0 , lx1 , · · · , lxsx . In fact, there exists a linear filtration of TxM, V ¼ {Vi:i ¼ 0,
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