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In this paper by using the Poincaré compactification of R
3 we describe the global dynamics of

the Lorenz system

ẋ = s(−x + y), ẏ = rx − y − xz, ż = −bz + xy,

having some invariant algebraic surfaces. Of course (x, y, z) ∈ R
3 are the state variables and

(s, r, b) ∈ R
3 are the parameters. For six sets of the parameter values, the Lorenz system has

invariant algebraic surfaces. For these six sets, we provide the global phase portrait of the system
in the Poincaré ball (i.e. in the compactification of R

3 with the sphere S
2 of the infinity).
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1. Introduction and Main Results

In this work, we do a global analysis of the Lorenz
system, given by

ẋ = P (x, y, z) = s(−x + y),

ẏ = Q(x, y, z) = rx − y − xz,

ż = R(x, y, z) = −bz + xy,

(1)

where the state variables are (x, y, z) ∈ R
3 and

s, r and b are real parameters. As usual, the dots
denote derivative with respect to the independent

variable, or the time t. System (1) was proposed
by the meteorologist Lorenz in 1963 in the study
of thermal fluid convection in the atmosphere, con-
cerning the question of long-term weather fore-
cast, see [Lorenz, 1963]. There are hundreds of
papers concerning the rich dynamical behavior of
system (1), see for instance [Sparrow, 1982] and the
more recent work [Viana, 2000] for good reviews on
the subject. Most of them consider strictly positive
values for the parameters s, r and b due to their
physical meaning. Here, we consider (s, r, b) ∈ R
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