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Abstract. This paper gives approximations for the stable manifolds and unstable man-
ifolds of the hyperbolic equilibrium points, using a precise expression of Taylor series
expansion in terms of semi-tensor product under certain non-singularity assumption.
Furthermore, it presents two approaches to obtain the coefficient matrix of the second
order term of the quadratic approximations in the form of Hessian matrix. The proposed
approximations are based on the explicit partial differential equations which are shown
to be satisfied by respective stable and unstable manifolds. Examples involving linear and
nonlinear systems are solved showing the effectiveness of the proposed method.
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1. Introduction. Consider a nonlinear autonomous dynamic system described by the
following differential equation defined on a manifold M ,

ẋ = f(x) (1)

where x ∈ Rn, f ∈ C∞. An equilibrium point is a solution of the equation f(x) = 0.
A hyperbolic stable equilibrium point xs of system (1) is an equilibrium point at which
all the eigenvaules of Dxf (the Jacobian of the vector field) have negative real parts. A
hyperbolic equilibrium point is an equilibrium point at which the Jacobian Dxf has no
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