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Non-Wanderlng Set

| A set of points that orbits starting form
this set come arbitrary close and

{ arbitrary often to any point in the set

* Fixed (stationary) points
» Limit cycle (periodic)
* Quasi periodic
» Chaotic (bounded, non-periodic)
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Lyapunov (Marglnal) Stablllty
A non-wandering set (NWS) is

{ Lyapunov stable if every orbit starting in its
neighborhood stays in its neighborhood.

| Asymptotic Stability

A NWS is asymptotically stable if in

| addition to Lyapunov stability every orbit in
its neighborhood approaches the NWS.
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ttractors
Asymptotically stable non-wandering
ets are called attractors.

Basm of Attractlon
The set of all initial states that
| approach the attractor.
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Given an Orbit | uc:} x, ()] % =fx,t)

xo(t) is sypttlcally d(Ax) _ df(x,)
| stable if Ax(t) decays And dt dx Ax
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Linezr Soility cwisen

table Orbit if all A are negative

{ For two-D all the roots of
| are negative if dell—|>0
"\ i
df
tr— <0
dx
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{ of the same sign =) | Nodes
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Spirals

{ with opposite sign

A change in the number of attractors of a
nonlinear dynamical systems with the change
of a system parameter is called bifurcation.

Bifurcation is associated with the
change of stability of an attractor.

In a bifurcation point, at least one
eigenvalue of the Jacobian will attain a
zero real part.
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Stationary Blfurcation Carson

In a stationary bifurcation, a single
real eigenvalue crosses the boundary
of stability.
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Hopf bifurcation occurs when a
conjugated complex pair crosses the
boundary of stability.
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Consuder a
| dynamical system

For n<0, u=0 is a stable equilibrium solution.

For p>0, u=0 is an unstable equilibrium
solution, and u= tp!2 are stable solutions.

At p=0, a suppercritical Pitchfork
bifurcation occurs.
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Con5|der a
1 dynamical system

For p<0, u=0 is a stable equilibrium solution,
and u= (-p)Y2 are unstable solutions.

| For p>0, u=0 is an unstable equilibrium solution.

At p=0, a subcritical Pitchfork
bifurcation occurs.
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| dynamical system IIHI:> U= (H U)U

For p<0, u=0 is a stable equilibrium solution,
and u=p is an unstable solution.

For p>0, u=0 is an unstable solution, and u=p is
a stable equilibrium solution.

At p=0, the two solution exchange stability
and a transcritical bifurcation occurs.
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