ME242 - MECHANICAL ENGINEERING SYSTEMS

LECTURE 21:

e Phase Plane
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PHASE PLANE - 1D

Given x = f(x) We are interested in the behavior of the
trajectories

Stable Node:
X=-x — > ————
Critical Point: X =0

Unstable Node:

. 3
X=X
Critical Point: X =0
Saddle Point:
. 2
X=X

Critical Point: X =0
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PHASE PLANE - 1D

Examples: x=x(x-1)

ME242 - Spring 2005 - Eugenio Schuster 274

PHASE PLANE - 2D

dx
Given dt | _ {fl(xl’xz )} We are interested in the
fz(xlvxz)

@ behavior of the trajectories
dt

Local analysis around critical point — linearization

eigenvector eigenvalue

dt | _ Ay Ay | X — X —c Vil M ¢ Va1 oM
dx, Ay Ay |l % X, 1 Via ’ Vo

dt
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EIGENVALUES AND EIGENVECTORS

Eigenvalues and Eigenvectors:

Av=Av
Solution?: Av=Alv
(AUU-AW=0

A non-trivial solution requires
det(A/ —4)=0 =2

Known A we can compute v from

(AU-Ap=0 =v
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LINEARIZATION - 2D PHASE PLANE

Linear System:

dx,

T A A X X % v

dr |_|“n RN R N 1 = ¢ 11 e/llt+cz 21| ot

@ | (4, Ay x X Vi2 V

dt
Classification of the equilibrium
If A, and A, are negative real STABLE NODE
If A, and A, are positive real UNSTABLE NODE
If A, is positive real and A, is negative real SADDLE POINT
If A, and A, are imaginary conjugates CENTER POINT
If A, and A, are complex conjugates

Real part negative STABLE FOCUS

Real part positive UNSTABLE FOCUS
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LINEARIZATION - 2D PHASE PLANE

STABLE NODE UNSTABLE NODE SADDLE POINT
e RN NP
\% § TR

A/

> :
¥
St

STABLE FOCUS UNSTABLE FOCUS CENTER POINT
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LINEARIZATION - 2D PHASE PLANE

Examples:  x=Ax

-1 1] 1 1]
A= A=

1/4 -1 1/4 1]

-1 1] 1 1]
A= A=

-4 -1 -4 1]
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2D PHASE PLANE

Examples: X =x(3—x —x,)
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