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Hopf Bifurcations Limits
A stable node
becomes unstable Re

Bifurcations seen so far involve
1 0 at the critical point

Hopf Bifurcation

Bifurcations occur when
IM 1 0

i Mr r fixed points in r occur at
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only if m is positive

Two cases µ SO µ 0

stabtityde

IMCO

stablespiral

Wed, Mar 26	 Lecture 16



ENGR91 · Nonlinear Dynamics & Chaos Swarthmore College · Spring 2025

Instructor: Emad Masroor
















































































































convert to x y i Mr r

X rcoso y rsing
O w br

icoso rosino plug in

x ur.rs coso r w br2 sind

ux xty x y w blx2 y2
Mx wy higher order terms

j wx my A

fu
w

onEigenvalues are XMiWI
As m eigenvalues cross the imaginary axis

Types of Hopf Bifurcation

supercritical
subcritical in class exercise
Saddle node
period

homoclinic


