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Compare to nonlinear system
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Rind behavior of linearized system
depends on where we are linearizing
EI 1 1 also a CP in our example
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Recall how eigenvalues determine

stability properties of phase plane
portraits
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Heat A nonlinear system will behave
near one of its critical pts
similarly to a perturbation
of the linearized system at the
CP

Pupation what happens to evalues of
linear system when it is
perturbed

E E I E

Evaluest X I repeated
phase plane portrait

proper nodal sink as stabl

1
1 0.1 o

o l a

E values o 9 l l so not

repeated improper model sink

asymptotically stable

b I Ii Y



f l X t o I OF A L ti o I

E values not repeated not real
real pt still negative

PPP as stable spiral sink

In this example Ref X o was preserved
under small perturbations
so as stability too

but lm Xyz o or

I X were not preserved
In principle inequality preserved under

perturbations equality might
not be



How eigenvalues behave under perturbations
in pictures All systems have meal coefficients
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BD Complex conjugate e values teal pt
unstable spiral source

Be Real not repeated positive
unstable nodal source improper

B Real repeated positive
unstable nodal source proper or

improper

If X taco similar as stable



Caz Purely imaginary

Origing
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B Xt It positive real pt unstable
spiral source

Bu Xi t negative real pt as

stable spiral sink
Da Xi I purely imaginary stable

center not as stable

if hi purely imaginary can't predict
stability of perturbed system



Caret distinct real e values to
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A still real distinct e values of same

signs stability properties of perturbed
system same as unperturbed

fornon linearsysteins
Def let x foxy
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be an autonomous system fig
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We say that is an Almost
Linear System ALS for
Xo yo if xo yo is an isolated
CP and O is not an eigenvalue
of linearized system at Koryo

E dy texts I If x y



Found CP finitely many o o lil

isolated
E values of linearization at 10.0

I repeated
so is ALS for Co O

check ALS for 11 1 I 1,1 as well

we
come
linearized
system has
e value 0

Thy Given an ALS at xo yo let
Xi Xi be the e values of linearized
system at xo yo
If t.it real equal CP

xo yo is either node or spiral
as stable if di too
unstable if Hitz 0

If di X purely imaginary CP
either center or spiral stable or
unstable



In all other cases type and

stability of CP same as for
linearized system

Idea ALS behaves like a perturbation
of linearized system


