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Show that with appropriate non dimensionalization

in a u b u cus is equivalent to

x ̅ r x x x where x ̅ 1
ii E

fT 52
r ac b

Dynamics with re

f x XER

Conventions the state can be written as

Note f is a

or Y
or rector valued function

of a vector argument

nonlyonevariabledeterminT1 dimensional state a

change

state
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2 dimensional state

y
x determines state

change x y

The solutions of X f x xeR 110

can be visualized as trajectories on the pheplane

ax
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state x.v
position Velocity
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is a vector with 2 components defined
for any point x y on the plane
i e is a vector field

Trajectories are x.lt X.lt functions of
time parameterized by the initial condition

or numerically ordered pairs parameterized by t

Trajectories are everywhere tangent to vector field

if f X is linear without loss of generality
we can express X f x as

At lift it
study a particular linear is always
system a fixedpttilt ll
x ̅ ax

j y
t x.cat

y A Yet



ENGR91 · Nonlinear Dynamics & Chaos Swarthmore College · Spring 2025

Instructor: Emad Masroor
















































































































stable node stable node line of fixed pts

symmetric node saddle pointstar


