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Proving the of

of limitcycles
1 Gradient systems approach

If a system f x can be written as I DV X

for some scalar function V X then no closed orbits
exist for this systems continuously differentiable

single valued

Recall in 1 d x f we could always find
V x such that f x

dvldxff.amYl1d in 2 d not so sure hard to find V

O sino 0
Proof V11

dt

x X2 change in V from 1 0 to t T mustbe0

sinx ΔV T5dv
defeat

x six b found T.lv Idt TEX
lookfor v s t X X at Ilixidt
f TV 2 X2

snx.fi Icntra
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2 Liapunov Function approach X f X with f 1 0

If we can find a continuously differentiable real valued
function V that

V X 30 x I then system has no v

1 0 closed orbits

HgV 1140 x

where V X an energy like function that
decreases along trajectories

3 Dulac's Criterion x FIX and f is defined
on DCIR a simply connected

subset

If there exists g x such that D gx has one

sign throughout D then there are no closed
orbits entirely within D

a
V gi dA f ginds horset

0 In 0

no C exists
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Presence of Closed orbits Poincaré Bendixson Them

ifT D is a closed bounded subset of IR
2 F x is defined on some openset that includes D
3 D does not have any fixed pts
4 There exists a trajectory that is confined in D

starts in D and stays inside D for all futuretime
trapping regionTHC is a closed orbit or approaches a closed orbit

I gy Itp events anything too wild from happening
in the phase plane 1 x
we know that trajectories of 1 711 cannot selfintersect

If a trajectory is known to be trapped in a certain

finite subset of IR it must eventlystledown

f Iannottiffandering forever it will eventually run
out of room

In n 3 autonomous systems chaos is possible because IR has
infinitely more room than IR If n 3 a trajectory can be
confined to a subset of IR and wander around forever
without intersecting STRANGE ATTRACTORS


