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Summary from last class

X' = f (X) ( autonomous equation )
X(to) = Xy
« Graphs of different solutions cannot cross
* Roots of f(x) are equilibrium solutions
* Non-equilibrium solutions are monotonic
f(x,) =0= x(t) =x, forallt

f(x,) >0 = Xx(t) increases for all t
f (X,) < 0= x(t) decreases for all t



EXAMPLES

X' =1-x>, x(0)=0 and x(0)=2

f(0)=1>0 f(2)=-3<0
solution solution
Increases decreases
2
X® —4X
X' = Ty X(0)=1 and x(0)=-1
+ X
f(1)=-3/12<0 f(-1)=5/2>0
solution solution
decreases Increases

X'=sinx, X(0)=x/2

f(n/l2)=1>0
solution
Increases



X'= f(x), x(t,) =X,
f (X,) > 0= x(t) increases for all t
f (X,) <0 = X(t) decreases for allt

What are the options for non-equilibrium solutions?

(1) unbounded
(2) approaches an equilibrium as t — +oo

( THEOREM 2 in text)



X'=1—X>
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asymptotic dynamics
summarized by a
phase line portrait
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asymptotic dynamics
are summarized by this
phase line portrait
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