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Math 2280-1
Wednesday March 22
Linearization and stability, sections 6,1-6.2

We'll work with a fresh example (because it has lots of nice subexamples). This is the system of section
6.1 homework, #8:

MO =X -0 )+ Xy =

x—awilkxj

d 2 2
~ Y=y =X gy
Find the equilibrium solutions:

Use the figure on the next page to guess about the stability properties of each equilibrium solution you
found:




v

restart:

with{plots) :with{linalg) :with(DEtocols):

degtn:={diff (x{t), o) =x(t) -~y (L} -xX(C

ALff(y(t), )=y (L)-x{t)"2

12
bi

+x{t}ry (),

d d
degin = (7 x(D=x(0) = y() - x(1) +X(0) Y0, =y ==y(5)~ x()’}

1.
1.

ICs:=[x! )=—l,y(0) 371, [x{0)=0,v(0}=31,
[x(0}=.9,y(0)=3],

[x(0Y=.6,y(0)=31, [(x{0}=.8,y{0)=3],
[x(0}=1,y(0)=3], {x(0)=2,y{0)=31],
[(x(0)=3,y(0)=3], {x{0}=3,v{0)=01,
[x(0}=3,v{0)=-1.5], [x(0)=0.05,y(0)=0]
iX(0)=~.05,y(O)xG],[x(O)zG,y(O)z—.OS]
{x(6)=0,y(0)x.05},

fx(0)=1.5, y{mz 31,

[x{0)=1,y(0)=-31, [x{0)=0,y{0}=-31],
[x{0)=~1, (O§=~3] [%{0)=-2,y(0)=-31,
[x{0)=-1.1,¥(0)=-17, [x{Q)=-1,y{0)=-.2
[x{0)=-.9,y(0 "wl],{x gy=-1,y(0r=-1.1

[x{0)=-1,yv{0}=-.85], Ix{0)=-1, y{O)m—i 0511:
#initial conditions to make a picture like Pigure 6.1.16

phaseportrait{degtn, [x{L),yi{)], t=

=gmall,

0..15,ICs, x=-3.

3, y=-3.

.3,arrows

stepsizem.l,color:black,1inecolor=b1ack,titlem‘?igure 6.1.16%);
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Figure §.1.16
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Near the arigin equilibrium, our system is very close to the system
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And, if we piot the phase portrait for this system, (actually | prefer the fieldpiot, which doesn’t
normalize the tangent vector field}, it looks very close to a magnification of the phase portrait near the

origin equilibrium:

> fieldplot(([x~y,-y}, x=-.1..(.1},y=-.1..

arized
system near the origin‘);

(.1}, color=black, title="line

Iinaafiﬁs,d "
system near the origin
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Explain what the picture above has to do with the following data. by finding the general solution to the
first order system and explaining the geometry of the trajectories.

Us Ar=matrix(2,2,[1,-1,0,-11};

» elgenvectors (A} ;
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4.2 Unear and Aimost Linear Systems a7

Eigenvalues A:, &2
for the Linearized System

Tygpe of Critical Point of
the Almost Linear System

Gy < kg <0
Ay ia <0
A o< Q<
l;:}q)ﬂ
Wy>hp >0
hyy hp =@ kb (a <0
Mahy=akbi a>0)
Ay, Ay = ED

Stable improper node

Stable node or spiral point

Unstable saddle point

Unstable nede or spiral point

Unsiable improper node

Stable spiral point

Unstable spiral point

Stuble or unstable, center or spiral point

FIGURE 6.2.12. Classification of critical points of an abmost hnear system.




