
Phase plane portraits
Draw solution curves for system XAXleftA2times2right

Cases where gen solution has form
Xlefttrightc1elambda1tfracv1c2elambda2tv2cdotleftc1X1c2X2right

note Xleftlangle0rightc1v1c2v2 initial position
we assume t can range over all of leftinftyinftyright

Case repeated lambdainmathbbR no defect

Xlefttrightelambdatleftc1v1c2v2right
lambda0 proper nodal sink

lambda0 proper nodal source
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Case lambda1lambda2inmathbbR lambda1neqlambda2 same sign
Xlefttrightc1elambda1tfracv1c2elambda2tv2

improper nodal source sink
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Cases of repeated lambda with defect
v1 is genuine eigenvector
v2 is generalized 2 step positive mults ofV2

leftlanglec20right

Xlefttrightc1elambdatv1c2elambdatlefttv1v2rightleftc1c2trightelambdatv1c2elambdatv2
These make improper nodal
source sinks if lambdaneq0 no v21 onlyv1

c20 neg mults ofv2
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Xlefttrightleft1fract2rightelambdatfracv1frac12elambdatv2
Xleft0rightfracv1frac12v2
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As 1L1 0 text dominates over eat
so as t IN

I I te ᵗv parallel to v line

t D heading is v1
tapprox so heading is v1

OTOH if tapprox infty then telambdatv1approx0 soX at

origin
between infty infty we make re turn



If lambda0 is repeated defect 0 then

Xlefttrightleftc1c2trightv1c2v2
parallel lines again

but they are parallel to fracV1

rightharpoondown
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Case of complex conjugate pair lambdappmqi
say is eigenvector for lambdapqi and

vabi real imaginaryparts
Then basis solutions are

X1Releftelambdatfracvrightldotseptleftacosleftqtrightfracbsinleftqtrightright
X2Imleftelambdatfracvrightldotseptleftbcosleftqtrightfracasinleftqtrightright

gen solution Xc1X1c2X2

much harder to plot eigenvectors recommend avoid
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spiral sink
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orientation w cew depends on example
use velocity I to check


