
Phaseplaneanalysisproblems

Thefirst of thesetwo problemsis prettystraightforward. Thesecondwill really testyour geometry. If
you canhandlethe first problem,you shouldbe OK in this course. If you cansolve the secondproblem
without lookingat thesolutions,you’re headingfor thetopof theclass!Averagestudentsmayneedto peek
at thesolutionsfrom time to time asthey areworkingonproblem2.

1. If weuseasufficiently largepressureof aninertgasX, collisionalactivationby theinertgasbecomes
muchmoreefficient thantheA
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Sketchthetrajectoriesgeneratedby thismechanismin thephaseplane.

2. In class,we studiedthedecompositionof ozone:
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usingclassicalarguments.Let usnow studythismechanismin thephaseplane.

In theatmosphere,oxygenmoleculesarein greatexcesssothat their concentrationcanbetreatedas
constant.Assumethatozoneis producedata constantrateby processesnot considereddirectly here,
i.e. includea “reaction” step
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(Experimentally, this canbearrangedby having aconstantflow of ozoneinto a reactionvessel.)

(a) Write down the rateequationsfor ozoneandfor oxygenatoms.Note thatsincethemolecular
oxygenconcentrationis constant,theseareouronly two variables.

(b) Sketchthetrajectoriesin thephaseplane.Do you expectto seea slow manifoldin this mecha-
nism?

Notes:Don’t bothercalculatingtheequilibriumpoint. Theequilibriumpoint is at theintersec-
tion of thenullclines. (Think aboutwhat thenullclinesrepresentandhow you would calculate
theequilibriumpoint.) Figuringout what the �O3 � nullcline lookslike in this caseis a bit more
involvedthansomeof thepreviousexampleswehaveseen.If youdotheanalysiscorrectly, you
will find therearetwo casesto consider.


