Example 7.3.2.  From Goldbeter

Glycolytic Oscillations of ADP and Fructose-6-Phosphate 

(see A. Goldbeter references)

x and y represent the concentrations of the two metabolites

a and b are kinetic rate constants of enzymatic reactions
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Solving For Fixed Points

set your ODEs equal to zero to find the (x*,y*) solutions
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therefore the system always has 1 fixed point (x*,y*) = 
[image: image3.wmf] that is positive

note:  it is often a good idea to use Clear if you intend to keep a and b as symbols as Mathematica maintains a memory of variable settings.

Plot the Nulclines

for a particular value of a and b

set your ODEs equal to zero to find y as function of x … y(x) for both equations so that you can plot them.
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x nullcline:  
[image: image5.wmf]  this is all the combinations of x and y where dx/dt =0

y nullcline:  
[image: image6.wmf]  this is all the combinations of x and y where dy/dt =0
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Look at the Vector Field for these values of a and b
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Find the Jacobian to Classify your 1 fixed point
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Evaluate the matrix at your Fixed Point

Find the Trace and Determinant of the matrix at the fixed point
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The determinant a + b2 is always positive.

When the trace is greater than zero the point is unstable.  When the trace is less than zero the point is stable.

So trace = 0 defines the line when a limit cycle exists
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To create a Stability Diagram that shows the parameter boundaries in the b,a plane where 
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Let’s Check Ourselves By Plotting Some Trajectories for particular a,b values and different initial conditions
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We see a the trajectory approaches the limit cycle.

Change our Initial Conditions to x(0) = 1, y(0) = 1
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The trajectory again approaches the limit cycle.

supports a stable limit cycle.

Take a Look at the Vector Field
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Note:  You have to load the Graphic Vector package to use the PlotVectorField Command

Change b,a to values that would your stability diagram would predict a stable fixed point
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Summary of Mathematica Commands

Clear[ ] 

Solve[ ]

Simplify [ ] 

Plot [ ]

D [ ]

Eigenvalues [ ] 

Eigenvectors [ ] 

Det [ ] 

Tr [ ] 

NDSolve [ ] 

ParameterPlot [ ] 

PlotVectorField [ ] 

Just look them up in the help to get the right syntax and options
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