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Spike frequency adaptation
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I Opening channels hyperpolarizes neurons
I Can lead to quiescence

A Observed in many neural systems and
modulated by many neurotransmitters

I Norepinephrine and other monoamines reduce
activity of certain Cd modulated K channels



Singularly perturbed dynamical systems

A Slowly varying, i.e. fasow timescales
A Fast time scale dynamics involved with
periodic firing
A General form:
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Thesis of paper
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intervals provides additional information that

can bve used to constrain the mechanisms
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Behavior at transitions



Bifurcation Types and Transitions

A Hopf Bifurcation supercritical
i Family of equilibrium points meets a family of perio
orbits
i Oscillations decrease as HB point is approached
A Saddlenode limit cycle
I Periodic orbits of differing stability but both with fini

amplitude and period approach each other

i Period of oscillations bounded with nalecaying
amplitude
A Homoclinic Bifurcation

i Periodic orbits terminate as the period grows witho
bound

i Approach the same equilibrium from both forward ¢
backward in time.
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T Lie in both stable and unstable manifolds

A SN of equilibria interrupting limit cycles
i Stable periodic orbit approaches SN of equilibrium

Open region of trajectories at the EP of the bifurcation

|
I Two equilibria following bifurcation: sink and saddle
I Results in an excitable system

Guckenheimer et al.,

1997



Properties of ISIs During HC Bifurcatic
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from its critical value for bifurcation to quiescenég, ¢ t)
A If s =t, ¢ t, instantaneous periods behaves like:

Thom(s): Cl In(sl) +Cz In(In(sl )) +C3

A Tested theory with simplified Morrikecarmodel
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Table 4. Functional forms for instantaneous frequency.

Type Bifurcation Frequency
Square root Saddle-node — i
=
Logarithmic Homoclinic T ——
Fractional linear Hopf-Homoclinic +—ll—
a
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Guckenheimer et al., 1997



Properties of ISIs During SN Bifurcatio

A Theory predicts that evolution of vector field
near SN bifurcation is approximated by
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A Solution is of the fornh,= ¢, + ¢, (-X) /2
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Guckenheimer et al., 1997



LP Neuron

Guckenheimer et al., 1997



