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Overview 

• The Hodgkin-Huxley model (review)

 


• Dynamical systems: Basic concepts


• Reduced one-dimensional models


• Reduced two-dimensional models


• Morris-Lecar and FitzHugh-Nagumo models


• Quadratic integrate-and-fire models


• Bifurcations: basic concepts
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Dynamics systems 

Important concepts:

 


• Phase portrait (phase-plane / phase-space)

• Equilibrium (fixed-) point

• Limit cycle

• Stability

• Threshold

• Attractor

• Attraction domain (basin of attraction)

• Separatrix

• Perturbation

• Bifurcation



Bifurcations 

• Qualitative change of the phase portrait of a dynamical system as 

          the magnitude of a control parameter changes


• Example of a control parameter: Applied (injected) current


• Example of a bifurcation: transition from a fixed-point to a limit 

          cycle



Bifurcations 

• As the magnitude of the injected current slowly increases, the 
neurons bifurcated from resting (equilibrium) to tonic spiking (limit 
cycle) modes



Bifurcations 

• Transitions between rhythmic and spiking modes result in bursting 
behavior



Bifurcations 

• Saddle-node bifurcation
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• Saddle-node on invariant cycle (SNIC) bifurcation
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• Supercritical Hopf (Andronov-Hopf) bifurcation



Bifurcations 

• Classification of neurons according to the bifurcation of the resting 

          state



Bifurcations 

• Frequency-current (F-I) curves of cortical pyramidal neurons and 
mes V neurons
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One-dimensional neural model 

• The passive membrane equation
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• Persistent sodium model
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Two-dimensional neural model 

• Persistent sodium & potassium model
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Two-dimensional neural model 

• FitzHugh-Nagumo (FHN) model
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Bifurcations 

• Supercritical Hopf (Andronov-Hopf)


