
Introduction to Computational 
Neuroscience


Biol 698

Math 635

Biol 498

Math 430 



Bibliography:

"Mathematical Foundations of Neuroscience", by G. B. Ermentrout & D. H. 
Terman - Springer (2010), 1st edition. ISBN 978-0-387-87707-5

* "Dynamical Systems in Neuroscience: The Geometry of Excitability and 
Bursting", by Eugene M. Izhikevich. The MIT Press, 2007. ISBN 0-262-09043-8

Figures were taken from some of these books



Overview 

Two-dimensional models

 


• Reduction of the Hodgkin-Huxley model to two-dimensional 

          models (review)


• Two-dimensional neural models


• Two-dimensional dynamical systems


• Phase portraits and vector fields


• Equilibria and stability


• Bifurcations



Two-dimensional neural models

VM = Vin - Vout
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Two-dimensional neural models 

• Persistent sodium & potassium model
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• Persistent sodium & potassium model



Two-dimensional neural models 

• Morris-Lecar model
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• Morris-Lecar model



Two-dimensional neural model 

• FitzHugh-Nagumo (FHN) model



Two-dimensional neural models 

• Quadratic integrate-and-fire model



Bifurcations 

• Saddle-node 



Bifurcations 

• Saddle-node on an invariant circle (SNIC)



Bifurcations 

• Subcritical Hopf (Andronov-Hopf)



Bifurcations 

• Supercritical Hopf (Andronov-Hopf)



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional dynamical systems 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 



Two-dimensional neural models 

0 < μ ≪ 1
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