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Textbooks
• Nonlinear Dynamics and Chaos - Steven Strogatz 
• Chaos in Dynamical Systems - Edward Ott 
• Dynamical Systems in Neuroscience - Eugene M. Izhikevich 
• Mathematical Foundations of Neuroscience - Bard Ermentrout and 

David Terman 
• Neuronal Dynamics - Gerstner, Kistler, Naud and Paninski



What is neuroscience?
Study of the nervous system
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Neurons to neural circuits
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Relevant lengthscales
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Relevant timescales
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Different levels of abstraction
• Neuron spiking can seem stochastic 
• Poisson spiking model: neuron action potential spike distribution

Ruyter van Steveninck et al 1997 Mainen and Sejnowski 1995



Different levels of abstraction
• Model detailed biochemistry and biophysics 
• Model individual spikes 
• Model binary neurons 
• Model firing rate dynamics
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Dynamics of the circuits themselves

Neural plasticity modeled at various levels of abstraction



Bi & Poo (1998) 
  

Dynamics of the circuits themselves

Neural plasticity modeled at various levels of abstraction



Timescales of plasticity
• STDP 10 milliseconds 

• BTSP 1-10 seconds 

• LTP, LTD  1-1000 minutes 

• Neurodevelopment  hours to months 

• Evolutionary?
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Nonlinear dynamical systems
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Nonlinear dynamical systems
• Broad goal:  

Understand and analyze nonlinear dynamics without solving the entire system

Ellen Fetter
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Hamilton

Edward Lorenz













GKND § 5.3; Iz. § 3.3.8



GKND § 5.2







Expoential Integrate and Fire neuron

InterneuronPyramidal cell

Badel et al. Biol Cybern (2008)







Avalanche Dynamics







Ocular dominance columns



Ocular dominance columns

Horton & Hedley-Whyte 
(1984) Hubel & Wiesel 1977



Ocular dominance columns

Horton & Hedley-Whyte 
(1984) Hubel & Wiesel 1977
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Izhikevich Fig. 10.2
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PRC in neurons

Netoff et al (2005)



























𝐾 = 0.5

• Entrained Population 
• Free-running Population

𝐾 = 1.25 𝐾 = 2.5
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Lorenz Model

Wikipedia Source

See also: https://itp.uni-frankfurt.de/~gros/Vorlesungen/SO/simulation_example/

https://brain.cc.kogakuin.ac.jp/~kanamaru/Chaos/e/Animation/lorenz.html
https://itp.uni-frankfurt.de/~gros/Vorlesungen/SO/simulation_example/
https://itp.uni-frankfurt.de/~gros/Vorlesungen/SO/simulation_example/
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Lorenz Model z return map
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Lorenz Model





Bursting neurons

Iz. Fig. 9.27Iz. Fig. 9.1







Zoo of bursting neurons

Iz. Fig. 9.24



Fold-homoclinic 
bursting neuron



Canonical Fold-homoclinic bursting neuron



Canonical Fold-homoclinic bursting neuron



Hindmarsh Rose neuron



Hindmarsh Rose neuron
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Hindmarsh Rose neuron









Strogatz Ch. 10; Ott Ch. 2













Logistic map (Figs. From Ott Ch 2 + Strogatz Ch. 10)



Logistic map
r=3.835r=3.8



Logistic map

Wikipedia



Logistic map
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Sine map vs logistic map



Canonical Fold-homoclinic bursting neuron



Canonical Fold-homoclinic bursting neuron



Hindmarsh Rose neuron



Hindmarsh Rose neuron









































Ocular motor integrator
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Ocular motor integrator





HD cells 



HD cells 









Grid cells

Derdikman et al. 2010














