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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

 neurons 
 synapses

1011

1014



Relevant lengthscales
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Relevant timescales
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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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Expoential Integrate and Fire neuron

InterneuronPyramidal cell

Badel et al. Biol Cybern (2008)







Avalanche Dynamics
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