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Overview 

 Models for neuronal networks 


 Geometric singular perturbation theory


 Synchronous spiking


 Out of phase spiking


 Clustering


 Waves



Neuronal network activity

 Neurons may fire action potentials in a synchronous or partially synchronous 
manner 

 Spiking of different neurons may be uncorrelated

Activity may propagate through the population in a wavelike manner

Activity may remain localized 

Spatiotemporal structure of spiking activity 



Neuronal network activity

 Intrinsic properties of cells within the network

 Synaptic properties of connections between neurons

 Topology of the network connectivity

Population rhythms arise through the interactions between



Neuronal network activity

 Excitatory synapses promote in phase synchrony

 Inhibitory synapses promote out-of-phase activity

Traditional view

 Additional dependence on the synaptic properties (rise and decay times)

 Additional dependence on the interaction between intrinsic and synaptic 
properties

Examples demonstrate that it is not always the case



Mathematical models

 Individual cells



Mathematical models

 Individual cells



Mathematical models

 Synaptic connections



Mathematical models

 Pair of mutually coupled neurons



Mathematical models

 Direct synapses

 Indirect synapses (secondary processes)



Mathematical models

 Network architecture



Mathematical models

 Examples of firing patterns: Morris-Lecar equations



Mathematical models

 Examples of firing patterns:   Morris-Lecar equations (excitation)



Mathematical models

 Examples of firing patterns:   Morris-Lecar equations (inhibition)



Mathematical models

 Examples of firing patterns:   clustering (all to all coupling)



Mathematical models

 Singular construction of the action potential 



Mathematical models

 Singular construction of the action potential 

Geometric singular perturbation theory



Mathematical models

 Singular construction of the action potential 

Geometric singular perturbation theory



Mathematical models

 Singular construction of the action potential 

Example: square pulse of current
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 Singular construction of the action potential 

Example: square pulse o current



Mathematical models

 Singular construction of the action potential 

Example: square pulse o current



Mathematical models

 Synchrony with excitatory synapses



Mathematical models

 Synchrony with excitatory synapses



Mathematical models

 Synchrony with excitatory synapses



Mathematical models

 Post-inhibitory rebound: two mutually coupled cells



Mathematical models

 Post-inhibitory rebound: two mutually coupled cells



Mathematical models

 Antiphase oscillations with excitatory coupling



Mathematical models

 Propagating waves: 

thalamic network model


