
The Na+ current leads to a similar rise across different classes of neurons 
 

 
 

McCormick, Connors, Lighthall & Prince (J Neurophysiol 1985)  



The model allows one to estimate ion conductances over time 
 
 
 
 

 
 

  



Modeling allows one to graph the I-V relation versus time 
 

 
 

  



Lastly, the model predicts a discontinuous input (current) - output (spike rate) relation 
 

BTW, this is modified by the addition of inactivating K+ channels 
 

 
 

  



The initial, fast Na+ dynamics can be modeled by a cubic 
 
 

 
  



The equilibrium curves, or nullclines 
 

 
  



Examples (referenced to the notes) 
 

 
  



Comparison of trajectories at 100:1 versus 11:1 temporal differences in time-scale of the 
"Fast" to "Slow" variables 

 
 
 
 
 

 



Waves of electrical activity are a potential signature of couples oscillators 
 

 

 
  



Linear and spiral waves in awake turtle visual cortex 
 

 
 

Prechtl, Cohen, Pesaran, Mitra & Kleinfeld (PNAS 1997) 
  



 
 

Prechtl, Cohen, Pesaran, Mitra & Kleinfeld (PNAS 1997) 
  



Linear and spiral waves in disinhibited rat neocortex L4 brain slice 
 

 
 

Huang, Troy, Yang, Ma, Laing, Schiff & Wu (Journal of Neuroscience 2004) 
  



Traveling waves in ferret visual thalamus brain slice 
 
 

 
 

 
 
 

Kim, Bal & McCormick (Journal of Neurophysiology 1996) 
  



Discretized waves that control swimming in lamprey 
 
 
 

 

 
 

Cohen & Wallen (Experimental Brain Research 1980) 
Cohen, Holmes & Rand (Journal of Mathematical Biology 1982) 

  



 
 

Macroscopic spiral waves in the human brain 
 

 
Muller, Piantoni, Cash, Koller, Halgren & Sejnowski (Elife 2016) 

  



 
Kuromoto's insight: 

• Transform high-dimensional dynamic systems into one-dimensional (1-d) oscillators 
• Assume interaction between pairs of 1-d oscillators is weak so that they are only 

advanced or retarded along their limit cycle  
• Write the interaction between pairs of 1-d oscillators in terms of their relative phase 

 

 
  



Relevance: Interaction of neuronal oscillators may be written in terms of 
the correlation of presynaptic spiking with the post synaptic response 
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