
Basic elements of neuroelectronics  

Elementary neuron models  

-- conductance based 
-- ÍÏÄÅÌÅÒÓȭ ÁÌÔÅÒÎÁÔÉÖÅÓ 

-- membranes 
-- ion channels 
-- wiring  

Wires  
-- signal propagation 
-- processing in dendrites 

Wiring neurons together  

-- synapses 
-- long term plasticity 
-- short term plasticity 

Computing in carbon 



Č 

Equivalent circuit model 



Membrane patch 



Ohmôs law: 

Capacitor:           C = Q/V  

Kirchhoff:  

The passive membrane 



Energetics: qV ~ kBT 

V ~ 25mV 

Movement of ions through ion channels 



Na+, Ca2+ K+ 

Ions move down 

their concentration 

gradient 

until opposed by  

electrostatic forces 

Nernst: 

The equilibrium potential 



Different ion channels have associated conductances.  

 

A given conductance tends to move the membrane 

potential toward the equilibrium potential for that ion 

V > E  Ą positive current will flow outward 

V < E  Ą positive current will flow inward 

ENa  ~  50mV 

ECa  ~  150mV 

EK  ~  -80mV 

ECl  ~  -60mV 

depolarizing 

depolarizing 

hyperpolarizing 

shunting 

V 
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0 
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Each ion type travels through independently 



Several I-V curves in parallel: 

New equivalent circuit: 

Parallel paths for ions to cross membrane 



Neurons are excitable 



Å Voltage dependent 

Å transmitter dependent (synaptic) 

Å Ca dependent 

Excitability arises from ion channel nonlinearity 



Persistent conductance 

K channel: open probability  

increases when depolarized 

PK ~ n4 

n  is open probability 

1 ï n  is closed probability  

Transitions between states 

occur at voltage dependent 

rates 

C Ą O 

O Ą C 

n describes a subunit 

The ion channel is a cool molecular machine 


