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Driving force via Ej; conductance gj 
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Membrane patch



The Hodgkin-Huxley model



The Hodgkin-Huxley model



The Hodgkin-Huxley model

Gating variables

Maximal 
conductances



Persistent conductance

K channel: open probability  
increases when depolarized

PK ~ n4

n is open probability 
1 – n is closed probability 

Transitions between states 
occur at voltage dependent 
rates

C ! O

O ! C

n describes a subunit

The ion channel is a cool molecular machine



There are 4 “independent” subunits in the K 
channel



Gate acts as  
in previous case

PNa ~ m3h

Additional gate 
can block channel 
when open

m and h have opposite voltage dependences: 
depolarization increases m, activation 
hyperpolarization increases h, deinactivation 

m is activation variable 
h is inactivation variable

Transient conductances



We can rewrite:

where

Dynamics of activation and inactivation



gNa ~ m3h gK ~ n4

EK ENa

Anatomy of a spike



EK ENa

Runaway +ve  
feedback

Double  
whammy



Gating Variables



HH code

• Please download HH.m and allied codes 
from folder on our website



Ion channel types, what are they good 
for?



Who cares about bursting?

Bursting rhythms drive breathing:
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