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 The concentration gradient is equivalent to a battery whose voltage 
drives ions through the channel at the same rate (  figure 6.8 ). The battery ’ s 
voltage is given by the Nernst equation, which converts the chemical 
potential of the concentration difference into an equivalent electrical 
potential. Thus, for ionic species,  x , its battery ’ s voltage is 

   E x   =  RT /( zF ) ln([X] o /[X] i ) = 2.303  RT /( zF ) log([X] o /[X] i ),  (6.3) 

 where [X] o  and [X] i  are the concentrations of ion  x  outside and inside the 
cell,  z  is its charge,  R  is the universal gas constant,  T  is the temperature in 
Kelvin, and  F  is Faraday ’ s constant. 
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 Figure 6.7 
  Concentration gradients drive ions through channels that open and close rapidly 
in response to a specific input .  Left : Sodium and potassium ions cross the mem-
brane through ions channels, driven by concentration gradients.  Right : A chloride 
ion channel opens to pass ~4 pA of current when it binds the neurotransmitter 
histamine. Currents recorded from a single channel, by patch clamp, at three his-
tamine concentrations: 30, 70, and 100  μ M. The open probability increases with 
histamine concentration according to the binding equation, 6.2, with cooperativity 
 n  = 3. Channel recorded in membrane of a large monopolar cell from the fly lamina 
(chapter 9). Left, after Hille (2001). Right modified and reprinted with permission 
from Hardie (1989). 
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Membrane with input current
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Membrane with synaptic inputs
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Membrane with synaptic inputs
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Perceptron model
(Rosenblatt, ca. 1960)
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Perceptron learning rule
(Rosenblatt 1962)
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Linear neuron learning rule
(Widrow & Hoff 1960)
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