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Graded potentials (note RC time constant!)
Extracellular solution can 
have a big effect

Electrical properties of cells

Weiss (1996)





Equations of Electrodiffusion

Nernst-Plank Equation

Continuity

Poisson�s Equation



à Like Ohm�s law! ~ 59 mV 
(for zn=+1, room temp.)

Note: ln x = 2.303 log10 x 
& log10 e = 1/2.303





How is the Nernst potential generated?

c1 < c2

Assumption: Single permeable ionic species (positively charged)

à Note that the creation of a significantVn need 
not require significant concentration changes
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Problems



Problems SOL



Problems SOL



Resting Potential

à Independent of whether a cell �fires� an action potential or not, note that 
there is a baseline trans-membrane potential (�resting potential�)



Resting Potential

à What is the basis for 
such a resting potential?



Resting Potential: Model considering only a single permeant ion

à Bernstein�s idea (1902) was that membrane was permeable 
to potassium only, thereby K+ determined resting potential 

Emipirical observation:
Inside cell: high [K+], low [Na+]
Outside cell: low [K+], high [Na+]



Inside cell: high [K+], low [Na+]

Outside cell: low [K+], high [Na+]

Resting Potential: Model considering only a single permeant ion

~ 59 mV 

(for zn=+1, room temp.)

Bernstein model:



Resting Potential: Model considering only a single permeant ion

à Model does a decent job, but 
deviations apparent (e.g., low cK, Na+

does matter re Fig.7.23) 



Stepping back a moment....

à Different ways of looking at/describing the same thing!



Resting Potential: Model considering only a multiple permeant ions

à What if different ions are able to diffuse?



At electrodiffusive equilibrium... (i.e., zero current densities concurrently)

Possible concentrations are 
constrained!

e.g.,
Donnan
relation

Nernst potentials 
must be equal



More general case

à

�resting state�condition such that membrane potential is 
const. (i.e., no net charge entering/leaving cell)

where

total membrane current is sum of 
all permeant charged species

(total conductance per unit area of membrane)



multiple permeant ions

�resting� values for squid 
giant axon (determined 
empirically)

Model with three relevant “paths”: 
1.K+

2.Na+
3.Other/Leakage (e.g., Cl-, Ca++)



Figure 7.27

K+ contribuition?

à Multiple ion model seems to take us 
one step closer, but still doesn’t explain 
everything....



K+ contribuition?

à Chief issue is deviations at lower K+

concentrations (i.e., saturation in resting potential)



What if conductances were voltage-dependent?

i.e., voltage-gated ion channels
(more detail in vol.2 ch.6)

Hodgkin-Huxley model 
conductances
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