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Parallel conduction model: ∂V/∂t 

Excellent empirical fit to Action 
Potential in squid giant axon 

Hodgkin-Huxley Equation: Membrane current, Jm 
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Solve numerically for V 
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Cable Equation: ∂V/∂x 
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First-order gating particle kinetics: State dynamics n(t) 
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Energy Barrier Model: α(V), β(V) 
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Rate parameters 

 
fit empirically from 

solutions for clamped V;   
g measured as I/V  

(Ohm’s Law obeyed) 
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Nernst Equation:  
Equilibrium Potentials Ei 
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Equivalent circuit 
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Nernst-Planck Equation: Passive Jm 
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Basic Circuit Equations: Ohm’s Law, etc.  
I = gV;   I = C ∂V/∂t;   gparallel = g1+ g2+g3 

 

Drift flux Jdrift 
Jdrift = −µ z [Y z] ∇V 

Fick’s Law; Einstein: 
Diffusion flux Jdiff 

Jdiff = −(kT/e) µ ∇[Y z] 
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Ohm’s Law: Axial current Ii 
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Kirchoff’s Law: Axial + Membrane Currents 
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Hodgkin-Huxley Gate Model: Conductances gi 

 
 
 

K gates:  4 particles  n activated by depolarization    
Na gates: 3 particles m activated by depolarization    

1 particle h de-activated by depolarization 
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