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Supplied Equations and Tables 

 

Fick’s law of diffusion: 

 

Ohm’s law of drift: 

 

Einstein’s equation: 

 

Nernst-Planck equation (ion flux): 

 

Nernst-Planck equation (electric current density): 
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Nernst equation: 

 

Passive membrane response to current step of 0I  from rest: 

 

Passive membrane return to rest from initial membrane potential of ( )0mV t = : 

 

Passive membrane response to new steady state potential ( )mV t →∞  from initial 
value ( )0mV t  at time 0t t≥ : 

 

Boltzmann function for fraction of open channels: 

 

Macroscopic channel kinetics: 
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Single channel probabilities: 

 

Mean number of open channels: 

 

Mean macroscopic conductance: 

 

Gating particle kinetics for constant nα  and nβ : 

 

GHK transmembrane potential equation: 
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Hodgkin–Huxley potassium channel model: 

 



Page 9 of 17 

Continued on page 10 

Hodgkin–Huxley sodium channel model: 

 

Temperature scaling of HH ion channel gating rates: 
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Temperature scaling of HH ion channel gating rates (cont.): 

 

Sodium pump efflux: 

 

Sodium pump stoichiometry: 

 

Calcium channel model: 
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Frankenhaeuser–Huxley potassium channel model: 

 

Cable equation intracellular axial resistance per unit length: 

 

Cable equation membrane resistance times unit length: 

 

Cable equation membrane capacitance per unit length: 

 

Cable equation extra- and intra-cellular axial electric potential gradients: 
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Cable equation intra- and extra-cellular axial current gradients: 

 

Cable equation total axial current: 

 

Cable equation transmembrane current vs. membrane potential and applied 
current: 

 

Cable equation transmembrane current vs. intracellular potential: 

 

Cable equation intra- and extra-cellular potentials in source-free region: 
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Hodgkin-Huxley cable equation: 

 

Wave equation for temporal waveform: 

 

Wave equation for spatial waveform: 

 

Hodgkin-Huxley propagating action potential equation: 

 

Isopotential membrane patch response to an intracellular current step: 
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Strength-duration relationship for intracellular stimulation: 

 

Chronaxie for intracellular stimulation: 

 

Linear cable equation for extracellular current injection: 

 

Space constant and time constant: 

 

Steady-state solution to homogeneous infinite linear cable equation: 

 

Steady-state solution to infinite linear cable equation with extracellular current 
injection at the spatial origin: 
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General time-varying solution to infinite linear cable equation with intracellular 
current step at the spatial origin: 

 

Extracellular field potential for applied monopole point current source: 

 

Initial transmembrane response to an applied extracellular field: 

 

Extracellular field produced by a fiber: 

 

Approximate extracellular field produced by a cylindrical fiber: 

 

Monopole source density for a cylindrical fiber: 
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Lumped monopole strength for a cylindrical fiber: 

 

Extracellular field potential for idealized dipole source: 

 

Dipole source density for a cylindrical fiber: 

 

Lumped dipole strength for a cylindrical fiber: 

 

Heart vector/dipole: 

 

56BLead voltage: 
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57BStandard lead voltages: 

 

58BBinomial probability distribution: 

 

59BPoisson probability distribution: 

 

END OF SUPPLIED EQUATIONS AND TABLES 
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