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Membrane Models and the Hodgkin/Huxley
Model of the Action Potential

1. Passive Membrane
2. Resting Potential
3. Dendrites/Axons as Cables
4. Properties of Action Potential
5. Hodgkin/Huxley Model

Passive Membrane Model
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Spheres and Cables

Frog muscle fiber (Fatt and Katz, 1951)
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lobster axon,
Hodgkin and
Rushton, 1946

mm3.1≈λ

Membrane potential decay from point of
constant current injection

),(
),(1

2

2
txi

x

txV

r m
m

a
=

∂
∂

),(
),(

),( txI
t

V
c

r

VtxV
txi inj

m
m

m

restm
m −

∂
∂+−=

),()),((
),(),(

2

2
2 txIrVtxV

t

txV

x

txV
injmrestm

m
m

m −−+
∂

∂=
∂

∂ τλ

mmm cr=τ

a

m

r

r=λ

units:

rm: ohm-cm

ra: ohm/cm

im: A/cm

cm: F/cm
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)/exp()( 0 λxVxV −=

experiment

theory

temporal distribution
at different locations
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refractory period

Adrian and Lucas, 1912
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Accomodation

Valibo, 1964Xenopus laevis nerve fiber

Squid Giant Axon
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mVVK 77−=

mVVNa 50+=

mVVL 4.54−=

Space Clamp/Voltage Clamp
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Cole, 1968

Bernstein Theory
Permeability to K at rest

Membrane breaks down transiently

Na+ permeability
change associated

with peak
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command
voltages

separating the currents
by altering Nernst

potential
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)( KKK VVgI −=

gating driving force

)( NaNaNa VVgI −=

)( LLL VVgI −=

Ohmic for each state
V: mV

g : m mho/cm2

Ι : µA/cm2

units:



14

))(()1)(( nVnV
dt

dn
nn βα −−=

)/exp()()( 0 ntnnntn τ−−−= ∞∞

nn
n βα

τ
+

= 1

nn

nn
βα

α
+

=∞

),(),( 4 tVngtVg KK =

α,β: msec-1

g : m mho/cm2

n : [0,1]

units:
τ: msec

maximum conductance (constant)
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dm
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α,β: msec-1

g : m mho/cm2

m,h : [0,1]
units:

m fast

m,n activate with depolarization

h inactivates with depolarization
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α,β: msec-1
units: V: mV
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Space Clamped Hodgkin/Huxley Model

2/120 cmmmhogNa =
2/36 cmmmhogK =
2/3.0 cmmmhogL =

mVVNa 50=

mVVK 77−=

mVVL 4.54−=
2/1 cmFC µ=

2/: cmAI µ
mVV :

numerical integration of H/H equations
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Cooley & Dodge

PDEODE
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