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The neuronal axon
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• Na
• Na .

(action potential) 

J.P. Keener & J. Sneyd,
Mathematical Physiology, Springer , 1998.
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• Through careful experimentation on squids (squid giant axon), 
Hodgkin and Huxley derived a set of equations that describe action 
potential propagation in 1952 (Nobel prize 1963).

Hodgkin-Huxley model
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2. 1D 3D
        mathematical difficulty
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Hodgkin-Huxley model

FitzHugh-Nagumo model
1D cable model
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3D model

vi , ve    v  

v, w

v = membrane potential
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The operator  

(pseudo-differential operator)
(non-local operator)
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Hodgkin-Huxley,  FitzHugh-Nagumo

1D Cable model 3D Cable model

GOAL 1. 3D model .

2. .

3.

4.   (3D       1D ?)
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3D model 

u(x,t)   
OK
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FitzHugh-Nagumo

Mimura 1976 Rauch-Smoller 1978

v

w

The method of 
invariant rectangles

3D model 

FitzHugh-Nagumo
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3.
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1. (positivity)

K:     L: C(K)   R , D(L)

   u     D(L),   u     0,  u(x0)= 0         (Lu) (x0)      0

2. (quasi-positivity)

u(x)
Lu

The semigroup e t L preserves positivity.

“non-positivity index”

u(x)
Pu

Bu
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ellipsoid
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.                

1D model 3D model
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4.
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3D model v(x)
Pv

Bv

f(-M)

3D FitzHugh-Nagumo

f   superliner

.
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Modified invariant rectangle method

3D FitzHugh-Nagumo

v

w

. 

3D FitzHugh-Nagumo
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3D Hodgkin-Huxley

V superlinear

+
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5.
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3D model

v w

Note:  

  w  

  v  .

HH FHN
C

v0

w0

partial smoothing

asymptotic smoothing
partial regularity 
for  v,  w

Bootstrap in the  

Full regularity
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:

• 3D FitzHugh-Nagumo 3D Hodgkin-Huxley

•

•
(Ephaptic coupling)
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