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Abstract Under biologically reasonable assumptions the threshold behavior for
second initial boundary value problem of F-N equation is proved.
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In this note we consider the second initial boundary value problem of F- N equations
in bounded interval as follows:

(v = vgp + f(v) — u, 0<z<L
Uy =TV — U, t >0

2 (1)
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where v is electrical potential and h(t) represents the stimulus given in the form of
electrical current at the end x = 0. The threshold behavior, which is very interesting
from the point of view of neurobiclogy, in the term of mathematics is to show that
if the strength of stimulus ||h||c or the lasting time Ty of stimulus is small then the
solution to (1) decays to zero as t — oo.

Although there are many works on threshold behavior for infinite axon or semi-
bounded axon {[1]-[4]), very little was known for bounded axon. But a real nerve has
only finite extent.

The biologically reasonable assumptions on (1) are the following:

flvyec?,  floy=0, f(0O)=-a<0 (2)
g, are positive constants, ¢ > 0, ~y>0 (3)
R(t)eC, A(0)=0,  A(t)=0forall t>Ty>0 (4)
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Throughout this note we nse the following notation:

v () N0@le = v®lleqozy + le@llego.m

1Blle = lIklleqoms)ys 1T @IF2 = lo@z2qo.p + 4@ Z2¢0,2

The main results of this paper are the following:

Theorem 1  Under assumptions (2)-(4) for problem (1) we have

(i} For any fized Ty > O there exists a amall constant e, > 0 such that if ||h]|g < 7,
then problem (1) admits a unique global smooth solution U(z,t) and ||U(t)||c exponen-
tially decays to zevo.

(i) Fer any N > O there exists o small constant ryy such that if ||h||c £ N,
Ty < ry, then problem (1) admits a unique global smooth solution U(z,t) end ||U(t)|c
exponentially decays to zero.

The proof of Theorem 1 consists of several lemmas.

Lemma 1 For any Uy € C? there exists a constant § > 0 depending on ||h||c,
|a|le, To such that problem

i

v = vgz + f(v) — 4, D<x < L
Wy = OV — U, t > to,
R e e u = ug(z) (5)
w =0C = kit); wi=sLezivg =i
h(to) = h(0), (L) =0

has a unigue smooth solution in [0, L] x [to,to + &] and

IW(Hlc < Ka(|lUolle + Tollhllc) (6)

Proof The solution to (5) can be written as follows

v(z,t) = w(z,t) + Zj; [f{v(z, 7)) — ulz, r],Xn]t_;‘"H_’]dTXn
4 i 50 1 G
u(z,t) = :::rfIt e M=")y(2, r)dr — e Mug(z)

where w(z,t) is the solution to the following problem:

fip=st RN s o) e <

e

t =ty :w = vo(z) (8)

| z2=0:w;=h(l); z2=L:w;=0
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