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Abstract

A diffusive model of pioneer and climax species interaction is considered. We
perform a detailed Hopf bifurcation analysis to the model, and derive conditions for
determining the bifurcation direction and the stability of the bifurcating periodic
solutions.
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1 Introduction
We consider the following model:
U = di Au+ uf (cnu +v),

(1.1)
v = da Av + vg(u + c2av),

where x € Q, ¢t > 0, and u, v represent a measure of a pioneer and a climax species,
respectively. flz), the growth rate of the pioneer population, is generally assumed to be
smoothly deceasing, and has a unique positive root at a value z; so that the crowding
is particularly harmful for pioneer species. But for the climax population, it is different
from pioneer population. Climax fitness increases at low total density but decreasing at
higher densities. So that, it has an optimum value of density for growing. Hence, g(z),
the growth rate of the climax population, is assumed to be non-monotone, has a
hump, and possesses two distinct positive roots at some values z, and z3, with z, <z3
and g'(z;) > 0 >g(z3). For the reason above, we set

flenu+v) =21 —cnu—v,

8(u +cv) = —(20 — u — V) (23 — u — c22V) (1.2)

in this article.

Equation (1.1) is often used to describe forestry models. Examples can be found in
[1,2] and references therein. The dynamics of pioneer-climax models have been studied
widely. Systems described by ordinary differential equations are under the hypothesis
of homogeneous environment. The stability of positive equilibrium and bifurcation,
especial Hopf bifurcation are the subject of many investigations. More recently, the
environmental factors are introduced to the pioneer-climax systems. Models including
diffusivity (i.e. systems described by reaction-diffusion equations) have been considered.
The existence of positive steady state solutions are the subject of investigations.
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In addition, traveling wave solutions are the most interesting problem. The readers can
get some results from [3]. In bifurcation problems, Buchanan [4] has studied Turing
instability in a pioneer/climax population interaction model. He determined the values
of the diffusional coefficients for which the model undergoes a Turing bifurcation, and
he show that a Turing bifurcation occurs when an equilibrium solution becomes
unstable to perturbations which are nonhomogeneous in space but remains stable to
spatially homogeneous perturbations. Hopf bifurcation for diffusive pioneer-climax spe-
cies interaction has not been studied. Our study will be performed in Hopf bifurcation.

The rest of this article are structured in the following way: in Section 2, the condi-
tions of the existence of positive equilibrium are given. The critical values of the para-
meter for Hopf bifurcation occurring are also searched. And the stability and direction
of the bifurcating periodic solutions at A; are studied. In Section 3, some conclusions

are stated.

2 Hopf bifurcation analysis

In this section, we consider the following model:

{ut =di1Au+u(z;y —cnu —v), (2.1)

v =dy Av — v(zy — u — c2ov) (23 — U — Cpv).

Clearly, it has one trivial equilibrium (0, 0), and three semitrivial equilibria (z1/¢11,0),
(0, zo/¢33), and (0, z3/cyy). There also has two nontrivial equilibria E;, Ey:

E (Zz — (2221 21 — 61122> E (Zs — 02221 Z1 — (1113 )
1= ’ ’ 2= ’ .
1—cncn 1—cnexn 1—cnen 1—cnexn

As in [4], in the following, we will limit our analysis to the case z3 >z, and z; >c¢;1; 2o,
Zy >C»y z1. Immediately, the condition c¢j1¢5y < 1 follows as a consequence, and then E;
is a constant positive equilibrium. If there has additional condition that z; >c;;z3, then
E, is an another constant positive equilibrium. E;, E, are also positive equilibria for
Equation (2.1) without diffusion, and when E, exists, it is unstable. In fact, the linear
system at E, = (u*, v*) has the form

Uy u (cu W (enu® +v*) w*f' (cnu® + v*))
=L = * o/ * o/ .
Ve v v*g'(23) V"8 (23)
For f (c1; u* + v*) = -1 and g'(z3) = 2z; - z3, then the trace and determinant of L are

trL = —cpu* +cpv(z2 —23) <0,

detL = (1 — cuczz)u*v*(zz —23) <0,

which imply that L has a positive eigenvalue, and then E, is unstable. Hence, the
researchers are concerned more about the dynamics at E;. In the corresponding diffu-
sion system, the dynamics at E; is richer than that at E,. Hence, we take our attention
to the equilibrium E;. In [4], Turing instability has been studied thoroughly. The effect
on the stability due to the diffusion is analyzed. In this article, we pay attention to
Hopf bifurcation bifurcated by E;. We investigate on the effect on the stability due to
the diffusion. In other words, diffusion driving Hopf bifurcation is studied.



Liu and Wei Advances in Difference Equations 2011, 2011:52
http://www.advancesindifferenceequations.com/content/2011/1/52

Denote A = z, - ¢95z;. With the conditions above, we have that A <z3 - ¢4z, and 0 <
A < (1 - ¢11€92) z1/c11. Hence, the domain of the parameter A is 0 <A < min{zs - ¢yy21,
(1 - ¢11€22) z1/c11}. In this article, we choose A as a main bifurcation parameter and
consider the complicated dynamic behavior near the fixed point E; with the effect of
diffusion.

For convenience, we first transform the equilibrium E; = (#*, v*) to the origin via the
translation & =u — A/(1 — c11¢22), V=v— (21 — cur/(1 — cu1¢z2)) and drop the hats

for simplicity of notation, then system (2.1) is transformed into

:ul =diAu+anu+anv+f(uv), 2.2)

Ve = dy Av + anu + axnv + g(u, v),

where
* * = % = %
an = —cnu, dip=-—U, dyn =2, dy =CI,

and
Z =23 — U" — ¢V,
f(u,v) = —cpu? —uw,
g(u,v) =(Z — 2c00V*)uw + (207 — 3, v )2

—v*u? — vtV — 2cu? — 2,07,

In the following, we consider system (2.2) on spatial domain Q = (0, ¢x), £ € R" with
Dirichlet boundary condition

u(0,t) =u(lm,t) =0, v(0,t)=v({nm,t)=0, t>0.
Define the real-valued Sobolev space
X:={(uv)|luve H2(O, L), (u, V) lx=0,ex = 0},

and the complexification of X by Xc = X + iX = {x; + ixs|xy, x5 € X}.
The linearized operator of system (2.2) evaluated at (0, 0) is

. an + d182/8x2 ain
L:= 270.2
an ajy + d28 /8x

and accordingly we define (denote y,, n € N are the eigenvalues of the eigenvalue
problem -A¢@ = u@, p(0) = p(fr) = 0)

L = an — difin ain
" an Ay — dafin

Then, the characteristic equation of L,(4) is
B> —pBT,+D,=0, n=12,..., (2.3)
where

Ty =an +ax — (di +da) pin,
Dy = anaz — apan — (dldzz + d?_au)ﬂn + dldzliﬁ-
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More immediately, let 7, D, be expressed by expression with parameter A:

C11€22 C11€2223 — €221 +Cn1
Tn()») = —(dl + dz),LLn + )»2 — (262221 + A
1—cnexn 1—cnen

+C2227 (Zs — 2221 ),

C —
Dn()\) = dldzﬂi — |:d1 nca )\2 — szdl (221 + 1% “ ) A

1—cnexn — 11622
A cn 3
+622d121 (Z3 — szZl) — dy_ n+t A
1—cnen 1—cuen

C1123 — %

— (221 + s ! ) )\2 + 21 (Z3 — 62221))\..
1—cuca

According to [5], we have

Lemma 2.1. Hopf bifurcation occurs at a certain critical value Ay if there exists
unique n € N such that

Ta(ho) =0, Du(ho) >0 and Tj(ho) #0,Dj(ho) 0 forj+#n; (2.4)

and for the unique pair of complex eigenvalues near the imaginary axis o(A) + iw (A),
the transversality condition o/(Ao) = O holds.

Let us consider the sign of D,(A) first. Denote A = min{z3 — c25z1, (1 — c11622)21/c11}-
Clearly, X =z3 — cp0z1 if €1123 >z1 and & = (1 — cyyep0)z1 /ey if c1125 >z1. We will
prove that there exists Ny € N such that D,(4) > 0 for all A € (0,1) and # >N; under
some simple conditions.

Lemma 2.2. If z; < ¢1123/2 or z; 2 2¢1123, then D,(A) > 0 for all » € (0,)and n >N,
where Ny € N such that p, >cyz1 (23 - ¢o021)/dy for n >Nj.

Proof. First, we claim that D, (0) > 0, D, (1) > Ofor all # >N;. Directly calculating,
we have

Dy(0) = dldzlti — ¢22d1z21(23 — €2221)fn > O,
i (23 - 62211)
>
1—cnen
dldzlj,ﬁ + dz/l,nzl >0 if A= (1 — 611622)21/611.

didap} + dajin 0 if A=2z3—cnz,

Dn()_‘) =

Next, we prove that for all A € (0,1), D,(4) > 0 if D, (0) > 0, D,(X) > 0 satisfied.
From the expression of D,(A), we have D,(1) — + when A — +c and D,,(1) — - o
when A — - o, and D,(4) has two inflection points for any fixed n € N. We only need
to prove that 0 and ) are in the same side of the second inflection point. Differentiat-

ing D, (1) with respect to A4 for fixed n, we have
D, (}) = ar? +bx + ¢,

where
3cn
= ’
1 —cnexn
2c11(z3 — €2221 11622
b=—2z; — ( ) —2d

n 7
1 —cnean 1 —cnean

13 — 21 cn
¢ =2z1(23 — €2021) — C22d1 ptn (221 + +dypin .
1—cnen 1—cucxn



Liu and Wei Advances in Difference Equations 2011, 2011:52
http://www.advancesindifferenceequations.com/content/2011/1/52

The axis of symmetry of D} (1) is

1 —cnexn
Z1 +622d1/,l,n > 0.
cn

1
Amin = 3 (73 —c2021) +
If z; < c¢1123/2, then A, > A= (1 —cncan)zifcn. Else if z; = 2¢q,23, then
Amin > A =23 — €221 That is, 0 < A < Amin 0 and } are in the same side of the sec-
ond inflection point and the proof is complete.
Next, we seek the critical points A e (0, 1) such that T, = 0. Define
11622

C11€2223 — €221 +C11 > 2
1—cuecxn

1—cuecxn

y()\, p) == (dl + dz)p + )\2 — (2622Z1 +

+ (2221 (Z3 — (2271 )
Then, T, () = 0 is equivalent to 7 (A, p) = 0. Solving p from .7 (X, p) = 0, we have

1 C11622
A) =
P( ) d] + d2 [l — (11022

+C2221 (Zs - szzl)] .

C11€2223 — €221 +Cn1 ) Y
1—cnen

)\2 — (2622Z1 +

Immediately,

1
p(0) = dy +dy €2221(2z3 — ¢2221) > 0,

_ 1 cn (=3 — c2221) -
p(h) = d1Z+ d, I—cnexn
— ! <0 if rA=(1-cnecxw)zifcn.
d] + d2

Lemma 2.3. Denote N, € Nbe the number such that pun, < p(0) < un,+1. Then,

0 if x= Z3 — €22%1,

there exists Ny points A, i = 1,2, ..., N, satisfying } > Ay > Ay > --- > Ay, > 0, such
that TyAj) < 0 for i <j, and T{A;) >0 for i <j, i =12, ..,1<j<N,.
Lemma 2.4. Suppose A;, 1 < i < N, be defined as in Lemma 2.3. If a(A;) t io(A;)be
the unique pair of complex eigenvalues near the imaginary axis, then o’(A;) < 0.
Theorem 2.5. Suppose the condition of Lemma 2.2 is satisfied and A, 1 < i < N, be
defined as in Lemma 2.3. Then, Hopf bifurcation occurs at A; if

dy —dy CrAi

; . , 1 <i<min{N, N,}, 2.5
Ml<d1(d1+d2) 1— cuem < i< min{Ny, N} (2.5)

where N1, N, are defined as before.
Proof. We need to show that D,(1;) > 0, n € N, then Lemma 2.1 could be used. First,

TiA;) = 0 gives

C A
(dy +d2) i +
1—cnexn
C11€22 C1k3 — 21
= )Lz — (22 2Z1 + )Li + C2Z21|Z3 — €22%21).
1
1—cnen 1—cnen

Now, D, (A;) could be expressed as

C )»,'
Dy (i) =d1d2,u,721 — (d%,u,,- +didypi + (d1 — da) 1 ) Hn
1—cnexn

cn C1k3 — 21
+ )\13 — (221 + )\12 + 21 (Z3 — szzl))\,i.
1—cucxn 1—cucxn
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Define

1—cnen

Ci A
D (i p) =d1d2p2—(d%wdldzw(dl—dz) e )p

n C11%3 — 21
+ }\? — (2Z1 + }\g' + 21 (23 — (€221 ))\.1‘.
1 —cncp — et

Clearly, 2(1i,0) > 0 and the axis of symmetry of Z(A;, p) is

dipi +didypi + (di — da)enhi/ (1 — cncan)
2d1d, '

min =

The condition in the theorem ensure pp,;, < 0, which lead to Z(4;,p) > 0 for p > 0.
Hence, D,(A;) > 0 and A; are Hopf bifurcation points.

Remark 2.6. Theorem 2.5 gives a sufficient condition for Hopf bifurcation occurring.
From the proof of Theorem 2.5, we see that the inequality (2.5) is stringent. We con-
sider that (A, p) is continuous with respect to p, but D,(A,) is a set of discrete values.
Hence, we need not to ensure that the inequality (2.5) is always satisfied in some sim-
ple case. For instance, N, = 1. Example 2.8 exactly demonstrates this feature.

In the following, we take attention to the stability and direction of bifurcating peri-
odic solutions bifurcated at A;.

We give the detail of the calculation process of the direction of Hopf bifurcation at
21 in the following. It is obvious that +iw, with @ = \/Dl()\.l) , are the only pair of sim-

ple purely imaginary eigenvalues of L(1;). We need to calculate the Poincaré norm
form of (2.2) for A = A;:

M
Z=iwz+z Z cj(zzy,
j=1

where z is a complex variable, M > land c; are complex-valued coefficients. The
direction of Hopf bifurcation at A; is decided by the sign of Re(c;), which has the fol-
lowing form:

c : 2| gul? ! | go2|? !
= - - + .
1 20 820811 811 3 802 2321

In the following, we will calculate g»o, g11, 02, and g»;. We recall that

f(u,v) = — cpu® —uw,
g(u,v) =(Z — 2c00V*)uv + (227 — €3, V* )1?
—v'u? — v — 2cu” — c§2v3.

Notice that the eigenvalues y,, = w2182 n = 1,2, ..., the corresponding eigenfunction
are sin(nx/€) in our problem. Hence, we set g = (a, b)T sin(x/€) be such that L(A;)g =
iwg and let ¢* = M(a*, b*)" sin(x/) be such that L(,)" ¢* = -iwg*, and moreover, (¢*,
q) = 1 and (g*,q) = 0. Here

154
(u,v) = / i vdx, u,v e Xe
0

Page 6 of 11



Liu and Wei Advances in Difference Equations 2011, 2011:52
http://www.advancesindifferenceequations.com/content/2011/1/52

be the inner dot and
iw+dip —a —iw+dypy —a 2w
a=b"=1 b= 1M1 11, 4 = 2141 22’ M=~ .
a1 a2 a2
Express the partial derivatives of flu, v) and g(u, v) at (4, v) = (0, 0) with respect to 4
when 4, we have

)»1 (3C11C22 — 1)

fuu = —C1u, fm/ =—1, &uw=23— 30z +
1—cuen
A cpAi1(2cn1c0 — 1)
Suu = —21 ;8w =C22(23 — 2c0021) +
1—cnen 1—cnexn
2
Sow = —Cy  Suw=—1,  uw=—2c,

and the others are equal to zero. As stated in [5,6], we need to calculate Qqq, Qqz,

and Cgyqg, which are defined as

Qqq = sin® (x/¢) (2) . Qqg = sin?(x/¢) (;) , Cyqg = sin’ (x/¢) (‘;gl) ,
where

¢ = fuua® + 2fab +_f,,,,b2, d = gua® + 2gu,ab + g, b?, )

e =fuu | a|2 +fuv(ab + Zlb) +fm/ | b_|2/ f = Quu | a|2 +guu(ab + Zlb) + 8w | b|2/
8 :fuuu | a|2a +fum/(2 | a|2b + azb_) +fuvu(2 | b|2a + bza) +fv1/v | b|2b:

h= g | al?a + guw(2 | al?b + a?b) + guw(2 | b1?a + b2a) + guw | b?D.

From direct calculation, we have
4¢M
(0%, Qqq) = (fl c+d), (q" Q) = (a e+f), 2.6)
AP .
(@ Qqq) = (fl c+d), (q" Qq) = (“ e+f).

Then, we have (the detail meaning of the following parameters are stated in [6,5])

Hyg = Qqq - (q*r Qqq)q - (‘?*r Qqq)‘_i

-y —cosyo) (§) = [ (§ ) = @ (§ ) [sinero

i ki: (2k — 1)(2k_+81)(2k —3)r (fz) sin((2k = 1)x/¢) @7)
- [(6/*1Qqq) (;) —{q" Qqq) (;—))} sin(x/¢)
" Hi = Qg — (¢, Qu)d — (@ Qo)
B ;( — cos(2x/t)) ( ) [ q" Qqa) ( > —{q", Qqz) (g)] sin(x/¢)
B (2.8)

Z(zk—1)(2k+1)(2k 3)m (f)sm((zk /)

- [(q*, Qq) (;) (d", Qqg) (1)] sin(x/£).

Therefore, we can obtain wyy, wq; as

Wyo = [210)1— L(Al)]71H20 and wn = —[L()\.l)]ilHll.

Page 7 of 11



Liu and Wei Advances in Difference Equations 2011, 2011:52 Page 8 of 11
http://www.advancesindifferenceequations.com/content/2011/1/52

Clearly, the calculation of (2wl - L(A1))™" and [L(A;)]" are restricted to the subspaces
spanned by the eigenmodes sin(kx/€), k = 1,2, .... One can compute that
(2iwl — Li(h1)) ™"

1 2iw —ax +dapr a1z
= (a7 + o) . p
ay  2iw —ay +dipg

— 1 (ax —dyps —alz)
L1 (x) = ,
k (1) a’; <—a21 ay — dypir

where
Ol}f = —40? + andzz —apdy — (dldzz + dzdn)ﬂk + dldzll;%,
O[g = —20)(&11 + dzz) + 26()((11 + dz)/.Lk,

k 2
Q3 =dndzy — adjpdz — (dzflu + dlazz)ﬂk + d1dzﬂk-

Then,

—8sin((2k — 1)x/¢)
W20 = ; (2k — 1)(2k + 1)(2k — 3)7

— Qiol - 1;(11))"" [w*, Qu) () @, Qu) ()] sin(x/¢)

Z —8sin((2k — 1)x/€)(2k — 3)~! ((Zia) —ax +dapgp-1)C + a12d>
(4k2 1)(0{2k 1 + w[%k 1)7-[ anc+ (2ia) —dn + dlpbzk_l)d

(2iwl — Lye—1 (1))~ (;)

k=1
1 ((zlw x4 dypn ) + a1252> sin(x/¢)

ol vial \ané + io —an +dip)E
= —8sin((2k — 1)x/¢) (a22 — dapiop—1)e + arof
= w21 (4k2 — 1)(2k — 3)r  \azne— (an —dipar1)f
k=1
—(a22 —dapr)&s + 611254) .
_ 0),
o (ﬂ21§3 - (1111 - dlﬂl)& sm(x/ )
where

k —% - 4C€ — % x * 4d€ —
§1=(q", Qqq)a — (q", Qqq)a = 3 (@M —a*M) + 3 (M —M),

_ .4l - - ade. - -
& ={(q", Qu)b — (7", Qqq)b = ; (ba*M — ba*M) + 3 (bM — bM),
_ det - afe
&= (" Qu)a— (0", Qua = o (@M —a"M) + f; (8 — M),

_ - del  _ - - afe - _
1= (6", Q)b — @ Q)b = " (40"t~ Fa"M) + J; (b — bM),

1k 10
(me) sin (2k - 1) + <QW2()'7) 1n2 x
1 wm ¢ szoﬂ ¢

fuuwzo +fuubw +fqu2k ) sin Z sin (2k — 1)x

Then,

Mg

szoil =

p"qg

2k
8uuw20 + 8uvbw20 + guvwzo + gwhwzo ¢

~
[

1

< fuuwzo + fuvbwzo + fqu ) sin2 Z/

guuwzo + guvbw20 + guvwzo + gvvbw

2k —1 Qlo
w“")sinZsin( )x+ (d"”")sm v

qu ¢ wnq

+

Quag =
=1
=)
k=1

wl bw!? w2 . 2%
+ < fuu n +fuv 1 +fuv 11 )smze,

10 10 20 20
Suuly) + ubwyy + Quwiy + Zwbwyy

fuuwl +fuvbw +fuvw11 sin s (2k - 1)x
3uuw11 +3uvbw11 + Bultiy +gwb“’2k ¢ ¢

/\/\
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where
00 .
—8(2iw — azy +d _1)C+aqd
" Z ( 22 +da k1) 12d) k=12, ..

07 L i — 1) 2k — 3) (@ +iad )

" i —8(axc+ (2iw — an + dipap—1)d)

- . k=1,2,...,
20 (4k2 — 1)(2k — 3) (2! + i V)7

k=1

“ey

> —8(—(a22 — dajrar—1)e + aiaf )
1k _ =
W2 a1 (4k2 — 1)(2k — 3)7 kel
k=1 3

“ey

- i —8(aze — (a1 — dipar—1)f) k=1,2,.

~ o4k — 1)(2k - 3)

and

0 _ (2io —ax +dapr)é1 +anés 20 _ bt (2”" —dn+ dl‘“)&

20 a% + ia% ' 20 Oll + lOl2

10 —([,l22 — dz/,Ll)g:), + 01254 20 6121&3 - (all - dl/j“l)&l

1n= 1 ’ Wi = 1 ’
as a3

Notice that

3lm

1%/4
f sin(x/0)dx = >,
0 8

%14 ) . —4¢
[0 sIn* (/0 in(2h = DFOI= 04y 1)(2k— 3

we have

3¢Mhx

<q ’ quE]) = 8 4

. N —4¢M -
(a°, szoq> - Z (2k _ 1)(2k + 1)(2k _ 3)( szoq szozi)

20
(a me szo‘—i)’

—44M

(q*r Qumd) = Z (2k _ 1)(2k + 1)(2k _ 3) (a anﬂ Qwuq

(d Qumq Qwﬂq
Hence, we have
4¢M
820 = (d", Qqq) = (a c+d),
gu = (g% Q) = ( a‘e+f),

802 = (4", Qgq) = (a + d)

Page 9 of 11
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and

821 = 2(q", Quyg) + (d% Quiyq) + (4", Cyqq)
x| —4eM((2QM , + Qi )ak + (2Q2F  + Q2 L))
— (2k — 1)(2k + 1)(2k — 3)
4EM((2Q0 4 + Qoo )a* + (2Q02  + Qi ) 3eMhr
+ .
3 8

I

+

Then, it follows that

i 1 1
_ e — 2
€1 2w(gzogu 18111 3|goz| )+2gzl
8% _, . —y DT B S Sy
=y [M*(a*c+d)(a*e+f) — 2|M|"|a*e + f]| —3|M| |a*c +d|”]
®

e —2€M((2Q,Hflq + Q,}_,IEO;])[_Z: + (2Qﬁ}fll] + QLZU}zo(f]))

' k=1 (2k —1)(2k + 1)(2k — 3)

2UR((2QL0,+ QY Na + (2Q2,+ Q2 ) 3ekihr
+ .
3 16

+

Theorem 2.7. Suppose the conditions in Theorem 2.7 are satisfied. Then, the positive
constant equilibrium E, is asymptotically stable when ) e (11, 1). Hopf bifurcation
occurs at Ay, and the bifurcating periodic solutions are in the left(right) neighborhood of
Ay and stable(unstable) if Re(c;) < 0(> 0).

Example 2.8. Suppose £ = 1(i. e. Q = (0, m)). dy = 1/10, dy = 3/10, z; = 25 = 1, z3 =
3/2 and cy1 = 1/3. Let ¢y be the bifurcation parameter. We found that there has only
one Hopf bifurcation point A = 0.0833. E; is stable for 0.0833 <A < 1.1667. For A <
0.0833, Hopf bifurcation occurs and the bifurcating periodic solutions are stable. In
other words, ¢y, = 0.9167 is the critical value for Hopf bifurcation. We give the simula-
tion for cyy 0.9167 + 0.02 in the follows. If ¢y = 0.9167 - 0.02, E; is stable (Figure 1). If
€ = 09167 + 0.02, there exists periodic solution, which is stable (Figure 2).

3 Conclusion
In this article, we take A as a main bifurcation parameter, study stability of the con-

stant positive equilibrium Ej, which exists for A € (0, 1). The critical values for Hopf

u(x,t) v(x,t)

200 200

Time t 00 Distance x Time t 00 Distance x

Figure 1 E, is asymptotically stable for c;, = 0.9167 - 0.02. The initial value is (ug, vo) = (0.1, 0.2) * sin x.
A\
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u(x,t) v(x,t)
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0.4
0.2

300

200
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Figure 2 Periodic solution appear for ¢;, = 0.9167 + 0.02. The initial value is (uy, vo) = (0.1, 0.2) * sin x.

bifurcation occurring are found out, and the stability and direction of bifurcating peri-
odic solutions bifurcated at A; are studied. By the method of the reference [5] and our
early work [6], we give the detail of the calculation of the norm form for system (2.2).
In addition, we claim that the bifurcating periodic solutions are all spatially nonhomo-
geneous, since the problem is subject to Dirichlet fixed boundary conditions.
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