
ż1 = σ1z1 + δ1z̄2z̄3 + β1z̄1z4 + [κ11|z1|2 + κ12(|z2|2 + |z3|2)]z1

+[µ11|z4|2 + µ12(|z5|2 + |z6|2)]z1 + ν1z̄1z̄5z̄6 + ξ1z2z3z4 + η1(z̄2z3z̄6 + z2z̄3z̄5),

ż4 = σ2z4 + δ2z̄5z̄6 + β2z
2
1 + [κ21|z1|2 + κ22(|z2|2 + |z3|2)]z4

+[µ21|z4|2 + µ22(|z5|2 + |z6|2)]z4 + ν2z1z̄2z̄3 + ξ2(z̄2
3 z̄5 + z̄2

2 z̄6).
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不変部分空間

I1 = C(0,0,0,1,0,0)

I2 = C{(1,0,0,0,0,0), (0,0,0,1,0,0)}

I3 = C{(0,0,0,1,0,0), (0,0,0,0,1,0), (0,0,0,0,0,1)}

I4 = C{(1,0,0,0,0,0), (0,0,0,1,0,0), (0,0,0,0,1,0), (0,0,0,0,0,1)}
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at the quadratic order.On the other hand, at the cubic order, the z1 interactswith z2
and z3 interacts with z4 non-resonantly through their moduli. Therefore, couplings
between z1 and z3 and between z2 and z4 are much stronger than those between z1
and z2 and between z3 and z4. We thus expect that, on a square lattice, two-
dimensional patterns will be preferred to three-dimensional patterns. To conclude
this, concrete analyses are needed.

In this paper, we have examined the bifurcation of solutions z in (3.4). The
relationship between the amplitude z and the disturbance ĵ is given by (3.1) where

the eigenfunctions f1, ., f6 are normalized by hSfðj Þ
mn; ~f

ðj Þ
mniZ1 as is described in

the first paragraph of §4. In figure 9, we show the temperature field of the
disturbance in a cross section of a roll-type structure. Figure 9a shows the
temperature field for kZkc, whereas figure 9b shows the one for kZ2kc. Figure 9c
shows a cross section of the solution S4. For the solution S4, z1 and z4 are typically
10K5 and 10K4, respectively, for rZ10K4 in case (iii). Figure 9c is thus due to the
superposition of figure 9a,b after multiplying by 10K5 and 10K4, respectively.
Consider a situation in which thermo-sensitive liquid crystal powder is added to
the working fluids. We may visualize a planform of convection pattern from above
or below by applying a horizontal light sheet to the fluid layers. Since the planform
depend on the height as is clearly seen in figure 9c, planforms like figure 2 can be
observed when the height of the light sheet is appropriately adjusted.

The author expresses his sincere thanks to referees for their helpful and constructive comments on
the manuscript.
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Figure 9. Examples of the structure of convection in case (iii) for P1Z150:76 and P2Z7 with e1Z0
and e2Z0:1. (a) Temperature field of roll structure with kZkc, (b) cross section of rolls S2 with
kZ2kc and (c) cross section of the mixed roll structure formed by the solution S4 with z 1Z10K5

and z4Z10K4.
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正六角形格子上でのパターン形成
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周期軌道に対するニュートン反復法

次の問題を考える：

ẋ = f(x, µ), x ∈ Rn, µ ∈ R, f : Rn × R→ Rn

x(t) = x(t + T ) for T � 1 であると仮定し，つぎのようにおく：

ξ =
t

T
↔ t ∈ [0, T ] and ξ ∈ [0,1]

τ
dx

dξ
= f(x, µ) where τ =

1

T

x(ξ) = φξ(x(0),0; τ, µ)

与えられたパラメター µ に対し次を解く：

x(0) = φ1(x(0),0; τ, µ) for x(0) and τ

59

その代わりとして，

ξ =
2t

T
− 1 ↔ t ∈ [0, T ] and ξ ∈ [−1,1].

とおく，すると次を得る：

τ
dx

dξ
= f(x, µ) where τ =

2

T

擬弧長：
(δs)2 = (δx)2 + (δµ)2 + (δτ)2

x = x̄ + x̂, µ = µ̄ + µ̂, and τ = τ̄ + τ̂

⇒

(τ̄ + τ̂)
d(x̄ + x̂)

dξ
= f(x̄+x̂, µ̄+µ̂) and x̄(−1)+x̂(−1) = x̄(1)+x̂(1).

(sn − sn−1)
2 = (x̄ + x̂− xn−1)

2 + (µ̄ + µ̂− µn−1)
2 + (τ̄ + τ̂ − τn−1)

2
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線形化すると，

τ̄
dx̂

dξ
+ τ̂

dx̄

dξ
−

df

dx
(x̄, µ̄)x̂−

∂f

∂µ
(x̄, µ̄)µ̂ = −τ̄

dx̄

dξ
+ f(x̄, µ̄) + O(2)

2(x̄− xn−1)x̂ + 2(µ̄− µn−1)µ̂ + 2(τ̄ − τm−1)T̂

= δs
2 − (x̄− xn−1)

2 − (µ̄− µ−1)
2 − (τ̄ − τn−1)

2

and x̂(−1)− x̂(1) = −x̄(−1) + x̄(1).

x̄(ξ) と x̂(ξ) を次のようにチェビシェフ多項式に展開する：

x̄k(ξ) =
�

j

A
(k)
j

T̃j(ξ) and x̂k(ξ) =
�

j

â
(k)
j

T̃j(ξ)

さらに，任意の位相シフトが生じないように，適当な l に対して

xl(−1) = xl(1) = 0

を課す．
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T̃2j−1(ξ) = T2j+1(ξ)− T1(ξ)

T̃2j(ξ) = T2j+2(ξ)−
T �
2j+2(1)T2(ξ)

T �
2(ξ)

−(T2j+2(1)−
T �
2j+2(1)T2(1)

T �
2(1)

)T0(ξ)
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Traveling Waves TW2

zj(t) = rj(t) eiθj(t), j = 1, · · · , 6, Φ1 = θ1 + θ2 + θ3, Φ2 = θ4 + θ5 + θ6,

Θ1 = θ4 − 2θ1, Θ2 = θ5 − 2θ2, Θ3 = θ6 − 2θ3

We require r2 = r3, r5 = r6, Φ1, Φ2, Θ1, Θ2, Θ3 : const.

θ̇j ⇒ const. ⇒ θj(t) = θ̃jt + ϑj , (j = 1, · · · , 6) for const. θ̃j , ϑj .

Setting θ̃1/k = c and ξ = x − ct, we have

ψ̂ = r1φ1e
ikξ+iϑ1 + r2φ1e

ik(−ξ/2+
√

3y/2)+iϑ2 + r2φ1e
ik(−ξ/2−

√

3y/2)+iϑ3

+r4φ4e
2ikξ+i(ϑ1+Θ1) + r5φ4e

ik(−ξ+
√

3y)+i(2ϑ2+Θ2) + r5φ4e
ik(−ξ−

√

3y)+i(2ϑ3+Θ2)

+c.c. + higher order terms.

TW2 lie on the group orbit γz for γ = (θ̃1t,−θ̃1t/2) ∈ T2.
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Oscillatory Solution in C6

We require r1 = r2 = r3, r4 = r5 = r6, Θ1 = Θ2 = Θ3 = 0, and Φ1 = 0

⇒ θ̇j = 0

The equations governing the oscillatory solution OS: two-dimensional for r1, r4

ṙ1 = [σ1 +β1r4 + δ1r1 +(κ11 +2κ12)r
2
1 +(µ11 +2µ12 +ν1)r

2
4 +(2η1 + ξ1)r1r4]r1,

ṙ4 = σ2r4 + β2r
2
1 + δ2r

2
4 + (κ21 + 2κ22 + 2ξ2)r

2
1r4 + (µ21 + 2µ22)r

3
4 + ν2r

3
1.
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O(2) の下での近ヘテロクリニック軌道の周期
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|z6|
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I2 = C{(1, 0, 0, 0, 0, 0), (0, 0, 0, 1, 0, 0)}
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1

3

6

4

2

5

2 3

1

|z1|

|z4|

|z5|

|z6|

t

12 3 4 56
R

5

1

1
2

3
3

H

ρ = 10
−3

P1 = 150.76, P2 = 7, ε1 = 0, ε2 = 0.1

Re z5

Re z1
Re z4

４次元不変部分空間の近ヘテロクリニックサイクル
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|z1|

|z4|

|z5|

|z6|

(a)

0 1 2t (×10−5)

|z1|

|z2|

|z3|

|z4|

|z5|

|z6|

(b)

0 3 6t (×10−5)

I2 → I4

δn = O(10−24) δn = O(10−8)

P1 = 150.76, P2 = 7, ε1 = 0, ε2 = 0.1

I2 → I4 → C
6

近ヘテロクリニックサイクルの崩壊
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Re z1

Re z4

|z5|

HC(I2), HC(I4), and OS(C6)
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