Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

WEBE T R LRERHENRETRR

FHH ALE F&

Numerical investigation on square Turing patterns in medium with two coupled layers
Li Xin-Zheng  Bai Zhan-Guo LiYan

5 {5 B Citation: Acta Physica Sinica, 68, 068201 (2019) DOI: 10.7498/aps.68.20182167
TELEE View online: https://doi.org/10.7498/aps.68.20182167
AN View table of contents: http://wulixb.iphy.ac.cn

LT RERGBR A HAN S R

Articles you may be interested in

FNHEAR TS B BB A

Numerical simulations of hexagonal grid state patterns

YyPR2E4R. 2015, 72(21): 210505  hitps://doi.org/10.7498/aps.64.210505

SN PR AT 1 R BRE P vl 14 o B B AR

Application of reaction diffusion model in Turing pattern and numerical simulation
YIER2EA. 2018, 75(5): 050503 https://doi.org/10.7498/aps.67.20171791
FEXSFRAR G 2= AT A B A R 3l g 2

Dynamics of spiral waves in an asymmetrically coupled two-layer excitable medium
YA, 2015, 72(19): 198201  https://doi.org/10.7498/aps.64.198201

AR E LU S R 5 BRI A5

Afterdepolarlizations induced by wave pattern in human ventricular tissue
YrH2EdR. 2017, 74(6): 068201  https://doi.org/10.7498/aps.66.068201
Poiseuille—Rayleigh—Bnard it 21 X6 3 BE ] 14 53 X FTRL A

Partition and growth of convection patterns in Poiseuille—Rayleigh—Bnard flow

YIBR2E4. 2016, 73(21): 214401 https://doi.org/10.7498/aps.65.214401


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20182167
http://wulixb.iphy.ac.cn

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 068201

WERBE

A1 R DO T R B A B 5

FHK B aEED FR

(PR R 2 2=, A 050018)

(2018 4F 12 J1 10 HUk#; 2019 4F 1 A 5 HEMERH)

R HIRUZ LA S Lengyel-Epstein B8, 7 — 4 23 [0 %] 7 8 1F DU AR 8 R DU 2647 1 BB #r. &5
SRR NPT RGPEL N>1 I, BERE S 0 A O, SRR AY Ok A3 I S RE U A 2R, FR G AT ERON
W 1 K A A5 H S 2 1T TR BRE IR Bk L AIE 4B 7S I A, 3R ARAT T R IE VY 0 A0 2 Aol L DY
AR/ R IR ERDRE P32 AR B SRS AR R oM B7E— 5 Y [ P9 R) A5 38 R, 5 R TP AR
() 4 A8 T AL AR BB DU 25 oo F BAS[R] 2D B ORI, oy 1 [ RASEAE S T R G AL IR, R GBI A
A TRYTE DU 1 — 11 50 5F P 30— DU 9 5% 2 5 S R G RS A T, A R GEBR A i TR IE
11 B PR A 3 AR I IS K D X /N G TR TE DU 31, R DL ) PR SE A, AT AR R AN [ A TR DU e 28

ARAE AR TR IE PO 30— 11 B IE 03— /N i % 728

K4#iA: Lengyel-Epstein B, G BFFIUIIE, KR KT

PACS: 82.40.Ck, 05.45.-a, 05.65.+b, 45.70.Qj

1 3

F W ZRMRER 2T AR R MEZA 5
BARGT, R RRIER R R . = 2ei Rk
B O WUH SRR ER f A5 5 OBL Y BR Ge Ak
LML RGP B M RE R A D) B RS
A= BN 1273 RN 23 X BRI B Y 45 2R, — i
FERF ] b1k | 23 1a) b5 A i S I e 14
RIFGT S, iR 1a] 5 5 9128 A ) s 25 B 1 0 ey
BRI R, B R B EEA N
. PUIIE MRS, (RO R G, R
i 75 REAE N S S LA AE A — — ARAXERR, J7
FRR Z B N2, e DA DU B AR A S 2 55
MEFRAS, MO AT OME . AT, AP R EAEA
i) 52 30 R 8 v AR AT 1 IR D5 22 b DY i B [
Gal % 9 ¥£ Rayleigh-Bénard XJJi 24t H A1 H 534
AR 22 WA I RS T RS i IE T B 3

il

DOI: 10.7498/aps.68.20182167

I&l; Wagner 55 7 | ISR Sl 32 16 s hr 55 50 56
TR T IEVOI B, g R R SR Y
B Yang 55 B R HIJ7IE 18] 58 WL 3] Jo BA MG K
g/ CDMA (chlorine dioxide-iodine-malonic-acid)
F e i U i1 KDY ; Dong &5 9100 ) H] 41 o1 BH.
PHT RS RS T 2R A Y U R B, O
BT T EDEBESR S i R A2 4k, BRSCERA TS, A
ATAE RIS bl X6 7 3298 368 18 Al 1 R 2 F 9 A
Page %5 " F| [ Gierer-Meinhardt 77 72 Jin P4 i1 J&
PAMRAT T R/ SO P BE &5 Yang 55 12 )
Brusselator B{E SNl B4 3K 3 3845 1 4k 1E DY
B Li 45 13 R HIAUZ#E A Lengyel-Epstein FY
PeAg TR RKFT BRI U —Fia e BT B3t
&5 Judd #1 Silber!™ 55 14 258 DU B FAAE,
ERBEF FH B A B SRAS HLBRE R ] DA F s
PRI RLXS ] AT LA 8 I 3 S0 P 0T 5 235 SR A
XD AR IRABISE.

A SCH I RUZ 2 & Lengyel-Epstein 5

* A B ARRIAIE A (S A2017208081) ANMILAHE T E AT H (k'S ZD2016025) ¥ B IR,

+ EfEVEE . E-mail: baizg2006163@163.com
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

068201-1


http://doi.org/10.7498/aps.68.20182167
mailto:baizg2006163@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 68, No. 6 (2019)

068201

T, Ao R T ] SRS Y B e B2 R A
AMEZAT T SR IE DU, SBRLAEL T 20 Pl R Y A
FEBEIE, GG R/ IR ST A2 2 DY 4 4
I B T B v ] R fa7 541 U 34 -5 88 P 34
T U R AT 1 2304

2 HEpMA

P 3R 1090 0] AL 5 I It R RO F 5 2 A
R B e B 2 i) P A AL, 2R A
B O T AN IR & ge v 1) B 18 B e AT
A 116=201 411 Brusselator #2%  Schnackenberg 5 |
% Ginzburg-Landau ¥ 5F2 | FitzHugh-Nagumo
i H A1 Lengyel-Epstein 1% 1 2% H.rft | Lengyel-

0

81;1 = Du1v up +a;p —up — 41u_|1_v 3 + a(UZ - U1)
ayl*D V20, + by (u — 4 v1 + B(vg — v1)
ot v VUL + 01 | Uy 11w 2 — V1),
au2—D V2us + ag — up — 4—222 +a(u — ug)
ot up VU2 Ay = Uug = A 17— U2),
M2 D V2,4 b 4272 ) 4 B )
- = v U — v — v
8t Vo 2 2 2 1+’LL% 1 2)s

(1)
2w H o 430 A 0 AT FBH 2E 7 VR B D,
Do i u Mo Y LR EG o B AW R
G2 1 AL T B 2E 7 Z A i MR 5 9 5 o T
bR B R S, SO EE ar = ap = 15F
by = by = 9. RGN ESSR: (w10, V10, U20, V20) =

fﬁg?ﬁ%ﬁ?ﬁ?ﬁﬁiiiﬁ?ﬁ%@f %J+%§%1+—7 I B % 5 26
B K = engyel- .
J %'—‘ﬂ ya =]
Epstein R4 B0V B, 4B RANMOIOL T, iy Do Lo A BTRRVALR R
R RISRA [4 =Dk = A1| =0, @
|
LpafGi=2 204 0
i <a1+25>_a a1 25 “
2_95 a
by (aé 2) 1o B 0 B
5 25
Aofr A = " “r p ,
25 aq
@ 0 _1+4< +25>_0‘ _20a3+25
a5 — 25 aqy
0 2 b2 <a§+25) B me_ﬂ
Dy O 0 0
0 Dy 0 0 e o
D=| 0 D OO KR, T
u2
0 0 0 Dy |
FIFHACHE (A B AT AR o 5 1 GBI (4
_ 1.5
@1%m)ﬁ%ﬁ§ﬁmb:9>w=3amm5=
7.3, FTLL RGN R BT R s , Y R B ol
Do D, (LA, i b2
302 4125 — 4a\/10(a2 + 25) <00 <
b<br= 5aD,, Do, = i =
RGBT, L by < by (b RRE R ’ / \V4
AR AKARYIG LA, br S R A P R R RO I N T T
), BRI R R TR R R R, R 00 b 08
4 DR IE RBEA.
125 52 LSO 4 e 2 P 2 B ) R B

TEAS SOV RARASAU Y, SRR 18] /1T 22 53 7
BT, BUERAIE— 5 N x N (128 x 128)

Fig. 1. Dispersion curves of Turing mode in two subsys-

tems.
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Fig. 2. Hexagonal patterns (a), (b) without coupling and square pattern (c) with coupling in the two subsystems.
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Fig. 3. Spontaneous evolution of square patterns in two subsystems after loss of coupling.
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Fig. 4. (a)—(f) Formation process of big-small spot square pattern, and the simulation time sequence is as follows: 463.8, 827.9,
893.2, 927.8, 957.4, and 975.0; (g) Fourier spectrum; (h) waveform diagram (o = 0.085, 8 = 0.11, the other parameters is the

same value of Fig. 2).
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Fig. 5. Square superlattice pattern at different wavenumber ratios: (a) Complex big-small spot square pattern, Du; = 11.885, Dy, =
163.425, Duy = 46.30, Dv, = 671.25, a = 0.075, B8 = 0.11; (b) spot-line square pattern, Du; = 2.95, Dv; = 41.15, Duy = 25.75, Du,

= 382.05, & =0.085, 8 =0.11; (c) ring square pattern, Du,

2.95, Dy, = 41.15, Du, = 45.90, Dv, = 677.05, o = 0.085,

B8 = 0.11; (d) white-eye square pattern, Du; = 2.95, Dv; = 41.15, Duy = 71.0, Dv, = 1065.25, o = 0.075, 8 = 0.11.
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Abstract

In this paper, the simple and superlattice square patterns in two-dimensional space are investigated
numerically by the two-layer coupled Lengyel-Epstein model. When the wave number ratio of Turing modes is
greater than one, our results show that the spatial resonance form of the fundamental mode is changed with the
increase of coupling strength, and simple hexagon pattern evolves spontaneously into a new pattern with a
complicated structure. In addition to the reported superlattice hexagonal pattern, simple square pattern and
superlattice square pattern are obtained, such as the complicated big-small spot, spot-line, ring and white-eye
square pattern. The characteristics of simple and complicated superlattice square pattern are investigated by
the intermediate process of evolution. When the coupling parameters a and [ increase synchronously within a
certain range, the type I square patterns of the same wavelength are obtained in the two subsystems. When the
coupling parameters « and 3 increase asynchronously, the type I square pattern can evolve into the type II
square pattern on the same spatial scale through phase transition. Then, the new subharmonic modes are
generated, and the complicated superlattice square patterns are obtained due to the resonance between the two
Turing modes in a short wavelength mode subsystem. The influence of coupling between two subsystems on the
square pattern is investigated. When the type I square pattern of wavelength A emerges, the square pattern
will quickly lose its stability in the short wavelength mode subsystem, since the coupling coefficient is equal to
zero. Finally a new square pattern of wavelength A /N is formed. The type I square patterns of two subsystems
successively evolve into the type II square patterns through the phase transition. The spots move relatively with
the extension of simulation time, and a new mode is generated and forms three-wave resonance in two
subsystems, and then the hexagonal pattern dominates the system. Our results also show that the type II

square pattern spontaneously transforms into a hexagonal pattern.

Keywords: Lengyel-Epstein model, superlattice square pattern, Turing instability
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