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Fig. 1. Dispersion relations of coupled systems under differ-
ent parameters: (a) D,; = 12.6, D,y = 27.9, Dy = 22, Dy =
420, a = 0.1; (b) D, = 5.3, D,y = 20, D,y = 22, D, = 500,
a=0.1.

3 BALR G

SR BRI ] 115 22 53 1) 7 2 A AR 3, BB AR
TE— A 128 x 12823 [a) % a5 1) — 4k~ 1 b it
17, BRI KB At = 0.01~HHE] B4 25 6]

KON Ah = 10428 [ 5, P BT ARl
BRI 5 225048 5K, S A R I P
TR, WG S 51 A — MR/ BEAIL

Yozl WRBAFFIRUEY], — B E T RS 2 A
BORMP BOREL, BB B, T R4 1
HE BB 25 R B

PN R BRI | AR 5 B R 5 o J3E
AN BRSPS P R[] B A A&
HH R R BE RS54

3.1 MEWNMEREREERNR D

[ 7 A [ R AR & B (hy, hy) =
(0.20, —0.55) A AR A 3R o = 0.1, 1l 33 et B A~
P RAST I B LA K« oo, TFSEAS [T E5 LU X ERE 4]
TE B BZ . QT SCATA, ] RAB A I RO /N B
F D, F1 D, W TR, 1 Ho s BEHGR T D, Fl D, A
X AN, R I A ] RS (18 3 0 Ko R Koo 1 RS/ INTT
DL 45 B 1 D, D, KA RO/ E S
1545 D, D, MFRFURAE | MU — & AR/,
W HANEEE b

B2 250 TR g b s R 1:2, 1:3 1 1:4 =
FiHCAE N F R 50 1 PO B s I B0 1 R G AH
AR LI B3 . 5] 2(a) UL 102 B4 2]
) PR HR BRE P, H A w0 AR R R e A1, LRI
WG — B R B IR, R RIS IR M3 HEA
A B IS o] LB Y, 2RI R =&
ANTRI I F A, LR 3 0 ke, ko F g
— BRI R — A58 I 254, Hob ke, A0
ko NPT REWME B R (ki ko =1:2),
(IS VA = W S & L s Wl [ g [ R 2
PRFER: ky + ko = q. 8 2(b) EPEL N 1:3 1H5
FW AR IE R, 5 RIBEEEANTE, [ RS
Y RO Ry R FEBE A, TR LU [T 56— R (PR v J3E A
Il —PE VR B R, SRIG B 6 T VR B Y S A
Fl, it SIS MR S5 4. 43 B FL {8 B 43
T AT AT, 32 RSP [R] PR AR 2R, a5 |
I = A 2 (R IR SC R I 2%, I — 1) XA
R g BAEPIE ISR, B 12 k4. il
RCESEE 4R us 2 NP
0 =21.8°. & 2(c) S AL LN 1:4 BH45 2 (1 HR
BEE. 5 2(b) AHLL, B— 7SI a5
BE A TR, [, AR L 7S A 5 A
—i, T T — s RSB A . A
KA E D, BT HAS ) B RAE &y 1 ko SB,
WP T &P PR 2k, 3k D R sk st X AR R
AR BT AR S . T B RRAR UL 1 2, R

028201-3


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

¥ 12 F R Acta Phys. Sin.

Vol. 69, No. 2 (2020) 028201

B 2 R BEE T A A B S M S A (a) 1:2 FAUSBIRBER], Dy1 = 13.5, Dy1 = 27.5, Dya = 22, Dya = 400;
(b) 1:3 N HIRBEE, Dyi =6, Dy1 =12.3, Dy2 =22, Dyo =400; (c) 1:4 F A (IR BEE, Dy1 =34, Dy =6.96,

Dy2 =219, Dy2 =400. o =0.1

Fig. 2. Superlattice pattern and fourier spectrum under different wave number ratios: (a) Black eye pattern at 1:2, D,; = 13.5,
Dy1 =275, Dy2 =22, Dy2 = 400; (b) white eye pattern at 1:3, Dy1 =6, Dy1 = 12.3, Dy = 22, D, = 400; (c) white eye
pattern at 1:4, D1 = 3.4, Dy1 =6.96, Dy2 =219, Dyg =400. a=0.1.
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Fig. 3. Oscillatory super-hexagon pattern with wave number ratio of 1:5, D1 = 2.2, D,1 =4.5, Dyu2 =219, D, =400,

o = 0.1: (a) Dispersion curve; (b) time variation of u; at three positions; (c) evolution of pattern in an oscillating period.
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Fig. 4. Complex patterns and Fourier spectrum under different eigenvalues hg: (a) Honeycomb hexagon pattern ho = —2.56,

Dy1 =85, Dy1 =125, Dyz =22, D,2 =400;
Dy2 =400; (c) white-eye pattern hg = —0.55,

Dy2 =400. o =0.1.

(b) white-eye pattern ho = —1.3,
Dy1 = 67 Dy = 123
ha = —0.31, Dy1 =5.9, Dy1 = 12.7, Dy = 22, Dy = 400; (e) stripe pattern hg = 0.67 ,
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Dy =22, Dya =400; (d) super-hexagon pattern
Dy1 =5.5, Dy1 =16, Dy =22,
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i (& 5(b)).

(a)

W5 ARAREAE by T BIE J BE K K H A8 BL 55 3 4]

PEAIFIE BB, FEIZSUZ R A A E XK SN
R, AT RGBS S e 3R, HBE R 40
Yy R7siieginy, BB 28 R FR PR 20 A
). X TRAER ey, YA LT 0 < by < 0.33
B, TR2% A REFESHIEREE; X h < 0Rf, &
G E ), TR B R Y hy > 0.330F, F
RGBS BB X T B R kg, A (E 75 5
TWHEITTE -2 < hy < 0; #7 hy > 0 B AR RADHE,
VLR F R G v 2 OB i Y AR AEAR g et /S
i, R 32 BN KRR ey ROSRIVE T, (BRI ok
W AR, W T RGBT E .

L - it
(b) | - = 5 3.4
- - - -
- - - - 3.0
- -
- ~ .
- . 2.6
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~ - ..
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. .
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3 ® - - q
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(a) HMRBEE, h1 =0.2, Dy1 = 6.1, Dy = 12.7, Dyo = 22.3,

Dyg = 403 ; (b) 2cBUEUIRBERE], hy = 0.4, Dyy = 6.1, Dyy = 12,6, Dys = 20.3, Dys =464, a = 0.1

Fig. 5. Complex patterns and fourier spectrum under different eigenvalues hi: (a) White-eye pattern, hiy = 0.2, Dy =6.1,

Dy1 =12.7, Dys =223, Dy =403; (b) stripe-spot pattern, h1 = 0.4, Dy1 =6.1, Dy1 =12.6, Dyo =20.3, Dy,2 =464,

a=0.1.
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SR
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B 6 ANEFEGERETRBABERE (a) HIRKEE, o =0.01, Dy =5.8, Dy = 11.4, Dy2 =22, Dy2 = 367; (b) HIR
BEE, a=0.1, Dy; = 6.3, Dy1 =12.9, Dyo =21.8, Dyo = 395; (c) HAEBANHEH K, a =02, Dy =6.1, Dy =13,
Dy2 =22, Dya =432; (d) HrAMREEE, a =0.3, Dy1 = 6.3, Dy1 = 13.98, Dy2 = 22, Dy2 = 460

Fig. 6. Super-hexagon patterns with different coupling strength: (a) White-eye pattern, o =0.01, Dy1 =5.8, Dy1 =114,
Dy2 =22, Dy2 =367; (b) white-eye pattern, a =0.1, Dy1 =6.3, Dy1 =12.9, Dy2 =21.8, Dy2 =395; (¢) new super-
hexagon pattern, o = 0.2, Dy1 =6.1, Dy1 =13, Dy =22, Dy =432; (d) new white-eye pattern, o = 0.3, Dy1 =6.3,

Dy1 = 13.98, Dy = 22, Dy = 460.
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3.3 MAEEERNZIMN
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R/INFIGERBE AR SCH e AR R i B 1 TR B X 7 1R
AT HOM, DR UEP A B R KNk = 0.2,
ko = 0.6 FIARNMEAE & BE (1, ho) = (0.2, —0.55) IH &
PREFIEE, DTS 5 5 B X 55 (B 18 A0 52 )
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BE. BB AR IR, G5 B AN AT LA S i 5 ]
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IR A R, RGEIE R IR BERE, B2 BT i %
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Super-lattice patterns in two-layered coupled
non-symmetric reaction diffusion systems”
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Abstract

The coupling mechanism is one of most important approaches to generating multiple-scaled spatial-
temporal patterns. In this paper, the mode interaction between two different Turing modes and the pattern
forming mechanisms in the non-symmetric reaction diffusion system are numerically investigated by using a
two-layered coupled model. This model is comprised of two different reaction diffusion models: the Brusselator
model and the Lengyel-Epstein model. It is shown that the system gives rise to superlattice patterns if these
two Turing modes satisfy the spatial resonance condition, otherwise the system yields simple patterns or
superposition patterns. A suitable wave number ratio and the same symmetry are two necessary conditions for
the spatial resonance of Turing modes. The eigenvalues of these two Turing modes can only vary in a certain
range in order to make the two sub-system patterns have the same symmetry. Only when the long wave mode
becomes the unstable mode, can it modulate the other Turing mode and result in the formation of
spatiotemporal patterns with multiple scale. As the wave number ratio increases, the higher-order harmonics of
the unstable mode appear, and the sub-system with short wave mode undergoes a transition from the black-eye
pattern to the white-eye pattern, and finally to a temporally oscillatory hexagon pattern. It is demonstrated
that the resonance between the Turing mode and its higher-order harmonics located in the wave instability
region is the dominant mechanism of the formation of this oscillatory hexagon pattern. Moreover, it is found
that the coupling strength not only determines the amplitudes of these patterns, but also affects their spatial
structures. Two different types of white-eye patterns and a new super-hexagon pattern are obtained as the
coupling strength increases. These results can conduce to understanding the complex spatial-temporal behaviors

in the coupled reaction diffusion systems.

Keywords: Turing mode, non-symmetric reaction diffusion system, super-lattice pattern, numerical

simulation
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