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Synchronization in Coupled Triangle Oscillatory Networks
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(91,93 > 0), (1)

(k=1,2,3,4).
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LRk = —g1Vk + g3V
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[First oscillator]

dx 1

d77-1 = 5(1 — g-%'lz)l'l — (yal + Yn1 + ycl)

dya 1

dlezg{x ——nyal—’ﬂym:+ym)}

dyp 1 (2)
? = g{xl — NMYv1 — ’Y(ya?) + ybl)}

dy, 1

5;1::g{xl——n%ﬂ—Jﬂym-%yd)}

[Second oscillator]

dx 1
cT: = 5(1 — gxf)mz — (Ya2 + Yo2 + Ye2)
dyar _ 1
TTZ = é{xg — NYa2 — Y (Ya2 + be)}
dypy 1 )
? = g{wQ — NYv2 — ’Y(yal + be)}
dyo 1
d7-2 = g{xz — NYc2 — 'Y(yaél + ch)}

[Third oscillator]

dx 1
difg — 5(1 - §x32)x3 — (Ya3 + Yb3 + Ye3)
dyas 1
77_3 = g{l’g — NYa3 — ’V(yaS + ybl)}
dyps 1 W
—2 = g{xs — Y3 — V(Ya2 + yb3)}
dyes 1
d:’ = §{$3 - 77%3}

[Fourth oscillator]

dry L

e 5(1 - §£C3 )xg = (Yaa + Yba + Yea)

dy, 1

77_4 = §{$4 — NYas — V(yall + yCQ)} (5)
dy 1

—E%=§&M—WM—V@M+%D}

dy 1

e = glm el
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LCT, Vi = ﬂxk,
V 393
iar = I S s i = STy
ak 393 L ak bk 393 L bk
€—gu/ v = lﬂ/ n—rmwf

(k=1,2,3,4).
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Anti-phase synchronization
(2-3, 3-1, 1-4, 4-2 oscillators)

1st osc.
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In-phase synchronization
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-1 —c(l-z) "2 +yv=F (6
D rm=e(-nd) R ovi=R ()
dY; 2 1 1 1
iy = e M P 7
d7-+371 $1+3$2+3$3+3$4 (7)
gogono

Y1 = Ya1 + Ya3 + Yp1 + Y2 + Ypa + Yer.
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Y| = e‘%””fe%”(xl+%x2+%x3+%x4>d7
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xp(7T) = psin(r + O). 9)

ooooooooooobD pbe,oooooboog
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T

p1 = lim eFy cos(T + 61)dr

T—o0 Jo
| . (10)
61 = lim — Fy sin(7 + 0 )dr

T—oo Jo p1

00000000000000 (11)0(12) 000
000

po=-—2*
€Y .

————1 __{9p 42 0, — 0
3(472+_9){ p1 + 2yp2 sin(fy — 02)

—3p2cos(01 — 62) 4+ 2yps sin(6; — 63) (11)
—3ps cos(01 — 03) + 2ypasin(fy — by)
—3p4cos(f — 94)}

___ &<
32 +9)
—3p2 sin(@l — 92) + 27p3 COS(91 — 93)

6, {67,01 + 2vpg cos(by — 02)
—3pssin(0; — 63) + 2ypg cos(01 — b4)

—3p4 sin(01 — 94)}
(12)

0 (3)-(5)000000000000000000
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pr=0 and 6, =0 (13)

(k=1,2,3,4).
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Pk = \/ N 35(4j;+ 9) (14)

(k=1,2).
Pr =2 (15)

(k = 3,4)

ooo:

61— 0y = 0. (16)
O3 —0p =03 — Oy =01 — 0, =04 — 0y = 7. (17)
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Piy =Y (o +12)?
Pr=1
T,

1 p
Pys = 7> (a2 + 1)
Pr=1

T,

Z Y(Yas + yo1)?

T=1

1

P3 = —
31 T,

1
1 P
Pn=F > (yea + yer)®
P r=1
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1 P
Piz = 7> V(Y + ye2)?
P r=1

Pyy = Pio+ Po3 + P31 + Py + Pyo
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