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An Numerical Evidence of Multiple Devil’ s Staircase
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Abstract An occurrence of a symmetric multiple Devil’ s staircase in an electronic relaxation oscillator was
reported. In this system, there actually are two discontinuous points. However, the changing of moving direc-
tion of the so-called characteristic periodic point inside one of the phase-locked plateaus lead to three

modes. Two of them are exactly symmetric. A simplified model to show that a nonlinear variation of mapping
function slope can induce this phenomenon were constui cted.
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Fig 2 The onetower symmetic MDS and the corresponding
Lyapunov exponent spectrum
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(a) Show the result computed by Equ. (1)with parameter values
@ = 1210 Hz and xo = 2 0. For each W value the first 50000 itera-
tions were ignored to avoid the transients; (b) xo= 2.0 for each ex
ponent value the first 50000 iterations were ignored to avoid the tran-
sients, and then 10000 were recorded.

) 3
2 ( )s
s 2
Pp. Pg, Pp D ,
Pk E App= |
Xp — xp, | AP = |xp— xp, . 4
103/ 186 67/ 121
4a  4b

Guangxi Sciences Vol 11 No. 4, November 2004



APp APg
APD - 09 APE: 0.

E9 D. 4C 4d

D.E. 4 4
36/65 APr =0, E. E.
E.D D.E

= 3
R
1
-/
| 2 3 4 5 6
A,
(a)
B
6
514 /_F
_.4 E
.5
3 D
2
1
0
1 2 3 4 5 6
X,
b
3 o= 1210Hz D

Fig 3 Mapping funciions of Equ (1) with parameter value o
=1210Hz
(a) U = 8 608V, 2a 26/47

; (b) Up = 9. 820V, 2a 31/ 56
(a) Uy =8 608V, coarresponding to the parameter value at the
left end of the plateau 26/ 47 in the ascent branch of the MDS shown
in Fig 2a; (h) Up= 0. 82¥ corresponding to the parameter value at
the night end of the plateau 31/ 56 in the descent branch of the MDS

shown in Fig 2a.
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Fig 4 'he figure shows the numerical results on the relation
Ship of APD - | XD~ XpD | and AP};: ‘ XE™ XpE ‘
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When @ = 1210 Hz and xo = 2.0 the first 50000 iterations
were ignored to avoid the transients. (a) and (b) show A Pp and
A Py respectively in the parameter interval betveen the plateaus 67/
121 and 103/ 186 in the ascent branch; (¢) and (d) show A Ppand A
Pg respectively in the par-
ameter interval between the plateaus 67/ 121 and 103/ 186 in the de-
scent branch; (e) and (f) shows & Pp and APE respe-
ciively in the parameter interval occupied by the top plateau 36/65.
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Fig 5 A schematic drawing of the simplified model map (6)
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Fig 6 The numerically obtained one-tower symmetric MDS in
the simplified model
x0= 03 w 50000
xo= 0 3 For each W value the first 50000 iterations were ig-

nored to avoid the transients

E X %] = XE.
2 . a€ (—1.5800 2
: — 0. 647546, — 0. 446955,
s 13/ 19
[ xEs Xg2)
xor= > (x ), 12)
[ xg2: F]
X = uPv(x ) a3
X %7 E X %] =

xg(a= ay)

X #, F x « = xr(a = a,)
13/19,
(12)
(13) . xx1=xeCa=ar)
xx,=xr(a= ap),
13/19,
X x] — XE
a € (15800 2 . —0. 715272,
— 0. 320854. , X %y = XF
a € (— 15800 2 :
0.381403, —0. 660280. 4
. 4
[ XEs Xg2)
Xx= H[vu("j)(xw)], 14)
=1
ms njs j o[ xg2s XxF|
X 5y = H[u("f)v(xn)], as)
=1

IEAE 2004 F 11 A F1EE4H

dx »/da.
dx«/da> 0, 5 X x
, E.D; dx «/da
<0, x» , D,
E; ac dxx*/da= 10, x=*
) ac
E.E D,D.
dx x//da, ,dx «/da
11716

1  Bak P, Buinsna R. One dimensional ising model and the com-
plete Devil s staircase. Phy Rev Lett, 1982, 49(4). 249251.

2 Gilbert T, Gammon R W. Stable oscillations and Devil s staircase
in the Van der Pol escillator. 1] Bif and Chaos, 2000, 10(1): 155-
164.

3 LadsS, et al. Frequency locking and Devil s staircase for a two-
dimensional ferrofluid droolet in an elliptically polarized rotating
magnetic field. Phy Rev E, 1997, 55(3). 26402643

4 Shi Xianqus Wu Shunguang, He da-Ren.Multiple devil s staircase
and type V intermittency. Phys Rew E, 1998 57(1). 110.

5 Wang X-M, He DR, et al. Dissonant structure of multiple stair-
case in one-dimensional discontinuous map. Phys Lett A, 2002,
293( ). 151155.

6 Wang X-M, Zhao }G, He D-R. A prelude staircase to a type V
intermittency in two-dimensional discontinuous maps. Commun
Theor Phys, 2003, 39(6): 657662.

7  Shunguang Wu Ding E }J, Da Ren He. The Lyapunov Exponent
near the critility of type V intemnittency. Phys Lett A, 1995, 197
287292.

8 Lamba H, Budd C J. Scaling of Lyapunov exponents at non-smooth
bifurcation. Phys Rev E, 1994, 50(1). 8490.

9 Da Ren He, Bing Hong Wang, et al. Interaction between dis conti-
nuity and norrinvertibility in a relaxation oscillator. Physica D,

1994, 79: 335347.

313



