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ANALYSIS OF SUPER-EXPANDING CHAOS GENERATING MANIFOLD PIECEWISE LINEAR SYSTEM
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This paper studies the super-expanding chaos generating manifold piecewise linear system.
These systems are defined by second order continuous flow with hysteresis switching. These sys-
tems are equivalent to the manifold piecewise linear systems with the infinite number of equilibria
and the trajectories do not diverge, and can generate super-expanding chaos characterized by a
very large positive Lyapunov exponent. Using the piecewise linear 1D return map, generation
of the superexpanding chaos can be analyzed theoretically. Presenting a simple test circuit, the
super expanding chaos is confirmed experimentally.

Key Words : switched dynamical systems, chaos, return map

1. 0000

000000000000000000000000
0000D00D000000000000000 [1)2. 0
000000000 Chwa0O00000D0000000
0000000 [3)4. 000000Cwad00000
000000000000000000 (MPL)OOOO
0. MPLOOOOOOOOOOOD0O00O0O0O0000
000000D0000000000000000000
00000000D00001981 00000000000
0000056 00000000000000000
0000000000000000000000000
00000000. 0000000000000000
00000000000000000 (SEC)D0O000
0000000000 MPLOOODOOOOOOOOOO
0000.00 MPLOO0000000000000
0OMPLOOOODOOOOOODOOOODOOOOOO
00. MPLOODOOOODOO0O000000O00000
0000000. 00000000000000000
0000000 (7. 00000 MPLOOODOOODO
OMPLOOOODODDOOOOOOOO MPLOOOOO
0000000000000D0000.

01000000 (MPL)

2. OOOOOOOOOO

ocoo0oo200MPLOODOOOOOOOOOD
A>n20000000000000000000O0O.
oooooO0ooO0oooOo0ooOooMPLOODOOOOOO.

+p +2nT (n+)
—p+2nT (n—) ’

O00U0Oz=(z,z)000000O0OO"-"0000000
obor0ooboooobobootonOoboOoOoooOo.0b00O0
000éd000po0n00TOOOOOOODO. OO
00000 d{+tjw0000000p+207000000
O.L,000000000.

£26¢+x—{ x € Ly (1)

L, = LptUL,_,
Loy = {z]2nT <2< (@n+1)T,i =0}
L, = {z|(2n—-1)T <z <2nT.i =0}, (2)

0000000 ()ODUU0UUpLOUULDOUOOLOOO
ocooooo L,-.00000000 —p+2270000
ocoooooo L, 00000000 +p+20T7000
O00.020000000000. 0000000
OMPLOOODOOOOOOOAND 20000000
goboooooooboooooboooon.
ooooooooobooooooobooooooboono
(CMPL)OODOO.MPLOODODOUOUOOOODOOOO
O00O0MPLOOUOOUOOOO L,OODOO (3)0 Lo
oooboooooooboooooooog.

Lo =G(Ln), G(X)=((X+T)mod2T)—T. (3)

OO0 GO0000000000D000. CMPLODOOO
gooooog.

i%i+x—{ p (”. (4)



CMPLOOOOOOOODOOOOOOO L,-OOOO
obd0ezs—22r000000oooouon —pO000
oco.0000000 L+ 0000000 2—20nT00
00000000000 +p0000ODO.02Mb)OOO
O0oo0o0oooO0o. CcMPLOOOOOOODOMOOODO
pU0000002rogouooooo. oooooon
ooooooobooooobooooooon.

T=20<p<T, 0<d<1, (1<ﬁ£e%ﬂ < 00).

030CMPLODOOOOODOOOOOOOOO. CMPL
000000000 A=WmA0000000000MPL
000000004 >200000030000000
000000000000 000000D0000000
000000. 0000000000000 (SEC)O00
00000 [9-[11]. SECO0DO00 MPLOOODOOOO
O00D0DO0O0OCMPLOODODOOOOOOOOOOOOO
OMPLOOOOODODOOOOOODOOO.

02000000000 MPLOOOOOOOO.
(b)CMPLOOOOOOOO. (00 L,y000 L)

(@) Q)

S/ S S , -4l i
—4—TOTx4 —4—TOTx4

O 3CMPLOUOUOUOp=1and T = 2 (a)8 = 2.3,
A=1n2.3 (b)3 = 2.6, A = In2.6

3. OOOO

(1) 0000000000

00004000000000000 CMPLOOOO
0000000. 0000000 vi,v, 000000 VO
z,2,7T0000000. 0000000000000, 00
000 —2Ve<wv <2VpO0O0000.000008000
1<B<3000.00000000000000S000
000000000000 S,S:,S:, 8000 000 4(b)0

000000000000. {(0<wv: < V)N (—v2 <0)}
000 {(nn<—-Va)N(—v:>0)}0000000000
SO (000000 {(=Ve <wv1 <0)N(—v2 >0)} 0
00 {(v1>Ve)N(—v:<0)}0000000000 SO
(-)0D00000. 000{(nn >Ve)N(v<0)}000
00000 8,5 0000000000w0 v —2Vs0
000000.0000{(n1 <-Ve)N(vx>0)}000
00000 8,8 000000000000 vi+2Ve0
000000.000000000000. 050000
0000000000 Be{23, 26}00000000
oo.

0 4CMPLOO. (0000, (b)0000

(@) (b)

—Vy

0.5[V]

U1

0.5[V]

0500000000 R~ 1[kQ],r~ 1[kQ], r ~ 1[kQ),
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0700000000 R~ 2k, r~ 1[kQ], r ~ 3k,
1y ~ 3[kQ)], Ro ~ 1[kQ], C =~ 0.033[uF], C, ~ 0.033[uF],
E 8.0[V], V& ~ 0.6[V], (a) chaos. Ry =~ 2.8k,
Ry ~ 3.8k B ~ 2.0. (b) super-expanding chaos.
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