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Abstract Many nonlinear dynamical systems have an ability to generate consistent outputs when driven by a repeated

external signal. Consistency is defined as the reproducibility of response waveforms in a nonlinear dynamical

system driven repeatedly by a signal, starting from different initial conditions of the system. Consistency of

dynamics is essential for information transmission in biological and physiological systems and for reproduction

of spatiotemporal patterns in nature. We experimentally investigate consistency of response output in a
microchip solid-state laser and a Mackey-Glass electronic circuit driven repeatedly by chaos and colored noise.
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Fig. 1 Concept of consistency.

HEEHELTWVS,

avVRT - OBER % Fig. 1127 T., RER
B F ARHE I ) A XD XS R EMRES % BFHE
BLRET D, COEBSTHBRBUATLEZEVEL
L., ZOoRELAIGEHNES (LARVRE
FEES) BRI, A—0BBESFICHLTESL
NEVARVRAESEZERBL, VARV REFRERLR
R—DEFE COHNIZI VATV —Bb3 L EET
5, —RICEBTLRATADISLEIOHMEICR KR
THRZI LD (MHESEE). A—0E5 THERFE
AT LAEHEHLTHRA—DLARVREERE LD
LiIxBLRW, ERFBVATAZBTEIV Y RAT Y
VBRI A ARYMICEL LEERE IR
[11]. ADESHBAENRIZEVWTXI Y EEH R
BETHY, ZIFHICHLHEEICREKEVEETDH 5,
AHRETCEIARAELERFR) AXEBIZLYER
B S/ NAEYAG M7 uF vy 7EHELV—FB LU
MEBEZE2FTH ~vx— - FJI7ABFEABZHAVT.
AVVATUV—ER2EZBRBIZABL. To&MBFIzon
THMEZHAE L,

2. L —FER
2.1 ERERE

XUDIKRRHORERFB AT AL L TEERL
—¥EhE NdYAG ~41 7 uFy7L—FZHWnik
[3,12], Fig. 2 W EREBREZTRT, v~ 17 unFv 7L
— ¥ ok IR ENICEE R F F (Acousto-optic
modulator: AOM)ZEEB L. L —VREICEREZMZ T
W3, L—VHARBEBIZ 7+ bF 44— FTRHE
I, v Ra—72BLTCavyba—FRADN—
FF4 R IZBREENS,

AVVRAFUV—DERIELT., BEEELAE
LEAERTRIFTRAEEBIVAR ) A XEEH(F
ROMVEEMEZES/ A XER) 2EBBESLLTH
Wi, A REBEDHBATIE. 74 bF A4 — FTHR
HEh7zv—FRREZ2ETEBALERF~T7 41— FRy
JERBZETCHFAEERLB, 12\ EhEIVES
— SRR ELTCEBESL LE, /)1 XDHEE

Laser system

AOM OC
LL
ANt [ ﬂ ™
 m— L/
LDVV Nd: Ll PD
(pump) | YAG |

0osC

LPF-A control

AFG

CoMm

Fig. 2 Experimental setup of a diode-pumped Nd:YAG
microchip laser for consistency. AFG:
function generator, AOM:

arbitrary
acousto-optic modulator,
COM: computer, L: lens, LD: laser diode for pumping,
LPF-A: low pass filter and amplifier, Nd:YAG:
Nd:YAG laser crystal, OC: OSC:
digital oscilloscope, PD: photodiode.
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Fig. 3 Temporal waveforms of the chaotic drive signal
and two corresponding response laser outputs. The
amplitudes of the drive signals (measured as the
standard deviation) are (a) o = 0.12 (large) and (b) o =
0.035 (small). (a) Inconsistent outputs are observed for
large drive signals. (b) Consistent outputs are observed
for small drive signals after transient.
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Fig. 4 Temporal waveforms of the colored noise drive
signal and two corresponding response laser outputs.
The amplitudes of the drive signals (measured as the
standard deviation) are (a) o = 0.15 (large) and (b) o =
0.045 (small). (a) Inconsistent outputs are observed for
large drive signals. (b) Consistent outputs are observed

for small drive signals after transient.
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Fig. 5§ Cross correlation between two
waveforms as a function of the amplitude (measured as
the standard deviation) of the chaos (solid curve) and

colored noise (dashed curve) drive signals.
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Fig. 6 Experimental setup of the Mackey-Glass
electronic circuit with time delayed feedback for

consistency.
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Fig. 7 Temporal waveforms of response output in the
Mackey-Glass circuit driven by the same colored-noise
signal.
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Fig. 9 Average cross correlation as a function of the
strength of the colored-noise drive signal. Vertical
lines indicate error bars (maximum and minimum
values of cross correlation).
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