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Chaotic Synchronization in Two Non-identical Lasers

ZHU Shi-qun LU Xiang ZHOU Jian-lan
£ Department of PhysicsE~College of SciencesE~Suzhou UniversityE~Suzhou 215006E0

Abstract The dynamical properties of two spatially coupledEmon-identical solid state lasers are analyzed. When both of the lasers
are pump-modulated with different lossesE-the output intensities of the two lasers show periodic motionE-chaotic motionf~chaotic
synchronization and loss of synchronization. The occurrence of synchronization of chaotic lasers is related to the coupling between
the two lasers. When the coupling is strongE—the periodic motion occurs. For intermediate couplingE-there appears chaotic motion.
Chaotic synchronization may occur under certain condition. When the coupling is weakE-the two lasers oscillate almost
independently .

Key words non-identical lasersE-couplingEpump modulationE—chaotic synchronization
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Fig.1 Schematic diagram of the experimental setup for

chaotic synchronization in a system of two lasers
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Fig.2 Intensities of lasers 1 and 2 showing periodic motion with time

It shows the synchronization but not chaotic synchronization of laser intensities 7, and £ d =0.85 mm£O
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Fig.3 Intensities of lasers 1 and 2 are chaotic as time ¢ increases

It shows no synchronization of laser intensities at alE”d =0.92 mm£®
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Fig.4 Intensities of lasers 1 and 2 are chaotic as time ¢ increases

It shows chaotic synchronization of laser intensities /; and £ d =0.941 mm£O
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Fig.5 Intensities of lasers 1 and 2 showing periodic motion with time. The maximum value of /; is
approximately 1/3 of that of /,
It shows the Lissajou’s figure for laser intensities /; and Bd =0.97 mm£O
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Fig.6 Bifurcation diagram of laser intensities /; and I,

Ofp” TANOTAACEIETOOUAUDOOEY x~ 1-jBU0ANUAZTA,
-TSAUEHUO» T Yin &£+ pAC, TEYi” 60u0%T2 2. 5EHUTD
1 YL ak+pACe TEYe " 60u0% T2 7 2£ART Yin 18 £+Cy TE
Y GOPOBYAPAYD” 62T+80+020EESES0@Y:A 1.0% PATE
Dj2»1-0y£8uA | £p+aAé d pAEOp-118T20.92 ~0.96
mmEB.975 ~ 0.985 mm °T 1.06 ~ 1.08 mm E+£A; 1 Yim
14£+pACE TETY3ETO» 1 Agx” 1-£H«36T0»1 8¢ 1-2%puA2T
A -TT8UD £6»0DpE d = 0.941 mm E£EA%T Y 1A+
LAC: TE2A36T0»1a¢ T-20j£utadé 4 EjFaEQEYOUELE-
A1 Y rak+C, TET%36 TOOUAUDOOET x™ T-j£p«ECEH:
%aAé d <0.92 mmEH ATOTTUEY 1 > 2.5 x 107 SE+£AY
1 Y01 af+00YAPARTOTRI G £AL T Yin 1K+ Gy TEpAY 6
OUTAUEESECO T-0» B+ T At 1aCs TESETOT-24T0T6 £
0UOANUUAZTEY - TT8AUES.0% PATED | 2T0T %l 2» S x+

1/40

28 %i

10 AU

+Y TATOART0U¢ O%AET  2OUATOTPAP¥AE Nd: YAG
Yolak+PAEA3OC, TEHEDDAE - 016§ EUACORYAPAESES &
00 1.0%pA2TOTERBOU - CE« =Y 1A T 13| EVEEAKA L
+TA-EBUATOTYI G PACE: OTAEALT Vi1 afk+uAC: TESETO
OUAUDOOET £30 TOT-2UhER«2»EC» T8¢ -2 £0UATOTEE
OPUACE; O TAEAUXAO»T T6YpELEIETO»1AC 12 j EUAT
oThIDj E+£RUACUAEA361AC: 023ETOOUAUPOOEY £xidc

4

AE&361aC, TaN0TAAC | £0aDCYAL (¢ ET2»T1a¢Hn1a0UE
AUT "NY0DUAO ! OATATOATAUOAYY £
0AD» E®-0,PD»AOUEUTO%¢ TT1apADTT20D0210AUCT
OUEyOu%EEE0D , gORUAEEDA°TON £
g T Tx

1 E. O#E-C. Grebogif-J. A. Yorke. Controlling chaos. Phys.
Rev. Lett.£4990E-68 11£89196 ~ 1199
L. M. Pecoraf~T. L. Carroll. Synchronization in chaotic
systems. Phys. Rev. Lett.£E4990£-68 8£E821 ~ 824
3 W. L. DittoE=S. N. RauseoE-M. L. Spano. Experimental
control of chaos. Phys. Rev. Lett.£-1990£-6526£€3211 ~
3214
H. G. Winfulf~ L. Rahman.
spatiotemporal chaos in arrays of coupled lasers. Phys. Rev.
Lett . £E4990£-65""13£89575 ~ 1578
5 R. RoyEXK. S. ThomburgE-Jr.. Experimental synchronization
of chaotic lasers. Phys. Rev. Lett.E1994£-72"13£82009 ~
2012
J. H. DaifH. W. YinEH. J. Zhang. Controlling chaos in a
hybrid optical bistable system. Opt. Comm.£A995£-120"1£E°
85~90
7 Liu JingangE-Shen Ke£-Zhou Liwei. Synchronization of chaos

in acousto-optic bistable systems. Acta Optica SiniccE *aN8gNg

+7EBH4997£-12 7£8841 ~ 84¢E "in Chinese£0
8 Zheng Zhirenf~1i JianbinE~Zhang Ying et al.. Dynamic

e

Synchronized chaos and

memory function by chaos control in an electro-optical bistable
system. Acta Optica SinicaE LaN§N§+ £8-1998£-18 " 6£8863
~ 66& "in Chinese£0

G. D. VanWiggerenE-R. Roy. Communication with chaotic
lasers. Science£E4998E279£9198 ~ 1200

K. S. ThornburgE-Jr.£-M. MollerER. Roy et al. . Chaos and
coherence in coupled lasers. Phys. Rev. E£-1997£-58 4£E°
3865 ~ 3869

Zhang Hong-jun. Optical Chaos. Shanghai£® Shanghai
Scientific and Technological Education Publishing House£-1997

11



