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Basic Laser Scheme

M1 M2

Amplifying medium

________________________________________________________ hiﬂ Laser signal
L1 1 F

External energy
source

Light-matter interactions

Electric field-amplitude E(?#) —— Cavity decay-rate k

Population inversion D(t)
Medium Polarisation P(t)

Y

Relax. rates {h

Amplifying medium {



The Lorenz-Haken equations

Lamb self-consistent analysis

ext.ex o P(t) (source) »  Maxwell’s equations » Field E(t)
] Schrédinger equation l

% E(t) = —«{E(t) + 2CP(t)} (1a)

% P(t) = —P(t) + E(t) D(t) (1b)

%D(t) = — p{D(t) + 1+ E(t) P(t)} (1c)

Excitation parameter 2C quantifies the pumping mechanism with respect
to its level at lasing threshold, and

:yi, K —> ﬁ) t >yt = Normalized quantities
V1 /4
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Back to Lorenz notations and main characteristics

O, X =—x{X + pY | (2a)
0,Y ==Y + XZ (2b)
0,Z =—p|Z +1+ XY | (2¢)

Where

p = 2C
Instability threshold Bad-cavity condition
K(x+3+p) k>1+p
Patn =

k—-1-¢

£ > Pon > Unstable solutions



Three control parameters ( 02, K, ) govern the dynamics of Eqs (2)
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Self-organized solution-recurrence

Period 1
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Chaotic attractor
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Including the particular set k= 7] =1
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defines an isomorphic class of solutions !
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(717, P) O, X =—n{X + pY |

(K, o, p)

v

0.Y =—Y + XZ

0,Z=—{Z +1+ XY}

Furthermore, simulations reveal :

(7, ,0) =) (77, p2th(77l)) atX:—n'{X+p2th(77')Y}

oY =—Y + XZ

0,2 =—{Z +1+ XY}

_n'(7'+4)

-2 = P (77')

Jo,



Simulations far above the instability threshold
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Predicting the unpredictible

Dynamic chart 1
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Dynamic chart 3
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Conclusion

Lorenz Equations

+4
O X =—x{X + pY | ISOMORPHISM 0, X = —U{X + 775777_ > )Y}
0,Y ==Y +XZ _ oY =—Y +XZ
0,Z =—p{Z +1+ XY} 0,Z=—{Z +1+ XY}
3 control parameters 1 single control parameter

P, K, @ n
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Predictability in non-linear dynamical systems

Problems and Balterenimigine: solutions
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