SetDirectory[NotebookDirectory[]];

Print[

(** MODELO DE DICKE MODEL =)

(* Classical energy. x)

2 P2
Hlp_, 9 ,P_,Q1] := %) (Q2+P2) _wo+§ (q2+p2) +2¥qQ .[1- [Q ; ];

(* Parameters of the Hamiltonian, energy shell and time of integration. %)

w=1;

wo =1.0;
e=-1.4;
Y = 2YC;
T = 5000;

Y€ = '\/wwo/z;

(* Dynamical System: Hamilton equations =x)
F[{P_: q_, P_: Q_}] =
{-9qH[P> 9, P, Q], 8,H[pP, q, P, Q], -8gH[pP, 9, P, Q], SpH[P, q, P, Q] };
f=vy/vyc;
(» Initial condition =x)
pi = 0;
(*»Pi=0;
Qi=0.707;*)
Pi = 0.6481;
Qi =-1.371;
gqsl = Solve[H[pi, x, Pi, Qi] == €, X];

(*We select one the two rootsx)
qi=x/.qgsl[2];
(Fedkdkdkdkdkdkkdkkdkhdkhkhkhkhkhkdkdkdks

INFORMATION ** %k kkkkkdkhhhhkhhhhhkhhhhhhkhkhhhhrhk)

Print["Initial condition in the variables (p,q,P,Q): pi = ",

Pi: E) Cli = ": qi) ": Pi = ") Pi) ": Ql = “: Qi];

Print["The system has energy: E = ", H[pi, qi, Pi, @i], ", and coupling ¥ = ", f, "yc"1;

Initial condition in the variables (p,q,P,Q): pi = 0, qi = 2.0981, Pi = 0.6481, Qi = -1.371

The system has energy: E = -1.4, and coupling y = 2.yc

Print[
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"1;

Timing[

(xDifferential equations of the system defined by: p, q, P, Q *)
Dinam = Table [D[yx[t], {t, 1}] == F[{y1[t], y2[t], ya[tl, ya[t]1}10kD, {k, 1, 4}1;

(*Initial conditionsx)

CI = {yi[@] == pi, y,[@] = qi, y3[0] = Pi, y4[0] = Qi};

(*Jacobian Matrix =)

JacobianMatrix[f_List, v_List] := Outer[D, f, v];

(xVariables: yi=p, Y»=q, Ya=P, Yy4=Qx)

J = JacobianMatrix [F[{y1[t], y2[t], ya[t]l, yal[t]1}], {yaltl, y2[t], ya[tl, yaltl}1;

(*Monodromy matrix 4x4x)
% = Table[{yk [t].v Yk+1 [t].v Yk+2 [t]: YK+3[t] }) {k: 5) 20) 4}]3

(xDerivative of the Monodromyx)
DPhi = Flatten[J.&];

(* Ecuaciones Differential eqautions of the monodromy matrix =)
Var = Table[D[y,[t], {t, 1}] == DPhi[k - 4], {k, 5, 20}];

(*Initial condition of the variational matrix must be the identity =)
CIVar = Table[yx[@] == If[Mod [k, 5] == 0, 1, 0], {k, 5, 20}];

(*sol=NDSolve[Join[Dinam,CI,Var,CIVar],Table[y,[t],{k,1,20}],{t,0,T},
StepMonitor:»Sow[x] ,Method- Automatic,MaxStepSize-0.1,AccuracyGoal- 15];%*)
sol = NDSolve[Join[Dinam, CI, Var, CIVar], Table[y,[t], {k, 1, 20}],
{t, @, T}, Method » {"ExplicitRungeKutta", "DifferenceOrder" - 8},
StepMonitor :» Sow[x], MaxSteps - 10~9, AccuracyGoal -» 30];

(»error limitx)
error = 10°-6;
Do[If[Evaluate[error > Abs[e -H[yi[t], yo[t], ya[t], Ya[t]]] /. sol[1]], tmax = t],

{t,e, T, 1}];
Print["Numerical solution acceptable at time t: ",

tmax, with error: 107", Logl@[error], " of tolerance."];
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T = tmax;
(*Monodromy matrix at timex)
PhiT = Table[{yi[t], V.1 [t], Yks2 [t], Viea[t]}, {k, 5, 20, 4}] /. sol /. t» T;

(Hkdkdkdkdkhhkhhhhhkhhdhrdhrhhrhhrhkhhkhrd
LYAPUNOV EXPONENT **k*kkkkkkdkkhkhkkkhhhhkrhhkhhrhhkk)
VV = Transpose [PhiT[1] ] .PhiT[1];

A=(1/(2T)) Log[Norm[VV]];
Print["Lyapunov exponent: X = ", A];

Print[

15
tCPU = %;
Print["Time used: ", tCPU[1] / 60, " minutes."];

Numerical solution acceptable at time t: 5000 with error: 107-6 of tolerance.

Lyapunov exponent: A = 0.051226



11] /. t-> i
in[-]:= datOrb = Table[{t, y1[t], Y2[t], y3[t], ya[t]} /. sol[1]

Out[e]=

, {i, 9, 300, 0.05
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