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S

wb =1;
Ka=0.2;
Kb =0.5;
Na = 9,
Nb = ©;
G=0.1;
jmin = 0;
jmax = 5;

jmax - jmin
step= ——mm;

100

Table[wa[]j] = jJwb, {j, jmin, jmax, step}];

oY



DD[’“: {{-Ka, wal[3j] ,®@, @}, {-wa[j], -Ka, G, @}, {€, @, -Kb, wb},

{6, @, -~wb, -Kb}};
D@ ={{(1+2Na) Ka, @6, 0, 0}, {©, (1+2Na) Ka, ©, 8},
{é,®8, (1+2Nb) Kb, 8}, {8, @, 8, (1+2Nb) Kb}};
Airr = {{-Ka, e, e, 8}, {@, -Ka, e, @}, {0, @, -Kb, @}, {©, @, @, -Kb}};
v = LyapunovSolve[A, -D8];
M1[j] = Tr[Airr] + 2 Tr[Airr".Inverse [D@] .Airr.v];

G
ul = T VI[3, 2113
Na + =
2
u = 1v[[4,1]];
Nb-l-;

a={{v[[1, 1]], v[[1, 2]]}, {v[[2,2]], v[[2, 2]]}};
B={{v[[3,3]], v[[3,4]]}, {v[[4,3]], v[[4,4]]}};
¥={{v[[1, 3]], v[[1,4]]}, {v[[2,3]], vI[[2,4]]}};

¥T = {{v[[3, 1], v[[3, 2]]}, {v[[4,1]], v[[4, 2]]1}};

O =Det[a] + Det[3] + 2Det[¥];

np = Sqrt[ (6 + Sqrt[5° - 4Det[v]]) /2];

nm = Sqrt[ (6 - Sqrt[6% - 4Det[v]]) / 2];

flx ] := (x +0.5) Log[x +8.5] - {x —-©.5) Log[x - ©.5];
sv[3] = f[np] + fnm];

ii[j] = f[Sqrt[Det[a]]] + f[Sqrt[Det[B]]1] - fnm] - F[np];

» {3, jmin, jmax, =tep}]



Aabstract

In this thesis, we obtain the dynamics of the problem of two coupled harmonic oscillators
using the Langevin quantum equation approach. We then calculate the covariance matrix
using these equations and we provide the term for non-equilibrium entropy production rate
for quantum oscillators, which allows us to give a simple interpretation of the irreversible
start. Then we obtain the entropy production rate and the quantum system correlations,
mutual information, via covariant matrix, numerically. Finally, we apply our results to
the analysis for a nano-mechanical resonator(optomechanics).

Keywords:quantom Oscillator, quantom langevin equations, entropy production rate,

mutual information
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