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Classical mechanics

» x(t)
» F(t, x) =m(t,x)a(t)
> — (t)

»m(tx) x(t) F(t,x)=0




Fancy!

» T = Kinetic energy
» V = Potential energy
» L=T -V
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»yH=T+YV Hamiltonian
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Quantum mechanics

» x(t) ?7?

» [P (t)) Kets!

» [P (t)) = a(t)|Dead) + B(t)|Alive)
» |a(t)|?= Probability of dead Kkitty.
» |B(t)|?= Probability of living kitty.
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The time dependent Schrodinger equation.

Letting planks constant equal one.




Time Development

Case 1: H is time independent.

U(t) = e tHt

Case 2: H is time dependent and commutes with itself at different times.
.t
U(t) — ! fo H(t)dt

Case 3: H is time dependent!! Hard problem because operators do not

commute in general.

AB # BA




Lie Algebra method
H(t) =X ()4,
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Optomechanics

H = wmbTb + wca.fa. — GN L f(tj({;ﬁ +b)

Basis={\. », b, b1, N2,Nbf, Nb 1)

[ — €QN2 BN 3b €<b* eanT N eazﬂ‘b o7l

ic+i8n —ifBng =0

G+ i +ifd =0

—f(t) +id +id5 =0
—f(t) +iC +i¢5 =0

G+ i — ine =0

—w, + i3 +idn + & — ife — idnog =0
—w,, + 0 =20

i0C —idCo + it =0




Recall systems of equations

3x+2y—4z=17
ix+3y—3E=18
—3x+3y—4z=1




Systems of differential equations

v + 181 — ifnoe =0

G+if +iBé =0

—f(t) +i6 +i65 =0

—f(t) +iC +1iC6 =0

G+in—inoc=0

— s jﬁé + 20m + 15 —13Co — iomo = 0
—Wy,, +0 =0

i0C —idCo +iT =0




Solution for the time evolution operator of

optomechanics
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Is this manageable?

(n+2)(2n+1)

f(n,m)=m 5

n? L 3n

gn,m)=m(2n+ 1)+ 5

Not by Hand!




Dissipation in quantum mechanics.

H = H, crosh('?) - 5(@*@) sinh(’i)

{Hy. (a')2. a?}
L.~ . L9 98
-3 Smh(;) + 100 — 2100 + dida“e” " =0
. 1 vt
i0e” — —sinh(=) =0
2 2
~t

i — didoe™% — cosh('i) = 0.
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