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infes}= conj[a_] :=a /. Complex[x_, y_] - Complex[x, -y]
injgo)= $Assumptions = (1> 0, w0 >0, w> 0}
outgo)= {A >0, w0 >0, w>0}

Ammonia maser time evolution

ay- -0l
ing1)= heff = — © -0 @ ; (#Effective Hamiltonianw)
2 -wl w0-w

Initial condition is that the molecule is in the antisymmetric state
njg2)= psi0 = {0, 1}
ous2l= {0, 1}

ing3)= {eval, kets} = Eigensystem[h] // Simplify

1 1
out[eal= {{—— \/(1)2—2wcuO+cu02+cul2 A, — \/w2—2ww0+w02+w12 ﬁ},
2 2

_w+w0+\/w2—2ww0+w02+w12 1} { a)—a)O+\/wz—2wa)0+w02+w12
1) {- , 11}

i -

Mathematica puts the kets in rows, not columns, so the transpose needs to be taken
also, it does not necessarily produce normalized kets. The normalization can be taken care of by defining bras as

wl

ing4= bras = Inverse[kets"]

out[84)= { {

4

wl w—w0+\/w2—2ww0+w02+w12}

r
2\/(1)2—2ww0+woz+wl2 2\/a)z—2ww0+a)02+a)12

ngs)= psi = Sum[kets[j] bras[j].psi0 e ievalllle/® (5, 1, 2}] // simplify

1
-2 it w2-2 ww0+w0?+wl? ; 1/ 2_ 2,12
e S b @ w0+w0“ +w _1+elt W -2 0 w0+w0°+wl wl

out[8s)= { ‘
2 \/a)z-2a)a)0+a)02+a)l2

1 e——: ity 0?-20w0+w0?+wl?
2 \/w2—2 w w0 + w0? + wl?

(—w+w0+\/w2-2ww0+w02+w12 + et V020004007 a1? [w—w0+\/w2—2ww0 +w0?% + wl? )]}

wl —a)+a)0+\/a)2—2(4)(4)O+cu02+u)12 }}

r
2\/a)2—2ww0+w02+w12 2\/wz—zww0+cuoz+a)l2

amplitude to be in the symmetric state
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ings}= {1, 0}.psi // ExpToTrig

1
Out(ssl=
2\/w2—2ww0+w02+w12
1 1
wl [Cos[— t\/coz—waO+a)02+wl2 ] —J'lsin[—— t\/w2—2ww0+w02+w12 ]]
2 2
(—1+Cos[t\/w2-2a)c¢)0+c002+w12 ] +J'LSin[t\/a)2—2ww0+m02+w12 ”
calculate probability

ing7):= conj [%] % // Simplify

2
wl? Sin[—; t\/w2~2ww0+w02+w12 ]

Qui[87]=
w? -2 wwo +wo? +wl?

which simplifies to

2
wl? Sin[—: 1:'\/(0)-1-;0)2+m12 ]

Inf77):=
(0 - w0)? + wl?

2
wl? Sin[% t '\/ (w-w0)? + wl? ]
In(97):= Plot[ /. {@0 -1, t > 1000, wl » x/ 1000},
(0 - w0)? + 01?

{0, .950, 1.050}, PlotRange-»All]

Lo}
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Oul[97)=
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0.98 1.00 1.02 1.04




