Schrodinger picture

Here we discuss the Rabi oscillation for the two level system (typically in the maser physics
based on the Schrodinger picture

The Hamiltonian of the system is given by
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The Schrodinger equation is given by
in =)=y
We note that
v, ) =b,(t)|s)+b,(t)|a)
in the Schrodinger picture, and
ly,) =c,(t)s)+c,(b)]a)
in the interaction picture. From the above Schrodinger equation, we get
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Here we note that
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where U is the unitary operator
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Thus we have

(alAi[a) = (20 "AU[2) = E, + A

So we get the two equations for b, (t) and b,(t);
i7b, (t) = (E, — A)b, (t) + u&(t)b, (1)
i7b, (1) = (E, + A)b, (1) + (b, (D)

The coefficients b (t) and and b, (t) for the Schrodinger picture are closely related to the

coefficients C,(t) and andc,(t) as follows.
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under the basis of |1> and |2>
Ho|a) = (E, + A)a), Hy|s)=(E, — A)s)

Thus we have
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or
b, (t) = exp[—%(Eo + AT, (). (1)

We also have

by(t) = (s|ws)
= (SIGXP(—%QOI)IV/J
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or



0,(6) = expl—(E, - AXC, (0.
Using Eq.s(1) and (2),
inb, (t) = (E, + A)b, (t) + i exp[—%(EO T+ AIE, (1)
or
inb, (t) — (E, + A)b, (t) = uet)b, (t) = if exp[—%(EO £ AIC, (1)
or
HEOexDI— (E, ~ AXG, D) = Thexp[— (B, + AXIE, (O
we get the differential equation for ¢,(t) and c, (t)

inc, (t) = e us(t)c,(t)

Using Eq.s(1) and (2),

b, (t) = —%(EO — A)b,(t) + exp[—%(Eo — AT, (t)
or

inb, (t) — (E, — A)b, (t) = ue(t)b, (t) = in exp[—%(Eo — AT, (t)
or

,ug(t)exp[—%(Eo + AYtIc, (t) = ihexp[—%(EO — AT, (1)

we get the differential equation for c,(t) and C(t)
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inc,(t) =e™ " us(t)c, (t)
We suppose that g(t) is given by

ot

g(t) = 2g,cos ot = g,(€'" +e7)

Then the two equations can be rewritten as
inC, (t) = &' pe(t)c, (t) = pe,[e"“ " + ' e (1)
inC, (1) = e ue(t)c, (t) = pe, [ +e7 @ ™) e (1)
We consider the case where @ = @, (resonance).
ine, (t) = us,e ™', (t)
ihC, (1) = ue '™, (1)
with the initial condition
c,(t=0)=0, c,(t=0)=1
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