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Quantum Dynamics

Time dependent Schrodinger equation is given by

_ L O1¥()
H|W(t)) = ih——= 2

The time evolution of wave function is then
[B(0) = b(r)e ",
where 1 is the solution of the time independent Schrédinger equation

Hp) = E[).



Two Level Systems

Consider a two level system,

Ha) = E,la),
HO|b) = Ey|b).

Thus in general,
|U(t)) = cola)e Eat/P 4 cy|b)e Eot/R

with |cq|? + |ep]? = 1.



Time Dependent Perturbation Theory

Consider the Hamiltonian
H=H"+H't).

Thus,
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We then have the following equation:
HOCa|a>€7iE“t/ﬁ + HOCb|b>€7iEbt/h + cha|a>67iEat/h + H16b|b>67iEbt/h
) . o _. 0 _,
—ih c~a|a>671Eat/h + C'b|b>€72Ebt/h + Ca|a>7€71Eat/h + Cb‘b>7eszbt/h )
ot ot
Canceling out first two terms in the left side and last two terms in the
right side, we have

cha\a>e_iE“t/h + chb\b)e_iE”/h =ih [c'a|a>e_iE“t/h + éb|b>e_ijt/h} .



Time Dependent Perturbation Theory

cha‘a>e—iEat/h + chb‘b>e—iEbt/h —ih [Cﬁ|a>€—mat/h + C~b|b>e—iEbt/h]
Applying (a|, we have

Ca(a|H1|a>e_iE“t/h +Cb<a|H1|b>e—iEbt/h
=ih [c'a<a|a>efiEat/h + C-b<a‘b>efiEht/h}
= ihc, e Eat/h,

Then,

% [Ca<a|H1|(l> + cb(a|H1|b>e*"(Eb*Ea)t/ﬁ] )

Similarly applying (b|, we obtain
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Time Dependent Perturbation Theory

Typically, diagonal terms in the perturbation are zero, so we have
1 .
Gy = — (a|H'|bYe ™ot/cy .
2= = (alH ) b
1 .
G = — le a ezwot/hc
= 5 b o)t e,

where w, = (Ey — E,)/h.
Assuming the initial condition ¢, (0) = 1 and ¢,(0) = 0, the first order
approximation is
cqo =0,
ép = _l(b|H1|a>ei‘*’“t/h.
ih

Then, ¢, can be obtained as
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Interaction to Electromagnetic Field

Considering an external electric field E = Eq cos(wt)k, we have the
perturbation as

H' = —¢FEzcoswt.
When wy =~ w, the transition probability from the state a to b is

Pasyy(t) = |cp(t)]?
o (i) s i)

h (wo — w)?

where p = q(b|z]a).



