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Today’s class: Time evolution and representations

e Schrodinger and Heisenberg pictures.
* Interaction picture.
* Time-ordering and time evolution of operators.



Time evolution: Schrodinger picture

e Schrodinger’s equation (Dirac’s notation):
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Operators in the Schrédinger picture: 1215 — A (time independent)

Time dependence of expected values:
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Time evolution: Heisenberg picture

Rewriting:

(A)(t) = (s ()| As|ibs (b)) = (s(0)]eT /P Age= 8|y g (0))

States in the Heisenberg picture:  |¥#) = |%s(0))  (time independent)

Notice that: [Yg) = 6+iﬁt/h\¢5(t)>

Operators in the Heisenberg picture: AH(t) — 6+7?Ht/hjlse—iﬁt/ﬁ

Notice that: ﬁH — f]s = H
Time dependence of expected values: 4[} <A> (t) — <¢H’AH (t) ‘¢H>




Time evolution: Heisenberg picture

Operators in Heisenberg Picture follow the equation of motion:
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“Commutator in Heisenberg picture”
What if the operators have a explicit time dependence? At
Schrédinger picture Heisenberg picture
AtS — At AtH — e—I—’LHt/FLAte—’LHt/FL

Equation of motion
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 This leads to:

Time evolution: Interaction picture

* Hamiltonian with interaction term: [y — [, + V/

* Let us define the state and operator
In the Iinteraction picture: <
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Time dependence of expected values:

m -

[IA{Oa

Ar(t)

Ap (t)}

=)

= Vi(t)|yr(t))

A

€+iﬁ0t/h‘¢5(t)>

e—l—zHOt/hAse—zHot/h

V(t) = (Yr|Ar () [¥r)



Time evolution: Interaction picture

* Ok, how to solve this equation? <

Notice that, {ﬁ,ﬁo} _ {f/

In general:

* Formal solution
(unitary propagator): =
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Propagator properties
iHgt —iH(t—tg) —iHgtg
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(Ulto, o) = 1
U (t,t0)U(t,to) = U(t,to)U" (¢, t0) = 1

Ulto, t)U(t, to) = 1
Ulto,t) = U™ (t,t0) = UT(t, 1)
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The set of propagators form a unitary group.



Integral equation
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Notice that:
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Time ordering operator

B(ta)A(t) if ta >t
A1) B(ty) if t1 >t

.

* Time ordering operator: - [A(tl)é(tg)} = 2

« We can write: IR
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* |n general:

A o0 1 S\ gt t X X X
Ult,tg) =1+ Z p (%) /t dty- /t dt, T {Vl(tl) Vi(te). --Vl<tn)]
n=1 0 0




“Diagramatic expansion”
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