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● The formulation of quantum dynamics is not unique
for the states and operators. Consider the
expectation value of some (Hermitian) operator 

 

  

                                                                          

7.3 Time Dependence of Operators
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The form where the states evolve in time is the
Schrödinger picture

and where the operator(s) evolve in time but states
stay the same is the Heisenberg picture:

 

  

                                                                          



 4

● The time evolution of the state is governed by 

or equivalently 

For operators (expectation values)

  

                                                                          

7.3.1 Schrödinger Picture
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If the commutator is zero, the expectation value of A
is a constant of motion
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● In the HP the states do not evolve in time but the
operators (expectation values) do, and we can write  

which agree at time t0 

The wave functions are related by

  

                                                                          

7.3.2 Heisenberg Picture
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The operators depend on time now and their
equation of motion is given by 

 

Note that for time-independent Hamiltonian
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There is also an interaction (Dirac) picture, which is
used when the system Hamiltonian can be divided
into two parts as (in Schrödinger picture) 

where the frst part is “easy” (usually solvable). Then
a state vector in the IP is given by

 

An operator in the IP is defned by
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Recently a correlation picture (transformation) has
been introduced for open quantum systems 
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