
Example 1:

Imagine a system in which  there are just two linearly independent  states

The most general state is a normalized  linear combination

The Hamiltonian can be expressed as a hermitian matrix, suppose it has a form

where h and g are real constants. If  the system starts out (at t=0) in state
what is its state in time t?

Solution

The time-dependent Schrödinger equation is

The general solution of this equation is

where           are solutions of time-independent Schrödinger equation

Therefore, we need to find eigenvalues and eigenfunctions of the Hamiltonian H, i.e.
find eigenvalues and eigenfunctions of  2x2 matrix

We will also later need to find       .

Lecture #16

   Lecture 16 Page 1    



Example 1

To find the eigenvalues E of a matrix  we solve characteristic equation

To find the corresponding eigenfunctions, we plug our eigenvalues back into
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Normalization gives

Example 1

Summary: we got eigenfunctions

corresponding to eigenvalues
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Example 1

Now we return to our time-dependent Schrödinger equation and its general 
solution:

We know         and        but need to find        .

As before, we do so using the initial wave  function at t = 0. 

In this case, we can simply write the representation of                         via         :

All we do now is plug in              ,            , and          into our general solution:

Alternatively, we could find        as usual using
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Example 1

We can simplify it a bit:

Note: this problem represents crude model of neutrino oscillation.
State             would be electron neutrino and state          would represent  muon
neutrino. If off-diagonal term in  the Hamiltonian             , then electron neutrino  can
turn with time into muon neutrino and  back.
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Projection operator

The operator

state vector is called projection operator onto the subspace spanned by        since

it picks out the portion of any other vector that "lies along"      :

If  is a discrete orthonormal basis,

where              is a normalized
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Example 2

Consider three-dimensional vector space spanned by orthonormal basis set

Solution

are given by
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Example 3

On the subject of commutators

Show that

Solution

We introduce a trial function

Therefore,
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