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1 Gaussian states

Consider the following state for (monochromatic light)
Uy =A n
o) = ; e |

where « is a constant.

a) Determine the normalization constant A.
b) Suppose that the photon number is measured. List the outcomes and their probabilities.
¢) Suppose that the energy is measured. List the outcomes and their probabilities.

d) Determine the expectation value of the energy.
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2 Particle in a infinite well

Consider a particle with mass m in an infinite one-dimensional well with width L. ‘The
possible outcomes of an energy measurement turn out to be
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for n = 1,2,.... Let |¢,) be the state associated with energy outcome F,. Consider the
states

) 1= % (I61) +1 1))
T) 1= % (In) — i¢a))

a} Verify that these are orthonormal.

b) Suppose that a system is in either of these states and the energy is measured List the
outcomes and the probabilities with which they occur.

¢) Suppose that the particle is known to be in one of these states. Could one decide which
it is with certainty by using energy measurements? Is there some measurement that
exists which would allow one to decide the state with certainty?

d) This can be made more concrete by considering the operator

\/—(fﬁi’l) (¢1l—%|¢1 <¢2|+$‘¢2 ¢1|+"‘¢2 ¢2|)+Z|¢g ¢3

i=2

which can be shown to be unitary. Suppose that prior to the evolution describe by this,
the systems is either in state [I1) or |¥y) . Determine the state after the evolution. Use
this to construct the measurement associated with the states |¥1) and |¥y) |
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