Problem 1: Harmonic Oscillator (10 Points)

Consider the quantum mechanical simple harmonic oscillator.

a. Using the raising and lower operators, @ and &' find the average value of
X and P for the state |n >. (1 Points)

b. Using the raising and lower operators, & and af, find the average value
of X? and P? for the state |n >. (2 Points)

c. Using the raising and lower operators, & and af find the root mean square
deviations of X and P for the state |n >. (2 Points)

d. Find the uncertainty product for the state |n > (2 Points)

e. Fine the average potential energy and average kinetic energy for the
oscillator when it is in state |n > (3 Points)
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