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1. Quantitative Aspects of the Harmonic Oscillator

Consider a particle moving in a simple harmonic oscillator well with the zero-time state
vector

| ψ(t = 0) > = N
[

| n = 3 > + | n = 4 >
]
.

(a) Calculate the normalization constant N. Write down the equation for the normalized
zero-time state vector | ψ(0) > in terms of the energy eigenkets | n >. Using your equation
for | ψ(0) > in terms of the energy eigenkets | n > write down the equation for the corre-
sponding normalized time-dependent state vector | ψ(t) > in terms of the energy eigenkets
| n >. Convert your equation for the time-dependent state vector | ψ(t) > in terms of the en-
ergy eigenkets | n > into the corresponding equation for the time-dependent position-space
wavefunction ψ(x, t) in terms of the position-space stationary states ψn(x).

(b) If you measure E at t = 0 what are the possibilities and what are the probabilities?
Calculate the time-dependent expectation value < E(t) >. Calculate the time-dependent
uncertainty ∆E(t). Explain the time-dependence, or lack thereof, of < E(t) > and ∆E(t).

(c) If you measure x at t = 0 what are the possibilities and what are the probabilities?
Calculate the time-dependent expectation value < x(t) >. Calculate the time-dependent
uncertainty ∆x(t). Simulate the time evolution of this system using http://falstad.com. Do
your expressions for < x(t) > and ∆x(t) agree with your simulation?

(d) If you measure p at t = 0 what are the possibilities and what are the probabilities?
Calculate the time-dependent expectation value < p(t) >. Calculate the time-dependent
uncertainty ∆p(t). Simulate the time evolution of this system using http://falstad.com. Do
your expressions for < p(t) > and ∆p(t) agree with your simulation?

(e) Sketch the t = 0 probability density distributions P (E, 0), P (x, 0), and P (p, 0). Add
your calculated expectation values and uncertainties to your sketches. Do they agree?



Three Ways to Solve:

(1) Use Matrix Method
(2) Do the integrals in x-space

(3) Use Dirac Notation



Matrix Method





















Do the integrals













Dirac Notation


















