AQM-2013f HW1
You are allowed and encourged to do integrals using MathLab or Mathematica.

1. Do problem 1.5 on page 14 of Griffiths.

2. (a) write down the Hamiltonian H of a one-dimensional harmonic oscillator.

(b) The ground state wavefunction has the form

—mwx?
Polx)= A exp [F2oX ]
Find the normalization constant A.

(c) The first excited state has the functional form

_ 2
@1(x)= (B+Cx) exp [5—]
Use the orthogonality and normalization conditions to find B and C.

If you can use software to the integrals, then use the same procedure to find the next state

2
@,(x) = (D+ E x+ sz) exp [ ";(;L)x ].

(d) Find the energy E,

H ¢4 (x)=E1 @1(x)

3. For a one-dimensional harmonic oscillator, define

a,__a (Fip + mwx),
V2Zhmo

Use the communtation relation [x,p]=ih to prove the following relations
la_,a;]=1
H=hw ( a,a_+%)
a, gn=Vn+1 @nyy
a_ gpn=Vn @n,

He, = (n+1/2) hw



4. Check the uncertain relationship

5.

0x0, =h/2

For the ground state and 1* excited state of a one-dimensional harmonic oscillator.

Let ¢4(x) and ¢,(x) be the ground and first excited states of a one-dimensional (1D) infinite
square-well potential within x=[0,a].

(a) If at t=0 the wavefunction is given by
Ya(x,t = 0)= 59104 + 7 pa(x)
What is the probability of finding a particle of mass m in the ground state?
(b) What is the wavefunction ¥, (x,t) for later time?
(c) At what later time t; will ¥4 (x, t) have the same density distribution?

(d) Make ten graphs of the density |14 (x, t)| for ten time steps from O to the smallest t;.

(e) If at t=0 the wavefunction is given by

1 1
et =0)=Z01(x) - 7 @a(x)
Answer questions b and c again.

(f) Canyou think of a way to determine that your initial state is 4 or Y5 ?



