Problem Set 5

Time Dependence in Quantum Mechanics

1. For a particle in a box energy eigenfunction, ¢, (z), do the following.
(a) Write the time-dependent wavefunction at some arbitrary time, ¢, in terms of the time-
independent energy eigenstate, 1, (x).

(b) What is the expectation value of the total energy operator, H, for U, (z,t) at some time
t?

(c) What is the expectation value of the position operator, &, for ¥, (x,t) at some time t?

2. For each of the superposition states,

¢1(z) = N1 (¥1(z) + ¥2(2))
p2(x) = N2 (3¢ (x) — 2(2))

d3(x) = N3 (201 () + V20 (2) + V3ih3(2))

¢a(x) = Nu (¢1(x) + 0.7h2(x) + 0.49h3(x))

¢5(x) = N5 (3¢1(x) + 2 (2) + 2¢3(x) + V2¢u(z))
do the following.
(a) Write the time-dependent wavefunction, ®(z,t) at some arbitrary time ¢, in terms of the
time-independent energy eigenstates, ¥, ().

(b) Normalize the wavefunction at all times ¢.

(¢c) What is the expectation value of the total energy operator, H, for ®(x,t) at some time
t?

(d) What is the expectation value of the position operator, z, for ®(z,t) at some time ¢?

(e) What is the expectation value of the square of the position operator, 2, for ®(x,t) at
some time ¢7?

(f) What is the expectation value of the momentum operator, p;, for ®(z,t) at some time
t?

(g) What is the expectation value of the square of the momentum operator, p2, for ®(z,t)
at some time 7



Some Potentially Useful Equations

2 o3 nrx .
= e =1,2,3,... fo<a<L
Energy eigenfunctions: Yn(x) = LS ( L ) » Ut LU=
0 otherwise
. n27r2h2
Energy eigenvalues: E, =% 7, n=123,...
Time-dependence: U, (2, t) = ¢n($)e—iEnt/ﬁ

28, U () AW (z)da

Expectation value: (A) = ™ @)

Position operator: r=x

Momentum operator: Py = —ih%

Kinetic energy operator: T = % dd;

Potential energy operator: V= Viz) = {zo i)ftflefwa;seg L
Hamiltonian operator: H=T+V

Kronecker delta: Omn = (1) ii Z ; Z

Ket: In) = ¥, (x)

Bra: (n| =W (x)

Bra-ket: (m|An) = [*_ U (2) AV, (z)dx
Matrix form of an operator Apn = (U, |A|D,) = e U* () AU, (z)dz
Resolution of the identity I=30 |0,) (0,

Commutator: [A,B] = AB— BA
Root-mean-square deviation: AA = \[(A2) — (A)?

Heisenberg uncertainty principle ~AAAB > %|<[fl, B))|



