
FI 001 – Mecânica Quântica I – Lista 3

01. Messiah, Cap. 12: 1, 2

02**. Messiah, Cap. 12: 6

03. Merzbacher, Exercises 10.13, 10.17, 10.26

04. Merzbacher, Problems 3.3, 14.6

05. Cohen-Tannoudji, Cap. 5: 6, 7

Problemas adicionais:

06. Messiah, Cap. 12: 3, 5

07. Merzbacher, Exercise 10.20

08. Merzbacher, Problems 10.3, 10.7

09. Cohen-Tannoudji, Cap. 5: 1

10. [P 9.9, Desai] By expanding the exponential exp(ikx) in powers of x determine the ground-
state expectation value 〈0| exp(ikx)|0〉 and the transition probability amplitude 〈n| exp(ikx)|0〉.

11. [P 9.11, Desai] Show that[
a, F (a†)

]
=
∂F

∂a†
, and

[
a†, F (a)

]
= −∂F

∂a

by first proving it for F (b) = bn, where b = a, a†.
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12. [P 10.11, Desai] Determine the propagator function between two coherent states given by

〈α| exp(−iH0t/h̄)|β〉,

where H0 is the Hamiltonian of the harmonic oscillator.

13. [P 10.13, Desai] Show that

[exp(ix0p/h̄), a] = x0
√
mω/2h̄ exp(ix0p/h̄).

From this obtain 〈n| exp(ix0p/h̄)|0〉.

14. [P 12.1, Desai] From

[vi, vj ] =
iqh̄

m2c
εijkBk

and the Hamiltonian

H =
1

2
mv2 =

1

2m

(
p− 1

c
qA

)2

,

use the Heisenberg equation of motion to show that if the magnetic field B is a constant then

dv

dt
=

e

mc
(v ×B).

Take B = Bẑ and derive the equations for vx, vy, and vz. Show that vx and vy satisfy the
harmonic oscillator equations while vz satisfy the free particle equation.

15. [P 2.15, Sakurai] Consider a function, known as the correlation function, defined by

C(t) = 〈x(t)x(0)〉,

where x(t) is the position operator in the Heisenberg picture. Evaluate the correlation function
explicitly for the ground state of the 1-D harmonic oscillator.

16. [P 2.16, Sakurai] Consider again a 1-D harmonic oscillator. Do the following algebraically,
that is, without using wave functions.

a) Construct a linear combination of |0〉 and |1〉 such that 〈x〉 is as large as possible.

b) Suppose the oscillator is in the state constructed in (a) at t = 0. What is the state vector
for t > 0 in the Schrödinger picture? Evaluate the expectation value 〈x〉 as a function of
time for t > 0 using (i) the Schrödinger and (ii) the Heisenberg pictures.

c) Evaluate 〈(∆x)2〉 as a function of time using either picture.
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