Problem 1

Sakurai’s, 1.4.c.

Problem 2

Sakurai’s, 1.24.

Problem 3

Sakurai’s, 1.33.

Problem 4!

Phys 507 Recitation Sessions

TA: Kagan Simsgek

Fall, 2017

November 9, 2017

Consider a quantum mechanical system which is described
by a two dimensional Hilbert space spanned by basis vectors
denoted |1) and |2). Let us introduce an operator A whose

matrix elements in this basis are

(1AL = (2]4]2) = a

(11A[2) = (21A]1) = b

(a) Find the eigenvectors and eigenvalues of A.

(b) Suppose the system is in the state

1
o) = 51t

)+

i

V2

12)

What is the probability that when A is measured the

result is a? b? a + b7 a — b?

(c) Compute (AA?) for this state.

Problem 52

A brief review of Stern-Gerlach experiment.

Problem 6

Sakurai’s, 1.28.

Problem 7

Sakurai’s, 2.6.

Here, Midterm 1, Problem 1.

2Here, pp. 64-69.

November 16, 2017

Problem 8

Sakurai’s, 2.23.

Problem 9

Sakurai’s, 2.10.

Problem 10

Sakurai’s, 2.16.

Problem 11

Sakurai’s, 2.25.

Problem 12

Sakurai’s, 2.28.a.

Problem 13

Sakurai’s, 2.30.

Problem 14

Sakurai’s, 2.22.

Problem 15

Sakurai’s, 2.27.

Problem 16

Sakurai’s, 2.32.

November 23, 2017

December 7, 2017
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Extra 1 1

Find the representation of the position operator in the mo-
mentum space. Solve the Schrédinger equation in the mo-
mentum space under the potential V(z) = —eEx.

2

3

Extra 2
17, 20, 39

: Sakurai 2.16,

Extra 3

The coherent states of the simple harmonic oscillator (SHO)
are defined as the eigenkets of the annihilation operator,
alA) = A|A).

(a)

Show that

IA) = AN)[0) 3.1
where |0) is the ground state of the SHO and the dis-
placement operator, A()), is defined as

A(N) 1= re' ATa (3.2)

Show that MeLM—1 = eMLM ™" for any linear opera-
tors L and M. Compute Uy (t)TA(N)Uy(t) where Uy(t)
is the usual time-evolution operator, Uy(t) = e~*ot/"
and Hy is the SHO Hamiltonian, Hy = P?%/2m +
mw3X2/2. By using the result, obtain the state ket at
a later time, |a, g = 0;¢), assuming the state is initially
in one of the coherent states, |a,tp = 0) = |Ao).

Now suppose that there appears a constant external
force, f, which produces an interaction term, H;
—fX. Obtain the second-order ordinary differential
equation that the position operator, X, satisfies.

In quantum mechanics, in addition to the Schrédinger
and Heisenberg pictures, there is another one, called the
Dirac (or interaction) picture. In this framework, both
states and operators are evolving in time.

We define an intermediate state ket, say oy, via |a,tg =
0;t) = e "Hot/Po; tg = 0;t). Noting that the total
Hamiltonian now becomes H = Hy + Hy, show that it
satisfies the Schrédinger equation

0

Zhak)q,to:O;t>:H[(t)|Oq,t0:O;t> (33)
where H;(t) := etHot/hH e=#Hot/h  Since the interac-
tion Hamiltonian, Hy, is a linear function of the position
operator, X, we expect to have Hr(t) = g(t)*a+g(t)al.
By using the Baker-Campbell-Hausdorff formula, ob-
tain g(t).

From (3.3), we can deduce that there exists an inter-
mediate time-evolution operator, Uy (t), that satisfies

in 2 U @) = HiUi 1)

o (3.4)

By using the ansitz U (t) = eh(Ma’=h(®)"agiB(®)  derive
the equations that h(t) and 3(t) satisfy. Note that 3(t)
is a real-valued function.

1S. Kurkcuoglu, “Phys 507 Homework 2,” Nov. 2017.

(f)

4

The motivation in employing the Dirac picture is that
we partition a given Hamiltonian so that we have the
complete solutions to one part, and we treat the rest as
a perturbation.

Assuming that the intermediate state ket is initially in
one of the coherent states, |ar,tg = 0) = |Xg), first
obtain |ay,ty = 0;t) by acting the intermediate time-
evolution operator, Uy(t), on this initial state. By using
the result, find the final state ket by evolving it further
with the usual time-evolution operator, Uy(t). Demon-
strate that the final state is of the form |a,tg = 0;¢) =
e |A(t)) where 7 is some time-dependent phase. Ex-
press A(t) in terms of Ao, h(t), and any other parameters
relevant to the problem.

Obtain the function h(t). Use it to explicitly com-

pute A(t). Letting x(t) := /2h/mwoRe A(t), discuss
whether it solves the equation of motion for the posi-
tion operator you obtained in part (b).

Extra 4 2

Consider the Hamiltonian

Describe the eigenvalues and the eigenfunctions.

L2

H ==
21

Discuss

the degeneracy. What happens if we modify the Hamilto-
nian into

5

6

o lEen
21 21,
Extra 5 : Sakurai 3.5,

14, 15, 17, 18

Extra 6 3

Given |R, j) = DI(R)|j, j) where DI(R) = ¢//3¢/" evaluate
J3|R, j). What are the Euler angles of the operator D7(R)
that satisfies D’ (R)J3D?(R)~! = J - f. Finally, show that

J-

iR, j) = jIR, j).

28. Kurkcuoglu, “Phys 507 Homework 3,” Dec. 2017.
38. Kurkcuoglu, “Phys 507 Homework 3,” Dec. 2017.
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