
PHYS6510/4510 Quantum Mechanics I Fall 2012 HW #7

Due to the grader at 5pm on Tuesday 11 Dec 2012

You are to work independently on this problem set. You are free to use whatever

notes, books, computers, or other reference works you feel are useful. You are

also free to consult the course instructor or teaching assistant for help. You may

not, however, consult other students in the class.

Please attach this page to your homework solutions along with your signature, below.

“I have complied with the requirement that I work independently on this problem set. I
have not consulted with anyone other than the course instructor and teaching assistant in
preparing these solutions.”

Signature:

Print name:

There are a total of seven problems. All will be equally weighted.

(1) Suppose A and B are operators that correspond to observables which are constants of
the motion. Show that the (Hermitian) operator i[A,B] also corresponds to an observable
which is a constant of the motion, regardless of whether or not A and B commute. Illustrate
this with the orbital angular momentum operators Lx and Ly.

(2) Consider a spin-1/2 system using standard z-spin states |±� for a basis. Construct the
unitary operator U and its matrix representation for moving to the x-spin basis |Sx;±�. Show
that this matrix is consistent with what you would expect from the matrix representation of
the appropriate rotation operator by considering the rotation of |+� into |Sx; +� using the
appropriate Euler angles. What is the role of the Euler angle γ?

(3) Modern Quantum Mechanics, Problem 3.16.

(4) Modern Quantum Mechanics, Problem 3.21.

(5) Modern Quantum Mechanics, Problem 3.31.
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HW #7 Continued

(6) The “spin-angular functions” (also known as “spin spherical harmonics”) are defined as
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See (3.8.64) in the textbook. These were constructed to be properly normalized eigenfunc-
tions of L2, S2, J2, and Jz, where J ≡ L+S. Use explicit calculations to prove the following:

a. The Yj=l±1/2,m
l are normalized, that is
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b. The Yj=l±1/2,m
l have the correct eigenvalues for J2 = L2+S2+2LzSz +L+S−+L−S+,

that is see (3.8.29), and Jz.

(7) Consider the angular momentum addition for two states each with total angular mo-
mentum quantum number j = 1. Use the shorthand |jm� for the total angular momentum
states. Also |±� and |0� for the states |j1,2m1,2� equal to |1,±1� and |1, 0� respectively. For
example, the state |j1 = 1,m1 = +1; j2 = 1,m2 = −1� would be written simply as |+−�.

a. Explain why |2, 2� = |++� and |2,−2� = |−−�

b. Derive the states |2,m� for m = 1, 0,−1,−2 by successive application of the operator
J− = J1− + J2− and confirm that you get the right answer for |2,−2�. Check your
answer by looking up the Clebsch-Gordan Coefficients for coupling two j = 1 to j = 2.

c. Write the state |1, 1� as a linear combination of | + 0� and |0+�, and find a relation
between the coefficients by enforcing orthogonality with |2, 1�. Then determine the
states |1, 0� and |1,−1�, and, once again, check your answer using Clebsch-Gordan
Coefficients.

d. Finally, determine the state |jm� = |0, 0� (not to be confused with the separated
two-particle state |00�) and, again, check your answer.

You can find a table of Clebsch-Gordan Coefficients online in Wikipedia and other places.


