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1 Radial momentum eigenstates

In spherical coordinates, the radial momentum operator is
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We seek radial momentum eigenstates, W(r, @, ¢), and their eigenvalues.

a) Express the eigenvalue equation as a differential equation for ¥(r, 8, ¢)|

b) A possible candidate for an eigenstate is
U(r, 0, ¢) = Aelor/h

where « is real and A is a constant. Check whether this is an eigenstate. If so, determine
the eigenvalue.

¢) Another possible candidate for an eigenstate is
A
‘I"(T', 8, qf') = eww'/ﬁ
T

where « is real and A is a constant. Check whether this is an eigenstate. If so, determine
the eigenvalue.
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Angvtlw' Momnhim  zigenvalues
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2 Bounds on angular momentum eigenvalues

Consider a state with eigenvalue, thj, for J2.

a) If this were a classical system, what be would the range of values for J,7
b) Consider a quantum system and suppose that there is an eigenstate of J, whose elgen-

value squared is exactly the same as the eigenvalue of J 2. What does this imply about
<J§> -+ (Jg) for this state?

Several lines of algebra involving angular momentum observables show that, for any eigenstate
of Jy,
{(Ja) = {Jy) = 0.
¢) What does this imply for (AJ,)* + (AJy)? for the hypothetical state above? Is this
possible?
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