1. Let T;denote the translation operator (displacement vector ci;; D(#, ¢p), the rotation op-
erator; and 7 the parity operator. Which, if any, of the following pairs commute? Why?

(@) Tzand Ty (J and d’ are in different d@

(b) D(#n, ¢) and D(7/, ¢') (R and A’ are in different directions.)
(¢) Tyand IL.
(d) 7, ¢) and II.




. Because of weak (neutral-current) interactions there is a parity-violating potential between
the atomic electron and the nucleus as follows:

V=X[6*x)S-p+S-ps(x)]

where S and p are the spin and momentum operators of the electron, and the nucleus is
assumed to be situated at the origin. As a result, the ground state of an alkali atom, usually
characterized by |n, £, j, m) actually con6ains tiny contrihutions from other eigenstates as
follows

|n9 eaja m> - |n7£7 j’ m> + Z Cn’,l’,j’,m’lnlae,aj/am/>
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n’,t,j',m

On the basis of symmetry considerations alone, what can you say about (n’,£’, ', m’)
which give rise to non-vanishing contributions?
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3. Suppose a spinless particle is bound to a fixed center by a potential V' (x) so asymmetrical
that no two energy levels are degenerate. Using time-reversal invariance prove

(L) = 0.

for any energy eigenstate. (This is known as quenching of orbital angular momentum.)
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4. Consider the time-reversal operator for spin-1/2 particles, ® = o,K, where K takes the
complex conjugate of all quantities to its right. Show that ® commutes with the rotation
operator,

R(0) = cos(0) + i - O sin(0).
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«a® Consider a particle of mass M confined to a two-dimensional circle of radius R.

'S (9) Write down the Schrodinger equation for the wave function v (¢), where the potential
depends only on ¢, and radial motion is ignored.

(b) Assuming the potential is periodic,
V(¢ +2n/N) = V(¢), (534)

where NN is an integer. Write the boundary condition relating % (¢) and (¢ +
2w /N), where the eigenvalue of the rotation operator, R(2m /N ) is €. What values
of +y are allowed?

(c) Assume the potential ,

V(p)=8 > &(¢—2mj/N), (5.35)

j=1,N
Assume the wave function has the form, g _ s f
4 FC
P(p) = e™?, 0 < ¢ < 27/N,

where m is not necessarily an integer. Find a transcendental expression for m in
terms of 3, M, v and p.

(d) What are the energies, and degeneracies, of the eigen-states.

PAMEEE VNS AN 7Sk S
7Y S ‘
L) e VT o y=2)"T/v,

T BN,
) b%ﬁx/gyz//u iy

20 _
ba o z

1 ;Ntljm
L =L CD
£







7‘ R
‘|‘(
—+ e @L(k—?)c‘ R f
L (R SR &
C e YA L e
| F N 4%44\
¢ = 3 H
‘yfﬂ (@{-7)6; v (e h—?\h
+L6‘<k—_7)c\ _,-__l'palu(t—b’)c\
27 (Qurﬁ)ﬁ\ T
Z/[ | a < 62lk0\
( co S b ——Zh ?— (k'— )
e T : e :
75 :
e T |
2 cus }LQ ?0\ L{A MSZZQ\
J
7Q 74 _ ¥ _.
= _B_?\S— Yc/A?a\
A 2 -
A s ;
A S i
? + 7 LS e\— C)
puosga —2gaikaT O



