Solution To PHYS622 Homework Set 10

1 Solutionl
(a).

Tz
(b). D(f, ¢) does not commute with D(7/, ¢').
(c). Ty and II do not commute.

(d).
IID(n, §)p(T) = Tp(3') = (=), 7 = D(n, $)7.
On the other hand

D(n, $)IIY(F) = D (i, p)ih(—7) = (=)

They commute.

2 Solution?2
(a).
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(c).S - is a scalar(spherical tensor of rank 0)under rotation,hence by Wigner-
Eckart theorem it cannot change j and m.But under space inversion S .7 is
0dd.So S - # connects even parity with odd parity,and we note [ =0 and [ = 1
have opposite parity.




3 Solution3

Symmetric states

r = Asin(ks(x +a+ b))
trr = Bcosh(ksz)
Vi = —Acosh(ks(x —a — b))

Antisymmetric states

¢r = Csin(ks(z + a + b))
or1 = D cosh(ksx)
o111 = Ccosh(ks(z —a — b))

All of states should satisfy Schrodinger‘s equations and appropriate boundary
conditions.Matching the solutions and derivatives at each boundary we could
have

o ™
* b+ cothra/k
P S
b+ tanh ka/k
The lowest lying states are
R k? R
2m  2m(b+ coth ka/kK)?
E, nky _ h?m?
2m  2m(b+ tanh ka/k)?
Therefore,
R
A=E,-E u

¢ 2mb?[(1 4 tanh ka/kb)? — (1 4 coth ka/kb)?]

4 Solution4
(a).

w(f, t) _ ei(;ﬁi/hfwt)

w*(f, *t) _ e*i(ﬁ-i‘/thwt) _ ei(fﬁ-f/hfwt)



cos et/
i) = v () = ()

ioni () = —ios SR ) = (L)

Consider

e io/2
X+ ()] p—r—pammta = ( Cozl(né/ﬂ?/)?fm/z > = —ioax (1)

Therefore

X~(7) = X+(A)|pon—pamnta = —i02x (7)

5 Solutionb
(a).
OD(R)|j,m >= @e_ij'ﬁg/hu,m >= @e_ij‘ﬁg/h@_l@u,m >

Gefif-ﬁe/h@fl _ €+z‘(ff)-ﬁ0/h _ efifﬁ@/h? Olj,m >= (—1)™[j, —m >

Therefore
OD(R)|j, m >= e M/hj m ~= (~1)"D(R)|j, —m >
(b).
OD(R)|j,m >= O[3 D(R)mljsm ]

L.H.S = (-1)"D(R)[j,—m >= (=1)" > D(R)_m',—mlj, —m' >

RH.S =YD}, ,,0lj,m' >=>" D}, . (R)(-1)™[j,—m >

So we have
Dy (R) = (1) D_ s _(R)
(c). For j =1/2

Olj,m >=ne= ™M K|jm >=ne” ™ /M jm >= 1Y " Dy ()|, m’ >

m

=0 Ot (=17 j,m >=n(=1)7F"[j, —m >

Choose n = (—1)~7

6|.73m >= (_1)m|ja -m >= (Z)2m|j7 -m >



6 Solution6

Eigenvalues and eigenstates

E =0,

1
E=h*(A+ B), —
( )\/E

1
E=h*(A-B),—
( )\/i

Assume A, B are real

OHO™

Because of

052

z,Y,%

ol = (-

Therefore,H is invariant under time reversal.

1 1
O— (1,41 > +[1,-1>) = —(—|1
75 1,-1>) = 2 (-]

1 1
O—(|1,+1> —[1,-1>) = —(—

75 1-1>) =

1,0 >
(|1, 4+1 > +[1,-1>)
(11,41 > —[1,-1 >)
1 - H
Sx,yz)z = Si,y%'
01,0 >=11,0 >
1
—1>—]1,41>) = ——(|1,+1 > +|1,-1 >
| ) ﬁ(l | )
1
1,—1>+1,41>)= —(|]1,+1 > —[1,—-1 >
| | ) \/ﬁ(l | )

All states are invariant under time reversal.



