Solution To PHYS622 Homework Set 9

1 Solutionl

M _ :FVJc =AY

Vi NG Vo =V
1
V_’F(l) = _ﬁ[(Vac cos B+ V, sin B) + iV,]

Vol(l) = —V,sinf+ V, cosf3

1 ; i
VA = Z5l(Vecos i+ Vasin ) — V)

If we rotate a vector V about the y-axis by an angle (3,the new vector is:

74 cosf 0 sing Ve
vii=| o 1 0o ||V
V! —sin8 0 cosf V.,

2 Solution?2

(a).
i) = %[(vaz —U.Vy) + iUV, — VaU,)]
T = (UL, = VaU,)
T = C(U,V. ~ U.V,) ~ i(U.V, - V.U.)]

(b).
T = UV, ~ UV, + ULV, + VT,
%) = %[(UIVI —U,V,) — iU,V + VaU,)]

1
T = UV + U-V2) +i(U, V2 + V,U))]

1
TR = ~S[ULV: + U.Va) = i(U,Vz + V,U2)]

1
2
T = TGl UV — UV = Uy V)]
3 Solution3
140, 1-1-¢
Co2A+1 T 2+



Note [-G=J2 —[2— G2

. I+1410-¢ l+1+J2 2-g2
l+1+(l+1/2)(l+3/2)—l(l+1)—1/2(1/2+1)| 1 m e =14 1/2,m >
20+ 1 ’

Alj=1-1/2,m>=0
Similarly

Blj=14+1/2,m>=0
Blj=1-1/2m>=j=1-1/2,m >

Write an arbitrary state in terms of the angular momentum states,

= Culi=1+1/2m>+> Dylj=1-1/2,m>
szi(}mu =1+1/2,m>
A2\IJ:AZCmU:l+1/2,m>:§:Cm|j:l+1/2,m>
: B¢—£Dm|j—z1/2,m>

B*W=BY Cpnlj=1-1/2m>=> Cplj=1-1/2,m>

Hence, A> = A, B? = B.

I+m+1/2
—1/2,1/2/l +1/2,m _—
l—-m+1/2
—1/2,1/2/l —1/2 = —
<m-—1/2,1/2|l /2,m > ST
l—m+1/2
1/2,—-1/2|l +1/2
<m+1/2,-1/2]l +1/2,m >= ST

l+m+1/2
1/2,-1/2]l —1/2 =
<m+1/ 20l =1/2,m >= | —F—F— ST

4 Solution4
(a).

<n'l'||TD||nl >

V2041

1
—(x xay)|n,l,m >=<1,1;m,+1]l,1;I',m' >

V2

<nJI',m'| F



T
<n'l'm'|zlnlm >=< 1,1 mvo\l,l;l’,m’><nl”T ||nl >

V20l+1
< Um'|F Js(@Eiy)lnlm > < 1om, 210111, m! >
—t =
< n'l'm!|z|nlm > <1,1;m,0|l, 1;I',m' >

(b).
<nl'm'|F \f( x £ iy)|nlm >= ///R (Y™ (0, 0)(F \f)(aazlzzy)R 1(1)Y™(0, ¢)r?dr sin 0dfdg

< n'l'm/|zlnlm >= ///R:/l/(T)Yﬁm (0, ¢)(r cos 0) Ry (1)Y;™ (0, ¢)r2dr sin 0dOd g

<nl'm'| F %(a@ + dy)|nlm > _ $f [ [Y™ (8, 9)Y;™(8, ¢)e*® sin ddS
< n'l'm!|z|nlm > J Y™ (6, 9)Y™(6, ¢) cos 0dQ

Calculate the integration in the numerator and denominator,we have

21
=\ +1 <1,1;0,01l, ;1,0 >< I, l;m £ 1|1, 1; I/, m' >
2 +1

20+ 1

2+t 1,1;0,0,1;1,0 >< 1,1;m, 0|1, 1;1',m’ >

21 + 1

<nl'm!|F F@Eiy)lnlm > <1 1;0,00, 15,0 >< 1, 1;m + 1, 1;1,m/ >
< n'l'm!|zlnlm > < 1,1;0,001,1;17,0 >< 1, 1;m, 01, 1; I/, m' >

5 Solutionb

(a).
@ _ 1@
e
7@ _
_ = +1
rz = 2
{EQ _ y2 T( ) + T(2)
(b).

Q <j2m=jq=-2j2j5m >
Vo< i Zim=j.a=00j,25m=] >

e < aaj7 m/|(a:2 - y2)|a7j7m :j >=
6 Solution6

Hiny = A(352 — S?) + B(S7 + 52)



___ R (9
A= 4s(s — 1)R* (322>0

o eQ e 1 (9%
5=t |(52), 72 (52),

Write H;,; as matrix form

34 0 2v2 0
o2l 0 -34 0 2V3B
int 2v3B 0 —34 0

0 2v3B 0 34

The eigenvalues are
E19 = —V3V/3A2 + 4B2h?
B34 = V/3\/3A2 + 4B21?

Two-fold degeneracy. Eigenvectors are

0 —3A+ /5y EIB 0 84+ V3y/ZATTAB?
—3A+V3V3AZT4B7 2v3B —3A+/3/3AZT4B? 2B
2V/3B 2v/3B
0 ’ 1 ’ 0 ) 1
1 0 1 0

[ Solution
= [l + [ - (E+2§)
H=H s = 2mc

s Lz R 32
“_<2mc) 2J% — 2 + 257

2
g e » 3
< nljmy|i®|nljm; >= <2m_c> 2 +1) =10+ 1) + 50’
J
eh 3
— = 2j(i+1)—1(l+1)+ 2
iz (Qmjc>\/](]+ ) -+ 1)+ 3

From the projection theorem,we have
< nljmj|j~ plnljm; >
G +1)n?

. . m; . 2 .
< jm;|J|jm; >= - 1 < jlgm;|J - fnljm; >

< nlgm;|polnljm,; >= —_—
rolntam, i+

Therefore,we have

) - ) e .3, . o1 2

T S — bl 1) — = 1 bl

< nljm;|J - plnljm; > 2mc[2(3+ )j 2l(l—|— )+ <]h

. . m; e 3, . 1 3

, - 2 1) — = 1)+ 2

< nljmjlps|nljm; > G+ 2mc[2( +1)j 2l(l—|— )+ 8]



