5.73
Quiz 26 ANSWERS

HSO=%L-S=%%[J2—L2—S2]

H”"™ = _yB (L, +28,)

Using ladders plus orthogonality, you should have obtained
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*F,,.M, = 5/2):(%) |’F.M, =2,Mj :1/2>+(%) |’F.M, =3,M;=-1/2)

and
1/2

1/2
’F,,,M, =5 /2}:—(%) |2F,M, =2,M = 1/2>+(g) |2F.M, =3,M;=-1/2).

A.  Compute E°(*F,,)=(*F,,.M, =5/2|H*|*F,,,M, =5/2).

F corresponds to L = 3, FopM;=5/2 = [J=7/2,L=3,8=1/2, M;=5/2)
(*F,,.M ,=5/2/H°’F, .M, =5/2)
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_<2322‘ [J(J+1)= L(L+1)~- S(S+1):|‘ 3 >
2 [\2)\2 2\2 2 4
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7/2°

=—*(3)=E°(F,,. M, =5/2)

B.  Compute E(*F,,)={(*F,,.M, =5/2/H*|*F,,,.M, =5/2).
(*F,,.M,=5/2|B%|"F, .M,=5/2)
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Compute EZ(*F,,,5/2)=(?F,,,M, =5 /2[H*"™|?F,, M, =5/2).

(*F,.M,=5/2|~yBH’F,,.M,=5/2)
:—yBﬁB(zF,ML =2,M=s1/2|L +28 |"F,M,=2,M =1/2)
+g<2F,ML =3,M =-1/2|L_+28 |"F,M, =3 M =-1/2)

1 6 3 12 15
=—yBh| =2+ D) +=(3-1) |=—yBA| 2+ = |=—yBh—
y2[7( )+ )} Y2(7 7] =

Compute the off-diagonal matrix element:
Hsz/z 512772512 — <2Fs/zaM] =5/ 2|Hzceman| 2F7/2 M, =5 /2>.
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61/2}
= —yB.h| —
w1 &

_61/2 61/2 61/2
g Zeeman :_,YBZh|: (2+1)+T(3—1):|:—’YBZFI|:T(2—3):|

Use second order perturbation theory to derive the Zeeman tuning rate for

the nominal *Fs;,, My = 5/2 state. The Zeeman tuning rate is

z
E(O)(ZFS/z’MJ = 5/2): ESO(ZFS/Z)_FEZ(ZFSQ’S/Z)
|Hsz/2 512712512

Eso(zFS/z)_Eso(sz)

‘ 2

E?(*F,,,M,=5/2)=

E(O)(ZFS/Z,MJ - 5/2) - hCnf(—z)—szh(gj

EV(F, M, =5/2)= hCﬂf(f‘/2)—732’1[2(2“)%(3—1)]
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20/7

61/2
Zeeman _
H5/2,5/2;7/2,5/2 - YBzh 7

o3
EP(*F, M =5/2)=
( 520 ) hcnﬁ(_z_3/2)+hsz(—15/7+20/7)
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