Answers to Exam I Physics 607 Oct. 3, 2001

1. The state |JM) is an eigenstate of J2, JZ, and J3. Since J2 = JZ + J3 +2(J; - J2),
we have

(J1-J2) |JM) = NJM),
with

1
A= 3 [J(J+1) = Ji(J1 +1) = J2(J2 + 1)]
2. The energy shift is
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3. Hartree-Fock Equations:
(a) Nonrelativistic:
hoPrs + Vair P1is — [vo(ls, r)P1s + v0(2s, 1s,7) Pas + v1(2p, 1s, ’I”)ng} = €15P15
hoPos + Vigir Pos — [Uo(ls, 2s,1)P1s + v0(28,7) Pas + v1(2p, 25, ’I”)ng:| = €9, Py
hoPap + Vair Pop — %1}1(13, 2p,7)P1s + %v1(2s, 2p, 1) Pas + vo(2p, 1) Pap
+ %Ug@p,r)ng} = €3y Pop

Here,

1 d> 1(l+1) Z
%%=(aaw-%z—:%%

and
Vair = 2vo(1s,7), +2v0(2s, 1) + 6v9(2p, 1)



(b) Relativistic: Rk = (P, Qni)
hoR1s + VairRis — [vo(ls, r)Ris + vo(2s,1s,7)Ros + %U1(2p1/2, 1s, T)Rgpm
+ ;1)1(2]33/2,13,7“)32133/2} = €151
hoRas + Vgir Ros — [vo(ls, 25,7)R1s + v0(2s,7)Ros + %v1(2p1/2, 2s, 7“)R2pl/2
+ ;111(2]93/2,28,7")132193/2} = €95

1 1
hoRap, ,, + VairRop, ,, — [501(15, 2p1/2,7)R1s + 501(25, 2p1/2,7) Ras

2
+ v0(2p1/2, 1) Rap, , + £v2(2p1/2, 2p3/2, T)R2p3/2} = €2p, ;, Rop, )y

)
1 1
hoRayp, , + Vair Rap, ), — [gvl(ls, 2p3/2,7) Rys + §v1(23, 2p3/2, 1) Ras
1
+ 7)0(2])3/2, T)R2p3/2 + 37}2(2])3/27 2p1/27 T)R2p1/2

1
+ 3U2(2p3/272p1/27T)R2P1/2] = 62173/2R2P3/2

Here,

hORn/@ = Rn/@
and
Vair = 2v0(1s,7), +2v0(25,7) + 2v0(2p1/2,7) + 4v0(2p3/2,7)

4. Hartree-Fock Energies
Shell Energy Expt.

Lithium

1s -2.792364

2s -0.196304 -0.198142
2p -0.128637 -0.130235
3s -0.073797 -0.074182
Boron

1s -8.185922

2s -0.873823

2p -0.275903 -0.304947
3s -0.114517 -0.122513




