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[caapr. 11

~

APPLICATIONS TO ATOMIC AND NUCLEAR PROBLEMS
TaBLE 11-2
ANGULAR-MOMENTUM ANALYSIS OF THE (j)"-CONFIGURATION
j =1, SU@E)
(Al J N([A)
(0] 0=32.8 1
(1] 1= 3
(2] 0,2=28D 6
[11]=[1] 1=P 8
(3] 1,8=PF 10
[21] 1,2=P D 8
[111] = [0] 0=2=8 1
(4] 0,2,4=8D¢ 15
[31] 1,2,3=PDF 15
[22] = [2] 0,2=8D 6
[211] = [1] 1=P 3
[41] 1,2,34=PDF @ 24
[32] = [31] 1,2,3=PDF 15
[311] = [2] 0,2 =8 D 6
[221] = [1] 1=P 3
[42] 0,(2234=8SD?*F Q@G 27
[411] = [3] 1,3=PF 10
[33] = [3] 1,3=PF 10
[321] = [21] 1,2=PD 8
[222] = [0] 0=2.8 1
TaBLE 11-3
ANGULAR-MOMENTUM ANALYSIS OF THE (J)"-CONFIGURATION
[N J N([AD
[0] 0 1
(1] 2 4
2] I8 10
[11] 0, 2 6
[21] %33 20
(22] 0, (2)% 4 20
[211] 1,23 15



Note
Tabelas tiradas do livro de M. Hamermesh, "Group Theory", Dover (NY, 1989)
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TaBLE 114
ANGULAR-MOMENTUM ANALYSIS OF THE (j)"-CONFIGURATION
j =2, SU()
S PDF GHTITIKLMN O Q

: Moo 1 2345678910112 | YO
0 [0] 1 1
1 [1] S 5
2 [2] 1 - 1 - 1 15
[11] -1 - 1 10

3 (3] 1 - 1 11 1 35
[21] 1 2 1 1 40

4 (4] 1 -2 - 2 11 -1 70
[31] o« 20 23 202 | 1 105

[22] 2 - 21 2 -1 50

[211] - 21 2 1 1 45

5 [41] 1 2 3 4 4 3 3 21 1 224
[32] 1 2 4 3 4 3 2 11 175

[311] -3 2 4 2 3 11 126

[221] 1d & 22 1 4 75

[2111] -1 1 11 24

6 [42] 3 27 5 8 5 6 331 1 420
[411] -4 3 6 4 5 3 311 280

[33] - 315 2 3 2 2-1 175

[321] 1 4 6 6 6 5 3 21 280

[8111] 11 2 2 2 1 1 70

7 [43] 1 4 77 8 8 6 54 2 1 1 560
[421] 3 610111210 9 64 2 1 700

[331] - 54 7 5 6 3 311 315

[4111] -2 33 3 3 211 160
[322] 2 25 45 3 311 210
[3211] 1 3 45 4 3 2 1 175

8 [44] 4 1 6 4 8 4 7 34 2 2 1 490
[431] 2 91216151512106 4 2 1 1050

[422] 4 310 711 7 8 441 1 560

[4211] 1 6 6 9 88 5 421 450

9 [441] 4 51111141112 87 4 3 1 1 980
[432] 3 91416171613 107 4 2 1 1120

[4311] 2 710121211 9 64 2 1 720
[4221] 2 5 8 9 9 8 6 421 480

10 [442] 6 51512181315 99 4 4 1 1 1176
[4411] -7 711 911 7 743 11 700
[4321] 4101418181513 95 3 1 1024
[4222] 21 5 3 5 3 3 11 200
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TasLE 11-5
ANGULAR-MOMENTUM ANALYSIS OF THE (j)"-CONFIGURATION
j= 3 SU®)
T [A] J N([AD)
0 [0] 0 1
1 (1] 2 6
2 (2] 1,35 21
[11] 0,24 15
3 [2]-] %) "%) (%)27 (%)27 %7 _171_; '1_2::i 70
[111] 5% 3 20
4 [22] 02, (2)3, 3, ()%, 5, (6)% 8 105
[211] (12, (2)% (3)3, (1% (5)%,6,7 105
5 221) | ®% @3 @)% @ @7 (5, (% 5 5 | 210
[2111] 1L 3L 35 HLP%L5 Y 84
6 (222] (13, 2, (3)%, (1) (5)3, (6)% (1) 9 175
[2211] 21, 7, ( ¥, (% (5)% (6)%,7, 8 189
[21111] 2,3,4,5 35
TaBLE 11-6
ANGULAR-MOMENTUM ANALYSIS OF THE (j)"-CONFIGURATION
j =3, SU®@), for r < 4
r Al J=0123456789101112 N(AD
0 [0] 1 1
1 (1] -1 7
2 [2] 1-1-1-1 28
[11] «+1 11 21
3 (3] 1-21111-1 84
[21] 12922111 112
[111] 1-111-1 35
4 [4] 2-«218313121 1 1 210
[31] -3354544221 1 378
[22] 2.4142312- 1 196
[211] .324342211 210
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TaBLE 11-7
ANGULAR-MOMENTUM ANALYSIS OF THE (7)"-CoNFIGURATION

J= %, SU®B), for r < 4

T [A] J N(AD
0 [0] 0 1
1 1] i 8
2 (2] 1, 3,57 36
[11] 0,2 4,6 28
3 [21] %) %y (%)21 (%)3: %)21 (L2_1_)2, (1_2Q)2: —155'1 '%7—7 1?‘ 168
i S50 55 56
4 [22] 03, 24, 32, 45, 52, 65, 72, 83, 9, 102, 12 336
[211] 13,23, 35 4% 55 6% 74 82 92 10 11 378
[1111] 0, 22, 42, 5, 6,8 70

wave functions form the basis for an irreducible representation DY of
071(3), with j half-integral]. For systems of identical particles having
iniegral spin, the total wave function must be symmetric under any inter-
change.

For many-electron atoms, we start from the single-particle orbits in
some averaged central field. The state of a single electron is characterized
by quantum numbers n, I, m;, m,. The first quantum number gives the
energy, [ and m, label the basis functions of the representation D of the
rotation group which is provided by the orbital (external) motion, and
ms labels the basis functions of the representation DV2 of the rotation
group which is provided by the internal motion (spin). The perturbation
consists of the Coulomb interaction between the electrons and of terms
involving the electron spins.

For light atoms, the terms containing the electron spins make a con-
tribution to the energy which is small compared to that from the Coulomb
repulsion. The approximation procedure which starts from this assump-
tion is called Russell-Saunders coupling (L-S coupling). In L-S coupling,
we treat the orbital wave functions and the spin functions of the electrons
separately. If there are r electrons in single-particle orbits with angular
momentum /, the product of the orbital wave functions will be an rth-rank
tensor with respect to SU(2l 4 1). Since the Coulomb repulsion is Sym-
metric in the coordinates of all the electrons, the Coulomb energy will
depend strongly on the symmetry of the coordinate wave function. Thus
the appropriate linear combinations are the irreducible rth-rank tensors.
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TaBLE 11-8
Terms ror ELEcTRON CONFIGURATION (p)”
Orbital Spin Multiplet
s [ML=1 1] S = % 2p
r=2 21 L =20 | [12] 8 = 0 18, 1D
12 L =1 2] 8§ =1 ap
r=3 | PNL=21 | [2118=1 2p, 2D
[13] L =0 81 S =2 1
TaBLE 11-9

TerMS FOrR ELEcTRON CONFIGURATION (d)

Orbital Spin Multiplet
7 = il nL=2 (11S=3% | 2D
’I‘=2 [Q]L;41230 {IZ}SZG ISy ID; lG
% L =31 2] S =1 ap, sp
r=3 [21] L = 5,4,3, (221 [21] S = 1 | 2P, (3D)?, 2F, G, 2H
[1B1L =31 BlS=3 4p, 4
P 14 L =2 [4 8 =2 5D
[212] L = 5,4, (3)2, 2, (1)2 811 S = 1
(2%] L = 6, (1)%, 3, (2)%, (0)* 218 =0
r=5 151 L =0 B] S =5 | °S
[213] L = 4,3,2,1 [41] 8 = 3
(2°1] L = 6,5, (9% (3)%, (2%, 1,0 | [32] 8 = 1

Problems. (1) Use Table 11-6 to construct the table of terms arising from
the configuration ()7 (I = 3).

(2) The arguments used here can also be applied to the classification of
rotational states of homonuclear diatomic molecules. Apply them to the classi-
fication of the states of ortho- and para-hydrogen and ortho- and para-deuterium.
Write the partition function for these molecules in their ground-electronic and
vibrational state.

The next step in the perturbation procedure would be to include the Spin-
dependent terms in the Hamiltonian. The product of the representations
D’ and D then splits into representations D7. The spin-dependent terms
cause a splitting of the multiplets.

11-4 Seniority in atomic spectra. I'or the configuration (p)", the
symmetry pattern [A] and the angular momentum I completely char-
acterized the state: a multiplet occurred only once for a given symmetry.
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APPLICATIONS TO ATOMIC AND NUCLEAR PROBLEMS [CHAP.

TaBLE 11-14

TorAL ANGULAR MOMENTA IN THE CONFIGURATION ()"

2
8,6,4,20
2_1_.1_7_1_5__1_3__1_1_(2)21_5_2
2 2 2 2 25 \2/ 1y 2y 2y 2

J
=3 1 %
2 2,0
=3 1 5
2 4,20
3 5%
=z 1 3
2 6, 4, 2, 0
3 15 11 9 7 5 3
2! 212 2) 2 2
4 8) 67 57 (4)2J (2)21 0
-3 1 2
2
3
4
5

12, 10, 9, (8)%, 7, (6)%, 5, (4)3, 3, (2)%, (0)2
22'5') 2_21'; '179-1 (1—27’) 2’ (—1§5") 2) (%)2; (_151_)2, (’%)3)
@%@ 3 3

3, and hence J = $ is contained in the representation. Striking out 3,
—3%, —3, we exhaust the table, so the configuration (§)* contains J =

5 3
2y 2

11

5

There is a simple check on the angular-momentum analysis. The tensor
of symmetry [17] with respect to SU(2j + 1) has (¥;) independent com-
ponents. (This is the number of ways of selecting the r indices 7; > 7o >
«++ > ¢ from the 25+ 1 values j, 7 — 1,..., —j.) Since a representa-
tion D’ of the rotation group has dimension 2J - 1, we must have

In the last example,

)=

(2j+1

J in [17]

We tabulate the results through j = § (Table 11-14).

27 +1) = (zj j 1)- (11-14)

oo+ (1)< 3)



