(V) For most atoms, mainly the li‘ghtcr‘ ones,
(non-spherical) electrostatic ~tntm':"ct1un‘cﬂccl of the te
the spin-spin corelation effect of tht‘- term (1v) are the largest of
the remamning terms: the spin-orbit magnetic mtc!'aclion term
O s constderably smaller, while the rest are negligible. Such
atoms are governed by -8 couphing,

the residyg,
(i) ang

(B)  For some atoms, mainly the heavier ones, (he spin-
orbit term (V) predominates over others. Such atoms are 20verned
0¥ 7 coupling.

\ 3 L-S Coupling

The 2-8 coupling 1s also known as ‘Russell-Saunders
ing after the two astronomers who first used it in stud
spectra emutted by stars.  In atoms which obey

Iers’ coup-
Ludying atomic
this coupling we

because the core electrons do not

s ————

* The energy of the core is constant

LIRS part m opical  excitations,
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m“.mh!uc the various perturbations in the order @ (a) )
corclation, (DY residual electrostatic interaetion i(,')”‘l{“l-' )l
",’,\_tcrujup’:\. o (e)y apin-orbi
ARV
‘;.f (‘t) Q“ (/I.\' a result of spin-spincorelation cffect, the individual
spirs angular momentuny vectors of the ‘optical’ ele (roite are siromaly
(‘('N[’/(”f ‘>‘-‘”h one another to form a "l'l\'"//ll”/ spin angular mﬂnwn/f);b

" ”‘f‘ : . e /,
it ' ) Y ) Ny : ¢ Jidn ’ .
pecioln ) l,/ NMMIIIN(/( vV S D 2" which {s «a constant of mation,

The quantum number S can take the values :
o> s e o
S = ‘ S £h Se -+ Sy . R \Hll" y ‘ 5 “I- 83 | Sy b ‘mlu | I
............... ($y & $2 -+ $a -k )

The states with different values of S have considerable energy diffe-
vence + the one of highest S being of lowes! energy. This means
that the (unperturbed) encrgy icvel of the central ficld
model is splitted into a number of well-separated levels, equal
to the number of different values of S that can be formed from the
individual spins of the optical clectrons of the atom ; and of these
levels, the one of highest S lics lowesL. The different levels are
designated by their multiplicity, (2S+1).

For one electron— S = s = 4 (Doublets).
For two electrons— 51 = %, 52 = 1.
", S=‘Sl—'32‘;151—‘S2l+l, ......... (51 + $2)
=0, 1 (Singlets and Triplets).

For three electrons— $§1 = i, 2= 3, 3= 5
To combine three spins, we (irst combine two of them to obtain
S’ =0, 1, and then combine the third s, = § to each of them.
Thus if we couple s3 = %10 ¢ = 0;wegetsS= }; and if we
couple 53 = 3 t0 5" = [, we get S = 1%, 3, Thus for three elect-

rons, we get

S=4%,4.2
(two sets of doublets, and one set of quartets)-
The following branching diagram (Fig. 1) illustrates the possible i

total spin quantum numbers which can be obtained by combining
several independent clectron spins.

In the general casc of N clectrons, the possible values of S

are
S=2012...... —-/,;/ for even N.
S "—~——;— , -;‘ ) _251— %," for odd N.
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That the state

by considering the case of two electrons.
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(Fig. D

S =l

$=0
(SIIVGLET)

FOuR ELECTRONS

of largest S is of lowest energy can be understood

The spin corelation

effect splits the unperturbed level into two :a singlet level and

el. Because of the total eigenfunction being anti-
symmetric with respect to an exchange of the electrons, the
average distance between the two electrons is larger in the triplet
state (parallel spins) than it is in the singlet state (antiparallel
spins). Thercfore the (positive) electrostatic repulsion energy is
smaller in the triplet state than it is in the singlet state. Hence

a triplet level.

triplet level lies deeper.
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