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w[ . (b) As a result of the residual clectrostatic {'ﬂ/ef'ac’lion, the
individual orbital angular momentum vectors of the ‘optical’ electrons
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constant of motion. The quantum number ; f{
‘_r T T A, I, can take the values

L= L +htbdlmm, | b hpy”
‘ min ‘ ! f la -‘_ '3 - \ porp .‘,.l,

) ] [ - A "Hz‘*'/;;'iﬂ--)'
The states with different values of L have fairly jarge energy differences:

the one of largest L valie being of lowest eyopgy, This means that
cach of the levels splitted by spin- spin COrchtJic'm offect is further
splitted by the residual clectrostatis Cﬂect‘ into a number of less
separated levels, cqual to the number of different values of L that
can be formed from the individual orbital 3ngular momenta of the
optical clectrons of the atom; and of these [evels, the one of largest
L lies lowest. The different levels are dcsignatcd’ as S, P, D, F, G,

Thus we have :

according as L = 0, 1, 2,3.4,....

For 3p 3d electrons : L =1,k =2,
=\11-—12‘;\11—lz‘+1, ...... (11+12)
=1, 2,3 (P, D, F, states)

For 2p 3p 4d electrons : Let us first combine the two p

clectrons which are more tightly bound to the atom. For this

11=1,12=1
L' =012

Now, combining the d electron, I, = 2, which is less tightly bound,

with each of these gives

Ll = 0, 13 = 2
= 2 (D state),
L’ e l, 13 = 2

L=1273(D,F states),

and J’=2, ’-;=2

- L=0,12 3,4 (S, P, D, F, G, states)
Thus in all we obtain one §, two P’s, three D’s, two F'sand one G

states

That the state of largest L is of lowest energy can be under-
stood by considering two electrons in a Bohr atom. Because of the
coulomb repulsion between the electrons, the electrostatic encrgy will

be a minimum when, the electrons stay at the
opposite ends of a diameter, i.e., ata
maximum distance apart (Fig. 2). [n this
state, the two electrons would be revolving
together ““in the same direction” about the
nucleus, i.e., with their individual orbital
angular momentum vectors parallel.  The
magnitude of the total orbital angular momen-
tum vector, L, would clearly be a maximuim
in this state of lowest encrgy.
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¢) The doming oy cnin corelation and the resid
clectrostatic intcl‘ﬂ‘c‘ "”"‘hilving been taken into account g 1 ﬁ(:atl
perturbation, the h]llll"tli()u Spin-orbit .inlcructron 18 inCluded jp, /_SS,
coupling as an additionar sopurbation.  As a result of Spin-or by

interaction, the resultant oppyi, . angular momentum vector L ang .,
._.). e

resultant spin angular Momey e woctor S are less strongly coupley
: —>
with each other to form @ vecsop J
' > —e —
J=TL+S8
which is the total angular yopontum vector of the P
—) __+

coupling takes place in Such q yay that the magnitudes of J, L. and

— —>

S remain constant. The magnitude of J s VIT+ 1) hf2=,

where the quantum number J takes the following values :
J=|L-S]|,| L~Sl + 1o (L + S).

J is integral or half-integra| according as S is integral or half-

integral. The number of J values is (2.5 + 1) when L > S, or
(2L 4+ 1) when S > L. Thijs means‘fh‘a‘t"%iue to spin-orbit

magnetiC_ interaction ; a level characterised by given values of
L and § is further broken up into comparatively closer- (2 § + 1)
{or (2 L + 1)} levels, each characterised by a different J value*.
The group of these J-levels forms a ‘fine-structure multiplet’. The
relative spacing of the fine-structure levels within a multiplet is

governed by Lande interval rulc.
4. Lande Interval Rule
Under L-S coupling the spin-orbit interaction energy is of
the form
—> —
AE,,= a (L' S) .

where a is an interaction constant. Let us write
S G

J=L+8S.
Taking the scalar self product, we have

—j).' T: f'?-{- _S+‘ _S-)'—}— 273.'—8*

—> |2 —> |2 —> |2 .

or TP Tl +lS) +2L.

or TS [Tl -|ST]
AEg =L (J(4+1) = L(L+1)— S(S+ 1)] hdn?
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pecause | J | = /T ¥ 1) 727 and so on. We can write it as

AEq = A[J W+ 1) — L(L 1) -=S(S+ 1),
where A is another constant.

The various fine-structure levels of a Russel -Saunders multi-
plet have the same values of L and S, and differ only in the value

J. Hence the energy difference between two fine-structure levels
corresponding to J and J + 1 is

Ejygqu —Ey=A(J+ DU +2)=J(U + D
=2AU + 1)
Thus the energy interval between consecutive levels J and J + 1 of ¢
Sine-structure multiplet is proportional to J + T, T.e., to the larger of
the two J-values involved. This is ‘Lande interval rule.’

Let us take few examples. According to Lande interval rule,
the fine-structure levels 3P,, 3P;, 3P, have separations in the
ratio I : 2, the levels 3D, , 3D, , 3D, in the ratio 2 : 3; the levels
*Dyss 5 2Dyye , D55, *Dq); In the ratio 3:5:7;and soon. The
excelient agreement between the experimentally observed and the
theoretically predicted ratios in lighter atoms provides evidence
of I-S coupling in these atoms. Deviations from Lande
rule occur with increasing deviation from L-S coupling.

interval
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