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It has been shown that the spin-spin and spin-orbit interactions furnish, in the first approximation, 
expressions of the same form in the multiplet splitting of the 2 and II terms of higher multiplicity than the 
doublet, as well as in the case of the A-type doubling of the n terms. The splittings observed experimentally 
can be attributed to the combined effect of these two interactions. 

TH E spin-spin as well as the spin-orbit interaction 
plays an important role in the theoretical in­

terpretation of the fine structure of the diatomic mole­
cules. I t has already been pointed out by Hebb1 that for 
the multiplet splitting of the 32 term the second-order 
perturbations of the spin-orbit interaction lead to ex­
actly the same expressions as have been given by the 
spin-spin interaction in first-order perturbations intro­
duced earlier by Kramers.2 Thus, owing to the identical 
structure of the expressions as a function of the rota­
tional quantum number, the splittings observed experi­
mentally are to be considered as the sum of the two 
effects. The same results have been obtained by Budo 
and Kovacs3 in their investigation of the multiplet 
splittings of the 42, and by the present author4 for the 
% 62, and 7S terms, respectively. 

Later on it became evident that the spin-spin and 
spin-orbit interactions play an important part in the 
case of the multiplet splittings, not only of the 2 terms 
but of the II terms as well. For, quite recently, devia­
tions have been observed for a few molecules (such as 
NH, PH, 02

+) from the well-known 3II and 4II multiplet 
term formulas derived for the intermediate case be­
tween Hund's cases (a) and (b). In these cases it has 
been shown by the present author that the "anomalous" 
multiplet splitting is caused by not taking into account 
the spin-spin interaction and the spin-orbit interaction 
of exactly the same structure,6-7 in the case of the 
formulas mentioned. 

Hence, it can be stated that—with the exception of 
the doublet terms where spin-spin interaction cannot 
possibly be assumed because outside the closed shell 
there exists only one electron—in the case of the 2 and II 
terms of higher multiplicity for the theoretical interpre­
tation of the multiplet splitting, both the spin-spin and 
spin-orbit interactions have to be taken into account; 
these two entirely different mechanisms furnish in the 
first approximation results of exactly the same form. 

Most recently, Fontana8 has dealt with the examina-
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tion of the A-type doubling of the 3II term in Hund's 
case (b). He has pointed out that taking into account 
the spin-spin interaction supplies new terms, hitherto 
unknown, for this splitting. Omitting the interaction 
between the orbital angular moment and the rotation 
of the nuclei, these terms are the following: 

hAv(sUN=sJ+1) = e-
N+l 

2N-1 

M K % = j ) = e , (1) 

AAy(*IW- i ) = e-
N 

where 
2N+3 

€=a2(Z*)3/80. 

The same question has been dealt with by the author 
in one of his earlier works,9 where, taking into account 
the spin-orbit interaction as well as the interaction be­
tween the orbital angular moment and the rotation of 
the nuclei, he obtained the following expressions for the 
A-type splitting of the 3II term in Hund's case (b): 

hAv(mN^J+l) = ±Co-
N+l 

2N-1 

hAv(m^j) = iCo-C1-C2N(N+l), 

N 

Ci(N+l)+C*N(N+l), 
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and £ and t] are the constants occurring in the matrix 
elements of the spin-orbit interaction and of the spin-
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rotation interaction, respectively, the 2 appearing in the 
exponent being 0 or 1 according to whether the 2 term 
in question is the 2 + or 2~ term. 

At a glance it is clear that formula (1) and the first 
members of the right side of (2), which then come 
directly from the spin-orbit interaction, are formally 
identical; thus, upon the A-type splitting of the 3II term 
in Hund's case (b) the spin-spin interaction again 
supplies exactly the same expressions as the perturba­
tions transmitted by the spin-orbit interaction. Conse­
quently, it is without doubt that the coefficient of the 
first term of the formula (2) is correctly: /3=e+JC0, 
that is, the A splittings observed experimentally can be 
traced back to the combined effect of these two inter-

INTRODUCTION 

THE author and Punhani1,2 have recently pointed 
out that classical electrodynamics predicts the 

presence of harmonics in the radiation scattered by free 
electrons. The reason for this is simple to understand 
if we write the equations of motion of the electron in a 
plane light wave field taking account not only of its 
electric vector,3 E=E0cosa>, but also of the magnetic 
vector, H=H0cosco. Since the velocity, v, of the 
electron is proportional to sinco, the magnetic force, 
evXH, is proportional to sinco cosw, i.e., to sin2a>. One 
can therefore at once see that the electron will oscillate 
not only with frequency ko but also with 2k0, which, 
in turn, will give rise to scattered electromagnetic waves 
of half the incident wavelength. The following calcu­
lation shows that if intense monochromatic beams of 
the same order as those obtained with ruby lasers are 
available in the microwave region, the cross section for 
the second harmonic will be comparable with that for 
the principal mode (the Thomson cross section), but 
the effect is too small in the optical region to be meas­
urable with the present devices [[see Eqs. (14)-(18)]. 

1 Vachaspati and Sudarshan L. Punhani, Proc. Nat. Inst. Sci 
(India) (to be published). 

2 Vachaspati, Proc. Nat. Inst. Sci. (India) (to be published). 
3co = &o2o—k*z; (zo,z) are the time-space coordinates of the 

electron; |H 0 | = |E0 | =£o. 

actions. Obviously, the same is true of the A-type 
splitting of the 4II terms in Hund's case (b) whose ex­
plicit expressions the author, by taking into account the 
spin-orbit interaction, has formerly given also.10 

Summarizing, it can be concluded that in the multi-
plet splittings of the S and II terms of higher multi­
plicity than the doublet, as well as in the A-type 
doubling of the II terms in the first approximation, the 
spin-spin and the spin-orbit interactions give expressions 
of the same form, and the splittings observed experi­
mentally can be attributed to the combined effect of the 
two interactions. 

1 0 1 . Kovacs, Can. J. Phys. 36, 329 (1958). 

ELECTRON EQUATIONS OF MOTION 

It has been shown in reference 2 that the relativistic 
electron equations of motion, 

mvti=evaf0llA cosco, /x, a=0, 1, 2, 3, (1) 
where 

(foi,fo2,foz) = E0, t/23,/31,/12) = H0, 
v„=dzp/dr, V,,=dv»/dr, dr=dz<£L — (dz/dz0)

2']Ll2, 

(m= electron mass, speed of light=l), can be solved 
exactly. If we use a coordinate system in which the 
electron has no translatory motion, the origin is taken 
at the mean position around which it oscillates, and the 
clocks are so adjusted that the zero of the observer's 
time, s0, coincides with the zero of the electron proper 
time, r, the solution of (1) is 

k0z0=kofT—lqf sin(2&0V), (2a) 

koZ=—e0(eE0/mko) cos(&0'r)—n0fg' sm(2&0V), (2b) 

where 
e0=E0/E0, no=V*o, h'=k0(l+iq)11*, 

g'=(*o/*o')2?, q-$E*fnfk*\ (3) 

The occurrence of &</ in (2a) and (2b) does not imply 
that the frequency of the observed radiation will change. 
The reason is that the frequency which an observer 
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The presence of harmonics in the scattering of light by free electrons is pointed out. The cross section for 
the second harmonic is proportional to the energy flux and to the square of the wavelength of the incident 
light. Thus experiments in which intense monochromatic microwave beams are scattered by plasmas are 
the most promising for the detection of the effect. 


