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Note:Note: there is not always a direct one-to-one correspondence between the 
coupled and uncoupled wave functions, but the number of states (for obvious 
physical reasons) remains the same regardless of which representation you use.





6. Spin6. Spin--Orbit Coupling Constants (for HOrbit Coupling Constants (for H--atomatom--like (1 elike (1 e--) systems)) systems)

Argued at the beginning that the movement of the electron 
couples with its spin such that the energy of spin-orbit 
coupling is proportional to:

SLB LSS

rrrrrr
⋅∝⋅∝⋅ µµµ '

Thus, we can expect a have a Hamiltonian term HSO which goes as:

( ) SLrHSO
ˆˆˆ ⋅= ξ

Now, we want a measure of ξ(r) = a spin-orbit coupling constant (units of energy).



i) Classically, a charge q moving a a velocity, v, gives rise to a magnetic field B’ at a 
point P such that:

34
'

r
rvqB o
rrr ×

=
π

µ

q

P

B'

r

v

µo = magnetic permeability in 
vacuum = 4π x 10-7 NC-2s2

q = charge in Coulomb, C
B’ in Tesla, T (1 T = 1 NC-1m-1s)



From the electron’s point of view, the nucleus is moving at a velocity vn = -ve = -v

Therefore at the electron (charge of the nucleus = Ze)
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On the other hand, the electric field at the electron is given by:
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= where Ф is the electric potential.
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This is in SI units, and εo is the electrical permittivity in vacuum.
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Comparing the two equation shows that
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6.1 Spin6.1 Spin--orbit couplingorbit coupling

1. Qualitative Description

Orbital motion of the electron generates a field B which is felt by the electron 
spin; that is, B acts as an external field.

LSBH LssSO

rrrrrr
⋅∝⋅∝⋅−= µµµˆThis should lead to a term: 


