fh|——10 —hll 13,1>+h|1,£;£—£>
2 2 2 2 2 2 2 2
11 1 1 111 1 111 1
:>|_1_1110>:—|_1__;_1_>+—|_1_;_1__>
2'2 J2'20 2'2'20 22’22 2

For the singlet state

et 2 2 al 2 2 2 2 2!2’ 2 and require
1100t to0)= <3100311o> 0
2 2 2 2 2 2 2




11 11 /1 1111 111\ ,/111 11111 1
OO OO :aj_ Ty oy oy Ty Ty v +a2 PR PR AP R R AR R
22" 2"’ 2 2222 222 222 21222 2
M b
vy trilil Ly ottl nt 111
a22 2222222 alaz2’2’2’22’2’2’2
-0 -0
=af+a§
1 1 a a
: —,— = —+—==0=a,=-
Next: <2 2 2 ? l’ >sameidea\/§ \/E a2 ai

= two equations in two unknowns: a, and a,

Solve to find:

a8 =—==C




%%,o,o >=%(ﬂla2 a.f,)
|%,%,1,1 >=a,a,

|%,%,1,o > :%(ﬁlaz +a,f,)
| l1>=pif,

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.



356. Clebsch-Gordan coefficients 1

35. CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS,
AND d FUNCTIONS

J

Note: A square-root sign is to be understood over every coefficient, e.g., for —8/15 read —./8/15. Notation:] .

iy, m
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The
m., Wiley, New York, 1057),
and Cohen { Tables of the Clebsch-Gordan Cesfficients. North American Rockwell Science Clenter, Thousand Oaks, Clalif.. 1974). The coefficients
here have been caleulated nsing compnter programs written independently by Cohen and at LBML.




6. Spin-Orbit Coupling Constants (for H-atom-like (1 e-) 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:

Hs 'élocﬁs o L-S

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

o

Hso :g(r)ﬁé

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



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

g MO VXT

3
Arr v
: e B'

M, = magnetic permeability in
vacuum = 417 x 1077 NC-3s2 P
q = charge in Coulomb, C
B’ in Tesla, T (1 T =1 NC-'ms) r

\Y



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

Therefore at the electron (charge of the nucleus = Ze)

B = 222 (7, xr) = 4552 (r <)

On the other hand, the electric field at the electron is given by:

E — :d¢_(r) where @ is the electric potential.
r dr
Ze Ze*
- =V (r)=—ed(r)=—
olr)= o =V =)=

This is in SI units, and €_ is the electrical permittivity in vacuum.



E_ Zer d (1) Zer
B 4rerdr\r) A4z’
Now: Z ~ Z N
= (u,Zer )\ _ er _
B'= S XV = E XV
( Anr® ) Ho 0(472'80r3j

Comparing the two equation shows that

B'= ,uogo(lg ><\7): Ciz(é ><\7)°.' c* = (,uogo)_l

rdv(r)
er dr

Again E=-



6.1 Spin-orbit 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.

~ —_ —

This should lead to a term: HSO — —[[s . B oC /L_Zs -IL_ZL oC S . I_



