Theory of angular momentum (cout'd)
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(electron spin: Dirac equation)
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Electron spin

prepare the electron in a state with | =0

measure the angular momentum (or rather: the magnetic moment)
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What about "ordinary” operators (which in a coordinate basis act on the
arguments of the wave function), like R, P, L, ... ?

They are diagonal in the spin space V/, cyy
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Spin operators in V;_,,
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Finite spin rotations
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Time evolution ("spin dynamics”)

important case: spin precession in a magnetic field
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Addition of angular momenta
sec 3.6, Sakurai

simple example: two particles with spin-1/2
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states with well-defined values for the magnitude
and z-component of the individual spins of the particles

What is the spin of the two-particle system as a whole?

Problem of "addition of angular momentum”!
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Note: [+-> and (-+) are not eigenstates of S ¢
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"Total-S basis” for two spin-1/2 particles:
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The direct product of two spin-1/2 Hilbert spaces is a direct sum of a spin-1
and a spin-0 space.



Total wave function
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required for identical
spin-1/2 particles
(SPIN-STATISTICS THEOREM)

“entangled state”
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we cannot assign a

quantum (spin) state
(even an unknown one!)
to each of the particles
individually
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NON-LOCAL QUANTUM CORRELATIONS
"apoeRy action at a distance..”
Einstein-Podolsky-Rosen (1935)

Experimental test possible via "BELL’S INEQUALITY”

(more about this after the fall recess!)



The general problem
e
3 -2, +],
What are the eigenvalues and eigenkets?

One way we could try: copy the procedure above for two spin-1/2 particles,
I. e construct the (2j,+ 1)x(2j,+ 1) matrices J and
J*, and diagonalize them.

boring and time consuming...

A faster track:

black poard !
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We can summarize the outcome of our procedure using

the Clebsch-Gordan coefficients.

It's easy: use the completeness of the | w,, {rw2) basis:
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can be looked up in tables
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So far we’ve looked at the addition of spin or total angular
momentum for two particles.

What about the addition of orbital and spin angular
momentum for a single particle ?

(Sakurai tretas these two classes of problems in the reverse order.)

The same formalism applies!
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"Total-J basis” particularly convenient when studying

spin-orbit interactions
(cf. chapter 17 in Sakurai)
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Final topic on angular momentum:

Irreducible tensor operators and the Wigner-Eckart
theorem

black board!
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photograph of the postcard sent
by Gerlach, Stern’s collaborator
in their famous experiment on
‘space quantization” to Niels
Bohr. announcing their
discovery.
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