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Spin-spin (1/2)? product states: Hydrogen hyperfine structure

electron-proton spin-spin interaction gives a simple example of hyperfine spectra
Ket-kets for spin-up and spin-dn states and column matrix representations..
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Spin-spin (1/2)? product states: Hydrogen hyperfine structure

electron-proton spin-spin interaction gives a simple example of hyperfine spectra
Ket-kets for spin-up and spin-dn states and column matrix representations..
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Spin-spin (1/2)? product states: Hydrogen hyperfine structure

electron-proton spin-spin interaction gives a simple example of hyperfine spectra

Ket-kets for spin-up and spin-dn states and column matrix representations..
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Spin-spin (1/2)? product states: Hydrogen hyperfine structure

electron-proton spin-spin interaction gives a simple example of hyperfine spectra
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Spin-spin (1/2)? product states: Hydrogen hyperfine structure

electron-proton spin-spin interaction gives a simple example of hyperfine spectra

Ket-kets for spin-up and spin-dn states and column matrix representations..
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Spin-spin interaction reduces symmetry U(2)Proon x U(2)electron to U(2)e*P
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Hydrogen hyperfine structure: Fermi-contact interaction

Racah's trick for energy eigenvalues
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Hydrogen hyperfine structure: Fermi-contact interaction + B-field
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Higher-J product states
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Higher-J product states
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Atomic *S™L multiplet levels for two (1 = 1) p electrons.



Mughesqglipreduct skates to Young Tableaus
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Figure 24.1.3 Atomic *S*IL multiplet levels for two (1 = 1) p electrons.



Higher-J product states
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Figure 24.1.3 Atomic *S*IL multiplet levels for two (1 = 1) p electrons.

Pauli-Fermi selection rules
requires total anti-symmetry



Higher-J product states

(J=1D)R(J=1)=281%0 case
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Higher-J product states
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Higher-J product states
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Higher-J product states
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Figure 24.1.7 Angular-momentum cone picture of Clebsch-Gordan coupling amplitudes.



Higher-J product states
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Higher-J product states
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Multi-spin (1/2)N product states
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Magic squares - Intro to Young Tableaus
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Magic squares - Intro to Young Tableaus
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Iensor operators for spin-1/2 states: QOuter products give Hamilton-Pauli-spinors

CG-Products of spin-1/> ket-bras‘{f ><},ﬁf‘ } give scalar/vector operators analogous to:
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Iensor operators for spin-1/2 states: QOuter products give Hamilton-Pauli-spinors

CG-Products of spin-'/> ket-bras‘{f ><},ﬁf‘ } give scalar/vector operators analogous to:
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Iensor operators for spin-1/2 states: QOuter products give Hamilton-Pauli-spinors

CG-Products of spin-'/> ket-bras‘{f ><},ﬁf‘ } give scalar/vector operators analogous to:
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I st three operators are a vector set that transform like a vector set
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Iensor operators for spin-1 states: U(1) generalization of Pauli spinors

CGC definition: Wigner 3jm definition:

; =(-1)" z*. vi= ¥ (—1)"_’"\/2k+1(k 7 jj

m,m’

o -1/J2 o o 1/Je 0 0 0
O 1 D 1 L R 61 L8
I L N 2o .
0 0 0 /2 0 o 0o -1/\2 o
SN2 00 o S0 00 0 Slo 0 —1/\2
[0 1/\/50} [0 01/\/5} 0 0 0
o[ [ )|
. e N _
/N3 o o
S0 13 o
0o 0o 1/
Example:
These T%; operators are combinations of Elementary operators Emn oy 1y
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(a)

(c)

(d)

(e)
(f)
(g)

(h)

These T¢; operators are combinations of Elementary operators Emn
Elementary operators have tableau hook length formula above.
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Tzbleau Formulas for Electronic Orbital Operators

(a2) Number operators E.;. are diagonal, (The only eigen-

values for orbitalstates are 0,1,and 2.)

(b) Raising and lowering operators are simply transposes

of each other.

(c=h) Ei-l,i acting on a tableau state gives zero unless
there is an (i) in a column ¢f the tableau that doesn't
already have an (i-1),too. Thern it gives back a new state
with the (i) changed te(i-1) ard a factor (matrix element)
that depends on where the other (i)'s and (i-1)'s are located,
(Boxes not outlined in the figure contain numbers not equal
to (i) or (i-1).) Cases (¢) and (d) involved the "city block"
distance & (See Fig.?7) whirh is the denominator of the matrix
element. The numerator is one larger (d+1) or smaller (d-1)
depending on whether the involved tableaus favor the larger
or smaller state number (i or i-1) with a higher position.
The special cases of (d=1) shown in (f) always pick the
larger (and non-zero) choice of d+i=2. 211 other non-zero
matrix elements are equal to unity,.

Example°
E2+
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For applications of Tableaus and Tensors to Molecular physics
Go back to Lect. 29 p. 50



Iensor operators for spin-J states: U(2J+1) generalization of Pauli spinors
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Iensor operators for spin-J states: U(2J+1) generalization of Pauli spinors
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