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Mendeleev’s periodic table



Quantum orbitals

Atomic states : (n, l ,m, s)
Pauli: Only one electron can be in each state.



Identical particles
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Symmetry types.

|m,n >→ |r , s >

| < m,n|r , s > |2 = | < n,m|r , s > |2

|m,n >= ±|n,m >

{

+ is Bose-Einstein
- is Fermi-Dirac

If
|m,n >= −|n,m > and |p, s >= −|s,p >

Then
|n,m;p, s >= |m,n; s,p >



Bose-Einstein statistics

Blackbody radiation:

[aα,aα′ ] ≡ aαaα′ − aα′aα = 0

[aα,a
†
α′ ] ≡ a†

αaα′ − aα′a†
α = δαα′

[a†
α,a

†
α′ ] ≡ a†

αa†
α′ − a†

α′a†
α = 0



Fermi-Dirac statistics

Spin gas:

{bα,bα′} ≡ bαbα′ + bα′bα = 0

{bα,b
†
α′} ≡ bαb†

α′ + b†
α′bα = δαα′

{b†
α,b

†
α′} ≡ b†

αb†
α′ + b†

α′b†
α = 0



Dirac electron theory

Wave function:

ΨA =









ψ1

ψ2

ψ3

ψ4









Wave equation:
[

γµ
(

∂

∂xm −
eAµ

c

)

−mc
]

ψ = 0



Pauli’s proof of exchange antisymmetry

Properties of two or more particle states are compared in
quantum field theory.

Spinors in
quantum mechanics

Spinors in
special relativity

Pauli’s
spin-statistics

Improper statistics are prohibited.



Spin and statistics history

1924 Stoner
1925 Dirac
1925-1946 Pauli
1925-1928 Jordan
1939 Belinfante
1939 Fierz
1940 deWet
1949-1965 Feynman
1951-1959 Schwinger
1957 Hall, Wightman, Streater
1957-1960 Jost
1958 Luders, Zumino
1958 Burgoyne



Neuenschwander’s question



Molecular Spectroscopy
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Rasetti

Alternate lines missing

Alternation of intensities
I : I + 1→ 1 : 2



Modern observations
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Evolution of spinor space

1968 Spin 1/2
1969 Gradient spinor
1971 Geometrical quantum theory
1974 Weyl theory
1980 Early five dimensional theory
1985 Quantum fields 5-D
1999 Source theory 5-D
2002 Early spinor space
2004 Spinor space field equation
2006 Neutrino theory
2008 Electron exclusion



Basic spinor space

Coordinates:

ξ = ξA ≡ (ξ1, ξ2, ξ3, ξ4) ≡ (ξ1r + ξ1i , ξ2r + ξ2i , ξ3r + ξ3i , ξ4r + ξ4i)

Dirac spinor:

ΨA =
∂Ψ

∂ξA =









∂Ψ/∂ξ1

∂Ψ/∂ξ2

∂Ψ/∂ξ3

∂Ψ/∂ξ4









Mapping:
γµAB ←→ xµ

Infintesimal relation:

dxm = ζγmdξ† + dξγ†mζ†



Conformal waves in spinor space

From 8-D Riemannian geometry: Ψ is a conformal wave

0 = Ψ ≡
∂

∂ξA

∂

∂ξA ≡





(

∂

∂ξ1

)2

−

(

∂

∂ξ2

)2

+

(

∂

∂ξ3

)2

−

(

∂

∂ξ4

)2

−

(

∂

∂ξ5

)2

+

(

∂

∂ξ6

)2

−

(

∂

∂ξ7

)2

+

(

∂

∂ξ8

)2


Ψ

gives according to the chain rule

ζγm ∂Ψ

∂xm = 0.



Geometrical interactions

8D4D 5D

1
2
{γm, γn} ≡ γmn ≡

(

gµν −AµAν −Aµ

−Aν −1

)



Local electron

Match plane waves in different dimensionalities

ψ = ei(~k~x−ωt)

l

Ψ = ei(~k~x−ωt−mτ)

l

Ψ = eiκAξ
A



Spinor space I: simple particle



Spinor space II: wave particle



Spinor space III: wave particle with spin



Spinor space IV: pair production

e

p



Spin space V: weak interaction?



Escape!



An identified pair
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Parallel electrons
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Anti-parallel electrons

4−D 4−D
8−D 8−D



Spinor wave propagation
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Boundary development

2

++

− 

− 

1



Wave function antisymmetrization
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Multiple electrons in spinor space



Multiple electrons in spinor space



Orbitals in spinor space

What does a typical orbital look like in spinor space?

→ ?

Space-time orbital Spinor space orbital

What do the hydrogen atom solutions look like?



Calculational complexity

The wavefunction of a single electron may be represented on a
grid of points.

k

k

k
In spacetime, choose
N = k · k · k = k3

In spinor space, perhaps
N = k · k · k = k3

A collection of parameters are chosen for each electron.



Calculational complexity in Fock space

Antisymmetry is explicit.

k

k

k

k

k

k

ψ(r1, r2) = ψ1(r1)ψ2(r2)− ψ2(r1)ψ1(r2) , N= k3 · k3.
For k > 2,
ψ(r1, r2, · · · rk ) = ΣAsgn(A) · A

( r1,r2,···rk
w1,w2,···wk

)

ψ(w1,w2, · · ·wk),

N = (k3)n.



Separate electrons in spinor space

In spinor space, no explicit antisymmetrization is needed.

k

k

k

k

k

k

The effect appears when the electrons meet.



Calculational difficulty in spinor space

Antisymmetrization forms at the boundary.

k

k

k

k

The interface need not be simple.



Comparison
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Quarks
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Extra exclusion
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Essential quantum terms.

H =
p2

2m
+ V (x)

H → −i~
∂

∂t
,p → i~

∂

∂x

−i~
∂ψ

∂t
=

1
2m

(

i~
∂

∂x

)2

ψ + V (x)ψ, ψ = exp(
iS
~
)

∂S
∂t

=
1

2m

(

∂S
∂x

)2

− iβ~
∂2S
∂x2 + V (x)
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