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ABSTRACT 

By replacing the restrictive Dirac approximation, new types ofhyperfine spin 

orbit electron spin resonance (ESR) are developed systematically, revealing many new types 

ofESR hyperfine structure of great analytical utility. New schemes of quantization are 

proposed, schemes which depend on whether or not the wave function is relativistic. Order of 

magnitude estimates are made of the new type of hyperfine splitting, which is superimposed 

on the fine structure of spin orbit spectroscopy. 
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1. INTRODUCTION 

In recent papers of this series { 1 - 12} ECE2 theory has been developed from the 

Jacobi Cartan Evans identity ofUFT313 and from hypotheses based on the fact that both 

torsion and curvature are in general non-zero. The vector format ofECE2 has been developed 

and its field equations of electromagnetism and gravitation shown to be Lorentz covariant in a 

space in which both torsion and curvature are non-zero. This unique property leads to the fact 

that the equations of special relativity can be used in a space in which both torsion and 

curvature are non zero. In the past, it was thought that special relativity is valid only in flat 

spacetime, where both torsion and curvature vanish. The new type of special relativity is 

characterized by a spin connection, indicating that it is part of a generally covariant unified 

field theory. So the distinction between special and general relativity is no longer needed 

When considering the interaction of electromagnetic radiation with an atom such as the 

hydrogen atom, the four potential in ECE2 can be written in terms of spin curvature, 

indicating that the space is not flat spacetime. In this paper several new types of hyperfine 

ESR structure are developed systematically in the simplest case, the H atom, whose orbitals 

are analytical as is well known. 

This paper is a summary of the background notes to UFT330 on \\-ww.aias.us, 

and the background notes should be read with the paper. In Note 330(1) a review is given of 

conventional spin orbit theory in special relativity, indicating the existence of a new term that 

appears when the restrictive Dirac approximation is not used. This term was first discussed in 

UFT329. Note 330(2) develops new types of spin orbit fine structure, and Note 330(3) 

introduces new schemes of quantization, depending on whether or not the wave function is 

relativistic. The existence oftwo possible schemes of quantization seems not to have been 

realized in the literature of about ninety years. Note 330(4) begins the development ofthese 



schemes of quantization, and shows that the two schemes give rise to different spectra that . 
can be searched for experimentally. Note 330(5) eval~ates the expected magnitude of what is 

termed "spin orbit hyperfine structure". The various types ofhyperfine structure are different 

for each atom or molecule, giving rise to several new types of analytically useful ESR. The 

same is true for NMR and MRI. Section 2 of this paper, UFT330, is based on Notes 330(6) 

and 330(7), in which the new term obtained by lifting the restrictions of the Dirac 

approximation is developed systematically. The results of this development are compared 

with a conventional development based on the Dirac approximation. 

2. SYSTEMATIC DEVELOPMENT 

From UFT329 and Eq. (10) ofNote 330(1) the new hamiltonian term obtained 

by lifting the restrictive Dirac approximation is: 

-
in the SU(2) basis. It is important to note that pis the relativistic momentum defined by: 

- -
where ~ is the Lorentz factor and where p denotes the classical momentum. When an 

_o 

atom such as hydrogen (H) interacts with a magnetic field, or an electromagnetic field, the 

minimal prescription is applied to the relativistic four momentum. The vector potential A of -
the magnetic field is introduced in this way, to give: 
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Here m is the mass of the electron, and c is the vacuum speed of light. The classical 

hamiltonian H 
0 

Is defined by the Schroedinger equation: 



where ~ are the classical hydrogenic wave functions, which are well known analytically. 

The definition ( 4- ) can be applied to any material as is well known. 

For comparison, the conventional Dirac approximation (see UFT329) leads to the 

well known spin orbit term: 
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where the potential energy between the proton and electron of the H atom is: 

~ 
.-

Here e is the charge on the proton, E t> the S. I. vacuum permittivity, and r the magnitude 

of the distance between the proton and the electron. Now apply the relativistic quantization: 

where the relativistic four momentum is: 

( ~ c 

and f where: 

Here E is the relativistic energy: 

In the almost ninety year old development of the Dirac equation, the following 



quantization is used, (as explained in some previous UFT papers): 

i{ (j. 'J -- - . ~ 

The relativistic momentum is used both as an operator and a function. Eq. ( 1\ ) is the result 

of lifting the Dirac approximation. The latter gives a number of well known and important 

results, notably the g factor of the electron, the Thomas factor, spin orbit fine structure, ESR, 

and also NMR and MRI, antiparticles and correct probabilities. In ECE theory the Dirac 

equation is developed into the fermion equation, which removes negative energies and the 

need for the unobservable Dirac sea. So Eq. ( \\ ) is well justified. In a rough first 

approximation, assume that the true relativistic wave function can be approximated by the 

non relativistic, hydrogenic wave functions. In H, this approximation is justified because spin 

orbit splitting in H is very small, but observable and important. 

There are two types of hamiltonian: 

and 

because H is a constant of motion. Using Pauli algebra: 
0 
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Therefore (2 ~ \-\<>II i -

and 

-

so there are two types of new hamiltonian. 

Using the minimal prescription: 

- -
in the presence of an electromagnetic field, several new types of spin orbit ESR fine structure 

are obtained. For example: 

_ ~tlio 

whose energy levels are: 

--

where for the H atom: 
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This is the same result as Eq. (8) of Note 329(6), providing a cross check of concepts and 

algebra. The expectation value ofEq. ( d.\ ) can be reexpressed as: 



where (~ is the Bohr radius and J the fine structure constant. 

The conventional ESR hamiltonian is: 

~ -
~~ 

in the H atom. This is within range of ESR and NMR spectrometers and if found, would be 

very useful in the analytical laboratory. In the H atom it depends on the principal quantum 

number n, but in more complex atoms and molecules it would produce a richer spectral 

structure. The Dirac approximation misses all this detail. 

Two more types of spectra can be obtained using: 
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The first part of this expression gives the conventional spin orbit term: 



where the orbital angular momentum is: 

l -
Note carefully as in Notes 330(1) to 330(5) that pis the relativistic momentum, soL in Eq. 

( ). ~ ) is the relativistic angular momentum: 

-
So additional spin orbit fine structure appears as developed in Notes 330(1) to 330(5). 

whose energy levels are: 

This is also a new type of spin orbit hyperfine structure in ESR and NMR. 

Some of these new spectra are developed numerically in Section 3. 

Finally in this Section, Note 330(7) gives a detailed summary of some hyperfine 

structure that emerges from the conventional Dirac approximation. As shown in Note 330(7) 

the conventional development gives rise to results such as : 
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where m is the induced magnetic dipole moment in an electromagnetic field. This is related 
--(~ (~) 

directly to the~ field (1-12} as f:loz~) ~ I'Y\ . I _(:,,5\ 
\) ___. \ h(1<.. • / -
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where L is the angular momentum quantum number, and n the principal quantum number. In 

more complex atoms and molecules this expectation value has a much richer structure. This 

should also be present in ESR, NMR and MRI. Again this would be very useful for analysis 

and medicine. 

As discussed in Note 330(7) there is also the conventional type two hamiltonian: 

( ~\5->~'> :0 ~~ - ~ <_L >~ ·l 
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InH: 

so the energy levels are: 

and should also be observable. Otherwise the Dirac equation is refuted. 
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3 Computation of some expectation values

Most of the relevant terms for Hydrogen have already been computed in paper
329, section 3. Her we present some additional results. In Table 1 the expec-
tation values of 1/r3 and 1/r4 and their ratio are compiled. We used again the
non-relativistic wave functions of Hydrogen as an approximation as described
earlier. For quantum number l = 0, the expectation values do not exist, which
can be seen from the denominator of Eq.(36) for 〈1/r3〉. The ratio is a multiple
of Z/a0 where a0 is the Bohr radius. This means that spectroscopic terms of
〈1/r4〉 are smaller but relevant.

Another expectation value appearing in the new spectroscopy is according
to Eq.(33):

〈I2〉 =
∫
ψ∗∇(∇2ψ) dτ. (39)

We present the radial component of this term in Table 2, together with the
kinetic energy

〈Ekin〉 = −~
∫
ψ∗(∇2ψ) dτ. (40)

The kinetic energy is positive and only depends on the main quantum number.
The integral itself is negative. The radial component of the term (39) exists
only for s states and is proportional to (Z/a0)

3.
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n l 〈1/r3〉 〈1/r4〉 〈1/r4〉
〈1/r3〉

1 0 − − −

2 0 − − −

2 1 Z3

24 a30

Z4

24 a40

Z
a0

3 0 − − −

3 1 Z3

81 a30

10 Z4

729 a40

10 Z
9 a0

3 2 Z3

405 a30

2 Z4

3645 a40

2 Z
9 a0

Table 1: Expectation values 〈1/r3〉, 〈1/r4〉 and their ratio.

n l 〈Ekin〉 〈I2〉r

1 0 ~Z2

a20

10
√
π Z3

a30

2 0 ~Z2

4 a20

11
√
π Z3

8 a30

2 1 ~Z2

4 a20
0

3 0 ~Z2

9 a20

4
√
π Z3

3
5
2
√
6 a30

3 1 ~Z2

9 a20
0

3 2 ~Z2

9 a20
0

Table 2: Expectation values of kinetic energy and special term of Eq.(33).
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