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3 Computational and graphical analysis

The anomalous electronic g factor and the Lamb shift are treated in this section.
There are two ways to determine an effective m function from the g factor.
According to Eq. (11) of section 2, from the Dirac Hamiltonian follows:

g =
2

m(r)
1
2

. (47)

With the experimental value of

g = 2.002319304 (48)

we obtain the constant m function

m(r) =

(
2

g

)2

= 0.997684724. (49)

Alternatively, the de Broglie/Einstein energy equation (19) leads to the expres-
sion of Eq. (33):

g =
4

1 + m(r)
1
2

(50)

or

m(r) =

(
4

g
− 1

)2

= 0.995372132. (51)

Both values are very similar, differing by only 0.2%.
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Th Lamb shift of atomic Hydrogen is computed according to the method
described in UFT 428,3. The total electronic energy is evaluated with the
known wave functions of Hydrogen. m theory requires a numerical solution
for the radial integrals because the factor m(r)1/2 appears in the integrals. In
relativistic Dirac theory the levels p, d, etc. are split by spin-orbit interaction.
However there remains a degeneracy of the levels 2S1/2 and 2P1/2 for example as
can be seen from the energy diagram in Fig. 1. This degeneracy is abolished by
“radiative corrections”. It is not clear from the literature whether the 2P1/2 level
comes to lie above or below the 2S1/2 level. Absolute energy level determination
is required while spectroscopic data produce only differences between the levels
involved in the transitions. Here we assume that 2S1/2 is lifted while the 2P1/2

level is not, as suggested by Fig. 1. Then the method presented in UFT 428,3
is applicable. We computed the energy level of 2S1/2 by using the model m
function

m(r) = 2− exp
(

log(2) exp(− r
R

)
)

(52)

with an adjustable parameter R. The m function deviates significantly from
unity only for values r < R. The resulting lifting of the 2S1/2 level in dependence
of R is graphed in Fig. 2. R is given in Bohr radii (atomic units). It can be
seen that for R ≈ 0.0009 the experimental Lamb shift value of 4.372 · 10−6eV is
met. The radius of the proton is rp ≈ 0.85 ·10−11m which is 1.6 ·10−5 in atomic
units. Therefore we have

R

rp
≈ 56. (53)

This means that the m functions begins to deviate from unity at about the
fiftyfold core radius of the Hydrogen atom. This is the region where Minkowski
space is distorted by the m function. At the proton radius m is nearly zero.
This should have a massive impact on the nuclear structure.

According to Eq. (77) of UFT 428,3 the energy of the second shell of Hy-
drogen can be described by a constant function m(r) = x :

En=2 =
1

8
√
x
−
√
x

4
. (54)

The Lamb shift splitting ∆EL can be expressed by

∆EL = En=2(x)− En=2(x = 1) (55)

=
1

8
√
x
−
√
x

4
− (

1

8
− 1

4
).

This gives a quadratic equation for x with the physical solution

x = 0.99999914310. (56)

Assuming a constant m(r) obviously requires a value deviating form 1 only in
the seventh decimal place.

The Lamb shift cannot be computed directly from the spin-orbit Hamiltonian
(45) for the following reason. For the level 2P1/2 the quantum numbers are
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L = 0, S = 1/2, leading to J = L + S = 1/2. Inserting this into the quantum
number factor of Eq. (45) gives

J(J + 1)− L(L+ 1)− S(S + 1) = 0. (57)

Therefore there is no shift by 〈Hso〉, there is only a contribution for the 2P3/2

term. What we can do with the non-relativistic radial wave functions is to
evaluate the 2P3/2 term to see how this level is impacted by m theory. The
above sum of quantum numbers gives 1 for L=1, S=1/2 so that Eq. (45) in
atomic units reads

〈Hso〉 =
1

4c2

〈
1

r3m(r)
1
2

〉
(58)

with c = 1/α where α is the fine structure constant. Evaluating the above
equation numerically gives the spin-orbit splitting of the P level as graphed in
Fig. 3. As can be seen from Fig. 1, the splitting is much wider than the Lamb
shift. The experimental value is 4.5 · 10−5eV which is by a factor of 3 larger
than the computed values. The reason may be that we used non-relativistic
wave functions in the calculation.

The impact of the m function on the splitting is quite small, it is in the
seventh decimal place, compared to the splitting itself. This result is consistent
with the results of UFT 428, where we found that the S levels are impacted
much more by the m function than P and D levels. The reason is that only
S-like wave functions are at maximum at r = 0 while wave functions of higher
angular momenta vanish at this position. Since m(r) deviates from unity only
near to the centre, it is consistent that other than S-like wave functions are less
influenced by m(r).
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Figure 1: Energy levels of H with finestructure and radiative corrections1.

1original source: https://upload.wikimedia.org/wikipedia/commons/9/94/Wasserstoff Aufspaltung.svg,
Ellarie [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)
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Figure 2: Lamb shift of hydrogenic 2S1/2 in dependence of m function parame-
ter R.

Figure 3: Spin-orbit splitting of hydrogenic 2P level in dependence of m function
parameter R.

5


