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The fine-structure constant α is a fundamental, dimensionless constant in physics, introduced
by Sommerfeld in 1916, that is still an empirical parameter in the Standard Model for physical
particles, the most advanced theory of modern physics. Its numerical value 1/137 is continuosly
receiving wide attention in respect of the accuracy of its value, now claimed to stay at 11 digits in
fair agreement with the Sommerfeld expression.

This number was physically interpreted as a way of quantifying the strength of the electromagnetic
interaction. Since then, several physicists (like Dirac, Pauli, Feynman and others) expressed their
unsatisfaction of this situation waiting for a more direct interpretation of this number.

Here we address this problem by giving a direct microscopic meaning to 137. We show the
existence of a one-to-one correspondence between 137 and the variance of the photon average number
N inside a black-body of given volume and temperature. The explicit expression writes: δN2 =
γN = 1

α
with the variance and the average determined by the Planck’s law applied to a cubic cavity

of side L = 3.3 cm exact and an equilibrium temperature of 0.516 K corresponding to the equivalent
energy of the measured fine-structure line of about 45 µeV, with γ = 1.37 being the Fano factor.

As a broader perspective we propose that any atomic spectral line be associated with a structure-
constant that provides the statistical information on the photon gas inside the corresponding black-
body. From this point of view, the expression of the Sommerfeld constant is wieved as a particular
case that coincides exactly with our results when the emission line is of 45 µeV.

Present findings open new experimental possibilities to measure the statistical properties of ther-
mal photons and in particular of the fine-structure constant by using a recently developed counting-
statistics technique.

Keywords: fine structure constant, quantum-
relativistic statistics, black-body properties, generalized
state equation of a quantum gas.

Introduction - Spectra of matter radiation-emission are
known to exhibit a finite series of narrow lines in an
atomic rarefied gas and, by contrast, a continuous spec-
trum in highly compressed gases, liquids and solids. In
the special case of a macroscopic black-body (bb) cav-
ity, with given temperature and volume, the emission
spectrum is also continuous and described by Planck’s
distribution law containing all the photon energies exist-
ing in the universe with the proper probability weight to
keep their average number finite at a given temperature
and volume of the bb. Thus, the bb can be thought as
the color table of the universe with the painter being a
divinity or the nature itself.

Since the discovery by Michelson and Morley in 1886
[1] of a fine structure emission line from the Hydrogen
atom in the far-infrared region, the unsolved question

arises whether it exists a relation between these different
types of fine-structure spectra and, in the positive case,
what kind of relation one could expect going beyond the
vague answer: the fine-structure constant associated with
the fine-structure line of the Hydrogen spectrum quan-
tifies the strength of the electromagnetic interaction be-
tween elementary charged particles in the atom.

Here, the two physical quantities of interest are given
by two rational numbers that relate, respectively, (i): the
fine structure line (FSL), a

a = αline (1)

(generalizing the fine structure constant (FSC) of the
Sommerfeld definition) and, (ii): the variance of the pho-
ton number, A

A = δN2
line = γN line (2)

with γ the Fano factor and described by Planck’s state
equation of the photon gas inside the corresponding bb
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at thermal equilibrium by the reciprocity relation:

A =
1

a
(3)

where for the FSC of Sommerfeld [2] it is: 1/α ≈ 137.
Without loss of generality, let us call the generic value

of elements in A as Ai and of elements in a as ai with the
reciprocity condition Ai × ai = 1, Then, it follows that
Ai = 1/ai for any i, and in particular for the Sommerfeld
FSC

δN2
α =

1

α
= 137 (4)

Notice that, by construction the above relation is exact
and thus independent of the number of digits taken for
the numerical value of α. As a consequence, the claimed
mystery concerning the meaning of the number 137, is
here interpreted as a numerical result implied by the
Planck’s photon state-equation (2). Furthermore, even
of more importance, the above relation holds for any line
of the spectrum, thus generating an infinite number of
LSCs, in a one-to-one correspondence with each photon
energy. In other words, the Sommerfeld definition of the
FSC that includes also the well-known physical expres-
sion:

α =
e2

2hε0c
=

1

137.0360
(5)

being e the unit charge, h the Planck’s constant, ε0 the
vacuum permittivity, c the light velocity in vacuum, and
with an accuracy of at least seven digits. Indeed, Som-
merfeld obtained this result starting from the physical
interpretation of the FSC as a relativistic effect on the
electron energy associated with its orbital motion around
the proton. Successively, Dirac in 1928 [3], more exactly
included also the spin effect on the electron orbit (in-
deed, to date the FSC is interpreted as due to spin-orbit
interaction).

By contrast, in the present paper we interpret the FSC
starting directly from the photon properties described by
the proper quantum-relativistic statistics for the specific
bb cubic cavity.

Theory and application - The numerical results inter-
relating δN2 with 1/α are obtained as follows. By recall-
ing that for a cubic bb of side L at temperature T from
Planck’s law it is [4, 5]:

δN2 =
1

3

(
2πkB
ch

LT

)3

= 2.776118 × 107 (LT )
3

(6)

with kB the Boltzmann constant and LT given in (m K),
we specialize the above equation to the relation δN2 =
1/α, and find:

1

α
= δN2 = γN = 997.5828

(
T 1
α

)3

(7)

where T 1
α

= 0.516 K and, to fit 1
α , L 1

α
= 0.033 m.

Equation (7) is the central result of the paper, it gives
the LSC of the considered line energy εline to be the
same of the thermal energy kBT of the bb with vol-
ume given by L3

1
α

thus expressing the LSC within a

quantum-relativistic thermodynamic approach based on
the Planck’s distribution law.

Figure 1 reports the LSCs pertaining to the full Hy-
drogen spectrum obtained within the present approach.
It illustrates the main result of our theoretical model
by showing the variance of the photon-number fluctua-
tions (left scale) and the average number of photons (top
scale) as functions of the energy of the considered emis-
sion line taken to be the same of the thermal energy of
the bb (bottom scale) in agreement with Eq. (7). As rel-
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FIG. 1. Variance of the photon number fluctuations δN2

(left scale) and inverse of the fine-structure line 1/α (right
scale) as functions of the thermal energy kBT with the equiv-
alent temperatures of the bb and of the emitted line coinciding
(bottom scale) and the average photon number N (top scale).
The volume of the bb is taken to be constant and given by
0.0333 m3. The points refer to: CB (Cosmic Background),
FSC (Fine-Structure Constant), HSC (Hyperfine-Structure
Constant), LS (Lamb Shift). The straight line represents the

equation δN2 = γN . The shaded areas correspond to some
of the Hydrogen spectral series: L (Lyman), B (Balmer), P,
(Paschen). Other series are not included for the sake of clar-
ity. The colored areas represents the different bands of the
electromagnetic spectrum: RW (Radio-Waves), MW (Micro-
Waves), IR (Infra-Red), V (Visible) and UV (Ultra-Violet).

evant example we can cite the Hydrogen hyperfine struc-
ture constant (HSC) whose origin is attributed to the
interaction between nuclear and electron spins and the
Lamb shift structure constant (LS) related to vacuum
fluctuations [6]. The measured value of the frequency
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of the emitted radiation corresponding to the HSC is
f = 1.420406 × 109 Hz [7] (∆E = 5.874326 × 10−6 eV)
that correspond to a value(

1

α

)
HSC

= 0.3048498 (8)

Analogously, for the LS the measured frequency is f =
1.057830 × 109 Hz [8] (∆E = 4.374829 × 10−6 eV) that
correspond to a value(

1

α

)
LS

= 0.1212096 (9)

Figure (2) reports the LSCs extended to the atomic
and cosmological spectrum of the photons emitted by all
the atoms (from Hydrogen to Uranium and limited to the
ionization energy of the 1s electron state for simplicity)
and from the bb at a given temperature, i.e. practically
all the lines that can be found in the entire universe since
the initial Bing Bang (BB) and even before if needed (to
this porpose the time scale go back to 10−47 s), crosses
the present days, at about 1017 s and includes the near
future up to about 1025 s when the sun will be already
switched off.

The figure can be coupled to the thermal evolution
of the universe by replacing the energy scale with the
time scale describing the universe expansion at the light
speed starting from the BB on the right hand corner of
the figure at about 10−39 s, when the universe average
thermal energy was of about 1032 eV, up to a future time
on the left hand corner at about 1025 s where the universe
average thermal-energy will be of about 10−8 eV. We
remark that the present model does not include the so
called inflation period centered at about 10−35 s.

Conclusions - The paper investigated the physical
meaning of the fine-structure constant, introduced by
Sommerfeld in 1916 to explain the origin of the line at
about 45 µeV discovered in 1886 by Michelson and Mor-
ley [1] in the emission spectra of atomic Hydrogen. Since
to date the interpretation of the value of α ≈ 1/137 in-
dependently from its value is considered to be a mistery
waiting for a solution. Here we propose to shed light on
the mistery by using a statistical relation between the
thermal energy and the avrage number of photons in an
appropriate black-body cubic cavity. Indeed, the value
of α follows from the state-equation of the photon gas
inside this cavity with the edge of length L = 3.3 cm
exactly at an equilibrium temperature of equivalent en-
ergy kBT ≈ 45 µeV as dictated by the Planck’s law and
given in Eq. (7). We notice that the photon gas state-
equation can be written in full analogy with that of the
ideal classical-gas equation as

PV = 0.9NkBT (10)

with P the pressure exerted by the photon gas on the
internal walls, the factor 0.9 being related to the super-
Poissonian property of the Bose-Einstein distribution
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FIG. 2. The figure summarizes the photon statistics prop-
erties: variance of photon number, average photon number,
universe expansion length L = c time with the age of the
universe taken within the range from 10−47 s to 1025 s when
going from high to low thermal energy values. The perpen-
dicular and parallel lines in the graph intercept the line of
the photon state-equation (continuous diagonal) at important
points like Hydrogen and Uranium atoms ionization energies,
respectively. The dashed diagonal line shows the linear expan-
sion of the universe with increasing time. CB is the present
microwave Cosmic Background energy, remembering the pre-
ceding BB, FSC and HSC the fine and hyperfine structures
energies of H, respectively. The continuous and dashed arrows
indicate the axis corresponding respectively to the continuous
and dashed diagonals.

function and N playing the role of the Avogadro num-
ber with a finite accuracy controlled by experimental
measurements, as dictated by the unavoidable line-width
in detecting the energy of the radiation-emission. The
above state-equation generalizes the concept of fine struc-
ture constant (FSC) to that of a line structure-constant
(LSC) being common to all the photon lines present in
the universe since the Big Bang, and Fig. (2) reports the
main features of the LSCs from before about the Big-
Bang, at ≈ 10−47 s), up to the next future (≈ 1025 s)
when the solar system is expected to have already taken
over. These results could open a large variety of consid-
erations that we prefer to leave to further investigations.

We want to stress, that the concept of fine-structure
constant introduced by Sommerfeld in 1916 to interpret
the corresponding fine-structure line at about 45 µeV
found by the pioneer experimental measurements of the
emission spectrum of atomic Hydrogen by Michelson and
Morley in 1986 is here interpreted in terms of Planck
statistical model based on a black-body thermodynamic
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system for the photon gas. Present results assert the
coincidence of the Sommerfeld inverse fine structure con-
stant with the variance of the photon number associated
with this spectroscopic line by the exact expression

1

αline
= δN2

line =
1

137.0360
(11)

where the accuracy of the numerical value is taken within
7 digits. One of the relevant consequences of this finding
stems from the fact that the statistical theory general-
izes the interpretation of all the lines of the spectrum
not only for the case of Hydrogen but of all the atoms
in the periodic table of elements, and further. In other
words, we introduce the value of the fine-structure line in
a one-to-one correspondence with the variance of the cor-
responding photon number according to the Planck’s law
of the photon spectrum of the bb cavity. Therefore, the
Sommerfeld result and its physical expression in terms of
five constants (5) and the physical meaning as evidence
of the electromagnetic field-strength remains acceptable
for the case of the fine-structure constant but is no longer
of physical meaning for all the other lines of the spectrum
that now are taken to represent the statistical property
of the photon gas itself and associated with the bb radi-
ation model. Indeed, from a statistical point of view the
new 1

αline
introduced here, being the inverse of a vari-

ance, represents the so called precision (or accuracy) in
the corresponding statistical approach based on the in-
verse domain of positive rational numbers with respect
to the direct domain of the positive rational numbers as-
sociated with the variance definition. We would like to
stress the importance of the Sommerfeld expression for
α (5) that at present represents the only available data
that allows us to fix the value of the volume of the bb
cavity, thus obtaining the whole ensemble of αline start-
ing from their energy values. The possibility to obtain
the variance, and/or the average photons number directly
from counting statistical experiments should be expected
as a possible opportunity in near future following recent
experimental achievements [10, 11].
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