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In this note, energy partition within the Sun is briefly addressed. It is argued that the
laws of thermal emission cannot be directly applied to the Sun, as the continuous solar
spectrum (T app ∼ 6, 000 K) reveals but a small fraction of the true solar energy profile.
Without considering the energy linked to fusion itself, it is hypothesized that most of the
photospheric energy remains trapped in the Sun’s translational degrees of freedom and
associated convection currents. The Sun is known to support both convective granules
and differential rotation on its surface. The emission of X-rays in association with
eruptive flares and the elevated temperatures of the corona might provide some measure
of these energies. At the same time, it is expected that a fraction of the solar energy
remains tied to the filling of conduction bands by electrons especially within sunspots.
This constitutes a degree of freedom whose importance cannot be easily assessed. The
discussion highlights how little is truly understood about energy partition in the Sun.

The discussion of energy partition in materials may be considered to be so complex at times that, perhaps, the most
prudent course of action rests in avoiding the entire subject.
In the laboratory, the evaluation of energy partition demands
years of study involving many hurdles for meager rewards.
Nonetheless, before progress can be made in any field, the
issues at hand must be identified. It is worthwhile to highlight some general ideas relative to energy partition in the
Sun which would eventually afford a detailed mathematical
approach to the question. Relative to solar physics, energy
partition is complicated by the presence of both conduction
and convection on the solar surface.
The interior of the Sun is currently hypothesized to approach temperatures of ∼15,600,000K, while the corona manifests values on the order of 2,000,000–3,000,000 K [1, p.10].
Solar physicists maintain that the solar photosphere exists at
a temperature of ∼5,780K [1, p.10] in an apparent violation
of the second law of thermodynamics [2–4]. This surface
temperature is based on the application of the laws of thermal emission [5–7] to the solar spectrum [1, p.3–9] as first
recorded in its entirety by Langley [8–10]. Still, the assignment of a temperature to the photosphere has not been without
controversy.
Throughout the 19th century, great variations existed with
respect to the temperature of the photosphere (see [11, p.268–
279] and [12, p.48–52] for reviews). In 1898, Scheiner
brought apparent unification to the problem when he applied
Stefan’s law [6] to data acquired by Pouillet, Secchi, Violle, Soret, Langley, Wilson, Gray, Paschen, and Rosetti [13].
Scheiner demonstrated that these previously discordant studies (see [14] for many of the original values) resulted in calculated solar temperatures of 5,000 to 6,200 K, with only one
observation standing at 10,000 K [13]. Scheiner believed in
a gaseous model and insisted that, even though the Sun’s layers supported differing temperatures, it might be viewed as a

blackbody. However, such an object did not meet the equilibrium conditions required by Kirchhoff [15, 16]. This immediately brought into question any temperature derived from
such methods.
Scheiner was not alone in advocating that the laws of
thermal radiation could be applied to the Sun. Two years
earlier, in order to justify the extraction of the photospheric
temperature from the laws of thermal radiation, Ebert stated
that: “With respect to electromagnetic radiation, the principal
mass of the Sun acts like a black body” [17]. In 1895, most
scientists believed that Secchi’s model of the Sun [18,19] was
valid. Ebert considered this framework when he initially expressed doubt about the blackbody nature of the Sun: “There
remains only the question, whether we can regard the incandescent particles of the Sun, which yield the continuous spectrum, as comparable to a black body with respect to their total
radiating capacity” [17]. Frank Very [20] was more adamant
in questioning the applications of the laws of emission to solar data when, in 1908, he stated in Science: “It is doubtful
whether radiation formulae obtained from measures through
a limited range of temperature for solid bodies, composed of
complex molecules, are applicable to solar conditions at the
photospheric level, where it is improbable that any molecules
remain undissociated. Extrapolations from Stefan’s law of
the proportionality of total radiation from a black body to
the fourth power of the absolute temperature, are therefore
not certainly applicable to the problem, even though the law
has been verified through a range of some hundreds of degrees” [20]. Nonetheless, Very immediately applied Stefan’s
law to the Sun [20].
The sternest warning against applying the laws of radiation to the Sun would come from Max Planck [21]. The father
of modern physics removed all doubt relative to his position
when he wrote: “Now the apparent temperature of the Sun is
obviously nothing but the temperature of the solar rays, de-
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pending entirely on the nature of the rays, and hence a property of the rays and not a property of the Sun itself. Therefore
it would be not only more convenient, but also more correct,
to apply this notation directly, instead of speaking of a fictitious temperature of the Sun, which can be made to have
meaning only by the introduction of an assumption that does
not hold in reality” [22, §101]. If Planck was so forceful in
his comment, he rested his case on solid grounds: “It is only
in the case of stable thermodynamic equilibrium that there is
but one temperature, which then is common to the medium
itself and to all rays whatever color crossing it in different
directions” [22, §101]. Planck recognized with these words
that the Sun was not in thermal equilibrium and hence he refused to accept the concept of “apparent” or “effective” solar
temperatures [22, §101].
Perhaps more than anyone, Max Planck recognized that
the laws of thermal emission had been obtained in settings
involving complete thermal equilibrium. Kirchhoff’s formulation was restricted to radiation within a rigid enclosure [15,
16,22] sustaining full thermal equilibrium. There could be no
net conduction or convection processes present. Based on his
objection, Planck recognized that the Sun supported convection currents. Carrington’s differential solar rotation had been
well known for over fifty years [18] and the convective nature
of granular field was also firmly established [23]. In view
of Planck’s warning, a more considered approach should be
adopted relative to applying the laws of thermal emission to
the Sun.
Max Planck specifically excluded conduction when treating radiation, on the grounds that it’s presence violated thermal equilibrium: “Now the condition of thermodynamic equilibrium requires that the temperature shall be everywhere the
same and shall not vary with time. Therefore in any given
arbitrary time just as much radiant heat must be absorbed
as is emitted in each volume-element of the medium. For the
heat of the body depends only on the heat radiation, since,
on account of the uniformity in temperature, no conduction
of heat can take place” [22, §25]. Like conduction, convection reduces emissivity. It is known that the emissivity of
gases can fall with temperature in clear violation of Stefan’s
law [24]. These two realities, the presence of conduction and
convection on the photosphere, are likely to explain Planck’s
hesitation to state anything about the Sun, based solely on the
acquisition of its spectrum. Nonetheless, perhaps it is possible to extract something of value from the solar spectrum
with respect to energy distribution within the Sun.
Relative to thermal radiation, the availability of electrically conductive paths can alter emissivity. In metals, normal
emissivity can be substantially reduced [25–27]. Silver is an
excellent conductor, but a poor emitter [28]. In fact, polished
silver has one of the highest coefficients of reflection. It can
be concluded that electronic conduction reduces emissivity.
When energy enters or escapes from an object, it does so
by filling or vacating available degrees of freedom [24]. With90
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out considering nuclear processes, the degrees of freedom are
either translational, vibrational, rotational, or electronic [24].
As a rule, electronic degrees of freedom become particularly
important at elevated temperatures. Within a gaseous Sun,
constituent atoms are viewed as existing in a dissociated state.
Such monoatomic species can have recourse only to translational and electronic degrees of freedom. Vibrational and rotational degrees of freedom are restricted to species which are
at least diatomic.
In a solid, such as graphite at room temperature, the dominant degrees of freedom are likely to be vibrational [24].
Graphite displays a reasonable thermal conductivity in the
hexagonal plane (390 W/m ×K for ab direction) [29, p.44–
57]. This compares well with the thermal conductivity of
silver (420 W/m ×K) [29, p.57]. Conversely, the thermal conductivity of graphite drops substantially between layers
(∼2 W/m ×K) [29, p.57]. In graphite, thermal conductivity is
linked to the vibrations of the lattice and these degrees of freedom [29, p.56].
Relative to electrical conductivity, graphite is a “semimetal” [29, p.57]. Its resistivity is ∼ 3 ×10−3 ohm ×m between
layers making it is good insulator [29, p.61]. However, in the
hexagonal plane, graphite has a resistivity of approximately
2.5–5 ×10−6 ohm ×m [29, p.61] making it reasonably metallic,
but still well below silver which has an electrical resistivity
of ∼ 1.59 ×10−8 at 293 K [30, p.12–40]. Even in its favored
plane, graphite is a significantly inferior conductor relative
to silver. Consequently, the electrical conductivity of silver
must be responsible for its weak emissivity, since its thermal
conductivity is similar to graphite at least in one plane. This
leads to the conclusion that the vibrational degrees of freedom
are responsible for the excellent emissivity of graphite. Assuming that the object is at rest, the graphitic lattice does not
permit translations or rotations, while the electronic degrees
of freedom are unlikely to be significantly populated. As a
result, when emissivity is properly coupled to temperature,
it appears that the vibrational state of the sample primarily
dominates [24].
In the gaseous models of the Sun, hydrogen and helium
must exist as isolated atoms, many of which are devoid of
electrons. Since the gaseous Sun has no lattice, it cannot support either thermal conduction through such a structure or energy transfer through electronic conduction bands. It cannot
have recourse to lattice vibrations as a degree of freedom.
Consequently, a gaseous Sun must rely almost exclusively
on translational and electronic degrees of freedom as receptacles for energy. Yet, laboratory experience dictates that
these degrees of freedom cannot support thermal emission of
a Planckian nature [7]. Such is the great flaw of gaseous models which solar opacity approaches cannot reconcile [31]. To
explain solar thermal emission, a mechanism similar to that
which exists in graphite must be invoked. The dominant degrees of freedom in graphite are vibrational and linked to the
existence of the lattice itself. In contrast, a gaseous Sun has
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no lattice and therefore cannot produce a thermal spectrum.
Opacity arguments do not suffice to rectify these problems in
a gaseous solar model [31].
Conversely, within a liquid metallic hydrogen model of
the Sun [32], a lattice exists. In fact, from the days when
it was first proposed by Wigner and Huntington [33], metallic hydrogen has been hypothesized to be able to assume a
layered lattice similar to graphite. Such a lattice configuration will possess vibrational degrees of freedom which mimic
those found in graphite, as required to properly account for
the production of the solar spectrum. Accordingly, the thermal spectrum itself should be regarded as one of the strongest
proof that the Sun is condensed matter, as its generation requires a lattice which dictates the interatomic spacing of condensed matter.
It appears that the solar spectrum is reporting only a small
fraction of the true energy content of the photosphere, providing information which is limited to the vibrational state of
the solar lattice. Much more substantial energy is stored in
the translational degrees of freedom. This is manifested by
the convection currents of the granules [23] and the differential solar rotation observed by Carrington [18]. Moreover,
there is strong evidence to suggest that sunspots are metallic [23] and, therefore, maintain electronic conduction bands
with their own associated energy.
These realities explain why the temperature of the solar
photosphere does not constitute a violation of the second law
of thermodynamics. The 5,780 K [1, p.10] measured is linked
only to the vibrational degrees of freedom of the photospheric
lattice. However, the true energy of the photosphere is dominated by its translational degrees of freedom. This helps to
account for the production of X-rays in association with solar flares rupturing the photospheric surface [34]. When this
occurs, we are likely to be monitoring some measure of the
translational energy associated with the photosphere, as matter moves horizontally across the surface and collides orthogonally with the flare’s vertical displacement of material. In a
sense, the flare is providing resistance to the horizontal flow
of matter on the photosphere. As surface matter collides with
the flare, its energy is revealed and X-ray emissions are obtained [34]. Similarly, the temperatures of the corona in the
2,000,000–3,000,000 K range [35, p.3–10] reflect a coupling
of these atoms to the translational degrees of freedom on the
photosphere. No violation of the second law exists. The energy content of the photosphere is likely to correspond to temperatures of ∼7,000,000 K, when properly accounting for all
of these phenomena as the author has previously stated [36].
In that case, the photospheric spectrum may be considered as
reporting an apparent temperature, with little relevance to the
real temperature of the surface [36]. Alternatively, it is also
possible to reconcile the emission spectrum to the real temperature of the photosphere. The approach would be similar
to that adopted when dealing with the microwave background
problem [37] and, unfortunately, involves a reconsideration of
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Boltzmann’s constant [38].
The consideration of energy partition in the Sun opens
new avenues of discovery in physics. Most notably, it brings
into question the universality of blackbody radiation, as first
advocated by Gustav Kirchhoff [15,16]. A priori, the gaseous
Sun fails to meet Kirchhoff’s requirement for thermal equilibrium with an enclosure, as Max Planck recognized [22,
§101]. Regrettably, Kirchhoff’s law itself is unsound [39,40],
destroying any perceived ability of gases to emit blackbody
spectra. The issue is critical to the survival of the gaseous
solar models. If local thermal equilibrium and its extension
of Kirchhoff’s formulation fails to guarantee that a blackbody spectrum is produced at the center of the Sun, then the
gaseous models have no mechanism to generate its continuous emission. In part, this forms the basis of the solar opacity
problem [31].
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Wissenschaften zu Berlin, sessions of Dec. 1859, 1860, 783–787.
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