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The continuous spectrum of the solar photosphere stantie gmtamount observation
with regard to the condensed nature of the solar body. Studiative to Kirchh@’s
law of thermal emission (e.g. Robitaille P.-M. Kirchfie law of thermal emission:
150 yearsProgr. Phys, 2009, v. 4, 3-13.) and a detailed analysis of the stellacigpa
problem (Robitaille P.M. Stellar opacity: The Achilles'déef the gaseous Sulrogr.
Phys, 2011, v. 3, 93-99) have revealed that gaseous models remabte to properly
account for the generation of this spectrum. Thereforeqritloe stated with certainty
that the photosphere is comprised of condensed matter.rBeye solar surface, the
chromospheric layer of the Sun also generates a weak consrapectrum in the visible
region. This emission exposes the presence of materiakicdhdensed state. As a
result, above the level of the photosphere, matter exidtstin gaseous and condensed
forms, much like within the atmosphere of the Earth. The iomous visible spectrum
associated with the chromosphere provides the twenti-$itx¢ of evidence that the
Sun is condensed matter.

In order to explain the occurrence of the dark lines

in the solar spectrum, we must assume that the solar
atmosphere incloses a luminous nucleus, producing
a continuous spectrum, the brightness of which ex-
ceeds a certain limit. The most probable supposi-

properly account for the thermal spectrum. The generafion o
a continuous solar spectrum has become an insurmountable
hurdle for these models [7]. Though gaseous opacity calcu-
lations have been used in an attempt to account for the Sun’s

tion which can be made respecting the Sun's consti-  €Mmission, such calculations are of no value in mirroring the
tution is, that it consists of a solid or liquid nucleus, simple graphitic spectrum on Earth, which the s_olar spectru
heated to a temperature of the brightest whiteness, strongly emulates. Therefore, gaseous opacity calculgtio
surrounded by an atmosphere of somewhat lower cannot have any lasting merit in generating the continuous
temperature. spectrum of the Sun [7]. The emission of a thermal spectrum

Gustav Robert Kirchf, 1862 [1] o4 ires an underlying thermal mechanism, not a large sum

When Gustav Kirchhfi was contemplating the origin ofof non-thermal processes [7]. Condensed matter is required
the solar spectrum [1], he was probably unaware that str@g-lllustrated by earthly black bodies (see [3,4] and refege
tures beyond the photosphere also had the ability to emit c8ierein). In fact, the continuous spectrum of the Sun acts as
tinuous spectra. Still, he understood that continuoushhér the most important line of evidence that the Sun is condensed
emission was a property of the condensed state [1]. Gagwiter (see [8-14] and references therein). This was recog-
emit in bands [2] and even compressed gases cannot prodiiged long ago by Gustav Kirchifo gases cannot properly
the required thermal spectrum, outside the confines of an @gcount for the solar spectrum [1].
closure and in the absence of a perfect absorber [3, 4]. The presence of continuous thermal emission by the pho-

Despite these physical realities, over the course of ttesphere is complemented in the outer atmosphere of the Sun.
past 150 years, scientists have moved away from Kirfftdho The chromosphere also supports weak continuous emission.
realization that the solar surface must be comprised of cétence, an additional line of evidence that the Sun is com-
densed matter. Instead, gaseous solar models were adoptise¢d of condensed matter can be harvested by extending
(e.g. [5, 6]). Sadly, Kirchhff himself enabled this misstepKirchhoff’s insight to the solar atmosphere, above the pho-
through his erroneous formulation of the law of thermal emitospheric surface.
sion (see [3,4] and references therein). Discounting eirobl The weak continuous spectrum of the chromosphere [15—
with the law of emission [3, 4], it can be said that the gaseol] has drawn the attention of solar observers for over 100
models have been based on a false premise: that the thegymats [19-22]. The great astronomer, Donald Howard Men-
spectrum of the Sun could be generated using a vast corzli-[23], commented as follows on its naturé:.we as-
nation of non-thermal processes [7]. The solar opacity pratumed that the distribution in the continuous chromosgheri
lem [7] reflects the fact that the gaseous models can nesgectrum is the same as that of a black body at 8786d
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that the continuous spectrum from the extreme edge is thatins weak, it demonstrates the presence of condensed mat-
of a black body at 4700 There is evidence in favor of ater within a gaseous matrix, much like drops of water can
lower temperature at the extreme limb in the observatioasist within the gaseous atmosphere of the Earth. In this re-
by Abbot, Fowle, and Aldrich of the darkening towards thgard, the intensity of the chromospheric emission spectrum
limb of the Sun[22]. From early days, the continuous chroean provide some sense of material densities in this layer.
mospheric spectrum was known to vary in temperature wiflhe presence of a continuous visible thermal spectrum in the
height [24-27]. Consequently, solar observers rapidly ichromosphere thereby constitutes the twenty-sixth lirevef
troduced temperature variations with increasing heigttd iridence (and the sixth Planckian proof [34]) that the Sun is
their atmospheric models (e.g. [17, p. 187-213]; [18, p27tomprised of condensed matter (see [8-14] and references
352]; [24-31]). therein for the others).

Atthe same time, problems remained surrounding the for-
mation of the weak continuous chromospheric spectrum. Tgdication

layer of the Sun, in the context of the modern gaseous mqthis work is dedicated to Marge Marrone, for her friendship
els, had an average density of orlg0'? g/cm® [32, p. 32]. and example in leading a joyous life.
In fact, as one proceeds out from the photosphere to the top of
the chromosphere, the density was hypothesized to be chang- Submitted on: MafChF,”’ Zogﬁczpte? on: Man;Ch 2103 2;%113;
ing from ~10~7 g/cm? to ~10-15 g/cm?, respectively [33]. It Irst published online on: May 13,
was known that in the chromosphére. the intensity of the

. L . References
emitted radiation is several tens of thousand times less tha1 Kirchhaf G. The ohvsical itution of the Sun. IR o

. . Irc . € pnysical constitution o e sun. esearcnes on

that of the photospher§[32, P- 32]' AS, a reSl,'ll_t’ since the the Solar Spectrum and the Spectra of the Chemical Elemerass-
gas models were reducing photospheric Qen3|t|g§ to thisleve  |ated by H.E. Roscoe, Macmillan and Co., Cambridge, 18623p.
of laboratory vacuums, the chromospheric densities had to i ropitaille P.M. The little heat engine: Heat transfer afids, liquids,
even lower. and gasesProgr. Phys, 2007, v. 4, 25-33.

In order to explain the continuous chromospheric specs. Robitaille P.M. Blackbody radiation and the carbon tetiProgr.
trum, theoretical approaches (e.g. [16, 25-27]) exactly pa Phys, 2008, v.3, 36-55.
alleled the methods applied for treating the emission frord. Robitaille P.M. Kirchh@'s law of thermal emission: 150 yeaiRrogr.
the photosphere (see [7] for a complete discussion). liyearl Phys: 2009, v.4, 3-13.
contributions, attention focused on neutral H;, HRayleigh 5. Bahcall J.N. and Pinsonneault M.H. Standard solar mpdéth and

. . without helium difusion, and the solar neutrino probleRev. Mod.
scattering, and electron scattering (see [17, p.151-1%7] a Phys, 1992, v. 64, 0.4, 885-926.

[26,27]). This was preCIS_er because, _deVOId of Condense{g Bachall J.N., Pinsonneault M.H. and Wasserburg G.J.r Sotadels
matter, no other mechanism could be invoked. A continu-  ith helium and heavy-elementtiision.Rev. Mod. Phys1995, v. 67,
ous spectrum, from which Menzel had extracted black body no.4, 781-808.

temperatures [22], was being explained using processes un- Robitaille P.M. Stellar opacity: The Achilles heel of thaseous Sun.
related to any experimental production of a thermal spectru  Progr. Phys, 2011, v. 3, 93-99.

on Earth [7] Such approaches remain in use, but have g8 Robitaille P.M. A high temperature.liquid. plasma modeltloé Sun.
ready been dismissed relative to explaining the occurrefice " 09" Phys: 2007, v.1,70-81 (also in arXiv: astro/0#10075).
continuous spectra [7] 9. Rohbitaille P.M. Liquid metallic hydrogen: A building kdk for the lig-

. uid Sun.Progr. Phys, 2011, v. 3, 60-74.

Conversely, the position is now adopted that the presence o C . .
f . in the visibl ithin the eh 10. Robitaille P.M. Liquid metallic hydrogen II: A criticassessment of
of a continuous spectrum in the V'S_' e range_ wit 'r_]t €EeNro  cyrent and primordial helium levels in SuRrogr. Phys, 2013, v. 2,
mosphere [15-18] represents a direct manifestation of con- 35-47.
densed matter in this region of the solar atmosphere. The Robitaille J.C. and Robitaille P.M. Liquid metallic hggen III. In-
proper means of explaining continuous emission in the visi- tercalation and lattice exclusion versus gravitationallisg and their
ble region of the electromagnetic spectrum especiallyn/vhe consequences relative to internal structure, surfaceitgctand solar
. . L ... winds in the SunProgr. Phys, 2013, v. 2, 87-97.
it can be hypothesized to hold a thermal lineshape [22], will o 7 _

T . Robitaille P.M. Commentary on the liquid metallic hygen model of
always remain linked to the presence of condensed matter [

. the Sun: Insight relative to coronal holes, sunspots, afat setivity.
The chromosphere corresponds to a region of the Sun progr. Phys, 2013, v. 2, L7-L9.

where hydrogen atoms are re-entering the condensed state,Robitaille P.M. Commentary on the liquid metallic hygen model of

prior to their recombination with photospheric material. the Sun II. Insight relative to coronal rain and splashdovenes.Progr.
However, unlike the liquid metallic hydrogen advancedto  Phys. 2013, v.2, L10-L11.

be presentin the solar body [8—14], chromospheric condengé- Robitaille P.M. Commentary on the liquid metallic hygeo model of

matter appears to lack metallic properties. Chromospheric f/h‘; Sl_ulglll'_'lg's'ght into solar lithium abundancésogr. Phys, 2013,

matenal’. thoth in the condensed Stf.ﬂe’ mlght therefore B’E Menzel D.H. A Study of the Solar ChromosphePablications of the
substantially dierent than photospheric material. Nonethe- |jck observatory University of California Press, Berkeley, CA, v. 17,

less, though the continuous spectrum of the chromosphere re 1931.

L6 Pierre-Marie Robitaille. Continuous Emission and Corsssl Matter Within the Chromosphere



July, 2013 PROGRESS IN PHYSICS

Volume 3

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Thomas R.N. and Athay R.G. Physics of the Solar Chromersplin-
terscience Publishers, New York, N.Y., 1961.

Bray R.J. and Loughhead R.E. The Solar Chromosphergn@iraand
Hall, London, U.K., 1974.

Athay R.G. The Solar Chromosphere and Corona: Quiet SAstre-
physics and Space Science Library — v.53. D. Reidel Publis@iom-
pany, Dordrecht, Holland, 1976.

Evershed J. Wave-length determinations and genenaltgesbtained
from a detailed examination of spectra photographed aiiae sclipse
of January 22, 189&hil. Trans. Roy. Soc. Londpfh901, v. 197, 381—
413.

Evershed J. Preliminary report of the expedition to thefslimit of to-
tality to obtain photographs of the flash spectrum in higlasialtitudes.
Proc. Roy. Soc. Londod 900, v. 67, 370-385.

Grotian W.Uber die intensitatsverteilung des kontinuierlichen kspe
trums der inneren koronZeitschrift fur Astrophysik1931, v. 3, 199—
226.

Menzel D.H. and Cillié G.G. Hydrogen emission in theathosphere.
Astrophys. J.1937, v. 85, 88-106.

Goldberg L. and Aller L.H. Donald Howard Menzel 1901-89/h: Bi-
ographical MemoiresThe National Academy of Sciences USA, 1991
(accessed online ory21/2013).

Athay R.G., Billings D.E., Evans J.W. and Roberts W.O.idSmon in
hydrogen Balmer lines and continuum in flash spectrum of 18t
solar eclipse at Karthoum, Sudakstrophys. J.1954, v. 120, 94-111.

Athay R.G., Menzel D.H., Pecker J.C., and Thomas R.N.tf&eno-
dynamic state of the outer solar atmosphere V. A model of tiherno-
sphere from the continuous emissidkstrophys. J. Suppl. Sed955,
v. 1, 505-519.

Hiei E. Continuous spectrum in the chromosph€mbl. Astron. Soc.
Japan 1963, v. 15, 277-300.

Weart S.R. and Faller J.E. Photoelectric eclipse obsienvof the con-
tinuum at the extreme solar limAstrophys. J.1969, v. 157, 887—901.

Gingerich O. and de Jager C. The Bilderberg model of tlgsiphere
and low chromospher&olar Phys. 1968, v. 3, 5-25.

Gingerich O., Noyes R.W., Kalkofen W. and Cuny Y. The Hagv
Smithsonian reference atmosphe®elar Phys.1971, v. 18, 347-365.

Athay R.G. Boundary conditions on model solar chromesghSolar
Phys, 1969, v. 9, 51-55.

Fontenla J.M., Balasubramaniam K.S. and Harder J. Sepeiecal
models of the solar atmosphere Il. The quiet-Sun low chrahes
at moderate resolutiorstrophys. J.2007, v. 667, 1243-1257.

Bhatnagar A. Instrumentation and observational teghes in solar as-
tronomy. In:Lectures on Solar Physi¢#l.M. Antia, A. Bhatnagar and
R. Ulmschneider, Eds.), Springer, Berlin, 2003, p. 27-79.

Ulmschneider P. The physics of the chromospheres amhaer In:
Lectures on Solar PhysiodH.M. Antia, A. Bhatnagar and R. Ulm-
schneider, Eds.), Springer, Berlin, 2003, p. 232—-280.

Robitaille P. Magnetic fields and directional spectralissivity in
sunspots and faculae: Complimentary evidence of metadiitabior
on the surface of the SuRrogr. Phys, 2013, v. 1, 19-24.

Pierre-Marie Robitaille. Continuous Emission and Conédrdatter Within the Chromosphere

L7



