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The chromosphere and corona of the Sun represent tenudaegeghich are charac-
terized by numerous optically thin emission lines in theaviblet and X-ray bands.
When observed from the center of the solar disk outwardetleesission lines experi-
ence modest brightening as the limb is approached. Thesityesf many ultraviolet
and X-ray emission lines nearly doubles when observatiextisnded just beyond the
edge of the disk. These findings indicate that the solar b®dpaque in this frequency
range and that an approximately two fold greater region@§tilar atmosphere is being
sampled outside the limb. These observations provide gtsapport for the presence
of a distinct solar surface. Therefore, the behavior of thnéssion lines in this fre-

guency range constitutes the twenty fifth line of evideneg the Sun is comprised of
condensed matter.

Every body has a surface. the U.S. Naval Research Laboratory, Baum, Johnson, Oberly,
St. Thomas Aquinas [1] Rockwood, Strain and Tousey [19] obtained the first measure-
ments of the Sun’s ultraviolet spectrum using a V2 rocket. A

Observationally, the chromosphere of the Sun represemisry of activity in this area soon followed [20-25] and the
a rarefied region located immediately above the solar seirfaftraviolet spectrum of the Sun has now become a field of
[2-5]. In 1877, Father Angelo Secchi described the chromgreat scientific interest [26—28].
sphere in detail including, most notably, a descriptiontsf i
spicules [6, p. 31-36]. For just a few seconds prior to and fol
lowing the onset of totality during solar eclipses, the ‘ffas
emission spectrum of the chromosphere can be detected. Typ-
ically, such studies focus on the visible and ultraviolgioas
of the electromagnetic spectrum.

The existence of the visible “flash” spectrum has been
known since the early days of spectral analysis. In fact, the
famous D3 line, first observed in a prominence during an
eclipse, would lead to the discovery of helium on the Sun
by Pierre Jules César Janssen and Joseph Norman Lockyer
[7,8]. Since then, great attention has been given to iden-
tifying the lines which are contained within the flash spec-
trum of the chromosphere, particularly through tHeoes
of astronomers like John Evershed [9, 10] and Donald Men-

zel [11,12]. In 1909, George Ellery Hale and Walter Adanfég' 1: Schematic representation of path lengths preserhwine

. . outer atmosphere (area outlined by dashes) of the Sun (haghay)
photographed the flash spectrum outside of eclipse Coq Viewed from the Earth. Paths 1 and 2 terminate on the sofar s

tions, opening up new avenues for the_StUdY O_f the_ Ch'fg_ée. Just beyond the limb, path 3 samples the front and haelot

mosphere [13, 14]. Today, spectroscopic emission linesii solar atmosphere, resulting in a two fold increase i iiten-

the visible spectrum of the chromosphere and corona c@fy. This figure is an adaptation based on Fig. 2.4 in [28].

tinue to be relevant and spectacular images of the solar at-

mosphere have now been obtained using spectroscopic linesAn elementary observation constitutes the focus of this

from highly ionized iron (e.g. FeX-FeXIV) [15-18]. work: the intensity of ultraviolet and X-ray emission lines
Photographing the chromosphere is slightly more comnereases dramatically, as observations are moved from the

plex in the ultraviolet range, since UV light is absorbed hyenter of the solar disk to the limb of the Sun. The problem

the Earth’s atmosphere. As a result, that spectral regitimeof s illustrated in Figure 1. Harold Zirin describes the assoc

flash spectrum could not be sampled until the launch of sciested findings as follows:The case in the UV is dferent,

tific rockets after World War 11 [3, p. 180]. In 1946, while abecause the spectrum lines are optically thin. Therefor on
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would expect limb brightening even in the absence of temt. Menzel D.H. A Study of the Solar Chromosphe®eblications of the
perature increase' S|mp|y due to the secant increase of path Lick ObservatoryUniversity of California Press, Berkeley, CA, v.17,
length. Although the intensity doubles at the limb, where we 1931 o S
see the back side, the limb brightening inside the limb is mif2- Menzel D.H. and Cillié G.G. Hydrogen emission in thearhosphere.
. L. . . . . . Astrophys. J.1937, v. 85, 88-106.
imal ... Similarly, X-ray images show limb brightening S|m—13 Hale G.E. and Adams W.S. Phot v of the “flash with

. .. . . ) . Hale G.E. an ams W.S. Photography of the “flash” spetiwith-
ply due to mqreased path Iengtt{29.]. This situation is ob out an eclipseAstrophys. 11909, v. 30, 222-230.
served both in the ultraviolet and in the X-ray spectrum of

. . 14. Adams W.S. and Burwell C.G. The flash spectrum withoutcipse
the Sun which sample processes in the chromosphere and theegion 14800-16600. Astrophys. 3.1915, v. 41, 116-146.

corona [28, p.38-39]. An exquisite image of thieet has 15. Wood B.E., Karovska M., Cook J.W., Brueckner G.E., Ha\&rA.,

been published [28, p. 38].
Though this simple observation appears almost trivial as
a source of scientific comment, it nonetheless demands atten

tion; for it provides strong evidence that the body of the Sutf-
is not gaseous in nature. If the Sun is gaseous, then these

Korendyke C.M. and Socker D.G. Search for brightness vaniatin
FeXIV coronagraph observations of the quiescent solamaoistro-
phys. J, 1998, v. 505, 432-442.

Habbal S.R., Druckmiiller M., Morgan H., Daw A., JohnsonDing
A., Arndt M., Esser R., Rusin V. and Scholl I. Mapping thetdigition
of electron temperature and Fe charge states in the cordhatatal

effects should not be visible as sampling extends beyond the sojar eclipse observationastrophys. J.2010, v. 708, 1650-1662.

solar limb. As such, this observation constitutes the twenj;

fifth line of evidence that the Sun is comprised of condensed
matter (see [30-32] and references therein for the others).

18.

Dedication

This work is dedicated to Amir Abduljalil in recognition of

his many years of faithful scientific collaboration throogh 19.

my career in magnetic resonance imaging, and for his undy-
ing service to The Ohio State University relative to the de-

sign, assembly, and operation of the world’s first ultra higﬁo'

field magnetic resonance imaging system [33].
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