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ART. XXXVIL.—On the Existence of Carbon in the Sun. Contri-
butions from the Physical Laboratory of Harvard University;
by JoNn TrowBrIDGE and C. C. HUTcHINS.

[From the Proceedings of the American Academy of Arts and Sciences.
vol. xxxil.]

From the presence of absorption bands in the solar spectrum
at high altitudes, Captain Abney has been led to believe in the
existence of certain hydrocarbons between the earth and the
sun ; and Siemens's theory of the conservation of solar energy
depends upon the supposed existence of carbon vapor in inter-
planetary space. It is not our purpose to discuss Abney’s ob-
servations, or the truth of Siemens’s hypothesis. We wish to
call attention to the remarkable character of the carbon spec-
trum, formed by the voltaic arc in air between carbon ter-
minals; and to draw attention to the evidence presented by
the juxtaposed solar spectrum of the existence of carbon in
the sun.

In our early experiments the carbon terminals between
which the voltaic arc was formed were heated several hours,
while a stream of chlorine gas was passed over them. This
operation was not entirely sucecessful in removing metallic
impurities. Subsequently we discovered that the spectra of
these impurities could be readily distinguished from the marked
fluted carbon spectrum, and we therefore employed the ordinary
compressed carbon sticks employed in electric lighting.

For our work the nicest adjustment of slit was necessary, in
order that no displacement of spectrum lines could possibly
occur when the carbon spectrum was photographed in juxtapo-
sition with the solar spectrum. This was accomplished by the
use of a slit, the jaws of which opened equally.
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One of Rowland’s concave gratings, of 21 feet 6 inches in
curvature and 14,000 lines to the inch, was employed. In
order to avoid any possible displacement of the photographic
camera during the operation of photographing the carbon
spectram immediately below the solar spectrum, a drop shut-
ter was arranged directly in front of the sensitive plate, the
movement of which was independent of any movement of the
camera. Preliminary experiments showed us the importance
in this work of employing a spectroscope of great dispersion
and of fine definition, giving also a normal spectrum. The use
of a prism spectroscope would undoubtedly have masked the
phenomena we have observed. For our purpose, therefore,
Rowland’s apparatus was peculiarly advantageous.

Our experiments lead us to conclude that there is positive
evidence in the solar spectrum of the existence of carbon in the
sun. Before giving an account of our experiments in detail, a
few observations may not be considered out of place.

One who studies the solar spectrum by itself, and who has
had no experience in the formation and observation of metallic
spectra, is apt to regard the dark lines in the solar spectrum as
fixed in character and condition. A line which is seen by one
observer, and not by another, is generally regarded as a terres-
trial line formed by absorption in the earth’s atmosphere.
Certain lines are well known to be due to the terrestrial absorp-
tion, as can be easily proved by their appearance when the sun
is observed at sunset, when the rays of light have to penetrate
a greater thickness of the earth’s atmosphere than at midday.
The shifting layers of vapor in the sun’s atmosphere also may,
in certain cases, obliterate or strengthen certain lines of metal.
To uunderstand this it is only necessary to extend the reasoning
of the conservation of energy to the subject. It is a common
lecture experiment to reverse the metallic lines by passing the
rays of light produced by the vapor of the element through a
layer of vapor colder than that of the source of the rays. The
energy of the rays is thus absorbed in heating the colder layer.
When the temperature of the vapor is increased, and becomes
equal to that of the source, no reversal takes place. Thus, on
the sun’s surface the conditions for a reversal may be wanting
at certain times, and faint lines may become bright. Their
brightness may not be sufficient to affect the general illumina-
tion of the solar spectrum of which they form a part. Condi-
tions may arise, moreover, in which the temperature of the
reversing vapor may be called critical,—at such a temperature
that the faint reversal is sufficient to extinguish the bright line
of a metal without producing a well-defined dark line. At cer-
tain epochs, also, the temperature of the vapor of any element
in the sun may be higher than at any other time; and certain



Trowbridge and Hutchins— Carbon in the Sun. 347

lines may thus appear which are wanting when the tempera-
ture falls. One is forced to these conclusions in observing the
conditions under which the varying character of metallie spec-
tra are produced. For instance, we have caused the rays from
iron vapor to traverse a long and dense layer of iron vapor,
and have observed that the strength of the lines and the num-
ber of reversals have been largely increased. In another ex-
periment, the lower carbon of the electric lamp we employed
occupied the center of an electro-magnet. This was accom-
plished by passing the carbon through a hollow iron cone, and
surrounding the latter by layers of wire, through which the
electrical current employed in generating the light passed. In
this case the electric arc was spread out at right angles to the
pole of the magnet, into a fan-like, intensely hot flame which
roared loudly, and which rarefied, so to speak, the iron vapor
between the carbon terminals. The strength of the lines and
the number of reversals were diminished under this new con-
dition.

Another phenomenon may happen. When an excess of the
vapor of one metal floats over or is mixed with that of another,
the lines of one metal are superimposed upon those of another
in the solar spectrum, and the stronger spectrum of one ele-
ment may easily obliterate the weaker spectrum of another.
Thus we have succeeded in completely obliterating the fluted
spectrum of carbon in the green and blue, by photographing
upon it the spectrum of iron, of nickel, and cerium.. A species
of composite photograph was thus obtained. It is possible
that in the future Gralton’s ingenious method of composite pho-
tography may be applied to the solar spectrum ; and by a judi-
cious selection of photographs of the elements, a composite
photograph may be obtained which closely resemble portions
of the solar spectrum, and will enable us to judge of the com-
position of the reversing layers of the sun.

To the varying conditions which we have thus outlined are
due, we believe, the disappearance in the sun’s spectrum of the
marked fluted spectrum of carbon in the green and blue por-
tions.

A careful examination of the fluted spectrum of carbon,
however, with the juxtaposed solar spectrum, discloses a re-
markable fact: while traces of obliteration of the evidence of
carbon vapor are seen, yet the general character of the lines in
the solar spectrum immediately juxtaposed with the fluted
spectrum of carbon near I lead us to believe that there is
unmistakable evidence of the existence of carbon vapor in the
sun. When the arrangement of the fine lines of the spectrum
of carbon is plotted as a curve, and that of the dark linesin
the solar spectrum immediately above the carbon spectrum is
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also plotted, the two curves have a remarkable similarity in
character, running with a slight convexity toward one axis.

In the first fluting at wave-length 88837 within the limit of
ten wave-lengths, over 28 of the spaces between the fine bright
lines of the flutings coincide with dark lines immediately in
juxtaposition in the soldr spectrum. When we cousider that
the progressive arrangement of these lines is exactly the same
both in the spectrum of carbon and that of the sun, we cannot
consider that this coincidence is the result of ckance. On ex-
amining the spectrum of carbon in the region near H still fur-
ther, a remarkable number of coincidences of the spaces between
the bright lines of the carbon spectrum with dark lines in the
solar spectrum will be observed. We are led, therefore, to
conclude that the fluted spectrum of carbon is an example of
the reversal of the lines of a vapor in its own vapor. Fluted
spectra occur at comparatively low temperatures, When car-
bon is ignited, we have at first a continuous spectrum. When
the temperature increases and the carbon is volatilized, fluted
spectra occur, which consist of interruptions of the continuous
spectrum by fine line reversals occurring in harmonic order.
The same phenomenon can be observed in the spectrum of iron
lines: through the center of an iron line, when a sufficient
amount of iron vapor surrounds the voltaic arc in which iron
is volatilized, reversal lines are always seen. Now if the iron
lines were arranged in regular order, the reversals would also
be in like regular order, and would coincide with similar rever-
sals in the solar spectrum. Assuming the conditions at the
sun’s surface to be the same as those we have in the voltaic
are, when carbon is volatilized, the character of the carbon spec-
trum should exactly agree with the character of the solar spec-
trum juxtaposed. This is found to be true to a remarkable
degree in comparing portions of the solar spectrum with por-
tions of the fluted spectrum of carbon beginning at wave-
length 3888-7.

Our hypothesis leads us to conclude, that, at the point of the
sun’s atmosphere where the carbon is volatilized, so as to pro-
duce the peculiar arrangement of reversals observed, the tem-
perature of the sun approximates to that of the voltaic arc.





