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ON THE SOLAR SPECTRUM AND THE SPECTRA OF THE
CHEMICAL ELEMENTS.

SECOND PART.

Ax accurate knowledge of the bright lines which oceur in the spectrum
of an incandescent gas is best obtained by a direct comparison of such
lines with the fixed lines in the solar spectrum. If the Sun’s rays be
allowed to fall through one half of the slit on the spectrum-apparatus,
whilst the light from the incandescent gas passes through the other
half, the solar spectrum, with its attendant dark lines, forms a scale
the delicacy and unalterable charactet of which is unequalled. In order
to prevent the greater number of these lines from blending together
and thus disappearing, on account of their extremely small breadth and
slight distance from each other, it is necessary to obtain a very pure
and long spectrum by using several prisms, and a telescope of high
magnifying power. With such an instrument, each one of the fine dark
solar lines can be as easily distinguished from the others as the marks
on an ordinary divided scale, so characteristic and warious are the
clusters, differing in breadth, tint, and arrangement, into which these
lines are grouped. The solar spectrum may, therefore, be used in-
stead of a common scale if we can succeed in designating the several
dark lines. This may be done by means of a drawing of the solar
spectrum to which an arbitrary scale is attached. The drawing only
needs to be so nearly correct that, when it is compared with the spec-
trum itself, the individual lines can thereby be recognized.

The comparison of the spectra of incandescent gases with the solar
spectrum possesses, however, a value beyond that of ascertaining the
exact position of these bright lines; it yields us a knowledge of the
composition of the solar atmosphere.

1—2



4 OX THE SOLAR SPECTRUM AND

The bright lines of certain chemical elements coincide with the
dark lines of the solar spectrum, and, from a theory advanced by me,
it follows that these elements are present in the solar atmosphere in a
gaseous state.

In the first part of this work! I have published a drawing which
I believe answers the required purpose, and in which the bright lines
of many chemical elements are likewise represented. This drawing,
however, includes only those portions of the solar spectrum lying be-
tween the line D, on the one hand, and a position a little beyond the
line F on the other. These portions of the spectrum are interesting
inasmuch as they are those in which the lines can be most accurately
observed, on account of their being the brightest portions both of the
solar spectrum and of the spectra of most glowing gases. Still, in
the whole of the blue, yellow, and red portions of the spectrum, as
examined by my apparatus, the brightness was sufficiently great to
allow of a very considerable degree of accuracy in the observations.
Henee, my original intention was to map the whole of that part of
the spectrum lying between the lines 4 and G'; I was afterwards
obliged to restrict my observations to the portion of the spectrum
published in Part I. of this work, but I proposed that my pupil,
Mr K. Hofmann, should continue the investigation which I was unable
to complete.

Mr Hofmann has employed exactly the same apparatus and methods
which I have deseribed in the first part of this publication ; sometimes,
‘however, in his examination of the spectrum of the electric spark,
he was obliged, owing to the slight amount of light, to replace the
telescope of the magnifying power 40 by another of the power 2o0.
The results of his observations are given in Plates I.a, and III.,
arranged in the same manner as mine were arranged in Plates 1. and
I1.; Plate I.a represents the spectrum from A to D; Plate 1I1.
begins at the point where Plate 1I. ends, and extends as far as G.
In addition to the elements whose spectra I had already examined,
Mr Hofmann has investigated the spectra of the following metals ;—

! Researches on the Solar Spectrum, de. Part I. Macmillan and Co. Cambridge.



THE BPECTRA OF THE CHEMICAL ELEMENTS. o

potassium, rubidium, lithium, cerium, lanthanum, didymium, platinum,
palladium, and an alloy of iridium and ruthenium, The lines be-
longing to these metals, which appear on Plates I.e and II., are
catalogued in the Appendix; and in this, as well as in the drawing,
three degrees of brightness are represented, the number 3 denoting the
greatest, and No. 1 the least degree of brightness. As in the former
drawings, only the more striking of the lines are here reproduced, a
complete delineation of the lines not being attempted.

The potassium spectrum could not be obtained in the same way
as the spectra of the ofher alkaline metals. If the chloride, borate,
or sulphate of potassium, is brought upon the electrodes, no new lines
appeared ; if the electrodes themselves were made of metallic potas-
sium, the potassium lines represented on Plate I.a were seen, but
they were so faint that only two prisms could be used in order to
find their position in the solar spectrum, and the intensity of the sun-
light had to be diminished by interposition of very dark glasses. The
line K.« is better seen when a non-luminous gas-flame is employed than
when an electric spark is used. In our first memoir on spectral ana-
lysis, Bunsen and I represented this line in our drawings as a single
line coincident with IFraunhofer’s line 4. This indeed always appears to
be the case when this spectrum is examined by the slight magnifying
power which is most convenient for the object we then had in view,
but, when observed by the power used in the preparation of these
drawings, the red potassium line turns out to be a double line each of
whose parts is less refrangible than 4. It has already been shewn by
Debray, Grandeau and Roscoe, that this is a double line ; and Morren
has observed that it is less refrangible than A' Near B there 1s
another double line in the potassium spectrum, but neither of these
lines is coincident with B. Concerning the spectra of lanthanum and
didymium I may remark that the lanthanum salt used for the experi-
ments contained didymium, and the didymium salt contained lantha-
num ;: hence the spectra appear to be almost identical. A portion of
the two salts was brought on to the two pair of electrodes, and a

' Chemical News, Dec. jy, 1861, p. 303.
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simultaneous spark passed through each pair; the light from one spark
passed through the one half of the slit, the light from the other spark
through the other half. The direct comparison of the two spectra,
which was thus rendered possible, shewed that certain lines were
brichter in the one spectrum, and other lines brighter in the other
spectrum. In many cases the difference in brightness was so great
that the origin of the lines might be distinguished with certainty,
whilst in other cases such a discrimination was not possible; these
last are marked (La D7) in the Table.

These additional observations have not yielded any new informa-
tion respecting the constituents of the solar atmosphere, they have, how-
ever, confirmed the results of the previous examination.

A large number of iron lines oceur in the yellow and blue portions
of the spectrum, and all of these are coincident with well defined
Fraunhofer’s lines ; the same remark applies to all the calcium lines.
The probability that nickel is visible in the solar atmosphere is greatly
increased by the numerous coincidences, which Mr Hofmann has noticed,
between the bright nickel lines, and the dark lines of the solar spec-
trum. The question as to whether cobalt is visible, has not received
any further eclucidation, as many cobalt lines between C and D and
between F and (¢ are coincident with Fraunhofer’s lines, whilst others,
equally bright, have no coincident solar line. New coincidences seen
in the spectra of barium, copper and zine with dark solar lines, con-
firm the presence of these elements in the sun's atmosphere. Mr Hof-
mann has also observed a few coincidences in the spectra of strontium
and ecadmium, but their number i1s too small to warrant the conclusion
that these metals are present. The other chemical elements which were
examined did not appear to be wvisible in the solar atmosphere. This
is also the case with potassium. There are, indeed, fine Fraunhofer’s
lines situated close to the red potassium lines, but the brightness of
the latter was too faint to render it possible to determine whether they
coincided or not with any dark solar lines.

Mr Hofmann has likewise paid some attention to the examination
of the atmospheric lines discovered by Sir David Brewster. The local-
ity in which the observations had to be made was, however, not well
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adapted for the purpose of these observations, as the sun-light disap-
peared when the sun approached the horizon. Still in September last,
at four to five o'clock, p.a. Mr Hofmann observed a large number of
dark lines, which were far more intense then than they had been at
noon, and therefore arose, either wholly or partly, from absorption in
the Earth’s atmosphere. These lines are catalogued in the Appendix.
It is of interest to notice that amongst these the lines 972.1, 977.4,
977.7 and ¢82.0 occur, which are coincident with remarkable bright
lines appearing in the spectrum of the electric spark when it is allowed
to pass through the air.
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Lines represented on Tasres I and II.

{The lines marked with an asterisk appear to coincide with dark lincs in the Solar Spectrum, )

et 14819 1 13454 | 1 from 14{:(:.95}
1190.1 | 1 1471.1 | 1| from 14868 (|| *to 14007 A
12409 1| from 15156 }, *to 14892 (1~ 1430.1 | 1
1256.7 | 1 *to 15194 ®1622.8 | 1 1447.0 | 1
1329.1 | 2 1556.0 | 1 *1623.3| 1 1477 1
18324 | 2 1541.4 | 1 17166 | 2 14952 | 3
18362 | 1 15489 | 2 1728.8 | 2 15400 | 1
1385.0| 2 *¥1567.5| 1] from 1894.5 }‘, from 13566.5 )
1401.57 | Q 17002 | 2 *to : 18952 Lo 1567.1 !} =
*1438.0| 3 19030 | 1 16001 .4 | 1
1460,9 | 1 La ‘ 1940.2 | 1] from 16600 |y
15179 | 5| from 1411.6 }:, from 15}:«':«'.{5'}'] to 16607 }‘5
from 1571.0 *to 14128( | to 1089.5 1732.0| 2
to 15724 }T 1416.8 | 2 20038 | 2 1801.9 | 1
15730 | o 14510 | 1 20047 | 2 20062.0 | 2
1623.1 | 1 16068 | 2 20310 | 2 2123.6| 2
from 1620.2 ) 1627.0 | 2 2081.0 | 2 2162.0|
to 16304 |2 1634.8 | 2 21214 | 1
16G83.1 | 1 * 213868 | 1 2208.2 | 2 P
1725.5 | 1 . 2214.5 | 2 13257 1
*1777.5| 2 (La, Di) | 2217.8 | 2] from 14882 .
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2052.3 | 1 1071.1 | 1 *11462 | 2] *to 18069 }E
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' 10770 | 1 1185.6 | 1
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from 1364.5 : 1317.6 | 1 |
to 13652 } - |

ArmospHERIC LiNes.

—
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O48.0 F 0588 | 0657 | 9721 | 0774 | 989.2 0002 | 1000.2 | 101064
049.4 | 959.6 | 068.7 | 0743 | 9777 ' 08g.6 | 10000 | 1010.5 | 1017.F
940.8 | 961.9 | 969.0 | 9750 | 9820 | 9931 | 10014 | 10139 | 1018.2
951.7 | 9065.7 | o606 | 9757 | 9823 | 0934 | 100458

7114 | 954.2 ‘ g64.4 | 970.5 | 976.1 |,r}33,5;r 998.1 | 1008.3 | 1015.1
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