[ 983 ]

XVIIL On the Photographic Are Spectrumn of Electrolytic Iron.
By J. NormaN Lockyer, C.B., F.R.S.

Received October 27,—Read November 23, 1893.

[PraTes 12, 13.]

CONTENTS.
PAGE.
IL—Rererexce vo Kavvier Work . . . . . . . . . . . . . .. L. 983
Method of eliminating impurities . . . . . . . . . . . . . . . 983
TuALfN’s Bye observations . . . . . . . . . . . . . . . . .. 984:
I1.—Tar Presenr WoORK . . . . . . .« . . .« . . . ... 085
Necessity of the research ., . . . . . . . . . . . . . . . . . 985
Method employed . . . . . G e e e 987
Reference to the observations ot Mcssxs KAYSLR a,nd RUNuL Ce e 989
Reference to McCrean’s work on the Spark Speetrum . . . . . . . . 989
Explanation of the tables . . . . . . . . . . . . . . . . .. 990
II1.-—Discusstoy or THE REsunrs . . . . . . . . . . . . L .. L. 990
List of impurities in electrolytic iron . . Coe e 990
Comparison with TaALEN'S Eye observations (Wlth table) o 9951
Comparison with Kavsir and RunGe’s results . . . e 992
Comparison with McCOrnuan’s photographs (with 3 Lables) e 993
General conclusions . . . . . . . . . . . .. Lo 997
1V.—Guseran TaBLe . . . . .o 998

I.—Comparison of 11ne<; photoou aphed w1th those given by KAYs ER cmd RUN(xE 998

I. RererENCE TO EARLIER WORK.
Method of Eliminating Impurities.

In the Bakerian Lecture for 1873* I gave an account of my early researches on the
spectrum of iron, which had been commenced in 1870, and suggested a possible
method of spectroscopically eliminating impurities. I then hazarded the statement
that “in cases of coincidences found between the lines of various spectra, the line
may be fairly assumed to belong to that one in which it is longest and brighest.”
The method was illustrated by three plates, one of which showed the long and short

* ¢ Phil. Trans.,” vol. 164, p. 479.
14.1.95

%8}]
\
The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to éfr 2

R
o) kY

e

Philosophical Transactions of the Royal Society of London. A. STOR ®

WWWw.jstor.org



984 PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

lines of iron near F; another the spectra of manganese, nickel, Lenarto meteorite,
and iron from about G to H; whilst the third was a comparison of the spectra of
calcium and barium with the solar spectrum.

The subject was subsequently referred to in communications to the Royal Society,* in
1874 ; and with regard to the method of treatment for the elimination of lines due to
impurities, I remarked : “The spectrum of the element is first confronted with the
spectra of substances most likely to be present as impurities, and with those of metals,
which, according to THALEN'S measurements, contain in their spectra coincident lines.
Lines due to impurities, if any are thus traced, are marked for omission from the
map and their true sources recorded, while any line that is observed to vary in length
and thickness in the various photographs is at once suspected to be an impurity line,
and, if traced to such, is likewise marked for omission.” This work was very
laborious, and I appealed “ to some other man of science, if not in England, then in
some other country, to come forward to aid in the work, which it is improbable that
I, with my small observational means and limited time, can carry to a termination.”

TaALEN'S Eye Observations.

In 1884, THALEN published a most important paper on the spectrum of iron which
surpassed in completeness everything before it.t

He gives a list of 1,200 lines in the arc spectrum of iron which he had observed to
be coincident with dark lines in the solar spectrum. His observations were made
between the wave-lengths 89967 and 7591°3, that is, from near the Fraunhofer line
H to A. Between A3996°7 and \5159'6, THALEN determined the wave-lengths of the
iron lines by comparison with lines in Vocer's map of the solar spectrum.f From
A5160 to N5400 the wave-lengths given in Fievez's map,§ as well as those due to
VoceL, were utilised. The positions of lines between \5400 and M6379 were
‘determined with reference to Frevez's lines and the lines in ANasTROM’S spectrum.||
From N6379 to the Fraunhofer line A, the positions were determined by micrometer
measures, and a comparison was made with the iron lines mapped by AnesTrROM in
this region.

A Gramme machine, making 900 revolutions a minute, was used by THALEN to
produce the electric arc. Rods of iron, 9 millims. in diameter, were first arranged as
poles, but owing to the long time it was necessary to run the current in order to
make the observations, the poles got melted. One carbon and one iron pole were
then tried, and by taking observations with a long are, it was found possible to get

* ¢Roy. Soc. Proc.,” vol. 23, p. 152 ; ¢ Phil. Trans.,’” vol. 164, p. 805.

T ¢ Société Royale des Sciences d’Upsal,” September 26, 1884.

T ¢ Publicationen des Astrophys. Observatorium zu Potsdam,” 1879, No. 3.
§ ¢ Annales de 'Observatoire Royal de Bruxelles,” 1883, vol. 4.

|| ¢ Spectre Normal du Soleil, Upsala,” 1868.
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rid of many of the lines due to impurities in the carbon. Observations were also
made with iron poles 15 millims. in diameter, but although these did not melt so
readily, the results obtained were not deemed satisfactory. Finally iron was
volatilised on carbon poles. THALEN used the best Swedish iron in his investigation,
but found that impurities were always present in it, and also in his carbon poles; for
the spectrum of the arc always exhibited lines which were known to be due to
calcium, manganese, barium, titanium, lithium, sodium, and other substances. In
~ order to distinguish between lines due to foreign substances and those really due to
iron, the spectra of suspected impurities were separately examined. ILines common
to all or any of the elements observed and to the spectrum of iron on carbon poles,
were assigned to the one in whose spectrum they were most intense. The origin of
many of the foreign lines was known from the work of previous investigations, and
it was therefore often only necessary to make exact determinations of wave-length to
decide whether such lines did or did not coincide with lines attributed to iron.

As to the success of this method of eliminating impurities THALEN remarks :i—
“ Malgré tous les soins que j'ai pris, il est pourtant bien probable que quelques unes
des raies attribuées au fer doivent étre rejetées de ma liste comme appartenant i des
corps étrangers. Néanmoins, aprés avoir examiné en somme cing fois le spectre du
fer, je suis porté & croire que je peux énoncer comme résultat de ma recherche
précédente que le nombre des raies du fer obtenu dans le spectre visible monte réelle-
ment au moins & 1200, et que ces raies coincident toutes avec des raies sombres du
spectre solaire. Je ne doute pas qu'on ne puisse encore augmenter beaucoup ce
nombre, au fur et & mesure qu’on augmente l'intensité du courant, c’est i dire en se
servant de machines dynamo-électriques plus puissantes que la mienne.”

II. Ter PresENT WORK.

Necessity of the Research.

Observations of the variations undergone by the spectrum of a single element
subjected to changes of temperature, led me to make an investigation of the spectra
of different strata of the sun’s atmosphere. The considerations which made me hope
for help in this quarter were stated as follows :— Whatever be the chemical nature
of this atmosphere, it will certainly be hotter at the bottom-—that is, near the photo-
sphere—than higher up. Hence, if temperature plays any part in moulding the
conditions by which changes in the resulting spectrum are brought about, the
spectrum of the atmosphere close to the photosphere will be different from that of any
higher region, and, therefore, from the general spectrum of the sun, which practically
gives us the summation of all the absorptions of all the regions from the top of the
atmosphere to the bottom.

“Now, as a matter of fact, we have the opportunity, when we observe the spectrum

MDCCCXCIV.—A. 6 K
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of a sun gpot or a prominence, of determining the spectrum of a practically isolated
mass of vapours vn the hottest region open to our inquiries, and seeing whether it is
like or unlike the general spectrum of the sun. What then are the facts? . . . . . .
The whole character of the spectrum of iron, for instance, is changed when we pass
from the iron lines seen among the Fraunhofer lines to those seen among the spot and
prominence lines; a complex spectrum is turned into a simple one, the feeble lines
are exalted, the stronger ones suppressed almost altogether.”*

One of the best examples of the changes of intensity of the iron spectrum brought
about by changes of temperature is afforded by the group of three lines at wave-
lengths 4918, 49198, and 49232 (ANesTROM'S scale). In the solar spectrum, 4919°8
ig thickest, in the oxyhydrogen flame none of them is visible, in the electric spark
with jart, 49252 s thickest, while it is almost invisible in the electric arc; under no
conditions are all intensified at once, each one seems intensified at the expense of the
other. Observations made at Kensington, of the most widened lines in the spectra
of spots, show that the lines at wave-lengths 4918 and 49198, which are seen almost
alone in some photographs of the arc spectrum, are seen alone in the spots, or, at all
events, in 73 spots out of 100, and the other line which is enormously expanded when
we use the highest temperature, is seen alone in 52 out of 100 prominences by
Taccuint.  “Then, we finally learn, that in several cases when a change of
refrangibility has been observed in the iron lines in the spots visible on the sun, that
the two lines 4918 and 4919'8 have been affected, while 49282 has remained at
rest.”| These variations are, I hold, therefore, the result of temperature changes.
Messrs. Liveing and DEwAR, however, deny that the line of the triplet seen in the
prominences, and most brilliant at the highest temperature available in our labora-
tories, is due to iron, although it has been recorded as an iron line, as shown by
Warrs, Kircarorr, Huceins, THALEN, LEcoQ DE BoISBAUDRAN, and myself. Its
quality as an iron line, therefore, is as established as that of any other lines seen in
the spectrum.  Quod ubique quod ab omnibus. In their words, “The line at wave-
length 4928, which occurs so often in the chromosphere, according to Youne and
TaccHINT, and is assumed to be due to iron, is so near to lines which come out in our
crucibles on the introduction of other metals, that we cannot help feeling some doubt
as to its absolute identification with the iron line.”’§

Further, a knowledge of the true spectrum of iron is of the utmost importance for
the solar and stellar work which is in progress at Kensington. Observations of the
lines which are most widened in the spectra of sun spots have been made since 1879,

* ¢ Chemistry of the Sun,” p. 253.

+ The quantity spark employed by Mr. McCLEAN to obtain the photographs, which are referred to
later, approaches almost the conditions of the electric arc. The changes here mentioned, however,
depend upon experiments with a high temperature jar spark.

1 Tbvid., p. 351.

§ ‘Roy. Soc. Proe.,” vol. 33, p. 432, 1882.
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and the preliminary reductions indicate that, at the period of minimum sun spots
many of the most widened lines are due to iron, while at maximum the lines are
chiefly of unknown origin. A table of iron lines is therefore essential in an inquiry
of this nature. The series of photographs of stellar spectra, which have been taken
at Kensington, include some stars which resemble the sun, some which differ slightly
from it, and others which differ greatly. A comparison of these in terms of iron is
very important, and is a natural first step in their study when we have a terrestrial
iron spectrum about which there is no doubt.

The necessity therefore got stronger and stronger to get the true spectrum of
iron. At this juncture in 1887, in a conversation with my colleague, Professor W. C.
RoBERTS-AUSTEN, he informed me that he was preparing some iron of exceptional
purity by electrolytic deposition, and that there was a certain quantity of this
available for research purposes, which he placed at my disposal.

I at once determined to obtain photographs of the spectrum of this material,
using it for both the poles of an electric arc, so that all carbon pole impurities might
be avoided.

This paper is the result. Owing to the small quantity of iron available, the
exposures were necessarily short, so that in some parts of the spectrum the number
of lines is not so complete as is desirable.

THALEN'S memoir is practically complete, so far as the visible arc spectrum of iron
is concerned. The photographic arc spectrum of iron over the same region has not,
however, hitherto received such minute attention. I have therefore taken up the
subject by photographically comparing the spectrum of iron with the solar spectrum
between about K and A, using the electrolytic iron previously referred to. The
main advantage gained by photographic comparisons of this character is that a
permanent record of the positions of lines relatively to Fraunhofer lines is obtained,
which can be referred to at any time, and that the coincidence or non-coincidence of
iron lines with solar lines can be easily and exactly determined at leisure by a
microscopical examination of the negatives.

Method Employed.

Portions of the electrolytic iron were arranged to form the poles of an electric arc
lamp placed about four feet from the slit of a Steinheil spectroscope, having three
prisms of 45°, and one of 60°; an image of the arc being formed upon the slit by a
suitable lens, The current employed was from a  Victoria” brush dynamo, driven
by an ¢« Otto” gas engine, and making about 850 revolutions per minute.

The region between K and A has been photographed on four plates. The first
plate takes in the spectrum from about A3900 to 4220, the next from about A4220 to
A700, a third extends from A4700 to A5900, and a fourth from A5900 to \7600.
The steps are approximately from K to G, G to F, F to D, and D to A of the solar
spectrum,

6 K 2
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For the region between K and F ordinary Mawson and Swan “Castle” plates
were used. But for the parts of the spectrum less refrangible than I specially
prepared plates had to be employed. Plates dyed with the following solution were
found to give the best results between ¥ and D :—

Erythrosin (1:1000) . . . . =1oz
Alcohol . . . . . . . . . =1,
Distilled water . . . . . . =8
Ammonia (10 per cent. solution) =1 ,,

“(Clastle” plates were immersed in this bath for two minutes, and were afterwards
drained on blotting paper, film outwards, and stood on end to dry. They are then
ready for use, and require about the same exposure as is necessary for the blue end of
the spectrum with undyed plates.

For the region D to A the plates require different treatment. Two baths are made

up as follows :—

No. 1. No. 2.
Aleohol. . . . . . 6 oz Cyanin (1:1000) . . 100 minims.
Ammonia . . . . . 10 Alizarin blue (1:1000) 10 ,
Distilled water 3, Alcohol . . . . . 6 oz
Ammonia . .o .
Distilled water . . . 10 ,,

The plate is first placed in No. 1 for a minute, lifted out, drained and placed in
No. 2 for the same time ; it is then drained and put back in No. 1 for a minute, after
which it is dried as before.

Plates treated in this manner give the best results if used the day after prepara-
tion ; they should never be kept more than three days. The exposure necessary for
the red end with these plates is about twelve times that required by ordinary plates
for the more refrangible regions of the spectrum.

The ordinary plates and those stained with erythrosin needed no special developers.
But in the case of those dyed with cyanin a weak developer is necessary. The one
used for the development of a quarter-plate is made up as follows :— A

Pyrogallic acid . . . 2 grains.
Ammonium bromide . % grain to 1 oz of water.
Ammonia . . . . . 2 minims to 1 oz of water.

The plate is flooded with this mixture and gently rocked for a few minutes, another
minim or two of ammonia is then added, and development continued in the usual
manner.

Since the plates dyed with cyanin are sensitive to the red end of the spectrum as
well as the blue, they must be prepared and developed in absclute darkness, and it is
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only when the development is nearly completed that dim light should be admitted
through ruby glass in order to look at a plate.

It was originally proposed to use a Rowland grating for the production of the
spectra, especially for the less refrangible portions, where the dispersion is so small.
An attempt was made to carry this into effect, but it was soon found that the limited
amount of electrolytic iron at my disposal was quite insufficient to permit the long
exposure involved, so that prisms were used throughout the length of spectrum
photographed. Even when this was done, the want of electrolytic iron prevented
the proper exposure being given to the region from D to C, so the photograph
of this portion of the spectrum does not contain so many lines as it would have
done had more material been available.

Reproductions of the photographs employed in this inquiry are given in Plates 12
and 13.

Reference to the Observations of Messrs. KAYSER and RUNGE.

Since my paper was commenced two important memoirs on the spectrum of iron
have been published. Professors KAvsgr and RuNeg, of the Hanover Technical High
School, have investigated the arc spectrum of iron between the wave-lengths 2230°01
and 675036 (on RowLAND'S scale), and compared their positions with those given by
TravLkN, Cornu, and VoeEL* The wave-lengths of the lines in their photographs
were determined by micrometric measures, a number of standard lines being used to
construct the interpolation curves. The electric arc was produced between poles of
wrought-iron, 1 centim. in diameter, and the spectra were obtained by means of a
Rowland grating having 14438 lines to the inch. No attempt was made to eliminate
lines due to impurities in the iron although metal of the ordinary commercial quality
was used. From this it will be seen that Professors Kavser and Runxce have gone
over very nearly the same ground as I have. But there are one or two important
differences in our method of work. They determined wave-lengths by micrometer
measures, my positions have been obtained by direct comparison with the solar
spectrum. Their object was to investigate the spectrum of iron of ordinary purity,
so lines due to impurities are not distinguished from those of iron. My idea has
been to obtain the spectrum of the purest iron, and I have indicated in the tables,
the lines possibly having their origin in foreign substances. I have compared the
lines given by Professors KAysEr and RuNGE with those shown in my photographs
from X 3900 to A 6500. The results are contained in the tables.

Reference to McCLEAN’S Work on the Spark Spectrum.
Another paper on the iron spectrum was recently communicated to the Royal
Astronomical Society by Mr. F. McCLEAN.T

* ¢ Abh. d. Akad. d. Wiss. zu Berlin,” 1888,
+ ‘Monthly Notices, R.A.S.,’ vol. 52, November, 1891.
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In this case, however, the spark spectrum, and not the “arc” spectrum, was

photographed in juxta-position with the solar spectrum. McCrLEAN has not tabulated
the wave-lengths of the lines exhibited in his photographs, but, from a set of
enlargements he has had the goodness to send me, I have been able to determine
them with reference to lines in the solar spectrum, in precisely the same way as in
my own photographs. The results of this comparison in the region A 3900-\ 5740 are
shown in a separate set of tables.

So far as I am aware McCLEAN has not published any detailed account of the
apparatus which he employed.

Explanation of the Tables.

All the lines in the arc spectrum of iron shown on the photographs have been
mapped in their exact positions with reference to the lines in Professor Rowranp’s
photographic map of the solar spectrum (first series). 1In the following tables, how-
ever, the wave-lengths have been transferred to the scale of the second series. The
first and second columns give respectively the wave-lengths and intensities of the
lines photographed at Kensington, and the third and fourth those estimated by
Kavser and Runee. The lines tabulated in the first column have been taken
from the enlarged photographs, of which reproductions are given in the Plates
accompanying this paper (Plates 12, 18). A t placed after the wave-length of
certain lines denotes that corresponding lines were observed by TmALEN., The first
two figures of the wave-lengths are inserted only at the top of each column and
where they undergo a change. In each case the scale of intensity used is such that
1 represents the strongest and 6 the weakest lines. 'The last column is reserved for
remarks on the probable origins of lines (generally faint) which appear in the spectrum
of iron, but which are possibly due to impurities. An origin stated without further
comment signifies that there is a long line at that wave-length in the spectrum of the
substance named ; but where a ? is added the coincident line of the substance is not
one of the longest. Coincidences with lines of cerium have not been considered.

ITI. DiscussioNy oF THE RESULTS.
Impurities in Electrolytic Iron.

The impurities as indicated (by the method previously referred to) in the appended
tables may be summarized as follows : —

Impurities undoubtedly present.—Mn, Ni, Cr, Co, Ba, Sr, Ca, Cu, Ti, Di.
Impurities probably present.—Zr, U, Ru, La, Er, Mo, Zn, V, W, Os, Al

The evidence for the elements in the first column depends upon the work of others
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as well as that at Kensington, but the evidence in the second column rests solely on
the new unpublished map which is in course of construction at Kensington.

Comparison with THALEN'S Eye Observations.

The position of all lines, for which the corrections differ considerably from the
mean, have been very carefully determined from the scale of wave-lengths attached
to RowLAND’S maps, so that a few slight corrections to some of THALEN'S measures
appear to be indicated. Thus in the region between 4600 and 4700, the mean
difference of wave-length on the two scales is 4 1'0. On the photographs a strong
line occurs coincident with a Fraunhofer line at 4667°6. THALEN gives the wave-
length of this line as 4665'5., The difference is therefore 2-1 instead of about 1-0.
It seems probable that a misprint has occurred, and that 46655 should be 4666°5,
in which case the difference would be 1°1.

THALEN'S estimation of the intensities of the lines generally agrees with the
intensity in the photographs. The lines showing the most striking differences in
this respect are 4432°'8, 4433°4, and 4434°0. They are given the intensities 4, 8, 4
by THALEN, in the photographs, however, their intensities are 6, 5, 6.

Some of the single lines given by TrALEN have been found to be double, and a few
which he suspected were double have been proved to be so. These cases are shown
in the tables. '

In all regions, except that contained between K and G, THALEN observed more
lines than are found in the photographs. The number of lines observed in each case,
in all the regions contained in the appended tables, are as follows :—

Regions Lines mapped from the Lines observed by

compared. photographs. THALEN.
\ 4000-G 257 194
G-I 254 266
F-b 120 188
b-D 187 213
D-C 55 147
Total . 873 Total . 1008

More lines would doubtless have been obtained, in the region from D to C, if
a longer exposure had not been prevented by a want of electrolytic iron.

In addition to the photographic lines which appear to be due to impurities in the
electrolytic iron, several lines common to TuALEN and the photographs, and some
given by THALEN, but not found in the photographs, most probably require to be
eliminated from the spectrum of iron proper. The lines having their origin in
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elements other than iron are, in nearly all cases, extremely faint. A list has been
made of all the lines observed by TrHALEN, which are neither recorded by KAvsEr
and RUNGE, nor present in the Kensington photographs.

Lines mapped by TrmALfN and not mapped by either LockYER or KAYSER

and RunocE.
Wave-length o Probable Wave-length . Probable
(THALEN). Intensity. origin. (T}IALEN%. Intensity. origin.
40697 5 Mn. 50565 6
4496-2 5 Cr? 50575 6
45065 6 50806 6
45440 6 (VorCo)? 51146 5 Ni.
45901 6 51537 6
46837 6 51560 6 (NiorSr)?
47168 6 52095 6 Ti?
475407 6 52110 6 La?
47588 6 Ti. 52447 6 Mo?
4779-8 6 5294-9 6
43488 55 53259 6
48617 5 53266 6
48666 6 55908 6
48676 6 56058 6
4873‘(; 55 Ni? 56340 55
4873 5 56440 6
48743 55 56691 6
48968 6 57760 6
4897'8 6 Mn? 5800+0 6
4900-1 6 58250 6
4924-9 6 58275 6
49437 6 58844 6
4974°7 6 Ni? 59595 6
4985'3 55 61017 4
50240 6 Ti. 61830 6
50303 6 61853 6
50522 6 (W or Ti)? 63035 6
50553 6 63060 6
50558 6

Comparison of KAYSER and RuNew’s Lines and Lines in the Kensington Photographs.

It appears from the tables that electrolytic iron does not give nearly so many
lines as ordinary commercial metal. But the difference in number may be partly due
to the use of different temperatures as well as difference of purity. The almost
constant difference of 0°1 tenth metre between the two sets of measures is a satisfac-
tory sign of mutual accuracy. As my measures are only carried to the nearest fifth
figure, while those of Messrs. Kavser and RUNGE are carried to six, such differences
as those most frequently met with in the tables are only to be expected. All the
lines in the regions taken in which the difference appears abnormal have been specially
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re-examined ; and, as the wave-lengths have been read directly from RowLAND’S
map, there is little chance of error.

Messrs. Kavser and RunGe have not attempted, in their first paper on the iron
spectrum, to distinguish the lines due to impurities. I have, therefore, endeavoured
to trace the origins of the lines which appear in their list but not in mine. Many of
these additional lines may possibly be accounted for by impurities, but the majority
are not represented at all on the new Kensington maps. As already pointed out,
they may most probably be ascribed to iron, the lines not having appeared on the
Kensington photographs perhaps on account of insufficient exposure, or possibly by
the employment of a different temperature.

Comparison with McCLEAN'S Photographs.

A comparison of the lines in McCLEAN’S photographs of the spark spectrum of iron
and those in the Kensington arc photographs shows a great similarity between the
two, but still there are some differences. Although some of the lines not common to
the two sets evidently have their origin in various impurities, others appear to be
really due to iron. Most of the lines photographed by McCrraN in the spark spec-
trum, but which are absent from the arc spectrum, have been found to be due to
impurities ; whilst, in general, those present in the Kensington photographs and not
in McCLEAN’s have been confirmed by THALEN or Messrs. Kovser and RuNee as
having their real origin in iron. Below are appended two lists, in one of which are
given the iron lines which appear in the arc and not in McCLeAN’s photographs ; and
in the other those which are found in his photographs, but are absent from the arc.
All the lines in the latter list, however, have been recorded in the arc spectrum,
either by Kavser and RoNeg, or THALEN.

MDCCCXCIV.—A 6L
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LiNgs probably due to Iron which are present in the Are, but not in McCrLraN’s

Photographs.
Wave- ... | Wave- . Wave- . ave- .
leng‘;h. Intensity. | l‘enl;?ch. Intensity. 10“;‘:}1‘ Intensity. ;ZI qé*vt,(l)l Intensity.
e |l . A
39669 . 6 | 43737 55 46585 6 49383 6
39746 6 | 43746 6 4666°1 6 4942-7 6
39770 5 43769 55 46807 55 4952-8 6
39786 6 43780 6 46816 6 4954:8 6
39797 6 43849 6 4682-3 6 49549 6
40098 3 43881 4ch 46837 55 49688 6
40303 6 4390-7 6 46875 5 5002-1 2
40495 6 43952 55 1684 6 50059 25
40521 6 44093 6 46896 6 50298 6]
40534 6 44233 6 46903 5 5044-4, 6
40540 6 4424:0 6 47116 6 50518 35
4057-7 6 44328 6 47123 6 50673 55
40917 6 44340 6 4714:6 5 50765 6 5
41003 6 44372 55 47212 55 51453 6 |
41009 5 44385 55 47298 6 51803 6 ‘i
41014 6 44401 6 47405 6 51842 6 f
41018 6 44406 6 47483 55 51848 6 §
41064 5 4441-3 6 47502 R 52025 3 i
41092 6 44473 6 4752-6 6 | 52199 6 J
41100 4 44479 25 47656 6 | 52257 6 i
41239 6 44505 5 47670 6 | 52427 4
41260 6 44565 55 4771°8 - 55 | 52440 6
41279 6 45028 6 4786°2 6 | 52473 6
41617 6 45050 6 47880 6 1 62504 4
41638 6 45099 5 47889 4 | 52522 6
41688 6 45185 6 47914 6 152536 5
41718 6 4539-0 6 47996 6 | 52552 55
41782 6 45426 55 4800°0 6 52755 6
42029 55 45533 6 4803°1 4 53153 6
42300 6 45616 6 48078 6 53223 6
42414 6 45667 6 48088 6 53436 6
42440 6 45670 6 48139 6 53496 55
42585 6 45690 5 4816°1 6 53656 6
. 42588 6 45749 5 48180 6 54900 6 .
| 4264-4 5 4580-3 55 4824:3 6 56033 6
. 42755 405 4601-2 6 48276 6 55294 6
[ 42807 5 46022 5 48347 6 55387 6
© 42866 6 4607°8 45 48966 55 55538 6
42892 6 46158 6 49053 6 56488 6
D 42923 6 46190 55 49095 59 56493 6
L 43209 6 46303 35 49119 6 56541 6
| 43610 6 4634-9 6 49122 6 56607 6
L 4366°1 6 4636°1 5 49280 55 56669 6 |
. 43681 55 46515 4 49322 6 56867 4 ;
i 43730 6 | ]
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Lines probably due to iron which occur in McCLEAN'S Photographs, but not in
the Kensington Arc Photographs.

Wave- o | Wave- . ! Wave- .| Wave- .
len,c;:%. Intensity. j 1‘;;2:;; Intensity. | length. Intensity. length. Intensity.
3914-1 6 4205°3 6 44185 6 54282 6
39252 6 42081 6 44218 6 54435 6
3939-2 6 42334 3 45417 6 54645 6
3940°1 6 42534 6 48752 . 6 55830 6
39638 6 42570 6 49136 6 56003 6
39722 6 42837 6 5197-8 6 1 56079 6
41051 6 4314-1 5 52509 5 I 56236 6
4129-3 6 43715 6 53756 6. | 56509 6

- 4141°1 6 oABTTE 6 54093 6 i 57072 6

| 4146°7 6 r 43810 5 54262 6 | 57143 6

" In general, the intensities of corresponding lines in the arc and spark spectra
closely agree. The more remarkable differences in the intensity of the lines are
given in the following table. It will be seen that in the great majority of cases the
- spark lines are attributable to the air between the iron poles being raised to a state
of incandescence, and producing lines in the spectrum due to oxygen and nitrogen.
In the others the ditference is apparently due to a closely adjacent impurity line
which appears in one spectrum and not in the other. These impurities are indicted
in the last column of the table.

In comparatively few cases does there appear to be a genuine difference of intensity.

6 1L 2



996 PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

Lanes common to McOLEAN'S Photographs and Arc Spectrum, but differing
considerably in intensity.

Authority. Wave-length. | Arc Intensity. | Spark Intensity. Remarks.

L. 39066
L. 40050
L. 4041-5
T. 40697
407605
L. 41191
& R 415347
R. 4186-20
R. 419048
R. 423325

Air-line and Mn

b
4
e
j—
=u]

&

&

&

& R. 4317-10
& R. 431988
L 43480
L 43517
& 4417-13
& 442608
L 44334
L 44470
& 446539
T 4506°5
L 45817
L 45873
L 45963
L 46144
L 46377
L 46382
L 46437
L 46502
L 46617
L 46622
L. 46683
L. 47051
L.
L
&
L
L
L
L
&
L
&
L
&
L
L
L
L
L
L
&
L
L
L
L

slaialalals

=

=

(3

47056
47796
478356
49241
4994-3
50030

(29

bRl 99

K Manganese

=

Air-line

Ut

. 50074
R 5016-40
. 50186
R. 502560
. 51692
R. 525076
53168
53651
53934
54007
5445°3
5463'2}

o Ot

Air-line
Probably Ni

=

Possibly Co

Probably Cr

DO DO = /= DO QU DD S DD U0 = i = DO OO DO DD DS U QU L0 QO = O UT = Ty U DD e b e QU b b e e e OO DS OO i~ DO DO DU

54635
553487
55356
55434
56793
57124

e T

Air-line

=

and Ba

AR OEARTRNW W TR TOG U DERUNHITIRRRERUIUTEAWSRRITOIRTRRIDD DR DS G GO O i

A=W =
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General Conclusions.

In this paper I have given an account of the method employed in mapping the
photographic spectrum of carefully prepared electrolytic iron. The region covered by
the inquiry extends from 3900 to A6500, and the lines are compared with those
mapped by Tmarin, Kavser and RuncE, and those which appear in McCLEAN'S
photographic map of the iron spectrum.

The comparisons have led to the following general conclusions :—

(1.) TmaLENSs work is, on the whole, strikingly confirmed, the visual spectrum as
mapped by him differing but slightly in essential points from that which has been
photographed at Kensington.

The principal difference is in the greater number of lines mapped by THALEN in all
regions except that between N4000 and N4300, and this is probably to be accounted for
by the insufficient exposure of the photographs which was necessitated by the limited
amount of material available for the experiments.

(2.) The comparison with the spectrum photographed by MCCLEAN indicates
that the experimental conditions employed by him produced a temperature not
greatly differing from that of the arc employed at Kensington. There are only a few
lines which are not common to the two series of photographs, and these in many
cases can with great probability be ascribed to impurities present in one case and not
in the other. TFurther, the apparent differences of intensity between some of the
lines which are common, are mostly due to the superposition of the spectrum of air
upon that of iron in McCLEANS photographs. In some cases, however, there seems to
be a real difference in the intensities of the lines, and this may, with much probability,
be ascribed to the slight difference between the temperature employed at Kensington
and that employed by McCLrAN.

(3.) The number of lines mapped by Messrs. Kavser and Runce is considerably
in excess of that mapped at Kensington in corresponding regions of the spectrum.
The comparison indicates that this is partly due to the fact that the iron employed in
their experiments contained a greater number of impurities than that employed at
Kensington.

No origing have been traced for many of the lines present in their photographs
which do not appear in the Kensington photographs, and some of these may therefore
be really due to iron, their absence from the Kensington photographs being due to
insufficient exposure or to the employment of a different temperature. The possible
origins of 341 of these excess lines in Kayser and Ruxcr’s list have been traced
from the Kensington maps of metallic arc spectra.

(4.) The impurities which contribute the greatest numbers of foreign lines to the
spectrum are calcium and manganese.
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TasLe I.-—Comparison of Lines Photographed with those giveﬂ by Kavsrr and

Runae.
g | LBl 28 X B S | B EE B 5
sf BB TP 5L e TE |E5 3T ES 2
S O|E% BE BT E S |8¢ B§ |E¢ S
S R gE Al 2 S = g
— % - a8 o] % — o
39 : 39 39 39 N
0066 6 0064 ) 4482 6
0243 6 450 5 4500 5
03-0 2 03-06 2 452 5 4522 5
04:0 5 04-00 3 47°1 6 4711 5
0564 6 Co? 47°6 5 4764 4
066 4 06-58 3 482 5 4823 4
068 | 6| 0684 | 5 488 | 3| 4887 | 3
; 0758 6 49-25 6 La¥
081 | 5 0802 | 4 501 | 3 5005 | 3
0940 6 A 51-3 3 5125 3 |
09-78 6 52-8 3 5271 3
100 6 09-95 4 532 5 5325 4
10-9 6 10-95 5 54:0 6 5393 6
137 5 13-74 4 5478 6
1435 6 555 6 5550 5
168 4 16-82 3 561 6 5605 4
17:3 4 17-29 3 566 2 5654 4
185 3 18-49 4 56-8 2 5677 3
187 3 1874 4 572 5 37:17. 5
192 5 19-18 5 | 57-80 6
203 2 2036 3 * 5829 | 6 Ti¥
2093 6 5848 6
21-34 6 604 6 60-38 5
230 2 23-00 2 612 6 6124 6
2531 6 - 616 6 6163 b) Al?
257 | 4| 2574 | 4 6242 | ©
. 261 3 26-05 4 62:80 6 Ti?
| 280 2 2805 2 632 4 6324 4
f 28-17 6 64-6 5 64-61 5
v 202 6 29-24 5 . 6562 6
P304 2 30-37 2 662 3 66-16 4
312 6 31-22 5 667 3 66-70 4
327 | 4| 3271 | 5 669 | ©
332 6 3301 6 . 675 3 6751 4
340 1 3375 3 K (Ca) 680 ) 6805 )
, 3447 | 6 685 | 1| 6855 | 4 | H(Ca)
34-81 6 693 1 6984 2 :
354 6 3540 5 698 5 6972 6 . Cr?
360 3 3592 3 | 70-35 6
374 | 5| 3742 | 4 705 4 7051 | 4
3816 | © 75 3 7l4l 3
38-59 6 73:00 6 Di?
4014 6 738 4 7375 4
41-0 4 4098 3 7410 6
414 6 41-40 5 746 6 74-46 6
42'5 3 42-54 3 49 6 74-81 6
| 435 6 4343 b 7533 6 Co?
i 44-2 6 44:11 5 Al? 76:00 6 Mn?
1
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TaBrLe I.—Comparison of Lines Photographed with those giveh by KEeYSER and
Ruxee—(continued).

e < =2 . g N )
~ 20 v 5 ) o Yo 5, Q|
TE HE e® |EZ 2 TE | B2
e g & oo S | 2 B3 8@
22 S g2 |5 g ISR
S g -8 = ~
)
39 39 40
| 7647 6
768 4 | 7671 5 166 6
770 5 7695 6 178+ | 41
. 7766 6 Mn? 182 ¢ 6
779 2 7783 2
786 6 7855 6
7891 6 Co?
797 6 | 7973 6
81-21 6
819 3| 8187 3
8347 6 220+ | 3
84-1 2 8408 3
855 5 8546 4
863 3 86-27 3
899 6 89-94 5 24-2 6
905 b} 9048 4 249 + 5
94-2 5 9422 4
954 6 9534 6 Co?
961 4 | 9608 4 29-8 6
96-42 6 303 6
971 5 9706 5 306 + 3
97-25 6 309 6
975 2 9749 3
982 2 9816 3 321 + b}
9876 6 Ti?
328 + 5
332+ | 6
40 40 526 & | 4
00-4 6 | 0036 6
006+ | 6| 0057 5 389 6
018 + = 6 | 0177 4 402+ | 6
! 0277 6 Ti 40-8 5
03+9 6 03-88 5 S 415 % 6
050 6 04-96 6 441 + 4
05:07 6 447 + | 4
054 + 2| 0533 2 460 + | 1
064 + | 4 0639 5
068 4 |. 0671 5 488 ¢+ | 5
074+ 4 | 0736 4 | 495 6
i 08:97 6 Wor Ti
098+ | 3| 0980 3
. 11:05 6 Cu? 515 6
1149 6 Mn 521 6
11-81 6
1375 6 526 + | 6
140 + 6 1391 4
14¢41 6 534 6
147 + | 4 | 1463 3 540 6

Wave-length
| (KaysEr & RoxeE).

|

1Y
o

e
[
O

17-23
1821
18:36
1879
19-13
1975
2054
21-69
21-96
22-25
22-80
2351
24-20
24-86
2593
27:63
2072
3026
3060
3084
31-33
32:06
32-54
3272
33°16
34r59
35-76
3883
4012
4074

4144

44-00
44:69
4590
47-40
48-82
49-40
4992
5083
5140
5203
5243
52:56
52:75
53-31
5387

Intensity
1 = strongest.

(2R R oo o R R ol - o N e RS EVURVUN S o o VT N o NI B o o B N o o i o> N o I S N o ol o o 1 o ol L o e

© Mn

‘U

Possible origin.

W?
Mn ?
Mn ?

W ?
Co

Th?
Cu
Co?

U?
Co

Mn

Mn
Mn

Mn?
K?
Mn

Cu ?
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TasLe I.-—Comparison of Lines Photographed with those given by KAvsER and
RuNeE—(continued).

Wave-length
(LOCKYER)

|
|

1N
o

—

T Ut
(S

S

557 4
580

584 +
589 +

598 +

Intensity.
strongest.

1

Wave-length
(Kavser & RUNGE).

Intensity.
1 = strongest.

Possible origin.

[ e

B

[z erNerNeN

o2}

B U O O s

2O

i
(@]

54-25
54:94
5512
5563
5604
5661
5743
5791
5830
5886
5899
5980
60-88
61-24
6200
62-51
6294
6340
6363
6455
6548
6587
66-29
66-66
67-04
67-36
6807
69-08
70-85
71-79
72-62
7335
7384
74049
74-87
76°05
76-32
7672
7736
7774
7841
78:83
7932
79°50
7991
8030
8096
8135

SV WA UWSOAIIN O DN WA BN WO WWESOSTORUIHEBRONOOSEB OB B WHR DIt

Yt?

Mn

Cror Pb
Mn or Ta

Di
Mo or Pb

Ti?

La ?
Mn
Os?

Cu?
Co

Co
Sr
Ti?
Mn
Mn

Cu?
D)

<] .
g .| g =E B £
D - @ =2 5} 17
T2 g2 & 28 @
ge |t @ pe st =
S =N TE ICE T g
- — E K r—d Ff{
<)
40 40
8167 6 Mo ?
822 6 8220 5
826 6 8255 5 Co
8303 4 Mn
837 6 8370 4 Mn
839 6 83:90 4 Mn
846 + | 4 | 8459 2
851 + 4 8507 3
854 + 4 8538 3
86-06 6
8654 6 Co
872 + 6 8716 5
8750 6
8795 6
887 6 8865 6
894 6 89-28 4
90-17 6 Mn?
9112 4
9134 6
917 6 9166 4
9211 6 Di?
92+5 6 9243 4 Co?
926 6 92-60 4 Ca?
9328 6
94¢57 6 Ca?
9535 6 Mn
961 + | 4 | 9606 2
9667 6
972 6 97:19 6
983 + 4 9826 2
99:04 6 Ca
99-87 5 Di?
41 41
003 6 00-26 4
009 + 5 00-82 3
014 6 01-37 4
018 6 01-76 5
02-50 6
03-44. 6
04:3 + 5 04-20 3
04-70 6
05-04 6
0528 5 Mo ?
064 + 5 06-37 4
0655 4
077 4 | 8| 0758 2
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TasLe I.—Comparison of Lines Photographed with those given by Kavser and
RuNeE—(continued).

e . 1= .
e n o 2 % 5 D - 23 -~ @ 3
—~ < i g S 9 oM g5 $8 2 & ]
£e |3% L 4 = £y =% S @ S8 o
A I T N R T 2 S AN g2 A 3
E oE 5 . S B~ 4 é . o
41 41 41 41
0823 | 6 340+ | 6 | 38396 4
09-2 6 | 0923 4 34:50 5
100+ | 3| 0983 2 349 + | 3| 3477 1
1041 6 3543 6
1117 6 | Mn 35-08 6 | Os?
1185 5 3658 6
12:47 5 | VP 872+ | 3 37:06 9
131+ | 5| 1308 4 37:66 6
1352 6 | Mn? 3815 6 | Os?
1389 6 | Di? 38:99 6
146 + | 4 1453 3 401 39-96 5
1498 5 | (VorU)? 4054 5
1534 5 4111 6
1578 6 4151 6 | Mn
16-22 6 420 + | 6 | 4194 5
16:86 6 49:31 6
1741 6 492:8 6| 4274 5
1775 6 436 4+ | 1 4350 1
18-00 5 | (WorV)? | 440+ | 1 4396 1
187+ | 2 1862 1 44:72 6
19-00 5 | Co? 453 6 | 4599 6
19-45 5 | ve 462+ | 6 | 4612 4
1984 6 4670 6
204 + | 5 9028 3 479t | 4| 4774 2
920-59 6 495 + | 5 | 4944 3
9148 6 | Co 505+ | 6 | 5042 4
220+ | 5 | 2188 3 5134 6
227 + | 5 9259 3 A 52-04 5
2316 6 | Mn? 528+ | 5| 5295 4
239 4+ | 5 | 2381 4 5278 6
2435 6 5347 6 | Vv
2476 6 | Os? 541 % | 3 | 5404 3
9517 6 547 ¢ | 3 | 5des7 3
25-71 5 550 + | 3 5495 3
26:0 6 | 2504 5 56'13 6 | Di?
264+ | 5| 2625 4 570+ | 3| 5688 2
26:95 6 | Cre ! 5746 6
278 + | 3 | 2768 3 1580+ | 4| 5791 3
27:9 6 | 2786 5 | 590+ | 4| 5889 3 ‘
2891 6 | Rh? ‘ 5936 6 | Ti?
2928 6 ! 60-31 6 | (Osor La)?
2971 6 ; 6059 6
30-08 6 1612 6 | 6113 5 | Zr?
30-58 6 | 617+ | 6 6157 5
3114 6 | Mn 62:19 6 | Co?
322 + | 1 32:15 1 62:63 6 | Mo?
331+ | 4| 3296 2 | 638+ | 6 6374 5
3367 6 \ 6489 6
MDCCCXCIV.—A., 6 M
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TapLe I.—Comparison of Lines Photographed with those given by Kayser and
RuNeE—(continued).

Wave-length
(LiockYER).

Intensity.

1

strongest.

-1
i

Wave-length
(Kayser & RuxGi).

56
681 +
688
691 +
700

711 %
718

723 +
729 4

-7~y
RN
—F

T =T ~T
OO0 0D o0
b b

-7 =T
© W= By G

~I
A

Lo =
[epiie]
B ol 4

0 W
o =1
SIS
— =+

916 +

T = o [orNer e (o] <

w0 Ot T

[erig

<t DO

41

6551
6738
6796
6833
6871
69-03
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7042
70:99
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7199 .

72:20
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72:81.
7339
73:52
74-00
74047
741'98
7571
7662
7716
7766
7811
7864
7895
7946
7993
80-60
8116
81-85
82:46
82:85
8311
84-31
8499
8572
8620
87-17
87:92
8866
88-99
8967
90-07
9048
90-89
9157
9172

Intensity.
1 = strongest.
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Possible origin.

(Ruor Ba) ?

Ti?

(Ca or Cr) ¥
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D
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6
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DO Ut
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|
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N
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9335
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9546
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9842
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01-01
01-31
02-15
0285
03-27
0363
04-07
0512
0563
06-78
07-22
0793
0871
10-43
12-61
13-38
13:75
15°52
16:08
16-28
17-69
1843
19-47
19-99
204k
21:36
2232
2340
2427
24-63
2561

Intensity.
strongest.

1

P AP Y UTW OTWOTHI IO
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TasLe I.—Comparison of Lines Photographed with those given by Kavser and

RuNGE—(continued).

= .
= AR % £ o .
W 5 B Y= . R A
T8 |55 ¢ |EE 2 i
> Q @ > 2 + @ = > 3
SN I Y Z )
42 42 42
262 + | 55 2608 4
266 + | 6 2652 4
269 6 2684 4 Ca
276 + | 1 27-60 1
28-98 6 _
297 + | 55 2961 5 585 +
30-0 6 29-86 6 588 +
3036 6 592
30:75 6
31-32 6
32:57 6 60-2
32:93 6 607 +
3325 6
338+ | 2 3376 1 64rd +
34-51 6
3501 6 654 +
3541 5 Mn
361+ | 2 3609 1
3684 | 6 672 +
374+ |5 | 3726 | 5 680
382 ¢ | 45 3814 4 690 +
390+ |3 | 38898 | 2
400+ |4 | 3990 | 3 Mn 700
406 ) 40-50 5 Ru?
4079 | 6 Or? A
413 %+ | 6 41-20 6 13 ¥
4190 6 Co ? 79:0 +
42-44 6 w?
428+ |5 | 4285 | 5
436 + | 5 4344 5 741 +
440+ | 6 4389 6
4438 6 754 +
455 + | 35 4539 3
463+ |5 | 4618 | 4 768 +
46:60 6
476 + | 2 4760 2 778+
484+ | 5 4835 4 784 +
4877 6
4907 6 797 +
503 + |1 5028 1 799 +
510 + | 1 50-93 1 807 +
52:27 6 Co?
5325 | 6
53-89 6 82:6 +
51+ | 6 54-13 6
54r4bH 5 Cr
552 + | 6 55-08 6 s
556+ | 6 5564 5 ‘

et

Intensity.
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strongest.

1
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x
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(Kayser & RuNGE).

Intensity.
1 = strongest.
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5939
5963
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6148
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6669
67-08
67:97
68:87
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69-89
70-13
70:65
71-30
7193
72:61
7316
73:99
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78:35
79-01
7959
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80-68
81-24
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82:58
8320
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Tasre L—Comparison of Lines Photographed with those given by Kavser and
Runee—(continued).

< 3 ,q%\ . g = e ,g%\ " g
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42 42 43 43
8455 6 | Mn? | 11-12 6 | Zr?
8490 6 | Ru? 1228 6
8520 6 13:91 6
856 + | 45| 8557 3 i 14:43 6
8602 6 | Co? 1s2 4 |15 1521 L
8622 6 1583 6
866 + | 6 8658 6 16-21 6
872 4 | 6 87-05 5 17°10 6 | Ti?
883+ | 5 8825 4 18:22 6
899 + | 6 8908 5 188 5 1878 6 | Ca
89'5 5 Ca 19-88 6
89-84, 5 | Cr? 209t | 6 20-89 6
90-1 6 9004 6 | Or 220 + | 5 21-90 5 | Ti?
905 + | 5 9050 5 22:93 6
91'1 + | 6 9099 6 24:66 6
916 + | 5 91-69 4 2519 6 | (CrorTi)?
923 4 | 6 9236 5 26:0 + | 1 2592 1
92:49 6 269 + | 6 2686 6
93:07 6 | (MoorRu)? | 273 + | 45 27-22 4
9361 6 281 + | 5 2802 5
943 + | 2 94-26 1 2891 6
9508 6 | W? 3L+ | 6 31-02 6
94045 6 | U? 3189 6 | Ni?
9583 6 | (TiorCr)? 3388+ | 6 | Ni?
9613 6 3596 6 | Mn¥
9656 6 372 4 | 2 3714 1
97-46 6 | (CrorRu)? 3771 6 (Cr or Mn)?
982 + | 4 9816 4 38:05 6 | M -
994 + | 1 9942 1 384 + | 55| 3838 5
4021 6
4065 + | 6
43 43 434+ | 55| 4339 | 5
0029 6 | Mn? 439 + | 55| 4381 5
010 6 0086 6 4462 6 | Cr?
0116 6 | Ti 4517 +| 6
024 + | 45| 0231 5 46'8 + | 55| 4666 4
027 45| 0268 6 | Ca 4734 6
033 6 03-25 6 | Di 480+ | 6 47°99 5
0387 6 4857 6
047 + | 6 04:66 6 491+ | 6 4907 5
0532 6 49-87 6
056 + | 4 0558 3 5043 6 | Ba?
06-11 6 | Ti 51-11 6 | Cr?
06-80 6 517 + | 5 51-67 4,
081+ |1 0796 1 5257 6
09-2 45| 0914 5 529 + | 25| 5286 2
096 + | 4 09-50 3 5360 6
106 + | 6 10-52 6 5694 6 | Co?
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TaBLE L-—Comparison of Lines Photographed with those given by KAvsEr and
RuNeE—(continued).
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587 + | 4 5862 | 4 02:95 6
61:0 + | 6 60-91 6 0360 | 6
6247 +| 6 | U? 050 + | 1 04-88 1
661+ | 6 66:02 6 06:07 6 | U?
6689 6 0674 | 6 | U?
678 4 | 4 6768 | 3 078 + | 35| 078 | 3
681+ | 55| 6800 | 5 | 086+ | 35| 0834 | 3
6867 | 6 | V? 093 |6 09-25 6
6918 | 6 | Mn?P 1112 6 | Di?
699 + |3 69-89 2 12:15 5 | Mn?
7059 | 6 1335 | 6
71-09 6 | (CoorCr)? 1399 6 | Cre
7151 6 1456 | 6
730 + | 6 7310 | 6 153 + | 1 1527 1
737 b | 55| 7367 | b 1610 | 6
746 + | 6 7459 6 1656 6
7506 6 | Mn? 1685 | 6 | V?
761+ | 35| 7604 | 2 1713 | 6
7699 + | 55| 7689 | 5 1843 | 6
7746 + | 6 21-37 6
780 | 6 94 | 6 22:02 6
785 |6 Cu? 227 + | 3 92:67 | 2
79-36 5 233 + | 6 2329 | 6
8060 | 6 : 240 + | 6 924:01 6
82:88 5 | Mn? 2426 | 6
837 + | 1 8370 1 2579 | 6 | Ca
84:38 6 2608 | 6 | Ti?
84:9 + | 6 8482 | 5 2674 | 6
856 + | 6 8540 6 o75 ¢ | 25| 2744 | 2
8670 | 6 2817 | 6
881+ | 45| 8801 | 4 2874 | 6 | V¥
886 + | 4 88:57 3 2944 | 6 | V?
894 + 55| 8935 5 304 + 6 3032 5
90-10 5 | (RuorTr)? | 308+ 35| 3074 | 2
907 + | 6 90-59 6 . 3143 | 6
912 + | 45 | 9109 3 32:06 6
91-68 6 328+ | 6 3268 | 5
91-95 6 | Co 334+ | 5 3332 | 3
92:8 + | 6 92:66 6 34:0 + | 6 3308 5
954 + | 55| 9539 | 5 352 |5 3527 | 4 | Ca
9676 6 359 | 6 Ca
9884 6 3650 | 6 | Mn?
372+ | 55| 3704 5
3788 | 6
44 44 385+ | 55| 3850 | 5
0002 | 6 3940 | 6
0072 6 | UP 401+ |6 39-96 5
oLs + | 4 0146 | 8 406+ | 6 | 4056 6
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TasrLe I.—Comparison of Lines Photographed with those given by KAvsEr and
Runae—(continued).
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g . i - % £ e A R &
oS B o = @ O S 23 = 235 ©
$8 |28 58 g5 K TE |85 $s 55 @
°g 28] ge 24 = $S |E8 pe |24 =
2 Bl gg |E g S AN gd A z
- % — o = g — pi
44 44 44 44
A2+ |6 4110 6 7413 6
41-80 6 74-87 6 | Ti?
425 + | 2 49:46 2 7541 6 | V?
49:97 6 762 4+ | 15| 7620 1
434 + | 3 4330 2 7698 6
4415 6 7737 6
44:79 6 |U? 7771 6 | (CoorU)?
4515 6 7818 6
456 + | 6 4561 6 798 + | 5 V973 5
4616 6 | Co? 803 + | 5 80-26 5
46°47 6 81-03 6
470 + | 6 4695 | 5 818 + | 6 8172 6
473 6 47°23 5 824 4 | 2 82:35 2
479 + 25| 4785 5 82:9 + | 6 82-86 6
4866 6 8332 6
505 + | 5 5044 5 8ded + | 4 84-36 3
5171 5 | (CoorMn)? | 858+ | 551 8577 4
52:29 6 883 + | 6 88:26 5
5316 6 | Mn? 891 + | 6 89-08 6
5353 + | 6 | Ti? 899 + | 5 89-84 4
546 + | 3 5450 3 903 + | 5 90-19 4
49 55 Ca 91:0 + | 6 90-88 5
5520 6 91-53 6 | Mn?
56°1 6 5585 6 | Mn 92:84 + | 6 | Cr?
565 + | 55 | 5646 5 , 9342 6
5718 6 | Mn? 93-95 6
57-68 6 | (TiorMn)? || 947 4 |2 9467 2
585 6 58:35 5 | Ma , 9551 6
593 4+ | 25| 5924 2 9620 5 | Ti?
59-88 6 | Ru? 97-86 6 :
60-48 6 | V? 9903 + | 6 | Mn
614 |6 61-40 6 | Mn?
618 + | 3 6175 | 3
622 | 6 6211 | 4 | Mn 45 45
6333 6 02-31 6 | Mn
6366 6 | Ti? 028 + | 6 02:76 6
6479 6 64-88 4 | Mn 050 4 | 6 04:93 6
6539 6 085 + | 6 0840 6
6596 6 | mie 0941 6 | Cu?
667 ¢ | 25 | 6670 9 099 + | 5 0995 6
6755 6 144 + | 5 14-29 5
67:96 6 155+ | 6 1536 6
6844 6 | Ti 177 + | 45 | 1764 4
696 + | 3 69-53 2 185 + | 6 1862 6
70-23 6 | Mn 204 + | 6 20-35 6
71-31 6 | mi? 228 + | 5 292:79 6 | Ti?
71-94 6 | Co? ! 236+ | 6 9347 6
729 55 7284 5 | Mn 24:91 5 | Ve
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TasLe I.—Comparison of Lines Photographed with those given by Kayser and
Runce—(continued).

o % —gg 3 .gp = *g ﬁ§ *qmj |
e | B w2 L2 .6 = : & 5 = .5p
CEIRE S I . TS (IO .-
Y& |48 ~ a2 ° —~ o |42 & 4 8 °
£y &% L= H 2 LE &% L £ e
S [E < a E ‘@ S A3 & = S ¥
= L Bz 8 = . EE - 8
M — Ay M W]
45 45 45 45
94+ |3 | o2ver | 3 600+ | 5 | 6893 | 4
2599 6 7162 ¥ 6
2606 + | & 2666 4 7305 + 6 Ta ?
27:36 6 Ti 744 6 74- 34 6 Ba?
) 27:99 6 Co? 749 + |5 74084 4
288t | 2 2878 1 7587 6
297 + | 5 29-75 4 79:30 6 A
30'51 6 7993 6
314+ | 3 3125 2 802 + | 85 80-04; 6
31'8 + | 6 3175 4 808 + | 6 8067 5 v?
3247 6 817+ | S 81:66 4 Ca?
334+ | 6 3335 5 82:51 6
34:13 6 Co? 83:04 6
3494 6 Ti? 840+ | 5 83:93 5
3565 6 Ti 850+ | o 8489 5
36-10 6 Ta P 86-46 6 Mn ?
3658 6 873 + | 4 8723 4 Cu?
3774 6 Ve 91-52 6 \"B ¢
390+ | 6 3896 5 927 + | 2 92-75 2
400 6 39:87 6 Cu? 9364 6 Ve
40'77 6 Cr? 9425 6
4143 6 955 + | 4 9548 4
4207 6 963 + | 5 96:13 5
426 + | 55 42:53 5 9664 6
4284 6 97:50 6
4613 6 983 + | 4 98:26 3
472 6 Pkt 6
2+ 47°14 4
481 + | 3 47-95 2 46 46
4888 6 Mn 001 6 00-09 6 Ba
496 + | b 49-57 4 Ti? 012+ | 6 0108 6
510 ¢ | 55| 5110 | 6 022 + | 5 02111 4
51:76 6 U? 031+ | 25 "03:03 2
527 4% | 5 52:66 4 Ti? 04:01 6
542 5 54:16 6 Ba? 048 + | 55 0484 6
5463 6 0552 6
563 + | 4 5622 2 0634 6
5704 6 07'5 55 Sr
5746 6 078 + | 45 0779 3
583 + | 6 5818 6 114 + | 3 1138 2
603 + | 85 6026 5 186 + | 45 13:35 4
61:09 6 A4 144 + | 6 14-29 6
616 + | 6 6184 6 158 + | 6 1573 6
649 + | 55 64-87 5 190 + | 55 13-88 5
{65'5 + | 58 654 6 195 + | 35 1940 3
658 55 6581 5 Co? 253 + | 3 2519 3
667 + | 6 6662 5 2665 [§ Mn
671 + | 6 6710 | 6 276 + | 6 2765 | 6




1008 PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

Tasre IL—Comparison of Lines Photographed with those given by Kavser and
Ruxee—(continued).

o . Bl =2 + B = . AR + g
o~ C + . o~ . < o W
SE |88 ¢ |EE| 3 TE |5E| 3 | 2
B O - @ B A - w = B S S ® = o =
SIS ] g SIS Y 7
— - e - —
A N y) &
|
46 46 46 a6 |
296 | 55| 2044 6 Co? 9497 + | 6 U?
303 + | 35| 3022 4 986 + |6 9850 6 Ti P
30-91 6
3161 6
331+ | 35| 3302 | 4 47 47
340 + | 6 33-87 6 008 4 | 55 | 0049 6
349 + | 6 3492 6 012 |55 0L10 6 Mn
361 + | 5 35:05 5 051 + | 5 0510 5
377 + | 3 37-66 3 056 + | 55 | 0553 6
382 + | 3 3813 3 075 + |1 0745 2
4045 6 093 4 | 4 0918 4
414+ | 6 4112 6 0983 6 Mn
A37 4+ | 45| 4358 4 104 + | 3 1037 | 4
44-94 6 16+ | 6. | 1156 6
4634 6 Cr 123 4 | 6 12:22 6
476 + | 25| 4754 9 146 + | 5 14-31 6 Ni?
502 + | 6 4995 6 212 + | 55 | 2111 6
515 + | 4 51-27 4 923 |55 | 92297 6 T ?
5221 6 Or? 2638 +| 6
547 + | 1 5470 1 276 | 55 | 2756 4 Mn
578 4+ | 55| 3771 6 287 ¢ | 35 2867 4
585 + | 6 5842 6 2913 + | 6
5877 6 298 + | 6 29-84 6
617 + | 6 61-61 6 3041 6
622 + | 55| 6209 5 316 + | 45| 3160 6
634 + | 6 6325 6 Co? 338 + | 4 3371 4
64-46 6 3425 + | 6
661+ | 6 6608 6 360+ | 6 | . 3506 4
676 + | 1 6756 3 370 + | 1 36:91 1
683 + | 1 6823 3 3775 +| 6 Cr?
694 + | 5 6930 4 3926 6 Mn
734 + | 35| 7329 4 405 + | 6 4048 6
74:37 6 4127 6
748 |6 7478 6 Fry 417 + | 4 4165 5
7523 6 Cu? | 446+ |6
790 + | 15 | 7897 2 460 + | 35| 4592 5
805 + | 55| 8049 6 4749 6
816 + | 6 8158 6 483 + | 55
821 |6 i 4977 6
823 + | 6 82-18 6 502 + | 55 | 5013 6
8274 6 513 + | 6
837 + | 55| 8368 5 526 | 6 5250 6
8527 6 5416 4 Mn
875 + | 5 8749 6
884 + | 6 8839 6 5620 + | 6 Cr?
896 + | 6 89-62 6 578 4 |45 | 5770 5 Ti
903 + | 5 90-26 5 6166 6 Mn
915 + | 3 9152 3 62-48 6 Mn




ARC SPECTRUM OF ELECTROLYTIC IRON. 1009

TaeLE L.—Comparison of Lines Photographed with those given by KAvser and
RuneE— (continued).

<) . <] H
= 3 =2 + g - g~ < 2 % 2
B A ) + c o an v o9 .2 . 20
55 |58 2 | 2 58 |EE| 3T |58 2
) = w ) - w < g.’ o 2% S 28 o
== Syl S8 & 2 sg A =g |4 4
— o — ¥ - — v — ¥
47 47 48 48
660 + | 6 65°98 6 387+ | 55 3866 6 Mu?
666 + | 6 6656 5 Mn 397+ | 6 39-66 5
Gg'O + |6 6713 6 405 + | 6 4042 g Co?
685+ | 3 6846 5 4192 + Ti
718+ | 55 71:81 6 433 + | 45 43-31 5
730 + | 4 7295 5 442 + | 5 44013 6
765 + | 6 76°17 6 458 + | 5 4576 6
796 + | 6 79:55 6 4857 + | 6 Ti?
269 8356 4 Mn 49-02 6
24 |6 86-04 6 5209 + | 6
870+ | 3 8691 4 5500 + | 6 Sr?
880+ | 6 87+98 6 558 + | 55 5580 6 Ni
839 + | 6 8865 5 576 + | 6 5740 6 :
898 + | 25 8974 3 59-20 6
9054 6 Cr? 599 4+ |1 59-86 2
914 + | 6 91:33 6 6092 +| 6
9262 + | 6 6207 + | 6 | (Cror Co)?
9415 + | 6 638 + | 55 6378 6
984 + | 5 98:38 6 6971 +| 6 | Ru?
9890 + | 6 Ti? 7014 6 Ti?
996 + | 6 99-50 6 5t |1 7143 2
723+ |1 72:25 2
761+ |5 7600 6
48 48 783+ |25 | 7833 | 3 | Ca?
00¢ + | 6 99-98 6 817 + | 55 81-80 6
008 + | 4 0076 5 8§23+ | 5 82-27 6
01-22 6 (In or La) ? 856 + | 5 8555 5 Ti?
031 + | 4 03-00 4 865 + | &5 8643 6
0471 + | 6 874 1+ | 6 8739 6
078 + | 6 07-86 6 888 + | 6 8871 6
0825 +| 6 892 + | 5 8914 5
088+ | 6 0887 | 6 (TiorMn)? 89-95 6
0936 +| 6 909 + | 1 9089 2
09-65 + 6 916 + | 1 9162 1
1007 + | 55 10:06 6 930+ | 6 93-02 6
: 11-22 6 T:i? 966 + | 55 9656 6
1333 4+ | 6
139 6
1542 6 (Os or Ru)? 49 49
161 + | 6 034+ | 25 0341 2
180+ | 6 1790 6 053+ |6 0530 6
2363 4 Mn 06-68 6
243+ | 6 24-27 6 078 + | 5 07-86 6
2544 + | 6 Ti? 095 + | 55 09-53 5
276 + | 6 2757 6 102 + | 45 10:15 4
328 + | 45 32:84 5 1060 + | &
M7+ |6 34r64 6 119 6 11-93 6
360+ | 6 86:04 6 Ti? 122 + | 6

MDCCCXCIV,~—A. 6N
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TaBLE I.—Comparison of Lines Photographed with those given by KAvsEr and
' RuNeE—(continued).

g . AR 7 £ o . AR 2 £
e | nel 5B g & 2 B | w8 HE . 8 &
T2 |55 g2 |EEl oz o5 (Bl % |55 2
5S |Erl BB O|E) 3 =3 |5r FE |E) 3
gg—l Sl gg = 2 E@ A ) ga = 2
— Q ~ [ =t Q — g?
49 49 49 49
1376 6 76:03 6 Ni?
174 + | 6 17:41 6 7779 4| 6
oot |1 18-1§ + g 788 + | 45 | 7871 4 Ti ?
2+ 191 7966 + | 6
206 + | 1 2063 1 81-73 6 T
2111 g 827 + | 3 8267 3
93:26 83-00 6
241 + | 6 24:00 6 834 + | 5 8341 5
049 4+ | 45| 2489 5 841 + | 4 83:97 4
27°6 + | 55| 2746 6 854 + | 4 8535 4
280 + | 5% | 2793 6 857 + | 4 8568 4
304 + | 6 3043 6 8637 +| 6
2§§ 11: g .y ) 892 + | 5 89-10 5 T4 9
33 3 90'56 + | 6
342 |5 3408 6 Ba 915 + | 5 9143 5 Ti P
- 3744 4 g Ni? 94:3 + | 35| 9425 4
3+ |6 3830 9463 6
390 + | 4 3893 3 9581 + | 6
398 + | 6 39-78 4 97:00 + | 6 i 9
41°32 6 9923 | 6
4274 |6 42:51 6
4380 6
4580 + | 6
466 + | 4 4654 4 50 50
4838 6 021 + | 2 02:02 p)
el le| tad |6 PO BNl
548 + | 6 5460 6 0492 + | 6 Mn ?
5479 6 54-90 6 L0594 |2 0584 3
5573 6 L0634 |2 0624 2
5 : : 11-42
578 + | 1 57-80 2 1234 | 25| 1215 3
59-61 6 1250 + | 6
61-15 + <65 Mo ? 1286 6
62:03 + ‘ 1348 6 Or?
62:8 + | 6 62:63 6 Sr 1410 6
6465 + | 6 14042 6 T
663 + | 3 26'23 2 152+ | 25| 1509 3
696 1540 6
Gg'é ¥ g 27-97 g Sp? 1640 6 T
688 + 879 17:02 + | 6 Cu ?
701 + | 5 70:07 6 17:81 6 Ni?
707 4+ | 5 30'58 (é 186 + | 55| 1853 4
236 1911 6
733 4 | 4 73-29 4 1989 + | 6 Ti
74040 6 Mn ? 2090 + | 6
7560 + | 6 i P 916l + | 6
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TaBLe L- -Comparison of Lines Photographed with those given by Kavser and
RuneE (continued).
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e A < 2 % g e AR 7 &
£~ ) vy =] [ .80 Ry - & p7): - 85 ‘g
K g8 -3 g 8 @ ~ 4 g g = a8 <
LS |24 O L% = PE L% O = 4 2
sa AN 2@ |4 2 s A g4 [Ey g
B — E g — pc-: B — EQ — pc:
50 50 51 51
9224 +|3 92:35 4 0228 6
9353 1| 6 03-37 6
9560 + | 6 T 0407 6
974 +| 35| 2798 4 0425 +| 6
283 +| 35| 2825 4 0445 + | 6
298 +| 6 2973 6 057 +|3 0566 2 | Cur?
3099 + | 6 Mn ? 0657 6
3195 + | 6 0761, | 3 0753 4
3640 + | 6 T o7~8}* 3 0776 | 3
36:90 + | 6 09-75 6 | (MoorTi)?
395 +| 55| 3938 5 106+ 35| 1050 3
411 +|3 4117 4 11-21 6
418 +|3 4185 2 1445 ¢ | 6
444 t+|6 44:38 5 1587 6
4785 6 17-98 6 | Mn
487 +|6 4857 5 1977 6
500 +] 25| 4994 2 90-32 6 | mi?
5058 6 218 +!6 o171 5
5098 6 239 + 4 23-82 3
518 |85 | 5172 3 2418 6
5365 + | 6 Mo ? 254 + 35| 25av 2
5471 + | 6 Ba ? 264 +| 6 26:31 6
6011 +| 6 Mn ? 2670 6
652 |35 | 6509 3 Tj 275 +| 5 27-44, 4 | mir
673 t| 55| 67922 6 2815 6
690 | 25| 6888 9 2973 + | 6
72:3 t| 6 72:04 6 Ti 316 +| 55| 38151 4
728 +|6 7282 6 Cr? 339 +|2 3364 9
750 +|3 74:80 4 3612 +| 6
765 +| 6 7643 5 376 +| 5 37-50 3
7927, | 3 7900 | 6 3812 6 | Ve
794 T 3 7936 | 3 3947, | 1 3934 | 1
799"+ 5 79-85 3 39'6}* 1 39-58 1
80-37 6 4197 4| 5 41°85 4
8078 +| 6 Ni? 427+ 4 42:63 4 | Ni?
8314 6 430 +| 4 4999 4
835 t| 3 83-46 3 4417 +| 6
8426 + | 6 Ni? 453 +| 6 4517 6
8716 t+| 6 Ti 4657 +| 6 | Ni
8815 + | 6 4815 +| 5
910 +| 4 9090 4 484t/ 4 48:36 3
972 t| 4 9707 4 4943 6 | Mn
987 t 3 9877 | 3 510 +| 45| 5096 3 | Mn
9917 6 Ni? 521 +| 45| 5200 | 4 | mi
‘ 534 t| 3 5328 3 | Cu?
5718 + | 6
51 51 598 t|6 5909 4 | Cuv?
00-00 6 Ni? 6039 +| 6




1012 PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

TasLe I.—Comparison of Lines Photographed with those given by Kavser and
Ruxee—(continued).

<] H <] .
2 |28 28 | .3 8 a. | 4 ap | .g| £
2 2 3 ) %3 2 = n 3 D ® 5 ©
38 |HE 4° | EE 3 o2 |gE 1T g <
B o ! ] =7 2 i B Q = e a + m 2
SR g%g S Z ES AN g 2 g
— Q( — o | — gg i ~
51 51 59 59
625 + | 2 62:49 3 17:6 + | 4 17:49 4
6465 + | 6 181 35| 1803 5 | Cu
656+ | 55 | 6552 4 184 35| 1828 5 | Cu
665 + | 55| 6636 4 199 + | 6 19:76 6
675 + | 1 6750 1 21:09 + | 6 | Cr?
692 + | 5 69-09 3 Ni? 2189 + | 6
70-08 6 99:63 + | 6 | Sr?
70-86 6 ' 2328 + | 6
7115 6 Mo ? 24:40 6 | Ti
718 + | 1 71-71 2 257 + | 6 2560 5
7385 6 Ti 2625 6
7740 + | 6 Ba? 2663 6 | Ti?
7889 + | 6 Ve 271 4 | 1 27-00 1
803 + | 6 80-14 5 274+ | 1 2733 1
8140 +| 6 Ve 2785 6
81-90 6 2853 +| 6
84-2 6 84-42 4 301 + | 4 2995 3
848t | 6 31-49 6
8665 6 32:48 6
881+ | 55| 8800 5 U» 331+ | 1 3305 1
. 8890 6 3477 ¥ | 6 | Mn?
917 + | 1 9156 1 356 + | 55| 3550 4
92:10 6 3633t | 5
925 + | 1 92:47 1 4200 6
9310 6 Ti 427 + | 4 492-58 3
94:20 6 440 + | 6 43-95 5
951 + | 2 9503 2 473+ | 6 47-20 5
957 + | 4 95-59 4 4917 +| 6
93+ | 5 96:20 6 504 + | 4 5033 6
9669 6 Mn 5076 3
97-68 6 529 + | 6 52:08 5
98-09 6 L 5364+ |5 5356 4
989 + | 4 98-82 4 552 + | 55 | 5508 5
99-70 6 5544 + | 6
5777+ 6 | Co?
635 + |4 | 6342 3
52 52 : 6400 | 6 | Cr?
01-22 6 667t | 2 6672 1 | Co¥?
025+ | 3 02:42 2 i 6873 6 | Co?
047 + | 55 | 0465 4 Cr 697+ |1 6965 1
0517 6 o5+ |1 70-43 1 | Ca?
0613 +| 5 Cr 71-37 6
07°95 6 7928 6 | (TiorCr)?
0811 6 73-4,} o 43 7332 4
088 t+ | 3 0872 3 Cr? 73'6 45 | 7385 3
12:85 6 Co 752°F | 6 7512 6
154 + | 4 1528 4 7619 +| 6 | Or?
165 + | 4 1637 3 77-80 6
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TasLe L.—Comparison of Lines Photographed with those given by KAvsEr and
RuneeE—(continued).

. <2 3 . <3 . s
. % a8 + g < . 3 2 5 N
B ) + . D ap +© ~ ) + ©Q oL
¥E By F2 | EBX g e By FE EBY E
Q2 n O ) n o = E (3 o 3@ g 8 @
68 |8E o gE& = d v g £ S5 38 =
53 |24 &% ET 2 ES |Ey 0 B2 |Eg G
by . P w ~ o w
Bv — BM? — pf 3 — Bé — ch
52 52 53 53
78:95 6 4464 6 Co?
8053 +| & Co? 4575 6 Cr? -
82:0 + | 4 8191 2 4662 6
838 + | 3 8375 1 4762 6 Co?
8463 +1| 6 4858 6 Cr?
8576 + | 6 499 + | 55 49-83 4
8748 | 6 Cr? 536 + | 45 5353 3 Co?
887 + | 6 8864 4 (Tior Mn) ? 5628 + | 6
89:22 6 5816 + | 6
9107 6 59:97 6
92-78 5 Cu? 6180 +| 6 Ru?
9405 +| 5 Pd? 630+ | 6 62-90 5 Co?
9463 + | 6 651+ | 3 6502 3
9541 + | 6 Ti? 656 + | 6 6562 4
96-82 6 Cr 676 + | 2 67:60 2
9891 + | 5 702 + | 2 70:09 2
Tt |2 71:62 (15
72-01
53 53 739 + | 55| v3es | 4
0025 + | 6 7557 6
025 + | 3 0246 1 7708 + | 5 (Cuor W) ?
0422 6 Cr? 7788 + | B Co
0631 6 79-01 6
076 + | 5 0748 3 798 + | 55 7970 4
09-89 6 836 + | 2 8350 1
11-61 6 8563 6
13+44 6 8663 +| 6
153+ | 6 1519 6 8780 | 6 Cr?
168 + | 5 1685 5 Co? 897 + | 5 89-71 2
1924 +| 6 97 + | 5 9175 4 Cu?
2028 + | 6 934 + | 3 93:30 2
2136 + | 6 9474 6 Mn?
223 + | 6 2230 5 9542 6
23+70 6 973 + | 2 9797 1
2ed + | 1 24-31 1 985 + | 6 98-34 5
2632 +| 6 Co? 9965 6 Mn?
28-? + 11 2815 1
287 + |1 2850 2
2894 | 6 - 54 54
302+ | 6 30-15 4 Sr? 007 + | 5 00-60 3 Cr?
331+ |5 3304 3 0197 6 Co?
3595 6 Co? 02:91 6
3547 6 044 + | 2 04-85 2
37-37 6 060+ | 15 0591 1
402 + | 38 40°10 2 0773 +| 6 Mn ?
413 + | 3 4115 2 Mn? 0930 +| 6
41-49 6 0975 6 Cr
436 + | 6 4362 4 111 4 | 2 11-13 2
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Tasre I.—Comparison of Lines Photographed with those given by KAvsEr and
RunceE—(continued).
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28 |87 be |£w = 5o |E2® Pe | E4 =
g2 |[H0 g Al 4 ES AN 22 A z
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g & Y &
54 54 54 54
~ 1330 | 6 768 + | 3 7682 | 2
154 4 | 15| 1543 1 786 + | 6 7860 | 5
1715 + | 6 8114 | 45| 8106 | 4
18:66 6 Ti ? §1-6 + 45| 8162 | 4 | (MnorTi)?
2052 6 Mn 33 6
243+ | 2| 2420 | 1 86:00 + | 6
2614 | 6 87°9 4 | 4 8%:00 | 4
2713 | 6 901 + | 6 9010 | 6
2803 | 6 9198 + | 5
2910 | 6 937 + | 6 9370 | 4
200+ | 2 | 2074 | 1 947 + | 6 9462 | 5
- 3182 6 9575 | 6
3315 5 Mn ? 9692 6
347+ | 2| 3466 | 2 o752 | 3
3674+ | 5 974 | 35| 973 | 6
3750 + | 6 Co? 9796 | 6
3851 | 6 9960 | 6
3948 | 5
1041 | 6 55 55
4156 + | 6 Ve 0087 6
42:42 6 o7 + | 3 0161 2
4333 | 6 033 + | 6 0332 | 3
453 + | 45| 4521 2 0451 4+ | 6 | Sr?
471+ | 2 4705 1 0606 | 6
4852 + | 6 07°0 + | 25 | 0692 | 2
4916 | 6 0853 +| 6
4995 6 Zir P 1070 + | 6
51-00 6 Sr? 125 + | 6 1247 | 5
5210 6 1471 6 | Ti?
52:96 + | 6 1680 + | 6 | Mn?
5453 | 6 Co? 17:25 6
556 + | 1 5580 | 1 1965 | 5 | Ba?
v 57-72 5 2126 + | 6
59-69 6 22:6 + | 6 22:60 | 5
6168 | 6 2440 + | ¢ | Co?
632 + | 4 6319 | 6 257 + | 5 2570 | 4
635+ | 5 63-41 2 204 + | 6 29-26 5
6446 + | 5 3071 4| 6
6520 | 6 3116 | 6 | Co?
666 + | 45| 6652 | 4 32‘2}1# 6 3213 | 6
6715 + | 5 330§ | 6 3287 | 6 | Mo?
69-11 6 3310 | 5
70-36 + | 6 3487 | 6 | Sv?
7079 + | 5 Mn ? 356 |5 3552 | 4 | Ba
7288 + | 5 3663 | 6
741+ | 45| 7408 +| 3 3786 + | 6 | Mn?
7643 + | 4 387 + | 6 3868 | 5
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TasrLe I.—Comparison of Lines Photographed with those given by KAvsER and
RuNeE—(continued).
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2 | L8 2% | L% % | £ LB 2% | % i
52 |5 g2 94 ¢ B Er B2 |5 ¢
58 |85 99 |5 2 TE 58 3% | EE 2
Sg |£% e g@ S £ (8% Bm  |gw =
s A S8 |4 2 s2 | Ey 22 |2 2
= - 5 — S E n BE o S
55 55 56 56
39440 | 6 1409 | 6
3991 | 6 158 + | 1 1581 | 1
i) ¢ R
4209 | 6 188 4 | 6 1881 | 5
434+ | 5 4324 | 4 | Spy 1970 + | 6 | Di?
442 + | 4 4407 | 4 207 + | 6 2070 | 5
467 + | 55| 4660 | 5 2172 | 6
4712 + | 5 2361 | 6
5000 +| 5 2395 | 6
538 + | 6 5370 | 6 247 + | 3 2470 | 2
551 | 4 5496 | 3 2595 + | 6
582 + | 6 5800 | 5 2687 | 6
604 + | 6 6036 | 5 9772 | 5 | (NiorMn)?
629 + | 6 6278 | 5 2868 | 6 | COr?
638 + | 45| 6373 | 4 2933 | 6
659 + | 45| 6576 | 3 3070 | 6 | Sn?
676 + | 6 6730 | 4 | M 3184 | 5 | Mo?
889 | 6 3254 + | 6
698 + | 2 677 | 1 342 + | 5 3416 | 4
151 | 6 3608 | 6
730+ | 25| 7305 | 1 3684 +| 6 | Co?
7499 | 5 3747, | 6 3729 | 6
763 + | 3 7622 | 2 37~6}* 6 3753 | 6
789 + | 6 T 385+ | 4 3845 | 3
09 6 4060 + | 6
8313 | 6 417+ | 55| 460 4
500 | 5 4276 | 6 | Cr?
870 + | 1 8692 | 1 4299 +| 6
890 |6 8892 | 6 | Ca M43+ |6 4415 | B
903 + | 6 9030 | 6 | Ca 4595 | 6
9116 | 6 4620 | 6
92:64 | 6 4684 | 6
947 + | 5 9473 | 5 | Ca? 488 + | 6
9648 | 6 493+ |6
985 + | 5 9837 | 4 | Ca? 4997, 6 4990 | 6 | Mo?
50-2}f 6 5024 | 6 | Mo?
5096 + | 6
56 56 5153 | 6
0039 | 5 5251 | 5
077 | 6 | Ca 541 |6 5421 | 6
032 + | 2 0314 | 2 | Ca? 554 | 4 5540 | 5
0512 | 6 55-7}* 4 5564 | 4
630 | 6 5684 | 6
0790 | 5 5790 | 6 | Di?
0912 +| 6 5877, | 2
1005 + | 5 59'0}* 2 5893 | 1
1211 4| 6 607+ | 6 6095 | 6
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PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

TaBrLE I.—Comparison of Lines Photographed with those given by Kavser and
' RuneE—(continued).
o 3 %\ + ] ] %":\ <3 o
= . . © =5 17 o :S/_\ o < = L@ =
L @ o 2] ‘B o © CHel ZINS) g 2o ©
e q & k- g = ] i =l e =N o)
58 |8% £ag |8% 2 5S |8%| g8 B =
B ot =] = T
S3|EN 28 |E g =S A g2 Al g
== 7L BE S : = g :
i - A - ¥ - =
56 56 . . 57 57
6150 + | 6 2720+ | 6 | U?
627 + | 3 6268 2 Ti? 27-86 6
6394 + | 6 (Nior Cr)? 320 + | 4 3191 3
64-85 6 33-97 6
669+ | 6 6695 6 3711 6
6767 | 4 3843 +| 6
6865 | 6 4010 + | 6.
716 6 420 + | 5 4202 5
720 (T 6 792:32 6 4304 +| 6
793 + | 45 7918 4 4534 6
8042 +| 6 Ti? 479 + | 5 4801 5
8325 + | 6 523 + | 6 5211 5
84-84 6 534 + | 4 5328 2
867 + | 4 86-60 3 5444 6
8852 6 Na 549 + | 5 5524 6 Ni?
90-76 6 570 + | 55 5685 6
916 + | 6 9164 5 5937 +| 6
938 + | & 93-77 5 5973 6
9521 6 Ni? 60-51 5
96:02 + | 6 611 + | 55| 6139 6
9823 + | 6 61-70 6
9855 5 Cr? 62-58 6
9962 6 632+ | 3 6315 1
6534 6
6937 - | 6 Hg?
57 57 7128 + | 8
00-37 4 Cu? 74-49 6 Ti?
017 + | 45 0171 3 53t | 4 7524 3
0250 | 6 | (CrorTi)? 7858 +| 6 | Ba?
0366 6 : 8084 + | & (Mnor Cr)?
0487 | 6 824 + | 5 8298 | 2 | Cu?
0565 5 84:00 6 Kr
062 + | 45 06-14: 4 8478 +| 6
0715 + | 5 8550 + | 6 | (CrorTi)?
086 + | 45 0825 5 8845 6 Cr?
096 + 1 09-56 2 9055 6
09-8 1 912 + | 5 9114 4
12174 | 45| 1202 5 9182 + | 6
1244 + | 4 12-30 5 | 9409 +| 5
13-54 6 ¢ 984+ |6 9838 5
1434 + | 5 !
153+ | 5 1524 4 Ti?
1620 + | 6 58 58
180 ¥+ | 4 18:03 3 00-21 6
2095 + | 6 0422 +| 6 | (NiorTi)?
22:00 6 , 0463 +| 6
23-32 6 Yt°? : 05-83 6
2452 + | 6 i 0683 +| 5
i




ARC SPECTRUM OF ELECTROLYTIC IRON.

1017

TasLe L-—Comparison of Lines Photographed with those given by KAvsEr and

Ruxae—(continued).
~ ! ; S
= e o g o o o e o 5 e o
=i .28 =l . 2 50 el .8 = .5 ‘A
>3 = > @ =l = >3 =T > = @ =
S A 2 Sl g Sa 1A gz Al g
58 58 59 59
0810 + | 6 0041 6
094 + | 5 09-39 5 01-87 [
1199 + | 6 02-64 5
1502 + | 5 0513 6
1554 6 059 + 5 05-82 3
166 ¢ | 5 16-50 3 0814 6
27-83 6 10-16 4
30-80 6 12:37 5
3422 + | 6 44 + | 2 14-32 1
3552 5 1565 "6
3600 + | 6 1641 3
3788 + | 5 17:32 6
3860 5 1818 6
4513 6 19-11 6
4593 6 2062 6
4825 + | b (U or Mo) ? 21-69 6
49:07 6 22:67 §
4980 + | 6 2366 6
5285+ 5 (U or Mo) ? 24-83 6
5338+ 6 26°95 6
54-01 6  Ba? 2800 + | 4
5530 + | 6 299 2
5624 + | 5 so4ft 2| 802 |1
5771 6 Ca 34-21 6
598 + | 5 59-83 2 349 + 2 34-81 2
626 + | 5 62:51 1 3885 6
64-38 6 3934 6
71-28 6 4124 4
7172 6 4261 | 3
7344 5 47-77 6
7482 ¢+ 6 4955 11 4
7576 6 529 + 4 52:94 2
7671 6 54:65 6
7801 4+ | 6 5586 + | 6
7980 + | 4 5685 3
80-27 6 58:38 + 4
8160 + | 6 60-04 6
82-52 6 6228 + | b
841 + | 3 84:05 4 | 63-82 6
8810 6 | 64r87 6
89-22 6 66-88 5
9104 + | 6 6810 + | 6
92:04 + | 6 6928 6
9288 + | 5 uUur 6992 6
94-49 6 72:22 6
9516 6 73:36 6
9833 + | 5 7465 6
9940 + | 6 756 4 |3 551 3

MDCCCXCIV.——A,

60




1018 PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

TasLe I.—Comparison of Lines Photographed with those given by KAYSER and
Ruxae—(continued).

- + oD 8 .4 £ = “ 4
-?\0?:'\ S’(g.n)() ?og b‘ngD .S,D %ﬂ/&? b‘%mgf Féﬂg %?{‘ Eﬁ
§2 |52 g~ 2= g 282 2e g =S 3
T8 (B8 2 |Ez 2 SE B8] 30 | -
=3 |27 & |EV E 3 59 Es |7 =
e = ] Bz =l % g\/ =l gg; = §
— — | o —
g A~ % A~
59 59 60 60
7704 | 3 7693 2 6354 6
7897 6 64:92 6
839 + | 3 | 8391 3 657 ¢ | 1 6564 1
850+ | 3 | 8498 2 67-88 5
873+ | 4 | 8721 3 7010 5
8867 6 7212 5
90-04 6 7421 5
9142 6 7666 6
93-37 6 787 ¢ | 3 7864 3
9512 6 79-29 5
97:04 6 8177 +| 6
9805 t | 4 8284 +| 6
9945 + | 6 8542 + | 6
87-00 6
8849 6
60 60 8068 | 4
01'36 6 90-38 5
032+ | 3| 0317 3 9202 6
0570 | 5 9384 + | 4
0670 6 9450 +| 6
08'2} ¢ 3| 0814 4 95-88 6
088 3| 0880 2 96-89 + | 5
1250 +| 6 9861 + | 4
1368 4
1585 6
1687 | 4 61 61
1820 6 0042 6
203 + | 2 | 2028 3 024 + | 3| 0230 2
22:02 4 03 4 3] 0335 2
243 + | 1 2421 1 0551 6
2647 6 0722 +| 6
278 + | 3 | 27u2 3 0944, 5
2856 6 1081 6
3049 + | 6 1182 6
3143 6 1301 + | 5
32-70 5 15-50 6
3427 + | 5 1634 + | 4
3563 + | 5 * 1749 6
40-00 6 » 1867 6
42:3 ¢ | 3 | 4224 i 19:67 6
43-86 6 922-49 5
4457 6 23-81 + | 5
5420 | 5 2516 6
562 + | 3| 5615 3 2616 6
5734 6 2732 6
5943 6 981 + | 4 | 2804 3
6141 6 29-22 6
6298 5 3048 6




ARC SPECTRUM OF ELECTROLYTIC IRON. 1019

Tasre I.—Comparison of Lines Photographed with those given by Kavser and
Runge—(continued).

< 5 < 2 £ R=| o £ o 2 2 A
L~ ) + . D "b_!.’; i"‘r‘\ @ s ) .E‘D
~ g Z2 3 =3 48 _03 <& g8 3 g g K]
£8 |2% = |Ew = ES [€w gmg £ 5
S AN 22 E g S ANl gd Al %
— — -~
61 61 61 61
3159 + | 5 9624 6
33'68 6 99-61 6
67 6
3473 6
35-89 6 62 62
368+ | 1 3676 1 0046 + | 3
37-06 6 02:59 6
379 + | 1 3784 1 04-98 6
39-00 6 0698 6
;L(lrlz g 09-11 6
11°13 11:25 6
419 + | 6 41-88 3 136 + | 4 1357 2
4317 6 158 + | 4 1529 3
44-26 6 1649 6
4538 6 1781 6
4646 6 1851 6
47-43 6 195 4+ | 4 19-42 2
480 6 47-96 4 12093 4| 6
ﬁg-ig t1 6 2157 6
: 6 - 92-31 6
5178 + 4 . 24-42 6
gz-? e6; 2695 + | 5
. 6 2 .
57-29 6 zé-gg 2
579+ | 6 57-87 3 29-34 6
5947 6 30-16 6
6095 6 309 + 1 30-88 1
6240 5 3176 6
6323 + | 6 328 + | 3 3283 3
6370 5 3526 6
6551 + | 4 3744 6
6680 6 3853 6
63'%8 6 39-54 6
6977 6 4047 + 6
707+ | 3 ;O‘GQ .2_ 4077 4
2:60 4173 6
735+ | 6 32-38 4 4306 6
80 6 4420 6
8034 + | 3 4569 6
8315 5 465 + | 2 4648 2
ggio g 4768 6
42 4885 6
8825 + | 4 50'56 6
1 | 8954 6 51:90 6
9035 6 527 + 1 5271 1
90 84 6 544 + | 3 5440 3
CTR A S| 9170 1 56:52 + | 3
| 9389 6 5887 | b
H l ! |




1020 PROTESSOR J. N, LOCKYER ON TUHE PHOTOGRAPHIC

Tasre I.—Comparison of Lines Photographed with those given by KAvsEr and
RuxgeE— (continued).

= 3 = .
< £ =g ¥ B = £ e + £
S g BE % & TS .8 £ -8 &
=L 8% =58 = g ®© ~ & 23 = 4 s ©
$5 |28 ¢T |24 = 5 |2d - |&f e
s 3 |8 s g A 2 s E =5 1E 'z
B ~ — o — p?( = - = o — pc:

<) <)

62 62 63 63
61-26 5 4586 6
6331 6 5516 + | 4
64:28 6 5639 6
653+ | 5 | 6597 9 5761 6
6797 6 5883 + | 4
69-26 6 60-20 6
7039 + | 3 61-01 6
7149 + | 5 6190 + | 6
74:10 6 6301 5
7761 4| 6 6469 + | 5
8006 6 67-53 6
£074 + | 4 6979 6
8317 + | 5 71-60 6
8523 + | 5 73-89 6
8867 + | 6 7609 + | 6
9110 + | 3 7816 6
9288 + | 6 79-32 6
9394 + | 5 8089 + | 3
9667 6 8237 6
9790 + | 3 8357 6
99-31 6 85:00 5
8628 6
8744 6
63 63 8951 6
0060 6 91-50 6
016+ | 2 | 0161 1 92:06 6
026+ | 2 | 0265 3 938 + | 2 9363 2
0953 6 9383 6
1059 + | 6 9622 6
1162 + | 5 9830 6
1542 4 9968 6
1592 5
17-27 6
182+ | 3| 1816 1 64 64
20-42 6 002 + | 1 0013 1
2178 6 0274 6
92:83 + | 3 04-98 6
24-60 6 0825 + | 3
2684 5 11-18 6
9893 5 119 4 |2 11-83 2
3104 + | 5 14:23 6
33-49 6 17-24, 6
3462 6 202 + | 2 9023 3
355+ | 8 | 8543 9 216 + | 2 9152 2
870+ | 3 | 3697 1 2675 6
293 + | 6 | 3917 5 311+ 2 30-99 9
4173 4| 6 32.85 6
4498 + | 4 3342 6
|
i




ARC SPECTRUM OF ELECTROLYTIC IRON. 1021

TasBLe I.—Comparison of Lines Photographed with those given by Kavser and
Ru~xee—(continued).

g = Y 4 P Y O£ Y 5
'5/’\ ) ¢ ) +2 N R S [0 o
SE |BE| v 2% o T35 |88 §° |52 2
> O %R > 2 L "'_5' B o E=a S = m £
@ =] ” }C\i 5_3 =] ” o S <] ” < M r-ﬂ ” =
BY 7L Bm 70 2 B~ T4 EA o g
< . E 8
64 64 65
3679 6 6936 2
39-24 6 7133 6
5008 6 7287 6
5651 | 6 7519 3
57'19 6 7783 6
6276 + | 4 8145 5
6940 + | 4 84-80 5
7158 6 8614 6
7573 | 4 91-79 6
8197 + | 4 9807 1
8393 6 94:00 3
8608 5 97'93 4
8839 5
9060 6 66
92:81 6
9409 | 6 Ooos 6
952 4+ | 1 9513 1 0995 3
972 + | 5 9668 5 ey 5
9913 4 | 5 1405 o
2777 4
65 33-90 3
077 ¢ | 5 4013 p
. 4485 6
04:38 5 .
- 4769 6
0743 6 oy
. 5430 6
1015 6 . :
. ; 6360 3
1595 6 P ;
1851 3 8916 0
2% 59 0 7814 2
2881 6
34:07 5
3877 6 67
44:14 6 0804 5
4640 1 5036 5
5692 6
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