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XIX. On the Photographic Arc Spectrum of Iron Meteorites.

By J. Norman LockyEer, C.B., F.R.S.
Received December 22, 1893,—Read February 15, 1894.

IN a communication to the Royal Society in 1887,* I gave an account of certain
experiments which I had made in connection with the spectra of various meteorites at
various temperatures. The spectra were observed at the temperature of the oxy-
hydrogen flame and the electric spark without jar, and when glowed in vacuum tubes.
Some larger specimens of the iron meteorites, Nejed and Obernkirchen, cut so that
they were of a size and shape suitable for forming the poles of an arc lamp, having
afterwards been kindly placed at my disposal by the Trustees of the British Museum,
it became possible to study the arc spectra of these meteorites under very favour-
able conditions, all impurities introduced by the use of the carbon poles being thus
avoided.

The region of the spectrum photographed extends from K to D, in the case of each
meteorite, and in addition to the solar spectrum, that of electrolytic iron, prepared
by Professor ROBERTS-AUSTEN, referred to in a previous communication, has been used
as a comparison spectrum in one case.

The photographs obtained are as follows :—-

Comparison spectrum.

(1) Nejed Meteorite . . . . . . . . . . . . . Sun
(2) Obernkirchen Meteorite . . . . . . . . . . ’
(3) ), ), Ce e e Iron
(4) Composite Meteorites on Nejed poles . . . . . . Sun
. . .
() ’ ), ,» Silver poles (region 393 421) } Composite meteorites
on carbon poles

The instruments and arrangements used for photographing the spectrum were
exactly the same as those which I have described in the case of the iron spectrum in
the communication referred to above. The spectrum was photographed in three
sections, AN 839-42, 42-47, and 47-59. The photographic plates employed were also

¥ ‘Roy. Proc. Soc.,” vol. 43, p. 117.
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1024 PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

similar to those used in the case of iron for corresponding regions, the first two
sections being taken on the ordinary “ Mawson and Swan Castle Plates,” and the
third on plates which had been stained with a solution of erythrosin.

In the present paper, the first three series of photographs are discussed, the
consideration of the composite meteorite spectra being reserved for a subsequent
communication.

The lines in the spectrum due to iron were found to agree so closely with those in
the photographic arc spectrum of Electrolytic Iron, on which a paper was communi-
cated to the Royal Society, in October 27, 1893, that all lines due to iron have been
omitted from the tables, and only the lines due to other metals dealt with. The
results are given in the appended table. The first column gives the wave-length of
all the lines, other than those due to iron, which appear in the spectra, while the
second and third indicate the approximate intensities of the lines in the Obern-
kirchen and Nejed meteorites respectively. The scale of intensities is such that
1 represents the strongest, and 6 the weakest lines.

In the fourth column are given the probable origins of the lines. The evidence for
the origins of some of the lines rests on the new map of the spectra of the elements
which is in progress at Kensington. ‘

The last column is reserved for occasional remarks.

General Conclusions.

1. The spectra of the two meteorites agree very closely both as regards the
number and intensities of the lines. The slight difference in the number of lines
seen in the two spectra may be in all probability due to the difference in exposures of
the plates. In the first section of the spectrum (N 390-421) the lines correspond
exactly in number; in the next section (A 420--470) the spectrum of the Obern-
kirchen meteorite was evidently under-exposed in relation to the other, so that it
contains fewer lines; in the third section, the Nejed spectrum was relatively under
exposed, and all the lines which are not common to the two in this vegion are absent
from the spectrum of the Nejed.

2. There is a very considerable similarity between the spectrum of the meteorites
and that of the sun. The iron lines in the meteorites have the same relative
intensity as those in the solar spectrum, and this is an indication that the tempera-
ture of the iron vapour, in the most valid iron vapour absorbing region of the sun, is
about the same as that of the electric arc.

3. The results of the enquiry into the origins of the lines, in addition to those of
iron, may be thus summarised :-—
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ARC SPECTRUM OF IRON METEORITES. 1025
Substances certainly present. Substances probably present.
Manganese Strontium
Cobalt Lead
Nickel Lithiom
Chrominm Molybdenum
Titanium Vanadinm
Copper Didymium
Barium Uranium
Calcium Tungsten
Sodium Yttriom
Potassium Osmium
‘ Aluminium
|

It is probable that the presence of the lines of copper in the arc spectrum of the
meteorites is due to the fact that copper wire was used to bind the meteorites to the
poles of the arc lamp. I have not yet had an opportunity of repeating the photo-
graphs with specimens of the meteorites which have not come in contact with copper
in this way, but observations of the spark and flame spectra of other portions of the
same meteorite have not confirmed the presence of copper.

4. Of the 43 lines in the tables for which no origins have been suggested, from the
Kensington maps of metallic arc spectra, 29 are apparently coincident with lines
mapped by Kavser and RUNGE in the iron spectrum, but which do not appear in the
Kensington photographs. These are indicated in the tables by the letters K. and R.
(Kayser and Runa), in the column for remarks.

As T pointed out in my paper on the Iron Spectrum, these are very probably due to
iron, as no other origins have been determined for them, their absence from the
Kensington photographs depending upon the short exposure necessarily given, as
explained in the paper. Accepting these as due to iron, there are only 14 lines for
which no origins have been found. Their wave-lengths are 39638, 39722, 39920,
39932, 40103, 40365, 4037'3, 41327, 41712, 4495'8, 45514, 50995, 55102,
5669'2, The two lines at wave-lengths 39638 and 39722 are apparently coincident
with lines in Mr. McCreaN’s photograph of the spectrum of iron, but are not
recorded by any other observer. All these lines are very feeble, and it is therefore
probable that they may ultimately be found to be faint lines in the spectra of some
of the metallic elements, when photographs with longer exposures are available.

5. Bearing in mind the lengths and intensities of the lines, the qualitative
spectroscopic analysis of the meteorites can be carried a step further, and we can
roughly approximate to the relative quantities of the different substances present.
Thus, it will be gathered by a reference to the tables, that the chief chemical difference
between the two meteorites is that there is a preponderance of calcium in the Nejed
meteorite, and of nickel, barium, and strontium in the Obernkirchen meteorite.

The original negatives were taken by Sergeant Kearney, R.E.; the enlargements

MDCCCXCLV.—A, 6 r
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1026 PROFESSOR J. N. LOCKYER ON THE PHOTOGRAPHIC

have been made by Corporal Hastam, R.E.; the reductions to wave-lengths have been
made by Mr. BaAxanparr, and Mr. Fowrer has checked the work generally, and has
assisted in the identification of the lines.

Lines due to other Metals than Tron in the Arc Spectra of the Nejed and
Obernkirchen Meteorites.™

THE ROYAL /
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

* K. and R. signifies Kavser and Roxat,

Wave- ln'tten- Inten- | Wave- Jil.tfen' Inten-

length Oskl ki sity, Origin. |Remarks.| length 013 V| sity, Origin.  |Remarks.
(Rowpann). i PO Nejed. (Rowrann).|, - ™ | Nejed.

"I kirchen. kirchen.

39057 6 |Abseut Co? L 40389 5 5 Mn?

39076 6 6 e ? K.andR.|| 40415 5 5 Mn?

39253 6 6 Te? K.andR.| 40452 4 4 Mn

3934:0 4 2 Ca K. line 40475 6 6 K

39382 6 6 Te? K.andR.| 40508 6 6 Cu?

3940°1 6 6 Fe? K and R. 40528 3 5 Fe? K.and R

39419 6 6 Co? 40543 6 6 Yt?

394402 6 6 Al? 40612 6 6 Di?

3949-2 6 6 Ti? L 40621 6 6 |(PborMo)r

3954¢8 6 6 Fe? K.andR.| 40667 5 5 Os?

39578 | Absent 6 Fe? K.andR., 40761 6 6 Cu

39585 6 6 Fe? K.and R.| 40764 6 6 Co?

39616 | Absent 5 Al? 40785 3 3 Ti?

39624 6 6 Te? K.and R.| 40794 6 6 Mn

39638 6 Absent | Unknown I 40797 6 6 Mn

39656 6 6 Fe? K.and R.| 40810 6 6 Cu?

39685 Absent 4 Ca H line | 40837 6 6 Mn

39698 5 4 Cr? 40839 6 6 Mn

39722 6 6 Unknown 40865 6 6 Co

39730 6 6 Di? 40902 6 6 Mn ?

39760 6 6 Mn? 4091-1 6 6 Te? K.andR.

39812 6 6 Fe? K.and R.|| 40925 3 3 Co?

3991-3 6 Absent Cr? 40999 6 6 bi?

3992-0 6 6 Unknown 41105 5 5 Co

39932 6 6 Unknown 41125 ¢ 6 6 v?

89954 3 3 Co? 41151 | 6 6 Ve

4002-8 6 6 Ti 41180 6 6 |[(VorW)?

40090 6 6 Tior W 41191 3 3 Co?

40103 6 6 Unknown 41196 6 6 VY

40111 6 6 Cu? 41214 3 3 Co

40116 6 6 Mn 41302 6 6 Fe? K. and R.

40118 6 6 Fe? K.andR.| 41327 5 5 Unknown

40182 4 4 Mn? 4134-6 5 S5 He? K.and R.

40192 6 6 w? 41367 5 5 Fe? K.and R.

40206 6 6 Fe? K. and R. 41406 6 6 Fe? K.and R.

40210 6 6 Co 4152°1 6 6 Fe? K.and R.

40229 6 6 Cu 41586 6 6 Co?

40260 6 6 U? 41712 6 6 Unknown

40272 6 6 Co 4190-9 6 6 Co

40309 5 5 Mn 41988 5 5 Fe? K.and R.

40314 6 6 Fe? K. and R. 42157 4 4 Sr?

40332 6 4 . Mn 4226:9 | Absent 6 Ca

4035 8 6 6 Mn 425405 2 4 Cr

40365 6 6 Unknown 42750 4 4 Cr

4037-3 6 6 Unknown 4289°9 5 5 Cr
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ARC SPECTRUM OF TRON METEORITES.

Obernkirchen Meteorites (continued).

Wave- Igi;n— Inten- o ‘ Wave- I?}-i;n' Inten-
length berm- | Sty rigin. |Remarks.|| length, Yoern. | SV Origin.
(RowLAND). k(i)rbchen. Nejed. ((RGWLAND). I?hi%en. Nejed.
4296:0 | Absent 6 |(CrorTi)? 47328 5 6 Ni?
43027 6 6 Ca 47498 6 6 Co
43061 5 Absent Ti 4754:9 5 6 Ni?
43211 6 6 Ti 47567 2 4 Ni or Co
43220 6 5 Ti? 47625 5 |Absent Mn
43318 6 4 Ni? 47641 4. 6 Nior Co
434407 5 6 Cr? 4792-7 6 |Absent Co
4359-8 6 ) Cr or Ni 48072 4 6 Ni
44256 6 6 Ca 48088 6 6 |(MnorTi)?
44352 6 5 Ca 48213 6 Absent Ni?
44552 Absent 6 Mn 4829°2 3 6 Cr?
44614 | Absent 6 Mn? 48313 3 6 Ni
44622 6 6 Mn 48360 6 6 Ti?
44626 | Absent 5 Ni? 48387 b 6 Mn?
4464-9 6 5 Mn 48405 5 6 Co?
44707 4 3 Ni? 48558 2 4 Ni
44729 6 5 Mn 48666 3 5 Ni
4490+3 5 5 Mn 48680 6 6 Co
4495-8 6 6 Unknown 48737 4 6 Ni
44962 - 6 6 Ti? 48783 1 1 Ca?
45129 6 6 Ti 48856 4 5 Ti?
45228 6 6 Ti? 49046 3 6 Ni
4534-1 Absent 6 Co? 49141 6 Absent Ti
45409 6 |Absent Cr? 49257 6 |Absent|(Tior Ni)?
454400 6 6 Co 49342 5 5 Ba
4546°1 6  |Absent Fe? K.andR.|| 49360 4 Absent Ni
45472 5 5 Ni? 49375 6  |Absent Ni?
45496 5 5 Ti? 49534 5 6 Ni?
45514 6 6 Unknown 49628 3 4 Sr?
45527 5 5 TP 49681 6 6 Sr?
4554-2 5 5 Ba? 49788 6 6 Ti?
45658 5 5 Co? 4980-3 4 6 Ni
45873 5 4 Cu? 49843 3 3 Ni
46005 4 4 Ni? 4982 5 6 Ti?
46052 2 2 Ni 49915 b 6 Ti?
46064 6 6 Fe? K.andR.|| 49983 6 Absent Ni?
46163 ) 6 Cr 50005 6  |Absent Ni
46296 6 6 Co? 50074 5 6 Ti?
46463 5 Absent Cr? 50178 3 6 Ni?
46489 2 2 Ni 50357 2 5 Ni
46523 6 Absent Cr? 50652 3 5 Ti?
46634 6 6 Co? | 50723 6  |Absent Ti?
4664-0 6 6 Co? 50728 6 |Absent Cr?
46821 6 6 Ti? 50806 2 4 Ni?
46865 4 4 Ni 50813 2 Absent Ni?
46986 6 6 Tie 50995 5 Absent| Unknown
47012 5 5 Mn? 5100°1 5  |Absent Ni
4704-0 5 5 Ni 51057 6 6 Cu?
47104 4 3 Ti? 51156 4 6 Ni
47146 1 1 Ni? 51275 5 6 Ti?
47160 3 3 Ni 51294 6 6 Ti
47276 4 3 Mn 51296 6 6 Ti
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1028 ON THE PHOTOGRAPHIC ARC SPRCTRUM OF TRON METEORITES.

Lings due to other Metals than Tron in the Are Spectra of the Nejed and
Obernkirchen Meteorites (continued).

Wave- Initten- Inten- Wave- Ir}zen- Inten-

length O?oe‘z - sity, Origin. | Remarks.| length Os]:)e}; - sity, Origin.  |Remarks.
(ROWrAND).| 1=t on. | Nejed. (Rowraxp)., = o on | Nejed.

51372 3 4 Ni 55330 6 6 Mo ?

51427 3 4 Ni? 55356 3 6 Ba

51467 4 5 Ni 55434 3 4 Sr?

51510 5 5 Mn 55676 | 6 6 Mn?

5152-1 5 6 Ti 55925 | 4 6 Fe? K.and R.

51560 3 6 Ni 55947 5 5 Ca

51593 6 6 Cn 55985 3 3 Ca

51774 6 Absent Ba? 56004 6 6 Fe? K.and R.

51881 6 |Absent U? 56032 2 2 Ca

52047 4 [§ Cr 56502 5 6 Mo ?

52062 4 6 Cr . 56627 2 3 Ti?

52667 1 1 Co? 56692 6  |Absent Unknown

52705 1 1 Ca? 56829 4 6 Na

52887 6 1Absent| Tior Mn 56952 5 6 Ni?

52985 6 Absent Cr I 5698b 6  |Absent Cr?

53168 6 6 Co? 57153 4 6 Ti?

53302 5 6 Se? 57549 5 6 Ni?

53413 1 1 Mn? 57808 6 6 | (MnorCr)?

53536 3 5 Co? 57824 6 6 Cu

53630 6  |Absent Co? 57855 6 6 | (CrorTi)?

53917 4 6 Cu? 5794-1 6 6 Fe? K.and R.

54365 6  Absent Ni? 5804-6 § 6 Fe? K.and R.

54816 3 4 | (MnorTi)? 58069 6 6 Fe? K.and R.

54833 5 6 Co? 1 58150 6 [Absent Fe? K. and R.

55102 6 Absent | Unknown | 58576 6 Absent Ca

55132 6 6 Ti 1 589000 6 5 Na 1

55198 6  |Absent Ba? I 58931 6 |Absent Ni D lines

55226 6 6 Co ? i 53961 | 6 5 Na

In the above tables the wave-lengths are those corresponding to RowrLAND’s second
series of photographic maps of the solar spectrum. 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 when a ? is added the coincident line of the substance is not
one of the longest. Coincidencies with lines of cerium have not been considered.
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