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VIIL. On the Ultra-Violet Spectra of the Elements.—Part II1. Cobalt and Nickel.

By G. D. LiveiNe, M. A., F.R.8., Professor of Chemistry, and J. DEwar, M. A., F.R.S.,
Jacksonian Professor, University of Cambridge.

Received Febrnary 27,—Read March 15, 1888.

[PraTes 9-14.]

IN our first communication to the Society on this subject we gave a reference map of
the iron lines in the ultra-violet region, based on measurements of the wave-lengths
of nearly a hundred of the principal lines. These measurements were made by means
of a diffraction grating by RUTHERFURD. Since that time we have obtained some of
RowraND’s fine gratings, having a much larger ruled surface, though a somewhat
smaller number of lines to the inch, than the RUTHERFURD grating. With larger
gratings it was advantageous to use larger telescopes, and it was a matter of some
interest to determine whether the improved appliances led to the same numerical
values of the wave-lengths as before. In each case we determined the constant of the
grating—that is, the distance between successive lines—by ANGSTROM'S scale.  We
had, for instance, measured the deviations by the RUTHERFURD grating of several
lines—namely, C, D, b, I, and H—for as many orders of spectra as we could on both
sides of the collimator, and then calculated what must be the distance between the
lines to produce these deviations, on the assumption that AnGsTROM'S wave-lengths of
these lines were correct. We have since used the solar lines E, or the corresponding
lines of the spectrum of the spark taken between iron terminals, for the purpose of
gauging our gratings, because AnastrOM had bestowed the greatest pains in the
measurement of the wave-lengths of these lines. PEIRCE and BELL have corrected
ANGSTROM'S measures, but, for convenience in comparisons, we have retained the old
scale. In order to make our numbers correspond to the new scale they must all be
multiplied (according to RowLAND) by 1-00016. ‘

The first comparison of measurements with the different gratings was made with
respect to the cadmium lines, which have frequently been used as lines of reference.
Four pairs of photographs of the cadmium line No. 17 in MASCARTS notation had
given us the following wave-lengths :—

3.8.8
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232 PROFESSORS G. D. LIVEING AND J. DEWAR
274858 . . at 4th order.
274827 . ., .,
274820 . . ,, bth
274816 . . ,, 6th ,,

Mean . 2748°30

Six pairs taken with a RowLAND grating and the same goniometer gave us—

274843 . . at 8rd order.
274841 . . ,, 4th
2748'50 . . ,, 5th
274835 . . , 6th
274841 . . ., Tth
274829 . . , 8th

Mean . 2748°40

BeLr's® value of the wave-length of the same line is 2748-45. The photographs
were all taken with a collimating eyepiece. Considering that the cadmium lines,
though strong, are very ditfuse, so that there is room for considerable error in esti-
mating the centre of the photographic image, and that an error of 0°018 mm. in
measuring the distance between the two images of the line on the photograph would
make an error of 1” in the deviation, or very nearly ‘08 in the value of the wave-
length, the values above are fairly concordant. However, besides the difficulty of
exact measurement arising from the ill-defined character of the cadmium lines, there
is a source of error arising from the gratings themselves, and affecting both of them,
It is that the two images of any given line, on the two sides of the normal to the
grating, are not in focus at the same distance from the object-glass of the telescope.
Hence, if the photographic plate is adjusted to the focus of a particular line when the
grating is turned in one direction, it will not receive a sharp image of the same line
when the grating is turned in the other direction.

With a collimating eyepiece it is comparatively easy to place the grating so that
the normal to its plane may coincide with the axis of the collimator. Hence, fair
measures of the wave-length of any line may be obtained from the deviation for that
line, as measured on one side only of the normal. But, since every change of focus
makes it necessary to take a fresh reading of the position of the grating when it is
normal to the axis of the collimator, it is better, as a rule, because errors of reading
thereby become of less consequence, to measure the angle between the two images,
one on one side and the other on the other side of the normal. If this is done, the
difficulty arising from difference of focus on the two sides must be faced, as any
alterations of adjustment between the times of taking the pair of photographs would
be wholly inadmissible.

* ¢ Amer. Journ. Sci.,’ vol. 81, 1886, p. 429.
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ON THE ULTRA-VIOLET SPECTRA OF THE ELEMENTS. 233

Again, it, seldom happens that a grating gives the two spectra of the same order
equally bright. With one of our gratings the spectra of the 8rd and 5th orders are
bright on one side only of the normal, while those of the 4th and 6th orders are
bright on the other side only. Where faint lines were in question, therefore, we have
used spectra of different orders on the two sides, and computed the wave-length by the
formula (m + n)\ = 4a sin § (« + B) cos 4 (@ — B); where m and n are the orders of the
spectra employed, « and B the deviations of the ray from the normal. (a4 B) is, of
course, the angle directly measured ; (¢ — B) has to be calculated from the reading of
the instrument when the grating is normal to the axis of the collimator. As % (x — B)
is always a small angle, any error in determining it will affect the value found for A
but little.

Measures of other cadmium lines gave the following results :—

RUTHERFURD grating. RowranD grating.
No. of line. No. of No. of Brrr's ;'a,]ue of
pairs of A pairs of A
photographs, photographs.
18 1 2572:95 5 2572:75 2572-95
22 2 232967 5 2320°92 2321°14
23 2 2312-66 5 231275 2312-83
24 2 226491 4 226464 226488
.. 2 224010 .. .. -
25 1 2194-06 7% 2194-28 2193-98

Previous measures of lines Nos. 24 and 25, by interpolation between the copper
lines of which the wave-lengths had been determined by RurHERFURD’S grating, had
given the values of X 2265°0 and 2194-2.

Other cadmium lines, measured by RowLAND’S grating, gave the following results :—

N 0. of the 151 %’sogf N BrLL’s value of

line. photographs. A

9 3 [ 3612:15 3611-75

L 360975 360939

10 3 { 3467-03 346670

346561 346522

11 5 3403-08 3402-68

326046 3260-12

12 5 325208 325177

3249-83 3249-40

MDCCCLXXXVIIL—A. 2 H
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234 PROFESSORS G. D. LIVEING AND J. DEWAR

The wave-lengths of this last group of lines are all too large by about 085 as com-
pared with BELL’s, and they seem to be affected by some common error, but whence it
arises we do not know. Our measures of lines in the visible spectrum, where, of
course, there are fewer sources of error, agree very closely with Brrr's. Thus our
measures of the blue lines gave the figures for N 508526, 479940, and 467759, and
these, when multiplied by the factor 1:00016, come very close indeed to BEeLL'S
numbers, which are 508609, 4800°15, and 4678:39. On the whole, we are inclined to
think that a really good goniometer with a plane grating and a telescope of moderate
dimensions, focal length 8 or 9 decimeters, will give extremely accurate wave-lengths,
while the greater angular aperture of such a telescope gives it a considerable advantage
in point of light over the concave grating used by BrLrL. The method of measuring
wave-lengths by the coincidences of lines in spectra of different orders, for which a
concave reflecting grating is admirably adapted, could not be easily applied to the
ultra-violet spectra of cobalt and nickel, because the lines are so crowded that the
overlapping of two or three spectra, all in focus together, would produce a complication
which it would be nearly impossible to unravel, except by dispersing the spectra in a
direction at right angles to the dispersion produced by the grating. 'The chromatic
aberration of our quartz lenses is a positive advantage in dissipating the light of the
spectra of those orders which are not under examimation.

For the determination of the cobalt and nickel lines specimens of those metals were
prepared so far spectroscopically pure that the spark between fragments of the cobalt
showed none of the characteristic strong lines of nickel, and the spark between pieces
of the nickel showed none of the characteristic strong lines of cobalt. As the metals
after reduction were fused with an oxyhydrogen blowpipe in lime crucibles, they were
not free from all traces of other metals. For the arc lines much labour in the purifi-
cation of the metals would have been wholly thrown away, because a variety of metals
are present in the carbon electrodes as well as in the limestone used for crucibles. In
the arc, therefore, we used samples sold as “ pure,” and identified the lines either by
their coincidence with spark lines photographed at the same time through a part of
the slit, or by their making their appearance, or being notably strengthened, on the
introduction of the metal into the arc. The list of arc lines is much less complete
than the list of spark lines, because weak lines in the arc are more easily overlooked
in a photograph crowded with lines, and when noticed their origin is with difficulty
identified. The wave-lengths of the spark and arc lines which were not measured
directly by means of a grating were determined by interpolation from photographs
of refraction spectra. In the highest region the copper lines were used as lines of
reference in this interpolation. For the direct determination of the wave-lengths of
the nickel lines about 170 photographs were taken, measured, and the results reduced ;
for the cobalt lines about 200. In many cases several lines could be measured on the
same plate, but we have rarely been satisfied without getting two or more independent
measures of the deviation for each line, and in many cases the measures have been
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ON THE ULTRA-VIOLET SPECTRA OF THE ELEMENTS. 235

made in more than one order of the spectra. Owing to difference in the strength of
the spectra on the two sides of the normal to the grating, it sometimes happened that
faint lines appeared in one of a pair of photographs, that is on one side of the normal,
but not on the other. In such cases, when the reading of the circle for the normal
position of the grating (which is liable to vary with every adjustment of focus) could
be accurately determined by the help of stronger lines, which could be measured in
both photographs, the wave-lengths of the faint lines have been calculated from the
deviation as measured on one side of the normal. Such a measurement, though it
gives a valuable result, is plainly not quite independent.

From the close chemical relationship between cobalt and nickel we should have
expected that their spectra would closely resemble one another. In regard to the
large number of lines which they exhibit, they certainly resemble each other, and
resemble iron ; and the resemblance goes a little further, inasmuch as the lines of all
three spectra are much more crowded in certain regions than in others, and the
crowded regions are approximately the same for all three. But, beyond such a general
resemblance, we have been unable to trace any definite correspondence in the spectra.
The number of lines of cobalt which according to our measurements have wave-lengths
identical with those of nickel lines is small, but in a record of 580 lines of cobalt and
400 of nickel it would be surprising if there were not many close coincidences, and, in
fact, we note forty-six cases where lines of cobalt do not appear to differ in wave-length
from lines of nickel by more than a tenth of a tenth-metre. Now, if the cobalt lines
were uniformly distributed over the whole region mapped and the nickel lines distri-
buted at random amongst them, it would be an even chance that twenty-six nickel
lines would not be more than a tenth of a tenth-metre distant from the nearest cobalt
lines. A glance at the map will, however, show that the cobalt lines are by no means
evenly distributed, and in the regions where they are most closely packed the nickel
lines are also for the most part closely packed. Hence, the chance of merely accidental
coincidences is very much greater than that above mentioned; and we find that in
the region between the wave-lengths 2250 and 2550 the number of lines of the two
metals, which, as measured, are not more than a tenth of a tenth-metre distant from
one another is twenty-five, more than half the whole number of coincidences to that
degree of approximation. On the whole we are unable to conclude that the coin-
cidences are more than fortuitous. It should be observed that we have not yet had
the opportunity of comparing the spectra of the two metals photographed on the
same plate with high dispersion. On many of our plates the iron spark has been
photographed simultaneously with the spectrum of another metal, and we have noted
on the table of wave-lengths the cases in which these photographs show an unresolved
coincidence between an iron line and a cobalt or nickel line. These photographs,
however, have all been taken with a prismatic spectroscope, and it is probable that a
higher dispersion might resolve some of these coincidences.

2 H 2
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236 PROFESSORS G. D. LIVEING AND J. DEWAR

TasrLe of Cobalt lines.

In the first two columns are given the intensities, 1 to 6, of the lines as observed in
the spark and arc respectively, 1 being the most intense. In the third column are
recorded the wave-lengths. A figure in the fourth column indicates that the wave-
length against which it is placed was independently measured by means of a grating,
and at the same time records the number of separate determinations combined in the
given result.

Intensity.
A " Remarks.

Spark. Are.

21902 The wave-lengths of the lines in this region
2191-9 were obtained by interpolation between the
21931 copper lines photographed at the same
21982 time through a part of the slit

22057
2214:1
22159
22196
22295
22315
223404
22448
22532
22564
2259-7
22662 . A weak Ni line
2270'5
2272-0
. 22733 . Also a Ni line

6 22742 . A stronger Ni line
22751
22759
22781
2280-1
22815
2281-9
2283°1
22857 1
2287-8
22899
22909
22915 1
22930
22955
22969
22983
2299-3
23003
23008
2303-8
23056 .. Also a Ni line
.. 23064
d 2 23074 2

Y

HO OO UURRUUIWWE OO USROG G TN ORI RHIRRHS
L RACODUTRNRNEBE OGO L
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TaBLE of Cobalt lines (continued).

Intensity.

A Remarks.

b
—
o

Spark.
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23104 .
23111 ) Also a Ni line
23121
23131
23185 2 Also a Ni line
23145 9
23155 .. Also a Ni line
2316-8 .. Also a Ni line
23182
23196
23210 . Also a Ni line
23240 Also a Ni line
23259
2326°1
23273
23287
23300 1 Also a Ni line
23337
23359 1
23366 . Also a Ni line
23376 1
23384
23388
23408 1 Also a Ni line
23440 1 Also a Fe line
2344-3
23452
23462 .. Also a Ni line
2346°7
23470 1
23474
23481
23506 . Also a Ni line and a Fe line
23515
23521
23530
23577
23600
23602
23603
2360°8
23612
23633 9
23666
2370°1
23715
23713
23726
23748 2 Also a Fe line
23781 3
23803
23813 9
e 23817 Also a Ni line

Tt S

ol S AT

Also a Ni line

B DO OO A UTE Gt U ST

e e

[\ Pt DO

o

PR OB NRWITTR OB BRI MWOI R XA WLNDTTDZINTTWRWRHR W WD DR WD B Ut
RO TR OO WO W Tt ot
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238 PROFESSORS G. D. LIVEING AND J. DEWAR

TasLi of Cobalt lines (continued).

Intensity.

A Remdrks.
Spark.

i
8

23829
23859
2386-1
23883
23884
23891
23915
23921 .. A weaker Ni line
23934
23951
23969
23978
{ 2401-3

2401-6 .. Also a Ni line
24024
24033
24038
24040
24051
24069
24071
2407-8
24083
2411-2
2412-2
24137
2414-1
2414-8
24155
24157
24165
24172
24181
24203
24216
2422-1
24232
242405
24257
2427-8
24296
24300
24320
24346 Close to a Si line
24358
{ 24362

DO = DO DS

A rather close double, very near a Fe line

C OB N U O O
— DO O

—
Lt

Also a Ni line and an air line

DO RO 1 0O i -
WIOMOMOR = CONNNN®W

ISH

O T Gt SRR OO BT
B DODO DO DO BO

2436'5 3
24379
24385
2439-7
24406
24412
24420 3

e

Do
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TABLE of Cobalt lines (continued).

Intensity.

A Remarks.
Spark. Are.

A
A

A
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24433
24456
2447-3
24487
24494
24520
24:52-7
24533
24536
24557
24590 1
24603
2460-8
24687 2
2466'5 2
24690
24697
2472-5
24735
24749
. 24760
3 24762
.. 24769
24771 2 Also a Fe line
24778
24786 .. Close to a carbon line
24832 '
24841
248404
2484-8 1
24859 ; Also a Fe line
24867
2486-9
2489-8 1
24904
24944
24951
24963
24971
24982
25002
25017
2504r1
25058 3
25075 1
25094 ’

25105 2 Also a Ni line
25114
25117
25169
25173
25193 2
25207 1

Also a Fe line

;oo e
€O 1O BO O 1O

S
P DWW D: B W K o O

b et

SH

N TBE DO HDIBEHRTH R LN DNNWIRWLRINRTBBEDRIDIDNDIDRDH B GO T O O MO DO W W
BHWOW: W IW: &t

L B~ I i
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240 : PROFESSORS G. D. LIVEING AND J. DEWAR

TaBLE of Cobalt lines (continued).

Intensity.
A Remarks,

Spark. Are.

Close to an air line
Close to a Li line

25295
2524:2
2524c5
2528-1
25296
25317
25334
25355
25361
. 2537-0
25402
{ 25415
2543-9
{ 2544-2
25446
25457
2546°3 1
25489 .
25497 . Also a Fe line
25501 .. Also a Fe line
25522
25527 .. Also a Ni line
25531
25563
25569
25589
25596
25617
25636
25650
25670
25693
2571-9
25731
257474
2579:8
25817
25826
2584-8
25868 . Also a Ni line
2592-9
2598-8 .. Also a Fe line, or close to it, and close to an
2600°3 air line
26039
26052
26053
26130
2613-8
26185
26193
26217
26266
2627-3

e
.

Also a Siline

=R

Close to a Fe line

NDWOTH TR WNK OO
P bl ek ek et ped

-

&
——
H T O W N
[

o

ek

Also an Al line
Also a Ni line and close to an air line

SO MWHWAINWAIR D WER WO AR BEDIHIOH TS S
b et o ot

& &
WRHBDIND, TTBRRUTHHRI: DO W: HHEOGE: B :

IR BABWEOIBTIDS
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TasLE of Cobalt lines (continued).

Intensity.
A Remarks.

>
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Are.

A
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26284 .. A Ni line, doubtful Co line
26319
2634°5
2642-7
26444
26461
26484
26533
2662-7 1
26697 1
26701 .. Also a Ni line
26754
26774
26790
26798
26815
26840
26892
.. 26925
6 26941
3 26953
e . 26959
26960
26964
27019
27062
27069
. 27074
6 27086
. 27189
.. 27145
3 27153
.. 27206 1 Very close to a Fe line
27275
.. 2728'8
6 27307
2732'6
2734-3
27386
274477
27571
27610 1
27639
27660
27665 1
27686 1
2774'8 .. Also a diffuse line in the Ni spark
27757 1
27785
27852
27857
27869 o1
27891 .. Also a Fe line

S
e

W@O‘GM%GU‘MWL\'}O‘@O‘:U‘W@

LRl B OM: W

Also a Ni line

K
bt DO et et ot

gx&mcmaawwm

Also a Fe line
Also a Fe line

[ gep}
[SFPRSH

Also a Fe line
Very close to a Fe line

QO b ek ot ek e ek

SFRSH

@m@gm@s&a&%mmwm

OO TUA Ut Ut Ut Oy
& d

O T X Ot
[SURSFR-¥

PHILOSOPHICAL
TRANSACTIONS
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242 PROFESSORS G. D. LIVEING AND J. DEWAR

TaBLE of Cobalt lines (continued).

Intensity.

A Remarks,
Spark. Are.

27934
27958
27963
.. . 27966
6 27984
28017
28033
28067
28103
28152
28158
28183
28194
28211
28227
28232
28245
28343
6 2836-7
28452 ,
28479 .. Also a Fe line
28498
28622
2865°1 .. Also a Ni arc line

28704 1 Very close to a Fe line
28799
28813 1
2883-1
28860
2890°0
28975
2899-3
29065
29181
29272
29290
29300
29425
14 .. 2954-1
6d .. 29712
29833
29865
2989-1
29947
30001
30085
30103
30132
30152 :
3017-0 .. Very close to a Fe line
30338
30340
3042:2

Also a Fe line
Also a Fe line

oo

mppw»#o;g&ncnmm@w
—E o

¥
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TaBLE of Cobalt lines (continued).

Intensity.

A Remarks.

.
8

Spark.
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30436
30486 ,
30506 .. Very close to a Ni line
30596
30614
3063-0
3064-0
30718
} 3072-0
30734
30789
30821
30863
3089-0
3097-6
3101-8
3103-3
31090
31095
31180
312111
31267
31304
31368
31395
31466
31489
31523
3154-2
3158-2
3159-2
3161-3
3164-3
31695
3174-8
31766 1 Out of focus in photograph with grating
31817 ‘
31880
32101
32187
32265
32324 1
32352
32367
32434
32467
3249-6
32537 1
32601 1
32617
32627
3264-4
32713

—
WHE DWW DO D CTWS WWW

[P U

o et

Also a Fe line
Also a Fe line
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TaBLE of Cobalt lines (continued).

Intensity.

N Remarks.
Spark, Are,

32760
32772
3278'5
32829 1
32842
32866
32942 1
33032
33065
33082
3309-1
33117
33136
33190
33217
33248
33264
33290
33336
133393

33402
{ 33408

33422
33464
33477
33489
33523
33539
33608
33623
33666
38704
33766
33780
33800
33847
3387°1
33876
3394:2
33948
34045
34061
34086
{ 34117

f—d

Also a Ni line

Also a Ni line

Also a Ni line

IS

Also a Ni line

IO O QUi L0 DTOTUTU Ot O Oy RO e GU K. Y Ot OTL SO O i O

Also a Ni line and in OH flame with CoCl,

In OH flame with CoCl,
In OH flame with CoCl,
3412-0
34142
34152
34165
3423-2

34309
{ 3431-3

34324
{ 34329

In OH flame with CoCl,
Also a Ni line
In OH flame with CoCl,

In OH flame with CoCl,
Also a Ni line

WU B . WHWDAINWRWRIBR DTN BRW IO ENITWIW TN DR WE XD DRI O

— LWWWWLWWwwW B T = T Q0 I BD DO = Ot P g b e = DO DD R DO HS b GO QO QO b s s

——
= DO QORD. DO M bl e
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TaBLE of Cobalt lines (continued).

A
/A A
a
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TRANSACTIONS

Intensity.
A Remarks,
Spark. Are.
5d 4 34368 .. Also a Ni line
.. 6 34382
6 3 34423 3
3 3 34430 3 In OH flame with CoCl,
4 3 3445°7 2 Also a Ni line and in OH flame with CoCl,
3 } 1 34486 3 In OH flame with CoCl,
5 { 34489 2
2 2 34529 3 Also a Ni line and in OH flame with CoCl,
4 38 34546 2
5 4 34606 2
2 2 34622 3 In OH flame with CoCl,
2 1 34652 5 Also a Ni line and in OH flame with CoCl,
and a Fe line
1 1 34734 5 In OH flame with CoCl,
6 2 34760 1 .
6 5 34780
3 1 34827 2 In OH flame with CoCl,
4 4 3484-7 2 :
1 1 3488-8 5 In OH flame with CoCl,
5 4 34906 2
3 1 34951 4 In OH flame with CoCl,
5 3 3496:0 3
4 35010 2
1 1 35016 3 In OH flame with CoCl,
5 35020 2 A
6 .. 35034
1 2 35056 3 In OH flame with CoCl,
4 3 35093 5 In OH flame with CoCl,
6 { 35097 4 Also a Ni line .
4 3 35120 3 In OH flame with CoCl, -
3 2 35177 5
5 3 35195 2
3 2 35209 4 Also a Fe line
3 3 35229 4 In OH flame with CoCl,
4 3 35263 4
6 4 35284 3 In OH flame with CoCl, ..
3. 1 35293 4 Also a Ni line .
4 3 35328 4 In OH flame with CoCl, and a Fe line
4 5 35428 3
6 6 3544-7 1
6 6 35480
4 3 3550°1 3
6 6 35524 1
6 .. 35623 )
2 3 35605 3 In OH flame with CoCl,
3 1 35645 2 In OH flame with CoCl, and close to a Fe
line
1 1 35689 3 In OH flame with CoCl,
1 1 35745 2 Tn OH flame with CoCl
3574:9 2 mew 2
6 5 35774 1
3 2 3584-7 3 Also a Fe line
1 2 35867 3
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TaBLE of Cobalt lines (continued).

Intensity.

A Remarks,

Spark, Are.

3594r4
3601-6

36050
3611-3
3614-8
36273
36322
3634-2
3636°1
36389
36411
36427
36488
3654-0
36561
d 36616
36808
3682'5
36902
36924
{ 36928
37017
37035
- 3711°6
3729-8
37318
37328
37352
37458 Observed in OH flame with CoCl,
37539 Arc lines obscured in this region by bands of
37697 cyanogen
3774-0 :
37770
38073
38151
38157
38303
38414
3844-8
3860'5
38724
{ 38732
3876'1
38810
38840
38934
3894-3
3905°2
3909-0 .. Observed in OH flame with CoCl,
39162
39355
39409

Observed in OH flame with CoCl,

Observed in OH flame with CoCl, and close
to a Ni line

Also a Fe line

W W

Observed in OH flame with CoCl,

THTTOHADI=HION =

ST ot -

o W

Observed in OH flame with CoCl,

T Crotor:
NN OB W =W W WM id oW

oororoxl Dl

} A Te line here

Observed in OH flame with CoCl,
Observed in OH flame with CoCl,
Arc obscured by bands of cyanogen

Observed in OH flame with CoCil2

Observed in OH flame with CoCl,

DO B> Qs T OT O NI DO bO
——

Observed in OH flame with CoCl,
Observed in OH flame with CoCl,

WA UIHEDWHIRWNEHFNOIOIDNLOOHOOEBIIOANW W AWHWADIHZ U DIOEHZWSH W

WUt il = ot

e
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TaBLE of Cobalt lines (continued).

Intensity.

A Remarks.
Spark.

b=
~
I

3944-9
39524
39557
3957-7
39688
3974-1
39787 .. . | Observed in OH flame with CoCl,
39871
3990-2
39914
3994-7 3 In OH flame with CoCl,
3997-3 3

DD AR DD
HPO TR U! BDHHD
e

So

TaBLE of Nickel lines.

In the first two columns are given the intensities, 1 to 6, of the lines as observed in
the spark and arc respectively, 1 being the most intense. In the third column are
recorded the wave-lengths. A figure in the fourth column indicates that the wave-
length against which it is placed was directly measured by means of a grating, and
the figure records the number of separate determinations combined in the given
result.

Intensity.

- A Remarks.
Spark. Are.

3 21738
3 2174:4
21760 1
21767
21794
21799
21828
2184-2
21850
21882 1
21900
21906
2193-2
21972
21980
21984
2200-8 1
22030

DD UTW W T ™ O U UT i

jorier)
ISVRSH

i

)
DR W BB SOWw ]

(=2}
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248 PROFESSORS G. D. LIVEING AND J. DEWAR

Tasre of Nickel lines (continued).

Intensity.

A Remarks,
Spark.

B
8

3d 22052
2206°1 1
22098 1

22105 .. Also a Fe line
22114 .. Also a Fe line
2212-5
2215'8
22160
22174
22190
2219-8
22206
2221°3
2221-7
22223
22238
2224¢3
22258
22258
2226-7
22272 - Also a Fe line

22296 .. A weak line in Co; also a Fe line
22312
ggggg } 1 The mean of this pair was measured by the
29376 grating

22382
22398
2241-2
22422 1 A weak line in Fe
22444,
22459
22466
224.7-4,
22488 .. Also a Fe line
2249-2
22502
22505 .. Also a Fe line
22511 . Also a Fe line
22514
22526
22535 2
22539
22547
22557
22576
22589
22594
22603 . Also a Fe line
22611
22626
2263-1 .. A weak Te line; P if Ni
22641 2 Also a Fe line

DO PO
S

A weak line in Co

SHWWWO O UTL O UL IS i O >
[\ [\ DO =

1 Also a Fe line

o:
CORS: 0T D RO Ot O T U T O 0O RO GO
O OO

DHTTHIEBOOD
=

=g = o oo oo N
=W SUESHEH
ool
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TABLE of Nickel lines (continued).

Intensity.

Spark.

Are

Remarks.

Q) O Ut
&

ISH

»pwwcagcxmw%mmwc:wwmwmwwwwwwm

[orRerNerien
[SYRSH

PO BROW: O HWE DU CIW S ot

oo

Dl WO W W W) W WO

22648
22661
22691
22699
22703
22711
2272-3
22732
2274:1
22750
22757
22763
22770
2277'8
22784
22792
22806
22837
22848
22868
22874
22896
22907
2292-7
22953
2296-2
22967
22971
22980
2299-2
22998
23015
23020
2302+5
23033
2304-8
23057
2308-1
23106
2311-2
23118
2312-5
23134
23136
23156
23168
23180
23193
2321-0
23216
23223
23233
2324-0

j

=

DORO Ut = i i s DO

o =

DO GO RO

LW Hro:

Also a Fe line.
A stronger line in Co

Also a Co line

A weak Co line

A weak Co line and a Fe line
Also a Fe line

The mean of this pair was measured by the
grating

Also a Co line

Also a Co line

Also a Co line and a Fe line
Also a Co line
Also a Co line

Also a Co line

Also a Co line

MDCCCLXXXVIIL—A.

2 K
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PROFESSORS J. D. LIVEING AND G. DEWAR

TasLE of Nickel lines (continued).

Intensity.

Spark.

H
o
=
g

Remarks.

By
=

TN I DO O O WO O > O >

IS¥

="

Y

oo

23255
23260
23296
23301
23341
23362
23366
23371
23407
2343-0
2343°5
23447
23450
23462
2347-6
2349-8
2350-5
23559
2358-5
2366°1
2367-0
23689
23695
23709
2375-0
23756
23786
2381-8
2386-3
23875
23885
23887
2392-0
2392:6
2394-0
2394-3
23947
2397-2
2400-1
2401-7
2404-8
24121
2412-8
2416-0
2419-0
2420-8
24234
2426-8
2431-2
24332
24:33-9
24375
2441-5

w [SVEEY

o

T oS

Ll el el N

=

Also a Co line

Also a Co line

Also a Co line

Also a Co line

Also a Fe line
Also a Co line
Also a weak Fe line

Also a Co line

Also a Fe line

Also a Co line and a.Fe line

Also a Fe line
Also a Co line
Also a Fe line
Also a Fe line

Also a Fe line
Also a Co line

Also a Co line and an air line

Also a Fe line
Also a Fe line

Also a Fe line
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ON THE ULTRA-VIOLET SPECTRA OF THE ELEMENTS.

TaBLE of Nickel lines (continued).

251

Intensity,

Spark.

Are.

Remarks,

@@%m@@@ﬂ@@@&ﬂ@l@@%@m

SH

GaL\')ODO‘JO}O‘O‘JO‘OQG}OOG:@OO@@@@WW@@@U‘@U‘&@%@@&&@H.k

P OWH WO

Sa

=Y N

P moow: ol

24481
24537
24554
24718
2472-8
24766
24836
24969
2505°9
25096
25106
25200
2524-1
25395
25432
25454
2549°1
2552+6
2554-7

2559-8
25657
2568-2
25717
25757
25799
25835
2584r4
25867
25931
2600-8
2606°1
26067
2609-6
26149
26263
26284
26324
26368
26395
26410
26434
26468
26486
26556
26595
2664-9
26700
2672:1
26744
26788
26840
26902

25575

—

[Vl DRV

et pd P 2 QO

fd fed

R e e

Also a Fe line
Also a Fe line

Also a Co line
Also a Co line
Close to a Si line

Also a Fe line

Also a Co line

Also a Co line

Also a Co line
Also a Fe line

Also a Fe line
Also a Fe line

Also a Fe line

A doubtful Co line

Also a Fe line

Also a Co line and a Fe line

Also a Co line

Lo

K
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252 PROFESSORS G. D. LIVEING AND J. DEWAR

TasLe of Nickel lines (continued).

Intensity.

A Remarks.

Spark. Are.

27004
27012 .. Also a weak line of Fe
27083
27587 1
27604
- 27747 .2 Also a diffuse line in the Co spark
3 28050 3
. 28060
.. 28078
1 2820°8

. 28239
.. 28633 1
3 28651 .. Also a line in the Co spark
Zgggg } These are perhaps air lines
2889-1
2898:8
.. 29006
3 29069
2 29132 1
.. 29188
20284, 1 Also a Fe line
29343
.. 29363 1 Also a Fe line
6 29387 .. Also a Fe line
1 2943-5
. 29471
2954r5
29578
29687
29812
29836
2987-7
29880
2992-2
29941
30021
3003-2
30115
30188
30314
30375
30445
30504
30539
3057-2
3 3064-2
3 30803
. 30866
30966
.. 30986
3 31011
2 81014

> D [S e
< = e
M =]

SIS NDSHIWS DO
[STRSVR

S8 ISYRSH
[a—

IS

Also a weak Fe line

&
: woeo: -

Also a Fe line

Also a Fe line

D WO IO H IO WD

Also a Fe line

RO T ™ OO Oy i Ot Ot B O O L Lo w
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TaBrE of Nickel lines (continued).

Intensity.

A Remarks.
Spark.

b
@
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31050
31137
31336
3134:0
31455
31589
31792
31812
3182-6
3183-8
3194°9
3196:6
3201°5
3212-3
32137
32160
32166
32174
32211
3224-6
32263
32326
3234-2
3242-6
3247-8
3250°1
32706
32744
3282-2
3290°1
33118
33124
33151
33197
33216
3349-8
33581
33609
33610
3365°1
33655
33672
33689
33713
33733
33736
3374:0
33800
33904
3392-4
34005
34028
34045

Also a Fe line
‘Also a Fe line

R

Also a Fe line

WO DT Qo TS O s G

Also a Fe line

w S S B e e = DO = DO S O O OX

Do

Also a Fe line

Also a Fe line

Also a Fe line

Also a Co line

Also a Co line

Also a Co line

In explosions of OH with Ni
Also a Fe line

Also a Co line

GO NNHHERWWNODRIBERTWRTWWRAUTTRCTANIBRRWWNDIB CTTTBH R, DWW ITUT O = Ut ax

OB BRNWEHBEERERFHWWWWNOWEREBRBRWWOHS HW QO QO = 0 O W W

o

Also a Co line
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254 PROFESSORS G. D. LIVEING AND J. DEWAR

TasLe of Nickel lines (continued).

Intensity.

A Remarks.

.
8

Spark.

34066
34090
3412-9
34134
34138
34206
3423°1
34330
34367
34416
34457
3452-3
3452'9
34535
3457°7
3457-9
34611
3465°1
34668
134689
34708
34719
34831
34852
3492-3
35000
35018
35059
35073
3509-7

In explosions of OH with Ni

Also a diffuse Co line
Also a Co line
Also a Co line

Also a Co line and in explosions of OH
with Ni

In explosions of OH with Ni

In explosions of OH with Ni

In explosions of OH with Ni
Also a Co line

QT O OT QO = =t OX i O pd = O DO =t bd O = > DO OO W0

SH

In explosions of OH with Ni

COCO DO I i QO RO GT Oy T 0O RO WO B> TS B = DOCO DD O

Also a Co line and in explosions of OH
with Ni

Also a Fe line

In explosions of OH with Ni

35133
3514-4
35180
3519-1 -
35239
35260
35271
35292
3529-9
35475
35508
-8552-8
3561-1
35657
3571-2
3576°1
3587-2
3597-0
3601-4
36086
3609-8
36121

In explosions of OH with Ni

‘Here is a series of fine closely-set lines
Also a Co line

DGO MW

In explosions of OH with Ni
Also a Fe line and in explosions of OH
with Ni

ISH

In explosions of OH with Ni

WU IO =N ADWS U WD N0 = O S UTRD = UT RO DD
OT T i B 00 RO L0 O 0O DO = DO DO = et =t DO = &> £

In explosions of OH with Ni
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TaBLE of Nickel lines (continued).

Intensity.
A Remarks,

.
8

Spark.

I\

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

36188 5 In explosions of OH with Ni
3624-1 4
3634-9
36530
36552
36575
36593
36634
36669
36697
36715
36734
36876
3694:6
36972
37109
37216
37242
37361
37689
37750
37830
3806-6
38317
38375
. 38489
2 38578

S S ot v
bkl ped el

Also a Fe line

In explosions of OH with Ni
In explosions of OH with Ni
In explosions of OH with Ni
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256 ON THE ULTRA-VIOLET SPECTRA OF THE ELEMENTS.

Note oN THE MAPS oF THE SPECTRA OF (CoBALT AND NICKEL.

These maps contain many lines which are not in the list in the text. These
additional lines were observed in the arc between carbon electrodes when metallic
cobalt and nickel respectively were introduced into it ; but they were not included in
the list in the text because the authors were unable, for the reasons given in the text,
to be quite sure that they were not due to other metals contained in the carbon
electrodes, or in the crucible in which the arc was taken. It is most probable that
the greater part are really due to the metals to which they are assigned in the maps.

The reader is referred to the list in the text for the measured wave-lengths, as,
owing to a parallactic error in ruling, many of the lines in the maps are placed a
fraction of a tenth-meter out of their true places.
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