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VIL The Spectrum of y Cygni.
By Ser NorMaN LockvEer, K.C.B., F.R.S., and F. E. Baxaxparr, 4.R.C.Se.

Received December 3,—Read December 11, 1902.
[Prame 1.]

In a paper on “The Chemical Classification of the Stars,” communicated to the Royal
Society on May 4, 1899,* one of us indicated that it was then possible to classify the
stars according to their chemistry. In the case of type stars of some of the groups
lists have been givent of the wave-lengths and probable origins of the lines on which
the classification is based. The type stars thus dealt with represent the groups of
higher temperature, viz., ¢ Cygni (Cygnian), Rigel (Rigelian), { Tauri (Taurian),
Bellatrix (Crucian), e Orionis '(Alnitamian), and Sirius (Sirian).

The spectrum of stars of the Polarian type—representing a temperature stage next
lower than that of @ Cygni,—is, so far as the relative intensities of the metallic lines
are concerned, closely allied to that of the chromosphere. It is also interesting as the
connecting link between the spectrum of the Aldebarian stars, in which the arc lines
of the metallic elements predominate, and that of « Cygni, chiefly composed of the
enhanced lines of some of the metals. It has hence been thought important to make
a careful reduction of the spectrum of a star of this group. Of the existing
photographs of Polarian type spectra at Kensington, that of y Cygni is the best
for the purpose of reduction, and for this reason has heen selected. ‘

Method of Reduction.

The wave-lengths have been determined by measuring the relative positions of the
lines on the plate with a micrometer, and subsequent use of HARTMANN’S interpolation
formula. In selecting the lines to be used as bases for the reduction, only sharply-
defined lines with well-authenticated origins, and of the simple nature of which there

* ¢Roy Soc. Proc.,” vol. 65, p. 186.
T ¢Catalogue of 470 Brighter Stars,” published by the Solar Physics Committee.
VOL. CCL—4A 337. 19.6.03
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206 SIR NORMAN LOCKYER AND MR. F. E. BAXANDALL

is little doubt, were taken ; lines which were suspected, however slightly, of having a
double or complex origin were rejected. A list of the lines used is here given —

A, Origin. A, : Origin.
i
1
390068 P TS 4501+ 45 L pT
401254 P Ti 458402 » Fo
4215-70 pSr 465738 » Ti
4415-29 ¥e | 478020 | pTi

The result of a previous reduction of the spectrum of @ Uygni, already published,
serves as a valuable check on the accuracy of the reduced wave-lengths, as there are
many lines common to the two spectra, and there can be no doubt as to the identity
of most of the stronger a Cygni lines with enhanced lines of some of the metals, as
has been shown in a previous paper.™

In the table at the end of the paper the y Cygni lines are compared with those
reduced at Kensington from the spectrum of & Cygni and that of the chromosphere,
and also with those recorded by PiekERINGT in the spectrum of 8 Canis Majoris, The
latter star is selected by PickrriNG as typical of Group XIlic. in his classification, in
which group he also includes y Cygni. In the case of the chromosphere, in order to
keep the table within moderate limits, only those lines which agree with y Cygni
lines have been inserted, but of the chromospheric lines omitted none are prominent
except those of helium.

Comparison of v Cygne and Chromosphere.

Reference to the table will show that the metallic and protometallic lines have,
speaking broadly, about the same relative intensities in the spectra of y Cygni and
the chromosphere. It would thus appear that the temperature and electrical
conditions prevailing in the chromospheric vapours which furnish the metallic lines
are nearly identical with those appertaining to the absorbing atmosphere of y Cygni.
To arrive at any conclusion as to which of the two light sources in question represents
the higher temperature, it is necessary to study in detail the comparative intensities
of well-known lines. For this purpose, two sets of lines have been considered : (1) the
strongest unenhanced lines of the metals represented ; (2) the most marked enhanced
lines of the metals. In the following table a comparison is given of the intensities of
the strongest lines of iron, manganese, chromium, cobalt, barium, caleium, aluminium,
and titanium, as they occur in y Cygni and the chromosphere.

* ¢Roy. Soc. Proc.,” vol. 64, p. 321.
+ “Annals Harv. Coll. Obs.,” vol. 28, Part 1., p. 7%,
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ON THE SPECTRUM OF y CYGNIL 207
ComPARATIVE Intensities of the Strongest Metallic Lines in y Cygni and the
Chromosphere.
! Intensity. Intensity.
Strongest arc Strongest arc
lines. Origin. lines. Origin,
. L Gy isiung . y Oygni | Qoo
Max. =101 oy ~ T, Max. =10.1 prax. = To.
404598 Fe 8 7 452880 Fe 4 3
406376 Fe 8 6-7 4030-92 Mn 5 )
4071-91 Fe ) 6 403322 Mn 4 34
413224 Fe 5-6 3 399546 Co 5 3—4
414404 Fe 8 5-6 4226-90 Ca 8 7
4202-20 Fe ) 3 398991 Ti 4 2-3
| 4260°64 Fe 6 4 399879 Ti 5 4
4271-33 Fe 6 4-5 3944-16 Al 34 b
427193 Fe 6 3961-67 Al 5-6 6
438372 Fe 4-5 ) 455421 Ba 5-6 7-8
4404-93 Fe 3-4 4 425451 Cr 4 6
L 441529 Fe 5-6 4 427496 Cr 4 5

These intensities cannot be accepted as absolute, but as the same limits (1 to 10)
are used in the two spectra, it may be conceded that the intensities are roughly
comparable. It will be noticed that in the majority of cases the lines appear to
be somewhat weaker in the chromosphere than in y Cygni. Notable exceptions,
however, to this are the lines of aluminium, chromium, and barium.

In the next table, the intensities of the more prominent enhanced lines of iron,
magnesium, chromium, titanium, and strontium are similarly compared.

ComPARATIVE Intensities of Enhanced Lines in v Cygni and the Chromosphere.

]
Intensity. Intensity.
Enhanced lines. o Enhanced lines. -
A Origin. . Chromo- Origin. . Chromo- |
: 1\7,1' Cy§n116 sphere. i I\% Cy_g_nllb sphere.
A% =% | Max. = 10. | ax. =21 Max. = 10.

4233-33 p Fe 7-8 6-7 4399-94 p Ti 5-6 5-6. |
450846 » Fe 4 5 4443-98 p Ti 9 7 i
451551 p Fe 4 4 445065 p Ti 4 5
4520-40 p Fe 3 3 446866 p Ti 6 6
452269 p Fe 4 4 4501-45 pTi 6 7
454964 p Fe 8 7-8 4534-14 p Ti 6 7-8
458402 » Fe 8 7 4549-81 p Ti 8 7-8
390068 p Ti 4-5 4 456394 pTi 4-5 7-8
391361 p Ti 4 6 457216 pTi 6-7 7 |
4012-54 p Ti 5 5-6 4558-83 p Cr 3 3-4 ‘
4161-68 p Ti 67 3 458838 p Cr 3 3
416382 P Ti 5-6 4 407789 P Sr 8 10
4300-21 p Ti 6 5 4215-70 p Sr 9 10
432120 p T 8 5 4481°30 | p Mg 5-6 —
433808 p Ti 9 5
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208 SIR NORMAN LOCKYER AND MR. ¥. E. BAXANDALL

Here we find that of the 29 lines included 12 have a greater intensity in y Cygni,
11 in the chromosphere, while 6 have been estimated as having equal intensities in
the two spectra, thus showing a very evenly-balanced state of affairs.

Taking the two comparisons together, it would appear that the evidence points to
the unenhanced lines being, upon the whole, somewhat weakened i the chromo-
sphere at the expense of the enhanced lines. This result tends to show that if any
distinction is to be made between the temperature conditions of the two light sources
i question, the chromosphere must be placed on a slightly higher level.

The most marked difference between the spectrum of y Cygni and that of the
chromosphere occurs in the case of the helium lines. There is no evidence of their
presence in the former spectrum, while in the latter the stronger helium lines are
quite conspicuous. We do not, however, know much about the relative positions of
the helium vapour and the metallic vapours in the chromosphere, and it is quite
possible that the temperatire conditions of the two are vastly different. Another
notable difference between the two spectra is in regard to the well-known enhanced
line of magnesium, A 4481-3. This is fairly prominent in y Cygni, but appears to be
entirely lacking in the chromospheric spectrum. As the enhanced lines of other
elements are well developed in the chromospheric spectrum, this is a very curious
result, and difficult to account for, especially as the line in question is well marked in
both y Cygni and « Cygni, between which the chromosphere must apparently be
placed from temperature considerations.

In the transition from stars resembling the Sun, through y Cygni (Polarian), the
chromosphere, to « Cygni (Cygnian), the gradual strengthening or weakening of well-
known groupings of metallic lines can be traced. There cannot be any doubt about
the authenticity in the spectra of y Cygni and the chromosphere of such groups and
pairs of metallic lines as the aluminium pair (AN 894416, 3961°67), manganese triplet
(AN 4030°88, 4033-22, 4034-64), iron triplets (AN 404598, 4063°76, 4071-91) and
(AN 438372, 4404°93, 4415°29), chromium triplet (A 425451, 4274°96, 4289°89), and
the enhanced iron quartette (A\ 450846, 4515°51, 4520740, 4522°69).

Moreover, reference to the Kensington publications of eclipse results,* in addition
to those of FrOst,T EversHED,| MitrcHELL§ and Humprrrvs| will show that there is
a general consensus of opinion that the chromospheric lines have, upon the whole,
metallic origins.  This is entirely at variance with the conclusion arrived at by
Professor DEWAR, and embodied in his Presidential Address to the British Asso-
ciation, 1902, that the chromospheric lines are to be accounted for by the lines of
krypton, xenon, and those of the most volatile atmospheric gases. In this connection,

* ¢ Phil. Trans.,” A, vol. 197, p. 208.

¢ Astrophysical Journal,” vol. 12, p. 307.
¢ Phil. Trans.,” A, vol. 197, p. 381.

¢ Astrophysical Jowrnal,” vol. 15, p. 97.
i “ Astrophysical Journal,” vol. 15, p. 313.

= OO0 e e
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ON THE SPECTRUM OF y CYGNI. 209

he says,® “In the ¢ Astrophysical Journal’ for June last is a list of 339 lines in the
spectrum of the corona, photographed by HumpnrEvs. . . . . Of these, no fewer
than 209 do not differ from lines we have measured in the most volatile gases of the
atmosphere, or of krypton, or xenon, by more than one unit of wave-length on
ANGSTROM'S scale, a quantity within the limit of probable error.”

It may be here pointed out that HumpuRrREYS list of 839 lines referred to the
spectrum of the solar chromosphere, and not to that of the corona. The latitude
allowed (one tenth-metre) in comparing the wave-lengths of the lines in the solar and
terrestrial spectra is far greater than can be accepted in modern exact work, and as
the average error of HuMpHREYS wave-lengths is probably less than 0°2 tenth-metre,
it is obvious that, until Professor DEwWAR can give the wave-lengths of his lines to a
greater accuracy than that of the nearest tenth-metre, little weight can be attached
to the results of his comparison. His conclusion, moreover, appears to have been
based merely on apparent similarity of wave-lengths, without taking into account the
relative intensities of the lines in the spectra compared, or of the correspondence of
conspicuous groupings of lines, which would certainly tend to clear matters.

The extreme limits of HuMmpHREYS 339 eclipse lines are, roughly speaking, 2000
tenth-metres apart, which gives an average interval of 6 tenth-metres. In Professor
Drwar’s three lists of gaseous lines there occur between the same limits 564 lines,
with an average interval of 4 tenth-metres. If we assume, then, that the lines of
each set are evenly distributed over the region involved, there will be certain to be a
large number of lines in the two sets which agree in position within the limits of error
allowed (one tenth-metre).

Many lines have gaseous origins assigned to them which have been hitherto
universally acknowledged by the various workers in the subject to be representatives
of well-known metallic lines, and groups of lines previously given as due to some
particular metal are split up by Professor DEWAR’'S analysis, some members being
ascribed to krypton, others to xenon, &e., while other members remain clear of his
gaseous lines. The following table contains several groups of chromospheric lines,
which are all included in both HumparEYS' listt and that given in the Kensington
eclipse publication,} and which have been ascribed to the same metals in the two
records. In the comparison column, LiveiNe and DEWAR's gaseous lines are given
which agree within one tenth-metre (this being the difference accepted by Professor
DewaR in his analytical comparison) with the chromospheric lines. '

* ¢Nature,” vol. 66, p. 475.
T ¢ Astrophysical Journal,” vol. 15, p. 318.
1 ¢Phil. Trans.,” A, vol. 197, p. 208.

VOL. COCI.—A.

897
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210 SIR NORMAN LOCKYER AND MR. . E. BAXANDALL

CompartsoN of Groups of Chromospheric Lines belonging to Various Metals with
Livemwe and DeEwARr’s Gaseous Lines,

Oricin Atmospheric Gases
Chromosphere i (L1vEING and DEWAR).
(HumpHREYS).
A
HumprrEYS. | Kensington. | Most volatile. Xenon. Krypton.
(38205 Mg Mg 3830 3829 —
3832°5 Mg Mg — —_ —_—
38384 Mg Mg — —_ —_
3944-0 Al Al —- 39440 e
39616 Al Al — — —
4046-0 Fe Fe 4047 — 4045
406317 Te Fe —_ — —_
4071-9 Fe Te — — —
[ 40779 Sr pSr - . —
142157 Sr P Sr — 4215 —
42545 Cr Cr — — —
4274+9 Cr Cr — _— .
4289-9 Cr Cr 4290 — —
43836 Fe Fe e — .
44049 Fe Fe — — —
4415-2 Fe Fe 4415 e —
45085 Fe? p Fe 1508 e .
45155 p Fe — . _
45207 Ire » Ye — —_ —
45229 Ti p Fe 4523 — —

From this comparison it would appear that Professor DEwar claims for xenon, one
member of the magnesium triplet (A 3829°5-3838°4), one component of the aluminium
double (A 89440, 3961°6) and one member of the strontium pair (AN 40779, 4215°7) ;
tor krypton one member of the iron triplet (A\ 4046:0-4071°9); and for the most
volatile gases, one member of the magnesium triplet, one of each of two iron triplets,
one of a chromium triplet, and two members of the enhanced iron quartette
(AN 4508'5-4522'9). It is, of course, quite possible that some of these gaseous lines
may account for the coronal lines; but that the chromospheric lines are, in the main,
produced by metallic vapours, there can be no doubt.

Comparison of vy Cygni and a« Cygna.

It will be seen that there is a much greater number of lines in the spectrum of
y Cygni than in that of a Cygni. The lines occurring solely in y Cygni which have
been traced to any terrestrial origin are found to be attributable to the ordinary
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ON THE SPECTRUM OF y CYGNL 211

metallic arc lines, as distinguished from the enhanced lines. These, which occur so
prominently in & Cygni, are, with certain exceptions, present also in y Cygni, so that
the latter spectrum practically consists of the a Cygni spectrum (with modifications
of the intensities of the enhanced lines of various metals) with the ordinary arc lines
added, and the two sets are of about equal importance. This is a condition of affairs
intermediate to that of the Aldebarian stars—in which the ordinary lines are well-
developed and the proto-metallic lines weak or missing—and o Cygni, where the
enhanced lines are very prominent, to the nearly total exclusion of the metallic arc
lines.

The only line of any prominence which occurs solely in « Cygni is the silicium line
A4131°1 This is one component of the silicium double which is so conspicuous in the
spectra of a Cygni, Rigel, Sirius, &e. There is certainly a line in y Cygni apparently
coincident with the other component A 41281, but in the absence of its companion it
must be concluded that the y Cygni line in question has probably an origin entirely
distinet from silicium. The silicium double mentioned is also absent from the
chromospheric spectrum, which closely resembles that of y Cygni.

In a paper “On the Order of Appearance of Chemical Substances at different
Stellar Temperatures,”* it was pointed out that the enhanced lines of the various
metals attained a maximum intensity at varying levels of the stellar temperature
sequence. The present detailed investigation of the y Cygni spectrum confirms this
result, the enhanced lines of strontium, scandium, and titanium being at their
strongest in y Cygni and much stronger than in « Cygni, while in the latter spectrum
the enhanced lines of iron, chromium, and magnesium, attain their maximum
intensity, being more prominent than in y Cygni.

Of the better known arc lines of some of the metals which are prominent in
y Cygni, but very weak or lacking in & Cygni, the following may be mentioned : the
iron triplets (AN 404598, 406376, 4071‘91) and (M\‘ 438372, 440493, 4415°29) ; the
manganese quartette (A 408092, 403322, 403464, 4035'80) ; the chromium triplet
(AN 4254°51, 4274'96, 4289°89); the aluminium pair (M 394416, 396 L'67); the
calcium line, A 4226°90 ; and the barium line, A 4554-21.

General Conclustons.

The investigation of the photographic spectrum of y Cygni in its relation to other
spectra has led to the following conclusions :—

1. The majority of the lines are due to metallic vapours, the enhanced lines and
the arc lines being of about equal prominence.

2. The temperature conditions are thus intermediate between those of Aldebaran

* <Roy. Soc. Proc.,” vol. 64, p. 396,
28 2


http://rsta.royalsocietypublishing.org/

A

(3

A

|

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

\

ya

A

/

THE ROYAL /
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

212 SIR NORMAN LOCKYER AND MR. ¥. E. BAXANDALL

(arc lines prominent, enhanced lines weak or absent) and those of « Cygni (enhanced
lines prominent, arc lines weak or absent).

3. The enhanced lines of scandium, strontium, and titanium are better developed
than in « Cygni, but those of iron, chromium, and magnesium are less conspicuous
than in a Cygni.

4. The relative intensities of the metallic and proto-metallic lines are about the
same as in the spectrum of the solar chromosphere, which, if anything, represents a
slightly higher temperature.

Wave-LeNeras, Intensities, and Probable Origins of y Cygni Lines, compared with
those of 8 Canis Majoris, the Chromosphere, and « Cygni.

v Cygni 3 Clanis majoris Chromosphere a Cygni
(Kensington). (Harvard). (Kensington). (Kensington).
Inten- . Inten- Inten. Inten- Remarks.
A sity. Probable )\bO[lh)l N sity. N sity. N sity.
M| Max. origin, probable ' Max. . Max. g Max.
=10. orgm. =220. =10. =10.
38729 5 Fe 3872 -64 3872 7 7 38726 4 3872 4 3
760 3 Fe 76 °19 —_ — 76°1 | 1-2 —_ —
788 7 Fe 7872 785 5 787 3 787 A4
806 | 1-2 — — —_— — 808 2 805 | 1-2
824 3 — — — — 825 2 822 2
835 1 ?C 8355 832 3? 83 4 4 — —
- 84 81 — —_ — — 845 | 1-2
851 2 Fe { 8529 - — — — — — ? double.
869 | 3-4 Fe 8720 — — 87°2 | 2-3 863 2
8§91 5 H 89156 801 | 117 89 1 8 891 1o He. !
91°1 1 Fe 90 99 — e 914 2 e e |
019 | 2-3 Fe 92 -07 - — 922 2 — -
936 | 1-2 Fe 03 -54 — — 940 2 — — ? double.
961 | 4-5 Fe 95 *80 e - 957 3 958 2 ? fine double.
. Te 9803 | . P
980 | 3-14 { g o508 } - | = 980 | 2 081 | 1-2
99 -4 3 pV 99 +30 © 999 2 99 -2 2 — —
39007 | 4-5 p T 3900 68 3900 -7 7 3900 7 4 39007 | 5-6
032 4-5 Fe 0309 03-1 3 03°1 | 2-3 03 4 2
038 2 Fe 0405 —_— - — — — —_—
056 4 Sip Cr 035 66 — e 05 -3 2 057 4
067 | 4 e b o8 } 066 | 4 068 | 2 067 | 2
087 | 2-3 Cr 08 80 — — 08 4 1 090 1
, v . 09 *80 _ " _
098 | 2-3 Fe { 09 50 } — 096 | <1 —
110 3 ‘FeV 10-98 — —_ — — 115 1
124 2 ? Ni 1245 — e — —_— — —
136 4 p 1 1361 136 3 i36 6 136 | 4-3
= ] Fe i 14-48 ) 45 .
145 | 4 { Ti { | — — — — 5| 3
161 4 Cr 1595 — — 16-2 3 16-4 | <1
167 4 Fe 16 '88 — e — e — —_
18 46 1
187 | 4-5 Fe { 18 56 e oo 186 3 188 | <1 ? double.
1879 f
207 4 Fe 20 44 — — 20 4 3 204 1 ? double.
229 | 3-4 Fe 28 °05 —_ — 231 3 23°1 <1
26 -2 3 Fe 26 -09 — e 259 2 262 1 Broad line.
28°2 1 1 17 Probably masked
— — — — -— — —— — { 304 | 2-3 in o Cygni by
32°1 1 broad X line.
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ON THE SPECTRUM OF y CYGNI 213

Wave-lengths, Intensities, and Probable Origins of y Cygni Lines, compared with
those of 8 Canis Majoris, the Chromosphere, and o Cygni—continued.

v Cygni 5 Canis majoris Chromosphere o Cygni
(Kensington). (Harvard). (Kensington). (Kensington).
Inten- Probabl A of Tn{cn- In‘téen. quew ) Remarks.
sity. robable ) sity. sity. sity.
A Max.|  origin. probable A M, A Max | M| Max.
=10. origin. =220, =10. =10.
39338 | 10 Ca 3933 83 39338 | 220 3933'3 | 10 39338 | 10
36 0 3 Possibly masked
- — - - - — - - ‘3;“73 g % » in 'yvagni by
oy 3 broad K Tive.
10 2-3 Fe 41-03 — — — — 418 <1
425 3 Fe 4259 — — 41 ¢ 1-2 426 <1
441 | 34 Al 44 °16 441 44 -2 5 442 | <1
»Y 44 94 — 3
45 -2 6 Fe 4503 — -
{ Te { 4526 452 452 2 452 | 3
— — — — — —_ —_ - 47 -2 1
479 1 ?Ti 4792 — — — — -— —
, . Ti 4882 ol i | o . .
89| 23 |{ G oy b w0l s i85 | 2-3
501 4 Fe 5016 —_— — 503 | 2-3 - —_
513 4 Fe 5131 — — 518 1 — -
r Fe 5275 (Broad hazy lire,
527 Fe 5285 L | probably in.
to } 6 J Mn 53:04 | - 530 | 4 523 | 3—4 521 | 1-2 1 cluding all the
533 | Co 53°12 | | solar lines
L FeCr 5330 | L given.
553 1 Fe 5548 — — —_ _ 544 | <1
Co Ti 5648
566 6 Fe 566 } 566 | 2 566 | 4 s6°6| 1 {Probably com:
To 5682 pound line.
584 | 4-5 Ti i 58 :36 58 4 2 582 4 590 L
600 | 1 - L — — — — — —
617 | 5-6 Al 61-67 616 3 617 6 616 2
633 2 Tre 6325 — — 633 1 —
Possibly masked
— —_ —_ —_ — — — — 649 1 in ¢ Cygni by
— — — — —_ — — — 66 & 1 broad 1I line of
caleium.
68 6 }10 { Ca 6863 68 6 } 180 { 68 -6 10 686 10
70 -2 o It 70-18 70°2 702 | 10 702 | 10
Possibly masked
. _ . _ . in v Cygni b
- - - - [N broad H ztJgine o¥
caleium,
r Ni Zv 7370
738 4 < Te 73 -80 — - 735 2 40| 3-4
| capv 7386
74-9 4 Co Ie 7490 e — — — -— —
. Fe 7677 o -
768 | 3-4 { te [y 68| 2 767 | 1 - | =
779 | 2-3 Fe 7789 | — — 778 2 778 1
786 2 - — — — 781 Ty - —
. p Cr Co 79 66 - .« =0
797 3 { elo ;138 } - 798| 1 06 3
81 -9 7 Ti 8192 82°0 6 820 6 820 | 2-3 Very broad line.
L. Cr 8406 _ -
84-0 | 3-4 { o Sa 06 } — - 838 1 —
862 3 Fe 86 32 — — 863 | 1-2 — —
873 3 ? Mn 87 24 870 3 — —_ — —
886 3 — — — — 883 1 - —
. i 8991 §
899 | 4 { a SooL } - | = 899 | 2-3 — —
911 | 3-4 Cr Zr 0133 91 -6 2 913 3 — —
92°1 | 1-2 — — _— — —_— — - —
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214 SIR NORMAN LOCKYER AND MR. F, K. BAXANDALIL

Wave-lengths, Intensities, and Probable Origins of y Cygni Lines, compared with
those of & Canis Majoris, the Chromosphere, and o Cygni-—continued.

v Cygni 8 Canis majoris Chromosphere a Cygni
(Kensington). (Harvard). (Kensington). (Kensington).
Inten- Inten- Inten- Inten- Remarks.
N sity. Probable I‘)\b?li] A sity. A sity. A sity.
) Max. origin, P (,)-0‘- e ' Max. : Max. : Max.
=10. origin. =220, =10, =10.
3993 -7 2 - — —— — - — 39937 | <1
955 5 Co 3995 46 3995 5 3 39952 | 3-4 957 | <1
973 | 5 Ye { g; i } 976 } . [ T 973 1
)
989 5 i 9879 98 8 ] 98 -8 4 — e
4000 -1 3 e — — — 4000 4 | 12 4000 -0 1
0181 3-4 Fe 4001 -81 — —— —_ — — —
030 3 e - 4003 -0 3 033 1 027 | 3-4
04,-0 2 Ce Fe Ti 03 91 — — - e — —
— | — —_ — — — — — 049 | <1
05 4 8 Tre 05 41 053 4 05 4 5 055 | 2-3
06 '8 1 e e — — 068 1-2 — —
099 | 2-3 Fe 09 86 09 "4 1 095 | 2-8 09 4 1
125 5 p Ti 12 54 126 3 125 | 5-6 12°5 4
144 2 Fe 14 +42 — — A= .
14°8 | 34 Fe 1465 147 | 3 } 15, 3 a1 <1
158 2 - — e — —_— e 157 | 2-8

. TUn 17 -24 = b
el 8 { R Lt } - | - 175 2 1w <1

o 1823 _

181 | 34 Mn { 1 } 184 2 185 | 1 —
206 | 1-2 { ot 0o } - | = 206 | <1 — | =
220 | 3-4 Fe 2202 220 2 216 ¢ —— —
232 | 34 - — - v 23 -1 1 236 | 1-2
oA . Ti 24,73 D4 O o3
248 | 7 { o 2T } 248 | 5 247 | 3 246 | 3
257 1 — - — —_ - —— 252 1
28 -5 4 p Ti 28 -50 28 5 2 285 | 2-3 28 5 3
208 2 Fe 29 '80 — e —_ — —— e
308 5 Mn 3092 308 5 309 5 309 1
33°2 4 Mn 33 22 332 2 332 8-4 332 ¢
316 3 Mn 3464 346 1 346 | 84 346 | <1
- ' Mn 3580 .. . .. oK
3590 9 { et faho b wsl 359 | 1 358 | 2
373 1 — _— 37 2 1 377 1 o —
— — — — — e — e 383 | 1-2

. . 40 - . Close double,com-

welws | x| wmows) x| ows| o wd (G
) into each other.
430 1-2 ? Tia 43 05 — e 43 4 1 — —

, Fe 4406 _ . ~ Probably close
44411 { Fe 44,77 } - ddd 1 44 ) 1-2 { double.
46 -0 8 Fe 4598 459 4 459 7 46°0 | 3-4
475 1 Fe 47 46 — — — e — e
4Q P Fo 48 82 AR 0 X Q-

48 9 4 Mn Cr 48 91 48 -9 1 49 -0 3 489 3
506 2 —_ _ 508 1 510 e o
525 | 2 Te { P bosze] ~ - 523 | 2
a . 2 Ti 1 xa. Ea . P 5. ‘ 59 -

540 | 4-5 Py I 53 °08 53°8 2 538 3 539 3
s » Ti 5519 } o » o
552 { » Fo 55 63 556 2

562 2 - — —_— — - — - —
576 Fe 57 *50 — — 574 | 1-2 576 1

to 2 Co Fe 58 -37 — — 82 1-2 —_— — ? Double.

58 ‘8 Fe Cr 58 *92 590 1 592 | 1-2 — —
613 2 ? Ni 61 °24 — e 61°2 | 1-2 — —
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ON THE SPECTRUM OF y CYGNL 215

Wave-lengths, Intensities, and Probable Origins of y Cygni Lines, compared with
those of 8 Canis Majoris, the Chromosphere, and a Cygni—-continued.

v Cygni 3 Canis majoris Chromosphere l a Cygni
(Kensington). (Harvard). (Kensington). | (XKensington).
Inten- A of Inten- Inten- Inten- Remarks.
sity. Probable . sity. sity. sity.
A Max. origin. Pl?.b’fble A Max. A Max. A Max.
=10. origin. =220, =10. =10.
4063 '8 8 Fe 4063 76 4063 -7 7 40637 | 6-7 4063 -8 2
A _ Mn Ti 65 24 . ___ . . -
652 1-2 { Fe oEll —
Fe 67 14
673 8 p Ni 67 *30 67 -0 5 673 3 672 4
Fe 6743
709 1 Fe 7093 — — — — 70°0 1
719 5 Fe 71-91 719 4 718 6 719 2
737 | 34 ? Fe 78 -92 — — 739 1 — -
756 2 —_ — 75°0 1 753 1 756 1
79| 8 » Sr 77 -89 779 8 779 | 10 M9 3
. Fe 79 *34 o . . _
w2 {0 Toss |} — -
804 | 1-2 Fe 80 -37 —— —_ 803 | 1-2 800 | <1
. Sc Fe Ti 8259 . Py
828 | 1-2 i sa 50 } - | = 831 2 820 | <1
- Fe 8372 2. g 4 - — —
837 | 4-5 { e s 12 } 838 | 2 840 | 1
= .. N A 85°16 .. - . Probably close
853 | 4-5 Fe 85 47 } 85 "4 1 85°0 1-2 } 362 <1 doublo.
860 | 4-5 ? La 86 86 872 3 867 3
) 8873 1 _
890 Fe v — -— — —
905 3 — — 90 -2 1 — —_ — —
Fe 0243
926 4 Co Mn 92 °55 927 1 923 2 925 1
v 9282
94.°6 1 — — — — — — 945 | <1
. Fe 96 *13 e P .. B Rather broad
962 4 { Fe 96 26 ]? 962 ) 2 92| 1-2 - - possibly double.
085 | 4 Fo 98 34 985 | 1 982 1 — —
41006 | 2 ? Fo 4100 -90 — — — — 410043 | 1 Merging into Hs,
020 8 H 02°00 41018 | 11 41019 | 10 018 | 10 I,
04 -1 2 Fe 04 -29 — — — — — — )
052 1 A% 0532 —_ —_ — — — —
N a Fe 06 42 .
066 | 3 e etz } 066 | 1 I - | =
078 3 Fe 07 65 — — 076 2 — —
. \4 09 -91
099 5 Te 09 -05 10 -4 4 099 3 — —
115 4 — — 110 ? 11-9 1 112 2
13°5 3 —_— — 13-1 1 — — 133 | <1
154 | 8~4 v 15°33 147 1 — —_ — —
175 1 — —_ — — —_ — —_— —_
189 5 Fe 18-71 189 4 187 | 3-4 197 <1
208 | 3 Fo 2037 - — —- | = s10| 1
220 | 1-2 Fe - 2196 |  — — —f
230 4 — - 22-8 3 230 3 229 | 34
238 4 Fe 2391 - — — — —
250 2 — — — — —er —— 247 | 1-2
. o 26 -04
9 . . i - 95 -
22| 2 Fe { o } 258 | 1
Fe 2717 . 0q . aCygniline4128°1
280 | 5 { Fe 2797 { wills 280 | 3 { 2841 58 11 undoubtedly
v 28 25 J due to silicium.
292 4 — —_ — — 296 | 2-3 — —
306 2 ? Ba 30 80 — — —_ - _ —
—_ — — - —_ — — e 311 5-6
322 | 5-6 Fe 3223 322 3 324 3 324 1
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216 SIR NORMAN LOCKYER AND MR. F. . BAXANDALL

Wave-lengths, Intensities, and Probable Origins of vy Cygni Lines, compared with
those of & Canis Majoris, the Chromosphere, and o Cygni—continued.

L v Cygni & Canis majoris Chromosphere o Cygni
(Kensington). (Harvard). (Kensington). (Kensington).
Inten- A of Inten- Inten- | Inten- Remarks.
sity. Probable ) . sity. sity. | siby.
A Max. | origin, | Drobuble A iMax. M I Max. M M
@ ==10. origin. =220, =10, =10,
— e o
< 41348 | 34 Fo 413484 413108 | 3 41848 | 3 - | - /LH“{Y Dbty
— Te 3668 o
3601 5 sbthe ) . - -
= ’ { Te 3716 - - - — — —
o as] } 37 L 3 375 3 e —
m j— 379 5 Fe 3781 | - — — — 4138 *4 1
40 3 Fe 0 -0 - e 401 1 — —
1S 101 Fo 4009 |
1231 3 fo 20301 - 123 1 — —
O b . G 4233 || 2
Hw we s {0 honl b om0 s 38 | 56 39 1-2
E‘ (2 450 | 2-3 Fe 46 23 — — 460 460 2
V5 4777 8 Mn 4765 bo— - 75| 1 — | —
= Fe 47 84 i :
== 494 | 5-6 Te 4953 495t 2 | 4974 | 31 497 | <1 | ? double.
QOu 504 | 1 — — — —_— — - —_ —
85) o 523 8 Te 52 34 - _— 521 2 — —
9 Z 5107 Broad, prtibaablx i
=< 515 | B Fe 54767 5Ly 2 518 | 2-3 — — compouncec ot
T 54 99 the three solar-
O = o . Fe lines.
Probably identi-
- X o o . . cal with un-
867 6 - - 86:7 ) 2 566 | 3 - known  solar
line 4156 -47.
579 1 Fe 57 105 — — 578 i e —
Un == strong solar
. P Fe | 5896 rQ . line, to which
592 38 [ Un 1 5935 } n 889 1 - = ROWLAND as-
signs no origin
1 60 *5 3 - — — -~ - e — — !
=l 6L"7 | 6-7 p T 61 68 617 3 617 3 617 | 1-2
S22 — —_— —_— — — - — 630 <1
u ; 638 56 p i 63 82 63 -9 2 638 4 635 3-t
gz 655 | 3 4 Fe 65 55 - = - | - — =
P (Probably identi-
— | cal with strong |
i | solar line 1
676 | 3-4 — — 675 1 675 | 2-3 676 1 |4 416744, to
<\,J I which ~ Row-
LAND  assigns
— | no origi °
gin.
§ — - | = — — - | - — | - 698 | <1
o 1o [ Te 7107 o o
olm R 7121 JL - |~ i
Cd 8] 72-1 | 3-4 pTi 7207 —_ | 721 8-4 72:0 1 2-3
- . r » Fe 7352 720 1 o . w ba.x {Prubably close
N 7306 4 { P 73 70 736 18 7545 785 67 double.
754 1 — — — —_ _— — — —
anl@ 7T 4 pY 77 75 778 3 773 5 778 | 2-3
= w 790 5 p Fe 7895 795 4 79°0 | 4-5 79°0 | 6-7
819 | 4-5 Fe 8192 82 -0 1 819 3 818, <1
E‘ (2 845 5 2 Ti 84.-40 85 -0 2 846 | 2-3 80! <1 ? double.
vs salte |{ B A | R 876 | 45 88-0 Close double.
I= 90 -7 1 — — — — — —_ — —
-9 = 7 o !
O - Fe a1 +59 } . . | osa . ;
850 o7 s | he el s o o017 | 34 92:0 | 1
934 1 - — — — — - — —
3 g 955 | 4 ¥e 0549 _ | - %5 1 | — | -
I
B =
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ON THE SPECTRUM OF y CYGNL 217

Wayve-lengths, Intensities, and Probable Origins of y Cygni Lines, compared with
those of 8 Canis Majoris, the Chromosphere, and « Cygni—continued.

v Cygni 5 Canis majoris Chromosphere o Cygni
(Kensington). (Harvard). (Kensington). (Kensington).
Inten- A of Inten- Inten- Inten- Remarks.
sity. Probable sity. sity. sity.
A Max. origin. pr?bqble A Ma,);:. A Ma.})’z. A Max.
=10. origHn- =220 =10. =10.
41964 | 4 Te 419637 | 41968 | 3 41964 | 2-3 — —
Te 98 *49
989 | 7 { Fe 98-80 } 985 | 4 988 | 4 41985 | 1
Te 99 -27
42011 | 1 Fe 4201 09 — —_ — — — —
022 5 Te 0220 | 42022 3 42022 | 3 42023 | 1
. ? Feo 04,10 — — — — — —
03:91 1 { I, 0416 [ N — ~
<. . P 04 -89 — — — - — —
05:0 | 5-6 { PV 0524 |- 053] 3 051 3 032 1
. . 06 ‘86 . . _ B
06-9 | 3 Fe { o o } 06-9 | 2 071 1
092 | 4-5 ? Zr 09 14 08-8| 2 096 | 2-3 — —
105 | 3 Fe 1049 105 2 109 1 108, <1
120 3 ? Zr 1205 12:1] 1 124 1 —
137 2 Fe 1381 — — — — —
1597 9 pSr 1570 157 5 157 | 10 1571 2
17-2| 3 - — 176 1 170 | <1 — —
195 | 8-4 Fe 19 '52 196 1 194 2 — ’ —
204 | 3 Fe 2051 — — — — — =
224 | 5-6 e 22 :38 224 | 1 224 | 3 222 <1
242 | 8 Te 24 -34, — - — —
252 | 3 — — 247 1 { — | = 249 | 1
269 | 8 Ca 2690 270 | 5 269 | 7 272 1
. Fe 29 ‘68 y _ _
208 | 3 { re 2908 - | = 204 | <1
_ _ _ - . - | — — 3077 | 1
32:2 | 1-2 — — — — — — 32:1| <1
333 | 7-8 p Fe 3333 386| 3 333 | 67 333! 8
36°1 | 5-6 Fe 3611 360 2 35-0 4 857 | 1
. — — — — — — — 376 | <1
39:0| 5 Te 3897 — — 38-0 . 1-2 392 | <1
. [ Mn 39 ‘89 . .
w1 s |{ R B } 400 3 403 1 106 | <1
4261 5 p Cr 42 62 425 1 428 | 2-8 426 | 3-4
455 | 2 Te 45 42 — — 450 | 1-2 450 | 1
70| 7 Se 47 00 473 4 70| 7 472 | 3
508 | 4 Te 50 -29 — — . ~ e -
50°9 | 4 Fo 50 05 510 2 } 50°4 | 4-5 { 510 1
525 | 2-3 ? Co 52 47 530 ? — — 531 2 Possibly double.
545 | 4 Cr 54,51 545 2 545 | 6 545 | 1-2
56-2 | 3 — — — —_ 556 | 1-2 — —
584 6 Te 58 -48 587 | 2 582 2 586 | 3
606 6 Fe 60 64 605 | 2 606 | 4 607 | <1
62:1| 3 p Cr — 622 | 1 616 | 1-2 622 | 3
642 1 Te 6437 — — 64°6 | 1-2 644 | <1
651 | 1 Te 64:°90 — — 655 | <1 — —
673 2 — — — — 6777 | 2-3 675 | <1
695 | 2-3 — — 70°0 | 1 6981 1 698 | 1-2
712 6 Teo 7138 ) 5 .
el s N s } 717 | 4 716 | 4-5 717 |1
) Fo 78 48 . o
735 | 3 { re 78 } 738 | 1 38| 1 736 | 3
751 4 Cr 74 -96 750 | 3 750 | 5 750 | <1
756 | 4 — - 750 3 - -— 75°8 | 2
—_ | = — — — — — — 763 | 1
776 2 — — — — — — — — Faint close
784 | 2 Fe 7839 784 | 1 — — 784 2 double,
80 4 2 —_ — 805 1 802 | 1~z — —_— }Faint close
810 2 — — _— — — e — — double.
2 F

VOL. CCL—A.
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SIR NORMAN LOCKYER AND MR. F. E. BAXANDALL

Wave-lengths, Intensities, and Probable Origins of ¢ Cygni Lines, compared with
those of & Canis Majoris, the Chromosphere, and o Cygni—continued.

v Cygni 3 Canis majoris Chromosphere o Cygni
(Kensington). (Harvard), (Kensington). (Kensington).
Inten- A of Inten- ’ Inten- Inten- Remarks.
sity. Probable sity. sity. sity.
A Max. origin, probable A Max. A Max. A Max.
=10. org. =220. =10, =10.
] Te 1428257 | . ) .
42828 5 { Ca 8317 J\ 4282 9 1 4283 0 ! 2-3 4282 8 1
84 4 2 —— — 844 1 — [— 84 +4, 2
— | = — — B B 868 | <1
880 | 3-4 ? 83 04 881 2 876 1 883 2
. Cr 89 -89 i . .
91| 9 { s et 898 | 4 902 | 67 904 | 4
922 | 1-2 — — N — — 924 | 1
. [ » Ti 9420 o . .
42| 6 || By o1 50 } 943 | 2 942 | 5 942 | 4
96 7 5 p Fe 96 74 971 2 967 | 2-3 96 -7 4
99 4 4 Ti Fe 99 -41 — - — — — —
4300 ‘2 6 p Ti 4300 -21 4300 -2 & 4300 -2 5 43002 5
— — — — — — — — 021 | 2
033 6 p Fe 03 -34 026 5 030 4 033 5
058 | 5-6 — —_ 058 1 05-8 | 1-2 06 0 1
—_ — — — e —— o e 076 1
Ca, 07 ‘91
081 5 Fe 08 08 080 2 081 5 081 4
pTi 0810
096 5 Fe 09 54 09 2 — — 09 7 1
113 1 — e —— — — e 10-9 1
130 5 p Ti 1303 — - 130 2 131 2-3
1483 | 7-8 Se 1425 43 2 14.-0 2 — o
.. . » Ti 1513 . q . .
151 | 7-8 { o 1h1s 152 5 151 45 151 4
170 | 38-4 pTi 16 -96 170 1 s — 17 -2 1
— — . — 176 1 — — —
188 | 8-4 Ca 1882 e — 18-3 2 — -—
— —— — — e — — 199 1
. Se 2091 . . = . ¢
212 | 8 { S R } 210 | 3 212 | 5 212 | 2-3
23 -4 1 _— — J— — — — —_ —
260 | 9 Te 25 94 260 | 5 258 | 6 260 | 3.4 |{Apparently elose
278 2 Te 27 27 — — — —— — —
. 3050 ~ .
306 7 p Ti { 3087 309 2 306 | 2-3 307 2
340 | 4-5 ? La 3393 - e 339 3 — —
38°1 9 p T 3808 376 10 381 5 38-1 4
406 10 H 40 -63 407 11 407 10 407 10 .
. _ » Mn 44.-19 - o S
443 | 45 { & b 7|1 43 3 el 2
468 1 Te 4672 — — . - | -
480 | 1 Fo 4800 — - 474 <1 —
— —_ — — — e — — 491 | 1-2
. p Fe Cr 51-93 . .
519 | 7 My 2508 52:0 | 5 519 | 6 510 | 7
552 | 3-4 Ca 55 *26 55 '3 1 55°0 | 1-2 54,9 1
58 -7 3 Fe 58 *67 — — 578 2
— — pY 5888 — — 592 | 8-4 — —
59°8 3 Cr 5978 599 3 60 -0 1
623 | 1-2 » Ni 62 40 — —— 620 1 624 1-2
64.°6 1 —_ —_ -— — 64-1 1 64 -0 1
— - — — — —_ —_ — 654 | <1
. Fe 6775 . . .
67°s | 4 { o o } 679 | 1 678 | 2-3 679 | 1-2
— | = — — — | = 687 | *» - | =
699 3 Fe 69 94 700 1 702 | 2-8 69 °9 2
717 | 2-3 - — 715 1 e o 717 1
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ON THE SPECTRUM OF y CYGNI, 219

Wave-lengths, Intensities, and Probable Origins of y Cygni Lines, compared with
those of & Canis Majoris, the Chromosphere, and « Cygni—continued.

v Cygni 3 Canis majoris | Chromosphere o Cygni
(Kensington). (Harvard). (Kensington). (Kensington).
Inten- A of Inten- Inten- Inten- Remarks.
sity. Probable ! sity. sity. sity.
A | Max, origin. probable A Max. A Max. A Max.
=10. origim. =220. =10. =10.
X Se 437463 — | = - | = — | =
w147 | 8 | p i 7490 | 43747 } { 43749 | 7 | 43749 2
9
761 | 2 Fe 76-11 76-1 - | = — | =
794 | 8 v 79 +40 794 | 1 797 | 2 78:9 | <1
— — — - R — — 804 | 1
837 | 4-5 Te 8372 837 | 8 837 5 8371 2
853 | 5-6 » Fo 555 852 | 4 855 | 3 855 | 5-6
87:0 | 1 P Ti 8701 — | = — | — — —
886 | 1 Fe 8857 - | = 881 1-2 881 | 1
) Fe 91-12 . 9 | 9. 0l o
912 | 4 ‘{ o ol 10 JL 95| 2 912 | 2-3 910 | 2-3
941 | 2 ?Ti 9422 - | = R 936 | 1
. » Ti 95 -20 } .. . .
92| 6 { v og 29 953 | 7 952 | 7 92| 5
982 | 3 Yt 9818 — — R 98:0 | 1 e
. . » Ti 99 94 . . 5 . Probably close
4400°2 | 5-6 { - ain Pl 4002 | 7 999 | 5-6 99| 3 obably
01-0| 2 - — - | - - | - N
033 1 — —_— — — — — 4402 *8
04-9 | 3-4 o 0493 05:0 | 2 440479 | 4 049 | 1-2
v 0831
084 | 8 Feo 0858 085 | 2 081 3 — —
v 08 68
093 | 4 P Fe 0929 - | = — — — —
13| 3 pTi 1120 15| 2 12| 1-2 12| 1
136 1 — — — | = — — 135 1
153 | 5-6 Fo 1529 153 | 4 153 | 4 153 | <1
— | = — — — — — — 170 5
17-9 | 6-7 » Ti 1788 179 6 179 | 45 179 | 2-3
— — — — S — — 195 | <1
2077 | 1-2 — — I — | = — -
227 | 3-4 Fe Y 22 74 228 | 3 227 | 3 22:0 | 1
256 | 1 Ca 25 61 — | = 256 | 1 - | =
il o Ti 2727 | ) ) _ _
274 | 3-4 { o oyas| b el 2 274 | 3
N — - — | = — | = 2877 | <1
306 | 3 Te 3078 308 | 2 301 | 2-8 S
334 | 1-2 Feo 3339 — — — — — —
— = _ = - | — — — 344 | 1
. 35°13 . . = _ _ Probably close
355 | 4-5 Ca { a5 } 352 | 2 355 | 4-5 obably
385 | 1 Fe 3851 — — - - —
418 | 1-2 v 4183 - | - 418 | 1-2 18| 1
425 | 4-5 Fe 4251 425 } N - - —
9
40| 9 pTi 4398 440 440 | 7 440 | 4-5
5| 3 Fe { ffg 20 } a1 70| 1 8| 1
507 | 4 p Ti 50 65 506 | 3 506 | 5 506 | 2-3
ol . Ca 5495 . . craa |
550 | 4-5 { e 4% } 550 | 2 550 | 5 5573 | 2
593 | 2-3 To 59 30 60:0 | 1 599 | 1-2 — —
620 | 5 To { = 62:0| 2 623 3 618 | 1-2
648 | 3 P Ti 6462 648 | 1 646 | 2-3 645 | 1
667 | 2 Fe 6673 — — 665 | <l — .
687 | 6 T 6866 695 | 3 687 | 6 687 | 4
707 | 3 ? Ni Zr 70 65 710 | 2 — — - —

2 F 2
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those of 8 Canis Majoris, the Chromosphere, and a Cygni— continued.

v Cygni 3 Canis majoris Chromosphere o Cygni
(Kensington). (Ilarvard). (Kensington). (Kensington).
Inten- A of Inten- Inten- Inten- Remarka,
sity. Probable sity. sify. sity.
A Mas. origin. pr?.b %ble A Max. A Max. A Max.
=10. origin. =220. 1 =10. =10.
. Probably He
— — - — — - — — 447176 | 1-2 4471 5.
44730 | 2-8 Fe 4472 -88 44730 | 1 — — 7311 1-2
76" 3 Fe 7619 7621 1 4476 -2 3 — -—
80 2 Fe 8031 —_ — 806 | 1-2 —_ —
813 | 5-6 p Mg 8130 82:0 1 4 — | = 813 8
823 | 1-2 Fo — —_ ] - 823 | 4 — —
— —_ - — -— — e — 840 | <1
85 1 — — e - —_ — 866 <1
88 4 p Ti 88 +49 — — < . .
804 | 4 » Fo 89 '35 896 | 3 8981 3 8901 3
91 3 » Fe 91 °57 9161 3 916 | 2-3 916 | 34
947 | 3-4 Fe 9474 948 2 943 2 —_ —_
976 | 3-4 —_— — 97-0 2 96-8 | — — —
99 1 — — — — — — —
4,50; 5 6 p Ti 4501 *45 4501 -5 4 45015 7 45015 | 3-4
070 1 — — — — — - — —
085 4 p Fe 08 -46 085 3 085 5 085 5
129 1 Ti 1291 _ - 123 1 123 | <1
155 4 p e 1551 154 2 155 4 155 5
182 2 Ti 1820 — —_ 183 1 182 i
20 -4 3 » Fe 2040 230 1 20 -4 3 20 *4 4
228 4 p Te 2269 229 1 227 4 227 5
253 2 T 27 49 — — — —_— 255 | <1
288 4 Fe 28 80 288 2 28-8 3 —_— —
295 2 P I 29°85 — — e —_ 296 1.
o Co 3112 . .
312 | 2 { w e } 312 1 310 1 — | =
— — -— —_— — —— — —— 322 <1
34 6 p Ti 34:°14 342 4 341 | 7-8 34°1 5
3574 ;
36 2-3 Ti 36 09 } —_— 35°0 2 — -
36 °22
- — — — — - — —_ 388 | <1
40-1 3 — — — — 400 | 1-2 -— —
41 4 4 p Fe 41°40 416 2 417 41 -4 3
. [ Cr 4479 . . B <
1“s| 4 o P } “o 2 48| 3 450 | <1
48-0 | 1-2 Te 48-02 e — — 472 | <1
. » Fe 49 64 el . N .
497 8 & oo } 497 3 497 | 71-8 498 7
526 2 ? T 5263 —_ e —_— —_ 528 <1
542 | 5-6 Ba 54.°21 542 j 542 | 7-8 — —_—
o . 5 —_ | - 553 2
562 | 56 { r Fo Soar |booso | 561 | s 561 5
588 3 p Cr 58°83 589 1 588 | 8-4 588 5
616 1 s e e — 613 <1 GL 6 1
639 | 4-5 p Ti 63 04 640 4 63-9 1 7-8 63 -9 3
- Cr 65 69 fg e .
658 | 3 { o ) } — — 663 | 1 66°0 | <1
689 3 ¥e 68 94 — — — — 680 | <1
— — _— — — — e o 706 | <1
72°2 | 6-7 p Ti 72°16 722 3 722 7 722 4
749 1 Fe 74.:90 —_ — — — 749 <1
765 B p Te 76 51 765 1 765 3 765 | 3-4
— e —_ — — — e - 772 <1
ol e 80 ‘59 . - : .
80 34 { Te Ni 8076 } 800 1 800 2 803 2
— —- o —_— — - — - 830 2
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ON THE SPECTRUM OF y CYGNI 221

Wave-lengths, Intensities, and Probable Origins of y Cygni Lines, compared with
those of 8 Canis Majoris, the Chromosphere, and a Cygni—continued.

v Cygni 3 Canis majoris Chromosphere o Cygni
(Kensington). (Harvard). (Kensington). (Kensington).
Inten- Inten- Inten- Inten- Remarks.
N sity. Probable 'Abof)l A sity. N sity. A sity.
. Max, origin. propable : Max. : Max. : Max.
=10. origin. =220, =10. =10.
4584 -0 8 p Fe 458402 45840 5 4584 -0 7 4584 -0 7
— — — — 861 1 — — 860 <1
88 4 p Cr 88 -38 —_ —_ 88 4 3 88 4 4
902 | 2-3 p Ti 9013 —_ — 90°1 3 902 | 1-2
o p Cr 92 25 o s s
925 | 3-4 { o o } 92'8 | 1 925 | 3 925 | 2-3
941 1 PV 94, °30 _ — — —_ _ —_
956 1 Fe 95 b4 959 2 95 -1 2 — —_
—_ — — —_— —— — — — 96°6 | 1-2
98°1 1 ? Fe 98 °30 —_ —_ — — — —
4600 7 4 — —_ — — 4600 *8 3 _— —
03 -2 2 Fe 4603 *13 — — 03 -0 2 —_ —
05 2 1 Ni 0517 —_ — 055 2 —_— —
139 | 2-3 — — 4613 5 1 138 2 —_ -—
16-9 | 3-4 p Cr 16 ‘80 169 1 — — 4616 8 2 ? double. -
. Ye p Cr 1897 . . :
192 4 " o } 192 4 19°0 | 3-4 191 3
202 | 3-4 — — — — — — 211 2
— — — — — — — — 235 | <1
— —_ — — —_— _— — — 249 1
262 2 Cr 26 36 25 -8 1 — — 266 1
295 6 p FeTi Co 2952 299 4 295 | 5-6 296 | 5-6
328 1-2 — — -— — 328 1-2 326 1
34-2 | 2-3 p Cr 34°25 348 1 343 1-2 343 3
_— —_ — — —_ —_ — — 356 2
— —_ — —_— — —_ _ — 38°9 1
426 1 — — — —_ 428 1 —_ —_—
(Band probably
A - “. a. . B - || consisting  of
450 8 } 4 gl(; j}g gg if_i 3 _1_ :1_6 3 4_'5) _ _ J: the three well-
490 Ni 48 -84 489 | 1 484 | 2 — | — || marked solar
| lines whose AA
| are given.
525 3 Cr 52 34 — —_ 518 | 3-4 e —_
553 2 — — —_ — 55 4 2 —_ —
574 | 4-5 » Ti 57 *38 570 | 4 574 | 3-4 574 2
60 -6 1 — — — — e — 608 | <1
636 | 2-3 — — 63 7 2 645 2 63 ‘8 2
—_ — PE —; — — —_ — 665 | <1
? e 67 63 .
674 | 8 { o P } 680 | 3 676 | 3-4 672 | 2-3
*THALEN’S spark
70 4 7 Se 70 4% 700 3 70-8 | 3-4 705 2 { A corrected to
ROWLAND.
735 1 Fe 7335 — — 740 1 7351 <1
756 | 1-2 ? i 75 °29 — — 76 -0 1 —— —
781 3 ?Cd 78 °35 79°0 1 — — — -
825 | 3-4 Y 82 60 82-2 1 825 | 2-3 e —
86 -0 1 —_ —_ — — — — — —
89 -2 1 —_ — — — — — —_ —
X Ti 01 *52 — —_ — — — —_—
916 | 1-2 { Fo 91 61 91-6 | 1 916 | 3 — | -
996 | 4-5 — —_ 98 °8 2 99'5 | 2-3 — —
47034 | 4-5 Mg 4703 -18 4708 *1 2 47032 | 8-4 —_ —_
086! 5 — - 090 3 { 83 2 g:g } — — Broad and hazy.
15 -0 3 —_— - 145 1 — —_ - f—
178 | 1-2 —_ - —_— — 185 1 — —
196 3 — ——n 205 1 —_ — — —
283 | 3 — - 276 1 277 | 2 - -
|
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222 ON THE SPECTRUM OF y CYGNL

Wave-lengths, Intensities, and Probable Origins of ¢ Cygni Lines, compared with
those of 8 Canis Majoris, the Chromosphere, and o Cygni—continued.

L
v Cygni 3 Canis majoris | Chromosphere o Cygni
(Kensington), (Harvard). (Kensington). (Kensington).
Inten- bl A of | Inten- Inten- \ Inten- Remarks.

sity. Probable sity. sity. sity.

A May),r. origin. pro"pa.ble A M&i. A M&ZI- A ‘ Ma};.

=10. orgH =220. =10. | =10.

4731 -3 4 — —_ 47817 1 47314 | 3-4 47317 ‘ 34
341 | 2-3 ? Fe 4733 78 — — 338 1 —
376 | 4 — — 370 1 370 | 3 — —
409 | 1 — - — — 405| 2 — —
49| 1 — — — — 455 | 1 — —
486 | 1-2 — — — — 4801 1 — —
522 | 2 — — — - — — — —
— — - 542 1 — — — —

. . L . _ Broad, probably
558 3 - - - | = double:
64 *2 7 Ti Ni 6411 64:°1 8 — — — -

678 1 — —_ —_ e 670 2 — —
71-2 2 — — 718 1 — — — —_
802 | 3-4 pTi 8020 80 -1 1 79-9 | 8-4 801 2
831 2-3 —_ — - e 831 2 — s
86-7 | 2-3 - -— 86 '8 1 867 | 2-3 — e
98-7 | 2-3 — — 987 | 2 987 | 2 - —
4805 -2 3 pTi 4805 *25 4805 *2 3 4805 2 5 4805 -2 2
110 3 — — — o 11-0 3 — —
243 7 Fe p Cr 24 °33 240 5 243 6 24:-3 4
40 *4 2 : —_ —_ -— -— 404 | 2-3 — —
48°4 | 3-4 p Cr 48 44 48 4 3 485 3 484 | 34
55 4 5 — —_ 557 1 3 550 | 2-3 — —
615 | 8 H 6149 — | - 615 | 10 615 | 10 | Hp
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