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Extrait des ANNALES D'ASTROPHYSIQUE
Tome 13, fascicule 2. — Avril-Juin 1950

THE SHELL SPECTRUM OF BD — 14° 1971 (PGC 1985) IN 1947

par P. Swinas

McDonald Observatory, Fort Davis, Texas (U.S. A:)
and Institut d’Astrophysique, Liége (Belgique).

SOMMATRE. — Boss 1985 a révélé en fin 1947, un spectre entiérement différent de ce qui avait été
observé précédemment. La région ultravioletie est caractérisée par d’intenses raies d’ absorption du.
genre de celles que U'on observe dans les étoiles & atmosphére étendue (table I). Les raies d’émission
de Fe I, [Fe II] et [Ni II] sont restées & peu prés les mémes que précédemment (table 2). Le spectre
ultraviolet est comparé & ceux d’étoiles & atmosphére trés étendue. L’analogie de B 1985 et de
VV Cephei est discutée. De nouvelles observations tant photométriques que spectroscopiques sont
désirables.

The star Boss 1985 [1] has been classified as K5 + Be at Harvard and as M2ep
at Mount Wilson. It is a symbiotic object consisting of an M star and a Be star.
For a long time it has been known to possess [Fe II]lines [2]. The Balmer lines
have a remarkable structure : an emission of appreciable width is flanked on the
longward side by a narrow, deep absorption line ; this structureis superimposed over
o broader line, having Stark-effect wings. The emission component of the Balmer
lines is strong, all the way to H18 and may still be present in higher members. The
profile of the Balmer lines is very similar to that found in VV Cephei at certain
‘phases of the evolution of this binary. The early type component is approximately
of type B3e. Because of the blending with the late type star it is difficult to identify -
the absorption — or weak emission lines of the B-component longward of H..

B 1985 was placed on the observing program of the McDonald Observatory in
1939, on account of the symbiotic character of the object, and especially because of the
presence of [Fe 11]. A general description of the spectrum and discussions on new
torbidden lines of [Fe 1I]and [Ni I1I] have been published recently [3]. '

' Spectrograms have been obtained on various occasions at the McDonald Obser-
vatory since 1939. While minor variations were nat excluded, no spectacular change
had been observed until October 1947. At this time the star was being observed in
the ultraviolet region for detection of new expected forbidden lines. The first spec-
trogram (October 18) revealed a very striking change in the ultraviolet region, compared
with spectrograms obtained until about 1942. While previous spectrograms had
mostly revealed emission lines of H, Fe 11, Cr I, [Fe I1] and [Ni I}, the Autum 1947
‘material was characterized by intense, absorption lines similar to those of a shell
spectrum. A considerable change in spectrum had occurred, such as has been observed
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“t.13, ne 2, 1950] THE SHELL SPECTRUM OF BD — 14° 1971 : .2

in various other symbiotic objects, for example Z Andromedae (outburst) or VV Cephei
(eclipse). The spectrum was still suspected to be variable in the Fall of 1947 ; changes
were suspected in ten day-intervals, (f. ex. between Oct. 21 and Oct. 31) during the
period Oct. 18-Déc. 30 in the course of which seven spectrograms were obtained.

_ The apparition of the shell type spectrum was announced ia a private letter to Dr. Paul

W. MerriiL in November 1947. In his answer of December 4, 1947, Dr MermiLL
announced that the spectrum had been observed independently by Dr. R. F. SaxrorD,
on a Mt Wilson coudé spectrogram with dispersion 10 A /mm. Dr. SANFORD’s spec-
trogram which covers the ultraviolet region, shows numerous Balmer lines in absorp-
tion. Essentially similar results were published by Dean B. McLauGHLIN [4],
on the basis of spectrograms covering the photographic region, to about A3 900. A
observers noticed the striking s1m11ar1ty of B 1985 to VV Cephei at certain phasesl
I have no photometric data on B 1985. In the visual region the main contribution
is doubtlessly that of the M-component. Hence variations in the hot component may
not affect the visual magnitude appreciably. It seems very probable that the consi-

derable spectroscopic changes observed in the ultraviolet region have been accompanied
" by changes in the ultraviolet brightness of the object. This is one of these typical

examples where monochromatic photometry is imperative. This is of course true of
many other objects (AX Persei, CI Cygni, Z Andromedae, etc...).: observations of
the brightnesses in specific spectral regions characteristic of the different « components »
of the object (M-companion, H,-emission, ultraviolet emitter) would permlt physmal
discussions which integrating photometry does not. _

We have listed in tables I and II the absorption- and emission lines observed
from Ogctober to December 1947. The notations are the same as usual ; an identifica-
tion between parentheses is an uncertain or minor contribution. It is planned to
re-discuss the object on the basis of more extensive material later on. The spectro-
grams were measured in the ultraviolet region only. Blending by the M-component
makes measurements difficult or doubtful longward of A 3 935. Even in the region
from 2 3 750 tox 3 935 certain absorption lines (f. ex. of Fe I) may be due mostly to
the M-star. The wave lengths in Table I and II have been corrected forthe velocity
of the earth, but not for the radial velocity of the star. Plate 1 shows the remarkable
differences between the ultraviolet spectra in 1947 and 1941. Plate 2 shows the
spectrum from A 3 300 to A 3 950 in 1947. Attention is called to the intense [Ni II]

Jlines which I believe, are here reproduced for the first time.. Theregion A <« 3500is

shown onplate 3. On plates 2 and 3 the emission lines are given by their wave lengths,
the absorptions by the elements only. Plate 2 shows that the Balmer continuum
appears with: fair intensity in absorption. As appears from the plates and tables,
the highest members of the Balmer series appear mainly in absorption.

— 135 —




3 o ’ P. SWINGS : [ANNALES D’ASTROPHYSIQUE

TABLE 1

Absorption Lines in B 1985 (October to December 1947)

IDENTIFICATION ‘ IDENTIFICATION
I A EvemenT 3 INT. T A EremeEnT A INT.
o1 311538 CrIl 1565 20 4 316253 - Till 6257 35
CrII 1528 12 0 316440 (CrII 63.93 10)
. (FelIl 1549 1) ' , (VII 64.82 40)
1 3117.97 TiIl 17.67 20 B! 316591 (VII 6589 30)
VII 1838 1000 3 316848 TiIl 68.52 40
CcrIl 1728 15 Inn 317233 CrIl 7208 40
CrIl 1814 10 , - YII  73.07 100
o2nn 311933 TiII 19.80 15 1 317789 TFell 177.53 10
' CcrII 18.65 60 3n 318063 CrIl 80.73 75
“CcrII 2037 75 Fe II 79.50 8
onn 312564 CrII 24.98 100 o FeIl 80.16 7
VII 2528 600 " (CrII 17945 8)
VII 2621 150 : (TiII 80.22 2)
1 312867 Crll 2870 40 1 318241 TilT 81.8¢ 8
TiIl 28.64 10 ' ‘ ' TiII 8257 6
, TiII 27.88 10 : : CrII 81.43 20
1 313279 CrII 3206 125 (Zr I1 = 82.86 35)
(VII 3333 150) 1 3183.75 CrII 8332 40
2 313648  CrII 36.68 40 ' CrII 8436 15
v (CrII 35.74 30) Fell 8311 8 °
. (VII 36.50 160) 1 318768 VII 8852 300
3138.75  (ZrII 38.66 25) VII 8772 200
1 314261 VII 4248 150 ' FeIl 86.74 11
CcrII 4297 8 Fell 87.29 8
1 314354 TiIl 43.76 10 crII 8675 18
} (CrI1 43.68 7) 5 3190.65  TiIl 90.87 30
2 3147.07 CrII . 47.23 50 : (VIL 90.69 500)
. (Fe Il 46.75 2) 1 3191.78 (FeIl 92.06 3)
3147.94 Till 48.03 12 (Till 92.26 2)
1 315495 Till 54.19 2 ' (TiI 91.99 80)
VII 5541 60 . 2 319720 CrII 9712 75
Fell 5420 12 CrII  96.96 20
Crll 5404 5 CrII 9800 15
1 315633 Till 55.67 12 : 2n 320233 Till 02.53 40
1 315737 TiIl 5740 2 (Cr II 01.26 25)
. CcrlII 5803 20 ) 320331 CrII 0353 15
5 3161.23 Till 6175 30 ' CcrII 0252 15 -
TiIl 61.20 25 , (TiIl 0343 3)
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THE SHELL SPECTRUM OF BD — 14° 1971

TABLE ‘T (suste)

(V2]

2nn

Inn

I
3 209.10
3 211.27

3.216.87

3 218.30
3 222.63
3 225.53

3 229.32

3230.75

3 232.37

3234.75

3 236.82

3 239.51

3 242.32

3 243.24
3 245.80
3 248.85
3 252.30

Astrophysique

IDENTIFICATION

Cr II
CrII
(Fe 11
(Fe 1T
Ti Il
Cr IT
CrII
VIiI
YII
TiII
Ti IT
(Fe I
Cr IT
Cr1II
(Ti IX
TiII .
Ti II
Ti 1T
TiII
Cr II
Cr II
(Fe 11
Ti II
(Fe I1
(Fe II
(V II
Ti I
(Cr11
TiII
TiIl
Ti IT
Ti II
(Cr 11
TiII
(YII
(Fe II
(Cr I1
Till
Ti IT
(VII

ELEMENT )

09.21

. 08.62

10.45
11.07
17.06
17.44
16.55
17.12
16.70
18.27

22.84

22.07
25.39
25.44
24.24
29.19
29.40
28.60
31.31
29.89
31.64
30.50
32.28
32.79
31.70
31 95
34.52
34.06
36.57
36.12
39.04
39.66
38.77
41.98
42.30
43.72
45.31
48.60
51.91
51.87

InT.
50
20
10)
1)
30
50
20
400
100
25
35
20)
12
8
35)
40
35
30
4
10
8
1)
30
7)
5)
80
75
50)
70
20
60
30

50) |

60
150)
8)
5)
50
30
200)

0

In
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A

3 253.24
3 254.32

3 257.83
3 260.33
3 261.68
3 264.44

3 268.05

3 272.04

'3 276.28

3 27740

3 279.32

3 280.92
3 282.92

3 285.16

. 328740

3 288.56

3 291.05

3 293.25

IDENTIFICATION
A InT.

ELEMENT

TiII
Ti II
(VII
VII
Fe 11
(Ti IT
Ti II
CrII
(Ti I1
VI
(Cr II
(Fe II
TiII
Till
V11
VII
Fe II
(Cr II
Fe I1
Ti I1
Ti II

(TP 1T
(VII
(Zr 11
(VI
(Ti II
TiII
VIl
Fe II.
Vil
Till
TiII
TiII

" Cr1I
Cr II
(NiII
(M IT
(V11
(VII
(Mo I1

52.91
54.25
54.77
57.89
57.89
60.26
61.60
64.26
63.69
67.71
68.48
68.51
72.08

" 71.65

7112
76.12
76.61
75.92
77.35
76.77
78.92
78.29
79.84
79.26
81.12
79.99
82.33

- 82.53

85.42
85.02
87.66
88.43
88.57
88.04
91.75
90.69
90.54
90.24
93.15
92.31

40
30
300)
100
3

3)

60
35
4)

1 000
10)
3)
25
25

1 200
1 500

10)

35
30)
300)
65)
40)
4)
25
150

- 60

40

15

1)
1)
50)
50)
12)




5 P. SWINGS ’ [ANNALES D’ASTROPHYSIQUE

TABLE I (suite)

_ IDENTIFICATION IDENTIFICATION
I A Eriemest A ¢ InT. I A Eremest 2 InT.
1 329850  Fell 9789 5 ’ (TiIT  37.85 2) i
_ VII 9874 130 5 3340.68 THII 40.3¢ 35
~ , (Ti I 98.21 1) (CrII  39.80 50)
1 330208 (CrII 0121 18) 9 334252  TiIl 41.87 100
(Till 01.71 2) (Cr I 42.51 50)
Nal 0234 8) S| 334376 TiIL 4377 10
NaI 0294 8) In 334698 TiIl 4672 15
0 3305.08 (Fell 0443 1) s CrII  47.84 40
(VII 0447 40) A VII 4590 170
_ (CrII 04.73 5) s CaTl 46.99 10
1 330766 CrIl 07.04 50 10 334931 TiIl 4940 125
CrII 0815 18 i Till 49.03 75
CrII  06.95 50 (TiIl 48.84 10)
1 3309.69 (Till 08.81 §) ‘ (Cr IT 49.34 6)
331271  ScIl 1274 5 i1 335108 (Nill 5042 5)
CrII 11.93 40 (Till 50.55 1)
CrII 12.18 40 , (TiII 51.67 1)
CrIT  13.08 20 1 335411 ScIl 53.73 25
(FeIl 1271 1) (Cr IT 53.12 20)
1 331547 TiIl 1532 10 (VII 53.78 30)
CrII 1529 12 1 335903 CrII 5850 75
CrII  14.57 35 7 3361.73 TiIl 6L.21 125
(VII 14.86 50) , (Cr IT  61.77 30)
(VII 1518 50) (Se IT  61.93 12)
1 331809 TilIl 18.02 10 (Sc II  61.27 10)
0 3321.83 TiII 21.70 25 (VII 6151 60)
(VII 21.54 150) 1 336438 CrIl 63.71 12
6 332323 TIilIl . 2294 75 (TiII 649 1)
(Fe II 23.07 8) 1 336655 Till 6618 8
1 332513 CrIl 2435 50 (Fe II 66.96 3) .
» (Fell 2501 1) 2 336803 CrII 68.05 150
(Fe IT 24.84 1) 2 336891 Sell 6895 15
1 332692 Till 2676 20 (Cr II  69.05 18)
4 3832964 TilIl 2945 70 ' (CrII 68.73 10)
2 333235 TiIl 3211 30 7 337314 Till 72.80 100
4 333528 TiIl 3519 40 In 337490 TiIl 7435 8
(CrI1 3528 40) (Ni Il 73.98 4)
(CrII 3546 30) 1 337761 CrIl 7834 25
333671 CrII 3633 40 CrIl 7672 5
1 3337.57 (VIL 3784 200) 3 338050 Till 80.28 30
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THE SHELL SPECTRUM OF BD — 140 1971

TABLE I (suite)

o3}

RS

0

-

2nn

On

bd ot

[ ]

3n

A

3 384.13
3 388.34

3 391.61
3 394.83

3 397.56
3 400.12

340339

3 404.58
3 409.10

3.413.95
3 418.89
3 421.50
.3 423.29

3 427.02
3 428.95

' 3433.81
3 437.53
3 440.40
3 442.19

344431

3 446.91
3 450.44

IDENTIFICATION

ELEMENT

Crll
(Fe I1
Ti II
TiII
Ti II
Cr I
Zr 11
Till
Cr 1T
Cr1II
(Ni Il
(Cr I
(Cr 11
CrlI
(TiII
vV 11

Cril.

Ni IT
(Ti IT
(VII
(Fe 11

......

..........................

INm.

60

4)
125
50
8

35 -

100
40
35
20
1)
18)
2)
100
8)
80
150

15)

100
150
75
100
3)
30
50)
100
3)

I A
1 345372
1 3 457.58
4 3 460.18
3 3 46147

1-0 . 3466.03

1 3 469.66
2 347418
2 3 477.19
: 3 481.03
1 3 483.57
0 3488.80
2 3 490.44
0 3 494.00
1 3 496.60
1 3 499.18
1 3 505.82
1 3 510.86
1 3 514.93
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IDENTIFICATION

ELEMENT
Nill
VII
Cr I1
Vil
Fe I
Mn II
Ti 1T
Mn IT
Mn II
(Ni II.

(vi
(Fe 1
(TiIl
VII
vii
Mn IT
Mn II
Ti 11
(Zr I1
Mn II
CrII
Cr II
Ti II
Mn II
(Fe II
Fe I
Ti IT
Fe 11
Fe II
Vi1
Mn IT
Mn IT
Mn II
Fe I1

Yo

(Fe 11
Ti IT
Ti I
(Ni II
(NiL

A

54.16

53.09- ¢

57.62
57.15
56.93

60.31
61.50

66.34
65.04
65.62
66.59
65.86

65.56

69.53
70.26
74.04
74.12
77.18
B1.14
82.90
84.15
82.58
83.80
88.68
87.99
90.57
91.05
93.47
94.67
97.03
95.83
96.81
97.54
95.62
96.08
99.88
04.89

10.84

13.93
15.05

In.

5

35)
40
20
12

40
3)
100
10
To

200
40
20
25

80
4)
80
60
8)
150)
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TABLE I (suste)

IDENTIFICATION IDENTIFICATION

I A Eremext ) InT. I A - ErEmEnT A INT.
1 352062 - TiIl 2025 20 1 362219 (VII 21.20 150)
, (VIL. 2002 120) (Co IT 21.22 100)

1 352449 VII 2471 200 3n 362513 Till 2483 70

' (Mo IT 24.65 8) (Fe IL 24.80 5)

' (NiI 24.54 200) 1 3626.28  ..iiiiiiiiinii.s

1 3531.24 VII 3076 500 . i3 362821 (VIL 27.71 60)
353587 ScIl 3573 10 (Y II  28.71 100)

TiII 3541 40 4 363099 ScIl 30.74 50

Fe Il 35.63 2 3 363203 CrII 3149 50

3 541.41 VII 4134 50 CrII 3172 40

1 354638 VII 4519 1000 Fel 3146 125

| : In =~ 354943  YII 4902 100 1 363360 YII 3313 200
: 1 355793 VII 56.80 1500 CrIl 3404 10
| (Fe II 57.55 2) 1 363542 (TiI 3546 80)
| (Zr II 56.61 30) (Mo IT 35.14 20)
2 3558.99 Scll 5854 20 2 3642.96 - ScIl 42.78 40

1 356134 Till 61.57 3 : (CrII 43.22 10)

VII 6059 90 BRI 364552 ScIl 4531 30

0 357014 Fel 7010 100 : (CrI1 4470 10)

2 3572456 ScII 7252 50 1 365209 ScIl 51.80 25

(Zr11 7247 30) (Cr II  51.68 12)

0 3576.82 ScIl 7634 35 0 365393 Til  53.50 100

Nill 76.76 3 ‘In 365600 H blend

2 3581.17 Sell 8093 30 1 365830 H, . 57.93 —

Fel 8119 250 H,,  58.64 —

In  358.62 CTrIl 8554 40 (CrII 5819 20)

‘ CrII 8531 60 1 366081 H, 5942 —

YII 8453 100 Till 59.76 60

1 358077 VIL 8974 1000 1 3664.23 H,, 6341 —

ScII 89.63 20 2 366698 H,, 6610 —

ScII 9047 20 2 366862 H,  67.68 —

| 1 359204 VII 9201 800 3 367042 H, 6947 —
| 1 359412 VII 9332 600 3 367228 H, 7148 —
| crl 9349 900 4 367474 H,,  73.76 —
o 6 361380 ScIl 13.8¢ 60 4 367743 H,, 7636 —
| (Cr II 13.21 20) CrII 7793 30
| ; (CrII 13.26 15) CrII 7769 40
| . 2n -~ 361972 Fel 1877 125 CrII 77.86 50
VII 1892 200 5 368028 H,,  79.35 —

VII 2050 20 5 368371  H, 8281 —

— 140 —
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TABLE 1 (suite)
IpeNTIFICATION IbpeNTIFICATION
I A ELEmMENT A InT. I A ELemeENT A INT.
5 368551 "TiIl 8519 250 OrII  37.55 10
5 3687.75 H,, 8683 — 1 3739.65  ...........
1 3689.72  ........... 1 3 741.68 TiIl 41.63 50
6 369257 H,, 91.56 — 0 374419 (VII 4361 40)
2n 3694.8¢ (Fel 9401 20) 2 374606 Fel 4556 100
(Fel 9505 8) Fel 4590 40
6 369806 H,, 9715 — VII 4581 800
(CrII 98.00 35) (Zr 11 4597 40)
inn 370126  VII  00.34 200 1 374831 (rII 4868 7T
' VII  00.96 30 TiIll 48.01 10
1 3702.69 (Moll 02.55 8) FeII 4850 8
8 370478 H,  03.85 — Fel 4826 60
1 370630 TiII 0622 20 8 375101 H,, 5015 —
' Call 06.03 10 (VIL  50.88 600)
Fel 0557 100 1 375323 (Til 52.86 80)
1 370804 (Fel 07.83 20) 8 375945 TiIl 59.29 200
1 371028 YII 1030 500 (Fe I 59.46 6)
(FeI 09.25 75) 7 376158 TiIl 61.32 200
(VII 09.33 40) (CrII 61.90 8)
(VII 11.12 50) (CrI1 61.69 7)
6 371271 H,  11.97 — (TiII 61.87 15)
' (CrII 12.97 35) 1 376439 Fel 63.79 100
Onn 371642 VII 1548 1200 |1 376625 (CrII 6562 8)
CCrIl 1519 20 (Fel 6554 20)
' CrII 1545 20 2n 376757 Fel 67.19 80
2nn 372004 . Fel 19.93 250 (ZrII 66.83 25)
9 372276 H,, 2194 — . (VII 67172 40)
(Fel 22.56 50) 10 377147 H,,  70.63 —
1 3725104  Fell 9530 3 (V II 70.97 400)
1n 37¢8.04  VII  27.35 1000 Inn 377520 Y II 7433 300
Gl 27.37 40 (Ti 1T 70.06 6)
VIL 2833 200 (Ti 11 74.65 3n)
Fel 27.62 50 (VII 7468 15)
1 373076 (ZriI 31.26 25) I 378706 VII 8723 i50
© (Til  29.81 50) 1 379556 Fel 9500 60
0 373244 VII 3276 800 YII 9437 50)
7 373520 H,, 3437 — 10 379876 H,, 97.90 —
(Fel 34.87 300 1 380752 ...,
1 373749 Fel 3713 150 0 3813.71 CrII 14.00 12
Call 36.90 12 Till 1339 7




P. SWINGS

TABLE I (suite et fin)

[ANNALES D’ ASTROPHYSIQUE

O e

10

Inn

in

A

3 816.57
3 820.78
3 824.49

3 826.28

3 828.15

3 830.56
3 832.92

3 836.38
3 838.70
3 841.21

. 3 850.98

3 856.85

3 859.74
3 863.66

3 873.04

3 878.84

IDENTIFICATION
ELEMENT A InT.
Till 14.58 4
FeII 1412 4 .
Fel 15.84 100

Fel ' 2043 250

" Fel 2444 50
(Fe II 24.91 4)
Fel 2588 200
(VIL 26.97 30)
Fel 2782 75
(MgI 29.35 40)
MgI 3230 80
YII 32.8 100
H, 3539 —
MgI 3829 100
Fel 41.05 80
Fel 4044 80
(Fel 49.97 40)
Sill 56.02 8
Fel 5637 50

Fel 59.91 300
Sill 6259 6
VII '63.81 60
(Fe II 63.95 1)

" (FeIl 6341 1)
Fel 7250 60
Fel 7857 100
Fel 7802 60
VII 78.71 300

[y

10

0

A

3 883.28

3 886.66

3 890.01
3 895.85

3 898.76
3 900.52

-

- 3903.24

3 906.83

3 913.47

3 916.70

3 921.13

3 923.31
3 928.44

3 933.91

© 3934.72

between the values found for the Balmer components. -

borne in mind that the laboratory intensities have only a limited meaning : actually

— 142 —

IDENTIFICATION
ErLEMENT A INT. -
MnII 8328 3
(TiI 82.89 20)
Fel 86.28 40
La Il 86.37 150
n, 89.05 —
Fel 95.66 25
VII 9615 60
Til 95.24 30
VII 9914 200
TiIl 00.55 70
(FeI 99.71 . 30)
(A1II 00.68 10)
VII 0327 250
(FelI 06.04 5)
(Cr II 05.64 25)
(SiI  05.53 100)
Till 1346 60
VII 1642 200
(La II 16.05 300)
(La II 21.54 . 200)
(I 2142 30)
{Fel 20.26 20)
‘Fel 2291 25
VII 2973 50
Fel 2792 30
Til 29.87 40
Ca Il 33.66 400.

Examination of tables I and II reveals several interesting features.

The values obtained for the radial velocities are given in Table III. The large
negative velocity of the emission components of the Balmer lines stands in contrast,
with the large positive velocity of the absorption components. The difference in
radial velocity between the emission and absorption components is very similar to
that found by STRUVE in the case of VV Cephei [5] where it amounts to 109 km /sec.
The other elements, whether in emission or in absorption, reveal velocities intermediate

It should be ’
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TABLE 1T’

Emission Lines in B 1985 (October to December 1947).

I ENTIFICATION ' Ip ENTIFICATION
1 A ErEmest 2 InT I A ELEMENT A Int.
1 311418 Fell 1429 7 6 3439.22  [NiIl] 39.29
1 318327 Fell 83.11 8 2 345225  [Fe II] 52.30 ...
1 319302 Fell 9292 9 3 34953¢ Fell 94.67 5.
1 319408 Fell 9381 11 MnIl 9583 40
4 319614  Fell 96.07 10 ‘ CrIl 9537 25
2 1321060 Fell 1045 10 3 3502.01  [Fe II] 01.62
5 321346 Fell 1331 13 : [Fe I1] 020 ...
3 3216.07  ([CrIIj 1632 ... ' CoIl 01.73 200
10 322815  Fell 2773 13 - 2 350453 [Fell] 04.02 ..
1 323156  Fell 3170 5 [Fe IT] 04.51 ..
3 3233.77  (CrIl 34.06 50) ‘ FeIl 0547 2
(TiIl 3452 75 Till 04.89 80
1 323839  [CrII] 39.07 ... 0 353566 FeIl 3563 2
CrII 3877 50 [Fe II] 36.25 ...
Till 39.04 60 Till 3541 40
3 3256.63 Tell 5588 8 4 353942  [FeII] 39.19
[FeIl] 5631 ... : [Fe IT] 38.69
[Fe II] 56.73 ’ 4 3559.59  [NilIl] 59.86
1 327425 [VI] 73.98 5 362742  [NiII] 27.35
[Fe I1] 75.02 ... 2 371149 © H;;  11.97
C(NiIl 7490 3) 3 372143 H,, 21.94
6 3277.96  Fell 7735 9 3 373378 H,,  34.37
» [Fe I] 77.12 ... 4 3769.72  H,  70.63
10 328172 Fell 81.29 7 7 3797.06 . H,  97.90
[VI] 81.59 2 3806.51  [Fe II] 06.3
1 328256  ................ 7 383456 H, 3539 ...
4 337640  [Fe II] 76.20 3 3837.66 . Mgl 3829 100
3 337842  [NiIl] 78.55 8 3888.27 Hy,  89.05.

“the metallic absorption lines (f. ex. of Ti II and Cr IT) are sensitive to the excitation

potential, the low level lines being enhanced, compared with laboratory intensities.
It is only by careful consideration of the excitation potentials and of the relative
intensities within multiplets that proper identifications may be made. I have tried
to be rather conservative in the tables. :
The Balmer series may be seen to very high members ; measures could in fact be
carried to H29. The intensities are not perfectly normal : plate 2 shows, for example,
that the profile of H 12 differs from that of H11 and H13. We probably have to deal
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TABLE III

Radial velooitie; in B 1985

Emission Lines ABSORPTION LINES
Element Mean V_, Number of lines Element Mean V4 Number of lines
H — 55.9 () H 1 68.4 8 ()
: - 723 19 (3
Fe II + 13.5 4 Ti II + 15.7 30
[Ni II] — 7.7 .3 CrII +22.1 11
Fe Il -+ 10.0 2
- Fel + 21.8 7
Mgl +32.0° 1
Ca II - 1-49.9 2
Se II -+ 13.6 8
Me II + 13.0 2
Vil + 13.2 6 (%

(1) From HS8 to H15, H12 excluded.

(2) From HS8 to H15, H12 included.

(®) From HS8 to HZ27. :
(%) Excluding A 3 545 ; the mean velocity is ++ 25.8 if we accept the identification of A 3 545.

‘with a reabsorption similar to that observed in the Balmer series of VV Cephe‘if[5]. :

We hope to be able to discuss this point later on. No evidence is found for the presence
of the light elements (He I, C II, N II, O 1I). Mg II, Al II and Ca I are doubtful.
The neutral metals S¢ I, V I, Cr I and Mn I are absent. The Fe I- and Ti I lines

“longward of 2 3 750 may belong to the late type component.

Compared with the shell of Pleione [6] in 1942-1943, or with the supergiant
atmosphere of [ Puppis [7], the shell of B 1985 exhibits stronger Ti I1 (of low excitation
potential) and Sc II, and much weaker Cr II and Fe II in absorption. Actually the
situation with regard to Fe I1-absorption is rather confuse. There is a fairly strong
emission of the Fe II multiplets of low excitation potential, and there is hardly any

~absorption for E. P. lower than 3.7v. (lower state). Even for E.P. higher than 3.7 v.,

there is little Fe II-absorption. For example, no line of the 4D — 3F° multiplet
(E. P. 3.89-7.67 v. ; region A 3 237-2 3 259) is observed in absorption, although the
laboratory intensities of certain eomponents are high.

Comparison of the absorption lines of T1 11, Sc II, Cr II Mn II, Ni II, VII, Fe 11
in B 1985 and in other stars with tenuous atmospheres like « Cygni, I Puppis, < Aurigae,
Pleione and 14 Comae reveals that the intensities in B 1985 are rather anomalous. A
wide diversity of values is observed for the absolute intensities of the lines of individual
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elements or for the relative intensities of pairs of elements. For certain elements the
absorbing atmosphere is similar to that of an A-supergiant, like « Cygni or [ Puppis.
For others we have something analogous to an early shell (Pleione) or a late one (14
Comae). All metallic lines are definitely weaker than in the F-supergiant ¢ Aurigae.

It is obviously with the eclipsing binary VV Cephei [8] that B 1985 may most
profitably be compared. In either case the Balmer lines have the appearance of
reversed P Cygni lines ; strong emission lines of Fe II, [Fe I1], [Ni II] and [S II] are
found. Both objects are of the symbiotic type, combining an M-component and a Be-
star. However the red component of VV Cep is variable while that of B 1985 does not
seem to vary. The ultraviolet spectrum of VV Cep outside an eclipse, as described
by StruVE and SwiNGs is richer in permitted emission lines than B 1985 at any time

" of observation ; this is especially conspicucus in the case of Mn II and Cr II which .

are much stronger in emission in VV Cep than in B 1985 at any time of observation.
Both B 1985 and VV Cep reveal a shell-type spectrum which appears most clearly
in the ultraviolet. In 1939-1940, only the emission lines were conspicuous in B 1985
while the absorptions were characteristic in the Fall of 1947 [9). The spectral varia-
tions in B 1985 may be related to the general geometrical picture of the double system,
as are the variations in VV Cephei : most absorption-lines and some of the emissions
may disappear or be reduced at times by eclipses while other emission features, espe-
cially those of Fe II, [Fe I1]and [Ni II] may remain unaltered. These latter feature
would arise in a very extensive nebulosity enveloping the system.

It appears premature to draw definite conclusions regarding the structure of the .
B 1985 system, although a picture similar:to that of VV Ceph appears attractive.
B 1985 may become as important as VV Cep and 7 Aurigae are, for the study of stellar
atmospheres. However a considerable amount of observationalwork is still desirable.
It should include photometric determinations in the ultraviolet and visual regions,

. thus separating the M-and B-components. Spectroscopic observations, including

radial velocity determinations over a long period are also desirable. - Only then will
it be possible to discuss this remarkable object, and to interpret the physical, geometri-
cal and dynamical problems involved. In such an interpretation the results obtained-
recently by Struve on the basis of his extensive spectroscopic investigations of
eclipsing binaries will doubtlessly prove most useful.

- The author is deeply indebted to Dr. O. StruvE for the considerable amount of
help received while working on B 1985.

Manuscrit regu le 20 janvier 1950
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