
THE SPECTRUM OF P CYGN1 

By OTTO STRUVE 

ABSTRACT 
Measurements are given of 158 absorption lines, of which 24 are unidentified, and of 

63 emission lines, of which 15 are unidentified. 
The H lines are found to be relatively sharp and strong, their contours suggesting 

the absence of Stark broadening and the presence of turbulence broadening. The pres- 
sure in the H atmosphere must be very low. 

The intensities of the absorption lines suggest a spectral class similar to Bi, but the 
lines of C n and Mg n are much too faint and those of S m are too strong. The absorp- 
tion spectrum has certain points of resemblance to 17 Leporis and to the B5 component 
of ß Lyrae. 

The intensity gradient of the He 1 lines is steep, suggesting active turbulence. The 
high-level transitions in A11 and 0 n are weakened relative to the low-level transitions. 
This may be a result of departures from thermal excitation, although a similar but small- 
er effect is observed in ordinary B stars as a result of the Boltzmann law. 

Recombination is probably responsible for the lines of E and He 1, and possibly for 
N ii. For atoms of high ionization potential such as Si rv, N m, etc., recombination is 
negligible. 

The weakness of Mg 11 in P Cygni and in other Be stars is attributed to the depletion 
of the star’s continuous spectrum at the Lyman limit of H. Similarly, the weakness of 
C n is caused by depletion at the ultra-violet limit oí He 1. 

The prevalence of low-level transitions in 0 n, and especially in N n, is regarded as 
an argument against recombination in these ions, and in favor of fluorescence. 

The absorption fines are characteristic of a higher level of excitation than the emis- 
sion fines. Thus, Si rv (45.0 volts), C in (47.7 volts), and N m (47.4 volts) occur only 
in absorption. The limit is probably at He n (54.2 volts). The absorption spectrum is 
roughly B0-B1, while the emission spectrum is more nearly B2-B3. 

The elements of high ionization potential are found to originate at greater depths in 
the shell than the elements of low ionization potential. This suggests that the density 
of the shell decreases outward slower than 1/Â2, or that the dilution constant increases 
more rapidly than R2. 

A strong fine at X 4396 agrees in position with an O n fine. The possibility is dis- 
cussed that this fine is excited by Bowen’s mechanism of abnormal fluorescence. In this 
case a fine of He 1 at X 515.60 agrees closely with 0 11 515.50. No other cases of abnormal 
fluorescence have been found. 

The radial velocities indicate that | V\ increases with the intensity of the fine and de- 
creases as we pass from elements of low ionization potential to those of high ionization 
potential. This suggests an accelerated outward motion of the shell. 

I. INTRODUCTION 

There have been a number of investigations of the spectrum of 

P Cygni. After the discovery of bright lines by E. C. Pickering,1 

J. E. Keeler,2 Miss Maury,3 and Vogel and Wilsing4 published de- 

1 Nature, 34, 439, 1886. 2 Astronomy and Astrophysics, 12, 361, 1893. 
* Harvard Ann., 28, 101, 1897; 76, 31, 1916. 
4 Pub. Potsdam Ap. Obs., 12, 13, 1899. 
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scriptions and identifications of its stronger lines. A Belopolsky5 

identified nitrogen and obtained the displacements of a few lines. 

E. B. Frost6 and P. W. Merrill7 made accurate measurements of the 

radial velocities of the stronger lines. R. H. Curtiss8 also obtained 

accurate radial velocities of numerous lines. C. S. Yü,9 B. P. Gerasi- 

movic10 and J. Dufay11 investigated its continuous spectrum and de- 

rived a very low color temperature for P Cygni. C. S. Beals12 recent- 

ly applied the method of Zanstra to the emission lines of H and of 

He i and derived a temperature of about 20,000o K for the exciting 

star. C. T. Elvey13 published a set of accurate measurements of the 

total absorptions and emissions of the more prominent lines, together 

with their radial velocities. Still more recently W. J. Wilhams14 gave 

a brief summary of his measurements of radial velocities. 

In spite of this abundance of information cohected in the course 

of nearly half a century, the problem of P Cygni is far from its solu- 

tion, and a new contribution toward its elucidation is particularly 

desirable at this time. Within the last few years considerable ad- 

vances have been made in the interpretation of the spectra of novae 

and Wolf-Rayet stars on one side, and of ordinary Be stars on the 

other. A new point of view, not available to earlier investigators, 

can therefore be taken. The present work is an attempt to test the 

theory of an expanding nebular shell in the case of P Cygni. 

The fact that P Cygni is itself an old nova (discovered in 1600) 

renders it especially interesting. Furthermore, its absorption lines 

are not only numerous, but fairly sharp, and should therefore yield 

reliable radial velocities. Similarly, its emission lines, though not 

nearly as narrow as its absorption fines, are narrower than the emis- 

sion fines of most recent novae, and are therefore suitable for meas- 

urement and identification. Finally, the character of its spectrum 
5 Ap. J., 10, 319, 1899. 7 Lick Obs. Bull., 6, 156, 1911; 8, 24, 1913. 
6 Ibid., 35, 286, 1912. % Pop. Asir., 22, 133, 1914. 
9 Pub. A.S.P., 39, 118, 1927. 
10 Harvard Bull., Nos. 852, 857, 867, 1927-28. 
11 C.R., 194, 1454, 1932; J. des obs., 15, 45, 1932. 
12 Pub. Dom. Ap. Obs. Victoria, 6, 95, 1934. 13 Ap. J., 68, 416, 1928. 

Pub. A.A.S. (44th meeting), p. 377, 1930. For a complete bibliography containing 
forty-three references see Merrill and Burwell, Ap. J., 78, 87, 1933, star No. 338. 
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suggests a stage of excitation which is not usually found in the spec- 

tra of nebulae, novae, or ordinary Be stars. 

The immediate incentive in beginning this study was furnished by 

the similarity of P Cygni, in many respects, to two other stars re- 

cently investigated at the Yerkes Observatory. It had been noticed 

many years ago by Frost6 that certain spectroscopic features of P 

Cygni resembled those of ß Lyrae, and I have recently found con- 

vincing confirmation of this.15 No less interesting is its similarity to 

17 Leporis,16 a star containing only one emission line of the P Cygni 

type (Hß), but possessing a set of absorption lines the behavior of 

which in many respects duplicates that of P Cygni. 

II. OBSERVATIONAL MATERIAL 

Two excellent spectrograms taken on September 12.25, 1931 (by 

Struve and Morgan), and on October 30.10, 1934 (by Henyey), with 

the single-prism Bruce spectrograph attached to the 40-inch refrac- 

tor were measured for the purpose of identifying the spectral lines. 

Both spectrograms are on the high-contrast Eastman Process emul- 

sion, and they record the photographic spectrum from about X 3925 

to X 4800. Only two strong lines were measured outside this range. 

The results of the measurements are in Table I. The estimated in- 

tensities are on an arbitrary scale, which is not identical with that 

used for r Scorpii17 in column 6. 

Table II contains all elements for which a search was made, with 

their ionization potentials and with the numbers of fines actually ob- 

served. The total number of absorption fines measured in P Cygni is 

no, of which 10 are unidentified. The number of emission fines is 

43, of which 9 are unidentified and of which all but 3 have corre- 

sponding absorption fines on their violet sides. 

Special attention should be called to the unidentified fines, some 

of which are quite strong. They are not fisted among the permitted 

or forbidden fines of atoms and ions which may normally be expected 

in P Cygni. 

Plate II shows enlargements of spectrograms of P Cygni (October 

30, 1934) and of T Scorpii (July 7, 1931). 

^ Observatory, 57, 265, 1934. 
16 Ap. J., 76, 85, 1932. T7 Struve and Dunham, ibid., 77, 321, 1933. 
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TABLE I 

Spectral Lines in P Cygni 

3970.08. 
4101.75. 
4340.48. 
4861.34. 

3926 
3964 
4009 
4026 
4120 
4143 
4168 
4387 
4437 
4471 
4713 
4921 

53- 
73- 
27. 
19. 
85- 
77. 
97- 
93 
55. 
48. 
20. 
93 ■ 

4685.81 

4267.20. 

4187.05. 
4647.40. 
4650.16. 
4651-35- 

Absorption 

Int. 

20 
25 
20 
20 

2 
IO 

8 
15 

6 
9 
1 

10 
2 

15 
7 

10 

0-1 

Vel. 

—146 
184 
195 

— 200 

122 
167 
120 
153 
114 
US 
83 

I23 
IO4 
ISS 
I36 
154 

-IIS 

-138 

Emission 

Int. Vel. 

Intensity 

t Sco 

H I.P. 13.5 

30 
40 
40 
30 

4 
30 

6 

8? 
30 
40 

He I I.P. 24.5 

1 
20 

2 
20 

5 
2 
0 
6 
1 

20 
10 
10 

- IS 
- 33 
- 6 
- 4 
- 3 
- 8 

— 12 
+ 16 
- 8 
- 7 
+ 6 

8 
4 

30 
8 

10 
6 

20 
5 

20 
8 

He II I.P. 54.2 

C II I.P. 24.3 

38 

Lab. 
Remares 

Uncertain 

10+8 

C III I.P. 47.7 

10 
10 

9 
8 

Bl. O II 
Bl. O II 
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TABLE I—Contirmed 

Absorption 

Int. Vel. 

Emission 

Int. Vel. 

Intensity 

t Sco Lab. 
Remarks 

N II I.P. 29.5 

3955-85. 
3995-00. 
4035 09. 
4041.32. 
4043-54- 
4082.28. 
4227.83. 
4236.98. 
4241.80. 
4426.05? 
4441.99. 
4447.04. 
4530.37- 
4601.49. 
4607.17. 
4613.88. 
4621.40. 
4630.55- 
4643.11. 

4097.31 
4379 09 
45IO-92 

4514.89 
4634.16 
4640.64 

4 
9 
i 
i 
i 
i 
i 

0-1 
i 
i 
1 
2 

0-1 
4 
5 
3 
5 
7 
8 

113 
no 
91 

79 

71 
95 

142 
82 
38 

122 

98 
92 
86 

106 
100 

87 

+ 3 
- 13 
+ 20 

14 

+ 4 
+ 18 
+ 31 
+ 12 
+ 15 
+ 8 

i 
10 

3 
i 
3 
1 
2 
4 
4 
0 
1 
3 
1 
2 
2 
2 
2 
5 

(1) 

10 
4 
5 
3 
2 
3 
6 
8 
o 
3 

10 
5 
8 
7 
6 
7 

10 
8 BL N III 

N in I.P. 47.4 

- 75 

54 
50 
46 

+ 34 10 
10 

6 
7 
8 

10 

Bl. O II 

Bl. N II 

3973-27 
4069.90 
4072.11 
4075-87 
4078.86 
4085.12 
4119.22 
4132.82 
4I53-31 

4185.45 
4189.79 
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TABLE I—Continued 

Absorption 

Int. Vel. 

Emission 

Int. Vel. 

Intensity 

t Sco Lab. 
Remarks 

O n I.P. 34.9—Continued 

4303•82  
431760  
4319-65  
4345-57  
4349-44  
4351-28  
4366.91  
4369-28?  
4378-4°  
4395-95  
4414-89  
4416.97   
444305  
4452-38  
4506.50?  
4590.98   
4596.19  
4638.86  
4649-!5  
4661.65  
4676.25  
4705-36  
4710.04?  

4481.23 

4552•61 
4567-83 
4574-75 

4088.86 
4116.10 
4212.38 
4654.14 

0-1 
2 
3 
i 
5 
1 
3 
2 
1 
5 
2 
2 
i 
i 
1 
2 
1 
2 
5 
3 
2 
i 
i 

-105 
90 

107 
86 
49 
76 
(4) 
74 

(144) 
71 

103 

90 
142 
64 
60 
63 
82 
69 

104 

74 

118 

95 
103 

92 

60 
46 

o 
o 
0 
1 
o 
0 

0-1 
1 
0 
4 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

+ 20 

+ 46 
(+109) 

- 35 
+ II 

7 
6 
7 

10 
12 

8 
8 
1 
3 
3 

10 
10 

2 
2 
i 
5 
5 
3 
6 
4 
3 
3 
i 

5 
8 
8 
7 
8 
6 
7 
4 
3 
7 

10 
8 
5 
6 
2 
9 
8 
6 

10 
9 
8 
8 
5 

Mg II I.P. 15.0 

- 3 100 

Si III I.P. 33-3 

Si IV I.P. 45.0 

10 
10 
4 
4 

10 
8 
3 
4 

BL C III 
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TABLE I—Continued 

X 

4162.64 

3928.59 
3983•76 
425351 
4285.00 
4361.57 
436477 

3933-68 
3933-68 
3968.49 

4233 17? 

Absorption 

Int. Vel. 

Emission 

Int. Vel. 

Intensity 

t Sco. Lab. 
Remarks 

5 II I.P. 23.3 

Ca II LP. 11.8 

-133 
+ 14 
- 86 

200 
200 
150 

Stellar 
Interstellar 
Doubtful 

stellar 

Fe II I.P. 16.5 

6S 10 

III. COMPARISON OF P CYGNI WITH NORMAL B STARS 

The spectrum of P Cygni is listed in the Henry Draper Catalogue 

as Bip. Its absorption Unes may therefore be compared with those 

of three normal stars, r Scorpii (Bo), ß Canis Majoris (Bi), and y 

Pegasi (B2). P Cygni exhibits a number of interesting features: 

i. The H lines are extremely sharp; in fact, they are much sharper 

than in any normal B-type giant. Curtiss and Gerasimovic have re- 

ported diffuse absorption borders on the red sides of the emission 

lines. In the case of Hy this must be due to the group of strong 0 11 

lines XX 4345-4350; at He a similar effect is caused by 0113973; at 
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Hh a faint indication of absorption may be caused by 0 11 4105, al- 

though I have not measured this line. The appearance of the H lines 

suggests complete absence of Stark broadening. 

2. The He 1 Unes are exceptionally strong, surpassing in this re- 

spect ordinary Bi stars. 

3. Sen4686 is almost completely absent. This is in agreement 

with the assignment of P Cygni to class Bi. 

TABLE la 

Unidentified Lines 

X(Star) 

4039.24 

4352.47 

Int. X(P Cyg) 
Abs. Int. X(P Cyg) 

Em. Int. 

.... 3957-20 
  4003.42 
.... 4020.44 
I 4037.I3 

2 
3 
2 
2 

4004.62 
4022.12 
4038.74 
4164.07 
4352.07 

0 
2 
3 
1 
3 
2 

4419.62 
4431• 03 

3 
2 

4372.66 
4382... 
4417.42 
4429.04 
4501.14 

i 
i 
7 
4 
i 

4383-07 
4419.24 
4430.91 

4512.30 

3 
5 
3 

4616.45 i 

* Uncertain. 

4. Si iv is fairly strong, which would place P Cygni between O9 

and B2. 

5. O ii and N11 are both strong, but exhibit peculiar intensities 

which are discussed separately in section v. 

6. The great strength of the S hi lines is unusual. 

7. Equally unusual is the weakness of C11, which is very strong 

in all three normal stars, and of Mg 11, which is fairly strong in r 

Scorpii and in ß Canis Majoris, and very strong in 7 Pegasi. 

It is fairly obvious that the absorption spectrum of P Cygni does 

not correspond to that of a normal B star. On the other hand, there 

is a definite resemblance to the absorption spectrum of the B5 com- 

ponent of ß Lyrae.18 The latter corresponds to a lower stage of ex- 

citation, and the absorption lines of O 11, N11, S in, N in, etc., are 

18 H. Pillans, ibid., 80, 51, 1934; Struve, Observatory, 57, 265, 1934 
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TABLE II 

List of Elements 

Element I.P. 

No. or Lines 

Abs. Em. 
Remarks 

E... 
Hei. 

Hen. 
Cn.. 
Cm. 
An.. 
Am. 
On.. 
0 m. 
Neu. 
Mgu. 
Al m. 
Sin.. 
Sim. 

Sirs. 
Pu.. 

P m 
S ii. 
5 in. 
Cl ii. 

An. 
Ca n 

Ca m 
Scu. 
Ti n. 
Vu.. 

Cru  
Mn u  
Feu  
Ni u  
Sr u  
Zr u  
Unidentified 

13-5 
24-5 

54 
24 
47 
29 
47 
34 
54 
40 
15 
28 
16 
33 

45 
i9 

30 
23 
34 
23 

31 • 7 
il .8 

510 
12.8 
13.6 
14.7 

16.6 
15-7 
16.5 
18.2 
il .0 
14.0 

4 
12 

i? 
i 
4 

19 
6 

34 
o 
0 
1 
o 
o 
3 

4 
o 

0 
1 
6 
o 

o 
0 
1 
o 
o 
o 

10 

4 
il 

0 
1 
o 

10 
2 
4 
o 
0 
1 
o 
0 
1 

o 
o 

o 
o 
o 
o 

Very strong 
Very strong; all lines present except XX 3935 (1), 

4023 (1), and forbidden transitions 
X 4686 is extremely faint or absent 
X 4267 is surprisingly weak 
Strongest lines are very weak 
Strong 
All strong lines are present 
Many lines in absorption 
X 3961.59 is absent 
Absent 
X 4481 is surprisingly weak 
Absent 
Absent 
Strong in absorption; extremely weak or absent 

in emission 
Fairly strong in absorption 
A weak line suspected at X 4091 is probably not 

P n; X 4475 is absent 
XX 4080, 4222, 4247 are absent 
X 4162 is extremely weak in absorption 
Surprisingly strong 
Probably absent; a weak line was suspected at 

X 4572 but this may not be real, or may be due 
to Ca ui 

Absent 
Stellar K and H (the latter doubtful); inter- 

stellar K 
Absent 
Absent 
Absent 
Strongest two lines in this range are 4005.71 (60) 

and 4023.39 (50). These were suspected to be 
identical with the stellar lines 4003.42 (abs.); 
4004.62 (em.); 4020.44 (abs.); 4022.12 (em.). 
However, the normal velocities of —100 
km/sec. for absorption lines and o km/sec. for 
emission lines leave a discrepancy of 1 A. 
Weaker laboratory lines of V n, XX 3952 (4); 
4036 (4); 4183 (35); and 4202 (35) are missing 
in P Cygni 

X 4559 is absent 
Absent 
X 4233 is probably present 
Absent 
Absent 
Absent 
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missing. However, the character of the E lines, the exceptional 

strength of the He 1 lines, and the weakness of Mg 11 and C 11 are 

similar features. 

Some of the strongest unidentified emission lines in P Cygni have 

been observed by Merrill19 in BD + ii°4673. These are XX 4383, 

4419, and 4431. 

The gradient effect20 in P Cygni is very pronounced, thus resem- 

bling such peculiar stars as 17 p 

Leporis and the B5 compo- 

nent of ß Lyrae. This is strik- 

ingly illustrated by the inten- 

sities of the He 1 lines in r 

Scorpii, 7 Pegasi,21 and P 

Cygni. The estimates for r 

Scorpii and 7 Pegasi were 

made on Mount Wilson coudé 

spectrograms, and their scale 

is approximately twice as ex- 

tended as that used for P 

Cygni. The intensities plotted 

in Figure 1 have been reduced 

to the same scale. It is clear, 

both from Figure 1 and from 

Fig. i.—He i in P Cygni (ordinate), r Scorpii 
(abscissa, •) and 7 Pegasi (abscissa, o). 

Plate II, that the strong He 1 lines predominate in P Cygni, while the 

weaker lines are much more conspicuous in t Scorpii and 7 Pegasi. 

While the gradient has not yet been measured, I estimate it to be 

approximately similar to that of ß Lyrae (B5) and of 17 Leporis. 

Consequently, the total absorption is proportional to the number of 

atoms, for weak and moderately strong lines, while for very strong 

lines the total absorption is almost independent of the number of 

atoms. 

In a recent paper on the gradient effect20 it was pointed out that 

turbulence could explain the observed phenomena. It is probable 

that the same explanation holds for the case of P Cygni. The ab- 

sorption lines, as well as the emission lines, are believed to originate 

^ Ap. 69, 330, 1929. 
20 Struve and Elvey, ibid., 79, 409, 1934. 21 Ibid., 74, 225, 1931. 
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in an expanding nebula. The emission lines are appreciably broad- 

ened. For Ee 1 4472 I find AX = 2.8 A. The contour of the bright 

line is fairly flat at the top, but the edges are not perfectly sharp, as 

would be the case if there were no dispersion in the velocities of ex- 

pansion (or turbulence). In fact, Beals12 has shown that the amount 

of dispersion can be determined from the contours. 

The shape of the stronger absorption lines in P Cygni confirms 

this view. They are appreciably widened and resemble contours pro- 

duced by turbulence broadening.22 

IV. THE INTENSITIES OE THE ABSORPTION LINES 

The absorption lines of 0 11 and N 11 are sufficiently numerous for 

a detailed discussion. Table III gives the more important fines of 

these elements, arranged according to multiplet. The corresponding 

atomic transitions are shown in Figures 2 and 3, which are taken 

partly from Becker and Grotrian23 and partly from Bacher and 

Goudsmit.24 The multiplets of both spectra may be roughly subdi- 

vided into two groups: in 0 11 the group of lower excitation starts 

from configurations 2S22p23s (limit 3Poi2) and 2S22p23S (limit ^2) 

and ends in configurations 2S22p23p (limit 3Poi2) and 2S22p23p (limit 
iD2). The lower states of these transitions connect directly with the 

low metastable states 2S22p22p[2P and 2D], and, in a few cases, with 

22 In this connection reference may be made to Menzel’s recent criticism of our hy- 
pothesis of turbulence {Pub. A.S.P., 46, 216, 1934). The formulae used were origi- 
nally derived for the case of thermal Doppler effect. Their extension naturally presup- 
poses that the turbulence varies along the radius. This is entirely reasonable, not only 
in expanding nebular shells, like those of P Cygni, ß Lyrae, and 17 Leporis, but also in 
giant atmospheres like those of e Aurigae and £* Aurigae, which have a thickness of the 
order of one astronomical unit. The effect of convection currents (or of turbulent veloc- 
ities which are essentially constant along the radius) has been investigated in connection 
with our work on stellar rotation and found to be inappreciable, at least in those spectro- 
scopic binaries in which a direct test of axial rotation is possible. The broadened lines 
in stars having large intensity gradients are not, however, produced by rotation. The 
contours of lines in 17 Leporis, e Aurigae, etc., cannot be reconciled with rotational or 
convectional broadening. They are in good agreement with the theory of turbulence, 
in the limited sense specified above. 

23 Ergebnisse der exakten Wissenschaften, 7, 8, 1928. 
2* Atomic Energy States, New York, 1932. For On see Russell, Phys. Rev., 31, 27, 

1928. The multiplet designations in Table III are from C. E. Moore, A Mtdtiplet Table 
of Astrophysical Interest, Princeton, 1933. 
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the ground level of the 0 11 ion, 2S22p22p4S. The upper levels of these 

transitions do not directly connect with the low 2p-levels. In the 

second group the transitions, corresponding generally to higher-ex- 

citation energies, start from those levels which were upper levels in 

the preceding group and end in transitions 2S22p23d (limits 3Poi2 and 

^2). Finally there are a few lines, also included in the second group, 

which start from configurations 2S22p23d and end in configurations 

2S22p24f. The average excitation potentials of the two groups are 23 

volts for the lower and 26 volts for the upper state, in the first group; 

and 26 volts for the lower and 29 volts for the upper state, in the 

second group. 

A similar division has also been made in the case of N11. Here the 
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excitation potentials of the first group are approximately 18 and 21 

volts, while those of the second group are 21 and 23 volts. 

In Figure 4 I have plotted the estimated absorption intensities in 

the spectrum of P Cygni against those of r Scorpii, ß Canis Majoris, 

and 7 Pegasi. The first group of lines is represented by filled circles, 

while the second group is represented by open circles. A few un- 

classified lines of N 11 have arbitrarily been added to the second 

group. The two 0 11 lines, X 4469 and X 4396, have been omitted for 

reasons which are explained in section vii. Several other lines which 

are complicated by blends have been omitted. These are shown in 

parentheses in Table III. 

In all four sections of Figure 4 the filled circles are systematically 

above the open circles, indicating that for both O 11 and N11 the 
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I upper transitions are weakened relative to normal B stars. This may 

£ also be confirmed by an inspection of Plate II. 

The suggestion might be made that this is a normal effect of ex- 

citation. Indeed, I have found some time ago25 that the 0 11 lines do 

not all come to a maximum at the same place in the spectral se- 

Nn, T Sco NII, 7 Peg 

Fig. 4.—Intensities of high-level transitions (o) and of low-level transitions (#) 

quence, but that those of higher excitation are, in accordance with 

theory, slightly stronger in the earlier spectral subdivisions. 

In order to test this effect, I have compared 26 in Table IV several 

of the most conspicuous lines of both groups in P Cygni, 10 Lacertae 

(O9), and i Herculis (B3). Of the two comparison stars, the first cor- 

responds to a higher general level of excitation than P Cygni and the 

second to a lower level. The relative strengthening of the high-level 

lines, in passing from class B3 to class O9, is obvious. 

2s Ap. 78, 73, 1933- 
26 The intensities of lines in stars other than r Sco are taken from ibid., 74, 225, 1931 ; 

those of r Sco are from ibid., 77, 321, 1933. 
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TABLE III 
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TABLE III—Continued 

8l 

Wave-Length Multiplet 

Intensity 

P Cyg 
Abs. Lab. T Seo ß CMa 

Remases 

4304 

4276, 

4448, 
43 

4190. 
85 

4254 

3995 

3956 

4631 
43 
21, 
13 
07, 
01, 

4530. 

4508. 

4448. 

4237 
41 

4043 
35 

4433 

High Transitions of On—Continued 

x4p_f4D0 

z<D —e<F0 

eT0—y2F 

e*Fo-z*G 

z2G—e2H° 

3sip°_3pip 

3S3P°—¿p1? 

3s3po-3p3p 

3PID-3dIF° 

3P3D—3d3P° 

3PID —3dIP° 

0-1 

o 

0 
1 

i 
0-1 

(4) 

5 

4 

6 
5 

10 
8 

7 

2 

3 
2 

6 
4 

12 

Low Transitions of An 

9-9 

4- 1 

7- 9 
8- 7 
5- 4 
3- 2 
5-3 
4- 4 

10 

10 
8 
7 
6 
7 
8 

10 

1 

(1) 
2 
2 
2 
2 

High Transitions of N n 

0-1 

o 

2-2 

5 

3 

10 

Unclassified N n 

0-1 
i 

Bl. N II 

Bl. 5 III 
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Considering the strength of some 0 11 lines in P Cygni, it is some- 

what difficult to assign to it a class later than Bi. On the other 

hand, the relative intensities of the high-level and the low-level lines 

would place it nearer to B2, or even to B3. Such a late spectral class 

is not possible because of the strength of the S in lines and the pres- 

ence of N in, Si iv, etc. 

In the case of N 11 the effect is even more striking. No possible ex- 

citation can account for the enormous strengthening of low-level 

TABLE IV 

Oil 

Wave-Length 

Intensity 

P Cyg(Bip) 10 Lac (O9) t Here (B3) 

Low Transitions 

44I5. 
43I7' 
4320. 

High Transitions 

4076. 
4072 
4069 
47°s 
4699, 

lines of IV ii in P Cygni. Table V illustrates this. There is little dif- 

ference between ß Canis Majoris (Bi) and 67 Ophiuchi (B5), and 

the enormous enhancement of the low-level lines in P Cygni must 

be due to causes other than thermal excitation. 

V. COMPARISON OF EMISSION LINES WITH ABSORPTION LINES 

It is generally recognized that the most effective mechanism in 

the production of bright lines in stellar spectra is photo-electric ion- 

ization with subsequent recombination. This mechanism has been 
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analyzed by Zanstra,27 Menzel,28 Bowen,29 Miss Payne,30 Beals,31 

Woolley,32 and others. Beals has applied Zanstra’s theory to the 

TABLE V 

N II 

Wave-Length 

Intensity 

P Cyg ß CMa (Bi) 67 Oph (Bsp) 

3995 
4631 
4613 ■ 
4621. 

4530- 
4448. 
4035 
4242 

Low Transitions 

High Transitions (and Unclassified) 

emission lines of H and of fíe 1 in P Cygni and has found a tempera- 

ture of 19,300o K in the former case and 26,000o K in the latter case. 

v Ibid., 65, 50, 1927; Zs.f. Ap., 2, i, 1931. 
28 Op. cit., 38, 295, 1926. 29 Ap. J., 67, 14, 1928; 8l> i, 1935- 
3° M.N., 92, 368, 1932. Miss Payne’s criticism of my rotational hypothesis of bright 

lines is of no consequence to this paper. There is no disagreement in so far as recombina- 
tion and fluorescence is concerned. In fact, I have mentioned these mechanisms in 
several papers and have accumulated observational evidence in favor of recombination 
as the principal source of bright H lines in Be stars. There are five major questions to 
be answered in connection with stellar emission lines: (1) Where do these lines originate? 
(2) How do the atoms get there? (3) By what mechanism are they excited to radiation? 
(4) Why are some bright lines broad and flat-topped while others are narrow? (5) Why 
do many bright lines vary in intensity and contour? There is no discordance with re- 
gard to question i. I have attempted to answer questions 2 and 4 by the rotational 
hypothesis for ordinary Be stars, and by the expanding shell hypothesis for stars of the P 
Cygni type. Question 3 is satisfactorily answered by the work of Rosseland, Miss Payne, 
and others. Question 5 has not yet been adequately answered, although McLaughlin 
and Gerasimoviö have made interesting attempts in this direction. 

31 Pub. Dom. Ap. Obs. Victoria, 4, 271, 1930. 32 M.N., 94, 631, 1934. 
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Since the emission lines oí He 1 are very strong, it is obvious that 

there must be a large amount of energy in the star’s spectrum toward 

the violet from X 504. This agrees with the temperature derived by 

Beals. The energy-curve corresponding to 20,000o K and a few of 

the series limits are shown in Figure 5. 

N ii is only partly in emission, indicating that at X 418 the energy- 

curve is somewhat depleted. Si in and 0 11 appear almost exclusive- 

ly in absorption, which might indicate an insufficient amount of 

radiation at X 370 and X 353. Elements of higher ionization poten- 

tial, such as S in, N in, Si iv, and C in, are seen only in absorption, 

while 0 in is completely absent. 

The emission lines agree fairly well with the recombination hy- 

pothesis, but there are a few anomalies. The absence of Si 11 and the 

weakness of Mg 11 are interesting. The first, though its ionization po- 

tential of 16.3 volts is slightly above that of fl”, would not normally 

be expected in a B2 spectrum, since in ordinary stars the relatively 

low ionization potentials of Si in and Si iv will lift a large number of 

atoms into higher stages of ionization, thus preventing a recombina- 

tion spectrum of Si 11. However, we have just pointed out that there 
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is probably no recombination spectrum of Si in, so that the majority 

of the Si atoms must be in the ground level of the Si in ion. Even 

more surprising is the weakness of Mg 11. In normal B2 stars, X 4481 

is a fairly strong line, and it usually persists into the O’s. Now, the 

ionization potential oí Mg in is 80 volts, so that the majority of Mg 

atoms must be in the ground level oí Mg in, and should thus favor 

recombination processes forming the line X 4481 in emission. 

The most obvious explanation of the weakness of Mg n, a phe- 

nomenon that seems to be prevalent in Be stars, is that the star’s 

continuous spectrum in the neighborhood of X 824 is still sufficiently 

depleted of radiation by the strong photo-electric ionization at the 

limit of the Lyman series of S’, at X 911. This would not be surpris- 

ing, since the mechanism of Zanstra, which is justified by its results, 

demands that a large fraction of the entire energy on the violet side 

of X 911 is utilized in producing the emission lines of H. 

A similar but even more striking anomaly exists in the case of 

C ii, which should normally be strong in class B2. Here the ioniza- 

tion potential, 24.3 volts, is almost identical with that of He 1, 24.5 

volts, and the limits, at X 508 and X 504, are so close to one another 

that the recombination spectrum of C 11 will doubtless be suppressed 

by continuous absorption at the ultra-violet He 1 limit. 

Much less satisfactory is the behavior of N 11. Here the ioniza- 

tion potential of 29.5 volts corresponds to X418. The amount of 

radiation available for ionization at this wave-length is about one- 

seventh of that available at the He 1 limit and about one two-hun- 

dredth of that available at the 17-limit. At the limit of 0 11, X 353, 

where no appreciable recombination occurs, the energy is one- 

eightieth of that at X 504, He 1. We are therefore uncertain whether 

recombination does or does not occur in N 11. 

However, the observations show clearly that the emission is lim- 

ited to low-level lines, strong high-level lines being devoid of emis- 

sion. This is distinctly unfavorable to the hypothesis of recombina- 

tion: in the laboratory, recombination has invariably increased 

the intensities of high-level lines, and Mohler and Beckner33 have 

even succeeded in observing new high-level lines which are not seen 

33 J. of Research, Bureau of Standards, 2, 489, 1929. See also Ruark and Urey, Atoms, 
Molecules and Quanta, p. 470, 1930. 
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in ordinary laboratory sources. The anomaly of the N n emission 

lines is probably related to that of the absorption lines discussed in 

the preceding section. 

The absorption lines of P Cygni are characteristic of a much higher 

degree of excitation than are the emission lines. The limit is prob- 

ably in the vicinity of 50 volts: Si iv, ionization potential 45.0 volts, 

and N in, ionization potential 47.4 volts, are present; C m, ioniza- 

tion potential 47.7 volts, is very weak. 

It is quite clear that while the absorption lines of P Cygni corre- 

spond to a class intermediate between Bo and Bi, the emission lines 

are more nearly at B2 or B3. It might be thought that the appear- 

ance of emission is merely a function of the intensity of the absorp- 

tion lines, but that is not true. Thus, some faint lines of He 1 and of 

N ii are accompanied by emission, while some of the stronger lines 

of 0 ii are devoid of it. 

The radial velocities discussed in section viii leave no doubt that 

the absorption lines originate in the expanding shell, and in this re- 

spect there is no great difference between absorption lines which are 

accompanied by emission lines and those which are not. 

There is at present no adequate theory of the origin of absorption 

lines in expanding nebular shells. It is obvious, however, that in a 

general way we are dealing with the same process of absorption and 

re-emission (or scattering) which gives rise to the absorption lines 

in a reversing layer. 

Ignoring for the moment all anomalies arising through departures 

from thermodynamic equilibrium, such as were mentioned in the 

preceding paragraphs, we should expect that for a thin shell of radius 

R around a star of radius r, the ratio of absorption intensity to emis- 

sion intensity would be roughly proportional to the ratio of the vol- 

ume of gas projected upon the star’s disk to that of the entire shell 

visible to the observer. This gives 

Accordingly, if for two equal absorption lines the emission lines are 

not the same, we conclude that they must originate in layers of differ- 

A 
E 
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ent R. The function of (N, a), depending upon the number of atoms 

and the absorption coefficient, takes care of the gradient effect, etc. 

The formula, of course, fails iî R = r, for then we should use the cus- 

tomary treatment of a scattering reversing layer. The factor / 

(iV, a) also shows that it is not permissible to compare unequal ab- 

sorption lines. 

Since we have shown that equal absorption lines may have widely 

different emission lines, we conclude that, in general, the former 

originate in other shells than do the latter. This agrees with the re- 

sult that the level of excitation is much higher for absorption than 

for emission. 

This effect is seriously complicated by departures from thermo- 

dynamic equilibrium. These must be made responsible for the enor- 

mous difference in the emission and absorption ratios oí He 1 lines 

belonging to different series. Thus, Schwede34 has found, in agree- 

ment with Elvey:13 

He 4388: total absorption . . 0.62 A He 4388: total emission .... o. 16 A 
4472: total absorption . . 0.69 4472: total emission .... 1.56 

It is difficult to explain this result, unless the processes of absorption 

and emission are far from being balanced. 

Eddington35 has shown that the state of ionization in a nebula is 

equal to that of a reversing layer having a density of pô, where p is 

the density of the nebula and ô the dilution factor 4R2/r2. Since, for 

the absorption lines of highest excitation, A/E is smaller than for 

lines of low excitation, we conclude that Ä(high exc.) < A!(low exc.), 

and that, consequently, the factor pd decreases as we approach the 

star. Since ô^R2, we find that p must increase inward more slowly 

than 1/R2. According to Eddington,36 in an isothermal nebula 

pr^i/R2. An alternative explanation would be that d increases out- 

wardly more rapidly than R2. 

VI. NORMAL EXCITATION OE SPECTRAL LINES IN P CYGNI 

If the absorption lines of P Cygni originate in an expanding shell, 

it may not be permissible to apply to them the ordinary theory of 

stellar absorption lines. Especially does it seem dangerous to apply 

the Boltzmann law for the derivation of the numbers of atoms in 

34 Ap. 77, 348, 1933- 
35 Internal Constitution of the Stars (German ed.), p. 478, 1928. 36 Ibid., page 489. 
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various quantum states. The problem of radiative equilibrium in a 

nebula has been treated by Rosseland37 and applied by him to the 

case of three levels of increasing energy, 1,2,3. If an<I are the 

transition probabilities, the condition of equilibrium is 

'Ij(l]ciX]ç = Oy dii == • 
k k 

The solution of these equations gives the numbers of atoms in the 

various states, 
%k \rnd^m , 

where Xm is a constant and akm is the subdeterminant of the deter- 

minant akm. For three states we have 

#II = Æ21 (#31^032) ~(“£Z23#3i > 

02I= ilI2(#3i-l“#32)“|-#I3#32 j 

#3I = #I3(#2I-1-#23)~Í-#I2#23 • 

Rosseland applies these formulae to the case where the second level 

is metastable, i.e., a21 = a12 = o, and finds that in this case the number 

of atoms in the metastable level is similar to that given by Boltz- 

mann’s law. 

To represent more closely the conditions prevailing in the lower 

levels of the two groups of transitions of 0 11 and of N11, we shall as- 

sume that #3I = aI3 = o. In that case 

ö11 #2I#32 } d?*  di2d^2 , d^*  #I2#23 j 

and, accordingly, 
X2_d21 __d12 

Xx d11 d2x ’ 

X^ d^ #I2#23 

Xx d^ d2xdy2 

Now, according to Einstein, for emission aki = aik{i+p[vik[) and for 

absorption dik = aik~ (yik) c¿k/coi . 

p(vik) is the energy density of the radiation divided by &irhv3/c3. 

Accordingly, 

p(vik)=^ P(vik) , 

37 Astrophysik auj atomtheoretischer Grundlage, p. 224, 1931. 
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where p(V¿¿) is the energy density given by Planck’s law. Substitut- 

ing this, we find 

%_aj3 p0i2)p(>23) I 

Xl (i+5
ipM)(i+i

5pM) 
Ô2 * 

For small values of p(v) the number of atoms in the second state is 

proportional to i/d and the number in the third state is proportional 

to i/ô2. It is obvious that if ô is large enough, there must be a mark- 

edly smaller number of atoms in state 3 than would be given by 

Boltzmann’s law. Furthermore, it would appear that for suitable 

values of ô, #3 is smaller if a13 = a23 = o than if a13 = a23?¿o. 

In a nebula with large ô we should therefore expect that aside 

from recombination lines and resonance lines (which, for most atoms, 

are not in the observable range), only those lines would be strong 

which have lower levels connecting directly with the ground level or 

with one of the low metastable levels.38 This condition is fulfilled for 

N ii and probably also for 0 11. It may hold in the case of Si in, 

whose lower levels are reached directly from the metastable 3P-state, 

but it is violated in the case of Si iv, whose lines X 4089 and X 4116 

originate in the 2S2S-state, which does not directly connect with the 

ground level, is2S, but can only be reached from it by two or more 

jumps. It is therefore probable that, at least for Si iv, ô is not very 

large. A numerical evaluation of the quantities involved is not, at 

present, possible. We can only conclude that shght departures from 

thermal excitation are present, but that for Si iv conditions resemble 

those prevalent in ordinary stars. 

VII. ABNORMAL FLUORESCENCE 

The spectrum of P Cygni contains a peculiarly strong line, present 

both in absorption and in emission, at X 4396. This line has been 

38 We ignore transition probabilities from the ground level to the upper states of the 
high-level lines. Although this is not rigorously correct, it seems probable that these 
transitions will have little effect in lifting atoms into a state from which emission of the 
high-level lines is possible. In the first place, the continuous spectrum in the required 
wave-lengths (X 430±) is relatively weak; in the second place, their coefficients a are 
probably small. 
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tentatively identified as On 4395.95, and all available measure- 

ments prove that the agreement in wave-length is excellent. How- 

ever, the violet absorption line is distinctly too strong for its labora- 

tory intensity and the emission line, if really due to 0 11, is by far the 

strongest line of this atom. 

Two possibilities suggest themselves: either (1) the agreement in 

wave-length is a mere coincidence, the line being really unidentified, 

or (2) the 0 11 atom has an abnormal tendency to enhance this par- 

ticular transition. 

It is difficult either to support or to disprove the first possibility. 

There are four other unidentified lines in the region XX 4300-4500, 

and X 4396 may belong to this group. On the other hand, a chance 

coincidence of an unidentified line with 0 11 4395.95 is improbable. 

The second possibility merits a careful scrutiny. Bowen29 has re- 

cently found a powerful secondary mechanism of excitation which 

depends upon the close agreement in wave-length of a strong ultra- 

violet emission line (itself produced by the primary mechanism of 

recombination) with an absorption line of another atom. The ques- 

tion in our case is: Is there such an anomalous mechanism at work 

in O ii which would lift an abnormal number of atoms into either the 

upper or the lower level of the line X 4396? 

The line Ou 4396 is a member of the multiplet 2s22p23d2D — 

2s22p23p2D. The upper terms are *' = 48,618.4 and *' = 48,566.4. The 

lower terms are *' = 71,498.9 and *' = 71,308.2. The first upper level 

leads to the lines X 4369.28 (4) and X 4406.02 (1), while the second 

gives X 4395.95 (7) and X 4359.38 (1). The two upper levels do not 

connect with the ground level, which is a 4S, but they connect with 

the very low metastable level 2S22p32p2P, viz., *' = 242,555.5 and *' = 

242,560.0. These lead to the two following close pairs: X 515.62 and 

X 515.49. Bowen39 has actually measured X 515.62 (2) and X 515.47 

(2). The first of these feeds X 4367 and the second feeds X 4396. 

Bowen has pointed out that only H and He could reasonably be 

expected to produce abnormal fluorescence. H and He 11 have no 

lines near X 515. But there is a conspicuous He 1 line, US —5XP (see 

Grotrian diagram, Fig. 6), which gives, from the term values, 

X 515.07 and which has been measured by Lyman40 at X 515.65 and 

39 Phys. Rev., 29, 243, 1927. 40.4^ 60, 11, 1924. 
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by Hopfield41 at X 515.596. The agreement of this value with the 

two 0 ii lines is rather striking, being 0.02 A in the first case and 

0.11 A in the second.42 The second, larger, residual applies to the 

case of 011 4395. 

The visible He 1 lines, especially of the series 2IS —nTP, are very 

strong in emission. The width of X 4472 is approximately 2.8 A, and 
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Fig. 6.—Grotrían diagram for He 1 
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the contour is fairly flat at the top. Since the broadening is due to 

Doppler effect of expansion,43 we have 

AX^X , 

v Ibid., 72, 136, 1930. 
42 Since writing the foregoing, Professor Bowen has called my attention to the meas- 

urements of the O ii lines by B. Edlén {Nova Acta Regiae Societatis Scientiarum Upsali- 
ensis [4th ser.], 9, No. 6, 1933): X 515.640 and X 515.498. These values are estimated 
to be accurate to c.oi A or 0.02 A. The residuals are therefore reduced to 0.098 A in 
the case of X 4396 and 0.044 A in the case of X 4369. There is still a decided preference 
for X 4369. Professor Bowen also mentions that K. T. Compton and J. C. Boyce (/. of 
Franklin Inst., 205, 497, 1928) found for the He I line a value which is 0.004 A higher 
than Hopfield’s more recent result. 

43 Beals has found that in the visible region the line widths are proportional to their 
wave-lengths {op. cit., p. 297). 
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and the width of He 1 515.60 should be 0.32 A. Allowing a similar 

width for 0 ii 515.5, we find that both 0 11 lines should profit from 

the excessive radiation available for absorption from the bright He 1 

line. It is obvious, however, that unless our computation is in error, 

X 4369 should profit a great deal more than X 4395. Normally X 4369, 

of laboratory intensity 4, would not be expected to show in P Cygni. 

There is a faint, but definite, absorption line at approximately the 

correct wave-length, and there is also an emission line, but its posi- 

tion is rather markedly displaced toward the red. (A slight displace- 

ment of the absorption line in the same direction is not serious, be- 

cause it blends with a weak bright line at 0 114367.) I am therefore 

in doubt whether X 4369 is really the O 11 line. Should it not be 0 11, 

I should be inclined to abandon also the hypothesis of abnormal 

fluorescence in X 4396 (laboratory intensity 7) and should prefer to 

regard this line as unidentified. 

Unfortunately, no other multiplets which are easily observable 

arise from the 011 level = 48,566.4. The multiplet XX 4941, 4943, 

4956 cannot be photographed with the Eastman Process emulsion. 

I have made a search for other coincidences in ultra-violet wave- 

lengths (see Fig. 7). The nearest are: 

H  937-81 Eel  601.4 Hei  537 1 
Sn  937 69 On  600.6 On  537-8 
Su  937-41 Ou  538.3 

The first coincidence may be sufficiently close to produce observable 

effects, but unfortunately the ordinary lines of S11 are all faint. Not 

one of the unidentified emission lines agrees with classified lines of 

5 ii listed by S. B. Ingram.44 The second coincidence is not close 

enough; furthermore, the He line corresponds to a forbidden transi- 

tion and is probably weak in P Cygni. The third case is too remote. 

VIII. THE RADIAL VELOCITIES 

It has been known for a long time that radial velocities obtained 

from different lines of P Cygni are not consistent among themselves. 

Thus, the absolute values of the negative velocities from the H fines 

become larger as we pass from the violet to the red, and for this 

reason the hypothesis has been advanced that V =/(X). For He 1 
44 Phys. Rev., 32, 172, 1928. 
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this functional relationship was found to hold when only a few of the 

stronger lines were measured. 

I have made no attempt to obtain accurate velocities from the 

stronger lines, but have measured velocities for as many lines as 

possible. The results are given in Table I and are summarized in 

Table VI, in which there are given for each element the mean veloc- 

900 1000 1100 1200 1300 A 

Fig. 7.—Ultra-violet spectra 

ities corresponding to lines of approximately equal absorption in- 

tensity. The elements are arranged in order of their ionization po- 

tentials. 

In spite of the large scatter, there is a fair degree of correlation be- 

tween intensity and velocity; for any given element the strong lines 

show a larger velocity of approach than the faint ones. There can be 

no doubt that this is the true correlation, and that the physically 

absurd correlation with wave-length was merely a result of the gen- 

eral tendency in H and He lior the stronger lines to have the longer 

wave-lengths. Exactly the same phenomenon has been observed in 

the B5 component of ß Lyrae. 
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The most interesting result, however, is the obvious correlation 

between velocity and ionization potential: for two lines of a given 

intensity, the one of lower ionization potential has the larger veloc- 

ity of approach. This effect is not caused by the presence of emission 

lines; thus for C n and Mg n, which are very little affected by emis- 

sion, [F| is much larger than for N n, which has strong emission. 

Furthermore, the transition from emission to absorption is gradual, 

not sudden. 
TABLE VI 

Radial Velocities in P Cygni 

Element 
Average 
Intensity 

(Absorption) 
Average 
Velocity No. of Lines 

H (13.5).. . . 
Mgu (15.0) 
C11 (24.3). . 
Hei (24.5).. 
Hei  
He i  
He i  
He i  
Nil (29.5).. 
N u  
N ii  
Nn  
Si m (33.3) 
Sim  
Sm (34.9). 
5 in  
On (34.9)- ■ 
On  
On  
On  
Si iv (45.0). 
Am (47-4) • 
Am   

22 
2 
i 
1 
2 
7 

10 
15 
i 
3 
5 
8 
5 

7-5 
i 
3 
1 
2 
3 

4-5 
4 
1 
2 

km/sec. 
-181 

118 
138 
83 

113 
123 
140 
156 
85 

105 
99 
99 
92 
99 
85 

102 
78 
79 
75 
78 
53 
48 

- 64 

4 
i 
i 
1 
2 
3 
4 
2 
7 
4 
2 
3 
1 
2 
4 
2 

10 
8 
4 
3 
2 
2 
2 

We have consistently been led to the result that lines of high exci- 

tation originate deeper inside the shell. Consider a single element, e.g., 

He I. The strong lines originate in smaller optical depths within the 

nebula than the fainter lines. The velocities of the strong lines are 

greater than those of the faint lines, suggesting an accelerated mo- 

tion of the nebula outward. Now consider two lines of the same in- 

tensity but of different elements. The one of lower potential, as 
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found in section vi, originates at a greater distance from the star than 

the one of higher potential. Consequently, the former should show 

a larger velocity of approach than the latter. This is in agreement 

with observation. 

There is good evidence in favor of this acceleration, from the 

emission lines. These are by no means all of equal width, but a 

closer study of their behavior must be postponed until actual con- 

tours are available. In passing, however, attention may be called 

to the sharpness of the unidentiñed emission line X 4164. 

IX. THE ULTRA-VIOLET AND GREEN REGIONS 

For completeness I have measured several spectrograms on coarse- 

grained, isochromatic plates taken by Mr. J. A. Hynek with the 

prism-spectrograph attached to the 69-inch Perkins reflector. The 

measures are uncertain, especially in the green region, where the dis- 

persion is small and where the comparison lines are not favorably lo- 

cated. The list contains the designations or the laboratory wave- 

lengths of all identified lines and the measured wave-lengths (cor- 

rected to the sun) of the unidentified lines. Attention is called to the 

peculiar intensity of Si in 3806.56, which is a high-level line. The 

forbidden O 11 lines XX 3726, 3729 are not present, thus confirming 

the conclusion that d is relatively small. The 0 11 multiplet 4941, 

43, (referred to in section vii) is not definitely seen on the coarse- 
grained plates, although the first member may be identical with 

X 4938.01 (unidentified). The fist contains 48 absorption lines (of 

which 14 are unidentified) and 20 emission lines (of which 6 are un- 

identified). 
ABSORPTION LINES 

H2S (l) -136; #23 (l) -122; H22 (2) -143; #21 (2) #20 (2) -138; 
E19 (2) -io'5; tfl8 (3) -134; #17 (4) -152; #16 (7) -164; #15 (4) -122; Hj4 (4) 
-146; Hn (4) -105; #I2 (5) -133; #11 (4) -142; #10 (7) -138; #9 (8) -143; 
H^=H& (20 bl. Eei) Her. 3587.30 (2) -198; 36i3-64 (3) -183; 3634.30 (6) 
--113; 3705.10 (bl.#); 3819.63 (8) -13253867.50 (3) -11153871.80(3) -915 
5015.68 (7) -1805 5047.74 (1) -1765 On 3727.33 (2) -955 3632.03 (1) 
-2i6?5 3709.37 (2) -725 37I7-77 (1) -130; 3778.91 (1) -96; 3860.64 (1) -475 
Si m? 3791.41 (1) -152; iv? 3773.13 (1) -68. 

Unidentified: 3599*56 (3); 3602.515 3648.34 (1)5 3723-89 (1); 3782.19 (2)5 
4938.01 (On 4941.12?)5 5052 (1); 5071 (1); 5082 (2)5 5097 (1)5 5125 (2)5 5131 
(1); 5139 (2); 5154 (3). 
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EMISSION LINES 

■His (1) -17; -Si? (2) +1; H1<, (3) +21; ffIS (2) +26; flI4 (2) -14; Eu (3) 
-26; 5i2(3) -17; -0!! (3) -14; FI0 (4) -14; 09 (6) +0; ^13819.63 (6) -10; 
3888.90 (bl. #); 5015.68 (10) — 6; ¿ï m 3806.56 (4) —32. 

Unidentified: 3600.88 (3); 3603.49 (2); 3757-57 M; 5055 (3); (2); 5X56 

(3). 
X. CONCLUSIONS 

As a result of the preceding discussion the following tentative pic- 

ture of P Cygni suggests itself: 

The nucleus is a star of effective temperature 20,000° K, situated 

at a distance of approximately 1000 parsecs from the sun. Owing to 

its great distance, the interstellar line K is exceptionally strong. Se- 

lective interstellar absorption reduces the color temperature to ap- 

proximately 6ooo° K. There is no line spectrum belonging to a 

stationary reversing layer similar to that found in 17 Leporis. The 

absorption lines and the emission lines originate in an expanding 

nebular shell. The velocity of this shell is accelerated outward, be- 

ing approximately 200 km/sec. in the region of formation of the H 

lines and approximately 50 km/sec. in the region where Si iv and 

N in are formed. 

For a given element the stronger absorption lines originate at 

lesser depths than the weaker lines. For two equal lines of different 

elements the one of higher ionization potential originates at the 

greater depth.45 

The mechanism of line excitation deviates from thermal excita- 

tion, and peculiar cases of fluorescence may be present. It is prob- 

able, however, that the dilution constant in P Cygni is much smaller 

than that found for novae or planetary nebulae. 

Yerkes Observatory 
November 1934 

4s Since this paper was written, I have received the November, 1934, issue of the Ob- 
servatory, containing an article by C. S. Beals on P Cygni (p. 319). It is gratifying to find 
that his conclusions in regard to stratification in the shell agree with mine. In this con- 
nection attention may be called to the star 17 Leporis in which the ratio emission/ab- 
sorption is very small and for which I concluded that the ratio : radius of shell/radius of 
star, must be relatively close to 1 ; this is, of course, the same result as that given by 
O H and by other atoms of high ionization potential, in P Cygni (Ap. /., 76, 103, 1932). 
Beals now favors a temperature of 30,000o K. 
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