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THE SPECTRA OF EARLY-TYPE STARS IN THE
NEAR ULTRA-VIOLET REGION

P. SWINGS® and M. DESIRANT

ABSTRACT

The spectra of three B stars and of eleven A stars have been measured for wave-
lengths in the region 3570-3930 A. Identifications are made for most of the lines, and a
discussion of the behavior of the elements is given.

The spectrograms used in this investigation were obtained with
the one-prism Yerkes spectrograph, which was attached to the 69-
inch reflector of the Perkins Observatory. Most of the plates could
be measured as far into the violet as X 3680; one plate of a Cygni was
measured as far as 3570 A. The scale of the spectrograms is 15.4 A
per millimeter at X 3780. For the reduction of the measures quad-
ratic formulae were used.

The stars investigated, together with their Harvard spectral types,
are given in Table I.

TABLE I
v Pegasi B2 # Aurigae Aop
7 Orionis B2 a Canum Venaticorum Aop
B Orionis B8p € Ursae Majoris Aop
a Lyrae Ao # Leonis Ao
~ Geminorum Ao a Geminorum Ao
a Cygni A2p a Canis Majoris Ao
a Andromedae Aop «v Lyrae Aop

For the identifications Miss Moore’s table* was found to be in-
valuable; Kaiser’s tables and the Revised Rowland were also used.?

In the case of the B stars, a number of lines are added to Mar-
shall’s* and to Struve’ss lists and the evidence for the identification
of P++ and Al+ is strengthened. About 65, per cent of the lines may
be considered as fairly well identified.

The only extended investigation of stellar spectra of type A in the

* Advanced fellow of the C.R.B. Educational Foundation.

2 A Multiplet Table of Astrophysical Interest (Princeton, 1933).

3 For Fe* the new measures by Dingle have been used (M.N., 95, 704, 1935).

4 R. K. Marshall, Pub. Obs. U. of Michigan, 5, No. 12, 1934.

50. Struve, 4p. J., 74, 225, 1931.
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near ultra-violet region is that of a Cygni by Wright.® Table III in-
cludes in the common wave-length region many lines additional to
those measured by him.

The results are collected in Tables IT and III, which deal, respec-
tively, with the B and A stars. In the last column of Tables IT and
IIT the figures in parentheses are the Rowland intensities in the solar
spectrum; the figures in brackets are laboratory intensities. The
identifications in braces are doubtful.

In Table III the second column contains the mean wave-lengths
and intensities for the following stars: a Lyr, ¥ Gem, 6 Leo, a Gem,
a CMa, and v Lyr. These six spectra are very similar and have not
been listed separately. The identifications listed in the last column
of Table III cannot be considered as complete for every case; many
of them are satisfactory, but for a number it is certain that other
contributors will have to be considered. The identifications are prob-
ably about as complete as they can be made at this time.

The behavior of the elements in the different spectra agrees quite
well, for the normal stars, with Morgan’s description.”

EXAMINATION OF THE INDIVIDUAL ELEMENTS?

H. The Balmer lines are usually visible as far as Ho(=H,=
3667.87 A).

He. The strongest line in this region is 3819.61 [4], it is either
missing in A spectra or blended with the red part of 3820.61. The
fainter lines 3926.53 [1], 3867.54 [2+1], and 3838.09 [1], which coin-
cide with observed absorption lines, are presumably chance coin-
cidences.

C+. The strongest lines in this region are 3918.98 [6] and 3920.68
[8]; they probably contribute very little to any A-type spectrum.

O*. The two lines 3919.28 [6] and 3911.95 [10], which are fairly
strong in the B stars, are merely chance coincidences in the A stars;
the other four lines, 3875.82 [4], 3864.45 [5], 3830.45 [4], and 3727.33
[8], are also chance coincidences, as they do not appear even in (3
Orionis (BS). _

¢W. H. Wright, Lick Obs. Bull., No. 332, 1921.

7W. W. Morgan, Pub. Yerkes Obs., 7, Part 3, 1935.

¢ The elements indicated here are only those for which the spectral region is fa-
vorable.
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THE SPECTRA OF EARLY-TYPE STARS 33
TABLE II
Approximate v Peg v Ori B Ori L
Wave-Length B2 B2 BSp Identifications
3704 . ool 4o7(T) | He 5.00[3]; He 5.14[1]; HE 386;
O+ 4.73[3]
3727 . 7.28(1) Lo oo Ot 7.33[8]; Net 7.08[g]
3728, . ....... 8.67(R1) {...... ... O** 8.70[1]
3734 e 4.30(H) |......... 4.25(H) | HX 4.37
3737 e 7.77(1) | AI* 8.00[3]
3750. . ....... | o.2r(H) [......... o.12(H) | Hxo.15
3758 . 8.98(4) | Ti* g.29[200]
3701 .. 1.31(3) | T4 1.32[200]
3770 ... ... o.6o(H) |......... 0.62(H) | Hi0.63
3775 e 5.00(2) |
BITT e 7.30(1) |....... .| O% 7.60[4r]; Net™ 7.16[8]
3780. ... .. ... 0.14(1) |
3781, . ... ... L.8I(X) [
3787. ... 7.60(a) | He 7.49[1]
370T ..o 1.38(0) | Sit+ 1.41[3]; O 1.26[6]
3794 . ... 4.43(1) |........ O 4.48[32]; St 4.65][1]
3796 ... ..... 6.24(1) | 6.40(1) {......... Sitt 6.11[4]
3797w --v--| 7.05(H) | 7.97(H) | 7.85(H) | H8 7.90; Ne* 0.02[5]
3802......... 2.50(2) |
3802......... 2.04(3) | 0" 3.14[67]
3806......... 6.62(7) | 6.58(x0) | 6.17(4) | Sit* 6.56[5]; He 5.75[1]
3807 | 7.62(0) |
3809......... 0.46(1) | 9.02(x) |. ... .. |
3810.........00.97(x) |o.50(x) |.... ...l e
3812. . ... 2.23(1) | T.89(T) |
38I3. ... [ 3.200T) oo
3813......... 3.8401) |
3814......... 4.95002) | ... ]l S P
38I5. . ... ... 5.72(1) |
3817.. ... 7.06(I5) [ e
3819.. ... 9.89(9) | 9.53(9) | 9.87(10) | He 9.61[4]; He 9.75[3]
3826 . ... 6.36(1) | o
3833......... 3.21(r) | He 3.56[1]; O 3.10[3]
3835 5.43(H) | 5.62(H) | 5.50(H) | Hn 5.39
3840 0.36(1) |
3846 6.95(02) ... ?0% 7.80[3]; Nt 7.38[3]?
3850 o.07(1 0.98(x) |.........]... R LR R R PP
3853. ... 3.22(1) | 3.37(1) | 3.68(4) | Sit 3.66[3]
3855. . ... ... 5.88(3) | 5.64(2) | 6.15(7) | Sit 6.02[8]; OF 6.16[5]; N* 6.07[3]
3857. . ... ... goz(n) | Ot 7.18[4]
3858......... 8.38(0) | e
3858. . ... 8.83(1) 1 9.69(P2) |........ .|
3862.........1 2.79(2) | 2.83(1) | 2.68(5) | Sit 2.50[6]
3864......... 4.80(1) | 4.80(1) |......... O% 4.45[5]; OF 4.68[1]
3867.........| 7.51(6) | 7.76(4) | 7.20(3) | He 7.46[2]; He 7.62[1]
3870 o.11(0) | ..
3872......... 2.23(3) | 1.99(3) | 2.00(2) | He 1.80[1]
3876. . ....... 6.49(a) | 6.71(2) |......... Ct+ 6.19[4]; CT 6.41[2]; OF 5.82[4];
0% 6.05[1]; C* 6.67[1]
3878. . .......| 8.39(x) | 8.37(x) |......... He 8.18(1]
3880. . ...l 0.13(1) |......... C*+o.59[1]; C* ¢.60[1]
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TABLE II—Continued

|
|

Approximate v Peg v Ori B Ori L
Wave-Length B2 B2 B8p Identifications !
|
3882......... 2.09(4) | 2.38(3) |......... Ot 2.20[7]; O 2.45[1] i
3884. ... 4.07002) |l i
3888 .. 8.58(2) |vvoe e i
3888......... 8.94(H) | 8.098(H) | 8.80(H) | HE 9.05; He 8.65[10] |
3880. . ..o 0.07(X) oo .
38T . .o 1.58(x) | 1.21(T) | oo i
3892......... 2.440) |........ ... R St 2.32[5] !
3803 i 3.73(1) | 3.70(x) | OF 3.52[2] .
3805. ... .. 5.20(1) |......... 5.50(1) | Pt 5.03[6] I
3800 .o 6.31(?) |......... ?0" 6.30[1]? '
3807 e 7.85(P) | |
3898 . e 8.71(1) |ve i
3800. ... ..., 0.43(1) 1.9.70(1) | oo [
3000 .« i 0.81(1) | Ti* o.55[50]; A 0.68[10] |
3003......... 3.46(1) [ 3.66(0) | 3.50(0) | ..o i
3004. .. ... ... 4.81(x) | Pt 4.79[6] i
3005 . i) i 5.03(P) | |
3007 ... ... ... 7.74(1) | 7.80(2) {......... O* 7.45(4] I
3008, o 8.60(T) |t vt !
30I0. . ... ... 9.85(?) |......... 0.63(7) ... . i
30I2. .. ...... 2.18(4) | 2.47(3) | 2.19(x) | OF 1.96[10]; OF 2.09[2] I
103 & JAUUMUIUIN PRIV D 3.560[0] | I
30T4. . unn.. 4.4100) | |
3914 4.87(2) | 4.63(2) | e ‘I
3015 . v 5.70(0) |oee i
30T7. «cnnn. 7.30(2) | 6.7001) §ooon |
3018. . ....... 8.88(5) | 9.30(4) | 8.79(4) | C*8.98[6]; OF g.29[6]; N* g.00[6] i
3920 .. ... .. 0.49(5) | 0.75(4) | 0.40(4) | C*o0.68[8] |
302T. . ....... 1.74(0) |......... 2.48(T) o !
3023 . . nnn.. 3.14(1) | St 3.47[4]; P 2.72[4] |
3024. ... 4.30(3) | 4-54(3) | 4 0650) Sit 444l |
3026. . ....... 6.66(4) | 7.07(4) | 6.42(4) | He 6.53[1] |
3027 e 7.03(1) oo i
3028, . ....... 8.78(3) | 8.57(2) |......... St 8.59[s] |
3020 i 0.64(T) | o i
R10%7 S PEUIIN PP 1.78(x) |....... .. S+ 1.88[2] |
I
I
I
|
Net. The absence of 3777.16 [8], which would be in a favorable |
region, seems to be strong evidence against the identification of Net; |
. . . . . . i
this agrees with the expected maximum intensity in the B stars. All |
. . I
the other coincidences are probably due to chance. |
Mg. The triplet 3838.30 [1o00r], 3832.31 [8or], 3829.37 [40] is |
very strong in all the A stars except in a And and 6 Aur, where the |
three lines are missing. The triplet is especially strong in a Lyr, |
|

a Gem, e UMa, v Gem, and o« CMa. Usually the observed estimated
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intensities agree quite well with the laboratory intensities, as is
shown in Table IV. There are no strong singlet lines in this region.

Mg*. The only lines in the region covered are 3848.24 [7] and
3850.40 [6], 3°D —52P°; as 3848.24 does not appear, the wave-length
coincidence of 3850.40 seems due to chance.

Al*. The strongest line at 3900.66 [10], is blended with T4+
3900.54 (5). The blend appears in all the stars except 6 Leo and
a CMa. The triplet 3586.55 [9], 87.06 [8], and 87.44 [7] may possibly
be blended with Fe 3587.63 (7), which is present in a Cyg.

Si. The only strong line in this region is 3905.53 (8), which possi-
bly blends with the Fe line 3906.49 (10). Actually the mean stellar

TABLE IV

Macnestom Triprer 33P°— 33D

Lab. © a Lyr eU Ma o« Gem a CMa
3838.30. ... ... 100 25 7 7 10 7
3832.31........... 8o 15 4 5 7 5
3829.37........... 40 10 3 4 6 3

wave-length is 3905.93; Wright’s value in a Cyg is 3906.1. Both
measures are definitely smaller than the Fe wave-length, indicating
the possible influence of the S7 line. On the other hand, the ob-
served line at 3905.93 is much stronger than 3920.50, which is due to
Fe 3920.27 of the same intensity (10) in the sun. A weak Fe* line at
3906.04 (—1) may also contribute to the blend and complicate the
question.

S7t. The three strong lines in the region are 3853.67 [3], 3856.03
[8], and 3862.59 [6]. These lines require a considerably lower excita-
tion potential (6.83 volts) than the pair at 4128-4130 (9.80 volts).
All three of the lines are present in all the stars except v Lyr. The
intensities usually agree with the laboratory values, as is shown in
Table V. There are no other Si* lines in this region.

S*. There is no evidence for or against the presence of St in this
region, as the strongest line, 3923.43 [6] is blended with Fe 3922.92.

Ca. There seem to be no Ca lines in this region, as the only coin-
cidence is 3624.63 in a Cyg, intensity 3, which might be due to Ca
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3624.12 [20]; other members of the same multiplet, however, do not
appear.

Ca*. The only lines in the region are 3706.04 [10] and 3736.92 [11];
they are blended with strong Fe lines, 3705.58 and 3737.14.

Sc. There are probably no stellar Sc¢ lines in this region. A strong
line at 3911.83 [100] coincides with an observed line in § Aur, a CVn,

TABLE V
S+t LINES

Lab. | B Ori | aLyr |Y Gem| « Cyg| « And{ 8 Aur { & CVn|e UMa| 6 Leo |a Gem|{a CMa

3862.59..1 6 5 7] 6 5 4 | 10 7 2 4 4 3
3856.03..] 8 7 7 6 6 5 10 8 4 10 5 5
3853.67..| 3 4 | 34| 3 4 4 6 6 2 4 3 2
TABLE VI
Lab A Lab. Int. | B 1D Blends
a Cyg
.48

gg;; ‘;7} ........... 50 2 Fe (5)

3576.33\ Fe (4) and Ni [3]

3576.30) 30 2 e (4) and Ni [3

3580.03. . .cnnnnn. 20 2 Fe (30)

3630.74.. 0. 100 1 Fe (3)

3642.83............ 50 I e

and e UMa; but the other line of the same intensity at 4023.69 was
not observed by Morgan in § Aur and a CVn.

Sct. The following lines, which are the strongest in the observed
region, may be partly due to Sc¢* in the spectrum of a Cyg. An ex-
amination of the observed intensities shows that Sc¢t must be a
minor contributor. Morgan found rather weak lines of Sc¢t in the
ordinary photographic region of a Cyg (see Table VI).

T:. Many coincidences in wave-length occur, but they seem due
to chance.

Ti+. This spectral region is very suitable for investigations of 77+
because of the presence of very strong lines, such as 3759.30 [200],
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3761.32 [200], and 3685.20 [250]. The lines are strongest in a Cyg;
they are also very strong in a CVn, 6 Leo, and a Gem.

V. The lines shown in Table VII may possibly contribute to
blends, but their contribution is still doubtful.

V+. The strongest lines—3878.75 [35], 3903.26 [25], and 3727.35
[35]—seem present, but they are blended with Fe lines, which leaves
the identification of ¥+ doubtful in this region. '

Cr. Many coincidences occur, but they seem due to chance; there
are no very strong Cr lines in this region.

Cr*. All lines of intensity > 2 in the solar spectrum are present in
a Cyg; even several lines of intensity 1 in the sun may be present,

TABLE VII
Mean
Lab. A Stellar A | Observed Blends
Intensity
3855.85 [100].". . ... 56.37 5 Szt 6.03; Fe 6.38(8)
3850.76 {60]....... 40.82 5 Fe Mn (10); Fe (8)
3828.57{60]....... 28.10 4 Fe (8)
3818.24 [60]....... 17.70 3 Fe (3)
3813.49 [60]....... 13.07 4 Fe (5); Tit(2)
3703.59 [100]. ... .. 04.11 H Hg

but they are blended with Fe. The lines are especially strong in a
Cyg and also in a CVn.

Mn. The wave-length coincidences are due to chance; the spec-
tral region does not contain strong M# lines.

Mmn*. The region is also unsuitable for the detection of M#»™. The
peculiar stars, « And and a CVn, which show M#" lines in the ordi-
nary photographic region, contain no trace of 3883.28, which is the
strongest line of M#* in this region.

Fe. Very many lines are present; the region is particularly rich in
lines of great laboratory intensity. The Fe lines are especially strong
in  Leo, a CVn, a CMa, a Lyr, and a Cyg.

Fe*. Rather few Fet lines are in the region covered; they are
strong in a Cyg.

Co. This element seems absent; the strong line 3845.57 [60] coin-
cides with a stellar line; but 3894.10 [60] of the same multiplet is ab-
sent; N 3873.13 [60] is also absent.
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Ni. The region is very suitable for the detection of Ni. Line
3619.40 [150 R] may contribute to the stellar line 3619.08 in a Cyg,
which is mainly due to Fe 3618.78; Ni 3858.30 [40r] may contribute
to 3858.85, which is principally due to Fe 9.22. Other coincidences
seem due to chance.

Ni+. The region is particularly suitable for the investigation of
Nit. The line 3769.46 [5] is strong in a Cyg, intensity 8; it also ap-
pears in a CVn and 6 Leo. The other strong line is 3576.66 [3], which
appears also in a Cyg; it is blended with Fe and Sc* lines.

Y. The strongest line is 3620.97 [400]; it may contribute to
3621.08 of a Cyg, which is due mainly to Fe 3621.47.

TABLE VIII
Lab. Lab. Int. © Int.
3832.45........... 100 3N
3788.70. ... ... ... 200 2
377437 o 300 3
370077 i 500 3

Y+. The lines shown in Table VIII contribute to blends.

Zr. The coincidences observed seem due to chance.

Zr+. The two strongest lines, 3698.17 and 3751.59, are blended
with Ho and Hk; certain other Zr* lines may possibly contribute
faintly to blends.

Ba*. The region is not suitable; it seems improbable that the line
at 3891.78 [50] could appreciably blend with Fe 91.94.

Lat. The strongest line is located at 3794.77 [500]; it may possibly
blend slightly with Fe 3795.01. Other coincidences seem accidental.

Ce*. Higher dispersion is needed; 3801.53 [10] may possibly con-
tribute to 3801.53 in a CVn.

Eu*. The presence of Ex* in a CVn is confirmed.

Rare earths. There are many coincidences with lines of ionized
Pr,Nd, Sm,Gd, Tb, Dy, and Er, but higher dispersion is required for
determining with certainty the reality of the identifications.

PECULIAR A STARS

A number of lines are present in the peculiar stars only; for exam-
ple, twenty-one lines are present in a CVn but not in the ordinary
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Ao stars; there are four similar lines in a And, eight in 6 Aur, and
nine in e UMa. Many of these lines coincide in position with Fe
lines, but it is certain that in many cases this identification is not
satisfactory.

We wish to express our thanks to Professor Otto Struve, who sug-
gested and encouraged this investigation; to Dr. F. E. Roach, who
obtained the spectrograms; and to Dr. W. W. Morgan, who gave
valuable advice.

September 11, 1935
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