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ABSTRACT 
A list of lines visible in OAO-3 spectrum scans of the spectrum of 77 CMa, B5 la, is presented for the regions 1008- 

1425 Â and 1890-3105 Á. The spectra definitely present in the ultraviolet are H 1, He 1, C n, C m, N 1, N 11, O 1, 
O ii, Mg i, Mg 11, Al ii, A1 in, Si ii, Si in, Si iv, S 11, S m, S iv, Ti m, V m, Cr 11, Cr in, Mn m, Fe n, Fe m, Ni 11. 
The following spectra are probably present: B 11, Si 1, P 11, P m, Cl 1, Cl m, Ca 11, Sc m, Ti iv, Cr iv, Mn iv, Ni m, 
and Y m. The broad resonance lines of C 11, N 11, Mg 11 and. Si iv are shortward displaced on the average by 120 km 
s-1. The C in blend at 1176 Â is undisplaced. Strong undisplaced zero-volt lines of Mg 1 and Mg 11 arise from a sta- 
tionary circumstellar envelope which is shown also by the resonance lines of Ca 11 and Na 1. The zero-volt lines of Fe 11 
may also be formed in this circumstellar shell. Line-blocking factors for each 10 Â of spectrum from 1010 to 1420 Â 
are given in table 3; blocking factors for each 20 Â of spectrum between 1900 and 3080 Â are given in table 4. 
Subject headings: early-type stars—line identifications—luminous stars—spectra, ultraviolet—stars, individual 

I. INTRODUCTION 

Low resolution spectral scans of the ultraviolet 
spectrum of B-type supergiants have been published by 
Underhill, Leckrone, and West (1972) who give a list of 
possible contributors to the major spectral features. 
Observations obtained by OAO-3 show that there are 
many absorption lines present in the ultraviolet spec- 
trum of Eta Canis Majoris, B5 la. This paper presents 
a line list and an estimate of the blocking factors for 
that part of the ultraviolet spectrum that is well 
recorded by OAO-3. 

Spectrum scans are available from 1008 to 1425 Â 
taken with the U2 spectrometer (Rogerson et al. 1973) 
at steps of 0.2 Â, and from 1890 to 3105 Â taken with 
the V2 spectrometer at steps of 0.4 Â. Many absorption 
lines are visible on the scans. The background is 
200-300 counts per dwell interval (13.76 s) on the U2 
scan but several thousand counts on the V2 tracing. 
The wavelength scale on the tracings has been derived 
from the positions of the carriages and it is corrected 
for the motion of the satellite and for the known radial 
velocity of the star. This scale seems to be accurate to 
±0.1 Â which is the uncertainty within which the 
apparent wavelength of a line can be estimated. For 
convenience in comparing with wavelength tables, at 
X > 2000 Â the wavelengths are computed as if the 
observation were done in air. 

The lines have been identified by comparing with 
the Ultraviolet Multiplet Tables and Finding List (Moore 
1950, 1952, 1962), With Selected Tables of Atomic Spectra 
(Moore 1965, 1970), with the Revised Multiplet Table 
(Moore 1945), and with a list of Atomic and Ionic 
Emission Lines Below 2000 Â—Hydrogen through Kryp- 
ton prepared by Kelly and Palumbo (1973). Once a 
spectrum was determined to be probably present by 
virtue of the presence of a significant number of strong 
lines, all possible coincidences generally were listed. In 

the case of very full spectra, such as Fe 11, coincidences 
with the weakest lines, those of intensity 5 or less, were 
generally not listed. 

A quantitative description of the spectrum of r? CMa, 
B5 la, over the spectral range 3187-6678 Â has been 
given by Underhill and Fahey (1973). The spectra 
found by them were taken as a starting point for the 
identifications in the ultraviolet. That study indicates 
that in addition to lines of H and He 1, lines of C 11, 
N ii, O n, Ne i, Na 1, Mg 11, A1 11, A1 m, Si 11, Si m, 
P n, S ii, Cl ii, Ca ii, Fe n, and Fe m are present. 

II. THE LINE IDENTIFICATIONS 

The apparent wavelength of each absorption line 
was estimated from the tracings to 0.1 Â. On the U2 
tracings, where the spectral purity is 0.2 Â, coincidences 
were searched for within ±0.3 Â of the apparent 
wavelength. On the V2 tracings where the spectral 
purity is 0.4o Â, coincidences were generally sought 
within ±0.5 Â of the apparent wavelength. Somewhat 
wider tolerances were allowed if a blend seemed to be 
present to one side or the other. The absorption lines 
present are listed in tables 1 and 2. 

The format of the wavelength tables is as follows: 
Column (1).—The apparent wavelength of the center 

of the absorption feature. 
Column (¿).—The apparent depth of the absorption 

line relative to an adopted continuum and noise level. 
Columns (3) and (4).—The spectrum and multiplet 

number from Moore (1945, 1950, 1952, 1962, 1970). 
Multiplet numbers from the Revised Multiplet Table are 
prefixed by the letter R. 

Columns (5) and {6).—The laboratory wavelength 
and the laboratory intensity as listed by Moore. These 
laboratory intensities are on different scales for the 
different spectra, but within any one spectrum they 
indicate the relative intensities of the lines. No intensity 
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TABLE 2—Continued 

Apparent \ 
Central 

Absorption Sp. 
Mult. Laboratory 
No. X int. Remarks 

66.6 
67.4 
68.0 
68.6 
70.2 
70.8 
71.5 
72.5 

73.2 
76.0 
77.4 
78.8 

80.2 
86.6 

88.3 
93.8 

96.7 
97.3 

27 - 
23 - 
21 - 
20 Fe II 
18 Fe III 
19 Fell 

23 Cr II 
18 Cr II 
24 Cr II 

5 - 
10 Fell 
5 Fe II 

5 Fe II 
15 Si III 

SI III 
8 AI II 

17 SI III 
SI III 

6 
10 

Si III 
S IV 

R122 
R30 
R68 
R47 

R47 

R108 

R181 
R108 

R1 
R1 

R20 
R1 
R1 
R1 
R1 

68.757 

70.072 
70.092 
71.58 

R32. 116 72.47 
73.25 

77.168 
78.698 

80.405 
86.236 
86.46 
88.523 
93.424 
93.65 
96.826 
97.46 

(2) 
(5) 
(4) 
(7) 
(8) 

(15) 

(10) 

(8) 
(2) 

(25) 
(6) 
(3) 

(20) 
(5) 

(16) 

X3100 X3100 

05.2 17 Fe II 
Fe II 

R82, 122 05.166 
R82 05.548 

(5) 
(5) 

1 
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ULTRAVIOLET SPECTRUM OF ETA CANIS MAJORIS 

is listed when the line is from the finding list by Kelly 
and Palumbo because these authors list the intensities 
on a different scale to Moore. 

Column (7).—Remarks about the appearance of the 
lines on the U2 and V2 tracings. Those lines noted as 
circumstellar in origin are probably formed in a cir- 
cumstellar shell of gas. rj CMa is too nearby and too 
unreddened to have strong interstellar lines. 

Many of the lines listed by Kelly and Palumbo are 
unclassified or they belong to multiplets not listed in 
the tables due to Moore. For these lines it was impossible 
to check that the multiplet structure is well represented 
in the spectrum of 77 CMa and the selection is made 
solely on the basis of wavelength coincidence. 

The central absorption of the lines was estimated 
relative to a continuum which was drawn through the 
highest points on the tracings. The amount of stray 

J light in the U2 tracings was estimated in the manner 
given by York et al. (1973) and it was subtracted from 
the apparent number of counts before calculating the 
central absorption. The background on the V2 tracings 
was put equal to 4500 counts which is the count at the 
center of the deepest lines. We assume that this back- 
ground is independent of wavelength because it is 
believed to be due to noise generated in the photo- 
multipliers by the particle flux encountered in orbit. 
In principle this background flux will vary with position 
of the satellite in orbit. Since we do not have enough 
information to evaluate a variation (very few very 
deep lines) we are adopting a constant value at all times 
for evaluating the central absorption as an index of the 
’ine strength. 

Spectra identified in the ultraviolet spectrum of rj 
CMa are as follows : 

H I.—Broad strong absorptions are present at La 
and Lß. These may be partly interstellar in origin. 

He I.—Six lines of the 2 *S-n ZP° series with 5 < 
n < 10 are present. 

B ii.—There is a weak line at 1362.4 Â. It could be 

385 

due to a blend of a Si in line and the resonance line of 
B ii. 

C ii, in.—The resonance lines of C 11 and the 1176 Â 
blend of multiplet 4 of C in are present as strong broad 
lines, see figure 1. 

N I, ii.—The lowest multiplets of N ï are definitely 
present and the resonance lines of N 11 form a wide 
deep blend; N 11 is strong in the visible spectrum, see 
figure 2. 

per integration time. 
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386 ANNE B. UNDERHILL 

O i, il.—The lowest multiplets of O i are definitely 
present; lines of O n are present only at X > 3000 Â. 

Ne i.—Lines of Ne i are present in the visible range 
but not in the ultraviolet. 

Na I.—No lines are found in the ultraviolet although 
the resonance lines are present in the visible spectrum. 

Mg i, ii.—The resonance line of Mg i is present as a 
circumstellar line; the lines of Mg n are strong, see 
figures 3 and 4. 

A1 ii, in.—Both spectra are present in the visible 
spectrum; a few A1 n lines are listed in the ultraviolet 
and one unclassified line of A1 m. 

Fig. 3.—The Mg i resonance line, probably circumstellar in 
origin. 

Si I, il, in, iv.—The resonance lines of Si i are pos- 
sibly present; lines of Si n and Si m are definitely 
present and the resonance lines of Si iv appear, see , 
figure 5. 

P n, m.—Some P n lines are listed in the visible 
spectrum; P n and P m are possibly present in the 
ultraviolet spectrum. 

S ii, in, iv.—Some S n lines are listed in the visible 
spectrum. The resonance lines of S n, S m, and S iv ' 
are definitely present in the ultraviolet. 

Cl I, ii, in.—The resonance lines of Cl i are probably 
present; those of Cl n are definitely present; those of ^ 
Cl in probably present. Only one Cl n line is listed in 
the visible spectral range. 

Ca ii.—Some Ca n lines may be weakly present in 
the ultraviolet; H and K are present in the visible ^ 
spectrum. Lines of Ca m are not probable as their 
excitation potentials are high. ^ 

Fig. 5.—The shortward displaced resonance lines of Si rv in 
the spectrum of rj CMa. 

Fig. 4.—The spectrum of 77 CMa in the region of the Mg n resonance lines. Note the strong circumstellar lines separated from the 
displaced stellar lines. 
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ULTRAVIOLET SPECTRUM OF ETA CANIS MAJORIS 387 

Sc in.—Lines of Sc m are probably present in the 
ultraviolet. 

Ti in, iv.—Lines of Ti m are definitely present in 
the ultraviolet; lines of Ti iv are possibly present. 

V in.—Lines of V m are definitely present. 
Cr ii, in, iv.—Multiplets from the ground configura- 

tions of Cr ii and Cr m are definitely present; coinci- 
dences with Cr ii are not generally listed; one coincidence 
with Cr iv is listed. 

Mn in, iv.—The Mn m resonance lines are not 
accessible; other lines of Mn m seem to be present and 
some lines are listed; one unclassified line of Mn iv 
is listed. 

Fe ii, in.—The lines of Fe n and Fe m are weak in 
the visible spectrum; they dominate the region 1890 
to 3000 Â. Lines of laboratory strength 5 or greater 
are listed. 

Co in.—The strongest lines are out of the available 
spectral range; this spectrum was not searched for. 

Ne ii, m.—Lines of Ni ii are probably present, some 
coincidences are listed; the Ni m resonance lines are 
not available but some coincidences are listed; Ni m 
is probably present. 

Y in.—Coincidences with half the possible lines 
suggest Y ni is possibly present. There is no evidence 
for Y ii. 

III. LINE DISPLACEMENTS 

Shortward displacements of strong resonance lines 
indicating the presence of an expanding atmosphere 
were sought with the results given in the table below. 

Spec- 
trum 

Labora- 
tory X Remarks 

Displacement 
(km s-1) 

C n  1334.523 Â Two lines blended 
1335.708 

Nil  1083.977 
1084.568 

Four lines blended 

Mg n.. 
Mg n.. 

1085.536 
1085.699 
2795.523 
2802.698 

Siiv  1393.755 
Siiv  1402.769 

Shortward displaced dip 
Shortward displaced dip 

- 83 

-138 

-104 
-112 
-196 
-100 

An unweighted mean wavelength was adopted for the 
C ii and N n blends. 

The C in blend at 1176.6 Â from the metastable 
2 ZP° level is undisplaced. In the wavelength ranges 
studied, there are 18 lines of Fe n and one of Fe m 
which have an excitation potential of zero volts. These 
lines are not displaced. Some of them appear to be 
sharper than the average line and they may be cir- 
cumstellar in origin. No firm evidence of displaced 
components beside the Fe ii circumstellar components 
exists as is the case for the Mg n resonance lines, see 
table 2 and figure 4. The expanding shell of rj CMa 

does not have an appropriate density and level of 
excitation to show up in the Fe n spectrum. 

The Mg ii resonance lines are double, consisting of a 
strong undisplaced component, which dips to the noise 
level and which is probably circumstellar in origin, and 
a displaced component. Since 77 CMa is unreddened, 
strong interstellar lines are not expected. The undis- 
placed components of the Mg 11 and Mg 1 zero-volt 
lines are very strong and they probably originate in a 
stationary circumstellar shell rather than from the 
interstellar gas. The Mg 1 resonance line is sharp (see 
fig. 3) and because of its strength is probably circum- 
stellar rather than interstellar in origin. This star has 
moderately strong Ca 11 and Na 1 resonance lines which 
are circumstellar in origin (Underhill and Fahey 1973). 

In tables 1 and 2 it is noted that some zero-volt lines 
may be circumstellar in origin. Probably these lines 
come predominantly from the circumstellar shell which 
is visible in the Mg 1, Mg 11, Ca 11, and Na 1 resonance 
lines and which seems to be stationary with respect to 
the main atmosphere of the star. Since the shortward 
displaced absorption lines, in particular those due to 
Si iv, are broad, it is suggested that they are formed in 
a moving layer which is below the stationary circum- 
stellar layer. The undisplaced C m 1176 Â multiplet 
may be formed in the circumstellar shell. The present 
observations do not have sufficient resolution to show 
the individual lines which one would expect to see if 
they originated in the circumstellar shell. 

IV. LINE BLOCKING 
The absorption of light from the spectrum, particu- 

larly at wavelengths shortward of 1400 Â, due to 
blended absorption lines is considerable. The line- 
blocking fraction was measured by integrating the 
equivalent width absorbed between the adopted con- 
tinuum and the star spectrum. These blocking factors 
are listed in tables 3 and 4 and shown plotted against 
wavelength in figures 6 and 7. On the U2 tracings the 

1000 1200 
Fig. 6.—The ultraviolet line blocking in 10 Â wide strips from 

1010 to 1440 À. 
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388 ANNE B. UNDERHILL 

2500 2600 2700 2800 2900 3000 3100 Â 

TABLE 3 

r¡ CMa Blocking Factors 1010-1440 Â for Strips 10 Â Wide 
TABLE 4 

r) CMa Blocking Factors 1900-3080 Â for Strips 20 Â Wide 

Central 
Wavelength 

Blocking 
Factor 

1015. 
1025. 
1035. 
1045. 
1055. 
1065. 
1075. 
1085. 
1095. 
1105. 
1115. 
1125. 
1135. 
1145. 
1155. 
1165. 
1175. 
1185. 
1195. 
1205. 
1215. 
1225. 

0.77 
0.78* 
0.88 
0.64 
0.71 
0.79 
0.69 
0.75 
0.66 
0.64 
0.57 
0.83 
0.66 
0.64 
0.56 
0.48 
0.59 
0.48 
0.69 
0.88 
0.83 
0.60 

Central 
Wavelength 

Blocking 
Factor 

1235. 
1245. 
1255. 
1265. 
1275. 
1285. 
1295. 
1305. 
1315. 
1325. 
1335. 
1345. 
1355. 
1365. 
1375. 
1385. 
1395. 
1405. 
1415. 
1425. 
1435. 

0.49 
0.32 
0.44 
0.57 
0.45 
0.46 
0.57 
0.50 
0.52 
0.39 
0.47 
0.39 
0.42 
0.52 
0.54 
0.56 
0.47 
0.41 
0.28 
0.30 
0.24 

* Includes intersteUar L/3. f Includes interstellar La. 

line-blocking factor averages about 0.5. On the V2 
tracings it decreases from about 0.23 at 1900 Â to about 
0.05 at 3000 Â. To some extent these blocking factors 
are arbitrary for they depend sensitively on the level of 
the adopted continuum. This level was drawn as a 
smooth line joining the highest spots on the tracing. 
Windows indicating the level of the continuum occur at 
intervals of about 20 Â on the U2 tracings and at about 
50 Â on the V2 tracings. The resulting blocking factors 
are probably correct to within ± 20 percent. The amount 
of line blocking found here for a supergiant is roughly 
the same as that found by Underhill (1973) from 

Central 
Wavelength 

1900. 
1920. 
1940. 
1960. 
1980. 
2000. 
2020. 
2040. 
2060. 
2080. 
2100. 
2120. 
2140. 
2160.. 
2180.. 
2200.. 
2220.. 
2240.. 
2260.. 
2280.. 
2300.. 
2320.. 
2340.. 
2360.. 
2380.. 
2400.. 
2420.. 
2440.. 
2460.. 
2480.. 

Blocking 
Factor 

0.26 
0.32 
0.24 
0.35 
0.25 
0.28 
0.27 
0.19 
0.23 
0.37 
0.28 
0.21 
0.22 
0.21 
0.23 
0.11 
0.20 
0.17 
0.19 
0.15 
0.12 
0.15 
0.21 
0.15 
0.16 
0.16 
0.13 
0.13 
0.10 
0.12 

Central 
Wavelength 

2500. 
2520. 
2540. 
2560. 
2580. 
2600. 
2620. 
2640. 
2660. 
2680. 
2700. 
2720., 
2740. 
2760., 
2780., 
2800., 
2820.. 
2840.. 
2860.. 
2880.. 
2900.. 
2920.. 
2940.. 
2960.. 
2980.. 
3000.. 
3020.. 
3040.. 
3060.. 
3080.. 

Blocking 
Factor 

0.11 
0.13 
0.16 
0.09 
0.09 
0.11 
0.12 
0.08 
0.06 
0.04 
0.03 
0.06 
0.09 
0.08 
0.05 
0.14 
0.05 
0.10 
0.06 
0.06 
0.06 
0.02 
0.08 
0.03 
0.06 
0.04 
0.09 
0.15 
0.08 
0.03 

OAO-2 spectrum scans for main-sequence B stars with 
respect to a theoretical continuum. 

I am grateful to Dr. Lyman Spitzer, Jr., and Dr. D. C. 
Morton of the Princeton University Observatory for 
furnishing me with the OAO-3 spectrum tracings on 
which this work was done. This paper has benefitted 
from discussions with Dr. Morton. 
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