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Abstract. Th is paper repor t s o n p re l iminary analysis of spectral scans of ear ly- type s tars ob ta ined 
with the Orbi t ing As t ronomica l Observa to ry . T h e discussion is confined t o t he spec t ra of 50 s tars 
observed with a reso lu t ion of app rox ima te ly 10 A over the spectral in terval from 1050 A to 2000 A. 
Fo l l owing a qua l i ta t ive descr ip t ion of t h e spect ra , observed equiva len t wid ths of t he S i iv (1400 A) 
a n d C iv (1550 A) 1 ines a re c o m p a r e d wi th model a tmosphe re ca lcu la t ions . T h e results suggest an 
u p w a r d revision of the s tel lar t empe ra tu r e scale for stars earlier t h a n B3 V. 

The Wisconsin instrumentation on the OAO-A2 spacecraft includes an objective 
grating scanning spectrometer sensitive to the spectral interval from 1050 A to 2000 A. 
Spectral scans are accomplished by rotating the grating in discrete 10-A steps. An 
Ascop 541F photomultiplier, mounted behind a 10-A slot in the focal plane, is opera
ted in both a pulse-counting and direct-current mode. This paper describes some 
preliminary results from the data for approximately 50 early-type stars. Repeated 
scans of many of the objects over intervals of time as great as several months show 
internal agreement of the order of 2% for those stars not known to be variable. This is 
probably a realistic value of the photometric accuracy of the data. 

Figure 1 shows the variation of the stronger spectral line features with spectral 
type for main-sequence stars where the digital counts are plotted as a function of 
wavelength. The Civ resonance line at 1550 A is the strongest stellar feature in this 
spectral region for stars earlier than B0. The Siiv line at 1400 A and the Civ lines at 
1550 A are equal at type B0.5 V and by Bl the Siiv resonance line dominates. At B3 V 
Siiv is just detectable and Sim reaches a maximum. The stellar Lyman-a line and 
Sim blend give a large absorption at Lyman-a in stars later than B3. The contribution 
to Lyman-a in earlier types is primarily due to interstellar hydrogen and stellar Nv . 

The spectra show a strong luminosity effect for supergiants, which is illustrated at 
type 09 .5 in Figure 2. The Siiv line, the Civ line, and the Feii + Cni blend at 1610 A 
all increase markedly in equivalent width among the supergiants, while maintaining 
about the same ratio among themselves. These lines display emission components in 
the red wings of the absorption lines and even at this low resolution the violet displace
ments of the absorption lines relative to Lyman-a observed by Morton (1967) are 
apparent. The variations in the strength of Lyman-a shown in the figure are due to 
variations in the interstellar absorption. 

The measured equivalent widths of the Civ and Siiv resonance lines as a function 
of spectral type are shown in Figure 3. These curves are based on data from approxi
mately 40 stars which show a mean scatter of about 10%. The main sequence and 
giants have about the same equivalent widths. The supergiants in general have consi
derably larger equivalent widths as was indicated in Figure 2. For main-sequence 
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Fig . 1. Spectral scans of ear ly- type s tars f rom 1000-1800 A. T h e relative response is p lo t ted against 
wavelength for main-sequence s tars of different spectral types . 

Fig. 2 . Spectral scans i l lus t ra t ing the luminos i ty effect exhibi ted 
by the s t rong stellar lines at spectral type 0 9 . 5 . 
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stars, the Civ line reaches a maximum in the O-type stars, while S iv peaks at about B1. 
The two lines are of equal strength near B0.5 V. 

Some model atmosphere calculations have been carried out for these resonance 
line profiles. The model atmospheres program was developed by Klinglesmith (1969) 
and includes hydrogen line blanketing for Lyman and Balmer lines to n = 40. The line 
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Fig. 3. M e a n equivalent wid ths of the C i v (1550 A) a n d Si iv (1400 A) 
lines as a funct ion of spectral type, de te rmined from O A O scans . 

F ig . 4 . Theoret ical equivalent wid ths as a funct ion of effective t empe ra tu r e for mode l a tmospheres 
in local t h e r m o d y n a m i c equi l ib r ium for the C i v and Si iv resonance l ines . T h e uppe r curves are from 

Bradley and M o r t o n (1969), the lower curves from Kl inglesmi th (1969). 
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Fig . 5. Observed m e a n equivalent widths vs. M o r t o n ' s t empe ra tu r e scale ( M o r t o n , 1969). 

broadening mechanisms for the Siiv and Civ lines include electron impact, ion broad
ening, self-broadening, and radiation damping. The electron collision widths were 
computed by Oertel on the basis of a revised GKBO theory (Cooper and Oertel, 1967) 
which gives good agreement for those ions with measured widths. Figure 4 shows the 
equivalent widths of Civ and Siiv as a function of effective temperature for log g = 4.0 
models and abundances of 4 x 1 0 " 3 and 5 x 10~ 4 by weight relative to hydrogen. For 
comparison, also shown are the equivalent widths determined from the family of 
models by Morton and associates (cf. Bradley and Morton, 1969) in which a damping 
constant ten times classical damping was employed, which yields widths about twice 
those observed. The more detailed calculations yield equivalent widths that are too 
small by a factor of about 1.5 and would require a factor of 2 increase in abundance. 
Both sets of curves, however, show the same variations with temperature. The Siiv 
peaks at about 28000 K and the Civ at about 34000 K. These calculations assume 
LTE, which may not be valid for these lines. 

In Figure 5 the observed equivalent widths are plotted against effective temperature 
using Morton's (1969) most recent temperature scale. The curve is distorted relative 
to the model atmosphere results, suggesting too large a temperature difference between 
B0 and Bl . The Siiv peaks at 22500 K in contradiction to the model atmosphere cal
culations even for unrealistically low values of \ogg. 

A comparison of the continuum fluxes from the OAO spectral scans provides a 
preliminary temperature scale. If one assumes a temperature of 17800 K for a B3 V 
star, then the effective temperatures of a B0.5 V and an 09 .5 V star are about 28 500 K 
and 33000 K, respectively. These temperatures are in agreement with a temperature 
scale indicated from the line spectra. Further analysis is currently being carried out for 
both the continuum fluxes and line strengths measured with the OAO. 

Morton's temperature scale for the hotter stars is essentially a Zanstra temperature 
based on radio emission measures and Ha intensities in diffuse nebulae. This is a mini-
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mum temperature from the standpoint that some radiation in the Lyman continuum 
may escape and some ionizing photons will be absorbed by dust grains. In addition, 
if recent calculations of non-LTE effects by Auerand Mihalas (1969) are valid for the 
earliest-type stars, higher temperature models must be chosen to obtain sufficient 
Lyman radiation. 

The discussion above is based upon preliminary data reduction of only a part of the 
OAO spectrophotometry obtained to date. The conclusions presented here are subject 
to revision according to the results of more extensive analysis. 
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Discussion 

Carruthers: Are theoret ical ca lcu la t ions ava i lab le for the equivalent wid th of t he N v line, which is 
very s t rong in the O s ta rs? 

Bless: I k n o w of only those by M o r t o n , which are app rox ima te . 
Morton: Y o u r repor t demons t r a t e s h o w i m p o r t a n t it is to have rel iable d a m p i n g cons tan t s for the 

u l t raviole t resonance l ines. 
Bless: Indeed it does . W e h o p e m o r e will be for thcoming for the s t rong UV lines. 
Houziaux: I not iced an in teres t ing luminos i ty effect for the C i v l ine dependence vs. spectral type . 

Did you work any in t e rp re t a t ion of th is effect? 
Bless: N o . T h e p rob lem, of course , is wha t k ind of mode l a t m o s p h e r e is a p p r o p r i a t e for O and B-type 

supergiants . 
Mtiller: Referr ing to the s l ide t ha t Bless showed us in which predic ted equiva len t wid ths a re p lo t ted 

versus t empera tu re I shou ld l ike t o ask M o r t o n wha t pa r t i cu la r reason he h a d , which m a d e h i m 
increase the d a m p i n g by a factor of ten in ca lcu la t ing equivalent w id ths . 

Bless: T h e factor 10 c a m e from a n analys is of the solar spec t rum by M i n n a e r t and Ma lde ra (Z . 
Astrophys. 2 (1931), 165). I n the O B s ta rs the source of b roaden ing mus t be e lec t rons a n d p ro tons 
r a the r t h a n the van der W a a l s forces of t h e hyd rogen a t o m s but o n e had n o be t te r es t imates for the 
b roaden ing of the l ines of ionized c a r b o n , n i t rogen , s i l icon etc . when the ca lcula t ions were s tar ted 
s o m e years ago . 
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