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ABSTRACT 

High dispersion Ha spectrograms have been obtained of 62 early type 

high luminosity stars in order to search for-evidence for mass loss in stars 

in the upper left portion of the HR diagram. In addition to a study of the 

strength and shape of Ha, detailed radial velocity measurements have been 

made to look for possible velocity differences among the strong lines in the 

red region of the spectrum. The results of this investigation indicate that 

the lower limits to the absolute visual magnitudes at which Ha begins to show 

conspicuous emission are 
-V 

- -5.8 in the BO -B1 stars and MV - -6.8 in the 

B8 -A3 stars. There is evidence from the radial velocity studies for differ- 

ential expansion and hence mass loss for stars approximately 0.5 magnitudes 

less luminous than these limiting luminosities. Among the early B stars it 

appears that there is a critical luminosity of MBol = -8.2 at which strongly 

accelerated large -scale flows may develop. The existence of an abrupt change 

in the velocity gradient -luminosity relationship between the early and late 

B stars suggests that the mechanism driving the flows changes at about 13,000 °K. 

Study of the line strengths indicates that the net strength of Ha is corre- 

lated with both luminosity and temperature with there being no discontinuity 

in the relationship as the line goes from a net absorption to a net emission 

feature. Evidence is presented to support the hypothesis that all early type 

supergiants which show emission are intrinsic spectrum variables. It is also 

argued that the presence of reversals near the center of the Ha absorption 

cores in several 0 stars and lower luminosity early B supergiants may provide 

evidence for the existence of chromospheres in these stars. 
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I. INTRODUCTION 

Many lines of evidence indicate that among the most luminous super - 

giants of all spectral types the continual or sporadic ejection of matter 

is a very common phenomenon. In the late type stars, the discovery of circum- 

stellar lines by Adams and MacCormack (1935) and their detailed study by 

Deutsch (1956, 1960) revealed the existence of enormously extended envelopes 

of outflowing material (see also Weymann 1962, 1963). Among the F stars cir- 

cumstellar lines have been detected in p Cas (Sargent 1961) and 89 Her (Böhm- 

Vitense 1956; Sargent and Osmer 1969) with the violet shifts of the circum- 

stellar features in 89 Her approaching the estimated escape velocity from the 

stellar surface. Abt (Weymann 1963) has accumulated data which give evidence 

of similar activity in the A and B supergiants (cf. Hutchings 1968a, b, 1970a; 

Hutchings and Laskarides 1972). The combination of these results from the 

optical region of the spectrum with the ultraviolet observations of Morton 

(1967), Morton, Jenkins and Bohlin (1968), Morton, Jenkins and Brooks (1969), 

Smith (1970), Morton, Jenkins, Matilsky and York (1972) and Morton, Jenkins 

and Macy (1972), provides substantial evidence for the presence of outwardly 

accelerating envelopes and mass flows from all of the most luminous OB stars. 

Although the broad picture is reasonably clear, there are many important 

details which remain to be filled in. For example, the limited optical sur- 

veys of Abt (Weymann 1963) and Hutchings (1970a) have established that among 

the B and A stars the strength of Ha emission (and presumably the rate of 

mass loss) depends upon luminosity, but a lower luminosity boundary to the 

region of the HR diagram in which mass loss is important has yet to be firmly 

established. The fact that there must be a lower luminosity boundary is 

suggested by the absence of strongly violet- shifted resonance lines in main 

sequence B stars reported by Morton and Spitzer (1966). Similarly, at a given 



luminosity, it is not clear whether mass loss is equally important at all 

temperatures. In this connection, we note that recent theoretical studies 

of possible mechanisms of mass ejection in different temperature regimes 

(e.g., the resonance line radiation pressure mechanisms proposed by Lucy and 

Solomon (1970) and Hutchings (1970b) to explain mass loss in OB stars and 

the radiation pressure -dust mechanisms proposed by Gehrz and Woolf (1971) 

and Jennings (1972) to explain mass loss in cool stars) indicate that the 

effectiveness of the various mechanisms considered are in fact strongly tem- 

perature dependent. If the two mechanisms cited were the only ones operative 

then the intermediate temperature domain of the HR diagram might be expected 

to be a region of minimum mass loss. The existence of any further structure 

in the mass loss - temperature relationship might then indicate the necessity 

to search for additional mass loss mechanisms (cf., Peterson 1971). 

In this paper we report the results of a high dispersion study of Ha 

line profiles in a large sample of early type high luminosity stars which 

has been undertaken in order to try and map out the region in the upper left 

of the HR diagram in which mass loss is an important phenomenon. The basic 

assumption underlying this survey is that the presence of Ha in emission 

with a P -Cygni profile is an indicator of mass loss (cf., Underhill 1960). 

In making this statement the generalized definition of a P -Cygni profile 

proposed by Beals (1951) has been adopted. Particular attention has been 

paid to a study of a relatively broad baseline of spectral types (09 - A8) 

in order to search for a possible temperature dependence in the occurrence 

of Ha emission (previous studies (e.g., Hutchings 1970a) have primarily con- 

centrated on 0 and early B stars) and to a study of a sample of luminosity 

class Ib stars in order to see whether there is any optical evidence for 

the existence of accelerating (or decelerating) envelopes in the lower luminosity 
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supergiants (cf., Feast 1970). The latter aspect of the problem has been 

investigated by making detailed radial velocity measurements of all prominent 

lines in the red region of the spectrum in order to look for large -scale dif- 

ferential motions of the type which have been previously reported by Sanford 

(1947), Abt (1957), Hutchings (1968a) and Hutchings and Laskarides (1972). 

While it is true that there are physical circumstances in which Ha may appear 

in emission without mass loss (Peterson 1968), we remark that it is necessary 

to invoke a flow in order to explain the observed line asymmetries and line 

shifts. 

II. DATA AND ANALYSIS 

The observational data for this investigation consist of 85 calibrated 

coude spectrograms of the 62 program stars which are listed in Table 1. 

Spectra of 52 of these stars were obtained in August 1968 and November 1970 

using the coude spectrograph of the 84 -inch (213 cm) telescope of the Kitt 

Peak National Observatory. All of these spectrograms were taken on Kodak 

IIa -F emulsion at a dispersion of 17.8A mm 
-1 

and were widened to 0.43 mm. 

The projected slit width was 16p. Spectrograms of 10 additional stars, as 

well as supplementary data on 13 of the stars in the original list of 52 were 

kindly supplied by Dr. Helmut Abt. These spectrograms were either obtained 

in July 1966 using the same Kitt Peak spectrograph and Kodak IIa -E emulsion 

(the widening was 0.33 mm) or in December 1957 using the B camera of the 

coude spectrograph of the 82 -inch (208 cm) telescope of the McDonald Observa- 

tory and Kodak 103a -E emulsion. The dispersion of the McDonald spectrograms 

is also 17.8A mm 1 and the widening is 0.32 mm. The McDonald plate material 

forms the basis for the previously cited survey by Abt, the details of which 

have never been published. Dates of observation (UT) of each program star 

are listed in the fourth column of Table 1. Further information regarding 
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these spectrograms has been published elsewhere (Rosendhal 1973a). This 

paper also contains a brief discussion of the compatibility of the line 

strengths obtained from measurement of the different sets of spectrograms. 

While both the dispersion and widening of these spectra are admittedly rather 

modest for making very accurate spectrophotometric measurements, we must em- 

phasize that, as in previous studies (Rosendhal 1970a, b, c), our aim has 

been to obtain moderately accurate data for a large sample of stars for 

statistical purposes. 

Program stars were selected from the list of supergiants in clusters and 

associations published by Morgan, Whitford and Code (1953) and from the 

Bright Star Catalogue (Hoffleit 1964). Approximately 90% of all known super - 

giants in the range of spectral types 09.5 - A8 easily accessible from the 

northern hemisphere down to a limiting magnitude V = 6.2 were observed. Spec- 

trograms were also obtained of a small number of 0 stars. Among the super - 

giants, 24 stars are in the spectral type range 09.5 - B3, 16 in the range 

B5 - B9 and 17 in the range AO - A8. Of the 62 stars considered in this paper, 

15 have been previously studied by either Beals (1951) or Hutchings (1970a). 

As will become evident in §IV this overlap has been particularly useful in 

extending the results on the variability of Ha which have been previously 

reported (Rosendhal 1973a). 

Estimates of absolute visual magnitude were made for as many of the pro- 

gram stars as possible and are contained in the fourth column of Table 1. In 

most cases, estimates were based on cluster membership (as assigned by either 

Morgan et. al (1953) or Humphreys (1970))using cluster distance moduli tabu- 

lated either by Morgan et. al (1953) or Stothers (1969, 1972a, b, c). Photo- 

metric data have been taken from Hiltner (1956), Hoffleit (1964), Wildey (1964), 

Iriarte, Johnson, Mitchell and Wisniewski (1965) and Blanco, Demers, Douglass 

and Fitzgerald (1968). Additional information on the absolute magnitudes of 
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some individual OB stars has been taken from Conti and Alschuler (1971), 

Walborn (1972) and van Helden (1972). In a few cases indirect estimates 

were available based on hydrogen or other line strength calibrations (Abt 

1957; Hutchings 1970a). Such absolute magnitudes are enclosed in parentheses 

as are absolute magnitudes whose uncertainty appears to be greater than + 

0.2. 

Direct intensity microphotometer tracings of all 85 spectrograms were 

made using the Hilger -Watts microphotometer of the Kitt Peak National Obser- 

vatory and the equivalent widths of the absorption and emission components 

of Ha were measured. In addition to Ha, the strengths of the turbulence 

sensitive red SiII lines XX6347, 6371 (Rosendhal 1972, 1973a) and the line HeI 

X6678 were also determined. Measurements were made of the helium line in 

order to see whether it might be a useful indicator of turbulence among the 

high luminosity B stars (Rosendhal 1973b). 

All Kitt Peak spectrograms were measured for radial velocities in both 

forward and reverse directions using the Grant oscilloscope comparator of the 

Kitt Peak National Observatory. Measurements were made of the absorption 

and emission components of Ha and, wherever present, the lines HeI XX5875, 

6678, CII XX6578, 6582, SiII XX6347, 6371 and FeII XX6238, 6247 and 6416. 

Wavelengths for the carbon, silicon and iron lines as well as for HeI X6678 

were taken from the Revised Multiplet Table (Moore 1945). The line HeI X5875 

is a triplet with the spread in wavelength of the components being 0.37A. 

For purposes of determining a radial velocity for this line, a wavelength was 

assigned to the entire feature by averaging the wavelengths of the components 

weighted by their relative laboratory intensities. The resulting wavelength 

was 5875.66A with an estimated uncertainty of .02 - .03A. We note that an 

application of this procedure to the triplet lines HeI XX4026, 4471 yielded 

wavelengths within .02A of the empirically determined effective wavelengths 
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for these features (Petrie 1953). Comparison of the wavelengths used in the 

present investigation for the CII lines with those employed by van Helden 

(1972) also suggests an uncertainty in effective wavelength of .02 - .03A 

for these lines. Since an error in wavelength of .02A at 6000A corresponds 

to an error in velocity of 1 km sec 1, we conclude that velocity differences 

between individual lines of a given species or between velocities derived 

for different species greater than 3 km sec 
-1 

are likely to be physically 

significant and not due to systematic errors in rest wavelengths. 

In order to assess the effect of uncertainties in measurement upon velo- 

cities and velocity differences approximately 1/3 of the spectrograms (including 

nearly all of the broad line objects) were measured twice (and in a few 

cases three times). Typically, velocities obtained from measurement of sharp 

lines were reproducible to within 1 1/2 km sec -1 and velocities obtained from 

measurement of broad, diffuse features were reproducible to within 5 km sec 1. 

Our conclusion is that, depending upon the quality of the line, velocity dif- 

ferences larger than 3 - 6 km sec 
-1 

are not likely to be the result of measuring 

errors. We further conclude that the combined effect of wavelength and mea- 

suring uncertainties is in the range 4 - 7 km sec 1. 

Finally, in many cases Ha showed marked asymmetries or displayed consider- 

able structure. With the aid of the oscilloscope setting device it was almost 

always possible to set on well- defined positions in the line (e.g., absorption 

minimum, center of the absorption core, emission maximum, etc.) and the velo- 

cities to be discussed in §III always refer to such positions. While the re- 

lationship between these velocities and the actual flow velocities in the 

stellar envelopes is not necessarily unambiguous (cf., Hutchings 1968b; Van 

Blerkom 1970), we wish to emphasize the point that these measured velocities 

are the ones which are directly accessible to observation. Since inferences 
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on flow velocities based on profile calculations are ultimately model depen- 

dent, we have preferred to work entirely in terms of the empirically de- 

rived quantities. As will be demonstrated in §IIIb, these velocities do, 

in fact, provide information on the properties of the flows. 

III. LINE PROFILES, LINE STRENGTHS AND 

RADIAL VELOCITIES 

The results of the line strength and radial velocity measurements des- 

cribed in §II are summarized in Table 1. The successive columns of this 

Table contain each star's HD number, spectral type (taken from either Morgan, 

Whitford, and Code (1953) or Hoffleit (1964)), estimated absolute magnitude, 

date of observation (UT), strengths of the emission and absorption components 

of Ha, the average equivalent width of the 2 red SiII lines, the ratio of 

the strengths of the red silicon lines (which is a measure of the degree of 

saturation of the doublet (Rosendhal 1972, 1973a)), the strength of HeI 

X6678, the strength of HeI X4471 (taken from Rosendhal (1968) and included 

here for reference purposes) for those stars for which this data is available 

and the radial velocities associated with Ha absorption and emission and 

with the HeI, CII, SiII and FeII absorption lines. It should be noted that 

the spectrograms used to determine the X4471 line strengths were obtained in 

1967 (see Rosendhal (1970a, b) for details) and so the dates in column 4 do 

not refer to this set of measurements. Hydrogen line strengths which are par- 

ticularly uncertain due to diffuseness of the line or difficulties with contin- 

uum placement have been enclosed in parentheses. In cases for which there 

was more than one emission or absorption component of Ha the numbers given 

represent the total emission or absorption strength of all components. Lines 

for which a trace of emission was evident on the spectrograms but for which 

the emission did not actually rise above the continuum are denoted by the 
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symbol "tr" in the Ha emission strength column. Lines for which there was 

no emission present but whose absorption profile showed a marked asymmetry 

are denoted by the symbol "a" in the Ha absorption strength column. In a 

few instances HeI X6678 showed emission. In such cases there is a double 

entry with the strength of the emission component being denoted by the symbol 

"e ". With regard to the velocity measurements,in almost all cases the Ha 

emission velocities refer to the position of the emission peak. Exceptions 

are discussed in the notes to the Table. If emission was present and mea- 

surable on both sides of an absorption core, the velocities associated with 

the violet and red emission peaks are denoted by "v" and "r" respectively. 

Velocities associated with the Ha absorption minimum are indicated by the sym- 

bol "m ". For symmetric or nearly symmetric lines the velocity associated with 

the center of the absorption feature (denoted by the symbol "c ") is given. 

For absorption features showing apparent core reversals the center was defined 

as the midpoint between the line wings. Velocities which appeared to be 

especially uncertain (as indicated by discordance between the results of either 

forward and reverse measures or repeated measurements of the same spectrogram) 

are enclosed in parentheses. The last column of Table 1 contains a number key 

to the type of remark listed in the Footnotes to the Table. The number 1 re- 

fers to a note about the line profiles and 2 refers to a note about the radial 

velocities. Included in these extensive notes are brief descriptions of 

particularly peculiar profiles, radial velocities associated with well- defined 

components of Ha other than the line center, line minimum or emission peak 

and individual radial velocities for the 2 helium lines for those cases for 

which there appear to be significant and reproducible differences between the 

results for the 2 lines. These details, while important, have been relegated 

to the Notes in order to focus attention in the main text on systematics in 

the behavior of the group of stars as a whole. The large number of remarks 
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reflects the fact that the program stars, which can be arranged into a discrete 

number of more or less homogeneous categories on the basis of the appearance 

of the blue region of their spectra, have turned out to be, when closely exam- 

ined, highly individual objects in the red. Finally, because of the known 

variability of the strength, shape and position of Ha and other strong lines 

in both the red and blue regions of the spectrum (Abt 1957; Rosendhal and Weg- 

ner 1970; Rosendhal 1970b, 1972, 1973a; Hutchings 1971; Hutchings and Laskarides 

1972) results obtained from different spectrograms are listed separately. Un- 

fortunately the variability of many or all of the program stars introduces 

an unavoidable intrinsic scatter into the correlations which we will now dis- 

cuss. Fortunately the amplitude of this variability is evidently not large 

enough to mask the essential nature of the relationships among emission strength, 

gradient of the flow velocity, luminosity and temperature. 

a) The Shape and Strength of Ha in B and A Supergiants 

In Figures 1 - 5 are shown some representative Ha profiles (reproduced 

directly from the microphotometer tracings) for the B0 -B1.5 stars, the B2- 

B2.5 stars, the B3 -B5 stars, the B8 -B9 stars and the A stars. Additional exam- 

ples of Ha profiles (as well as profile changes) have been published elsewhere 

(Rosendhal 1972, 1973a). In all of these Figures light continuous lines show 

the raw data and heavy lines show the inferred mean profiles. Wavelength 

increases to the right in all cases and the zero points of the wavelength scales 

are arbitrary. In spectrograms dated July and August 1968 the sharp lines which 

are sometimes present in the vicinity of Ha are, in fact, due to terrestrial 

water vapor. Raw data has been shown in order to enable the reader to inde- 

pendently assess the reality of fine structure in the profiles. However it 

should be noted that in drawing the mean profiles the general practice was not 

to regard such structure as being present unless it could actually be seen upon 
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careful visual inspection of the spectrograms. Further descriptive informa- 

tion is given in the Remarks to Table 1. In Figures in which a range of spec- 

tral types are shown, the panels have been grouped according to spectral 

type and then within each such subgrouping an attempt has been made to arrange 

the panels in order of increasing luminosity. As is evident from a considera- 

tion of Table 1, there is, in fact, a considerable overlap in the estimated 

absolute magnitudes of the luminosity class Ib and Ia stars and the ordering 

shown is, therefore, not very precise. 

In selecting these examples for illustration, an attempt has been made 

to show the complete range of profile types which have been encountered as 

well as the more striking luminosity effects. We remark that any comprehensive 

theory of line formation in expanding atmospheres will ultimately have to be 

able to account for this complete range of profile types rather than just the 

classic P -Cygni profile (cf., Beals 1951; Hutchings 1968b, 1970a) although 

the latter is the most common form. Of particular interest are the 4 BO -B2 

stars (HD164402, HD213087, HD204172 and HD206165) which show apparent double 

structure or self- reversed cores, the presence of strong central emission in 

HD38771 (the existence of this type of profile provides some support for the 

suggestion (cf., Underhill 1966) that the star is not a supergiant but rather 

may be a Be star), the 2 stars (HD21291 and HD58350) which show definite 

inverse P -Cygni profiles (defined to be a profile in which the emission is 

on the violet side of the absorption component) and the 4 stars (HD4841, HD 

40111,HD166937 and HD199478) which show emission on both sides of an absorp- 

tion core. The existence of profiles such as that of HD40111 as well as those 

of the early B stars with self -reversals provides explicit counterexamples 

to the often quoted statement (Underhill 1961, 1966) that the profiles of the 

Ib supergiants do not show emission features and are of the type which one 

would expect to be produced in a low density stellar atmosphere in which 
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Stark broadening is unimportant (cf., Wallerstein 1971). Available radial 

velocity data (Abt and Biggs 1972) indicates that, with the exception of 

hD206165, none of these stars is a known binary or even a velocity variable 

and it is probable that in most cases the observed structure is, in fact, at- 

mospheric in origin. Several of the 0 stars which have been observed also 

display similar apparent self -reversals and a discussion of one possible inter- 

pretation of this type of profile will be deferred until §V. 

The influence of luminosity upon the general nature of the line profiles 

at each spectral type is well illustrated by Figures 1 - 5. In all cases, 

as the luminosity is increased the absorption line first weakens (although 

it usually remains symmetric), then becomes noticeably asymmetric (the line 

usually being more extended to the violet than to the red) with emission 

appearing and then steadily increasing in strength with further increase in 

luminosity. This behavior is particularly clearcut in the case of the Al 

stars (Figure 5) in which we see the sequence: (1) a strong absorption line 

with extended wings, (2) a somewhat narrower line with a noticeable kink in 

the red wing, (3) an even narrower line with emission rising several percent 

above the continuum, (4) a line which consists of a strong emission and a 

weak absorption component. Ignoring fine details, similar descriptions are 

possible for each of the other spectral types. 

The quantitative naturf of the relationship between the net strength of 

Ha (in the sense absorption below the continuum minus emission above the con- 

tinuum) and absolute magnitude is shown in Figure 6. Closed circles refer 

to stars whose absolute magnitudes have been estimated from cluster member- 

ship and open circles refer to stars which have been placed on the diagram 

using the mean absolute magnitudes for each luminosity class given by Blaauw 

(1963). Data for the BO - B6 stars are shown in the top panel and data for 

the B8 - A5 stars are shown in the bottom panel. For stars for which Ha 
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appears to be variable data points are the mean of the observed values with 

the total range in observed net strength being shown by vertical bars. 

It is obvious from a consideration of Figure 6 that there is a relatively 

well -defined relationship (which is, however, temperature dependent) between 

absolute magnitude and net strength of the line with the transition from ab- 

sorption to emission being smooth rather than discontinuous. It is also 

evident that, even though changes in the line profiles may be rather large 

(see Rosendhal 1973a for examples) the amplitude of the variability is never 

large enough to destroy the correlation. These conclusions confirm and ex- 

tend the results of the previously cited qualitative surveys of Abt and Hutch- 

ings and also provide spectroscopic support for the photometric result of 

Andrews (1968) that the strength of Ha is a good indicator of absolute 

magnitude. The new result which emerges from the present data concerns the 

temperature dependence of the observed correlation. In both panels (a) and 

(b) of Figure 6 are shown straight lines which have been passed through the 

data points for the BO - B1.5 and B8 - A3 stars. There is a clear separation 

between those two lines. Furthermore, in panel (a) it is evident that the 

data points for the stars of intermediate spectral type (B2 - B6) lie between 

the two lines shown. While there is no strong evidence for a temperature 

separation among the B8 - A3 stars, the points for the 2 A5 stars do lie 

well below the mean line defined by the rest of the data in panel (b). The 

use of bolometric absolute magnitude instead of visual absolute magnitude 

as abcissa in similar plots leads to the same qualitative conclusions. Bolo - 

metric corrections have been taken from Johnson (1966). It is of some interest 

to note that when bolometric magnitudes are used the ordinate of the inter- 

section point of the lines representing the earliest B stars and the B8 - A3 

stars is WNet O or the intersection occurs at the transition point between 

Ha being a net absorption line and a net emission line. The bolometric absolute 
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magnitude at this transition point is approximately -8.4. 

Since the slope of the relation between 
-V 

and the net strength of Ha 

is flatter for the later type stars than for the earlier types, the overall 

pattern suggested by these results is that as stellar surface temperatures 

decrease it becomes much more difficult for Ha to appear in emission. Al- 

though at first sight it might appear that this behavior, in turn, provides 

some information on the temperature dependence of the mass loss rate, it is 

really not clear that this is true. One alternative possibility is that,as 

temperatures drop into the range in which the Balmer lines appear in absorp- 

tion with the greatest intrinsic strength, it simply becomes more difficult 

to fill in the line by emission from an envelope surrounding the star. 

Evidently line strengths alone cannot be used to reach unambiguous conclusions 

concerning possible temperature dependence of the flows in such stellar en- 

velopes. 

One final question which can be considered from a study of the line pro- 

files and the line strengths is that of the lower limit to the absolute magni- 

tude at which Ha appears in emission. The relationship between emission strength 

and absolute magnitude is shown in Figure 7 in which data for the BO - B5 

stars is shown in panel (a) and data for the B8 - A3 stars is shown in panel 

(b). It should be noted that the vertical scales for the two panels are dif- 

ferent. The meaning of the symbols is the same as in Figure 6. It is 

evident that the behavior of the strength of the emission component alone 

parallels the behavior of the net strength of the entire Ha feature. Among 

the B8 - A3 stars it appears that the emission vanishes somewhere in the ab- 

solute visual magnitude range -6.8 to -7.0 whereas in the earliest B stars 

emission persists down to absolute magnitudes in the range -5.8 to -6.0. In 

the stars of intermediate spectral type the emission disappears at an absolute 

magnitude somewhere in between these two limiting ranges. The most prominent 
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exception to this general pattern is the B8 star Ib star HD208501 (which 

shows a trace of emission) but this star, although an MK standard, is, in 

fact an Ha variable of an extremely peculiar type (see Rosendhal 1973a, Fig- 

ure 2). These results should not be interpreted, however, to mean that 

emission persists to lower luminosities in the later type stars. Again 

using the bolometric corrections tabulated by Johnson (1966) we find that 

the corresponding bolometric absolute magnitudes at which the emission dis- 

appears is in the range -7.0 to -7.6 in the B8 - A3 stars and in the range 

-7.4 to -8.3 in the earliest B stars. Recognizing the uncertainties in 

these bolometric corrections, it appears that the proper conclusion which 

should be drawn is that the emission vanishes at approximately the same 

luminosity for the entire range of temperatures considered. 

b) Radial Velocity Measurements 

Careful study of the results of the radial velocity measurements described 

in §II indicates that among the A supergiants there were no significant 

differences between the velocities obtained for the FeII and Sill lines. The 

one possible exception to this statement is HD31964 (c Aur) which is the pri- 

mary component of a well known peculiar eclipsing system. This conclusion is 

consistent with results which have been previously reported (Rosendhal 1972). 

Similarly, among most of the remaining members of the sample of stars under 

consideration the velocity differences (CII- SiII), (CII -HeI) and (HeI -SiII) were 

well within the 4 - 7 km sec 
-1 

uncertainties expected from our analysis of 

wavelength and measuring errors. Furthermore, there were no evident correla- 

tions between any of these quantities and either absolute magnitude or tem- 

perature. The mean velocity differences for all pairs of lines were sufficiently 

close to zero to be entirely attributable to errors in the adopted effective 

wavelengths. Individual objects which are exceptions to these statements are 

the stars HD36371, 58350, 186745, 198478, 206165 and 208501. We note that 
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within this list 2 of the stars are Ha variables of very peculiar types 

(see Rosendhal 1973a and the Notes to Table 1) and that HD58350 is one of 

a very small number of supergiants which seem to intermittently display an 

inverse P -Cygni profile. Evidently the occurrence of large velocity dif- 

ferences among the lines considered is typical only of a few peculiar ob- 

jects or represents a transient stage in an unstable stellar atmosphere 

(cf., Hutchings and Laskarides (1972)). Support for the latter view comes 

from comparing our results for HD53158 with those published by van Helden 

(1972). The present measurements indicate no significant difference between 

the velocities obtained from the HeI, Sill and CII lines and a possible violet 

displacement of Ha of less than 10 km sec -1. Van Helden, however, reports 

a 15 km sec -1 difference between the red CII lines and other strong metal 

lines in the spectrum and violet displacements of Ha of 64 to 119 km sec 1. 

The most likely explanation for these differences is that the dynamical state 

of the star's atmosphere has changed (see also §IV). The numerous discordant 

results concerning velocity differences between lines of different ions re- 

ported throughout the literature can be easily understood on this basis as 

well. We conclude from these considerations that only limited information 

on mass motions in supergiant atmospheres can be obtained from measurement on 

single spectrograms of velocity differences in lines other than hydrogen. 

The one possible exception to this statement may be the two strong red helium 

lines for which there appears to be an increase in velocity separation with 

increasing luminosity. This behavior is shown in Figure 8 in which the velo- 

city difference (HeI X5875 - HeI X6678) is plotted as a function of absolute 

visual magnitude for the 09.5 - B5 stars. The meaning of the symbols is the 

same as in previous Figures. It is obvious that among the higher luminosity 

stars there is a tendency for the velocity associated with X5875 to be more 

negative than the X6678 velocity suggesting an increasing state of differential 
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motion with increasing absolute magnitude (cf., Hutchings 1968a). It is 

also evident that this velocity difference is significant only in the case 

of the most extreme stars. The apparent convergence on the lower luminosity 

side of the diagram toward a velocity difference of +2 - 3 km sec 
-1 

is un- 

doubtedly due to errors in the adopted wavelengths of one or both of the 

lines. It should be noted, however, that Hutchings (1968a) has reported a 

velocity difference in the opposite sense in the case of HD152236. This 

discrepancy is again most probably due to a change in the dynamical state 

of the star's atmosphere. In view of these results we remark that consider- 

able discretion must be exercised to avoid overinterpretation of data. 

Turning to Ha, consideration of Table 1 indicates that in many cases 

there are very large velocity differences between the Ha absorption (as well 

as emission) velocities and the velocities associated with the other lines 

in the red region of the spectrum. Before discussing the systematic behavior 

and possible interpretations of these velocity differences we must first 

inquire whether the apparent displacements of Ha are physically significant 

or merely represent the effects of distortion of the absorption line by the 

neighboring emission (cf., Beals 1951; Hutchings 1968a; Hutchings and Laskarides 

1972; Rosendhal 1972). While no completely unambiguous answer to this ques- 

tion can be given, it is possible to offer at least two arguments which support 

the former of these two points of view. First, the recent time dependent 

study of a Cyg by Rosendhal (1972) indicates that during the period of obser- 

vation of this star the velocity difference (Ha absorption - Sill) decreased 

as the emission strengthened. Since this behavior is opposite to that which 

would be expected if the apparent shifts were solely due to the line being 

filled in by emission, it was concluded that the velocity difference is pre- 

dominately a measure of the gradient in the flow velocity. The data on several 
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stars contained in Table 1 can be used to strengthen this conclusion. In 

particular we note that: (1) in the two spectrograms of HD12953 which 

were measured for velocities, the one with the strongest emission is the one 

with the smallest velocity difference; (2) as the emission in HD154090 strength- 

ened by a factor of four the large velocity difference (Ha absorption - HeI) 

changed by less than 10 km sec 1. Similar remarks can be made concerning 

the behavior of the velocity differences in HD190603 and HD199478. None of 

these results can be easily understood on the basis of a simple distortion 

of the absorption line by overlying emission. Second, there are a number of 

stars (eg., HD42087, HD167264) for which there are large velocity differences 

between Ha and the other absorption lines even though Ha shows neither emission 

nor any obvious asymmetry. Furthermore these differences are comparable 

in magnitude to the differences measured in emission line stars of similar 

intrinsic luminosity. While it may be possible to conjure up models in 

which the net effect of distortion of the line by emission is to produce a 

symmetric absorption line, it appears more reasonable to adopt as a working 

hypothesis the simpler view that the measured velocity differences do, in fact, 

provide direct information on the state of expansion of the stellar atmosphere. 

We remark that further time -dependent studies of the type previously reported 

(Rosendhal 1972) should be useful in providing a definitive answer to the 

question of interpretation (cf., Rosendhal 1973a). 

Proceeding on the basis that the velocity differences (Ha absorption - 

HeI, Sinn) actually are a measure of the gradients in the flow velocities, 

analysis of the data in Table 1 indicates that the velocity gradient is 

correlated with luminosity and that this correlation is in turn dependent 

upon the temperature. This behavior is illustrated in Figure 9 in which the 

measured velocity differences are plotted as a function of absolute bolometric 

magnitude. Data for the 09.5 - B5 stars is shown in the top panel and data 
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for the B8 - A3 stars is shown in the bottom panel. The meaning of the sym- 

bols is the same as in previous Figures. Dashed lines have been drawn in 

by eye in order to indicate the general sense of the relationship in each 

case. Since there were no significant differences in the velocities obtained 

from the HeI and SiII lines in the B3 - B9 stars, it appears that no system- 

atic error is introduced by comparing the difference (Ha absorption - HeI) 

in the group of early type stars with the difference (Ha absorption - Sill) 

in the group of later type stars. The fact that within each plot there is 

no obvious separation by spectral type (with the possible exception of the 

middle A stars) suggests that the two groups shown are, in fact, natural 

temperature subgroups. It is evident that in both plots velocity differences 

are small in the lower luminosity objects and increase with increasing lumino- 

sity. It is also evident that the nature of the relationship changes in 

going from one group of stars to the other. We note that among the early 

B stars the velocity differences are, in general, small but probably signifi- 

cant until 
MBol 

is somewhere in the range -8 to -8.3 and then, with only a 

small additional increase in luminosity, the majority of stars are, in fact, 

characterized by velocity differences greater than 50 km sec 1. This change 

is sufficiently abrupt that it is tempting to suggest that MBol -8.2 re- 

presents the critical luminosity at which large -scale flows may develop. 

Among the B8 - A3 stars, on the other hand, there appear to be small but sig- 

nificant velocity differences developing at MBol 
- -6.8 and, for most stars 

in the sample, the subsequent increase in velocity difference with further 

increase in luminosity is relatively gradual. There are also only 2 stars 

which have velocity differences in excess of 50 km sec 1. Stated another way, 

the two groups of stars seem to be characterized by a different distribution 

of velocity differences. In particular, in the range -9 < MBol < -8,7 of 11 

early B stars have velocity differences greater than 45 km sec -1 whereas only 
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2 out of 6 B8 - A3 stars have velocity differences this large. Furthermore, 

the transition between one distribution and the other seems to occur within 

a relatively limited temperature interval. Analogous plots of the velocity 

differences (Ha absorption - HeI, CII) as functions of absolute bolometric 

magnitude indicate that there is a distinct separation between the relations 
and the B8 -B9 stars. 

for the B3 - B5 stars/ Depending upon whose version of the effective tem- 

perature scale is adopted, the transition apparently occurs in the range 

12,000 - 14,000 °K. 

Except for the abruptness of the transition, this behavior is somewhat 

similar to the behavior of the Ha line strengths. However, the velocity dif- 

ferences are directly interpretable in terms of the properties of the flows. 

On the basis of the results which have just been presented we conclude that 

there is evidence for differential motion and hence mass loss for stars more 

luminous than 
M1301 - -7.5 among the early and middle B stars and for stars 

more luminous than MBol 
- -6.8 among the B8 - A3 stars. These limiting lum- 

inosities are somewhat lower than the luminosities at which the emission be- 

comes apparent and it appears that more than minimal flows are needed before 

the envelope around a star contains enough material to be noticeable. The 

fact that the flows extend to lower luminosities among the later type stars 

may be a reflection of the fact that the surface gravities are lower. We 

further conclude that the flows have a distinct temperature dependence with 

there being a transition in the general flow properties at spectral type B5. 

The simplest explanation for the existence of such a transition seems to be 

a change in the nature of the mechanism driving the flows. One possibility 

is that as the resonance line- radiation pressure mechanism proposed by Lucy 

and Solomon (1970) becomes less effective in the cooler stars, momentum trans- 

fer in a large number of subordinate lines (Bóhm- Vitense 1973) may become 

increasingly important. Some support for this suggestion is provided by a 
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hint that the velocity difference - luminosity relationship may be steeper 

for the A stars than for the late B stars although the statistics are, at 

present, inadequate to do more than draw attention to this possibility. 

Finally, we turn to a consideration of the result that, in general, the 

Ha emission peaks are displaced to the red of the velocities defined by the 

other lines in the spectrum. As in the case of the violet displacements of 

the Ha absorption components, the fundamental question which must be raised 

is whether the shifts result from some physical phenomenon or are produced 

by distortion of the emission line by the neighboring absorption feature. We 

note that the expected effect of distortion of the emission by a blueshifted 

absorption component would be to shift the emission peak to the red as is 

actually observed (cf., Beals 1951). Possible physical effects include non- 

uniform expansion and departures from spherical symmetry in the envelope of 

material in which the emission originates. One way of resolving this ambiguity 

is to realize that in stars in which the emission is very strong, the effect 

of distortion by the absorption should be small. Therefore the velocity dif- 

ference between the Ha emission peak and the other lines should decrease with 

increasing emission strength (cf., Rosendhal 1972). A plot of the velocity 

difference (Ha emission - Sinn) versus emission strength does reveal a weak 
for the A stars. 

correlation in the expected sense/ However, the situation is completely dif- 

ferent in the case of the B stars. The relationship between the velocity 

difference (Ha emission - HeI) and the strength of the Ha emission for these 

objects is shown in Figure 10. We see that the velocity difference initially 

becomes more positive with increasing emission strength and then appears to 

level off at a value of about +100 km sec 1. One possible explanation of the 

observed behavior is that the effect of occultation of part of the expanding 

envelope by the central disk of the star (which would shift the emission peak 

to the violet of its expected position) is becoming less important in the 
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stronger emission line objects which, presumably, have the most extended en- 

velopes (cf., Van Blerkom 1970). Other explanations are also possible. 

The basic point, however, is that the redshifts of the emission components 

are not primarily due to distortion by the absorption component and are phy- 

sically significant. Regarding the interpretation of these redshifts, we note 

that Hummer and Rybicki (1968) have shown that the effect of differential 

expansion is to produce a redshifted line profile. However, non -spherical 

geometry may also play a role as well. The observations of Serkowski (1970), 

Coyne (1971) and Avery, Michalsky and Stokes (1973) of variable intrinsic 

polarization in a number of early type supergiants also suggest departures 

from spherical symmetry (cf., van Helden 1972). 

IV. ADDITIONAL SUPERGIANT SPECTRUM VARIABLES 

In a recent paper (Rosendhal 1973a), evidence was presented that 13 of 

the stars listed in Table 1 have variable Ha profiles. In order to try and 

extend this result, an extensive literature search has been made in order 

either to compare published Ha profiles with the profiles obtained during 

the course of the present investigation or to locate previously published 

evidence concerning the spectrum variability of members of the present sample 

of early type supergiants. Additional stars which, on the basis of this 

search, appear to be spectrum variables are listed in Table 2. This Table 

also contains the references to the papers which provide supporting evidence 

for the variability. Further study of the available spectrograms of HD187983 

indicates that this star should also be classified as an Ha variable. 

Excluding the known peculiar binaries HD31964 (c Aur) and HD166937 

(u Sgr), we conclude that 20 of the 28 B and A supergiants which are listed 

in Table 1 as showing emission are definite spectrum variables. Of the 
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remaining 8 stars, there is insufficient data to say anything about possible 

variability in 7 cases and the remaining object is a known velocity variable. 

In addition, 3 stars (HD34085, 42087 and 53138) which do not show emission 

on the present set of spectrograms have been previously reported to do so. 

Furthermore, 2 stars (HD202850 and 206165) which do not display emission at 

all nevertheless have variable Ha profiles. Therefore, out of a total sample 

of 33 stars for which there is information either on the occurrence of emission 

or on spectrum variability, 26 (or 79 %) have now been established to be variable. 

Since it is highly likely that some of the remaining 7 emission line objects 

will turn out to be variable when appropriate observations are made, it is 

tempting to conclude that if an early type supergiant shows emission at all it 

is an intrinsic variable. The absence of emission does not, however, pre- 

clude variability. These remarks considerably extend and strengthen the con- 

clusions which have been reached in the earlier paper (Rosendhal 1973a). 

V. POSSIBLE EVIDENCE FOR THE EXISTENCE OF CHROMOSPHERES 

IN 0 STARS AND THE LESS LUMINOUS 

EARLY B -TYPE SUPERGIANTS 

The Ha profiles of the 0 stars which have been observed during the course 

of the present investigation are shown in Figure 11. Again the arrangement 

of panels is first according to spectral type and then, within each subgroup, 

in approximate order of increasing luminosity. 

In addition to the complex profile shown by HD30614 (the presence of 

double emission is easily visible on the original spectrogram) the most inter- 

esting profiles are 2 of those (HD57061 and HD209975) which show visually 

evident reversals in the line core. We note that in the case of HD206267 the 

reality of the reversal is open to some question. If it is real it may be 

partly due to the contribution of HeII X6560 to the total observed feature. 
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Furthermore, the star is a known spectroscopic binary (Batten 1967) which has 

been reported to show double lines (Conti and Alschuler 1971). The reversals 

in the other 2 cases are not so easily explained however. The stars are too 

late in spectral type for the Hell line to make an appreciable contribution 

(Underhill 1966). According to Batten (1967) HD57061 is a spectroscopic binary 

but Struve and Kraft (1954) state that the lines of the secondary have never 

been seen. With regard to HD209975, the radial velocity data compiled by Abt 

and Biggs (1972) indicate that there is no evidence for this star being a 

binary. Therefore, it seems reasonable to adopt the hypothesis that, as in the 

case of the less luminous early B supergiants, the reversals in these stars 

are atmospheric in origin. Clearly further investigation of this point is 

needed. Reference should also be made to the Notes to Table 1 for further 

relevant details. However, the consequences of this hypothesis are sufficiently 

interesting that it appears worthwhile at this time to present a brief discussion 

of one possible interpretation of the observed structure. 

The recent non -LTE line transfer calculations of Auer and Mihalas (1972) 

indicate that, in the range of temperatures characteristic of the 0 stars 

(as well as the hottest B supergiants), the source function for the Balmer 

lines is collision dominated and that the profiles should be sensitive to the 

temperature structure of the stellar atmosphere (cf., Jefferies and Morrison 

1973). The computations also indicate that Ha, in particular, should show 

a slight tendency for a reversal in the core reflecting the outward temperature 

rise in the models produced by heating in the Lyman continuum and subordinate 

lines (Mihalas and Auer 1970). Turning to the observations, it is tempting 

to suggest that the observed reversals are indicators of the actual existence 

of such a temperature distribution. The fact that the observed reversals 

are much more pronounced than those calculated by Auer and Mihalas further 

suggests that the temperature rise is much steeper than would be expected on 
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the basis of purely radiative heating. Following Praderie (1973) we propose 

that such a steep temperature rise may be produced by non -radiative dissipa- 

tion of energy thereby providing possible evidence for the presence of chromo- 

spheres in 0 stars and in the less luminous B supergiants. In addition, the 

fact that the reversals are, in most cases, displaced from the center of the 

line core provides additional support for the presence of velocity fields in 

the atmospheres of these stars and satisfies the second part of Praderie's 

proposed generalized definition of a stellar chromosphere. The presence of 

chromospheres in 0 stars has been suggested on other grounds by Mihalas 

and Lockwood (1972). We note that a number of recent theoretical papers 

(eg., Mihalas 1969; Kutter 1970; Wentzel 1970; Hearn 1972; Cassinelli and 

Castor 1973) have discussed possible mechanisms for energizing stellar winds 

in early type stars and, in analogy with the solar case, some of these mech- 

anisms can be expected to produce an energy interchange between the mechanical 

and thermal states of the gas. With regard to the change in the profiles 

with increasing luminosity, we further suggest that this chromospheric heating 

makes itself evident in the Ha profiles in the lower luminosity supergiants 

while in the higher luminosity objects the profiles are dominated by the flows 

and, possibly, by the extended geometry (cf., Rosendhal 1973b). 

While these remarks are admittedly speculative and other intepretations 

of the profiles are certainly possible (see Jefferies and Morrison (1973) for 

a review), it is evident that further observations of Ha should be undertaken 

in order to determine the frequency of occurrence of such self- reversed profiles. 

VI. SUMMARY AND CONCLUSIONS 

The principal results emerging from this study are: 

1. There is a relatively well- defined relationship between the net 

strength of Ha (in the sense absorption below the continuum minus emission 
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above the continuum) and absolute magnitude with the transition from ab- 

sorption to emission being smooth rather than discontinuous. This relation- 

ship is, however, temperature dependent becoming flatter with decreasing 

surface temperature. 

2. There is essentially no evidence for emission at Ha for stars less 

luminous than My - -5.8 in the BO - B1 stars and for stars less luminous than 

My -6.8 in the B8 - A3 stars. These absolute magnitudes correspond to 

approximately the same luminosity over the entire range of temperatures con- 

sidered. 

3. The systematic differences between the velocities associated with 

Ha absorption and the velocities associated with other strong lines in the 

red region of the spectrum are predominately a measure of the gradients in 

the flows in stars which are losing mass. Within the natural temperature 

subgroups of the BO- B5 stars and the B8 - A3 stars there is a definite 

relationship between the gradients in the flow velocity and luminosity but 

there is an abrupt change in this relationship in going from one group of 

stars to the other. This change may reflect a change in the mechanism driving 

the flows. Among the early B stars there appears to be critical luminosity 

of 
--Bol 

8.2 at which strongly accelerated large -scale flows may develop. 

4. For the entire range of spectral types considered there is evidence 

for differential expansion and hence mass loss for stars approximately 0.4 - 

0.5 magnitudes less luminous than the limiting luminosity at which Ha begins 

to show conspicuous emission. 

5. The apparent redshifts of the Ha emission peaks with respect to the 

velocities associated with the other lines in the spectrum appear to result 

from both the differential expansion and the possible non -spherical nature of 

the flows. 
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6. All early type supergiants which show emission are probably intrin- 

sic spectrum variables. 

7. The self -reversals which occur near the center of the Ha absorption 

core in several 0 stars and in some of the less luminous early B type super - 

giants may provide evidence for the presence of chromospheres in early type 

high luminosity stars. 
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NOTES TO TABLE 1 

HD2905. The emission at Ha is' double with the red component of the emis- 

sion being much stronger than the violet component. Both components are 

relatively broad with the extent of the red emission being about 12A. Both 

emission components also show a definite double -peaked structure. The ab- 

sorption component is very broad and shallow with the exact profile being 

somewhat obscured by strong telluric water vapor lines. The absorption equi- 

valent width is therefore quite uncertain. The HeI lines XA5875, 6678 are 

both asymmetric being more extended to the violet than to the red. HeI velo- 

cities refer to the centers of the absorption cores. Because of the diffuse- 

ness of the features both the Ha absorption and violet emission velocities 

are quite uncertain. Quoted emission velocities refer to the emission cen- 

ters. Additional velocities which may be associated with Ha are red emission 

(red peak) = +134 km sec 1, red emission (reversal) = +93 km sec 1, red 

emission (violet peak) = +38 km sec 1, violet emission (red peak) _ -493 km 

sec 1, violet emission (violet peak) _ -591 km sec 1. 

HD4841. Emission is present on both sides of a sharp absorption com- 

ponent with the red emission being stronger than the violet component. 

HD12953. On the July 1966 spectrogram the FeII velocity is based on 

only one line and is therefore somewhat uncertain. On the August 13, 1968 

spectrogram the HeI velocity is very uncertain and the agreement with the 

Sill and Fell velocities is probably fortuitous. Both helium lines are very 

weak and there is a large velocity difference between the results for the 2 

lines (HeI A5875 = -16.6 km sec -1; HeI A6678 = -41.7 km sec -1). This velo- 

city difference is probably not physically significant. 

HD14818. Ha appears to consist of an emission component superimposed 

upon a broad, shallow absorption feature. The absorption on the violet side 

of the emission is considerably stronger and deeper than the absorption on 



32 

the red side. The Ha absorption velocity quoted in the Table refers to the 

minimum of the violet absorption component. It was not possible to get a 

meaningful measurement associated with either the red absorption component 

or with the center of the entire absorption feature underlying the emission. 

HeI A5875 is asymmetric with the red side of the absorption being much steeper 

than the violet wing. 

HD15497. The core of Ha appears to show some structure with the line 

either being self- reversed or double. The CII lines XX6578, 6582 are very 

strong. 

HD20041. Ha is slightly asymmetric having a somewhat extended red wing. 

The radial velocity refers to the center of the absorption core which coin- 

cides with the position of the absorption minimum. The HeI velocity is quite 

uncertain due to the weakness of the lines. The large velocity difference 

between the results for the two lines (HeI A5875 = -0.5 km sec 
1; 

HeI A6678 = 

-17.7 km sec 1) is probably not physically significant. 

HD21291. The spectrogram of December 10, 1957 shows an inverse P -Cygni 

profile at Ha whereas the spectrogram of November 16, 1970 shows an asymmetric 

absorption line which is extended toward the violet. There may be very weak 

emission present on the red side of the absorption on the second spectrogram. 

HD21389. The first spectrogram shows emission present on the red side 

of the Ha absorption core with perhaps a trace of emission present on the violet 

side. On the second spectrogram emission is definitely present on both sides 

of the absorption. The emission strength quoted for this spectrogram is a 

lower limit to the actual emission strength and is based on measurement of 

the violet emission only. Because of the presence of a plate flaw it was not 

possible to measure the strength of the red emission which, however, appears 

to be at least 50% stronger than the violet component. HeI X6678 is asymmetric 

on this spectrogram having an extended red wing. The HeI velocity quoted is 
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uncertain due to the weakness of the lines. In addition, the large velocity 

difference between the results for the two lines (HeI A5875 = -1.2 km sec 1; 

HeI X6678 = -15.4 km sec -1) may reflect the fact that the two lines have dif- 

ferent symmetries. Because of this the apparent velocity difference between 

the results for the HeI, SiII and Fell lines is probably not physically sig- 

nificant. 

HD24398. The CII lines are very weak and the velocity differences be- 

tween these lines and the others is probably not significant. 

HD24912. Ha appears to be somewhat asymmetric being slightly more extended 

to the violet than to the red. This asymmetry appears to be caused by a blend 

with HeII A6560. Because of this blend the tabulated velocity difference be- 

tween Ha and HeI is probably not physically significant. The HeI velocity 

is based on A5875 only. HeI A6678 was too shallow and diffuse to measure. 

HD30614 (a Cam). Careful inspection of the spectrogram indicates that 

emission is definitely present on both sides of a broad, shallow absorption 

component. Because of the breadth and diffuseness of the line (the total 

extent of the entire feature is 31A) the quoted equivalent widths are somewhat 

uncertain. HeI A5875 is asymmetric being more extended to the red than to 

the violet. HeI A6678 is a broad feature which shows a definite self -reversal 

or double structure. The tabulated HeI velocity refers to the approximate 

centers of the 2 HeI lines. Additional velocities which can be associated 

with A6678 are: red minimum = +58.2 km sec 1; violet minimum = -71.6 km sec -1. 

HD31964 (c Aur). Ha consists of 2 sharp emission components on either 

side of a very sharp symmetric absorption core. The violet emission is stronger 

than the red emission. The SiII lines seem to be slightly asymmetric espec- 

ially X6347 which appears to consist of a sharp component superimposed on the 

violet edge of a broader component. Due to the sharpness of the lines radial 

velocities are extremely well -determined in this star and the velocity difference 
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between the Fell and the SiII lines appears to be significant. The star is 

the primary of a well -known peculiar eclipsing binary system (see Beals 

(1951) for a summary of early work on this object). 

HD34085. Ha is a very weak asymmetric absorption feature. The red 

wing is much sharper than the violet wing of the line. 

HD35600. HeI X6678 was not present on the plate although it ought to 

be present at this spectral type. HeI X5875 is very weak. The HeI radial 

velocity is based on a measurement of this line only and consequently is 

very uncertain. 

HD36371. Ha may be slightly asymmetric with the red wing being sharper 

than the violet wing. The metal line velocities are sufficiently well- deter- 

mined that the velocity difference between the SiII and the HeI and CII velo- 

cities seems to be significant. 

HD37128. The Ha absorption component is very shallow and diffuse. 

HeI X6678 is asymmetric being more extended to the red than to the violet. 

HD38771. Ha consists of a broad absorption feature with a relatively 

strong emission component located near the line center. The emission does 

not, however, rise appreciably above the continuum. The quoted Ha absorption 

velocity refers to the center of the entire absorption feature (as inferred 

from measurement of the line wings) and is somewhat uncertain. 

HD40111. Weak emission is present at Ha on both sides of an asymmetric 

absorption core. Both emission components appear to be of about equal strength. 

Individual helium line velocities are: HeI X5875 = -3.9 km sec -l; HeI X6678 

= +19.5 km sec -1. 

HD41117. Both McDonald spectrograms show weak emission on the violet 

side of the Ha absorption in addition to the strong emission on the red side. 

Both HeI X5875 and X6678 appear to be asymmetric being more extended to the 

violet than to the red. On the Kitt Peak spectrogram there is no violet 

emission at Ha and the two helium lines exhibit weak emission on the red side 

of a symmetric absorption core. Individual helium velocities are: HeI 

X5875 (absorption center) = +0.9 km sec 1; HeI X5875 (emission beak) = +139.7 
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km sec -1; HeI X6678 (absorption center) = +23.2 km sec -1; HeI X6678 (emission 

peak) = +161.0 km sec -1. 

HD42087. The individual helium line velocities are HeI A5875 = +17.1 km 

sec -1; HeI X6678 = +26.6 km sec -1. 

HD53138. Ha is an asymmetric absorption line having an extended violet 

wing. The Ha absorption refers to the center of the absorption core. Within 

the accuracy of the measurements there are no significant differences between 

the average radial velocities obtained for lines of different atoms and ions 

although there is a large difference between the results for the two HeI lines. 

The individual helium line velocities are: HeI X5875 = +51.0 km sec 1; HeI 

X6678 = +62.8 km sec 1. 

HD57061 (t CMa). The broad Ha absorption feature appears to have a 

self- reversed core. Additional velocities which can be associated with Ha are: 

Ha (red minimum) = +75.6 km sec -1; Ha (reversal peak) = -17.9 km sec -1; Ha 

(violet minimum) = -127.4 km sec 1. Both helium lines are very broad and 

shallow and also appear to show either self -reversal cores or double structure. 

Because of the diffuseness of the helium lines it was not possible to obtain 

a meaningful He velocity. There is, however, some indication that Ha is 

displaced to the violet of the position defined by these lines by 50 - 100 km 

sec 
-1 

HD58350. Ha shows an inverse P -Cygni profile. The emission has a definite 

double structure. The absorption component is very shallow and its equi- 

valent width is quite uncertain. The quoted Ha emission velocity refers to 

the center of the emission feature. Additional velocities which can be asso- 

ciated with the emission are: Ha emission (violet peak) = -53.3 km sec 1; 

Ha emission (red peak) = +78.0 km sec 1. 

HD149038. The Ha absorption is very broad and shallow. The equivalent 

width is extremely uncertain due to the presence of numerous strong water vapor 

lines in the vicinity of Ha. Because of the diffuseness of the line it was 
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not possible to determine an Ha absorption velocity. 

HD152236. Both helium lines have emission present on the red side of 

an asymmetric absorption line. Velocity results for the individual helium 

lines are: HeI X5875 (absorption minimum) = -88.1 km sec 1; HeI X5785 (emis- 

sion maximum) = +28.5 km sec -1; HeI X6678 (absorption minimum) = -69.3 km 

sec 1; HeI X6678 (emission maximum) = +43.9 km sec 1. 

HD154090. On both spectrograms the helium lines were clearly asymmetric 

being more extended to the violet than to the red. In addition, there appears 

to be a significant velocity difference between the results for the two lines. 

Radial velocities for the individual helium lines are: (1) August 10, 1968 - 

HeI X5875 (minimum) _ +0.7 km sec -1; HeI X5875 (approximate center) = -19.0 km 

sec -1; HeI X6678 (minimum) = +7.4 km sec 1; HeI X6678 (approximate center) = 

-10.3 km sec 1; (2) August 13, 1968 - HeI X5875 (minimum) = +2.2 km sec 1; 

HeI X5875 (approximate center) = -11.2 km sec 1; HeI X6678 (minimum) = +16.0 

km sec 1; HeI X6678 (approximate center) = +1.1 km sec -1. 

HD164402. Ha is a relatively broad feature with an apparent non -central 

core reversal. Additional velocities which can be associated with Ha are: 

Ha (red minimum) _ +50.1 km sec 1; Ha (reversal peak) _ -46.0 km sec 1; Ha 

(violet minimum) = -82.8 km sec -1. Results for the two helium lines are: HeI 

X5875 (center) = 27.7 km sec 1; HeI X6678 (center) = +42.2 km sec -1. 

HD166937 (u Sgr). Ha consists of two relatively strong emission compon- 

ents present on either side of a sharp absorption core. The red emission com- 

ponent is approximately 5 times stronger than the violet emission component. 

HeI X5875 also shows similar double emission. No emission is present at HeI 

X6678. Individual helium velocities are: HeI X6678 (absorption center) _ 

-53.5 km sec 1; HeI X5875 (absorption center) = -44.1 km sec 1; HeI X5875 

(violet emission peak) = -174.8 km sec 1; HeI X5875 (red emission peak) = 

+91.2 km sec 1. The star is the primary of a well -known peculiar eclipsing 
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system (see Beals (1951) for a review of early work on this object) and the 

strengths of the strong lines are known to vary throughout the orbital period. 

HD167264. Ha is a very broad, shallow and apparently symmetric absorp- 

tion line. Because of the diffuseness of the line the Ha absorption velocity 

is quite uncertain. There is no doubt, however, that Ha is displaced to the 

violet of the rest position defined by the two helium lines. 

HD187983. The first and third spectrograms show weak emission super- 

imposed upon the red absorption wing of Ha. There is no emission present on 

the second spectrogram but Ha appears to be slightly asymmetric with the red 

wing of the line being less extended than the violet wing. Both helium line 

velocities tabulated are based on measurement of X5875 only. On the August 

11, 1968 spectrogram an additional velocity of -33.0 km sec 
-1 

can be asso- 

ciated with the center of the Ha absorption core. The Ha emission velocity 

reported for the August 13, 1968 spectrogram is very uncertain due to the 

weakness of the feature. 

HD190603. On the August 11, 1968 spectrogram HeI X6678 appears as a 

symmetrical absorption line whereas X5875 is an asymmetric line with a trace 

of weak emission present on the red side of the absorption. Individual helium 

line velocities are: HeI X6678 (center) = -1.2 km sec -1; HeI X5875 (approxi- 

mate center) = -74.6 km sec 1; HeI X5875 (absorption minimum) = -23.7 km sec -1. 

On the August 13, 1968 spectrogram HeI X5875 is composed of an asymmetric 

absorption component and an emission component on the red side of the absorption. 

HeI X6678 is an asymmetric absorption line being more extended to the red than 

to the violet. Individual helium line velocities are: HeI X6678 (approximate 

center) = -6.0 km sec 1; HeI X6678 (absorption minimum) = -21.5 km sec 1; 

HeI X5875 (absorption minimum) = -31.6 km sec 1; HeI X5875 (emission peak) = 

+78.6 km sec 1. 

HD195324. The HeI velocity is based upon measurement of X5875 only. 



38 

HD197345. The HeI velocities are based upon measurement of X5875 only. 

HD198478. Ha consists of an emission component superimposed upon a 

broad absorption line. Qualitatively the profile is very similar to that 

shown by HD14818 and reference should be made to the note for that star. 

The quoted Ha absorption velocity refers to the position of the absorption 

minimum on the violet side of the emission. The SiII velocity is based upon 

measurement of X6347 only. HeI X5875 may be asymmetric being more extended 

to the violet than to the red. 

HD199478. On both spectrograms Ha appears to consist of an emission com- 

ponent present on either side of a weak absorption core. In both cases the 

violet emission is stronger than the red emission. However the relative 

strength of the two components is clearly different on the two spectrograms. 

The relative strength of the two red SiII lines is also different although 

the average strength of the doublet does not seem to have changed. The red 

CII lines, which are not present on the first spectrogram, are definitely 

present on the second. On the August 11, 1968 spectrogram both helium lines 

appeared to show double structure. The quoted helium velocity refers to the 

line centers. Additional velocities which can be associated with the helium 

lines are: HeI X5875 (violet minimum) _ -25.5 km sec 1; HeI X5875 (red mini- 

mum) = +27.5 km sec -1; HeI X6678 (violet minimum) = -26.4 km sec ; HeI X6678 

(red minimum) _ +5.0 km sec 1. 

HD202850. On the July 9, 1966 spectrogram Ha is an asymmetric absorp- 

tion line being somewhat more extended to the red than to the violet. The 

wings are not extensive and the full width at half depth of the line is 2A. 

On the August 8, 1968 spectrogram Ha is a symmetric line which has moderately 

extended wings and a full width at half depth of 3.5A. The HeI radial velo- 

city on the first spectrogram is based on a measurement of X5875 only. The Ha 

absorption velocity refers to the approximate line center. The velocity 



difference between Ha and the other lines is probably not significant. 

HD204172. Ha is a broad, shallow absorption line which has an apparent 

self -reversal in the line core. Additional velocities which can be asso- 

ciated with Ha are: Ha (violet minimum) = -68.5 km sec 1; Ha (reversal 

peak) = +8.9 km sec -1; Ha (red minimum) = +65.8 km sec -1. Individual velo- 

cities obtained from measurement of the two helium lines are: HeI X5875 = 

-6.0 km sec 1; HeI X6678 = +2.3 km sec 
1. 

HD206165. On the July 9, 1966 spectrogram Ha is a relatively sharp 

asymmetric absorption line extending further to the red than to the violet 

side of the line minimum. The full width at half depth of the line is 3.3A 

and the depth of the line minimum is .34. At about X6557 there is an additional 

weak absorption feature which is clearly resolved from Ha and is of unknown 

origin. On the August 8, 1968 spectrogram Ha appears as a broad, shallow line 

with a definite reversal in the line core. Full width of the line at half 

depth is 6.8A and the maximum line depth is .16. On the first spectrogram 

the HeI velocity is based on a measurement of X5875 only. On the second 

spectrogram additional velocities which can be associated with Ha are: Ha 

(violet minimum) = -90.9 km sec 
1; 

Ha (reversal peak) = -32.7 km sec -1; Ha 

(red minimum) = +8.4 km sec -1. It should be noted that this star is an MK 

standard. 

HD206267. Ha is a very broad absorption line. The possible reversal 

near the line center is probably due to the presence of the HeII line at X6560 

which also must be responsible for the apparent violet shift of Ha. The HeI 

velocity is based on measurement of X5875 only. HeI X6678 is not present on 

the spectrogram. HeI X5875 is very asymmetric having an extended violet wing. 

The quoted velocity refers to the position of the approximate center of the 

Doppler core of the line. 



HD207198. Ha is asymmetric being somewhat more extended to the violet 

than to the red. 

HD208501. On the July 11, 1966 spectrogram Ha appears as an absorption 

line which may be somewhat asymmetric having wings which are slightly more 

extended to the red than to the violet side of the absorption minimum. On 

the August 15, 1968 spectrogram Ha appears as a very weak, sharp absorption 

feature with emission present on either side of the absorption core. 

HD209975. On both spectrograms Ha is a relatively broad feature with a 

self- reversed core. Additional velocities which can be associated with Ha 

are: (1) August 11, 1968 - ha (red minimum) = +80.4 km sec -1; Ha (reversal 

peak) = +7.8 km sec -1; Ha (violet minimum) = -89.7 km sec 
-1 

(2) August 13, 

1968 - Ha (red minimum) = +70.1 km sec -1; Ha (reversal peak) = -27.8 km sec -1; 

Ha (violet minimum) = -121.1 km sec -1. Furthermore HeI X6678 (but not X5875) 

appears to be double on this second spectrogram. Additional velocities which 

can be associated with this line are HeI X6678 (red minimum) = +61.2 km sec 1; 

HeI X6678 (violet minimum) _ -32.9 km sec -1. Individual velocities obtained 
are: 

from measurement of the helium line centers / HeI X6678 = +1.5 km sec -1; 

HeI X5875 = -13.0 km sec -1. On the first spectrogram there was no significant 

difference in velocity between the results obtained for the two lines. 

HD213087. Ha is a broad shallow absorption line with an apparent rever- 

sal in the core of the line. Additional velocities which can be associated 

with Ha are: Ha (red minimum) _ +77.4 km sec -1; Ha (violet minimum) _ -101.4 

km sec -1. Both helium lines are asymmetric being more extended to the red 

than to the violet. The tabulated HeI velocity refers to the approximate 

position of the line centers. The average velocity associated with the HeI 

line minima is -27.9 km sec -1. 
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TABLE 2 

ADDITIONAL SPECTRUM VARIABLES 

Star References 

HD 2905 

14134 

14 818 

37128 

42087 

53138 

58350 

Rosendhal and Wegner (1970), Hutchings 
(1970a, 1971), Bolton (1973) 

Beals (1951) , Hutchings (1970) 

Beals (1951) 

Cherrington (1937), Lamers (1972) 

Mohler (1940), Merrill and Burwell (1943) 

van Helden (1972) 

Underhill (1948) 

152236 Code and Houck (1958), Hutchings (1968a) 

Rosendhal and Wegner (1970), Jaschek 
and Jaschek (1973) 

190603 

198478 

223385 

Merrill and Burwell (1949), Hutchings 
(1970a, 1971) 

Merrill et. al (1932), Beals (1951), 
Underhill (1961) 

Rosendhal and Wegner (1970), Hutchings 
and Laskarides (1972) 
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FIGURE CAPTIONS 

Fig. 1. - Representative Ux profiles in the BO - Bi stars. In this and all 

subsequent profile illustrations light continuous lines show the raw data 

and heavy lines show the inferred mean profiles. Wavelength increases to the 

right. The direct intensity tracings have not been rectified and in all 

cases the ordinate is residual intensity referred to the continuum at the 

position of the apparent absorption minimum. In Figures 1 - 5 each panel 

is labelled with the star's identification, spectral type, absolute magnitude 

and the date of the observation. Absolute magnitudes which are particularly 

uncertain or which are the mean for the luminosity class are enclosed in paren- 

theses. 

Fig. 2. - Representative Ha profiles in the B2 - B2.5 stars. 

Fig. 3. - Representative Ha profiles in the B3 - B5 stars. 

Fig. 4. - Representative Ha profiles in the B8 - B9 stars. 

Fig. 5. - Representative Ha profiles in the A stars. 

Fig. 6. - The relationship between the net strength of Ha (as defined in the 

text) and absolute visual magnitude. (a) BO - B6 stars; (b) B8 - A5 stars. 

The dashed lines have been d7-.awn in by eye. In this and subsequent line 

drawings closed circles refer to stars whose absolute magnitudes have been 

estimated from cluster membership and open circles to stars for which the 

mean absolute magnitude for the luminosity class has been used. For stars 

which have variable Ha profiles data points are the mean of the observed 

values with the total range being shown by vertical bars. 
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Fig. 7. - The relationship between the strength of Ha emission and absolute 

visual magnitude. (a) BO - B5 stars; (b) B8 - A3 stars. It should be noted 

that the vertical scales for the two panels are different. 

Fig. 8. - The velocity difference (HeI X5875 - HeI X6678) as a function of 

absolute visual magnitude for the 09.5 - B5 stars. The dashed line has been 

drawn in by eye to show the general sense of the relationship 

Fig. 9. - (a) The velocity difference (Ha absorption - HeI) in the 09.5 - B5 

stars as a function of absolute bolometric magnitude; (b) the velocity dif- 

ference (Ha absorption - SiIl) in the B8 - A3 stars as a function of absolute 

bolometric magnitude. In both panels the dashed lines have been drawn in by 

eye. 

Fig. 10. -The relationship between the velocity difference (Ha emission - HeI) 

and the observed strength of Ha emission. In cases of stars which are Ha 

variables, the range of both ordinate and abcissa is shown. The dashed 

line has been drawn in by eye to show the general sense of the relationship. 

Fig. 11. - Representative Ha profiles in the 0 stars. In the case of HD57061 

the labelled luminosity classification has been taken from Conti and Alschuler 

(1971). 
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