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SUMMARY

The primary aim of this study is to determine to what
.extent the profiles of a large number of Hel lines, as
observed over fhe entire range of B spectral typés, can be
matched by theoretical profiles coﬁputed in LTE. Detailed
profifé analyées of as many as 11 Hel lines, cafried out for
the ?stgrs 134 Tau (B9 IV), w Cet (B7 V), HR 2154 (B5 IV),
¢ Her (33 V), vy Peg (B2 V)) HR 1§61'(Bl V)'and‘u Oori (BO V),
are summarized. Original, high-dispérsipn profile da£a are
presented for five of these starst’

Sﬁellar log g and Teff vilues are estimated fror Hy and
ﬁé profiles and spectrophotometric data, reduced to the new
standard calibration of Vega by Oke and Schild (1970). The
" observed MgII ) 4481 profiles yield V sin i values <30 kﬁ/sec
for all the stars considered and yield an average log N(Mg)/
N(H) + 12 = 7.8 £ 0.1,

For most of the Hel lineé considered at spectral types

"Bl ahd BO, one cannot ﬁatcﬁ simultaneously an observed line
“core and the observed line wings with an ﬁTE profile; the.
observed cores are systematically deeper and broader than
prediqted. For certain lines (3214471, 5876, 6678 and possibly
‘ h14026,'4388) this pzob}gm persists over the entire range of
~spectral types cons;deredh(ﬁo-BQ)._ The observed singlet/
tfiﬁleé equivalent width ratios are well reproduced by the
LTE calculations in spite of evident deviations from LTE in

- the line cores.



Estimated He/H fatios, obtained on the basis of.
thesretical fits to the weaker Hel lines and to the wings
of the strong lines, are given for six of the seven stars
cgn%idered. An overall average N(He)/N(H) = 0.106 is
obtained for these stars, from a total of 46 lines, with
little scatter being noted in the results obtained from line
i to_line for a given star. Virtually no scatter éxists in
the derived He/H ratios am&pg the gix.étars considereg, ;t
is unlikely that the more obvious'sources.of possible syste-
matic errors could push the average N(He)/N(H) for these
" stars outside the rangé.0.09§-0.125. Derived Hé/H ratios
for , Ori and HR 1861, members of the Orion association, are
in excellent agreement with.the results of recent optical
studies of tha Orion nebula., The need for a rigorous -
theoretical test of the LTE assumption for the weak Hel lines

and the wings of the strong lines is stressed.
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I, INTRODUCTION
AW AANANANAAA S S

The determination of the He/H abundance ratio for
nearby main-sequence stars and diffuse nebulae and the
detection of possible variations in its value as a function
of positionrin the galaxy 6r pobulation membership.has
bearing on a variety of astrophyéical problems. Principal
among these is the development of a coherent picture of the
history of stellar nuc;eosynthesis and_chgmical enrichment .
of the interétellar medium. Ultimétely,-such a model may

’be used to infer the helium content of the primeval material
from which the galaxy formed, a datum pertinent to the
development of cosmological models. A géneral review of
these problemst has been given by Tayler (1967).

Insofar ¢s objects of solar age or ydunger are‘éoncerned,
the He/H ratio may be estimsted by means of at ieast five
methods: solar flare cosmic ray observations, stellar mass—
1um1n051ty relatlon studies, observations of ﬁII region
recomblnatlon 11nes at optlcal wavelengths observations of
HII region radio recdmbination lines, and studies of the
helium absorption line spectra of early type stars, The
cred1b111ty of results obtalned by any of these methods
rests upon the verlficatlon of the physical assumptlons made
~in each type of study and the demonstratlon that He/H ‘ratios

\
obtained for the same or smmilar obgects by d1fferen§\methods

are consistent.-



. !
The present work -deals specifically with the interpre-

-_tation of the profiles of Hel absorption 1ines‘0bserved in
normal, main-sequence B star specéra. Early studies along
similar iines were hampered by the lack of an adequate Stark
broadening theory for the Hel lines and by the inadequacies
of available model atmospheres (Underhill, 1953, 1966; Aller
and Jugaku, 1959). Helium abundances derived .in suéh.studies
typically lay in the range 0.12 < N(He)/N(H) < 0.20, by
number of atoms (Traving, 1955, 1957; Jugaku, 1957, 1959;.
Aller and Jugaku, 1959; Mihalas,:1964). ‘On the other hand,
He/H ratios derived in studies of spiral arm diffuse nebulae,
in studies of the mass-luminosity relation for binary stars
and in solar studies have coﬁsistently yielded He/H ratios
< 0.12 (Tayler, 1967; Durgaprasad et al., 1968; Peimbert and
Costero, 1969; Peimbert and Spinradz 1370; Popper et al., 1970;
Bahcall and Ulfich, 1970). The weight of evidence from
nebular, binary star and solar_ work, coupled with fhe theore-
tical difficulties 1nv01ved in model atmospheres analyses

"tended to raise serious doubts about the reliabpility of the
stellar spectroscoplc résults.

Quantum mechanical calculations of Stark profile.functions
are now avallable for most of the Hel lines of interest, as
are 1arge grlds of B star model atmospheres. Consequeqtly,

a number of woprkers have recently readdressed the problem

of interpreting stellar Hel spéctra. These studies may be


http:0.20,.by

divided into two groups - those which utilized equivalent

width data alone and those Whlch attempted to match theore-.

tically the observed Hel line proflles
’ Equlvalent w1dth data for the weak Hel line, 24713, as

. 6bserved at spectral types BS5 and_earlier, were used by Hyland

(1967) in estimating the helium content of two southern

* galactic clusters. Shipman and Strom (1970) wtilized pub-
lished equivalent widths for a single strong Hel line, 34471,

-in estimating the He/H ratio for a iarge number ef B stars.

, Both Hyland and Shipman add Stro@ obtainéd values of N(He)/
N(H) ~ 0.09—0{10, although substantially higher values were
derived for a few stars. Baschek and Norris (1970) have )
carried out equivalent width anal&ses of many Hel lines for .
y Pegasi, a B2 V star. They' estimate N(He)/N(H) = 0.11. -

Detailed analyses of Hel line profiles have recently
appeared in conjunction with the study pf five B stars: the
two BO stars 4« Scorpi and ) Leporis (Hardorp and Scholz,
1970) and three B3‘stais, v Herculis, 7 Hydrae and HD 58343

(Kodaira and Scholz, 1970) Hardorp and Scholz estimate

_values of N(He)/N(H) P 0 10, while Kodaira and Scholz obtain
a much lower average,'z 0.06, The very low He/H ratios
derived by Kodaira and Scholz appear to be the consequence
qf a cﬁoice of stellar effective teﬁperatdres significantly

hotter than one woiuld expect for B3 stars (see Section IVf.

All of these studies are based uponvthe fundamental-

‘physical assumption that the Hel lines are formed under
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" local thermodynamic equilibrium (LTE). ZEach is limited
" either in the range of spectral typés covered or in the
number of Hel lfnes considered. No detailed modern analysis
of the Hel line profiles of stars of spectral type later
than B3 has appeared prior to the present study, for example.
The exclusive use of equivalent width data in estima-
ting abundances from strong'spectral lines, including
those of Hel, is a hazardous procedure. Not only may
important physical effects be overlooked in sich an approaéh,
but poor matches between theory and obsérvafions may be .
camouflaged in a systematic way., The profile analyses of
Hardorp and Scholz indicated that only the weakest Hel line
profiles could be completely matched at spectral type BO.
The observed cores of the stronger liﬁes were invariably
deeper than predicted. Snijders and Underhill (1970) have
shown qualitatively that the observed core of He1.14471 is
markedly deeper than the pubtished theoretical profiles of
Shipman and Strom would indicate, at least a% spectral types
B3 and earlier. The calculations of Johnson and Poland (1969)
and of Poland (19703 gndicate that the cofes of some Hel
lines may indeed be deepengd by non-LTE effects; while little
difference‘betwgen LTE and non-LTE profiles is found in the
line wings. However, the adequacy of Johnson and Poland's
non-LTE calculations has been questioned by Snijders and
Underhill, who suggest that non-LTE effects may be important
even at the great atmospheric depths-where the weak ﬁeI lines

and the wings of the strong lines are formed. Hummer and
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Mihalas (1967) have pointed out that non-coherent scattering
by free electrons may also serve to deepen and broaden the
cores of strong lines.

The primar& éim of the present study is to determine to
what extent the profiles of a large number of Hel lines, both
weak and strong, both isolated and hydrogenic, as observed
over the entire range of B spe;tral types,.can be matched
by theoretical profiles computed in LTE, It is hoped that
this will provide a framework of empirical data on the basis
of which the scope of the non-LTE problem may be defined.

In those cases where the entire observed profile of a weak
~line or the wings of a stronger Hel line are well matched by
the LTE calculations, an estimate of +the He/H ratio may be
obtained. - ’ -

Detailed.profile énalyses of as nany as eleven Hel lines
have been carried out for each of seven stars, ranging in
spectral type from B9 to BO, -Original, high dispersion
. profile data are preéented for five of these stars. Helium
abundance estimates are obtained-from a sufficient number of
~ lines in each case ;o that a reasonable esfimate of the random
errors involved in the analyses may be made, The physical
significance of the - -abundances so derived must ultimately
ﬂepend upon thé future @emonstration thdt the LTE assumption
is indeed valid for those deep atmospheric regions where
the weak -Hel lines and the Qings of the stronger lines are

formed.



I1. THE OBSERVATIONS
ANVAS A AN T

The stars chosen for this investigation are bright,
virtually unreddened and sharp-lined objects. Table 1
1;sts spectral type and photometric data for each, as taken
from the Bright- Star Catalogue (Hoffleit; 1964) . and from
the compilation of Johnson et al. (1966). Also given is
.the approximate projgcted rotational velocity, V sin i, for
eéch star, obtained from low dispersion spectra by Slettebak
(1954) and Slettebak and Howard (1555). Phe rotational
velocities derived in section V, on the basis of high reso-
lution data, for five of the stars diffef from those given
in Table 1 by as much as 18 km/sec in some cases. In each
instance, V 3in i lies belqw 30 km/sec, ho&ever.

Two types of observatioﬁs weré required for this study:-
high dispersion photographic spectra and photoelectric scans
of the stellar coantinuous energy distributions or.alternative
photometric aata. The photographic spectra provide& profile
data‘for the Hel lines, the hydrogen Balmer lines and the
MgII 24481 line. The use of the Hy and Hé.profiles fogether
with the continuous energy distributions or other photometric
data in fitting model atmospheres to the:program stars is
discussed in section IV,  Section V descgibes the estimation
of the stellar V sin i values, by use of the MgII 34481 pro-
file, The paragraphs below outliﬁe pf&Qz;iTv‘the nhsérv;tions

and reductions original to this-paper.



High dispersion spectra of 134 Tauri, w Ceti, HR 2154,
HR 1861 and y 0rioni§ were obtained by the author, under the
guidance of Professor L,H, Aller, with the coude’spectrograph
of the 120-inch telescope at the Lick Observatory during
dctober, 1967. The observing program incor;orated three
distinct instrumental combinations, the characteristics of
. which are ;ummarized in Table 2, iColumn 8 of Table 1 indicate
the systems utilized for each star observed.

Two of the stars, HR 2154 and HR-1861, are binaries
with faint companions. Light from the companion of HR 2154'
'was not allowed to.enter the spectrograph slit. The
companion of HR 1861 was not abserved, but it is sufficiently
faint relative to the program star (AmV =‘4;5) as to be of
only minor concern here. Subsequent examination of the
plate tracings of HR 1861 revealed no apparent evidence of
spectral contamination by the fainter star.

A Grant Mark III microphotometer, utilized in tﬁe density
mode, provided tracings of each of the photographic spectra.
éreét ;éré was exeréised in tracing each of the line profiles
Qf interest. The fog lével, plate calibration data and
spectrum profile (perpendicular to the dispersion) appropriate
to each line were determined at points on the plate as close
to. the 1ine as possible. Tracings of nearby comparison
lines yielded an estimate of the tracing scale in 8/incn

. for each line. The results were found to be reproducible



from plate to plate for a given line to within one part
in five hundred.

Comparison line.profiles yielded estimates of the
instrumental brpadgning functions for each of the three
syst;ms summarized in Table 2, The.sharp lines emitged'
by the comparison spectrum source, an iron-neon hollow
cathode tube, are well suited for this purpose. The esti-
mates of the instrumeﬁtal resolutiqn listed in Table 2
correspond simply to the half-inteﬁsify widths of the
normalized instrumental profiles so obtéined.' Instrumental
broadening proved to be of significance only in the case
of the 8%/mm data, ‘

All profile data (both "signal' and "ﬁoise") were pro- .
cessed with an analogue-to—éigita; éonverter and were then
reduced from density to intensity units by means of a com-
puter code developed by Ross (Aller and Ross, 1967). This
code incorporates a correcfioﬁ to the plate calibration curves
for the effects of noﬁ—uniform spectrum widening, -

For thevpurposgslgf this investigatiop it was necessary
to idealize the profile data in the sense that a smoothed
mean was fitted through the random noise in each case. Thus,
the profiles tabulated or illustrated in subsequent sections
ﬁecessarily reflect the subjective judgehent of the author.
The corresponding intensity profiles in their original
‘signal;plus—noise form may be found in the author's thesis

(Leckrone, 1969).
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Multiple obseérvations of only a few profiles were
““obtained. Different observations of the same line agresd
with each other for the most part to within one per cent
of the continuum (residual flux units), although larger
.uncertainties (. + 3%) may be expected near the centers
of the deepest line profiles observed (with residual fluxes
'5 0.50). A second test of the quality of the data, the
cdnsistency of He/H ratios derived from different lines
observed for the same star, will be discussed in section VI.
HeI, HI and MgIl 34481 profiie and equivalent width -
data for y Peg and ; Her have also been utilized in this
study. The v Peg data were taken from Aller (1956), Jugaku
(1957) and Aller and Jugaku (1959). "The Hel equivalent
width'data for ; Her are those given by Peters and Aller
(1970), while.a limited amount of Hel profile data for , Her
has been biovided to the author by Mrs. Peters. Instrumen-
tal broadening functions were not available for use with
the y Peg or , Her data.
) Continuous enefgy'distributions for n‘Ceti, ¢, Her, vy Peg
énd v Ori are availabls in the literature (Wolff 93_313,41968;
Jugaku and Sargent 1968; Code, lQéO) The author obtained
photoelectrlc spectrum scans for 134 Tauri, HR 2154 and
:'three standard stars (e Orl, 7 Hya and y Gem){%ith the
Wampler scanner (Wampler 1966), mounted at th prime focus
of the 36—inch Crossley reflector at Lick Observatory in

November, 1968. The instrumentation utilized was virtually

- 11 -



identical to ?hat ﬁsed by Wolff EE.Elf (1968) and by Hayes
(1970) . The wavelength range ;)3200-5263 was observed in
2nd order with a 498 bandpasé, while the rénge A15263-7550
was observed in ist order with a 338 bandpasé. The data
were reduced according to the procedures outlined by Oke
(1965) and by Hayes (1970), extinction data, pairéd pulse
corrections, etc., being taken fﬂom the latter reference.
Tﬁe question of the calibration of the ob;erQed spectral
energy distributions Qith reference to £he primary‘standérd,
o Lyrae,~ié discussed in section IV..

No spectral energy distribution data for HR 1861 are
currently available., Its effective temperature was esti-
mated by use of the relation betwsen the reddéning—independent
parameter; Q = (U-B) - 0.72(B-V), and Teff predicted from
the grid of model atmospheres utilized (see Section ).

The line profile data and observed cohtinuous-energy
distributions which are origihallto this paper are either

tabulated or illustrated in later seciions.’

- 12 -



III, THEORETICAL LINE PROFILE CALCULATIONS
'\’\M’\/\N\/\MN\/\/\/\NW/\M

The theoretical (LTE) profiles of eleven Hel lines,
Hy, H6 and the Mgll 34481 doublet were generated by straight-

forward Simpson's rule quadratures of the flux integrals

4o .
F, (80 = 2n I_m 8, (x,m) By [r, (x;00)1]

[ ¢ L L < (L)
1y (%) + o, (x) + A (x,80) ] _J;(_)__ i
[uo (x) + % (x)] M
and 4o
c
¥ o= 2m I_m S: (x) Ey [T;(X)]
(2)
[ul-(x) + cx(x)] 10%
— dx
[no (x) + co(X)] M

for the line plus continuum and the continuum alone,
respectively., The flux integrations were carried out over
model atmospheres available in the literature (section IV).
In equations (1) and (2) 3 denotes the central wavelength of
the line, %y 0 oy and ll are the continuous absorption
coefficient, the scattering coefficient for the continuum and
the line absorption coefficient, respectively. o and 0o
-denote absorption and scattering coe?ficients at a standard
wavelength, TX(X’AX) is the total 6ptica1 depth in the line

pluis continuum, while T:(x) denotes the optical depth in the

- 13 -



continuum alone., The variable x is a depth parameter

'
i i

x = log —rfj s (3)

defined by ' . . X

'

where Tg is the continuum optical depth at the standard
wavelength, M = log 10%¢ Both observed and theoretical
profiles discussed thréughout this paper ;re in the
normalized form '

- E ) .
R}\ () = Ff (4)

These calculations took explicit account of scatfering
processes in the formation of the continuum so that, at a
-given atmo§pheric depth, the source Eunction adopted for the
combined line and continuum is give@ by

Sy to) ST+ B
s - (5)

"y + oy + 11

while that for the continuum alone is

x, B, + o A[SC]
Hy + 01

Here Bk denotes the Planck function evaluated at the local
electrbn témperature and A[sf] represents the local value of
the mean inﬁegéitykin the'Caniﬁuum.. S; was calculated
iteratively, by use‘of the techniques outlined by Mihalas
(1967a) .

- 14 -



The sources pf continuous opacity considered were
bound-free and free-free transitions.involving HI, Hel, Hell
and H™, absorptién by H2+, coherent scattering by free elec-
trons. and Rayleigh scattering by atomic hydrogen. The opacity
calculations followed those outlinéd by Mihalas (1967a)
with the~foliowing exceptions: +the Hel opacity was calcu-
lated in the manner described by Vardya (1964, corrected
for typographical errofs); the HI Gaunt factors were com-
puted from polynomials given by Mihalas (1967b); and poly-
nomials for the H™ free-free opacity were taken from Fischel
(1963) . ' .

The line absorption coefficient is given in the usual

notation (e.g. Aller, 1963) by

2

LG =, (0 [ 2] a -e~Be/AKT)
: (&)
2

8. (x,Mm).
CA)\D A

Here n, (x) is the number of atoms per gram of stellar
'materlal, in 1on1zat10n state r and excitation state s, capable
of absorbing radiaﬁion at a distance, p), from the line
.centér, It is the product of the Saha-Boltzmann factor, the
number of hydroéen atoms per éram'of steiiar material and

_the abundance of the species in:question relative to hydrogen,

e.g. N(He)/N(H). In the calculatlon of n, (x) the partition

- 15 ~



functions used fbr Hel and HI were those of de Jager and

Nevén (1960), The excitation and ionization potentials

for Hel and HI were tékeﬁ from Wiese, Smith and Glennon (1966),

as were the f-values for the Hel lines. f-values for the

Balmer lines were taken from Underhill and Waddell (1959),

- and the f-value used for Min 14481 is thaé given by

:Griem (1964) . Table.3 summafizes the pertinent data for

tl.l‘e Hel lines considered in this stt}dy.‘ M .in_equation 7
is the line Doppler ﬁidth,.which aﬁcéunté for both therméi
and microturbulent processes. The calculations carried out
here assume, for the most part, a zero microturbulent

velocity, VT‘ Evidence thathpreQailing-VT values must indeed

be 1oﬁ for the stars in quqstién is discussed in sections -
V and VI, . )

§l(x; AY) in equation (7) fépresents the absorption

profile function per unitlfrequency interval foi the line,
Insofar as the Hel lines are’concerned, it is easily shown
that'van der Waals broadening and resonance hroadening are
negligible when compared to Stark broadeﬁipg, thermal Doppler
broadening and radiation damping, For the hydrogen lines

.and~the hydrogenic Hel.lines only Stark broadening and thermal
Doppler broadening need be taken into account.

The profile calculations for the iéolated Hel lines

utilized the Stark broadening parameters‘derived in the
investigation of Griem et al. (1962), For these lines the

ion broadening may be reasonably described in the phase-shift

e



.1limit 6f the impact approximation over the en#ire range

_of dwarf B star atmospheres, i.e. the parameter g always
falls below the lowest values tabulated by Griem et al.,

for the range of temperatures and:electron densities of
interest here, Under tpese circu%stances, the Stark
broadeping function takes on the form of a dispersion pro-
,filef Thus, the combined Stark broadening, radiation damping
and Doppler broadening for the isoiated Hel lines were
described by means of the well known Voigt:fuqction,Ag(g,v),

with

) T;
[1 + 1.36a8/9 0'1/3] +—F 8)

Mp . 4y

a=w

and ’ . N

8/90—1/3)]. (9)

o d
ve= -2 [m-w( 2360
Nup w -

The parameters w, d[w, g and ¢ are tabulated by Griem et al.
In equation (9) the minus sign applies to the blué-shifted
lines (A 50¥§, 5876) while the plus sign holds for the
red-shifted lines (33 4121, 4438, 4713, 5048, 6678) . The
radiation damping ébn;tants (Ih) for the isolated Hel lines
were calculated by use of the Einstein coefficients given by
Wiesé.gz.ﬁi. (1966). The appropriate values of H(a,v) were
‘interpolated from the tables of Finn and Mugglestone (1965)..
A similar approach was adopted for the MgII 54481.13,.33
- doublet. In this case the Stark broadening parameters were

taken from Griem (1964) and the radiation damping was
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calculated following Henry and Mihalas (1964). The MgII
doublet was calculated as a blend of two resolved lines,
Quantum mechanical Stark broadening functions are
available for a few of the hydrogenic Hel lines. The
calculations of the 14471 and 4922 profiles employed Stark
broadening functions .tabulated. by Barnard et al. (1969).
The author is indebted to Dr. L. Shamey for providing
similar profile functions for 34026 and 34388 in advance
of publication. For 314026, 4388, 4922 the far wings were

5/2  he variation with py of the

assumed to vary as Ay~
far wings of 14471 was taken tp'bé that prescribed by
Griem's (1968) equation 37, The extrapolated wings were
convolved with the appropriate thermal Doppler profile in

each case,

14 3

At electron densities lower than 10" "em™ ", Barnzrd et a-.
prescribe that the hydrogenic Stark profiles be approximated
by dispersion profiles, witH widths and shifts as given

in. their.paper, and that the forbidden components of these
lines be neglected’ag such low ﬁensifies; This procedure

was followed in the present calculations, except.insofa; as
the Stark profile functions were forced to vary smoothly

between their tabulated values at Ne = 1014cm'3 and their

dispersion profile form at N, =3x Llecm's.
The semi-empirical formalism bf:ﬁamonds et al. (1967)
was adopted in the calculation of the Balmer line Stark

profiles.’
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The accuracy of th; profile calculations was confirmed
by a comparison with similar calculations carried out by
Klinglesmith (1969, privdte communication; Hunger and
Kliﬁglesmith, 1969) . Gocd agreement also obtains between
the present calcu}ations of;the wings of the hydrogenic
Hel lines and those calculated by Norris and Baschek (1970).

':It should be noted that the isclated Hel profiles calcu-
.lated here seem to be slightly stronger than those computed
.under similar assﬁmp@ions‘by Norris and Baschek.

. Except for the analyses of , Her and vy Peg, each of

the theoretical Hel profiles was folded with the appropriate

instrumental and stellar rotaéional broadening functions
before being compared to the observed profiles. The present
treatment of rotational broadening foliows the procedures

summarized, for example; by Unsdld (1955, equation 123.12).

The V sin i values used are thoase summarized in section V.
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IV, THE CHOICE OF MODEL ATMOSPHERES ’ .
e AR AN A o A SO REARe

In the context of this sfudy the terms "effective
temperaturé'(Teff) and "surface gravity" (log gi are,
applied to fitting parameters cﬁaracteristic of a theoretica
model atmosphere. The differeﬁces between these para;
meters ana the corresponding physical quantities for a
real star, with which the model has been associated, will
depend upon the physical séphistication of the model, i.e.
the extent to which line blanketihg-effects, deviations - -
from LTE, convection, etc., have been éccounted for.
Unless otherwise noted, Teff values in the range 16,800o -
33,0000, mentioned in the following discussion, refer to
the temperature scale defined by the 1ine—b1anketed models
of Morton and his colloborators (Mihalas and Morton, 1965; -
Adams and Morton, 1968; Hickock anq Morton, 1968; Bradley
and Morton, 1969; Yan Citters énd Morton, 1970). Quoted
Teff values less then 16;80Q° are those associatéd‘with the
hyd?ogen line-blanketed models of Kling;esmith (1970) .  For
the study of , Her the Van Citters - Morton grid was
supplemented with 6né‘unb1anketed mode14("1‘eff = 20,2000,
log g = 3.8) from the grid of Mihalas (1965). This wds
neces;ary for the proper éefinition of the maximum in the
HeI line strength vs, Teff relgtion.: At loglqo > - 2.0,
where the weak geI line ahd the wings of the strong lines
are formed, the unblanketed Mihalas mode} should bé nearly

identical to a line-blanketed model with Teff = 18,7000.
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No single grid of modern model atmospheres currently
available in the literature is capable. of describing the
eﬁtire range of main-sequence B stars‘(lO,OOOo < Teff <
31,000°; 3.0'5 iog g < 4.5). The combination af grids
referenced above covers the.entire rangexof Teff of interest
and, at most effective temﬁeratures, proéides models for
at least two log g values., It probably represents the best
"patchwork'" grid currently available, Its major deficiency
is that-is pfovideq few'modelsifor values of log g = 4.0.
Thus, for two of the stars investigated here (y Peg and vy Ori)
it was necessary to extrapolate computed quantities in order
to estimate their values for log g slightly greater than 4.0.

The analysis of each star required a model atmosphere
capable of reproducing simultaneously the observed Hy and
Hs line profiles and fhe observed stellar continuous energy
diStribution.— i.e. the slope of the Balmer continuum, the
size of the Balmer discontinuity and the slope of the Paschen
continuum. The primary determinant of Topg for the B stars
in question was, of course, thelsize of the Balmer .dis-
continuity. Ambigﬁifies in the observed élope of the
Balmer continuum complicated thé eétimation of the size of
this dlscontlnulty in a few cases.'

Two new calibrations of the continuous energy distri-
bution of Vega, the primary spectrophotometrlc standard,
have recently become available - that of Hayes (1970) and
that of Oke and Schild:(1970). ‘These differ by about 0.05 '
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mag; in the .value obtained ror Vega's Balmer Hiscontinuity
and also differ‘sémewhat in the sl?pe folnd for the.Balmer
continuum., The Balmer jump derive& by Oke and Schild agrees
with the earlier determination by ﬁahner (1963). Thus,
sffective temperatures determinéd from continuous energy
distributions observed on the system défined'by Hayes are
cooler than those derived. from-observations referred to
fhe system of Oke andlSchildé The line profile analyses
outlined in this papér are baseéxupon T;%; vaiues défivéd
primarily from data reduced to the latter system. Results
of similar analyses based upon effective temperatures
determined relative to Hayes' calibration of ¢ Lyrae, will
be summarized in'sectipn Vvi. -
The observed slope of the Balmer‘continuum for y Peg )
(B2), when rzduced to the Oke-Schild system, was noted to
be substantially steeper than prédicted by model atmospheres
for effective temperatures in the range 20,QpO°-22,000°.
However, on %he Hayes system observed and theoretical Balmer
slopes could be well matched. The inverée problem was
encountered for 134 Tauri (B9). On the Hayes system observed
and theo?etical Balméf slopes disagreed;:while better

@
agreement was obtained when the data were reduced td the

Oke-Schild system. Such ambiguities, though puzzli:
. _ RRi

of little comsequence in this study. - The Teff der%
. N . 1

i)
y Peg ‘on the Oke-Schild system may be as much as. 640} too

high becéuse of the Balmer slope uncértainty, but y Peg lies
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near the maximum of the Hel line 'strength Qs; T, pp relation.
Thus, errors of several hundred degfees in Tgee have little
effect on the Hel profiles or equivalent widths predicted
for it.

‘The surface gravities derived here on the basis of the
formalism of Edmonds et al. (1967), are higher by about 0.2
in log g than those one would derive by use of the Kolb-
Griem theory (Strom and Petersén, 1968).‘ The ﬁncErtainty
in the He/H ratio derived for each star, due to systematic
effects of this sort, will be discussed in section VI.

In no instance was it possible to match simultaneously
the observed corés and the observed wings of the Balmer lines
with the theoretical LTE profiles. In each case the observed
cores of -Hy and Hg were significantly deeper than those
predicted by the calculations. A particularly distressing
example is that of the B0 star, , Orionis, for wh}cn a good
fit to the observed Hs profile could be obtained only for
Ay = TR.I This is probably due to non-LTE ef}ects, which in-
fluence only the Balmer line cores for T g, < 30,0000, but
which begin to plaf a; important role in fhe formation of
the line wings as Teff increases above 30,0000 (Mihalas and
-Auer, 1970; Auer, private commugication, 1970) .

Observational data which a%e original to the present study
are summarized in tables 4 through 6. Table 4 contains the
observed spectral energy distriﬁutiqns of 134 Tauri and HR 2154

reduced to the Oke-Schild system and-normalized to m; = 0.00
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at 5 = 55568, The Balmer line .profiles are given in tables
5 and 6. Usable Hvy profiles were nét obtained for 134 Tau,
7 Cet and y Ori .

Table 7 compares Teff and log g values obtained with
continuous energy distributibns observed relative to the’
Oke-Schild system to those obtained from the same data
" reduced to the Hayes system and} in a few cases, to those
obtained by use of the Q vs.lTe£f relation predicted by the
model atmospheres. The Topp derived from the observed Q
value of HR 1861, for which no séectrum scan was available,
should be correct to within about 1000°.

Kodaira and Scholz (1970) assumed an effective tempera-
ture of 18,7000, on the scale defihed by blanketed model
atmospheres,'for ; Her (B3) in order to achieve ioﬁization
equilibria, .This Teff is 1200?‘- 1700° hotter than the value
one derives from.the observed Balmer discontinuity of ; Her,
as determired by.Shipman and’Stroﬁ (1970); by Kodaira and
Scholz themselves and by the author in the~éresent study.
The T ., adopted bx Kodaira and Scholz 1igs outside the
range of uncertainty of the effective temperature derived from
interferometric déta by Hanbury Brown et al. (1967) for a
star with this spectral type and color index (. 17,0000 +
'13000). Moreover, it vastly exceeds the ionization balance
temperature obtained by Peters .and Aller- (1970). for , Her
(17,000° for SII/SIII; 17,250° for Sill/SilII). Kodaira and

Scholz attribute the latter discofdgﬁce to the failure of
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Peters and Aller to account for microturbulence. This is,
however, incorrect (Peters and Aller, 1970; Peters, private
communicatioﬁ, 1970). On assuming a 4 km/sec microturbulent
velociﬁy, Peters and Aller derived SiII/SiIIl and SII/SIII
ionization balance temperatures different by less than 100°
from the resplts obtained for a zero velocity.

It is not possiblg to resolve these conflicting results

here. It should be pointed out that the Te adopted for

£f
¢ Her in the present study is in good agreement with the
Hanbury Brown EE.El‘ temperature scale; with the Peters and

Aller results and with the Te values derived by other

£f
workers from'continuous energy distribution data, It is the
- viewpoint of the author that, if one cannot reproduce the
observed continuum properties of a star with a given model -
atmosphere, then one cannot hope to interpret, in a physi-
cally meaningful way, the line spectrum of the star on the
basis of that model atmosphere. Consequently, tﬂe extra-
ordinarily low He/H ratio derived by Kodaira and Scholz for

¢ Her must be considered of doubtful validity.
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V. PROJECTED ROTATIONAL VELOCITIES AND THE MG/H RATIO
WA PPNV TGPPSO PN N U P2V S WA A v S O VG e e

1 .
Closely spaced lines, such as the MgII ;4481.13, .33

doublet, are clearly resolved in the spectra of y Peg
(Aller and Jugaku, 1958) and , Her (Peters and Aller, 1970),
which indicates V sin.{.values less than about 10 km/sec.
Althoﬁgh the spectra of the five other stars of interest
here are sharp-lined, one cannot resolve the MgII doublet
in'any of them, Thus, a quantitatively meaningful line
profile énalysis should téke inté account the pbssibiiity
of a non-trivial rotational broadening contribution to
their line shapes.

The V sin i estimates given in table 9 for ;34 Tau,
n'Cet, HR 2154, HR 1861 and y Ori were derived in the
present study on the bhasis of a comparison between obsefved
profiles of the MglI doublet and fheoretical profiles calcu-
lated for a variety of assumed V-sin i values (see ,section
III).. The MgiI doublet profile is ideal for this purpose
‘because its shape is rather sensitive to small variations
in assumed V sin i aéd;because it persists over the ehtirg
range of B spectral types. The dbserved MgII 14481 profiles
~are given in taple 8.

An- interesting byproduct of this procedure was an
eétimate of the Mg/H abundance ratio for'each of the stars
considered. In each case it was possible to obtain an
excellent theoretical mateh, in bétﬂ core and wings, to

the observed MgIl profile with a suitable choice of V sinAi
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énd Mg/H ratio, The V sin i_value and Mg/H ratio so
derived are virtually independent of each other, the
former being determined by the ﬁrofile shape, the latter
being determined by the observed doublet 'strength.

The Mg/H ratios, given by number of atoms in table 9,
are ‘based upon a zero assumed most probable microturbulent
velgcity, VTM
to microturbulence aecreases with increasing effective

The sensitivity of the derived Mg/H ratios

temperature - i,e, as the MglI doublet ‘becomes weaker,
An assumed VT ~ 5 km/sec would reduce-the Mg/H ratios
derived for 134 Tau, ¢ Cet and HR 2154 by more than a
factor of three, but would have only a minor effect on
the ratios obtained for , Ori or HR'1861: @hus, it is
noteworthy that the séattér from star to star in the de-
rived Mg/H ratios is low and thét only a slight, and
poésibly insignificant, trend toward smaller Mg/ﬁ ratios

"with increasing T is 6btained. Some of the scatter in

eff
the, Mg/H ratios given in table 9 may be due to microtuf—
kulent broadeningﬂ th it seems unlikely that VT values
egéeediqg a few km/seé prevail, on the average, in the
photosphéres of these main;seqﬁence séars. The V sin i
values derivéd are‘quite.insensiti;e to microturbulent

broadening -of the MgII doublét, as long as VT remains < 8

km/sec,



The average magnesium abundance, log N(Mg)/N(H) + 12 =
7.8 + 0.1, obtained here is sliéhtly higher than the
values 7.7 and 7.5 obtained by Hardei‘p and Scholz (1970)
for 3 Lep and ¢ Sco,.respectively. Impiicit in their
analyses was an assumed VT > 4 km/sec. The estimate of
the magnesSium abundance of ; Her given in table Q.is
substantially higher than that obtained by Kodaira and
,Schélz (1970) from the same line for the .same star,.
This is remarkable in light ofvthe fact that. their adopted
model atmosphere for ; Her is 12000 hotter in Tess tha?
the model utilized in the present study. One would expect
an Mg/H ratio derived from the hotter model to be larger,
not smaller, than the present value. since the Mgll doublet

decreases in strength with increasing Teff’

Vi, THE Hei-PROFILES: RESULTS AND DISCUSSION'
PAAAY D o A e e e s S e N e NN

As discussed in section I, this investigation is
concerned with flndlng that theoretical LTE Hel profile
(and the correspondlng He/H ratio) which moet closely
matches a given observed proflle, at the effectlve tempera-
ture and surface gravity derived for thé star in question.
To this end, theoret1cal profiles for each of the eleven
Hel lines llsted in table 3 were computed, as outlined in
section I1I, for a grid of model atmospheres,.encompassing
each combination of Teff and log gllisted in table 7, and

for several choices of N(He)/N(H) (.05, .10, .15)., Profiles
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corresponding to other He/H ratios were interpolated from
this set of computed profiles. The appropriate functions
describing stellar rotational broadening (see section V)

and instrumental broadening (see section II) were folded
into each theoretical profile before it was compared to

the observations.

The computations did not account explicitly for the

-blending of the Hel lines with lines of other elements.

In most cases the'HeI lines are sufficiently broad.that .
such- blends perturb only a small portion of the total
observed profile., There are some notable exceptions,
however, Hel 35047.7 is seriously blended with either
"SI 3,5047.3 or CII 3, 5047.2 or both over the entire spectral
type range of interest; in the speé:rum of y Ori (BO) 35047."
is also blended with'a line of undezermined identity at
3.5048.1. Tﬁe interpretation of Hel 34921.9 is complicated
by the blends with SiII 24921.7 and with lines éf Fell and
S;I at N4923‘9 throughout the middle B spectral types.

At BO and Bl OII 34924.6 perturbs the red wing of Hel 34921.¢
OII lines at x4l26.é-and 24121.5 seriousiy affect the pro-
file of Hel X4120.8.at spectral types earlier than B3,

The biﬁe wing of Hel 34471.5 is virtually obliterated by a
series of OII and Nell lines in early B type spectra and
'its core is blended with NeII"--)\4471.5. At spectral types
later than B7, the blending of Hel 14471.5 with Pell 34472.9

becomes significant and Hel 14926.2 becomes seriously
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affected by Fell 140?4.6 and TiII 34028.3. This is unfortu-
nate since 34026 and 34471 are the only Hel lines which
persist in sufficient étrength to be well observed at B9.
Blends of léss importance are those of SII 3 5014.0 with Hel
15015.7 and of MgII 3)4384.6, 4390.6 with Hel ;4387.9 in
middle and late B spectra. No attempt has been made here

to fit. theoretical profiles to the observations in those
cases where the total observed profile appears to be
seriously influenced by blending.

The procedure of fitting theoretical to nb;erved Hel
orofiles entailed the adjustment of the value of N(He)/N(H)
assumed in the calculations untii a-good match was obtained
in the line wings. Figures 1 through 6 illustrate the results
for most (but not all) of the observed profiles considered.
Each line is ]abeled_with its central wavelength and with

- the wvalue of N{He)/N(H) adopted in calculating the theoretical
hrofile shown., In those cases. where the observed @ings
Eou}d‘np§ bg well matched for any choice of the He/H ratio
(e.g. v Ori, »6678), the theoretical profile for N(He)/N(H)
= 0.10 is 111ustrateé fér the sake of compaiison. The con-
tinuum level for each profile is shown as a long horizontal
line on the vertical axis nearest to the line in question.
Residual flux scales (see equation 4) are labeled -for a few
of the lines on the left vertical axis of each diagrgm. Some

of the more important blends are illustrated.
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Figure 3 illustrates somé of the Hel profiles for ¢ Her
~and y Peg, the observations of which.were dr;wn from other
sources (see section II). Each Hel profile for  Her, pro-
.vided to the author by Mrs. Peters, varies rather markedly
in shape among her‘three'separafelsets of o%seryations.
Moreover, each seems to be substantially underbroadened in
the wings as compared to the theo?etical predic?iéns (see
314121 and 34438 profiles in figure 3). A rigorous profile
analysis of , Her was -not possible becausé of the lack of
reproducibility of the profile data at hand.. The Hel
equivalent widths given by Peters and Aller (1970) do seem
-to be repfoducible from observation to observation, however.
A rough estimate of thé He/H ratio for ; Her will ﬁe made
below, primarily on the basis of the latter data.
Table 10 lists, for most of the lines jliustrated in-
" figures 1 through 6, the ratio ofithe observed central depth
_in the line to the central depth of the LTE profile which

most closely matches the line wings, viz.

L1.- R)‘(O) ]OBSERVED (10)

A=

.where Rl is defined by equation 4. For a given line a

scatter of + 0.1 in this ratio, as determined from star to

_ star, may be-expecfed because of observational uncertainties.
The central wavelengths in table 10 are listed in the approxi-

mate order of increasing photospheric.depth of line core
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formation, as indicated by the LTE contribution functions

in the line (the contribution function in the line is defined

as the integrand' of the flux integral given by equation 1),
Inspectioﬂ of figures i through 6 and table 10 leads

to several conclusions:

1) It is not possible to match simultaneously an ob-
served line core and the observed line wings with
an LTE profile for ESEE.Of the Hel lines considered
at spectral types Bl and BD. The observed cores are"
systematically deeper and broader . than predicted by
the LTE calculations.

2) This problem seems to persist, for some Hel lines

" (24471, 15876, 36678 and perhaps also 34388 and 34026),
over the entire range of spectral types considered
(BO—BB): .

3) Roughly speaking, the ratio of observed to~qomputed
central depths in the lines, A, decreases (approaches
-unity) with increasing-'depth of line formation in
a given model atmospherg. .At 1east-fof some lines
(\14471, 4026, 5016, 4388, 4121 and 4438) j remains
approximately constant as a function of.spectral type,
except neér BO where it beéins to increasé.

4) The values of A given in table 10 for 334438, 4121 and
4922 are consistent with those ratios derived

theoretically by Polaﬁd (1970) , although a rigorous
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comparison is;got possible';t present. The values of
A found here for 34471 differ significantly from those
given by Poland, the present values being. larger near
BO (Teff - 30,0000) and smaller at later spectral types.
5) Agreement between the observed and predicted intensi-
ties of the forbidden components of ,» 4026 and 14388
is rather good in most cases. Howevér, satisfactory
theoretical fits to the forbidden components of ;4471
and 34922 could ﬁot be obtainéd;,-;n pértiéular; the -
theoretical profiles of 33 4471, 4922 predict too
little absorpti;n in the wavelength region between
forbidden and allowed components. .The-displacementé,
Ay, between the centers of the forbidden and allowed
components of 1x4471}'4922 observed here disagree with
the.predicted displacements by a few tenths of an
angstrom in some cases, Finally, the center of the
observed profile of forhiddgn 24469.9 is sliéhtly
‘Qegper than ?redictea for 1+ Ceti and HR 1861 and is
‘marginally shallower than predicted for y Peg (the
curious centrai féversal observed in ;4469.9_for
"HR 2154 is épparently not fhe result of a plate defect,
but could be due to the presence of an unidentified
blended 1line), Similar problems with these forbidden

components have been encountered by Burgess and Cairns
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'(1970) in laboratory plasma studies of )}4471, 4922,
and by Snijders and Underhill (1970), in comparing
the pub}ished theo:gticaljx4471 profiles of Shipman
and Strom (1970) to observeé'proiiles taken from the
author's thesis (Leckrone, 1969) And from elsewhere
in the literature. It is clear that currently
available line proadening theories do not adequately
describe the regions near the forbidden components of
314471 and 34922,

A comment is in order with regagd to conclusion ;2)
aboye. In the spectrum of 134 Tau (B9), the coolest staf
considered here, the observed wings of 34026 aﬁd 14922 are
perturbed by the presence of blends and,'moreover, are too
weak to pe observed with gregt p?ecision. The observed
core of 34023 can be well matched with a theoretical
profile calcﬁlated for N(He)/N(H) ~ 0.13. However, it is
not possible to mateh the obgerved core of 34471 ‘at any
He/H rafio less than 0.19, at the adopted Té}f and log g
(see figure é). This latter value is much.higher than the
He/H ratio derived "frdém the wings of 34471 for any other
star observed. In addition, the difference between the He/H
ratio derived for 134 Tau with 34026 and that found with
‘14471’15 much greater than the corresponding differences
 found for the other stars. Slight changes in assumed T ..
and log g will alter the He/H rati derived frhm both lines
but will not close the gap between|them. Itlis tempting to

‘speculaté that the core of X4471—h§é been deepened in 134 Tau
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by the ‘same physical_érocesses wh@?h produce the great

. observed central depth of this line in’ the hotter stars
investigated here. If this is true, then the hypothesis
that such lines can be described in LTE when they are weak,
as in the spectra of the latest B étars (see for example
the discussion by Underhill, 1966) 'is incorrect.

Table 11 summarizes the author's best estimates of the
N(He) /N(H) values, derived primafily from analyses of the
weaker Hel lines and the wings of the s;ronger lines. Each
_abundance estimate is coded a, b,‘c or d depending upon how
it was obtained. ™"a" indicates a good theoretical fit to
both core and wings of a line (usually relatively weak); "b"
indicates that only the line wings couldhbe'fit; "e" denotes
a rough fit tc observed profiles of relatively low quality
or to observed profiles strongly perturbed by blends; "d"
indicates an abundance derived from equivalent width data
alone. The He/H ratio obtained from an individualoline is
given-yo_three decimal places, the first two of which are
significant.

Shipman and Strom (1970) have suggested that accurate
He/H ;atios;can be determined in general with LTE calcula-
tions, ;rom low-dispersion spectra, where only the equivalent
width of 34471 may be accurately measured. A difficulty
‘Wwith this general approach is illustrated in table 12, where

N(He)/N(H) values derived from the equivalent widths of 34471
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are compared to abundances derived from the wings. of the
corresponding 34471 profiles for the stars invest}gated
here. Within the framework of fhe LTE aésumptiog! both
wing profiles and equi?alent wiétﬁs'bf )4471 yielﬁ
approximately the same He/H ratios in the sbectral type
range B5-B2. In.this range the 34471 line reaches ité
maximum strength and the line core makes a relatively small
contribution to the line equivalent width. é;wever, Shipman
and Strom's conjecture clearly does not hold at séectral
typés later than B5 or earlier than B2. In the cases

of y Ori, HR 1861, ¢ Ceti and possibly 134 Tau, the observed
14471 equivalent widths yield substantially higher He/H
rgtios than those‘dgrived from the wings of the line profiles.
In this‘respect the present empirical results disagree with
the conclusion of Poland (1970), that the deepening of Hel
line cores by nbﬁ-LTE effects has a negligible influence on
the line equivalent widths and on abundances derived there-
from.

One can expect that the He/H ratios derived from the
observed Hel equivalent widths for , Her, as listed in -~
table 11, are roughly comparable to the values ohe wguld
obtain from high quality ﬁrofi}e data for this star, because
it'lies in the B5-B2 spectral tjpe;range. Nevértheléss, the
results obtaine& for -this star should be given %hther low weight.

° No striking.éystematic gffects were noted- in He/H fatiﬁs

derived from Hel ‘singlet lines as opposed to those obtained
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for lines arising from the triplet levels., Figure 7 illus-
trates observed and theoretically predicted singlet/triplet
equivalent width ratios, for the stars investigated, plotted
as a function of spectral type. The 34438/54713 (21P-518/
23P-435) ratio illustrates the trend for relativél& weak,
sharp series lines. The trend for strong hydrogenic lines is
“illustrated by the ratio 34388/14026 (2'p-5'p/2%p_5%D).

A value of N(He)/N(Hi = 0,10 has been assumed in figure 7
and the calculated equlvalent widths were truncated in

the w1ngs as follows: 34438 + 1. 03 24713 + 1. 38, 14388 + 48,
14471 + 68. The observational uncertainty in the measured
singlet/triplet ratios is typicall& about + 0.07. The
calculations reproduce the observed singlet/triplet trends,
both qualitatively and quantitatively, to within the un-
certﬁinty of the observations. A4°2§ vielded'; lower than
_averagé N(He) /N(H) value for fivg ofkthe six stars listed

in table 11, @ue posé?ﬁ}y to a s&stematic effect in the
broadening theory for this 1iﬂé. That the oﬁserved 12,4388/
‘44026 ratios are systemhtically higher than predicted near
the peak of the curve illustrated in figufe,7 is a partial
consequence of this effect.

On the basig of the results discussed above, it appears
that one need not invoke a decoup}ing of 'singlet and triplet
‘level populations (e.g. Struve aﬁd Wﬁrm, 1938) to explain the
observed trends in the singlet/triplet equivalent width ratios

for main sequence B stars. In fact, the observed trends can be
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reproduced, at least qualitatively, with LTE calculations ig
EEEEE_EE.eVident deviations from LTE in the line cores.
They are due apparently to "curve-of-growth"” eﬁfects of
the sort first postulated by Goldberg (1939). Thesé
results are consistent with the conclusions. of recent
studies by Norris- (1970) and Poland (1970). Neither the
present results nor those of Norris and Poland preclude
the possibility of a-decoupling of singlet aﬁd<triplet
populations in giant or supergianf-B'star photospherés,
however,

. The assumption of a 5 km/sec microturbulent velocity,
VT, produces a negligible effect on abundances derived from
a very weak line, such as Hel 34438, or on abundances ob-
taingd from the wings of a.strong line, such as Hel 4471.
It does, howaver, influence significantly the abundances
derived from such lines as Hel 34121, 4713, or 5016 in
most cases, Comparable Hé/H-ratios were found for all of
these lines, as listed in table 11. The absence of systematic
weak line-strong line trends in the helium abundances derived
here indicates that‘the assumption of zera microturbuleﬁce
in these calculations was justified (see sections‘III and V).

The average value of N(He)/N(H), Listed for a given

star at the bottom of table 11, is based upon all of the
lines for which estimates of the He/H ratio. could be made,
regardless qf their quality. In general, each average differs

by no more than 0.005 from the average one obtains by
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exclusive use of the ﬁighest'qﬁality data (coded "a" or "b"
in table 11), Table 11 also gives, for each star, the formal
mean error in the value of N(He))ﬂ(ﬂ) determinea from a
single line (g) and the formal méan error in the average
stellar He/H ratio obtained (U/Jﬁ: where N is;the number

of lines uti%ized).

The small scatter in the He/H ratios derived from line
to line for a given star and the small scatter in the averages
derived from star to star attest to the quality of thg
observations and th; internal consistency of the analyses.
However, the formal mean errors in the average He/H ratios
listed are probably unrealistica}ly small because they do not
account for the effects of possible systematic erro;s.
Principal among these are the uqcertainties in the calibra-

tion of the spectrophotometriec data utilized in deriving
stellar ‘:IEM.f ﬁalues; the uncertainties in the line broadening
theory for the HI lines used in estimating log g‘for each
star; uncertainties in the Stark broadening calculations
for.the Hel lines themselves; and the uncertain effect of
possible deviations from LTE level populations in those deep
atmospheric regioné where fhe weak Hel lines and the wings
of theAstreng lines are formed.

The stellar He/H ratios given in Table 11 are funda-
mentally linked to the effective temperatures derived from

spectrophotometric data rediced to the standard system defined -
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by Oke and Schild (197Q). Table 13 compares the average
N(He)/N(H) values so derived to approximate values obtained

from similar analyses, based upon effective temperatures

derived within the context of Hayes' (1970) standard system.

The pertinent Teff and log g valﬁes may be found in %able 7.

The adoption of the effective temperatures associated with Hayes'
standard system results in a systematic increase in derived

He/H -ratios with decreaéing T It should be noted that the

eff "’
sensitivity of the Hel lines to small- errors in assumed-Teff

alsc increases with decreasing Teff; Moreover, the scatter from
line to line in the abundances derived for g Ceti and HR 2154
increases markedly when the Hayes system is adopted. The good
internal consistency of the results obtained on the Oke-Schild_
system weighed strongly in the author's decision to adopt these-
results in developing the primary conclusions of this paper.

( As noted in section 1V, use of the Kolb-Griem Stark broadening
theory for Hy and Hs would have resulted in estimaté; of stellar
log g.vq;ugs lower by about 0,2 than those derived here on the
basis of the formalism of Edmonds et al. The assumption of the
lower log g values altérg‘the average He/H ra{ios derived for
w Ceti, HR 2154 and , Her by less than .003.- However, it will
result in an increase 1in the estimated average N(He)/N(H) values
for y Peg, HR 1861 and vy Ori by an amount < 0.015. Thus, the
effect of this uncertainty in the adopted stellar surface

gravities on the overall average He/H ratio quoted below for the .

six stars cannot be ignored.
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'Except for the,ca%e of HR 2154, the wings of the hydro-
genic Hel lines of eaéh star yielded an average He/H ratio
lower by about 6,015 than the average ébtained from the
isolated Hel lines for that‘étar. In addition, as pointed
out above, 34026 tended to yield systematically lower N(He)/
N(H). estimates than those obtained from any other line.
These small discordances may reflect systematic errors in
the Stark broadening functions utilized. A reasonable
estimate of the uncertainty in the average N(He)/N(H)
derived for each star, from both isolated and hydrogeniq
lines, due to ppssible sy;temati¢ errors in the line
brpadening data used is + 0.01.-

Within the context of the LTE analyses discussed in

this paper, the best estimate that can be made of the

average helium abundance for the pho-:dsphems of the six

stars considered is N(He)/N(H) = .106. This average is based

upon al} 46 lines for which He/H ratios are 1istéd in

table 11. VWhen-only those 28 lines coded ﬁd" or "b" in

table 11 are‘utilized,.thehaverage derived is 7105. It

is unlikely that s§sfématic errors in the‘adopted stellar
effective temperatures and surface gravities or in the
adoptgd liné broadening functiéns could cause the average
-He/H ratio for these stars to fall outside of the range 0.095-
0.125, - It seems safe 'to conclude that there

exiéts 1ittle natural scatter in the photospheric He/H ratio

among the stars considered.
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All of these stars are nearby members of the Orion

spiral arm, According to ShafpleSS (1952) , two of them
(v Ori and HR 1861) are members of the Orion association.
It is encouraging that the He/H ratios obtained in the
presént study for these two stars (0,099 and 0.108,
respectively) are in close agreement with the results
of recent optical studies of the Orion nebula, Peimbert
and Costero (1969) find an average N(He)/N(H) = 0.104
for three observed positions in this neéulé. Comparable

. values have been found for a number of galactic'and extra-
galactic HII regions by Piembert and Costero and by
Piembert and Spinrad (1970), so that excellent agreement
now obtains between He/H ratios derived from optical HII
region observations in geﬂeral and those determined in the
present stucdy of stellar spectra, The average N(He)/N(H)
value derived here is also in substantial agreemgnt with
the average result (N(He)/N(H) = 0.12 + :g;g) obtained by
Popper et al. (1970) from eclipsing binary masses and
luminosities,

The present results are slightly higher than the

average value, N(He+)/N(H+) = ,089 + .,009, obtained
from observations of radio recombination lines of twelve
"Group I" HII regions, as recently discussed by Churchwell
(1970) . This difference may not be significant, however,

and in any event could be completely resolved if a rather
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small fraction of the helium present in the HII regions
considered were in the neutral state. However, some high
excitation HII regions, observed at radio wavelengths, appear
to have He/H ratios substantially lower than the value
quoted above. Indeed, helium recombination lines cannot be
detected at all for a few of them (e.g. Mezger and Church-
well, 1970; Churchwell, 1970), Also puzzling are the solar
" cosmic ray observations of Durgaprasad et al. (1960), which yield
an estimated N(He)/N(H) = 0.06 + 0.0l, - Clearly, the
discordance between these latter He/H ratio estimates and
.those obtained from stellar spectroscopy, from optical
spectroscopy of HII regions and from the eclipsing ﬁinary
solutions must be resolved before ‘one can consider the
characteristic helium content of popalation I objects to

be well estzplished.

The question of the physical significance of the helium
abuﬁdanqes derived in the present study must ultimately rest
on a rigorous test of the LTE assumption fpf the atmospheric
regions where the weaﬁer Hel lines and the wings of the
stréng Hel lines a;e'formed. It is hoped'that the observa-
tions and LTE calculations included here will provide a
useful framework within which such a test may be carried

- out.
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VII, CONCLUSIONS

Thgoretical profiles of the Hel lines, calculated
on the assumption of LTE, do not, in.many cases,;adéQuately
describe the corresponding observed profiles, yaﬁen from
high resolution. stellar speitra. Usuaily!the.weaker Hel
lines and th? wings of the strong lines can be matched, but
the cores of the strong lines are observeé to' be systema-
tically‘deeper and broader than predicted. -This problem
s?ems to'pérsist over the entire range of B -spectral types.
The exclusive use ;f Hel equivalent width data, without
reference to the corresponding line profiles, infthe
estimation of He/H ratios, is acceptable in certain specific
cases, but is not legitimate as a geéneral proced&re.

He/H ratios, estimated by use of the weakef'HeI'lines
and the strong line wings, average 0:106, by number of
atoms, for six stars investigated. 7There appears to be
virtually no natural scatter in photospheric He?ﬁ ratio
among these stars.

- Use of the Hayes (1970) standard~calibrati6n»of Vega
in estimating stellar T pg Values leads to systematic
variations in the derived He/H ratios, as a funckion of
spectral type; these trends vanish when‘the Oke-Schild (1970)
- standard calibration is adopted. The hydrogenic Hel lines
investigated yield estimated He/H ratios which are systema-

tically less, by a small amount, than those obtained from
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the isolated Hel lines, for five of the six stars considered.
This may indicate the presencequ small systematic errors

in the currently available Stark broadening functions.
Currently available Stark brdadening aata do not adequately
describe the forbidden components of Hel 34471 and 4922,

It is unlikely that systematic errors in the adopted

stéllar efféctive temperatures or surface gravities or in
the 1iﬁe broadening data utilized could force the average
derived He/H ratio_fo* these six stars to fall outside the
range 0,095-0,125.

Comparable He/H ratios are obtained frém singlet and
triplet Hel lines, thch indicates that the singlet and
triplet level populations are not decoupled in the deep
atmospherig regions where the weak HeI lines and the strong’
line ﬁings a;e‘formed; The observed variations in siuglet/
tripiet equivalent widtﬁ ratios, as a function of spectral
type, are well reprbducgd by the LTE calculations in spite

of, evident deviations from LTE in the line cores,

...45_



Acknowledgements: Unless otherwise noted, the

opsefvational materials contained in this paper’ were taken
from a dissertation, submitted t6 the University of
California at Los Angeléé, in partial fulfilment of the’
requirements for the ‘degree of Doctor of Philosophy.

I would 1ike to'extend.special thanks to Professor
Lawrence H, Allér for his continued guidance and support.
The many stimulating discussions gnd the valuable advice
provided by Professor Daniel M{ Popper are also gratefully
acknoﬁledged. I am indebted to John P. Oliver for his
assistancé with regard to the observationdal programs re-

lated to this research,

- 46



References
NSNS

Adams, T.F,, Morton, D.C, 1968, Ap.J. 152, 195.

Aller, L. H, 1956, The quantitative chemical analysis of early-
type stars in Vistas in Astronomy, Volume Two, Ed. A, Beer,

Pergamon Press, New York, p. 1284.

Aller, L . H, 1963, The Atmospheres‘of the Sun and Stars. Ronald
_ Press, New York.
Alier, L.H., Jugaku, J. 1958, Ap.J. 127, 125,
AAR?

Aller, L.H., Jugaku, J. 1959, Ap.J. Suppl. 4, 109.

Aller, L. H,, Ross, J.E. 1967, Spectroscoplc Analyses of A and B
-Stars of Peculiar Composition in The Magnetic and Related

Stars, Ed. R.C. Cameron, Mono Book Corp. Baltimore, p. 339.
Bahcall, J.N., Ulrich, R.K. 1970, Ap.J. 160, L57.
Bahner, K. 1963, Ap.J. 138, 1314,
— AN
Barnard,.A.J., Cooper, J., Shamey, L.,H, 1669, Astr.Astrophys. 1, 23.
Baschek, B., Norris, J. 1970, Ap.J. Suppl. 19, 327.
Bradley, P.T.,, Morton, D.C. 1969, Ap.d. kég, 687.

Brown, R. Hanbury, Davis, J., Allen, L,R,, Rome, J.M., 1967,
. i
M.N.R,A,S. 137, 393.

Burgess, D,D,, Cairns, C.J: 1970, J. Phys.(B) 3, L67.
Churchwell, E. 1970, thesis, Indiana University.

Adode, A,D, 1960, Stellar Energy Distribution in Stellar Atmospheres,

Ed, J.L.«Greenstein Univ. Chicago Press, Chicago, p. 50.

Durgaprasad, N., F1chte1 C.E., Guss, D.E,, Reames,, D,V, 1968,
Ap.dJ. 154 307..

Edmonds, F.N., Schliiter, H., Wells, D.C, 1967, Mem. R.A.S. 71, 271.
Finn, G.D., Mugglestone, D, 1965, M,N.R.A.S. 129, 221.

Fischel, D. 1963, thesis, Indiana University.



Goldberg, L. 1939, Ap.J. 89, 623.
Griem, H;R. 1964, Plasma Spéctroscopy. McGraw-Hill, New York
Griem, H.R, 1968, Ap.dJ. 154, 1111,

————— Y |

.Griem, H.R., Baranger, M., Kolb, A,C., Oertel, G. 1962, Phys.
Rev. 125, 177. ’
—— AN

Hardorp, J., Scholz, M. 1970, Ap.J. Suppl. 19, 193.
Hayes, D.S. 1970, Ap.J. 159, 165.
: 2P.<
Henry, R.C., Mihalas, D, 1964, Ap.J. 140, 873.
Hickock, F.R., Morton, D.C. 1968, Ap.J, 152, 203.
, ——— AW
Hoffleit, D. 1964, Catalogue of Bright Stars. Yale Universit

‘Observatory, New Haven.
Hummer, D.G,, Mihalas, D, 1967,A52L{. 150, L57.
Hunger, K., Klinglesmith, D.A. 1969, Ap.d. Lél: 721.
Hyland, AR, 19387, thesis, Australian National University.
Jager, C. De, Neven, L., 1960, B.A.N, &3, 55.

Johnson, R.L., Mitchell, R.I., Iriarte, B., Wisniewski, W.Z,
1966, Commun. Lunar Planet. Lab. 4, 99.

Johnson, H.R,, Poland, A.I, 1969, J.Q.S.R.T. 9, 1151.
Jugaku, J, 1957, thesis, University of Michigén.

Jugaku, J. 1959, Publ. Astr. Soc. Japan, 11, 161.

Jugaku, J., Sargent, W.L W, 1968, Ap.J. 151, 259,
8 5L
Klinglesmith, D.A, 1970, NASA Sp. Publ. (in press).

Kodaira, K., Scholz, M. 1970, Astron.Astrophyéuég, g3.

Leckrone, D,S, 1969, thesis, University of California, Los Angeles.

Mezger, P.G., Cﬁufchweli, E. 1970, Bull.A,A.S. (abstract in
press; paper delivered at 132nd megfing of A A.S,, Boulder,

Colorado) .

- 48 -



Mihalas, D. 1964, Ap.J. 140, 885,
dp.d. 140 .

H

Mihalas, D. 1965, Ap.J. Suppl.ﬂ%,f321.

Mihalas, D. 1967a, The Calculation of Model Stellar Atmospheres
in Methods in Computalional Physics, Volume 7, Fds. B. Alder,

S. Fernbach, M. Rotenberg, Academic Press, New York, p. 1.

Mihalas, D. 1967b, Ap.J. 149, 169.
. ———— NN . N

Mihalas, D., Morton, D.C, 1965, Ap.J. 142, 253.

- o
Mibhalas, D., Auer, L.H. 1970, Ap.J. J&gg, 1161.
Norris, J. 1970, Ap.J. Suppl. 19, 337.
Norris, J., Baschek, B. 1970, Ap.J. Suppl 3\2’ 305,

Oke, J.B, 1965, A. Rev, Astr. Astrophys.,v%, 23.

Oke, J.B,, Schild, R,E, 1970, Ap.J. 161, 1015,
Peimbert, M., Costero, R. 1969, Bol, Obs. Tonantzintla y

Tacubaya, 5, 3.

Peimbert, M., Spinrad, H. 1970, Ap.J. 159, 809.
—— ang

525,

’

Peters, G.J., Aller, L. H, 1970, Ap.J. 159
— ANNN
Poland, A,I, 1970, Ap.J. 160, 609,
——— AN

Popper, D.M., Jgrgensen, H.E.,.Morton, D.C., Leckrone, D.S.
1970, Ap.J. 161, L57,

Sharplf::ss, S. 1952, _A_p___g;m, 251.

Shipman, H.L., Strom, S.E. 1970, Ap.J. 159, 183.

Slettebak, A. 1954, Ap.J. 119, 146.

Slettebak, .A" Howard, ‘R.AF, 1953, Ap.d. ’1‘/%}\, 102.

Snijders, M.A.J., Underhill, A, B, 1970, M.N.R.A.S. (in press).
Strom, S.E., Peterson, D.M. 1968, Ap.J. 152, 859.

Struve, 0., Wirm, K, 1938, Ap.J. 88, 84.

Tayler, R.J, 1967, Q.J.R,A,S,M%v, 313.

- 49 -



Traving, G, 1955, Z. Astrophys. Eﬁa 1.
Traving, G. 1957, Z. Astrophys. 41, 215,

Underhill, A.B. 1953, J.R.Astr. Soc.Can. 47, 153.

Underhill, A,B., 1966, The Early Type Stafs. D. Reidel Publ.
Co. Dordrecht, Holland.
t

Underhill, A.B., Waddell, J.H. 1959, Nat. Bur. Stand. Cir. No. 603.

. Unsdld, A. 1955, Physik der Sternétmosphﬁren. épringer—Verlﬁg,
Bprlin, p. 508, )
Vardya, M.S, 1964, Ap.J. Suppl.. 8, 277.
_Van Citters, G.W., Mortom, D.C. 1970, ég;i. 161, 695.
‘Wampler, E.J. 1966, Ap.J. 144, 921.

Wiese, W.L., Smith, M.W,, Glennom, B,M. 1966, Atomic Transition
Probabilities. U.S. Government Printing Office, Washington.

Wolff, S.€., huhi, L.V,, Hayes, D. 1968, Ap.J. 152, 871.

- 50 -



CAPTIONS FOR FIGURES

Fig. 1. Observed (xxx) and theoretical LTE ¢

) Hel profiles
for , Orionis (BO V). Profiles are plotted in units of
residual flux, Rk’ as a function of displacgment from the
iine center, Ax(g). The conﬁiﬁuum level fér each profile

is shown as a long horizontal mark on the vertical axis
nearest to the line in question. Residual flux scales are
labeled only for a few of the lines on the left 'vertical
axis. Each line is labeled with its-central wavelength and
the value of N(He)/N(H) adopted iﬁ calculating the theore-
tical profile shown. Some of the more important blends are

illustrated. A similar format applies to figures 2-6,

Fig. 2. Observed (xxx) and theoretical LTE ( ) Hel profiles

for HR 1861 (BL V), See caption for figure 1. .
Fig. 3. 'Observed (xxx) and theoretical LTE 6———2 Hel profiles
for y Pegasi (B2 V) and 4 Herculis (B3 V). See caption for

.figure 1, -

Fig. 4. Observed (xxx) and theoretical LTE ( ) Hel profiles
: fof ﬁR12i54 (B5 IVB. See caption for figure 1,
Fig. 5.. Observed (xxx)" and fheoretical LTE (—— Hel profiles
for ﬁ Ceti (B7 V). See caption for figure 1.
Fig. 6.A~Obseryed (xxx) and theoretical LTE (—) Hel profiles
" for 134 Tauri (B9 IV). See caption for figure 1.
" Fig., 7. Observed (xxx) and theoretically predicted (——
zsinglet/triplet equivalent width ratios, plotted as a func-
tion of spec¢tral type. The célculations agsume N(He) /N(H) =
0.10. '
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Table 1. "Data for the stars investigated

Published Instrumental
V sin i Systems
(km/sec) (Table 2)

Star HD Sp v B-V U-B

134 Tauri 38899 B9 IV 4.91 -0.07 -0.16 8 1,3

T Ceti 17081 B7 V 4.25 -0.14 -0.45 15, 1,3
HR. 2154 41692 B5 IV  5.38 -0.13 -0.54 10 2,3
. Herculis 160762. B3 V 3.80 -0.18 -0.69 ., 0
vy Pegasi 886 B2 IV 2.83 -0.23 -0.86 . 0.
HR 1861 36591 BL V ° 5.35 .0.19  =0.93 20 - -2,3
v Orionis - 36512 BO V 4.62 -0.26 -1.07 10 1,3
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Table 2. Characteristics of the spectroscopic

instrumental systems

System No, 1 2 3
Camera Focal Length ,
. (meters) 4,06 2.03 1.02
Collimator Focal Length

(meters) 6.10 6.10 6.10

S1lit wWidth -
(microns) 40 70 135
Dhspersion © g a 8
(A/mm)
Plate Type IIa0 I1a0 I1la¥ +
. : baked baked GG1l filter
Wavelength Range (%) 3560-4780  3590-4810 o100 eso0
Résolution (8) .05 .09 .24
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Table 3. Data for the Hel lines considered

Central

" Statistical Excitation

Transition Wavelength(®) f-value Weight Po?enti§1 Commen?s

. A - e.v.

2%p_5% 4025.5 9 20.958 forbidden

2%p_53p 40262 0.0474 9 20.958- ‘ '

2%p_5%s 4120.8 0.00365 9 20.958

2lp 5ty 4387.4 : '3 "21.212  forbidden

2lp_slp 4387.9 0.0436 3 21.212

2lp_sls 4437.6 0.00308 3. 21.212-

23p_43F 4469 .9 9 20.958 forbidden

2%P—43D 1 4471.5 0.125 9 20.958 ’

2%p_43s 4713.2 0.0118- 9 .20.958

2lpalF 4920.4 3 21.212° forbidden

2lp_41p 4921.9 0.122 3 21.212.

2ts_slp 5015.7 0.1514 1 " 20.610

2lp_als " 5047.7 0.00834 3 21.212

23p_3%p 5875.7 0.609 9 20,958

2lp_3'p 6678.2 0.711 3 21,212
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Table 4. Observed spectral energy distributions given
in the form - 2.5 log Fv + const.,

hormalized to m = 0.0 .at 25556

W " 134 Tauri HR 2154

3300 + .792 + .132
3350 + ,769 + .128
3400 + .781 + .125
3450 + 761 + ,133
3500 + .662 + 144
3571 + .694 + .169
3636 + .699 + .169
3704 + .704 + .190
4032 - .360 - .382
4167 L ,352 - .353
4255 - .340 - .341
4464 - .283 - .281
4566 - .27 - .278
4786 - .212 - .231
5000 - 157 - .166
5263 - .086 - .094
5556 .000 .000
5840 + .051 + ,043
6056 + .103 + .,129
6436 + .190 + .206
6790 + .256 + .274
7100 + .313 + .340

+ .393 + .418

7550
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Table 5. Observed Hy profiles in residual flux units

m(® HR 2154 HR 1861
0.0 .325 438
1.0 .515 .633
2.0 .624 .73
3.0 .696 .778
4.0 .761 .836
5.0 .814 879
6.0 .860 .903
7.0 .890 .923
8.0 .913 938
9.0 .925 .948

10.0 - 941 .957

11.0 .951 .966

12.0 .959 971

13.0 .968 .978

14.0 .973 .983

15.0 .977 .986

16.0 .980

17.0 982
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Table 6. Observed H5 profiles in residual flux units

Ax(,g) . 134 Tauri 7 Ceti HR 2154 HR 1861 v Orionis
0.0 .200 .253 .343 .461 .495
1.0 .306 .404 .490 .633 . .620
2.0 .371 .488 ,593 .707 .720
3.0 .431 .564 .668 779 .798
4.0 486 .634 .733 .831 .852
5.0 .544 .695 .780 .874 .887
6.0 .594 .748 .828 .906 .914
7.0 .647 .789 .870 .928 .938
8.0 ‘688 .823 ©.900 " .943 .955
-9.0 731 .852 922 L0951 .965
10.0 767 .876 .937 .961 .975
11.0 .796 .896 951 .969 .980
12.0 .824 .912 L961 974 .986
13.0 .853 .926 .970 .979

14.0 .869 .938 .974 .983

15.0 .887 .947 .976 .986

16.0 .901 .956 .980

17.0 .916 .963 .983

18.0 .924 .969

-19.0 .932 971

20.0 .945 973

21.0 .955 .976

22.0 ~,960 *.979

23,0 .968 .980

24.0 .972
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Table 7. Stellaf effective temperatures and surface graviuvires

derived with spectrophotometric data reduced to two

different standard systems and with reddening—independént G

-

Oke-Schild Systenm Hayes System Toq

. Star Teff log g Teff lbg g Teff 1og'g

134 Tauri 10,700 4.0 10,400° 3.9

o]
™ Ceti 13,500° 3.8 .13,100° 3.7
HR 2154 15,100° 3.4  14,400° 3.3
. Herculis  17,500° 4.0 17,000° . 4.0 17,900 2.1
Y Pegasi 21,900° 4.1 20,600° 3.9 20,700° 3.9
HR 1861 . 24 ,800° 4.0
v Orionis 31,000° 4.3 28,600° 4.0  31,300° 4.3
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'—-~{1‘ab1e 8. Observed MgII 34481 profiles 'in residual flux units
I3Y¢:) 134 Tauri . Ceti HR 2154 HR 1861 v Orionis
-1.0
-0.9 .992
-0.8 977 .988
-0.7 .961 .982 .990
-0.6" .940 ,976 971 1.000 1.000
-0.5 .908 .948 924 .998 .981
-0.4 799 .888 .847 ..976 .947

" 0.3 iz .751 .781 .926 -,923
-0.2 .591 .632 .719 .835 .883
-0.1 .521 .478 .668 757 .845
0.0 .489 .406 636 731 .841
+0.1 .513 .479 .656 .763 .846
40.2 .609 .629 714 .832 .882
+0.3 712 .786 776 .937 .930
+0.4 .801 .918 .851 983 .954
+0.5 .900 .959 .924 .995, .974
0.6 - .932 977 .974 1.000 .992

C+0%7 .948 .986 . 1.000
.40.8 .968 .991
+0.9 .985
+1.0-
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Table 9. Derived stellar projected rotational velocities -

.and magnesium abundances

Star .V sin i (km/sec) N(Mg)/N(H) log N(Mg)/N(H) + 12
134 Tauri 24 6.2x107° 7.79
n Ce'ti 13 8.5x10~° 7.93
HR 2154 28 7.5x107° 7.88
. Hérculis "4.7x1072 7.67
y Pegasi’ . 6.7x107° 7.83
HR 1861 15 5.4x107° 7.73
v Orionis 25 5.8x107° 7.76




Table 10.

Ratios of observed to calculated profile central

depths (A) for the stars investigated; lines

listed 'in approximate order of increasing

atmospheric depth of core formation

» 134 Tauri ¢ Ceti HR 2154 y Pegasi® HR 1861  Orionis
5876 1.37 1.69 1.13 1.56 1.88
6678 1.52 1.83 2.11
4471 > 1.19 1.20 1.07 1.21 1.23 1.42
4922 . . 1.31 .
4026 > 1.04 1.08  1.04 _1.15 1.7 1.37
5016, 1.00 1.00 1.00 1.21 1.36
4713 - .85 ' .95
4388 - 1.22 .98 1.25 1.19 1.31
4121 .94 1.13 1.04 ‘

1.00 1.08 ‘ 1.11 1.14

4438

a - instrumental broadening not accounted for
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a - good fit to line core and wings

b ~ good fit to line wings only .

¢ - rough fit to low quality observed profile or. to profile
strongly influenced by blends

d - derived from equivalent width data only

Table 11. Derived He/H ratios by number of-atqms
! )

. °  m Ceti HR 2154  Herculis- y Pegasi HR 1861 , Orionis
4026 .087 b .121 b .089 4 084 b .086 b .087 b
4121 115 a 091 a .122 ¢ .154 .4
4388 .098 b .133 a .108 4 .095 b 115 b . .092 b
4438 .120 a .097 a .126 ¢ .095 d .100 ¢ .107 a
4471 114 b .107 b .102 d .093 b .107 b .088 b
4713 .116 ¢ ) .100 ¢ .082 d .126 a
4922 .109 ¢ .100 4 112 d- .108 b.

5016 125 a .121a .108 4 .100 ¢
5876 ) .110 b .100 b .120 c .090 b
6678 .122 b .120 ¢
{N(He)/N(H) .110 .111 .107 .104 . .108 .099
T oq ' ©,012 .015 013 - .021 .012 .014
o/ N .004 .006 .005 .007 .005 005
Key:



"..Table 12. N(He)/N(H) values derived fiom 34471 wing profiles
compared to values derived from 34471 equivalent widths

24471 wing profile 24471 Equivalent

Star Sp Results Width Results

134 Tauri B9 : ~ .19

w Ceti B7 .114 .156
HR 2154 BS .107 114
¢ Herculis B3 .102
Y Pegasi B2 .093 .103
HR 1861 Bl .107 .187
v, Orionis . BO .088 - > .20
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Table 13. N(He)/N(H) values derived with effec'tive~-x~t:e1i1pe'ratures determined
relative to Oke-Schild calibration of Vega compared to

approximate values derived when Hayes' calibration of
Vega is used -

Results with Results with
Star Sp Oke-Schild Hayes !

System System

7 Ceti B7 .110 .14

HR 2154 B5 .111 .14

¢ Herculis B3 .107 .12

vy Pegasi . B2 .104 .11

HR 1861 Bl .108

u Orionis BO .099 .10

- 64 -



0.6

6678
olo

/

ON, Nell
BLENDS

FIGURE 1




OIL;Nell
BLENDS

‘FIGURE 2



0.9

0.8

0.7

0.8

0.7

0.6

0.5

« Her, 24438
013

7Peg,A\E678
o.2

0.09

olo’

0.09

+Her 24121

0.2

7 Peg, 24026

¥ Peg,24388

¥ Peg,3447I

¥ Peg \5876
.10

FIGURE 3



0.9

0.8

0.7

Ag121
0.09

X

A4438
o.lo

ax

A5016
o.2 -




0.9

0.8

0.8

0.8

0.8

Fe I
24024.6

X
24922 X X
o8 / x
" X Fell, ST
Mg'zlf_., 24924.0
Yl
a2l 24438
0.12 o2
A4TI3 X A5016
042 g 0.13
an

| VU NN TN NN ESNON I EN N S WSO SR |

24026

4388
0.10

FIGURE 5




0.9

0.8

0.9

0.8

x"xxx“x

Fell,\4024.6

ook

TilA4028.3

Fell,\4472.9

x




T T T T T T T T 1
FIGURE 7

0.6~ £ w. (4438)

EW. (4713)
. X
0.5} e
0.4+ .
X
03 R

B9 BS B7 B6 B5.B4 B3 B2 Bl BO



