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ABSTRACT 
Elemental abundances of three superficially normal, moderately sharp-lined early A 
stars, 68 Tau, 21 Lyn and a Dra, are derived consistently with previous studies of 
this series, using co-added photographic spectrograms supplemented by Reticon 
exposures. The first two stars are hot Am stars, while the third is slightly metal-poor. 
68 Tau is relatively metal-rich compared to the Sun, with its abundance anomalies 
tending to increase with atomic number. The abundances of 21 Lyn are similar to 
those of a Dra for the light elements. Its derived abundance anomalies increase with 
atomic number for the heavy elements. 

Key words: stars: abundances - stars: individual: 68 Tau - stars: individual: 21 Lyn - 
stars: individual - a Dra. 

1 INTRODUCTION 

Adelman (1991) analysed the elemental abundances of four 
sharp-lined late B stars, jrCet (B7V), 21 Aql (B7IV), 
134 Tau (B9 V) and vCap (B9.5 V), and compared these 
results in particular with those for the three other super- 
ficially normal stars previously studied in this series, rHer 
(B5IV), oPeg (AlIV) and (9 Leo (A2 V) (Adelman 
1988a,b). Most of the deduced abundances had values close 
to solar, but many of these stars had at least one abundance 
that differed by a factor of 2 from solar. Correlation analysis 
showed that sulphur and the iron-peak elements titanium, 
iron and nickel had abundances that varied together. Since 
then, Pintado & Adelman (1933) have studied y Peg (B2 IV) 
and L Her (B3 IV), while Kocer et al. (1991) have analysed 
6 Cyg (F4 V) and ¿Psc (F7 V). Furthermore, Adelman & 
Gulliver (1990) used Dominion Astrophysical Observatory 
(DAO) Reticon exposures to analyse Vega in a manner con- 
sistent with this series, while Adelman & Philip (1992,1994) 
examined y Gem (AO IV), HD 60825 (A), 7 Sex (AO Vs) 
and HR 5780 (B6IV) using mainly Kitt Peak National 
Observatory (KPNO) CCD spectrograms. This paper 
presents consistent abundance analyses of three moderately 
sharp-lined, normal early A stars: 68 Tauri (=HD 
27962 = HR 1389; A2IV-Vs), 21 Lyncis ( = HD 
58142 = HR 2818; AOmAl V) and a Draconis ( = HD 
123299 = HR 5291; AO III) (the spectral types are from 

* Visiting Observer, Dominion Astrophysical Observatory. 

Gray & Garrison 1987). These comprise the final group of 
superficially normal stars the analyses of which are based 
primarily on co-added, DAO, photographic region, 2.4 Á 
mm-1 Ila-O spectrograms. 

When Conti (1965) reviewed the classification of main- 
sequence stars near spectral type AO, about one-half had 
anomalous Sc/Sr line strengths as judged by the ratio of Sc n 
24246/Sr n A4215. Two of the most extreme stars in terms of 
the Sc/Sr line-strength ratio were 68 Tau and Sirius. Other 
stars with Sc/Sr < 1 included 21 Lyn, a Aqr and o Peg. These 
can be considered to be ‘hot’ Am stars, but 0Leo, which is 
similar to o Peg, had the normal stellar ratio. If the hot Am 
stars are the continuation of the HgMn stars to cooler tem- 
peratures, then, among the superficially normal early A stars, 
one ought to find intermediate types such as HD 147550 
(Lopez-Garcia & Adelman 1994). Furthermore, there 
should be stars for which all deduced elemental abundances 
are solar. 

68 Tauri is a single-lined spectroscopic binary, as well as a 
blue straggler in the Hyades. Conti, Wallerstein & Wing 
(1965) found its elemental abundances to be similar to those 
of the Am stars. Hauck (1968) considered it to be a proto- 
typal Am star. Wright et al. (1964) measured its equivalent 
widths in the blue spectral region. Okyudo & Sadakane’s 
(1990) analysis showed Ca and Sc to be underabundant, and 
also showed overabundances of heavy metals. Smith (1971) 
and Lyubimkov & Savanov (1985) have previously studied 
its elemental abundances. Adelman (1993) showed that his 
uvby photometry indicated constancy of 68 Tau, and also 
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refuted claims that it was a photometric variable of small 
amplitude. 

Alpha Draconis was most recently analysed by Adelman 
et al. (1987), using both KPNO spectra and the co-addition 
of six 2.4 Â mm-1 DAO spectrograms. The current co- 
addition includes these six spectrograms. On the whole, 
a Dra has elemental abundances, typically one-third solar, 
that exhibit a strong resemblance to those of Vega and other 
metal-poor stars. It is a single-lined spectroscopic binary 
with a period of 51.420 d (Pearce 1956). 

2 THE SPECTRA 

Eleven, ten and eleven 2.4 Â mm-1, Ha-0 baked spectro- 
grams of 68 Tau, 21 Lyn and a Dra, respectively, were co- 
added and measured using the procedures of Adelman & 
Hill (1987). Further 2.4 Ä mm"1 Reticon DAO exposures 
with a wavelength coverage of 67 À were obtained, with 
central wavelengths of 4190,4410,4630,4685,4740,4795, 
4850 and 5180 Á for 68 Tau; 4190 and 4740 À for 21 Lyn; 
and 3860,4135, 4190,4245,4355,4630,4685 and 4740 Á 
for a Dra, as well as Reticon 20 Â mm"1 DAO spectrograms 
containing the Hy region for 21 Lyn and a Dra. The Reticon 
exposures were flat-fielded with exposures of a lamp placed 
in the coudé mirror train. A stop removed light from the 
centre of the beam, as did the secondary mirror of the 
telescope. FeAr or ThAr arc exposures were measured using 
the same routines as for photographic exposures. The 
spectra were rectified with the interactive computer graphics 
program vline (Hill, Fisher & Poeckert 1982). In the wave- 
length overlap regions, the measurements of the 2.4 Á mm"1 

Reticon exposures with signal-to-noise ratio = 200 were used 
in the analyses, rather than those of the photographic co- 
additions with signal-to-noise ratio = 80. 

Usually, Gaussian profiles were fitted to the metal lines of 
68 Tau, while rotationally broadened profiles were fitted to 
those of 21 Lyn and a Dra. The rotational velocities, based 
on clearly single medium and strong lines near 24481, are 9 
km s"1 for 68 Tau, 18 km s"1 for 21 Lyn and 25 km s"1 for 
a Dra. Literature values include < 10 km s"1 (Smith 1971) 
for 68 Tau; 24 km s"1 (Ramella et al. 1989) for 21 Lyn; and 
18 km s"1 for 68 Tau, 16 km s"1 for 21 Lyn and 18 km s"1 

for a Dra (Hoffleit 1982). 
The weakest lines measured in the co-additions of 68 Tau, 

21 Lyn and a Dra had equivalent widths of about 2.5, 3.0 
and 3.5 mÂ, respectively, which are consistent with criteria 

derived by Adelman (1987a) for usability in elemental 
abundance analyses. Slightly weaker lines were measured on 
the Reticon exposures. 

Linear regression comparisons of equivalent widths (in 
mÂ) were made with two previous studies. For 68 Tau, a 
comparison of 91 lines with the results of Okyudo & 
Sadakane (1990), who used three 4.1 À mm"1 and one 10.1 
À mm"1 Okayama Astrophysical Observatory Ila-O 
spectrograms, yields 

Wa(DAO) = (0.8813 ± 0.0226) Wa(OAO) + (9.143 ± 2.603), 

which is similar to the results of other such comparisons of 
this series, and indicates a major difference in the continuum 
placement in the analyses. For a Dra, a comparison for 100 
lines with the results of Adelman et al. ( 1987) yields 

Wa(DAO) = (1.0097 ± 0.0075) Wa(A et al.) + (1.369 ± 5.190), 

which indicates a slight difference in continuum placement, 
but otherwise excellent agreement, as would be expected 
from two studies using the same camera with an overlap of 
material. 

Stellar lines were identified by using the general references 
A Multiplet Table of Astrophysical Interest (Moore 1945) 
and Wavelengths and Transition Probabilities for Atoms and 
Atomic Ions, Part 1 (Reader & Corliss 1980), as well as 
Moore (1965) for Sin, Pettersson (1983) for S n, Huldt et al. 
(1982) for Tin, Catalan, Meggers & Garcia-Riquelme (1964) 
for Mm, Iglesias & Velasco (1964) for Mnn, Dworetsky 
(1971), Johansson (1978), Guthrie (1985) and Adelman 
(1987b) for Fen, and Nilsson, Johansson & Kurucz (1991) 
for Yu. 

Table 1 lists the lines identified in the spectra of our three 
stars, and references to them. After the first reference for a 
star, successive entries list only additional species that were 
found. For 68 Tau, this study failed only to identify Nai, S i, 
Cui and Mon lines; the first three species have their 
strongest lines outside the observed region. In addition, He i 
lines are also possibly present in 68 Tau, and Sii and S n lines 
in 21 Lyn. Studies of wavelength coincidence statistics, 
similar to those of Cowley & Adelman (1990), are in agree- 
ment with most of these identifications. 

The stellar radial velocities were found from comparisons 
of the stellar and laboratory wavelengths after corrections 
were applied for the Earth’s orbital velocity. For 21 Lyn, 
which is not known to be a velocity variable, these values are 
27.0±0.5 km s"1 (£/ plates), 27.4±0.5 km s"1 (F plates), 

Table 1. Lines present in stellar spectra. 

Star Investigator(s) Atomic Species 

68 Tau Okyudo & Sadakane (1990) 

Lyubimkov & Savanov (1985) 
Smith (1971) 
Wright et al. (1964) 
Adelman (This Paper) 

21 Lyn Adelman (This Paper) H I, He I, C I, Mg I, Mg H, Al I, Si H, Ca I, Ca H, Sc TL, Ti H, V H, 
Cr I, Cr II, Mn I, Mn H, Co I, Ni I, Ni n, Sr H, Y n, Zr H, and Ba II 

H I, Mg I, Mg H, Al I, Si H, Ca I, Ca H, Sc II, Ti II, VII, Cr I, Cr II, 
Mn I, Fe I, Fe II, Ni II, Sr II, Y II, Zr II, and Ba H 
CI, Na I, Co I, Ni I, Zn I, La II, Ce II, Nd II, Eu H, and Gd II 
SI, Cu I, and Sm II 
Si I, Mn II, Ni H, and Mo H 
Al II, S n, Ti I, VI, Cd I, Pr II, and Dy II 

a Dra Adelman et al. (1987) 

Cowley & Adelman (1990) 
Adelman (This Paper) 

H I, He I, C D, Mg I, Mg II, Al I, Si I, Si H, S II, Ca I, Ca II, Sc II, 
Ti H, V H, Cr I, Cr H, Mn I, Fe I, Fe II, Co I, Ni II, Sr II, and Ba II 
OI 
Cl, Ain, and MnII 
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27.6 ±0.4 km s-1 (4190-À Reticon) and 29.2 ±0.9 km s-1 

(4740-Â Reticon), which compare with + 24.1 to + 27.0 km 
s“1 (Abt & Biggs 1972). As the 4740-Â Reticon value 
depends on only four lines, this star probably has a constant 
radial velocity. 

3 TfiE ABUNDANCE ANALYSES 

The effective temperatures and surface gravities were 
initially estimated by using the computer program of 
Napiwotzki, Schönberner & Wenske (1993) and the 
homogeneous uvbyß data of Hauck & Mermilliod (1980) 
(see Table 2). To refine these values, optical region spectro- 
photometry of 68 Tau (Breger 1976; Lane & Lester 1980), 
21 Lyn (Adelman & Pyper 1983) and aDra (Adelman 
1978), and the Hy profiles (as derived from the co-added 
spectrograms for 68 Tau and from 20 Â mm-1 DAO 
Reticon spectra for the other stars) were compared with the 
predictions of local thermodynamic equilibrium (LTE) 
model atmospheres calculated with the atlasp program 
(Kurucz 1993). The program synthe (Kurucz & Avrett 
1981) was used to calculate synthetic spectra of the Hy 
region. A scattered-light correction of 4 per cent was made 
for the observed spectrum. Initially, solar-composition 
models were used. After the iron abundance was found from 
Fe i and Fe n Unes, in the process of deriving the microturbu- 
lences (see below), models with scaled solar metallicity were 
used to refine the effective temperatures and surface gravities 
so that the adopted models and the stars had the same metal- 
licities. These values are also given in Table 2. The dis- 
crepancies from the photometric values are small. For 
68 Tau, the spectrophotometric data from Lane & Lester 
(1980) were preferred to those from Breger (1976). The fit 
to the predicted continuum fluxes is satisfactory, except 
longward of Ha where the predicted fluxes are lower than 
the observations. 

Okyudo & Sadakane (1990) found 7^ = 9000 K and 
log g = 3.70 for 68 Tau, in good agreement with the present 
study. The adopted values for a Dra are in reasonable agree- 
ment with Tefi = 10 075 K, and log g =3.30, found by 
Adelman et al. (1987) using atlasó models. The largest 
change was an increase in the surface gravity. 

The programs synspec (Hubeny, Lanz & Jeffery 1994) and 
WIDTH9 (Kurucz, private communication) were used to deter- 
mine the helium and metal abundances, respectively. The 
adopted metal-line damping constants were the default semi- 
classical approximations, except for iron-peak element lines, 
the values of which were based on the data of Kurucz (1993); 

Table 2. Effective temperature and surface gravity determinations. 

Star Teff (K) Log g Method 

68 Tau 9025 3.95 Napiwotzki et al. with uvbyß photometry 
9025 3.95 Flux and Hy Fitting Solar Model, Ç = 2 km s"1 

9025 3.95 Flux and Hy Fitting [+0.2] Model, £ = 2 km s"1 

21 Lyn 9532 3.74 Napiwotzki et al. with uvbyß photometry 
9525 3.75 Flux and Hy Fitting Solar Model, Ç = 2 km s-1 

9500 3.75 Flux and Hy Fitting [-0.2] Model, Ç = 2 km s"1 

aDra 9975 3.63 Napiwotzki et al. with uvbyß photometry 
9975 3.65 Flux and Hy Fitting Solar Model, £ = 2 km s"1 

10025 3.75 Hux and Hy Fitting [-0.2] Model, £ = 0 km s“1 

for lines of C n multiplet 6, Mg n multiplet 4, Si n multiplets 1 
and 3, and Ca n multiplet 1, where the adopted values for the 
Stark broadening used the data of Sahal-Bréchot (1969) and 
Chapelle & Sahal-Bréchot (1970); and for Sin multiplets 1 
and 3, the damping constants of which were from Lanz, 
Dimitrijevic & Artru (1988). 

Abundances were derived from Fe i and Fe n lines for a 
range of possible microturbulences (£). The values (Table 3) 
are for the analyses with the adopted model atmospheres, 
and result in the derived abundances being independent of 
the equivalent widths (^) and having minimal scatter about 
the mean (£2) (Blackwell, Shallis & Simmons 1982). 
Following Adelman & Fuhr (1985), the microturbulence was 
derived by using lines with g/-values given only by Martin, 

Table 3. Microturbulence determinations from Fe i and Fe n lines. 

Number 
Spedes of Lines 

^2 
(km s'1 ) log Fe/Nj (km s-1 ) log Fe/N-p gf values 

68 Tau 
Fe I 

Fe H 

adopted 

21 Lyn 
Fe I 

FeH 

adopted 

aDra 
Fe I 

FeD 

adopted 

296 
266 
109 
44 

118 
104 
62 
37 

57 
55 
63 
39 

2.7 
2.5 
2.6 
2.9 
2.7 

1.2 
1.4 
1.9 
1.9 
1.6 

0.2 
0.3 
0.0 
0.0 
0.1 

-4.19 ± 0.24 
-4.19 ± 0.23 
-4.17 ± 0.25 
-4.27 ± 0.18 

-4.69 ± 0.25 
-4.73 ± 0.22 
-4.72 ± 0.24 
-4.73 ± 0.15 

-4.86 ± 0.25 
-4.87 ± 0.26 
-4.75 ± 0.24 
-4.76 ± 0.19 

2.7 
2.7 
2.7 
2.9 

1.4 
1.5 
1.9 
2.0 

0.0 
0.0 
0.0 
0.0 

-4.19 ± 0.24 
-4.21 ± 0.23 
-4.18 ± 0.25 
-4.27 ± 0.18 

-4.71 ± 0.25 
-4.74 ±0.22 
-4.72 ± 0.24 
-4.72 ± 0.15 

-4.85 ± 0.25 
-4.86 ± 0.26 
-4.75 ± 024 
-4.76 ± 0.19 

MF + KX 
MF 

MF + KX 
MF 

MF + KX 
MF 

MF + KX 
MF 

MF + KX 
MF 

MF + KX 
MF 

Note, gf-value sources: KX = Kurucz (1993); MF = Martin et al. 
(1988). 

Table 4. Microturbulence determinations from non-iron species. 

Number 
Spedes of lines (km s'1) 

^2 
logN/Nj (km s'1) log N/Nj gf values 

68 Tau 

Ti II 

V II 

CrI 
CrH 
Ni I 
Zr n 

21 Lyn 

Ti n 

CrH 
aDra 

Ti n 

72 
61 
34 
20 
30 
48 
31 
25 

56 
50 
27 

2.9 
2.9 
3.7 
3.3 
2.5 
3.0 
2.1 
2.9 

2.1 
2.1 
2.5 

0.0 

-6.80 ± 0.23 2.8 
-6.81 ± 023 2.8 
-7.41 ± 0.23 3.7 
-736 ± 0.21 3.2 
-5.70 ± 025 2.4 
-5.80 ± 0.21 3.1 
-5.10 ± 0.24 2.4 
-838 ± 0.15 3.0 

-725 ± 023 2.2 
-724 ± 023 2.2 
-6.50 ± 0.29 2.2 

-7.15 ± 0.25 0.0 

-6.79 ± 023 
-6.80 ± 023 
-7.41 ± 023 
-736 ± 0.21 
-5.69 ± 025 
-5.80 ± 0.21 
-5.10 ± 024 
-839 ± 0.15 

-726 ± 023 
-726 ± 0.23 
-631 ± 0.29 

MF + BH+KX 
MF + BH 
BG + KX + YF 
BG + YF 
MF 
MF + KX 
MF + KX 
BG + GB 

MF + BH + KX 
MF + BH 
MF + KX 

MF + BH + KX 

Note. g/-value sources: BG = Biemont et al. (1991 ); BH = Bizzarri et 
al. (1993); GB = Grevesse et al. (1981); KX = Kurucz (1993); 
MF=Martin et al. (1988) and Fuhr, Martin & Wiese (1988); 
YF=Younger et al. ( 1978). 
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Table 5 - continued 

mult. X(À) log gf Ref. 
68 Tau 

log N/Nt 

21 Lyn 
log N/Nt 

a Dra 
log N/Nt 

La II (continued) 
41 4238.38 -0.16 MC 5 -10.06 
66 4042.91 +0.50 MC 13 -9.91 
75 4286.97 0.44 MC 11 -9.29 

- 4296.50 +0.24 MC 8 -9.34 

Ce II log Ce/NT = -9.01 ± 0.24 

6 
8 

10 
12 
36 
57 
59 
60 
81 

108 
135 
140 
150 

4248.68 
4562.36 
4628.16 
4137.65 
4460.21 
4593.93 
4471.24 
4165.61 
3993.82 
4222.60 
4075.71 
3808.12 
4083.23 
4391.66 
4527.35 
4364.66 
4042.56 
4483.90 

-0.14 
-0.04 
-0.11 
+ 0.03 
+ 0.04 
-0.29 
-0.05 
0.11 

-0.02 
-0.37 
+ 0.04 
-0.35 
-0.18 
-0.21 
-0.53 
-0.36 
-0.31 
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-9.01 
-9.32 
-9.25 
-9.06 
-9.30 
-8.64 
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-8.73 
-8.66 
-9.33 
-9.23 
-8.71 
-8.82 
-8.97 
-8.79 
-9.30 
-8.96 
-9.14 

Pr II log Pr/NT = -9.29 ± 0.14 
4 4143.12 0.06 MC 8 -9.10 

4408.84 -0.43 MC 3 -9.33 
20 4062.82 +0.21 MC 5 -9.44 

Nd II 
10 4061.09 

4303.58 

log Nd/NT = 
+0.57 WV 11 
+0.26 WV 6 

-9.61 ± 0.24 
-9.44 
-9.78 .. 

Sm II 
1 4092.27 

18 3854.21 

log Sm/NT = 
-0.61 MC 4 
+ 0.31 MC 23 

-9.30 ± 0.28 
-9.50 
-9.11 

Eu II 
1 4129.73 
5 3907.10 

log Eu/Nt 

+0.20 BK 
0.20 BK 

-10.75 ± 0.31 
-10.53 
-10.97 

12 
3 

Gd II log Gd/Nrp = -9.36 ± 0.28 
50 4049.43 -0.04 MC 10 -9.42 .. 
- 4049.86 +0.41 MC 9 -9.67 

4053.29 +0.13 MC 15 -9.00 

Dy II log Dy/NT = -9.94 ± 0.33 
- 3757.37 -0.19 BL 7 -9.48 .. 

3872.11 +0.28 MC 8 -10.28 
3944.70 +0.42 MC 19 -10.04 

Notes. 
* = not used. 
The explanation of the symbols is given in the text. 
g/-value references follow. 
GB: Biemont et al. (1989) for Vu; Biemont & Godefroid (1980) for Zm; Biemont et al. 
(1981) for Zr ii; BH: Bizzarri et al. (1993); BK: Biemont et al. (1982); BL: Biemont & Lowe 
(1993); FW: Fuhr & Wiese (1990); GB: Grevesse et al. (1981); HB: Hibbert et al. (1991); 
HL: Hannaford et al. (1982); KX: Kurucz (1993); LA: Lanz & Artru (1985); MC: Magazzu 
& Cowley (1986); MF: Fuhr et al. (1988); Martin et al. (1988); PN: Pitts & Newson (1986); 
SC: Schaeffer (1971); WF: Wiese & Fuhr (1975); WM: Wiese & Martin (1980); WS: Wiese, 
Smith & Glennon (1966); Wiese, Smith & Miles (1969); WV: Ward (1985); YF: Younger et 
al. (1978). 

Fuhr & Wiese (1988), and then by using these lines and those 
with gf-values from the compatible, but less accurate, source 
of Kurucz (1993). Table 4 shows results obtained by using 
non-iron species. For 68 Tau, these average 2.7 km s"1, in 
close agreement with the results from the Fei and Fen lines, 
but for 21 Lyn the Tin and Cr n lines suggest a value of about 

2.2 km s"1, rather than the 1.6 km s~1 average from the 
Fe i and Fe n lines. In comparison, Okyudo & Sadakane 
(1990) found £ = 3.5 km s-1 for 68 Tau, 0.8 km s_1 greater 
than the value found in this study, while Adelman et al. 
(1987) found £ = 0.4 km s-1 for a Dra instead of the result 
hereof 0.1 km s-1. 
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The helium abundances were found by comparing the line 
profiles with theoretical predictions, which were convolved 
with the rotational velocity and the instrumental profile. For 
68 Tau and 21 Lyn, both AA4026 and 4472 gave identical 
results: He/H = 0.09 ±0.01 and 0.08 ±0.01, respectively, or 
log He/H = - 1.05 and -1.10. For a Dra, >U4026 and 4388 
both yielded He/H = 0.10, while 24472 gave 0.09 and 
24714 gave 0.08. The average He/H = 0.091, or log 
He/H= -1.04, while Adelman et al. (1987) found He/H = 
0.04. The discrepancy is largely due to the higher signal-to- 
noise ratio of the data used in this study, which makes it 
easier to find the broad, shallow, extended wings of the He i 
lines. Thus all three stars have nearly solar He/H ratios. 

The summary of the line spectra analyses (Table 5) 
contains, for each line, the multiplet number (Moore 1945), 
the laboratory wavelength in À, the logarithm of the gf-value 
and its source, the observed equivalent width in mÂ, and the 
deduced abundance. A scattered light correction of 4 per 
cent was later applied in the analyses to the equivalent 
widths. When, in the analysis of a particular atomic species, 
gf-values from both KX (Kurucz 1993) and a more accurate 
source (or sources) are used, the KX values are given half- 
weight. To convert log N/Nj values to log 7V/H values, 0.05 
dex is added for both 68 Tau and a Dra, while, for 21 Lyn, 

0.04 dex is added. Table 6 summarizes the average values 
and gives n, the number of lines used in analysing each 
species, and finally compares the results with the solar values 
from Anders & Grevesse (1989), as supplemented by the 
more recent solar abundances derived by Biemont et al. 
(1991, 1993a), Biemont, Quinet & Zeippen (1993b), 
Biemont & Lowe (1993), Bizzarri et al. (1993), Holweger et 
al. (1991) and Pinnington et al. (1992,1993). When the Can 
K line has a large equivalent width is large and there are 
many Caí lines, as is the case for 68 Tau and 21 Lyn, the 
abundance from the Ca i lines is probably the more rehable. 
For 68 Tau, the [Cd/H] value is very large. It depends on two 
lines and should be regarded as tentative. 

4 DISCUSSION 

Table 7 compares the derived abundances with those of 
Okyudo & Sadakane (1990) for 68 Tau and Adelman et al. 
(1987) for a Dra. For 68 Tau, the discrepancy in the adopted 
value of 2.7 as opposed to 3.5 km s_1, produces major 
differences, especially when only strong lines are measured 
(as in Okyudo & Sadakane 1990). This is the case for All, 
Fe i, Fe n and Sr n, for example. For the higher signal-to-noise 
ratio of the spectra in this study, the weaker lines serve as a 

Table 6. Summary of abundances. 

Species 68 Tau 
log N/H 

He I 
C I 
C II 
O I 
Mg I 
Mg II 
Al I 
Al II 
Si II 
S II 
Ca I 
Ca II 
Sc II 
Ti I 
Ti II 
VI 
V II 
Cr I 
Cr II 
Mn 
Mn 
Fe 

I 
II 
I 

Fe II 
Co I 
Ni I 
Ni II 
Zn I 
Sr II 
Y II 
Zr II 
Cd I 
Ba II 
La II 
Ce II 
Pr II 
Nd II 
Sm II 
Eu II 
Gd II 
Dy II 

-1.05 
-3.80±0.22 

-4.35±0 
-4.52±0 
-5.13 
-5.U 
-4.40±0 
-4.13±0 
-5.74±0 
-6.23 
-9.82±0 
-6.37±0 
-6.73±0 
-7.54 
-7.31±0 
-5.66±0 
-5.73±0 
-6.15±0 
-6.01±0 
-4.15±0 
-4.15±0 
-6.35±0 
-5.07±0 
-4.80±0 
-6.59±0 
-7.88±0 
-8.94±0 
-8.32±0 
-6.57±0 
-8.53±0 
-9.76±0 
-8.96±0 
-9.24±0 
-9.56±0 
-9.25±0 

-10.70±0 
-9.31±0 
-9.89±0 

28 
12 

11 
32 
11 

14 
27 
23 

23 
25 
22 
22 
28 

5 
7 
1 
1 
5 
2 

11 
1 
6 
3 

72 
1 

34 
30 
48 
19 
17 

.24 296 

.22 109 

.18 8 

.24 

.12 

.11 

.21 

31 
5 
3 
3 

.31 15 

.15 25 

.15 

.23 

.27 

.24 

.14 

.24 

.28 

.31 

.28 

.33 

2 
3 

14 
18 

3 
2 
2 
2 
3 
3 

21 Lyn 
log N/H 

-1.10 
-3.71±0.27 

-9.29 
-10.40 

-4.86±0.23 2 
-4.79±0.12 7 
-6.0610.33 2 

-4.5310.12 

-6.0010.10 
-5.66 
-9.3910.08 

-7.1510.25 56 

-7.7910.26 
-6.5010.08 
-6.4110.25 
-6.8910.18 
-6.4510.21 
-4.7010.24 118 
-4.6310.20 62 
-6.67 1 
-5.7110.16 5 
-5.4810.16 5 

17 
3 

27 
3 
7 

-8.3010.17 3 
-9.6510.26 6 
-8.9410.14 15 

a Dra 
log N/H 

-1.04 
-3.91 
-3.5110.32 
-3.49 
-4.6110.13 
-4.6510.09 
-6.0710.15 
-5.76 
-4.8910.20 
-4.60 
-6.28 
-5.61 
-9.4110.28 

9110.09 

5210.04 

-10.07 

4 
1 
3 
1 
2 
5 
2 
1 
5 
1 
1 
1 
2 

-7.1010.25 42 

-8.0410.22 
-6.26 
-6.3410.21 
-6.84 
-6.54 
-4.8110.25 
-4.7110.22 

6 
1 

21 
1 
1 

57 
63 

Sun 
log N/H 

(-1.00) 
-3.43 
-3.43 
-3.14 
-4.42 
-4.42 
-5.53 
-5.53 
-4.45 
-4.67 
-5.64 
-5.64 
-8.90 
-6.96 
-6.96 
-8.00 
-8.00 
-6.26 
-6.26 
-6.45 
-6.45 
-4.52 
-4.52 
-7.08 
-5.75 
-5.75 
-7.40 
-9.10 
-9.76 
-9.40 

-10.14 
-9.87 

-10.78 
-10.45 
-11.29 
-10.50 
-11.00 
-11.49 
-10.88 
-10.80 
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check on the derived microturbulence. The difference for 
Ni ii is due to the gf-values. 

This study and that of Adelman et al. (1987) have both 
found a similar metallicity for a Dra, but some details have 
changed. The Sen and Nin abundances reflect gf-value 
differences. The higher signal-to-noise ratio and extended 
spectral region have resulted in new abundances from Ci 
and Ä1 ii, as well as the use of more lines. 

Table 7. Comparison of abun- 
dance studies. 

68 Tau 

Species O&S This 
(1990) Paper 

Mg I -4.41 -4.35 
Mg II -4.27 -4.52 
Al I -5.96 -5.13 
Si II -4.43 -4.40 
Ca I -5.95 -5.74 
Ca II -6.10 -6.23 
Sc II -9.99 -9.82 
Ti II -6.86 -6.73 
V II -7.27 -7.31 
Cr I -6.12 -5.66 
Cr II -5.66 -5.73 
Mn I -6.46 -6.15 
Fe I -4.52 -4.15 
Fe II -4.42 -4.15 
Ni II -5.87 -4.80 
Sr II -8.69 -7.88 
V II -9.18 -8.94 
Zr II -8.54 -8.32 
Ba II -8.90 -8.53 

a Dra 

Species A et al. This 
(1987) Paper 

He I -1.40 -1.04 
C II -3.76 -3.51 
Mg I -4.75 -4.61 
Mg II -4.78 -4.65 
Al I -6.10 -6.07 
Si II -4.89 -4.89 
S II -5.03 -4.60 
Ca I -6.16 -6.28 
Ca II -5.95 -5.61 
Sc II -9.81 -9.41 
Ti II -7.26 -7.10 
V II -7.93 -8.04 
Cr I -6.37 -6.26 
Cr II -6.28 -6.34 
Mn I -6.73 -6.84 
Fe I -4.89 -4.81 
Fe II -4.90 -4.71 
Ni II -6.90 -5.91 
Sr II -9.58 -9.52 
Ba II -10.05 -10.07 

Notes. A et al. (1987): Adelman 
et al. (1987); O&S (1990): 
Okyudo & Sadakane (1990). 

Fig. 1 shows the abundance anomalies of 68 Tau, 21 Lyn 
and a Dra plotted against atomic number, a Dra is the most 
metal-poor star, with no particular dependence of abundance 
anomaly on atomic number. For both 68 Tau and 21 Lyn, the 
anomahes tend to increase with atomic number. 68 Tau 
shows the signature of the hot Am stars, with Sc quite under- 
abundant. This is also true for 21 Lyn, but in the context of 
its general underabundance of the light elements. Its trend of 
abundances increasing with atomic number indicates that it 
is a mild hot Am star. 

In Table 8, the average values are compared with those of 
other superficially normal late B and A stars (Adelman 
1991), HR 4072 B, an Am star (Adelman 1994), Vega 
(Adelman & Gulliver 1990) and the Sun. The abundances of 
a Dra are within the range of other stars of similar effective 
temperature, but tend to be below the average trend. 
21 Lyn’s values are most like those of a Dra, except beyond 
the iron peak where they tend to be slightly above solar. 
a Dra is more metal-rich than Vega, whose abundances were 
derived by using a single model atmosphere. Gulliver, Hill & 
Adelman (1994) have found that Vega is a fast rotating star 
seen nearly pole-on. An analysis that takes this fact into con- 
sideration will have shghtly different results. The abundances 
of v Cap, a similar star, also have to be modified for the same 
reason (Gulliver et al. 1991). 68 Tau’s abundances are 
similar to those of o Peg, another hot Am prototype, but 
there are some differences in the rare earths. 68 Tau’s 
anomalies tend to be greater than those of HR 4072 B, 
which is more like 6 Leo, another hot Am star. The three 
stars featured in this paper are different from 7 Sex, y Gem 
and HD 60825 (Adelman & Philip 1994), which have 
generally solar abundances. 

21 Lyn is a metal-poor star, with the Am phenomenon 
barely operating in its envelope. 0Leo, HR 4072 B, o Peg 
and 68 Tau appear to form a sequence of progressively more 
metal-rich hot Am stars. Whether this is due to initial zero- 

Figure 1. The abundance anomalies of 68 Tau (filled diamonds), 
21 Lyn (open circles) and a Dra (pluses), plotted against atomic 
number. 68 Tau is clearly the most metal-rich, while a Dra is the 
most metal-poor. 21 Lyn shows generally slightly metal-poor light 
elements and slightly metal-rich heavy elements. 
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Table 8. Comparison of derived and solar abundances. 

134 Tau V Cap a Dra o Peg 21 Lyn Vega 0 Leo 68 Tau HR4072B Sun 
Spec, log N/H log N/H log N/H log N/H log N/H log N/H log N/H log N/H log N/H log N/H 

He I 
C I 
C II 
0 1 
Mg I 
Mg II 
Al I 
Al II 
Si I 
Si II 
S II 
Ca I 
Ca II 
Sc II 
Ti I 
Ti II 
V I 
V II 
Cr I 
Cr II 
Mn I 
Mn II 
Fe I 
Fe II 
Fe III 
Co I 
Co II 
Ni I 
Ni II 
Zn I 
Sr II 
V II 
Zr II 
Cd I 
Ba II 
La II 
Ce II 
Pr II 
Nd II 
Sm II 
Eu II 
Gd II 
Dy II 
Er II 
Tm II 
Hf II 
Teff 
log g 
£ (km/s) 

-1.00 

-3.45 

-5.19 
-4.53 
-5.85 

-4.55 
-4.51 
-4.53 
-5.92 
-5.33 
-9.25 

-7.06 

-8.11 
-5.87 
-6.41 

-4.50 
-4.63 

5.85 

9.23 

-1.19 

-3.39 
-3.33 
-4.71 
-4.61 
-6.03 

-4.69 
-4.85 
-5.98 
-5.55 
-9.34 

-7.05 

-7.64 
-6.20 
-6.13 

-6.69 
-4.58 
-4.47 

-5.67 
-5.67 

-8.77 

-9.36 

-9.29 

-1.04 
-3.91 
-3.51 
-3.49 
-4.61 
-4.65 
-6.07 
-5.76 

-4.89 
-4.60 
-6.28 
-5.61 
-9.41 

-7.10 

-8.04 
-6.26 
-6.34 
-6.84 
-6.54 
-4.81 
-4.71 

5.91 

-9.52 

-10. 

10825 
3.88 
0.0 

10250 
3.90 
0.0 

10025 
3.75 

0.0 

-1.26 

-4.40 
-3.36 
-4.49 
-4.54 
-5.58 

-4.69 
-4.43 
-4.00 
-5.61 
-5.43 
-9.30 

-6.86 

-7.31 
-6.16 
-6.17 
-6.42 
-6.22 
-4.32 
-4.35 
-4.00 
-6.54 
-7.04 
-5.31 
-5.00 

-8.01 
-9.13 
-8.43 

07 >-8.49 
-9.94 

-9.29 

-10.21 

-10.31 
-10.17 

-10.30 
9600 
3.60 
1.8 

-1.10 
-3.71 

-4.86 
-4.79 
-6.06 

-4.53 

-6.00 
-5.66 
-9.39 

-7.15 

-7.79 
-6.50 
-6.41 
-6.89 
-6.45 
-4.70 
-4.63 

-6.67 

-5.71 
-5.48 

-8.30 
-9.65 
-8.94 

-9.29 
-10.40 

-1.52 
-3 

-5 
-5 

-10 

-1.22 

-4.53 
-4.66 
-6.03 

-4.46 
-4.32 
-5.76 
-5.57 
-9.27 

-6.95 

-7.45 
-6.31 
-6.32 
-6.70 
-6.31 
-4.52 
-4.43 

-6.95 

-5.35 
-5.34 

-8.31 
-9.48 
-8.72 

58 >-8.98 
-10.36 

81 

07 
11 

63 

21 

62 

47 

77 
16 
20 
05 
12 

38 
29 

9500 
3.75 
1.6 

9400 
4.03 
0.6 

9250 
3.55 

1.7 

-1.05 
-3.80 

-4.35 
-4.52 
-5.13 
-5.11 

-4.40 
-4.13 
-5.74 
-6.23 
-9.82 
-6.37 
-6.73 
-7.54 
-7.31 
-5.66 
-5.73 
-6.15 
-6.01 
-4.15 
-4.15 

'-6.35 

-5.07 
-4.80 
-6.59 
-7.88 
-8.94 
-8.32 
-6.57 
-8.53 
-9.76 
-8.96 
-9.24 
-9.56 
-9.25 

-10.70 
-9.31 
-9.89 

9025 
3.95 
2.5 

-3.94 

-5.12 
-4.64 
-6.59 

-5.37 
-5.18 

-6.45 

-10.07 

-7.06 

-7.80 
-6.28 
-6.16 
-6.51 
-5.97 
-4.51 
-4.54 

-7.09 

-5.46 
-5.45 

-8.50 
-8.64 
-8.99 

-7.45 
-10.13 
-9.37 

-9.62 

-10.80 

8900 
4.20 
1.0 

(-1.00) 
-3.43 
-3.43 
-3.14 
-4.42 
-4.42 
-5.53 
-5.53 
-4.45 
-4.45 
-4.67 
-5.64 
-5.64 
-8.90 
-7.01 
-7.01 
-8.00 
-8.00 
-6.26 
-6.26 
-6.45 
-6.45 
-4.52 
-4.52 
-4.52 
-7.08 
-7.08 
-5.75 
-5.75 
-7.40 
-9.10 
-9.76 
-9.40 

-10.14 
-9.87 

-10.78 
-10.45 
-11.29 
-10.50 
-11.00 
-11.49 
-10.88 
-10.80 
-11.07 
-12.00 
-11.12 

age main-sequence photospheric metallicities or to other 
factors, such as 68 Tau being a blue straggler and the other 
Am stars not being so, is unclear, just as how the hot Am 
stars merge into the cool end of the HgMn sequence is 
unclear. HD 147550 (Lopez-Garcia & Adelman 1994) is an 
intermediate star with an Hg n A3984 line. It is difficult at this 
point, however, to relate 21 Lyn and 68 Tau to the coolest 
HgMn star vCnc, with 7^ = 10 375 K (Adelman 1989), or 
to the mild Am star 15 Vul ( T&n = 7600 K: Bolcal, Kocer & 
Adelman 1992), the hottest of the other superficially normal 

stars of this series that are not in Table 8. Studies of 
additional stars are needed to help to sort out these issues. 
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