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ABSTRACT 

Equivalent-width data for 274 spectral lines (ÀÀ3090-6700), the profiles of Hy and HS, and the 
continuous flux distribution (ÀÀ1400-8100) of the sharp-lined B2 star y Peg have been interpreted 
with the aid of the Princeton ultraviolet line-blanketed model atmospheres and the hydrogen 
line-broadening theory of Vidal, Cooper, and Smith. New equivalent-width data from 2 Â mm“1 

coudé plates extend the ground-based observations for y Peg shortward to À3094. Seventy-one ad- 
ditional fines have been identified, of which 34 could be analyzed. In addition to new ground- 
based continuum observations (ÀÀ3300-8100), flux data in the far-ultraviolet (ÀÀ1384-2550) have 
been obtained with the S2/68 experiment package on board the TD1 satellite. 

An interpolated model atmosphere of Teff = 21,500 K, log g = 3.7 predicts the observed 
continuous energy distribution from ÀÀ2200-7500, the observed profiles of Hy and H8, and the 
ionization equilibria of Si m/Si iv and S ii/S m. With the exception of neon, chlorine, and argon, 
the derived abundances are within 0.2 dex of the currently accepted solar values. Neon appears 
to be overabundant because non-LTE effects are large for Ne i; the chlorine and argon anomalies 
are discussed in the paper. The temperature which was obtained for y Peg in this investigation is 
consistent with the one predicted by the angular-diameter calibration of effective temperatures 
for early B-type stars. The only serious mismatch between the observations and the model at- 
mosphere is shortward of À2200, where much more fine blanketing is observed than was included 
in the computation of the models. 
Subject headings: abundances : stellar — stars : early-type — stars : individual 

I. INTRODUCTION 

In an attempt to understand the atmospheres of 
early B-type stars, the fine and continuous spectra of 
y Peg (B2 IV), * Her (B3 IV), and r Sco (B0 V) are 
repeatedly analyzed. Whereas complete model-atmos- 
phere analyses have been performed for t Her (Peters 
and Aller 1970; Kodaira and Scholz 1970; Peters 
1976) and r Sco (Hardorp and Scholz 1970), y Peg 
has been overlooked. To provide a new complete 
model-atmosphere abundance analysis of y Peg, 
heretofore unpublished fine and continuum data 
combined with older observations have been inter- 
preted with the aid of the Princeton ultraviolet-line- 
blanketed model atmospheres and the hydrogen-line- 
broadening theory of Vidal, Cooper, and Smith 
(1970, 1971, 1973). Continuum data from ÀÀ1400- 
8100, equivalent-width data from 274 spectral fines 
in the interval AA3090-6700, and the profiles of Hy 
and HS have been analyzed. 

Recently, Mihalas (1973) and Auer and Mihalas 
(1973) have made non-LTE analyses of the Ca n K 
fine and the fines of Ne i, respectively, in the spectrum 
of y Peg and have shown that, while non-LTE effects 
are small for the K fine, they are substantial for the 
Ne I features. According to Mihalas (1973), the most 
representative model atmosphere for y Peg (de- 
termined by fitting the observed continuous energy 
distribution and the Balmer-line profiles to model 
predictions) was uncertain because the energy scan 

of Schild, Peterson, and Oke (1971) suggested a much 
higher effective temperature than the same scan re- 
duced to the Hayes calibration of a Lyr. The former 
suggested a reff of 25,000 K compared with 22,500 K 
for the latter. In order to determine the extent of the 
deviations from LTE for particular fines (especially 
if the effects are small), it is essential that one know 
the effective temperature and surface gravity of the 
star reasonably well. In view of the uncertainty in the 
model most representative of y Peg, it is necessary to 
assemble a bulk of observational data and select the 
model which predicts the greatest number of reliably 
determined observables. Subsequently, transformations 
can be made between systems of model atmospheres 
(unblanketed, non-LTE; extensively line-blanketed, 
LTE; etc.) to enable one to carry out specialized 
analyses of spectral features (non-LTE analyses, line- 
profile analyses, etc.). 

The rich fine spectrum of y Peg was first analyzed 
in detail by Miczaika (1948) and Aller (1949). Miczaika 
used the method of Unsold (1941) in conjunction with 
data from prismatic plates of 54Âmm“1 at Hy. 
Aller obtained equivalent-width and line-profile data 
from 3Âmm“1 coudé plates and employed, re- 
spectively, Unsöld’s method, a modified curve-of- 
growth procedure, and a model atmosphere to de- 
termine the chemical composition of y Peg. Aller also 
analyzed the profile of H8 according to the Holtzmark 
theory. The spectrum of y Peg was then reanalyzed by 
Aller and Jugaku (1959). They employed Pecker’s 
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formulation of the method of weighting functions and 
model atmospheres of Underhill (1957) and Milligan 
(unpublished). Aller and Jugaku obtained an effective 
temperature of 24,000 K and a log g of 4.0. The 
abundances which they obtained for y Peg are com- 
pared with the ones obtained in this investigation in 
Table 4. 

II. GENERAL OBSERVED PROPERTIES OF y PEG 

The spectrum of y Peg has been classified as B2IV 
by Johnson and Morgan (1953) and by Lesh (1968). 
Photometric data for y Peg are summarized in Table 
1. The adopted V magnitude and UBV colors are 
means from Iriarte et al. (1965), Johnson et al. 
(1966), and Crawford, Barnes, and Golson (1971). 
E{B — V) was obtained with the aid of the two-color 
relationship (U — B, B — V) published by Johnson 
(1966). Also included in Table 1 are ubvy and Hß 
photometry from Crawford et al. (1971). 

According to the present investigation, the projected 
rotational velocity of y Peg is essentially zero. Mc- 
Namara and Hansen (1961) also found no evidence of 
rotational broadening in the spectral lines of y Peg. 

It has been well established that y Peg is a member 
of the class of variable stars known as ß Cephei {ß 
Canis Majoris) stars. McNamara (1953) was first to 
show that the radial velocity of y Peg varied by 7 km 
s“1 with the short period of 3h38m. Williams (1954) 
later reported light variations, AV, of 0.015 mag. 
According to data given in lists of properties of ß 
Cephei stars (Underhill 1966; Hill 1967), y Peg 
essentially displays the shortest period and lowest 
variation of light of the group. Unlike many ß Cephei 
objects, y Peg does not show variations in the profiles 
or equivalent widths of its spectral lines (McNamara 
1955). Therefore, static model atmospheres which 
presently exist should represent the star reasonably 
well. 

III. OBSERVATIONAL MATERIAL 

New coudé plates of y Peg were obtained by Dr. 
L. H. Aller with the 120 inch (3m) telescope at Lick 
Observatory. The spectrograms were taken at a dis- 
persion of 2Âmm-1 and widened to 2 mm on the 
plate. The new plates were centered on À3900 and 
A3500, respectively, and each covered about 1200 Â. 
Not only did the new plate material allow us to check 
the scale of equivalent widths given by Aller and 
Jugaku (1959), but it also extended the ground-based 
data on y Peg to À3090 and allowed us to identify 71 
additional lines. Thirty-four of these features could 
be analyzed since values of log gf could be found for 

them. The new line identifications in the range AÀ3093- 
3632 are given in Table 2. This list is intended to 
supplement the ones published by Aller (1949) and 
Aller and Jugaku (1958a) which covered the wave- 
length ranges AA3530-4430 and AA3975-4650, re- 
spectively. Additional identifications for A > 4650 
can be found in Aller and Jugaku (1959). 

Figure 1 shows a comparison between the new 
equivalent-width data for y Peg and the values adopted 
by Aller and Jugaku (1959). No systematic trend is 
evident; however, the newer plate material gives 
slightly lower equivalent widths for the weaker lines. 
For the present analysis, an unweighted mean was 
taken between the individual newer equivalent widths 
and the ones used by Aller and Jugaku. 

New data on the profiles of the Balmer lines were 
also obtained from the plates. In addition, Beaver 
(1972) supplied a photoelectric profile of Hy which he 
obtained with his Digicon. 

C. D. Keyes and M. V. Wright of UCLA have 
obtained a new continuum scan of y Peg in the range 
AA3300-8100 with the Wampler prime focus scanner 
attached to the 36 inch (91 cm) Crossley reflector at 
Lick Observatory. This energy distribution is com- 
pared with other published scans of y Peg in § V of 
this paper. 

Flux data for y Peg in the far-ultraviolet portion 
of the spectrum have been provided by Dr. L. H. 
Aller. The observations, which covered the spectral 
region AA1384-2550, were made with the S2/68 ex- 
periment package on board the TD1 satellite (see 
Boksenberg et al. 1973 for a description of the S2/68 
experiment). Since the bandpass for the observations 
was about 40 Â, the data were effectively “continuum” 
observations. In total, flux measurements were made 
at 60 points in the spectrum with an interval of about 
20 Â between integrations. The flux distribution ob- 
tained with TD1 is given in Table 3 and compared in 
§ V with other observations made in the far-ultra- 
violet. 

IV. METHOD OF ANALYSIS 

a) Choice of Model Atmosphere 

The Princeton ultraviolet-line-blanketed, LTE model 
atmospheres were chosen to carry out this analysis 
of y Peg. The Princeton atmospheres include models 
by Mihalas and Morton (1965), Adams and Morton 
(1968), Hickok and Morton (1968), and Van Gitters 
and Morton (1970). Since non-LTE effects in the 
continuum seem to be negligible for main-sequence 
stars near spectral type B2 (Auer and Mihalas 1972; 
Mihalas 1972), the use of LTE models should not 

TABLE 1 
Photometric Data for Gamma Pegasi* 

V B - V U - B E(B - V) b - y m1 Cl ß 

2.84 -0.23 -0.86 0.015 -0.106 0.093 0.116 2.629 

* See text for references. 
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CHEMICAL COMPOSITION OF GAMMA PEGASI 553 

TABLE 2 
Line Identifications for Gamma Pegasi AA3093-3632 

Identification 
Multiplet 
Number 

Equivalent 
Width 

3093.42. 
3093.61. 
3096.79. 
3104.71. 
3104.81. 
3107.95. 
3122.62. 
3129.44. 
3134.82. 
3136.55. 
3158.87. 
3165.51. 
3167.95. 
3174.09. 
3176.00. 
3178.03. 
3179.33. 
3181.28. 
3185.16. 
3187.74. 
3193.81. 
3196.50. 
3198.81. 
3204.76. 
3210.52. 
3213.31. 
3215.60. 
3227.73. 
3230.50. 
3233.95. 
3241.62. 
3266.88. 
3276.08. 
3288.81. 
3305.22. 
3324.01. 
3324.87. 
3328.79. 
3330.30. 
3331.32. 
3339.36. 
3347.70. 
3354.55. 
3367.18. 
3370.38. 
3377.20. 
3387.13. 
3390.25. 
3396.71. 
3437.16. 
3447.59. 
3486.91. 
3497.34. 
3499.57. 
3501.75. 
3512.51. 
3530.49. 
3554.5.. 
3586.05. 
3587.25. 
3590.47. 
3593.15. 
3595.99. 
3599.30. 
3600.93. 
3601.62. 
3601.92. 
3603.89. 
3612.35. 
3613.64. 
3632.02. 

Si in 
Si in 
Si in 
Mg ii 
Mg ii 
Fe in 
On 
On 
On 
Arn 
Ca ii 
Cn 
C ii 
Fe in 
Fe in 
Fe in 
Ca ii 
Ca ii 
Si in 
He i 
Fe ii 
Si in 
Fe in 
Fe in 
Si in 
Fe ii 
Fe m 
Fe in bl 
Si in 
Si in 
Si in 
Fe in 
Fe in 
Fe in 
Fe in 
Sm 
S in 
N ii 
N ii 
N ii 
Fe in 
Fe in 
He i 
Sm 
Sm 
On 
Sm 
On 
Fe m 
N ii 
He i 
Si m 
Sm 
Fe m 
Fe m 
He i 
He i 
He i 
Cn, Fenbl 
He i 
Si m 
Fe m 
S ii 
He i 
Fe m 
Aim 
Al m 
Fe m, Ar n bl 
Al m 
He i 
Sm 

1 
1 
1 
6 
6 

29 
14 
14 
14 

unci 
4 
9 
9 

38 
38 
38 
4 
4 
8 
3 
6 
8.02 
6 
6 
8.02 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
2 
2 

22 
22 
22 

7 
18 

8 
2 
2 
9 
2 
9 

18 
13 
7 
8.06 

unci 
26 
26 
38 
36 
34 

31 
7 

36 
4 

30 
36 

1 
1 

’ Ï 
6 
1 

0.051 
0.049 
0.049 
0.053 

o’.óii 
0.013 
0.010 
0.019 
0.021 
0.012 
0.005 
0.006 
0.006 
0.016 
0.011 
0.015 
0.006 
0.009 
0.145 
0.007 
0.007 
0.007 
0.008 
0.009 
0.008 
0.010 
0.010 
0.009 
0.011 
0.019 
0.026 
0.020 
0.024 
0.014 
0.003 
0.012 
0.008 
0.009 
0.005 
0.012 
0.008 
0.045 
0.011 
0.006 
0.008 
0.008 
0.013 
0.007 
0.014 
0.071 
0.009 
0.016 
0.009 
0.006 
0.122 
0.096 
0.134 

0.209 
0.028 
0.007 
0.008 
0.020 
0.017 
0.038 
0.011 
0.016 
0.027 
0.107 
0.010 

Fig. 1.—Comparison between new equivalent-width data 
for y Peg and those of Aller and Jugaku (1959). 

present a serious problem. However, non-LTE efifects 
in the lines could be large (as shown by Auer and 
Mihalas for Ne i). Alternatively, non-LTE effects 
could be small or absent (i.e., Ca il K line). Therefore, 
some degree of caution must be taken when one inter- 
prets abundance results from LTE treatments. 

The following procedure was used to choose a 
representative model for y Peg: (1) An approximate 
Teff was obtained from the intrinsic (U — B) color 
with the aid of the scale of effective temperatures 
given by angular diameter data (Webb 1971). (2) 
Upon adopting a ^eff? an approximate log g was 
determined by comparing the observed profiles 
of Hy and HS with those computed according to the 
Vidal-Cooper-Smith theory of hydrogen line broaden- 
ing. (3) The observed continuous energy distribution 
and ionization balance (ionization equilibria) of 
Si m/Si iv and S n/S m were then considered to refine 
the initial estimates of Teii and log g. (4) The model 
which was adopted best represented the observed 
energy scan and the profiles of Hy and HS, and gave 
ionization balance for the above-mentioned ion pairs. 

b) Computation of the Abundances 

The elemental abundances were determined with 
the aid of the UCLA spectrum-synthesis program 
(Ross and Aller 1968) used in the iterative abundance 
mode. From a set of input parameters which include 
the equivalent width of the line, its wavelength, lower 
excitation potential, logg/, the radiation and Stark 
damping parameters, and an estimate of the abundance 
of the element in question, a theoretical equivalent 
width is computed with the aid of an adopted model 
atmosphere, He/H ratio, and microturbulent param- 
eter, £t. An iteration procedure is then followed by 
adjusting the elemental abundance until observed and 
computed equivalent widths agree. Usually the pro- 
cedure converges in three steps. 
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554 PETERS 
TABLE 3 

ULTRAVIOLET FLUX DISTRIBUTION OF y PEGASI (1) 

n 1384 - 2550 

F (10 21) Va 11i/v F.. (10 21) ^ _ ]V[ ^ ^ Ml/A F1l/V 
1384.1 
1403.6 
1423.0 
1442.4 
1461.8 
1481.2 
1500.6 
1520.0 
1539.4 
1558.8 
1578.2 
1597.7 
1617.1 
1636.5 
1655.9 
1675.3 
1694.7 
1714.1 
1733.5 
1752.9 
1783.1 
1802.6 
1822.0 
1841.4 
1860.8 
1880.2 
1899.6 
1919.0 
1938.4 
1957.8 

4.803 
4.409 
4.720 
5.137 
5.194 
5.020 
4.923 
4.58O 
4.348 
4.392 
4.850 
4.801 
4.872 
5.087 
5.549 
5-557 
5.465 
5.210 
4.822 
4.347 
4.807 
4.965 
4.877 
4.703 
4.527 
4.553 
4.393 
4.327 
4.271 
4.356 

-O.71 
-0.6I 
-0.69 
-O.78 
-0.79 
-0.76 
-0.73 
-0.66 
-0.59 
-0.60 
-0.71 
-O.70 
-O.71 
-0.76 
-0.85 
-0.86 
-0.85 
-0.81 
-O.71 
-0.60 
-O.71 
-0.74 
-O.72 
-0.78 
-0.64 
-0.66 
-0.62 
-0.60 
-0.6I 
-0.61 

1977.2 
1996.7 
2016.1 
2035.5 
2054.9 
2074.3 
2093.7 
2113.1 
2132.5 
2151.9 
2181.1 
2200.6 
¿220.0 
2239.4 
2258.8 
2278.2 
2297.6 
2317.0 
2336.4 
2355.8 
2375.2 
2394.7 
2414.1 
2433-5 
2452.9 
2472.3 
2491.7 
2511.1 
2530.5 
2549.9 

4.421 
4.546 
4.531 
4.519 
4.385 
4.430 
4.395 
4.427 
4.549 
4.765 
4.703 
4.723 
4.782 
4.714 
4.772 
4.756 
4.728 
4.726 
4.585 
4.525 
4.470 
4.441 
4.439 
4.493 
4.450 
4.474 
4.356 
4.382 
4.216 
4.166 

-0.63 
-0.66 
-0.66 
-0.66 
-0.63 
-0.64 
-0.64 
-0.65 
-0.68 
-0.73 
-0.71 
-0.72 
-0.73 
-0.72 
-0.73 
-0.72 
-0.71 
-0.71 
-O.67 
-O.65 
-0.64 
-0.62 
-0.62 
-0.64 
-0.62 
-0.63 
-0.59 
-0.60 
-0.56 
-O.54 

(1) Observed with S2/68 experiment package on board the TD1 satellite. 
(2) Corrected for reddening; E(B - V) = O^OIS- 

A microturbulent parameter of Skms“1 was 
chosen to remove trends of increasing abundance 
with increasing line strength which were observed 
for C il, N ii, and 011 when was taken to be zero. 
The same value of ^ removed the observed trend 
for each of the above elements. 

Radiative damping parameters which include the 
effects of stimulated emission and upward transitions 
were computed for all multiplets which contained at 
least one line stronger than 70 mÂ in the spectrum 
of y Peg. Transition probabilities and statistical 
weights needed for the computations were obtained 
from Wiese, Smith, and Glennon (1966) and 
Wiese, Smith, and Miles (1969). Quadratic Stark 
interaction constants, C4, were computed from elec- 
tron impact half-widths and ion-broadening param- 
eters published by Griem (1964). In most cases, 
however, the value of the radiative damping param- 
eter, rRAD, was greater than 10 times rSTARK in the 
line-forming region of the stellar atmosphere. 

V. THE CONTINUUM 

Various observations of the continuous energy 
distribution of y Peg in the ground-based spectral 
region are compared with each other, and with model- 
atmosphere predictions, in Figure 2. The individual 
monochromatic magnitudes for each scan have been 
corrected for interstellar reddening and line blanket- 
ing. 

The individual observations are quite discordant, 
especially shortward of the Balmer discontinuity. 

Certainly, a reliable effective temperature could not 
be determined from a single observed energy scan. 
The major discrepancies between the scans are not a 
result of the individual observers’ adopting different 
systems of absolute calibration. The scans of Wolff, 
Kuhi, and Hayes (1968), Watson (1972), and Keyes 
and Wright (unpublished) were reduced using the 
Hayes (1970) system of absolute calibrations. Schild, 
Peterson, and Oke (1971) adopted the Oke-Schild 
calibration for a Lyr. Keyes and Wright used the 
same equipment as Wolff, Kuhi, and Hayes. Although 
their scans agree rather well longward of À4400, Keyes 
and Wright obtain significantly lower fluxes shortward 
of the Balmer discontinuity. According to Keyes and 
Wright, even though the night visibly seemed photo- 
metric, the ultraviolet extinction may have been 
anomalous on the evening of their observations. 

Watson’s magnitudes in the near-infrared predict a 
temperature which is much too low (15,000 K). 
Alternatively, the slopes of the Paschen continuum 
given by the energy distributions of Schild, Peterson, 
and Oke and Watson suggest unreasonably high 
temperatures (in excess of 25,000 K). The scan of 
Schild, Peterson, and Oke cannot be made to agree 
with the one of Wolff, Kuhi, and Hayes by trans- 
forming it to the Hayes calibration system. The slope 
of the Paschen continuum changes only slightly and 
the points shortward of the Balmer discontinuity still 
fall 0.03 mag above Wolff, Kuhi, and Hayes’s. Since 
the Schild, Peterson, and Oke scan appeared to be 
anomalous, it was placed on the Hayes’s system of 
absolute calibration and then given low weight in 
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CHEMICAL COMPOSITION OF GAMMA PEGASI 557 

adopting a mean energy distribution for y Peg. The 
recent recalibration of the energy distribution of a 
Lyr by Hayes and Latham (1975) reveals that the 
latter procedure was reasonable. 

The flux distribution given by the model atmosphere 
of Mihalas and Morton (1965), T^ff = 21,910 K, 
logg = 4, matches the mean of the observed energy 
scans reasonably well. An interpolated model of 
21,500 K, logg = 3.7 gives the slope of the Paschen 
continuum observed by Wolff, Kuhi, and Hayes and 
Keyes and Wright (ÀÀ4400-7500). The latter model 
also agrees well with the mean of the scans of Wolff, 
Kuhi, and Hayes, Schild, Peterson, and Oke, and 
Watson for points shortward of the Balmer dis- 
continuity. 

The flux distribution for y Peg in the far-ultraviolet 
portion of the spectrum is compared with the model 
predictions in Figure 3. Ultraviolet flux measurements 
which are considered include those of Bless et al. 
(1968), data from Mariner 9 (Lillie, Bohlin, and 
Molnar 1972), and our data from the TD1 satellite. 

Bless et al. made flux measurements at ÀA2100, 
2500, and 2800 with filter photometers flown in an 
Aerobee rocket. Later, y Peg was observed in the 
region AA1200-1700 with the ultraviolet spectrometer 
flown aboard Mariner 9. The flux calibration for the 
Mariner 9 data was supplied by Molnar (1972). 

All ultraviolet flux measurements were corrected 
for interstellar reddening using the extinction curve 
of Bless and Savage (1972). Conversion to mono- 
chromatic magnitudes relative to the V magnitude 
was achieved by adopting the flux for V = 0.0 given 
by Oke and Schild (1970). 

The ultraviolet flux distribution for y Peg as 
measured with the S2/68 experiment package on 
board the TD1 satellite is given in Table 3. Flux points 
from the model atmospheres considered in Figure 3 
have been convolved with the instrumental profile 
for the S2/68 equipment (Boksenberg et al. 1973) in 
order to make a more meaningful comparison be- 
tween the S2/68 observations and the models. 

Longward of A2200, where line blanketing is 
minimal, the observed flux is consistent with that 
predicted by an interpolated model of 21,500 K, 
logg = 4.0. Shortward of A2200, however, the ob- 
served flux measurements fall significantly below those 
given by models pertinent to B2 stars. Line blanketing 
in this spectral region is far more extensive than that 
considered by the Princeton group in their computa- 
tions. The energy distribution obtained from Mariner 
9 (7.5 Â resolution) also falls below the model pre- 
dictions. According to Lillie et al. (1972), the flux data 
from Mariner 9 are 20 percent below those from 
OAO-2. Even when a 20 percent correction is applied, 
the observed flux falls below the model predictions 
(see Fig. 3). 

The broad absorption features centered at AA1920 
and 2070 which were observed by Thompson, 
Humphries, and Nandy (1974) in TD1 scans of other 
early B type stars are also seen in y Peg. The suggestion 
made by Thompson, Humphries, and Nandy that 
the depressions are due primarily to Fe m absorption 

features seems reasonable in view of the numerous Fe 
in fines seen in the ground-based portion of the spec- 
trum. 

VI. THE PROFILES OF Hy AND HS 

Theoretical profiles were computed for Hy and HS 
using the Princeton model atmospheres and the 
hydrogen-fine-broadening theory of Vidal, Cooper, 
and Smith (1970, 1971, 1973; VCS). Since profiles 
computed from the Stark broadening functions given 
by the VCS theory are broader than those computed 
from theories of Griem (1967), Kepple and Griem 
(1968), and Edmonds, Schlüter, and Wells (1967; 
ESW), lower values of log g are obtained for a given 
7"eff* 

Observed profiles of Hy and HS are compared with 
the computed profiles in Figure 4. The Hy profile 
published by Aller and Jugaku (19586), from 3 Â 
mm-1 plates, agrees well with the one Norris (1971) 
obtained from 7Âmm_1 plates. Beaver’s profile, 
however, is shallower due to the lower resolution 
(about 2.5 Â) of the Digicon data. Except for a dis- 
crepancy in the fine center, there is good agreement 
between Norris’s HS profile and the one obtained 
from the new coudé plates. For purposes of comparing 
theory and observation, we will adopt the mean of 
Aller and Jugaku and Norris for Hy, and the mean 
of Norris and the new data for H8. 

Except at the fine centers, where non-LTE effects 
appear (Mihalas 1972), the mean observed profiles 

Fig. 4.—Comparison between observed and computed 
profiles of Hy and HS. Observed profiles are from Aller and 
Jugaku (1958¿; AJ), Norris (1971; N), Beaver (1972; B), and 
new observations. Computed profiles are from the following 
models: ( ) 21,500 K, log g = 3.7, interpolated ; ( -) 
20,200 K, log ^ = 3.5; and ( ) 20,200 K, log g = 4.0. 
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TABLE 4 
The Chemical Composition of Gamma Pegasi1 

Number 
Ion of Lines log N2 log Naj3 logArSun(w)4 log ASunU)

5 

He i  6 
Cn  29 
Nn  39 
On  77 
Ne i  11 
Mg n  5 
A1 m  9 
Si n  8 
Sim  14 
Si iv  2 
Pm  5 
S n  37 
S m  7 
Cl n  5 
Ar n  8 
Ca n  4 
Fe m  8 

10.96 ± 0.09 11.17 
8.45 ± 0.31 8.58 
7.82 ± 0.24 8.01 
8.66 ± 0.36 8.63 
8.54 ± 0.16 8.73 
7.45 ± 0.08 7.95 
6.45 ± 0.17 5.76 
7.07 ± 0.26 
7.53 ± 0.24 7.03 
7.56 ± 0.05 
5.20 ± 0.23 5.50 
7.20 ± 0.23 7.80 
7.26 ± 0.44 
6.70 ± 0.47 6.21 
6.70 ± 0.36 6.90 
6.21 ± 0.22 
7.44 ± 0.09 

10.9 ± 0.1 
8.57 8.62 ± 0.04 
8.06 7.94 ± 0.11 
8.83 8.84 ± 0.03 
7.45 7.57 ± 0.10 
7.54 7.55 ± 0.05 
6.40 6.56 ± 0.09 

7.55 7.55 ± 0.05 

5.43 5.59 ± 0.15 
7.21 7.20 ± 0.05 

5.65 5.35 ± 0.3 
6.75 6.0 ± 0.5 
6.33 6.39 ± 0.08 
7.40 7.45 ±0.15 

Notes.—(1) Te{t = 21,500 K, log g = 3.7; & = 3 kms"1; (2) log Ah = 12.0; 
(3) Aller and Jugaku 1959 and Aller 1960; (4) Withbroe 1971; (5) Aller 1975. 

of Hy and H8 fit theoretical profiles computed from 
the Teff = 20,200 K, log g = 3.5 model. However, 
an effective temperature of 21,500 K is suggested by 
the intrinsic U — B color of y Peg and the angular- 
diameter calibration of effective temperatures. If the 
latter temperature is adopted for y Peg, then a reason- 
ably good fit to the observations is achieved with log 
g = 3.7. The values of logg obtained from the Griem 
and ESW theories, 3.9 and 4.1, respectively, are in- 
consistent with the spectral type of y Peg. 

VII. THE CHEMICAL COMPOSITION 

A preliminary abundance analysis carried through 
with Teff = 21,500 K, logg = 3.7 showed ionization 
balance for Si m/Si iv and S n/S hi. Since the latter 
model also predicted the observed profiles of Hy and 
HS, matched the continuum data reasonably well, 
and gave silicon and sulfur abundances within 0.1 
dex of the solar values, it was deemed representative 
of the star. 

The chemical composition of y Peg which was 
determined in this analysis is given in Table 4. For 
comparison, the abundances that Aller and Jugaku 
(1959) obtained for y Peg and the solar composition 
are listed. Two recent compilations of solar abundances 
are presented, Aller (1975) and Withbroe (1971). It is 
important to keep in mind that the solar abundances 
also have uncertainties associated with them when 
they are compared with the stellar results. Uncer- 
tainties in some solar values can be as high as 0.5 dex 
(e.g. argon), and the means given by Aller can typically 
differ from Withbroe by 0.1 dex. The degree of scatter 
(standard deviation) in the individual values of log 
N for y Peg, which result from uncertainties in the 
line strengths, /-values, damping parameters, etc., 
are also given in Table 4. Note that in most cases the 
standard deviation is comparable with the uncer- 
tainties in the solar abundances. 

The data used for this analysis of y Peg, including 
the values of log gf, their sources, and the radiative- 
damping parameters (rRAD/yclasslcal), are presented 
in Table 5. Also given are the individual values of 
log N obtained from the various spectral lines. A 
detailed discussion of each elemental abundance is 
presented below. 

a) Helium 

The helium abundance was determined from six 
weak lines of He i which gave a mean value of 10.96 
or 9 percent. According to Aller (1975), recent data 
on the solar corona, solar chromosphere, and solar 
wind give a mean solar helium abundance of 10.9. 
Individual values for the various lines of He i in y Peg 
ranged from 10.83 Ç1J0) to 11.08 (1270). Leckrone 
(1971) obtained a mean He/H ratio of 10.4 ± 2.1 
from the profiles and equivalent widths of 10 strong 
to moderately strong He i lines. The interpolated 
Princeton model which Leckrone adopted for his 
analysis of the helium lines in y Peg (21,900 K, 
logg = 4.1) is slightly high in temperature and 
excessively high in gravity. However, Leckrone points 
out that, since y Peg happens to fall in the temperature 
domain where the helium lines reach maximum 
strength, the abundance deduced for helium is not 
very sensitive to the model parameters. Leckrone’s 
individual values show the same range of abundances 
as do the ones obtained in this investigation. The 
individual abundances obtained from the four He i 
lines which were common to both investigations, 
ÀÀ4121, 4438, 4713, and 5016, agreed within 0.05 dex. 

b) Carbon, Nitrogen, and Oxygen 

Twenty-nine lines of C n were used to obtain the 
mean carbon abundance of 8.45. The resulting value 
is 0.15 dex below the solar abundance of carbon. 
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TABLE 5—Continued 

ION MULT. 
NO. 

E.P. EQUIV. 
WIDTH 

LOG gf ref LOG N 

Pe III A053.10 
4081.01 
4122.06 
4122.98 
4137.76 
4139-35 
4164.73 
4166.84 

119 
119 
118 
118 
118 
118 
118 
118 

20.52 
20.54 
20.51 
20.51 
20.52 
20.52 
20.54 
20.54 

0.015 
0.016 
0.015 
0.016 
0.022 
0.021 
0.036 
0.014 

0.180 
0.301 
0.398 
O.362 
0.624 
0.518 
O.920 
O.398 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

7-52 
7.47 
7.34 
7.42 
7.40 
7.47 
7-56 
7.31 

References for values of log gf: 
(1) Wiese, Smith, and Glennon (1966) 
(2) Wiese, Smith, and Miles (1969) 
(3) Griem (1964) 
(4) Schulz-Gulde (1969) 
(5) Miller (1968) 
(6) Warner (1965) 
(7) Coulomb approximation computation made at UCLA 

The nitrogen abundance was determined from 39 
lines of N n which gave a mean value of 7.82. The 
abundances from the four lines shortward of the 
Balmer discontinuity were consistent with the mean 
from the other lines of N n. The mean nitrogen 
abundance is 0.1-0.2 dex below the solar value. 

Oxygen, also, appears to be slightly underabundant 
in y Peg. The mean from 77 lines of O ii is 8.66, 
compared with the solar value of 8.84. As in the case 
of N ii, the O ii lines shortward of A3400 gave abun- 
dances which agreed well with those from the other 
O ii features. 

Although their mean values suggest that C, N, and 
O are slightly underabundant in y Peg, the differences 
from the solar abundances are less than the scatter 
in the individual abundances. Also, the ratios of N/C 
and N/O are within 0.1 dex of the solar ratios. There- 
fore, it appears that the abundances of C, N, and O 
are not significantly different from the solar values. 

c) Neon 

The neon abundance, obtained from 11 lines of 
Ne I, is 0.55 dex above the usually quoted cosmic 
abundance of 8.0 and over 10 times higher than the 
values given by the solar coronal features. However, 
Auer and Mihalas (1973) predict that non-LTE 
effects in Ne i will operate in such a way as to cause 
LTE abundances to be too high by 0.7 dex. Therefore, 
the present LTE results are in agreement with the 
computations of the latter authors. 

d) Magnesium 

The mean magnesium abundance was determined 
from five lines of Mg n which gave a mean value of 
7.45. The mean abundance is 0.1 dex below the solar 
value. There was very good agreement between the 
individual values. The Mg n line at A3104 was origi- 
nally included in the analysis but rejected in the end 
because it gave an unreasonably high abundance 
(8.0). 

e) Aluminum 

Nine lines of A1 m gave a mean aluminum abun- 
dance of 6.45. The latter value is in excellent agree- 
ment with the solar abundance. 

/) Silicon 

The silicon abundance for y Peg was determined 
from the lines of Si m and Si iv. The mean value of 
7.55 is identical with the currently accepted solar 
value. 

Although it was possible to achieve ionization 
balance for Si m/Si iv, the eight lines of Si ii gave a 
silicon abundance which was 0.5 dex lower than the 
values from the higher ionization features. The in- 
dividual values from Si n range from 6.8 to 7.6. The 
failure of the Si n lines to give abundances which 
agreed with those from Si m and Si iv could be a result 
of non-LTE, incorrect /-values, or an incorrect model 
atmosphere. The importance of non-LTE can only 
be assessed when the equations of statistical equilib- 
rium and radiative transfer are solved. Possibly a scale 
error could exist between the /-values for Si n and the 
other ions of silicon. The Si n /-values were deter- 
mined experimentally (Schulz-Gulde 1969), while 
the /-values for the other ions were obtained from the 
Coulomb approximation. If Coulomb-approximation 
/-values had been used for Si ii, the mean silicon 
abundance from Si n would be 0.2 dex lower! Since 
the lines of Si n are formed in the uppermost layers 
of the stellar atmosphere, if the true temperatures in 
these layers are higher than the Princeton models 
indicate, then the discrepancy could be due primarily 
to a faulty model. Similar problems with the lines of 
Si ii also exist for t Her (Peters and Aller 1970; Peters 
1976). Aller and Jugaku (1959) could predict the ob- 
served strengths of the lines of Si n and Si iv with a 
24,000 K model and a silicon abundance of 7.03 ; 
however, the lines of Si m were stronger than the 
computed values. 

The mean abundance from the nine lines of Si m 
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shortward of the Balmer discontinuity agreed very well 
with the values given by the other Si m features. In 
particular, the silicon abundance suggested by multi- 
plet 2 of Si in agrees with the values from other lines. 
For a 25,000 K atmosphere, Kamp (1973) predicted 
that non-LTE populations for multiplet 2 would 
be 3.5 times higher than ones in LTE. These non-LTE 
effects are not apparent in y Peg; however, we must 
consider the possibility that other levels may show 
overpopulations due to non-LTE to the same degree 
that Kamp predicts for multiplet 2. 

g) Phosphorous 

Phosphorous appears to be slightly underabundant 
in y Peg. Five lines of P m gave a mean phosphorous 
abundance of 5.20. The latter value is 0.2-0.4 dex 
below the solar abundance; however, the individual 
values ranged from 5.0-5.5. 

h) Sulfur 

The mean values of the sulfur abundance from 
S ii and S in are within 0.1 dex of each other, and the 
resulting abundance agrees with the solar value of 7.2. 
Whereas the scatter in the individual values from S n 
was relatively small, the lines of S in suggested a wide 
range of abundances (6.7-8.0). The fact that multiplets 
2 and 7 suggested higher abundances than did multi- 
plets 4 and 8 could be a result of incorrect /-values 
or non-LTE. 

i) Chlorine 

Gamma Pegasi happens to be one of the few early 
B-type stars whose spectrum contains measurable 
lines of Cl ii. Since the cosmic chlorine abundance is 
uncertain by at least an order of magnitude, the 
analysis of the Cl n lines in y Peg is of considerable 
interest. 

The mean chlorine abundance, determined from 
five lines, is 6.7 ; however, the scatter in the individual 
values is 0.5. To date, knowledge of the solar chlorine 
abundance rests upon the analysis of one line of Cl i 
and several lines of HC1 observed in the infrared 
sunspot spectrum. Since the Cl i feature, À8376, is 
located in the portion of the spectrum where telluric 
water-vapor absorption is extensive, some researchers 
have doubted the identification of the line (Lambert, 
Mallia, and Brault 1971). Lambert and Mallia (1968) 
obtained a solar chlorine abundance of 5.65 from the 
strength of the depression in the combined solar and 
telluric spectrum which they identified as the Cl i line. 
Aller and Ross (1973) analyzed the above weak feature 
using the UCLA spectrum-synthesis program and 
concluded that the solar chlorine abundance was 
lower than 5.3 unless there were departures from 
LTE. From their analyses of the strengths of several 
lines of HC1 observed in sunspot regions, Hall and 
Noyes (1972) obtained a solar chlorine abundance 
of 5.4 ±0.3. Therefore, all researchers to date con- 
clude that the solar chlorine abundance is less than 
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5.7, an order of magnitude lower than the value 
obtained for y Peg. 

The chlorine abundance in planetary nebulae is 
quite uncertain. Aller and Czyzak (1973) quote values 
which range from 5.0 to 6.9. Aller (1972) gives a 
value of 4.9 for the chlorine abundance in the Orion 
Nebula. 

One Cl in line, A4608, observed in the spectrum of 
HR 1886 gave a chlorine abundance of 6.7 (Peters 
1976). This value is identical to the mean from the 
five Cl ii lines in the spectrum of y Peg. The order-of- 
magnitude discrepancy between the chlorine abun- 
dances obtained from solar and B-star data suggests 
the possibility of a non-LTE situation. Detailed 
non-LTE computations and analyses of additional 
line-intensity data in the far-ultraviolet portion of the 
spectrum may resolve the chlorine problem. 

j) Argon 

The mean argon abundance from eight lines of Ar 
ii is 6.7. Withbroe (1971) quotes a representative solar 
abundance (from coronal data) of 6.7, while Aller 
(1975) feels that 6.0 ± 0.5 is a more representative 
value. Aller and Czyzak (1973) give values which 
range from 6.0 to 7.0 for planetary nebulae. In view 
of the uncertainties in the argon abundance both in 
the Sun and in planetary nebulae, it appears reason- 
able to state that the argon abundance is normal in 
y Peg. 

k) Calcium 

The abundance of calcium was determined from 
three lines of Ca ii near A3180 (multiplet 4) and the K 
line. From high-resolution scans of the K line in y 
Peg, Hobbs (1973) concluded that the K line is entirely 
stellar in origin. The equivalent width adopted for this 
analysis of the K line (77 mÂ) was 2 mÂ lower than 
the value quoted by Hobbs in order to allow for minor 
interstellar contribution. 

The mean abundance of calcium from the four lines 
is 6.21, compared with the solar value of 6.4. The 
abundances from the three lines shortward of the 
Balmer discontinuity are in agreement with that given 
by the K line. The K line itself gives a calcium abun- 
dance of 6.33, a value identical to the solar abundance 
as quoted by Withbroe. 

Mihalas (1973) investigated the degree of departures 
from LTE for the K line. He found that non-LTE 
effects are small for main-sequence stars near spectral 
type B2, and that calcium abundances determined 
from the K line will be at most 0.3 dex too high when 
an LTE analysis is performed. Specifically, upon 
adopting an effective temperature of 22,500 K and 
log g of 4.0 for y Peg and using 85 mÂ for the equiva- 
lent width of the K line, Mihalas obtained a solar 
calcium abundance and a microturbulent parameter 
of 2.1kms_1. He claims that a microturbulent 
parameter of 2.6 km s-1 would have to be adopted 
to obtain a solar calcium abundance from an LTE 
treatment. Considering the differences between the 
present analysis and that of Mihalas, our results 
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appear to be in fair agreement. The microturbulent 
parameter was independently determined from the 
lines of C, N, and O in this investigation. If £t had 
been taken to be 2 km s-1 instead of 3 km s_1, the 
calcium abundance deduced from the K line would be 
0.2 dex above the solar value. It appears that if non- 
LTE effects are present in the K line, they are small 
enough to be neglected entirely. 

/) Iron 

Eight lines of Fe m gave a mean iron abundance of 
7.44. The latter value is in agreement with the cur- 
rently accepted solar abundance of 7.4. The individual 
values showed very low scatter. Snijders (1969) 
analyzed many of the same Fe m lines in y Peg that 
were considered in this investigation. Using Under- 
hill’s (1962) model atmospheres, Warner’s /-values, 
and larger measured equivalent widths, he obtained 
an iron abundance of 6.9. 

VIII. SUMMARY AND DISCUSSION 

With the possible exception of chlorine, the ele- 
mental abundances in y Peg appear to be very close 
to those obtained for the Sun. An interpolated 
Princeton model atmosphere of 21,500 K, log g = 
3.7 gives abundances which are (except for neon) 
within 0.2 dex of the solar values. Where deviations 
from solar abundances do occur, they are usually less 
than the scatter in the values from individual lines. 
It must also be kept in mind that the solar abundances 
are in most cases uncertain by 0.2 dex. Since the 
above-mentioned model also predicts the observed 
profiles of Hy and HS, is consistent with the con- 
tinuum observations in the near-ultraviolet and the 
somewhat discordant ground-based continuum ob- 
servations, and gives ionization balance for Si m/Si 
iv and S n/S hi, it is concluded that the Princeton model 
atmosphere adequately represents the star. In addition, 
the angular diameter calibration of effective tempera- 
tures (Webb 1971) suggests a 21,500 K temperature 
for y Peg (Peters 1976). However, spectral scans in the 
far-ultraviolet portion of the spectrum show that there 
is considerably more line blanketing in the region 
AM 200-2200 than the Princeton group included in 
their computations. 

The temperature and gravity determined for y Peg 
in this investigation are in excellent agreement with 
the values given by Lesh and Aizenman (1973, 1974) 
in their papers on ß Cephei-type pulsation. The latter 
authors obtain TQîi = 21,400 K, log g = 3.75. How 
meaningful, though, is this agreement? The latter 
authors obtained their temperature from a scale of 
effective temperatures based upon the continuum 
observations of Schild, Peterson, and Oke (1971). 
Since the latter temperature scale agrees with the 
angular diameter scale in the domain of the B2 stars, 
the result is expected. However, Lesh and Aizenman 
determined the mass and radius of y Peg from, 
respectively, the position of the star in the theoretical 
H-R diagram and the value of the luminosity which 

they obtained with the aid of Crawford’s (1970) 
calibration of ß index versus Mv and the bolometric 
correction given by Van Gitters and Morton (1970). 
Thus two additional calibrations suggest the same 
values of Teu and log g for y Peg that were obtained 
in the present investigation. 

Watson (1971, 1972) also considered y Peg in his 
study of ß Cephei objects. Compared with this inves- 
tigation, his temperature appears low and his gravity 
high. He obtained an effective temperature of 20,800 K 
from scans reduced with the Hayes system of absolute 
calibrations and a log g of 3.88 from Hy and HS 
profiles compared with those computed according 
to the ESW theory. Watson’s abundances relative to 
oxygen, which were obtained from a curve-of-growth 
analysis of data from 7Âmm_1 plates, are on the 
average 0.3 dex higher than the values determined in 
this study. 

Auer and Norris (1974) recently analyzed a few 
selected lines of He i, C n, N n, O n, Mg n, and Si m 
in y Peg in order to compare the elemental abundances 
with those in Barnard 29 in Ml3. They used the Vidal- 
Cooper-Smith hydrogen-line-broadening theory, non- 
LTE, unblanketed model atmospheres, and the Oke- 
Schild calibration for a Lyr. Although the log g which 
the above authors obtained is very close to the one 
determined in this investigation, their temperature 
of 24,500 K appears to be excessively high. However, 
the 3000 K discrepancy can be explained by their 
choice of model atmospheres and calibration system. 
The abundances which they obtained for the above- 
mentioned elements range from 0.05 to 0.5 dex higher 
than the values, from the same spectral features, 
presented in this paper. 

The far-ultraviolet portion of the spectrum of y Peg 
offers considerable opportunity for future work. 
There are at least 3 times as many lines between A1000 
and A3100 as the number analyzed in this investigation. 
Data in this spectral region may potentially resolve 
the problem with the chlorine abundance, provide 
abundances for elements whose lines do not show up 
in the ground-based portion of the spectrum, and 
give additional information on the structure of the 
atmosphere. 
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