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ABSTRACT

We have used new spectroscopic and photometric observations of HD 149420 to obtain an improved orbital
element solution and determine some basic properties of the system. This double-lined binary has an orbital period of
3.39430 days, a circular orbit, and a mass ratio of 0.52. The primary is somewhat evolved, with an A9 IV spectral type,
while the secondary is estimated to be an F5: dwarf. The secondary may be synchronously rotating, but the primary is
rotating substantially slower than its synchronous velocity. Our photometric observations confirm the light variability
and period found by Hipparcos. We determine a photometric period of 1.698 days, essentially halfthe value of the or-
bital period, with a peak-to-peak amplitude of 0.028 mag in V. In addition to this ellipsoidal light variation, we also de-
tect more rapid, low-amplitude variability with a period of 0.076082 days and a peak-to-peak Vamplitude of 0.008 mag,
as well as a possible second short 0.059256 day period with a peak-to-peak amplitude of only 0.005 mag. This indi-
cates that the A9 IV primary in HD 149420 is a pulsating 6 Scuti variable. Our binary model that best fits both the radial
velocity and photometric observations indicates the possibility of extremely shallow grazing eclipses, a circumstance
not unexpected given the large minimum masses from the orbital solution, the evolved nature of the primary, and the
short orbital period.
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1. INTRODUCTION

HD 149420 [32 Herculis, HIP 81066; o = 16"33™29%1, § =
30°29’5770 (J2000.0), ¥ = 6.87 mag] was one of 97 stars identi-
fied as a spectroscopic binary by Adams et al. (1924) from obser-
vations obtained at Mount Wilson Observatory. With an additional
31 spectrograms acquired at the Dominion Astrophysical Obser-
vatory, McKellar (1935) determined a single-lined, nearly circular
spectroscopic orbit with a period of 3.39430 days. This spectro-
scopic binary also has a visual companion about 4” distant and
7 mag fainter (e.g., Batten et al. 1989). The visual binary is known
by several names, including BU 818 AB and ADS 10116 AB.
Although the spectroscopic primary was called a probable Am
star by W. P. Bidelman (Abt & Bidelman 1969), that abundance
peculiarity has not been detected by others. For example, Floquet
(1975) classified HD 149420 as FO III, and Abt (1985) called it
A9 IV.

The Hipparcos mission team (Perryman et al. 1997) discov-
ered the light variability of HD 149420 and determined a period
of 1.6972 days but did not hazard a guess as to its variability type.
Examining the Hipparcos results, Paunzen & Maitzen (1998) sug-
gested that HD 149420 is a possible v Doradus variable (Kaye
etal. 1999). Thus, in their survey of ¥ Doradus candidates, Fekel
etal. (2003) obtained two spectroscopic observations at red wave-
lengths, where they detected weak lines of the spectroscopic sec-
ondary. Fekel et al. (2003) also noted that the orbital period is twice
as long as the period of light variability, and so they concluded
that HD 149420 is an ellipsoidal variable rather than a ¥ Doradus
star.

Following up on the results of Fekel et al. (2003), we have
continued spectroscopic observations of the short-period binary,
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components Aa and Ab, to determine an improved orbit and
some basic parameters of the system. We have also obtained and
analyzed new photometric observations to search for possible
eclipses in this short-period system.

2. SPECTROSCOPIC OBSERVATIONS
AND REDUCTIONS

From 2000 July to 2005 June we obtained 23 high-resolution
spectrograms of HD 149420 (Table 1) with the Kitt Peak National
Observatory (KPNO) coudé feed telescope, a coudé spectrograph,
and a TI CCD detector. All of the spectrograms are centered in
the red at 6430 A, cover a wavelength range of about 80 A, and
have a resolution of 0.21 A. Typical signal-to-noise ratios are
150—-200. All but one of our spectra of HD 149420 show two sets
of lines. A sample spectrum is presented in Figure 1 with several
lines of components Aa and Ab identified.

We determined radial velocities with the IRAF cross-correlation
program FXCOR (Fitzpatrick 1993), fitting a Gaussian function
to the cross-correlation peak of each component. The IAU radial
velocity standard stars 3 Vir, HR 5694, and HR 7560 were used
as cross-correlation reference stars. These three late-F dwarfs have
radial velocities, adopted from Scarfe et al. (1990), of 4.4, 54.4,
and 0.0 km ~!, respectively. Lines in the wavelength region red-
ward of 6445 A are not particularly suitable for measurement
because most features are blends, and there are a number of
modest-strength water vapor lines. Thus, the radial velocities were
determined from lines in the region 6385—6445 A. However, this
60 A portion of the spectrum is so small that a mismatch, caused
by the varying strength of line blends, between the spectral type
of HD 149420 and that of the cross-correlation standard can
significantly alter the measured velocity. Thus, instead of cross-
correlating this entire 60 A wavelength region, only the wave-
length regions around the five strongest and least blended lines,
the Fe1lines at 6394, 6412, 6421, and 6431 A plus the Ca1line at
6439 A, were cross-correlated.
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TABLE 1
Rapiar VeLociTies oF HD 149420

Heliocentric Julian Date Vaa (O —C)pa Vap (O = C)ap
(HJID — 2,400,000) Phase (km s~ (km s~ (km s~ (km s~

51,736.727 0.194 9.3 —0.5 —61.6 —2.1
51,742.788.... 0.979 543 0.2 —143.4 13
52,014.949.... 0.161 21.7 —0.7 —82.6 12
52,015.948.... 0.455 —80.7 —0.8 114.0 12
52,016.963.... 0.754 —12.8 —0.8 . ..

52,017.959 0.048 50.4 —12 —142.4 -25
52,327.042 0.107 40.5 0.8 —113.2 3.8
52,328.051.... 0.404 —69.9 0.6 92.5 —24
52,392.939.... 0.521 —81.5 0.4 114.8 -2.0
52,540.621.... 0.030 54.0 0.5 —1423 12
52,706.992... 0.045 52.5 0.5 —138.5 2.1
52,709.977.... 0.924 47.9 0.9 —1345 —34
52,755.916.... 0.458 —80.5 —03 112.3 —1.1
52,757.913.... 0.047 512 —0.6 —1432 -3.0
53,170.807 0.690 —40.0 —0.7 33.7 —1.1
53,173.791 0.569 —~76.8 —0.6 106.4 0.6
53,273.610.... 0.977 53.5 —0.4 —1443 0.1
53,275.616.... 0.568 —75.8 0.6 107.1 0.9
53,490.918.... 0.998 549 0.2 —148.8 -3.0
53,532.846.... 0.350 —53.7 0.7 63.4 —0.4
53,533.728.... 0.610 —66.2 0.5 85.7 —-1.8
53,534.674.... 0.889 39.5 0.9 —118.0 -3.0
53,536.729 0.494 —82.0 0.5 118.8 1.0

Velocity measurement of the secondary was more complicated,
since, as shown in Figure 1, its lines in the 6430 A region are
only 2%—-3% deep. Because those lines are so weak, their veloci-
ties may be significantly affected by blends with various primary
lines. Which lines of the secondary are blended depends on or-
bital phase and the corresponding velocity separation of the com-
ponents. Thus, we first made a visual comparison of each spectrum
of HD 149420 with its cross-correlation reference star to identify
the least blended lines of the secondary for cross-correlation and
velocity measurement. Of the lines of the secondary, typically
only one or two per spectrogram provided useful velocities. The
secondary velocities of the two observations obtained by Fekel
et al. (2003) were remeasured, and the velocity for JD 2,451,742
was revised.

3. PHOTOMETRIC OBSERVATIONS AND REDUCTIONS

We obtained our photometry of HD 149420 during the 2005
observing season with the T2 0.25 m automatic photoelectric tele-
scope (APT) at Fairborn Observatory in the Patagonia Mountains
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Fic. 1.—Spectrum of HD 149420 in the 6430 A region. Several lines of com-
ponents Aa and Ab are identified.

of southern Arizona. This APT is equipped with a modified,
temperature-stabilized SSP-3 photometer and photodiode detec-
tor from Optec, Inc., and acquires data through Johnson V] R, and
1 filters. The APT is programmed to measure stars in the follow-
ing sequence, termed a “group observation”: K, sky, C, V, C, V,
C, V, C, sky, K, where K is a check star, C is the comparison star,
and V'is the program star. A total of 194 group observations of
HD 149420 were obtained with the APT with HD 149044 (V' =
7.17, B—V =0.573, F9 1V) as the comparison star and HD
151087 (V = 6.02, B— V = 0.32, F2 [II-1V) as the check star.

To create group means for each group observation, three
variable-minus-comparison (¥ — C) and two check-minus-
comparison (K — C) differential magnitudes in each photometric
band were computed and averaged. The group means were then
corrected for differential extinction with nightly extinction coef-
ficients, transformed to the Johnson system with yearly mean trans-
formation coefficients, and treated as single observations thereafter.
The external precision of the group means, based on standard de-
viations for pairs of constant stars, is typically ~0.006 mag on
good nights with this telescope. Group mean differential magni-
tudes with internal standard deviations greater than 0.02 mag were
discarded. The individual differential magnitudes are given in
Table 2. Further details of telescope operations and data reduc-
tion procedures can be found in Henry (1995a, 1995b).

4. ORBIT

Adopting the period of McKellar (1935), preliminary orbital
elements for 23 velocities of the primary were computed with
BISP (Wolfe et al. 1967), a computer program that implements a
slightly modified version of the Wilsing-Russell method. The or-
bit was then refined with SB1 (Barker et al. 1967), a program that
uses differential corrections. An orbit for the 22 KPNO velocities
of the secondary also was computed. The variances of the solu-
tions for the primary and secondary resulted in weights of 0.1 for
the secondary velocities relative to those of the primary. Then the
spectroscopic orbits of the primary and secondary were refined
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TABLE 2
ProToMETRIC OBSERVATIONS OF HD 149420
Heliocentric Julian Date Variable V' Variable R Variable 1 Check V Check R Check 7
(HID — 2,400,000) (mag) (mag) (mag) (mag) (mag) (mag)
53,516.6809.....c.ciiiiiieieienieeeeeee e —-0.304 —0.035 0.137 —1.144 —0.961 —0.818
53,516.7294 ... 99.999 99.999 0.147 99.999 99.999 —0.806
53,516.888 1.t 99.999 —0.063 0.136 99.999 99.999 99.999
53,517.8281... . 99.999 —0.046 0.136 99.999 99.999 —0.810
53,517.8851 e 99.999 99.999 0.138 99.999 99.999 99.999
53,520.6544 ..o —0.274 —0.034 0.140 —1.160 —0.954 —0.804

Norte.—Table 2 is published in its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding

its form and content.

with a modified version of SB1, which uses differential corrections
to determine simultaneously the elements of the two components.
Since the eccentricity of this solution is so low, 0.006 £ 0.006, a
circular-orbit solution was computed with SB2C (D. Barlow 1998,
private communication), which also uses differential corrections
to determine the elements. The tests of Lucy & Sweeney (1971)
indicated that the circular-orbit solution is to be preferred, and so
its elements, along with several related parameters derived from
the values of those elements, are given in Table 3. For a circular
orbit the element 7, a time of periastron passage, is undefined.
Thus, as recommended by Batten et al. (1989), T, a time of max-
imum velocity for the primary, is given instead.

We also computed several orbital solutions for the veloci-
ties of McKellar (1935). However, because of the uncertain zero
point for those velocities, none of them have been included in our
analysis.

The phases of the 23 KPNO observations and the velocity re-
siduals to the computed curves are included in Table 1. The KPNO
velocities and the computed velocity curves for components Aa
and Ab are compared in Figure 2, where zero phase is a time of
maximum velocity of the primary component.

5. PHOTOMETRIC ANALYSIS

The 182 Johnson V variable star—minus—comparison star
(V' — C) differential magnitudes of HD 149420 from Table 2 are
plotted in Figure 3 (fop). Up to several group observations were
acquired by the APT each night at intervals of 2 hr. However, on
two nights (JD 2,453,525 and JD 2,453,535) the APT monitored
the star for several hours around the time of primary eclipse pre-
dicted by the orbital elements to search for possible shallow
eclipses that might have been missed by the Hipparcos mission.
The standard deviation of the observations from their mean is

TABLE 3
OrBITAL ELEMENTS OF HD 149420

Parameter Value

P (days).. 3.3943056 £ 0.0000091
T, (HID) 2,452,635.5596 + 0.0018
v (km s —13.93 £ 0.14
Kaa (km s™Y oo 68.60 + 0.17
Kap (KM S™1) e 131.85 + 0.53

0.0 adopted

3.2020 + 0.0078
6.1542 £ 0.0246
1.868 £ 0.018

0.9717 £ 0.0065

Apa SINT (GM) et
AAb SIN T (GM).eoeiiiieeceeeee
Mg sin®i (M)...
Map sin’i (M) v
Standard error of an observation

of unit weight (km s™1)...coocoovoriirann 0.7

0.012 mag, compared to the typical precision of 0.006 mag with
this telescope, indicating photometric variability in at least one
of the two stars. A power spectrum of the ' — C observations is
shown in Figure 3 (middle), computed by the method of Vanicek
(1971) described in Henry et al. (2001). A similar analysis of the
check star—minus—comparison star (K — C') observations failed
to find any significant periodicity, demonstrating that the ob-
served variability arises in HD 149420. The best frequency is
0.5888 day !, corresponding to a period of 1.698 & 0.003 days.
This is exactly half of the radial velocity period within the un-
certainties. Therefore, the observations are replotted in Figure 3
(bottom), with phases computed from the better determined or-
bital period and a time of maximum radial velocity of the pri-
mary star from Table 3. The two minima occurring at phases 0.25
and 0.75 provide additional confirmation of the claim of Fekel
et al. (2003) that the photometric variability results from the ellip-
ticity effect in the binary. The peak-to-peak amplitude of the el-
lipticity effect is 0.028 mag in V. We further analyze the ellipticity
variations in § 8.

An additional power spectrum of the /' — C observations
was computed with the Vanicek (1971) method by fixing the
0.589222 day~! frequency that corresponds to half the spectro-
scopically determined orbital period. The Vanicek (1971) method
differs from prewhitening for a given frequency by fixing only
that frequency and not its amplitude, phase, or mean light level.
A new frequency search is carried out by simultaneously fitting a
single new mean brightness level and the amplitudes and phases
of all frequencies introduced as fixed parameters. The result is
shown in Figure 4 (fop), where a high-frequency variation of
13.1438 £ 0.0012 day ! (arrow), corresponding to a period of

)

~ I
£ 100 |

é L

b i

3 i

= oL

3 i

3 i

- L

E_IOO-_

l-d L

o ! ! ! ! | ! ! ! !
a< 0 0.5 1

Phase

Fic. 2.—Computed radial velocity curves of HD 149420 compared with our
KPNO radial velocities. Filled circles represent component Aa; open circles
represent component Ab. Zero phase is a time of maximum radial velocity of the

primary.
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Fi. 3.—Top: Complete set of Johnson ¥ photometric observations, acquired
with the T2 APT during the 2005 observing season, plotted against Julian Date.
Middle: Power spectrum of the photometric observations. The best frequency is
0.5888 day~!, corresponding to a period of 1.698 =& 0.003 days, which is exactly
half of the observed radial velocity period within the uncertainties. Bottom: Photo-
metric observations phased with the 3.394 day orbital period and time of maximum
radial velocity from Table 3. The solid curve represents our binary model that best
fits both the radial velocity and photometric observations and indicates the possi-
bility of extremely shallow grazing eclipses.

0.076082 4+ 0.000007 days, becomes apparent. This period was
also fixed and the power spectrum in Figure 4 (middle) com-
puted. The strongest peak in this power spectrum is 16.8758 +
0.0010 day~! (arrow), corresponding to a period of 0.059256 =+
0.000004 days. This indicates a possible second high-frequency
variation in HD 149420. Neither of these two high frequencies
was found in the K — C observations, so they are both intrinsic to
HD 149420. Finally, the 16.8758 day ' frequency was also fixed
and the power spectrum in Figure 4 (bottom) computed. No ad-
ditional frequencies appear significantly above the noise. The
standard deviation of the residuals from the three-period fit is
0.0059 mag, very close to the typical 0.006 mag precision of the
APT observations, confirming that no additional periods are likely
to exist in the data.

The photometric observations are phased with the 0.076082
and 0.059256 day periods and a time of minimum in Figure 5
(top and bottom, respectively). The phase curve for each period
has been prewhitened to remove the ellipticity effect, as well as
the other short period, to improve the visibility of these low-
amplitude variations. Both phase curves appear as low-amplitude
sinusoids. The peak-to-peak amplitudes of the top and bottom
light curves are 0.008 + 0.001 and 0.005 + 0.001, respectively.
The primary A9 IV component in HD 149420 lies near the center

a low-amplitude ¢ Scuti pulsator. The ratio of the second to the
first period is 0.779, very close to the 0.761 period ratio of the first
overtone to the fundamental pulsation mode for a typical § Scuti
star (Breger 1979). This suggests that the second, weaker period
may indeed be real.

6. SPECTRAL TYPES, MAGNITUDE DIFFERENCE,
AND ROTATIONAL VELOCITIES

W. P. Bidelman (Abt & Bidelman 1969) called HD 149420 a
probable Am star. In that same paper W. W. Morgan classified it
as A9 IVsp, with the spectral peculiarity being that 14426 was
weak. Because of Bidelman’s classification, HD 149420 has ap-
peared in various lists and surveys of Am stars. However, more
recent classifications are similar to Morgan’s, and no enhancement
of metallic lines has been detected. Floquet (1975) classified
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Fic. 5.—Johnson ¥V photometric observations phased with the 0.076082 (top)
and 0.059256 day periods (bottom). The phase curve for each period has been pre-
whitened to remove the ellipticity effect, as well as the other short period. Since
the primary A9 IV star in HD 149420 lies near the center of the § Scuti instability
strip, it appears that it is a low-amplitude § Scuti pulsator, in addition to being an
ellipsoidal variable.
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HD 149420 as FO III, and Abt (1985) called it A9 IV. Fekel et al.
(2003) used spectrum addition to determine a spectral class of
A9 from one of our red-wavelength spectra and also estimated a
V magnitude difference of 2. Acquiring the spectra of additional
reference stars, we have reexamined the classification of the
components and their magnitude difference.

Strassmeier & Fekel (1990) identified several luminosity-
sensitive and temperature-sensitive line ratios in the 6430—6465 A
region. Those critical line ratios and the general appearance of the
spectrum were employed as spectral-type criteria. However, for
stars that are hotter than about early G, the line ratios in the 6430 A
region have little sensitivity to luminosity, so only the spectral
class of an A or F star can be determined. The luminosity class is
determined by computing the absolute visual magnitude with the
Hipparcos parallax and comparing that magnitude to evolution-
ary tracks or a table of canonical values for giants and dwarfs.

The spectrum of HD 149420 was compared with those of
slowly rotating late-A and early-F stars for the primary and mid-
to late-F stars for the secondary. These reference stars, identified
mostly from the lists of Abt & Morrell (1995) and Fekel (1997),
were observed at KPNO with the same telescope, spectrograph,
and detector as our spectra of HD 149420. With a computer pro-
gram developed by Huenemoerder & Barden (1984) and Barden
(1985), various combinations of reference-star spectra were ro-
tationally broadened, shifted in radial velocity, appropriately
weighted, and added together in an attempt to reproduce the spec-
trum of HD 149420 in the 6430 A region. The prominent fea-
tures in this 80 A region are primarily iron lines, although there
are also several calcium lines.

In agreement with Fekel et al. (2003) we classify the primary
as A9, while for the secondary we estimate a spectral class of
F5:. As noted previously, the strongest lines of the secondary in
the 6430 A region are only about 2% deep (Fig. 1), making any
estimate of the spectral class of the secondary more uncertain than
usual, and so a colon has been appended to the classification. As
discussed in § 7, we adopt luminosity classes of subgiant and dwarf
for the primary and secondary, respectively. From our analysis
the V' magnitude difference is 2.6 and has an estimated uncertainty
of 0.3 mag. Because the magnitude difference is rather large, its
uncertainty affects the apparent magnitude of the secondary much
more than that of the primary.

Fekel et al. (2003) determined v sin i = 35 km s~! for compo-
nent Aa. Following the procedure given in Fekel (1997), for Ab
we obtain a v sin i value of 18 km s~! and estimate an uncertainty
of 3 km s~!. We note that given the weakness of the lines of the
secondary, our v sin i value for Ab might be too large, since blends
with lines of the primary will tend to broaden the weak secondary
lines.

7. BASIC PROPERTIES

From the Hipparcos catalog (Perryman et al. 1997) the V' mag-
nitude and B — V color of HD 149420 are 6.87 and 0.242, respec-
tively. The Hipparcos parallax of 0700663 =+ 0700070 (Perryman
et al. 1997) corresponds to a distance of 150.8 £+ 16.1 pc. Al-
though there may be a modest amount of interstellar reddening
at such a distance, the color of the system is consistent with the
spectral type of the primary, and so we have assumed no interstel-
lar reddening. As a result, the parallax, the / magnitude, and the
adopted magnitude difference of the components were combined
to obtain absolute magnitudes My =1.1£0.2 and 3.7 £ 0.4 mag
for components Aa and Ab, respectively. A B — V' color of 0.24
from Hipparcos (Perryman et al. 1997) for the A9 star and a
B — V 0f0.43 from Johnson (1966) for the F5 dwarf were adopted
and then used in conjunction with Table 3 of Flower (1996) to
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TABLE 4
FunpaMENTAL PrOPERTIES OF HD 149420

Parameter Value References
P (MAG) v 6.87 1
B —V (MAE).cciriiriiiniiencne 0.242 1
T (AICSEC) wevvenrvevenenrererereninnenenene 0.00663 + 0.00070 1
Spectral type of Aa......cccceeuene A9 IV 2
Spectral type of Ab........ccceeueeee. F5: dwarf 3
vaq sind (km s o 35420 4
vap Sin (km s™) 18 + 3.0 3
M, (Aa) (mag)....... 1.1 £ 0.2 3
M, (Ab) (mag)... 37+04 3
Lpg (Le)eeveenenene 28.8 + 6.2 3
Lap (L) ceoeveveeveeneeinneccninecene 2.7+ 09 3
Rag (R5) e 32+04 3
Rap (Re) cevevevcecnne 1.3 +£02 3
M, (i = 70°) (M) 2.25 3
Mpp(i = 70°) (Me) eoveereeean. 1.17 3

REFERENCES.— (1) Perryman et al. 1997; (2) Abt 1985; (3) this work; (4) Fekel
et al. 2003.

obtain the bolometric corrections and effective temperatures of
components Aa and Ab. The resulting luminosities are La, =
28.8 & 6.2 and Lap = 2.7 £ 0.9 L, while the radii are Ra, =
3.2+ 0.4and Rap = 1.3 = 0.2 R, The uncertainties in the com-
puted quantities are dominated by the parallax and magnitude
difference uncertainties plus, to a lesser extent, the effective tem-
perature uncertainty, which is estimated to be 200 K. The above
properties for components Aa and Ab are summarized in Table 4.

Comparison with the solar-abundance evolutionary tracks of
Schaller et al. (1992) places the primary at the very end of its
main-sequence evolution on a track with a mass of about 2.1 M,
while the secondary is close to the zero-age main sequence and
has a mass of about 1.3 M. From the position of the more mas-
sive star, the evolutionary tracks of Schaller et al. (1992) indicate
an age of 1 billion years for the system. For the primary we adopt
the A9 IV classification of Abt (1985), and the secondary we call
an F5: dwarf. Comparing the mass of the primary with canonical
values of Gray (1992) indicates that the primary has evolved from
an early-A main-sequence star.

The masses, estimated from the evolutionary tracks, and the
respective minimum masses from Table 4 produce an orbital in-
clination of 74° for the primary and 65° for the secondary. Thus,
those results suggest a value of 70° for the orbital inclination of
the system. This mean inclination value and the minimum masses
of the components ( Table 3) produce masses of 2.25 and 1.17 M,
for Aa and Ab, respectively.

8. ECLIPSES?

The orbital inclination also can be determined from an anal-
ysis of the ellipsoidal light curve. Thus, our Johnson ¥ photometric
observations of HD 149420 were modeled with the eclipsing bi-
nary light-curve synthesis software of Bradstreet & Steelman
(2002). The orbital period and mass ratio from the radial velocity
orbit were fixed, as were the various limb-darkening, gravity-
darkening, and reflection coefficients appropriate to the spectral
types of the stars. The stellar masses, computed in § 7 withi = 70°,
and the orbital period were used to compute the semimajor axis
of the orbit with Kepler’s third law; the estimated stellar radii in
Table 4 were then used to derive the relative radii of the primary
and secondary, 0.2233 and 0.0907, respectively. Modeling the
light curve with these parameters produced an ellipsoidal variation
significantly less than that observed in the photometry. Because
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the primary star provides about 90% of the light from the system,
we varied only the relative radius of the primary and the orbital
inclination in a search for a solution that better reproduced the
photometric variations. The photometric residuals were minimized
by increasing the relative radius of the primary from 0.2233 to
0.2495 (a 12% increase but within the estimated uncertainty of the
radius in Table 4) and increasing the inclination from 70° to 72°.
The resulting theoretical curve is compared with the photometric
observations in Figure 3 (bottom). This best solution indicates ex-
ceedingly shallow grazing eclipses, which, given the precision of
our data, may or may not bereal. An ellipsoidal light-curve fit with
no eclipses requires the orbital inclination to be reduced slightly
to 70° and a somewhat larger relative radius 0f 0.2560 for the pri-
mary. Clearly, the possible eclipses should be confirmed with ob-
servations of greater precision than afforded by our T2 APT. Even
if eclipses do not currently take place, they will certainly occur
in the not-too-distant evolutionary future, because the evolved
primary will rapidly increase its radius as it moves across the
Hertzsprung gap.

The radius of the primary and the orbital inclination determined
from the best ellipsoidal light-curve solution are quite similar to
our computed results in § 7. Thus, we have not revised the prop-
erties listed in Table 4.

9. CIRCULARIZATION AND SYNCHRONIZATION

Matthews & Mathieu (1992) examined 62 spectroscopic bina-
ries with A-type primaries and periods less than 100 days. They
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concluded that all systems with orbital periods <3 days have cir-
cular or nearly circular orbits. They also found that many bina-
ries with periods in the range of 3—10 days have circular orbits.
Thus, the circular 3.394 day orbit of HD 149420 is quite consis-
tent with these observational results.

To determine whether the components are synchronously
rotating, we combined the orbital period and our computed radii
from Table 4, which results in rotational velocities of 48 and
19 km s~! for the primary and secondary, respectively. If the
orbital and rotational axes are parallel, as would be expected in
such a short-period system, then our adopted inclination of 70°,
combined with the v sin i values, results in rotational velocities
of 37 and 19 km s~! for Aa and Ab, respectively. This suggests
that the F5: dwarf secondary is synchronously rotating, while
the A9 IV primary clearly is not. According to the evolution-
ary tracks of Schaller et al. (1992), the radius of the primary has
approximately doubled since that star began as a zero-age main-
sequence star. Given such a radius change, perhaps it is not
too surprising that the primary currently has nonsynchronous
rotation.

L. Boyd’s dedicated efforts at Fairborn Observatory have been
invaluable. We thank the referee for a careful reading of the paper.
This research at Tennessee State University was supported in part
by NASA grant NCC5-511 and NSF grant HRD-9706268.
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