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Abstract

Empirical Confirmation of the Mass Dependence
for White Dwarf Luminosities

Jeremy R.W. Becken Devember 1993

Existing calibrations of white dwarf luminosities have invariably relied upon the
inhomogeneous sample of refractor paraliaxes published in the General Catalogue of Trigonometric
Parallaxes. We have completed a new calibmtion of white dwarf absolute magnitudes using a
compilation of homogeneous and very accurate reflector parailaxes published by the U.S. Naval
Observatory. The properties of the stars in this sample are weli enough established that smtistical
luminosity corrections resulting from the combination of parallax errors with the space distribution
peculiar to the stars can be established fairly reliably. The sesulting luminosity calibration is in
very good agreement with previously published results, and is of sufficient sccuracy to investigawe
for the subset of DA-type stars the expected dependence on surface gravity (of mass) predicted
theoretically from the white dwarf mass-radius relation. The results are in complete avcond with
expected results, which indicates that a full knowledge of the luminosity for any DA-type white
dwarf requires information on its surface gravity as well as effective temperature. A byproduct of
this study s & new estimate for the distance to the Hyades cluster, which contains several member
DA stars,
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1. Introduction

The purpuse of this thesis is to recxamine by empirical means the relationship
beiween the temperature, luminosity and mass of 8 white dwarf that is predicted by
theory.

The DA-type white dwarf stars form the primary subject of this thesis because,
untike uther types of white dwarfs, the spectra of DA stars contain hydrogen absorption
lines and continuum features which exhibit a strong gravity dependence even in broad
band culour indices. The continua of other white dwasf types (e.g. DO) do not show such
a dependence, making it difficult to establish their gravities by spectrophotometric means.
It is possible to produce sophisticated stellar amnosphere models which predict the
continuum colours one would expect 10 observe for a DA~type white dwarf of a given
susface gravity (i.e. size) and effective temperature, as has been done for example by
Koester ot al. {1979). Effective temperatures inferred from the colours for DA white
dwarfs can also bt used to estimate bolometric comrections to their absolute visual
magnitudes, under.the assumption of course that sich models are valid. The subseguent
derivation of bolometric magnitudes for these stars requires reasonably comect absolune
magnitudes, which are surmally obtained using trigonometric parallax data.

White dwarfs were studied for a number of reasons, They are very common
spatislly (most stars should end their lives as white dwarfs) and, being structurally quite
simple, can be modeled with somewhat greater ease than many other types of stars. They
should occur in both open and globular clusters, but, being of exceedingly low
luminosity, have been observed so far mostly in open clusters.

There are a number of steps involved in this thesis, and s brief explanation of these
steps will be given in this introduction.



For vartous reasons it would be convenien: to determine 1be relationship in tonus
of emperature, luminosity and radivs of a white dwart,
Luminosisy depends directly on radius, scconding w

L=4piR20 Ty pio= 31318007
o = Boltmnann's cosistant

'é,g ;d e{ifi::;:tivc surfzer temperaue

Since luminoslty can be measured geometrically, and effective tlemperature can be infomed
from continuum colors matched to theoretical predictions from mode! atmospheres, it is
possible to determine fairly directly the radius of a star. 1t is not possible to measure mass
directly, save in the occasions when a white dwarf is 3 member of a binary system.

Fortunately the mass and radius of a degeneraie star are directly related scconling
to R ~ M-13 (Cox & Giuli 1968, ch.25, for example}. Furthermose, since surface gravity
is another property of white dwarfs that cas be inferred from continuusm colours, it would

be more convenient to relate surface gravity to luminosity:

and, since Juminosity

L =4piR20Terr! ~ R? for Tex = constant
we have g - L%
or logg ~ ~5 logL ~ Mot -

This Jumiposity, expressed as a bolometric magnitude, should show a linear
dependence on the logarithm of the surfsce gravity, and this is ultimately what this thesis
seeks 0 determine.

Determination of the Juminosity, or the bolometric magnitude, of a star is
dependent spon sn sccurate knowledge of its distance. The most direct method of
estimating distances (o stars is by means of their trigonometric paraliaxes. Unfostunately,
even the nearest stars are distan! enocugh thai they have very small parallaxes, so
measuring errors tend o limit the reliadility of distances obiained in this manner.
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Systematic errors, oftes of unknown source, and srcerain comrections from reistive o
ahsolute parallax have combined to limit the precision of most older parallaxes to about 2
07010 or = G7020. This sitsation hus changed in recent years, however, with
improvements in measuring techniques, and cumently the smaliest quoted uncertainties in
ground-bascd parallaxes are those obtained in the United Stases Naval Observatory
(USNOY) surveys of nearby stars (Huarvington & Dahn 1980; Dahn et al. 1982; Hamiagron
et al. 1985; Dahn et a). 1988, etc.). The mean uncenainty in these Hsts (for white dwarfs)
is + 070037, whizh seems to represent the total mean error of 8 USNO panallax. This
means that paraliaxes smaller than 07037 (corresponding w distances in excess of 27
panecs) will suffer from relative errors in excess of 10%.

Furthemore, there is an sdded bias which creeps into My estimates due to parallax
piceriainties themselves. See chapter 5, "Parallax Corrections”, for a detailed
expianation. Hanson (1979) developed a convenient means of comrecting for this bias,
using proper motion data, and this is also explained in chapter 5. With good My
cstimates, we can proceed to estimate Myo; for each star via the model atmospheres
mentioned earlier.

Bolometric corrections (BC) are temperature-dependent.  Using a model
atmosplere template generated by Koester at al. (1979) we can determine a surface gravity
and temperature which would reproduce the U-B, B-V colours we observe for any given
star, Shipman (1972) and Wesemael et al. (1979) estimated logT.-based bolometric
comections covering low (S000K-20 000K) and high (20 000K-100 000K) surface
semperatures respectively, These data were combined 1o produce a BC relation which 1 fit
with 2 third-degree polynomial. Knowing bolomeiric magnitudes (i.e. luminosities) it is
possible 10 estimaie the radius of each white dwarf using the standard radius-temperature-
fuminosily relation. These radii, combined with surface gravity estimates, permit the
estimation of white dwarf masses. Using the mean of the logarithm of these radii, we can

also detennine if a humsinosity-mass (Le. surface gravity) relationship exists.



In order to datect any mass-dependence of tuminosity, it was decided to caleulawe
the bolometric magnitude each star wounla have if each had the same mean radius and
subtract from each star its actual bolometric magnitude. The idea behind this is that if
there is any systematic difference between the bolometric magnitudes of a set of stars afl of
identical radius (RMpoy) and dolometric magnitudes of a set of stars each identival w its
commesponding star in the first set in all properties but radius (Mny) (0., each with its
own radius), that systematic difference will be caused by mdius. We are looking for a
mass-dependence in luminosity, and the differences are plotied againgt surface gravity
(this also being dependent on mass) rather than radius sirce surface gravity is directly
inferred from UBY colours, while radius is inferred from surface grvity and iempemture;
it is one step further removed from direct observation. As this thesis shows, such u
dependence on gravity (i.¢ radius, i.e mass) exists in 8 demonsirsble way.

This relation allows ap interesting way to estimate the distances to DA white
dwarfs without having to determine trigonomenric ~arallaxes. This is a side result of this
thesis,

Once one has a relntionship between lominosity, temperature, and mass, or
equivalently a relstionship between bolometric magnitude (from photometric observations
and inferred temperatures), emperature (estimated from photometric observations), and
surface gravity (estimated from photometric observations), one has a calibration curve that
can be used to estimate the distances to white dwarfs via photometric observations.

The first step in this process is 1o use B-V, U-B data to produce log Teg and Jog ¢
estimates via the mode] atmosphere templates mentioned in this thesis. The gravity
estimate of 8 star is applied to the bolometric magnitude-surface gravity calibration curve
to obtain an estimated RMpor-Mpgs, 2nd the temperature estimate is used, along with the
assumption that the mean radius determined for the stars in the main body of the sample is
good for all nearby white dwarfs, 1o calculate RM; 1. The differeace between these two
values provides an estimate for Mpot. We calculste and subtract the bolometric correction



from this value to obtain My, and this, along with V for a given star, provides an estimate
of distance moduius. This is done for the Hyades cluster, using data taken from the
Catalogue of White Dwarfs (Agayev, 1982), which is a compilation of available UBV,
proper motion, and other data from various sources.

The technigues used in this thesis are based upon the use of wrigonometric
parallaxes from the USNO lists, and take account of well-known systematic bias inherent
in trigonometric parallax data. The carrection of such bias, a procedure not undentaken in
previons white dwarf calibrations, adjusts the luminosities of all stars in our sample to
their most likely correct values. This adjusted sample forms the basis of the present

luminosity calibration.
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2., White Dwarl Classification Schemes

The classification scheme cumrently in use for white dwarfs is both spectroscopic
and photometric in nature, being based upon detailed data of both types (Sion et al. 1983),
The identification symbols are composed of four pants. a) D for degenerute, b) an upper
case lerer signifying the primary spectroscopic feature in the spectrum; <) an upper case
letter signifying any secondary spectral features, and d) a8 numerical temperature index
ranging from 0 (the highest temperature) to 9, defined by:

Index = 10 x gy = SO 400K/ Toqr (truncated — see explanation which follows).

Spectral features. The letter A is used to indicate the presence of hydrogen Balmer
lines in the spectrum of the object, B to indicate He 1 absorption lines, C to denote a
reasonably featureless spectrum with no absorption lines deeper than 5% of the
continpum, and O to indicate the presence of He 11 (He 1 and/or hydrogen Balmer lines
may also be present). The presence of metal lines is indicated by Z (this includes Ca1, Ca
1, Fe 1, N, and TiO, but no H or He lines), and Q denotes the presence of lines of either
stomic or moleculsr carbon. For example, a white dwarf showing strong He 1 absorption
lines with weak Ca 1l features would be classified DBZ, and a star with dominant He }
and weak N V (in the ultraviolet) would be designated DOZ. Non-optical spectral
components will, in the case of DQ stars, be included as primary spectral features, but in
all other classes as secondary features only.

The temperature index is truncated to an integer, and is based upon the availability
of reliable effective temperatures for white dwarfs. Jt is used in the following way. A star
of effective temperature 30,000°K would be designated with the index 50,400/30,000 =
1.68, truncaied to 1, while a siar of effective iemperature 8,000°K would be designated
with the index 50,400/8,000 = 6.3, truncated to 6. All stars with effective emperawures
cooler than 5,500°K receive the index 9.
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An older classification system (Greenstein 1960) is used In most earlier references
(c.g. Graham 1972), and will be explained briefly. The primary classification symbo! in

this scheme is still D. The spectral symbols (of which there is only one per star) are as
follows: A stands for hydrogen Balmer absorption, B denotes strong He 1 lines, C
indicates a continupus spectrum with no absorption features deeper than 10% of the
continuum, A,F (the only compound symbol) indicates sharper but weaker Balmer lines
plus weak Ca il features, F indicates that Ca Il and Fe I are present but that there is no
hydrogen secn, K is used 1o indicate the presence of weak Ca 11 lines with no other
features, M is used for those objects where Ca 11 is strong but Ca | is weak (there may also
be TiO lines seen), O denotes the presence of strong He 11 lines with weaker He 1 and/or
Balmer secondary features, 44135 is used to designate those objects with unidentified
"Minkowski" bands, 44670 identifics objects exhibiting broad bands at 14670 and 5165,
and C; is interchangeable with the 345670 designation (both indicate the probable presence
of molecular carbon). There are additional subclassifications far polarization and line
strength features: p implies the existence of peculiar lines, P that there have been
measurements of strong polarization in the object, wk indicates that the strongest lines are
quite weak, ¢ indicates the presence of emission features, s denotes sharp lines, ss very
sharp lines, n diffuse lines, and PEC peculiar lines.

The older nomenclature systern was superseded with improvements in photometric
observations, as it became apparent that some older stellar classes arose as 3 result of
misidentification of spectral features. For example, the designation DK 5o longer applies
to any particular star,
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3. White Dwarf Parameters from Photometry

A Brief Discussion of the UBV log g. Teff Conversion,

In order to gain some understanding of the physical state of white dwarfs, it is
important to have some idea of the sizes, masses, and temperatures of these stars. The
only direct measurements we can make are photometric, spectroscopic, and positional
measurements. Photometry gives irformation about how much energy the white dwarf
emits at varions wavelengths, while spectroscopic observations give information on the
chemical composition of the stellar surface layers. Positional measurements provide
important data on the paratlaxes and proper motions of these stars, and in a few instances
of orbital motion sround a companion.

Because luminosity is dependent on both size and temperature, we need some means
of determining both the radius and temperature to completely specify a star. Temperature
is generally the casier of the two to determine.

The best method for determining temperatures for white dwarfs is by using mode!
atmospheres of specified chemical composition, effective temperature, and gravity as 3
means of matching the ohservable stellar continua and line profiles. Colour-colour data
can be marched to mode] atmosphere predictions if one is not concerned about high
sccuracy, and this is what this thesis proposes to do.

Chemical composition is an important parameter in this method. Current
observations suggest that the range of H and He abundances in the atmospheres of white
dwarfs is greater than in "noymal” non—degenerate stars, but even large variations in H
and He abundance do not seem to affect broad band colours by a significant amount, at
least for DA types.

The reason we use DA white dwarfs in this thesis is that these are the only class of
white dwarf with continpum features that show some sort of gravity-dependence.
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Furthermore, it is casier 10 solve for the effective emperatures of DA stars than fer non-
DA stars because the former show a quite simple hydrogen spectrum. This makes it
posgbiemhm}udclim_bzmkcﬁngcmmMmoddmmmaémpkﬁﬁﬁm
With helium-dominated or more complex atmospheres, so many more absorption lines are
jinvolved for both the neutral and ionized atoms that modelling becomes more complex.
What is new about my thesis, and what makes the doing of it worthwhile, is the
homogencity of the data set; all the proper motion and parallax dats are from the tbles of
the USNO parallax star lists. These dats are clearly incomplete for small proper motions
or for bright stars. In the first case this arises as a result of the difficulty of detecting small
proper motions, and in the latter case the problem is due to the inability of the instruments
at the USNO 1o measure parallaxes for bright stars. The latter is not a problem for white
dwarfs. However, the USNO lists are extensive and represent the most comprehensive
and accurate source of white dwarf parallaxes to date, at least until the HIPPARCOS
mission begins to generate data. There is also the advantage that the dats were obtained in
a homogeneous fashion. Thus, any systematic bias in the data should be uniformly
applied across the sample, which would probably not be the case were the data collected
by different methods. Additionally, the accuracy of the data is exceedingly good for
ground-based parallaxes. According to the USNO staff, the uncentainty in matching their
fine—grain photogsaphic plates to the true FK4 system is = £ 0.002 arcsec. This is also
their estimate of their intemnal, measuring sccuracy. Thus, the uncertainties in parallax
measurement they report seem 1o represent the true extemnal emrors. Soch has not been the
case for the sample of white dwarfs in the General Catalogue of Trigonometric Stellar
Parallaxes (GCTSP) which was used in previous calibrations of white dwarf lominosities.
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4. The White Dwarf Sample

The most accurate parallax data available to-date are the faint star pamilaxes
compiled by the USNO. A computer was used to caleulate the correction to the absolute
visual magnitude, AM for the white dwarfs in this sample. Position and proper motion
dats were taken from Tables 2 and 3 and the n~values 0.1, 1.8, and 2.6 were obtained
from the three best-fit slopes of the log N(u)-log # plot in Figores 2 to 4. Each n-value
applies over a particular range of proper motion, and esch star whose proper motion
places it in a certain p~range had its luminosity adjusted using the relevant exponent n.
The results, in the format: epsilon, original absolute magnitude, uncertainty, absolute
magnitude adjustment, and final adjusted absolute magnitude and uncertainty, are lisked in
Table 4 for every star in the sample. See page 16 for further explanation. The uncertainty
of the adjustments is not listed, but is sometimes larger than the original absolute
magnitude uncertainty so that its effect on the total uncertainty in absolute magnitude is
quite marked.
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5. Parallax Corrections

The effects of luminosity bias when using a sample of stars of measured
trigonometric paraliax, x, are reasonably well-established. As has been pointed out by
Trumpler and Weaver (1953), for example, any selection of stars by a lower limit in
parallax (either implicit or sample~dependent) will result in an excess of stars with
systematically large paraliaxes in the sample. The problem is commonplace, and arises
because of the inevitable measuring uncertainties in trigonometric pamilaxes. Any paraliax
measwement x, has an associated uncertainty &, which represents the standard deviation
of the Gaussian esror distribution of the ghserved paraliax =, aboiit the trie parallzx =. A
star with this measured paraliax can therefore be pictured as lying on the surface of a shell
of radivs 1, = l/n,. with its true distance lying somewhere within the interval covered by
thcassocialedenwlinﬁtsr,+8r,amdr¢—&mwher¢5f,l-%xr, Potentially any

point lying within the interval covered by these outer and inner limits could represent the
true distance of the star of parallax <.

The corresponding diswibution of the tue parallaxes x about x, for stars of
observed pamliax =, is somewhat different, however, since it is skewed relative to =, due
to the manner in which stars are distributed in space. The spatial volume covered by 8
shell with distance limits of r,, and 1, + &, is clearly larger than one with distance limits of
1o and 1y — 8r,,, so that for most types of steliar space distributions considered with respect
to these shells there will always be more stars located in the outer portion of the error shell
than in the inner portion. If the star with observed paraliax x, is one which bas been
selected at random from s parent population which is more—or-less uniformly distriboted
within this emor shell over the distance interval 1, - 8¢, 10 1, + 81, then the average
distance <> of stars in this population must be greater than r,. In gther words, the
distribution of true panilaxes x al'vut the observed paratiax x, devistes from 3 Gsussian
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shape, and reaches a maximum for & < X, depending ¢ritically upon the magnitede of the
relative uncenainties in parallax as well as the actual space density of stars with measured
parallaxes.

It is possible to correct for parallax dias when deriving absolute magnitudes for
stars with measured paraliaxes by taking into consideration both the observed parallax
values, X, and their associated incertainties, 8x,. relative 10 some assumed space
distribution of the stars in he sample, as firss suggesied by Lutz & Kelker (1973). A
more sophisticated approach bas been adopled by Hanson {(1979), who has devised a
method which uses proper motion data to establish the probable space density distribution
of the sample, which can tien be used {0 comect for parpllax bias. This method assumes
that 8 simple power law describes the spatial distribution of a parallax sample, which is
probably a valid spproximation.

In the case of a constant space density of stars, p ~ 13, a simple power- faw
distribution of the form;

K = 4pirfpdr,
transforms (via r = &}, dr = g~2dx) into a power-law disLibution o} parailaxes of the
form;

P(e) = 4pipxidn.

The distribution of proper motions for these same stars should also be a simple power faw
of identical exponent since y ~ , if the tangential velocities of the stars are comparable
(Recall: vy = 4.74u/x). If the space density distridution p of stars is non-uniform, the
paraliax distribution can at least be approximated by a power law of related form, namely:

P(s) = 4pipxidx,
where B is the exponent of the distribution (= 4 for 2 constant space density). The
comparable power Iaw diswibution for the proper motions will have the form:

N@) = K'pyodp,

The number of stars with proper miotion greater than u is readily evaluated, and is:
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N = [N'@du = IK'n'“dss s Kp--1) = Kp-t,
s B

The eaponent x = n+] for the distribution can be determined using a plot of log NGy
versus lug u for stars in the sample (sce Figure 2). If the sample's space distribution can
be described satisfactorily by 8 power law, the data will tend to fall along a straight line of
slope x, with typical values failing between 0 and 3 (where 3 represents a sampie of
consieng space density).

As will be seen later, the space distribution for & sample of paraliax stars is often
characterized by non-integral exponents x. Such values are of dubiovs physical
significance, however. Over the small distances involved for the white dwarfs in our
sample, it seems likely that any devistion from n = 3 (which describes a constant space
density) is due to sample incompleteness,

All of the USNO compilations for their parallax program include sccuae
positions! data (coordinates, proper motions, and parallaxes) as well as new photoelectric
photometry for cach star, The latter are used to generate sbsolute visual magnitudes, My,
for each star, which, in combination with B~V colour indices, can be used 1o identify
white dwarfs in the sample (see Figure 1), 1t is therefore a relatively simple matter 1o
extract all of the white dwarfs from the USNO lists, as we have done here. The proper
muotion datg are of immediate interest for determining the space distribution charscteristics
of the sarnple, 50 a partial listing of these data are given here.

The dsta for onr present sample have been amranged into bins of decreasing proper
modion containing five stars each, except for the last (and smallest proper motion) stars.
For simplicity, the star with the smallest proper motion in each bin is then used 10 specify
#t in the cslculation of N(u1). Other binning schemes were tried, such as grouping 6, 7, 8,
9, or 10 stars per bin, or grouping the stars per (710 of proper motion, dut the method
adopied here seemed {0 provide the most convenient straight-line fit at the final finting
stage. The dafa ave presented in Table 1, and are plotted in Figure 2.
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Figure 1. Colour-magnitude diagram for all stars in the USNO sample,
showing the distinction between the main sequence and the white dwarf
region.
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Figure 2. A plot of log k& - log N(ji) for the binned daia sample, where
N(u)is the number of stars with proper motions greater than or equs! to j.
It demonstrates the power law relationship described in the text; the
curvatore of the relation Indicates different levels of sample completeness.
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h is evident that the data are not satisfled by a refation having a single expunent x.
They can, however, be approximated well by three separate straight lines of differing
slope over different  intervals. The variation of x with p actually traces the differing
levels of completeness of stars in the USNO program. High proper motion stars are moxt
completely represented in this program, presumably becavse these stars are readily
detected in proper motion surveys. Stars of small proper motion are not well represented,
however, g0 the power law distribution for program stars of small u deviates
progressively further from a constant space density distribution ss the p-Jimit decreases.

In an attempt to ensure impartiality when analyzing the data of Figure 1, the proper
motion limits for the various subsamples were determined by the following procedure.
Starting at the high~proper motion end of Figure 2, the slope x of the fitting relation was
calculated using only the data for stars in the first two bins, then using the data for stans in
the first three bins, the first four bins, and 30 on, until every bin was included in the
slope, Obviously, a single straight line of unique slope would provide a very poor it for
all of the data points in Figure 2, although the fits for the binned data should yield nearly
constant stopes for that range of data points which are satisfied by a power law of
common slope. A plot of the calculated slopes relative 10 the number of dins involved is
presented in Figure 3, where it can be seen that a power law of slope 1 = - 1.6 provides a
fairly good description for ali of the data in bins 1 10 23. At that point the data diverge
soticeably from a power law of this slope. Figure 4 shows the rest of the data, the less-
complete range. This cumulative-siope plot shows that another single power-law fits
well the nexi eight bins, leaving the last five bins by themselves. For those ranges over
which the slope remains relatively constant, we may apply the mean slope calculated for
that range as the representative value of the exponent x for the groap. Al the fow proper
motion end of the Jog N(u) versus Jog () plot in Figure 2, we find that the five leftmost
bins are well fit by a nearly horizontal line of slope x = -0.1, while we can fit the middle
seven bins by snother soraight line of slope x = -0.8. The actual besi-fitting relations for
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Figure 3, Piot of the cumulative slope (per x number of bins) versus the
number of bins of data included in the slope calculation. Tbe cutting line
marks where the slope of the accumulated points begins to diverge
markedly from the accumuisted mean. Tbhis point we fook to indicate the
limiting range over which & power law could be applied to the dats.
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22

the high proper motion section of the sample (log u 2 ~0.45), the middle section of the
sample (-0.45 > log u 2 ~0.67), and the low proper motion section of the sample (log u <
-0.67) are depicted in Figure §, and have slopes of -1.5740 20.0138, -0.8175 10.0105,
and --0.1321 20.0095, respectively. However, it is unnecessary to adopt such precise
values for the parameter x when it is not clear how accurately they represent the true tpace
distributions of sample stars.

The parameter x yields an exponent n, via n = 1-x (see Hanson 1979), which is
used as the power law exponent in the subsequent absolute magnitude comections.

For a power law exponesnt n, the correction for bias in absolute magnitudes
derived from parallax data is inferred by Hanson (1979) to be described by the

relationship:
AM = 2.17 [l t2;22:23§:s4] ’ m
with an sncentainty of roughly:
A(AM) = % 2Af + 3Be3 Ae, 2
when:
Asr=- (n+0.5)
- % . g . n{r:;l) + n(n+l§{n+2))

_n{n+1)n+2)(n+3)
o 24

B

A = -217{n+0.5)
_ {6n2+ 10n+ 3

B =217 1004 3)

£ = 8n/x, is the relative uncertainty in the observed parallax, and A¢ is the uncerainty in
the relative error — approximately 4e according to Hanson (1979).



a.s o M | A | L A
: 5 =sa Most complete .
| slope = -1.5740 )
M,mumm’ ne?2s -
L alope = -0,1321 ¢ 4
r 083.1 L
? » -
5 3 ‘ .
15} . "
a 9 . -
2 S pexl most somplele ] 4
: slope = -0.817¢ s -
s nelg 1
1.0_- » "
S &
3 1
U G N S ] 4 4 1 . 4 a2 2 1 3 A
-1.5 ~1.0 «0.5 9.0 0.5
log u

Figure 5. Plot of log(u) versus JogN(i}), showing the range of proper
motions over which a power law of constant slope can be assumed to fit
the data, The regions were determined by the data of figures 2 and 3.
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6. Application of Theory to Main Sample

The first step in the analysis is the comection of the absolute visual magnitudes,
using the equations (1) and (2). As an example, we find sample corrections for stars with
Jog u 2 ~0.45 as follows:

For this group, n= 2.6

Az=-310

As=-10.6327

B; = 4.68

By = 10.0464

A=-6727

B =-37.7383

Thus, in the case of star W1 in Tables 2, 3, 4:

0.0048"

E=50337 = 0.1424

Ae = 4e = 0.5696 )
~3. 142 -10. 14
oo b -2 PRSI LHCIOGTIIGNS _ g5
and the uncentainty in the comection is
§AM) = 2x{~-6.727)(0.1424) - 3x(37.7363)(0.14243)1 x 0.5696 = + 1.2775
The adjusted absohute magnitade for W1 is thus
My(cor) = My(uncorr) + AM = 12.98 + (-0.1490) = 12.83
with an uncentainty of
sMy(com) = VsM(uncorr)® + 8(aM)2 =v0.132 + 1.27752 =1 1.28

It was necessary to ebminate from the sample known non-DA stars and those stars
whose ¢-values are larger than ¢z, for a panicular y-range. This last step eliminates
stars for which the ratio of parallax emor to observed parallax is 30 great that the
magnitude corrections derived from Hanson's (1979) method cannot be assumed to be
sccurate (Le. their relative adjustments are t00 great). The objects are listed in Table 6. As
may be seen from Table 6, the relstive uncestainties for these stars are up 10 650% of the
primary value, so they ¢an be reasonably exclided from the ssmple,
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Noa-DA siars are identified from their spectral classifications by Graham (1972)
and Wegner (1979, 1984) on the basis of spectroscopic appearance. In cases where
authors disagreed, ] assumed the most recent classification was correct.

To prune the sample further we need the effective temperature of each star, The
effective temperature and surface gravity of each DA star was derived by finting the USNO
colour-colour data to the UBV template (Figure 6) constructed by Koester et al. (1979),
De-reddening was not necessary because these stars are sufficiently close that reddening is
not significant. When this was done, 76 stars remained in our lists (Table 7). The other
stars were excluded not necessarily becsuse they are non-DA, but simply because they did
not fit the range of the template (and thus no temperature and swlwe gravity could be
established), or because the USNO data lacked a U-B colow. To get some idea of the
sccurecy of our temperature &nd gravity estimates, we make use of the estimates calculated
by Bergeron et al. (1992) from fitting hydrogen line profiles to the estimates of new, more
sccurate model atmospheres. The data show, for such stars as we have in common, that
our temperature estimates differ from Bergeron e1 al.’s by 6.5% or less in all but one case,
and our log g estimates by 5.8% or less in all bu1 one case, for the same star, He 3
{Table 8). Oor temperature estimates are, howe ver, higher than those of Bergeron et al.
save for two stars, and our log g estimates are lowr than ihose of Bergeron et al. save for
one star. These differences are included in Table 8. The small differences sugpest to us
that our data are trustworthy, but the differences might result in systematic differences
later on,

We now calculate the bolometric comection to each star's absolute visual magnitude.

The bolometric cosrection scales adopied here are from Liebert et al. (1988), as
compiled by Shipman (1972) snd Wesemae] et al. {1980) {see Table 9 and Figure 7).

The fitting relationship is

B.C. = -190.02 + 126.95xl0g10(Tes) — 27.254x[log0(Tesp) )
+1.8382x{logyo(Temf



26

1-4 l 1°°" L 4 L k| L
12r
= 10
o L
s
£ o8 |
5 -
z o
|
: i
04
0.2 R
-0.4 «0.2 0.0 0.2 0.4

B-Y (Johnson)

Figure 6. Temperature-log g template from Koester et al. (1979) The
lines with positive slope in the plot are isotherms, the lines with pegative
slope are isogravs, and the dark circles are the B-V and U-B data for stars
which fall in the template region. Temperatures In 1000 K units are 100,
75, 60, 50, 40, 30, 25, 20, 15, 13, 11, 10, 9, 8, 7. Gravity lines are
fog(g) = 7, 8 and 9,
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As an example, a sample comection is applied to W672A, which has an inferyed
effective emperature of 13,970 £ 230°K:
Mpa1 = My + B.C.(Teqr = 13970)
:;19?9 +(-1.18)
The corresponding uncertainty in the bolometric correction (see Bevingion, 1969} is
AB.C. = V(1%0.01/4.15)2+(2#0.01/4.15)2+(3%0,01/4.15)2
=0.01
So, the bolametric correction for W6E72A is —1.18 1 0.0], and the corresponding
bolometric magnitude of W672A is
Mo = My+B.C. £ Y AMy2+AB.C.2
=99110.39
The uncentainty in the bolometric corrections are thus quite small, and will not greatly
affect the uncertainties in bolometric magnitude, See Table 10.

Estimated errors in our temperatures and gravities were calculated by assuming a
mean ervor in B-V and U-B of 20.02 magnitude, as determiined from the USNO data,
and finding corresponding variations in log g and Ty

We checked the sample for problems of completeness by plotting Mgy« versuslog e
in Figure 8. If, as this thesis secks to demonstrate, luminosity is dependent on surface
gravity, then an incomplete part of the sample should exhibit transformation problems via
8 large scatter when Myoie is plotted against fog g. The data were grouped according 1o
temperature, arcond log Terr of 3.90, 4.00, 4.10, 4.20, and 4.30, and each temperature
group was fit by naked eye with a slope of -1, that predicted by theory. When this was
done, the scatter in the low-tempersture dats convinced us that they should be discarded.
Furthermore, we discarded seven other stars from the sample because they also showed
excessive scatter or, a3 in the case of Feige 24, were double stars. 52 stars remained in
the sample after this.
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To verify that we effectively pruned the sample, we plotted Magr+ versus fog Teg (sce
Figure 9).

This 1ast diagram will help to weed out the remaining non-DA stars. The idea behind
this is that, since the temperaturc-log g template (Fig. 8) was calculated for DA
atmospheres all froe DA stars analyzed should generate a relatively coherent temperatune.
bolametric magnitude (i.e. luminosity) plot, reflecting the idea that, as it cools, a white
dwarf dims and cools smoothly without discontinuous jumps. Non-DA stars, showing
only a weak gravity dependence in their spectral lines, will only fall into the UBV log g
log Teff by accident and should not transform smoothly onto the temperature - luminuosity
plot. They can thus be distinguished from DA stars with some discrimination. 1t is
evident that all remaining stars le within s nicely-defined band and thus need not be
climinated from the sample.

The mean stellar radivs of the white dwarf sample is estimated the following way.
By this stage in the data reduction we know the temperatures of our sample stars and have
an estimate of their bolometric magnitudes. From this we use the relationship for
Le _45Re20T,
Lo dxReeTot

o=Boltzmann's constant
and note that

Maai(o) - Mporr= 2.5 log (£2).

=5 log(-gé) + 10 1og(Te) - 10 og(Tenlo))

Mucilo) = 4.75
Te(0) = STIOK .
Ma;* = bolometric magnitude

Myoi» = 4236 - S 1og( B2) - 10 log(Tuer) )
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Figure 8. Mp,) vs. log g for the remaining sample. The data are grouped
by log Teffl in units of 0.10, sround 3.99, 4.00, 4.10, 4,20, and 4.30.
All lines are fit by naked eye with a slope of -1, predicted by theory. The
scatter for the jow-temperature data, indicated by a , convince me that
they are untrusiworthy, and 1 exclude them and seven other stars for
reasons of excessive scaiter, or because, as in the case of Feige 24, they
are aciually bioaries. Following this, 52 stars remaip.
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Figure 9. Piot of Mpo; versus logTeyr for USNO sample. The daia, with
error bars, show that all the stars featured in the plot fall within a well-
defined lozenge-shape, and that there are no 'stragglers’ falling outside
the main body. This means that all the stars remalning in the sample are
probably DA-type,
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We can reduce this to a simpler form for a sample of N stars,
Mpot *, = A, ~ 10 10g(Teqre). where ~10 is the slope of the relation.

We sulve fnrﬁmm!cqan intercept, <A>, by
<A>=y 3 [Mpeie10 logTurs]-
3=

The umnaimﬂnt;}cimﬂmptkgim by
A = "N"?_—]’ 'A, - <A>12»

1=
and
Re
103(16) = 0.2(42.36 - <A5),

with uncentainty o = 0.254

By this procedure, we find }og(@ =-1.91%0.17, or,

<R+> £ 0.012 Ro = 8600 km madius.
Figure 10 displays the Mpgj=-iog (Teq) relationship with lines of constant radius (the
mean radius and the extremes from its standard deviation).

Using this radius, we recalculste the normalized bolometric magnitude (now called
RMpote for constant radios) using eguation (3) for each star and plot RMpgre~Mpoe versus
log g (Figure 11). The relationship is

RMbo1*~Mpot® = 7.227(21.504) - 0.933(20.188)*(log §), with correlation
coefficient r = 0.574. The result shows that luminosity decreases with incressing surface
gravity, and therefore with increasing mass, as predicted. It also shows that the slope of
the relationship of luminosity to gravity is, within uncertainties, equal to —1. To the
knowledge of the author, this is the first time empirical confirmation of this predicted
slope has heen demonstrated.
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Once the radins of each star has been determined. it is possible to extimate the
mass of each star using the simple equation: g = =3~ g = surface gravity of star.

R
G = Gravitational Convaam
R = Radins of star,

We can express the mass of a star in termns of its radius amd surfice gravity, in

terms of solar units, as

Ms £ (Re :
Mg (RO)A or a5 a logarithm,

*Osmgé) = logi0(g*) + 2log m(%} - logio(ge). logipee) = 4.44.
As an example, we calculate the mass for W672A;
308&0(7%) = 7.73 + 2x(~1.80) - 4.44
= -0.31. This yiclds a mass ratio of g—é = .49. The mass ratios an

listed in Table 11, along with Jog radii. Three of the stars in the sample have derived

masses exceeding the Chandrashekhar limit ofg—;- = 144, When these anomalies are

removed, the mean mass of the sample is 0.50 * 0.33, lower than the mean mass found

by Bergeron et al. (1992) of %—é = 0,562 £0.137, but with a much larger scatter. This

scatter may be due to several things, Since our uixa are broad band in pature, they anc
more likely to suffer contamination from extrancous light than the namow band
photometry used by Bergeron et 8l., resulting in generally kess acvurate estimates. The
assumprion that 8 mean mass may be applied to the sample used in this thesis may be
vnjustified, and lead to an incomect Mpgys- log g calibration. Additionally, there & ¢ many
steps in our derivation of the white dwarf masses, providing many oppurtumities fur ermun
to multiply. The mass estimates of Bergeron ¢t al. were derived from the work of Wood
{1990}, whose equations were not stated, It is therefore not possible to make estimates of
how the errors of Bergeron et al. were derived. However, the small scatter in their data
may be a result of their mass estimate algorithm.
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Figure 10. Variation of bolometric magnitude with tempersture for the DA
white dwarfs in the sample. The mean radius of !og(-%é—) = ~1.91 and its

limits of + 0.17 are shown by the three lines. The data are the same 83 in
Figure 9.
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Figore 11; RMpo)*~Mpoj* versus log g. This illustrates the ceniral
goal of this thesis; to demonstrate a clear relationship between bolometric
magnitude and surface gravity, i.e. belween brighiness and maoss.  As
predicted by theory, the slope of the line is nearly unity.
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7. White Dwarfs in Clusters

A nice application of the calibration
RMpot*-Mpar® = 7.227(11.504) - 0.933(0.188)*(log g)
is to apply the magnitude corrections to white dwarfs in nearby clusters in order to
determine their distance moduli as was done by van Alena (1974) for the Hyades cluster,
hut without log g sdjustments to My.

The method used is as follows.

We assume that the value of <log(R+/Rg)> ohained from the main sample may be
applied to stars in other clusters as well, for reasons of convenience and because it is not
unreasohable that nearby white dwarfs represent s typical sample. Using this, I can
calculate RMpor* for each star in a cluster. I calculate log g and Teg for each star using its
UBY colours, aken in this case from Agavev (1982). The Agayev cawlogoe is a
compilation of colonr, position and proper motion data for white dwarfs from numerous
authors. Several values for each item are presented, where such exist. In cases of
multiple data. ] averaged all quoted values. AMpoy* is calculated for each star using the
AMpy*-log g celation obtained from Figure 11. Using the Bolometric correction--
effective temperature relation from Figure 7, 1 then derive the absolote visual magnitude.
A distance modulus follows. It is important to know, before applying this method 1o
various clusters, how well it compares to trigonometricaily—derived distances. In this
vein, 1 derived the photometric distance moduli of such main sample stars as I had
bolometric magnitudes for, The results appear in Table 12 and 13. As can be seen, the
differences between photometric and trigonometric distance moduoli are fairly large in
many places; however, the mean difference is A(V-My) = 0.00, with a scatter of £ 0.58.
This large scatter would suggest that the method is as yet not extremely precise.
Nevertheless, it is sufficient to give rough estimates. The results for the Hyades, after
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transformation, are listed in Table 14, One star, no. 77 in Agayev. is has a distance
modulus of 2.27 and is excluded as probably being 2 foreground star,

The mean distance modulus of these stars is 3.23, with a scatter of £ 0.1Q This is
nicely in accord with the distances determined by other means {sce van Alena 197, The
mean distance modulus determined from the data presented by van Altena s 3.27,
with & scater of £ 0.09. The median distance modulus from van Altena is 3.25.
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8. DISCUSSION

These is a definite relation between bolometric magnitude and surface gravity in
DA white dwarfs, demonstrated in Figure 11. The relation of AMpgy® to fog g is not tight
enough, however, to enable it to serve as a reliable method of distance estimation.

The estimated mean radius of the stars in the USNO sample is ~1.91 £0.17, in
excellent agreement with the most recently derived value of —1.90 £ 0.10 (Wiedemann
1978). The average mass of the sample is determined to be 0.50 £0.33 solar masses,
smaller than the value determined by Bergeron et al.(1992) of 0.562 £0.137 solar masses.
There is a rather large difference in the scatter between Bergeron et al.'s results and mine,
even though our temperature and gravity results are quite similar. I think the most likely
reascn is that Bergeron et al. used hydrogen line profile fitting to predictions of stellar
stmosphere models to determine their values, a more accurate technigue than using
broadband UBYV data, which is more subject to contamination by outside sources.
Namow band iy data would probably yield results more in accord with Bergeron et al.

mmmNameuymamistnszsm.za"mm
range currently accepted by photometric techniques, aithough closer than is suggested by

For the future, there are several things which might be done to improve the Mpa®-
log g calibration and the bolometric magnitude estimates, as well as the absolute visual
magnitude estimates and the distance modulus estimates. Firstly, a much larger sample of
white dwarfs is desirable & order to provide a larger statistical sample with which to
work. With more proper motion data and better paraflaxes it woald be possible to make a
much more accurate estimate of the white dwarf spatial distribution, and thus calculate a
more reliable absolute visual magnitude comrection. Additionally, the use of intermediae
band uvby photomenry, or a nmvow band system, would considersbly decrease the
chance of contaminstion by outside light sources. The use of newer mode! atmosphere
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codes might also improve temperature and gravity estimates, and the bolometric
comection. The photometry would, however, have to be done in the same survey that
collected the proper motion and parallax data to ensure uniformity of the sample. This
was, after all, the reason that the USNO broadband UBYV data were used in this thesis in

the first place,

In conclusion, this thesis has demonstrated that there is a definite retation between the
huminosity, tempersture and mass of white dwarfs, predicted by theory, which enables the
desivation of the distance modulus of the stars in the sample. However, the scatier in
derived distance moduli is rather large, and the work in this thesis should be redone using
2 narrow band photometric system in order to reduce errors and make the bolometric
magnitude-surface gravity calibration demonstrated in this thesis more reliable.
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Table 1. Sorted List of log (u) and log N(u) Values

log (min} log NG jog Gimin}  log NGO log Gunin)  og N(W
0.371% 0.6990 03177 181% ~0.5418 2.0969
0.1889 1.0000 ~0.3357 1.8451 -0.3627 2119
00T L1768} -03842 1.8751 05832 2.1303
0.0147 1.3010 03857 1.9031 ~0.6024 1.1461

-0.0382 L3979 -0.4019 19294 ~0.824H 2.1634

-0.1007 14771 ~0411) 1.9542 ~0.6394 2.1761

-0.1627 15441 ~0.4183 18777 ~0.6728 2.1903

~0.1860 1.6021 ~0.4397 2.0000 -0.7016 2.2041

-0.2160 1.6582 -0.4573 20212 ~0.5204 22175

-0.2566 1.6990 04773 20414 -0.9126 22304

02715 1.M404 ~0.4928 20607 -1.1057 2.2405

~0.2822 17782 ~0.5202 20m




43
mzmmmumapmmmm
(USNO lsts)

Star Location(Epoch 2000) 8 + t

him/s deg/min "/ ")
LP9-278 000507 3132 0.2284 0.0026 00288 o002
G217-37 001214 50252 07189 0.001S 0907 00028
w1 00133 00 19.3 04646 0.0010 00337  0.0048
L9544 003354 -1208.0 02399 0.0011 0003 0008
L1011-71 003535 01 53.1 03840 0.0011 00288  0.0043
11011-92 004122 55503 03253 0.0018 00473 000D
w2 o049 10 05234 29608 0.0017 0232 0.0027
Gl-48 010350 05048 03996 0.0010 00478 0.0038

wills nnsy 16 10.2 06432 0003 00623 000
Gi-8 0142 028 0.7016 0.0016 00324 00055

wnR ua’n 10231 04015 0.0019 0.0291 0.0031
R348 01311 ~11 208 0.2400 0.000%5 008  0.0020
g2 01Ns -04 55.8 06875 0.0032 0.083} 0.0032
G72-31 014511 s 0457 00010 0.0287 (.0043
LP7s8-500 014308 -1712.3 11044 00018 00125 00100
OXFe286 208 €7 25 142 04302 0.0016 00315  0.0029
GH-7 212 39 58.2 1.1344 0.0019 0.0654 0.006

GIM-22 WIS 42879 10344  0.0016 00525 0004
LP710-47 023238 -1 119 0.6801 0.0015 00648  0.0040
Feige 24 (23506 03 4d. 00784 00019 00138 00029
G75-39 024630 02276 05317 00013 00478  0.00%
Glle-14 (24738 4283 05724  0.0002 00965  0.0031
G648 02599 08118 04812 0.0008 00364 00035
w219 033434 18268 11959 00010  0O0S41 00038
G344 033317 RS9 03766 00020 00116  0.00
Gi-16 040026 08 14.1 05368 00018  00%65 00037
LBI240 040434 25089 02298 0006 00373 00038
G829 042018 35164 02783 00017  O0O0I35  0.0041
STN20S1B 043114  S858.1 23525 0.0008 01819  0.00M
G327 043645 27098 02737 0.0007 0060} 00033
L879-14 043748 03492 15616 00006 01055 00027
GI75-46 044359  S1064 04779 0GO00I3 00244  0.003S
GDS¢ 045721 413560 02101 0.002) 00228 0002
GI91-BIB 050830  $2488 05384 00017 00219  000%
LP777-) 0S0SS3  -j72128 05327 00019  GO460  0.0040
GI5-BIB 052143 33220 02124 00009 00092  0.0034
IPI1948 052950 52399 08516 00020 00239  0.0034
o%-18  0S3712 32180 04114 00015 00039 00042
O%-37 055120 00121 02655 00015 00902 00028
Ol2-39 0S%353 12743 02558 00018  QO01St 00053




HLA 033510
o947 055628
1i264-2¢ 0615318
Gi0s-30 062048
Ci08-2s 064722
HE3 064738
LPS8-53 065324
G082 065723
C37-® 07104
Gi0?-70 073047
LHS-45A 074020
Go0-28 075528
Cl193-® 07501
Glll-8¥ WosN
Glit-n1 082000
Gsi-i6 08303
Gi-13  O8SH M4
G519 91554
Glis-16 Wisd2
GI117-B1SA 0924 16
Gisi-36 092N
Gl17-2s 091341
SAX-130 09461
Gigs-42 095016
Gi9-33 093748
G20-15 100011
G43-38 101503
08-38 016
c1s-67 102310
G432 104184
1P93-21 104588
[898-25 105740
LB2s3 110742
1971-14 111818
R&27 HMN
Cl22-31 1M
G148-7 1145587
L0540 11502
LI263-24 115644
a4 12ux%

12837

0.0018
0.0018
0.0021
0.0014

0.0010
0.0012
0.0021
0.0011

0.0014

0.0017
0.0018
0.0014

0.0318
0.0301

0.0415
0.0351
0.0619

0.0014

0.0271

00142
.03
o021
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Table 2. Continged

f o e it
Star Location H - 4 +
h/m/is deg/min !y} M
1 121548 302 081203 0.0014 00334 0.0041

Glis-BeB 121734 32083 02573 Q.0012 00267  0.0082
G5l-17 124715 449 03846 0.0000 0.0iee 00043
Li408-19 129945 271 40 03310 0.0010 00298 0004}
was? 130009 03237 09600 0.0000 00005  0.008
HZ43 133621 29061 0.1718 00016 00188  000M
GI-71 1NL 5738 04323 00013 00277 00088
WaSsA 13301} -(8Ms 1.I778 00017 60647 000R
Giss? 133100 V8 04707 00012 0033 0008
GD325 133601 48 28.7 0.1223 00022 0.020% 00038

Wise 133629 03405 13958 00021 0.1197  0.0042
O83-54 134724 10215 08957 00013 00508  0.0030
LP330-5 134803 3 48 14690 0.0024 00/%s 00032
Li434-13 141027 32084 02189 0.0019 eSS oo
Gl2&-26 142083 05082 {0AS6S 0.0010 0025 003
GX0-39 142738 53480 03693 0.00i8 00i83  0.00%
GDI37 M 53383 0.1259 Q.0044 00046  0.0034
L1126-68 145049 07335 09157 00019 00086  0.0045
Gie6-38 14 5800 29373 06082 0.0017 00938 0004
D78 1505 51 -07 14.7 0.1971 0fo01s 00393  0.0085

GD178 SN 32043 0.153% 00032 omi9 00082
iPe3-60 15198 63 29.8 0483 00046 00168 00070
RE08 160123 36484 05539 00018 00370  0.0046
Gis-8 1581128 13222 05364 00014 00577  H.0087
1P444-31 165302 16 319 02105 0.0023 D.0161 0.0044
G133-31 162753 9122 04745 0.0026 00468  0.0000
R&40 162824 35465 03979 0.0013 0.06}1 0.0089
LPI0I-1s 163418 57100 16315  0.0027 00827  0.0061
G180-63 163501 43 174 0.377¢ 00018 00570  0.00M
G147 16740 13406 02367 00015 0.0261 0.0046

L1491-27 163928 3328.1 04616  0.0009 00342  0.0038
GI3g-56 164138 15 124 065641 0.0040 00073 0000
CcD3s3 1647 18 32234 01512 00025 0280 000W
G226~y 164826 $03.3 03358 0.0037 00827 L.OMe
Gl-34 165709 21 266 0.5600 0.0012 00438 00034
O13%-13 17087 R 574 03964 0.0013 0054 00O
A+ 6829 171308 6312 03633 0.003) Q0400  0.0044
WE2A 171885 01 569 05222 0.0024 0045 00042
CM0-2 17341 0s 160 02860 00014 00237 00039
L1133 17403 059 16725 00004 0.1657 00037
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Table 2. Continued
Star Location | -4 F
himls deg/min C1yr) (*)

1P-2M 17%47 §2 439 35888 0.0034 0.0592 0.00438
C00-18 181331 32485 02658 0.00M 0.0199 0.0078
age-17 181341 32 48.5 0.2508 00025 0.0199 0.0053
LIZ8132 183303 12389 02611 0.0004 0.0248 0.0083
LP103-204 1821 19 61008 07188 00026 0.0786 0.004)
R137 182713 00y 03752 0.0019 00180  0.0032
199318 182909 04298 02324 0.0013 00354  0.0038
GI21-335 18319 475 03317 0.0033 0.0673 0.00%%
Gis4-12 18118 19 458 03932 0.0019 00187 0.0048
QD218 184328 04204 0.142F 0.002¢4 0.0403 0.0034
1922-82 184048 -9 57.9 02020 0001 0.0358 0.0060
Lisg8-12 185780 13578 03544 D.D023 0.0308 0.0044
0125-3 191858 3304 02498 0.0019 0.0887 0.00M
I3 19203 071 39.5 0.1330 0.0026 0.1008 0.0042
018832 193714 27433 04422 00018 0.0580 0.0009
QD222 193828 3253 0.1419 0.0200 0.0291 0.0028
Lis73-31 1981 7823 0.2140 0.0023 0.0208 0.0028
L1288-97 194532 15278 0918 00016 00241 0.0027
w2l W8y <0l 027 05227 0.001% 0.0840 0.0087
LP7%4-.16 200534 ~10 887 10584 0.0020 0.0571 0.0043
G2 Ry M 137 0.1012 0.0018 0.0348 o.0m7
G4-9 201358 06 42.7 06319 Q.0p18 0.0398 0.00580
Wi3s 203420 25 03.7 0.6957 0.0024 0.068% 00038
Q187-8 20520 26308 0.5097 00017 DOI9Y 0.0034
VB! 205648 04 306 08084 00018 0.0628 0.005%
LIsDd- 2101 44 31488 03933 0.0023 0.0296 0.00148
Glas-51 210208 19128 03218 0.0028 0.0263 0.0044
Gig7-1s 210212 24 578 0338 00019 00383 0.0042
as-20 2By 07 264 0387 0.0016 00416 00038
L1433-34 211346 26214 03931 0.0020 00317  0.0037
R1§8 212628 LB KX 03388 00030 Q0301 0.0044
Q8343 22457 73186 0 00027 0.0423 0.0035
LI002-16 213216 00 15.) 04259 00017 0.0233 0.0031
X145 213344 83037 04282 Q004 o032 0.0088
G2212-45 213318 45332 04315 00017 0.0300 0.0081
Gl2o-18 213846 3094 02974 00012 0.0240 0.0031
Cl26-28 214208 13286 03453 00039 0.0058 00128
Lidgd-3 21840 0598 06711 00023 00748 0.0037
1930-80 214737 07 442 02847 00021 00146 0.0021
Gifs-27 214953 B172 02658 00021 00287 0.00%
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b
™

On-48
Gig-34
Q241-6
Qas-13
067-23
G128-7

Gl156-64
L938-50
Q157-35

a2e-32

11440-18
L1512-34
Q130-18
Gi71-27
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2888 RIZR2B3UEN
LEER Lsygugzian
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0.0017
00000
00018
00011
000158
0.00i0
00081

00016

0004
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Table 3. Continued

o e e e e e e e e, Sy L e Y
Star vV i B-Vv ¢ U-B ¢ Type*
HL4 1445 001 104 001 0.7 005
O%-47 1410 002 £59 001 -0.17 002
Lidd-26 1339 001 037 001 097 00
Gios-30 1637 0.00 0.55 000 017 000 :
GInN3-26 1863 0.0 032 001 -0.5% 001 -
HE3 1208 02 009 000 092 00} DAn
LPSS-S3 1664 0.02 052 0.03 017 002 -
Gios-42 1622 0.10 po9 00! 072 002 .
G87-29 1854 003 033 004 -0.83 0 070
O107-10 1464 0.1 099 002 034 003 e
L748-46A 13.04 0.00 024 0.00 062 0.00
G%-2 1607 0.0 026 0.0! 043 DOO
CI9-78 1508 0.0} 008 001 0.7 0.00 D
Gl11-84 1835 0.0 006 003 086 005 DFp
Glii-7i 1635 0.02 026 001 05 002 -
GS1-16 1873 0.1 029 001 054 003 -
Gi1-18 1518 0.0 00! 004 093 0.00 4070, Cap
Gi9s-19 1385 0.00 034 001 052 002 DC, BXp
Gi1s-16 1537 000 021 00} -057 004 £*As
GII7BISA 1850 001 0.37 0.00 062 DO2 DA
Ol61-3 1476 0.02 0.12 0.0 059 002 -
Gi17-25 1591 0.04 023 0.04 059 004
SA29-130 1330 0.1 007 001 -0.57 00! DA
OWs-42 1520 0.0 0.13 oM -0.70 002 DC. U3
G#¥-33 1507 003 024 001 063 001 DA
G260-1S 1320 002 004 001 086 0.0 .
G43-38 1504 002 040 002 046 0.02
0S3-38 1537 00! 026 001 050 002
G857 1471 0.00 036 0.00 049 002
G#-32 1652 0.02 031 001 058 001
LPO-21 17.54 0.13 -0.85 -
1398-25 1433 0@ 032 002 -0.53 00 DA
LB2S3 137 001  -002 OMm 078 oM :
1971-14 1540 008 005 0.04 074 003 .
R& M2 007 02 002 050 003 D¥, DAF
Giz2- 163 003 0.0} 0053 093 004 -
Os-7 1365 004 00S 002 068 001 DAs, DAg
LI40S-4D 1567 0.1 020 0.03 050 003 -
Li2sl-24 1563 Q01 023 001 058 003 e
CI97-47 1879 001 058 001 020 002 -




Star V % B-V % U8 # Type*
Cl 1330 001 050 000 049 001 DA
Gl42-B48 17.00 0.35 ~0.49 -
G6I-17 1585 002 020 001 035 001 -
L1403-19 1539 001 025 003  -061 002 DAs
W4s7 1577 002 068 002  -011 008 -
HZ43 1268 0.0] ~f12 001 =117 001 -
am-711 BN 003 042 002 043 Q04 -
WAESA 1231 0.0! 009 0.1 0.6 00} DA, DA
G657 1608 0.0 072 002 0B 003 -
GD32S 1400 002 001 001  -094 0O} -
Wa3s9 1463 0.0% 09 009 0 003 DK
Gs}-54 1508 005 041 002 049 Q0% DAwk
LP380-§ 1564 000 110 001 047 002 -

Lid84-12 1397 oO1 =001 0.02 ~-0.76 0.01
Gi2é-26 1538 002 033 om 058 00
G200-39 1504 0.2 -007 001 098 00!
GD37 1609 008 ~0.03 091 <088 002
Li12s-68 1546 004 0.4 005 087 0O
Gléo-58 1559 D.D4 027 004 05 002

GDI7S 1589 0.1 038 003 082 001
LPeS-60 1663 002  -008 002 094 006
REDS 1436 0.17 055 000

GI38-8  15.09 001 023 002 064 003

LPg4d4-31 1567 002 007 003 063 002

G138-31 1612 001 037 0.0 ~044 00) -
R&40 1385 001 016 002 066 00] DFp. DFp

DA
GD178 1412 001 008 003 082 001 DA
D.

LPiD1-16 15.00 049 038 000
Gispa3 1482 002 043 002 041 002 -
Gi38-47 1690 0.41 ~0.50 -

L1494-27 1466 0.01 0.18 0.0 -0.57 001 -
Gig-% 1570 0.09 041 Q10 ~0.63 -
GD3s8  13.65 -0.11 -1.04 DB
G26-29 1224 001 016 Q00 062 00 -
Gies-34  14.04 0.0} 026 004 -0.52 001 DAss, DAss
G139-13 1517 0.04 048 003 ~021 009 -
A+DEE20 1326 0.05 0.9 -
WER2A 1436 0.0 .13 001 058 004 DA?
GHM0-2 1586 0.m 046 003 080 007 -
LP44-113 1415 00 040 001 030 002 -
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Table 3. Continoed

o —a

L Somemmmm ey
Star v = B-v = u-B 2

1P9-231 .29 0.00 .37 001 ~052 ol
G206-18 174 021 0.50 00e

0206-17 J6.40 002 028 002

Li208132 1586 Q.08 058 o003 -0.17 004
LPi03-294 15.65 0.2 097 003 098 004
R137 1393 0.06 004 006 ~043 010
L993-13 4357 20! 024 0.03 ~0.60 001
Q27-35 1550 oM 049 0.02 0.4 000
Gi84-12 1645 0.2 026 003 058 008
GD21s 1492 003 034 002 -0.59 Q02
1922-82 1420 0.0 023 000

Li498-12 14462 0.2 Q16 002 ~06! 001
Gi25-3 1458 o4 044 003 ~0.36 003
i923-21 1228 0O 007 001 -0.81 o0l
Gigs-32 1297 0.0t a7 a0l 05 000
QD222 1389 ~0.08 ~0.50
L1573-31 1452 001 008 001 088 0.02
L128s-97 139 000 003 001 081 001
L997-21 1371 008 0.30 000 -.61 008
LP784-16 1687 008 104 007

GD1y 1485 0 008 001 -122 003
G24-9 1573 oM 036 001 0.3 003
Wwids 1151 0.00 007 001 087 001
Gig7-8 1558 0m 095 002 040 002
VBl 1656 0.03 1.18 003

Lisod-14 1507 002 010 003 0.7% 002
Gi44-51 1640 00 0.37 007 039 D.O4
Gig7-16 1657 0.0 050 002 028 0.03
G23-20 1617 O 45 002 036 002
L1433-3¢ 14650 0.0 625 ooz 054 001
R193 1475 0.00 013 000 069 000
G261-43 12,78 0. o 004 -0.65 000
L10G2-16 14.763 0.01 015 002 092 002
G145 13.2 0.0 0.00 o0l 072 000
G212-45 1805 0.2 0.70 018 034 041
Gi2s-18 1523 Q04 014 001 L0350 002
Gi2e-28 1858 O 029 062 -056 001
Lisa-3 1324 002 &6 G.01 0470 001
1930-80 1483 0.03 0.1 004 094 003
Gi88-27 1463 002 001 002 -088 @02

Type’

A 2 2 i = e e £ e n

:

LI S S D

PAss, bAm

tr

DA
DB, DB
I):%
DXp
DA

t ]y




Star v % B-Vv # U-B = Type*
Goi48 12713 003 006 004 ~0.77 G601 DA
013-33 15466 003 023y 0 =054 003 -
GMi1-6 1565 001 D05 001 -0.98 -
G3-13 164 004 0.27 0.07 -0.51 009 -
Geo1-23 437 001 017 004 067 001 DA
gi2s-7 1582 001 as1 001 ~0.10 007 -
315664 1647 001 045 004 -047 0.01 -
193550 1542 001 022 00 063 001 -
0187-35 1629 D02 05 0p3 =037 003 -
-3 1303 0.0 014 001 0683 002 DA
Li4d0-i8 1533 002 019 0p3 063 00 -
Li512-34 1293 001 0.14 062 061 002 -
G130-15 1572 00! 043 001 {24 002 -
017127 1454 001 0.8 001 068 002 2

* Note: Sec Grabam (1972) and Wegner (1984); Grabam uses older system
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Table 4. Adjusted Absolute Magnitudes for White Dwarf Sample

Star Epsilon My % Comection My &
(uncorr) {Com)
LPR49-278 0111 1163 024 ~0.06 1157 024
0217-37 0.0276 .15 006 -0.01 1414 O
w1 0.1424 1298 03t -0.15 1233 0
L795-44 14103 7.85 3.04 =288 500 9179
L1011-7} 0.1684 1288 0.37 -0.21 1267 O0W
1.1011-92 0.0513 1243 0.14 002 1241 0.4
w23 0.0116 1422 0.3 0.00 1422 003
014§ 0.0798 1236 018 -0.04 1232 Q18
wisé 0.0546 1LE80 12 QiR 1278 042
Gi13-8 0.1658 465 037 -0.22 1443 0w
w2 0.1287 11.70  0.28 -0.08 1162 025
R548 02371 0.1 032 -0.09 1006 032
L8702 0.0451 1246 009 ~0.01 1245 009
an-31 01308 1209 033 -0.12 1197 03
LP768-500 02997 1315 174 -2.00 115 1.7
OXF+28 6 Q.1189 10712 023 -0.06 1056 023
GM-17 Q.0575 13.58 0.13 -0.03 1355 013
Gl34-22 0.0714 1479 0.18 -0.08 1474 018
LP710-47 0.0578 1482 0.13 -0.03 KW 413
Feige 24 02778 808 047 -0.18 790 048
G75-35 0.0784 1398 023 -0.08 1385 o
Gl74-M 0.0388 1524 007 ~0.01 1523 007
G76-48 0.1029 1370 021 ~0.07 j3s3 021
w219 0.0692 1384 Q.16 ~0.03 138 016
G744 03229 1082 033 ~1.04 9.78 151
G™-16 0.0663 1463 015 -0.03 1460 015
LB1240 0.3004 1167 0.17 -0.03 1164 017
G3g-29 02775 11.28 066 -0.57 1068 078
STN20S!1B 0.0206 13.74 004 0.00 1374 008
G¥9-27 0.0623 1468 0.12 0.0 KHee 012
L3718 0.0353 1388 006 ~0.00 1388 006
GI75-45 0.1781 1261 036 -0.20 1241 038
ODo4 0.1643 10.79 025 -0.05 M 028
GII-BB Q171 848 026 ~.05 8§43 026
LP777-1 0.0814 429 0.19 ~0.05 1428 019
G86-B1B 0.4072 1090 038} 062 28 09
LP119-48 0.1567 1245 03 018 1230 032
098-18 0.9606 9% 234 -2.15 724 87
o937 00413 1431 007 =0.00 1431 oo

Gilo2-39 02435 11.82 076 0.7 1os 099
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Table 4. Continued

Star My + Comection My +
(uncom) {(Com}
C1 01122 0 0.7 -0.08 1087 0.27
GH43-B48 03403 14.13 0.00 0,32 1381 020
G61-17 02287 1196 048 ~01.53 1143 0O
L1408-19 01257 1276 031 -0.11 1268 O
W47 0.0619 1468 015 ~DM 1468 Q1S
HIA3 02417 8463 048 019 44 0.9
G171 0.1382 1391 044 -0.30 1361 248
W4SSA 0057 1.3 Q.12 -0.02 113 032
Gi68-7 0.1092 1372 0.4 .18 354 0%
GD3s 0.1270 1138 026 =008 1.3 O
W8y 00313 1502 009 -0.01 18.01 .00
G53.54 0.0737 1361 0.17 ~0.03 1358 017
LP3§0-3 G047 15,14 A9 -0.1) 15.03 o
L1484-18 0.1414 11,08 028 ~0.06 102 028
Gl124-26 0.1480 123 033 017 1222 0.
G200-39 0.2047 11.35 048 .35 1100 083
civity) 08144 939 289 ~3.50 S80 1443
L11256-68 0.6650 9.1¢ 181 ~2.00 7.19 1800
Glte-53 0.1257 1296 0.31 014 12.82 032
gDI7S 0.0953 13856 0.3) -0.07 1327 031
gDI78 01711} 10.82 (.44 -0,14 .68 045
LPS8-&0 0.2230 1276 091 107 1169 142
REOB 0.1012 1220 0.28 -0.11 1209 0.29
G138-8 0.0549 1350 G119 -0.0% 13.85 0.19
LP34a-3] 0237 11.71 059 0.3 1140 062
G13-31 0.0800 1447 028 .32 14.3% 0.29
R640D 0.0613 1278 918 ~0.04 1274 0.8
LPI0}-15 00597 1399 021 -0.07 1392 0.2
GI%0-&3 Q0559 1395 Q.10 ~0.01 13.94 D10
G138-47 0.1435 1308 038 -0.17 13.E) 039
Li1491-27 0.1095 1233 (.23 -0.09 1224 ©02%
Gl138-5% 0499 1001 299 -2.20 1.8 11897
G 01338 1089 027 -0.0% 10.84 6.7
0226-% 0.0453 1183 013 -(.02 1181 o1
Gl-34 0.086] 1223 018 ~0.04 1219 0.16
G113 00853 1397 o021 -0.06 1391 0.21
A9 6829 00937 1127 024 ~0.09 11.18 o4
WE72A 0159 1131 8037 0.3 1109 0.39
G402 0.1581 1274 036 -D.15 1259 017
LP44-113 00226 15.28 00s 0.00 §15.25 008
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My 2

{Corm)
G93-48 0.0916 1079 QIS 002 1077 018
O18-M 0.0941 1366 025 009 13%7 02
G241-6 0.2348 11.48 0.68 ~0.55 1093 07
G28-13 0.3902 1104 1.3 -182 9.2 184
G67-23 0.0708 1299 017 -0.04 1298 047
G128-7 00757 1399 02 ~0.00 1393y 0O
Gi1ss-64 0.1492 1347 080 -0.59 1288 0%
193580 00930 1344 026 040 1V 07
Gis7-34 0.09%6 1426 033 ~0.17 1409 0.3
G29-38 D.OS09 51237 043 -0.02 1238 O.13
£.1440-18 0.1419 1244 039 -0.24 1220 042
Li1s12-34 0.0628 1131 012 001 1180 012
G130-15 00797 1408 0.19 =008 403 0.9
G171-27 0.0963 1289 021 ~0.07 1282 0

Note. Distance moduli and distances calculated with the comected absolute visual
magnitude are listed in Table 5.
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Star My t v + Dist. =2 Distance
(Com) Mod. (pe)
LP$3-278 11.57 024 1433 001 2% 024 1565
ga11-%7 414 008 438 000 0.22 005 11.07
w1 1283 092 1534 000 251 032 n
L7954 s00 1L 488 001 .58 S1.® 046.24
1.1631-71 1267 0.9 1561 003 294 039 3"
L3i011-92 1241 018 1408 000 168 014 2138
was 42 003 1239 000 ~1.83 003 431
G1-48 1232 018 139¢ 001 14 018 2128
wWisis 1278 0.12 1383 002 108 012 1622
G133-8 443 0.3 17.10 0.02 267 039 3420
wnR 1162 025 1438 001 276 028 3588
RSB 1008 032 14.16 002 410 032 66.07
L870-2 1245 009 1286 001 041 009 1208
0712-31 1197 034 1480 002 28 034 nil
LP768-500 i1.1s 1.0 17466 651 20048
OXF425 6 1066 023 1323 o002 257 o3 3266
G74-7 1385 0.3 1451 001 0% 013 1556
G322 1474 418 1619 001 14% 018 19.50
LP710-47 1479 013 1576 001 097 013 1563
Foige M 790 048 12+ 001 45 048 80.17
G753 1ABS o3 1553 002 168 023 2168
O174-14 1523 007 1532 o001 009 007 10.42
G76-48 1363 021 1590 02 227 021 2844
w219 JAaBl Q16 1518 002 1.37 D16 1%
G37-44 .78 151 1549 004 LW R 11 13368
G716 460 0.15 1587 002 127 0.15 1795
1B12Y0 s o0n 1381 ¢02 217 017 27.16
G352 1068 0.78 1559 006 491 078 95.94
STN2O51B 13.7¢ 04 12.44 -~1.30 5.5
G39-27 1466 0.12 1879 00! 1.13 012 16.83
LEP-14 1388 008 1376 000 012 006 P45
Gi78-46 1241 038 1596 004 385 038 5.9
GD64 1074 025 1400 o001 328 028 44,87
G191.82B 843 026 11.78 003 338 028 4877
LPITI-1 1424 019 1597 o001 1.73 0 2218
GS6-BiB 1028 093 1609 o002 581 093 14521
LPI10-48 1230 032 1556 000 326 032 4487
Gos-18 724 473 1643 006 9.19 M.71 63865
GN-37 1431 o007 1453 001 02 oo 1L07
Gi2-» 1108 4 1592 oM 487 099 94,19
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Table 8. Continued

Star My ¢ v E S Dist. = Distsiwe

(Com) Mod. ()
HA 1540 007 1445 001 085 007 640
o947 4.5 007 1410 0 047 007 808
L1244-25 10.15 0.3 13.% o0l 14 0YW .48
0108-30 1483 02 1637 000 188 02! N3
G108-26 1432 0.1 1568 00! 1.3 015 18
HE3 1124 008 1208 002 031 002 14.582
LPSE-53 1383 0.9 1664 002 281 0w 1p.48
G108-42 1322 031 1822 010 i 033 Wi
Gs™-9 13.75 018 1554 003 .79 018 2280
G- 1441 007 464 001 023 007 11.32
LTd5-46A 1328 008 13.04 000 021 006 9.08
G90-23 139 033 1607 000 278 033 1597
Gi193-78 1225 0.3 1568 0.0 28 0.3 36.81
o111-54 1242 0.7 1536 0D.00 4 027 42.456
Glit-"1 1281 047 1655 Q.02 134 047 5598
G51-16 139 019 1573 001 .77 019 259
047-18 1383 Q16 15.18 008 1.5¢ O0.}7 20,42
G195-19 1380 006 1385 000 008 006 10.23
Gl16-16 13.03 028 1537 000 2.4 025 29.3%
GI1TBISA 10.68 093 15.50 0.0} 485 09 9333
G161-36 Hn4 o2 1476 002 s 032 46.99
GlI-25 1331 033 1551 004 260 033 EXRE]
SA29-130 04 0.23 13.30 Q.01 200 03 .04
GI195-42 1340 0.18 1520 001 180 018 29
04533 1308 024 1507 Q03 199 D2s 25.00
G2680-18 1266 0O.10 1320 o02 05 010 §2.82
Gi3-38 1370 025 1604 002 23 028 .38
Gs3-18 1201 043 1537 00! 3% 043 46.99
G235-67 1365 0.13 1471 000 1.0 0.13 16.29
G432 1318 035 1652 002 iv 03% 46.36
LP93-21 1183 288 §17.93 811 166.72
L898-2% 1397 0.1 1433 0@ 03 ONn 11.80
1LB2%3 1048 O34 13.7% 001 3 o4 46.56
L971-14 1230 048 1540 005 310 043 41.69
RE27 1564 0.12 1432 0987 063 014 13.68
Gi122-31 1171 084 1630 003 468 OS85 86.30
G137 1120 024 1365 004 24% 024 3090
L140S-40 1211 041 15487 001 3% 041 5152
L1251-24 i3.12 o7 1563 001 251 0.7 1.7

C191-47 20 021 15.7% 001 155 02) 20.80




Tahle & Continted
P = e T L e o —— -
Star My + \' + Dist, 2 Distance
(Com) Mod. (pc)
Ci 1087 0.27 13.30 0.0 243 0.7 306
Gi48-BdB AR O 17.00 L %1 43.45
061-17 1143 059 1586 002 443 089 ¥, 1}
Li1408-19 1265 0.32 1539 0801 24 oM asn
W7 1465 0O.15 15.17 002 1.2 015 16.75
H243 4 040 1268 0.0 424 0.6 7047
GIe-11 1351 043 1870 003 yoo D48 41.50
WASSA 1L 012 1231 001 097 0.12 15.63
Q1637 1354 038 1804 008 250 0% L3I v
DS 1130 028 1400 0.02 270 025 us?
waEe 1561 009 1463 008 ~038 010 839
G63-54 1353 017 1508 005 150 0.18 1998
1LPi80-5 1508 009 1564 000 05t 0.09 3.4
L1484-18 1102 028 1397 o003 298 028 38.90
Gl24-26 1222 0.3 1.3 002 5.14 033 4245
G200-39 1100 053 1504 002 404 053 64.27
aD337 5580 44 16.00 001 1029 2443 114288
L1126-68 7.1¢ 18.00 1546 004 827 1800 450,82
C166-58 1282 0.52 1559 004 277 on 358
GDI175 1379 031 1580 001 210 0.3 2630
GD178 1068 043 1412 00} 44 QA3 48,75
LPsE-50 1169 142 1663 Q.02 454 142 9127
R80S 1200 0.9 14.36 2.27 844
G118-8 1385 0.19 15.09 008 124 0.19 172,70
1L P443-31 1140 0062 15.67 002 427 Q62 7148
G138-31 14135 0 16,12 001 LT? 0.9 22.59
Rod( 1274 0.18 13.8% 001 .11 Qa8 16.67
LPI01-16 1302 023 15.00 1.08 1644
GC180-43 1334 010 14.82 02 088 010 15.00
G138-47 1381 0.3 16.90 30 41.50
L1#91.-27 1224 025 466 001 242 028 3048
G138-56 731 11897 1.0 009 7.59 11897 37844
CGD3s8 1084 027 13.65 281 As48
Cr6-29 1181 013 1224 001 043 013 1219
Gie-M4 1219 018 408 Q01 185 0O.l¢ 2344
013913 1391 021 1517 0.4 1.26 0.2 17.86
AHOO6R29 11.18 024 13,28 108 20,06
WoTZA 1 0.9 1436 000 327 03 4508
OH0-2 1250 0.37 1586 002 37 0%y 4508

LP44-113 1828 005 14.15 001 =110 008 603
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Table §. Continued

L o e

Swr My -4 A" + Dist. ¢ Distance

(Cosy) Mod. {3
LPe-2M 13,10 618 1429 000 i.i9 o.is 17.30
G208~18 1373 0.10 1724 0.2 181 02) $0.3%
Q206-17 1246 0068 1640 002 AN 068 6138
L12081R 1252 082 IS8 0.0 AN o8 40,50
LP103-204 i1s.11 Q12 1583 02 084 012 1382
RI3Y $46 083 1383 006 447 0% R34
L993-18 1228 024 1457 001 M oM k97
822735 62 013 1550 o2 088 D13 15.00
Gigs-12 1220 068 1545 2 4.16 0n8 6782
G218 292 019 1492 003 100 019 .12
Lsn-82 1192 024 K20 000 2R 04 858
L1498-12 1191 082 1462 002 271 o3 483
01253 1333 120 1458 004 138 120 .78
L2 1228 Q.10 1228 002 000 010 10.00
G138-32 1160 012 1297 0.0 128 0.12 I8/
D2 1088 0.18 1059 2 us
LI1573-31 1104 030 1452 0 348 axp 49,560
L1285-57 1083 025 1399 000 Lls Q2% 42,585
L997-21 1392 o 1371 008 0.% 012 1197
LPIS4-16 18.58 022 1837 0408 1.29 023 15.11
GDIN 124 017 488 (.02 231 017 2897
ey, W) 13.62 Q.28 1573 o il 028 .42
Wi3ds 1088 0.12 1.5 000 083 012 14.00
Gl187-8 404 018 1558 003 1.54 018 2032
VBi1 1550 019 16.56 003 106 049 10.79
LisD-i4 1233 o7 1307 oM 2,74 027 1532
04451 1338 038 1540 008 108 038 40.74
G187-18 1427 036 1657 00} 23 020 2884
G25-X 1422 020 1817 002 198 0.2 2455
L1433-34 1209 027 14659 0.0) 280 027 i)l
R198 1202 033 1478 000 273 033 3516
Gl61-43 1093 019 1278 0.02 138 019 23.43
Lio2-16 1143 0.3} 473 001 A3 0.3 45.71
6148 1031 043 1302 000 271 043 M5
G212-48 1312 050 1508 0.12 293 052 13,55
G126-18 1207 0® 1525 o004 s 0830 43128
O126-25 7.46 484,92 1558 002 9.12 484.92 666.81
L1383 125% Qi1 1324 002 048 013 13.49
1930-80 864 132 1483 0.0 $19 133 109.14

Gise-27 1191 Q23 1468 0.02 277 423 3581
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Table 5, Continued

Star My = v -4 Digt. # Distance

{Com) Mod. (pe)
G348 10.77 0.15 1273 003 196 0.18 24.56
Gi8-M4 13,57 028 1568 008 209 038 26,18
02418 1093 0.7 J568 001 472 076 §7.90
G28-13 922 384 1614 004 592 334 242,10
Q67-18 1295 017 437 001 142 0.7 19.23
G281 1398 (21 1552 00! 1% 021 20.80
015664 1288 076 1647 0.01 3.8 075 5224
193550 1334 027 1542 0.0) 208 027 2608
Gi57-35 409 0.3 1629 002 220 034 2754
029-38 1235 0.3 1303 002 0.68 0.13 13.68
L1440-18 1220 042 1333 002 3.13 042 227
L1812-34 1180 0.12 1293 00! 1.13 012 16.83
G130-18 1403 0.19 1872 001 169 Q19 21.78
Gin-27 1282 0.1 1484 001 212 021 26.55
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Table 6. Stars Excluded Because of Large Relative Purallux Error

B o L e S e i T A RS T ey
Star g-val Comected Unvenainty
My
GDa3? L1739 580 + 143
G28-13 p.590 0.2 s
L9544 14103 £.00 9.
LP68-60 0.4167 119 142
G2X00-18 0.agie 1283 1.0
Gi(2-39 03510 1108 0499
L.930-€0 0.4041 9.64 1.3
Gi2s-28 2.1582 746 48492
G37-44 0.3793 9,73 1.%)
98-8 10768 724 54,71
0138-% [ 35 D1 181 11897
L1125-68 0.8036 7.19 (88
LP763-500 0.80Q0 F1.95% 7.7
1P93-21 0.3286 12.41




64

Table 7. Temperatnredemvﬂy Data for Stars in
the White Dwarl Sample

Star Tef + log(Tel) % logg %
(*1000) (*1000)
LP49-278 2208 098 434 002 783 044
w1 1000 100 400 004 786 00
Lioli-1 1.3 1.40 405 005 360 020
L1011.92 17.71 .80 428 001 8§15 02
G1-45 750 026 388 002 £20 100
w72 §1S 056 391 003 739 026
R848 180 080 407 002 715 0.8
G72-31 H 140 407 005 800 020
OXFe25 6 1988 072 430 O 775 030
Feige M4 2500 098 441 002 800 0.4
LBI1240 1AV 046 4.14 0.0} 780 022
Gi8-29 388 0358 195 003 768 026
G175-46 1000 100 400 004 827 030
GDo4 1507 0712 418 002 770 030
Gs6-B1B £20 025 391 Q01 528 028
LP119-48 2000 098 431 O £95 0.4
G108-26 740 032 388 002 740 048
HE3 2293 098 436 Q02 760 044
G108-42 1579 080 420 002 820 022
L745-46A 873 050 3% 002 §22 050
G171 813 05 381 003 760 026
G51-16 770 a3 3.8 002 748 (48
Gl16-16 1050 100 402 004 807 040
G1iT1-B15A 13.00 §.40 411 00S 24 020
Gini-36 1386 046 414 Q.01 785 o022
G117-25 900 036 385 003 795 026
SA9-130 1245 060 4106 002 743 018
Gd9-33 873 056 34 003 7.3 028
G2o0-15 15.50 0480 27 on 837 022
G83-38 $i6 0S8 391 003 700 026
G432 75 02 3B Q02 8.50 1.00
L59E-25 733 032 g7 oo 7583 048
L8253 1869 072 427 002 750 030
197114 1700 060 423 002 803 022
R627 816 056 391 00 700 02
G122-31 2000 080 430 00 ROV .2
G148-7 1613 07 421 002 178 03
L 140540 HO0 100 404 004 £28 040
Gol-17 1100 100 404 004 799 040

L1408-19 850 050 393 003 815 050
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Table 7. Continued

W T T Y T T ST

Star Teff + log(Tefi) ¢ logg %
(*1000) (*1000:
WaBSA 1468 046 4,17 ool 7.30 .22
GD32s .13 098 438 o 887 (044
L1484-18 828 072 426 02 760 0.3
Q200.39 23,80 093 4.37 0.02 £ 0.4
GD178 15.13 0.72 418 002 e 0N
RE(S 1247 069 410 002 793 DIS
01358 900 0.5 395 o002 8 050
LPg43-31 1506 072 413 002 .70 0.3
11491-27 1.2 140 408 00§ 3.02 0.20
Qr6-29 1340 (046 4.1} oo .19 0.2
Gisd-34 319 0% kX3 0.03 1.0 0O
A+ 6829 18.28 0.72 421 0.02 750 03
WETIA 1397 (Q4s 415 00§ 7.7y o.22
Lo33-18 870 05 194 o, 00 0%
Gi8a-12 820 0% o1 003 730 026
GD21s 135 046 413 oo 78986 .02
L139%8-12 1330 040 4.12 0.02 7.23 0.22
L923.21 1746 060 424 00 2.5 4.
Gi85-32 1250 o0& 410 002 793 0.8
L¢3 105 218 0938 435 00z 760 044
1128597 1928 0.72 428 Q002 1768 030
Wil 21.2% 098 431 0.0 1.58 D44
LI1804-14 1833 050 4.21 om S0 022
1143334 840 030 182 003 8.53 .50
Ri9S 1460 0.70 416 002 230 020
Q61-43 16.28 0.72 421 0.0 740 0.30
G261-45 1750 0.72 424 002 750 0.3
Gi2o-18 1283 060 410 002 784 Q.IX
G348 i7.14 060 423 002 £ .2
Gis-u 8§85 (56 395 003 768 26
G416 23 093 435 002 825 044
G81-23 13198 0.7 4127 oM 345 0.0
1935-50 9.%0 1.00 s 008 X.38 .30
G29-38 1388 O0R 414 02 820 0.2
L1440-18 1207 1.40 408 0035 83 020

L1512-34 1374  0.70 4.14 002 804 020

It is useful to compare these results with those of other researchers. Bergeron el al.
(1992) have published estimates of Ter and log g for many of our stars as derived from
mode! atmosphere fitting (see table 8).
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MQ.WWCWTewMM
Model Atmospheres for DA White

o e e e~ = A e s —a

o

Shipman Wesemael et al.
Tea(K) B.C. Tea(K) BC.
S000 -0.39 20000 -2012
6000 ~0.29 22500 -1
7000 ~0.35 27500 ~-3.82
2000 -0.41 30000 ~-1013
9000 -0.47 32500 ~-3.47
10000 -0.53 35000 -1
12000 -0.82 40000 -3.787
14000 -1.21 45000 417
20000 ~2.14 $0000 ~4.516
60000 -5.15
F0000 -5 591
90000 ~6.50

Note. The comrections from Wesemael et al. are calculated for fog g =8, the cormections
from Shipman neglect convection.
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Table 10. My, Bolometric Correction, and My, for Stars in
the White Dwarl Sample

LP4R-275 1157 024 214 004 943 024
wi 1283 032 064 0; 1219 032
L1071 1267 0.9 -0 004 1188 039
L1011-92 1241 014 -185 001 1076 0.14
G1-45 1232 0.8 038 001 1154 0.8
w2 11.62 028 043 o0l 11.19 025
RS48 1006 032 086 002 930 032
G72-31 1197 034 088 004 1.1l 0.34
OXFe286 1066 023 -191 003 875 0.3
Feige 24 790 048 255 004 s35 048
LB1240 e 017 ~1.13 601 1051 0.17
G38-29 1068 073 051 001 1017 0.78
G175-46 1241 038 064 002 1177 038
GDo4 1074 025 -131 002 943 025
G36-81B 1028 093 043 000 985 0.93
LP119-48 1230 032 202 003 1028 0.32
G108-26 1432 0.1$ 034 0] 1398 0.15
HE3 1124 008 -221 004 9.04 0.09
G103-42 1322 031 -l40 002 11.82 031
1745464 1325 006 049 00 1276 0.06
GIlt-71 1281 047 043 00 1238 047
GS1-16 1396 019 039 001 1357 0.19
G115-16 1303 028 00 003 1233 028
GlI7-BISA 1065 093 ~101 005 964 093
G161-36 11.40 032 -113 001 1027 032
G117-28 1331 033 05t 001 1280 033
SAZ-130 1068 023 087 002 967 0.23
G49-33 13.08 024 04 00 1259 024
G260-15 1266 0.0 -1 002 1091 0.10
GS3-38 1201 043 043 00! 1158 043
G44-22 1308 038 038 001 1280 0.3
1898-25 1397 011 03 001 1361 0.11
LB2S3 1045 044 ~17S 003 870 0.4
1971-14 1230 045 ~155 003 1075 048
R627 1364 012 043 061 1321 0.12
GIR-31 1.71 084 -191 0@ 980 084
G143-7 1120 024 -148 003 975 0.24
1140540 1211 041 076 003 1135 041
G61-17 1143 069 076 003 1067 069

Lid08-19 126 032 ~0.47 001 1218 032
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Table 10. Continped

e e

— -

Star My - - Bolomewic 2
Cosrection
WABSA 1134 J.12 -1.26 oo
QD3xs 1130 026 ~-1.91 0.0
1148418 e 02s ~1.70 0.03
GI00-39 1100 0483 ~-2.31 0.04
GDIT8 1068 048 -1.31 00
RE0R 120 229 97 002
0138-8 1388 (.19 0.5t .01
LP444-31 1140 0482 -1.3 0.02
L1491-27 124 028 -0.94 o.04
G226-29 11.81 Q13 ~1.09 0.01
Gl160-34 1219 016 ~0.43 ek Ll
A9 6829 118 024 -1.48% 0.03
WETZA 1100 039 -1.18 0.01
1993-18 1226 024 -0.49 oM
G184-12 1229 048 043 0.01
QD215 1292 019 -1.08 0.0t
L1458-12 1191 032 ~1.08 o
1.923-21 1228 010 -1.60 0.01
G185-32 1189 012 097 002
G222 1088 018 -2.19 0.04
L1285-97 1083 023 ~1.80 003
Wil 088 012 ~2108 04
L1504-14 1233 027 -1.45 0.03
L1433-34 1200 027 -04s 0.0
RiO8 1202 033 -1. 002
G261-43 1093 019 ~1.4% 0.03
G261-45 1031 043 -1.60 0.03
G126-18 1207 0% 097 002
G93-48 1077  0.i5 -1.5% 0.03
Gi18-34 13.57 028 051 0.01
G241-6 1083 076 219 0.04
G67-23 1298 017 ~1.08 0.02
1935-50 1334 027 -0.58 0.03
G29-23 1235 013 -1.13 0.02
Li440-18 1230 042 =0.90 0.04
L1512-34 11.80 012 -1.13 0.02

Mpa

1008
9.39
2.32
809
9.37

11.12

1334

10.09

1130

10.72

1176
9.7}
991

11.77

1188

1183

1036

10.68

10.72
869

M
3.60
1088
LR
10.80
948
LA}
Hi.10
9.2

13.06

874
11.90
1276
1122
1130
10.67

0.12

0.28
033
D45
0.
0.19
0.62
0.25
0.13

s
D.24

.19
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Table 11. Log Radil and Masses of White Dwarf Sample

Star !oz(-ﬁ:—;) Mo

(in Mo)

L1512-34 ~2.10 0.15
w1 ~1.97 0.3
L1011-T1 -2.01 1.38
L1011-92 -2.18 035
G72-31 ~1.89 0.60
OXF+256 -1.87 0.37
181240 -1.91 035
GIi75-46 -1838 1.17
ODo64 -377 0.52
LP119-48 -2.23 .12

23 ~2.06 0.11
Glis-16 -2.04 0.35
G117-BISA -1.68 2.75
G161-36 -1.87 047
SAD-130 ~1.65 0.49
G260-15 -2.24 0.45
LB253 -1.81 035
1§71-14 -~23.14 0.20
GIR-3 -2.09 1.51
Gl148-7 -1.89 034
L1405-40 -1.58 120
Go1-17 -1.74 117
W485A -1.88 040
GD325 ~2.01 2.57
L1484-18 ~1.91 0.22
G200-3% -2.01 0.69
GDi78 -1.78 0.44
RS08 -1.94 041
LP434-31 -1.90 0.29
L1491-27 -196 0.46
G226-29 ~-193 0.08
A+ 69 6829 -1.90 0.36
W6T2A -1.80 0.49
GD215 ~2.16 0.16
L1498-12 ~-1.95 0.08
192321 -2.15 0.58
Giss-32 ~1.87 0.56
vinrrrd -1.96 0.17
L1285-97 -1.90 0.26

W16 -1.90 0.20
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Table 11, Continued

Re
Sar logl =— M.
os(§) |
{in Mg}

L1503-14 ~2.13 0.9
R198 -2.m 0.06
0z2681-43 ~1.8% 0.18
G261-45 -1.76 038
G126-18 1,04 Q.17
G93-48 ~1.84 1.26
0241-6 -197 0.74
G67-23 =215 0.50
193550 -2.04 075
G29-38 ~-3.06 0.4
L1440-18 =195 108
LI512-34 -1.54 0.52
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Table 12. Stellar Distances From UBV Photometry

Stars vV = DistMod, * logg AMporr RMpoe
(true)

1.P49-275 14.33 0.01 276 04 7.83 -0.98 8§45
w1 1.3 000 251 032 7.86 -0.30 1.8
L.3011-71 18.16 003 25 039 850 -0.33 11,38
1.1011-92 1306 000 185 014 B.aS ~138 940
G12-3 1480 €02 2.8 034 8.00 0.09 11.20
OXF+25 6 1323 o2 25T o 778 .15 890
LB 1240 13.88 OO2 217 0.y7 7.80 -0.01 1050
Gi75-46 1596 0.04 385 038 3.27 0.12 11.89
GD3 14.00 001 328 0235 7.70 0457 10,10
1P119-48 isss 000 ix o RoS -1.564 8.64
HE3 1205 002 08t 008 780 .76 8.28
Glle-16 15.37 0.00 238 028 8.07 -0.66 13.87
GiiTBISA 1550 0.0} 485 093 824 L1 10.7%
Gl61-35 147 oM 335 0432 783 0.20 10.47
SA29-130 1330 001 266 023 743 1.26 1093
G280-15 1320 002 0.5 010 §.57 ~1.70 9.21
LEB253 1379 001 314 044 7.60 0.47 8.17
1971-14 1540 008 310 DAS 203 ~1.17 g.58
Gi2-3) 16.39 0.03 4688 035 8.80 ~0.92 §.58
Gl48-7 1368 004 245 0. 138 0.06 o.81
1.1405-40 1567 001 358 041 828 012 11.47
Gaj-17 1585 002 443 089 1.9% 0.80 1147
W4ssA 1231 001 097 012 7.80 0.14 10.2
GL325 1400 002 270 026 8.57 -0.54 £.85
L1484-18 1397 0.0 29% 028 7.60 -0.0% $.27
G200-39 IS0 002 404 0353 830 -0.51 8.18
GDITE {412 601 3.44 045 7.80 on 1009
RE0S j4.36 wn 7.93 -0.1% 1093
LP44s-3 1567 002 427 082 1.7 oo 10.11
1.1491-27 1468 0O.0) 242 028 802 ~028 11.02
G222 124 o0l 043 0.13 7.19 .11 10.61
A+b9 6329 1325 2.08 7.80 0.05 0.78
WET2A 1436 000 327 039 733 0.52 10.43
GD1S 1492 003 200 0.19 196 =125 10.58
1145812 1462 0.02 271 o3 1.1 021 10.65
L923-2 1228 Q.M 0.00 0.10 32.50 =121 .87
GI185-12 1287 OO 128 6.12 793 0.20 1092
GD22 3.5 271 7.80 =026 843
1.6288-97 1399 000 316 028 768 0.01 .04

Wiss ns 000 083 0.12 755 0.01 8.61

el
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Table 12. Continued

o . bl R v
Stars \4 4 V-My = Jogg AMpwe RMypyype
(true)

L1%043-14 1507 0.2 2 0. 880 -1.12 970
33 ] 1475 000 273 0. .30 0.5 10.24
G261-43 12718 o 138 0.9 740 ox 9
G261-45 1302 0.00 L7t 043 7.50 .78 940
Gi2s-18 1528 004 Ji8 8% 153 .19 1091
G93-48 1273 003 196 0138 822 413 .54
G241-6 1565 001 472 0.7 8.2% -8 840
G823 1437 00! 142 017 844 ~322 0.8
L935-50 1542 001 08 o 318 ~008 1211
G328 13.03 o 068 013 .20 -0.70 10.40
L1440-18 1833 B2 .13 042 g3s .23 1167
1151234 1293 00} 1.13 0.12 5.04 -0.16 j0.51
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Tadle 13, Comparison of Distance Moduli

L b s 3 . e

dist. mod,

d.mod.

Star Mpoi* B.C. My
(new") (new’) (new’} new'-true
LP45-178 892 ~2.14 1C.66 1487 091
Wi 11.99 ~0.64 1263 271 0.20
Lio11-71 12.18 0.9 12,04 287 027
Lio1i-. 997 ~1.6% 11.62 2.44 o
o12-1 11.44 ~0.88 1230 1.5 ~0,13
OXF+2586 5,50 ~1.91 10.81 242 ~0.13
1B 1290 10.5% ~1.13 11.68 2.13 -0.04
GI1715-46 1237 ~0.64 1308 2.9% ~0.60
GDo4 10.06 ~1.31 11.37 2483 -0.63
LP119-48 8,76 ~2.02 11.78 3B 0.52
HE} 814 ~2.21 1034 1.7 090
Giio-16 11.97 ~0.70 1267 270 0.3
GHITBISA 1121 ~1.01 122 328 -1.57
Gi61-36 10.%6 ~1.13 11.69 k¥1y) -0.29
SAD-130 10.64 ~097 11.61 1.8 ~0.97
G26D-15 908 ~1.78 11.73 1.47 093
LB 903 ~1.7% 10.78 3.0 -D.33
1971-14 o.84 ~1.68 11.39 4.01 a9t
Gil22-31 9.85 ~191 11.77 442 (.05
G148-7 8381 ~1.4% 11.26 239 0,06
L1405-40 11.97 -0.76 1273 194 ~0.62
G61-17 LI L0.76 1246 340 ~1.03
W4SSA 10.27 ~1.26 11.53 0.78 .19
GDA23 959 ~1.9% 1180 .20 ~0.50
LHSL-I8 8.14 -1.70 10.84 313 018
G200-39 8.69 ~231 11.00 4.04 0.00
GDITR 9.90% ~1.31 11.26 2.86 ~0.58
REOR 11.10 0907 1207 29 0.02
LP3ds-31 1006 ~1.3}] 11.37 43D 0.0
1349127 11.28 -0.54 122 244 o0
G220-29 10.09 -1.09 1118 1.06 2.683
A+HS 08X 983 ~1 .48 11.28 1.93 =0.10
WET2A 10.42 -1.18 11.60 2.7 -0.51
GD2is 10.78 ~1.09 1187 308 108
L1#98-12 10,16 ~1.08 1121 341 0.70
Ls23-21 10,17 -1.60 1.7 0.51 0.5¢
G185-32 11.09 087 12.08 091 037
cperye 329 -2.19 1048 3.1t 0.40
LIRS 7 895 -1.80 10.78 324 0.08
Wi 843 =208 10.54 1.00 017
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Table 13. Continued

s e BER A ¥ L SAT Saaas
TR e TR R RSy

Star Mpot* BC My dist. mod. d.mod.
(new") ('new’) (new’)  ‘mew'-lrue
1.1804-14 10.55 ~§.45 12.00 107 033
Rigg 10.76 -1.22 il1.98 2.77 .04
G61-42 9.45 ~-148 10.90 1.8% HEL]
G261-45 .2 ~1.60 1082 220 )11
O125-18 10.7} ~{.97 1169 1% 0
G948 9.99 -1.58 11.54 1.19 on
0241-6 8.87 ~2.19 11.00 489 o
Gs7-23 1133 ~1.08 1238 199 057
L9s-50 1270 -0.58 13.28 2,14 000
02038 10.88 =1.13 12.01 jo 9.3
L1440-18 11.64 -0.90 1284 2 -0
L1512-34 10.78 -1.13 1w L I3
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4.14
417
4.29
4.31
1.4

8.35
7.95
792
8.13
7.56

11.07
10.40
9.17
9.17
7.96

~1.13
-1.26
~1.88
"! sﬂ
=2.74

12.20
11.66
11.03
iLi4
10.70

e
3.26
304
in
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