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ABSTRACT

A DETERMINATION OF KINEMATICS AND STRUCTURE
OF THE INNER GALACTIC HALO USING
BLUE FIELD STARS AS TRACERS OF
LARGE-SCALE HALO PROPERTIES

by

Steve Peter Doinidis

The structure and kinematics of the inner galactic halo are explored by utilizing
samples of blue field stars as tracers of large-scale halo properties. Using the cata-
logue of blue field horizontal-branch (FHB) stars of Beers, Preston and Schectman,
it is demonstrated that the distribution of these stars is not uniform, and that struc-
ture exists in their distribution on scales of less than 100 parsecs. The extension
of the HK Survey of Beers, Preston and Schectman to the northern galactic hemi-
sphere is discussed, outlining the methodology of both the survey and the follow-up
observations that are made on the blue halo stars identified therein. A sample of
592 stars for which spectroscopic measurements have been taken, drawn from the
HK Survey in the southern galactic hemisphere, consisting of 353 FHB stars and
239 main sequence A-type stars, are applied to the kinematic models of Frenk and
White to determine the rotational velocity of these field star systems. These stel-
lar types are treated both independently and in combination for this analysis, and
the results are compared with previous analyses which have been made for other

systems in the halo.
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CHAPTER 1: INTRODUCTION

The study of the galactic halo offers clues to the formation and evolution of
the galaxy. This is due to the unavoidable chemical and dynamical mixing that
has occurred in the disk since its formation, virtually eliminating the record of
the initial collapse and early stages of the protogalaxy that formed our present
system. Because the halo is much less dense than the disk, there has been little
opportunity for the individual components of the halo system to interact with each
other, and it is uncertain even if the halo has dynamically relaxed since the collapse
and formation of the disk system. If this is indeed the case, then objects in the
halo can be utilized as tracers of the formation of the galaxy. The halo can also
provide information on the kinematics and dynamics of the galaxy to large distances
from the galactic center, free from the obscuration of the gas and dust in the disk.
Objects in the halo can be used to empirically establish the form of the galactic
potential to large galactocentric distances, which allows the testing of models for
the kinematical behaviour of the galaxy and work towards refinements of these
models. These observations can also provide information on more general problems
in galactic astronomy, such as the large-scale structure of spirals and the dark matter

hypothesis.
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The globular cluster system (hereafter GCS) was the first and most obvious
system of halo objects to be studied. Kinematic studies, such as those of Kinman
(1959), Clube and Watson (1979) and Frenk and White (1980, hereafter FW80) have
formed the basis of our understanding of the processes which govern the nature of the
halo. Studies on the spatial distribution of the GCS (e.g., Woltjer, 1975, Thomas,
1989, hereafter T89) suggest that the form of the galactic potential is spherical,
but it is inherently problematic to apply the GCS to these ends, as the number of
clusters which can be observed number in the hundreds while the volume occupied
by the system is on order 10° — 10® kpc3. This limits the conclusions that can
be drawn from these studies to areas of large scales and meager detail. Another
limit of the globular cluster system is the large uncertainty in distance estimates
for many clusters, which have distance modulii accurate only to about 0.5 mag, a

figure unlikely to improve in the near term.

It would be far more advantageous to employ halo stars in determinations of
halo structure and kinematics, as they are far more numerous than the globulars.
They are also distributed more uniformly throughout the halo, giving much more
predictive power to the observations that can be made on them. This advantage
is offset, to a degree, by their faintness, which makes it difficult to unambiguously
identify field stars in large-scale surveys. The first attemp.ts to collect samples of
halo stars involved the identification of high velocity stars, as well as surveys for

faint blue stars in the direction of the galactic poles.

The high velocity stars are so-called because they are close to the solar neigh-
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bourhood, yet have heliocentric radial velocities that are in excess of the circular
velocity that a star would have at the sun’s galactocentric distance, the inference
being that their orbits are much more energetic than that of the sun, making them
members of the halo population. Because the criterion used to select these stars
introduces an obvious kinematic bias to any samples collected in this manner, their

usefulness in applications to dynamic modelling is limited.

Surveys for faint blue stars have relied on two basic methods for collecting
samples of stars. The first is simply to look for stars with blue colours and faint
limiting magnitudes. Stars are identified either through wide-field photographic
plates taken through broad-band filters, or by individual photometric measurements
on selected stars. The colour of the objects is, however, a weak criterion from which
to select field stars, and there are problems with contamination of these samples
from subluminous stars in the stellar neighbourhood. The range of stellar types
which can be found is also limited to the hottest of the field populations, which are
also the least numerous. A similar method utilizes the colour differences of stars,
(B —V) and (U — B), which can be used to place a star on a two-colour diagram
(see Figure 1). This entails either measurements of photographic magnitudes of
these stars on plates taken with broad-band filters, which are accurate only to +0.2
mag, or by individual photometric measurements, which are inefficient and time

consuming.

Over the last ten years, two survey methods have been developed to more easily

identify large numbers of halo stars by making use of the large areal coverage that
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Figure 1. Unreddened two-colour diagram. The solid curve represents the main
sequence relation, the dashed curve synthetic colours from Buser and Kurucz (1978)
for log g = 4.5 and [Fe/H]= -2.5. The stellar types represented here are FHB
stars (filled circles), candidate metal-poor halo stars (diamonds) and field stars
of intermediate type (crosses). The lower line represents the reddening. Figure
reproduced from Preston et al. (1990).
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is possible with Schmidt telescopes. The first method is to search for stars with
large ultraviolet excesses, and has been employed successfully in the the Palomar
Green Survey (Green 1980), and in the Kiso Survey (Noguchi, Maehara and Kondo
1980). The methodology for these surveys is essentially the same as earlier surveys
that sought to identify blue stars at high galactic latitudes, but better techniques
have since been developed for colorimetric classification of these objects into the
various stellar types which populate the halo (Kilkenny 1987). Spectroscopic and
photometric follow-up observations are nevertheless required in order to confirm
the candidate stars that are identified in these surveys, and so they are by nature

long-term projects.

The second method is to search for candidate stars by analyzing their spectra
on objective-prism plates taken on these telescopes. Earlier surveys, such as those
of Slettebak and Stock (1959) and Slettebak and Brundage (1971) concentrated on
identifying early-type stars in the vicinity of the galactic poles over the magnitude
range 6 < B < 14 — 15. Some difficulty is faced at the faint magnitudes in these
surveys, owing to overlap between adjacent spectra. At the magnitude limits, this
effect is very pronounced, making it difficult to accurately identify stellar types
which are of interest. The HK Survey of Beers, Preston and Schectman (1985,
1991; hereafter BPS I and BPS II) utilizes an objective-prism coupled with an
interference filter to identify blue halo stars, particularly halo stars of extremely
low metal abundance. The filter has a narrow (= 150 A) bandpass centered in

the region of the H and K lines of Call, a wavelength range with features that are
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sufficient for the identification of these stars with a high degree of success.

By using such a narrow bandpass for the plates, the resultant spectra are them-
selves smaller (although they are widened for clarity), so that crowding of spectra
is not as great a concern as for other methods, allowing for a fainter limiting mag-
nitude, covering the range 11 < B < 16. This work will be concerned primarily
with those stars in the survey which were classed as type A and AB, for which
the great majority (> 85%) are expected to be blue field horizontal-branch (FHB)
stars. Among the other types expected are A type stars, hot subdwarfs (sdO and
sdB) and degenerates. These stars alone are numerous enough to allow for a com-
prehensive determination of all kinematical and dynamical parameters in the halo.
Another major advantage of this survey method is the efficient use that it makes
of observational facilities. This is due partly to the large areal coverage of Schmidt
plates, but mostly due to the high percentage of the candidate stars which are
identified correctly on these plates. This ensures that the majority of the follow-up

spectroscopic and photometric observations can be put to use.

A catalogue of FHB candidate stars identified through the HK Survey in the
southern galactic hemisphere has been presented by Beers, Preston and Schectman
(1988, hereafter FHB I), containing some 4400 candidate stars. The data included
for each star consists of coordinates accurate to 2 arcseconds, and rough magnitude
estimates based on the brightness of the spectra, accurate to about +0.5 mag.
Although the uncertainty in magnitude is roughly equal to that for the globulars,

the prospects for improving these are limited only to the availability of observational
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facilities for photometric measurements of these stars. Distances for these stars are
easily determined, owing to the well-defined intrinsic brightness of the horizontal-
branch (My = 0.6 + 0.2 mag). Chapter 2 outlines the use of an estimator, the two-
point correlation function, which can be used to probe the distribution of the FHB
stars in the catalogue for deviations from that expected for a random distribution
of stars. In Chapter 3, it is demonstrated that the FHB I sample indicates that
there is structure in the distribution of the halo stars on scales of less than 100
parsecs, suggesting that models for the galaxy which assume dynamical relaxation

in the halo may not be truly reflective of the actual conditions existent in the halo.

In Chapter 4, the extension of the HK Survey into the northern galactic hemi-
sphere is discussed, as well as the determination of the stellar types of candidates
based on follow-up spectroscopic and photometric observations is detailed. Because
the scanning of the northern survey plates is carried out by Beers as opposed to
Preston, who carried out the scanning in the south, it is important to establish that
the methodology employed by both is consistent. It has therefore been important to
initiate the follow-up observations of the northern hemisphere candidates in order to
be able to address any possible differences. In Chapter 5, photometry for a sample
of stars drawn from the northern survey is presented, and the issue of uniformity

between the northern and southern samples is discussed.

In Chapter 6, a sample of 585 stars from the southern HK Survey for which
spectroscopic measurements have been made are applied to the kinematic models

of FW80 to determine the rotational velocity of the inner halo. The sample consists
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of 375 FHB stars and 210 stars with normal A type spectra. The stars are applied
both as separate samples and a combined sample, and the results are compared

against similar determinations made for other halo systems.



CHAPTER 2: STATISTICAL TESTS FOR SPATIAL STRUCTURE

IN THE HALO

The spatial structure of the halo has for some time been a topic of great interest
and a property of the galaxy which is poorly constrained. The interest in this facet of
the halo comes from the link that the spatial distribution of objects could have with
the overall mass distribution of the galaxy, so that knowledge of this distribution
would in turn provide us with the form of the galactic potential. The result which
is obtained using the GCS is consistently that of a spherical distribution, but over
the large scales which are necessitated by using this sample. It is unclear as to
whether the GCS can adequately constrain the geometry of the mass distribution
on scales smaller than a few kpc (Woltjer, 1975). This is due in part to scale, but
also to differences between individual globulars (e.g., metal-poor halo clusters vs.
metal-rich disk clusters) wixich make it difficult to draw any direct conclusions from

the entire sample.

Studies have also been made using field star samples, and in general the re-
sults have depended on whether kinematics or star counts were used in making the

determination. High-velocity, metal-poor subdwarfs in the solar neighbourhood
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exhibit a velocity dispersion tensor o, : 0gp : 0;; = 2 : 1 : 1, suggesting that, if
these stars are tracers of the mass distribution in the halo, the potential is flattened,
at least to distances of a few kpc from the sun (Gilmore et al., 1989), with an axial
ratio of c¢/a =~ 0.6. Star count studies are more consistent with a distribution that
is close to spherical. By comparing star counts in two fields at different latitudes
along the I = 90°,270° plane selected by Koo and Kron (1982), Bahcall and Soneira
(1984) derive an axial ratio of c/a ~ 0.80%0:33. In similar fields (but at fainter
magnitudes), Koo et al.(1986) derive a value of c/a ~ 1.3, but this figure is not as

well constrained.

In general, much of this work rests on the assumption that these objects are
tracers of the halo mass, when in fact this is not clearly evident on small scales.
Much, if not most of the halo mass is in the form of dark matter, and so care
must be taken to utilize samples that cover a wide range of positions in the halo in
order to properly account for this. The announcement of the discovery of a group of
FHB stars which were clustered together and which had similar velocities (Sommer-
Larsen and Christensen, 1987, hereafter SLC) raised the possibility that there could
be gravitationally bound structures in the halo on small scales, independent of the
GCS. This group exhibited a spread in distance modulus of opys = 0.16 and a
velocity dispersion of ¢, < 20km s, so that if the FHB stars are tracing a larger
group, then it would have a characteristic size and mass of a globular cluster with
an extremely large (= 500 : 1) mass-to-light ratio. Recent work on the SLC group

(Sommer-Larsen and Christensen, 1989) has shown that one of the five stars in the
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group is a main sequence gravity A star, and that a more accurate determination
of the velocity dispersion gives 0, = 53 + 22km s}, which severely weakens the

possibility that the group is bound.

The original finding did, however, motivate a search through the data of Pier
(1982, 1983) revealing a similar grouping of FHB stars (Beers and Doinidis, 1988),
and this raised the possibility that there could be additional such groups present
in the halo. As the data of Pier was drawn from candidate A and AB type stars
identified in the HK Survey, it is possible that additional groups of this kind could
be found in the FHB I catalogue. This catalogue contains positional data and rough
estimates of apparent brightness (+0.5 mag) for the FHB candidate stars contained
within it, so it is possible to test, albeit tentatively, for groupings of these stars in
space on scales similar to that found in the SLC and Pier groups. Confirmation of
these groups as dynamically bound entities would require accurate photometry and

radial velocity measurements.

Groups such as these, if they are prevalent, would seem to indicate that the
distribution of halo stars is not uniform at some scale, and this could be determined
given a large enough sample to test this hypothesis. A number of statistical method-
ologies are available to explore this possibility, and the choice of estimator is driven
mainly by the nature of the sample to be studied. The FHB I catalogue consists of
candidate FHB stars identified on individual Schmidt plates, which do not form a
contiguous area on the sky (see Figure 1 of FHB I). The sample, therefore, cannot

be treated as a whole. It is possible, however, to treat the plates individually and
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combine the results derived in this manner for the individual plates. An estima-
tor which can be applied in this way is the pairwise correlation function (hereafter

PCF), which has been previously used to explore clustering among galaxies.

A Monte Carlo PCF estimator, w(#), can be defined by comparing the number
of pairs of objects, N,(6), which have angular separations between 6 — Af/2 and
0 + A6/2 found in the FHB I fields to N,(@), the number expected from a random

distribution, such that

Ny(9)

w(8) = N.(0) -1, (1)

Because this estimator requires no separate calculation for edge effects which are
introduced by setting an upper limit to 8, it can be used with sample fields of any
expedient size. This allows its appplication to the FHB I sample as a collection of
individual plates. If one assumes a spherically symmetric, random distribution for
these stars, then the PCF derived for each of the plates should be identically zero.
Any statistically significant deviation from zerois then evidence that some structure
exists. The test for this hypothesis consisted of a comparison of the plates against
the expectation for a random distribution, which was determined by creating 100
random realisations of each of the survey plates. It was found that the PCF for
the catalogue differed from that for the random realisations to a significant degree,
implying that the halo contains structure that deviates from that expected for a

random distribution. A summary of this work is given in the following chapter.
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This alone would not imply that other clusters of FHB stars necessarily exist,
or that these clusters can account for the observed PCF. A further test using a
single-linkage clustering algorithm was applied to the FHB I data. This algorithm
searches around a specific star for other stars that satisfy the linkage criterion,
namely, that the other stars are within a specified distance. This criterion was set
to the typical separation between stars in the SLC and Pier groups, and by this
method, 23 candidate groups were found, compared to an average of 12 for the
randomly generated catalogues. It was also determined that the candidate groups
do not fully account for the observed strength of the PCF. Finally, it should also
be noted that SLC explore the possibility of clustering in velocity space for their
fields in the direction of the north and south galactic poles, finding no groups of
stars with velocity dispersions less than 20 km s~!. Because of the small numbers
of FHB stars expected in such high latitude fields, it is uncertain as to whether this

demonstrates a general trend for the halo.
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EVIDENCE FOR CLUSTERING OF FIELD HORIZONTAL-BRANCH STARS
IN THE GALACTIC HALO
Steve P. Doinidis and Timothy C. Beers
Department of Physics and Astronomy, Michigan State University
ABSTRACT

We report on an investigation of the clustering of field horizontal-
branch stars in the Galactic halo. We examine this question using a cat-
alog of over 4400 candidate field horizontal-branch stars distributed over
roughly 2300 square degrees of sky, primarily in the southern Galactic
hemisphere. A two—point correlation analysis indicates that the catalog
contains an excess of stellar pairs with angular separations § < 10 arc
minutes; at the approximate distances of these stars (5-8 kpc from the
sun) the corresponding linear separations are r < 10 pc. We comment on
the possible connection with loose groups of halo field horizontal-branch
stars noted previously by Sommer-Larsen and Christensen, and Beers and
Doinidis.

I. INTRODUCTION

This Letter reports on an initial investigation of the clustering properties of
field horizontal-branch (hereafter FHB) stars in the Galactic halo. This study was
motivated, in part, by the report of an apparent physical group of FHB stars dis-
covered in a limited sample of blue objects on a single wide-field Schmidt plate
(Sommer-Larsen and Christensen 1987; hereafter SLC). The proposed group con-
sists of five stars with a spread in apparent magnitude oy = 0.16 mag, and a radial
velocity dispersion o, < 20 km s™'. The spatial extent of this group (roughly 100
pc at a distance of 4 kpc from the sun) prompted SLC to speculate that these stars
are part of a high mass-to-light object with dimensions of a globular cluster, or
remnants of a recently disrupted system. In a sub-sample of some 200 FHB stars
with complete photometric and radial velocity measurements, Beers and Doinidis
(1988) identify a similar group with at least five members, which suggested that
other such groups might be found.

FHB stars serve as valuable probes of the Galactic halo. They are intrinsi-
cally luminous (My = 0.8), homogeneously distributed, and easily identified, either
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spectroscopically (Pier 1983) or photometrically (Schechter 1988). They are also
numerous. Preliminary investigations of the number density of FHB stars in the
region of the Galactic bulge indicate that they outnumber the RR Lyrae variables
in the same field by roughly a factor of 5 to 10 (Preston 1988).

Large samples of FHB stars enable investigations of the kinematics and dynam-
ics of the halo on much smaller scales than heretofore pog&le. Previous searches
for faint blue objects, primarily in the direction of the Galactic ;61&3, have identified
several hundred early-type stars, some of which might be expected to be halo FHB
stars (Chavira 1958; Haro and Luyten 1962; Philip and Sanduleak 1968; Slettebak
and Brundage 1971). The catalog of Beers, Preston and Schectman (1988; hereafter
FHB I) contains some 4,400 FHB candidates selected from an objective—prism sur-
vey of over 2300 square degrees in the south Galactic hemisphere. Spectroscopy of a
limited sample of these candidates indicates that over 85% are bona—fide members
of the halo horizontal-branch population (Pier 1983). Details of the objective—prism
survey itself are given in FHB 1.

As discussed in FHB I, apparent magnitudes estimated from the density of
individual objective—prism spectra were assigned to each candidate, with an error
on order 0.5 mag. The distance to each candidate is derived from its estimated
apparent magnitude, assuming a horizontal-branch luminosity of My = 0.8 . Color
information is not available for most candidates, and no attempt is made to correct
the inferred distance for the color dependence of the horizontal-branch luminosity.
It is apparent from the available photometry (Pier 1983; Preston 1988) that the
great majority of candidate stars in FHB I lie in the color range —0.1 < B-V < 0.2,
where no appreciable color correction is expected. Small shifts in horizontal-branch
luminosity might be expected if the helium abundance of the FHB population varies
over a wide range (Sweigart 1985), but this effect is small compared to the random
error in estimating apparent magnitudes. Because the plates are primarily located
at high Galactic latitudes, interstellar reddening is not expected to be appreciable.
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II. THE TWO-POINT CORRELATION ANALYSIS

We restrict our attention to the candidates occupying the three most populous
brightness classifications (FHB I classes m, mf, and f); these classes correspond
to median distances of 5, 6, and 7.5 kpc from the sun, respectively. It should be
emphasized that the 92 plates available to date do not represent a contiguous sample;
each plate is 5 degrees in diameter with little or no overi? even in well-surveyed
portions of the sky. We simulate the FHB I catalog by replacing the coordinates
of each candidate on a given plate with draws from a random distribution. This
procedure retains the originai brightness distributions of the candidates on each
plate. One hundred random realizations of the FHB I catalog were created.

Significant small-scale clustering should be revealed by power in a two—point
correlation plot of angular separations. Following the method of Hewett (1982) we

obtain:

w(0)=-1-1§—:%-1, - (1)

where Np(0) is the number of pairs in the FHB I sample with separations in the
range 8 + A0 and N, (0) is the corresponding number of pairs in each of the random
catalogs. This procedure eliminates the need for explicit correction of edge effects,
which might be expected to be severe due to the low areal density of stars on each
plafe. The faintest FHB candidates we consider are at least 1 magnitude above the
plate limit, thus small variations in plate sensitivity should not affect the sample.
We choose Af = § arc minutes, and count pairs to separations of 90 arc minutes,
without distinguishing between stars of different brightness classes.

A matter of concern in the correlation analysis was the possibility of bias due
to the inclusion of FHB stars in the outskirts of globular clusters. The presence
of a few such interlopers would increase the number of close pairs in our sample,
and completely dominate the signal. We have checked the list of Harris and Racine
(1979) for globulars within 3 degrees of the centers of the catalog plates. We found
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only four plates on which there was the possibility of contamination of our sample.
In only one of the four cases (CS 22890) was the nearby globular cluster at a
distance where its members might overlap in apparent brightness with stars in
FHB 1. Horizontal-branch stars in M5 have apparent magnitudes corresponding to
FHB I brightness class f. We exclude the 14 likely members of M5 before making
our calculations.

—_—
The final correlation we obtain is the mean of the correlation functions calcu-

lated by comparing the FHB I sample with each of 100 random catalogs. Errors
bars are obtained from the one-sigma scatter about this mean. Making use of the
approximate distances assigned to each discrete brightness class, we calculate the
corresponding linear correlation function:

()= 2 -1 @)
We use bins of width 10 pc, to separations of 100 pc. Only stars of the same
brightness class were counted as possible pairs in this case. Figure la shows the
mean angular correlation function for stars in the FHB I catalog. The solid lines
indicate the one-sigma variation about a purely random distribution. In the range
0 < 6 < 10 arcminutes there is a weak, but significant, correlation (amplitude
= 0.40 £ 0.08). In this bin, 488 unique pairs in the FHB I catalog were identified
compared to an expected 348 pairs from the simulations. A statistically significant

correlation exists out to separations on order 60 arc-minutes.

The linear correlation is shown in Figure 1b. Again, the signal in the first
bin is weak but significant (amplitude = 0.40 % 0.12), resulting from 186 pairs in
FHB I compared to an expected 133 pairs. No significant correlation is observed at
larger separation. The large scatter in the linear correlation is expected due to the

coarseness of the brightness estimates.

We have considered the possibility that the observed correlation is due, in part,
to potential selection biases in the original classification of the FHB candidates. The
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spectroscopic signature of the FHB stars on the objective-prism plates is unmis-
takable — a weak or absent Call K line accompanied by a strong He absorption
feature and a blue continuum. The only doubts concerning classification are for
the very faintest stars (class vf), which are excluded from our correlation analysis.
It is possible that the brightness classes which are assigned to each candidate star
are influenced by the proximity of one star to another, which might potentially
bias the linear correlation calculation, but of course should not’ affect the angular

correlation.

III. A SEARCH FOR CANDIDATE GROUPS

The observation of a significant two—point correlation in the positions of the
FHB stars is a necessary, but not sufficient condition for the existence of loose groups
such as those identified by SLC and Beers and Doinidis (1988). For example, the
correlation power could be dominated by isolated pairs or triplets rather than groups

of five or more objects.

Given the rough magnitude estimates presently available for the stars in FHB I
‘we are hesitant to present a definitive list of FHB groups. A strict evaluation of the
significance of a group-finding procedure would require a model for the subjective
process of assigning discrete brightness estimates for each star, which would be
rather ad—hoc. We only comment that an application of a single-linkage clustering
algorithm (based on the code of Huchra and Geller 1982) on the FHB I catalog
detected 23 groups of 5 or more stars in identical brightness classes; the same
algorithm identified, on average, 12 such groups in the simulated catalogs.

One group of FHB candidates identified by the group—finding algorithm, dis-
cussed by Beers and Doinidis (1988), is very similar to the SLC group. This group
is identified on a plate at relatively low galactic latitude (b = —15°) in a direc-
tion toward the Galactic center. The list of potential members, along with avail-
able velocity and photometric information, is provided in Table 1. Column 1 is
the star number from FHB I. Columns 2 and 3 list the 1950 equatorial coordi-
nates. Columns 4-6 give the apparent magnitude and colors (if available) from Pier
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(1982). The distance moduli for candidate members are calculated using the pa-
rameterization of horizontal-branch absolute magnitude from Sommer-Larsen and
Christensen (1986), and are given in column 7. Heliocentric radial velocities (Pier
1983) are listed in column 8. Column 9 lists the equivalent width of the Call K
feature (also from Pier 1983).

Two stars are rejected from consideration on the bawf their large positive
velocities. The group covers a total area of roughly 1 squa.n; Ldegree of sky. The
mean pairwise separation of candidate members is 33 arc-minutes, corresponding to
roughly 45 pc at the median group distance of about 5 kpc from the sun. The pro-
posed members with measured photometry have a dispersion in apparent magnitude
oy = 0.14 mag. The corresponding spread in distance moduli is oppy = 0.12 mag.
The radial velocity dispersion for the five stars judged to be members is o, = 21
km s~!. We caution that the radial velocities have external errors no better than
10 km s™!; the SLC measurements are even less accurate. It is therefore possible
that the actual dispersions of the groups are substantially smaller than the reported
20 km s™!. More accurate velocities are clearly required.

IV. DISCUSSION

The existence of structure in the halo FHB population, if confirmed by fur-
ther analysis, is of great importance for constraining models of the formation and
evolution of the Galaxy. For example, in the presence of a population of massive
black holes, which have been suggested as a major component of the dark coronae
of galaxies (Lacey and Ostriker 1985), loose clusters with masses and radii typical
of the halo FHB groups would be rapidly disrupted (Wielen 1987). On the other
extreme, it is even possible that the apparent high mass-to-light ratios of the FHB
groups indicate that they, themselves, are harboring the proposed black holes.

The FHB groups are not the first suggested clusters of halo stars other than
the globulars. Proper motion and radial velocity surveys of stars in the solar neigh-
borhood suggest that at least some “moving groups” of stars exist (Eggen 1987;
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Ratnatunga 1988). One such group, Groombridge 1830, has a measured space ve-
locity large enough to preclude its membership in the disk population (Eggen and
Sandage 1959).

We are still ignorant of many basic properties of FHB groups. It is not even
known, for example, whether these groups have corresponding populations of other
kinds of stars, such as red giants and main sequence stars. Freeman (1988) is in-
vestigating this question for the SLC group; a result shoulmgﬁortlyvforthcoming.
We plan on obtaining photometry and radial velocities for all pairs and members of
the proposed groups in the FHB I catalog. With this information in hand, a more

definitive evaluation of structure in the halo FHB population can be made.
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TABLE 1

A PROPOSED GROUP OF FHB STARS ON PLATE CS 22936°

Velocity W(K)
Star R.A. (1950) Declination V B-V U-B DM (km/s) (A)

279 18 58

281
282
283
284
285
286
287
290

-35 49 33
-35 53 34
-36 03 14
-36 06 18
—-36 06 32
-36 10 51
—36 12 52
-36 21 36
—35 47 54

025 0.
0.02 —-0.
0.11 0.1
0.02 0.0
0.11 0.1
0.16 0.1
0.09 0.

oooooo

—_—

-111
73
—62
—67
201
-98
—60

“Photometry from Pier (1982b). Radial velocities and K-line equivalent widths
from Pier (1983). Distance moduli assume the parameterization of Sommer-Larsen

and Christensen (1986).

Comments

non—member

non—member

. PO M
- NNo oo
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FIGURE CAPTIONS

Figure 1 — (a) Mean Monte Carlo estimator of the two—point angular corre-
lation of the FHB I catalog. The error bars represent the one-sigma scatter about
the mean. The solid lines represent the one-sigma spread in the correlation of the
random catalogs against themselves.

Figure 1 — (b) Mean Monte Carlo estimator of the two—point linear correlation
of the FHB I catalog, using coarse apparent magnitude bins-ta assign distances. The
error bars represent the one-sigma scatter about the mean. The lines represent the
one-sigma spread in the correlation of random catalogs against themselves.
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CHAPTER 4: THE EXTENSION OF THE HK SURVEY TO THE

NORTHERN GALACTIC HEMISPHERE

The extension of the HK Survey to include the northern galactic hemisphere
began in 1986 utilizing the Burrell Schmidt telescope at KPNO, the sister telescope
to the Curtis Schmidt at CTIO, and an obvious choice for the continuation of the
survey. Plates are acquired in the same manner as in the southern hemisphere,
namely, a 4° prism is used together with the HK filter, and the exposures are
taken on Kodak Ilao plates which have been hypersensitized. The exposure time
is nominally 90 minutes, but the images are widened, meaning that nine successive
offsets are made in right ascension, each occurring after ten minutes. The resultant
spectra have a dispersion of 180 A/mm at Ca II H and K. The purpose of widening
the exposures is to gain clarity for the spectral features by enlarging the spectral

image.

The survey plates are scanned visually for candidates, and the criteria for the
different candidate classes is summarized in Table 1. Of the candidates which are
identified, roughly 35% are metal-poor candidates (type MP, although a number of
those classed as type B and C are expected to be metal-poor as well), 50% are

28
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TABLE 1. HK Survey Stellar Classifications.

CODE Spectral Criteria
C Continuous spectrum; no lines present
D Degenerate spectrum; extremely broad He
B B-type spectrum; very blue continuum, weak He
AB AB-type spectrum; blue continuum, strong He, no Call K visible
A A-type spectrum; strong He, weak Ca II K visible
MP Metal-poor F- or G-type spectrum; extremely weak Call H and K
AF Intermediate between A- and F-type spectrum; moderate He/Call H,
weak to moderate Call K
L Late-type spectrum; red continuum
E Emission noticed in spectrum
P Peculiarities noticed in spectrum
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FHB candiates (types AB and A), and the remaining 15% are stars whose spectral
features were indicative of other interesting types, such as degenerates. Positions for
the candidate stars are measured using the XY measuring engine at Case Western
Reserve University. SAO positional standard stars are identified for each plate, and
20 to 25 are used for the plate solution. The typical accuracy which results in the
estimated positions is roughly 2 arcseconds, based on the residuals of the calculated

positions of the standard stars against their true positions.

As the intention of the survey is to identify candidate stars with dispatch, the
relatively poor resolution of the spectra make follow-up measurements to provide
confirmation of the candidate classes and to provide detailed information for those
which are successfully identified. Central to this work are those stars which are FHB,
A type, and so the resulting discussion will be devoted to the process of confirming
candidates of this type and the characterisation of the physical properties of these

stars based on the follow-up observations.

To date, spectroscopic observations have only been made for those stars in the
southern HK Survey. Spectra for the candidate stars are taken over the wavelength
range 3700 A to 4500 A, and a detailed discussion of the observation and reduction
procedures are given in BPS I and BPS II. Roughly equal numbers of the spectra
were taken with the reticon spectrograph (=~ 0.7 A FWHM resolution) and the 2D-
Frutti (= 1.2 A FWHM resolution) at the DuPont 2.5m telescope at Las Campanas.
The candidate classes MP, C and B are assigned the highest priority for spectra, and

so most of the FHB and A type stars which have been measured spectroscopically are
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misidentified metal-poor candidates. Radial velocities are obtained from measures
of line center for prominent absorption features, typically 4 to 6 for each star, with

an external error in the determination of roughly 10 km s™'.

Equivalent widths for prominent features (Hy, Hé and Hel) are obtained over
a fixed bandwidth of 12 A. The width of the Call K feature, KP, is measured over
bandwidths of 6, 12 and 18 A, and the equivalent width which is determined is
as follows: If the measured width is less than 2 A, then the width from the 6 A
bandpass is adopted, if the width is between 2 and 6 A, then the 12 A bandpass
measure is used, and if the width is greater than 6 A, then the 18 A measure is
adopted. The wavelength bands employed for calculating these widths are given in

Table 2.

A generalized index, HP, is calculated from Hé and Hy according to

HP = 0.5Hé6 + 0.588H~ — 0.276

This comes from a linear fit of Hy vs. Hé, which is given in Figure 2 and follows

the relation

H~ = 0.468 + 0.850H6

For each star, the breadth of the Hé feature at 20% below the level of the local
continuum, Dy, and its depth relative to the continuum, R is also measured,

with errors of order 10% and 15% respectively. As many of the spectra that have
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TABLE 2. Line Index Wavelength Bands (4).

Line

Line Band

Blue Sideband

Red Sideband

Call K6
Call K12
Call K18
Hé
H~y
Hel A4026
Hel 24388

Hel 24472

3930.7-3936.7

3927.7-3939.7

3924.7-3942.7

4095.8-4107.8

4334.5-4346.5

4020.2-4032.2

4381.9-4393.9

4465.5-4477.5

3903.0-3923.0

3903.0-3923.0

3903.0-3923.0

4000.0-4020.0

4247.0-4267.0

4000.0-4020.0

4350.0-4370.0

4435.0-4455.0

4000.0-4020.0

4000.0-4020.0

4000.0-4020.0

4144.0-4164.0

4357.0-4377.0

4144.0-4164.0

4405.0-4425.0

4490.0-4510.0
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been obtained have relatively low signal-to-noise ratios (5 < S/N < 10), an equiv-
alent width of < 0.5 A vwas considered to be the minimum which could be reliably
measured. Stars which are either FHB or A type can be separated from other hot

star types on a diagram of Dy, vs. Rc, as shown in Figure 3.

FHB stars, typically, exhibit broad, deep Balmer lines (R¢c > 0.5 and Dy ; < 30
A), although they may sometimes have shallower lines that give an appearance of
a high luminosity or sdB type star. In general, KP must be less than 3 A, by
noting that as members of the halo population they will have [Fe/H] < —1. Figure
4 shows that, for this limit, the probability of spuriously including stars of solar
abundance is negligible. Type A stars are characterized by strong, narrow Balmer
lines (R¢ 2 0.5 and Dy < 20 A) and the presence of metallic lines. If KP is greater
than 4 A, then a star is automatically assigned to this type, as Figure 4 indicates
that this star almost certainly has a solar metal abundance. This figure also shows,
however, that for 3 < KP < 4, there is a great deal of ambiguity in assigning a
star as FHB or A type on the basis of its metallicity. The estimated uncertainty
in a metallicity derived in this manner is on order 0.3 dex, large enough to require

determinations of additional parameters in order to correctly classify these stars.

When colours are not available, it is possible to estimate them using the syn-
thetic colours and line profiles of Kurucz (1979) and Buser and Kurucz (1978).
Figure 5 shows the theoretical unreddened (B — V') colours for stars with FHB and
A type gravities as a function of HP. The size of KP is temperature dependent for

A type stars, and for FHB stars, it can be seen from Figure 4 that a KP greater
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7 F O FHB/A
<& Other Types

Figure 2. A plot of Hy vs. H§ for hot blue field stars. Reproduced from Beers et
al. (1991).
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dwarfs. Figure reproduced from Beers et al (1991).
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Figure 4. Theoretical relation for KP vs. unreddened (B - V'), showing loci of
[Fe/H]= -0.5 (upper line), [Fe/H]= -1 (middle line) and [Fe/H]= -2 (lower line).
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Figure 5. Theoretical relation for (B — V) vs. HP for [Fe/H|=-1. The solid line
represents the relation for log g = 3 and the dashed line, log g = 4.
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than 3 A is indicative of a (B — V) colour redward of zero. Thus, only the region of
the (B — V') vs. HP relation redward of zero needs to be considered, avoiding the
problem of the turnover that the function has at this colour. This mean relation is
used to determine an approximate (B — V') colour for these stars, by averaging the

derived colour for each of the gravities, which can aid in deciding its type.

Surface gravity can also be used to discriminate between the two types, as FHB
stars have gravities that are lower than those of main sequence stars. This can be
determined if colours are available for the stars in question. So-called "Kiel Dia-
grams” can be constructed using the synthetic colours and linewidths. In essence,
given values of (B — V')o, (U — B)o and HP define loci on a graph of log g vs. 6.y,
where 6,55 = 5040/T, 45 and T,y is in Kelvin. The intersection of these three loci
define a unique value of (log g,0.sy) for the star, with an accuracy of roughly +0.03
in 6,47 and +0.3 dex in log g. In general, log g ~ 3 is typical for FHB stars and
log g ~ 4 is typical for A stars. Even these methods sometimes fail to resolve the
ambiguity for these stars, and high resolution spectroscopy is required for a clear

determination of their type.
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ABSTRACT

Photoelectric photometry is presented for a sample of 139 halo stars drawn
from an extension of the HK objective-prism survey of Beers, Preston and Schect-
man to the northern galactic hemisphere. The candidates for which photometry is
reported here were selected to span a wide range of types, but are dominated by
stars classified as type AB, A, or metal-poor (MP) .

1. Introduction

The HK objective-prism/interference-filter survey of Beers, Preston and Schect-
man has been underway for over a decade from the southern hemisphere; a total
of 193 usable plates have been obtained with the Curtis Schmidt telescope at the
Cerro Tololo Inter-American Observatory. Recently, this survey has been extended
to the northern hemisphere, where plates are obtained with the Burrell Schmidt
telescope at Kitt Peak National Observatory. To date this effort has yielded 92
usable plates, primarily in the direction of the north galactic pole. As described in
detail elsewhere (Beers, Preston, and Shectman 1985), each plate is visually scanned
to identify candidate halo stars (in the range of apparent magnitude 11 < B < 16)
which exhibit a weak or absent Call K line. Roughly thirty five percent of the
candidates are classified as likely metal-deficient stars with effective temperatures
typical of halo main-sequence turnoff stars or cooler giants. On order fifty five
percent of the candidates exhibit an He Balmer line which is considerably broader
than that of a turnoff star, and are classified as type AB (no Ca II K line visible) or
A (weak Call K line visible). The remaining 10 percent of the candidates selected
include likely subdwarf B stars, degenerate stars, and stars exhibiting a wide variety

of peculiarities in their spectra.

Follow-up photometry and spectroscopy of this sample demonstrates that the
HK survey technique is successful in identifying large numbers of the most metal-
deficient stars known in the Galaxy (Beers, Preston, and Shectman 1990, hereafter
referred to as BPS II). Photometry of the candidate AB- and A-type stars indicates
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that the vast majority of these objects are members of the field blue horizontal-
branch (hereafter referred to as BHB) population (Pier 1982; Preston, Shectman,
and Beers 1990a, hereafter referred to as FHB II). The catalog of field horizontal-
branch candidate stars is already very large, and promises to expand rapidly as the
survey continues. Beers, Preston, and Shectman (1988) presents a list of some 4400
AB- and A-type candidate stars. Preston, Shectman, and Beers (1990b, hereafter
referred to as FHB III) employ UBV photometry for a subset of this catalog to
infer the existence of a small, but significant, gradient in the mean color of BHB
stars as a function of distance from the galactic center. Additional data for BHB

stars in the north galactic hemisphere would clearly be very useful.

Originally, we had only intended to obtain broadband photometry and derive
metal abundance estimates for those stars whose Call K line strength available from
digital spectroscopy was consistent with a metal abundance [Fe/H] < —2.0. How-
ever, Beers et al. (1990) show that the correlation between Call K line strength and
[Fe/H] is sufficiently tight to allow metal abundance estimation up to [Fe/H] = —1.0.
As eighty percent of the low metallicity candidate stars picked out in the HK survey
meet this abundance criterion, we can profitably use photometric measurements for
virtually all of the MP candidates. A two-color (U — B), versus (B — V), dia-
gram provides a useful gravity discriminant between metal-poor stars at the main-
sequence turnoff and stars with similar temperature but lower surface gravity. The
division between hot metal-poor stars and BHB or asymptotic giant-branch stars
is difficult to draw from moderate signal-to-noise spectroscopic observations alone,

but is trivial to determine with UBV photometry (see BPS II).

In this paper we present broadband UBYV observations for 139 stars identi-
fied from the northern extension of the HK survey. In Section 2 we describe the

observation and reduction procedures that we employed. Section 3 presents our

results.
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2. Observations and Reductions

2.1 Sample Selection

The program stars were selected from the six northern hemisphere HK survey
fields listed in Table 1. For each plate we list approximate equatorial coordinates
of the plate center, galactic coordinates, and the number of stars observed in each
field. Positions for each star, accurate to two arcseconds, were obtained using the
XY machine at Case Western Reserve University. Enlargements of the objective-
prism plates served as finding charts.

2.2 Photometric Observations

All observations were obtained during a six night run in February 1990 with
the #2-0.9m telescope at Kitt Peak National Observatory. The data were acquired
using the AFP2 pulse-counting aperture photometer system, incorporating a 1P21
photomultiplier tube and standard Johnson UBYV filters. A solid CuSO,4 blocking
filter was included for observations with the U filter. Each observation consisted
of five integrations on the star and two integrations of the background sky in each
filter. The sky region was obtained by a 30 arcsecond offset in right ascension to an
area covered in the field of view of the guider camera. Care was taken to ensure that
faint stars were absent from this area. Integration times were adjusted for each star
such that a S/N ratio of 100 was achieved, based on Poisson statistics. Individual
integrations were no longer than 30 seconds. The longest total integrations were 400
seconds (U passband) for the faintest of the program stars. Offset guiding was not
deemed necessary, as repeated checks with the TV guider system indicated that the
star being measured stayed well within the 15 arcsecond aperture at all times. The
data acquisition software incorporated into the AFP2 system was used to provide
a first-order reduction of the colors obtained, along with their approximate errors;

this allowed for an assessment of the photometric quality of the observations as they

were made.

Standards were chosen from the celestial equatorial list of Landolt (1983). In
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Table 2 we list apparent magnitudes and colors (according to Landolt) for 28 stan-
dard stars with 8.08 < V < 11.80 and —0.24 < (B - V) < 1.36. Over the course of
each night, 20 to 30 measurements of stars from this list were made. Several mea-
surements were carried out each night at large airmasses (X > 1.5) to give weight
to the extinction solutions. Program stars were observed exclusively in the vicinity

of the meridian (X < 1.3). In all, 151 observations were made of 139 program stars.

2.3 Reductions

Photometric reductions were obtained by use of the method described by Har-
ris, Fitzgerald and Reed (1981). At our request, C. Reed kindly provided the
FORTRAN code which performs the reductions outlined in that paper. The trans-
formation coefficients to the standard UBV system were solved for using the full
set of standard star measurements, with nightly determinations of the zero points
and first-order extinction terms. These proved consistent with expected values.
Second-order terms were determined for the entire run, and in general represented
a small correction to the derived colours. In Table 2 we list our determinations
of computed residuals from fits to the standard stars. Internal rms errors in the
reduction are 0.011 mag in V, 0.009 mag in B — V and 0.015 mag in U — B, based
on the residuals of the standards used for the solution. Figure 1 is a plot of the
differences in computed and standard values of B — V and U — B colors for the
standard stars as a function of the the standard B — V color.

External errors may be estimated from the small number of repeat observations
(obtained on different nights) available for ten of the program stars. Absolute
differences in measured magnitudes and colors for repeat observations are presented
in Figure 2. The solid lines are locally weighted regression lines (lowess, Cleveland
and Devlin 1988) fit to the absolute differences in apparent magnitude and color as a
function of the mean apparent magnitude. If the residuals in our measurements are
consistent with draws from a normal distribution, then the range between successive
measurements of individual stars is directly related to the standard deviation of the

parent distribution (Pearson and Stephens 1964). The dashed lines are lowess lines
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for the implied standard deviations. The mean range in measured V, B — V, and
U — B colors for these ten stars are 0.036 mag, 0.021 mag and 0.027 mag, respectively.
Based on the calculations of Pearson and Stephens, these imply equivalent standard
deviations of oy = 0.018 mag, op—v = 0.011 mag, and oy—-p = 0.014 mag. It is
difficult to be certain of any trends in the data from batches this small. Nevertheless,
the range in repeat measurements in the V band does seem to increase for fainter
stars, an effect that may be unavoidable with limited integration times on an 0.9m
telescope. The ranges in colors appear roughly stable over the available span of

apparent magnitude.

Seven of the stars which are reported here have also been measured by others,
and a comparison of the derived colours is given in Table 3. These data were
acquired from the SIMBAD database operated by CDS, and are largely consistent
with the measurements of this paper. One exception is the V magnitude reported
by Mermilliod and Mermilliod (1990) for BS16027-061, which differs also from that
reported by Dahn et al.(1982).
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3. Results

Data for the program stars are summarized in Table 4. Column (1) lists the
star. Equatorial and galactic coordinates are listed in columns (2)-(5). The derived
magnitude and colors for each program star are listed in columns (6)-(8). An
approximate reddening for the direction of the plate centers, taken from Burstein
and Heiles (1982), is listed in column (9). The original classification of each program
star, based on the appearance of its objective-prism spectrum, is listed in column
(10). A colon next to the classification code indicates that some doubt exists in the
classification. A de-reddened two-color diagram for the program stars is given in
Figure 3. Four stars with (B—V), > 1.0, all of which were classified in the survey as
peculiar, have been excluded from this diagram. Plot symbols are coded to represent
the original prism survey classifications. Their size is roughly representative of the
external 20 errors. Included in this plot are polynomial fits for luminosity classes
Iab and III (Fitzgerald 1970), and class V (Johnson 1966 and Fitzgerald 1970). The
blackbody line is a fit to the data of Arp (1961) and Mathews and Sandage (1963).
From the work of Pier (1982) and FHB II, we expect the majority of the stars with
(B -V), < 0.35 to be members of the field blue horizontal-branch population.
Those stars redward of (B — V), = 0.35 are expected to be predominantly low
metallicity stars.

Much work remains to be done. A comparison of Figure 3 with Figure 8 of
FHB II establishes that a photometrically similar set of candidate stars is isolated
by visual scans (by Beers) of HK objective-prism plates obtained with the Bur-
rell Schmidt telescope to candidates selected (by Preston) from HK survey plates
obtained from the Curtis Schmidt. A dedicated program of UBV photometry of
additional candidates would be extremely useful for detailed analysis of the proper-
ties of the galactic field horizontal-branch component along the lines of FHB 111, as
well as for estimation of metal abundance as described in Beers et al. (1990). Philip
(1987) outlines an ambitious program of spectrophotometric observations of A-type

field horizontal-branch stars. Several of the AB- and A-type stars listed in Table 3
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are as bright as V = 11-12, and thus might prove useful for such an application.

We would like to acknowledge the assistance of Bret Goodrich of the KPNO
staff for helpful guidance at the telescope, and P. Pesch of Case Western Reserve
University for providing access to the Case measuring engine. S.P.D. would like
to commend the KPNO "First Response Medical Unit” for doughty late night as-
sistance during the run. This work received partial support from the National
Science Foundation via grants AST 86-17265 and AST 90-01376 to Michigan State

University.
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FIGURE CAPTIONS

Figure 1 - Mean differences, computer minus standard values, for observations of
standard stars for (a) B — V and (b) U — B are plotted versus standard values of

B-V.

Figure 2 - Absolute differences in observed magnitudes and colors for program stars
with repeat measurements, plotted against their mean V magnitude (a)-(c), and

against their mean (B-V) color for (d)-(f).

Figure 3 - De-reddened two-color (U — B),vs.(B — V), diagram for the program
stars listed in Table 3. Polynomial fits to stars of luminosity classes Iab, III, and V
are indicated, as is a blackbody curve. The diameters of the symbols are roughly

equivalent to the external 20 errors in the measurements.
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TABLE 1
Summary of Plate Fields for Program Stars

PLATE RA (1950) DEC(1950) I(°) b(°)  Stars Observed

BS 15621 10 17.9 +25 10 208.0 +956.2 57
BS 15622 12 52.2 +25 11 321.3  +87.7 1
BS 15623 13 58.3 +25 10 83.8 +64.8 1
BS 15625 11 46.1 +25 12 2183  +75.7 8
BS 16026 12 26.1 +30 12 1824  +84.3 55
BS 16027 13 12.2 +30 11 63.2 +84.2 17
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TABLE 2
Summary of Standard Star Data

Standard Values Computed — Standard
STAR N V B-V U-B AV A(B-V) A(U-B)

(1) (2) @ @ 6 (6) (7) (8)
BD+2 2711 1 10.367 —0.162 —0.708  +0.001 -0.008 +0.024
BD+5 2468 4 9.348 -0.116 -0.560 +0.019 +0.013 +0.011
HD 84971 5 8.636 —0.159 —0.770  +0.007 —0.008 +0.000
HD 100340 4 10.117 -0.242 -0.975  +0.001 -—0.004 +0.001
HD 118246 1 8.089 —-0.141 —-0.636 —0.015 —0.027 —0.008
SA 99-296 3 8.454 +1.187 +1.265 -—0.003 —0.004 —0.002
SA 99-358 12 9.605 +0.776 +0.509  —0.008 +0.006 —0.007
SA 99-367 9 11.149 +1.005 +0.829 -0.001 -0.001 +0.004
SA 99-408 5 9.807 +0.407 +0.043 -0.011 +0.001 +0.003
SA 99-438 8 9.399 —0.155 —0.719  -0.006 —0.005 -0.010
SA 99-447 9 9.415 -0.071 -0.217  +0.001 +0.005 +0.008
SA 100-95 5 8.915 +0.814 +0.391  +0.006 +0.004 -0.019
SA 100-241 5  10.140 +0.156 +0.102  +0.001 —0.000 +0.006
SA 100-280 5  11.802 +0.496 +0.009 —0.002 —0.012 +0.012
SA 100-606 7 8.641 +0.052 +0.125 —0.004 +0.006 —0.036
SA 101-281 5  11.579 +0.814 +0.435 +0.006 —0.003 +0.014
SA 101-363 6 9.871 +0.262 +0.121 -0.003 +0.007 +0.007
SA 102-58 6 9.380 +0.060 +0.021  —-0.004 +0.008 —0.008
SA 102-620 5  10.067 +1.087 +1.013  —0.006 +0.010 +0.008
SA 102-625 6 8.890 +0.552 +0.035 +0.009 -—0.007 —0.004
SA 103-302 4 9.862 +0.369 —0.058  +0.002 —0.005 +0.009
SA 103—-462 5  10.111 +0.564 +0.089  +0.015 -—0.008 +0.011
SA 103-526 8  10.903 +1.089 +0.941 +0.005 —0.002 —0.003
SA 104-337 6  11.207 +0.768 +0.336  +0.001 —0.000 +0.015
SA 105-448 5 9.176 +0.249 +0.037  +0.007 = —0.006 —0.004
SA 106-485 1 9.484 +0.380 —0.039 -0.015 +40.004 —0.004
SA 106-834 1 9.088 +0.701 +0.292 -0.012 -0.003 +0.018
SA 106-1024 1 11.594 +0.332 +0.085  +0.015 +0.020 +0.009
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TABLE 3

Comparison with Previous Photometric Measurements of Program Stars

This Paper Other Work
STAR V B-V U-B V. (B-V) (U-B) Source
(1) 2 (4) (5) (6) (7 (8)

15625-002 10.68 +1.51 +1.19 10.68  +1.52 +1.23 6
027 11.54 +0.30 +0.06 11.60 +0.26 +0.06 2
16026-010 10.10 +0.33 -0.03 10.08 +0.36 . 3
017 1065 +1.44 +1.24 10.63 +1.46 +1.25 4

10.62 +1.42 +1.27 6

056 11.00 +0.17 +0.11 11.04 +0.19 ces 3

11.05 +0.16 +0.09 2

11.00 +0.17 +0.07 1

16027-061 1266 -—-0.14 -1.20 1268 -0.12 -1.17 5
1286 —0.10 -1.14 6

070 13.75 +0.04 +0.02 13.79  +0.07 +0.02 6

. Slettebak et.al.(1961).

Klemola (1962).

Ljunggren (1965).

Upgren and Kerridge (1973).
Dahn et.al.(1982).

Mermilliod and Mermilliod (1990).

S otk 0o N
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TABLE 4

Summary of Photometric Data for Program Stars

STAR RA (1950) DEC (1950) {(°) 4(°) V B-V U - B Eg_y CLASS
(1) (2) (3) 4 6 © (™ (& (9 10
15621- 1 1027 29.8 +26 16 09 206.8 +58.512.38 0.66 0.22 0.00 P
2 1026 24.4 +26 14 18 206.8 +58.311.82 0.16 0.11 AB
7 102510.3 +28 03 26 203.3 +58.312.13 0.70 0.23 MP:
8 1024 50.4 +28 03 26 203.3 +58.211.24 -0.03 -0.05 AB
9 1025134 +274758 203.8 +58.313.59 0.25 0.07 A/MP
10 102519.1 +26 48 11 205.6 +58.113.75 0.65 0.21 MP/A
11 10 23 52.8 +25 59 38 207.0 +57.713.98 0.65 0.11 MP
12 1024 30.4 +25 37 33 207.8 +57.712.27 0.22 0.09 MP/A
14 10 23 43.7 +24 06 04 210.5 +57.213.70 0.68 0.16 P
15 1023 33.6 +23 4553 211.0 +57.112.26 0.14 0.16 AB/A
16 1023 30.5 +28 02 43 203.2 +57.913.36 0.65 0.02 MP
17 10 22 10.0 +27 55 06 203.4 +57.6 11.09 0.09 0.10 A
18 1021 31.8 +26 37 46 205.7 +57.3 14.19 0.67 0.18 MP:
19 1023 07.7 +26 16 11 206.5 +57.611.93 0.16 0.11 A
20 102132.1 +24 2305 209.7 +56.8 10.96 -0.05 -0.06 AB
21 1022 22.0 +23 56 09 210.6 +56.9 1249 0.19 0.12 A/MP
22 101907.1 +24 06 06 210.0 +56.212.85 0.30 0.00 MP/A
23 101908.0 +24 3120 209.3 +56.3 13.30 0.48 -0.05 MP
24 1019 21.2 +25 4208 207.2 +56.6 14.78 0.38 -0.27 C
26 1017 14.7 +24 11 51 209.6 +55.8 13.65 0.62 0.02 MP
27 1018 19.7 +23 14 33 211.4 +55.812.70 -0.26 -1.05 AB
28 1015 38.9 +24 3707 208.8 +55.6 13.89 0.61 -0.02 A:
29 1015119 +25 1547 207.6 +55.6 13.94 0.65 0.01 MP:
30 1015 50.7 +26 00 48 206.4 +55.9 13.41 0.69 0.22 MP:
31 1016 50.7 +26 38 11 205.3 +56.2 14.60 0.31 0.10 MP/A
32 1016 27.7 +26 42 31 205.2 +56.2 14.83 0.04 0.17 AB
33 1013 20.4 +26 1029 205.9 +55.4 13.73 0.61 -0.08 MP
34 1013 21.5 +26 04 27 206.1 +55.4 13.65 0.77 0.43 P
36 1012519 +25 20 54 207.3 +55.111.67 1.31 1.26 P
37 1013 17.5 +24 5915 207.9 +55.111.64 0.23 0.02 A
38 1011 30.9 +23 49 12 209.7 +54.5 13.39 0.49 -0.09 MP:
39 1011 02.6 +25 3318 206.8 +54.813.60 0.06 0.13 AB
40 1009 42.1 +27 32 30 203.3 +54.8 13.81 0.20 -0.03 A
41 1008 39.5 +23 13 56 210.4 +53.712.60 0.22 0.05 A
42 1007 03.7 +24 12 59 208.7 +53.6 13.70 0.56 0.01 MP
43 1006 38.9 +25 04 50 207.2 +53.7 1441 0.05 0.07 A:
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TABLE 4 (Continued)
STAR RA (1950) DEC (1950) ! (°) b(°) V B-V U-B Eg_y CLASS
(1) (2) (3) 4 ) 6 (™M (6 (9 (10
15621-45 10 06 27.5 +26 16 26 205.2 +53.9 14.00 0.62 0.07 MP
47 1006 46.6 +26 14 17 205.3 +53.913.63 0.87 0.37 C:
48 1014 18.0 +24 30 50 208.8 +55.212.20 0.26 0.08 MP/A
49 1006 39.0 +25 3702 206.3 +53.813.22 0.25 0.13 AB
50 1010 04.4 +23 3802 209.9 +54.113.92 0.58 0.01 MP:
51 1014 32.8 +23 1816 210.9 +55.013.97 0.45 0.09 A
52 1014 47.1 +23 13 33 211.1 +55.013.42 0.44 -0.10 MP
53 1017159 +230905 211.4 +55.613.59 0.25 0.04 A
54 10 21 04.3 +24 10 40 210.1 +56.7 14.13 0.46 -0.26 A/MP
55 1023 04.5 +24 1101 210.24+57.113.30 0.41 -0.14 MP
58 1026 50.6 +23 40 02 211.6 +57.814.38 0.35 -0.07 MP
63 1027 26.7 +26 3721 206.1 +58.611.08 0.99 0.82 P
68 1021 25.3 +23 0513 212.0 +56.510.32 0.39 -0.01 MP
69 1019 06.4 +26 22 05 206.0 +56.713.61 0.63 0.11 MP
70 1019 07.9 +27 26 28 204.1 +56.9 12.61 0.37 -0.07 MP
71 1012 44.2 4271519 204.0 +55.413.02 0.42 -0.03 MP
72 1014 29.2 +26 0513 206.1 +55.6 12.80 0.30 0.10 MP:/A:
73 1010 30.5 +24 1959 208.8 +54.413.53 0.42 -0.21 0.00 MP
74 1010 05.6 +27 27 30 203.5 +54.913.69 0.62 0.21 MP:
76 1008 02.9 +26 28 26 205.0 +54.3 12.92 0.44 -0.02 MP
77 1010 11.7 425 04 42 207.5 +54.513.87 0.43 -0.17 MP
15622- 36 13 03 49.7 +28 2021 49.9 +86.611.97 0.96 0.80 0.01 A:
15623- 1 14 06 11.8 +23 3502 24.9 +72.213.75 0.14 0.19 0.00 AB
15625- 2 11 39 33.5 +26 59 11 210.5 +74.6 10.68 1.51 1.19 0.01 MP:
15 1154 27.0 +254303 217.8 4+77.713.30 0.52 -0.08 MP
17 11 53 50.0 +24 44 53 222.0 +77.312.86 0.67 0.00 MP:
18 1157114 4252246 219.94+78.213.77 0.50 -0.15 MP
23 114759.7 +28 0107 206.8 +76.513.13 0.49 -0.04 MP
24 1150 00.8 +23 36 41 225.6 +76.211.81 0.48 -0.06 MP
26 1149 149 +26 38 37 212.8 +76.711.07 0.30 0.08 MP
27 115307.6 +23 1639 228.0+76.711.54 0.30 0.06 MP
16026- 2 12 14 52.1 +3206 50 178.5 +81.213.67 0.67 0.06 0.01 MP:
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TABLE 4 (Continued)

STAR RA (1950) DEC (1950) I (°) 4(°) V B-V U - B Eg_y CLASS
(1) (2) (3) 49 ¢ © ™ (@) (9 (10
16026- 3 12 14 40.4 +31 4551 180.6 +81.413.94 0.63 0.04 MP
4 121512.8 +31 3436 181.4 +81.513.66 0.66 0.06 MP:
5 1214346 +310225 185.1 +81.714.15 0.70 0.18 MP
6 1214 26.5 +3059 24 185.5 +81.714.35 0.35 -0.19 MP
7 1214215 4303754 187.8 +81.813.89 0.68 0.14 MP
8 121535.0 +3034 04 187.6 +82.014.80 0.08 0.18 AB
9 121516.8 +30 3147 188.0 +82.014.15 0.60 0.03 MP:
10 1214154 +29 51 49 193.0 +82.010.10 0.33 -0.03 MP
11 1214188 +29 1243 197.6 +82.213.56 0.07 0.13 AB
12 121504.0 +28 42 37 201.1 +82.413.94 0.58 0.02 MP:
14 121355.6 +28 0719 205.6 +82.214.72 0.21 0.13 MP/A
15 1217269 +27 54 06 207.1 +83.013.41 0.62 0.07 MP
16 121550.8 +28 17 56 204.1 +82.6 14.17 0.61 -0.05 AB:
17 1216 54.0 +28 39 31 201.1 +82.810.65 144 1.24 P
18 121738.6 +290106 198.0 +82.913.86 0.47 -0.21 MP
19 1215469 +3009 39 190.3 +82.214.20 0.52 -0.19 MP
20 121636.1 +320720 177.2 +81.512.34 149 1.19 MP:
21 122003.0 +321605 173.5 +82.11391 0.75 0.40 MP
23 1219274 +312319 179.4 +82.412.80 0.17 0.05 A
24 121951.5 4310412 181.3 +82.714.84 0.42 -0.01 C
26 1219 32.9 +28 20 36 203.0 +83.413.95 0.08 -0.04 AB
27 1219214 +28 0211 205.7 +83.413.66 0.76 0.36 MP
28 1220324 +27 43 53 208.3 +83.713.68 0.01 0.08 AB
29 1221222 +314353 175.5 +82.6 14.13 0.55 -0.03 MP:
30 1223 36.2 +31 3831 174.0 +83.014.33 0.51 -0.06 MP
32 1223354 +311648 176.5 +83.213.57 0.77 0.38 MP:
33 1224 33.5 +29 38 17 188.9 +84.214.46 0.55 -0.02 MP
35 1224 55.9 +28 01 30 204.9 +84.613.76 0.38 -0.12 A/MP
36 1226 14.2 428 37 11 198.0 +84.813.91 -0.12 -0.28 AB
38 122704.2 +29 50 17 184.8 +84.6 1294 0.36 -0.05 MP
40 122756.6 +311122 172.2 +84.013.35 0.40 -0.19 MP
41 1228424 +310801 171.6 +84.214.05 0.11 0.13 AB
42 1228 49.8 +305025 173.8 +84.413.82 0.58 0.02 MP
43 1228 32.5 4304115 175.5 +84.514.22 0.47 0.02 MP
47 1229 13.3 +28 28 46 198.0 +85.5 14.08 0.67 0.16 MP:
48 123017.0 +28 27 33 197.5 +85.713.33 0.90 0.54 0.01 MP:
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TABLE 4 (Continued)
STAR RA (1950) DEC (1950) ! (°) 4(°) V B-V U-B Eg_y CLASS
1) (2) (3) 4 6 ® (@ (© (9 (1)
16026- 49 12 30 06.7 +28 32 28 196.6 +85.712.30 1.27 1.10 MP:
50 1231252 +28 33 03 195.5 +86.013.62 0.59 0.00 MP
54 1230359 +29 54 00 180.1 +85.3 14.34 0.54 -0.09 MP
55 1229 53.6 +300646 178.9 +85.0 1448 0.59 -0.01 MP
56 12 3145.1 +30 56 21 168.7 +84.811.00 0.17 0.11 A
57 123024.5 +3118 35 167.9 +84.414.40 043 -0.14 A/MP
58 1229 55.8 +32 09 52 162.8 +83.713.46 0.66 0.12 A
59 1234 05.7 +322002 155.3 +84.1 1448 0.22 -0.02 AB
61 123254.2 +31 34 39 162.0 +84.514.25 0.15 0.07 AB
62 123206.1 +310109 167.5 +84.813.53 0.60 0.04 MP:
63 12 3202.6 +30 5252 168.8 +84.912.81 1.17 1.00 MP:
64 1232173 +304016 170.2 +85.113.80 0.54 0.01 MP
65 1232 30.3 +30 3207 171.0 +85.21342 0.66 0.11 MP:
66 1233 37.9 +27 56 49 203.0 +86.6 14.12 0.37 -0.10 MP
67 1233 53.4 +27 33 04 209.5 +86.6 13.39 -0.01 0.04 AB
72 1235104 +3049 35 163.6 +85.4 13.54 0.62 0.08 MP
73 1236 31.8 +30 59 14 159.4 +85.513.38 0.33 -0.08 A/MP
74 123452.0 +320150 155.7 +84.414.45 0.56 -0.11 MP
16027- 1 1303522 +325821 939 +83.612.82 0.33 0.01 0.00 A/MP
3 130453.5 +323326 90.3 +83.813.77 0.43 -0.16 MP
9 1303052 +311324 85.1 +85.114.11 0.65 0.15 E
15 1303 38.8 +303139 78.2 +85.514.06 0.53 -0.05 MP
28 1306 44.3 +29 1548 59.6 +85.712.80 0.60 0.12 A/MP
35 130621.0 +330808 90.9 +83.211.69 -0.01 0.06 AB
38 1308282 +324411 859 +83.211.73 -0.01 0.06 AB
39 130856.0 +3216 53 82.7 +83.513.79 0.64 0.12 MP:
49 1310052 +303710 69.2 +84.413.26 0.39 0.04 A
53 1310525 +313751 76.0 +83.614.60 -0.13 -0.55 AB
56 131038.1 +3253 56 839 +82.813.92 046 -0.19 MP
57 131353.3 +321241 76.2 +82.814.59 0.00 0.05 A
59 1312221 +314700 752 +83.313.94 0.06 0.03 AB
61 1314003 +29 2144 54.1 +84.212.66 -0.14 -1.20 C
63 1312214 4283859 48.0 +84.715.00 0.36 -0.20 MP
70 1317219 4293928 546 +83.413.75 0.04 0.02 AB
84 1322427 4300157 546 +82.214.12 -0.04 0.11 AB




57

CLASS CODES: AB- type AB; A- type A; MP- metal poor candidate; C- contin-
uous; P- peculiar; E- emission
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CHAPTER 6: A DETERMINATION OF THE ROTATIONAL

VELOCITY OF A SYSTEM OF FIELD STARS

The application of halo samples to kinematic models for the galaxy requires
a knowledge of seven things for each object in the sample: the three components
of both its position and velocity, and the form of the potential through which it
moves. Of these, only four can be directly observed, namely, position and heliocen-
tric radial velocity. If the number of objects in the sample is small, then simplifying
assumptions can be made with regard to the symmetry of the potential or the distri-
butions of position and velocity, in order to constrain the rest. With larger samples,
these constraints can be made statistically. It is also preferable, in any case, to use
samples which are uniform in general properties (e.g., stellar type and metallicity).
This ensures that the objects comprising the sample share other physical proper-
ties and the same evolutionary history. It is a relatively straightforward exercise to
determine the rotational velocity of a system of stars, and this determination can
be applied to important problems in galactic structure and evolution. The interface
between the disk Population I and the halo Population II must exist at some point,
for example, but it is not completely clear as to where one may draw a distinction

between the two, or even whether they are truly discrete. Eggen, Lyndon-Bell and
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Sandage (1962), based on a correlation of rotational velocity with abundance, argue
that the galaxy underwent a rapid collapse to its present form, with progressive

enrichment of the material in the disk from young halo stars.

Also using metal abundance and kinematics as a guide, Gilmore et al. (1989)
review the evidence for a third component of the galactic system, the so-called
"thick” or "extended” disk, which has high rotational velocity (but less than that
of the disk) and intermediate metal abundance, peaking at [Fe/H] ~ —0.6 and a
characteristic scale height z = 1.4 kpc, and which presumably formed during one or
more intermediate dissipative stages of the galaxy’s collapse. Norris (1986), how-
ever, using a large non-kinematic sample of stars in the solar neighbourhood, finds a
sharp transition between halo and disk kinematics at roughly —1.2 < [Fe/H] < —1.6,
suggesting therefore that the disk system is decoupled from the halo, and moreover,
that for [Fe/H] > —1.2, there is a marked increase in rotation that is smooth over the
region occupied by the "extended disk.” It should also be noted that Norris differs
in his definition of the ”"extended” disk, maintaining that it should be considered a

part of the disk rather than a separate component of the galaxy.

A sample of 592 stars, drawn from the southern hemisphere HK Survey, is
used to calculate the rotational velocity of the halo. From this sample, some 507
have metallicities which can be determined from the relations in Figure 4, and the
analysis which follows will include only these stars. There are two stellar types in
the sample: 269 FHB stars, and 238 stars with spectra similar to those of normal A

type main sequence stars. The stars have been separated according to the criteria
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outlined in Chapter 4, with the additional criterion that stars with [Fe/H] > —0.75
are considered A stars, and those with [Fe/H] < —0.75 are FHB, in order to clearly
separate these two sub-samples. While this division is arbitrary, it serves to divide
the sample into halo and disk components, where the disk component (the A type

stars) is so named because of their assumed young age.

Lance (1988) found no systematic motion for a polar sample of these apparently
normal A type stars, and suggests that their young ages require that they had
been formed in situ, rather than had been ejected from the disk. She therefore
postulates that they were formed due to a collision or merger between the galaxy
and a satellite. It should be possible to test this hypothesis with this sample, as
the A type stars here should show no evidence of systemic rotation, or, at the very
least, rotation which is markedly different than that of the disk, "extended disk” or

halo populations.

For a Cartesian coordinate frame centered on the sun, where the galactic center
is along the negative X-direction, the galactic rotation in the positive Y-direction,
and the NGP in the positive Z-direction, the distributions of this sample in the
Z-X and Y-X planes are given in Figure 6. The distributions of these stars in the
Z-direction over the range in their metallicities are given in Figure 7. It can be seen

that, over this metallicity range, both components of the sample are distributed

uniformly.

The pertinent data for the sample are presented in Table 3. The star identifi-

cations (Column (1)) are composed of the plate number from the Curtis Schmidt
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plate log and an individual number for that star. Columns (2) through (5) give the
1950.0 coordinates for each star, and Columns (6) through (8) give the measured
UBYV colours (where available). Column (9) gives the reddening for the direction of
each plate center, which was taken from Burstein and Heiles (1982), or from Preston
(1990) when available. In Column (10), (B — V') estimates from synthetic colours
are given for those stars without photometry. Column (11) gives the measured
heliocentric radial velocity for the star, Column (12) gives the detectqr used for the
spectrum (F = 2D-Frutti, R = Reticon), and Columns (13) through (16) give the
spectral parameters discussed in Chapter 4. Column (16) lists the type given to
that star from its spectral appearance of the plate (see Table 1), and Column (17)
give the final type which was assigned to the star. Columns (19) and (20) give the
absolute magnitude and heliocentric distance (in parsecs) for each star, and Column
(21) the derived metal abundance, again following the method outlined in Chapter
4. Stars which are marked with an asterisk are those for which KP was below the
measurable threshold, and so were not included in the abundance determination.
A number of stars are given a metallicity of "< —2.00,” and these stars are those
whose measured values of KP put them considerably below the [Fe/H] = —2 line of
Figure 4. It is assumed that they are of lower metal abundance, but this cannot be

confirmed without higher resolution spectra.



68

180 e 0ST V V 9% 180 STI1 €% ¥ 12 €0 €00 T€S- 1'661 618V 0I- S8060€0 92

9¢0- LI 0SZ V  :dN 6% SS0 ¥SOI OFF U 69 S0 €00 beS- Le61 VS PICI- SPIC0E0 91 -I8IZT
£80- G06S 090 €Hd N LL€ S0 Lk6 6€F U SEI- ° 200 L10- £L0 ZSWI 0L9- S6SI 10080 VIZERI0 OF

1L0- 2902 082 V  :dN €% IS0 €901 €€ M 1 S0 200 "~ "t g0L- 8091 6vECIl- 6902810 61

6£0- LWOZ 0ST V AN ILG 190 1021 €¥F M €&  9€0 200 £1L- 6981 0E0ET1I- 0801ICI0 2l —081ZC
650- 898 0SZ V AN S9F TS0 SO9I 89F ™ L- €0 000 0¢h ST2C LS Ke- SOE6I 0 €2

6V0- 660 0ST V dN 99 ¥50 6001 IIP ¥ 95 680 000 LT 961Z v Lvez- 091810 OF

90- " 0ST V dN b 950 9LT1 19 M 69 €£0 000 Lvr L% SIS £€SCel 08I

90- 6% 6¥T V dN 91V 090 ¥SVI S6F M ¥E- 0E0 000 oSk 881C VS6522- 6VSSOK0 S -LLITT
890- 682 0ST V AN 89F TS0 Lk6 60F M 8 €0 100 S89- 'OVl VWOEZL0- 6€C2210 SE

90 " 08T ¥V dN  £9% €50 9801 ¥b¥r M I8 80 100 61L- €21 SIGITII- T'9VFZ10 1€

9%0- " 08T V dN 8V 190 6211 68 W OI 1€0 100 C69- 91Vl 0TS0 9LYPLI0 LI -HLITT
€1- S6¥S 990 dHd 9V €91 TL0 Skec €9 Jd L SI0 000 LT 6T1C 119081- 9TV 110 9F

cvo- 1622 €¥T V V 6CF 290 ¥691 L£S Jd Ve 130 000 6 OVIZ 6V SE6I- T ¥

c01- 691 €90 @HA V8T €90 8921 €19 J ¥ LIO 000 " g OT1IC O 60LI- LT19000 LI

090- 081 €S V dN 89% S50 6601 T¥P ¥ S80I " 000 900- ¥EO0 6EEl T9F I'TIZ SCLS0O8I- €B09SE0 6

960- 8182 082 V dWN/V 68¥ €90 111 ¥W¥ Jd PI- S€0 000 "~ 69 £91C 989V 1T- ¥'808SE0 1 -£LIZZ
1S0- 6861 8¥Z V V 8hF 260 8961 269 M 1- 100 SO0 O£0 S6Cl T6h 6961 €28YOI- 9TV LZC0 ST

290- ¥e1 €9 VAN 19F 890 SCII 69F M 91 ° 100 £00- LEO0 6I'Cl S6b- OL6I €L6S0I- 8IS9TE0 LT

G8l- 1899 090 €Hd O 681 090 1891 009 M ¥I- 100 010 ¥E0 WLVl S6b- 961 9L II- VOV LZCO 92

180- 1689 090 €AHA O S9C V90 62l IS M Ll © 100 100 SE0 99FI PIS- 1'961 91 9T II- 1'6S81 80 ¥l -GLIZT
o9v0- 1998 0ST V  :dN LIS €90 ¥80I €9% M 8 ¥€0 100 T QL9- STLI 0T LP I1- 9SI8ST0 I

9L0- €Zv 090 dHd d/V WE 190 0991 S9¢ M 1z~ - 100 €00 830 9L€Cl 289 9OLI 1ZSYII- 9TI¥SI0 S -ILIZZ
980- 81T 0S¢ V AN 99G €0 0S6 6SF M 8 S€0 000 L0 L0 609V EI- 1'SSSIH0 IS

601- 63I1S 090 @HA dJWN 98T ¥90 1901 8% ¥ Ol "~ 000 800 €0 SI'bl 60 680% ST IPbI- SLPEI W ST 69138
g€0- 0091 0SZ V dJWN/V €LS 6v0 9¥21 SZ¥ J 0  8€0 000 : o9l LISL WL G0SI- OFP 9S00 LI

pLO- 0991 0SC V V 8L¢ €90 001 08 4 111 OE0 000 ThL- OWCI SSIETII- S9¥0S00 9 -9912C
r\v () (61) () (91) (91) (st) (b1) (eD) (er) (1) (o) G6) ® () (© (O ®) (€) @ (1)

2] ISKA YW AdAL SSVIO dM °M 'd dH J14d 13A A9 499 g-n0 A-9 A 9 ] oda (oset) vy UVLS

'sre)§ Y pue gH4 Jo Anawopoyq pue Adooso1ydadg g qe,



69

olo+ 0z 881 V. AN FEP IL0 ObEZ @89 Jd L6 SI0 800 g+ 9€LL VETT 13- L'ISSERl Wb

190- ¥80Z €T V  d/V SSE 680 SSLI 66 Jd L 20 800 9ct+ PIEE WEC0Z- SIZOEHl 8¢

680- 668¢ 090 GHA d/V 9 ¥S0 OLTI 89% Jd T 1€0 800 voet+ TVEL €POS6I- PESEERl  OF

£60- 1962 19 V @V C9F 090 I6€I 98F J IS 1£0 800 9L+ TSEL 600Z8I- OFVIEFT 67

9%1- 6. 090 GHA dJN 697 990 8601 86€¢ J €9¢ SEO0 800 6'9¢+ 8¢€LC 01 6261- TI0ZEHI €I

1£0- STPI 6T V N 00C S0 SSBI 1I'S J 03 0€0 800 S9g+ bEEe Th LS61- 092 IE Kl Ol

SI0- SI8I 0S5 V  dN L9 VSO €v3I ISP 4 8- €0 800 6St+ VEEL 08202 I6heehl L

680- 161 090 GHd O 60C 990 €SI %% Jd €lI- 80 800 L'SE+ 9776 016502 6LE0EVl 2

0%-> 85ZL 8.0 €@Hd dV " SL0 8S9E Z€L Jd S 800 800 gCt+ 7TLC CLT01Z- 09Z62F1 1 -1.8CC
Wo- 6/ 9% V  JdN  8SF 090 €SI ¥6S M 2 820 000 Ll TOWC OV L8Th S0SLEH0 O

£90- 68 6% V AN THE 090 9LSI 69 M IL €20 000 vZh- 80K 00008E- 62SZEH0 O 16122
990- €62 €T V  d/V OLY 0%0 1101 2% M I8 80 000 99h- ¥T70C 900SZI- 9ICHED  TE

o 16ee 80C AHA €V U TS0 TICl 6bv M oIl- ¥I'0- 000 T €60 TH6ILI- 90E0S€0 + ¥ -061%2
0c0- €L ObT V  :JN S8LF 090 €61 99¢ M 8¢ 90 o " tg09- L¥6l 00SZSI- €ThER 0 T

990- O¢vi 9% V AN 98€ 990 9LSI 208 M 13- T W0 000 OE0 OLEl 609- V88l L8pTI- I'I0LLZ0 8

Z1- 608 090 @Hd VST LL0 63LI ¥8S M OZI- ° 200 800 1€0 SIFl ££9- 6681 00SHbI- T900E20 S -6812C
121- 2628 090 @Hd dJN 987 SS0 SSLI €8¢ M ¥ 000 WO 830 TPl TG VST L56S€E- 1928 H L

TU'T- W9 090 GHd dJWN  EIE 290 60El LY ¥ L6 000 K00- LE0 ©6€1 TH- VLT 61 VEEE- 99SITH0  VE —981%C
£L0- 69 05 V N OCh IS0 1IP0I #2F M 9 S€0 0 & ' G08- 610C STHIVI- 0CE62E0  2E

0L0- 0%61 0SC V V SV SS0O0Il b M 8 KO0 90 108- 670 PI6CPI- SOIZEE0 63

S8L1- 628 S80 €HA O Lb0 €L0 28G5 8SL U ¥ 00 900 T1S- 6861 009S2I- STIECE0 LI

650- 286 09 V AN S9F €50 6211 8 M S €0 90 T t 688 L661 SEICWI- 8STHIL0  Of

"t 66 T ANd @ U 8Y0 IS6 Z9¢ W 09 T S00 O1- 820- OISl S¢S OW0Z 6pSI9N- CHIVEE0 4 € -S8ITZ
L0~ 00y 090 €@Hd <IN L9€ TS0 €9€1 €0S M € 0 0 000 €O SLEI 863 9881 WOSIZI- 69500 €L

6V0- SE S¥Z V AN Obb 990 LICI €S ¥ 6 80 o "t p09- €681 IEVEOI- IPT2€T0 11

190- LV WT V AN ELC S90 OLVI 61S M W 120 200 G6S- T6L1 L28I80- PIS6L20 S -I8ITT
Sh0- 9V 08 V AN 96F 250 6901 S8 M € 2€0 000 6Ch- 8760 SHELIC- COPTH  9OF

Ch0- <962 9T V AN SSF S50 ¥8FI ¢ M 9% S0 000 £Ch- L63 O19C08- 69LFI¥0 81 -281%2
(1)) () (1) (1) (or) (o) (s1) (b1) (€D) (1) (ix) (o1) (6 ® ) O @ ©®) () @ (1)
H/ad) Isia AW FdAL SSVID DI 24 Y0 dH JAd TAA A9 A 97 g-0 A-G8 A 9 ] 0da (0s61) Vi ¥vis

(panunuoo) ¢ 9qgL



02> 2608 SL0 AHd GV " 690 0805 OIL U ¥l OI0 €00 CIg- G9LE LE8E09- LVEES6I 19
02> 1208 080 AHd GV " 9L0 ¥8CC WL M S 00 €00 TIe- 998 ¥V I1S09- V6L IS6I 29
161- 866 180 €@Hd €V 1v0 LLO LVEZ T¥L M 16 200 €00 0'16- 696E SPOI09- TIT0S61 19
07-> 1605 S0 €Hd dV " LL0 066l LIL M SiZ 600 €0 tZIg- 0°L6E 9ET109- SEPIS6L 65
PWee Syl dHd 9V Vb0 190 SE€I IS M 6 €00 620- 1O0- OI'PI L08- SLEC 108V 6S- OV LP 61 + 9
8C1- 6128 ¢90 °9Hd @V SCT 260 SISl 2€9 M 0& S0 €0 ' U8 GLEE 6SLF6S- S6I0S61 IS
PLT- 8%6L 080 GHAd 9V 890 S0 8I'€C €L ¥ 66 00 €00 L08- 6.8 111269~ 60CLV61 09
G61- G88L €80 @HA dV SLO KLO 1S0C ¢SL M € 900 €00 L0S- GL8C T ST6S- £TOSY 6l 6
02-> 8908 LL0 GHd dV " TL0 90 %L M Lz 800 €00 I'1e- L8 WOOF8S- V6LOS61 L
0 0 68T V  d/V €LE 090 00LI SLS M ISl €0 €00 808- 9668 SL9S.S- 61Z6V6l 98 -£L8%2
1L0- 6€kc 08T V gv 18 090 896 €€v M 89 S0 L0 " C  pegt TPl LP9T10- VEIIEOT  SEl
L97- 1988 090 @HA €@V TCT 780 THSI £89 M 90I- "°°  L10 ObO ObO 6%l L8Z+ SCI SKOIZ0- 9122691 821
L91- 65y 090 €HA AV V1 690 86€C €¥9 J b T LI0 060 0 6EFI L+ GOl L2090 16C0EOl  8II
8¥0- 100 092 V  dWN ¥59 950 ¥26 1v M 08 80 LIO " Ut Lol €260S0- €SITEOL Ll
8C1- S8EC L90 AHd @V WOI TLO 66€C €SL M ¥ T LI0 90 160 SIEl 8L+ L6 TrIESO- ¥EELZ Ol ¢TIl
¢60- T 8S0 @HA V  ObZ ILO ££%C 69 M 91 " LI0 060 60 g8EI ¢8CH O 9EICHO- L0691 L0
800- €1 0SC V V LF9 650 1071 86% ¥ - €0 L0 90¢+ €6 ISTIH0- €6SLIOT 6
06k 601 GHA Y €KO V80 OBLI 289 M ¥ ° LI0 €00 OI'0 60T £08+ ZOI 6HOVED- VL0091  Sb
6ST- €908 960 @HA €V LK0 TL0 8SSC 80L d €I- L0 220 610 20SI 918+ ¥OI 930820- £280191 12
160- ZHIE 090 AHd dWN 99T 890 LZSI 96 Jd I© L0 TI0 Ov0 ©9€1 TTe+ 001 Tvorzo- SWSEI9 61
V0~ V61 LT V. AN 36T €90 T9Fl LIS Jd LI L0 620 0£0 SLEI 608+ P8 O0SOFFO- I'COSION 6
GCI- 182 090 @Hd dV 1¥Z 090 161 ¢ M ¢SS L0 ¥I0 LK0 €CCI 018+ 6L 62SSHO- 9CCECIO S  -TUSW
bLO- €01 28T V AN OIC 690 9261 SS¢ J 22- €0 80 t g¥et TL6C VCSS6I- 1SO9P KT 801
660- €F 090 GHd dWN SE€ 6V0 €HTI S6€ J S  9€0 800 9¢e+ €168 TE8K 0T~ TEE 6P VI TOI
060- 989 990 @Hd dWN <T0T 0L0 2922 W9 Jd ¥ SI0 800 9ge+ S9eE 9CO1 1Z- 6TI LV ¥l 001
TIe- G6v. 650 AHd AV €90 690 9SLI €2¢ J 60I- 020 800 cog+ L9ge 1CL881- TOTIPHI 98
. gT9% C°CT GHd AV STO 9¥0 €891 1P J4 66 SI0- 800 g9e+ 086E TIISLI- LEIVP I + 18
060- 1629 €90 AHA €9V SIT 1L0 8922 €9 J 66 910 800 gLe+ LISS ST LI- 6TTTHV T8
0Z-> SZIL ¥80 dHd €V " 8L0 88%c WL J S0I- 900 800 698+ 99¢C OLKZSI- TRIOPKL 1L
161- %296 090 @HA d TVI 690 ZbSI Ob9 M 82 800 S8I0 SK0 SLSI 6Se+ VSEE 9SHh6I- PSHSEHl 89
G0~ 29% 0SC V  dWN LTk 790 TOFI L2 M 69- "° 800 TO0 Ob0 6LVl €SE+ PSEE 00FIOZ- STIOPKI 99
000- ¥691 122 V  :dN OFE S90 6b0C €6 J ¢€8- 120 80 Ve 9KEE L0023 12 LIC6EVl S
680- S 090 dAHd dJWN T SS0 THEI ISP J W1 €0 800 Tt LVe+ 676E 988V I1Z- S6EEE Pl Lb -1.8%2
(12)  (02) (61) (81) (91) (91) (s1) (1) (e1) (@1) (1x) (o1) (6) (8 () 9@ @© (¢) @ (1)
(H/ad3) ISKA W AdAL SSVIO &I 24 90 dH 14d TdA A9 297 g-nN0 A-d A ¢ ! oada (0s61) vd UV1S

(ponutjuod) g JqRY,



71

L0~ €8 T V  dW €T 090 991 1SS ¥ - $Z0 00 geet €92 SIS0+ IShog9l L¢
€62 T GHd Y W0 9011 66€ U L&~ 910- SO0 9K+ 09 £SES60+ 0T0ELIT 4 IE
LI0- bi9E 8% V  dN OLV 290 2681 86S ¥ e @0 900 ZiE+ 69 SESTOI+ T609E9 62
vV0- SS9 8% V  dN 6SF 250 ISHI IIS U VI- 60 S00 g+ 02 WICOoI+ €86SE9l 82
S60- bE8L 120 AHd dN 991 190 OpIz L9 ¥ 90I- 110 00 Vgt 02 OT HO60+ 8612691 Tl
6L0- 999. 090 AHd dJN €8€ 990 28I SIS ¥ S9- 20 S00 g+ LW SC6hsot £01 2891 Ol
0%-> p£8L 1L0 €Hd €@V~ TLO W1 289 ™ 8SI- 110 <00 ¥t 9be I1S0p 8O+ 0CCZE91 8
291- 999L 080 €Hd H@V 890 120 6L€ SEL M 8¢ 200 9S00 St 0% OvEZ SO+ 0120691 9
OI'l- 206L €90 GHd GV 61 190 20€2 SI9 ¥ 96 LIO SO0 It €2 EESL0+ S80IE91 | -8IS%E
8VI- 9918 090 @HA @V 88T €90 ILSI €09 M 6 000 €10 860 OISl beSt OCIC 06 Tv80- TLVIEl 8¢
860- GS8€ 090 GHA €V I1€T b0 OLIT WGP M 191 " 000 II0 130 €S€I S€S+ TSIC 90€280- IBIBIEl 9
Wl- 1288 090 AHA JN  LLT V90 SL6I 166 4 6- 610 000 & “tog0gt CTIE LIl LLO0IEL b -LS®T
6V0- VLT 66¢ V  JdWN  9I'h SS0 8891 LS ¥ 8 90 000 109- €0 ©00V6E- 08Y9ETT  6F
G0 8IL 092 V  dN €6F 150 ¥8CI S¥P ¥ S S€0 000 TL1S- TE 1LEp8E- SIE0LTC Ol -SI8%C
W~ 12% 090 €Hd ‘A €61 190 066 0IS ¥ 06 600 ¥20 80 86Tl 108+ €T6C 9L W09 SSTIPKL  SEl
G8%C ¢ AHd AV C 0S0 2971 s8¢ Jd £ 910 600 "t g0gt+ THEE 6SGERT- 6LIOFFI 4 1CI
Wo- ISV WWZ V. dN  Lbb 850 LWL 9%C M 8- K0 600 "t Z0gt 9VEE TISSHZ- SSSSYEI 0TI
690- 88/ ST V V WZTWOoI6SI 129 4 6 810 600 T0c+ 9€eL 6S¥5SC- LSTSHbI  SII
090- 2L SIT V V  6It 190 902 %09 J4 € 610 600 ©Lsgt 068 03SS9%- I8SOP Bl Il
090- 0062 691 V V vz 690 10% 989 d4 S+ 0 600 " "t gegt 61EC L 96k THEL 601
S0 WHIT WZ V. dWN  TI'V 950 6601 OLv M 8- ° 600 000 9L0 SECHI 1€t L 1S CLLIRFL I8
L0 80ST 8¢ V ‘AN 68€ £90 OvLI 66C J4 I SO0 600 “* gget 9TEL SCSPEI- OLILEWI  BL
880- Tl 0L0 €Hd V 981 &0 98¢ SOL M 18 600 210 130 ICHI Tq¢+ LTEE THIOVS- 6GBISCHl oL
£80- 6¥LF 090 @Hd dJN 08€ €50 S6L €F ¥ 1S 600 FI'0 €0 80Pl 662+ T'IEE 00ZH9Z- BSSLEHI 09
0 100¢ 0ST V  JdN OLS OL0 6911 6% M 0S- €0 600 “tTIet TIEE 2086SZ- STISEHI s
LWT- 2018 090 GHd  dJN  20€ V90 9601 91 J Tl 0 600 T 1t 07€E SI 9L SECOEVI  OF
0S0- I8L1 I¥Z V  dN LI 090 20€1 6IC M Ll °° 600 €00 S0 GS6EI 8€E+ SICE GIEHTZ- SLIVERL €
£ST- G 090 €HA VLK1 €90 9¥0C £S5 d 8- WO 600 " " peet O1EE S0LEEZ- SPIOERT 1€
1ST- TSeL 090 dHd AV 62T 990 8091 8¢ J 08 610 600 8ee+ 906E 1062€2- 6918Vl 8¢ -hi8T
1L0- S8 S¥T V  dN SLE 290 L¥SI 2869 W SEI ° €00 100 TE0 08Bl T'HE- OSEE 600S19- 0ZESI0E 99l
SI'l- 0999 090 GHd €V 1¥Z €20 6I€C ¥6S M T €00 L00 0£0 ISPl OI¢- €96C €20S09- 662661 99 -EL80T
(1z) (o2) (61) (81) (91) (91) (g1) (¥1) (eV) (1) (1) (o) (6) (8 () 9@ © (e @) (1)
[H/3) ISKd YW FJAL SSVIO 4 24 o0 dH J3d TIA A8 299 g-N1 A-9§ A 9 ! 0ad (0s61) vd UVIS

(panunuod) g aiqey,



0L0- 195 0SC V  ©V 6SF IS0 6911 800 d ¥8- 20 bIO T tLVE+ TlSC OEVEG0- 9LPSEST  SS

880 1€09 090 @HA dN 9VE Sv0 IOl €€ d4 61 " IO PIO- 9v0 S6FI 896+ 99SC IPEC80- 9OV IESI O

SL0- 8% 1T V V ST 90 WX 129 Jd 85 PI0 E£I0 €60 €SBl T9c+ €GSE ISPE60- L9EO0ESI EI —488%L
990- 65K S€T V  dN 6vE 190 ZI'SI 9 M 19 000 800 %20 OLHl €19+ 01 STSIOI+ CIPGVPI 05 -£88¢2
£60- 2169 090 €@Hd dN 6L% ¥90 1Sel LIS ¥ €I- %0 100 "' bG8 06K ZrIC0L- SOEEC00 €2 IS8
781- €18S ¥80 AHd A SKO €20 €502 SSL ¥ ST 90 600 tgee- VS V6013 TSLvOT 021

890- 0681 0SZ V dWN oIV 190 €¢I €% ¥ OI- 180 600 "~~~ "t 1Ge- TLL SKEV6l- 0TT6KOT  WIT

L51- 9268 090 dHd dJdWN  SKIT 990 98FI 9SG M S+ " 600 900 €0 L.Vl 8€C- 08¢ ITIVSI- VIZSHOZ 68

9L0- 68Cv 090 @HA dJdWN S0C 290 SL'SI SS M IS- *° 600 %00 €0 SOVl 9Fe- TSC OCOI1Z- 6LISVOZ €L

OL1- 0IZZ 980 €Hd €V €50 180 8I€Z 092 ¥ 1I¢ <0 600 "~~~ tO1SE- 9W SCERIT- T9L9V0T 89

WIl- W 6.0 gHd dvV 860 120 80%C 1L M 98- 800 600 OISe- 0V TEWI - 18SSK0C 99

0¢-> 0sk 180 GHd €V " 080 Lv€Z 6L M S8II L0 600 Ve VET LT 6VITHOT W9

¢6l- 05 780 @Hd @V 8E0 9L0 96l 0SL U I~ 900 600 Opee- 9CC LSLSIT- 9MESE0Z 19

02-> 8I1z. W0 GHd dJW LLO 806 69 M 062- 110 600 tLge- SCC S19SIT- FIOOKOZ 09

gL1- 69ty 880 €@Hd €AV Lb0 920 6822 OLL ¥ £ WO 600 0¥ TW OISVIZ- OLIIV0C 63

SLT- 1522 690 AHd AV 650 2L0 €6%C Z€L M CIl- 00 600 t9ge- TV VSSEIC- 98E6E0C LS

9T- 1bF 080 GHd €V  ¥90 SLO SI'9Z S€L M Ie- 200 600 "t gee- 09 Lb6S0Z- SLLIV0C VS

02-> 28I, L0 GHd 9V " €80 6I€C 0L ¥ 962- 800 600 ' gge- 09 €SVS0%- 09T OPO0C €S

0% 6K FL0 GHd AV SE0 620 $9LZ 10L M 9EI- 010 600 ' gge- €9 CEIVOT- LSYOPOT  O0S

9T Sy W0 GHd AV 6L0 220 ZI'SI 689 M I&- 110 600 ' gge- 69 IZELI0Z- 90CIV0Z 8v 088
0L0- 906 €T V dN 6S€ 090 €€ 12¢ ¥ 8I L0 W0 90 €S WhOVIE- LISSS0C €SI

T W% T @Hd @ 6v0 8¥gl @b M OBl T 200 VW60~ €20 8Bl €0 SF  STE58E- KEOVIOC 4 GF

G0~ 802 0SC V JdN 78S 890 8¥ZI 0S¥ M I 90 W00 80 9¢ LE2068- 900950C 9¥1

SLO- 6K €T V AN L¥WE L0 L%l 9IS M IS 0 W0 T 0 9IIE6E- 980880 vl

€0- 1122 082 V dN 9% 290 8LCl 1€V ¥ 29 SE0 200 "t g8e- Iy IC608E- 8TEEHOT 101

090- S0I1Z 0SZ V dWN Loy 950 8L2I 06 ¥ 6 0£0 00 "t g8e- €0 9SW I TO0SIVOZ €9

6v1- S¥29 090 @HA dJWN €81 €90 612l 28y M 9 20 T00 "t Qle- 6V ESEPLL- TES6E0T  IE 6.8
160~ 98¥9 TL0 GHd AN SST 690 6IFC 289 M OF 110 900 togIet 69 08%060+ I OPOL 801

IST- 9L €0 GHd dN 960 280 W0EC 889 M 6LI- 110 900 oreet 166 LZISTI+ €00IKOL 08

190- 66V6 €T V AN ILE 190 06SI 29S¢ M 61 20 S00 "t Lget 61 SOLI S0+ 6808EOI 05 8872
?\ (0z) (61) (81) (91) (91) s: wr) (e1) @1 ) (1) © @6) (@) © @ (€) (@ (1)

ad] 1SKd AW 3dAL SSYDD i toqq JH 144 TIA A9 299 §-N A-9 A 9 ! 0ada (oss1) vy VIS

(panunuod) g 3qgy,



73

SIl- 1619 090 GHd V 681 OL0 S8FbC 199 4 ST~ 200 F¥I0 120 29FI 6%+ 81 L2G000- 2SI8ISI 9

VI'l- WSy 090 gHd JWN 88T 090 ¥6T1 906 M OI- °°° 200 110 90 60FI OSH 21 £S8100- OIFOIST 2

010 86¢6¢ 912 V d/V £SF 0L0 S¢Ll 229 ¥ Of- 00 o “* goht 68SE WOILT10- 96V OIST I —06802
€l- 6H8 090 AHd AV  1ST VS0 FSLI 0% Jd 8S  ¥E0 €00 916+ L1Z¢ 968160~ SHELSEET 8l

6L0- 6908 090 @Hd €V S0€ €90 S€0¢ SFS Jd ¥IZ 0 €00 LIS+ T6IE 8€L860- TIT63ET L

GZ1- 8S6L 080 GHA dV P01 9.0 €622 SZL d4 091 200 €00 96k+ V6IC PISCII- 96SIEET 1 68822
19T- 1889 090 €HA JWN 881 990 PIOI 2€F ¥ 61 I€0 000 089- TT €I8LOC- 6IZVICE S -888CL
WI- 0128 090 €HMd V01 €L0 9¥€C 9%6S J4 L9 S8I0 €00 LS €98 O0SLEII- 61P8P T €8

810 8662 SZ V d/V 06F 190 z¢81 6. Jd SE- ¥20 €00 peS- 993 SZOVOI- 1600V T8

680~ FIIS L0 €Hd d/AV 8T 8L0 1T0€ 989 J #CI- 110 €00 1SS FKS 6SCOTI- 861628 LT

70~ 0661 05T V V S 290 201 81y 4 €& 80 €00 LTS 9LS TIS0S80- SIVEEe Tl -I88¢T
00 CSI81 WZ V dN/V 68F 190 Z€81 L6 4 O 0 €00 07S- L€S 80SV60- 890K L

£L0- 91 08T V AN Skb SS0 286 SOF Jd4 1z L0 €00 g6~ 625 SI1060- €W LT (08

090- 90 052 V dN Evb 650 SPZI ¥ ¥ I €0 £00 " g9 808 VZESOl- £Ev¥6I T ¥
W6l T GHd gV T 090 LSl €8F Jd S6- 0 €00 €L0- FI0- GLEI SO0S- SSF 9ESHII- TLVEITZ «

pi0- €81€ 0SC V  dWN 199 290 ¥801 99F ¥ 9. 90 €0 T g8 178 109680- £SKOI T ST -988CT
o~ W6 08¢ V  :dN 999 €50 926 66€ U IE- I¥0 €00 TS Lt €018 €85.500 061

960- @6l 082 V dN €£9 090 €26 Wy ¥ ¢ 00 €0 "t 09¢- 8€ THETSE- CSHIC0C 881

B0~ 6v19 090 €HA dJWN PEE 2LO V6IT TIS ¥ 8 - €00 WO €0 ¥Vl 8- 1€ ErIgse- 10808  6L1

0 901 0952 V dWN 8 190 2911 29%v ¥ 6- €0 €0 " "t 6Ge- ST L2IT6S- TIVOEOE  WLI

8L0- L. 090 GHA dW T8€ 950 VOl 65v ¥ OI- Z€0 €00 T9E- 86SC STSC I TI9LOLOE P9l

¥90- 0801 052 V  dJdWN 60V 090 €821 18y ¥ 98- 1€0 €00 C08- ¥6SE OV LS T L80ZE0C 91

960- 1818 090 GHd €@V 681 OL0 6961 Ov9 W I8 SI'0 €00 LSE- €6SE €000 TSSL50C 191

001- 126 090 €@Hd dWN TLT OLO 1S2I 28y WM 8 80 €0 "~ Tt 9¥e- 81 TOSK6E- 661€L0C Sl

680- L06F 090 GHd dWN 6T V90 €9%I 6% M SL- " €00 ¢TI0 20 SVl P¥Ee- 8€ 1C208¢- LIEECOC SOl

660- €I18L 090 @Hd dJWN 00€C €S0 TI€l 8% M &2 180 €O "~ 6T OV 6vIbLE- TWOIG 9l
02-> 618L 80 GHd 9V " T80 LIbC 9L M 6 S0 €0 T - "t 9ge- 81 Lb9L6E- 0CESIOC 66

Ovil- 996¢ 090 @Hd dWN 261 SL0 SLSI SIS M 9¢ ~° €00 €10 00 ¢Tvvl 9%e- ¥0 WS VSOb 61v220C 6

102 L9528 190 Ad O S90 290 L9%C ¥6S M &6 810 €0 Tt Lge- 009€ 62601 THLIG 68

121- 98IS 090 €Hd :dN 98T S0 €521 Wb M 09- °° €00 200 ¥O0 Lzl T€- €T S09068 VSEOI0C 8 -S8%%T
(1z) (2) (61) (81) (91) (91) (1) (1) (1) (21) (1) (o) (6 (® () 9 © (¢) (@) (1)

2] ISKd AW AdAL SSVIO & ¥ %0 dH 13d '13A A9 A8 g-0 A-8 A 9§ ! 0dd (os61) vy ¥vis

(panunuod) g aiqy]



74

880- 929% 090 dAHd dJWN LVE 2S0 SEEl 16F M IS 00 S00- €0 66Cl 18S- VI6 95500+ 6Ch I EL €

T81- G699 090 GHd O  6I'l b0 ILCI €S U 085 00 200 80 OLbl L9 168 PIOIO0+ 9€C6EEC O

01- 6%9 090 €HA dJN 8ELC S0 BLII 9VF M IL- 200 200 I¥0 SOFI 98%- 698 EISI0- 9HLL8€C OF

@Il- 1SS 090 gHd 9V 82C €90 099 1€S ¥ 11 200 900 620 Ll 68 8.8 CTISOI0- LOV6EEZ 6 -¥68CT
v 188L OLT @Hd  JN 820 OL0 S¥6 OSF M 6L C 000 LE0- O10- 89 885 S€9 SEII60- TIST0ET « S

PSI- S68S 090 €Hd dJWN 99T 280 L¥SI 628 M 08- %O 000 & " GlS- V99 ErESL0- 63106 6 -£68%2
0~ CII8 090 GHd dJWN €8C IS0 7SPI €08 ¥ & L0 00 80S- 99% OV6STI- 62SCITC €9

G0~ 768 WT V AN 9IF 50 86l S M 1€ 0 200 8IS ISh €ZPIPl- T6IVITE 68

6L0- 9%8. 090 €Hd AN L6€ 950 166 €V M LlZ- 0 00 o ge8- Itk WSESI- 6LV 8

G0Z- Ve6h 090 @Hd HY 660 OL0 166 61 M 99I- ° 200 100 SE0 C€IPI VIS Ve Lp10GI- PRIIIZZ 8P

001- 109¢ 090 €GHd dWN 06T 190 Z2SI ¥8S M 9 200 WO T€0 HLTI S0S- €Iv 110SSI- 615902 L&

£61- 796 090 @Hd dJW 061 650 FIOI 8¢ W 881- YE0 200 €20~ €0 6LVl L6 VEv 9IGIVI- VOYWW

0L0- 165 66C V Y 6vE €90 8921 98¢ M IEI- S0 200 I8 0% S 9Pl 60812 €I

Il ¥e6b 090 €@Hd N S6C 090 6ZFI S ¥ S9- 00 110 9¢0 EIFI 16 VIb EI9ISI- 6610022 11 -368%2
660- ¥ 09 V AN L6 ¥S0 FIOI 02F M 12l 8L0 900 * 1'6g- CL68 TI0S6S- SSHIE6l 61T

TST- 8C0S 090 AHA AN 0ST 190 ¥ETI W6F M € S0 010 L0 STVl S8 G9EC 128009 SLS636I  LIT

W0 €166 €%% V JdN FGC 190 16F1 69F Y 0l 0 910 920 ILPI 063 896E SOPI09- 6TSCE6I 91T

091- 296 090 €Hd dJN 681 890 TvOI ¥ES M WI- S0 ¥I0 L3O FOCI ¥62- 1'96C SCE€S09- P6IOL6l 11T

k0~ 21 0S5 V  dN  9LS 280 WOI IIP ¥ S 660 S0 “t glE- 698C €LT009- 0SHEZ6l  SLI

961- 649 0 @Hd V 6v0 SL0 299 LIL ¥ 68 T S00 10 9I0 8% ¥L3- $8EC 61 968S- SB0TZ6I 191

Wo- S8HIE 05 V  dJN 08F 850 I6FI S0 ¥ S5 060 S0 T T V6EE SOShlS- LSCIZ6l ISl

G60- S6LL L0 GHA AN V9T 1L0 S80Z 189 M €2l 10 900 T9- 68 2GL08S- VOIBIGL 1Bl

v I8 81T GHd D U €90 6KSI 9V M OI- SI'0- 900 69%- 166C 9£8SLS- £E€T6I61 + 61

860- 9919 090 €@Hd dN 1Z€ L0 WII 6@y ¥ €9 10 9S00 022- 08¢ 0S2S6S- SO0SLI6I 6l -16822
180- 688 090 @HA V bHC 190 2891 S¢S Jd 1€~ " 200 T00- 1£0 IIPl ¢+ S 928500+ S8ISESI 08

LLT- ¥e6F 090 GHA V621 990 8091 ¥IS d [I- ° 200 SI0 80 €I'vl I'h+ 9¢ €1Z200+ T8SELSI 8

v 1066 ®We @Hd dv  CC 8¥0 60€l 1I0F Jd 8- 910- 00 T “ pgrt V1 SSLI10- TEOIST « 6L

0Z1l- 976 090 €AHd :dN 88T 9v0 601 8¢ 4 [I- 980 200 6+ V1 PISSO00- 9LIGZST 8L
b0 91T GHd AV 090 b0 €9FI 0¥ J % B0 W0 T WS CF WSHP IO+ LO0EIZSI & WL

WI- 0S¢ 090 @Hd V82T 990 9ZFl 62 M L~ " 00 910 SL0 1921 SSH 0C €06S00+ 6C8ISI ¥

8I'l- T8 090 €Hd €V 8T BLO LT 019 J S%- W0 610 120 9SI VSt TT WL 00+ VT LIST S8 068
(1z)  (02) (61) (81) (91) (91) ac wr) € @) p 1) @6 6 @ 9 ) @ (g) @) (1)
Eé ISId AW 3dAL SSVID DI toqq dH 139d 1A A9 AT g-N A-d A 9 ! 0aa (0s61) vd UVLS

(panunuod) ¢ a1qRL,



75

8L0- 990L 090 dHd dWN 86€ 280 2SI 197 M 1S 200 900- 90 16F1 SEh- I'l 80901k 6.£6012 08
%0 S 087 V  dN 889 290 98 66¢ M €I- O W0 T 8T 10 0ESPIF- 109012 ¥
TLO- 61 0ST VAN 96C 680 19T €6 M O ° 200 W00- €60 SOEI EIb- 6€ 8¥9I8E- 606500 LI -L£63T
€20- O0L1 812 V  dWN 167 S50 166 €I'v H 6 €00 1S0- €20 EVEl 826- 86 OISKSI- bOIEOIZ 9 -868CC
0~ 068 090 €Hd O 6LC 090 1191 66 M 91 000 T00- ¥E0 2SI Slb- THE 61GSV9- ETISEIT (Gl
£90- 8¥IZ 082 V AN WP L850 €101 ISP M & KO0 000 T Ut LTh €828 VSIS HO- 68C€E 12 6II
I- 6L 090 Hd O 91 290 €81 8€F M S U 000 910~ €0 S8l TUb- VLZE LEERPSY- LBSTEIT LN
80- %291 082 V  dWN 16% FL0 €86 v M 12 S0 000 T C Gl T SSIFSY- 6609E 12 9NN
¥90- 291 062 V  dN 9P S50 SLOT ¥S¥ d b ££0 000 Tl L9E 1v6099- 891 CET1Z 1IN
050~ L2 082 V AN 99G €50 68 SOv M 09 660 000 T "t 666- €98E LhEOLY TOVIZIT 901
&1- 896L 090 @Hd dA ILT 290 6L12 L£9 M 19- 000 LU0 610 66F1 GO0b- 1'XC SLIESY LIELWIE 96
97 828 090 GHd dWN 61'C 9L0 SLSI S19 M Sl 000 200 €V0 6EVI TBE- V6IE WLLSY 99 650C L  -L68CT
990- 98I 0SZ V AN O0SP 190 02SI 8% ¥ L8 S0 WO T C6Z- 9SVe 8L TKTS- OCIEHEI 00T
9089 691 GHA 4V 110 Zv0 £¥Z1 90F 4 ¥ 0 W0 SE0- 900 68SI L62- LWE 001€€S- SII PP 6l « 61
w6 681 GHd @  °C 8C0 £8%l 8F W Ll W0 SS0- 800~ LSl 662~ TTHE £L8ESS- LSTEP6I « SLI
060- 16 090 GHd dWN Z€€ €90 Il 65 ¥ 08 W0 600~ SE0 EI'VI L0S- TTE SV 1SSS- ['P06K6I  ELI
v 0812 ®@e AHd A OW0 989 98 U 9 W0 01 £20- WPl 106~ 8T 118095 TIV M6l o ILLI
960- 2209 090 GHd YV T8CT £90 980C 8LS M V- W0 800 1£0 0S¥l 062- 61V SP8PSS- LLSOE61  LPI
6Z1- 8SUS 090 €Hd €V 691 9.0 S0 €L d 68 WO 010 €0 WSl S82- THE ShLPES- 12CSE6I €Ll
£60- 088 090 €Hd V65 290 00Ll 8C M 6 W0 910 220 L8SI €82~ LYWL CCLICS CLLE6I €2l
¥60- F£9 090 €HI dV 887 LLO 8LI S¥S M 15 T W0 100 I€0 SLFI G2 I'EKE IETEVS- 1108661 SOl
860- 902 S¥Z V dW/V 88F% £90 9€SI 8IS J4 b 60 H00 6L STVE SE03 99 TI00E6T 001
951- L%9 090 GHd 9V 1€Z OL0 6281 629 d4 VI- 0 WO €10 W0 1LVl ¥Se- VIKE 11219S- 986l 6
%60- SIE9 060 AHd AN V2 280 96ST 10 d 99 W0 €00~ SE0 ELPI T8C- 60VE VE8E9S- 6LV 0C6l 06
$01- 659 €90 GHd V6T ILO VIVE 89 d T8 W0 ¥I0 120 S8l 1'22- IOV LPL0LS- S20ZL6l 8
WIl- S9 000 dHd JN V6T 890 L9C2 €9 J L2 W0 L10 920 FLPI GL2- 90VE PHSHOS- 900CC6T  LL
TLO- 2098 €T V AV 99T 1L0 I8V €69 d IS T WO TI0 120 W6Vl 'z OIVE I9€29%- PE0ET61  SL
860- 869. 180 @Hd @V ST &0 VW WL 4 09 90 W0 COTZ STVE 111898 SECEL6l WL
g6y T aud  49v 7 ov0 £9bl 1Le 4 s L0 Wwo o L9 G1KE 9 1SS 602 1261 « 69
9L0- HLI9 860 @Hd dJdN 28T OL0 RIZ 09 4 %R T WO 210 ¥20 99FI €L VEE SIS PEVI6l 99
- 658 090 @Hd AV 00T 190 LIEI LY 4 IS " W0 900 630 6ESI 89 €EVE 0SEI VS VIOEC6l TS
1Wee ¢Sz aid 9V 7 9v0 €281 s€vY M ¢ HI0- w0 T U beg- CIVE LV LS G- 861 SI61 & TI -9680C
(1z) () (1 B (9r) (1) (s) 1) (e1) (@) (1) () (6 ® @) 9 () ® (€ @ (
2] ISIKA W AdAL SSVID DI 2 0 dH 1dd TIA Ad A7 d-N A-8 A 9 | odda (os61) vy YVIS

(ponunuod) g Jyqe,



76

- 098 990 @HA GV 297 1,0 L2061 €9 4 68 SI'0 000 £78- CFSE LSOPSH LTI 9008 Lz -8Vl
v ggl6 WIT @HA O ILO 6061 10L M 95 ° 000 B0~ 200 W6l 8%88- 88l SGES 95 LESES00 o Ll
860- SOIS 090 @Hd dWN 88T 190 €€%I SIS ¥ 9F 000 900- 620 VIVl ¥88- 1021 LSLhSZ- LSESPO0 Tl -CH6TT
190~ 8% T V AN 96T 6L0 IS0C 809 M I 610 €0 T - toLeL- T SIT0SE- L6S9LET ST
890- G502 0SC V AN OI'v €90 812l &¥ ¥ I- 1I€0 €00 1'2L- 165 €£609¢- 162SCEC <€
#®O0- 0661 0SC V  dWN 109 €50 0101 2€v M € S0 ©00 81L- ¥8SE SILT9C- OV ILEL T
960- 1608 090 @HA dJdWN 99C 690 99 €€ ¥ [ KO0 €00 TTL- 19 L19S9E- TISLEET O0F -IH6G2
£90- 9182 96 V  dN 19€ 290 91 0S¢ ¥ IS 0 900 8'.8- 9CEC STELT9- VITSK 0L  SOI
290 dHd  dW  SU'T L0 S¢FZ SIL M €II- ¥10 900 T t L'96- GOPE 63L109- TEIGL0Z  SL
TLO- 08 08T V AN CI'b £90 6ST1 ¥¢¢ M OEI- "°° 900 800 6€0 T9WI L9E- TVEE €P 1129 CIS8L0CZ €9
030- €68 000 €Hd dWN GLG S90 ZbSI 98¢ ¥ 9 0Z0 90 & "t TSE- 6VEE LESHI9 CISWEOT € -0I6IT
G90- 6622 T V AN 16€ €90 S0Pl 0 ¥ 95 €0 000 00%- 96IC SC90V- LIEG0EE 1L
800- L3686 08T V O 010 290 2011 II'F M Tk 660 000 68h- VLIC 808V S9- LBSHIEE 19
TS0- 1868 ST V AN LE 690 IELI 64 ¥ 62 0 000 98h- 902 SZ6V19- 60895%C  SE
0- TG 05T V  dJdN SS9 260 998 0F M TI- 1¥0 000 L9~ 1618 LI9S99- 69v2STC  6C
8CT- €608 090 GHA dWN 002 VSO THOL 160 M 091 220 000 T9- 00CC VIV 99- 090SPET &
Zil- 1L 990 dHd  dJdWN 281 €10 6091 669 M 6L S0 000 T "t poh- 0008 LE9V99- TESSHIT 1T
0S1- G668 090 AHA d SPT ¥S0 M1 SEP M 08  °° 000 SO0 OvO0 9Bl SLb- WIZE WCS1S9- SOEOvIT 61
180- 098 090 @Hd AN 89T 90 LI8I BLS W 66 120 000 t TSh- 6E 9190F9- 98SEerT Ll
080- 8169 090 €Hd ‘dN 6S€ 9SS0 ¥WETII WLF M 19 00 000 V8h- C€€2C LhSHEY- CHOEK T 91
650- 92 0S¢ V dN 61G €50 SC6 66¢ M Sl 6£0 000 V8b- €€¢ TI VP EY- 86EErTE ST
€0- 818 0SC V  dN VS 190 BLOI 6¥F M F¥L S0 000 09 LT2E WEre9 91106 ¥ -8€6%C
990- 90 0S¢ V dN €CF 690 €201 65 ¥ 9L €0 o0 0% V1 CI0SO- 8SSLIIT 98
“t gggh 191 @HA 4 120 V90 OLEI 6LS M Pl C 00 LE0- 200 08Bl L¥- 91 6VEROL- SBIONIT 18
© 86T We GHd gV ' Ov0 €96 IS¢ M 9 LI0- W0 Tt VG- 0T L3930 £63811C « 8
9% V969 090 AHA dJAWN 180 L0 €92C 189 ¥ € 00 €10 10 SRl 9 19 66TCLL- 98SGIIT WL
860- 666L 090 GHd dV LI'C 250 V1T OLF M € " 200 II0- S€0 10SI 8€- 6F V0Z28E- LSPIIIC 89
9%0- ¥2IZ 6V V AV 69F £90 1261 80¢ ¥ 6- 60 W0 tOLEh- OF WSt 05111 99
0- S WZ V. AN S0F 790 6bSI £S M L %0 200 8eh- €2 OCIOF TZPIIIZ  8S
0S0- 0082 6% V AN SSP 090 L€ 90 ¥ 6 630 %00 8¢h- 0¢ 0CSZO0- €SPIIIC 98 -18640
M:\ (o) (61) (81) (91) (91) s: ®1) (1) (@) (i) 1) @ () (@) 9 @ (g) (@) (1)
) ISKA W IdAL SSVIO I g JdH JAd TIA A9 A87 g-N A-4 A 9 0ada (0s6t) vu WVIS

(ponuniuod) g 34qgL,



77

KO- 9191 161 V  :dN SCE 950 LIEl Z8F Jd WEI 900 020 120 ¥I'Sl 9€Z- S8YE OISPSY TSIOI6T 001

W06 @ dHd 4y K0 IS0 €201 € d ST T 900 690~ 600~ €0FL TEG- GSKE 1SS TUZL06I 4 66

SE0- TGl 08T V V 695G 850 Tvel L 4 62 O %0 VEs- C6HE 6S IS SSOO0I6I 18

9¢0- 1261 0S5 V :dN ObS 650 Sg2l 18y Jd ¢9- €0 %0 1'62- S6VE OC8S LK 8228061 6L

€60- VT 090 GHd JdW/V BLT 190 016 99 J 8- 0 900 910 1€0 SLTI ST £8HE 6£2G8 £9CLO6L  Lb

6L0- F¥LIE 090 €GHA dJW/V 12€ +90 1891 65 J 8- ~° 900 00 €0 OLEI €3 TL¥E Ol Lk 6k 0S00061  9F

£0- WH 052 V AN 29G 160 6911 8§ J4 L SE0 90 't 065 TOVE STI1S0S- 10ST061  SI  -L¥6Ll
S0 T 4GHd 4V " 6V0 VTl WE Jd 98- 910- 000 V6b- SSIC PTLSSO- V6P LZECT + £

890- W91 0SC V JdW/V 61F 790 STl Z9F J L9 80 000 6'1S- SOIC 659269 0SLCEEC (%

9L0- LWL 090 GHd dJWN 6€€ €90 ZICI 066S M 8L 90 000 T6b- 191E T0LSS9- 16042€C 6

TVl- 6L 090 €@HA :dN €81 190 68L1 1IS M 1L S0 000 8Llb- CVIC Lh6VLO- 0SCLCEC | —SH62T

9€0- V0T 0S¢ V  dAN €IS 850 9601 0S¢ M ¥ 00 €00 I'h- 968 €ESIVI- CHI6EIT 81

651- 0899 SL0 €Hd €V €80 L0 €6%C 10L M Sk~ 010 €00 Th- €8¢ SCOISI- 1008€12 €I

0T L8 €90 GHd AN 920 OL0 FE9I 819 M 90I- 910 €00 OCh- 228 6S11OI- ¥SS6EIC 8 -2

02-> 1268 080 €@Hd €Y ~°° L0 96€C VL Jd 8 200 000 028 0LSE £ 9SCH 8E0VELO0C 20T

08y 91T AHA O 190 T191 0gF 4 L2 SI0- 000 1'98- G9SC W SIb- 0958202 « 861

"t Qe T AHd g W0 1 88¢ Jd  SZ- 910 000 698- VESC GIS8K O V0T 00 » LLI

0Z-> GI0L 6.0 @Hd €V " €00 €92 €L Jd 1S 800 000 TL8- 06SE 000l T2SEC0C  WLI

780- G668 090 @Hd V 00C 650 LIZ T¥S 4 6 ¥0 000 boL- 8TSE €T LI L 9C16203 Tl

02-> 08 9.0 @Hd €V " L0 WIT 8L Jd 001 600 000 65~ €TSC LOOV Ly 6L19C0C 1L

Wi- 1. 990 GHd €V 19T 690 L6l O¥9 Jd 68 SI0 000 ¥'E- GO9S SSII - 610SC0T  0SI

860- 1122 990 @HA €V 81 €0 9%622 b9 4 S  SI0 000 Ve 08SC OV 0STH GEI030C €l

197- 8LL 120 €@Hd d/V 680 0L0 296 629 J 991 110 000 0'Se- 0GSE 0L €T S 0W0 30T  Eli

621- S8 090 GHA V 28T IL0 9612 05 J 8¢ &0 000 9¥e- I'VSE LECOO 9M6I0C 801

990- 1ISKE 08T V gy I11'v 950 0% ISF J4 SS- I1E0 000 p'og- TS BIISO TTEELL0C 96

121- 2899 090 @Hd dWN VST S90 L8SI b Jd 68 1€0 000 0Fe- 0'CSE €S9I SH VL9108 SL

8CT- S6/S €90 @Hd @ SKT 990 0E8I 119 4 03I~ LIO 000 pEe- TS5 OLEOSH LGOEI0Z 0L

02-> 11 990 €GHd 4V 690 9061 I¥9 Jd 62 SI0 000 8'€¢- 9SSt SIOFH- 96ESI0C 89

690- 18€ VT V V 16T 990 0881 W09 Jd 2 610 000 0VE- TLSE 1ELZE €W LIOC  8S

£50- OIWC S€C V V 88C 790 891 66§ J4 Ol 20 000 LTE- V'9SE L3 8SE SS00I0C  GF

960- WL LT V AN VST L0 S€9C 789 Jd 8- <TI0 000 168~ ¥'SSE 62 ISH- GICTI0C 8¢

G0- 2 €T V AN 08€ 990 068l €9 J ISI- $20 000 £2¢- TSSE THSSH- S98900C VE -£H6T

?\ (02) a: (81) (91) (91) (s1) (b1) (g1) (ev) (1) (1) (6) (8 (0 9 @ ) (g) (@) (1)

o] IS AdAL SSVID 4 2¥ '%Q dH J3d 13A A9 287 -0 A-9 A 9 | oada (ogé1) Vo UVIS

(penunuoo) g Aqry,



78

IST- 0889 090 AHd dJWN 181 S0 2291 08y Jd ¥ 220 100 66b- 072 OV 6EO- 10ESPIZ IS

90- 06 0S¢ V  dN SkP S50 €521 €9 J 88 €0 100 96b- OFSE IC L3S TThSPIC £

880- ¥508 090 AHA dJdWN 19€ 090 18T &v ¥ 99- 0 100 6'8h- £SS€ W0Fh - 06E0VIC 68
Qo8I T dHd O U €v0 SOFI 9IF M Ve SI0- 100 £6b- 8L WO SShIVIL « IE -19622
860- 95¢9 ©£90 GHd AN 96T 190 001 619 ¥ L0I- 910 200 862- 867 SISPSI- 190202  SLI

1- L09L 090 AHd dW  S9T 190 €602 IS ¥ O 00 L00 68C- T6C 0£TSSI- LW Llg0T TSI

650- 9% 0SC V AN 08%F €50 9911 ¢¥¥ M 91 SE0 L00 1'62- V62 VILPSI- V606302  IST

Wi- 6%9 090 aGHd dW SLT €90 OI'9l €6¢ M 88I- &0 00 L1Z- SIe LISEEl- €1P 9200 9OFl

180 ¥8SK 090 AHd N EE 090 WLEI €% M 2% 0€0 00 G- L'ST 0S6ISI- 9808102 19

Tt pISE T GHd dN T W0 L30T 98¢ M SL SI0- 200 99z- €6 9EISHI- COIGIO0C & 19

G80- 959 90 GHd dWN €T 90 0SLI €19 ¥ SI L0 200 19%- €18 1r90EI- 6620505 S

91- YL 980 AHd AW 190 £L0 8% SSL ¥ 86- S0 L0 TS €18 WSORTI- LPILIOE 9E

C80- 95£9 190 €Hd dN OV LLO 9203 809 M T3~ 810 L0 162- ¥6C 95Tl ¥l- SSEEI0C We

6L0- Evhl 090 GHd g S9€ L90 SKWI OLF M EI- I€0 L00 T%- 68 SSThVI- STECI0C €2

680- 832 052 V  dN L6 €50 6V01 I1Z¥ ¥ 6I- S€0 200 8- LT 01€SSI- 8CSEI0C ¥l

990- 16 8T V dJdN/V 66€ 950 65S1 9%6% ¥ 9- 620 00 " "t g9g- 9L TPOIOI- 8CESIOC 8

160- VE0L 090 €Hd dJdWN 9T €50 €6 ISP M 806 - 200 810 O0£0 90SI 692- SL& 12089I- 90SLI0Z €
81k T GHd AW T THO €2V BLE ¥ €01 LI0- 00 T O 0L TLE CELVOl- STYLIOL o 1 -0S633
€1- 03 090 @Hd dWN LZ€ 650 2921 WS ¥ € ~°° 100 SO0 P¥0 L0GI T09- SIL LSC0L0- €EOLIEE OF

980- LI89 090 €Hd dN <€ 990 20091 6¥S ¥ SI- 100 900 620 0S¥Vl 995 69L 9S¥E20- LIZSIELC 11 -6V683
01- ¥E8S 090 €Hd dJdWN  8LT €90 6091 €2 ¥ S 000 000 620 E¥bl 9I1S- 9C FIOIG6E- 69V ISIT 101

I1- <otk 090 €Hd AN 282 TS0 EICl 89v M 6L " 000 BIO- QT€O0 LLECI S0S- 09 2SIpIE- 0SO91Z 89

GLT- 9096 890 @Hd O 180 0L0 $8¢C 959 M €6- €0 00 T tOLSH- TS 9CRISE- L1019

880- 290t 090 dHd dN T 990 VITI ¢€¢ M 8- T 000 900 650 €O L4~ €T QTE6L- TEILIZ @

1S0- W8 0S¢ V  dN  88F 290 ¢CII 9% M L8 €0 000 69~ 6€ SSL068- €lL.21C 8

&1- 9889 190 €Hd dWN €91 8.0 ¥8EC €69 M 95 " 000 810 910 €SPl Wik O1 69901k SIVOEIZ T -8¥6%2
Wo- 991 €T V  dWN SOV 190 0¢8I OLS J 8- 0 900 9% LS¥E TTIC6 LOIST61  10€

"t 0860 661 €Hd  dWN €50 €90 ¥89I OFS Jd WEL 900 I¥O0- 200 2SFI LO%- LSV ESCELG 6€SST6I « 66

€80- 6LF €90 GHd d SCC OL0 292 129 Jd 6- - 900 OI0 €0 ISCI 293 LW SK030S- ¥SILZ6l IST

S0- 881 082 V dWN 019 850 SICI ¥ J4 T €0 90 ' 6'GC- SLVE T1L00S- 0L0ET61 96T

6V0- V061 082 V AN SIS 890 Z9FI ISV J L8l S€0 900 - 0G- V6 90088 1226161 908 -LH62T
(1r) (0@ (61) (81) (91) (91) a: w1) (1) (@) () 1 6 ) @) 9 © ®) (®) (@ (v

AW FdAL SSVID DI t)q dH 1dd 1IA A8 A 97 g-N1 A-9 A 9 | oaa (0s61) vd UVIS

3] 1SKd

(ponunuod) g ajqry,



79

690- 0X¢ 0SC V O wWpyeLowioy 4 9% 180 %0 0 t97e- LG 68313 VSOEE0Z  9El

101- S61S 090 dHd dWN €€ LLO 891 ObS Jd 66 °° 900 110 Fb0 8% 61E- 0% LSSKTZ- €2€080C €l

780- VIOV 090 €Hd AN I¥C 680 1191 60S 4 SI- " 900 110 SL0 1I8Cl VIE ¥IZ 0£L0€%- VSELZ0C 64l

0CI- 089 090 €HA d V61 690 OL%C %9 d 6- 900 00 220 S8F%I ¥2¢ 80C <CCISEZ- 690102 el

8£0- 6981 0ST V d 09 Lv0 %O0I 6&F Jd I 680 900 T gIe- T06 00BI VG- LVSL250C Sl

000 9 S£2 V ‘AW L6€ 630 W06 865 4 9 T 900 100 0£0 SSRI STE- 005 LIGEKC 06C0E0C I

0L0- 061 082 V  dAN OI'V S50 SOFI €9F J4 S €0 900 * gge- 16l S£81SC- 92620  OIT

0Z-> 1869 960 GHd O 180 SL0 ¥W0SZ 962 d TI- " 900 €10 800 261 ST& T8I E109C- 9S£ 802 WOl

6V1- 99611 090 €@Hd O 8I'C 290 ISTI 88¢ 4 8vI- *°° 900 900 Ob0 SI'91 LT~ 6Ll ©0LI%- 9VS8Q0Z €01

S60- %9 090 €HA dJW 9I'€ 890 SkTl OSy J I0I- 10 900 T "t 0ge- QL1 SEEHOC- OLV6Z 0T 66

U 1298 T did Av 190 660 L1 R2e 4 19 LIO- 900 02¢- 991 SEOILZ- 0THIZOT + 68

WO0- 0861 08 V  :dN 9CF% 990 S9bI €% Jd4 9L €0 %00 T “t g1e- OLI SEVh9g- 880320 €8

LT- LI89 090 AHA dN 281 S90 OE8I S¥9 J 90I- 900 800 L0 96FI TIE- 861 OPOTIE- SV ICOT 19

o+ Ly 121 V. dN 0EE 220 226C SEL 4 L1 " 900 010 210 69l 01 L6I W0ITIe- 9K X0 09

620- %92 6£6¢ V 4V SLF 190 0681 09¢ J4 ¢ S0 %0 T "t TIg- 908 298C€Z- SISSE0C 08

LO0- 6902 9¥Z V AN L9C ¥S0 8922 6€S 4 8 900 900 L0 €Tl 008 €12 LZEv2- €82 1208  OF

£60- 8% 090 dHd W LE€ 650 6081 LG 4 L& ° 900 600 8€0 6LPI 00C- S0& VE6IEE- TThROG 68
QIR ®we gnd av 090 9¢SI 68V 4 0 900 680 910- S0Pl €0¢- 28I SILSH- I'LE6100 « &

180" 6982 090 @HA dW/V 20C 9L0 SE92 99 Jd T T 900 b0 O0£0 ELEL €0 981 LIC0S- VSHEIOC Lt

1€0- 6861 052 V  :dN 98¢ 160 L£SI €06 J4 ¢€ IE0 900 " ¥0g- ¢8I W ECS- SOT6I0C ST

860- LS 990 AHd 4GV 81 TL0 08%C 089 J O08- °° 900 &0 130 O0SHI 80¢- €81 2LSTSC- €LZIT0C €2

901- ¥66S 9L0 €@Hd 4GV €C1 180 9I'FKE €69 J Thl- 900 210 SI'0 8Pl L0S- €LI 030195 69S610¢  8I

W01- ¥ 090 GHd GV 00C 190 8¢Sl 106 4 10I- 90 FI0 S20 S0Pl I'ig- TLI S0929C- LSI120C SI

T60- ¥6Iy 990 GHd @V 00T 990 LIz 819 J SEI- 900 LI0 120 96€l ZIE- 691 00OV 66821208 &I 99628
G80- €69 000 GHA dJdWN LE 090 Wal 62 4 ¥ 0 000 " * geg- ZI8T 9L VHO0- 06SEPT0 6  -¥S6IT
£60- 8169 090 @Hd 'dN OI'C b0 W11 OLF ¥ 08 20 000 T93- V00 8S9019- 2950010 8

6L0- 1929 090 GHd dN 0P S90 €6 SF ¥ L S0 000 LSS~ L66% STLE19- 0SEHOTI0 9  -£962C
79T- 2129 090 @HA AN O0ST 90 8S9T €€9 ¥ I8~ 00 L0 220 €9Vl LT9- 178 S06KSO- PISBEET Ll -TS6LT
GLTI- 996 090 €GHd dV €I'T 290 6L81 9S¢ MW SI g0 100 "~ " FIG- LTS SSISSH S9v9SIZ 96

080- 2L 090 GHd dJdWN 8T 080 682 €4S d Sv 120 100 60S- 995 STEEEH ITIISIZ 8L

0Z1- 8918 090 @Hd dWN 5T €90 9CEl €S¥ J4 €L 0£0 100 209 VISE 68S0CH 00ESYIZ 8 -19627
(ie) (o) (61) (81) (91) (91) s: 1) (er) 1) () (o) G6) (® () 9 @) (g) @ (1)

AdAL SSVIO i toq JdH IAd TIA A9 A9 g-N A-d A 9 ) odda (os61) va UViS

n/adl 1sia ww

(pontmuod) ¢ dqqey,



80

980- VE0E 0ST V O 166 TS0 9801 ¢€v M ¥L- SE0 SO0 £He- 6'%CC 8S6599- EW IVSL VI

050- 6% We V gy  0¢b 650 €181 06 Jd € 120 $S00 TVe- 0'8CE 6V 91 29- v8E6E8T Ol 69632
07> ¢¥8 W0 aud d/a " 890 222z €9 ¥ 9L 910 100 89S- 1'€8C 0S€Z2S- £000120 0S

1L0- 9€IZ 0SC V dN T0% SS0 SI'PI 89% M 02 10 100 T19- TS8T €T L0VS- 9SI V10 &2

091- 9618 €80 GHd dV ¥90 1L0 €CC 6kL M SO 900 100 809- 1182 9031 ¥S- 9IPISTI0  8I

060- 1699 090 AHd O 29¢ 80 8L 1I'v M 881 SE0 100 Q19- 1682 T€€L €S- 1602510 91

G0~ V2 08T V AN 00C WO 1LZI 8€v ¥ ST SE0 100 T19- L1182 650V VG- ZSH6ET0 €I

L0- 600L 090 @HA dJdWN L0€ 290 89CI ¢ M S5 €20 100 0'8S- 8187 O¥ L2818 LI06V1I0 1 89622
81- 1188 090 GHd dJWN 211 OL0 861 208 M The- SC0 000 7279- 106 S£TZ€0- 2800S€C L -L962C
SLI- €618 080 GHd 9V 260 080 8L1Z €L M T9 00 000 19 VSZE 0SSIP9- L6261CC  Wel

G61- 6V W0 GHd 9V 990 S90 SI¥Z 029 M O£ 910 000 09 012E 601099 698€222 0TI

0Z-> 1688 €0 gHd 4dvV """ 9L0 68€2 9%69 M 99 110 000 TH- ST S2T0L9 pesLiee il

W60- 199 090 AGHd O 6vE 790 06 8OF M G- SL0 000 SH- TWE TVGSO- T8v 112 1Ol

WO0- 691y 90 AHd V12T WLO 1vTZ 969 M Of SI0 000 V- 1608 280399 0TH80IT 86

031- 0L 8L0 €Hd 9V SS0 OL0 ¥6L.Z2 %L M 8Vl 800 000 0Sh- TSCE LV 00S9- 6202122 6

691- 1198 090 GHd d 281 ¥L0 2611 11S ¥ ¥l S0 000 LSh- 167€ 81¥2279 SSI 02 €8

07> G688 280 AHd O " 180 SIEC T9L M IsE 900 000 SH- 1228 VETIF9- 0250022 6L

180- 206y 190 €GHd 3A/d 9ST 890 €ELI S09 M SI- 810 000 Teh L€ L0029 1610022 88

061- 08 090 GHd dJN €01 290 9STI1 006 M L S0 000 TCh- LL76 SSTEVO- 8LSLVIT W

001- 8169 090 GHd dJWN 287 S50 511 99% M €01 050 000 VeV 828 LE€CV9- 8806V IT €

9I'l- G688 090 GHd V  €2C 190 OI'vI €S ¥ 18- ¥20 000 8Ch- ¥'8CE ¥SOp€9- 8001S1Z 68

161- SHS 690 GHd V650 €20 S20Z 899 M OIl €10 000 TH- V0EE 6E229- VS LvIZ €

"t oWe e AHd A 60 Z0CI 88 M 98- 910 000 Ve T0EC 0E1S29- b6V IV 1T + 2

£61- €966 090 @HA dJWN 61T 180 801 GF M ¥I 1€0 000 0Ch- ¥6Z€ 9SSEEO- 96S0VIZ &

L0~ L68C 6vT V dN 6L 990 6ISI 88V M Lz~ 050 000 T Ve VI LOVO- T0SSKIZ &

GL0- ¥¥8Z 0SZ V  dN SOF SS0 ISTI S¥F M LI €60 000 LTh- TSCE SEVS99- 820Sh1Z T  -996CC
068 6I'T GHd "V U SL0 F9ST BIL Jd 00I- T 900 WOO- €00 SI'SI 8€8- 01 OITIVZ- L90LE0C & 9L

0% 8062 090 AHd dWN 90T 8.0 ¥691 00L d O08I- 900 800 680 II'ST ¥W¥g- 161 OI1SGC- TSLLE0C €91

801- %2 €90 €@Hd dW 98T 0.0 869C 00L d €t 900 ZI0 €0 SLEl 8€C- TLl WITILE SIFEE0C  SSI

121- 6y 990 €HA AN SST ¥LO L6122 ¥69 4 Ol - 900 610 120 €Z¥I OVE- 881 OV8SSC- 89LGE0T  Lbl

£90- 995¢ 0SS V dWN 9V ¥90 6601 08F d4 1~ 1€0 900 " t 6%8- €61 L£%6GC- COYSEOT 9Vl —GS67T
(1z) (0@ (61) (81) (91) (91) (g1) (1) (er) (z1) (x1) o1) (B (8 (2) 9 @ ®) (g (2) (1)

dH 14d T13A A9 299 -0 A—-8§ A 9 | odd (oset) vd UVIS

(H/21) ISsia v AdAL SSVID 41 24 g

(penunuod) ¢ ayqey,



81

t 0g6l T AHA AV T ov0 €6l WV Jd Tl 900 880 8I0- Ll S0S- €081 902520~ €830 « 9
790- €% 0S¢ V AN PSP 90 LICl <S¢ 4 L £€0 900 T "t p6h- 9¢8l 1S8P€0- €10 080 L2
G80- 129 090 dHd V  €9C 1L0 SIWC 6LS J 191- 120 900 T'1S- 9681 900SS0- 022S0¢€0 (%
0v0- S61 8¥T V V BV 090 EI91 9IS 4 13- 630 900 T6S- T8I LSS0 0CTISSC0 O €968
VS0~ 68 WT V JdN 60C 690 9012 9 M 88 LI0 000 G05- 91SE T1E0SH 0L STTT 96
£60- 8218 090 dGHd dJWN 0S€ 8v0 6601 60F M SI  SE0 000 8¢S~ €8V VI 0L €76SCZC 06
60%- 1298 290 €Hd d TS0 890 8661 €09 M € LI0 000 QCS- 96K Lh GO 1V T3T2C 18
790- 61l 8T V  JdN OLE €90 Z0CI S¥S M 89 SO0 000 6'SS- 6€SC 90OV~ 1036122 OL
6L1- 068 090 €@HA JN 197 80 O10I SL¢ M 98 S€0 000 0CS- L99C CHIPTH LWEIZZ 83
660- 660¢ 05T V AN 209 L¥0 ¥ETI SIP ¥ TI- 6£0 000 0'SS- SPSE Y9S- G6SEHITT S
1- S8 W0 dHd g 780 690 872 %9 M Se- 910 000 8- 97SC WIS LeESIzz 08
%90- 91T 0SC V  JAN 1LV 80 TWEI I8 M I- €0 000 0'SS- ¥0SE 6021 9% 6038122 €
0C-> 2969 180 GHd d " 6L0 S9%C S¥L M 958 200 000 LVS- T9SC 90908 SEVIITT T
090- 8I8Z 082 V AN LUV 260 LI0I 2% ¥ 19 S£0 000 CHS- TLSE S0CETH ISIOIZZ 1T 09622
090- 02 0SZ V AN S89F IS0 6.6 6+FF M 8L #E0 00 T SWE TI0L99- 68V 0S8 96T
02-> 808y 280 G@Hd €V ~°° €L0 96% Z9L M 631 900 S00 1'22- 962¢ OL 11 99- 6601161  8IT
900 1682 WI V dN 98¢ TL0 SLIZ 289 M OIl ¥l0 SO0 Lz €088 €T8YS9- 0TZLI6I 91T
02-> o8y 090 €Hd €V " 190 SLCI 68F M I8I- SZO0 SO0 QLZ- 10 982899 6ISHI6l  SIT
1£1- 996 990 @Hd dJWN 681 10 290 229 M 63l 910 S00 LZ- 006C W2099- TLILI6L 01T
890- ¥81€ 10T V V T 90 0KIZ 069 U S€ LIO0 S00 L9~ VSCE ST 19- 9LhSO61 861
060- 2662 0S5 V dJdN 099 8¥0 I¥6 90F ¥ ¥  I¥0 900 g'9Z- 063 CIES99- LOIWOGL 161
EIl- 25 PL0 GHd dJN  EE1 690 65€C 169 M 03- 010 S00 £9- SIE8 0£ 0% V9~ SELSO61 991
60 989 090 G@Hd dJN 19T 120 BLLI 6¥S M O €20 $00 62 LTEE W61 €9 8T8l  THI
07-> 686F €90 €@Hd €V  ° €80 BLEI P19 M 06~ LIO S00 6V TTEE TLSH 9 VIT LS8l WEI
9CT- 868 ¥L0 GHd €V 80T OLO 8€C %69 M 8 010 S00 6'FC- TTEE LS P EY- POCESSI ELl
160- 669% 090 €@Hd €V S8I'C S0 O£l €€ M 10I- €60 S00 1'%~ 016C Sv6¥ 19- 1836881 9l
6I1- 989 €L0 GHd €V 81 180 12%C 069 ¥ SK& 010 SO0 GG~ TIEE LELPV9- T8V 1981  SCI
960- S0 08T V JdN EI'S ¥S0 S80I ¥ M L 80 €00 9c- O1EE WS- VL2 1881  Hal
980~ ¥I% o1 V AV TST KLO ISEC XL ¥ V- 800 S00 9'6c- 1828 TI 1G9~ SPIES8I €01
80T- 209 090 GHd dWN 167 180 9012 109 ¥ € 810 S00 LVe- v6Ie Wl 99 T60Lr8I 68
890- ¥6%% 082 V AN LI'b 290 OS2I 89F M 1g- €0 SO0 TVe- 8L GV HOE9- LECSHSI 99
€€0- €62 0P V AN L9F 1.0 99SI ¥8S ¥ 1Z- 920 SO0 Ve TIEE S LI V- TE€C8ESI IS 6968
M__« 0z) (1) (81) (91) (91) (1) (b)) (e1) (2r) (1) (o) (6) (B (o) 9 @) (®) (@) (1)
1/24]) ISk W AdAL SSVIO &I %4 % dH JAd T3A A9 M99 g-n A-d A 1 ) 0dda (ogs1) vu UVIS

(ponunjuoo) g 2iqe],



82

0¢-> 0626 8.0 dHd €V TLO SEVe g€L 4 6L- 800 000 125- SVl ¢ 9eeE- 8BIVSIC 98

S91- 00cS 880 @Hd d €S0 L0 6S9¢ OLL Jd 86 %00 000 T6h- 6€1 TOVETE- TLYOPIC b

PSI- TIZL 090 GHd d TI'T 990 $Z1Z 669 4 8¢ SI0 000 T6b- 6SI 60OFVIIC- 6L01VIC €

290- 88 0S¢ V AN Lbb 150 8201 66F J SBI- S€0 000 6L 00C 22 8L- LTTLEIT 61

£60- 0CKS 090 €Hd dN 19T 290 TSI ¥S 4 SLI- €20 000 P8 SLl 612008 TZSEIZ 2l

690- 6WZ 9% V  dN L.€ 990 €I L0¢ 4 1 820 000 Z8h 6S1 9IL0IE- T9P9LIC 6 —£6V6T
EVl- 886 ¥90 AHd V. EET 1L0 2262 60L J4 O 00 <TI0 SI0 6SSI 0€S- 8.9C 1S62€S- 06K 110 Th

0% G598 9L0 @HA V. TE0 OLO ¥§9Z vI'L J4 Ib- "° TO0 610 110 ISl LIS 9297 WS- 9MS6Ie0  SF

881- €016 090 @HA €V 960 060 €£91 €8S ¥ 8IE "~ ¢TO0 610 ¥Z0 9¥Sl V0S 0122 0SIE9S- 0910260 €2

LE1- SE¥S 090 AHd YV 691 10 BIBT 99 J ¥ © 700 €00 €30 Pl 819 €12 82009 0110 Ll

9v'1- T6F 990 AHd V  bZ1 LL0 9262 S69 4 Sl 0 T00 010 LI0 SIFl VES- 0L 61K ¥6CT0E0 Gl

€21- M8 090 €Hd AN 1ST 1S0 9¥SI 6IS 4 2il T00 900- €€0 L3ST 6€S- 10 102I¥S- 1281080 Tl

9C1- 9669 090 dHd dN SST 290 69FI S9F M STE 200 €10 €30 89Vl TV V69 LSTHES- LLIPIOE0 1l

960- 96 090 dHd N 18T 090 OI91 2€¢ J4 L 200 10 620 OCEl OVS- 1TLS 9SH0GS- 1009520 € 8962
PI0- €€ 0SC V d 699 190 w91 09%F 4 Oy 960 000 - 69 CFS 952£90- LEV60Z L

Wl- 0098 O0L0 @Hd d 60T 920 ¥WCbT 299 4 191 210 000 0Sh TS WE0S0- SEVOIT 69

690- 8961 22 V  dN L0€ ¥90 882C 98¢ 4 1z 120 000 97 0.8 V08CT0- 0056512 €

690- S8 08 V AW 6FF 190 2011 &% Jd 06~ 960 000 ST 9¥S 0C20F0- TSCSSIT 0f -S96¢T
122 868 GL0 €AHA €V 810 VL0 8¥03 91L d I8 600 S00 902- 81 1S€06E- ICIL00C 122

980- ¥ S8V V AN E6F 290 L£S1 12 J4 61 620 S00 90t- 91 0CZI6E- 260800C 61T

02> S8 090 AHd 9V "~ 950 6VSI €6% M €8~ ST0 $S00 80¢- €0 €S0Z0F T1ST00C 608

Th0o- Tl 0ST V  dN  SSS 090 SIOI 9%F W L 920 S00 608- 68SC OEVE I TLIT00C 861

eI'Z- 129. 280 @Hd V610 ¥L0 2982 ¥SL 4 T~ 900 S00 L08- S6SE V001 022100 SSI

¥80- 189¢ LL0 €Hd dW/V S91 SLO €I¥C €IL Jd 22- 600 S00 G62- L0 TEEK6E- 9IC9S61  OLI

¥G0- T8¢ 0SC V  JdWN 18P 650 LIEI 29 J4 60 €80 S00 98- TE 9L VT LE- SCHIS6l  IGI

202 L9 9L0 dHd dW/V 260 SLO ZLWT LIl 4 99- 600 <00 £82- §1 SSSK8L- 9801S6l 21

820- €S 0SC V  dN 8C9 S¥0 SIOI 8€v J4 Ly 80 SO0 £62- €0 T 1000 TL0SS61 LI

W0 861 ¥EZT V dW/V 0P ¥90 0061 99 4 O ¥Z0 SO0 S8~ TLSE 9L 6T T CTISLY6I 96

Vel- 9199 890 €Hd dV 201 990 Lb0Z €59 J4 T K10 S00 6'8C- L'8SE 01T 1 SOIIS61 68

960- 0L 0SZ V  dN 9LF 850 OLTI 9S% J €8- #E0 S00 18- ¥6SE IV ICO0 Z2I8K6I 6L

790- 908 08T V O TP BL0 611 87 M € SE0 S00 L9 60 60938¢- SIETH6l S

910- 66 0ST V dN OfL IS0 ¥56 S0F ¥ S9- THO SO0 VL% 66SC LZ9S6C- SL0SH61 81 -$96LT
(1z) (@) (61) (81) (91) (91) (s1) 1) () @) (1) (o) (6) ® (&) (@ (9 ) (€) @ (1

aJ) ISKA W AdAL SSVID dM 24 g dH 13d 1dA A9 299 g-0 A-4 A 9 ) oaa (0s61) vd UVIS

(penunuod) g |qey,



83

080- 8SI8 090 €4 dJN FSE £90 SL¥L I8F J 18 060 100 © OLL- 009C 9£8C9E- V9SIEI0 ST

0Z-> 10y 090 GHd V © 690 291 €¥S J4 T O 100 * 9'6L- 68K WWB0EE- 0616210 LI

20T 9988 290 9Hd GV IS0 120 6902 6¥9 Jd 6y FI0 100 gLl OV9L 00VS9L- SLVSZI0O b

180- 6008 090 GHd O 88€ IS0 62€I S€v J4 L2 ¥E0 100 ULl L'S9% 6V 91 LE- €HOSZI0 € -H0S6T

80 880C 0SZ V dN £8G 260 1STI 8% d 0% €0 200 ' 108 VES SSVECT- L62S000 HE

060- 611S 090 €GHd dWN 10€ 190 €41 208 Jd L& 120 200 "* 908 805 ZZOIVZ- 91F6000 €

880- 2069 090 €Hd AN 29% OL0 L. 126 Jd € 120 200 © 908 ¢Ov 220SS%- 0982000 bZ -—£0S62

£50- 6SIE 91T V dN 8CC €90 19€2 809 Jd 8- 610 900 © GG 8L 6VTT9E- TSI 201

L61- 2089 IL0O GHd d 6V0 690 906 289 J IE- TI0 900 " TEh ¥6 ¥ 00SE- L9S601Z 09

1IS1- 02 890 GHd €V 801 L0 $'1C 889 J 092- €10 900 “t LEh 06 6VEZSE- VIETIIZ 88

860- SE» 090 dAHd dJN TLZ V90 ObSl 008 J 86 120 900 8¢k 06 EV13SE- VROCIIZ LS

Tt 8 T aud g 0S0 €1 10y 4 IL- 910 900 6Ch T9  TSWLE- T'SSTIIT 4 VS

660- S8y 1.0 GHd AN 8ST TLO ObI1Z SL9 J ISI- 110 900 T 9L 18819 VSOWOIZ  9F

€L0- W61 0SC V dN SZv 090 0811 ISV 4 801 SE0 900 © T 801 SCSSEE- 8EHO0IT 92

660- S8 090 @Hd V S€C 290 29LI €5 J 0¢- 220 900 * 81 021 099828 6909012 €2

Tt 00 We AHd A 7 1¥0 8L 99T 4S9 120- 900 Tl 0Tl SSVEEE- TSHO0IT « OF

02> 69L €L0 €Hd 4V © 080 0I'SC 00L Jd 952- 010 900 0T L6 OVIEVE- FES6S0C 91

0Z-> W89 SL0 aHd 9V " L0 9902 IIL 4 Tk 010 900 U GI GL S99 CWI0IE 11T

1600 €29 090 GHd dW 8% 990 w8l LIS 4 08 920 900 Ol TL  LVET9E- TSPSS0C Ol -10S62

8L0- 098 090 GHd dJdWN €87 890 6161 626 Jd ¥2- 120 000 " peL- 668 9ISP¥E- STISKEZ €

£90- SWE TT V dN T8¢ ¥L0 9691 82 d 8 920 000 t OpL- €TC 0E1E9%- SEOOKEC 1€ —66V6C
o0F 7 GHd JdN CC 8¥0 6691 SIP 4 ¢l SI0- 000 © GGL- 661 ICH 62 SIVEPET + LT

02> WaL 90 aHd d " 120 9IZg 9 d4 9 S0 000 © 96l GLI 62610¢ 10EWPEC G2

VL0 6T 9T V dN 19€ 090 6691 €06 d4 19 820 000 ©TEL- 9C1 9T EPIE- 0CSEEEC O

Po1- I8 090 GHd d S9T €S0 S¥Tl LIy 4 V- ¥EO 000 © ¥Tl- 961 ILL00C- S0T6CEC 9  -96M6C

060- 6199 080 €AHd dV €p1 L0 6812 222 Jd II- L00 €00 Q6 8T T8TS9T- 910OKIZ I8

£90- L1928 08¢ V dN Szb 190 €1 SLF Jd bl 10 €00 UL TV T6866%- 12S8EIC <SS

190 ¥6e 98T V v 8Kt 090 €V8I L¥S Jd SF  #20 €00 T8k €0C WSISZ- 0CTHSELIC  EF

0C1- 6128 10 AHd 9V 6VI 890 2IZC ¥29 J 9I- 910 €00 TVl 900 8SESL%- LTISEIZ 68

02-> 0899 L0 GHd €V " KL0 65€2 ICL Jd 8 800 €00 "t GOk G6l 98908%- €VSOCIZ 1 -S6H6T

m:\ aa a: ®1) (1) (o) (s 1) (1) (@) () (o) (6) ® @ (@ (9 (» () (@) (1)

] IS AdAL SSVID 4 24 g dH JAd TIA A8 299 g-N A—-4 A 1 ! oda (oger) vy YVvIS

(ponunyuod) g aqrL,



84

8¢1- ¢TI69 8L0 AHd €V SOT 820 1822 9L J T 800 100 789 L6V SELVOb- S8LSTEL  bF
Ovi- 2625 090 GHd V  6L1 €90 6bSI 62 Jd ¥ ¥20 100 089- 98¢ CI.SLE- L€691€C LI —£IS6T
T6T- 960 180 AHd d 680 SLO 9L%T WL Jd  EHI- 00 200 61S- LS SI1TI60- 020222 T8
81- L9 180 AHd  JN  6V0 1L0 96%C OWL J  00I- 200 200 GeS- 66F SEICTI- 0809220 bl
ov0- 961 817 V  :dN LLE €90 €153 609 J €8 020 200 679 08y SSTICI- 6002222 1L
Sh0- 299 082 V  dN LS 050 2011 €IF J € 660 200 07S- 68 1SGICI- CEH6IZZ 89
1900 6bZ 092 V  dN FZF €90 ISTI €9F J WEI- T80 200 PIS- 018 95280I- 2080822 V9
£60- €SI 082 V  JN 629 1S0 0Z€I 06F d ¥ 680 200 1'lS- 988 PE6I60- 82822 09
.00 81 €Hd AN U VS0 9P 106 4 L TI0- 200 L6 0€S SCES80- TOLLITT + SS
£90- & 08 V  dN €LF 73S0 £€STI 0P J 03- 980 200 91G- ISy SOECTI- 8ELLITC  6F
U 99%g 681 @Hd AV T 790 IvSl 96% Jd 660 <TI0~ 200 G0S- G8F LESPIL: TLWEITT + Wb
1066 @e aHd d 6v0 SLVL 18 d4 €S 910 %00 11S- L9F TZEOCI- 900V T « SE
660 990 052 V AN LKS 90 L0111 29 Jd € ¥E0 00 90¢- Ly TSEICI- SOICIEC  ¢SF
£20- 1006 0SZ V  :dN 69 650 L€l 90F 4 9% IK0 200 g6V 2% EI60- SIISITE 0 -TIS6
SL0- OWS 6L0 GHd AV LT 120 ISIE 2L Jd  SSI- 200 000 TH- 16 CIOPSI- 1612612  PII
Wi~ GI0L 6L0 8Hd @Y 050 €20 SS9 €L d 991 800 000 8h- 0CC 929S8I- €OV IZ  TII
02-> 1268 6L0 €Hd €4V VLO 26V VEL Jd S 800 000 TS L6C EvIl1Z- v0£TeIT 201
£0- 81 S V  dN T¥b 250 SOFL 90 J 19- 620 000 LV L6C WELIG- TWILIZ 001
¥60- S8SIZ 0SZ V AN FLF 950 E€LVI 69v J S5- €60 000 LS 68C SI6IIZ- 1009212 S8
LLO- SI0L 090 AHd AN 9¥E 850 0291 80S J 0% 120 000 6€ 60¢ 02200%- TIv8ZIZ 8L
6L0- SI0L 090 AHd dJN €8¢ €0 L%l ¥I'S Jd  bL- 120 000 e 07 W 906I- L0ELZIT €L
060 99%C 1€C V dN THP OL0 TPIZ 28 d4 1L- €20 000 St I'le €S16%%- 11GETIT 09
WLT- TIGL 990 @Hd @ 280 €20 SI'%C OF9 Jd 98- SI0 000 VI 69 TVSITZ- L6S8IIT Ly
SLT- 098 090 @Hd €Y 20T OL0 IZLI 68¢ Jd ZI- 610 000 12 T2 SSHW0CC 98vLIIZ  9OF
690- 861Z 6¥Z V  JN 16€ 150 TSI 68F J ¢TI 0€0 000 eTH VIZ 916813 SVS8IIT  S¥
0Z-> W 8L0 GHd d " LLO 8% 0L J 161- 800 000 TTr S 988012 OIP6IIZ  OF
990- 881z 05 V dN SOF S0 9L%1 68 J S  OE0 000 61 88 Ov0S0Z- 18112  6F
190 LW 06 V dJdN T9C €0 0261 0L J4 € €0 000 Ve 962 6V 0Z- SSCITIT LS
. 9e0F €T GHA GV T T0 LWl 9IF 4 161- SI0- 000 61 T'IE OVEI6I- 9L0ITIT » IE
8C1- 60, L0 GHd €Y 160 6L0 ¥8S¢ SIL Jd 6II- 800 000 9l S7¢ SSL081- 0SG1Z1Z ST -9086T
SI0- W 81T V dN WP 990 90 129 4 W 020 100 * g'bL- 8'8SC SO0V LE- 9IETKI0O  6€
. 09 T GHA d O 6v0 89WI WP 4 61 SI0- 100 gL €VST TESSSE- 800K 10 o L& —HO0S6T
@ () 61 6r) (O O @) G €) @) ) o) 6 6 @ © 6 6 () @ (1)
] ISKA YW AdAL SSVID I 24 %0 dH J14d TIA A9 299 g-0 A—-4d A 9 | 0aa (og61) vo uvis

(ponunuod) ‘¢ a|qey,



85

¥50- 8EIZ 05T V  dJWN 6% €90 19T Skb ¥ ISl S0 000 toI6L- OFEE 112696 0TI 1200 b

Wwo- 9z ¥IT V. AN TSE €90 PISI FI9 W I1I- 610 000 " g6L- FSSE WLIEE- S6I0I00 O

650 691 0S¢ V  dJN 65F 190 I10€I €9% M 9I- €0 000 "t p6l- 98KE BIGLEE §RCTI00 €l

U 980b TeT AHd A 80 V8O0l 1P M 98- SI0- 000 "t p8L- LW TP EPSE- OTLTI00 o 8

%90- SSiC €T V  dW/V VKE 190 Z¥El 09C ¥ 8 €0 000 “tI8L- 61K IS1598- V6SII00 9  -6E00E
960- S0EL 090 GHd dJWN GC 190 926 8cF M Ol €60 900 U egrt 68 L0+ 00E8EST 96

080- 8%y 090 €@Hd dW/V S8T 190 1SSl 69¢ M & &0 900 gt LE 995620 L608ESI 0L

850- 98IZ 98T V  JW/V SLT 990 6691 ¢SS M 8- 0 900 oleH 9 S08L00+ £9SHESE  Sb

610- S61 8V V dJW/V €95 290 9FFI 0ES M 12- 60 900 Itk €9 €L LII0F C6SIEST 88

€60 9681 0S¢ V  dJA  TI'S 090 6221 9EF M L 90 900 LGt 69 18 I0F LSIVEST 9

1S0- £6%¢ 0ST V  dWN 1LV 650 £611 L6 M 15 €60 900 gkt TL o 0SKSI0+ TOKPTEST T8

860- 8% 890 @Hd V. LLT IL0 697C 059 M 65 FI0 900 gkt €9 G600+ 86C0EST 0T

60- T%C 090 @HA JW/V THT %90 6691 18 M T- 060 900 T gtht G LIGE00+ VLILSL 8l

660- OS)C 092 V  dN SK9 150 2101 08€ M 6F &0 900 gkt Wb L88100+ OPISEST L

0L0- 98 1€2 V  dN O 190 9961 196 4 PI- €0 900 U OTHE 61 EPIET0- 92006S1 T -TIfOE
860~ 118 090 GHd O 09% 090 €061 61 4 1II K0 000 U gG O WLE09 O6KVIW Tl

820- WL 09 V 4V 16G 8¥0 ZbTl 6 J €6 80 000 ¢S 6B Lh6IT9- T006SE0 99

80- 69 981 V  JN S6C 990 S61 S99 J4 9 BPIO 000 0% TTL VIOP6S SHKSE0  LE

190- 082 09 V  dJWN 6I'G 150 8601 80F J OIl 860 000 LS L6% L 191S- T60PSE0  IE

1- T¢I 090 @Hd AN 96% €90 6911 90F d SEI K0 000 GG 04 C11E8S- L900S€0 63

L1- 668 090 @Hd AN THE 090 0191 ¥8Y J €% &0 000 90 01 l£808% TEISKED LB

w0o- 6012 0ST V AN 18G 090 9601 ¢gv d 6 80 000 "t 8% 8TL 891965 00FIVED 6l

0%-> 6L 9.0 GHd d " OLO TIWC €L 4 S 600 000 "t gCh 9WE SSILI9- VSHIPED 6 61960
0%-> 9IL 190 GHd d " 190 9191 €69 d €I~ 910 100 06 608 0G6IVI- OTIZ000 9F

150 066 €61 V  d/V €67 SL0 €661 059 d L5 SI0 100 g GLL GOSKBI- 1268960 ¢

180- %08 090 €@Hd dJWN 8¢ 70 8vEl SEv 4 18- 10 100 "t gEl- 6bL 8680GI- 0GESSEL 1T

0£0- 911z 092 V  dN 65G 630 bLPI 8% 4 62- €0 100 tOT0L LTL 6VTYEl- 86COVEL 11 -LISGS
T1- SIS 290 @Hd V. FST £90 €122 809 J 69 L0 100 UG8 T90C WIP9E- 9EIII0 12 -bIS6E
£80- 989 090 @Hd €V VT 150 89%I bLF J 89 (€0 100 U L69 VVSE 911686 OTHLLEL S

Wo- 06z 0S¢ V  dN eI 290 SL¥I ISP 4 L €60 100 " L69 GISE 639566 OIE0EEL S5 -£196%
E\ (02) ac @) (1) (9r) (s1) (b1) (e1) (e1) (1) (1) (6 (® (@ (O () @) (€) @ (1)

] 1sia AdAL SSVID dM 24 *d dH 13d T3A A9 4799 d-N A-d A ¢ | 0ad (oss1) v YVIS

(penunuod) g 2IqgL,



86

%60~ 8&L 190 GHd 4 &7 90 681 S09 U 8k S8I0 000 " gSh I'CIZ Sl 806I- FESI0OW 42

060 1%€ 1€ V  :dN ThP 950 EVLI ¥8C ¥ Sk €60 000 g9 TOIG STLlELI- LWWESED Ol

190- 98L1 66 V  ‘dN SOF %90 68%I 8¥S ¥ ¥ S0 000 UL LSIZ 10V 1T 9SEWSE0 T

PGS0~ 1682 09% VW S8F S50 LIl 09% M SI- ¥EO 000 69y £9IC SS9 1 $808SE0 I I6HE
810- 801z 09% V  JN 189 090 6801 66V d 1l S8E0 000 " 069" T6%C 0S0%L6- 99S0ZEC 9L

Wi~ 7869 090 GHd dJN 961 €90 SEEL 18F M €8 850 000 789" V9 6CVOSE- CLICIEE 99

02> ¢618 080 GHd 9V " S0 W12 052 ¥ 6~ 100 000 "t §89- 101 OLVWEE- 800TIEC 69

SST- 112 90 GHd 4V L01 VL0 $9%C 1S9 M Z€I- IO 000 "t LL9- VOL VRohSE- €91608C LS

L0 W €% V  dN  9EF 990 699 09 M ¢ 150 000 999 1 115L8- $9080EC  8b

02> o8 8.0 GHd €@V " SL0 98€C 9L U 6F 800 000 " 699- L0 6SELLE- 0WOOIEE  Sb

9¥0- 00 66 V  dN 06€ £90 8081 08¢ M 9 220 000 Ug99- V9 TEISSE 9WWE e

W0 908 05 V  dN  SKS 290 OSHI € 4 G- 950 000 ' 869~ 601 SPOPES- TLI00EE &

ELT- 128 6L0 @HA AV 190 9L0 €6€5 S&L J 208 800 000 tLee- WL TIOISE- 88v 008 T1
U761 €91 @Hd A 690 66LI BLS 4 £ 600 000 T 9%9- §¢  ZEE09E- £SII0EC « 6

81- Gl SL0 GHd d TIT L0 289 0L J I8 600 000 T §69- 9C 609095 863 8

1ST- €289 090 @HI dWN L6 150 1801 90y J 18 €£0 000 ULVe- 8 19998 0SS 9 -£6M0E
U OMe ®e @Hd g E0 160 0Ll W ¥ £El SI'0- 200 W V0 SPIE I 96SE11T « SOI

990- 298¢ ®T V  dN THE 290 12 66C M 0% €60 200 gV T SYLIOF TIOLLIC LI

Wwo 9% wWT V Y 0L ILO W8I L6C M S 120 200 "t Lb EF 1GSPSE- 0169116 2l

90~ SUZ 09 V  dN  9vS 090 SEEI €IS M 8 050 200 LS 9P SCVESE- I'SGIIIC 86

£90- L& 05 V AN SG¥ €90 VWLl 08F u 80I- I€0 200 g8 LS L0TI6E- 0616015 6

0T- 908 090 GHA O 297 €90 IVl WY YW €8~ &0 &0 U Ve €8 11868 CIv60IC 16

£90- 1506 05 V  dN 29F% 650 L6 S€¥V M & SE0 200 6% €€ 61866 VEXTIIC 68

02 0L 090 GHA O  8S0 PLO LZOI ¥8C M ST 610 %00 9T T1 SE6S0F L6ISOIZ €9

$L0- 9902 0S% V AN %Z¥ LS0 €631 L8V d 19- V8O0 %00 IS 61 WSOk S1SL01Z 68

SOT- 2666 90 GHd V OL1 @LO W1z 2v9 4 £ P10 200 ' 9T 8T L08V6E- 661901 €9

090- 0€e€ 0% V O 0VS 990 SI0I Sg¥ 4 €  L60 200 UEI V0 SP6C I €9EL50C €8

0L0- Wiz W% V  dN 9LC £90 9%SI €0 J S 850 00 T gl 68 09GS8E- 990650C 67

SLT- %S W0 GHd @ 160 1L0 060C 619 Jd 66 910 200 LI LT W SE0 6% 0018 Sl

18- @89 PL0 G@HI @ 190 0L0 2013 10L 4 8 OI0 200 UL 01 SI90T 0730012 1 —T6HOE
103- 18 090 GHd d/av 901 &L0 806 9% ¥ S8I- €0 000 "t G6L- 6.8 LKLV OS- LSOLE00 oL

W81- 086L 090 €Hd dWN €91 290 €8 %€ M 98 680 000 " 108 TLEE OP0SSE- €ChE00  6F -6EEOE
F\ (02) aa (81) (91) (o) (s1) (1) (er) (@) () (1) 6) ® () () ) ® (€ @ (1)

] IS GdAL SSVID & 24 ®™0 dH 1dd TIA Ad A8 g-0 A-9 A ¢ oada (0s61) vy VIS

(ponunwod) ¢ aiqRL,



87

6V0- 891z 06 V AN 8% S50 62%1 08 M 9 Z€0 000 67 SLIC SOEC1C- TSESIW S8
Sg0- 881G 0SC VAN OLS ¥S0 6K01 1I9F M & SE0 000 W TVIZ SPIS6I- LOI 010 8
W0~ GIEG TE VAN ST 850 11Vl €S ¥ € 90 000 LS 9€IC 968381~ 8968010 Lb
SCl- 8L 090 GHA AW 091 0L0 6991 28 ¥ § 610 000 0 LEIZ VI6hSI- 0601110 9OF
L0 8T 08T VAN 8G 950 SIOI €Y U II- 80 000 ee- 631 901281- ¥SIGW b
02-> GIoL 6.0 GHI @V ' LL0 6V€Z ObL M 901 800 000 SH- ¥eie 0CEC8I- 98SE0M0  OF
%90 %65 O¥% V AN L6E 850 8Kl KIS ¥ ¢ 860 000 CW- LTI 60%E8I- SISO £
S¥0- 662 LT VAN 09% 690 SGTI 8IS M 81 &0 000 6V~ OFIC GPSE6l- THWW ¢
£60- 802 6T V dW/V Shb 650 L9%1 WS ¥ - 60 000 8W- £SIZ 10620- V0PSO I
9L0- WgS 090 GHA AN 08€ $90 6b0L 9% ¥ 1k 1€0 000 " 9% GLIG 186025 SEEHOM0 66 —VGHOE
M__\ ae aa @) () () (G 1) €D @) (1) (1) 6 G @ 0 © © () @ ()
] IS AdAL SSVIO dM 24 0 dH 1dd TIA Ad 2499 -0 A-d A 9 | oaa (0sst) va UVIS

(ponujuoo) g 3qyy,



88
Absolute magnitudes for these stars are determined according to the relations
given in Figure 7 of Preston (1990). For the FHB stars, absolute magnitudes are

assigned according to

(B-V)<0.02: My =2.22
0.02<(B-V)<020: My =1.04-4.423(B-V)?+17.74(B-V)* (2)

(B-V)>0.20: My = 0.60

and the A stars according to

My = 0.602 + 11.07(B - V) — 15.843(B — V). (3)

The method followed to determine the rotational velocity of the halo is that
given in FW80, and will be outlined here. In a galactocentric frame, let ve be the
velocity of the local standard of rest (in the direction of the galactic rotation), vezp,i
the expansion velocity of the sth star, and v,,¢ the systemic rotational velocity. Us-
ing the quantities defined in Figure 8, then the observed heliocentric radial velocity

of the ith star, v, ; is given by

Vo,i = Uprot COS ¥ + Vezp,i COS éi + Upec,i — Vo COS A (4)

so that the first two terms arise due to the systemic rotation and expansion of the

stellar system, the third from the peculiar heliocentric velocity of the ith star
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Figure 8. Definitions of the geometric and physical parameters used in the FWS80
method (Figure reproduced from FWS80).
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with respect to this system, and the last from the sun’s motion around the galac-
tic center. The projection factors cosi;, cos ¢; and cos \; can be related to the

measured heliocentric latitude and longditude by

cos \; = cos b; sin ; (5)

cos ¥; = R, cos b; sin l;[R? cos? b; sin’ I; 4+ (Rg — Ricosb; cosl;)?]"1/2  (6)

cos ¢; = R; — Rg cos b;sin ;[R? + R% — 2R;R¢, cos; cos b;]~1/2 7

where Rg is the distance from the sun to the galactic center (assumed here to be 8

kpc) and R; is the derived heliocentric distance to the ith star.

In the simplest case, the expansion velocity can be considered either a constant,
or decreasing at a uniform rate € = v.p i/ri, where r; is the galactocentric distance
to the ith star. For this calculation, a constant value for v.;p, is assumed, and
moreover, it is assumed that it is small enough to be neglected. Even with this
assumption, one is faced with the problem of constra.ining_ both v,o¢ and vp,c,i in
equation (2). To first order, this can be accomplished by solving for v,,; while

neglecting vpc,i, and then using this result to determine an rms estimate of vpec,i.

If equation (2) is multiplied by cos ¥; and summed over all stars, then one gets,

to first approximation,
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_ Xcos Yi(vo,i + vo cos A;)
Urot,e = T cos? y; (®)

where v, . is the rotational velocity assuming no expansion or peculiar velocities,

and, finally,

oy = ¥ cos ¢‘.’(‘Uo,i + v cos /\:) Olos (9)
rot = T cos? y; [Z cos? y;]1/2
where 0., is the rms observed value of vp.,i obtained from
. . N271/2
Olos = E(Uo,: + v cos A VUrot,s COS '/’:) (10)

N-1

where N is the number of stars in the sample, and with an assumed error for oy,

of (G10s/2N)V/2.

The sample is divided into metallicity bins for the calculation. The results of
the calculations for two such sets of bins are given in Tables 4 and 5. Figure 9 gives
the results for the first set of bins (from Table 4), and the transition from halo to
disk rotation can be seen in roughly the same area ([Fe/H] &~ —1.2) found by Norris
(1986) and Norris and Ryan (1989). For larger bin sizes, this transition is not as
sharp, as can be seen in Figure 10 for the bins of Table 5, although Norris and
Ryan maintain that their result does not differ when the number of bins that they
use is reduced by a factor of up to two. Clearly, the results presented here have a
noticable dependence on bin number, and this dependence comes from the range in

[Fe/H] covered by the bin more than the number of objects per bin. It would



TABLE 4. FW80 Analysis Results.
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([Fe/H]) | opem) | N Vrot oy Olos (disp)ios | | vrot/0ios |
(kms™') | (kms™') | (kms™') | (kms™?)

(1) (2 {3 (4) (5) (6) (M (8)
-1.98 0.17 40 -29 34 106 12 0.27
-1.65 0.08 40 49 24 80 9 0.61
-1.40 0.08 40 53 29 103 11 0.51
-1.17 0.06 42 38 30 98 11 0.38
-0.97 0.03 43 68 22 76 8 0.90
-0.88 0.03 42 122 25 82 9 1.49
-0.77 0.03 | 43 90 21 58 6 1.55
-0.69 0.02 47 160 24 59 6 2.71
-0.62 0.02 40 180 26 57 6 3.15
-0.54 0.02 42 156 23 52 6 2.99
-0.44 0.03 40 180 21 48 5 3.74
-0.28 0.11 52 183 15 43 4 4.22
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Figure 9. Solution for v,q, 01,, and their ratio as a function of abundance, using

the method of FWS80 and the data of Table 4.



TABLE 5. FW80 Analysis Results.
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([Fe/H])) | ofpem) | N Vrot oy Olos (disp)ios | | vrot/0ios |
(kms™!) | (kms™') | (kms™?) | (kms™?)

(1) @ |® (4) (5) (6) (7 (8)
-1.82 0.21 80 13 21 95 8 0.14
-1.28 0.13 82 46 21 100 8 0.46
-0.93 0.06 85 93 17 80 6 1.17
-0.73 0.05 90 121 16 60 4 2.02
-0.56 0.05 82 168 17 54 4 3.08
-0.35 0.12 92 182 12 45 3 4.02
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seem that at least 40 objects per bin is sufficient to obtain a value for v,,; with an

uncertainty that is close to the external errors in the velocities for the stars.

A potential weakness in the result presented here is the division in metallicty
that is used to separate the FHB and A stars. To explore the effect that this cutoff
has in the response of the rotation determination, the calculation was repeated
twice, using a division of [Fe/H] = —0.50 and [Fe/H] = —1.00 to separate the
FHB and A stars. A comparison of the results obtained is given in Figure 11,
and it can be seen that the effect on v,, is to increase the range in [Fe/H)] over
which the transition from halo to disk kinematics occurs. It is therefore difficult to
assess the sharpness of the transition, as it depends heavily on the division between
the two sub-samples. A better knowledge of the metallicity distribution of the A
type stars would establish this upper limit in metallicity for which the kinematics
become those of the "extended disk.” The lower limit, i.e., the point at which the
transition begins, is clearer, as it is very unlikely that the A type stars are numerous
at metallicities this low. In general, it can be seen that, for the results in Figure
9, the transition occurs over the range —1.20 < [Fe/H] < —0.6, which is consistent

with the determinations of others.

As well, the values of v,,¢ over the range of metallicities in this determination
are consistent with those derived by others. For the bins which approach solar
metallicity, the result is consistent with "normal” properties of the "extended disk.”
This is noteworthy, as the stars which populate these high-metallicity bins are those

which are classified as A type. They seem to participate in the same systematic
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rotation that other stars have in this range of metallicity, which suggests that they
are normal constituents of this region of the galaxy. The implication of this is
that the "extended disk” is a site of star formation, and is therefore not a fossil
remnant of the galaxy’s collapse. Recent findings on the density of gas within a few
kpc of the galactic plane would seem to allow for this conjecture (Robertson et al.,
1990). High velocity gas clouds with metallicities of up to [Fe/H] = —0.5 have been

detected, using quasars and other extragalactic objects as probes.

Another worry in drawing conclusions from this sample is the question of
whether the sky is adequately covered over each of the metallicity bins. Figure
12 is a stripe histogram of the values of cos); for the bins of Table 4 (each stripe
on the histogram represents one star). Since this is the angle which projects the
line of sight velocity along the radial direction, it is also a measure of how much
weight to assign each bin in the determination of v,,. It can be seen that there is
sufficient coverage in each of the bins to consider the derived rotational velocities
valid, although the general decrease in the coverage at higher metallicities stems

from the relative proximity of the A type stars to the sun.
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CHAPTER 7: SUMMARY AND CONCLUSIONS

It has been demonstrated that the spatial structure of the inner halo likely de-
parts from a random distribution of stars to distances of =~ 8 kpc. This conclusion
stems from probing the structure of the halo with the FHB I catalogue, although
it is unclear if the departure seen is a result of clumping of matter on small scales
(£ 100pc), or perhaps the existence of remnants of disrupted groupings. The un-
certainty here lies in the coarse brightness (and therefore distance) determinations
for these stars at present, which would be remedied by an observing programme
aimed at acquiring photometry for these stars. The extension of the HK Survey to
the northern galactic hemisphere will prove beneficial in attacking this and other

problems in galactic studies.

The rotation of the halo system as traced by the FHB stars is consistent with de-
terminations which have been made for other populations of stars with the halo. The
A type stars which are identified in the HK Survey appear to be normal members
of the extended disk population, sharing the kinematics, distribution of metallicity
and location of other stars which have been identified as part of this component of

the galaxy. The transition in the halo from halo to extended disk kinematics

100
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occurs from [Fe/H] = —1.2, and appears to extend to —0.80 < [Fe/H] < —0.6, and
is smooth. This appears to confirm that the disk is decoupled from the halo, so
that the evolutionary picture of Eggen, Lyndon-Bell and Sandage would seem to be

at odds with this result.
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