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uvby and Hp photometry is reported for over 1000 stars brighter than about 13.5 mag. and located generally in the Galactic polar regions.
Spectral types have also been determined for many of the stars.
These data constitute the initial phase of an extensive study of the space distribution and kinematics of the Intermediate Population II stars.
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1. INTRODUCTION

This report forms part I of a study of the kinematics of the Intermediate Population II stars. It brings
together much of the photometric and spectral data that has been obtained to date in this project and provides
a discussion of the techniques used to obtain them. Specifically, photometry has been obtained of more than
1000 stars, brighter than about 13.5 mag., in 57 fields selected from the McCormick Proper Motion Fields
(van de Kamp and Vyssotsky 1937, Vyssotsky and Williams 1948). Most (51) of the fields lie within 30°
of the Galactic poles. uvhy and H photometry have been completed for the proper motion stars in the fields
and many of the stars have been classified on the MK system. A preliminary report on this programme was
given by Blaauw (1968).

The McCormick Fields were originally selected by Vyssotsky, van de Kamp and Williams from the extensive
plate material collected at the McCormick Observatory as part of its continuing parallax programme. The initial
photographic plates were taken between 1914 and 1920, and proper motions were determined from this material
in the 1930’s and 1940’s. New proper motions based on recent second epoch plates are now available for the
stars in many of these fields (including all of the fields discussed in this paper) to an accuracy of 0.002 arc sec.
per year or better (Blaauw, Garmany and Ianna 1976).

For the initial phase of the project, fields were selected near the Galactic poles to allow exploration of the
variation of population characteristics with distance from the plane and to insure that, in practice, the
number of stars per field were not excessive (about 20 stars per field at high latitudes as compared with
100 or more stars at lower latitudes). All but one of the McCormick Fields below latitude —60° have been
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included in this study (25 fields) but only those fields above latitude +60° containing stars fainter than
magnitude 12.5 have been included (26 fields). Photometry has also been obtained in 6 fields at lower latitudes
(the so-called Pilot Programme fields). Some additional fields near the NGP have been observed and will
be reported elsewhere (Garmany and Ianna 1976). Figure 1 shows the distribution of the fields discussed
in the present paper.

The use of uvby and HP photometry (Stromgren 1966) makes possible the clear separation of the stars
into groups of differing metal content based mainly on the m; index. This, combined with the unambiguous
reddening determinations (Crawford 1975), provides a direct method of population classification which is
essential to the further analysis of the material.

2. THE PHOTOMETRY

The observations have been made during several observing runs over an eight year period at both the Kitt
Peak National Observatory at Tucson, and the European Southern Observatory at La Silla in Chile. With the
exception of the Hf observations in 1971 and 1972, all the data were taken in the DC-mode, making use
of the standard photometers and filters available at the two observatories. Table 1 gives a breakdown of the
observing sessions based on the observer and the equipment used. In all cases the data were transformed to
the standard uvby, HP system as defined at Kitt Peak and later published by Crawford and Mander (1966)
and Crawford and Barnes (1970). The rms residuals for the standards were 0.019 in ¥V, 0.012 in (b—y), 0.017 in
my, 0.023 in ¢, and 0.010 in HP averaged over the main observing sessions. Table 2 gives a breakdown
of the residuals by observatory and equipment for these sessions. These residuals include both the error of the
transformation as well as the observational error (estimated to be about 0.008 in ¥, 0.006 in (b—y), 0.014 in m,,
0.017 in ¢, and 0.008 in HP for a star of mag. ~5).

In general, the data were reduced using the computer programmes available at KPNO and ESO,
respectively. The transformation coefficients were independently determined for each filter combination during
each observing run. These coefficients were then used to reduce all the data from that run. Table 3 gives the
values obtained for the transformations. This table also gives the mean values of the extinction coefficients
which were determined. The extinction was measured frequently during each run, but the variation was so minor
that the mean values of each run were used. Note that the extinction coefficients are reasonably constant from
year to year and even from observatory to observatory.

Because no automatic data acquisition was available at the time, all the observations from 1969, 1970
and 1971b and ¢ were reduced by hand. A careful intercomparison of the data from the various sessions and
observers revealed occasional systematic errors. Frequently these were small enough to be neglected (of the
order of the average rms residuals), but occasionally larger systematic effects were found. For instance, the
c; measures determined in 1970b were consistently discordant and were rejected. Apparently the H and I
coefficients used were incorrect (see table 3). In the case of the HP observations, the inherent precision
of the data enhanced the effects of the systematic differences. The 1971a observations produced B’s 0.025 mag.
smaller, in general, than the 1972 and the 1975 (50 cm) results. The 1971 (1 m) observations produced f’s 0.030 mag.
smaller. These differences do not appear to be magnitude dependent, and the standard stars reveal no systematic
effect. It was assumed the cause of the deviations was connected with the fact that the standards were
considerably brighter than the programme stars, this effect being accented in the case of a larger telescope.
A systematic correction of the amount indicated above was therefore applied. In one case, 1971c, it was also
necessary to apply a magnitude dependent correction to the uvby data due to an apparent miscalibration of
the amplifier, and these data were then given only half weight in the final averages.

The visual magnitudes of the standard stars were taken from the Bright Star Catalog (Hoffleit 1964) if
photoelectrically determined, or from the Navy Catalog of Photoelectric Photometry (Blanco et al. 1968).
Thus it is clear that some of the residual error in the magnitudes is caused by this less than satisfactory
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method of establishing the standard magnitudes for these stars. Unfortunately no general determination has
yet been made of the magnitudes of the uvby standard stars.

In the initial SGP work, (1970b, 1971b), no visual magnitudes were determined from the data. When this fact
gave rise to the lack of a magnitude for the star in the final listing, an estimated magnitude was
substituted, taken from low quality observations made in 1972. These data were not used in the final averages
and are only placed in the table where needed to indicate the magnitude.

Figure 2 shows the relation of the mean error per observation to the magnitude. The increase in the error
towards fainter magnitudes is expected since each star was observed for a limited time in order to obtain
as large a body of data as possible. In most cases the leveling off of the error around magnitude 11.5 is the result
of the data for the fainter stars being taken on larger telescopes. The 1970a observations were, on the other
hand, all made on a single telescope and the large errors for the fainter stars are the result. The fields observed
in 1970a are marked in table 4 with a colon (:), and the stars in those fields fainter than 11.5 mag. generally
have large mean errors. All of the additional scatter in the m; vs (b—y) plot for the NGP fields (figure 4) is
due to these stars.

3. SPECTROSCOPY

The spectral classes given in the McCormick Catalogues originate from several sources. Most classifications
were taken over from the HD and HDE Catalogues and others were obtained from plates taken with the
Metcalf 10" telescope (mean dispersion 400 A/mm in the blue) and the 24" Clark reflector (mean dispersion
520 I&/mm in the blue). In order to provide a homogeneous basis for the present study, the NGP fields were
reclassified in the MK System and the SGP fields were thoroughly checked by means of new plates.

For the spectral classification of programme stars in the 26 NGP fields, objective prism plates (Kodak
IIa—-O) were obtained in 1971 and 1972 with the 70 cm Menisc telescope in Abastumani. The spectra have
a dispersion of 166 A/mm at Hp, the widening is 0.2 mm and the exposure time 30 min. For most of the plates,
the limiting magnitude for two-dimensional classification is 12 mag. The spectral classification was carried out
by one of us (R.A.B.) according to the methods discussed by Kharadze and Bartaya (1960). Most of the
programme stars could be classified except for a few with severe overlapping. For the stars fainter than 12 mag.
one-dimensional classification has been performed. Attempts to reach the faintest stars with unwidened
spectra did not result in any significant improvement in the visual classification. Work on improving the
classification by means of microphotometer recordings is in progress.

Plates of 25 SGP fields were obtained with the 40 cm GPO Astrograph at La Silla, Chile from 1970
to 1974. For details about this ‘instrument, cf. Duflot and Fehrenbach (1962). Two or more plates were
obtained for most of the fields, with a widening of 0.2-0.3 mm. A 2 h exposure (dispersion 110 I&/mm)
reaches about 12 mag. The spectra were classified one-dimensionally by one of us (R.M.W.), according to the
Marseilles scheme. The present classification was compared with the McCormick classification. No significant
systematic discrepancies were noted, but several stars were wrongly classified in the McCormick Catalogue.
For the present programme, the GPO spectral classes have been adopted.

The accuracy of the Abastumani MK Classification is estimated at +1 subclass and +1 luminosity class.
The accuracy of the GPO classification is somewhat lower due to the strong wavelength dependence of
the focal plane of the GPO; it is estimated at + 2 subclasses.

Figure 3 is a plot of the Abastumani and GPO spectral classes against (b—y). The diagram shows that there is
avery good agreement between mean spectral types from Abastumani (NGP) and La Silla (SGP). The agreement
with the mean Hyades relation for A5-GO stars (Crawford and Perry 1966) is also good.

4. THE DATA

Table 4 is a listing of the fields observed, the identification of the central star, its magnitude, and its position
in both the equatorial and galactic coordinate systems. The positions of the proper motion stars in the fields can
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be determined relative to the central star by use of the X and Y positions listed in McCormick Publications
7 and 10. Because of the scale of the original plates, the programme stars are all within about 30 arc min. of the
central star.

Table 5 contains the final values for the stars observed. Column 1 gives the McCormick Field number and
column 2 gives the individual star number within each field. The spectral type and luminosity class are
given in column 3 where available. Columns 4 through 11 give the photometric data along with the number of
observations used to determine the magnitudes, colours, and  index, respectively. The last column contains
the BD number of the star if available and references to the notes at the end of the table. Note that a colon (:)
or double colon (::) beside a photometric measure indicates that the mean error per observation for that
measure exceeds, respectively, 2 or 4 times the expected mean error for a 11 mag. star from figure 2. These
expected mean errors for a single observation are 0.020 in 7,0.015 in (b—y), 0.025 in my, 0.045 in c1, and 0.025 in .

Figure 4 is a plot of m;, ¢; and P as a function of (b—y) for all the stars in table 5. The points falling well
outside the main distribution have been individually checked for computational errors and appear to be correct.
Note that to insure that a § index observation was obtained for all stars earlier than GO, all the stars in several
of the SGP fields were observed in HP. This accounts for the large number of  measures for stars later than GO
in the southern fields.
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Figure 2 Rms error per observation as a function of magnitude. In most observing sessions the stars fainter than 11.5 mag. were
observed on a larger telescope. The dashed line indicates the errors for the 1970a observing session when the data were taken on a
single telescope.

Table 4
Field Central 1 & Field Central a §
* Star (1975) (1975) L b Program * Star (1975) (1975) ! b Program
3 9 Cet P 2™ -12° 21t 81° -73°  sep 328 89 Aqr 23" 08T -22° 35" 32° -64°  sGp
4 82 Cet 0 36.3 -24 54 27 -83 SGP 332 HD 219617 23 15.7 -13 59 51 -62 SGP
5 HD 3628 0 37.8 +2 59 110 -61 SGP 346 1 Cet 0 18.2 -8 58 99 -70 SGP
9 HD 4256 0 43.7 + 1 40 111 -63 SGP 350 B Cet 0 42.4 -18 07 110 -80 SGP
16 6 Cet 1 22.8 -8 19 135 -73 SGP 352 19 Cet 0 48.9 -10 47 123 =73 SGP
23 1 Cet 1 42.9 ~-16 04 170 -77 SGP 356 HD 5659 0 56.8 =15 50 131 =79 SGP
26 x Cet 1 48.5 -10 48 159 =73 SGP 359 n Cet 1 07.3 -10 19 137 =73 SGP
31 o Cet 2 18.1 -3 06 162 -63 SGP 369 HD 10519 1 41.0 ~-18 01 177 -75 SGP
32 HD 15144 2 24.8 -15 27 188 -69 SGP 371 r Cet 1 50.2 -10 28 166 -68 SGP
43 a For 3 11.0 -29 05 229 -62 SGP 542 Y UMa 11 08.3 +44 37 166 +63 NGP
101 1 Gem 7 24.2 +27 52 189 +15 Pilot 551 v Vir 11 44,6 + 6 39 262 +64 NGP
102 p Gem 7 27.5 +31 51 185 +17 Pilot 553: B Leo 11 47.8 +14 42 251 +71 NGP
112 B Cnc 8 15.2 +9 17 212 +20 Pilot 554 67 UMa 12 00.9 +43 11 153 +71 NGP
119 § Cnc 8 43.3 +18 14 204 +31 Pilot 556: HD 104785 12 02.8 +18 57 248 +76 NGP
120 1 Cnc 8 45.2 +28 51 192 +33 Pilot 562: HD 107326 12 19.0 +26 09 221 +83 NGP
123 ¢ Hya 8 54.1 +6 03 219 +28 Pilot 564: y Vir 12 40.4 -1 19 298  +61 NGP
150 93 Leo 11 46.7 +20 21 224 +72 NGP 566: 32 Vir 12 44.4 + 7 48 298 +70 NGP
152 HD 103095 11 51.5 +37 54 167 +69 NGP 569: HD 111515 12 48.4 + 1 20 301 +64 NGP
159: B8 CVn 12 32.6 +41 29 141 +70 NGP 579: HD 119850 13 44.3 +15 04 353 +72 NGP
166: 8 Vir 13 08.7 -5 24 304 +60 NGP 580: HD 120066 13 45.7 + 6 29 338 +65 NGP
168 B Com 13 10.7 +28 01 = 107 +86 NGP 590 p Boo 14 30.8 +30 29 47 +67 NGP
173: 70 Vir 13 27.2 +13 55 328 +78 NGP 592: o Boo 14 33.6 +29 51 45 +67 NGP
174 o Vir 13 32.9 + 3 49 319 +68 NGP 763 § Aqr 22 53.4 -15 57 50 -61 SGP
175 g Vir 13 33.4 -0 28 318 +64 NGP 769 91 Aqr 23 14.6 -9 13 67 -61 SGP
176 HD 118889 13 38.4 +10 53 333 +74 NGP 770 HD 219834 23 17.7 -13 36 60 -65 SGP
177: n Boo 13 54.5 +18 32 6 +77 NGP 773 HD 220515 23 23.1 -17 27 54 -68 SGP
179: a Boo 14 14.5 +19 19 17 +73 NGP 780 HD 224619 23 58.0 -20 10 61 =76 . SGP
184 £ Boo 14 50.2 +19 12 25 +65 NGP
189 B8 Boo 15 01.0 +40 29 72 +61 NGP : NGP fields observed in 1970. uvby values are un-
327 86 Agqr 23 05.3 -23 53 29 -63 SGp certain for stars fainter than 11.5 mag.
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Photometry and Spectroscopy in Selected McCormick Fields 411
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Figure 4 m,, c; and P plotted against (b—y). The solid line represents the Hyades relation for A and F stars and the dashed line is
the extrapolation of this relation following the suggestion of Bond (1970). The higher scatter in the NGP diagrams for m; and c, is due
entirely to the stars fainter than 11.5 mag. observed in 1970a.
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