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ABSTRACT

Far-ultraviolet photometry of stars in a field in Monoceros in the wavelength range from 1230 A to 1600 A
has been carried out using data from an clectrographic Schmidt camera carried on a sounding rocket. Ultra-
violet magnitudes were extracted for 602 objects in the field. Fifty-eight percent were tentatively identified with
visible stars using the SIMBAD data base while another 25% are blends of objects too close together to
separate with our resolution. Eleven of the uv objects coincide with parts of the star clusters NGC 2169, NGC
2244, and NGC 2264 in which individual stars cannot be resolved. As in previous studies, the majority of the
identified ultraviolet sources are identified with early-stars. However, there arc a significant number for which
no such identification was possible, and we suggest that many of these are nearby white dwarfs.

Subject headings: open clusters and associations: general — stars: early-type — surveys —
techniques: photometric — ultraviolct: stars

1. INTRODUCTION

Previous papers have reported results from an ongoing far-
ultraviolet survey of various star fields (Carruthers & Page
1983, 1984a, b, c). This survey has four basic purposes: (1) to
detect and provide reference data on a wide variety of high-
temperature objects, many of which may later be studied in
detail; (2) to provide a historical record of objects which may
vary; (3) to provide data for statistical studies; and (4) to search
for unusual or uncxpected objects. The present paper presents
data for a field in Monoceros.
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THE OBSERVATIONS

The data presented in this paper were extracted from three
far-ultraviolet electrographic images, obtained by the Naval
Research Laboratory in a NASA sounding rocket flight
(17.019 DG) on 1982 November 15. The instrument, an clectro-
graphic Schmidt camera, was similar to ones used in the
Apollo 16 mission (Carruthers 1973) and in previous rocket
ultraviolet imagery of the Orion region (Carruthers & Opal
1977). It had a KBr photocathode and a CaF, corrector plate,
yielding a sensitivity range of 1230 A-1600 ;< (effective wave-
length of flat photon flux distribution of 1367 A); see Figure 1.
The camera had a 75 mm focal length, f/1 focal ratio, and a 20°
diameter field of view. Its angular resolution at field center was
about 25 (with some degradation toward the edges of the
field). The electrographic images have a linear density versus
exposure relationship to relatively high densitics (at lcast to
densities of 1.5) and are not subject to reciprocity failure.

The three images analyzed here, of a field in Monoceros, had
exposure times of 434, 1975 and 99%6. All were centered at
X195 = O"35™, 3,450 = 9°10". Figurc 2 (Platc 8) is a print of
the 99:6 exposure. During the same flight, similar images were
also obtaincd of a field in the northern part of Orion. Stellar
photometry in the Orion region, as well as diffuse-source mea-
surcments in Monoccros and Orion, will be discussed in later

papers.
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3. THE REDUCTIONS

The clectrographic emulsions were scanned with the NRL
PDS microdensitometer. A 16.7 um square sampling aperture
was used and samples were spaced at 15 um intervals. These
correspond to 0:68 and 0/61, respectively, on the sky. The com-
plete scan of each image comprised 2048 by 2048 samples.

The IRAF reduction package (Tody 1986) was used to
analyze the digitized images. IRAF contains an algorithm
which locates stars using the method described by Stetson
(1987). This method consists of making a convolution of the
image which is equivalent to a least-squares fit of a Gaussian
point spread function to a region around each pixel. The con-
volved image is then searched for peaks which are significantly
above the background level. A serious difficulty in the applica-
tion of this method to the present data arises from the varia-
tion of the star image sizes across the field; the FWHM ranges
from ~25 at the center to FWHM ~ 5’ at the cdge. In addi-
tion, the ¢electrographic frames contain a number of artifacts
(scratches, for example) which trigger the star-finding routine.
For this reason following the find procedure, each frame was
displayed and all the identificd star images were verificd by eye.
Additional stars were also identified which had been missed by
the star-finding routine.

Aperture photometry was next performed on all the star
images. In view of the variable image structure across the field,
a series of apertures were employed which ranged from 6 to 12
in radius. The growth curves of the magnitudes with aperture
size were then examined and the point at which the curve
leveled off was adopted as the stellar magnitude.

For many of the brighter stars, the electrographic images are
saturated at the center. Thus the magnitude scale becomes
nonlinear. However, due to the variation in image sizc across
the ficld, the magnitude level at which the nonlinearity sets in
depends on location in the field and any correction for it must
depend on the distance from the center of the field, r. This
problem was dealt with by taking advantage of the fact that we

© American Astronomical Society « Provided by the NASA Astrophysics Data System
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FiG. 1.—Overall detection quantum efficiency as a function of wavelength
for the electrographic Schmidt camera used in this project based on laboratory
measurements using the camera as a photodiode in comparison with an NBS-
calibrated photodiode.

have images with different exposure times which saturate at
different magnitude levels.
We define the linearity correction, d, by

o(r, mj) = m; —m;, iy

where m; is the instrumental magnitude measured from expo-
sure i while m; is the instrumental magnitude with the nonlin-
earity removed. § = 0 if m; > mi(r) where mi(r) is the magnitude
at which saturation sets in for image i at a location r pixels
from the field center. We then assume that

o(r, mj) = 8(0, m; — ar) . 2

This amounts to assuming that the correction curve has the
same form at various distances from the image center but slides
in magnitude by an amount proportional to r.

The adoption of a linear dependence of saturation magni-
tude on r is not strictly correct. One might consider intro-
ducing quadratic or higher terms in r into equation (2) to
produce a more realistic correction. However, in practice the
linear term removes the effects of saturation to a level below
the other errors in the photometry. Thus, the correction is
satisfactory, and any higher terms could not be determined
sufficiently well to improve the result.

We further assume that § is of the same form for all three of
the images. If we consider the magnitude differences between
exposures i and j, assuming i to be the longer exposure, we can
write

80, m; — ar) — 60, m; — ar) = (m; — m)) — (m; —m)) . (3)

In the regime where frame j is not saturated, 6(0, m; — ar) = 0
and equation (3) becomes

8(0, m; — ar) = m; — m; + const . 4)

The constant in equation (4) is just the exposure difference
between the two images expressed in magnitudes,
—2.5 log {t;/t;). We then used equation (4) to determine the
form of 8. Various values of a were tried and the value which
produced the smallest interimage scatter in the present images
as well as in a set of images of Orion exposed on the same flight
(to be discussed in a separate paper) was adopted. It corre-
sponded to a change in m{ of 2.3 mag between the center and
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the edge of the field. This is reasonable for the change in the
saturation magnitude given the fact that the star images vary
by a factor of 4 in area and vary somewhat in shape from field
center to edge. It should be noted that stars brighter than
about my 344 = 5.5 (on the magnitude scale adopted below) are
affected by saturation in even the shortest exposure, and the
data for them should be treated with some caution. In the case
of the brightest star in the field, 15 Mon, the saturation was so
severe that we could not get a reliable value of the magnitude.
We have therefore replaced our magnitude with that derived
from an IUE spectrum in the manner described below.

All of the instrumental magnitudes were next placed on a
linear scale using equation (1). Following this step, the magni-
tude differences between the three exposures were determined
from stars in common, the magnitudes were all placed on a
common instrumental system and means were formed for each
star. From the scatter among the several exposures, the inter-
nal errors were determined. For stars brighter than m, 34, = 6
(on the standard magnitude scale adopted below) the rms
scatter for a single observation averages 0.14 mag. It rises to
0.28 by m, 34, = 8.

About 110 objects in our list were identified with stars in the
SAO catalog. The celestial coordinates of these stars were
fitted to the x, y coordinates in our frames allowing for field
rotation, zero point, and a radial distortion. The radial term
was relatively small and corresponded to a change in image
scale from 40,7 mm ' at the image center to 38,7 mm ™! at the
edge. It was fitted with a second-order polynomial. The scatter
of the SAO stars about the fitted solution was 3.8, on the order
of the size of the star images. The coordinates of the stars
derived from our images are listed in columns (2) and (3) of
Table 1.

The instrumental magnitudes were calibrated to a standard
system using data from the IUE archives. We found 11 early-
type stars with IUE spectra which could be identified uniquely
with stars in our list. A number of stars were rejected because
several IUE stars were too close together to be distinct on our
images. Several were also rejected due to discrepancies between
our magnitudes and those from IUE. These latter are likely to
be caused by confusion in identification due to our rather poor
spatial resolution,

The IUE spectrum was convolved with our instrumental
response function (Fig. 1) for each of the calibration stars and
the resulting flux was converted to a magnitude on a system in
which m, 34, = 11 corresponds to F; 347 = 3.6 x 10712 ergs
cm 25”1 At The differences between our instrumental mag-
nitudes and the JUE values had an rms scatter of 0.81 mag.
With 11 calibrating stars, our zero point has a standard error
of 0.24 mag. A plot of the differences between the instrumental
and the IUE magnitudes showed no trend with brightness.
This indicates again that nonlinearities have been dealt with
adequately. The fourth column in Table 1 lists our ultraviolet
magnitudes.

4. STAR IDENTIFICATIONS

We searched a region of 10’ radius around each uv object in
the SIMBAD data base (see Egret, Wenger, & Dubois 1991 for
a description of SIMBAD and further references). The resulting
identifications are listed in the fifth column of Table 1. In
making identifications, the resolution of our images created
some difficulty. Often several stars of similar brightness fall
within the circle of confusion for a given uv object. Such cases
are indicated by the word “Blend ” in column (5). In deciding

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System
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TABLE 1
OsJeECTS DETECTED IN THE ULTRAVIOLET
No ajpse  O1sso  maszer Identification VvV Sp. Type Note No. aigso  Oies0  muaer ldentification V' Sp. Type Note

1 5:56:16 12:01 9.27 HD 250034 9.42 Mo 68  6:08:29 2:31 8.03 BD+02 1150 10.40 A2

2 5:56:40 7:05 694 ——— _ — 69 6:08:36 13:37 5.87 HD 42477 6.04 A0Vnn

3 5:56:48 11:18 6.28 —— —— — 70 6:08:58 8:46 7.91 HD 42572 8.86 B9

4 5:57:02 12:38 7.17 SKY 9979 6.50 B¢ 71 6:09:07 14:12 3.30  HD 42560 4.47 B31V

5 5:57:35 11:45 8.83 AG+11605 8.60 B3 72 6:09:13 7:25 5.76 HD 42597 7.05 B1V

6 5:58:02 7:36 821 — _— 73 6:09:17 6:21 9.00 AG+06 689 8.80 Fo

7 5:58:19 13:10 8.26 SKY 10023 7.50 B9 74 6:09:16 4:44 7.92 SKY 10451 7.50 A0

8 5:59:09 7:44 7.29 Blend 7.81 F5,F5 75 6:09:18 16:11 3.97 HD 42545 4.98 B5Vn

9 5:59:28 12:42 7.47 SKY 10061 7.90 B9 76  6:09:28 10:18 6.46 HD 42655 7.49 B2V
10 5:59:27 11:08 7.61 AG+11612 8.60 B9 77  6:09:54 15:22 9.05 AG+15584 9.00 B9
11 5:59:59 6:52 728 ———— _ — 78 6:09:56 2:54 9.11 HD 42846 8.48 AQ
12 6:00:.06 11:08 7.47 Blend 7.04 B9,B9,A0 79 6:10:03 3:35 6.71 HD 42845 7.51 B8
13  6:00:07 12:38 7.32 Blend 6.86 B9,B9,B9 80 6:10:07 8:33 798 AG+08720 8.90 B8
14 6:00:09 B:36 167 HD 41121 8.40 B8 81 6:10:10 9:01 6.81 Blend 7.61 BY,A0
15 6:00:14 11:41 7.27 HD 41076 6.08 AQVs 82 6:10:13 10:15 6.07 Blend 6.28 B9,A2
16 6:00:566 15:00 7.86 HD 41164 8.28 B9 83 6:10:25 7:09  10.13 Blend 6.91 K5,F0
17 6:01:03 13:36 8.92 AG+13523 8.60 B8 84 6:10:29 12:31 9.75 PK 197-022 12.98 —
18 6:01:23 13:54 8.22 AG+13 524 8.40 B9 85 6:10:41 6:24 8.79 AG-+06697 9.40 A0
19 6:01:45 9:35 8.24 Blend 8.07 ALAD 86 6:10:44 9:36 6.51 Blend 6.98 B8, A0
20  6:01:55 7:10 9.23 AG407 712 7.80 A0 87 6:10:51 10:12 6.30 AG+10 711 7.80 A2
21 6:01:57 8:58 8.30 HD 41378 8.19 A0 88 6:10:52 8:17 8.38 AG+08 722 9.40 B8
22 6:02:03 7:54 9.58 AGH0T7 713 8.90 A0 89 6:10:54 12:08 9.32 AG+12704 8.80 F5
23  6:02:31 5:47 757 —— —_— — 90 6:10:58 8:41 7.47 HD 42908 8.18 B2Ve
24 6:02:35 11:13 7.82 SKY 10160 7.90 A2 91  6:11:20 3:59 6.93 HD 43047 7.31 B9
256 6:02:52 6:03 8.95 SKY 10178 7.90 A0 92  6:11:33 2:22 6.33 SKY 10530 7.30 B9
26  6:02:52 9:54 9.34 Blend 7.77 A0,A2 93 6:11:37 11:48 7.84 Blend 713 A0,B8
27  6:02:59 12:29 8.31 Blend 7.56 B9,A0 94 6:11:38 14:51 8.18 AG+14 620 9.10 Ko
28 6:03:04 10:21 9.20 _ — 95 6:11:39 2:45 9.43 Blend 7.56 A0,A2
29 6:03:06 13:32 8.73 Blend 8.20 B9,A2 96 6:11:41 3:34 9.11 AG+03 765 8.80 A0
30 6:03:21 8:38 8.70 AG-+08 698 9.40 A3 97 6:11:56 13:11 7.68 AG-+13 559 8.80 B3V
31  6:03:26 10:44 7.75 Blend 6.95 B8,A0 98 6:11:57 17:31 7.36 Blend 7.99 B7IILA
32  6:03:27 13:16 9.08 AG+13531 9.00 AC 99 6:12:00 14:38 7.10  Blernd 6.83 B8V, B5I1
33  6:03:29 7:31 8.28 HD 41603 8.47 B9 100  6:12:07 11:36 746 HD 43098 8.17 B8
34 6:03:31 8:25 852 — —_— — 101 6:12:10 13:34 6.29 ——m— _ —
35 6:03:51 3:08 7.92 AG+03 737 9.30 GO 102  6:12:12 3:54 5.83 Blend 6.59 B9,B9,B9
36 6:03:53 10:13 8.44 AG+10 689 9.60 MO 103 6:12:20 0:54 6.63 Blend 6.94 B5,A0
37 6:04:18 6:28 9.07 Blend 7.83 A0,A3 104 6:12:21  13:50 3.67 HD 43112 5.90 B1V
38 6:04:24 9:11 6.85 HD 41754 7.90 BS 105  6:12:24 7:27 8.69 AG+07754 8.30 A0
39 6:04:25 8:16 8.09 HD 41791 8.01 B9 106 6:12:25 3:58 5.42 Blend 6.42 B9,B9,B5
40 6:04:28 11:28 954 —— —_— — 107  6:12:39 6:34 7.42 Blend 7.57 A0,AQ
41 6:04:41 14:48 3.15 HD 41753 4.42 B3V 108 6:12:40 9:43 8.74 AG409679 8.70 A2
42  6:04:51 3:26 7.54 AG+03 738 8.70 F2 109  6:12:42 16:12 4.76 HD 43153 5.34 BTV
43  6:05:00 4:59 8.38 Blend 7.68 BY,B9,A2 110 6:12:45 4:03 5.74 HD 43286 7.00 B5
44  6:05:18 14:12 6.25 Blend 7.56 Ko,? 111 6:12:58 7:40 7.61 HD 43264 7.54 B9
45  6:05:30 2:32 7.67 HD 288449 10.00P KO 112 6:12:58 12:31 6.85 HD 43247 5.33 BYII-111
46  6:05:31 13:43 6.80 AG+13537 8.80 B5 113 6:13:05 6:07 5.25 HD 43285 6.07 B6Ve
47 6:05:36 13:59 4.86 NGC 2169 —_ — * 114 6:13:05 4:23 5.14 HD 43317 6.64 B3IV
48  6:05:40 9:37 7.86 HD 41998 7.78 B8 115 6:13:08 8:27 9.09 HD 43300 8.05 B9
49  6:05:45 7:14 8.64 HD 42015 8.61 A0 116 6:13:08 6:35 7.35 Blend 7.57 A0,AD
50 6:05:48 12:16 8.79 AG+12692 9.10 A5 117 6:13:12 1:09 6.38 HD 43461 6.62 B6V
51  6:05:51 8:40 7.05 HD 42035 6.55 B9V 118 6:13:13 3:11 10.07 AG+03 773 8.10 A0
52 6:06:29 4:46 7.10 SKY 10328 7.80 B8 119 6:13:35 12:21 7.75 Blend 8.43P Al B
53 6:06:43 12:05 9.27 AG+12695 9.50 A2 120 6:13:37 5:11 7.36 HD 43406 7.16 B9
54 6:06:56 13:48 7.70  Blend 7.711 A0,A0 121 6:13:37 9:00 8.91 SKY 10598 7.80 B9
55 6:07.02 14:53 7.01 HD 42180 7.30 B9 122 6:13:40 9:47 8.92 BD+09 1167 16.40 A0
56 6:07:05 9:27 6.8 Blend 7.06 AQ,A5 123  6:13:55 7:49 7.37 — e
57 6:07:05 2:58 6.92 HD 42256 6.60 Ko 124 6:14:18 6:04 7.50 Blend 7.85 A0,AD
58 6:07:10 7:38 7.47 HD 42254 8.07 B9 125  6:14:20 15:53 7.06 HD 43496 7.33 BS8II
59 6:07:09 14:05 7.85 HD 252680 9.10 B2V 126 6:14:24 9:54 8.48 Blend 4.64 A2V,A2V
60 6:07:27 10:16 11.41 AG+10698 8.80 A 127  6:14:27 7:05 5.57 Blend 6.38 BT7II1,B9
61  6:07:27 3:56 8.23 AG+03 754 8.20 B9 128 6:14:28 9:47 8.54 AG+09686 10.00 A0
62 6:07:33 16:12 898 —0— —_ —— 129  6:14:39 1:52 6.67 Blend 7.54 B8,B9,A2
63 6:07:43 9:57 9.15 AG+09659 9.40 B8 130  6:14:45 14:02 7.20 HD 43583 6.59 AQV
64 6:07:57 13:39 5.87 Blend 5.65 B1II1,A0 131 6:14:54 0:16 7.91 Blend 7.41 B9,A2
65 6:08:02 8:59 9.10 AG+09 660 8.30 AQ 132 6:15:03 9:03 9.12 AG+08 730 8.70 K5
66 6:08:05 8:25 8.86 Blend 8.24 A0,B8 133 6:15:11 3:.06 9.95 HD 43728 9.00 B8
67 6:08:07 11:58 6.53 SKY 10387 7.35 B2V 134 6:15:17  14:22 8.57 HD 43683 6.16 A3V

135 6:15:49  12:05 789 —— —_—
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TABLE 1—Continued

No. Q1850 61950 miae7 Identiﬁcation Vv Sp. Type Note No. 1950 61950 m1367 Identiﬁcation \4 Sp. Type Note
136 6:15:56  9:14  9.09 BD+09 1183 9.30 — 203  6:23:08 400 9.49 ——— - =
137 6:16:03 11:08 8.04 Blend 6.90 ADA 204 6:23:16 12:12  7.89 Blend 8.03 B5,A2
138 6:16:10  2:35 9.02 HD 43889 940 B8 205 6:23:17  5:01 9.14 AG+H04756 9.10 A2
139 6:16:19 12:43 6.32 Blend 6.28  B8,A0 206 6:23:26  2:27 7.20 HD 45137 6.51 A0V
140 6:16:21 17:25 7.00 SKY 10714 6.32  B9Ilisp. 207 6:23:42 -0:40 7.61 SKY 11051 6.78 B9
141 6:16:28  4:18 8.61 SKY 10710 7.50 A0 208 6:23:44 15:33  7.51 WD 45180 6.88 B9V
142 6:16:38  6:10  7.89 HD 43912 826 A0 209 6:23:48 11:39 9.68 AG+11683 880 B8
143 6:16:33 12:16 7.26 SKY 10753 7.70 B8 210 6:23:49  4:35  6.82 HD 45136 797 A0
144 6:16:57 10:58 7.16 HD 43984 8.30 B8 211 6:23:57 8:03 7.52 HD 45166 9.88  Bpevar
145 6:17:12 10:48 7.74 AG+10727 9.00 A0 212 6:24:01 16:53  9.00 LS 57 10.90P B...
146  6:17:22 4:45 7.54 HD 44052 840 BS8 213 6:24:12  10:56 7.70 Blend 8.04 - B8,B3
147 6:17:31  11:57 8.056 AG+12730 9.00 A 214 6:24:13 9:07 9.55 Blend 7.41 A2,A0
148  6:17:37 13:04 961 AG+13574 890 BYIII 215 6:24:13  4:15 889 AG404767 970 A0
149 6:17:51 T7:45 678 HD 44108 6.76 B9 216  6:24:21  14:55  5.93  HD 45314 6.64 O9:pe
150 6:18:06 11:44 6.02 HD 44173 6.53  BSIII 217 6:24:25 1:00  7.62 HD 45357 6.71  AlVn
151 6:18:07 8:58 8.48 Blend 8.04  A0,A0 218 6:24:33 810  7.59 Blend 9.08 7,G5
152 6:18:08 17:27 9.08 AG+17605 8.20 A0 219 6:24:33  4:02 925 LS VI+034 11.80P B
153  6:18:11 14:42 6.35 HD 44172 7.34 B6V 220 6:24:35  0:16  7.39 Blend 7.65P B8,A0,A
154 6:18:27 9145 620 HD 44235 7.99 B8 221 6:24:47 -0:32 884 Blend 7.84  A5,A5
155  6:18:31 8:27 903 — —_—— = 222 6:24:58 8:29 9.07 Blend 7.90 A0,A2
156  6:19:07 14:17 7.87 HD 44351 8.27 A 223 6:25:01 15:44 9.48 AG+15 620 8.10 B9
157 6:19:14  8:46 899 Blend 7.74  A0,A2,A0 224 6:25:07  7:03  9.06 Blend 7906  A0,B8
158 6:19:15 10:57 7.03 HD 44373 8.50 BS 225  6:25:08 12:48 869 ——— —_ =
159  6:19:23 12:01 8.22 AG+12733 850 A0 226 6:25:22  5:20 949 HD 45530 741 Alp
160 6:19:26  2:14  9.71 HD 44333  6.31 A4.5V 227 6:25:33  5:42 9.65 ——— —_— -
161  6:19:53  8:21 7.76 HD 44498 883 B25V 228 6:25:35 11:09 8.48 AG+11688 9.70 A5
162 6:20:02 12:21 9.86 AG+12735 830 A0 229 6:25:36 0:16  8.09 Blend 10.00P A2,A
163  6:20:15  6:33 9.79 AG+06728 8.60 A0 230 6:25:40 7:14 852 HD 257779 8.83 B8
164 6:20:18 17:39 8.82 HD 44496 6.93 A0 231  6:25:52  11:21 7.97 HD 257971 8.90 B0.51I1
165 6:20:23 15:52  8.52 Blend 7.73  B7V,B9p 232 6:25:54  8:02 9.03 ——— —_— —
166 6:20:23 16:34  8.30 HD 44584 801 B9 233  6:26:00 14:07 757 AG+14659 870 F5
167 6:20:28 5:14 8.63 Blend 8.04 B9,A2 234 6:26:02 2:07 6.78 Blend 8.18P B9,A AT
168 6:20:28 0:17 9.37 HD 44718 8.73 AQ 235  6:26:10 5:26 8.99 AG4+05798 10.70 Fo
169 6:20:32 15:06 8.82 HD 44637 8.03 B2Vipe 236 6:26:20  0:16  7.43 SKY 11161  6.70 A0,A
170 6:20:34 9:17 8.64 AG+09701 8.50 Fo 237  6:26:26 13:40 7.7  AG+13 594 8.40 B¢
171  6:20:3¢  6:47 8.98 Blend 9.18  B9,A0 238 6:26:36  2:20  9.07 Blend 8.97P  A0,A5
172 6:206:37 8:56 8.18 AG+08 751 9.30 B8 239  6:27:16  18:02 8.88 Blend 7.30 A0,A2
173 6:20:49 15:24 5.17 — 240 6:27:18 7:52 7.30 HD 45802 — A
174 6:20:53  10:56  8.52 HD 44712 7.76 A0 241 6:27:23  8:32  8.14 SKY 11187  7.50 F8
175 6:20:58 8:04 888 —— o 242 6:27:26 4:27 8.12 NGC 2244 _— B2IV-V,B *
176  6:20:59  14:06  9.07 AG-+14644 7.95 A2Ib 243 6:27:36 440  8.02 NGC2244 ——r — *
177 6:21:01 3:55 5.06 HD 44700 6.40 B3V 244 6:27:37 9:08 8.60 HD 45827 6.57 AOIII
178 6:21:03 0:04 8.25 Blend 7.63 AO,A2,A0 245 6:27:38 8:24 8.14 AG+08 779 8.80 A
178 6:21:04 7:33 9.66 Blend 8.81 AO,AO 246 6:27:45 7:15 5.71 HD 45789 7.10 B2.5IV-V
180 6:21:30 912 7.01 HD 44782 738 B9 247  6:27:59  T7:02  6.99 HD 258491 8.87 K7
181 6:21:33 855 658 HD 44783 6.27 B8Vn 248 6:28:00 846  9.16 AG-+08781 840 A0
182 6:21:3¢  8:21 893 Blend 716  AS5,B2IV: 249 6:28:06 801 9.25 IRC +10125  8.60
183 6:21:36  8:01  8.97 HD 44813 8.27 A3 250 6:28:11  10:08 6.55  Blend 6.97 BS8,A2,B7
184 6:21:39 1320 894 o 251 6:28:14  3:04 8.46 HD 45912 8.80 F8
185 6:21:38 1217 9.84 AG+12738 8.80 A0 252 6:28:23  11:20  5.02 HD 45995 6.03  B2V:nne
186 6:21:59 13:54 881 BD+13 1236 9.10  B6IV 253 6:28:28  T:34 9.2 HD 45930 866 A0
187 6:22:00 15:01 8.75 Blend 8.14 B3V,BOV 264 6:28:30  6:02  6.90 CL Collinde 540
188 62210 526 862 Blend 816 A0,A0 255 6:28:31  4:32 5.83 NGC 2244 ——  A6V,A0Il *
189 6:22:15 14:53  8.76 AG+14 646 8.80 B3V 256  6:28:32  9:57  5.97 Blend 7.26  B8,B3,BIlI
190 6:22:19 17:05 7.46 HD 44904 699 B9 257 6:28:40  8:36  8.69 AG+08783 930 B8
191 62219 420 741 HD 44907 730 B9 258  6:28:48 11:52  6.09 HD 46075 6.65  B6III
192 6:22:25 11:41  9.24 HD 44965 7.82 B3Il o ez e 240 mend 8.91P  D9,A3 s
193  6:22:32  8:26 10.11 AG-+08 757 10.30 B8 21 62907 151 509 IiD(i6212;14 w6 a0
194 6:22:37 10:49 7.16 Blend 7.31 BS8,B8 oo, : ’ )
195 6:22:38 12:15  7.90 AG+12742 9.00 A2 ;g; g:;gﬁgz gf; ;'gg Blend 8.50P  KO.K5.F0
196 6:22:45 13:16 848 AG+13586 8.40 B8V 964 62040 557 740 Hl;“46179 650 Bov
197  6:22:47 14:05 8.17 AG+14649 8.60 A2V e : : :
198 62248 140 6.84 HD 45050 6.66 B9V 265  6:29:43  17:47  8.57 HD 46162 8.48 A0
199 6:22:54 805 812 Blend 823  40.88 266 6:20:46  9:16  8.40 BD+09 1274 9.20 7
200 6:2254 T:42  9.40 Blend 8.45 A0.A0 267 6:30:00 510 499 NGC2244  —— B8 ’
201 6:22:56 11:10  8.85 Blend 715 A0.A0 268 6:30:05  6:43  7.08  Blend 10.24F 8,7
202 6:23:03 812 812 BD408 1325 9.20 B8 269 6:30:07  5:44 9.03 HD 259440  9.17 BOpe
270  6:30:12  17:05 7.26  Blend 6.96  AO0,Be
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No. Q1950 81950 ai3er Identification Vv Sp. Type Note No. 1950 b1950 miaer ldentification Vv Sp. Type Note
271  6:30:3¢  8:32  8.02 Blend 9.14P 7,G5 338  6:36:36  13:03  8.68 HD 47575 5.97 A2V
272 6:30:46  7:31  6.41 - — 339  6:36:37  8:13  6.99 AG+08808 1050 F8
273 6:30:58  3:57  9.42 AG+03817 10.00 A2 340  6:36:40 10:15  7.75 NGC 2264 8.55  BOIII *
274 6:31:12  8:30 7.93 HD 259597  8.64 B0.5:Vin 341  6:36:41 342 10.29  Blend 9.44 A0,B2V,B
275  6:31:12 - 1:05  4.15 HD 46487 509 B5Vn 342 6:36:43 1:55  6.07 —_— -
276 6:31:13  7:21  6.86 Blend 7.04 K0,G5,F8 343 6:36:44 13:10  8.93 HD 47575 5.97 A2V
277  6:31:19  4:52  7.57 Blend 748 B1V,B5B 344 6:36:44  3:15  8.99 AG+03834 880 K3V
278  6:31:26 16:46  7.27 Blend 6.95 B9,A0 345 6:36:46 457 555 ——— _ =
279 6:31:26  0:25  9.71 AG+H00705 9.70 A2 346 6:36:48  0:14 877 ——— —_— =
280  6:31:26  8:13  8.22 BD4-08 1394 11.00P B5 347 6:36:48  T:11  6.06 AG+07828 8.70 A2
281 6:31:28 -0:06 885 Blend 7.99P  A0,A0,B9 348 6:36:49  4:34 814 AG+04830 970 F5
282 6:31:51 9:15  8.43 AG+09729  8.60 A0 349 6:36:59  5:59  7.63 AG+{06787 8.00 B9V
283 6:31:51 5:42  8.26 - - 350 6:36:59  8:54 10.00 —0r— —_— =
284 6:31:54  8:13  8.05 Blend 9.09P B8,A0,B5 351 6:37:04 11:54 865 ——— —_—
285 6:31:57  4:47 7.50 HD 259865 9.9t B5 352 6:37:04 12:3¢ 8.24 AG-+12783 850 B9
286 6:32:00 16:54 7.17 HD 46593 7.22 B9 353 6:37:16 10:27 6.91 AG+10793 830 BTV
287 6:32:60  4:54 7.3¢ SKY 11396  6.90  MOIII 354 6:37:16  2:39  7.81 Blend 7.41  B9,A0
288 6:32:02 853 852 —— - 355  6:37:22 - 0:37  9.36 HD 291988 10.00P A0
289 6:32:05  7:55 8.04 SKY 11397 7.70 KO 356 6:37:38  10:26  6.73 AG+10794 8.80 B9
290 6:32:12 11:16  8.19 LS VI+111 10.53 B3Il 357 6:37:44  2:38 7.82 Blend 741 BS,A0
291  6:32:19  9:00 8.55 Blend 8.40P A0,B8V 358 6:37:50 1559  7.56 ——— -
292 6:32:21  8:32 7.53 Blend 8.65  B2IV,A0 359 6:37:51  3:27  8.49 AGH03836  9.40 A2
293  6:32:22  9:23  8.43 Blend 7.94 Ko0,K0 360 6:37:58  6:22  8.12 HD 47756 6.51  BSIIIs..
294 6:32:28  8:16 8.15 HD 260022 10.98 A0 361 6:37:5¢  5:24 8.49 AG405850 9.00 A3
295  6:32:27  2:48  9.18 Blend 8.29P B3II,A3,A2 362  6:38:00  9:43 417 NGC 2264 —_ =
296 6:32:35  8:06 6.54 Blend 7.82  Al1V,B9,B 363 6:38:13  2:28  8.64 Blend 7.41  B9,A0
297 6:32:35 T:46 7.63 AG4H07818 880 GO 364 6:38:13 957  1.21 NGC 2264 4.66 OTVe
298  6:32:38 1:59 7.65 AG+01 714 8.10 A0 365 6:38:19 16:36 7.25 HD 47863 6.28 A1V
299 6:32:44  0:43  9.06 Blend 9.64P A0,A0 366 6:38:26  9:31  4.55 NGC 2264 —_ -
300 6:33:01 812 8.89 _ - 367 6:38:27  1:38  9.07 LS VI40L9 10.06P B...
301 6:33:02  0:01 9.36 Blend 8.49P AO0A 368 6:38:28  5:15 832 —— _ -
302 6:33:04  9:20 8.67 BD+091297 9.30 AOIV 369  6:38:35 -0:3¢  9.55 Blend 8.35P  A2,A0,A0,B9
303 6:33:07 8:36 8.60 - 370  6:38:36 2:53 8.92 HD 288937 10.00P F5
304 6:33:08 1:08 5.83 —  — 371 6:38:36 6:41 6.77 AGH06 789 8.50  F2III
305 6:33:08 17:20 9.14 Blend 723  A0,A5 372 6:38:42 14:25 8.83 SKY 11726 6.80 A2
306 6:33:11 -0:30 850 AG-00821 9.00 Bg 373 6:38:48 0:23 827 AG+00744 880 K2
307 6:33:23 - 0:57 822 Blend 713  B9,A5 374 6:38:51  6:07 8.46 HD 47984 6.97 B9V
308 6:33:31  10:28  8.91 HD 46883 7.79  B0.5:V 375 6:39:06  0:46 5.86 HD 292043 10.00P F2
309  6:33:37  6:15  7.17 HD 46966 6.87 O8 376  6:39:08  6:03  8.27 HD 47984 6.97 B9V
310 6:33:55  9:20 9.33 — - — 377 6:39:12  2:35  8.90 HD 288940 9.50P B
311 6:33:56  6:06 7.93 Blend 6.43  O8,BI1IIf 378  6:39:15  6:23  9.06 HD 48099 6.35 O6e
312 6:34:02 5:35  7.64 Blend 6.94 Am,A2 379 6:39:21 3:48  9.22 AG403841 10.10 A5
313 6:34:07 10:48 850 LSVI+101 10.18 B.. 380  6:39:29 19:07 6.99 AG+19625 920 A
314 6:34:09  4:46 6.64 Blend 7.28  A2,BOIIL,A2,B51 381  6:39:30  1:15  8.41 Blend —— A0,A0,A2
315 6:34:21  7:56 8.26 AG+08802 830 G5 382 6:39:37 5:01  9.05 AG4+04842 810 ATV
316 6:34:30  6:20 5.07 HD 47129 6.05 O8V+.. 383  6:39:40  2:22  9.14 Blend 8.97P A,A2
317  6:34:30 7:44  8.42 Blend 9.26  K0,G0 384  6:39:41 6:26  7.82 HD 48099 6.35 Obe
318 6:34:32 12:39 6.68 EM* AS 133 11.00P B 385 6:39:40 4:22 9.15 AG+404 843 9.20 A2V
319 6:34:32 1:19  T7.33  — . 386 6:39:50 12:02 8.99 AG+12789 820 G5
320  6:34:40 17:39  9.77 Blend 8.13p — 387 6:39:56 - 0:42 8.02 Blend 9.09  A0,A3
321 6:34:44 16:33  4.84 HD 47105 1.0  AOIV 388 6:39:55  13:37 18.16 — _— =
322  6:34:46 12:55 8.83 Blend 8.46 A2%... 389 6:39:57 14:13  9.74 _ =
323  6:34:58  18:40 7.84 . 390 6:40:06 6:41 5.24 AG+086 796 9.30 MO
324  6:35:07 10:04 9.07 HD 260988 9.72 B3 391 6:40:08 15:39 8.16 AG+15665 10.00 A9
325 6:35:17  3:30 856 ——— _— = 392 6:40:23 9111 9.14 —_ =
326  6:35:18 4:57  8.24 HD 47240 6.16  BilIb 393 6:40:27 18:27 7.73 AG+18632 9.60 K2
327 6:35:18  6:05 6.24 Blend 7.85  BSIb,B5, 394 6:40:36  3:14  7.35 AG+03842 850  A3MI
328 6:35:24  6:22  4.62 SKY 11580  7.80  GS8III 305 6:40:46 17:01 8.61 AG+17682 880 G
329 6:35:43 - 0:30 6.8 AG-00 828 8.20 B8 396 6:40:51 2:04 716 ——w _ —
330  6:35:44 2:06 6.74 HD 47241 7.90 A0 397 6:40:57 11:28 835 — _— —
331  6:35:53 8:10 757 ——mm81 —_— 398  6:41:53  12:22 7.41 Blend 779  A0,B1V
332 6:36:00 2:35  8.15 AG+02768 9.70 BS 399 6:41:55 5:39 871 AG405868 9.50 B8
333 6:36:03 5:15  6.33 BD+051343 9.70P B 400 6:41:56 4:19 522 BD+041421 9.40 A0
334  6:36:07 7:25 8.15 AG+07 827 8.70 A7 401  6:41:58 1:58 8.91 Blend 8.57TP A2,A3,A7
335 6:36:09  4:34 8,04 Blend 6.62  BOIIL,Bo 402 6:42:02 -0:06 941 Blend 8.66  A2,B8,A0
336  6:36:23  6:16  7.37 Blend 9.41P A0B.. 403 6:42:04 12:33  7.10 AG+12796  9.50 MO
337 6:36:25 9140 6.43 NGC 2264 7.74 B5 * 404 6:42:11 7:48  7.84 —— _— =

405  6:42:12 9:48  9.05 HD 48752 8.30 B9V
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No aipso O1sso  Miaer Identification v Sp. Type Note | No. aigso 1950 myzer Identification vV Sp. Type Note
406 6:42:15  6:35 8.85 AG+06805 10.00 A2 473 6:49:21 13:43  9.87 AG+13648 9.10 BO
407 6:42:23  2:46  9.13 Blend 9.03P B...,A0 474 6:49:30 11:46  9.40 SKY 12172  7.60 KO
408  6:42:36  15:34 8.04 AG+15670 8.20 B9 475 6:49:39  T7:36  8.93 AGH07877 9.30 K2
409 6:42:42  0:54  T7.19 Blend —— A2,A3 476  6:49:55 15:09 8.84 AG+15694 850 F8
410 6:42:43 10:02 820 Blend 10.23 A2,B.. 477 6:49:56  1:38 840 ——r _ -
411 6:43:02 9:12 780 — _ — 478  6:49:569 3:31 9.04 —— _ —
412  6:43:05  4:05 804 ——— _— — 479  6:50:00  6:05 9.38 AG405898 940 A0
413  6:43:06  4:47 8.94 SKY 11877 7.70 A0 480 6:50:00  0:45  7.37 Blend 8.74P  A0,A,A0
414 6:43:10 -0:49 7.35 SKY 11883 6.70 A0 481  6:50:01  5:35  6.16 — _ =
415 6:43:13  0:12 843 Blend 8.48  A0,A0 482 6:50:14 16:13  7.59 Blend 9.14 B0,KO
416  6:43:21 9:27  7.70 P — 483  6:50:27 - 0:01  8.39 Blend 8.96 B8,B5,A0V,A2
417 6:43:27  5:37 851 ——— _— — 484 6:50:27  4:35  9.90 AG-+04875 9.00 K2
418  6:43:31 6:15 852 ——— — 485 6:50:30 820  7.42 HD 50277 5.80 FQVn
419 6:43:48  4:48 8.48 AG+04857 8.40 Ko 486  6:50:3¢ 11:04  7.15 Blend 6.01  KOHILGO
420 6:43:50  5:01 846 AG+05872 9.20 A2 487 6:50:53  6:17  9.75 AG4+06825 10.10 GO
421 6:43:54 -0:29 7.67 Blend 9.50P Am,B9 488 6:50:54  1:28  8.05 Blend 7.54 B9,A3
422 6:44:03 11:06 7.44 AG+11739 810 A5 489  6:51:15  4:29  9.09 AG+04880 9.10 GO
423  6:44:06  2:54 672 Blend 8.45P A,A0,B9 490  6:51:21  15:02  7.67 ——— —_ =
424  6:44:07 17:26 T7.18 AG+17690 8.50 KO 491  6:51:27  5:47  9.40 Blend 7.94  B9,A0
425 6:44:18  8:59  4.64 Blend 8.04 A7V,GO 492 6:51:29 15:50  8.99 SKY 12268  6.50  GS8III
426  6:44:20  1:04 8.07 HD 289117 —— B8 493  6:51:43 11:32  8.28 AG+11761 920 B9
427 6:44:26 3:03 689 ——— _ — 494 6:51:58  9:58  7.48 — - =
428  6:44:29  0:23  8.68 Blend 9.80  AO0,AT7 495  6:52:03  7:21  7.92 Blend 7.88  A2,A3
429 6:44:35  8:18  8.29 — _ — 496  6:52:06  1:49 8.65 Blend ——  A5,A9,A0,A3
430 6:44:40 700  6.75 — —_— — 497  6:52:08  3:19  9.32 HD 50794 8.30 Fo
431 6:44:50 14:35  8.87 Blend 7.39  A0,A2 498  6:52:09  6:01  8.61 Blend 7.63 F8,G5
432  6:45:07 14:54 7.59 Blend 7.91  KO0,K7 499  6:52:13 -0:01 7.71 Blend 9.65P  A,A2V
433 6:45:08 1:54  9.17 Blend ——  BS8,B9,B9 500 6:52:13 14:13 887 AG+14721 850 K
434 6:45:08 11:561 8.90 AG+11741 9.40 MO 501 6:52:15  7:14 7.77 Blend 8.07 A0,A3
435 6:45:18 -0:47 9.25 Blend 8.23P B8,A3,A2 502 6:52:32  5:39  7.85 Blend 7.54P B2Vne,B
436  6:45:39  8:27 8.80 AG408842 9.00 F8 503  6:52:33  6:12 8.44 AG+06834 9.00 Fo
437 6:45:40 - 0:30  5.66 Blend 8.65  A5,A0,A0 504 6:52:38  7:01 9.76 AG+06832 870 KO
438  6:45:44  2:27  7.32 — _ = 505 6:52:44  0:30  8.14 Blend 7.80P — *
439 6:45:53  6:44 7.99 BD406 1390 9.50P — 506 6:52:45 14:19 870 AG+14721 850 K
440 6:45:58  4:16  9.18 _— - 507  6:52:51 8:01 7.61 Blend 8.19 A,A2
441 6:45:59  1:44 8.52 Blend 8.19P BS8,B8V B8 BS 508 6:52:59  3:13  9.86 —_ =
442  6:46:06 17:25 8.33 Blend 7.54 KO,F8 509 6:53:10 10:00 859 HD 51104 5.92 B8Vn
443  6:46:09  5:07 858 AG-+05881 9.30 BS 510 6:53:19  8:52 8.29 SKY 12314 7.40 F8Ib:
444 6:46:11 9:03 9.09 SKY 12009 690 KO 511 6:53:27  5:59  6.07 AG+06837 840 BS
445 6:46:28  8:23 8.99 AG+08847 810 F5 512  6:53:27  9:26 7.87 AG+09798 9.00 FO
446  6:46:48  14:08 913 ——— —_ = 513 6:53:50  6:46 9.10 AG+06838 9.00 A
447 6:46:48 16:32 557 AGH+16679 9.20 A 514 6:53:55 10:30  5.62 Blend 8.20 G0,G5
448  6:46:58  4:60 0.44 ——— _ — 515 6:54:02 11:54 7.80 Blend 6.06  F2Ib-II,
449 6:47:04 1:55 8.76 AG+01765 9.50 B8 516 6:54:04 10:19 6.08 AG+10852 870 GO
450  6:47:18 1:22 5.12  Blend _ — * 517 6:54:32  6:34 864 AG-+06841 9.60 A0
451 6:47:21  5:.06 537 ——— _ 518 6:54:36  9:50 9.44 AG+09805 860 A5
452 6:47:25  0:24 824 Blend 8.71P  08,A0,AC,A0,A0,B 519  6:54:42  4:07 8.04 ———' — =
453  6:47:25  7:3¢  9.09 — - 520 6:54:45  3:42  9.71 AG+038%1 950 AT
454  6:47:35  4:47 10.06 AG-+04868 900 A 521 6:54:47  7:05 7.91 BD+07 1528 11.00P B...
455  6:47:38  0:00  8.19 HD 292409 11.62 AOV 522 6:54:56  9:05 9.08 AG+09803 8.30 A7
456  6:47:46 15:57 8.62 AG+15689 9.40 A5 523 6:55:02 18:25  5.71 _ —
457 6:48:12  6:44  7.41 BD+06 140210.00P B... 524 6:55:04  5:17 940 —— _ —
458  6:48:16 7:46 871 AG+0T 876 8.60 B9 525  6:55:05 8:46  8.07 AG48874 9.30 A3
459  6:48:19  1:06  8.23 Blend 8.65 A0,A0 526  6:55:05 1:55  7.58 Blend 8.80P AG0,A0,A0
460 6:48:27 7:04 8.40 -——0— - 527 6:55:06 14:42  6.47 BD+14 1504 10.00 A0
461  6:48:26  10:47  8.86 Blend 8.35 B9,A2 528  6:55:07  9:20 8.87 AG+09808 8.80 A0
462  6:48:27 13:59 8.01 AG+13647 8.10 KO 529  6:55:11 2:38 9.39 G 108 -42 16.15 DC
463 6:48:31  1:15  8.11 Blend 7.37P  A0,A0,B9,B8,A3,B5 530  6:55:16  1:42  8.47 HD 51507 8.02 B3V
464 6:48:35 11:06  8.23 _ 531 6:55:22  5:40 9.32 BD--05 1489 9.70 A
465 6:48:36 17:17 8.45 ——— - 532 6:55:44  8:45 7.94 Blend 8.08 A5,A2
466  6:48:42 14:17 8.64 ——— - 533  6:56:01 7:08  6.47 AG+07899 970 A2
467 6:48:49 - 0:26  9.24 HD 49933 5.77 F2V 534  6:56:07 1:55  7.14 HD 289425 10.00P A0
468 6:48:51 14:29 857 —— —_— 535 6:56:21 13:30  9.20 BD+13 1499 10.40 A3
469  6:48:51 10:54  8.19 AG+10837 9.10 A2 536 6:56:26 1:37  9.25 HD 289489 10.00P A0
470  6:48:51 16:59 7.76 AG+16688 860 B9 537 6:56:28 16:03 7.16 HD 51889  10.00P A
471  6:49:03 12:39 858 AG+12815 9.20 A 538  6:56:35  7:17  6.94 HD 51892 6.3¢  BTIII
472 6:49:16  8:14 8.16 AG-+08852 830 KO 539  6:56:39  2:52  8.47 HD 289402 10.00P A5

540 6:56:39  3:49 998 AGH03898 8.90 K5
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541 6:56:40 5:36 8.23 AG+05924 860 A0
542 6:56:42 10:05 9.00 _ -
543  6:57:12 3:33 10.24 AG+03 899 8.40 A2
544 6:57:18 7:55 583 —— _— -
545 6:57:27 16:02 6.03 HD 51954 — A3
546  6:57:30 6:47 6.40 AG+06851 10.90 A2
547 6:57:31 5:02 9.67 ——— _ —
548 6:57:45 13:16 9.51 BD+13 1513 1040 A
549  6:58:08 10:59 8.23 _ =
550  6:58:22 2:29 6.25 Blend 8.18 A0A
551 6:58:33 13:11 10.26 BD+13 1517 10.30 F2
552 6:58:37 12:20 9.43 BD+12 1390 9.70 A2
553 6:58:55 2:23 6.11 HD 289462 9.50P A2
554 6:58:55 10:45 949 —— ——
555  7:00:07 6:10 6.94 AG+06857 10.10 A2
556  7:00:15 12:18 9.72 AG+12846 8.90 K7
557 7:00:24 7:40 9.38 BD-+07 1568 9.60 F8
558  7:01:11 9:22 9.69 —— _ =
559 T7:01:15 14:34 8.88 BD+14 1543 1030 F8
560 T:01:31 15:27 9.39 Blend 6.99 A2,B9
561 7:01:38 3:45 8.80 AG+03923 9.00 B8
562  T7:01:58 8:54 9.03 ——— _ =
563 7:02:29 10:02 938 —— _ —
564 7:02:44 5:10 822 — _ =
565  7:02:49 6:41 7.68 AG+06864 10.50 F5
566  7:02:54 7:18 9.16 Blend 8.46 B9,B8
567 7:.02:55 15:04 6.53 HD 53449 — A
568 7:02:59 1:56 7.51 AG401 837 890 B9
569  7:03:11 4:35 9.51 AG404 907 9.70 F2
570 7:03:14 11:51 8.41 AG+11 797 9.60 KO
571 T:03:17 4:16 930 — _ —
572  7:03:25 6:28 6.09 G 108-54 16.20P — *
573  7:03:39 5:55 9.35 BD+06 1512 950 A0
574  7:03:40 2:41 8.09 Blend 8.75P G5,K0
575 7:04:18 14:01 8.24 Blend — AF5
576  7:04:32 7:22 9.43 BD+07 1602 9.70 F8
577  7:04:45 6:47 8.7 ——— _ —
578  7:04:47 9:16 8.56 AG409 834 9.10 A0
579  7:05:31 5:32 567 AG+05951 10.20 A5
580  7:05:56 7:02 9.63 AGH407932 1060 AQ
581  7:06:21 8:34 819 ——— _ —
582  7:06:21 7:46 8.79 Blend 9.11  A0,B8
583 7:06:29 3:12 7.84 ——— e
584  T:06:42 6:35 9.21 Blend 7.74 B9,A2
585  7:06:48 3:54 9.50 AG+04 922 9.80 A0
586 7:07:33 8:20  8.82 AG+08924 10.00 A2
587  7:08:09 3:56 949 AG+04 925 9.80 A2
588  7:08:23 6:45 847 AG406 885 9.10 A¢
589  7:08:26 8:08 571 ——— _ —
590 T7:08:34 9:29 9.09 SKY 12927 7.50 B9
591 7:08:42 10:04 8.23 ——— _ =
592 T:08:45 6:58  8.87 AG-+06 888 8.20 FoV
593 7:09:10 14:40 7.19 AG+14 765 8.50 A0
594  T7:09:41 7:43 7.33 Blend 9.00  A0,B8
595  7:09:52 9:30 8.72 AG+09851 1040 A2
596 7:10:09 13:13 8.82 AG+13701 9.20 F5
597 T:10:21 6:18  7.51 _— —
598 T7:12:37 7:55  8.00 BD+08 1711 9.30p —
599 T7:12:52 8:44 7.16 AG+08941 10.10 A¢
600 7:13:01 11:44 761 ——— —
601 7:14:14 8:17 848 AG+08 946 8.40 Ko
6062 T7:15:21 11:53 9.02 —— -

which stars to include in the blends, we ignored stars which
were more than 2.5 mag fainter than the brightest star in the
group (in the visible), and we ignored stars more than a spec-
tral class later than the brightest star. In many cases, there was
not an object in the circle of confusion which was bright
enough to plausibly account for the uv object. In that case the
identification is left blank. The sixth column of Table 1 gives
the magnitude of the identified star from the SIMBAD data
base. Most of these are ¥ magnitudes but when only photogra-
phic magnitudes are present these have been listed followed by
a P. In cases of blends, the combined visual magnitude of all
the stars which might reasonably be expected to contribute to
the ultraviolet flux is given. The spectral types from the data
base are listed in the seventh column. For blends, spectral
types for the stars which were included in the blend are listed in
order of brightness.

In cases with only faint or late-type stars in the circle of
confusion the source of the uv flux is uncertain and some judg-
ment was employed to decide whether to include them as iden-
tifications. In those cases where a faint or a late star is given as
the identification, it should be borne in mind that the actual
source of the uv flux could easily be another star not contained
in the SIMBAD data base. However, there are also many
known cases of cool stars which are bright in the ultraviolet
due to a hot companion which is faint (and perhaps not
previously detected) in the visible. Further observations
are needed to clarify the situation for many of the objects in
Table 1.

5. DISCUSSION

There are 11 objects in Table 1 which are associated with the
star clusters NGC 2169 (object 47), NGC 2244 (object 242, 243,
255, 260, and 267), and NGC 2264 (object 337, 340, 362, 364,
and 366). These clusters are too crowded to allow the
resolution of individual stars and appear as one or more
clumps on our images. In Figure 3 we show contour plots of
the region of each cluster. The contours from two different
exposures are provided to show details in both the fainter and
the brighter regions. Some effects of saturation are apparent in
the long-exposure images. Although aperture photometry is
inaccurate for such objects, we give magnitudes in Table 1 for
the various clumps as a rough guide to the distribution of flux.
In the footnotes to the table we also give the integrated magni-
tudes NGC 2169 and NGC 2244. These were obtained with a
polygonal aperture which covered the area of the cluster. In the

NOTES ON INDIVIDUAL OBJECTS.—

47: NGC 2169, individual stars not resolved. The integrated uv magnitude
of the cluster is m, 3¢, = 4.82.

242, 243, 255, 260, 267: NGC 2244, individual stars not resolved. The inte-
grated uv magnitude of the cluster is m, 34, = 4.62.

337: The V magnitude and spectral type refer to the star NGC 2264-7
which dominates this object.

340: The V magnitude and spectral type refer to the star NGC 2264-24
which dominates this object.

362 and 366: Unresolved clumps of stars in NGC 2264.

364: This group is dominated by 15 Mon (HD 47839, S Mon) to which the
V magnitude and spectral type refer.

377: Two brighter stars within the circle of confusion are late types: KO
with P = 8.5 and G5 with P = 9.1. We assume that the uv flux is from the B
star.

450: Five faint A and B stars in the circle of confusion.

467: There are several B and A stars in the circle of confusion which are
more than 4 mag fainter than the F2 V star.

505: Eight A and B stars with P ~ 10 in the circle of confusion.

572: This star is apparently a white dwarf based on its proper motion.
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F1G. 3.~—Isodensity plots for the three star clusters. (@) NGC 2169 from the 1935 and 996 exposures, (b)) NGC 2244 from the 19°5 and 99%6 exposures, (¢} NGC
2264 from the 434 and 99%6 exposures. In panel a an area an arcminute on a side is shown while panels b and ¢ show areas 1:5 on a side.
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case of NGC 2264, 15 Mon (S Mon, HD 47839) dominates the
ultraviolet flux. As noted above, it is too saturated to allow a
reliable estimate of its magnitude from the electrographic
images. We have thus obtained the integrated magnitude of the
remainder of the cluster area and combined it with the magni-
tude for 15 Mon in Table 1 to obtain an integrated magnitude
of my3¢; = 1.12 for NGC 2264.

An examination of Table 1 shows that 58% of the objects
have been identified with visible stars. An additional 25% are
labeled as blends. In the following discussion we will be mainly
concerned with a subsample for which we were able to obtain
optical data from SIMBAD. We have omitted all the objects
identified as blends or with star clusters. Only stars with ¥
magnitudes and those for which a spectral class and subclass

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System
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are available were included. The resulting selected sample con-
tains 300 stars.

In Figure 4a we show a histogram of the frequency distribu-
tion of the stars in ultraviolet magnitude for both the full
sample and the selected sample. It can be seen that the dis-
tributions of the two samples are nearly identical. Thus our

comments regarding the selected sample should apply to the
full sample as well. In Figure 4b we show the cumulative mag-
nitude as a function of limiting magnitude for the full sample.
In previous studies (Carruthers & Page 1984c¢) it was found
that in fields near the Galactic plane the frequency distribution
increased rapidly toward fainter stars to within a magnitude or

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System
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F1G. 4—(a) Number of objects from Table 1 in | mag intervals vs. ultraviolet magnitude, m, 34,. The darker shaded region indicates those objects included in the
selected sample. (b) The cumulative magnitude of all the objects in Table 1 as function of limiting magnitude.

so of the plate limit. Consequently, the faint stars contributed
significantly to the ultraviolet flux. On the other hand, in high-
latitude fields, the distribution was flatter and the brightest
stars contributed most of the ultraviolet flux. The distributions
shown in Figure 4 are in accord with these previous findings
since Monoceros is on the Galactic plane.

In Figures 5a and 5b we plot the distributions of the selected
sample in terms of spectral type and color index, (m,357 — V).
As was found in the previous studies, the largest number of the
stars in the sample are classed as A0. A difference from the
corresponding plot shown by Carruthers & Page (1984c) is the
inclusion here of a significant number of later spectral types.
About 20% of the selected sample are of type FO or later. While
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some of these stars are certainly misidentifications, there are no
doubt many examples among them of cool stars with faint, hot
companions. On the other hand, those ultraviolet objects
which have been associated with late-type stars through mis-
identification as well as the stars lacking a SIMBAD identifica-
tion are likely to be objects which are faint in the visible but
bright in the ultraviolet. Efforts should be made to identify
them in the visible as they promise to be objects of special
interest.

In Figure 6 we have plotted (m;34, — V) against the visual
magnitude for stars with spectral classes of B8, B9, and AQ. The
limiting magnitude of our observations varies across the field
but from an examination of Figure 4a we estimate that it is
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F16. 5—The frequency distributions of the stars in our selected sample as a function of spectral type and the (m, 35, — V) color index
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F1G. 6.—A plot of the (m, 54, — V) color index against the V' magnitudes for
stars in the selected sample with spectral types of B8, B9, and AO. The diagonal
line in the upper right corner of the plot represents a limiting magnitude in the
ultraviolet of 10.

generally near m, 34, = 10. The diagonal line in the upper right
corner of Figure 6 represents this limit. The bulk of the stars in
this diagram are located in a large group between V = 6 and
V = 10 and with {(m;3¢;, — V) between —1.5 and +1.5. Most
of these stars are probably main-sequence stars at distances up
to a kiloparsec. Since the visual absorption in this field ranges
from 0.3 to 1.9 mag kpc™! (Sharov 1964), the color excess in
(my367; — V) can range up to 3.6 mag (using 3 for the ratio of
absorption at 1396 A to that in the visible following Mathis
1990). Variations in the absorption across the field are thus
adequate to account for the vertical scatter of this group of
stars although the range in spectral types and errors in the
spectral types must also contribute.

There is a group of six stars in the lower right corner of
Figure 6 (objects 294, 400, 447, 455, 527, 599). These objects
have color indices ranging from —2.8 to —4.2 and visual mag-
nitudes in the range from 9 to 12. Neglecting reddening this
implies temperatures in the range of 15,000 K to 30,000 K. Hot
main-sequence stars with V near 10 would have distances in
excess of 1.5 kpc. Thus they should be substantially reddened.
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The other alternative is to assume these stars are relatively
nearby, low-luminosity stars. We suggest that the six stars in
this group are white dwarfs. Only one of them, star 455 in
Table 1, has an MK spectral classification. The spectral type,
A0V, is inconsistent with a white dwarf and should be verified.

A number of objects from Table 1 would fall in the region of
the low-luminosity stars but are not plotted in Figure 6
because their spectral types fall outside of the range from B8 to
AO0. Objects 533, 546, 555, 565, and 579 are only slightly outside
of that range and probably belong with the six stars discussed
in the previous paragraph. Objects 68, 285, 290, and 347 fall
between the low-luminosity group and the other stars in
Figure 6; their status is thus ambiguous.

There are three additional objects in Table 1 which did not
meet the spectral type criterion for inclusion in Figure 6 but
which appear similar to the six low-luminosity objects dis-
cussed in the previous paragraphs. Object 84 is identified as a
planetary nebula, while objects 529 and 572 are apparent white
dwarfs. Object 84 is a magnitude fainter than any of the stars in
Figure 6 but has a color, (m,35; — V) = —3.23 which matches
the low-luminosity group. This is compatible with our conten-
tion that these stars are hot, low-luminosity objects. On the
other hand, objects 529 and 572 are both considerably fainter
in the visible than the stars in the low-luminosity group in spite
of relatively bright ultraviolet magnitudes. Evidently they are
much hotter stars.

Further analysis should include more detailed consideration
of those objects in our list for which more accurate spectral
types, visual magnitudes and E(B— V) values are available. It
should also include acquisition of such data for objects in our
list which appear peculiar.
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F1G. 2—A print of the 9936 exposure. The field center is at Uigs0 = 6"35™, 5,50 = 9°10.

The bright clump near the field center is the bright O7 Ve star 15 Mon
and other stars in the cluster NGC 2264. North is at the top, and east to the left.

ScHIMDT & CARRUTHERS (see 408, 484)

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System



	FAR-ULTRAVIOLET STELLAR PHOTOMETRY: A FIELD IN MONOCEROS
	

	tmp.1162240271.pdf.zi9I7

