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WHY STUDY TR37?

m Possibly the nearest youngest
clusters next to Orion

= Similar in size, age, and
structure to the Rosette
Nebula, NGC 2244

m Central star HD206267 is
“Trapezium-like”
m  Central cluster of HII region

IC 1396 at heart of Ceph OB
2 Association

“The very center of these
nebulous masses is gritty
with small stars which are
entirely free of nebulosity.
All around this stars for some
distance are veiled in
nebulosity”’---Barnard Milky
Way Atlas, plate 49 [1927]
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ABSTRACT

Astrometric positions for 1387 stars and proper motions for a subset of 1135 stars brighter than V= 15

in a 1.5" field surrounding the young open cluster Trumpler 37 are presented. Membership probabilities
are presented for those stars with measured proper motions, and 486 stars with probabilities of > 80%

are identified.

L INTRODUCTION

The epen cluster Trumpler 37 (Co 2137 + 572,/ =99.3°,
b = 3.73%), identified as the nucleus of the Cepheus OB 2
association (Simonson 1968), is one of the very youngest
clusters (log v < 6.5}, and its distance of less than 1 kpe
makes it also one of the nearest of its age group. Yet it has
received little attention in studies of stellar evolution com-
pared to other clusters of comparable ages such as IC 1805,
NGC 2244, NGC 2264, and NGC 6530 (Lynga 1985). Of
these, it most nearly resembles NGC 2244, which is embed-
ded in the central “hole” of the Rosette Nebula. Tr 37 simi-
larly lies in a region of reduced emission surrounded by the
H 11 region IC 1396. Barnard’s Milky Way atlas (1927) de-
seribes it thus: “The very center of these nebulous masses is
gritty with small stars which are entirely free of nebulosity,
Allaround this stars for some distance are veiled in nebulo-
sity.” On the Palomar Sky Survey red photograph, the nebu-
la appears exceedingly Rosette-like, and though itis larger in
angular size, this is primarily due to the greater distance of
the Rosette. Actually, both the nebula and the cluster are
quite comparable to the Rosette in physical extent. A num-
ber of recent radio studies of IC 1396 have noted this similar-
ity (Wendker and Baars 1980; Heske and Wendker 1986).

As listed in Lynga’s cluster catalog, both NGC 2244 and
Tr 37 show similar amounts of visual absorption, about 1.5
mag. The relative neglect of Tr 37 by astronomers to date
may be due in part to its general lack of concentration, ac-
centuated by its larger angular extent on the sky. Lynga clas-
sifies Tr 37 as a Trumpler class IV object, less distinet from
the background than NGC 2244, which he assigns a
Trumpler class II In his original survey of clusters,
Trumpler {1930) assigned them both to class IV, and noted
that Tr 37 seems to be a more populous grouping of stars.

The central star of the cluster, HD 206267, was included
in a recent siudy of “Trapezium-like” systems by Abt
(1986). Itis one of the youngest examples of these multiple-
star systems, which Abt likens to the Trapezium (8'
Orionis) in having components of nearly identical separa-
tion. Though not quite as complex and active a region as
Orion, the interaction between stars and gas is still quite
evident in the vicinity of the cluster {Wendker and Baars
1930). That, together with the relative youth and proximity
of Trumpler 37, promises interesting results for studies of
the early evolution of stars. However, fundamental observa-
tional data is spotty.

Alksinis (1958) has published an extensive set of magni-
tudes (m,, ) and approximate spectral types (no luminosity
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classes are given) for stars in the Cepheus region, including
about a hundred members of the cluster, but these have not
been tied to photoclectric UEV sequences or modern MK
spectral types. Only a few of the brighter stars in the cluster
were included in a spectroscopic and photometric study of
the Cephens association by Simonson {1968). The only fo-
cused scrutiny of the cluster remains the paper of Garrison
and Kormendy (1976), who published MK classifications
for 51 stars and photoelectric UB¥ photometry for 37 stars
brighter than ¥ = 10.1 ina region about 3° (48 pe) in diame-
ter surrounding Tt 37, They derive a distance modulus of 9.9
for the cluster, and their earliest main-sequence spectral type
of 06 indicates that the cluster is comparable in age (2—
43¢ 10° yr) to the very youngest open clusters, such as NGC
2244 (Marschall er al. 1982) and NGC 6530 (van Altena
and Jones 1972). The Garrison and Kormendy photometry
hasbeen supplemented by photoelectric UBFRI magnitudes
of 26 fainter cluster stars 10.5 < "< 1575 by Cardon de
Lichtbuer (1982). Mast recently, Kun (1986) has identified
155 Ha emission stars fainter than F'= 13in a 19.5 square
degree field eentered on Tr 37 (approximately the same cov-
erage as Garrison and Kormendy), and has presented pho-
tographic ZBFR magnitudes for them.

No comprehensive membership studies of the cluster have
been undertaken previgusly. This study presents measure-
ments of astrometric positions of 1387 stars alang with prop-
er motions for 1135 stars brighter than ¥ = 15 within ap-
proximately 0.75° (12.5 pe) of the cluster center. The
astrometric positions and membership probabilities for Tr
37 should establish a foundation for further photometric and
spectroscopic studies of its member stars, adding to the ros-
ter of nearby young clusters suitable for studics of stellar
evolution,

11 PLATE MEASUREMENT AND REDUCTION

The plate material for this study consisted of 17 Yerkes
plates covering seven overlapping fields centered on the star
HD 206267 (R.A.(1950) =21"37"24*, Dec. (1950)
= 57°15°45%), Table I lists pertinent data for the plates, and
Fig. 1 [Platc 5] shows the coverage of the overlapping ficlds.
We refer to these as the center field, east field, northeast
field, ete. All star images on the plates, a region roughly 1.5
in diameter, were measured using the PDS microdensito-
meter at Yale University Observatory. Positions and magni-
tudes for each image were reduced using a two-dimensional
Gaussian fitting program written by Jin-Fuw Lee for the
PDP 11/60 computer at Yale.
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*Data from 7 overlapping fields
covering roughly 1.5° total

*Plates taken at Yerkes
Observatory, 1937 and 1973

*Positions for 1385 Stars

*Proper motions and cluster
membership probabilities for 1187
Stars
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FIG. 4. (b) East field.

L. Marschall and W. van Altena (see page 73)




MEASURING THE PLATES, 1980’s
THE YALE PDS MEASURING
MACHINE
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FILTERS APERTURES

m PDS Microdensitometer




MEASURING THE PLATES, 1980’s
THE YALE PDS MEASURING
MACHINE

THE VAX COMPUTER

THE TEK 4010 TERMINAL




PHOTOMETRIC STUDY
1990
*Observations using Mark

IT Aperture Photometer
of the KPNO 50”

telescope

VOLUME 9"
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RADIAL VELOCITY

MEASUREMENTS OF Tr 37
(Preliminary RV Survey in 1987 by L. Matschall)

m Using the 1.5m Tillinghast Telescope on Mt. Hopkins, AZ; Echelle
Spectrograph---L. Marschall, D. Latham, R. Mathieu

m Mean Heliocentric RV of cluster members ~ -16 k/s
m 2 Binary Candidates discovered: MVA 234 and MVA 550

MVA 9550 - TRumMerR D) [P/INARY

SB| P*’meé,
K=22a K/
F=126

Rﬁcmo) .

! T R~

DEC b
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SPECTROSCOPIC BINARIES IN
Tt 37 (Preliminary solns 1987 by L.
Marschall)

m Using the 1.5m Tillinghast Telescope on Mt. Hopkins, AZ;
Echelle Spectrograph---L. Marschall, D. Latham, R.
Mathieu

m Mean Heliocentric RV of members ~ -16 k/s




RADIAL VELOCITY OBSERVATIONS OF
BINARIES IN TR 37....2010 Update

= Preliminary Solutions by Dave Latham

= More observations, improved crosscorrelation and fitting
software (Todcor, synthetic spectrum library, etc).

5-Sep-2010
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OBSERVING FACILITIES USED
BY GETTYSBURG COLLEGE

m The Gettysburg College Observatory
= 0.4m Reflector on Campus

m Available every clear night

m The National Undergraduate Research
Observatory

= 0.9m Reflector on Anderson Mesa, Flagstatf, AZ,
owned by Lowell Observatory.

m Guaranteed 2 weeks time, either on site or service
observing as member of NURO consortium.



The Lowell 32-inch Telescope

On Anderson Mesa, Flagstaff, Arizona
National Undergraduate Research Observator




Gettysburg Students And Faculty at
the NURO 0.9 m




Gettysburg College Observatory
view from the southeast




THE GCO 16” REFLECTOR

*F/110.4 m
*Mfr. Ealing, 1968

*Upgrade by ACE, Tucson,
1996, 2010

*Camera:
Photometrics 350; TE Cooled:;
High Speed readout

+Chip: SITE 003B 1024 x
1024 pixels

+ACE 2-wheel filter box; 16
slots

*STV-Offset Guider




Camera and Filter Box




SBIG STV Automatic Guider




Warm Room Controls and Hardware
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Astronomer’s View of the Controls
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Guider and CCD controls




CCD and Telescope Controls
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The ACE Telescope Control Screen

E¢ TELESCOPE - Symantec pcAnywhere Remote
File Edit Task Actions Help

Remote Control
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Observing Aids: Phase predictor for
eclipsing Binary Stars

= Main Query

Possible Eclipsing Binary Stars

For Wednesday, Jaary 05, 2005 Julica Dege 24533 76.46

AD Cap

Period Starting Epoch 2441974 64 (Julian Date)

Primary Phase 0 Duration of Primary Edlipse 12 Hours
Secondary Phase 5 Duration of Secondary Edipse 12 Hours

Magnitude U  0.00
Pasition Epoch 2000

B 000
Right Ascension 21:39: 4688 Vv 977

R 000
Declincion - e 02 21
I 0.00

Phases {Listed Every 60.00 Minutes Locdd Time)

6:00p 0.966 10:00p 0.022 2:00a 0.078 6:00a 0135

7:00p 0.980 10:59p 0.036 3:00a 0.092

7:58p  0.994 12:00a 0.050 4:00a 0.106
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Automatic Image Data Logging

B FEB1304.L0G - WordPad
File Edit Yiew Insert Format Help

Die|d S s @ ||@| B

2004-02-14 00:22:10 2453048.5153 HD23V0O07. HDZ3 642 OBJECT
2004-02-14 00:22:30 2453049.5156 HD23R0O07. HDZ23 642 OBJECT
2004-02-14 00:22:49 2453049.5158 HD23I007. HDZ23642 OBJECT
2004-02-14 00:25:42 2453049.5178 HD23V0OS. HDZ3 642 OBJECT
2004-02-14 00:26:02 2453049.5180 HDZ3R0OOS. HDZ23 642 OBJECT
2004-02-14 00:26:21 2453049.5182 HD23I008. HDZ23 642 OBJECT
2004-02-14 00:29:16 2453049.5203 HD23V009. HDZ23 642 OBJECT
2004-02-14 00:29:37 2453049.5205 HD23RO09. HDZ3642 OBJECT
2004-02-14 00:29:56 2453049.5207 HD23I00S. HDZ23642 OBJECT
2004-02-14 00:32:49 2453049.5227 HD23V010. HDZ23642 OBJECT
2004-02-14 00:33:09 2453049.5230 HDZ3RO10. HD23642 OBJECT
2004-02-14 00:33:28 2453049.5232 HD23I010. HDz23 642 OBJECT
2004-0D2-14 00:36:03 2453049.5250 HD23VO11l. HDZ23 642 OBJECT
2004-0D2-14 00:36:24 2453049.5252 HD2Z3RO11. HDZ3642 OBJECT
2004-02-14 00:36:43 2453049.5254 HD23I011. HDz23 642 OBJECT
2004-02-14 00:39:36 2453049.5275 HD23V012Z. HDZ3 642 OBJECT
2004-02-14 00:39:56 2453049.5277 HD23R0O12. HDZ23642 OBJECT
z004-02-14 00:40:16 2453049.5279 HD23I01Z. HD23642 OBJECT
2004-02-14 00:43:10 2453049.5299 HD23V013. HDZ3 642 OBJECT
2004-02-14 00:43:31 2453049.5302 HDZ3RO13. HDZ3642 OBJECT
2004-02-14 00:43:50 2453049.5304 HD23I013. HDZ23 642 OBJECT
2004-02-14 00:46:43 2453049.5324 HD23V014. HDZ23 642 OBJECT
2004-02-14 00:47:03 2453049.5326 HD23R0O14. HDZ23642 OBJECT
2004-02-14 00:47:23 2453049.5329 HD23I014. HDZ23 642 OBJECT
2004-02-14 00:50:16 2453049.5349 HD23VO01l5. HDZ3642 OBJECT
2004-02-14 00:50:36 2453049.5351 HDZ3RO15. HD23642 OBJECT
2004-02-14 00:50:56 2453049.5353 HD23I01S5. HDZ23 642 OBJECT
2004-02-14 00:53:49 2453049.5373 HD23VO01l6. HDZ23642 OBJECT
2004-02-14 00:54:09 2453049.5376 HD23RO16. HDZ3642 OBJECT
2004-02-14 00:54:28 2453049.5378 HD23I016. HDZ23 642 OBJECT
2004-02-14 00:57:23 2453049.5398 HDZ3VO017. HDZ3642 OBJECT
2004-02-14 00:57:48 2453049.5401 HDZ3RO17. HDZ23 642 OBJECT
z004-02-14 00:58:07 2453049.5403 HD23I017. HD23642 OBJECT
2004-02-14 01:01:00 2453049.5423 HDZ3V018. HDZ3642 OBJECT
2004-02-14 01:01:20 2453049.5425 HDZ23R0O18. HDZ23 642 OBJECT

2004-02-14 01:01:39 2453049.5428 HD23I018. HDZ3642 OBJECT
2NN4_N?-414 N1.N4.22 2462N40 5448 HNH?297N10 HN?2 647 ARIRCT
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Software to Blink and Measure

CLEA Toolkit for CCD Astrometry

Asteroids

Shortaut to TABLATURE Shortatto  Microsoft Office
AuctionSubmk3  Word 2003

Connect to...

A f w 2

Pross "0K" to nccept solution,

Press "Improve® to remove highest position residual or .,
change solution and recompute. i Improve

Press *Cancel® to make other changes.

X Concel
¥ Show Magpnification Window
W w—
Earthink Cape Mcrosot Office
Cod PowerPont 2003

Ad-aware 6.0

T W . i . s

Image 1 - Astrometric Solution

Image File Name
Object: 1992 JB
Observation Date: 1992 May 23, UT: 05:04:00

Target Object
x = 220.8716, RA 15h 30m 41.75s
y = 171.6963, Dec = 11° 15' 25.6"
m = 16.5 (B Filter)

Mean Residuals (Linear Solution)

RA: 1.689", Dec: 1.441"
Estimated Solution Error (Sigma): 0.812"
Estimated Exror in Magnitude (Sigma): 0.1(3)

6 reference stars used in plate solution.

Reference Stars by Position Residual (Descending):

Star 4 - Position Residual (RMS) = 4.890"
Catalog: USNO-SA2.0, ID: 0975-2047455

x 263.0000, RA = 15h 30m 40.42s (3.773")
y = 24.0000, Dec = 11° 16' 35.0 (-3.112")

.. |1 Merosoft Power... #strometry of A... 5 e



OBSERVING PROJECTS

FACULTY-STUDENT RESEARCH
«Astrometry of critical list asteroids

*Photometry of Eclipsing Binary Stars --- collaboration
with G. Torres, et al, CFA

*Target of Opportunity Light curves of bright
supernova

*Transits of Extrasolar Planets
cADVANCED PHYSICS LAB EXERCISES

*CCD photometry of short period variables (6 Scuti, SX
Phe)

*Astrometry of bright asteroids



Photometry of Eclipsing Binaries and
Bright Supernovas
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Optical Photometry and Spectroscopy of the “Cool Algol”
AV Delphinus: Determination of the Physi Properties
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Extrasolar Planet Photometry

TRANSIT OF EXTRASOLAR PLANET TrES-1
Observed at Gettysburg College Observatory
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The Gettysburg Asteroid Patrol
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TRUMPLER 37 Mosaic made of 4
18’ square images from Gettysburg

College Observatory




