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Abstract Eastern Kentucky University (EKU) is a regional University serving
the Kentucky part of Appalachia. In 2008 a small observatory was built and
this work will describe the instrumentation and the site characterization. We
have in fact measured the transformation parameters of the the telescope and
camera combination and the first order extinction coefficients for our site. As an
example of the capabilities of the observatory we have determined the pulsation
period of the § Scuti star SZ Lyncis and measured the standard magnitudes via
BVRI and two color terms B—V and V-R.

1. Facilities

Eastern Kentucky University (EKU) is a regional comprehensive University
located in the center of the Blue Grass region, in Richmond, Kentucky. Its
service area includes much of the eastern part of Kentucky, commonly referred
to as Appalachia. As such, Eastern has truly been a “school of opportunities” for
the region.

In 2008 we had the opportunity to build a small observatory, for outreach
and research. The facility, located at Lat. 37° 43' 35.92" N and Long. 84° 18'
0.67" W, consists of a 14-inch telescope (C-14 from Celestron), with a research
grade tracking mount (Paramount ME), housed permanently in a two-room
building. The observatory has a retractable roof, with the control room insulated
against the elements, and is conveniently located near campus, but also away
from city lights and vehicular traffic.

The instrument package consists of a SBIG STL-6303E CCD camera with
filter wheel and full complement of photographic (Luminance, RGB), narrow-
band, and photometric filters (H-alpha and Johnson-Cousins UBVRI). The
camera’s main CCD detector has an array of 3072 %2048 pixels, with 9um
pixels, and is non anti-blooming (NABG). Binned 1x 1, the combination of
the telescope (an f/11 design) and camera results in a nominal image scale
of 0.48 arcsec/pixel. This scale is rarely warranted by the prevalent seeing
conditions, which range from 2 to 5 arcsec, and would produce unnecessary
oversampling. This is solved by binning the CCD camera, with the twofold
improvements of increased sensitivity and reduction of oversampling. While
binned 3 %3, the STL-6303 has been measured to produce an image scale of
1.23 arcsec/pixel, which is excellent for the local seeing conditions (approx. a
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2 to 1 oversampling). A quick characterization of the CCD, using the routine
in arr4wIN (Berry and Burnell 2011), shows the camera, binned 3 x 3, to have a
gain of 2.3 electrons/ADU, a readout noise of 28 electrons RMS, and a Mean
Dark Current of 0.05 electrons/pixel/sec at —14.8°C. Camera and mount are
controlled by the integrated package ccpsorT-sky X PrO from Software Bisque
(2011).

2. Capabilities of the observatory and local conditions

The first step in precision photometry is the measurement of the CCD
transformation coefficients, to be able to convert the raw instrumental magnitudes
generated by the camera-telescope combination to standard magnitudes and to
make comparison with other measurements possible. It also gives a means to
assess the capabilities of the telescope-camera combination and its response
through the photometric filters.

On four nights during March 2012 we imaged, through BVRI filters,
Landolt standard fields centered at R.A. 07" 24™ 15% Dec. —00° 32' 00";
R.A. 07" 30™ 00¢, Dec. —02° 06' 00"; and R.A. 09" 21™ 32¢, Dec. +02° 47' 00".
These fields were identified by Smith (2002) as fields # 55, 56, and 61,
respectively. Data were obtained with time integration between 60 and 240
seconds, binned 3 x 3. After standard data reduction (with dark, bias, and flat
frames) and following the procedures recommended by Sarty (2008) and Gary
(2006), we obtained the transformation parameters shown in Table 1. The
quoted values are the results of a weighted average of the parameters obtained
during the four nights and three fields.

An ideal system would have the first three parameters equal to 1 and the
last two to zero. Our results indicate a certain lack of sensitivity of the system
in the range identified by the band pass of the Johnson B filter (centered around
440 nm), which is not surprising as CCD cameras, unless expressly designed,
are not very sensitive in this range.

Our second set of measurements was made to ascertain the kind of
atmospheric conditions that could be expected at our location and to see if they
were conducive to photometry. In Richmond, Kentucky, prevalent weather
patterns seem to indicate that the best photometric nights would occur during
mid-spring (April-May) and mid-fall (September—October) due to a higher
percentage of clear nights with lower humidity. Summers are quite humid and
hot, not very favorable conditions, while winters are wet with many cloudy
nights.

We measured the first order extinction coefficients for the filters BVRI at
our location using the comp star method as explained by Warner (2006). The
final goal of this observing campaign was the study of the 8 Scuti Star SZ Lyn
(a target of choice of the American Association of Variable Star Observers,
AAVSO). For that purpose, we used the AAVSO Variable Star Plotter (VSP,
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http://www.aavso.org/vsp) to plot a finder chart (Chart # 10399bsa) containing
photometric star sequences for SZ Lyn. We identified three stars in this chart
(AUID 000-BJR-415, 000-BJR-416, and 000-BJR-417) and their properties are
presented in Table 2. These stars were present in all the images taken and were
used for the comp star method.

Using the arp4wiN magnitude measurement tool or MMT (Berry and Burnell
2011), we measured the instrumental magnitudes of the three stars through four
standard photometric filters (BVRI), averaged their values, and plotted the
resulting values as a function of the air mass. Given that in these measurements
the air mass range covered was limited (1.1 to 1.5), and the three stars were
of similar color, we assumed the second order extinction coefficient to be
negligible. We fitted a straight line through the data, the slope of which will be
the first order extinction coefficient for the particular photometric filter used.
We performed these measurements during two nights (2012 April 6 and April 8).

The data are presented in Figures 1 through 4. Those two nights, while
both clear and with good seeing, represent the range of variability in the
local conditions. April 6 was clearly the better of the two nights, with smaller
extinction coefficients across the board, while on April 8 the coefficients were
all higher, probably due to high-lying cirrus clouds. Regardless, during the
entire time of observation, the coefficients remained constant, thus making both
nights “photometric nights.”

The values obtained during the two nights are clearly different, but they are
self-consistent: the difference in B and V values, k, (Warner 2006), between
the two nights is of the order of 0.15 (0.11 and 0.14, respectively, in our case,
while the difference between V and R, k , is small and positive as expected,
equaling 0.06 and 0.07, respectively. If these measurements were done on a
single star, the regression lines zero point intercepts (that is, the intercepts at
zero airmass) would give the instrumental magnitude above the atmosphere,
and therefore they should be the same for any filter, regardless of the slope. In
our case they are very close, averaging to a difference of 0.05 magnitude. Based
on this measurement, we therefore claim that our reported magnitudes will have
an overall uncertainty of 0.050 mag.

3. SZ Lyn measurements

The variability of the extinction coefficients highlighted clearly indicates
why absolute photometry is not for the faint of heart. It is much easier to
perform differential photometry, in which the photometry of the star of interest
is obtained by comparing it with stars within the same field.

We report below the measurements on SZ Lyn (R.A. 08" 09™ 35.8¢, Dec.
+48° 28' 18"), a variable star (Schneller 1961) belonging to the & Scuti family
and member of a binary system (Bardin and Imbert 1984; Gazeas et al.
2004). O Scuti stars are short-period pulsating variables of A-F spectral types,
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located at the intersection of the main sequence and the instability strip in the
HR diagram. Typical periods are of the order of a few hours with amplitudes
less than 1 mag. In particular, SZ Lyn belongs to the high-amplitude 8 Scuti
(HADS) stars, which have V-band amplitude changes larger than 0.3 mag. (for
areview of § Scuti stars see Rodriguez and Breger 2001). SZ Lyn has received
in-depth coverage because of its rapid pulsation rate and because is known to
be a member of a binary system.

Over several nights from March to May 2012 we conducted measurements
on SZ Lyn, using the AAVSO comparison star sequence. Measurements were
performed using BVRI filters. The star field, reproduced in Figure 5, was imaged
through our 14-inch telescope with integration times of 30 to 45 seconds, in
a rapid sequence, B-V-R-I-B-V-R-], etc., so as to follow the star pulsation as
closely as possible.

Each CCD frame obtained was reduced via ccpsort (Software Bisque
2011). The reduced files were then uploaded to the AAVSO and the light curves
were generated via the software package veHoT (AAVSO 2012), an online tool
for photometric analysis provided by the AAVSO. As a sequence, we used
AUID 000-BJR-415 and AUID 000-BJR-417 as comparison stars and AUID
000-BJR-416 as check star (see Table 2). The magnitudes obtained were then
transformed using our measured transformation parameters according to the
method outlined by Sarty (2008).

In Figures 6, 7, and 8 we present the transformed magnitudes and the
color terms as a function of phase. These phase plots were generated using the
software package PERANsO (Vanmuster 2011), which was also used to determine
the period of pulsation of SZ Lyn from our data. As summarized in Table 3, we
obtained P =0.1205353(81) d. This value is in excellent agreement with values
from Gazeas et al. (2004) of P=0.1205349 (41) d, and with Papar¢ et al. (1988)
of P=0.120534910 (13) d.

We compared these results with the period obtained by analyzing, again
using PERANSO, the AAVSO database of SZ Lyn observations. So as to compare
similar techniques, we arbitrarily selected all the CCD observations through the
V-filter reported since January 2005. We obtained, with this much larger data
set, a period P =0.1205350(1) d.

The uncertainty we reported in our data is simply due to the spread of the
values of the period obtained by using all the routines available in PERANSO,
and it is approximately 0.7 second. This value seems much better to us than
the typical accuracy of the computer clocks present in typical desktop PCs,
especially considering that the measurements were done over the course of
a few weeks. While we routinely, at the beginning of each observation run,
synchronized the computer clock with internet time servers connected with
NIST sites, we did so without really relying on any further refinements of our
time base. The uncertainty quoted by Gazeas et al. (2004) is comparable to
ours (0.35 s), and just as in our case, there is no mention of a particular effort
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to quantify the knowledge of the time base. Further, the uncertainties quoted by
Paparo et al. (1988) and Gazeas and Niarchos (2005) appear to be approximately
two orders of magnitude smaller (approx. 0.001 s).

The latter two results were obtained by fitting the times of all the light
maxima observed over a span of 26 years and 34 years, respectively, all by
different observers. It seems that all the quoted uncertainties, our case included,
are simply an indication in the uncertainty of the computations to obtain the
period (by Fourier transform techniques) of the time-series measurements.
Unless a concerted effort is made, it is doubtful that the period of pulsation
reported by Papard et al., this work, and Gazeas truly have the quoted
uncertainty. We would categorize all these as lower limits of the uncertainty,
probably superseded by larger uncertainties in the time base.

Given a large enough dataset, as in the case when we analyzed the AAVSO
database, Fourier transform techniques pose a very small lower limit. The analysis
of the AAVSO database, in fact, resulted in an uncertainty of approximately
0.09 second, but that should not be taken as the ultimate uncertainty, as the
data were reported by a large number of individual observers over the course of
many years. It is highly doubtful that all their clocks were all synchronized to
within 0.09 second.

4. Conclusion

We performed measurements designed to characterize the instrumentation
(telescope, camera, and filters) and the location. The former was achieved
by determining the transformation coefficients of our telescope-camera
combination, the latter by determining the extinction coefficients at our location.
As an application, we determined the pulsation period of the d scuti star SZ Lyn
and its transformed standard magnitudes through the Johnson-Cousins BVRI
filters. We found good agreement with values existing in the literature.
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Table 1. Transformation parameters for the EKU observatory (March 2012).

Transformation Parameters Value and Uncertainties

T 1.445+0.003
T 1.006+0.002
T. 0.945+0.002
T —0.054+0.002
T 0.061+0.003

Table 2. Sequence stars used (AAVSO Chart 10399bsa) to observe SZ Lyn.

AUID R.A. Dec.
h m s o ’ "

B 14 Rc Ic Comments

000-BJR-415 08 09 55.81 +44 2548.6
11.701(0.024) 10.924(0.016) 10.481(0.037) 10.105(0.041) Comp. Star

000-BJR-416 08 09 29.82 +44 24 28.6
11.845(0.033) 11.456(0.012) 11.222(0.024) 11.002(0.031) Comp. Star

000-BJR-417 08 09 39.83 +442221.5
12.689(0.031) 12.087(0.024) 11.743(0.048) 11.442(0.060) Check Star

Table 3. SZ Lyn pulsation period.

Observer Pulsation Period (d)
Papar¢ et al. (1988) 0.120534910(13)
Gazeas et al. (2004) 0.1205349(41)
Gazeas and Niarchos (2005) 0.120535068(13)
AAVSO Database 0.1205350(1)

This work 0.1205353 (81)
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Figure 1. Extinction coefficient at EKU observatory through B filter.
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Figure 3. Extinction coefficient at EKU Observatory through Rc filter.
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Figure 4. Extinction coefficient at EKU Observatory through Ic filter.
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Figure 5. SZ Lyn and the sequence stars, as identified on AAVSO finder chart
#10399bsa. This CCD image was obtained at the EKU Observatory on April
6, 2012. Image center is at R.A. 8" 09™ 36.7%, Dec. +44° 26' 48.0". Up, in
this image, is 3° 12' West of true North. East is to the left. Scale size is 1.24

arcsec/pixel.
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Figure 6. SZ Lyn phase plot.
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Figure 7. SZ Lyn B-V term.
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Figure 8. SZ Lyn V-R term.



