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Abstract: As part of the Pine Mountain Observatory Summer Research Workshop 2009,
high school and college students joined with an experienced double star observer and an
engineer from Celestron to test a portable observatory utilizing a Celestron NexStar 6 SE
with a Celestron Micro Guide eyepiece. This was the first time the students operated a tele-
scope to make quantitative measurements, thus the secondary goal was to make the work-
shop an educational experience. The observations included a double star with a well known
separation and position angle and then a neglected double star.

Introduction

This project was part of a research workshop held
at Pine Mountain Observatory (PMO) near Bend, Ore-
gon in July 2009 (B2009.543). The workshop observ-
ers, mostly students from various high schools and
colleges, met with instructors at PMO for a weekend
of learning and observation (Figure 1). Double stars
were chosen as the primary research targets because
of their suitability for student projects. They also offer
students the opportunity to work cooperatively in
groups.

The primary goal of this particular project was to
evaluate the capabilities of a portable 6-inch telescope
that can be used for scientific research primarily by
students. The secondary goal was to allow the stu-
dents to gain experience operating telescopes and to
learn the specific techniques used to measure double

stars. The final goal was to observe a neglected double
star from the Washington Double Star (WDS) Catalog
to make a modest contribution to double star research.

Equipment

The telescope used to make the astrometric obser-
vations was a Celestron NexStar 6 SE (SE 6). The SE
6 1s an altitude-azimuth (alt-az) telescope with a 6-
inch (150mm) /10 Schmidt-Cassegrain optical tube
assembly (OTA) with a 1500mm focal length. A stan-
dard tripod and integrated wedge were used to config-
ure the SE 6 for equatorial use (Figure 2). A 1.25-inch
Star Diagonal was also used.

The eyepiece used was a Celestron 12.5 mm illu-
minated Micro Guide eyepiece. The reticle contains
two scales that were used for making observations. A
6mm scale with 60 divisions across the center and the
large circular scale were used (see Figure 3 below). A
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Figure 1: The observational team (left to right) consisted of
Austin Schrader, a student at the University of Oregon in Eugene
and a former student at St. Mary's School in Medford, Oregon,
Russ Genet, the PMO Workshop Director, Dan Medley, Ce-
lestron's Principal Engineer, Jo Johnson, a PMO Workshop In-
structor and student at California State University, Chico, and
Mandy Walker-LaFollette a student at South Eugene High School
in Eugene, Oregon.

stopwatch that reads out to the nearest 0.01 seconds
was used to calibrate the linear scale.

Some equipment that was replaced on the NexStar
6 SE included the LED reflex finder. An Orion 9x50
right-angle finder was used instead. The 25mm stan-
dard plossl eyepiece was replaced with a 40mm eye-
piece to make locating objects easier.

At points during the process of locating objects,
TheSky 6 planetarium software was used to obtain vis-
ual references. A standard bound notebook, pen, and
portable table were used for the annotation of the ob-
servations. A flashlight with a red filter was used to
see at night and preserve night vision. A comfy chair
made observations through the eyepiece easier, par-
ticularly near the zenith. A spreadsheet was used to
calculate the average, standard deviations, and stan-
dard errors of the mean of the observations.

Methods

Before any observations or measurements were
recorded, the Micro Guide eyepiece was calibrated. The
team used the drift method to calculate the scale con-
stant in arc seconds per division. The observers used a
stopwatch to measure the time it took for a relatively
bright star to travel across the linear scale. This was
achieved by turning off the tracking motors once the
star was on the east side of the linear scale, and turn-
ing them back on once the star reached the west side of

Figure 2: The Celeston NexStar 6 SE mounted on a
light tripod for easy portability with an integrated
equatorial wedge.

Figure 3: The four scales of the 12.5 mm Celestron
Micro Guide eyepiece are (1) the linear scale, (2) the
semicircular position angle scale, (3) the concentric
guiding circles, and (4) the large circular scale. Only 1
and 4 were used.
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the scale. The mean value of several trials was then
taken and entered into the following equation to calcu-
late the scale constant for the eyepiece (Teague 2004):

7 =15.0411¢ cos(d)

D
Where
® 7 is the scale constant in arc seconds per divi-
sion,

e 15.0411 is the number of arc seconds per sec-
ond of the Earth’s rotation, also known as the
sidereal rate,

® t1is the average drift time in seconds (recorded
by the stopwatch),

e dis the declination of the star, and

e D is the number of divisions on the linear scale
(60).

To determine the double star’s angular separation,
the observers aligned both of the stars on the linear
scale. Using the Micro Guide eyepiece, the team ori-
ented the stars in such a way that the positions of the
two stars were clearly visible on the divisions of the
linear scale. Each observer moved the telescope to view
the stars at different points of the linear scale to re-
duce observational bias. The distance between the two
stars was estimated by counting the number of divi-
sions between the stars on the linear scale to the near-
est tenth of a division (Teague 2004). In total, ten trials
were taken. The data was then entered into a spread-
sheet from which the average, standard deviation, and
mean error were obtained and recorded.

The position angle was measured by meticulously
placing the primary, or apparently brighter of the two
stars, in the center of the eyepiece. It was crucial for
the team to attain maximum accuracy with this step or
the angle could be as much as five to ten degrees off.
Once the primary star was properly aligned with the
center of the eyepiece, the tracking motor was turned
off. The observers then recorded the degree measure-
ment where the primary star crossed the inner part of
the large circular scale of the eyepiece (Teague 2004).
The star was then realigned in the middle of the linear
scale and the process was repeated until the team had
ten trials. The data from the position angle measure-
ments were entered into a spreadsheet and the statisti-
cal information calculated.

Results
The observers chose Alpha Cephei to calibrate the

linear scale in arc seconds per division because of its
optimal declination at 62.58°, not too close to the equa-
tor or pole (Teague 2004). The results of the drift and
the scale constant calculation are shown in Table 1.

Table 1: Average drift time and calculated scale constant
with standard deviations and standard errors of the mean.

Average St. Dev. | Mean Error
EOTD TORE | s o 1.68 0.56
(sec.)
Scale Constant
(a.s./div.) 12.23 0.19 0.06

To test the methods of observation and practice
making measurements, the team selected the well
known double star Iota Bootis. This double star has a
separation of 39.0” and a position angle of 32.5°. The
team's measurements compared to the literature val-
ues are shown in Table 2.

Table 2: Measured values for lota Bodtis with
standard deviation and standard error of the
mean compared to literature values.

Measured | Literature
Separation 38.7” 39.0”
St. Dev. 1.1”
Mean Error 0.4~
Position Angle 34.1° 32.5°
St. Dev. 1.1°
Mean Error 0.4°

The observed separation differs from the estab-
lished value by 0.7%, while the measured position an-
gle differed by -4.8%. Ronald Tanguay (1998), an ex-
perienced visual observer, states that, “Measurements
within 5% of catalog values can be considered good...”
and both the separation and position angle measure-
ments were within the 5% discrepancy. With these re-
sults, the observers felt confident enough to measure a
neglected double star from the (WDS) Catalog.

The double star ARY 52 (RA 15h 12.4m Dec 52°
56m) was selected because it was bright for a neglected
double star, had a wide separation, and was measured
recently (2005), thus giving it a higher probability of
being found. Atmospheric conditions were less than
optimal on the night of observation, so the stars ap-
peared dimmer than normal. This was compounded by
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the LED light in the Micro Guide eyepiece that was
bright enough that the star could not be seen. A
method was created by Medley to compensate, particu-
larly during the position angle measurement where the
primary must be in the center of the linear scale. When
the primary star was near the center of the eyepiece,
the LED light was turned off and the telescope moved
slightly to better center the star. The position of the
star was remembered and the light turned back on to
see if the star was in the center. This process was re-
peated until the star was in the exact center of the lin-
ear scale. Once the observers collected all of the data it
was clear that one of the separation trials was a ran-
dom outlier and was thus rejected. The results of the
observations are shown in Table 3 along with catalog
values.

Table 3: Measured values for ARY 52 with
standard deviation and standard error of the
mean compared to WDS Catalog values.

2009 2005

Separation 149.1” 147.1”
St. Dev. 1.77
Mean Error 0.6~

Position Angle 326.7° 331.0°
St. Dev. 1.1°
Mean Error 0.3°

The team’s data shows a difference from the WDS
Catalog value of the separation of 2.0 arc seconds, and
a difference from the recorded value of the position an-
gle of 5.3°. One reason the team’s observations could
have differed from the literature value is because of
the poor seeing conditions. On the night of observation
there were many high cirrus clouds drifting through
the field of view and seeing was less than optimal.
Also, it is possible that there was an imprecise align-
ment of the stars relative to the linear scale, which
could have greatly affected the accuracy of the re-
corded position angle, even with good precision. An-
other possible source of discrepancy is the motion of
the stars since the last data was taken in 2005.

Conclusions

The primary objective of this project was to test the
equipment as a portable observatory. The observers
found that setting up and polar aligning the telescope

on the tripod was simple and could be done in a few
minutes, and most importantly it was easy to move the
telescope when needed. However, the equatorial wedge
that was used was built into the tripod and was some-
what unstable. This meant that gusts of wind moved
the stars enough to make measurements difficult. This
has serious implications for CCD research using this
set-up. In the future the team will use a more stable
wedge that can be fixed on the tripod. Also, there was a
significant amount of backlash that made centering
the stars difficult. This was overcome by using a fea-
ture of the Celestron hand control that allows quick
bursts of fast slewing when centering a star at a slower
rate. When using a given direction button, pressing the
opposite button at the same time activates the faster
slewing rate. Using this feature made working through
the backlash more tenable when having to change di-
rections for centering.

In the future, the team also plans to try different
ways of dimming the reticule. One way to do this is to
use a weaker battery or letting the battery drain down
before use. This is not desirable as a sub-goal of the
portable observatory is to be inexpensive and buying
many batteries would undermine this feature. Perhaps
a more suitable way to dim the reticule is to put a piece
of toilet paper in to cover the LED. This was attempted
by Howard Banich, another observer at the PMO work-
shop, using a 28-inch alt-az telescope. While he suc-
ceeded in dimming the light, the numbers on the outer-
most ring of the large circular scale were obscured and
almost illegible. As the observers were using a Schmitt
-Cassegrain telescope with a right-angle eyepiece, this
would not have been an issue since the inner ring was
used for that configuration. However, this can be com-
pensated for by Newtonian observers as well by using
the inner ring and making a 180° correction when cal-
culating the position angle. One other option suggested
by PMO instructor Richard Berry is to replace the red
LED with a weak green LED.

The second objective was to instruct students in
the proper use of telescopes as well as the proper tech-
niques used to measure double stars. The students
demonstrated the ability to manipulate the telescope
during polar alignment and the centering of the stars
as well as rotating the eyepiece to take the necessary
measurements.

They also learned to deal with the frustrations as-
sociated with astronomy, including staying up late,
slewing a telescope with notable backlash, and making
tedious observations. They participated in data reduc-
tion, scale constant calculations, and statistical analy-
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sis. The students were particularly surprised by the
determination of the separation. It was hard for them
to imagine that the number of divisions separating the
stars would appear different each time they looked
through the telescope.

Perhaps the most crucial piece of the science puzzle
1s communicating results so that other scientists can
use the data gathered and repeat the experiment. The
students gained experience writing a scientific paper
during the workshop and presented the paper at a
symposium before their peers. Each student was as-
signed a section of the paper and helped to meld the
sections together to avoid redundancy. Once the paper
was done, the students found the experience of critical
reviews particularly beneficial. One lesson they
learned was that a reviewer's suggestions are not to be
taken as insults. In fact, the more critical and specific
reviewers are, the more useful their comments can be.

The final goal was to research a neglected double
star. The observations made in this study differ from
the 2005 observations by more than the calculated
standard deviation. This discrepancy may be due to
several factors including weather, experience, and the
motions of the stars. Because of the large differences in
proper motion vectors and trigonometric parallaxes
noted by Frey et al. 2009, the authors were also able to
conclude that the double star is optical rather than
binary in nature.
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