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Abstract

Implications

Combining our data from the Harshaw Probability Calculation and Monte Carlo
Integration technique, and comparing our new declination and right ascension
measurements to historic data for each component of our star system, we
conclude that there 1s a low probability for our system, WDS 01332+6041 to be
considered a binary system. The Monte Carlo Integration for a hypothetical BD
pair hints that with additional research, there may be an unknown binary pair.

Additional research of the entire system will add to our understanding of WDS
01332+6041.

The Los Combres Observatory Network was used to obtain astrometric measurements of the quintuple star
system WDS 01332+6041 (STF 131). Through astrometric measurement software AstrolmagelJ 3.3.1 (AlJ), 8.3 x9.8 x83x9.18.8 %83 x8

a mean separation for STF 131 AB, 13.9"+0.004" and a mean position angle for STF 131 AB, 143.29°+.06° BE3 REAXERRSE NS REA RS2
was measured. Using identical method process for all sub-systems, another astrometric measurement was ARG R RA RS B S R A e
made for STF 131 AC, a mean separation of 28.2"+0.01" and mean position angle of 145.54°+.04°.
Astrometric measurements were made for FLE 2 AD, a mean separation of 46.4"+0.01" and mean position
angle of 120.9°+.02°. FLE 2 AE was measured to have a mean separation of 82.2"+0.01" and mean position
angle of 135.85°+.01°. Astrometric measurements were made for STF 131 BC, a mean separation of /s L
1.98"+0.01" and a mean position angle of 147.78°+0.06°. The relative proper motion of STF 131 shows that KRR '
the system 1s most likely not showcasing a linear path or an approximately circular orbit. Parallax
measurements of the secondary stars will aid in determining whether the quintuple system 1s a physical or a
visual pair. The proper motion of STF 131 indicates the system 1s astronomically low for the chances of it
being a physical pair. The new measurements do not deviate much from the historical data, suggesting that
the quintuple system 1s a visual pair.
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below 3 between each star. The primary magnitude had to be 8 or fainter. WDS 01332+6041 met these
criterta. WDS 01332+6041 1s a quintuple star system, including pairs STF 131 AB, STF 131 AC, FLE 2
AD, FLE 2 AE, and STF 131 BC.

STF 131 AB pair was first discovered in 1827 by German Russian astronomer Friedrich Georg Wilhelm
von Struve and recorded in Stellarium Duplicum. A sky survey conducted by Richard Harshaw in 2015
titled CCD Measurements of 141 Proper Motion Stars: The Autumn 2015 Observing Program at the
Brilliant Sky Observatory, Part 3, made a measurement on STF131 AB pair only, in 2015, STF 131 AB had

a measured theta of 142.878 degrees, a rho of “13.920” arcseconds as a part of a sky survey of 141 systems.

The graphs above each represent an accumulation of historical data that was recorded in the quintuple star system.

In the following order, the first graph represents system AB, AC, AD, AE, BC, and the last graph 1s an accumulations of the total
systems historical data including new measured data we collected. .
The historical data graphed 1n each system shows the movement of the star overtime. For example, in system AB, star 1s A 1s the
center star in system and star B is a visual star moving nearby star A.

The historical data starts from beginning data collected from 1827 to the current measurements our team collected in 2019. If you
take a look at system AB’s plot, the first data point is depicted as a black square and the last data point is depicted as a red circle.

Additionally, the most recent measurements of the AC, AD, AE, and BC pairs were made in 2014 by URAT oo, ) ,
These measurements were graphed similarlv to all other svstems to showcase the stars trend in movement over time.

1 during a different sky survey. Our goals with WDS 01332+6041 include the following: make 24 new
observations on each pair of WDS 01332+6041 through CCD imaging, conduct new theta and rho
measurements for each sub-component in this quintuple system, compare our results and conclusions to past
data of WDS 01332+6041 for discussion, and implement the Monte Carlo integration method to make a
suggestion on whether each component of the WDS 01332+6041 Star System 1s Binary or Visual.
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Calculating the Overlap of Two Normal Distributions Using Monte Carlo Integration - R

» All images for the STF131 were taken 1n Tenerife, Spain.

» Las Cumbres Observatory LCO system that has 0.4 meter SBIG STX-6303
* Camera with two LCO 40 cm telescopes Kb23 and Kb&1

» The star system has RA of 01 33 14.01, and DEC of +60 41 11.2

» All the images were measured by using AstrolmageJ 3.3.1 (AlJ).

*UP filter, RP filter, and Clear Filter. (Reference the images below).

*Rp showcases the best imagery of our system.

0.00030

0.00015

Psychologist. https://rpsychologist.com/calculating-the-overlap-of-two-normal-distributions-using-

o ¢ X monte-carlo-integration. Accessed 3 Apr. 2020.
: ; , : . 2 r | — * Probability and Monte Carlo Methods | Cartesian Faith. https://cartesianfaith.com/2013/12/15/
) e ' e e e . 000 . 1o probability-and-monte-carlo-methods/. Accessed 3 Apr. 2020.

 The graphs above represent the portability that between each star, there exists a gravitational attraction
| towards each other using the Monte Carlo technique.
\ftu G  In the following order, the first graph 1s system AB, AC, AD, AE, BC, and BD. .
1‘: :  Each paired system in the graph, are normal distributions of the star using their mean and standard

deviations.
 The Monte Carlo technique allows us to calculate the area of the overlapping distributions, giving us the
probability density function (area) and absolute error that exists using the programming language R.
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