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Abstract 

 One of the many tools at an astronomer’s disposal is photometry. By measuring 

the magnitudes of stars in star clusters in various wavelength filters we can obtain data 

that can provide important pieces of information about groups of stars. Conclusions can 

be obtained through photometry through the production of a color magnitude diagram, 

which can provide information about star clusters specifically. Given the expense 

involved in astronomy missions, obtaining inexpensive photometric measurements is of 

great interest to the scientific community to develop cheap, efficient, and accurate 

methods to obtain photometric data. This thesis aims to determine if these measurements 

can be taken at the university level, and if the measurements taken can be used to obtain 

the ages of the Messier 29 and Messier 52 open star clusters. I developed and 

implemented a method of obtaining color magnitude diagrams for M29 and M52, but I 

could not make strong conclusions about the ages of the clusters. 
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 “The cosmos is full beyond measure of elegant truths; of exquisite 

interrelationships; of the awesome machinery of nature” 

-Carl Sagan, Cosmos 
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Chapter 1: Introduction 

Photometry 

The study of the stars and space has piqued the human race’s interest since before 

the ability to study them through scientific inquiry emerged. Humanity’s ancestors sought 

to understand what they observed in the night sky, and how celestial objects may affect 

them. One of the early methods for studying the stars was called photometry, which is the 

study of the relative brightness of stars. Photometry has been in use since 137 CE, and 

was used by scientists such as Ptolemy to observe the stars. Some historians believe that 

Hipparchus first developed photometry in 130 BCE, but Hipparchus’s work on the 

subject was not referenced by Ptolemy and the original catalog was lost [1].  

Early photometric observations were crude, and used a night-adjusted human eye 

instead of modern telescopes. The magnitudes of stars obtained by these early 

measurements were off by a fraction of a magnitude, and remained above one-half 

magnitude of error until the first visual photometers were developed [1]. The first 

optical/mechanical system developed to perform photometric measurements used crossed 

polarizers to determine magnitudes, and was created by Freidrich Zollner in 1861 [1]. In 

the 19th century scientists began to use films to obtain useful and accurate measurements 

of the brightness of the stars. Instruments for performing photometry developed 

significantly through the 20th century, which featured the development of the Charge 

Coupled Device camera. With the ability to obtain reliable data scientists have turned 

photometry into a reliable and accurate tool for the study of stars that is still used in 

modern scientific studies. 
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M29, R filter, 15s exposure, 26-October 

 

M29, V filter, 15s exposure, 26-October 
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M52, B filter, 15s exposure, 26-October 

 

M52, R filter, 15s exposure, 26-October 
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M52, V filter, 15s exposure, 26-October 

 

Vega, B filter, 15s exposure, 26-October 
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Vega, R filter, 15s exposure, 26-October 

 

Vega, V filter, 15s exposure, 26-October 
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Dark image, 15s exposure, 26-October 

 

Flat field image, no filter, 5s exposure, 26-October 
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Appendix B: Data Reduction 

This appendix gives an outline on how I obtained intensity measurements from the data 

that I had. 

Step 1: Converting images from “.ST7” to “.FITS” format 

 Images were opened in CCDops and the following path was used to export the 

images as “.FITS”: File - Export As 

 The “FITS Image” option was chosen from the export options, and the images 

were saved in a folder separate from the original images.  

Step 2: Opening the image in ImageJ and loading the Astronomy Tools Plugin 

 Once the image was converted to “.FITS” I opened it in ImageJ and proceeded to 

load the Astronomy Tools Plugin. The plugin can be loaded using the following path: 

Plugins – Macros – Install 

 I selected the astronomy tools plugin as the input for this path and proceeded to 

use the aperture photometry tool to obtain data. Before I took data from the image, I 

proceeded to load the dark image and subtract the dark from the image I was processing. 

Step 3: The Aperture Photometry Tool and How to Use It 

 

 The aperture photometry tool is what I used to obtain data values from the stars in 

my images. In order to use the tool, it must be configured, so I configured the tool by 
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double-clicking on the tool to open its configuration menu.  

Opening this menu displayed the following: 

 

The options I selected are shown in the previous image, and the numbers displayed for 

the various radii were taken from each image. In order to obtain each number I first 

obtained a radius of a bright star (in pixels) by zooming-in on the image and measuring 

the radius by hand. The following image is of a zoomed-in example star: 
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The values for the background radii were just incremented by two pixels each. After 

obtaining these values and inputting them into the program I proceeded to the second 

window of options for the Aperture Photometry Tool, but the options shown in that 

window were not changed. Once the configuration of the tool was finished, I proceeded 

to point and click on various stars in the image using this tool, and the data were 

summarized in a chart that was generated during the use of the tool. The following image 

is a cluster image that was in the middle of being processed. The red circles represent the 

points that the Aperture Photometry Tool analyzed: 
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Once the data values were compiled into the Aperture Photometry Tool table, I saved 

them into excel format by selecting the table window and using the “Save As” function. 

The excel sheet was then set up with the proper equations, and final values and graphs 

were obtained through simple excel commands and formulae. 

 




