
Searching for Megamasers in the Local Universe

By  Averie Good Class of 2015

• Be sure to understand the concept of a megamasers 

before you even look at spectra.

• Make one excel sheet for all of the observed 

galaxies (even if they do not house a megamaser).

• Make a separate excel sheet for the galaxies that do 

contain megamasers, and put all of the calculations 

onto that excel sheet.

• Observe as many spectra as possible within the 

first month. This will leave more time for 

spectroscopy.  

Abstract
The purpose of this study was to study the properties of megamasers in H2O galaxies through the 

detection of supermassive black holes. A collection of 160 spectra was taken by the Green Bank 

Telescope through the primos survey. The megamasers were observed to be five sigmas above the 

noise were then fit with a Gaussian function using the program Green Bank Telescope Information 

Data Logger (GBTIDL). The Gaussian function calculated the Full-Width Half-Maximum (FWHM), 

height, and center of each spectra. The distance was then calculated using the rest frequency, the 

observed frequency, and the speed of light using Hubble’s Law. Out of the 160 spectra that were 

observed, 16.25% of the galaxies housed megamasers. The minimum distance to the galaxy was 80 

Mpc, and the maximum distance calculated was 198 Mpc. The average calculated distance to the 

galaxy was 160 Mpc. The mass was calculated using an equation to calculate the mass of a black 

hole which assumes a distance for a radius, Hubble’s Constant, and a standard frequency emitted of 

22.23508 GHz. The average mass of the supermassive black hole was found to be 1.13x107 solar 

masses. In conclusion, this study found that imaging capabilities would provide for more accurate 

distance and mass calculations because of some assumed variables.

Future Research 

Ideas 

Suggestions to a future researcher

• Analyze more spectra.

• Use imaging capabilities.

• Use a larger signal to noise ratio. 



Hydrogen and Helium  Recombination Towards the Galactic 

Center Using Sagittarius B2 as a Bright Continuum Source

By: Galen Shen Class of 2015

Future Research 

Ideas

Pertinent Information to Share with a 

Future Researcher

1. Further studies could examine the 

Carbon emission lines causing 

contamination in this study.

2. A search, survey, and analysis of 

larger molecules in Sgr B2N 

could be performed in order to 

determine stage and scope of star 

formation.

3. Analysis of Hydrogen gamma and 

Helium beta transitions would be 

beneficial in order to verify and 

extend the results of this study.

1. It is integral to the analysis to fully understand the 

physical meaning of the Gaussian parameters including 

the velocities and ionizations of the atomic species

2. A benchmark paper used for this study was: 

Lis, D.C. & Goldsmith, P.F. (1990). Modeling of the 

continuum and molecular line emission from the Sagittarius 

B2 molecular cloud. Astrophysics Journal, 356, 195-210.

3.    Make sure to separate/organize the different types of 

features (alpha/beta/gamma) in Excel prior to data analysis



Star Formation in Sagittarius B2 North 

By: Nick Frady-class of 2015

1. Analyzing the spectra from the Green Bank 

Telescope was the most-painstaking part of 

the project/.

2. A crucial paper to read for this study is:
Lewis, G. F., Babul, A., Katz, N., Quinn, T., 

Hernquist, L., & Weinburg, D. H. (20 June 

2000). The Effects of Gasdynamics, Cooling, 

Star Formation, and Numerical Resolution in 

Simulations of Cluster Formation. The 

Astrophysical Journal, 536(623-644). Retrieved 

from http://iopscience.iop.org/0004-

637X/536/2/623/fulltext/.

The purpose of this study was to find and analyze recombination lines of ionized Hydrogen (H) and Helium 

(He) in the molecular cloud Sagittarius B2 North (Sgr B2N) and determine if stars formed in Sgr B2N. Data 

used for this study came from the Green Bank Telescope, collected during the PRIMOS project (Remijan, 

Hollis, Jewell, Lovas, & Corby, 2013). Sgr B2N has properties that are unlike other molecular clouds, the most 

interesting of which is that its density (atoms/ cm3) is 20-40 times larger than other molecular clouds. This 

elevated density makes Sgr B2N a hot spot for star formation. From analyzing the recombination lines of H 

and He, the Full-Width at Half-Maximum (FWHM) could be determined and subsequently temperature in the 

region of Sgr B2N. The recombination lines observed varied in velocity when compared to one another, and 

depending on how many energy levels the electron moves up. In other words, the higher the number following 

the elemental symbol of either H or He the lower the FWHM. For instance, H103 had a lower observed 

FWHM than H95. Using FWHM, the researcher was able to determine the temperature of the region by setting 

it equal to a formula to calculate temperature. Recombination lines of H and He with a higher change in 

velocity were expected to have a larger temperature due to current star formation in the north region of Sgr B2. 

1. Further comparative research should be 

done on other molecular clouds and other 

regions of Sagittarius B2.

2. Other  heavier elements, like Carbon, 

should be studied even though they appear 

to be simply noise. 

3. Organic compounds in space could also be 

studied, despite being  miniscule in 

amount.

Future Research 

Ideas

Pertinent Information to share with a 

future researcher

Abstract

Sgr B2 Molecular Cloud

Sample Gaussian Fit of a Hydrogen 

Recombination Line



Studying Supermassive Black Holes and their Accretion Disks 
Utilizing Megamasers

By: Will Norvelle – class of 2015

Future Research

• If it is possible, get imaging 
capabilities

• Write a program to look at 
the spectra for you and find 
the megamasers

• Also look into comparing 
your results with professional 
results for the actual galaxies

Suggestions to a future 
researcher

• Make sure to record everything
• Thoroughly understand what a 

megamaser is before you get into the 
data, it will help a lot

• Also, thoroughly understand why the 
spectra appear as they do

• Completely understand the equations 
and what they mean

• When in doubt, google it
• If you still don’t know, ask questions

Abstract
This study sought to determine supermassive black hole masses using H2O 

megamasers found in a survey of 700 galaxies. Spectra were obtained from the Green 
Bank Telescope. Of the galaxies surveyed, 7.71% contained megamasers. Each 

megamaser was fit with a Gaussian curve in order to determine the central 
frequency, height, and the full width at half maximum (FWHM). The central 

frequencies were used to determine the redshift, rotational velocities, and ultimately 
distances and black hole masses. The 54 galaxies that were found to have megamasers
had distances between 44 Mpc and 163 Mpc. Black hole masses averaged 5.04 x 106

solar masses and had an uncertainty of 14%.
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• Determine if super absorbent polymer beads 

can absorb water from a water-alcohol 

solution, leaving the alcohol behind (possible 

use as a purifying agent).

• Examine if the state of super absorbent 

polymer (beads, powder, fiber) affects it’s 

reactivity.

• Look at how the state of the super absorbent 

polymer affects how much water it can 

absorb.

• Determine effect of heat on how fast the 

beads dehydrate.

How super absorbent polymer beads react to alcohols and an ester

By Glenn Field - Class of 2015

• Try to find an instrument to handle the small 

beads with that won’t easily drop them.

• If you are doing trials that involve soaking the 

beads in a liquid, make sure to space the trials 

out so multiple beads do not need to be 

extracted at the same time.

• Keep the dehydrated beads in a zip-lock bag 

to preserve them and to stay organized.

Abstract
The purpose of this experiment was to determine how super absorbent polymer beads react to 

alcohols and an ester. Five alcohols, ethyl acetate, and water were tested. One bead from a package 

of Water Gems™ was weighed, placed in each solution for 90 minutes, weighed again, and the net 

mass change was calculated. This was repeated eight times per solution. The data was analyzed using 

a One-Way Analysis of Variance (ANOVA) test (alpha=0.05). The ANOVA produced a p-value of 

3.410E-23, which suggested that there was statistically significant difference between at least two of 

the groups. When a Tukey test was run on the data, it indicated that the statistically significant 

difference occurred between the water group as compared to the other six groups. The research 

hypothesis, that if one super absorbent polymer bead is placed in alcohols and ester solutions for an 

equal duration of time, then the beads in the alcohol will absorb a greater quantity of liquid, was not 

supported. While the data suggests that the beads do not absorb alcohols or esters, there may be a use 

for them as a filtration agent.

Future Research

Suggestions to a future researcher
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Figure 1. The effect of alcohol, ester, and 

water on the weight (mg) of super absorbent 

polymer beads. 



The Effect of Catalase on the Color of Human Gray Hair

By  Luke Kreeger Class of 2015

1.Make sure to allow yourself plenty of extra 

time in case anything happens.

2. Get spare hairs just in case any are lost, they 

are very thin and easy to lose. Also, have a large 

range of samples.

3. Keep each sample separate and clearly 

labeled, this will prevent any mix-ups.

4.Try to keep an uncluttered environment, it will 

help to find things and will not cause any space 

problems.

Abstract
The purpose of this study was to discover if placing human gray hairs in a catalase solution would 

allow the hairs to revert  back to the original colors. The literature suggested that it was possible to 

make this happen. The methods used included  taking absorbance readings of the control solutions 

using a Spectrovis plus and Labquest. The next step was to place the hairs in catalase and allowing  

the hairs  to soak and then take new measurements. The research hypothesis was not  supported 

because the two-sample paired T-test resulted in  a p-value of 0.08 (alpha = 0.05) . Catalase was 

unable to produce any significant change in the color of the hair. The experimental design did not 

repeat the previously reported findings.

Future Research 

Ideas

Suggestions to a future researcher

1. Research if any other enzymes can 

alter the color of hair naturally.

2. Use different concentrations of 

catalase.

3. Get a large 



Suggestions to a Future 
Researcher 
Before you begin downloading data, 
invest your time learning simple computer 
programming to make the process easier.  
The first set of data I collected took me 
three hours per state. By the end, I could 
download and collate a state’s files in 
under five minutes.  
 

Future Research 
1.  Because childhood socioeconomic 

status has been shown to have a 
stronger correlation with adult 
health than adult socioeconomic 
status, leading lagging relationships 
should be studied. 

2.  Further correlations might include 
variables not normally associated 
with health such as crime rate or 
education. 

 

Examining the Relationships Between Type II Diabetes  
and Four Related Variable 

Haley Roeser  2015 
 

Abstract 
The purpose of this study was to investigate the 
relationships between the occurrence of adult 
type II diabetes in the United States and four 
other measured variables. Data on federal 
expenditures per capita, the number of uninsured 
per capita, the physician to population ratio, and 
average personal income were used from all 
counties in the United States over six years 
(2004-2009). The data were downloaded from 
the U.S. Census Bureau, the Centers for Disease 
Control and Prevention, and the Bureau for 
Economic Analysis.  A computer programing 
software called Automator was used to sort the 
1,276 files downloaded; Macros on Excel were 
used to collate them. A total of twenty-one linear 
regressions and correlations were run, each with 
over 3,085 data points (alpha = .05). The 
minimum correlation coefficient was found to be  
0.1946 for all correlations. The null hypothesis 
was retained for federal expenditures per capita 
and the number of uninsured per capita (all r-
values > .1946). Statistically significant inverse 
relationships were found between the prevalence 
of type II diabetes and the physician to 
population ratio (average r-value = 0.2049) and 
average personal income (average r-value = 
 .3964).  

The R-values Resulting from the Correlation Tests by Variable by Year 
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