Team Name: ______________________________________
    
 

Due on March 12th 10:00 PM.

Project Two
Data Analysis and Plotting

Recall that the projects are 15% of the course grade.
Project Goals
The goals of this exercise will be:


(1) to learn more about coordinate transformations,

(2) to become more familiar with formulas and plots in Microsoft Excel, 

(3) to learn more about the Messier catalog, and

(4) to become familiar with basic radio astronomy.  

Plot Requirements
1. Each plot should be printed (landscape) on a page by itself.
2. The plots should fill the entire page.

3. Both axes must be label (units included).
4. Each graph should have a title that includes the team name.
5. The plots may not be made by only one member of the team.
Division of Labor
After reading through the description of the plots on the following pages, select two team members (gatekeeper, time keeper, recorder, and facilitator) that will work on each plot.  Write their names in the blanks below.  These pairs will work together to perfect the required plots.

Plot 1: The Shape of the Horizon
_____________________

______________________
Plot 2: The Messier Catalog
_____________________

______________________
Plot 3: Radio Drift Scan

_____________________

______________________
Plot 4: Radio Doppler Shifts
_____________________

______________________

Plot 1:  The Shape of the Horizon
On the equatorial star charts we approximated the east and west horizons as straight vertical lines.  We will now compute and plot the true shape of the horizon.  From this plot we will be able to see why Canopus, for example, is above the horizon for only a few hours each day, while Capella is above the horizon for more than 12 hours each day.
1. Create a plot of declination versus right ascension.
2. Use a declination range of -60° to 60° and a right ascension range of 0h to 24h.  

3. 24h should be on the left side of your graph and 0h should be on the right.

4. To create your plot, first create a column of azimuth values from 0 to 360 degrees in increments of 5 degrees.  Note that for points along your horizon the altitude is zero (a=0).

5. Use equations from section 26 of your text book to find  and .  Assume that LST=12h and that you are in Nacogdoches.

6. Use data points (○) with a smooth curve drawn through these data points.

7. Hint:  You will need worksheet columns for A, , H, and .  Use decimal degrees for all of these except .  Note that Excel trig functions use radians.   For example, type “=COS(45*Pi()/180)” in a cell and hit return.   Also try “ = ACOS(1) * Pi() / 180”.
Plot 2:  The Messier Catalog

During the years from 1758 to 1782 Charles Messier, a French astronomer (1730 - 1817), compiled a list of over 100 diffuse objects that were difficult to distinguish from comets through the telescopes of the day. Discovering comets was the way to make a name for yourself in astronomy in the 18th century -- Messier's aim was to catalog the objects that were often mistaken for comets. 
1. Create a table with the headings “Object”, “RA”, and “DEC”.  Your table will be similar to that in Table 12 from the Stars and Planets text.  Note that you can use the internet to locate a table of these numbers.  You do not need to type in all of the numbers.  See the AST305 homework link on the course home page (Team02-Messier.xls).
2. Your RA column should be expressed in decimal hours and the DEC column should be in decimal degrees.

3. Using the “Data...Sort...” menu option of Excel, sort the Messier catalog into four groups: nebulae, open clusters, globular clusters, and galaxies.

4. Create a plot of declination versus right ascension.

5. Use a declination range of -90° to 90°.  Use a right ascension range of 0h to 24h.  

6. 24h should be on the left side of your graph and 0h should be on the right.

7. Use a different plot symbol for each type of object: nebulae (◊), globular clusters (*),   open clusters (□), and galaxies (○).

8. Using equations from section 30 of your text book to find  and  for points along the plane of our galaxy.  Use these to draw the galactic plane as a curve among your Messier objects.  To create this plot, first create a worksheet column of galactic longitude values (l) from 0 to 360 degrees in increments of 5 degrees.  Note that for points along the plane of the galaxy the galactic latitude is zero (b=0).

Plot 3:  Radio Drift Scan
On February 25, 2003 an SFA radio telescope was pointed 46 degrees above the south horizon to collect radio waves from the Milky Way Galaxy over a 24 hour period.  This means that the right ascension that the radio telescope was pointing at was constantly changing as the Earth rotated while the declination remained fixed at (46° - (90° - 32°)) = -12°.
1. Download the radio telescope data file called “20030225.TXT” from the homework link on the course home page.  Note that the first column contains the times of the observations.  The remaining 241 columns are voltage values corresponding to radio wave intensities coming from our galaxy for frequencies from 1419.4 MHz to 1420.6 MHz in increments of 5 kHz.  Notice that our radio receiver is a spectrometer and that it takes about a minute to scan this range of radio frequencies.
2. Insert a column to the right of the time values.  Use the AVERAGE worksheet function to compute the average of the 241 voltage readings to the right and store these averages in column 2.  Change the format of this new column so that the numbers are displayed as decimals.
3. Create a plot of Voltage versus Time (column 2 versus column 1).

4. Change the properties of the time axes so that it displays tick-mark values from 0 to 24 in increments of 3 hours.  (Note:  This is also 0 to 1 days in increments of 0.125 days.)

5. There should be two peaks in your data that correspond to the transit of the Milky Way Galaxy crossing the meridian.

Plot 4:  Radio Doppler Shifts
1. For the two transit times found on Plot 3, create a voltage versus frequency plot.  Put the data for both transit times on the same graph.  To do this you will need to create a column of frequencies from 1419.4 MHz to 1420.6 MHz in increments of 5 kHz.  Then you will have to copy the two rows that correspond to the transit times beside these frequencies (Edit…Paste Special…Transpose).
2. Use a different plot symbol for each of the two transit times (□ and ○) and draw curves through the data points.  
3. Use a legend to identify which points correspond to Transit Time 1 (□) and which correspond to Transit Time 2 (○).  
Requirements

Use this handout as the cover page.  Staple the plots to this page.  Each team should turn in only one copy of this report.
As a team discuss how each team member contributed to this project.  Suppose that the team is paid for the project.  For this project, what percentage of the income should go to each team member above?  Enter your team answers in the blanks below.
Gatekeeper: ______      Time Keeper: _____        Recorder: ______        Facilitator: _____

TEAM QUESTIONS ON BACK

Team Questions
1.  According to Plot 1, how long is Canopus above the horizon in Nacogdoches?  How long is Capella above the horizon?  Use the declination of these stars for your estimates.  Express your answer in decimal hours.







________________

_______________

2.  Why are no Messier objects found below a declination of -40 degrees on Plot 2?  Use complete sentences for you answer.
3.  Match the objects below with the descriptions below.  The selections may be used more than once.  Use Plot 2 as a reference.
                           Nebula ____________

Open Clusters _____________



Globular Clusters _____________
         Galaxies _____________

(a) These objects cannot be found near the plane of our galaxy.  The material within the Milky Way has created a “zone of avoidance” by blocking our view of these objects.

(b) These objects can be found mostly near the plane of our galaxy.

(c) These objects appear mostly around the center of our Galaxy.  Harlow Shapley used these to measure the distance to the center of our galaxy.

(d) These objects are scattered uniformly across the sky.

(e) These objects can be classified as “reflection”, “emission”, or “planetary”.
4.  Using the information provided for Plot 3, list the constellations that drifted through the field of view of the radio telescope.

_____________________________________________________________________________

5.  According to Plot 3, what that the times of the two transits of the Milky Way Galaxy?  What are the row numbers in your Excel worksheet that correspond to these transits?  At what constellation is the radio telescope pointing for the two times of transit?

Transit Time 1: _____________


Transit Time 2: _____________


Excel Row Number:  _________


Excel Row Number:  _________



Constellation:  ______________


Constellation:  ______________


6.  Using Plot 4, calculate the speed of the region of the galaxy observed at Transit Time 1 and 2.  Use the Doppler Effect equation and the peak frequencies from Plot 4.  Show your work.  Express your answer in kilometers per second.  Assume that the rest frequency is 1420 MHz.

Radial Speed 1: _____________


Radial Speed 2: _____________






