Astronomy 51







        Fall 2016
Indoor lab: The Hertzsprung-Russell Diagram and Selection Effects

1. Use the program “The Sky” to select 40 stars at random, and record the following properties in an Excel table.  Note: do not include stars whose distances are not given.

· star name (use ANY of the names given) (put in Excel column 1)

· visual magnitude, m (col. 2),

· spectral type (col. 3),

· and distance, d (col. 4).

· In column 5 convert the distances from light-years to parsecs. (1 pc=3.26 ly).

· In column 6, convert the spectral types to numbers using the following scheme:

O0 = 00, O1 = 01, O2=02 … O9 = 09, B0 = 10, B1 = 11, B2 = 12, … B9 = 19.

Recall the order of spectral types: OBAFGKM.  Don't worry about roman numerals or other letters such as "e" or "pec" that might follow the standard spectral type. 
· In column 7, convert the visual magnitudes to absolute magnitudes, M, using the known distance, and the distance modulus formula:

M=m+5-5 log(dpc). 
2. Use Excel to make an H-R diagram with these data.  

· Select all the data in columns 6 and 7 (numerical spectral type and absolute magnitudes) and with the “insert” tab, select “scatter plot”.  Make sure that spectral type is on the x-axis and abs. mag. on the y-axis.

· Make the y-axis increase downward.  (Right click on the y-axis, select “format axis” and then click on “Values in Reverse Order”). 
· Print your diagram.

· On your hardcopy, identify and circle the main sequence and label it “MS.” 
· Identify and circle the region containing red giants.  Label it “RG”. 
· Return to the plot on your computer screen and note that you when you move the mouse over each data point the x and y values are shown.  Use this tool to identify, whether each star on the data table is on the MS or in the RG region.  Add this label in column 8.

· In column 9, put a ‘1’ for each star that is RG, ‘2’ if it is a bluer MS star (O1 through F4), ‘3’ if it is a redder MS star (F5 through M9).  This can be done quickly if you first sort the data by column 8.  
· Sort the table by column 9.
3. Determine the following (and write in the answer in attached form).
a) the average distance of all the stars in your table:

b) the number of and average distance of the red giant stars (stars of type 1)
c) the number of and average distance of the bluer main sequence stars (stars of type 2)
d) the number of and average distance of the redder main sequence stars (stars of type 3)
4. Considering your answers in number 3, answer the following questions.

a) Which type of star is most common in your “random sample”? Is this consistent with what you’ve been told in class that about 90% of stars are on the main sequence, and that the majority are low-mass stars?
b) Another way to determine the relative "popularity" each type of star is to measure the density of that type in space, or the number of that type of star divided by the volume containing all these stars. Unfortunately, there is no easy way to calculate the volume over which all your stars are contained.  But, you can use the average distance for each group of stars to get a rough idea of which stars are most common.  Since volume is proportional to the (distance)3, divide the number of each type of star by the average distance cubed to get a relative and very rough idea of the number per unit volume of each type of star.  The ratio of these numbers will be roughly the same as the ratio of the true number densities.  Now what is the most common type of star according to these numbers?
c) Your answers to a) and b) are probably not the same. Explain why. Which method is better, and why?  A clue about which one is better is which one agrees with what you learned in class?  Now, what do you think is the flaw in the other approach?  Another helpful consideration—why are there no white dwarfs?  The point here involves the understanding of inherent biases in gathering data. Poll takers, for example, must take extra steps to ensure that their surveys of are not biased toward the segment of the population that is most likely to respond to polls. Likewise, an astronomer must be careful to ensure that the stars selected for a statistical study are not biased by what are known as “selection effects”. Can you think of a selection effect that probably exists in your data? Consider that your random selection of data was entirely based upon stars present in the Sky’s data base. What selection biases may exist in the database of the Sky?
Answer sheet: Turn this page in along with your data table and labeled HR diagram plot.

Answers to Questions.  

3. a) the average distance of all stars in sample: ________________
b) the number of RG stars: ___________ average distance of RG stars: ______________
c) number of bluer MS stars: _________average distance of bluer MS stars:___________
d) number of redder MS stars: ________average distance of redder MS stars:__________
4. a) Most common type in the “random sample”? ______________________
Does this agree with what you’ve been told in class? (yes or no)___________
b) 


Number/(avg. dist)3:
RedGiants:
____________
Bluer MS:
____________
Redder MS:
____________
Most common? ____________
c) Which method is better? (a or b?) ____
Which agrees with what was said in lecture? (a or b?) _____
What is the flaw in the other approach?  Why are there no white dwarfs?  What selection effect probably exists in your data? (Explain answers in space below)
