Indoor lab #1: The Hertzsprung-Russel Diagram and Selection Effects

(See section 12.6 of Arny)

1. Use program “The Sky” to find about 40 stars at random, and record in a table the following properties: visual magnitude, spectral type, and distance. Convert these distances from light-years to parsecs. Convert visual magnitudes to absolute magnitudes, using the known distance, and write these out as a new column in the table. Do not include stars whose distances are not given by The Sky, as you won’t be able to use those to make the diagram.

2. Use these 40 stars to make an H-R diagram, using Excel (installed on the lab computer). From your diagram, identify the main sequence and the red giants. Add another column to your data indicating whether a star is a red giant or main sequence star. 

Why are none of your stars white dwarfs?

3. Determine:

a) the average distance of all the stars you picked out.

b) the number of and average distance of the red giant stars.

c) the number of and average distance of the bluer main sequence stars (O through F4).

d) the number of and average distance of the redder main sequence stars (F5 – M)

4. Considering your answers in number 3, answer the following questions.
a) Which type of star is most common in your selection? 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? If your result is not consistent, why do you think that is?
b) Another way to determine the relative popularity of each type of star is to measure the density of each type of star in a given volume, to find out which are the most common. Unfortunately, there is no easy way to calculate the volume your sample of stars comprises. So, since volume is proportional to distance cubed, divide the number of each type of star (question 3) by the average distance cubed to get a 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? 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 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? 

