
ASTR469: Homework #2.
Due 25 Jan at beginning of class (Hand in to Loren).

1. A few questions regarding airmass...

(a) (2 pt) What airmass does your sight line traverse for observations at an angle 30◦

above your horizon?

(b) (3 pt) Now imagine that you have two stars, one observed at 30◦ elevation, and
one observed 10′ more toward the zenith. What is the difference in extinction (in
magnitudes) due to our atmosphere for these two stars, assuming an extinction
coefficient of k = 0.14 magnitudes per air mass?

2. (4 pt) It’s a nice spring day and you’re at the beach in California, watching the Sun
moving towards the horizon. There is an island mountain nearby that the Sun is setting
behind; where the Sun crosses behind the mountain peak, it is 30◦ above your view of
the horizon. The barometric pressure is b = 780 mmHg and it is 22 ◦C outside.

The Sun returns to roughly the same point in the sky once every 24 h.1 Given this,
consider the Sunset you would see with and without an atmosphere. With our at-
mosphere, about how many minutes later in the day does the Sun appear
to disappear behind the mountain due to atmospheric refraction, compared
to the Sunset if refraction did not occur?

3. A few (hopefully easy!) questions on positions...

(a) (2 pt) From Morgantown, what declinations are visible?

(b) (3 pt) From Morgantown, for how many hours in any given 24-hour period is a
source of δ = −10◦ visible?

(c) (1 pt each) The HEASARC online coordinate converter is an excellent tool that
you should become familiar with. Using this tool (available on
https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/convcoord/convcoord.pl
and linked from our course webpage), answer the following:

i. What is the RA and Dec of the Galactic center in J2000 coordinates?

ii. What is the Galactic latitude and longitude (l, b) of the J2000 north pole?

iii. With a big dark X, mark the J2000 north pole position on this map of the
sky (which shows the rough span of the Galactic plane at optical wavelengths
in grey). Remember that latitudes range from –90 to +90:

1In case Loren doesn’t talk about it, see the “coordinates” lecture notes for differences between this and
the sidereal day, which is shorter and represents how the Earth spins in reference to star positions.
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4. Let’s make (and use) a color-magnitude diagram of the Pleides star cluster!
The goal of this question is to get you to use real astronomical data, and to teach you
a little more about the actual application of CMDs. You may use Excel or any other
plotting program you have that can make a scatter plot. Let me know if you have
trouble finding software to do this.

First download the data from https://sarahspolaor.faculty.wvu.edu/classes/astr469
(scroll down to this assignment listing). It is always a good idea to first look at
any data by eye (in this case, use a text editor) to understand what you are
working with!

(a) (4 pt) Make a CMD plot of the Pleides members, with labelled axes, using the
apparent V-band magnitude and the B-V color (note: make sure to plot it so the
hotter stars are on the left and brighter stars are on the top).

(b) (1 pt) As noted in class, one use of CMD and H-R diagrams is to determine a
cluster “turnoff point,” which is the magnitude at which stars are leaving the main
sequence to become giants. High-mass stars have short lifetimes, and so evolve
into giants first. With time, progressively lower-mass stars evolve away from the
main sequence. Thus, over time the cluster turnoff point evolves downward in
apparent magnitude. Use your plot to determine the V-band magnitude
and the B−V color of the cluster turnoff point (where it veers upwards,
away from the main sequence).

(c) (2 pt) Pleides is 120 pc away. Derive the absolute V-band magnitude of the turnoff.

(d) (3 pt) The lifetime of stars t is proportional to stellar luminosity as approximately
t ∝ L2.5. Given the magnitude of the turnoff, MV = 4.8 for the Sun, and the
Solar lifetime of 1010 years, how old is the Pleides star cluster?
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