
ASTR 306 - HW #1 
 
Note: Many times problems will have information missing. This is intentional, and meant to get 
you in the habit of using online sources to find the data you need. You must cite your sources, 
and the data must come from professional scientific sources (journal articles, observatory 
websites, data archives, NED, etc), not Wikipedia or amateur astronomy sources (ie SEDS, non-
academic/professional websites, and the like).  
 

1. Star Coordinates (10 points) 

Star A has coordinates (𝛼, 𝛿) = (44.58°, +21.5°). Star B has coordinates (𝛼, 𝛿) =
(88.2°, +19.6°). From Cleveland, what the altitude (in degrees) of Star A when it transits? 
About how long after Star A transits will Star B transit? What time of the year is the best for 
observing Star A? Do this problem from first principles (ie simply geometry and the definitions of 
RA and dec) without using online calculators or looking up seasonal visibilities, etc. Make sure to 
describe your work! 

Note: if you are doing this using equations of spherical trigonometry, you have made the 
question much much more complicated than it is…. 

 

2. Galaxy Coordinates and Distances (10 points) 

What are the J2000 coordinates of the galaxies M81 and M82? What time of the year are they 
best visible? How far apart are these two galaxies on the sky? At their distance, what does this 
separation translate to in terms of a physical (projected) separation? 
 

3. Observing the Antennae (10 points) 

We want to observe the galaxy pair NGC 4038/4039 (“The Antennae Galaxies”) using the 4m 
telescope at Kitt Peak (KPNO). Use the online skycalc site to work out the best time of the year 
(to within a few weeks) to observe it, and, at that time, how long is it above 1.5 airmasses each 
night. How does your answer change if we used the 4m telescope at Cerro Tololo instead? 
Make sure to explain why there is a difference! 
 

3. Extinction and Magnitudes (15 points) 

The file http://burro.case.edu/Academics/Astr306/HW/HW1/stanphot.dat has several 
observations of one star (the Landolt standard star PG0039+049; 𝑚𝑉 = 12.88, 𝐵 − 𝑉 = −0.02), 
taken at different airmasses. The datafile gives the airmass of the observation (“secz”) and the 

http://www.briancasey.org/artifacts/astro/
http://burro.case.edu/Academics/Astr306/HW/HW1/stanphot.dat


(uncalibrated) instrumental magnitudes in 𝐵 and 𝑉 filters, respectively. From the data, adopt a 
model for the photometric solution in each filter that looks like this: 

𝑚𝑖𝑛𝑠𝑡 = 𝑚𝑡𝑟𝑢𝑒 + 𝐾𝑋 + 𝑍𝑃 

And then work out the values for the extinction term 𝐾 and photometric zeropoint 𝑍𝑃 in each 
filter. Make sure to also give their uncertainties! Show a plot of the data, with your fits 
overplotted. Explain why one filter has a higher value of 𝐾 than the other. 

Now, think about the bright star Capella, which has a true magnitude and color 𝑚𝑉 =
+0.08 and 𝐵 − 𝑉 = 0.8. Use your fitted extinction terms (𝐾𝐵 and 𝐾𝑉) to answer the following: 

• What is Capella’s observed 𝐵 − 𝑉 color as seen near the zenith? 

• What is Capella’s observed 𝐵 − 𝑉 color as seen at an airmass of 3? 

• How much brighter is Capella when observed at the zenith compared to at an airmass of 
X=3? In other words, if the star has an observed flux 𝑓, what is 𝑓𝑧𝑒𝑛𝑖𝑡ℎ/𝑓𝑋=3? Do this for 
both B and V magnitudes. 

• If you were observing Capella from space, how much brighter would it be compared to 
its zenith brightness on Earth (𝑓𝑠𝑝𝑎𝑐𝑒/𝑓𝑧𝑒𝑛𝑖𝑡ℎ)? Again, do this for both B and V 

magnitudes. 
 

Note that when thinking about Capella, observed magnitude doesn’t mean instrumental 
magnitude – you don’t need to worry about zeropoints, etc. Just apply the extinction corrections 
to Capella’s true magnitude given the airmasses in question to get the observed magnitudes. 
 
 

4. Plate Scale and CCDs (15 points; courtesy Paul Harding) 
 
I want to get photometry for stars in the globular cluster M13 (which has an angular diameter 
of about 10 arcmin) using the prime focus camera on a new telescope at Kitt Peak (where 
typical seeing is about 1 arcsec). When I turn up for my observing run, I am asked what CCD I 
wish to use. I don't want to let on that I have not read the observers manual, so a quick look at 
the telescope tells me the distance from the primary mirror to the focal plane is 40 feet. I also 
want to make sure that the whole globular cluster fits in the field of view. The choice is 
between: 

• CCD A: 3000x3000 pixels; each pixel is 9x9 microns, 

• CCD B: 2048x2048 pixels; each pixel is 24x24 microns, and 

• CCD C: 8192x8192 pixels; each pixel is 6x6 microns.  
 
Which CCD would you pick and why? 
 
 



5. Filters (15 points) 

The file http://burro.case.edu/Academics/Astr306/HW/HW1/kp1422.dat contains a filter 
tracing (transmission percentage as a function of wavelength in Angstroms) for one of the Kitt 
Peak R band filters. From this tracing, calculate the filter's central wavelength and the width of 
the "equivalent square filter." Plot the filter transmission function and overplot the 
transmission function for the equivalent square filter. 
 
Helpful tip: the file has some transmission values < 0, which are obviously unphysical and you 
will want to set to zero. An easy way to zero out negative values in a numpy array is to say 
x[x<0]=0. 
 
 
 
 
 
6. AB magnitudes (15 points) 

In the AB magnitude system, in any filter the magnitude zeropoints are given by 𝑚𝐴𝐵 =
−2.5 log(𝑓𝜈) − 48.6 . From this, calculate the flux zeropoint in Janskys (Jy); this is, what is the 
flux in Jy for an 𝑚𝐴𝐵 = 0 star? 

In the Vega system, magnitudes are referenced to the brightness of Vega is each filter, so each 
filter has a different zeropoint (the mean flux density of Vega in that filter). The Vega flux 
zeropoints for the B, V, and R filters are given below (as well as the central wavelength and 
width of the filters). 

Using those filter specifications, show the following: 

• That a solar type star with a 𝐵 − 𝑉 = 0.65 in the Vega system has a color of 𝐵 − 𝑉 =
0.53 in the AB system. Hint: use the expression for color given in class that explicitly uses 
the flux zeropoints, and work out an analytic expression for the color difference 
(𝐵 − 𝑉)𝑉𝑒𝑔𝑎 − (𝐵 − 𝑉)𝐴𝐵 

• That if a star that has a R-band Vega magnitude of 𝑚𝑅 = 12.5, and lies at a distance of 
2.3 kiloparsecs, it has a total luminosity in the R-band of ≈ 2 × 1034 erg/s. Hint: pay 
close attention to units and unit conversion here! 

 

Filter Central Wavelength Filter Width Vega Flux Zeropoint 
B 4380 Å 900 Å 4063 Jy 

V 5450 Å 850 Å 3636 Jy 

R 6410 Å 1500 Å 3064 Jy 

 

http://burro.case.edu/Academics/Astr306/HW/HW1/kp1422.dat

