
The Celestial Sphere and Observation Planning Ay20 Fall 2011

1. The Local Siderial Time (LST) is the right ascention that is at the meridian right now. LST
= 0:00 is at noon on the Vernal Equinox (the time when the Sun is on the meridian)

(a) What is the LST at midnight on the Vernal Equinox?
(b) What is the LST 24 hours later?
(c) What is the LST right now (to the nearest hour)?
(d) What will the LST be tonight at midnight (to the nearest hour)?
(e) What LST will it be at Sunset on your birthday?

2. Sketch the elevation of ! Ceti along the meridian as a function of time (month) throughout
the year as viewed from Palomar. Your sketch should be qualitative, yet clear, as if you were
showining it to a class you are teaching. But don’t be one of those teachers with horrible
handwriting/drawing skills. Neatness counts. You can find the position of ! Cety on Simbad.
Label each monthly point with the UT time that the star is on the meridian. What is the
corresponding LST at each point?

3. Let’s continue thinking about ! Ceti.

(a) Sketch a diagram illustrating the times during which ! Ceti is observable from Palomar
(on the y-axis) as a function of time of year (monthly on the x-axis).

(b) Re-sketch for declinations of +10 and +60. At what declination (higher or lower) are
stars more frequently observable from a northern cite like Palomar?

(c) Re-sketch for observations made at CTIO.

4. You are planning a space mission to observe a small area of the sky (maybe 2 sq deg) very
deeply (meaning youre staring at the same spot on the sky for a long time) to make a catalog of
faraway galaxies at visible wavelengths, say 550 nm. What declination range should you point
your space telescope at so that ground telescopes in both the Very Large Telescope (VLT) and
the Keck Telescopes can follow up on the galaxies you discover? The declination range should
be observable from all observatories for at least 6 months a year.

5. The lawyer, the rollercoaster, and the sun (or the worst John Grisham novel,
evar). A lawyer contacts the outreach coordinator at your astronomy department, requesting
an expert witness on the position of the Sun. Being enrolled in your first astronomy class, you
feel this describes you, and so you respond to the lawyer. He asks for a program to find the
position of the Sun in the sky at di!erent times and dates so that he can evaluate whether
key witnesses had a clear view of the event or if they were instead looking into the Sun. You
decide to charge him $150/hour to write this program, and he agrees readily (BTW, this is
based on a true story involving the Prof.).

(a) Come up with an expression for, and plot, the right ascension and declination of the Sun
throughout the year.

(b) Come up with an expression for, and plot, the hour angle of the Sun over the course of
24 hours.

(c) The lawyer calls you in a panic. He needs you to testify tomorrow in court, even though
your program isnt done yet. He needs to know where the Sun was on March 30, 1999
at 2:30 pm, when Fabio claims he was hit in the face by a duck while riding Busch
Gardens new roller coaster (http://www.youtube.com/watch?v=U8PgcCe3P c). Fabio
has decided to sue Busch Gardens for the cost of reconstructive facial surgery and the
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lawyer needs to challenge a witness who claims to have seen the duck from the ground.
What are the altitude and azimuth of the Sun at that time? How would you explain these
to non-astronomers? (Note: Time of day is made up for the purpose of this exercise. The
date, and why that date went down in history, are not.)

6. Someone gives you 1950 coordinates for Proxima Centauri. RA: 14 26 23.74 (hms) Dec: -62
28 11.1 (deg, arcmin, arcsec). The proper motion of Proxima Centauri, in milli-arcsecs per
year, is -3775.75 (RA) and 765.54 (Dec).

(a) By what angle has the position of the star changed since 1950 due to proper motion (be
careful!)? How much has the angle changed due to precession of Earths rotation axis?
(refer to Carroll & Ostlie Chapter 1; also, there’s a good illustration here:
http://astro.caltech.edu/!johnjohn/precessharey.jpg

By what angle does the star move by over the course of the year due to parallax (Proxima
is 1.3 parsecs from Earth)? Which of the three e!ects dominates?

(b) How do these two e!ects (precession vs. proper motion) change with distance? At what
distance from Earth (same RA and Dec, same velocity) would Proxima have to be for the
two e!ects to be equal?

(c) You want to observe Proxima with the UCLES spectrograph at the Anglo-Australian
Telescope. When you are looking for your star with the instrument, you have a field of
view (FOV) of 45 x 45 arcseconds. If you direct the telescope to the 1950 coordinates,
will the star be in your field of view?

7. The Keck I telescope sits atop an alt-az mount. The telescope can rotate in the azimuthal
direction only so far before the cables get “wrapped up” and need to be unwrapped by rotating
in the other direction. The cables are long enough for the telescope to start at az = 240 = !120,
rotate CW as viewed from above, and all the way back around to az = 300. A good observer
will avoid long slews since the telescope and dome can only move at about 1 degree per second.
For the stars listed at:
http://astro.caltech.edu/!johnjohn/outgoing/keck targets.txt

order them in such a way that they can be observed with the shortest slew times. The
expected exposure time for each star is listed to aid in your planning. Assume that you will
start observing 15 minutes before 12-degree twilight. Be careful, Keck time is "$150 per
minute ("$100,000 per night)!

8. Blog entry! Watch:
http://www.youtube.com/watch?v=FLQ7b1gLhh8&feature=fvst
, set on Mount Teide in the Canary Islands, home to the Teide Observatory. Also watch
http://www.youtube.com/watch?v=9LgWGOPjvLk

, set at the VLT in Chile. Interpret these videos for your readers. Some discussion points:

(a) The Milky Way appears to rotate in di!erent directions at di!erent times in the El Teide
video (i.e. 0:30 vs. 1:40). Is this possible? Think about where the Pole star is located.

(b) Watch the way the Milky Way rises and sets in the two videos. What does this tell us
about the orientation of the Milky Way relative to the Earths rotation axis? Relative
to the plane of the solar system? Does the setting of the Milky Way look di!erent in
di!erent hemispheres?

(c) If we find a dark desert near Pasadena, what times of year can we see the Milky Way at
night? What times of year can you observe the Galactic center using the Keck telescope
in Hawaii?
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(d) What is that strange orange line coming out of the telescope in the VLT video? Also,
why is it so important to have high-elevation observatories? (See the El Teide video.)

(e) What makes the Milky Way look the way it does? Comment on colors, structure, dust,
size, motion... whatever you see.
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