
INTRODUCTION TO SPACE 2020

Coordinate systems & time

Group exercises

14.02.2020

Group assignments for the practice session on 14.02.2020. To be submitted before 21.02.2020 at 10.15. Please
justify all your answers and include all the necessary calculations.

1 Spherical Astronomy

The following exercise intends to warm you up about the location of celestial objects in the celestial sphere
depending of your position on Earth.

a) Using Fig.1 as a reference, mark and identify the North and South Celestial poles, the celestial equator,
the observer meridian, the zenit, the nadir, the horizon, and the cardinal points for an observer located
at the following locations:

• North Pole. 1p

• Suburb of San Antonio de Pichincha, Quito (Coordinates: 0◦0′0′′N, 78◦31′0′′ W). 1p

• Metsähovi Radio Observatory (Coordinates: 60◦13′5′′N, 24◦23′38′′ E). 1p

b) Which is the angle between the zenith and the north celestial pole and between the horizon and the
celestial equator for each one of the given locations? 1p

Comment. A visualisation of the basic nomenclature and localisation of the NCP, SCP, cardinal points,
etc is vital for the understanding of coordinate systems in Astronomy. We advice to repeat the same exercise
in other places around the globe. For example, Santiago de Chile, Yale, the south celestial pole, and so on.

2 Visibility of astrophysical sources in the sky

You have gotten the chance to observe your favourite quasars using the Metsähovi 37 GHz telescope on
March 20, 2020. You should identify which ones of the following sources are observable during that day. The
list of sources is given in table1.

Table 1: Sources and coordinates to observe.

No Source Right Ascension Declination

1 0736+017 07h39m18s +1◦37′5′′

2 1730-130 17h33m03s -13◦4′50′′

3 2005+403 20h07m45s +40◦29′49′′

4 pg007+106 00h10m31s +10◦58′30′′

5 pks0446+112 04h49m08s +11◦21′28′′

6 pks1222+216 12h24m54s +21◦22′47′′
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Figure 1: Simple representation of the celestial sphere.
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Figure 2: Celestial sphere with some marked points and circles. Can you identify them?

a) Calculate and discard sources that DO NOT rise. Draw the paths on a celestial sphere (Fig1) for all
the sources to have a better visualisation of the paths for the studied sources. Consider some practical
situations. For example, if a source barely rises above the horizon 10◦ is that enough to be observable?
3p

b) Estimate which of the sources are circumpolar or no circumpolar. If you find any source that is
circumpolar estimate its maximum and minimum elevation. Report any interesting finding about the
visibility of this type of sources. 2p

c) Calculate the rise and set times for the source No. 4. 2p

Comments.General guidelines for checking source visibility:

• To review spherical trigonometry is useful for understanding the position of the sources in the celestial
sphere. Thus, get use to locate an observer in the celestial sphere!

• Use the information of your observing location’s latitude to see if any of the sources have a too low
declination to ever be observed. Remember to pay attention to whether the observatory is in the
Northern or Southern hemisphere! Remember that you can not really observe a source when it is very
close to the horizon. A reasonable assumption is to use a minimum elevation limit of 10-20 degrees
(site-dependent, also slightly weather-dependent; no ”absolutely correct” value exists).

• It may also be worth checking if any of the sources are circumpolar at your observing location. This
means that they are always at least above the horizon; use the elevation limit given in previous item
to see they will rise high enough, and if it is a borderline case and your observing run is short, you
may need to make more precise calculations.
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• Use the time information of your observing period to calculate/estimate the LST (Local Sidereal Time)
interval when you are observing. If your sources have a right ascension that falls into that interval
(and they passed the test in the first item of this instruction list), it means that they culminate during
your observing run and will be observable during that time. If it is a borderline case you may want to
make more precise calculations.

• For the remaining sources you need to calculate their rise and set times, and to calculate or estimate
its elevation during the observing run using the equatorial to horizontal coordinate conversion.

3 Sidereal time

a) Explain in your own words what is the Local Sidereal Time and how it is useful for determining the
position of celestial objects given a specific location and local solar time. 2p

Comments. Notice that the reason why we insist in understanding the Sidereal time is because it will help
you to find the visibility of your sources.

4 Julian Date

a) Find the Julian date for the day that the youngest and oldest person in the group were born. 1p

b) Which is the difference of age, in days, between the oldest and the youngest person in the group? 1p

Comments. The Julian Date can be calculated with the following equation (v=year, k=month, p=day):
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Gregorian date can be calculated from Julian Date with:

1. a = J + 68569

2. b = (4a)/146097

3. c = a – (146097b+3)/4

4. d = (4000(c+1))/1461001

5. e = c – (1461d)/4 + 31

6. f = (80e)/2447

7. p = e – (2447f)/80

8. g = f/11

9. k = f + 2 - 12g

10. v = 100(b – 49) + d + g

Note that in both equations divisions are integer divisions. The remainder of the division J/7 gives you the
day of the week. 0 = Monday 1 = Tuesday... 6 = Sunday. Finally, remember that the easiest way to get the
number of days between two dates is to calculate the JDs of both and subtract the smaller from the bigger
number. That way you don’t have to worry, for example, about infrequent leap years.
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