
INTRODUCTION TO SPACE 2020

Guide to solve the exercises

These are not answers but rather guidelines to solve the problems given
during the different exercise sessions with Rafael.

April 7, 2020

1 Observations and visibility of astrophysical sources in the sky

Saturnina (a shepherdess and student from the North of Potośı) was an intern at La Silla Observatory in
Chile. She got the opportunity to take 90 GHz observations for a couple of days using the SEST telescope,
before it was decommissioned, in 2003. SEST is located at latitude 29◦15′36′′S, longitude 70◦43′48′′W. The
observation time was from March 20th to March 21th between 21:00 and 06:00 local time (UTC-4). Hint:
Be careful when converting the values for RA to degrees!

a) Can Saturnina observe all the sources listed in table1? Justify your answer with approximate calcula-
tions. Make any necessary assumptions and write them down. 5p

b) Saturnina observes surprisingly high flux density from one of the sources and alerts Metsähovi Ra-
dio Observatory right away. Which of the sources can be observed also at Metsähovi? (60◦13′5′′N,
24◦23′38′′E)5p

Comments. General guidelines for checking source visibility:

• Start using your latitude and the declination of the objects to determine the movement of the celestial
bodies. You will visualise both the circumpolar sources and the ones that never rise from the horizon.
Remember to pay attention to whether the observatory is in the Northern or Southern hemisphere!
Finally, you shall pay attention if some sources have a path so close to the horizon. If you find that
the source is too low there is not point in observing them (The elevation limit is between 10 and 20
degrees, depending on various factors). Check Fig. 1 as a reference.

• Use the time frame 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 are observable sources), it means that they culminate during your observing run and will be
observable during that time. Be careful though with the limit cases, it would be advisable to perform
a more rigours analysis.

• Remember that during the rise and set of a celestial object the altitude (a) is zero, in addition, to
calculate the LST for the rising and setting times of your sources. If you know the time difference
between the given location and the official standard time (UTC), you can use that information to
approximate the angular difference between your location ( λ) and the meridian that is defined for the
official hour. Otherwise, you need to calculate the relation between the LST, the Greenwich sidereal
time (GST) and the local official hour (do not forget about the summer time when applicable).

• Important! In dates near to the equinox you can tie the local solar time to the sidereal time , that
relation can be used when doing your calculations. Keep in mind that this is a rough estimation.
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Figure 1: A generic representation for two observers. At the left an observer located in the Northern
hemisphere. At the right another observer located in the Southern hemisphere

2 Light Curve

The file 3C279.dat contains Metsähovi data at 37 GHz for the quasar 3C279. The Tab-separated columns of
the file are: Time (Decimal year), Time, Source, Frequency (GHz), Flux density (Jy), and Error (Jy). Plot
the light curve (flux density vs. time) of 3C279 so that the plot shows both ”human readable time”, and
either Julian day (JD) or modified Julian day (MJD). Use any program of your choice. 5p

Comments. There are different tools and scripting languages for making scientific plots. We recommend
getting familiar with more powerful tools like ”gnuplot” or ”R” (gnuplot is a powerful plotting tool, meanwhile
R is a programming language capable to produce sophisticated plots.) This is an example script for gnuplot:

unset key
set title ’3C279 time variability at 37 GHz’
set grid
set ylabel ’Flux density (Jy)’
set yrange [0:]
set xlabel ’Years’
set xrange [1980:2020]
set xtics nomirror
set x2range [44239:59215]
set x2tics
set x2label ’MJD’ # or JD
plot ’3C279.dat’ using 1:5:6 with yerrorbars
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Table 1: Sources and coordinates to observe.

No Source Right Ascension Declination

1 0235+164 02h35m53s +16◦24′4′′

2 1510-089 15h10m09s -8◦54′48′′

3 1610-771 16h10m52s -77◦9′52′′

4 3C273 12h26m33s +2◦19′43′′

5 NRAO150 03h59m53s +50◦57′41′′
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