
NATIONAL UNIVERSITY OF SINGAPORE

FACULTY OF SCIENCE

SEMESTER 1 EXAMINATION 2003–2004

GEM1506K Heavenly Mathematics: Highlights of Cultural Astronomy

November 2003 — Time allowed: 2 hours

INSTRUCTIONS TO CANDIDATES

1. This examination paper contains 8 questions and comprises 9 pages including this page.

2. Explain and justify your answers carefully.

3. Attempt all questions. Answers should be written on this question paper.

4. Candidates may use calculators.
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1. You have already started planning for Valentine’s Day. After you took that amazing class
on Heavenly Mathematics, there is only one place you could possibly go, namely the
restaurant Equinox at the top of the Raffles City Complex. Unfortunately, your date was
not in the class, and you are not sure how much he/she knows about astronomy, so you
will need to explain what the equinox is. I described the equinoxes in many ways in
class. You are eager to impress your date, so you sit down and try to remember as many
of them as possible. Give as many definitions as you can of the equinoxes.
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2. You decide to make an on-line reservation on the restaurant’s web page. On the web page
it says: “Equinox takes its name from the time when day and night are of perfectly equal
length. It is an unusual phenomenon, which occurs only two days in a year.” What do
you think of this statement? Are day and night of perfectly equal length at the equinoxes?
How unusual is that in Singapore?
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3. Equinox is located at level 69, giving you a magnificent view of Singapore. You want to
be able to see the city both by day and night. So you need to know when the Sun will
set in order to make the reservation for the right time. What is the equation of time? Use
the equation of time to predict when the Sun will set on Valentine’s Day, February 14.
Illustrate it graphically using the analemma.
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4. While waiting for the elevators, your date asks when the March equinox will be. You
know that in 2003, the March equinox occurred around 1am on 21 March. How can you
use this to explain to your date when you expect the March equinox to occur in 2004,
2005, 2006, 2007 and 2008.
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5. (i) The waitress at the restaurant gives you a table that faces west, saying that the Sun
will set due west on the day of an equinox. Why will the Sun set due west on the
day of an equinox?

(ii) Your date is by now convinced that you are an expert astronomer, so he/she asks
you whether that is really true. Explain why is it not always true that the Sun will
set exactly due west on the day of an equinox.
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6. After you took Heavenly Mathematics last year, you have started paying attention to the
Moon, and you never leave home without first checking which day it is in the lunar or
lunisolar calendar. So you know that there will be a full Moon on Valentine’s Day. (OK,
I’m cheating here. In 2004 Valentine’s Day will fall on the 24th day of the first Chinese
month, but it’s not that easy to write a whole exam paper about a Valentine’s Day dinner!)
As soon as the Sun has set, you ask your date to look in the other direction, and voila, a
great full Moon appears in the east! Your date is really impressed and asks why. Explain
why on the equator the full Moon rises at sunset, and why on the day of an equinox, a
full Moon would rise almost due east.
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7. Your date is having a great time and is enjoying your passion for astronomy, so he/she
immediately asks the obvious question: What if you don’t live on the equator? This was
something you didn’t learn in class, but you remember that I told you that if you really
understood the Java applets, you could answer almost all questions about the Moon and
the Sun, so you quickly come up with a way to answer the question. Explain why off the
equator the full Moon does not necessarily rise at sunset.
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8. To impress your date, you have brought along your plastic celestial sphere. You pull it
out and show your date the two equinoxes. Your date is having a hard time remembering
which equinox is which. How do you tell the difference between the two equinoxes on
the celestial sphere?

END OF PAPER


