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Read the following passages and answer the questions.

All objects are attracted to the Earth. The attractive force exerted by the
Earth on objects is called the gravitational force F,. This force is directed
toward the center of the Earth, and its magnitude becomes the weight of the
object. Based on Newton’s second law of force, we can derive that the
gravitational force is F, = mg, where m is the mass of an object (which is
a characteristic value of an object and therefore constant regardless of its
location), and g is the gravitational acceleration. g varies according to the
mass of a planet. A heavier planet attracts objects more strongly and thus has
a larger g value. The unit of the gravitational force is designated to be N
(newton) in honor of Sir Isaac Newton, and the international standards for the

unit of mass is kilogram (kg).

1. Suppose that you have just arrived at a newly discovered planet with a special
mission to explore it. Your first task is to measure the gravitational acceleration g
of the planet. Based on the passage above, design and explain how you can obtain
the g value of the planet in comparison with that of the Earth. All the equipment
you may need are available. (30 points, 7-12 lines)

(A) The ancient Greeks, using nothing but the human eye and reason, made
astounding discoveries. Believing that the universe was orderly and knowable,
they set out to fathom its mysteries even without technological aid. They
wedded math to their cosmological beliefs and provided the framework for
future scientific discovery.

The Greeks believed that the heavens were perfect; they thought the circle
was the perfect form, so they deduced that the planet's orbits must be circular.
Through all of world history, no one seems to have questioned that idea.
Everyone just accepted the idea that the planets travel in perfectly round orbits.

But Kepler has Tycho Brahe's charts and measurements, especially those of
Mars. What Tycho saw and noted doesn't work with the mathematics of




circular orbits. Something is wrong. When finally Kepler tries elliptical orbits,
Tycho's observations work. He realized that the planets, including the Earth,
travel along paths that are slightly elliptical.

(B) A satellite phone is washed ashore on a remote island inhabited by a tribe
that has never had contact with modern civilization. The natives play with the
numbers on the dial pad and hear different voices upon hitting certain
sequences. They assume first that it's the device that makes these noises. Some
of the cleverer natives, the scientists of the tribe, assemble an exact replica
and hit the numbers again. They hear the voices again. The conclusion seems
obvious to them. This particular combinations of crystals and metals and
chemicals produces what seems like human voices, and this means that the
voices are simply properties of the device.

But the tribal sage summons the scientists for a discussion. He has thought
long and hard on the matter and has reached the following conclusion: the
voices coming through the instrument must be coming from people like
themselves, people who are living and conscious although speaking in another
language. Instead of assuming that the voices are simply properties of the
handset, they should investigate the possibility that through some mysterious
communication network they are “in touch” with other humans. Perhaps further
study along these lines could lead to a greater understanding of the world
beyond their island. But the scientists simply laugh at the sage and say:
“Look, when we damage the instrument, the voices stop coming. So they're
obviously nothing more than sounds produced by a unique combination of
lithium and printed circuit boards and light-emitting diodes.

2. Discuss both advantages and limitations of empirical studies which simply
depend on observations or experiments, based on Passages (A) and (B). (40 points,
7-12 lines)

3. Discuss how you can avoid or overcome the pitfalls of empirically-dominated
scientific studies described in Passage (B). (30 points, 7-12 lines)
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Although the gravitational acceleration of a planet is proportional to its mass, it is
hard to measure the planet’'s mass directly. The most simple and straightforward
method is to measure the mass of a certain object and its respective weight on
the planet and on the Earth and compare them. You may select any object whose
mass (kg) and weight (N) on the Earth you already know. The object can be you if
you know your weight on the Earth. To calculate the gravitational acceleration of
the planet, you only need to measure the weight (N) of an object on the planet.
Since the mass of an object is an unchanging property, you can simply use the
mass value of the object (kg) that has been measured on the Earth. If we denote
the gravitational acceleration of the Earth and the weight of the object on the
Earth as gE and FgE, while denoting the gravitational acceleration of the planet X
and the weight of the object on the planet as gX and FgX, since Fg = mg, we can
get the following: gE = FgE/m and gX = FgX/m. This shows that the gravitational
acceleration value is proportional to the value of the object’s weight. If FgX/FgE =
n, then we can say that gX = ngE, which means that the gravitational acceleration
of the planet X is n times larger than that of the Earth.
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The Greek's approach to science which was mainly based on human eye and
reason is not sufficient to describe the nature properly. It follows from the fact
that our nature simply cannot be fitted into the frame of reason and ideology. In
contrast to the Greek's methodology, the empirical approach depending on
observations and experiments has some advantages. As shown in Kepler's case,
using data and a trial-error process, we may reach the conclusion which is close
to the reality. Also obtained data can be reexamined or reevaluated later, if
necessary, by others to testify initial claims. However, this approach has some
limitations. As shown in the parable of a satellite phone on a remote island,
scientists following this approach often tend to derive their conclusion exclusively
from what they can see and measure. For them, it is hard to break their frame of
thoughts and accept others’ opinion.



In order to avoid the pitfalls of empirically-dominated scientific studies, we
sometimes need to lay down our linear thinking pattern. Linear thinking is a
process of thought following a known cycle or step by step progression based on
cause and effect. This way of thinking is just like spinning a wheel which only
works within a fixed framework. However, linear thinking often restricts our view
and thoughts to the existing framework. For example, ants have a two dimensional
view of the world and thus they cannot recognize an apple which is located in the
way until they climb on it. Similarly, unless we try to think in a frame of higher
dimensional viewpoint, we will never understand the reality which does not belong
to our three dimensional framework on the world. Thus, in order to overcome
limitations of observations and experiments, we need to think and communicate
beyond the current frames of thought. In Passage (B), if the scientists had listened
to the sage, they might have reached the reality. Clearly, not all communications
help us. However, being open to other philosophy or possibility is one of key
ingredients to be a good scientist
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