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[ Section 2—Mathematics and Science )

Answer all questions and show your working process.
Please answer the following questions in English or Chinese. You must show the relevant stages in the
working. Language mixing is not allowed.

Question 1. [Maximum mark: 10]

If the month, the date, and the last two digits of the year form the three sides of a right-angled triangle, we call
that day a “Pythagorean Theorem Day”. For example, 12/16/2020 is the Pythagorean Theorem Day as

20° =12% +16°. There are only two Pythagorean Theorem Days in 2024 and one in 2025 and 2026.

(1) If m/d /2024 is a Pythagorean Theorem Day, it means 24, m andd form the three sides of a right-angled

triangle, and 24 is not the hypotenuse.

(i) Find the range of mandd . [3]
(if) Find the Pythagorean Theorem Days in 2024. [4]
(2) According to (1), find the Pythagorean Theorem Days in 2025 and 2026. [3]

Question 2. [Maximum mark: 15]

A regular hexagon is made up of 6 equilateral triangles as shown.

Angle ABC is an interior angle of the hexagon.

(1) Find the degree of ABC . [1]

An artist wishes to create a pattern using regular polygons to tessellate a flat wall.
(2) (i) Use your answer from (1) to explain why it is possible for the artist to use hexagons to
tessellate the wall as shown. [2]
(i) State the condition(s) of the interior angle in which a regular polygon can fully tessellate the
wall. [3]
(i11) Show how only two types of regular polygons amongst all regular polygons with side less

than 6 can fully tessellate the wall. [6]

Figure 1 Figure 2



This diagram (as shown in figure 3) represents the floor of a room covered with square tiles. Each square (as
shown in figure 4) tile consists of four isosceles right triangles and a regular octagon.
(3) Suppose the length of a side of each square tile is 16 cm. Find the length of the side of the regular

octagon. [3]
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Question 3. [Maxmimum mark: 25]

Read the following article and answer the questions:

The Theory of Combustion and Heat

Smoke occurs when a substance undergoes combustion and the temperature of the surrounding increases in the
meantime. What is the substance that is released into the air? Ancient scientists see temperature and heat as

synonymous: objects with higher temperature contain more heat.

In 1703, Stahl proposed the phlogiston theory, all combustible substances contain phlogiston. Combustion
releases the phlogiston from the substance into the air and left the lighter ashes behind. The residue cannot be
burned anymore since there is no phlogiston. However, the theory is challenged that a metal calx is heavier than

the metal.

In 1760, Scottish physician and chemist Joseph Black proposed the concept of latent heat. The absorbtion and
removal of heat are required in state-changes but the temperature stays the same. This attempts to understand
that heat and temperature are seemingly decoupled. Temperature only represents the intensity of hotness and

coldness. We can experience the heat flowing between the substances.



In 1777, Lavoisier presented his theory that combustion means the combination with oxygen and disproved the
phlogiston theory. Figure 5 shows the Lavoisier’s apparatus for studying mercury oxidation in a closed system.
The system contained mercury in the resort and normal air sealed by a bell jar placed in the mercury reservoir.
After heating the mercury in the resort for 12 days, red mercury oxide was observed on the mercury surface.
About one-fifth of the air in the flask was removed during calcination, but the mass of the system was conserved.
He discovered the reacting gas volume by measuring the change in the volume of gas throughout this
experiment. He also burned lead in a closed container; the mass of the system remained the same until he opened
the system, and the mass of the system increased rapidly. The result shows that combustion needs oxygen and

the increasing mass after the combustion of metal, and support caloric.

Figure 5. Lavoisier’s experiment

Through the process of investigating the nature of heat, Boerhaave made a significant contribution. After a series
of experiments, Boerhaave claimed that heat can be treated as a substance that lies within the object. Based on

the material theories, heat was an all-pervasive, weightless and elastic fluid, most commonly called caloric.

Based on such assumption, Black and Lavoisier employed similar concepts to propose the caloric theory to
explain different kinds of phenomenon of thermal physics. For example, thermal conduction was the flow of
caloric. Thermal convection was the flow of carriers with caloric. Thermal radiation came from the spread of
caloric. They even assumed the repulsive force between two adjacent calorics to explain the reason why the heat

caused gas expansion.
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More importantly, caloric cannot be created and destroyed. It was conservative. Lavoisier labeled caloric as one
of the chemical elements, and named the term calorie after caloric. Obviously, the concept that heat is a

substance was dominant in the area of thermodynamic at that time.

With the development of science, people started to notice that caloric theory has its limitations and doubt the
definition of caloric. The most inexplicable phenomenon is friction heat and the scientists developed another

theory which heat consisted in motion to explain it.

In 1789, British physicist Count Rumford, the advocate for kinetic theory of heat, published a report “An Inquiry
Concerning the Source of the Heat which is Excited by Friction”. In the report, the most famous experiment
directed against the caloric theory was the cannon-boring experiment, which a solid brass cylinder was hollowed
out by a horse-driven drill in the manufacture of cannons. After cannons rotated in the tank of water for 2.5
hours, the 8.5 kg water was boiling. He argued that heat consisted in motion and indefinite amount of heat could

be generated by movement.

In 1840, Joule conducted an experiment to prove the heating effect of motion. In this most famous experiment,
Joule attached some weights to strings and pulleys and connected them to a paddle wheel inside an insulated
container of water. Then he raised the m-kilogram weights to an appropriate h-meter height and slowly dropped
them. As they fell, the paddle wheel began to turn and stir up the water. This friction generated heat, and the

temperature of the water began to increase.

/él’

Figure 6. Joule’s experiment
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He discovered that the heat generated from mechanical work is an absolute value called mechanical equivalent
of heat. This is an unexpected constant derived from mutual transfer between motion and heat in the experiment.
This result further confirmed the relationship of energy transfer between motion and heat and was viewed as the

overturn of caloric theory.

Source:
a. Learning in Science, LIS
b. Science Online B P p AFEFRT 5

C. Chemistry Education in Taiwan
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(1) The phlogiston theory can explain why the mass of most substances decreases after combustion. To the
phenomenon that a metal calx is heavier than the metal, scientists have proposed a new claim that some
phlogiston has negative mass, so metal calx is heavier after losing the phlogiston. According to the method
of scientific research, what evidence should scientists provide to support this claim? [2]
(A) Colours of the flame are different between combustion of metal and non-metal; this means there are
different phlogiston.

(B) The reactivity between combustion of metal and non-metal are different; this means there are different
phlogiston.

(C) The change of mass between combustion of metal and non-metal are different; this means there are
different phlogiston.

(D) The acidity of the solution between the metal and non-metal ashes are different; this means there are
different phlogiston.

(E) The consumed volume gas of combustion of different substances are same in the container; this means

the phlogiston coexists in all substances.

(2) Explain why the result of Lavoisier's experiment disproves the phlogiston theory. [4]

(3) Which of the following phenomenon cannot be described by the caloric theory? [2]
(A) Thermal Conduction (B) Thermal Convection (C) Radiation

(D) Friction Heat (E) Combustion

(4) According to the article, explain the most significant contradiction between caloric theory and kinetic theory

of heat, and explain the reason why the caloric theory was discarded. [4]
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(5) The graph below is a heating curve of an air pressure on water. Which line segment illustrates that the

temperature does not necessarily equal to heat? (Full score for exactly correct answers.) [2]
(A) AB (B) BC (C)CD (D) DE (E) EF
Temperature

A

/F

» Heat added

Figure 7
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(6) The diagram below is the pressure-temperature relationship for pure water. It shows water boiling at

different pressures. Point P is the triple point of water, which the temperature is 0.01 °C and the pressure is

0.006 atm.
Q) Explain the scientific meaning of T1 and Ta. [2]
(i) Explain the physical changes of K. [2]

(iii)  Suggest two methods of lowering the temperature point where gases and liquids can coexist.

[4]

Pressure

a

1 atm

> Temperature

Figure 8

(7) What is the energy transformation in Joule's experiment? (Please answer the question by code.) [3]
(A) Potential energy (B) Electric energy (C) Biomass Energy (D) Kinetic energy

(E) Nuclear energy (F) Thermal energy (G) Solar energy

15



