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Read the source given below and answer the question in English or Chinese.

Language mixing is not allowed.
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Based on the statistics shown in the graph below, describe the connection between the source

and current events, and discuss what point of view(s) the source is trying to express.

(Recommended word count: 300 to 450 words; maximum mark: 50)

Wt R Source: hitps:/ fwew. visualoapi tali st comdvisual ized-a-global-r isk-nssesspent-of - 202 E-and-|

A Tlmdlﬂe Of When Will These Major Global Threats

Become a Serious Problem Worldwide?

®
Each year, the World Economic Forum releases its Global
Risks Repaort, which highlights the top risks that pose a
threat to the world in the next decade.
2'02F2F O Environmental O societal

% of respondents  Timeframe: 0-2 years

Extreme weather 31.1%

Livelihood crises 30.4%
Climate action failure 27.5%
Social cohesion erosion 27.5%
Infectious diseases 26.4%
Mental health deterioration 26.1%
2-5 years
Climate action failure 35.7%
Extieme weather 34.6%
Social cohesion erosion 23.0%
Livelihood crises 20,1%
5-10 years
Climate action failure 42.1%
Extreme weather 32.4%
Biodiversity loss 27.0%
Natural resource crises 23,0%
Human envircnmental damage 21.7%
Social cohesion erosion 19.1%

Inveluntary migration 15.0%
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[ Section 2—Mathematics and Science ]

Answer the question according to the requirements of the prompt and provide a detailed
explanation of the solving process.

Answer the question in English or Chinese. Language mixing is nhot allowed.

Question 1. [Maximum marks: 6]

AXYZ is an isosceles right triangle, where XZ =YZ =32. As shown in Figure 1, connect the
midpoints A, B, and C of each side of AXYZ, so that AB, BC, AC cut AXYZ into
four triangles, and shade AAZB black. Continue by connecting the midpoints D, E,and F
of each side of AXAC, and shade ADAE black. Continue by once again connecting the
midpoints G, H, and K of each side of AXDF , and shade AGDH black. Repeat this
procedure 6 times in total to produce Figure 6. Find:

(a) the area of AAZB. [1]
(b) the area of the black triangle newly added in Figure 4, comparing to Figure 3. [3]
(c) the total area of the six shaded triangles in Figure 6. [2]

z Y Z B S 4 Y Y

Figure Figure 2 Figure 3

Question 2. [Maximum marks: 5]

Lisa and her 9 classmates form a circle in their classroom to play a game. Lisa starts by saying
the number 1, the second person says 2, the third person says 3, the fourth person says 4, ...,
and the tenth person says 10. Then it goes back to Lisa who says 11, and so on in order. If the
number being said is a multiple of 3 or contains the digit 3, clap once instead of saying the
number. For example: if the number is 3, clap once; 33, clap once; 37, clap once. If they
continue from 1 to 100, how many times did everyone clap in total?

10



Question 3. [Maximum marks: 14]

The Xisong parent-child game area is a quadrilateral ABCD, as shown in Figure 7. It is known
that #ABC and ~ADC are both right angles. Moreover, «BCD is twice ~BAD, AC
perpendicularto BD,and BC =CD =4 meters long. One day, in order to clean the game area,
the staff bought a circular sweeping robot with a diameter of 40 cm. The robot will begin

sweeping from corner A, and we will label the center of the robot at the time of departure as
P. Note that the body is tangent to both AB and AD, and the robot will first sweep the

ground along AD until reaching corner D. At this time, label the center of the robot as Q

point, and observe that it is tangent to both  AD and CD. Next, the robot will clean along the
wall CD, BC, AB in sequence, before finally cleaning the interior. Find:

(a) the value of ~BCD. [2]
(b) the length of PQ. [4]
(c) the sum of the areas within the area of the quadrilateral ABCD that the sweeping robot
cannot clean. [5]
(d) If the management unit wants to make a circular guardrail to enclose the play area, find
the minimum diameter of the circular guardrail. [3]
A B
P
c

Figure 7
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Question 4. [Maximum marks: 11]

Read the following article and answer the questions:

Human Saliva as a Cleaning Agent for Dirty Surfaces
2018 1g Nobel Prize for Chemistry

Saliva has long been widely used as a cleaning agent for all kinds of surfaces and has
shown good performance. It was noticed that some conservators preferred their own
saliva to any other solvent for cleaning fragile painted layers. In order to obtain
scientific support for these statements and possibly a more hygienic substitute, Paula

M. S. Romao from Lisbon, Portugal initiated a research project.

Solubility test was performed on some artworks dating from the eighteenth century,
in order to research in a qualitative way the effect of different agents applied on
various painting on the surfaces, namely saliva, white spirit, 2-methyl heptane, and

methyl benzene. For the cleaning effect of oil paint, the results are as follows:

Colour of oil painting black carnation green red
Saliva + + + +
White spirit + - - +
2-methyl heptane + - - -
+ - - +

Methyl benzene

+ : no pigment dissolution, good cleaning power and/or no penetration into the paint layer;

— : reverse; x : an intermediate situation

The mechanism of the cleaning process with saliva is related to enzymatic and
washing action. Enzymatic action is the chemical reaction that is catalyzed by

enzyme; some substances are solubilized in water when saliva enzymes catalyze dirt

degradation, and washing action is a result of aqueous activity.
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The enzymatic action was confirmed by testing the fractions resulting from the
natural food, a-amylase was separated from food and the qualitative result were
compared to normal, dialyzed and denatured saliva. All the amylase extracts showed
similar behaviour which was essentially identical to normal saliva. Dialysis did not
affect saliva cleaning power. Denatured saliva presented a "negative answer" to the
qualitative test.

Other experiments confirmed that fatty acid and phospholipids are the main
components of dirt and that they agglutinate proteins in organic residues. This is one
of the reasons for saliva having good cleaning power on dirty surfaces, the hydrolase
catalyzed the degradation of fatty acids and the lipase catalyzed the degradation of

phospholipids.

There are many enzyme cleaners on the market today, which are similar to the
cleaning principle of saliva. Through the development of these products, we have
more hygienic choices when cleaning artworks now. So next time if you see dirt on
items, DO NOT put saliva on it!

(a) It is found in the research that organic solvents (pine water, 2-methylheptane and toluene)
can easily dissolve oil paints or penetrate into oil paints. According to this result, what

factors determine the solubility of a substance in a solvent? [2]

(b) Enzymatic action usually only acts on a single substance and produces a specific product

when the enzyme catalyzes a reaction. What is this characteristic of an enzyme?  [2]

(c) State one method commonly used in the laboratory to prepare "denatured saliva”, and

explain the reasons for the poor cleaning ability of denatured saliva. [2]

(d) According to the article, which enzymes may be involved in the surface cleaning ability of

saliva? (Marks will be given only if all answers are correct.) [1]

13



(e) A student was inspired by this experiment and wanted to study "whether the pH value of
saliva affects its cleaning ability". Try to design a table to record the experimental data for

the study, and list two control variables in the experiment. [4]
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Question 5. [Maximum marks: 14]

Read the following article and answer the questions:

Fruit Battery
We can apply the theory of Voltaic cells to make a fruit battery. Zinc and Copper
strips can be inserted into a lemon. The lemon is acid because riches in vitamin C.
The hydrogen 1on of the acid solution is reduced to hydrogen gas at positive electrode.
The higher reactivity metal is oxidized at negative electrode. This Redox mechanism
can produce the electric potential difference between these two metals. The lemon
battery can generate enough electricity to drive the light bulb as you can see in

Figure 8.

/n Cu

N

@

Figure 8

(@) (i) Identify the metal acts as positive electrode and the metal acts as negative electrode.

[2]
(11) Show the balanced half-reaction for both electrodes. [2]
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The lemon battery is not the perfect conductors of electricity because the internal
substances of the lemon have resistance, called the internal resistance. As current
flow through the lemon battery during discharging, some energy will be lost because
of its internal resistance, and consequently the terminal voltage (V;) of the lemon
battery is less than the ideal voltage (V;). The lost voltage of the lemon battery is due
to internal resistance (7). The simple model of the lemon battery is shown in Figure
9 and the current flow in the battery is I. So that the relationship between V, and

Vi 1S: Vt = Vi —Ir.

Figure 9

There is a method to investigate the internal resistance of the lemon. The lemon
is connected to an external variable resistor to form a circuit. Measure the V, across
the battery and current [ flow inside the battery when adjusting the variable resistor.

The terminal voltage of the lemon battery can be measured by a voltmeter and
the current flowing inside the lemon can be measured by an ammeter.

A \ /0 B

A

@

Variable resistor

o —A——

Figure 10

16




(b) In order to measure the terminal voltage of the lemon battery, which two points should be
connected to the voltmeter or which line segment should be replaced to the voltmeter in
Figure 10? [1]

(c) In order to measure the current flow of the lemon battery, which two points should be
connected to the ammeter or which line segment should be replaced to the ammeter in
Figure 10? [1]
According to the experimental set-up in Figure 10, a set of measurement results for
the lemon battery is shown in below Table 1.

Terminal voltage, V, (V) Current, I (A)

1.08 0.05

0.96 0.10

0.84 0.15

0.72 0.20

0.60 0.25

Table 1

(d) (i) According to Table 1, the terminal voltage V, acts as y axis and the current [ as x
axis. Draw the plotted diagram of V; against I of the lemon battery. [3]
(i1) Deduce the linear equation of terminal voltage and current. [1]

(e) Determine the internal resistance r (£2) of the lemon battery. [1]

() Determine the ideal voltage V; (V) of the lemon battery. [1]

(9) Explain the set-up method and amount of lemon battery to drive the 3.5V LED bulbs. The

internal resistance of the lemon battery is negligible. [2]
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