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Rules and Regulations:

1.

2.

The contest is a 1-hour written test.
The paper consists of 45 multiple-choice questions.

Point rules:

Full mark: 45 points

For each question:

e correct answer: +1 point

1 .
e Wrong answer: —3 point

e no answer: 0 point
Questions are in bilingual version.
Put your answers on the MC Answer Sheet.

Mark only ONE answer for each question. If more than one answer
is marked, it will be regarded as a wrong answer. Please choose
the BEST answer.

Only calculators approved by The Hong Kong Examinations and
Assessment Authority with “HKEAA APPROVED” logo can be used
for the contest. Measuring instruments like rulers and compasses
may also be used. No stationeries will be provided.

Co-organised by Education Bureau, The Hong Kong Academy for Gifted Education,
and The Hong Kong Association for Science and Mathematics Education
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List of formulae and relationships which may be useful

HREA FEY AT AMBEH

Linear motion with constant acceleration

ELARIT IR A B

1
v=u+at,s=ut+ Eatz,v2=u2+Zas.

Kinetic energy gt = %mv2
Potential energy /&gt = mgh

Force /7 : F=ma

Electrical resistance Z&[H

R=VI/

R=R1+R2 in series M
1/R=1/R1+ 1/Rz in parallel 37 J#

Electrical power 1% : P =1V = V2R = I°R

2
Centripetal acceleration [a).0 3 JIZEfE: Y

Law of universal gravitation #E55| JEH F = Gmym,/r?
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Multiple Choice Questions (45 marks)

1.

A box slides down an inclined plane with a constant non-zero acceleration.
Which of the following descriptions is correct?

The inclined plane does not exert any force on the box.

The net force acting on the box is equal to the weight of the box.
The net force acting on the box is smaller than the weight of the box.
The net force acting on the box is larger than the weight of the box.

oo w >

The figure shows the position x of a particle (moving along a straight line) as a
function of time t. Which of the following descriptions is correct?

=25
t=4s t=3s t=1s
o o o O
> X1m
T 11111 1™

34 5 6 7 8 9 10

The particle is accelerating toward the positive x direction.
The particle is accelerating toward the negative x direction.
The speed of the particle is decreasing.

oo w >

The speed of the particle is constant.

A coin is thrown vertically upward. During the upward motion of the coin, which
of the following descriptions about the acceleration of the coin is correct? You
can neglect air resistance.

Its magnitude is increasing.
Its magnitude is decreasing.
Its direction is pointing upward.

oo w >

Its direction is pointing downward.

Referring to the above question, which of the following descriptions is correct
when the coin reaches the highest position?

The kinetic energy of the coin reaches a maximum value.
The kinetic energy of the coin reaches a minimum value.
The acceleration of the coin reaches a maximum value.

oo w>

The acceleration of the coin reaches a minimum value.
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5. The figure shows the velocity v of a particle as a function of time t. Which of the
following statements about the net force acting on the particle is correct?

‘ Q

Its magnitude at N is smaller than that at Q.

Its magnitude at Q is larger than that at M.

Its magnitude at P is larger than that at Q.

Its direction remains unchanged during the motion.

oo w>

6. If you are standing 1.5 metre in front of a plane mirror, the image of yourself that
you see willbe _ metre(s) away from the mirror on the other side.

O o w>»
W =2 -2 O
o

7. Which one of the following types of electromagnetic wave has the lowest
frequency?

A. Gamma ray
B. Visible light
C. Radio wave
D. Microwave

8. When a beam of light passes from air to glass,

its frequency increases
its speed remains unchanged
its wavelength increases

o0 w>

its frequency remains unchanged
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9.

A block of mass m is sliding down along an inclined plane with a coefficient of
kinetic friction u=0.5. The inclination angle is 45°; the acceleration due to gravity
is g. Find the acceleration of the block. (Hint: friction=pN)

45°
A. V2g
B. g/Vv2
C. g/2
D. g/(2v2)

10. Two blocks are on a smooth horizontal surface. Initially, one of them has a mass

11

of 0.6 kg is moving at a velocity v (to the right); the other block has a mass of
0.3 kg and is moving at a velocity 0.5 m/s (to the left). The two blocks collide
and then move together at the same velocity 0.1 m/s (to the right). Neglect air
resistance. Find the magnitude of v.

A. 0.2m/s
B. 0.4mf/s
C. 0.6m/s
D. 0.8m/s

.A student holds the bob of a simple pendulum, and releases it in the position in

the following figure. There is a fixed peg in the way of the string. Which of the
four points (A to D) best represents the location at which the bob is momentarily
at rest?

ceiling

a

L/2

peg
/ X D

X C
*B

bob

B ity it

oo w>
o0 wm >
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12. A feather of mass m falls down with a constant speed v. What is the net force
acted on the feather?

A. 0

B. mv

C. mg

D. mv?/2

13.A ball is thrown vertically upward with an initial speed u. When it falls back to
the original height, the final speed is v. Assume that the air resistance is not
negligible. Which of the following statements about the two speeds is correct?

A v<u
B. v=u
C. v>u
D. There is not enough information to make any conclusion about the two

speeds.

14.Three identical resistors are connected by wires. Which of the following
configurations has the smallest resistance across the two ends?

A. o— — — —o

D. All three configurations lead to the same resistance across the two
ends.

15.In an experiment, the positive and negative poles of a battery are connected to
a saline solution. Which of the following statements best describes the
experiment?

In the solution, all the ions move along the direction of the current.

In the solution, the electrons move along the direction of the current.

In the solution, the electrons move in the opposite direction of the current.
In the solution, some ions move in the direction of the current, some move
in the opposite direction of the current.

o0 w >
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16.A solute weighed 1.5 g is dissolved in 3.0 g of solvent. The density of the
resulting solution is measured as 1.5 g/ml. Calculate the concentration of the

solution.

A. 0.4 g/mi
B. 0.5 g/ml
C. 0.8g/ml
D. 1.5g/ml

17.Consider following information of a molecule :

The molecular formula is CO2NHs.
The C, O and N atoms are connected in the following pattern: C~O~N~O,

in which each “~” may be single, double, or triple bond.
The molecule obeys the octet rule.

Which of the following is true for the above molecule?

(1)

There are two N-O single bonds.

(I) There are one N-O single bond and one N=0O double bond.
(Il)y The O atoms do not bond to any H atom.

oo w>

(I) only
(1) only
(1) and (I11) only
(1) and (1) only

18.1t was once said that “lithium-6” was for sale in the market of a certain country.
This news attracted considerable attention because lithium-6 is an important
material for the nuclear reaction in hydrogen bomb. What does the number “6” in
lithium-6 refers to?

oo w >

The atomic number of lithium.

A mass number.

The number of lithium atoms in molecule Lie.
The charge of the most common lithium cation.

Page 5
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19.Q, R, X, and Z are metal elements. To arrange their reactivities, a student carried

out experiments and found that:

(I)  When metal Q is put into Z?*(aq) solution, Z?*(aq) ion is converted to
metal Z.

(I) When a mixture of oxide RO(s) and metal X is heated, metal R and oxide
XO(s) are obtained.

(Ill) Heating oxide ZO(s) gives metal Z. But there is no reaction when oxides
RO(s) and XO(s) are heated separately.

Among the following four ascending order of reactivities of these four metal
elements, which one is most likely to be correct?

A. R<Q<X<Z
B. Z<Q<R<X
C. Q<R<X<Z
D. X<Q<Z<R

20.Assume elements A, B, C, and D can only form stable A%*, B3*, C-, and D% ions,

21.

respectively. Which of the following chemical formulae for ionic compounds must
be wronq?

() AsC2D2

(I A2BD4

A. None of them
B. (l) only

C. (Il) only

D. All of them

Calculate the mass percentage of oxygen in (NH4)2CO3-H20.

A 14%
B. 42%
C. 50%
D. 56%
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22.In the following balanced chemical equation,

aX+bYiZsd o>cX +dYZ- +eZ*

a, b, ¢, d and e are positive integers in simplest ratio [e.g., (a, b, ¢, d, e) = (1, 1,
2, 2, 3) are in simplest ratio, but (a, b, ¢, d, €) = (2, 2, 4, 4, 6) are not]. What is
the value of a?

Cow>»
5w N o

23.When excess magnesium (Mg) metal is burnt in limited air, a mixture of two
products, X and Y, are formed. When water is added to this mixture, gas Z is
produced from the reaction between Y and water. Which of the following is/are
correct?

() Both X and Y are ionic compounds.

(1) Yis MgO.

A. None of them
B. (I)only

C. (I)only

D. All of them

24.The following three solutions were used in neutralization reactions:

Solution X: HCI(aq) solution, concentration: 0.6 g/mL
Solution Y: NaOH(aq) solution, concentration: unknown
Solution Z: HCI(aq) solution, concentration: unknown

Determine the concentration of solution Z based on the following results of
neutralisation.

() 9.0 mL of solution X requires 15 mL of solution Y to neutralise.
(1) 21 mL of solution Z requires 27 mL of solution Y to neutralise.

A. 0.16 g/mL
B. 0.46 g/mL
C. 0.81g/mL
D. 2.3 g/mL

Page 7
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B. 0.46 g/mL
C. 0.81 g/mL
D. 2.3 g/mL
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25.A scientist received a mixture of gases X (boiling point: 10 °C) and Y (boiling
point: —10 °C) in a container. He carried out the following procedure to separate

the two gases.

() The container was cooled in a mixture of ice and water.

(I) The gas portion was pumped out.

(1) The temperature of the container was changed so that the content
remained in the container became gas.

Which gas was pumped out in Step (II) and how was the temperature of the
container changed in Step (lII)?

Gas pumped out

How the temperature

in Step (Il
A. X
B. X
C. Y
D. Y

was changed in Step (lll)

Increased
Decreased
Increased
Decreased

26. Which of the following gases is used in water purification process?

A. Chlorine
B. Fluorine
C. Hydrogen
D. Oxygen

27.“Methane ice” is a natural source of methane gas. Which one of the following
statements about methane ice is correct?

oo w >

Methane gas is trapped in ice.

Methane gas is liquified by ice.

Methane gas is frozen to solid state which has a structure of ice.

It is a mixture of ice and an organic compound which react with each

other to form methane slowly.
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28.0nce upon a time in Hong Kong, bleaching water was out of stock in market. Hence,
there was a proposal for producing bleaching water at home by electrolysis of saturated
salt water. What is/are the disadvantage(s) of this method?

(I) It produces a gas which is harmful to human body.
(Il) 1t needs expensive raw material(s).
(II1)y 1t needs dangerously high electrical voltage.

A. (l) only
B. (Il) only
C. () and (lll) only
D. (Il) and (lll) only

29.1t is known that the chemical reaction between 200 g of element X and 600 g of
element Y results in compound Z with 200 g of Y left. Based on the above
information, the chemical reaction between 600 g of element X and 200 g of
element Y will result in compound Z with

200 g of X left.
300 g of X left.
400 g of X left.
500 g of X left.

oo w>

30. Consider the following reaction:

NaOH(s) + HCl(aq) — NaCl{aq) + Hz0(l)

Which of the following can decrease the reaction rate?

() Using HCI(aq) of lower temperature
(I) Using HCI(aq) with higher concentration
(II1) Using finer solid of NaOH(s)

A. (l) only
B. (Il) only
C. (1) and (lll) only
D. (Il) and (lll) only
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Answer Q31 and Q32 based on the diagram below showing a food web observed

in a terrestrial habitat.

31.Shortly after organism B is removed from the habitat, which of the following is
most likely to happen?

Biomass of C drops.

Biomass of A increases.
Biomass of C increases.
Biomass of D increases.

oo w>

32.Given that B and C are mammals which each individual is more than 20kg while
the number of A is much less than the sum of B and C, A can be a species of

giant brown alga.
herbaceous plant.

tree.

more than one of the above.

oo w >

33.Below shows an evolutionary tree in which 1-4 are four living organisms.

1 2 3 4
Which of the following combinations is incorrect?
1 2 3 4
A. Human Chimpanzee Fruit fly Jawless fish
B. Bird Crocodile Turtle Frog
C. Chimpanzee Human Fruit fly Bacterium
D. Chicken Pigeon Turtle Shark

Page 10
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Answer Q34 and Q35 based on the information below:

A —B"'C

Enzyme X is found in human livers. To study its enzymatic activity, a student mixed
1g of A with a fixed amount of Enzyme X, and then incubated the mixture under
different temperatures. After 30 minutes of incubation, the student measured the
amount of remaining A. The experiment was repeated for three times and the result

is shown in the below table.

Temperature Amount of A (g)
(°C) Exp1 | Exp2 | Exp3 | mean
20 0.70 0.72 0.62 0.68
30 0.50 0.40 0.35 0.42
40 0.65 0.55 0.45 0.55
50 0.80 0.92 0.84 0.85
60 1.00 1.00 1.00 1.00

34.Based on the data, which of the following conclusions is/are valid?

()  Enzyme Xis a protein which denatures at 60°C.
(1) Enzyme X works best under 60°C.

(I11) The rate of reaction decreased up to 30°C.
(

I\VV) The rate of reaction increased up to 30°C.

A. (1) and (Ill) only.
B. (l)and (V) only.
C. (Il)and (lll) only.
D. (ll)and (IV) only.

35.Which of the following is/are the purpose(s) for repeating the experiment?

o0 w>

A and B.
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To reduce the impact of experimental error.
To allow the use of statistical analysis to evaluate the reliability of the data.
To practise the experimental skills.
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Answer Q36 and Q37 based on the below diagram, which shows the blood
circulation in human body.

Lungs

Pulmonary
artery

Pulmonary vein

Vena cava Aorta

Upper body

Liver

Hepatic vein Hepatic artery

Hepatic portal vein

Stomach,
intestines
Renal vein

Renal artery

Kidneys

Lower body

36. Shortly after drinking a glass of fruit juice, which of the following is correct?

Highest concentration of CO> Highest level of glucose
A. Pulmonary artery Aorta
B. Pulmonary vein Hepatic vein
C. Pulmonary artery Hepatic portal vein
D. Vena cava Hepatic portal vein

37.Which of the following blood vessel(s) has/have the thickest wall?

Aorta only.

Vena cava only.
Pulmonary artery.
Aorta and Vena cava.

oo w>
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Answer Q38 and Q39 based on the figure below which shows the metabolic control
of various hormones by the hypothalamus via feedback reactions. The “+” and “-”
signs on the arrows signifies positive and negative feedback reaction, respectively.
In a positive feedback loop, the output of the system amplifies the system reactions,

while the output of a negative feedback loop inhibits the system reactions.

External conditions

positive feedback or 3 negative feedback

Releasing

hormone Short-loop

negative
Long_loop feedback

negative o) Anterior
feedback @

Tropie
hormone

Hormone

38.Which of the following statements is FALSE?

A. The presence of short-loop negative feedbacks can effectively minimise the
amount of materials (and hence energy) utilized.

B. The presence of both short-loop and long-loop negative feedbacks allows
temporal control on the amount of a particular hormone being produced.

C. The presence of both short-loop and long-loop negative feedbacks
prevents any fluctuations in the amount of a particular hormone being
produced.

D. All the statements given above are true.

39.In mammals, which of the following external conditions is the least-likely
condition which may trigger seasonal changes in hormone production?

Temperature.
Light-dark cycle.
Humidity.

Food availability.

oo w >
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40.There were multiple mass extinction events in the history of life on Earth. For

41

example, a mass extinction event could be caused by a volcanic eruption that
greatly increased the atmospheric concentration of a toxic gas such as sulfur
dioxide. According to the concept of evolution, individuals which possess the
ability to deal with the toxic gas will be able to survive the extinction event. Which
of the evolutionary forces given below would be the key driving force for the
spread of resistance to the toxic gas among survivors of the catastrophic event?

A. Mutation

B. Gene flow

C. Selection

D. Recombination

.Which of the following statements regarding the different groups of organisms

as shown in the diagram below is TRUE?

Group D
Multicellular 1es
Presence of
organs
No
Group C
Yes
Unicellular
Body make Group B
up of cell(s)
No

Group A

Organisms from Group A are exclusively parasites.
Organisms from Group B do not have organelles.
Organisms from Group C are usually sessile.

oo w >

Organisms from Group D possess organs which are usually multi-functional.

42.1n some deep sea fish, individuals may have functional sex organs of both sexes

at the same time, and this phenomenon is known as simultaneous
hermaphroditism. Which of the following statements is the best explanation for
this phenomenon?

A. The extremely high static pressure in the deep sea environment induced
mutational changes so that sex organs of both sexes are produced.

B. Population density is extremely low in the deep sea.

C. Being capable of serving as either a male or female will allow individuals to
find a mate easier in the absence of light.

D. Reproduction is self-sufficient when every individual can fertilize their own

eggs.
Page 14
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43.Vertical zonation, a phenomenon in which different species settles at different
tidal heights, is typically seen in tropical rocky shores. Which of the following
statements regarding the formation of distinct banding of organisms in rocky
shores is FALSE?

A. The upper limit of distribution of organisms is influenced by physical factors
such as temperature or dehydration.

B. The lower limit of distribution of organisms is influenced by predation or
grazing activities.

C. Competition among organisms exists throughout the entire height of
distribution.

D. All the above statements are true.

44.Two experiments were conducted to investigate the effect of light intensity and
CO2 concentration on plant growth. In the first experiment, a plant is grown at
varying level of light and in a certain fixed concentration of CO2.0xygen
production increases with increasing light intensity up to a point and then levels
off. In the second experiment, the same conditions of increasing light intensity
is maintained, but under a higher level of CO2. Oxygen production in the second
experiment continues to increase beyond the point where it levelled off in the
first experiment. From these observations, one might conclude:

A. COz2 concentration is the only limiting factor.

B. Lightintensity is the only limiting factor.

C. Both light intensity and CO2 concentration are limiting factors throughout
the time course of the reaction.

D. Light intensity is limiting up to a point and then CO2 becomes a limiting
factor.

45.1n the experiments conducted in the question above, light intensity and CO:2
concentration are the independent variables, while other parameters such as
water supply, humidity, air movement, and incubation temperature etc. are
controlled variables. If light intensity and CO2 concentration are kept constant,
which of the following conditions would most likely affect the rate of oxygen
production by the plant?

Incubation at 10°C below the original temperature.
Lack of air movement.

Reduced oxygen concentration in air.

Increased oxygen concentration in air.

oo w >
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