T & B OB #HOFBF 82 %
The Hong Kong Academy for Gifted Education

International Junior Science Olympiad 2022 —
Hong Kong Screening

Question Book

Rules and Regulations:

1.

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



T & B OB #HOFBF 82 %
The Hong Kong Academy for Gifted Education

BT F R BRI T 2022-F BRI

[T RE ST
B4 SFRI
1. EEEUESEAHET - PRIGF—/]NEF

2. Rp\GIA 45 EXIHEEE -

3. EPSHIRE:
5 4957
BREH
o B :H15

1
Kk | —— 45
[ F 373

o EHIEE 0%
4. EEHBIEE -
5. SIS BTSRRI E (R -

6. A U ATHE 55 - FHI S ST B G S - 3
SRR SIS -

7. LLAER > B AT AR R R TR A HKEAA
APPROVED” (5t - ELR - [EH R RIS THIR T (ERiB)

H - REATREHEMSCA -

HEF - BREEAEOREEBEAEEGEM



(oew) | (652} | (gs2) | (s | (zea) | (s | WD) | Wro | (evd) | ppa) | (LE0) | osez | (80 | 0zez
T oN PIA g it 0 g ui) ury ng dy n L2 | 0L
£0T z01 101 00T 66 86 L6 96 | %6 6 £6 76 16 06 | we
0SLT | OELT | 6891 | €491 | 6¥91 | $T91 | 6851 | €451 | O0TST | v05F | (¥L) | ©wPl | 60FL | LOFl
L1 qa iy, S | oY Ag | 4L PO ny wg ur g PN id a0
1L 0L 69 89 L9 09 .5§9 9 €9 2] I9 09 65 85 | #

e

(zoo) | (9o | Gz | (eo | (seo)

4 | W 131 g
&0 #01 wx O a8 LE
(zez) | (otz) | (6070 [ 060T [ Z°L0T [ ¥#0CT | 900T | OL6L | 1S6L | 261 | Z061 | 2981 | 6681 | 6081 | C8LI | 686l | E©LEl | 6Tl
o w o 1 qd LL g ny d ar 50 hi M| oB JH L1 B 50
98 58 8 £8 78 18 08 6L 8L LL 9/, gL pL | EL| T | s LS 9 g5
ETE0 | 69T1 | 9LZ1 | &TEY | 4811 | &F10 | #21T | 6401 | ¥90I | 6201 | TLOT (86) | 656 | 676 | Tle6 | 688 | 948 | c©¢8
E)'d I L qs ug uy PD iy Pd T Lt a1 O] aN - | aZ A | 18 o
¥s £ s Ig 0s atr & L 9y o i £t T 184 Ot 6 8E LE
BER | 66L | O6L | 6FL| 9TL | L69 | PSS SE9| L8RS | 685 | 8%S | 65 | 0Is | 600 | 6iF | 0SP | Lov | 16¢%
) | 1 3§ £y 5 B5) uz ) N 07 aq W I A IL g 8D b
9¢ | 5g YE EE Tk 1€ 0 67 87 Lz | 9z [ ¥ €7 | 7T 1z 0z 61
0ok | S5E ['Ze | O0IE | 18T | OLT . €vT | 08T
Iy 0 g d 1S 1\ BIAL BN
81 Ll 9§ ST ! £1 EHE-HERy sseu onmuae ealjered AN IR A
TOZ | 061 091 | O¥l| 0TI | 801 . 0'6 69
N i 0 N D q ag T
a1 6 8 L 9 5 ¥ £
0p | A 1A A AL i T I I
= o
[4 Ll

0
&L 3qum om0 \

M E ATHVL OO0 Ad

¥ dnous



List of formulae and relationships which may be useful

HIRER AT

Linear motion with constant acceleration

IERGS D)) IVES L)

1
v=u+at, s=ut+ Eatz,v2=u2+2as.

Kinetic energy Bt = %mv2
Potential energy 75 = mgh

Force /7 : F=ma

Electrical resistance ZE[H

R = VI

R=Ri1+R2 in series

1/R=1/R1+ 1/R2 in parallel 37l

Electrical power F1j% - P =1V = V2R = I°R

Centripetal acceleration [a), 0 jl12EfE: —

=<

Law of universal gravitation 45| JEHE F = Gmym,/r?



Multiple Choice Questions (45 marks)

1. Acoin is falling vertically downward with a constant speed in a liquid. Which of
the following statements about the motion is correct?

Oow>»

The acceleration of the coin remains unchanged.

The acceleration of the coin increases.

The direction of the net force acting on the coin is downward.
The direction of the net force acting on the coin is upward.

2. A dog sits at rest inside an elevator which is accelerating upward. The
magnitude of the force that the elevator floor exerts on the dog

Cow?>

is equal to the weight of the dog.

is larger than the weight of the dog.

is smaller than the weight of the dog.

depends only on the acceleration of the elevator.

A box is sliding down an inclined plane with a constant speed. Which of the

following statements about the frictional force acting on the box is correct?

Cow?>

Its magnitude is smaller than the weight of the box.

Its magnitude is equal to the weight of the box.

Its magnitude is larger than the weight of the box.

Its magnitude does not depend on the weight of the box.

The figure shows the kinetic energy K of an object (moving along a straight line)

as a function of time t. Which of the following descriptions is correct?

Cow?>

K

The acceleration of the object is decreasing from Mto N.

The acceleration at M is approximately equal to that at P.

The acceleration at Q is larger than that at N.

The net force acting on the object between P and Q is approximately zero.

Page 1
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5. The figure shows the positions x of a particle moving under constant
acceleration at different times t. Which of the following statements is correct?

8.

O W

r=1s r=2s t=3s
@ ® ® 0

I=4s
T T T T T
1 2 34 5 6 7

The average velocity of the particle between t =1 s and 3 s is the same as
that between t=2 s and 4 s.

The net force acting on the particle is towards the negative x direction.
The net force acting on the particle is towards the positive x direction.

The kinetic energy of the particle is increasing between t =1 s and 3 s, but
decreasing between t=2 s and 4 s.

When a beam of light wave passes from water to air,

© o w2

its wavelength increases.
its speed remains unchanged.
its frequency increases.

its wavelength decreases.

A particle of charge g and mass m is accelerating along a straight line in a
uniform electric field. A second particle of charge 49 and mass 2m is
accelerating in the same electric field. Which of the following statements about
the acceleration of the second particle is correct?

© o w2

It is half of that of the first particle.
It is two times that of the first particle.
It is four times that of the first particle.

It is the same as that of the first particle.

A stone of mass m is thrown vertically upward into the sky. The initial speed is

vo. What is the stone’s acceleration when it reaches the highest point?

©cow>»
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9. In an experiment, a block slides down a rough inclined plane with a decreasing
speed. Which of the following statements about the experiment is correct?

A.

B.
C.
D.

The mass of the block must be small, so that the gravitational force on it is
negligible.

The inclination angle must be larger than 45°.

The friction and the motion are in the opposite direction.

The situation described in the question is impossible.

10.A man of height 1.8 m stands at a distance 3.6 m from a mirror. What is the
height of the reflected image?

cow>»

09m
1.8 m
3.6 m
7.2 m

11.Three identical blocks are put on a smooth horizontal surface. An external force
is applied to the first block, such that the three blocks move together towards
the right.

—> 1 2 3

Which of the three blocks experiences the largest net force?

A.

B.
C.
D

Block 1
Block 2
Block 3
The net force on each of the three blocks is identical.

12.In an experiment, a wire is connected to a battery in a complete circuit. Which
of the following statements best describes the experiment?

Cow2>

The atoms move along the wire in the direction of the current.

The nuclei move along the wire in the direction of the current.
There is no current in the circuit, because there is no resistance.
The chemical energy stored in the battery is converted to electrical
energy.
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13.Assume that the distance between the Earth and the Sun is d, and the solar
radiation power received by the Earth is E. If the distance between another
Earth-sized planet and the Sun is d/2, what is the solar radiation power
received by the planet?

A. E/4
B. E/2
C. 2E
D. 4E

14.The resistance of a copper wire is R. If the wire is melted, and recast to a thinner
wire with twice the original length, what can we conclude about the resistance
of the recast wire?

The resistance is equal to R.
The resistance is larger than R.
The resistance is smaller than R.

Cow?>

There is not enough information to make any conclusion about the
resistance.

15. A student holds the mass of a simple pendulum, and releases it in the position
shown in the figure. When the mass reaches the highest point on the other side,
the string is suddenly broken.

The string is suddenly broken

Released from when the mass reaches
rest on this side highest point on this side
v e
D "¢

Which of the following paths best represents the subsequent movement of the
mass?
A A

B. B
C. C
D. D

Page 4
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16. The density and concentration of a saturated solution are 1.5 g/ml and 0.15 g/ml,
respectively. At least how much solvent is needed to dissolve 10 g of the solute?

A. 80g
B. 90g
C. 100g
D. 110g

17.Consider following information of a molecule :
() The molecular formula is CON2Ha.
(I The C, O, and N atoms are connected in the following pattern: N~O~C~N,

in which each “~” may be single, double, or triple bond.
(111) 1t obeys the octet rule.

How many H atom(s) is/are bonded to each of the N atoms?

A. One N atom does not have H atom bonded to it and the other N atom has
one H atom bonded to it.

B. Each N atom has one H atom bonded to it.

C. One N atom has one H atom bonded to it and the other N atom has two H
atoms bonded to it.

D. Each N atom has two H atoms bonded to it.

18.Which of the following are involved in solid ammonium hydrogen sulphide,
[NH4T[HST]?
() Hydrogen bond
(I Covalent bond
(11 lonic bond

(1) and (1) only

(1) and (l11) only
(1) and (1) only
All of them

Cow?>
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19.Q, R, X, and Y are metal elements. To arrange their reactivities, a student carried
out experiments and found that:
() Metal Q is converted to Q?*(aq) when Q is put into R?*(aq) solution.
(I Heating oxide RO(s) gives metal R. But there is no reaction when oxides
XO(s) and YO(s) are heated separately.
(I There is no reaction when a mixture of oxide XO(s) and metal Y is heated.

Which of the following is the correct ascending order of reactivities of these four
metal elements?

A. Q<R<X<Y

B. Q<Y<X<R

C. R<Q<X<Y

D. R<Q<Y<X

20.Q, R, X, and Y are elements. Assume Q can form Q2* and Q3* ions, whereas R,
X, and Y can only form R*, X~ and Y2~ ions, respectively. What is/are the possible
value(s) of q in the chemical formula, Q2RX3Y, of ionic compound(s)? Note: the
ionic compound(s) may contain(s) both Q%* and Q3* ions.

A. 1only

B. 1and2only

C. 2only

D. 1,2,and 3 only

21.When heated above 300 °C, NH4NOs solid decomposes according to the
following reaction:

2 NH4sNO3 > 2 N2+ 4 H20 + O2

How much Oz can be obtained from the above decomposition of 100 g of
NH4NO3?

A. 10g
B. 15¢g
C. 20g
D. 30g

Page 6
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22.1n the following balanced chemical equation,
aX + bY2Zs* — cX3 + dYZ~ + eZ**

a, b, ¢, d, and e are positive integers in simplest ratio [e.g., (a, b, ¢, d, €)= (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 ¢?

A1

B. 2
C. 3
D. 4

23.Solution X is obtained when ammonia (NHs) gas is passed into water. Which of
the following statement(s) concerning Solution X is/are true?
() When an acid solution is added to X, a gas is given out.
(I Solid ionic compound [NH4*][OH"] can be obtained by evaporating water
from X.

A. None of them
B. (I)only

C. (I)only

D. All of them

24.Neutralisation reactions were carried out between the following 3 solutions:

Solution X: HCI(aq) solution, concentration: 10 g/L
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.

- 0.015 L of solution X requires 0.025 L of solution Y to neutralise.
- 0.035 L of solution Z requires 0.045 L of solution Y to neutralise.

A. 27g/L
B. 744g/L
C. 135¢g/L
D. 37.5¢g/L

Page 7
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25.Which of the following is/are appropriate method(s) to collect hydrogen (Hz2) gas?
()  Upward delivery (downward displacement of air)
(I Downward delivery (upward displacement of air)
(1) Over water (displacement of water)

A. () only
B. (Il) only
C. (I)and (lll) only
D. (II) and (lll) only

26.Which of the following chemical species do(es) not obey the octet rule?
() NO2

(I N20

(1) N20s

A. (I)only

B. (Il) only

C. (Il only

D. (Il) and (lll) only

27.Which of the following processes can produce fresh water from sea water?
() Distillation
(I Filtration
(1) Centrifugation

A. (I)only
B. (Il) only
C. (I)and (lll) only
D. (II) and (lll) only

28.Which of the following gases can relight a glowing splint?

Hydrogen

Nitrogen

Nitrous oxide (N20)
Carbon dioxide

Cow?>
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A (
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A (
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29.1t is known that the chemical reaction between 100 g of element X and 300 g of
element Y results in compound Z with 100 g of Y left. Based on the above
information, the chemical reaction between 300 g of element X and 100 g of
element Y will result in compound Z with

150 g of X left.
200 g of X left.
250 g of X left.
300 g of X left.

Oow>»

30. Consider the following reaction:

Zn(s) + 2 HCI(aq) — ZnCl2z(aq) + Hz(g)

Which of the following can increase the reaction rate?
() Using HCI(aq) of lower temperature

(I Using HCI(aq) with higher concentration

(1) Using finer solid for Zn(s)

(1) and (1) only

(1) and (l11) only
(1) and (1) only
All of them

Cow?>
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Answer Q31 and Q32 based on the following information

Osmosis is the movement of free water molecules, from a region of higher
concentration to a region of lower concentration, through a partially permeable
membrane. Partially permeable membranes, which are also called selectively
permeable membranes or semi-permeable membranes, allow some molecules to
pass through them, but not others.

Solution 1 Solution 2

sugar molecule

water

partially permeable membrane

Figure above shows the initial setting of an experiment. Both Solution 1 and
Solution 2 contained a water-soluable sugar which molecules were too big to pass
through the partially permeable membrane.

31.Which of the following are possible changes after 30 minutes?
() Water level of Solution 1 would increase.
(I Sugar concentration of Solution 2 would increase.
(1) Number of sugar molecules in Solution 1 would remain unchanged.

A. (I)and (Il) only.
B. (II) and (lll) only.
C. (I)and (lll) only.
D. (I), (I and (II).

32.Which of following statements are true from 0 to 30" minute?
() Some water molecules of Solution 1 moved to Solution 2.
(I Some water molecules of Solution 2 moved to Solution 1.
(1) There are intermolecular forces between sugar molecules and water
molecules.
(IV) There are no intermolecular forces among water molecules.

1) and (111) only.

I1) and (Ill) only.

1), (1) and (IIl) only.
)

(
(
(
(1, (I and (IV) only.

o0 w®wp
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Answer Q33 and Q34 based on the following information.

Mitosis is a type of cell division which results in the formation of two daughter cells
from a mother cell. Daughter cells and the mother cell are genetically identical.

33.Which of the following pictures shows the correct change of DNA content from
the newly formed mother cell to the newly formed daughter cell?
(y-axis: DNA content (arbitrary unity), x-axis: Stage of cell cycle)

3 =
= e -
g3 €5
€ E €
8 £ =L
s ER-
(= al
Stage of cell cycle Stage of cell cycle
= =
= e = =
g3 § 5
£z £z
g8 s g5
< a
zt Z %
(= o8
Stage of cell cycle Stage of cell cycle

34.Mitosis is involved directly to produce
() sperm cells
(I plant ovary
(111) onion’s bulb

A
B
C.
D

(1) only.

(lI1) only.

(1) and (1) only.
(D, (1) and (I11).
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Answer Q35 and Q36 based on the following information.

Below shows the central dogma of molecular biology.

transcription translation

DNA — MRNA —) Protein

(Gene)

In nucleus, DNA is stored in form of chromosomes which cannot pass through the
nuclear pores (the holes of nuclear membrane). mRNA is produced through
transcription with DNA used as a template. In cytoplasm, mRNA undergoes
translation in which amino acids are assembled into protein. mRNA is reusable in
this process.

35. Which of the following statements is/are correct?

() mRNA can be found in both nucleus and cytoplasm.

(I In general, the rate of MRNA synthesis is positively co-related to the
transcriptional rate of its corresponding gene but negatively co-related to
its translational rate.

(1) In general, the rate of protein synthesis is positively co-related to the
transcriptional and translational rates of its corresponding gene.

(1) and () only.
(1) and (1) only.
(1) and (1) only.
(D, (1) and (lI).

Cow?>

36.In a normally functioning cell, the level of MRNA of a gene will be downregulated
by
() increasing the rate of degradation of the corresponding gene.
(I reducing the rate of transcription of the corresponding gene.
(1) increasing the rate of its translation.
(IV) increasing the rate of its degradation.

[) and (I1) only.

[I) and (1V) only.

), (1) and (IV) only.
1), (1), (1) and (V).

Cow2>
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37.0rganism E contains ribosomes but not nucleus. Organism E can be a(n)

A. virus.

B. bacterium.

C. amoeba.

D. More than one of the above answer is correct.

38.Who is known as ‘Father of Microbiology’ who disproved the theory of
spontaneous generation?

Louis Pasteur.
Charles Darwin.
James Watson.

Ccow>»

Melvin Calvin.
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Feedback reactions are commonly seen in biological systems. Often biological
processes are linked to form feedback loops which can be classified as either
positive or negative based on the types of feedback reactions involved. 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. Answer Q39 and Q40 based
on the following figure which shows the control of hormone synthesis in the human
endocrine system.

External conditions

positive feedback or $ negative feedback

Releasing
hormone

Short-loop
negative
Long_loop feedback

negative oP Anterior
feedback @

Tropic
hormone

Hormone

39.Which is the chief site of hormonal synthesis control?

Hypothalamus.
Anterior pituitary.
Posterior pituitary.

Cow?>

Individual endocrine glands which produce a particular hormone.

40.Which of the following statements on the feedback loop shown in the figure is
FALSE?

A. Although both postitive and negative reactions are involved, the overall

synthesis of hormones is basically a negative feedback loop.

Only biochemical signals are involved in the control of hormone synthesis.

C. Multiple steps and sites of regulation in the feedback loop allows fine tuning
of hormonal synthesis.

D. None of the above statements is false.

w
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Answer Q41 to Q43 with reference to the following figure, which shows the
grouping of some organisms by using a dichotomous key.

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

41.Which of the following statements is likely to be FALSE?

A. Organisms in Group A are most distantly related in phylogeny to members
from other groups.

B. Organisms in Group B most likely lack a nucleus.

C. Organisms in Group C and Group D have cell types which are differentiated
in functions.
D. None of the above statements is false.

42.Examples of organisms from Group B and Group C are respectively:

bacteria and sponges.

bacteria and fungi.

viruses and bacteria.

None of the above combinations is correct.

Cow?>

43.Which of the following processes can only be found in some members from
Group B but not in other groups?

Anaerobic respiration.
Nitrogen fixation.
Photosynthesis.
Endocytosis.

Cow?>
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44.Human insulin can be synthesised by incorporating the human insulin gene into
the DNA of a bacterium such as E. coli. Which of the following statements
regarding this phenomenon is most likely to be TRUE?

A. Humans and E. coli are genetically close to each other.

B. A gene which codes for a protein similar to human insuilin may exist in the
E. coligenome.

C. Both transcription and translation work under the same mechanisms in both
species.

D. None of the above statements is true.

45.The figure below shows a simplified pathway in the nitrogen cycle. Nitrogen is
essential for the growth of living organisms. There is a huge amount of nitrogen
in the atmosphere but most organisms cannot make use of this resource due to
their inability to break the strong triple bond between the nitrogen atoms in the
nitrogen gas molecule. In nature, the conversion of nitrogen gas to ammonia
(nitrogen fixation) by free living or symbiotic nitrogen-fixing prokaryotes plays an
important role in the supply of nitrogen to other organisms. Which of the
followings is the most practicable and effective way in enhancing the nitrogen
contents of soil in agriculture without using fertilizers?

: Atmospheric nitrogen (N,)

Green plants living

symbiotically with Green plants
nitrogen-fixing
prokaryotes
y Symbuotoc or | A Denltnfylng
free-living B8 - prokaryotes )
nitrogen-fixing Seo
prokaryotes Structures containing Orptlo’,\
symoiotic nitrogen-fixing ~ -~ ~~ ~
' ~ prokaryotes — S
Ammonia | 7 Nitrifying Nitrates
. (NHy | prokaryotes (NO;) |

A. Incorporate free-living nitrogen fixing prokaryotes into crops.

B. Alternate growing of host plants of nitrogen fixing prokaryotes and other
crops.

Promote the conditions which enhance the growth of nitrifying prokaryotes.
D. Promote the conditions which inhibit the growth of denitrifying prokaryotes.

o
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Answer
1 A 11 D 21 C 31 D 41 B
2 B 12 D 22 B 32 C 42 A
3. A 13. D 23. A 33. B 43. B
4. D 14. B 24. C 34, C 44. C
5. B 15. C 25. C 35. C 45. B
6. A 16. B 26. A 36. B
7. B 17. C 27. A 37. B
8 B 18 C 28. C 38 A
9 C 19 D 29. C 39 A
10. B 20 B 30. C 40. B




