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This paper must be answered in English

GENERAL INSTRUCTIONS

. There are TWO sections, A and B, in this Paper. You are advised to finish Section A in about
50 minutes.

2. Secton A consists of multiple-choice questions in this question paper, while Section B contains
conventional questions printed separately in Question-Answer Book B.

3. Answers to Section A should be marked on the Multiple-choice Answer Sheet while answers to
Section B should be wntten in the spaces provided in Question-Answer Book B. The Answer

Sheet for Section A and the Question-Answer Book for Scction B will be collected
separately at the end of the examination.

4. The diagrams 1n this paper are NOT nccessanly drawn to scale.

5. The last pages of this question paper contain a list of data, formulae and relationships which you
may find useful.

INSTRUCTIONS FOR SECTION A (MULTIPLE-CHOICE QUESTIONS)

1. Read carefully the mnstructions on the Answer Sheet. After the announcement of the start of
the examination, you should first stick a barcode label and insert the information required in

the spaces provided. No cxtra time will be given for sticking on the barcode label after the
‘Time is up’ announcement.

2. When told to open this book, you should check that all the questions are there. Look for the
words *END OF SECTION A’ after the last queston.

3. All questions carry equal marks.

4. ANSWER ALL QUESTIONS. You are advised to use an HB pencil to mark all the answers on
Answer Sheet, so that wrong marks can be completely erased with a certain rubber. You must
mark the answers clearly, otherwise you will lose marks 1f the answers cannot be captured.

5. You should mark only ONE answer for each question. If you mark more than on¢ answer, you
will receive NO MARKS for that question.

6. No marks will be deducted for wrong answers.
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Scction A

There are 33 questions.

1. Tempcerature / °C

0 Time

The above figure shows the temperature - time graph of two liquids X and Y at the same initial temperature being heated by
heater with the same power. Neglect the heat lost to the surroundings, which of the following deductions are correct ?

(1)  The heat capacity of X is smaller.
(2)  The specific heat capacity of X is smatler.
(3) Ifboth of the two liquids are water, then the mass of X is less than that of 7.

A (1) and (2) only
B (1) and (3) only
C. (2) and (3) only
D. (1), (2) and (3)
2.
cylinder
A fixed mass of an ideal gas is contained in a cylinder fitted with a piston which can move freely as shown in the figure. If
now the gas is cooled under constant pressure, which of the following statements are correct ?
(1)  The density of the gas would increase.
(2)  Each gas molecule would hit the walls of the cylinder with a smaller force.
(3)  The frequency of collision of the gas molecules on the piston would increase.»
A. (1) and (2) only
B. (1) and (3) only
C. (2) and (3) only
D.  (1),(2)and (3)
3. A gas vessel of volume 500 cm’ contains an ideal gas at room temperature of 25 °C. If the number of gas molecules inside

the vessel is 3 x 102, what is the pressure of the gas inside the vessel ?

‘A 247 kPa
B. 285 kPa
C. 365 kPa
D. 406 kPa

4. David is driving his car with a constant speed of 24 m s~'. He suddenly observes a pedestrian mshmg out. After a
reaction time of 0.5 s, he then applies the brake of his car to give a uniform deceleration. If the total stopping distance of hus
car is 52 m, what is the deceleration of the car during the braking ?

A. 3.6ms?
B. 48 ms ?
2 7.2ms?
D. 9.6 msg?
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A block is resting on a rpugh inclined plane. Which of the following figures shows correctly the resultant force acting on
the bleck hy the inclined plane ?

A. B.

N\

Blocks X and Y of mass 2m and 3m respectively are in contact on a smooth horizontal floor. Two horizontal forces of 30 N
and 50 N act on X and Y respectively as shown in the above figure. Calculate the normal reaction force acting on X by ¥,

with both magnitude and direction.
magnitude direction
A. I8N leftwards
B. 38N rightwards
C. 42 N leftwards
D. 12N rightwards
1.8 N 2.8N
30cm
A e Y
A A

In the above figure, a uniform metre rule is balanced horizontally by two supports at 4 and B. The normal reaction forces at
A and B are 1.8 N and 2.8 N respectively. A load L is hanged at 30 cm from B as shown. Calculate the weight of the metre

rule,
{\ 1.5 N
B. 2.1 N
= 25N
D 3.6 N
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10.

A man pulls a 6 kg block up a rough inclined plane with a constant
velocity of 1.2 m s”!. The inclined plane is 18 m long and makes an
angle of 30° with the horizontal as shown above. If the power PN

output by the man to pull the block is 54 W, what is the frictional
force acting on the block by the inclined plane ? 6 kg

Take the acceleration duc to gravity to be 10 m s2, 18m

A. 10N 300
B. 12N
C ' ISN
D 18N

t/s

A ball of mass Q.25 kg is released from rest at a certain height. It hits the ground and rebounds. The velocity-time graph of

the ball is shown above. Upward direction is taken as positive. The acceleration due to gravity is taken as 10 m s, Which
of the following statements is/are correct ?

(1) Theball is released at a height of 1.8 m.
(2)  The loss of kinetic energy of the ball during the collision with the ground is 2.5 J.
(3) The magnitude of the average force acting on the ball by the ground during the'collision is 25 N.

A. (1) only
B. (3) only
@ (1) and (2) only
D. (2) and (3) only

Two identical blocks P and Q, each of mass 0.25 kg, are connected by a light inextensible string. The blocks are at rest and
the string is loose initially.
loose string

- . E smooth horizontal surface

P 0|

Now block Q is given a speed of 8 m s™! and moves to the right. Find the loss of kinetic energy of the two blocks when the
string just becomes taut and P starts to move.

A. 1)
B 2]
C. 4]
D. 8]
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11. A small particle is projccted horizontally at tho top of a tablo with
an initial horizontal velocity of 12 m s™!. Tho particle performs 12ms”’

projectile motion and rcaches the ground. If tho landing volocity -
of the particle makes an angle of 35° with the horizontal, what is
the height of the table ?
A. 28 m
B,  36m N\
C. 62m
D. 8.6 m
12
R
I PR— 9
o
W il | mg

A vehicle of mass m is moving with a constant speed of 16 m s™ on an ideal banking road along a horizontal path of radius

60 m. Cis the centre of the circular path as shown in the above figure. The angle of inclination of the banked road is 6.

Friction on the road surface is assumed negligible. Which of the following statements concerning the motion of the vehicle
1s/are correct ?

(1) The centripetal force is provided by a component of the weyght mg towards the centre of the path.
(2)  The normal reaction force R is equal to mg cos 6.

(3)  To travel safely along the circular path, the angle of the banking road should be 23.5°.

A. (1) only
B (3) only
B (1) amd (2) only
D. (2) and (3) only

13. A satellite orbits the Earth in a circular path of radius 7500 km. What is the linear speed of the satellite ? Given that the
mass of the Earth is 6.0 x 10% kg.

A. 6800ms!
B. 7300ms™
C. 7600 ms™
D. 7800ms
14,
Direction
of vibration
Y
A vibrator generates a stationary transverse wave on a string. The above figure shows the string at a certain instant but not
at the extreme position. Particles X and Y are shown in the figure. Which of the following statements is correct ?
A. Particle X is moving downwards and particle Y is moving upwards at this instant.
B. Particles X and Y vibrate with the same amplitude.
C. Particlas X and Y vibrate with the same speed.
D. When pasticle X is at rest, particle Y must also be at rest.
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15.

Figure (1) shows the cquilibrium positions of particles a to k separated by 10 cm from each other in a medium. A

longitudinal wave is travelling from left to right with a speed of 40 cm s™!. At a certain instant 4, the positions of the
particles are shown in Figure (2). Which of the following statements is NOT correct ?

A The frequeney of the longitudinal wave is 0.5 Hz.

Particles g and / are moving towards the left at the instant /.
The amplitude of the wave is 12.cin.

The speed of particle b is greater than that of ¢ at the instant 4.

O0Ow

16.  An object is placed at 20 cm in front of a lens L. An inverted, diminished image is formed at the other side of the lens.
Which of the following statements are correct ?

(1) L isaconverginglens.
(2)  The focal length of the lens L is shortcr than 10 cm.
(3) Ifthe lens is moved slightly away from the object, the size of the image will decrease.

A. (1) and (2) only
B. (1) and (3) only
04 (2) and (3) only
D. * (1),(2)and (3)

17. A beam of white light is directed towards a semi-circular glass block.
It splits into a spectrum with two ends X and Y as shown in the figure. .
Which of the following descriptions is/are correct ? air |

(1) Xis the red light and Y is the violet light.
(2) The speed of X in glass is greater than that of Y in glass.
(3) The refractive index of glass for X is greater than that for Y.

A. (1) only
B. (3) only
C. (1) and (2) only
D. (2) and (3) only

18.  Peter stands at position P which is 200 m in front of a vertical cliff.
Mary stands at position Q which 1s 100 m from P as shown in the
figure. The speed of sound in air is 325 m s~'. When Peter claps his
hands once, Mary hears two clapping sounds separated by a time Q p
interval of f second. Find the value of . W e———

Top view cliff N

A. 0.62s
B 092s
C 1.23 9
D. 1,855
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19. A Young’s double-slit experiment is performed using a monochromatic light source of wavelength 650 nm. The slit
separation of the double slit is 0.25 mm. Alternate bright and dark fringes are formed on a screen placed at 1.6 m away
from the double slit. What is the scparation of the 5th order dark fringe from the central line on thé screen ?

(A 18.7 mm
B 20.8 mm
C. 22.5 mm
D. 22.9 mm

20.
Two POiI}t sources S and S are producing circular water waves in A ripple tank. The figure shows part of the wave pattern
at a certain instant Solid lines represent crests and dotted lines-represent troughs. Which of the following statements is/are
correct ?
(1)  The water particle at X is always at thp crest.
(2)  The water particle at Y is always at rest.
(3) There are 5 antinodal lines formed in the interference pattern.
A. (1) only
B. (3) only
6 (1) and (2) only
D. (2) and (3) only
21.
Q1=45 puC (Fy-=---============- D =15 uC
| :
| |
| |
E E
: :
| :
' |
| |
' |
| |
| |
] |
| |
Q4=—5 HC ------------------ Q3 = =) PC

As shown in the above figure, there are four point charges O, 0,5, 05 and O, situated at the four corners of a square. Each
side of the square has a length of 10 cm. Point P is at the centre of the square. Find the resultant electric field at the pount

P, with magnitude and direction.
magnitude direction
A. 9.0 x 10N C"! towards O
B. 9.0 x 10N C-! towards Qh
C. 1.8 x 10" N C-! towards ()1
D 1.8 x 10’ N C! towards (1
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22.  Two horizontal parallel plates with scparation 2.5 cm arc connected to a power supply of 500 V, with the upper plate
connected to the positive terminal of the supply. If a charged oil droplet of mass 4 x 10-'2 kg is floating between the two
parallcl plates, what is the sign and magnitude of the charge carried by the oil droplet ? (Take g to be 10 m s72.)

A. -2x10°15C
B. +2% 10"V C
C. -4 x10°1C
) +4x 1073 C

23. A battery used in mobile phone has a capacity of 3300 mA h. The operating voltage of the phone remains at 3.7 V. If the
battery can supply current steadily within 30 hours 1n stand-by mode, what is the average power delivered by the battery ?

A 0.204 W
B. 0.407 W
C. 0611 W
D. 0.814 W
24. Rs

In the above circuit, the three resistors are identical. The internal resistance of the battery is negligible. The ammeters are
all ideal. Which of the following statements are correct if the switch S is now opened ?

(1) The reading of 4; decreases.
(2)  The reading of A2 decreases.
(3) The reading of A3 increases.

A. (1)and (2) only
B. (1) and (3) only
& (2) and (3) only
D. (1),(2)and (3)

metal case a
|

live c
tral —— o
nl s .
carth heating element

In the figure above, the kettle is wired incorrectly. Which of the following statements concerning the operation of the kettle

is correct 7
A. A current will flow through the live wire even when S is open.
B. The kettle will not operate at its rated value when S is closed.
C The fuse will blow when S is closed.
D. The heating element is at high potential when S is open.
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\' magnetic field B

R 0

A rectangular loop PORS is placed in a region of uniform magnetic field of 0.6 T with direction shown in the above figure.
The current flowing through the loop is 2 A in the clockwise direction as indicated. The segment PQ has a length of 40 cm.
Which of the following statements is NOT correct 7

A. The direction of the magnetic force acting on the segment PQ is perpendicularly out of paper.
B. The magnitude of the magnetic force acting on the segmeat PQ is 0.393 N.

C There is no magnetic force acting on the segment SP.

D. The resultant force acting on the whole loop 1s zero.

2% T T—
P X X X X X :
: P
uiform | X X X X X
magneticfield | ¥ x x x v
into the paper |
1 % X X X o
l 0 1 R
b X X X X N Ny
 eccccrccccccacane |
A rectangular metal frame PORS is moving with constant velocity into a region of uniform magnctxc field pqpcndicularly
into the paper. Which of the following statements are correct when the frame is at the position shown in the above
figure ?
(1) The point P is at a higher potential than Q0.
(2) Aninduced current flows in the frame in anticlockwise direction.
(3) A magnetic force acts on the side PQ towards the right.
A. (1) and (2) only
B. (1) and (3) only
C (2) and (3) only
28.
"\, 200V

In the above circuit, each light bulb has a resistance of 50 Q. If the turns ratio of the step-down transformer is 5 : 1, and the
efficiency of the transformer is 80%, find the current in the primary coil ?

A. 04 A
B. 05A
C. 0.6 A
D. 0.8 A
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29. A long solenoid has a diameter of 5 cm and a turn density of 3000 m~!. When a steady current / is flowing, the magnetic
flux through the solenoid is 4.5 x 10° Wb, The current / is

A. 0.152A.

B 0.304 A.

c 0.608 A.

D  0912A.

30.
& - E L

L5 step-up 5 : 1 step-down
transformer transformer

The above figure shows a model power transmission system. An a.c. supply and two ideal transformers are used to transmit
power to a lamp L of rating values of ‘6 V, 12 W’. The total resistance of the cables AB and CD is 10 Q. Find the input
power of the a.c. supply so that the lamp L works at its rated value.

A. 136 W
B. 152W
C. 90 W

D. 102 W

31.  The activity of a radioisotope is measured to be 28 MBq. If the activity of the radioisotope is 40 MBq at 10 hours before,
what is the activity of the radioisotope at 15 hours before ?

A. 16.4 MBq
B 35.6 MBq
C. 47.8 MBq
D. 52.6 MBq

32.  The activity of a radioactive sample is 2.4 GBq. The number of undecayed nuclei in the sample is 6.4 x 10'®. What is the

half-life of the radioactive sample ?
A. 29.3 year
B. 44.0 year
G 58.6 year
D. 87.9 year

33. A typical fission reaction of uranium-235 is given as follows :
U + in — 'SBa+ 2Kr + 3in + 200 MeV

A uranium fuel rod contains 5 kg of uranium-235. What is the total energy that can be released by the fuel rod if all the
uranium-235 nuclei have undergone fission reaction ? (Molar mass of uranium-235 is 235 g.)

. 4,1 x 10" J
B 4,1 x 10" )
C. 4,5 % 101 )
D. 4,9 x 107 ]

END OF SECTION A
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Daia

molar gas constant
Avogadro constant
acceleration due to gravaty
universal gravitational constant
spced of light 1o vacuum
charge of clectron
clectron rest mass
permurovity of free space
permeability of free space
atomi¢ mass unit
astronomical unit

List of data, formulac and relationships

R = 8.31Jmol'K"!

Na — 6.02 x 102 mol"

g = 9.81 ms ?(close to the Earth)
G = 667x10""Nm?kg?
¢ = 300x10°ms!

e = 1.60x10"C

me = 9.11 x 107 kg

o = 885x 107 CIN'm?
o = 4axx107Hm!

u = 1661x10*kg

AU = 1.50x 10 m

(1 uis cquivalent to 931 MeV)

light year ly = 946 x 10"’ m
pansec pc = 309 % 10"m = 3261y = 206265 AU
Stefan constant o =3567x10Wm32K-
Planck constant h=663x10]s
Recnilinear monon Mathematics

For uniformly accelerated motion : Equaton of a straight line y = mx+¢

v = u+at Arc length =rd
s = w+gar’ Surfacce area of cylinder - 2arh+2ar
v = u+2as Volumc of cylinder =nrnrth

Surface area of sphere = 4%

Volume of sphere = 3xr

For small angles, sin ¢ = 1an @ ~ & (in radian)

Astronomy and Space Science Enerpy and Usec of Encrgy l
O

U= - At m gravitational potential energy E - % iluomunance
r:
P=cAT" Stefan's law Q _ (AT -1) rate of energy transf{er by conduction
! d
4
‘ _A_f_ LY. |4 Doppler effect U = i thermal transmuttance U-value
Bl © |4 d
P = l 04V maximum power by wind turbine
2
|
Atomic World Medical Physics
l,,, v ‘= §h f-¢ Einstein’s photoelectric equation D I.ZJZA Rayleigh critenon (resolving power)
2 L 4 L
E = -13;,6cv encrgy level equation for hydrogen atom | pyower = }. power of a lens
n
y_h . de Broglie formula i iToas intensity level (dB)
p my I
0 = 1.224 Rayleigh cnterion (resolving power) Z - p¢ pcouslic tmpedance
d

—_— 1 . . ’ .
- (Z2:=2)" intensity reflection coefficient

transmitted intensity through a medxiﬂj
P
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Section B : Answer ALL questions. Wrile your answers in the spaces provided.

1. A piece of ice is taken out from the freezer of a refrigerator. The temperature of the freezer is kept at a constant
temperature of —15 °C. The picce of ice is put in a beaker and the beaker is placed in the laboratory. The room
tcmperature inside the laboratory is kept at a constant temperature of 25 °C.

Given : specific heat capacity of ice = 2200 J kg™! °C-!
specific heat capacity of water = 4200 J kg™! °C™!
specific latent heat of fusion of ice = 334 000 J kg™!

(@) Sketch on the below graph to show the time variation of the temperature of the ice until its temperature becomes
stcady.

(2 marks)
Temperature / °C

30

20 T PR

w-—-m-s-we——m—————————————

0 Tmne

-20

(b) Suppose another piece of ice is taken out from the freezer. The mass of the ice is found to be 0.1 kg.

(1)  Calculate the total amount of heat absorbed by the ice when it changes to 0 °C of water. (2 marks)
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Answers written in the margins will not be marked.

(1) Ifthe piece ofice at =15 °C is put into a beaker containing water of mass 0.5 kg at an mitial temperature of

60 °C, using the above result, calculate the final temperature of the mixture. Assume no heat exchange with
the surroundings. (2 marks)

...........................................................................................................................................................................................
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(iii) If the heat capacity of the beaker is taken into consideration, explain the effect on the final temperature of
the mixture. (T mark)
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Answers written in the margins will not be marked.
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vehicle Velocity /m s™!
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Figure (a) Figure (b)

Figure (a) above shows the “Mega Drop” in an amusement park. The vehicle carrying passengers is lifted up by an
electric motor. Once it reaches the top of the tower, the vehicle remains at rest for a while. It is then released and falls
under gravity. When the vehicle gets close to the ground, it decelerates downward and finally stops at the ground.
Figure (b) shows the variation of the velocity of the vehicle with time as the vehicle is relecased at ¢ = 0 s.
Downward direction is taken as positive. The acceleration due to gravity is assumed to be 10 m s™

(a) When the passenger is at rest, he experiences an upward suppdrting force acting on him by the seat. State which B
force forms an action and reaction pair with this supporting force. (1 mark) ‘é

E

(b) For safety purpose, the passenger is fixed with a wide elastjc belt. State two reasons that why a thin rigid wire 1s | =
not suitable in this situation. (2 marks) g)

O

............................................................................................................................................................................... 5

g

..................................................................................... S
&

(c) Calculate the height of the passenger above the ground when the vehicle is just released. (2 marks) g
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..........................................................................................................................................................................................

(d) If the mass of the passenger is 80 kg, calculate the magnitude of the supporting force F acting on him by the seat
during the deceleration time interval. Explain whether the feeling of the passenger is normal, heavier or lighter
during this (ime interval. (3 marks)
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A wooden block of mass 1.24 kg is hanging freely in the air from a light string of length 20 cm. A bullet of mass 10 g

travelling at a speed of 200 m s~ hits the block and becomes embedded in it. The block then swings upwards as
shown 1n the figure below.
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(b) Calculate the maximum height above its original position that the block can rise after the hitting by the bullet.
(2 marks)
..................................................................... Y S L L I T T T I ST,

Answers written in the margins will not be marked.

(c) If the embedment of the bullet into the wooden block takes a time of 5 ms, calculate the force acting on the bullet
by the block during the impact. (2 marks)
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(d) At the maximum height, the wooden block is momentarily at rest. Draw and label all the forces acting on the
block at this position. (2 marks)

Answers written in the margins will not be marked.

MOCKPAPER2022-DSE-PHY 1B-4 4 C.W.Sham

AV GROUP
a g%xcow All rights reserved by Beacon College Ltd. except that all public exam questions, if any, are licensed by copyright owner HKRAA.

16



(¢) Comment on the following two statements ! (2 marks)

Statement (1) : “During the hitting of the bullet on the wooden block, the total mechanical energy is conserved.”
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Statement (2) : “After the hitting by the bullet, the wooden block rises up. During this motion, the momentum of
the wooden block is conserved.”
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(f) If the bullet hits the wooden block with the same initial speed but now it rebounds backwards instead of

embedding into the block, dosdribe and explain how the maximum height reached by the block would be
| affected. (2 marks)
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Answers written in the margins will not be marked.
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4. A spacecraft is sent to a circular orbit at a height of 750 km above the Earth’s surface. When the spacecraft reaches the
orbit, the engine is shut off, Given that the radius of the Earth is 6380 km.
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(a) Calculate the strength of the gravitational field g at the circular orbit. (2 marks)
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(1 mark)
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(¢) Determine the speed of the spacecraft in the circular orbit. (2 marks)
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Answers written in the margins will not be marked.
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(d) How many number of revolutions does the spacecraft take in 24 hours ? Give the answer corrected to 1 decimal
place. (2 marks)
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A lens L is used to observe the image of a baby. The image observed with the lens is shown in the above figure.

(@) State the type of lens that has been used. Explain your answer. (2 marks)

(i) If the magnification of the image is 0.6, draw the position of the image in the figure. | (1 mark)
(i) Complete the light ray p in the above figure. (1 mark)

(iii) Mark the position of the principal focus F by drawing a suitable light ray in the above figure. (1 mark)

(¢) What would be the change of size of the image if the lens 1s moved slightly towards the baby ? (1 mark)
(d) State an application of this type of lens. (1 mark)

Answers written in the margins will not be marked.
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6. You arc provided with the following list of apparatus

a signal gencrator
two identical loudspeakers
a microphonce

a cathode-ray oscilloscope (CRO)
Describe how you should use the apparatus to conduct an experiment to demonstrate the interference of sound waves.

The description should include the adjustment on the CRO. Describe the result that would be expected on the CRO.

(5 marks)
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A beam of ultrasound with frequency 3 MHz travels from air to water as shown in the above figure. Given that
speeds of sound in air and water are 340 m s™! and 1500 m s~! respectively.

(a) Calculate the angle refraction in water as the ultrasound enters the water from air.
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(b) Explain whether it is possible for the ultrasound to undergo total internal reflection at certain angles of incidence
when it travels from air to water. (2 marks)
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(¢) Ultrasound is used in sonar system to detect submarines under water.

(i) Suppose a submarine is vertically beneath the water surface at a depth of 240 m. A ship sends a pulse of
ultrasound from the water surface to detect the submarine. Calculate the time taken for the echo of the
ultrasound to reflect back to the ship. (2 marks)

§
Answers written in the margins will not be marked.
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L 0——-/ Kottle
N
E Heating ¢lement

An electric kettle of rating “220 V 2800 W™ contains water of mass 1.8 kg at an initial temperature of 25°C. The kettle
is connected to the mains circuit via live wire (L), neutral wire () and earth wire (£) as shown in the figure.

() The connecting cable of the kettle consists of an Earth wire . What is the function of the EBarth wire ? (2 marks)
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(b) For safety purpose, a fuse should be installed to the kettle. Among the following fuse values : 10-A, 15-A, 20-A,
which one 1s the most suitable ? Explain why the other two fuses are not suitable. (3 marks)
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(c) The heater is placed at the bottom of the heater.

(i) Explain how the convection of water is set up. (2 marks)
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(d) Now the kettle is switched on. Assume that there is 20% of heat lost to the surrounding air and the kettle, what is
the mass of water inside the kettle after 10 minutes ? Given : specific heat capacity of water = 4200 J kg™! °C!
and specific latent heat of vaporization of water = 2.26 x 10% J kg ! (2 marks)
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(¢) During boiling, air bubbles are formed. Suppose an air bubble is formed at the bottom of the heater. It then rises
to the water surface. During the rise, the temperature of air inside the bubble remains unchanged. The pressure
at the water surface is lower than that at the bottom. Using Kinetic Theory, explain the change of volume as the
air bubble rises up to the water surface,
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The above figure shows the power transmission of a lighting system. An a.c. supply of 12 V is connected to AB of
transformer X as shown. The a.c. voltage is then stepped up by transformer X and then transmitted through a long

cable. Each wire of the cable, PR and 0S, has a resistance of 10 2. At the end of the cable, the voltage is then stepped
down by transformer Y to give the normal working of a lighting system. The rating values of the lighting system
1S “15 V 24 W”. The two transformers are assumed to be ideal. Turns ratio of the transformer Y is 200 : 50.

(a) Calculate the voltage across RS. (1 mark)
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(¢) Calculate the power loss in the long cable. Hence deternnine the efficiency of this lighting system. (2 marks)
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(d) Calculate the voltage across PQ. (1 mark)
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Answers written in the margins will not be marked.
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(¢) For the transformer X, if the number of turn in the secondary coil is 340, what is the number of turn in the
primary coil ? (1 mark)
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10. Polonium-218 (Po-218) has a half-lifc of 3.08 minutes. A polonium-218 nucleus decays by emitting an a particle as
shown in the following nuclear equation :

218 214 4
%P0 ————p *2pb + FHe

Given that the mass of onc mole of Po-218 is 218 g.

(a) If cach alpha particle carrics an encrgy of 5.2 MoV, calculate the mass defect in the above nuclear reaction.
Express your answer in kg. Neglect tho encrgy carried by the daughter nucleus. (2 marks)
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(b) Calculate the decay constant of Po-218. State the physical meaning of the decay constant. (2 marks)

(c) A sample consists of pure Po-218. It has an activity of 25 MBq. Calculate the mass of the sample. (3 marks)
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Section A : Astronomy and Space Science

Q.l: Multiple—choicc questions

1.1 Amnge the follomng astronomical bodics in ascending order of their typical sizes :
(1)  stellar cluster

()  star

(3)  galaxy
(4)  satellite
(5)  planct

A. (4), (5), (2), (1), (3)
B. (5), (4), (1), (2), (3)
C. 4), (3), (2), 3), (1)
D. (4), (2), (5), (1), (3)

A B C D
©c O O O

1.2 Galileo has made some important astronomical discovercs through the observation by telescope. Which of the
followings is NOT onc of his discovenies ?

Celestial bodies are not perfect sphere.

The Earth is not the centre of the orbit of every celestial body.
The orbits of the planets are not circular.

Venus shows complete c¢ycle of phases.

onNnwp

A B C D
©c O O O

1.3 The famous Halley's Comet can be observed at the Earth periodically. The last t'upe that.it can be observed is in the year of
1986. The next time 1o be observed is in 2061. What is the length of the major axus of thus comet ?

A. 2.7 % 10"
B. 3.6 x 10" m
G 5510 m
D. 6.8 x 10" m

A B C D
c O O O

1.4  The luminosity of the Sunis 3.9 x 10*¢* W, What is the brighmess of the Sun observed at the Earth ?

A. 1380 Wm™?
B. 1950 W m?
. 2330 Wm *°
D. 4780 W m™?

A B C D
Q L QQ Q0

1.5 A space capsule of mass 500 kg ts projected with the velocity of ¢scape from a planct's surface. Whea the object is at
distance r from the planet's centre, its gravitational potential encrgy is equal to = 2.56 x 10° J. What 1s 1ts speed at this
posiion 7 (Take the potential energy to be zero at infimty.)

A. 2260 m s~
B. 3200 m 5~*
G 4530 ms !
D. 6400 m s & » w =
g O © ©
MOCKPAPERQ.OZZ-DSE-PHY 2-2 2 C.W.Sham
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1.6 Star X" has an angular shift of 7.4 x 10°7 md when it is viewed from the two opposite extremes of the Earth’s orbit over a
time interval of 6 months. Estimnte the distance of star X from the Earth. Express the answer in light year.

A. 20 ly
B. 29 ly
C 4] ly
D 58 ly

A B C D
O O O O

1.7 A star is about 6 kpc from the centre of a spiral galaxy and its rotational speed about the centre is 320 km s™'. Assume that
most of the mass of this galaxy is concentrated al the centre. Estimate the mass of this galaxy.

A. 201 x10%kg
B. 2.85 x 104 kg
@ 4.03 x 10*! kg
D. 5.69 ~x 10%' kg

1.8
Y
Earth @- -------------------------------------------- : % star
A star is moving at a velocity of 650 km s~' making an angle of 40° to the line of sight from the Earth as shown. If the star
emits a spectral line of wavelength 524.65 nm, what would be the apparent wavelength of this spectral Line observed at the
Earth 7
A. 523.73 nm
B 523.92 nm
C 525.52 nm
25.58
S A B C D
o O Q 9 ©
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Q.1: Structured question

(a)

(b)

For a satcllite of mass m moving in a circular orbit of mdius r around the Earth of mass A/, the only force acting on the
satellite 1s the gravitational force, if air resistance i1s negligible.

(i) Denve an cxpression for the kinetic energy K of the satellite, in terms of G, M, m and r. (1 mark)

(if) Take the gravitational potential energy U of the satellite at infinity to be zero, denve an expression for the total
mechanical energy £ of the satellite, in terms of G, M, m and . (1 mark)

A geostationary satellite orbiting around the Earth above the equator always scems to stay at a certain position.

(1) Statc the period of a geostationary satellite. (1 mark)
(i1) Calculate the radius of the orbit of the geostanonary satellite. (3 marks)
(iii) Explain why a gcostationary satellite is used as a communication satellite. (1 mark)

(c) After a few vears, the geostationary satellite loses a mechanical eaergy of 2.0 x 10° J due to the effect of the Earth's
atmosphere,
(i) Calculate the ncw orbital radius of the satellite. (2 marks)
(ii) State the change of the linear speed of the satellite after it moves mto the pew orbit. (1 mark)
MOCKPAPER2022-DSE-PHY 2-4 4 C.\WV.Sbam
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Section B : Atomic World

Q.2: Multiple-cholce questions

2. ] NP - S

P

The above figure shows the path of an a-particle moving head-oo towards a gold nucleus X. At point P, the a-particle 1s
closest to the nucleus. Which statement below 1s NOT correct 7

The potenual energy of the a-particle at P is at a maximum.
The distance PX gives an upper limit of the size of the nucleus X,

1( the a-particlc has a larger initial speed, the distance between P and X would be greater.
If the gold nucleus is replaced by another nucleus of greater atomic number, the distance P and X would be

greater. A 3 C 0
© O O O

On0®mx>

2.2 Somc hydrogen atoms in the third excited state (i.c. n = 4) subsequently produce a spectrum consisting of a seres of
discrete lines. How many spectral lines of different wavelengths are there 1n the spectrum ?

A. 3
4
6
8 A B @ D
O O o 0O

2.3 The orbital radius of the electron of a hydrogen atom at the ground state is 5.3 x 10-"! m, What is the linear mormentum of
the electron when it is at the second excited state (n = 3) ?

A. 3.3x 10 Ns
B. 44 x 1008 Ns
C. 55x10°¥ Ns
D.  66x10®Ns A B C D

O O O O

2.4 A prolon has a mass of 1.67 x 10737 kg and it carries o charge with the same magnitude as that of an electron. In order to

give protons the de Broglie wavelength of 2.5 x 10°'? m, what should be the accelerated voltage for the protons that are
starting from rest ?

A. 132V
B. 256V
C. 542 V
D. 695 V A B C D

o O O O

2.5 A photon makes a collision with an atom at ground state. The photon is absorbed by the atom. Which of the followng
consequences may occur ?

(1) The atom becomes jonized.

(2)  The atom cmits a photon of the same wavelenpth as the incident photon.
(3)  Thbe atom emits a few pholons of different wavelengths.

A. (1) and (2) only
B. (1) and (3) only
B (2) and (3) only
D.

(1), (2) and (3) D

A B -
O O O O
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16 Two small point objects emitting red light of wavelength 650 nm are observed by a buman eye. "ljbe distance Qf the two
objects from the eyc is 2.4 m. If the diameter of the pupil of the cyc is 2.8 mm, calculate the minunum separation of the
two objccts that can be resolved by the eye.

A, 0.34 mm
B. 0.48 mm
C. 0.68 mm
D. 0.96 mm

A B C D
o O 0O O

7.7 Which of the followings correctly describe(s) the function of the olectromagnetic lens system used in a2 Transmission
Clectron Microscope (TEM) ?

(1) The clectromagnetic lens system accelerates tho electron beam to a hugh enough speed
(2)  The clectromagnetic lens system works with a principle similar to 8 concave lens of an optical system.
(3)  The clectromagnetic lens system allows the electrons with a small range of well-defined coergy to pass througb.

A. (1) only
B.  (3)only
L (1) and (2) only
D. (2) and (3) only

A B C D
O O O O

2.8 Which of the following may be the possible applications of nanotechnology ?

(1)  cosmctic products

(2) drugs
(3)  pant
A. (1) and (2) only
B. (1) and (3) only
& (2) and (3) only
D. (1),(2)and (3) A B 0 D
2 0 0 O
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Q.2 : Structured question
SHlbude clectromagnetic radiation

d.c, power supply of
variable voitage vV

The above sct-up is used 1o investigate the stopping potential of the photoclectrons emitted from the cathode of a photocel]
when electromagnetic radiation of different frequencies are incident onto the cathode. The d.c. power supply gives a variable
voltage ¥ across the photocell.

(a) Brefly describe how the stopping potential ¥ of the photoclectrons cmitted can be measured using this set-up for a
certain frequency of radiation. (1 mark)

(b) When photoclectrons are emitted from the cathode, state the direction of currcat through the ammeter (from X to Y or
from Y to X"), if the ammeter bas deflection. (1 mark)

(¢) Sketch a graph of the current / through the ammeter against the voltage V. (1 mark)

The graph below shows how the stopping potential #s of the photoelectrons cmitted from the surface of a metal A4 varies with
the {redquericy fof the in¢cident radiation.

I's/V . )
T T | T - ]
| | |
3 -+ 1 + T =
e S t R - 1} 5 B /’f 2 =
2= i 1 o7
¥,
| /
| ‘ y s Z p—— o
| |
] — O — :
S S S I I
|
. | c 4
0 /710" He
0 d 10
(d) Denve an expression represcented by the slope of the graph. (1 mark)
(¢) From the graph, state and explain an obscrvation that cannot be explained by the wave theory of light. (2 marks)

() Supposc now a beam of monochromatic light of wavelength 400 nm 1s incident onto the cathode.
(i) From the graph, find the maximum kineuc coergy of the photoelectrons emitted from the cathode. (2 marks)

(ii) Find the maximum kinctic encrgy of the photoelectrons reaching the anode if the voltage of the d.c. power supply

15 adjusted 10 0.8 V. (1 mark)
(g) Statle the change of the x-interceplt of the gruph if the experiment is repeated by using higher wntensity of electromagncetic
radiation. (1 mark)
MOCKPAPER2022-DSE-PHY 2-7 7 C.W.Sham
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Section C : Energy and Use of Energy

Q.3: Multiple-cholee questions

3.1 L

3im

P

+——————— 4n

A rectangular room has a height of 3 m and a width of 4 m as shown in the above figure. Two identical small lamps Z; and
Ls, each gives out a steady luminous flux of 2500 lm, are used to illuminate the room. L, is fixed at the corner and L; 1s
fixed at the muddle of the ceiling, as shown in the figure. Neglect the reflection of hight by the surrounding walls and ceiling.
Calculate the illuminance at the point P, which is exactly at the middle of the floor.

A. 13 Ix
B. 22 Ix
C. 28 Ix
D. IS Ix

A B C D
O O 0O O

3.2  An air conditioper has a power rating of 1.5 kW. It is installed in an insulated room to extract heat. The room contains air

16 m’ of air at 40 °C. The air-conditioner tahes 180 s 1o lower the temperature to 25 °C. Calculate the coefficient of
performance (COP) of the air-conditioner.

Given - density of air = 1.2 kg m™ ; specilic heat capacity ofair = 1000 J kg ! K-!

A 2.0
B. .2
G 2.4
D. 2.8

A B C D
o O O O

3.3 A small house has the shape of a cube, with each side of 8 m. The total arca of the windows at the house is 20 m". Apart
from the botlom, the other five surfaces can conduct heat into the house. When the house is under sunlight, the average
ltemperatwe difference between the intenor and the exterior of the house 15 15 °C.

Given : U-value of the building matenal of the house = 13.5 Wm™= K !
U-value of the window material = 25 Wm?2K

Estimate the Overall Therma) Transfer value (OTTYV) of the bouse.

A. 192 Wm ?

B. 194 \V m ?

C, 198 W m™? A B & D

D, 205 W m ? O & O O
MOCKPAPER2022-DSE-PHY 2-8 8 C.W.Sham
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3.4  Which of the following [actors would affect the U-value of a building material ?
(1)  the thickness of the building material
(2)  the arca of the building matenal
(3) the temperature difference across the butlding matenal
A. (1) only
B. (3) only
C. (1) and (2) only
D. (2) and (3) only A B s D
o O L O
3.5  Which of the following descriptions about a hybrid car is/are correct ?
(1) A hybnid car bas no pipe cmission.
(2) A hybnd car does not require charging via an external power source.
(3)  The battery of a hybrid car can only be charged by regenertive braking system.
A (1) only
B. (2) only
2 (1) and (3) only
D.  (2)and(3) only A B C D
o O O O
3.6 A wind farm installs a total of 30 wind turbines. Each turbinc has 2 blades, each of length 18 m. When steady wind blows
normally on the blades of the turbine at an average velocity of 12.5 m 577, the turbine rotates to dnve the generator to give
out clectncity. If the efficiency of the turbine is 32%, find the total electrical power output by the wind farm. Given that the
density of air is 1.2 kg m™*
A. 0.38 MW
B. 2.86 MW
4 11.5 MW
D. 229MW A~ B C D
¢ & 9O B
3.7  The solar constant is 1370 W m %, Oa reaching the ground, about 60% of solar coergy is absorbed by the atmosphere. [fa
so