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OXFORD UNIVERSITY PRESS
PHYSICS AT WORK FOR HKDSE

MOCK EXAMINATION (Set 1)
PHYSICS PAPER 1

Time allowed: 2 hours 30 minutes

This paper must be answered in English

GENERAL INSTRUCTIONS

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

(2)  Section 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 written in the spaces provided in the Question-Answer Book. The Answer Sheet for Section
A and the Question-Answer Book for Section B will be collected separately at the end of the
examination.

(4)  The diagrams in this paper are NOT necessarily drawn to scale.

(5)  The last two 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)

M

2

(€)

“)

)

(6)

Read carefully the instructions on the Answer Sheet. After the announcement of the start of the
examination, you should first insert the information required in the spaces provided. No extra time will be

given after the ‘Time is up’ announcement.

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 question.

All questions carry equal marks.

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

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

No marks will be deducted for wrong answers.
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Section A

There are 33 questions. Questions marked with * involve knowledge of the extension component.

1 Sherman adds 200 g of milk at 10 °C into a cup of coffee at 60 °C. The final temperature of the
mixture is 40 °C. Which of the following must be correct? Assume there is no energy transfer
with the surroundings.

A The specific heat capacity of the milk is lower than that of the coffee.

B The final temperature of the mixture would be 20 °C if 400 g of milk is added instead.
C The heat capacity of the coffee is higher than that of the milk.

D The mass of the coffee is larger than that of the milk.

2 The figure shows how an object’s temperature varies with time. It is in liquid state at instant P.
temperature
A
P
Q R
S
> time

The temperature remains unchanged during period QR. Which of the following must be correct?
(1)  The object absorbs energy during period PQ.
(2)  The object is purely solid at instant S.

(3) The average potential energy of the molecules of the object is decreasing during period

OR.
A (3) only
B (1) and (2) only
C (2) and (3) only
D (1), (2) and (3)
3 An ideal gas is heated from 25 °C to 100 °C in an inexpansible container. The pressure inside

the container will
A be doubled.
B become 4 times of its original value.
C increase by 12.5%.
D increase by 25%.
4 Two cars X and Y start moving from rest and travel along the same straight road. X starts moving

first. The figure shows their velocity—time graph.

Physics at Work for HKDSE
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velocity
A

0 10 > time /s

Which of the following statements about the motion of the cars must be correct?
(1) Xand Y have the same average velocity from 7 =0to 7= 10s.

(2)  Xand Y have the same instantaneous velocity at 7 = 10 s.

(3) Xand Y have the same average acceleration from #=0to 7= 10s.

A (1) only

B (2) only

C (1) and (3) only
D (2) and (3) only

5 At t=0, a car of mass 1000 kg starts moving from rest. The car then moves in a straight line.

The figure shows how the net force acting on the car varies with time. Find the speed of the car

atr=15s.
net force / N
A
1500
900 :
3 » time /s
0 10
A 9ms!
B 13.5ms!
C 15ms™!
D 225ms’!
Physics at Work for HKDSE
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6 The figure shows a rod with a uniform cross-section. PQ and QR are made of different
materials, each of uniform density. The ratio of the length of PQ to that of OR is 1 : 3. When the

rod is hung at Q, it remains in equilibrium as shown. If the mass of PQ is m, find the tension in

the string.

A mg

B 1.33mg
C 3mg

D 4mg

7 A block of mass m is placed on a wedge as shown. The inclined plane of the wedge makes an
angle @with the horizontal and the mass of the wedge is 3m. If the block remains stationary on

the wedge, find the magnitude of the force acting on the wedge by the ground.

A mg sin 6
B 3mg
C mg(3 + sin 6)
D 4mg
8 A shuttlecock of mass 5.5 g is smashed by a badminton racket and the time of impact is 0.2 s.

The speed of the shuttlecock just before hitting the racket is 12 m s™'. When the shuttlecock just
leaves the racket, it moves with the same speed but in the opposite direction. Find the magnitude
of the average force acting on the shuttlecock during impact. Assume that the effect of gravity is

negligible during impact.

A 0.33N
B 0.66 N
C 1.32N
D 6.6 N

Physics at Work for HKDSE
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9 Two balls P and Q are projected horizontally from a vertical wall at the same time. The figure

shows the path of the balls.

wall

ground

Which of the the following statements is/are correct? Neglect air resistance.

(1)  The projecting speed of Q is higher.
(2) P and Q reach the ground with the same velocity.
(3) P and Q reach the ground at the same time.

A (1) only

B (1) and (2) only
C (2) and (3) only
D (1), (2) and (3)

10 A rectangular block lies on the ground as shown in Figure a. It is then pulled up and stand as

shown in Figure b. The mass of the block is 0.3 kg and its density is uniform. Estimate the

change in potential energy of the block.

20 cm

10 cm

FFFFFFF T T TFTFFTTFTFT

Figure a

A Zero

B 0.0151J]
C 0.1477J
D 0.2947]

Physics at Work for HKDSE
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11

12

13

An airplane flies with a constant speed of 200 m s™' in a horizontal circular path. The radius of

the circular path is 15 km. Find the angle between the wings and the horizontal.

aircraft

centreof @ -----—-- -
circular path

A 15.2°
B 15.8°
C 74.2°
D 74.8°

An astronaut moves in a circular orbit around the Earth at 2R from the Earth’s surface, where
Rp is the Earth’s radius. The gravitational field strength on the Earth’s surface is 9.81 N kg™'.

Find the gravitational field strength at the orbit.

A 1.09Nkg”!
B  245Nkg’
C  3.27Nkg’
D 491 Nkg™

The figure shows the displacement—time graph of particle X on a longitudinal wave that travels

to the right. Displacement to the right is taken as positive.

displacement

I /\ —» time /s

0 3

Which of the following statements is/are correct?
(1) Xis moving upward att=3s.
(2)  The kinetic energy of X is maximum at =3 s.

(3)  The frequency of the wave is 1 Hz.

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

Physics at Work for HKDSE
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14  One end of a string is tied to a vibrator and the other end is fixed to a wall. When the vibrator is

turned on, a stationary wave is formed. The figure shows the waveform at a certain instant. At

this instant, particle P is momentarily at rest.

v,

vibrator
wall

Which of the following statements about particles P, QO and R is/are correct?

R is moving upwards at the instant shown.

0 and R always reach their equilibrium positions at the same time.
P and Q vibrate with different amplitudes.

(1) only

(3) only

(1) and (2) only

(2) and (3) only

15  Particles a—k are located on a slinky spring. Figure ¢ shows the positions of the the particles

when the spring is not disturbed. When a travelling wave propagates along the spring from right

to left, the particles vibrate. Figure d shows the positions of the particles at a certain instant.

Figure c > ] ° ® ® q ® [} ® ® ®
<+“——>
10 cm
a b c d e f ghi j k
Figlll‘ed b hd L ® ° ° e o o ° °

direction of travel

Which of the following statements must be correct?

A

B
C
D

The wavelength of the wave is 40 cm.
Particle b is moving to the left at the instant shown in Figure d.
Particle fis moving to the left at the instant shown in Figure d.

Particle j is momentarily at rest at the instant shown in Figure d.

Physics at Work for HKDSE
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16 Isaac and Johnny are in front of a wall. They are on the same straight line perpendicular to the
wall. Johnny is 50 m from Isaac and 120 m from the wall. After Isaac blows a whistle once,

Johnny hears two sounds. What is the time difference between the two sounds?

Given: speed of sound in air = 340 m s~

50 m wall

[—>

Johnny Isaac
____.._ ______ . _________

A 0.21s
B 041s
C 0.56 s
D Cannot be determined as there is not enough information provided.

17  In the figure, Si and S, are loudspeakers. A student stands at position P which is equidistant
from S; and S,. At the beginning, only §; is turned on and the student hears a sound with normal
loudness. S is then turned on so that sound waves in antiphase are produced by S and S.

Which of the following best describes what the student hears over a period of time?

op
______ vy A I w S
Si S

A An alternative loud and soft sound

B A soft sound

C A loud sound

D A sound with normal loudness
Physics at Work for HKDSE
Mock Exam (Set 1) Paper 1A 8
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18  Two dippers are placed at positions X and Y in a ripple tank. They are set to vibrate in phase at a
frequency of 10 Hz. It is found that the amplitude of the wave attains a minimum at position P,

where PX=0.64 m and PY=0.62 m.

0.64 m * X

P x
k\ oY
O.62m\ﬂ

Which of the following may be the speed of the water wave?

() 0.13ms™

2) 02ms!

(3) 04ms’!

A (2) only

B (3) only

C (1) and (3) only
D (2) and (3) only

19 A light ray is directed towards a convex lens with focus F as shown. Which of the following (P,
0, R or §) is a possible path after the light ray has passed through the lens?

P

\\ Q
N

S

o o w »
v ™ Qv

Physics at Work for HKDSE
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20 A travelling wave is generated on a stretched string by a vibrator. If the frequency of the vibrator
and the tension in the string are adjusted at the same time, which of the following changes must

result in a shorter wavelength?

Frequency of vibrator Tention in string
A increase increase
B increase decrease
C decrease increase
D decrease decrease

21 A letter ‘F’ is placed at 10 cm in front of a convex lens as shown in the figure. A sharp image is

captured by the screen placed 15 cm behind the lens.

letter F 1
“10cm | 15cm
screen

If the screen is moved towards the lens, which of the following adjustments may allow a sharp
image to be captured on the screen again?

(1)  Move the letter ‘F’ away from the lens.

(2)  Replace the lens with a convex lens of longer focal length.

(3) Replace the lens with a concave lens of the same focal length.

A (1) only

B (2) only

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

22 Two point charges —4Q and +Q are fixed at the positions as shown in the figure.

-4Q Y +Q X

® 2.3 ® X

If the magnitude of the resultant electric field strength at point X is £, what is the magnitude of
the resultant electric field strength at point ¥?

A Zero
B 1.6E
C 2.67E
D 3E

Physics at Work for HKDSE
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23 A charged oil droplet is suspended between two horizontal metal plates. The voltage applied

across the plates is 4 kV and the separation between the plates is 20 cm. If the mass of the oil

droplet is 1 x 10~ kg, estimate the charge carried by the oil droplet.

= 4 kV

20 cm o oil droplet

[ ]
A 1.23x10°C
B 245%x10°C
C 491x107°C
D 981x107°C

24 Three light bulbs Li, L, and L3 are connected in a circuit as shown. The battery has negligible

internal resistance.

)

(N
/
L3

Which of the following changes will make L3 brighter?

(1) L is shorted.
(2) L is shorted.

(3) L,isremoved.

A (1) only

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

Physics at Work for HKDSE
Mock Exam (Set 1) Paper 1A

© Oxford University Press 2023

11



25  In the curcuit shown, each light bulb is rated at ’12 V, 30 W’.

9999

Which of the following can be the rating of fuse X? Assume that the transformer is ideal.

&/

A 250 mA
B 500 mA
C 1A
D 3A

26  Three long straight wires P, Q and R are placed as shown. Each wire carries a current of 1 A.

1A4 1AA 1AY

<« r e >

If the magnetic force per unit length acting on Q by P is F, find the resultant magnetic force per

unit length acting on R by P and Q.

A 0.75F
B F

C 1.25F
D 1.5F

Physics at Work for HKDSE
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27  In the circuit shown, the three resistors are identical. The 12-V battery has a negligile internal

resistance. The ammeter and the voltmeter are ideal. Find the reading of the voltmeter.

12V

———1|—
e S—

—=®
A Zero
B 4V
C 6V
D 12V

28 A metal rod of length L is placed on two parallel conducting rails PQ and RS as shown. The rod
makes an angle of 60° to the rail PQ. The separation between PQ and RS is d.

<8 x  x \< X X X
L
xd x x  x\\x \x x x Hr
60°
Xy X X X x\ X X
| \ X, |
R \B S
X X X X X X X
«—
v

If the rod is pulled so that it moves to the left with a uniform velocity v along the rail, what is the

induced current flowing through the resistor with resistance »?

BLv
A —_—
r
Bdv
B —
-
BLy sin 60°
C —_—
r
BLvsin 30°
D —

7

Physics at Work for HKDSE
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29  Two solenoids are placed next to each other as shown.

00000 @0@0@

S

When switch S is just closed, what will be the direction of the induced current through the
ammeter and the magnetic polarity of end P of the solenoid?

Direction of induced current Magnetic polarity of end P

A from M to N north
B from N to M north
C from M to N south
D from N to M south

30 A long current-carrying straight wire is placed between two slab-shaped magnets and the

resultant magnetic field is shown in the figure. The current / in the wire flows out of the page.

(<

What is the polarity of X and the direction of the magnetic force experienced by the wire?

Polarity of X Direction of magnetic force
A north upward
B north downward
C south upward
D south downward

Physics at Work for HKDSE
Mock Exam (Set 1) Paper 1A 14
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31

32

33

A 232Th nuclide undergoes a decay series and becomes a 215Pb nuclide. How many o and B

particles are emitted during the decay series?

o particles B particles
A 4 2
B 3 0
C 5 4
D 4 0

A radioactive source which emits o and 3 radiation but does not emit y radiation is placed near a
uniform magnetic field. The field points out of paper. When a GM tube is placed at position P,
the recorded count rate is 15 min~'. The count rate reaches a peak value of 60 min~' when the
GM tube is moved to position Q. The magnetic field is then removed and the count rate recorded

at P becomes 80 min~'. Estimate the count rate contributed by B radiation.

source [[oBmmt-------------omoo oo =]~

lead box with a uniform GM tube
small opening magnetic
field
A 20 min™
B 35 min!
C 65 min™'
D 80 min™

The nuclear fuel in a nuclear plant undergoes nuclear fission to generate electricity. If a power
of 50 MW is generated, estimate the mass of the fuel that is converted into energy in 2 hours.
A 1.11x107kg

B 4x10°kg

C 6x10"%kg

D 1200 kg

END OF SECTION A

Physics at Work for HKDSE
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List of data, formulae and relationships

Data

molar gas constant
Avogadro constant
acceleration due to gravity
universal gravitational constant
speed of light in vacuum
charge of electron
electron rest mass
permittivity of free space
permeability of free space
atomic mass unit
astronomical unit

light year

parsec

Stefan constant

Planck constant

Rectilinear motion
For uniformly accelerated motion:

v = u-tat
|

s = utt+—at
2

VvV = u*+2as

R=28.31Jmol' K

Na =6.02 x 10* mol™

2=9.81 m s~ (close to the Earth)
G=6.67x10"" Nm? kg™
c=3.00x108ms™!
ge=1.60x10"C
me=9.11 x 107" kg
&=8.85x10"2C>N"' m™
Uo=4mx 107 Hm™
u=1.661x 10" kg
AU=150x10"m
ly=9.46x 10" m
pc=3.09 x 10" m = 3.26 ly = 206 265 AU
0=567x10%Wm=2K*
h=6.63x10"*]s

(1 uis equivalent to 931 MeV)

Mathematics

Equation of a straight line y=mx+c
Arc length =r6

Surface area of cylinder =2nrh + 2m”
Volume of cylinder =mh
Surface area of sphere = 4m?
Volume of sphere = % nr’

For small angles, sin 8= tan 8= @ (in radians)

Astronomy and Space Science

Energy and Use of Energy

GMm o , o
U=- gravitational potential energy E =Z illuminance
r
P=ocAT* Stefan’s law AT, - T,
M v AL Q_ Al 1) rate of energy transfer by conduction
|—/| PORPN |— Doppler effect t d
fol " 14 .
U= r thermal transmittance U-value
1 3 . . .
P= 5 pAv maximum power by wind turbine
Atomic World Medical Physics
1.222 . o .
Emevmx2 =hf— ¢ Einstein’s photoelectric equation 0= BV Rayleigh criterion (resolving power)
4
E = _l Mede | _ _% eV power =1 power of a lens
T 8Ky 2
energy level equation for hydrogen . .
atomgy a vdrog L=1 Ologé intensity level (dB)
A=t N de Broglie formula Z=pc acoustic impedance
p my I, _(z,-7)* . . . .
a=-—L=222 L intensity reflection coefficient
1.22) o : ly (Z,+Z))
O=——— Rayleigh criterion (resolving power) ) . i
d [ =I,e ™ transmitted intensity through a
medium
Physics at Work for HKDSE
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Al.

A2.

A3.

A4.

AS.

Bl1.

B2.

B3.

B4.

BS.

B6.

B7.

CI.

C2.

C3.

energy transfer during

E=mcAT heating and cooling DI. 4neyr? Coulomb’s law
energy transfer during E= Y electric field strength due to a
E=1Am D2. :
change of state 4ne,r point charge
PV =nRT §quat10n of state for an D3. F=_ electric field 1t?etween parallel
ideal gas d plates (numerically)
1 — . . pl . o
PV = 3 Nmc? kinetic theory equation D4. R = n resistance and resistivity
_3RT o ‘ L
Ex TN molecular kinetic energy  DS. R=R +R, resistors in series
A
D6 t_1 + ! istors i llel
. R-R TR resistors in paralle
Av A
—m=— =22 force D7. P=IV=PR power in a circuit
At At
moment =F X d moment of a force DS. F=BQvsin force on a moving charge in a
magnetic field
Ep=mgh gravitational potential DY F=Bllsin 0 force on a F:urrent-carrymg
energy conductor in a magnetic field
Ex=1 my kinetic energy D10. B :—'UOI magnetic ﬁeld due to a long
2 2 straight wire
NI . . .
P=Fv mechanical power D11. B —Fo magnetic field inside a long
Ji solenoid
Vv . . AD .
a=—-=w'r centripetal acceleration  DI12. &=N N induced e.m.f.
-
~ Gm,m, Newton’s law of v, _ N, rat'lo of secondary voltage to
F= 3 o D13. primary voltage in a
r gravitation v, N,
transformer
AD fringe width in N n L
Ay = — doubleslit interference El. N = Noe law of radioactive decay
. . . 1n 2
dsin 0=nAl d1ffra§t1on grating E2. t1=— half-life and decay constant
equation 5 k
Silo= equation for a single E3. A= kN activity and the npmber of
f lens undecayed nuclei
E4. AE = Amc? mass-energy relationship
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Section B: Question-Answer Book B

This paper must be answered in English

INSTRUCTIONS FOR SECTION B

(1)

2

3)
4)

)

(6)

After the announcement of the start of the examination,
you should first insert your information in the spaces

provided on Page 1.

Refer to the general instructions on the cover of the

Question Paper for Section A.
Answer ALL questions.

Write your answers in the spaces provided in this
Question-Answer Book. Do not write in the margins.

Answers written in the margins will not be marked.

Graph paper and supplementary answer sheets will be
provided on request. Insert the information required, mark
the question number box, and fasten them with string
INSIDE this Question-Answer Book.

No extra time will be given for inserting your information
or filling in the question number boxes after the ‘Time is

up’ announcement.
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Page total

Section B: Answer ALL questions. Parts marked with * involve knowledge of the extension

component. Write your answers in the spaces provided.

1 Figure 1.1 shows an instant water heater used in an apartment.

water outletl Twater inlet (25 °C)

Figure 1.1
(Photo credit: Volodymyr Shtun | Dreamstime.com)

(a)  The heater is rated at ‘220 V, 6 kW’, and the rate of water flow is 0.1 kg s~

(i)  Which fuse, 10-A, 30-A or 50-A, is most suitable for this heater? Justify

your answer. (2 marks)

(ii) Suggest a design for the water pile inside the heater to facilitate the heating

process of water. (1 mark)

Physics at Work for HKDSE
Mock Exam (Set 1) Paper 1B 19
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(iii) Suppose the temperature of the water flowing into the heater is 25 °C.
Estimate the temperature of water flowing out of the heater.

Given: Specific heat capacity of water = 4200 J kg ' °C""! (2 marks)

(b) The water outlet is connected to a faucet (Fig 1.2) where the hot water in (a)(iii) is

mixed with water at 25 °C.

25 °C water hot water
_> ‘_

Figure 1.2

Given that the flow rate of hot water remains at 0.1 kg s™' and the flow rate of
25 °C water is 0.2 kg s™', find the final temperature of the water coming out of the

faucet. (2 marks)

Physics at Work for HKDSE
Mock Exam (Set 1) Paper 1B 20
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2 A rigid container of volume 0.3 m® is used to store compressed helium gas. The gas
pressure is 1.2 X 10° Pa when the container is stored at a cool place where the temperature

is 15 °C. Assume that the helium gas behaves like an ideal gas.

Figure 2.1
(Photo credit: Artiom Storojenco | Dreamstime.com)

(a) The container is moved to a room where the temperature is 25 °C.

(i)  Find the new pressure of the helium gas. (2 marks)

(ii)  Using the kinetic theory, explain how the gas pressure changes when the

temperature of the helium gas in the container increases. (3 marks)

Physics at Work for HKDSE
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(b) The helium gas in the container is used in a room at 25 °C for pumping balloons

(Fig 2.2).

Figure 2.2

Given that the standard volume and pressure of a pumped balloon is 0.05 m® and
1.02 x 10° Pa, find the gas pressure inside the container after getting 10 standard
pumped balloons. Assume the temperature of the gas remains constant in the

process. (4 marks)

Physics at Work for HKDSE
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3 Read the following passage about the g-force and answer the questions that follow.

The speed of a spacecraft can reach 9000 km h™' in a short period of time during the
launch. A great force is experienced by an astronaut in the spacecraft when the
spacecraft accelerates or decelerates rapidly (Fig 3.1). To express the size of the force
that an astronaut experiences per unit mass, g-force is commonly used. A g-force of 1g
is equal to the gravitational force that a 1-kg object experiences under normal pull of
gravity on the Earth’s surface. If an astronaut experiences a g-force of 2g from the
spacecraft, he or she actually experiences a force from the spacecraft which is equal to

a double of his or her normal weight.

Figure 3.1
(Photo credit: NASA)

In the launch of a spacecraft, a g-force greater than 3g is usually experienced.
Astronauts wear g-suits to prevent their blood from moving away from their brains,

which can lead to unconsciousness.

(a) A spacecraft ejects gas downwards during the launch. Explain, in terms of

newton’s laws of motion, why the spacecraft can leave the ground. (2 marks)

(b)  An astronaut of 60 kg sits in a spacecraft. During the launch, he experiences a g-
force of 3g from his seat. Assume the spacecraft accelerates vertically upwards and

the force acting on him by his seat remains unchanged during the launch.
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(i) InFigure 3.2, draw and label all forces acting on the astronaut. (1 mark)

Figure 3.2

(ii) Estimate the acceleration of the spacecraft during the launch. (2 marks)

(iii) Estimate the time needed for the speed of the spacecraft to reach 9000 km h™'

from rest. (2 marks)

(iv) Assume that the propelling force acting on the spacecraft remains the same
when the spacecraft is very far away from the Earth. Would the acceleration
of the spacecraft increase, decrease or remain unchanged? Explain your

answer. (2 marks)
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4 Janice slides down from rest at the top of a water slide in an amusement park (Fig 4.1).
After she leaves the exit of the water slide, she moves in mid-air for a while and then falls
onto a pool of length D. The top of the slide is 10 m above the water surface while the
exit of the slide is 2 m above the water surface. The direction in which Janice leaves the
exit makes an angle of 30° to the horizontal. Assume that the slide is smooth and air

resistance is negligible.

Figure 4.1

(a) (i) InFigure 4.1, draw an arrow to show the direction of the velocity of Janice

leaving the exit of the slide. (1 mark)
(ii) Find the speed of Janice when she leaves the exit of the slide. (2 marks)
(iii) Find the time during which Janice moves in mid-air. (2 marks)
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(iv) Estimate the minimum value of D so that Janice can fall on the pool.

(1 mark)

(v)  If another person of larger mass slides down the water slide, how will the

result in (a)(ii) be changed? (1 mark)

(b) After Janice enters the water, she sinks and finally reaches the maximum depth.

(i)  Describe the energy conversion when Janice sinks from the water surface to

the maximum depth. (2 marks)

(ii)  Janice will badly injured if she hits the ground, but does not get injured when

hitting the water surface. Explain why. (2 marks)
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5 Monochromatic light is directed onto a plane transmission grating and a screen is placed

70 cm behind the grating (Fig 5.1). The grating has 500 lines per mm.

l[———70cm—p|

1
monochromatic —T_
light ———F---------m - 73 cm

grating

Diagram NOT

second-order
screen drawn to scale

bright dots

Figure 5.1

Several bright dots are observed on the screen. The two second-order bright dots are

separated by 73 cm.

(a) In Figure 5.2, draw the pattern of bright dots observed on the screen. (2 marks)
e 73 cm >
Figure 5.2
(b) Find the frequency of the monochromatic light. (3 marks)
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(¢) Find the maximum number of bright dots formed. (2 marks)

(d) If the monochromatic light is replaced by red light, how will the separation

between the bright dots on the screen change? (1 mark)
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6 (a) The following apparatus is provided.
1 convex lens with stand, 1 metre rule, 1 screen, some LEDs forming a letter ‘F’

Describe how you would use the above apparatus to find the focal length of the

convex lens. (4 marks)
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(b) A green monochromatic light beam is directed to a glass prism as shown in

Figure 6.1. It makes an angle of 67° to side AB of the prism.

Figure 6.1

(i)  Find the refractive index of the prism. (2 marks)

Answers written in the margins will not be marked.

(ii)  Sketch the path of the light beam after it hits side AC. Explain your answer.
(3 marks)
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7 Figure 7.1 shows the simplified circuit diagram of a heater with two heating modes (high
power and low power). The three resistors are identical. It is known that when the heater

is in low power mode, its rated values are 220 V, 600 W’

<
Ao, | l220v

0—III—B? % a.c. source

o o

Figure 7.1

(a) Which side, 4 or B, should the switch be turned to for the heater to operate in low

power mode? Explain your answer. (2 marks)

(b) Hence, find the resistance of each resistor. (2 marks)
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(¢)  The heater is now in high power mode.

(i)  Find the rated power of the heater. (2 marks)

(ii) What will happen if the heater is plugged into a 120-V a.c. source? (1 mark)
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8 Figure 8.1 shows two parallel metal plates which are separated by 10 cm. They are

connected to an EHT power supply so that a potential difference of 3 kV is applied to the

plates.

Wl

-+ —

Figure 8.1

(a) InFigure 8.1, draw the electric field lines between the plates.

(b) Calculate the magnitude of the electric field strength between the plates. (2 marks)

Page total

(1 mark)

(¢) A light conducting sphere carrying a charge of +1 x 107 C is hanged by an

insulating string between the plates as shown in Figure 8.2. The sphere is stationary

when the string makes an angle of 30° to the vertical.

L]

+ u—

Figure 8.2
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(i) Find the mass of the metal sphere. (3 marks)

(ii)  If both plates are moved to the right slightly with the separation unchanged,
how will the angle between the string and the vertical change? Explain your

answer. (2 marks)
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9 A magnetic field is used to separate the isotopes of an element. A stream of particles
enters a region with a uniform magnetic field of 0.5 T as shown in Figure 9.1, with a
speed of 1.2 x 10° m s™'. The amount of charge that each particle carries is 1.6 x 107" C.

Two paths of the particles, 4 and B, are observed. The effect of gravity is negligible.

X
X
X
X
X
X

\
‘I
4
|
30cm B~ X /X ' X X X X X X
/
path B I
e !
X X ;X X X X X X
—————— - /ll
/"
X X X X X X X X X
v B pathA

sensor

Figure 9.1

(a) Consider a particle moving in path 4.

(i)  Does the particle carry a positive charge or a negative charge? (1 mark)

(ii) Find the magnitude of the magnetic force acting on the particle. (2 marks)
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(iii) It is observed that the speed of the particle remains unchanged when the

particle moves in path 4. Explain why.

Page total

(2 marks)

(iv) Find the mass of the particle.

(2 marks)

(b) Isaparticle in path B heavier, lighter, or of the same mass when compared with the

one in path 4? Explain your answer.

(2 marks)
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10  Plutonium-238 (Pu-238) of atomic number 94 is used in a ‘nuclear battery’ to provide
electricity. It can decay to U-234 through an o decay.
Given: Mass of Pu-238 =238.049 56 u
Mass of U-234 =234.040 95 u
Mass of o particle =4.0015 u

(a)  Write down an equation for the decay process mentioned above. (1 mark)

(b) Find the amount of energy released in the decay. Express your answer in MeV.

(2 marks)

(c¢) Itis known that the plutonium in a nuclear battery initially releases energy at a
power of 10 W. Assume that Pu-238 only undergoes the decay mentioned above

and its half-life is 87.7 years.

(i)  Estimate the initial activity of the plutonium in the battery. (2 marks)

(ii) Estimate the power of the plutonium in the battery after 30 years. (2 marks)

END OF PAPER
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Section A: Astronomy and Space Science

Q.1: Multiple-choice questions
1.1  Which of the following statements about the Ptolemaic geocentric model and the Copernican
heliocentric model are correct?
(1) Both models can explain the retrograde motion of Mars.
(2) The Copernican model can explain the complete cycle of phases of Venus while the
Ptolemic model cannot.
(3) The Earth moves in a circular orbit in both models.
A (1) and (2) only
B (1) and (3) only
C (2) and (3) only
D (1), (2) and (3)

O »
O=
O A
O

1.2 Two astronauts of different masses experience weightlessness in a space station. Which of the
following statements is/are correct?
(1)  The two astronauts experience the same magitude of gravitational force.
(2) The gravitational forces acting on the astronauts are balanced by other forces.

(3) The two astronauts have the same acceleration.

A (1) only
C (1) and (3) only O O O O
D (2) and (3) only

1.3  An absorption spectrum can be obtained when a star is observed from the Earth. Which of the
following can be deduced from the spectral lines?
(1)  The composition of the star’s outer surface
(2)  The radial velocity of the star

(3)  The temperature of the star’s core

A (1) only

B (3) only A B C D
C (1) and (2) only O O O O
D (2) and (3) only
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1.4  The two pictures below show the same region of the sky taken in January and May of the same

year. P, O, R, S and T are five stars.

January view May view

Which of the following statements must be correct?

(1)  Stars P and R are equidistant from the Earth.

(2)  Star Tis the brightest among the five stars when observed from the Earth.
(3) Star Tis closer to the Earth than star S.

A (1) only

B (3) only A B C D
C  (1)and (2)only o O O O
D (2) and (3) only

1.5 The following table lists the apparent magnitudes and the absolute magnitudes of several stars.

Star Apparent magnitude Absolute magnitude
X -2.5 32
Y 2.5 1.7
VA 0.3 1

Which of the following statements about the three stars is/are correct?
(1)  Star X has the smallest luminosity.

(2)  Star Y is the farthest from the Earth.

(3) Star Z is the dimmest in the sky.

A (1) only

B (3)only A B C D
C (1)and(2) only O O O O
D (2) and (3) only
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1.6  The following figure compares the luminosity and the surface temperature of star P, star Q and

the Sun.

increasing
luminosity

A

Sun

O
)

Q
J

)

A

increasing surface temperature

Which of the following statements is/are correct?

(1) P is larger than the Sun.

(2) Qs the smallest among the three stars.

(3) P must be brighter than Q when observed from the Earth.
A (3) only

B (1) and (2) only A

C (2) and (3) only O

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

O =
O A
Ov

1.7 Two stars P and Q are found to have equal brightness when observed from the Earth. The
parallax of P is doubled that of Q. If the luminosity of P is L, what is the luminosity of O?
A 0.25L
B 0.5L A B C D
c 2 O O O O
D 4L

1.8 Io and Europa are two satellites of Jupiter. The orbital periods of Io and Europa are 42 hours

and 85 hours respectively. If the semi-major axis of Io’s orbit is 4.22 x 10® m, what is the semi-

major axis of Europa’s orbit?

A 1.03x10°m
B 2.64x10°m A
C  675x10°m O
D 854x10°m
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Q.1: Structured question

1 Spacecraft X is launched from point 4 on the Earth’s surface and travels to a circular orbit at

2000 km above the Earth’s surface (Fig 1.1). During the launch, the engine is turned on until the

speed of the spacecraft reaches 8500 m s within a short time. The engine is turned off after the

launch. Given: radius of the Earth = 6370 km, mass of the Earth = 5.97 x 10** kg

(@)
(b)

(©)

(@)

B

Diagram NOT
drawn to scale

Figure 1.1

Find the speed of the spacecraft when it arrives the orbit at B. (2 marks)
When the spacecraft reaches B, the engine is turned on again to accelerate the spacecraft
so that it remains in the circular orbit. Find the speed of the spacecraft to remain in the
orbit. (2 marks)
How will the answer in (a) change if a spacecraft of a larger mass is launched from 4
with the same speed? (1 mark)
Another spacecraft ¥ moves in an elliptical orbit around the Earth as shown in Figure 1.2.

The figure also shows their positions and moving direction at a certain instant.

X Y
I
Diagram NOT
drawn to scale
Figure 1.2
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(i) It is known that the semi-major axis of ¥’s orbit is the same as the radius of X’s
orbit. Are the two spacecrafts possible to collide with each other? Explain your
answer. (3 marks)

(ii) A telescope is installed on spacecraft Y. When it is used to observe the spectrum of
a distant star, a spectral line with a wavelength of 578.1 nm is observed. However,
laboratory measurement shows that the line should have an unshifted wavelength

of 578 nm. Find the radial velocity of the star. (2 marks)
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Section B: Atomic World

Q.2: Multiple-choice questions

2.1 In Rutherford’s scattering experiment, some o particles are observed to have bounced back

from the foil. Which of the following best explains the observation?

A

B
C
D

The nucleus contains neutrons.
Most of the mass of an atom is concentrated in the nucleus.
An atom is neutral in charge.

Electrons orbit around the nucleus.

A B C D
o O O O

2.2 In the absorption spectrum of hydrogen gas, dark lines are observed. Which of the following

best explains the formation of the dark lines?

A

Light of certain wavelengths from the light source is completely absorbed by the
hydrogen gas.

Light of certain wavelengths from the light source is partially absorbed by the hydrogen
gas.

The hydrogen gas does not emit light of certain wavelengths.

Hydrogen gas emits ligh of certain wavelengths.

A B C D
o O O O

2.3 According to Bohr model, which of the following can be absorbed by a hydrogen atom in the

ground state?

(1)
2)
3)

S a w »

A photon of energy 10.8 eV
A photon of energy 12.1 eV
A photon of energy 13.8 eV

(2) only
(2) and (3) only o O O O

(1), (2) and (3)
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2.4 The following figure shows the set-up for investigating the maximum kinetic energy of the
photoelectrons emitted in the photoelectric effect. Monochromatic red light is shone onto the
metal plate in a photocell. The output voltage of the power supply is varied and the

corresponding ammeter reading / and voltmeter reading V are recorded. The result is displayed

in the graph below.
P !
A
@@ |
Is -7‘—
Io
(V)
N
0 o . } » V
power Vs
supply

Which of the following must be correct if the red light is replaced by monochromatic green
light?

(1)  The magnitude of ¥V, will increase.

(2)  Io will remain unchanged.

(3) [, will remain unchanged.

A (1) only

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

2.5 A metal plate is illuminated by electromagnetic radiation of wavelength 300 nm. Given that the
work function of the metal is 2.7 eV, find the maximum kinetic energy of the photoelectrons

emitted from the metal plate.

A 1.44 eV
B 2.7eV A B C D
C 4.14 eV O O O O
D 6.84 eV
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2.6 A photon is emitted when a hydrogen atom drops from the first excited state to the ground state.

Find the momentum of the photon.

A

B
C
D

1.81x10* kgms'
544x 10 kgms
725%x 10 kgms
9.07x 10" kgms™'

O »
Ow
Ona
O

2.7  Which of the following statements about a transmission electron microscope (TEM) is/are

correct?

(1)  The sample imaged by a TEM must conduct electricity.

(2) A TEM has a similar working principle to an optical microscope except that it uses high-
energy electrons instead of visible light.

(3)  When the accelerating voltage of a TEM is increased, its resolving power increases.

A (1) only

B (3) only A B C D

C (1) and (2) only O O O O

D (2) and (3) only

2.8  Which of the following statements about nanotechnology is incorrect?

A

B
C
D

The Lotus effect can be utilized to make windows water-attracting for self-cleaning.
A material in bulk size and nano size may show different colours.
A material in bulk size and nano size may show different electrical properties.

A carbon nanotube is stronger than steel of the same size.

A B C D
o O O O
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Q.2: Structured question
2 According to Bohr’s model, the energy level £, of an electron in a hydrogen atom can be

expressed as:
E,=— _2 eV
n

(a) Bohr’s model is considered a semi-quantum model. State two quantum aspects of Bohr’s
model. (2 marks)
(b) State the meaning of the negative sign in the equation. (1 mark)
(¢)  Some cool hydrogen gas is illuminated by photons each with energy 9.1 eV. Why does
the photons pass through the gas without absorption? (1 mark)
(d) The emission spectrumm of some hydrogen gas is observed. Figure 2.1 shows all
emission lines due to the transition to the ground state. Line A has the longest wavelength

among these lines.

line A

increasing wavelength
>

Figure 2.1

(i)  Suppose an hydrogen atom is excited to the third excited state (n = 4). Draw

arrow(s) in Figure 2.2 to show all possible transitions when the atom returns to the

round state. 2 marks
g
n=4
n=3
n=2
n=1
Figure 2.2

(ii)  State the transition in (d)(i) that produces spectral line 4 in the spectrum in
Figure 2.1. (1 mark)
(iii) Find the wavelength of spectral line A. (3 marks)
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Section C: Energy and Use of Energy
Q.3: Multiple-choice questions

3.1 The following figure shows a simplified diagram of an air conditioner.

| compressor
R />/ S
( )
\:_/
X | Y
)
QS —— P
flow of | expansion
refrigerant ' valve

Which of the following statements is/are correct?

(1)  Energy is transferred from X to Y by the refrigerant.
(2)  The refrigerant is hotter at point P than at point Q.
(3)  The refrigerant is hotter at point R than at point Q.

A (1) only

B (1) and (2) only A B C D
C (2) and (3) only O O O O
D (1), (2) and (3)

3.2 Which of the following comparisons between electric vehicles and conventional fossil-fuel
vehicles is/are correct?
(1)  Only electric vehicles are installed with regenerative braking system.
(2)  Electric vehicles do not produce greenhouse gases when they are moving.

(3)  Electric vehicles are more energy efficient than conventional fossil-fuel vehicles.

A (1) only

B (3) only A B C D
C (1) and (2) only O O O O
D (1), (2) and (3)
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3.3 An air conditioner with a coefficient of performance of 3.2 has a cooling capacity of 1600 W.

What is the rate at which heat is being released to the outside?

A 1100 W
B 2100W A B C D
C  3200W O O O O
D 4800 W

3.4  Which of the following statements about a microwave oven is/are correct?
(1)  The microwaves can only transfer energy to the food’s surface.
(2)  Water is the only material that can be heated up directly by the microwaves.

(3)  Water molecules flip vigorously when the microwaves pass through them.

A (1) only

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

3.5 A composite wall consists of a concrete layer and a brick layer as shown in the figure.

18°C 46 °C

concrete brick

The two sides of the wall are maintained at 18 °C and 46 °C respectively. Find the temperature
at the junction of the two layers.

Given: U-value of the concrete layer = 20.2 W m~ K™

U-value of the brick layer = 2.60 W m™ K™

A 212°C
B 213°%C A B C D
c 32°C o O O O
D 428°C

Physics at Work for HKDSE
Mock Exam (Set 1) Paper 2 49

© Oxford University Press 2023



3.6  The following are the steps describing how a fluorescent tube lamp works.

(1)
2)

3)

4)
)

The electrons in the phosphor coating absorb the ultra-violet radiation and are excited.
The tube is heated up bythe electric current, cauing the mercury inside to vaporize and
distribute throughout the tube.

The electrons in phosphor coating return to lower energy levels, and visible light is
emitted.

Mercury atoms are collided and excited by the electrons.

When the excited electrons in the mercury atoms return to lower energy levels, ultra-

violet radiation is emitted.

Arrange the steps in the correct order.

A

B
C
D

2)=>0C) =0 —=>H-=>0
2)=>@BH-=>0)->1-=0)
@H=>0->0->02—-0)
@D->0->01—=>06-0)

O »
O=
O A
Ov

3.7 Which of the following changes in building design will reduce the Overall Thermal Transfer
Value (OTTYV) of the building?

(1

Increase the size of the windows.
Make the outermost walls thicker.

Install solar control films to the windows.

(1) only

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

3.8 Wind turbines with blade length of 12 m will be installed to generate electricity for a village. By

taking the overall efficiency of the wind turbines as 20% and the wind speed as 5 m s, find the

minimum number of wind turbines needed to generate 200 kW of electricity for the village.

Given: density of air = 1.23 kg m™

A

B
C
D

27
28 A B C D
29 O O O O
30
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Q.3: Structured question

3 In an art gallery, a lamp with a luminous flux of 2000 Im is used to illuminate a piece of

artwork. Figure 3.1 shows the arrangement. Regard the lamp as a point source and assume that

reflection is negligible.

(@)
(b)

(©)

(d)

Tm
<+“—>
~
m lamp
2m
P
k
om artwor

Figure 3.1

Calculate the illuminance at point P on the surface of the artwork.

The information of two lamps is listed below.

(3 marks)

Luminous flux

Input power

Lamp 4 2000 Im

18 W

Lamp B 2300 Im

20W

Which lamp, 4 or B, has a higher efficacy? Show your calculation.

(2 marks)

Compared with an incandescent lamp, a light emitting diode (LED) lamp is considered as

a more energy-saving option for lighting. Explain why.

(2 marks)

Figure 3.2 shows the appearance of the gallery. The average rate of heat gain per unit arca

from outside through the building envolope is 21 W m™,

fy'

10 m

A
v
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(i)  Find the total rate of heat gain from outside. (2 marks)
(ii) If there are 20 people inside the gallery and each person releases 200 J of heat per
second, find the cooling capacity of the air conditioning system of the gallery so

that a constant temperature inside the gallery can be maintained. (1 mark)
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Section D: Medical Physics
Q.4: Multiple-choice questions

4.1  Which of the following statements about rod cells and cone cells in the retina is/are correct?
(1)  Rod cells only work well in bright light.
(2) Most cone cells are concentrated at the yellow spot..

(3) Cone cells are responsible for colour vision.

A (1) only
C (1) and (2) only O O O O
D (2) and (3) only

4.2  James is looking at two small objects 5 m away with only one eye as shown below. The two
objects reflect monochromatic red light of 700 nm to his eye. The diameter of the pupil of
James’ eye is 4 X 10~ m. Determine the separation d of the two objects if they can just be

resolved by James’ eye.

L AP
d :___..___._::::::::::::::::::::::==D
X James
I= 5m ;!
A 2.14x 10*m
_4

B 534 x 107" m A B c b
C 1.07x 107 m O O o o
D 0.683 m

4.3  The near point of Peter’s eye is 22 ¢m from his eye and the far point is 300 cm from his eye. It
is known that the distance between the retina and the optical centre of the refracting parts of the

eye is 3 cm. Which of the following is a possible focal length of Peter’s eye?

(1) 2.6cm

(2) 2.8cm

3) 3cm

A (2) only

B (3) only A B C D
C (1) and (2) only O O O O
D (2) and (3) only
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4.4 Optical fibres are used in an endoscope. The figure below shows the arrangement of some fibres

at the two ends (X and Y) of a bundle. A number is assigned to each fibre.
GJD &)
A A@A@
(5) A@ A@ (D7
E @AI@ @A@
@ (819 @YGDY@
s -

end X end Y

ih@@

06000
@A@@*m*@

end X

end Y

Which of the following statements about this bundle is/are correct?
(1)  This bundle is used to transmit light from end Y to end X.
(2)  This bundle does not allow the image at one end to be reproduced at the other end.

(3)  This bundle is used for illumination.

A (1) only

B (1) and (2) only A B C D
C (2) and (3) only O O O O
D (1), (2) and (3)

4.5 Which of the following contribute(s) to the amplification of pressure in the ear?
(1)  The ear bones work as a lever.
(2) The oval window has a much smaller area than the eardrum.
(3)  The cochlea is filled with fluid.
A (1) only

B (1) and (2) only

C (2) and (3) only

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

O »
Ow
oXe)
oo
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4.6  An X-ray source paired with a detector is moved horizontally for body scanning as shown.

X-rays from the source only travel towards the detector.

fat bone

——» direction of movement
of the X-ray source
and detector

Which of the following graphs best shows the variation of intensity of the X-ray detected when

the detector is moved from P to Q07

A

intensity of intensity of
X-ray detected X-ray detected
P Q position of P Q pos?cion of
detector detector
C . : ; .
intensity of intensity of
X-ray detected X-ray detected
I_I : |
:_' ! :_I 1 |
P Q position of P Q position of
detector detector
A B C D
o O O O
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4.7 A loudspeaker produces sound and the sound intensity level measured at 3 m from it is 60 dB. If
the power output of the loudspeaker is doubled, what will be the sound intensity level measured

at 6 m from it?

A 50dB

B 54dB A B C D
C 57dB O O O O
D 60dB

4.8 A GM counter is used to find out the count rate due to a gamma source. At 1 m away from the
source, the count rate due to the source is 4000 s™'. To store the source safely, the source is then
placed in a lead box. What is the thickness of the lead so that the count rate due to the source is

reduced to 100 s~ at 1 m away from the source? Given that the half-value thickness of lead is 5

mm.
A 1.4 cm
B 2.7 cm A B C D
C 4.0 cm O O O O
D 53 cm
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Q.4: Structured question
4 A piezoelectric transducer is used to examine an organ X of a patient (Fig 4.1). Coulping gel is

applied between the transducer and the skin.

soft tissue organ X
B C
transducer
coupling gel
Figure 4.1
(a) Explain briefly how a piezoelectric transducer can produce ultrasound. (2 marks)

(b) An ultrasound pulse is emitted and the echoes from interfaces 4, B and C are displayed

on a CRO (Fig 4.2). Given that the speed of ultrasound in organ X is 1600 m s~', estimate

the thickness of organ X. (2 marks)
echo echo echo \
from A from B from C

N /

10 us

Figure 4.2

(¢) The acoustuc impedances of the body tissues involved are listed below.

Tissue Acoustic impedance / kg m™ s™!
soft tissue 1.38 x 10°
organ X 1.63 x 10°
(i)  Find the density of organ X. (2 marks)

(ii) Find the percentage of the energy of the incident ultrasound reflected from
interface B. (2 marks)
(d) State one advantage and one disadvantage of using ultrasound of higher frequency in

medical imaging. (2 marks)

END OF PAPER
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List of data, formulae and relationships

Data

molar gas constant
Avogadro constant
acceleration due to gravity
universal gravitational constant
speed of light in vacuum
charge of electron
electron rest mass
permittivity of free space
permeability of free space
atomic mass unit
astronomical unit

light year

parsec

Stefan constant

Planck constant

Rectilinear motion
For uniformly accelerated motion:

v = utat
1 5
s = utt+—at
2
Vo= u?+2as

R=831Jmol'K!

Na = 6.02 x 10% mol™!

2=9.81 m s~ (close to the Earth)
G=6.67x 10" N m? kg™
c=3.00x108ms™!
e=160x10"C

me=9.11x 107" kg
&=885x10"2C>N"'m™?
Uo=4mx 107 Hm™
u=1.661x 10" kg
AU=1.50x10"m
ly=9.46x 10" m
pc=3.09x 10" m = 3.26 ly = 206 265 AU
0=567x10Wm2K™*
h=6.63x102*7Js

(1 u is equivalent to 931 MeV)

Mathematics

Equation of a straight line y=mx+c
Arc length =rf

Surface area of cylinder =2mrh + 21
Volume of cylinder =mh
Surface area of sphere = 4
Volume of sphere = 4 nr’

For small angles, sin &= tan 8= 6 (in radians)

Astronomy and Space Science Energy and Use of Energy
GMm o ) o ) .
U= gravitational potential energy = g illuminance
r
P=cAT* Stefan’s law 0 ATy - T¢) .
== rate of energy transfer by conduction
N v M t d
7 =—= Z Doppler effect .
of ¢ U= ’ thermal transmittance U-value
1 s , : .
= 5 PAv maximum power by wind turbine
Atomic World Medical Physics
1 _1.222 o ,
5 mevmax2 = hf — ¢ Einstein’s photoelectric equation o d Rayleigh criterion (resolving power)
1
- 1 mce4 13.6 v power =— power of a lens
= =——¢
n’ |8h’e,’ n’ I . .
energy level equation for hydrogen L=10log E intensity level (dB)
atom ..
Wk Z=pc acoustic impedance
A=—=— de Broglie formula I (Z,-2, )2
p my =——=——"—"> intensity reflection coefficient
. I : Iy (Z,+Z)
1.22 2 2 1
O= Rayleigh criterion (resolving power) ) . )
d I=Ie™ transmitted intensity through a

medium
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Al.

A2.

A3.

A4.

AS.

BI1.

B2.

B3.

B4.

BS.

B6.

B7.

Cl.

C2.

C3.
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E=mcAT
E=I[Am
pV=nRT
| )
pV==Nmc
3
EK=3RT
2N,
Av A
ANt At

moment = F X d

Ep=mgh
EK:lmv2
2

P=Fv
2
v
a=—=wr
r
~ Gmym,
2
Ay:x_D
a
d sin 8= n\
LI
u v f

energy transfer during
heating and cooling

energy transfer during
change of state

equation of state for an
ideal gas

kinetic theory equation

molecular kinetic energy

force

moment of a force

gravitational potential
energy

kinetic energy

mechanical power

centripetal acceleration

Newton’s law of
gravitation

fringe width in
double-slit interference

diffraction grating
equation

equation for a single lens
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DI.

D2.

D3.

DA4.

Ds.

Deé.

D7.

D8.

DO.

D10.

DI1.

D12.

D13.

El.

E2.

E4.
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4neyr
F=—2_
4ng,r
_V
d
rR=2L
A
R=R +R
it 1
R R, R
P=1V=DPR
F=BQvsin 8
F=BIlsin
1
ol
2nr
_ Mg NT
/
AD
e=N—
At
Vs ~Ns
Ve N
N=Noe_kt
[ _In2
B k
A=kN
AE = Amc?

Coulomb’s law

electric field strength due to a
point charge

electric field between parallel
plates (numerically)

resistance and resistivity

resistors in series

resistors in parallel

power in a circuit

force on a moving charge in a
magnetic field

force on a current-carrying
conductor in a magnetic field

magnetic field due to a long
straight wire

magnetic field inside a long
solenoid

induced e.m.f.

ratio of secondary voltage to
primary voltage in a
transformer

law of radioactive decay

half-life and decay constant

activity and the number of
undecayed nuclei

mass-energy relationship
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Paper 1 (75% of subject mark)
SECTION A (26.25% of subject mark)

Question No. Key Question No.
1 C 21
2 C 22
3 D 23
4 D 24
5 C 25
6 B 26
7 D 27
8 B 28
9 A 29
10 C 30
11 A 31
12 A 32
13 B 33
14 D
15 D
16 B
17 B
18 C
19 D
20 B
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SECTION B (84 marks, 48.75% of subject mark)

1
(a)

(b)

(@)

(b)

(i) Rated current

v 220
Therefore, a 30-A fuse is most suitable for this heater.

(ii) The water pile can be coiled inside the heater.

(iii) Consider the heating of water in each second.
Energy supplied by heater = energy gained by water
Pt =mcAT
6000 x 1 =0.1x4200 % (T —25)
T =393°C
The temperature of water flowing out of the heater is 39.3 °C.
Consider the mixing of water in each second.
Energy lost by heated water = energy gained by cool water
WHCAJHZZWQCAJE
0.1 x4200x%(39.3 -7)=0.2x4200 x (T — 25)
T=29.8°C
The final temperature of water coming out of the faucet is 29.8 °C.

(i) By pressure law,
P1 _ P2
T, T,
1.2x10° D2

15+273 254273
pr =1.24x10°Pa

The new pressure is 1.24 x 10° Pa.

(ii) The speeds of the gas molecules increase due to the increase in
temperature. Since the volume remains unchanged,
the collisions of molecules on the wall of the container become
more frequent and violent.
Therefore, the gas pressure increases.

_ _
By pV=nRT,n= =

Number of moles before pumping

_ (1.24%x10%)x0.3
T 831x(25+273)
Number of moles in each balloon
5
_ (1.02x10%)x0.05 _ 2.06 mol
8.31x(25+273)

Number of moles after pumping
=150-10x%2.06 =129 mol
By pV'=nRT,
p_ R _ constant
n v

Pr _ P2

nq ny

=150 mol

1.24%x10° _ b2
150 129
p» =1.07x10°Pa

The gas pressure is 1.07 x 10° Pa.

M
1A
1A

M
1A

IM
1A

M
1A

1A

1A
1A

1M

M

M
1A
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—_—

A

1A

1A

M

1A

M
1A

1A
1A

1A

(a) During the launch, a spacecraft exerts a downward force on the gas. By
Newton’s third law, the gas exerts an upward force on the spacecraft.
The spacecraft can leave the ground if this force is larger than its
weight.
b)) @
normal force
by the seat
=
N\ -
3
l weight
(Correct forces)
(ii) Take upward as positive. Consider the astronaut. By Fie = ma,
N—-mg =ma
60 % (3x9.81)-60x9.81=60xa
a=19.62ms?=19.6 ms™
The acceleration of the spacecraft is the same as that of the
astronaut and is equal to 19.6 m s~
(iii) Byv=u+at,
2% —0+19.62x1
3.6
t=127s
The time needed is 127 s.
(iv) The weight of the spacecraft (gravitational force acting on the it)
decreases when it is far away from the Earth.
Therefore, its acceleration increases.
@ O
| D >
(Correct direction of arrow)
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(ii) Consider the motion from the top to the exit of the slide.
Loss in PE = gain in KE
mgAh = %m(v2 —u?)
gAh = %(vz —u?)
9.81 x (10 -2) = %(vz ~0)
v=125ms"
The speed of Janice is 12.5 m s~ when she leaves the slide.

(iii) Consider the motion along the vertical direction when Janice is
in mid-air. Take downward as positive.

By s=ut+ %atz,
2=(-12.5in30°) ¢+ %x 9.81 x 2
t =1.54 s or —0.265 s (rejected)

The time is 1.54 s.

(iv) Minimum value of D = u,¢ = (12.5 cos 30°) X 1.54 =16.7 m
(v)  The result will remain unchanged.

M
1A

M
1A

1A
1A

1A
1A

1A

1A

1A

M

M
1A

(b) (i) Janice’s gravitational potential energy and kinetic energy are
converted
to thermal energy of Janice and the water (and kinetic energy of
water).
(ii)  Janice will stop within a very short time after hitting the ground
but will continue moving after hitting the water surface.
Therefore, the force acting on Janice when hitting the ground
will be much larger than that when hitting the water surface.
(@
o e o6 o o
< 73 cm >
(Symmetric pattern)
(Larger separation between 2nd-order and 1st-order bright dots than
1st-order and central bright dots)
_ 73%2
(b) tan 6= 0
6 =275°
d= 227 5% 10%m
500
By d sin 8= nA,
(2x10%) xsin27.5°=2x A
A=4617x10"m
¢ _ 3.00x108
J= 37 tet7x107
=6.50 x 10" Hz
(accept 6.48 x 10" Hz to 6.52 x 10" Hz)
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(©)

(d)

()

(b)

(@)

(b)

s
IA
NYES

2x107°

4.617x1077
n<433

Maximum number of bright dots
=2x4+1

=9

Decrease

IN

Put the letter ‘F’ at a certain distance from the convex lens.

Put the screen on the other side of the lens. Move the screen to capture
a sharp image of the letter ‘F’.

Measure the object distance u and the image distance v with the metre
rule.

The focal length £ of the convex lens can be calculated by using f=

-1
()
u v
sin(90°-67°)

(l) n= sin 15°
=1.51
(i)

) 60°

(Correct path)

.. — i1 L _ °
Critical angle C = sin (1.51) 41.5
The angle of incidence is 45° and is larger than the critical angle,

so total internal reflection occurs at side AC.

A.

When the switch is turned to 4, the equivalent resistance of the circuit
is higher. This results in a lower power.

Let 7 be the resistance of one resistor.

When the switch is turned to A4,

Req=r+r=2r

Byp— ?2,

600 = 222

2r
F=403Q

M

1A
1A

1A

1A

1A

M
1A

1A
1A

1A

1A

1A

M
1A
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(¢) (@{)  When the switch is turned to B,
1 1\t 2 2
Rq= (3+2) =2r =2x403 =2690 M
) r 2r , 3 3
p=2 =2 —1800 W 1A
R 26.9
(ii) The power will become lower. 1A
8
(@
—L E.H.T. J
+ F—
(Uniformly separated field lines, correct direction) 1A
(b) = Y _ 3000 IM
d 0.1
=30000N C* 1A
(¢) () Consider the horizontal direction.
T'sin 30° =gE
T'sin 30° = (1 x 107°) x 30 000 IM
T =0.06 N
Consider the vertical direction.
Tcos 30°=mg
0.06 X cos 30°=m x 9.81 1M
m=530x10"kg 1A
(ii) The angle will remain unchanged 1A
as the electric field strength remains unchanged. 1A
9
(@) () Negative 1A
(i) F=Bgv=0.5x(1.6x10")x (1.2 x 10%) M
=9.6x 10" N 1A
(iii) As the magnetic force is always perpendicular to the velocity of [1A
the particle,
it does no work on the particle. 1A
2
(iv) Magnetic force = %
9.6 10-15 = mx(1.2x105) M
’ 0.15
m=1x10" kg 1A
(b) The particles in paths 4 and B experience the same magnetic force F'
and have the same speed v.
2
Since the radius 7 of path B is smaller, by F = %, 1A
the particle in path B is lighter. 1A
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10

1A
IM
1A

M
1A

1M
1A

(@  “54Pu - *5U + 3a
(b) Am =238.049 56 — (234.040 95 - 4.0015)=0.007 11 u
AE=0.007 11 X931 =6.62 MeV
. e power _ 10
(©) (® Activity = energy released in each decay  6.62x109x1.60x10~1°
=9.44 % 102 Bq
(ii) As power o< activity,
30
— 1n\"* _ 1\87.7
P=p(;) = 10(3)
=789 W
Physics at Work for HKDSE
Mock Exam (Set 1) Solution 66

© Oxford University Press 2023



Paper 2 (25% of subject mark)

SECTION A: Astronomy and Space Science (20 marks, 12.5% of subject mark)

Multiple-choice questions

1.1 A 1.25A
1.2 B 1.25A
1.3 C 1.25A
14 B 1.25A
1.5 C 1.25A
1.6 B 1.25A
1.7 D 1.25A
1.8 C 1.25A

Structured question

1
(a) Ki+tU=K+U
l 2 _ GMm _ l 2 _ GMm
val +( 71 ) vaz +( T2 )
-11 24
185002 — (6.67x10 )><(5.;97x10 ) M
2 6370x10
1 5 (6.67x10711)x(5.97x102%)
2 (6370+2000)x103
v2 =6510m s 1A
GMm _ mv?
() By /% =—/-
_ ,GM _ J(6.67X10‘11)><(5.97><1024) M
V = — T
r (6370+42000)x103
=6900 m s~ 1A
(¢) Unchanged 1A
(d (@ No. 1A
According to Kepler’s third law, the orbital periods of Xand ¥ |1A
are the same.
X is always at the lower half of its orbit when Y is at the upper  |1A
half of its orbit,
and so they will never collide with each other.
. AL vy
) By =7
o= 22 o= FTBITSTE 3,00 x 10°) M
Zo 578
=51900 ms™ 1A
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SECTION B: Atomic World (20 marks, 12.5% of subject mark)

Multiple-choice questions

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8

B

> O w » » QW

Structured question

2

()

(b)
(©)

(d)

Any two of the following:

- The electron can only occupy certain discrete orbits.

- When the electron stays in an orbit, it does not radiate and its total
energy remains unchanged.

- The electron can jump from one orbit to another by gaining or losing
energy. This can be done by absorbing or emitting a photon.

- The angular momentum of the electron is quantized in integral

multiples of %
It means that the electron is bound by the nucleus.

The energy 9.1 eV does not match the differences between ground state
of hydrogen and other energy levels.

(@

]
3 3
I
w b

n=1

(Transitions to the ground state drawn)
(All transitions drawn)

(ii) The transition fromn=2ton =1
(iii) Energy of photon corresponding to spectral line A

=E - Ei = (53%) —(-13.6)= 102 eV

22
By E = hf'and ¢ = f/,
he _ (6.63x10734)x(3.00%10%)
A== -
E 10.2%(1.60%x10719)
=122x10"m
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SECTION C: Energy and Use of Energy (20 marks, 12.5% of subject mark)

Multiple-choice questions

3.1
3.2
33
3.4
3.5
3.6
3.7
3.8

D

0O U W > W w g

Structured question

3
(@ ~r=1*+22=5
1
cos = NG
_ ®cosf _ ZOOOX%
T oam? 4mxs
=142 Ix
(b) Efficacy of lamp 4 = % =111 Im W
Efficacy of lamp B = % =115 Im W'
.. Lamp B has a higher efficacy.
(¢) An incandescent lamp produces a lot of thermal energy as waste while
an LED lamp does not.
Therefore, an LED lamp consumes less amount of power to give the
same luminous flux.
(d) ()  Total rate of heat gain =21 X (10 x5+ 10x4 X2+ 5x%x4x2)
=3570 W
(ii) Cooling capacity = 3570 + 200 x 20 = 7570 W
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SECTION D: Medical Physics (20 marks, 12.5% of subject mark)

Multiple-choice questions

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

D

W O » W O > Q0

Structured question

4
(a) When a fluctuating voltage is applied across the piezoelectric crystal in
the transducer,
the crystal contracts and expands to produce an ultrasound pulse.
(b)  Thickness = - x 1600 x (30 x 10°)
=0.024 m
() () ByZ=pc,
_ Z _ le3x10°
P= 1600
=1020 kg m™
.. _ (2-21)* _ (1.63x106-1.38x106)*
(i) (Z,+24)? (1.63x106+1.38%x10%)2
=0.00690
Percentage
=0.00690 x 100%
=0.690%
(d) Advantage: produces images of higher resolution
Disadvantage: smaller penetration depth
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OXFORD UNIVERSITY PRESS
PHYSICS AT WORK FOR HKDSE

MOCK EXAMINATION (Set 2)
PHYSICS PAPER 1

Time allowed: 2 hours 30 minutes

This paper must be answered in English

GENERAL INSTRUCTIONS

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

(2)  Section 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 written in the spaces provided in the Question-Answer Book. The Answer Sheet for Section
A and the Question-Answer Book for Section B will be collected separately at the end of the
examination.

(4)  The diagrams in this paper are NOT necessarily drawn to scale.

(5)  The last two 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)

M

2

(€)

“)

)

(6)

Read carefully the instructions on the Answer Sheet. After the announcement of the start of the
examination, you should first insert the information required in the spaces provided. No extra time will be

given after the ‘Time is up’ announcement.

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 question.

All questions carry equal marks.

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

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

No marks will be deducted for wrong answers.
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Section A

There are 33 questions. Questions marked with * involve knowledge of the extension component.

1 An uncovered refrigerator is used in a supermarket.

After the refrigerator is turned off, the food inside stays cold for a long while because
A the refrigerator is made of materials with high specific heat capacity.

B the conduction between the food and the refrigerator is good.

C the convection of air around the food is negligible.
D

the food emits more radiation than it absorbs.

2 Two insulated metal blocks X and Y are made of different materials with unknown mass. They
are heated separately by two identical electric heaters at the same power. The graph below

shows how the temperatures of X and Y change with time.

temperature
A

» time

Which of the following statements must be correct?

A The specific heat capacity of Y is greater than that of X.
B The specific heat capacity of X is greater than that of Y.
C The heat capacity of Y is greater than that of X.

D The heat capacity of X is greater than that of Y.

Physics at Work for HKDSE
Mock Exam (Set 2) Paper 1A 72

© Oxford University Press 2023



*3  Anideal gas is heated in a closed container. Its temperature 7T increases linearly from 0 °C with

time ¢ as shown in the graph below.

T/°C
A

0 > t/s

Which of the following graphs best shows how the root-mean-square speed v of the gas particles

changes with ¢?

A v/ims™ B v/ims™
A A
0 > /s 0 > t/s
C v/ms™ D v/ms™
A A
0 » t/s 0 > /s
4 Particle X moves from P to Q along a semicircular path (solid line) while particle ¥ along a

straight path (dotted line). They have the same average speed.

Q

Taking vy and vy as the magnitudes of the average velocities of X and ¥ moving P to O

respectively. Find the ratio vy : vy.

A

B
C
D

2

1:

T

T
1
2
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5 Peter starts running from rest when John is running at S m s™' and is 15 m away from him at

time ¢ = 0. The figure below shows the velocity—time (v—¢) graph for Peter and John.

vims™
A

10 e
Peter .~

5 /‘/'/A

O —2~_3 7 s
John

-5

-10

Which of the following statements about their motions must be correct?
A Peter meets John at =1 s.

B The separation between Peter and John is the greatest at =4 s.
C Peter and John run in opposite directions from ¢ =0to 4 s.
D

The accelerations of Peter and John have the same magnitude from ¢ =0 to 4 s.

6 A block sliding from rest along a smooth inclined plane passes through points L, M and N,
where M is the mid-point of LN. The speed of the block is u at L and v at N. What is the speed of

the block at M?
L
M
N
utvy
A
2
2uv
B
utvy
u? +v?
C
2
D Vuy
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7 Two identical blocks, P and Q, are connected with a light inextensible string which passes over
a smooth fixed pulley as shown. P is placed on a rough inclined plane while Q is hung

vertically. Both P and QO stay at rest.

Which free-body diagram below correctly shows the forces acting on P?

¥
P
E

&
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3N «—— X ——» 9N

Block Y of mass 1 kg is stacked on block X of mass 2 kg. Block X is placed on a smooth

horizontal ground and pulled by two forces, 9 N to the right and 3 N to the left. The two blocks

move together without slipping. The friction acting on X by Y is

A

B
C
D

2 N to the left
2 N to the right
4 N to the left
4 N to the right

A rocket with two stages is launched at an acceleration of 3g (Fig a). The propelling force acting

on the rocket is F. After the first stage of mass m is released, the second stage of mass 2m is kept

propelled by the same force F' and has an acceleration of @ as shown in Figure b. Assume the

acceleration due to gravity g is constant. Find a.

/\ /\
2m T3g Ta
it

&

m—> 3

Figure a Figure b
A 3.5¢
B 4.5g
C 5S¢
D 6g
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10 A firefighter rappels down a building. A rope of negligible weight is tied to his waist to the right

of his centre of gravity (c.g.) as shown. At the instant shown, he remains at rest horizontally.

M

p c.g.

The reaction force acting on the firefighter’s feet by the wall of the building is along the

direction
A OL.
B oM.
C ON.
D OP.

11 At the bottom of a bowl-shaped smooth track, two trolleys P and Q are held at rest with a light

compressed spring in between. After the trolleys are released, they move apart.

compressed spring

[

e

Given that P is heavier than Q. Which of the following statements is/are correct?

(1
2)
3)

o o w »

Just after separation, Q moves faster than P.

P and Q reach the same maximum height.

The total momentum of P and Q is always zero.
(1) only

(2) only

(1) and (3) only

(2) and (3) only
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*12

*13

A skateboarder moves along track XYZ as shown. The track is straight at )X, circular at ¥ and

horizontal at Z. The skateboarder moves horizontally at ¥ and Z.

AN

L
I3

The magnitudes of the normal forces acting on the skateboarder by the track at X, Y and Z are

denoted by Fyx, F'y and Fz respectively. Which of the following relationships between Fyx, F'y and
F7is correct?

A Fyx<Fz;=Fy

B Fx<Fz;<Fy

C Fx<Fy<Fy

D Fy=Fy<F;
M 0] E
@®--------- bbb ®

O is a point on the line joining the centres of the Earth (£) and the Moon (M). The resultant
gravitational field strength due to the two celestial bodies at O is zero. Given that the
gravitational field strength on the Earth surface is about 6 times of that on the Moon surface and
the radius of the Earth is about 4 times of that of the Moon. The ratio OF : OM is approximately
A 1:24.

B 1:10.
C 10: 1.
D 24: 1.

Physics at Work for HKDSE
Mock Exam (Set 2) Paper 1A 78

© Oxford University Press 2023



14  The figure below shows plane water waves travelling towards a straight barrier.

7

Which of the following wave phenomena can be observed?

(1)  Reflection
(2) Diffraction

(3) Interference

A (1) only

B (3) only

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

15 The figure below shows the equilibrium positions of particles a to 4 in a medium and their

positions at time ¢ when a longitudinal wave propagates in the medium.

d

h

equilibrium
positions

° at time ¢

Given that particle d is moving to the left at time ¢, in which directions are particle f'and the

wave moving at time ¢?

particle f
to the right
to the right

momentarily at rest

o Q w >

momentarily at rest
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longitudinal wave
to the right
to the left
to the right
to the left

79



16

1.2m

< 2>
vibrator F[‘ I

A string is 1.2 m long. One of its end is fixed and the other end is tied to a vibrator. A stationary

wave is formed as shown at 30 Hz. Which of the following statements are correct?

(1)  There are 3 antinodes on the string.

(2)  The speed of the wave along the string is 12 m s~

(3)  When the frequency increases to 40 Hz, more antinodes are shown on the string.
A (1) and (2) only

B (1) and (3) only

C (2) and (3) only

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

17 At a certain position, the sound intensity level of the sound produced by engine X is higher than
that by engine Y. This implies that the sounds produced by engine X and Y are different in
A waveform.
B pitch.
C wave speed.
D

amplitude.

18  Which of the following statements about ultraviolet radiation and ultrasound is/are correct?
(1)  Ultraviolet radiation can transmit energy but ultrasound cannot.
(2)  Ultraviolet radiation can travel in a vacuum but ultrasound cannot.

(3) Human being can see ultraviolet radiation but cannot hear ultrasound.

A (1) only
B (2) only
C (1) and (3) only
D (2) and (3) only
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*19 Two beams of monochromatic light, red and green, strike normally on a diffraction grating.

20
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Several orders of bright fringes are formed. The first-order red fringe makes an angle of 10° to

the central bright fringe as shown. The wavelength of red light is 700 nm and that of the green

light is 550 nm.

Which of the following statements is/are correct?

light beams —»

(1) and (3) only
(2) and (3) only

The maximum order of red fringe is 6.

n/(
I

first-order red fringe

central bright fringe

A green fringe is formed between the central bright fringe and the first-order red fringe.

Between any two consecutive green fringes there must be a red fringe.

A paper printed with letters ‘O’, ‘P’, ‘Q’, ‘R’ and ‘S’ is placed in front of a mirror. The figure

below shows the image in the mirror.

plane mirror

back of paper

Which of the following best represents the positions of the letters printed on the paper?

A

81

B

S R
0

Q P

P Q
0

R S




21

glass block

red//

violet

The figure above shows two parallel rays of light, red and violet, entering a rectangular glass

. refractive index of glass for violet light . .
block. Given that — - = 1.03, which of the following ray
refractive index of glass for red light

diagrams best represents the emerging light rays?

A B

red
red
glass block glass block
violet :
violet

red

N
N

violet violet
C D
red
glass block glass block
red
red red \\
/ / violet

violet violet

22 There are three point charges +Qx, +Qy and —Qz. In which of the following arrangements could

all the charges be in equilibrium?

(D -—o----- - —--- - 2) --o----- o--—--- .-
(3) +QXQ______,+QY
\\.//
-Q,
A (1) only
B (2) only
C (1) and (3) only
D (2) and (3) only
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23

Y
()
/
u—| —o9¢

()
/
X

Two light bulbs X and Y are connected to a battery of negligible internal resistance as shown. In
1 s, X consumes 4 J of energy and Y consumes 8 J of energy. The resistance of X is R. Find the

equivalent resistance of X and Y.

R
A —_—
3
2R
B —
3
¢
2
D 3R

24

X
—
P Q

()
/
R

S
(N
N

In the above circuit, all light bulbs are identical and the battery is of negligible internal

resistance. X becomes brighter when one of the other light bulbs is shorted-circuited. Which

light bulb could it be?
A P only

B 0 only

C S only

D P,Qand S
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25  Three resistors, Ry, Ry and Rz, of unknown resistance values are provided. Which of the

following combination of resistors will consume the most power from the same battery?

A B Ry
—
Rx Ry Rz Rx o
o—1] [} [ o o—{ 1+ r, T©
—
| I |
C D Rx
]
LT
Rx, Ry
Ry
O 1 o)
Rz Rz
1
LI
26
L
4+—>
1+

A uniform metal wire MN of length L is connected to a battery and an ideal voltmeter as shown.
The battery has an e.m.f. £ and an internal resistance ». The voltmeter is connected to the wire

with a sliding contact at O. Which of the following graphs best represents the variation of the
voltmeter reading V with the length OM?

A % B %
E E
oM 1 » OM
0 L 0 L
C % D v
E E
oM 1 » OM
0 L 0 L
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27

2/ A .O A4]

Four long straight insulated wires overlap to form a square. O is the centre of the square. The
figure above shows the currents in the wires. The strength of the magnetic field at O due to the

current / in the wire PQ is B. Find the resultant magnetic field at O.

Strength of magnetic field Direction of magnetic field
A 2B Into the paper
B 2B Out of the paper
C 4B Into the paper
D 4B Out of the paper

*28 As shown below, a charged particle X is accelerated from rest in a uniform electric field
produced by two parallel plates with a voltage V applied across them. After leaving the electric
field horizontally with velocity v, the particle passes through a uniform magnetic field and

reaches point 7" on the screen.

screen

¢ S
v X X X X X
¢
|:|-—> X X X X X T

uniform magnetic field

What kind of charge does the particle carry and how should V" be changed to make the particle

reach S on the screen?

charge V
A positive increases
B positive decreases
C negative increases
D negative decreases
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*29 Peter buys a transformer designed for changing an a.c. input voltage of 240 V to an a.c. output
of 12 V. When using it, he finds the output voltage less than 12 V. Which of the following
causes is/are possible?

Number of turns of primary coil

Number of turns of secondary coil

(2)  There is magnetic flux leakage from the coils of the transformer.

(3) Eddy currents are induced in the iron core of the transformer.

A (2) only
B (3) only
C (1) and (2) only
D (1) and (3) only
30
N
S
threads
> copper ring

The figure above shows a copper ring suspended horizontally by inextensible threads. The total
tension in the threads is 7. Which of the following graphs best represent the variation of the

tension in the threads with time when a bar magnet falls through the ring?

A . B .
tension tension
A
T T
— > time — > time
0 0
C . D .
tension tension
T T
— > time — > time
0 0
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31
22Pu+n—>Q >R+ 137Zr+3n
The nuclear equation represents the fission of plutonium-239 (*32Pu) induced by a slow
neutron. Q and R are nuclides involved in the fission. Which of the following statements about
the fission is/are correct?
(1) Qs an isotope of plutonium.
(2) R is lighter than 1937Zr.
(3)  The fission of 237Pu may lead to a chain reaction.
A (1) only
B (2) only
C (1) and (3) only
D (2) and (3) only

32 The figure below shows the interior of a film badge. The photographic film is wrapped in paper.
O, P and Q are the areas of the film behind the open window, aluminium filter and lead filter

respectively.

photographic film
aluminium filter ~ wrapped in paper

o

P

1

open window —+—— o)
| |

|

. |
plastic case — —---

P

lead filter

A worker wearing the film badge is accidentally exposed to o radiation and y radiations. What
will be observed on the developed film?

(1) O and P are blackened to the same extent.

(2)  Pisblackened to a greater extent than Q.

(3)  The rest of the film other than O, P and Q is not blackened.

A (2) only

B (1) and (2) only
C (1) and (3) only
D (1), (2) and (3)
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*33 Given: mass of a neutron = 1.0073 u
mass of a proton = 1.0087 u
mass of an o particle =4.00151 u
1 uis equivalent to 931 MeV
If an o particle is broken into individual neutrons and protons, how much energy will be
released or absorbed?
A 4.54x107" ] released
B 4.54x 107" ] absorbed
C  2.96x107" ] released
D 2.96x 107" J absorbed

END OF SECTION A
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List of data, formulae and relationships

Data

molar gas constant
Avogadro constant
acceleration due to gravity
universal gravitational constant
speed of light in vacuum
charge of electron
electron rest mass
permittivity of free space
permeability of free space
atomic mass unit
astronomical unit

light year

parsec

Stefan constant

Planck constant

Rectilinear motion
For uniformly accelerated motion:

v = u-tat
L,

s = ut+t—at
2

VvV = u*+2as

R=28.31Jmol' K

Na =6.02 x 10* mol™

2=9.81 m s~ (close to the Earth)
G=6.67x10"" Nm? kg™
c=3.00x108ms™!
ge=1.60x10"C
me=9.11 x 107" kg
&=8.85x10"2C>N"' m™
Uo=4mx 107 Hm™
u=1.661x 10" kg
AU=150x10"m
ly=9.46x 10" m
pc=3.09 x 10" m = 3.26 ly = 206 265 AU
0=567x10%Wm=2K*
h=6.63x10"*]s

(1 uis equivalent to 931 MeV)

Mathematics

Equation of a straight line y=mx+c
Arc length =r6

Surface area of cylinder =2nrh + 2m”
Volume of cylinder = nrth
Surface area of sphere = 4m?
Volume of sphere = % mr?

For small angles, sin 8= tan 8= € (in radians)

Astronomy and Space Science Energy and Use of Energy
GMm L , D e
=— gravitational potential energy E =2 illuminance
r
P=ocAT* Stefan’s law A(T, - T,
M v AL Q. ,(M rate of energy transfer by conduction
|—f1 PAPY |/1_ Doppler effect t d
fol "¢ 1% p
U= 7 thermal transmittance U-value
1 3 . . .
pP= 5 pAv maximum power by wind turbine
Atomic World Medical Physics
2 . . . 1.222 . _ .
Emcvmalx = hf— ¢ Einstein’s photoelectric equation 0= 4 Rayleigh criterion (resolving power)
4
E = S fmed. | _ _iﬁ eV power -1 power of a lens
n n2 8 h2802 n2 f
energy level equation for hydrogen _ I . .
atom L —IOIOgI—O intensity level (dB)
h . .
l = i =—— de Broghe formula Z= pc acoustic lmpedance
p my 1. _(z,-Z)* . . . .
122) a—[— =222 L~ intensity reflection coefficient
O=—— Rayleigh criterion (resolving power) o (Z,%2) o )
d I =I,e ™ transmitted intensity through a
medium
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Al.

A2.

A3.

A4.

AS.

BI1.

B2.

B3.

B4.

BS.

B6.

B7.

CI.

C2.

C3.

energy transfer during

E=meAT heating and cooling DI. 4ngyr? Coulomb’s law
energy transfer during E= o electric field strength due to a
E=I1Am D2. :
change of state 4ne,r point charge
PV =nRT §quat10n of state for an D3 E-_ electric field 1t?etween parallel
ideal gas d plates (numerically)
1 — . . pl . o
PV = 3 Nmc? kinetic theory equation D4. R = i resistance and resistivity
_ 3RT L. . . .
Ex = N molecular kinetic energy  DS. R=R +R, resistors in series
A
D6 t_1 + ! istors i llel
. R R TR resistors in paralle
Av A . N
F=m v_op force D7. P=1IV=PR power 1n a circuit
At At
moment=F xXd moment of a force D8. F=BQvsin 6 force O a moving charge in a
magnetic field
Ep = mgh gravitational potential Do F=Bllsin 0 force on a t:urrent-carr.ymg
energy conductor in a magnetic field
Ex=L1,,> kinetic energy D10. B= Hol magnetic ﬁeld due to a long
2 27 straight wire
NI . . .
P=Fv mechanical power D11. B #o magnetic field inside a long
/ solenoid
Vv . . AD .
a=—=wr centripetal acceleration  DI12. &=N N induced e.m.f.
r
_ Gmym, Newton’s law of V._N, rat'lo of secondary voltage to
=— o D13. primary voltage in a
r gravitation Vv, N,
transformer
AD fringe width in _ ” L
Ay = — doubleslit interference El. N = Noe law of radioactive decay
. . . ln 2
dsin 0=nAl d1ffra§t1on grating E2. ti1=— half-life and decay constant
equation 5 k
Silo= equation for a single B3 A= kN activity and the npmber of
u v f lens undecayed nuclei
E4. AE = Amc? mass-energy relationship
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Section B: Question-Answer Book B

This paper must be answered in English

INSTRUCTIONS FOR SECTION B

(1)

2
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4)

)

(6)

After the announcement of the start of the examination,
you should first insert your information in the spaces

provided on Page 1.

Refer to the general instructions on the cover of the

Question Paper for Section A.
Answer ALL questions.

Write your answers in the spaces provided in this
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Use Only
Question No. Marks
1 17
2 /8
3 17

4 /13

5 /10

6 /10
7 /8
8 17
9 /8
10 /6

Total / 84




Page total

Section B: Answer ALL questions. Parts marked with * involve knowledge of the extension

component. Write your answers in the spaces provided.

1 700 g of cooking oil in a wok is heated up to and maintained at 160 °C. 300 g of cashew
nuts at 30 °C with moisture are put into the oil for deep frying. The nuts bubble
immediately. When the nuts stop bubbling and turn light brown, they are removed from
the oil for cooling. The nuts after deep-frying become dry and, excluding the cooking oil
absorbed, the total mass becomes 280 g.

Given: Specific heat capacity of cashew nut (dry) = 1500 J kg ' °C™!
Specific heat capacity of cooking oil = 2300 J kg™' °C™!
Specific heat capacity of water = 4200 J kg ™' °C™!

Heat capacity of the wok = 1000 J °C™*
Specific latent heat of vaporization of water = 2.26 x 10° ] kg™

(a) Explain why the nuts bubble in the hot oil. (2 marks)

(b) Estimate the minimum energy absorbed by the nuts with moisture so that the

moisture totally vaporizes. Assume that the moisture vaporizes at 100 °C. (2 marks)
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(c¢) If heating is stopped when the nuts are put into the oil at 160 °C, what is the final

temperature when thermal equilibrium is reached? Assume that the heat loss to the

surroundings is negligible.

Page total

(3 marks)
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Page total

*2 A pressure relief valve connected to a gas tank prevents the tank from failure due to
excessive pressure (Figure 2.1). It has a spring-piston unit contained in a case with an
outlet. When the gas pressure P in the tank is higher than the atmospheric pressure P,, the
spring is compressed. As P reaches the safety limit 5P,, the spring is compressed by a
length x and the gas in the tank is vented to the atmosphere through the outlet. This keeps

P not exceeding the limit. Given: P, = 1.0 x 10°> Pa

spring

/ L \
1
— ¥ ﬁ} :
i I 1
! 1
! 1
/7

as P o gas /
\\ ,,
AN P= 5Pa///

increases
to 5P,

Figure 2.1

(a) Figure 2.2 shows the relationship between the compression of the spring and the
force applied on it. The cross-sectional area of the piston is 2.0 cm”. Find x.

(2 marks)

compression / mm
A

A

4

2

0 » force /N

40 80 120
Figure 2.2
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Page total

(b) Anideal gas is stored in the tank with pressure 3P, at 25 °C. What is the safety
limit of the storing temperature? Assume the volume of the valve is negligible.

(2 marks)

(c)  Use the kinetic theory to explain the change in gas pressure as the temperature

increases from 25 °C to above the safety limit found in (b). (4 marks)
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3 The following items are provided to set up an experiment to estimate the gravitational

acceleration g:
a stand
a small metal sphere

an inextensible string

a light-gate used to measure the time taken for the metal sphere to pass it

a metre rule

a vernier caliper

The set-up is as shown in Figure 3.1.

stand

——h

ine_xtensible —
string

metal sphere\j
Iight-gateu —_—
1

to data-logger

Figure 3.1

(a) Describe the procedures of the experiment. State the physical quantities to be

measured and an equation for finding g.

table

Page total

(4 marks)
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(b)  The value of g found in the experiment in (a) is greater than 10 m s~. Suggest a

source of error and explain. (2 marks)

(¢)  Write down ONE precaution for getting a more accurate result. (1 mark)
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Page total

4 Peter participates in a BMX race on a pump track, which is a circuit of obstacles and
banked corners, shown in Figure 4.1. All riders get ready on the start hill and run along

the track to compete.

banked
corner

start hill

obstacles

Figure 4.1
(Photo credit: Ymgerman | Dreamstime.com)

(a) Starting from rest at 4, Peter pedals down the start hill and jumps over a ‘step-up’
obstacle BCDE as shown in Figure 4.2. He takes 3.0 s to reach C and takes off at
9.0 m s~' with an angle 30° to the horizontal. 4, C and D are 3.5m, 1.0 m and 1.6 m
above the ground respectively. D is 5.0 m away from C horizontally. The total mass

of Peter and his bike is 70 kg. Neglect air resistance.

Peter
.
D4 not to scale
start hill
3.5m
\ 4
ground
Figure 4.2
(i) Find the work done by Peter in running from 4 to C. (2 marks)
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(ii) Hence, estimate Peter’s average power from 4 to C. (2 marks)

*(iii) Can Peter jump over D? Take Peter and his bike as a point mass. (3 marks)

*(b) Peter is right behind competitor X when turning at a banked corner. The track at the
corner can be divided into three lanes, I, II and III. Lanes I and II bank at 30° which
is smaller than the banking angle of Lane III. X moves along Lane II to make a turn

of radius 10.0 m. Figure 4.3 shows the front view of X.

O x
S
)
3

banked corner

Figure 4.3
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(i)  X’sbike experiences no frictional force along the inclined surface when

turning. What is the speed of X? (2 marks)

(ii)  Peter tries to overtake X at the corner. State one advantage and one

disadvantage of taking Lane III over Lane I for Peter to do so. (2 marks)

(iii) X speeds up on Lane II to prevent Peter from overtaking. On Figure 4.3,
draw the frictional force acting on X’s bike along the inclined surface.

Explain your answer. (2 marks)
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5 Mary watches a video from the internet about making a solar heater with a water lens.
The lens is a pool of water held by an elastic transparent film that results in a dome shape

downward. Placed under the sun, the lens produces a hot spot that can burn a wood plate.

™ elastic
transparent film

water lens
Figure 5.1
(a) (i) Whatkind of lens is the water lens? (1 mark)
(ii) Explain how the solar heater works. (2 marks)

(b) Mary makes a similar heater of smaller size by adding some water into a round
glass container placed 15 cm above the ground (Figure 5.2). To check the water
lens, she places a lined paper printed with letters ‘P’ on the ground under the
container. The image in Figure 5.3 is observed from above through the water. The

image is twice as large as the object.

___glass water/surface
container —

stand

water

15 cm

Figure 5.2 Figure 5.3

Physics at Work for HKDSE
Mock Exam (Set 2) Paper 1B 101

© Oxford University Press 2023

Answers written in the margins will not be marked.



Page total

Mary studies the lens further using a graphical method. In the figure below, 4B

represents a letter ‘P’ as the object. L is the water lens.

L 5cm

principal
axis

>—m

(i) Indicate in the figure, the position and height of the image of AB. (2 marks)

(ii) By drawing a suitable light ray, locate and mark the position of the focus, F,
of the water lens L. Find the focal length of the lens.

Focal length = (3 marks)

(iii)  After checking the water lens, Mary suggests changing the height of the
stand in order to make the heater produce a hotter spot. Should the stand be
higher or lower? Or, will a change in height have no effect on the hotness of

a hot spot that the heater can produce? Explain your choice. (2 marks)
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6 As shown in Figure 6.1, a dipper S is connected with a hinge at 4 to a bar AB so that it

produces circular waves in a ripple tank when the bar oscillates about its centre, O.

bar AB oscillates about O

ripple tank

water

Figure 6.1

(a) P isapoint on the water surface and is 24 cm away from S (Fig 6.2). After the bar
AB starts oscillating at a fixed frequency for 0.6 s, the water at P begins to vibrate

and 12 complete waves are produced between S; and P.

Page total

R 24 cm >
([ ] .
S, P
Figure 6.2
(i)  Find the speed and the wavelength of the water wave. (2 marks)
(ii) What is the frequency of oscillation of the bar AB? (2 marks)
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(iii) Sketch in Figure 6.3 how the amplitude of the water wave varies with the

distance from S, along S, P.

amplitude
A

» distance

Figure 6.3

(b) As shown in Figure 6.4, dipper S, identical to S;, is now connected with a hinge at

B to the bar.
bar AB oscillates about O
ripple tank
| T‘ S2 T g S1
\Z \Z
water

Figure 6.4

Figure 6.5 shows the top view of the water surface.

S« 24 cm L
e P
S, 30 cm
Figure 6.5

The bar starts oscillating at the frequency found in (a)(ii) for a while.

(i)  What kind of wave phenomenon is observed at P?

Page total

(1 mark)

(1 mark)
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(ii)  State the phase relationship between the vibration of S; and S-. (1 mark)

(iii) How does the amplitude of vibration of the water at P change after adding

S>? Explain your answer. (3 marks)
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7 Read the following passage about a Lithium ion battery and answer the questions that

follow.

Rechargeable Lithium ion (Li-ion) batteries are commonly used in electric vehicles and

portable electronics like mobile phones.

A simple Li-ion battery consists of two electrodes (negative and positive), an
electrolyte and a separator. When the battery is connected to a load, electrons travel
from the negative to the positive electrode via the load while Li ions flow from the
negative electrode to the positive electrode through the electrolyte inside the battery.
The electric current formed delivers energy to the load from the battery. In charging,
the process is reversed and the battery stores energy from a charger that replaces the
load. The separator in the electrolyte allows Li ions to pass between the electrodes

while preventing an internal short circuit.

load (e.g. electric motor)
|

positive L negative

- | electrode separator electrode

—— Li-ion (Li")
battery

elec{rolyte

Figure 7.1

A Li-ion battery can store a large amount of energy. However, its performance depends
on its internal resistance which causes it to heat up and the output voltage to drop when

it is connected to a load. Besides, some batteries made from flammable materials cause

safety concern.

(a) InFigure 7.1, draw an arrow to represent the direction of current inside the battery

when the battery is connected to a load. (1 mark)
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(b)

(©)

Page total

A Li-ion battery of 10 V has an internal resistance of 20 m€2 which is assumed to

be constant.

(i)  Find the drop in output voltage of the battery when connected to a load of
2 Q. (2 marks)

(i) The battery allows fast charging that the current is three times of that in

power loss as heat in fast charging 0

normal charging. What is the ratio of - —1
power loss as heat in normal charging

(2 marks)

The separator of an Li-ion battery is accidentally broken. Explain why it may result

in a fire. (3 marks)
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8 Figure 8.1 shows an extension cord that has a long cable with a plug on one end and two

switched sockets, 1 and 2, on the other end.

socket 1 socket 2

cable

plug

Figure 8.1

(a) Sockets 1 and 2 are connected to the pins of the plug via wires X, Y and Z as shown

in Figure 8.2.
socket 1 socket 2
X
. | —a
4 I ﬁ
o T
-l T g
V4
Figure 8.2
(i)  Which pin of the plug should X connect to? (1 mark)
(ii) What is the advantage of connecting switches in ¥ over Z? (1 mark)

(b) The extension cord is connected to a mains socket providing 220-V a.c. at 50 Hz. A
vacuum cleaner is plugged into socket 1 and an electric fan into socket 2. The
vacuum cleaner is switched on for 5 minutes and the fan for 2 hours. Their rated

values are given below:

Vacuum cleaner Electric fan
Power / W 1000 W 50 W
Voltage / V 220V 220V
Frequency / Hz 50 Hz 50 Hz
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(i)  Find the current in the cable of the extension cord when the two electrical

appliances are both on.

Page total

(2 marks)

(ii) Explain which electrical appliance demands a higher cost of electricity?

Show your calculation.

(3 marks)
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9 The setup in Figure 9.1 is used to measure the magnetic field between two slab-shaped
magnets.
insulating
segment

pivot edges
currentin

slab-shaped
magnet on
steel yoke

current out \

Figure 9.1

The rectangular frame WXYZ is made from a metal wire with an insulating segment PQ.
The frame is supported by two conducting pivot edges C and D with CX=CW and DY =
DZ. The frame is in equilibrium and segment PQ is just above the electronic balance
without touching it. Segment XY is placed between two slab-shaped magnets with unlike

poles facing each other.

When the measurement starts, a current / flows in the direction CXYD and the balance
shows a non-zero reading. The balance is calibrated in newtons and its reading is equal to

the size of the magnetic force acting on segment XY.

(a) Inthe diagram below, state the poles of the magnets facing each other and draw an
arrow to represent the direction of the magnetic force acting on segment XY.

(2 marks)

slab-shaped pole
magnet on
steel yoke

pole
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(b) () [/isincreased step by step and the corresponding reading of the electronic
balance, F, is measured. Sketch the expected variation of F with / in the

graph below. (1 mark)

F
A

(ii) Explain how the strength of the magnetic field B between the magnets can be
found from the graph in (i). Hence, state the quantity that needs to be

measured to obtain the value of B. (2 marks)

(¢)  The pair of magnets are replaced by stronger ones of the same size. Sketch the new

variation of /' with / in the graph in (b)(i) using a dotted line. (1 mark)

(d) The power supply is turned off and no current flows through the frame. A student
suggests that the balance will have a non-zero reading if the magnets are moved
upwards quickly without touching the frame. Explain whether the student is correct

or not. (2 marks)

Physics at Work for HKDSE
Mock Exam (Set 2) Paper 1B 111

© Oxford University Press 2023

Answers written in the margins will not be marked.



Page total

*10 Carbon-14 ('*C) is a radioisotope of carbon with a decay constant of 3.84 x 107?57, It is
commonly used in a method called '*C dating to date the fossil of an organism containing
carbon by comparing the '*C/"C ratio (i.e. the number of '*C nuclei to that of '>C nuclei)
in the fossil with that in the atmosphere. The '“C/'*C ratio in the atmosphere is equal to

1.3 x 107" and is assumed to be constant over time. Given: 1 year = 3.16 x 107 s

(a)  The oldest dates that can be reliably measured by '“C dating is about 50 000 years

ago. How long is it in terms of the half-life of '*C, 1,,? (2 marks)

(b) A fruit buried deep in frozen soil is discovered on an archeological site and
examined using '*C dating. A sample of the fruit shows a '*C/'*C ratio of

2.2 x 107,

(i) How long has the fruit been buried in the frozen soil? (2 marks)
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(i) A researcher finds that the fruit sample is contaminated. Some '“C of the

sample does not belong to the fruit. Is the time found in (i) longer or shorter

than the actual value? Explain.

Page total

(2 marks)
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Section A: Astronomy and Space Science

Q.1: Multiple-choice questions
1.1  Voyager 1, a space probe launched on September 5, 1977, is the most distant artificial object
from Earth. The possible distance of Voyager 1 away from Earth on September 5, 2023 is

A 14 pc.
C 160 AU. O O O O
D 20x10"m.

1.2 Which of the following are Galileo’s astronomical discoveries?
(1)  Venus shows a full cycle of phases.
(2) Planets’ orbits are elliptical rather than circular.

(3)  Jupiter has satellites.

A (1) and (2) only

B (1) and (3) only A B C D
C  (2)and (3) only O O O O
D (1), (2) and (3)

1.3  The parallax of star X is 0.10” measured on Earth.

Earth

0.107 77

Given that the orbital radius of Mars is 2.3 x 10'' m. What is the parallax of star X measured on

Mars?

A 0.065"

B 0.13" A B C D
C 0.15" O O O O
D 0.31"
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line on the graph.

The figure below shows some information of stars X, ¥ and Z. The three stars fall on a straight

1000
100 |—

RN
o
|

1 —
0.1
0.01 |- -

luminosity (solar luminosity)

0.001

40 000 20 000

10 000 5000

surface temperature / K

2500

Which of the following comparisons about the size of the three stars is correct?

14
A
B
C
D
1.5

Z>Y>X
Z=Y=X
X>Y=27
X>Y>Z7

A B C D
o O O O

The spectra of stars P and Q are observed on Earth. Compared with the wavelengths of the

corresponding spectral lines obtained in a laboratory, the hydrogen red line of P is 10 nm longer

while the calcium violet line of Q is 10 nm shorter. Which of the following correctly describe

the motions of stars P and O and the magnitudes of their radial velocities v, and vg relative to

Earth?

Star P
A moving away from Earth
B moving away from Earth
C moving towards Earth
D moving towards Earth
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Radial velocity
lvel < vl
[vel = |vol
[vel = [vol

|VP|>|VQ|

O »
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Ow=w

Star Q

moving towards Earth
moving towards Earth
moving away from Earth

moving away from Earth

C D
o O



1.6

————e—e = -9
’

The lines joining stars U, V and the Sun (S) form an isosceles right triangle with UV = US. The
luminosity of the Sun is 2 times that of U and 4 times that of V. As observed on Earth, the ratio

brightness of U .
© brightness of VV s
A 0.25.
B V2. A B C D
c 22 O O O O
D 4,
1.7
relative
intensity
A
P
/ N\
[T\
[ 1 Q@ N
/ \\
/ N
V4 ——
0

wavelength

The diagram above shows the spectra of radiation from stars P and Q. Which of the following
pairs of spectral class for P and Q is possible?

Spectral class of P Spectral class of O

A M B
B 0] K
C F B
D G A
A B C D
o O O O
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1.8

v/kms™
300 - observaﬂPL
Sun 3 -
200 - ‘\/ e
100 - predicti_o_ﬁ '

T T T T T T T L
0 5 10 15 20 25 30 35 R/ kpc

The diagram shows the observed and the predicted variation of the orbiting speed v of stars in
the Milky Way Galaxy with their distance R from the galatic centre. Which of the following
statements about the curves is/are correct?

(1)  The orbital speeds of the distant stars (R > 15 kpc) is higher than expected.

(2)  The curve suggests that the Milky Way Galaxy may contain more stars than expected.
(3)  The curves suggest that the Milky Way Galaxy may contain more matter than expected.

A (1) only

B (2)only A B C D
C  (1)and (3) only O O O O
D (1),(2)and (3)
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Q.1: Structured question

1 The following describes a way to transfer a spacecraft from a circular orbit around the Earth to
another as shown in Figure 1.1:
o At X, the spacecraft moving in a circular orbit (1) fires its engine for a short period of
time to enter the elliptical transfer orbit (2), with XY as the ellipse’s major axis.
o At Y, the spacecraft’s engine is fired briefly again to enter another elliptical transfer orbit
(3), with YZ as the ellipse’s major axis.

. At Z, the spacecraft’s engine is fired briefly for the last time to enter a new circular orbit

(4).

Diagram NOT
drawn to scale

Figure 1.1

All four orbits are coplanar. Orbits (1) and (2) touch each other at X, orbits (2) and (3) at Y and
orbits (3) and (4) at Z. During the period when the spacecraft travels from Xto Y and Y to Z
along the transfer orbits (in solid line), its engine is shut.

(@) (i)  Show that the total mechanical energy of the spacecraft of mass m moving in a

circular orbit around the Earth of mass M is —% , where G is the universal

gravitational constant and 7 is the radius of the orbit. (2 marks)
(ii) In (a)(i), at where is the gravitational potential energy of the spacecraft taken to be
zero? (1 mark)
(b) At Y, the spacecraft accelerates from 141 ms™' to 818 ms™' to enter orbit (3).
Given: GM=4.0x 10" N m? kg
Mean radius of the Earth = 6400 km.
Altitude at X (above Earth’s surface) = 191 km
Altitude at Y (above Earth’s surface) = 504 000 km
Altitude at Z (above Earth’s surface) = 376 000 km
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(i)  Describe how the speed of the spacecraft changes at Z to enter orbit (4). Justify
your answer. (3 marks)
(ii) Hence, or otherwise, explain whether the energy required to transfer the
spacecraft’s orbit from (1) to (4) is higher, lower or equal to the difference in
mechanical energy of the spacecraft in the two orbits. (2 marks)
(iii) How long does it take for the spacecraft to travel from X to Z along the transfer

orbits (2) and (3)? (2 marks)
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Section B: Atomic World
Q.2: Multiple-choice questions

2.1 In the photoelectric effect experiment, a monochromatic light is incident on the cathode of a
photocell. The figure below shows how the photoelectric current / passing through the photocell

varies with the voltage V" across the photocell.

I
4
L

v
<

0

The experiment is repeated with another monochromatic light of lower intensity and higher
frequency. Which of the following dotted line graphs best represents the variation of / with V?
A B

O »
Ow
O a
Os
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2.2 When monochromatic light of frequency 3f'and 2f are incident on the cathode surface of a

photocell separately, the maximum kinetic energy of the photoelectrons emitted are 9.0 eV and

5.0 eV respectively. When the frequency of the incident light is £, what would happen?

A

B
C
D

The maximum kinetic energy of the photoelectrons becomes 3.0 eV.
The maximum kinetic energy of the photoelectrons becomes 2.5 eV.
The maximum kinetic energy of the photoelectrons becomes 1.0 eV.

No photoelectron is emitted.

A B C D
o O O O

2.3 Which of the following is/are the feature(s) of Rutherford’s atomic model ?

(1)
2)
3)

S a w »

The atom contains positively and negatively charged particles.
All positively charged particles of the atom are found in a tiny region called the nucleus.

All negatively charged particles moves around the nucleus of the atom in some discrete

orbits.
(1) only
(1) and (2) only O O O O

(1), (2) and (3)

2.4  After absorbing photons with energy 1, some hydrogen atoms emit photons with energy E1, E»,

Es, E4, Es and Eg only, where E| > E» > E3> E4> Es > Es. Which of the following relationships

is/are correct?

(1)

Ei=E,+Es
Ey=Es+Es
E,=E;+ Es

(1) only

(2) only

(1) and (3) only
(1), (2) and (3)

O »
O w
O a
Os
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2.5 J,is the wavelength of a photon with energy of 1 eV and A is the de Brogile wavelength of an

A
electron with kinetic energy of 1 eV. What is the ratio of f ?
e

A 1000
B 1 A B C D
c 01 o O O O
D 0.0l

2.6 Helium ions can be used for microscopy as electrons. Suppose a beam of singly charged helium
ions (i.e. the charge of a helium ion is +e, where e is the quantity of charge of an electron) and a
beam of electrons are moving at the same speed. By considering the Rayleigh criterion,
compare the resolving power of the two beams for imaging and the voltage required to

accelerate the particles from rest.

Resolving power Accelerating voltage required
A electrons > helium ions helium ions > electrons
B electrons > helium ions helium ions = electrons
C helium ions > electrons helium ions > electrons
D helium ions > electrons helium ions = electrons

A B C D
O O O O
2.7  Which of the following about transmission electron microscope (TEM) and scanning tunnelling
microscope (STM) for imaging is/are correct?
(1) TEM and STM attain atomic resolutions.

(2) TEM and STM operate at high voltages in the order of kV.
(3) TEM and STM require the surface of the specimen to be electrically conducting.

A (1) only

B (2)only A B C D
C  (1)and (3)only o O O O
D (1),(2)and (3)

2.8  Which of the following statements is INCORRECT?
A Nano materials are generally more reactive than the same material in bulk size.
B Nano materials may harm the human body when inhaled.
C A material may appear in different colours in the nano form and the bulk form.
D

All nano structures of carbon conduct electricity.
A B C D
o O O O
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Q.2: Structured question
2 The light emitted by a filament lamp passes through a hydrogen gas. Figure 2.1 shows some

darks lines in the visible spectrum of the light.

I I I I I [t I
400 500 600 656 700 (innm)

Figure 2.1

(a) Use Bohr’s model of the hydrogen atom to explain how the dark lines in the continuous
spectrum are formed. (3 marks)

(b) The darks lines shown in Figure 2.1 belongs to a series of spectral lines with wavelength

1

1 1
A given by 7 =R (2—2 - n—z) where R is a constantand n =3, 4, 5....

There are no spectral lines in the series with wavelengths longer than that of line P

(656 nm).

(i)  Find the energy of the photon corresponding to line P. Express your answer in eV.
(2 marks)

(ii)  State the transition in a hydrogen atom that produces line P. (1 mark)

(iii) How can the hydrogen atom producing line P return to its lowest energy state?
(2 marks)
(iv) Show whether all the dark lines of the series can be found in the visible spectrum

(400 — 700 nm). (2 marks)
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Section C: Energy and Use of Energy

Q.3: Multiple-choice questions

3.1 In cooking with a cooking device X, the utensil holding the food is hotter than X and the food.
Which of the following is/are X?
(1) Microwave oven
(2)  Induction cooker

(3)  Electric hotplate

A (1) only

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

3.2 On the packaging box of a 10-W LED lamp, there are an energy label and some information
claiming that the lamp is as bright as a 83-W incandescent lamp and a 16-W compact

fluorescent lamp (CFL).

ENERGY LABEL

less efficient SAE
96 Lumen/W(iiEA/ &)
Ref/Yr f85%/17A230123/23
Light Emitting Diode Lamp
BR_HEEDNE
(#B8TEE ) EMSD)

According to the information given above, which of the following deductions about the 10-W

LED lamp, the 83-W incandescent lamp and the 16-W CFL is/are correct?
96 x 10

(1)  Luminous flux of the LED = Im

(2)  Efficacy of the CFL = 60 Im W'
(3)  Efficacy of the incandescent lamp < Efficacy of the CFL < Efficacy of the LED

A (1) only
C (1) and (2) only O O O O
D (2) and (3) only
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3.3 A book placed at O on a table as shown. The luminous flux of lamp P is 15 000 Im.

lamp P

'Y

o
3
S
9]

20x

5
>
» O
w
x
N
3
€ -----»0
— l——l

Diagram NOT
drawn to scale

Lamps P and Q provide the same illuminance to the book. Take the lamps as point sources

emitting light uniformly in all directions, and neglect the reflections of the walls and the ceiling.

What is the luminous flux of lamp Q ?

A

B
C
D

450 Im

600 Im A B C D
800 Im O O O O
3000 Im

3.4 Aroom is cooled down by a 1500-W air conditioner. The coeffienent of performance (COP) of

the air conditioner is 3. What is the rate of releasing heat to the exterior by the air conditioner?

A

B
C
D

1500 W
3000 W

A B C D
4500 W O O O O
6000 W
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3.5

warehouse

A refrigerated warehouse is built like a closed box without any window. Its envelope is formed
by walls made of uniform material with uniform thickness. Which of the following U-values of
building material and the total area of the envelope listed below give the lowest Overall
Thermal Transfer value of the warehouse?

U-value of building material / W m~2 K! Total area of the envelope / m?

A 3.5 5000
B 3.0 3000
C 2.5 2500
D 2.0 1000

A B C D
o O O O

3.6  Which of the following statements about hybrid cars and petrol cars is/are correct?
(1)  Hybrid cars emit less carbon dioxide than petrol cars because hybrid cars have a higher
end-use energy efficiency.
(2)  Petrol cars have friction brakes while hybrid cars do not have friction brakes.
(3) Hybrid cars take a longer time to refuel than pertrol cars because the batteries of hybrid

cars need to be recharged.

A (1) only
C (1) and (2) only O O O O
D (1), (2) and (3)
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3.7  Which of the following statements about the pressurized water in the pressurized water reactor
(PWR) of a nuclear power plant is INCORRECT?
A It absorbs neutrons for controlling the rate of fission.
B It slows down the fast-moving neutrons produced by fission reactions.
C It absorbs the energy released by the fission reactions.
D

It remains in the liquid state in the reactor.
A B C D
o O O O
3.8

——1 solar panel

Y
ground

Fig a

Y <

sunlight

) X :

Earth <
Figb

A solar panel of area 0.5 m? is installed horizontally on a pole (Fig a) in an open area at city Y.
At the instant shown, sunlight falls normally on city X, which is at the same longitude as ¥

(Fig b). 35% of the radiation power is absorbed by the atmosphere above Y. The solar constant
is 1366 W m2. Assume the Earth is a perfect sphere and C is the centre of the Earth. Estimate

the radiation power reaching the solar panel.

A 168 W
B 221 W A B C D
C 41w O O O O
D 480 W
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Q.3: Structured question

3 (a) The length of each blade of a wind turbine is R. If the wind turbine were 100% efficient

in converting wind energy into electrical energy, show that its maximum power output
1
would be By an2v3, where p is the density of air, when the wind speed is v. (2 marks)

(b) The blades of wind turbine X are 22 m long. Figure 3.1 shows how the power efficiency
of X depends on the wind speed.

50.0%

45.0%

40.0%

35.0%

30.0%

25.0%

efficiency

20.0%

15.0%

10.0% 1

5.0% —f—

0.0% I
0 5 10 15 20 25 30

wind speed / m s~

Figure 3.1

(i) X consists of two main components, a rotor with blades and a generator. Given that
the efficiency of the generator is 93% and remains constant. What is the maximum
efficiency of the rotor and at what wind speed is this efficiency attained?

(2 marks)
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(ii) An engineer suggests using turbine X to supply electricity for a small community Y.
Figure 3.2 and Figure 3.3 show how the wind speed at Y and Y’s electrical power

demand vary with time on a typical day.

wind speed / m s
a0t
36
32
28 —
24
20
16
12

8

O NPA

2 4 6 8 10 1214 16 18 20 22 24
time of a day / hour

Figure 3.2

electrical power demand / kW

1000 4
900 | — —
800
700
600
500
400
300
200
100 |

0 2 4 6 8 10 1214 16 18 20 22 24
time of a day / hour

Figure 3.3

(1)  Using the result in (a) and Figure 3.1, calculate the electrical power outputs
of turbine X at different time of the day at Y. Hence, draw lines in Figure 3.3
to show your answer. Take p=1.22 kg m™. (3 marks)

(2) Hence, suggest with a reason how to improve the wind power system so that
the electrical power demand of community Y can be totally fulfilled by using

turbine X. (3 marks)

Physics at Work for HKDSE
Mock Exam (Set 2) Paper 2 130

© Oxford University Press 2023



Section D: Medical Physics

Q.4: Multiple-choice questions
4.1 In a bright room, a student is looking at two green LEDs on the wall far from him. Which of the
following changes can increase the resolving power of the student’s eyes?
(1)  The green LEDs are replaced by red ones.
(2) The room is dark.
(3) The student stands closer to the wall.

A (1) only

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

4.2  Peter wears spectacles with lens of focal length 18 cm that correct his near point to 25 cm. What

is the type of spectacles and where is his near point without the spectacles?

types of near point at
spectacles (without spectacles)

A concave lens 10.5 cm

B convex lens 10.5 cm
C | 64.3 A B ¢ D

concave lens 3cm
o O O O

D convex lens 64.3 cm

4.3
- - - & ---------- *----
S A B C

NOT drawn to scale

A loudspeaker S, taken as a point source of sound, is placed on a straight line formed by points
A, B and C as shown. The sound intensity level at 4 is 14 dB higher than that at B and 28 dB
higher than that at C. If 4 and B are 4 m apart, how far is C away from B?

A 40m
B 80m A B C D
C 160m O O O O
D 200m
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4.4 The graph below shows the curve of equal loudness at 0 phon of a person.

intensity level / dB
A

70
AN
60 1N

0 N yad

\_//
20 50 100 200 500 1000 5000 10 000
frequency / Hz

In which of the following graphs does the shaded area best represent the sound that cannot be

detected by the person?
A intensity level / dB
A
70
60 AN
50 N
AN
40 ~
30 N
20 .
10
0 N /’
[ | A _
20 50 100 200 500 1000 5000 10 000
frequency / Hz
B intensity level / dB
A
70
60 N\
50 N\
N\
40 <
30 N\
20
10 N y,
0 L<d
20 50 100 200 500 1000 5000 10 000
frequency / Hz
C intensity level / dB
A
70
60|\
50 N
N\
40 N
30 AN
20 y,
10
0 3 ad
~_
20 50 100 200 500 1000 5000 10 000
frequency / Hz
D intensity level / dB
A
70
60 \\
N A B C D
40 \\
2 O O O O
10 ~ /!
0 ~ ~
~— o
20 50 100 200 500 1000 5000 10 000
frequency / Hz
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4.5 Endoscopy, X-ray imaging and radionuclide imaging are methods used to take an image of an
organ. Which of the following descriptions about the advantage of one method over the other
two is/are correct?

(1)  Endoscopy provides the direct observation of the organ’s surface.
(2) X-ray imaging provides the image of the organ’s cross section.

(3) Radionuclide imaging provides functional information about the organ.

A (1) only

B (2)only A B C D
C  (1)and (3)only O O O O
D (1),(2)and(3)

4.6 Two patients P and Q take in the same amount of radioactive tracer X for performing
radionuclide imaging of their kidneys. P has more urine output in a day than Q while they drink
the same amount of water. How do the biological half-life and the effective half-life of X in P

compare with those in 07

Biological half-life Effective half-life
A P<Q P<Q
B P<Q P>Q
C P>0 P<Q
D P>Q P>Q

A B C D
o O O O

4.7  Which of the following statements about radionuclide imaging and computed tomography (CT)
scan is INCORRECT?
A Both use ionizing radiations to form images of body tissues.
B Both can be used to produce images of bone.
C The radiation dose of a CT scan is higher due to longer radiation time.
D

Radionuclide imaging produces images of lower resolution.

O a
O o

A B
o O
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4.8

1
I—>|P| 0 [—>7¢ 10——>H—>§10

t 2t t

Figure a Figure b

The diagram shows an X-ray beam of intensity / passing through two plates, one made of

material P with thickness ¢ and the other made of material Q with thickness 2¢ (Fig a). The beam

1
emerges from the plates with an intensity EIO (Fig b). After the Q plate is removed, the

intensity of th th b 11 Find the rati fhalf—valuethicknes of P
mtensity o € emergent be€am bECOmMeESs 3 0 1n € ratio o halfvalue thicknes OfQ'
A 6

3
B i

2

2 A B C D
C —

: O O O O

1
D —_

6
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Q.4: Structured question

4

Figure 4.1 shows the set-up for measuring the thickness of the fat between the skin and the
muscle at the abdomen with ultrasound. An ultrasound transducer with coupling gel is applied

to the skin. 4, B and C are the gel-skin, skin-fat and fat-muscle boundaries respectively.

ultrasound
transducer
coupling gel
skin
fat
C
muscle
Figure 4.1

The information about the speed of sound and the acoustic impedance for various body tissues

are provided in the table below.

Medium | Speed of sound /ms™ | Acoustic Impedance / x 10°kg m2 s
Skin 1600 1.60
Fat 1450 1.38
Muscle 1585 1.70

(@) (i)  Explain why the coupling gel is applied between the transducer and the skin when
performing an ultrasound scan. (2 marks)
(ii) Calculate the ratio of density of fat to that of muscle. (2 marks)
(b) The fat thickness measurement is done on a healthy adult with a 10-MHz transducer.
Figure 4.2 shows the result of the ultrasound scan which is a CRO display of the
ultrasound pulses reflected from boundaries 4, B and C. The time scale of the CRO is set

to 10 us per division.

A B C

L |

Figure 4.2
(i)  State the type of ultrasound scan used. (1 mark)
(ii)  Find the thickness of fat. (2 marks)
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(¢) The measurement is repeated for an obese patient whose fat layer is expected to be much
thicker than the healthy adult’s in (b). A 2.5-MHz, instead of 10-MHz, transducer is used.
(i)  What is the advantage of using ultrasound of lower frequency for this
measurement? Explain briefly. (2 marks)

(ii) What is the trade-off of using a lower frequency in ultrasound scan? (1 mark)

END OF PAPER
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List of data, formulae and relationships

Data
molar gas constant R=28.31Jmol K
Avogadro constant Na = 6.02 x 10 mol™
acceleration due to gravity 2=9.81 m s~ (close to the Earth)
universal gravitational constant G=6.67x10" N m? kg™
speed of light in vacuum c=3.00x10ms™"
charge of electron e=1.60x10"C
electron rest mass me=9.11x 107" kg
permittivity of free space &=885x10"2C*N"'m™
permeability of free space Uo=4mx 107 Hm™
atomic mass unit u=1.661x 10" kg (1 uis equivalent to 931 MeV)
astronomical unit AU=150x10"m
light year ly=9.46x 10" m
parsec pc=3.09x 10" m = 3.26 ly = 206 265 AU
Stefan constant 0=567x10*Wm?K™*
Planck constant h=6.63x107*Js
Rectilinear motion Mathematics
For uniformly accelerated motion: Equation of a straight line y=mx+c
Arc length =rf
v = utat Surface area of cylinder =2mrh + 21
1 ; -
s = it Volume of cylinder r*h
2 Surface area of sphere =42
2 = W+ 2a 4
v " s Volume of sphere —
For small angles, sin €= tan 8= 6 (in radians)
Astronomy and Space Science Energy and Use of Energy
GMm . . O .
U=- gravitational potential energy E= g illuminance
r
P=oAT* Stefan’s law 0o KA(TH ~Te) .
Afl v o |ax = =K——— rate of energy transfer by conduction
— |~ — = [ —] Doppler effect t
Jol ¢ |4 K
U :E thermal transmittance U-value
P= 5 ,OAV3 maximum power by wind turbine
Atomic World Medical Physics
1 1222 L .
- meVmax2 = hf — ¢ Einstein’s photoelectric equation 0= — Rayleigh criterion (resolving power)
1 4 13.6 ower = L ower of a lens
En=-— mzeez == eV P f ’
n” |8h7g, n 7
energy level equation for hydrogen | L= 1010g1— intensity level (dB)
0
atom
Wk Z=pc acoustic impedance
A=—=—o0 de Broglie formula I, (Z,-7,)>
p my o =——=—=——"— intensity reflection coefficient
Ly (Z,+2)*
1.22) . . 0 2t4
0= d Rayleigh criterion (resolving power) 1= lpe™ transmitted intensity through a
medium
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Al.

A2.

A3.

A4.

AS.

Bl1.

B2.

B3.

B4.

BS.

B6.

B7.

Cl.

C2.

C3.
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E =mcAT
E=1Am
pV=nRT
1 =
pV==Nmc*
3
_3RT
TN,
Av A
v A
At At

moment = F X d

Ep=mgh
|
Ex =—mv
)
P=Fv
2
%
a=—=wr
r
Gm m,
- 2
r
a
d sin = n\
1 1 1
_+_:—
u v f

energy transfer during
heating and cooling

energy transfer during
change of state

equation of state for an
ideal gas

kinetic theory equation

molecular kinetic energy

force

moment of a force

gravitational potential
energy

kinetic energy

mechanical power

centripetal acceleration

Newton’s law of
gravitation

fringe width in
double-slit interference

diffraction grating
equation

equation for a single lens
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E2.

E4.
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47t$0r2
o 0
4dne,r
r

d
rR=P

Y|
R=R+R
1 1 1
=4
R R, R,
P=IV=PR
F=BQvsin 6
F=Bllsin @
p=thl
2mr

_ Mg NI

/

AD
e=N—

At
VS NS
Vo Ny
NZN()e_kt

In2
t=—=
5 k
A=kN
AE = Amc?

Coulomb’s law

electric field strength due to a
point charge

electric field between parallel
plates (numerically)

resistance and resistivity

resistors in series

resistors in parallel

power in a circuit

force on a moving charge in a
magnetic field

force on a current-carrying
conductor in a magnetic field

magnetic field due to a long
straight wire

magnetic field inside a long
solenoid

induced e.m.f.

ratio of secondary voltage to
primary voltage in a
transformer

law of radioactive decay

half-life and decay constant

activity and the number of
undecayed nuclei

mass-energy relationship
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SECTION B (84 marks, 48.75% of subject mark)

1

()

(b)

(©)

(@)

(b)

(©)

()

Since the temperature of oil is much higher than the boiling point of
water, the moisture in the nuts is heated and vaporizes.
The water vapour coming out from the nut forms bubbles in the oil.
Minimum energy required
= my,c, AT, + myl, + m.c AT,
= (0.3 — 0.28)(4200)(100 — 30) + (0.3 — 0.28)(2.26 x 10°)
+ (0.28)(1500)(100 — 30)
= 80480]
~ 80500 ] (or 80.5 k])
The energy released by the oil and the wok to cool down to 100 °C
= Cyor AT + Mgy Coy AT
= (1000)(160 — 100) + (0.7)(2300)(160 — 100)
=156 600 J (> 804801J)
Hence, the final temperature of the mixture is higher than 100 °C.
Let T be the final temperature.
80480 + m.c.(T — 100) = (Cpor + Mpi1Co) (160 — T)
80480 + (0.28)(1500)(T — 100) = [1000 + (0.7)(2300)](160 — T)
80480 + 420T — 42000 = 417600 — 2610T
T = 125°C

At the safety limit, the force applied on the spring
F=PA=(5-1)x10°(2x10"*) =80N
From the graph given, the compression of the spring is 3.2 mm. Hence,

x=3.2mm

Py Ty

P, T,

3P,  (273+25)
5P, T,

T, = 497K

The safety limit of the storing temperature is 497 K (or 224 °C).

As the temperature increases (from 25 °C), the speed of the gas
molecules increases.

They collide more frequently and violently with the tank. Hence, the
gas pressure increases.

As the temperature reaches 224 °C or higher, the gas pressure reaches
5P,. The outlet of the valve opens, so some gas molecules escape
through the outlet and the gas pressure decreases.

When the pressure becomes slightly lower than 5P,, the valve closes.
Therefore, the gas pressure fluctuates about 5P,.

Pull the metal sphere to a height H above the table and measure H.
Release the sphere and record the time taken for the sphere to pass the
light-gate at its lowest point, ¢.

Measure the height of the sphere at its lowest point, 4, above the table
and the diameter of the sphere, d.

Gravitational acceleration g can be found by

et~ i)

g~ Z(Hl—h) (%)2
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(b) The centre of the sphere and the light sensor of the light-gate are not at
the same level.
This makes ¢ smaller than actual value.
Therefore, the value of g is over-estimated.

(Accept any source of error that reasonably explains the overestimation
of 2)

(¢) (Any one of the below)
e Measure 4 and H from the centre of the sphere to the table.
e Make sure that when the sphere passes the light-gate, its centre and
the light sensor of the light-gate are at the same level.
e Use the heaviest sphere when there is a choice.
e Repeat the experiment and take average of the results.

4
(@ @
(i)

(iii)
(b) @

Work done
= AKE + APE

= %m(vé —v2) +mg(he — hy)

= %(70)(92 —0) + (70)(9.81)(1 — 3.5)
=1120]

w
p==
t
1120

T3

= 373 W
The height different between Cand D=1.6 —1=0.6 m
Consider the horizontal motion:

Sy = Uyt
5 = (9 cos 30°)(t)
t =0.6415s

Consider the vertical motion:
Sy = Uyt — % gt?
= (9 sin 30°)(0.6415) — % (9.81)(0.6415)2

= 0.868m (> 0.6 m)
Hence, the Peter can jump over D.

Resolving the normal reaction R on the bike into vertical and
horizontal components.

R cos30°
2 R

Rsin30°="2% (1)
Rcos30°=mg.______. .| ()
Dividing (1) by (2),
2
tan30° = =
ar

v =,/grtan30° = ,/(9.81)(10) tan 30° = 7.53 ms"'
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()

(b)

()

(i)

(iii)

)
(ii)

Advantage:

Taking Lane III, Peter can move at a higher speed with lower
chance of skidding.

Disadvantage:

Taking Lane III, Peter has to travel a longer distance than X.

Q
2)

frictional force f

banked corner

As X’s bike moves faster than 7.53 m s™' (the speed in (b)(i)), it
tends to skid upwards along the inclined plane.

Convex / converging lens

The water lens converges parallel light rays from the sun (distant
object) to a small spot at its focus.

This concentrates the energy collected by the whole lens to a
small area so that an object placed at the focus can be heated up
effectively.

(i) & (ii)

(iii)

(@)

(i)

principal
A £ axis

Focal length =30 cm

(correct position of image)

(correct height of image)

(correct light ray with arrows)

(correct location of F)

The stand should be higher.

This allows the lens to converge sunlight to a smaller and hotter
spot for heating.

d _ 24 _
Speed of water wave v = T 58 40 cm s™!

Wavelength of the water wave A1 = % =2cm

Frequency f =

PR

0

DN o
o

Hz
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(b)

(@)

(b)

(©)

(@)

(b)

(iii)

amplitude
A

\.

0 P

» distance

(i) Interference
(ii) They are in antiphase.

(iii) The path difference at P=SP—S1P=30-24=6cm (= 34)
Since S; and S, are in antiphase, destructive interference occurs
at P.
After adding S, the amplitude of vibration of the water at P
becomes smaller.

load (e.g. electric motor)

| —
posive L1  negative
- | electrode separator electrode
el e I 1

<=0 Li-ion (Li")
battery
eled_rolyle
(i) Drop in voltage
= o0z (002)

= 0.099V (=99 mV)
(i) Since P= IR,
power loss in fast charging (3 1)2 R

power loss in normal charging  ( [)2 R
=9

When the separator is broken, an internal short circuit may happen and
a large current (/) is produced in the battery.
Heating rate (I*R) due to the large current is very high in a battery.
(or any correct reason for generating large amount of heat in a short
time)
The temperature of the battery rises rapidly and may result in a fire.

(i)  Earth pin
(ii) The switches in Y ensure that the electrical appliances are cut off

from the high voltage of the mains when opened.
(@) P=VI
(1000 + 50) = 2201
[ =477A
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(@)

(b)

(©)
(d)

10
(a)

(b)

(ii)  Electrical energy consumed by vacuum cleaner in 5 minutes
=Pt = (1000)(5 x 60) =3000001J

The electrical energy consumed by the fan in 2 hours

=Pt =(50)(2 x 60 x 60) =360000J > 300000J

Hence, the fan demands a higher cost of electricity.

X

slab-shaped
magnet on
steel yoke

south pole

Y
north

pole

(Both poles correct)
(Upward arrow)

(@)

0 » /

(Straight line passing through the origin)

By F = BIl, where / is the length of wire within the gap between
the magnets, the slope of the graph is equal to BI.

/ needs to be measured to obtain the value of B.

(Straight line passing through the origin and with a greater slope.)

No, the student is not correct.

Since there is an insulating segment in the frame, no current is induced
in the frame when the magnets move.

(i)

¢ _In2 In2
1/2 = ", 7 3.84x10-12

50000 _
50 000 yr = %tl/Z = 875t1/2

(Accept 8.76ty,,)

(i) Ncia — (NC14-) e—kt
Nciz Nciz2/ 4

2.2x 1071 = 1.3 x 10712~ (3:84x107*)t

t =1.06 X 1012 s = 33600 yr
Since the sample contains more '*C than it should have, the
C/12C ratio in the sample is smaller than that in the fruit.
Hence, the time found in (i) is longer than the actual value.

= 1.805 x 1011 s = 5712 yr

(i)
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Paper 2 (25% of subject mark)

SECTION A: Astronomy and Space Science (20 marks, 12.5% of subject mark)

Multiple-choice questions

11 C 1.25A
1.2 B 1.25A
1.3 C 1.25A
14 A 1.25A
1.5 A 1.25A
1.6 D 1.25A
1.7 B 1.25A
1.8 C 1.25A

Structured question

1
. GMm _ mv?
@ @O ZF==
b= [H M
T
The total mechanical energy of the spacecraft
=KE +PE
_ l 2 _ GMm
= mv + ( " ) IM
_1_GM GMm
T2 r T
_ _GMm
T or
(ii) At infinity 1A
(b) @) AtZ
Speed of the spacecraft in orbit (4):
p= |- J LOX10%___ _ 1020ms ! IM
T (376 000 + 6400)x103
Speed of the spacecraft in orbit (3):
1 2 GMm 1 2 GMm
2 mvz rz - 2 mvy Ty
15 4.0x101* _1 2 4.0x101*
27 T (376000 + 6400)x10° 2 (818) (504 000 + 6400)x103 M
v=1090ms?! > 1020 ms!
Therefore, at Z the speed of the spacecraft decreases from 1A
1090 ms ™ to 1020 ms™.
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(i)

(iii)

The work done by the engine at Z reduces the speed (or kinetic
energy) of the spacecraft to enter orbit (4). (or Extra energy is
used to reduce the speed of the spacecraft at Z to enter orbit (4))
Therefore, the energy required to transfer the spacecraft’s orbit
from (1) to (4) is higher than the difference in the mechanical
energy of the spacecraft in the two orbits.

2
Kepler’s third law for elliptical orbit T2 = ZLM a3

Time of travel in transfer orbits (2) and (3)
1 [4m? 5 1 [4m2 o

- |—a = |—a
2\ G6M 2 ' 24lgm 3

1 (191+504 000+6400x2)x103713
= X +
4.0x1014 2

\/ 1 [(376 000+504 000+6400X2)X103]3
i
4.0x1014 2

= 2.13 X 10° s (or 24.7 d)

1A

1A
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SECTION B: Atomic World (20 marks, 12.5% of subject mark)

Multiple-choice questions

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8

B

O » a » T O O

Structured question

2

()

(b)

In Bohr’s model of the hydrogen atom, the electron in the hydrogen
atom can only occupy certain discrete orbits around the nucleus, each
corresponds to a discrete energy level of the atom.

When light of continuous frequency is sent through a hydrogen gas,
photons with the exact amount of energy to raise electrons from lower
energy levels to higher ones may be absorbed.

Light of frequencies corresponding to these amounts of energy has a
much lower intensity in the original direction and appears as dark lines

in the spectrum.

N

M E==
_ (6.63x1073%)(3x10%) 1
o 656x1072 1.6x10~19
=1.90eV

(ii) The transition from n =2 to n = 3.

(iii) The excited hydrogen atom can return to the lowest energy level
by emitting a photon due to an electron transition from n = 3 to
n=1,
or by emitting two photons, one due to an electron transition
fromn=3ton=2and one fromn=2ton=1.

(iv) When n = oo, the wavelength is the shortest, which is

11
)

]
9
Therefore, not all dark lines of the series can be found in the
visible spectrum.

A= X 656 = 364 nm (< 400 nm)
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SECTION C: Energy and Use of Energy (20 marks, 12.5% of subject mark)

Multiple-choice questions

3.1
3.2
33
3.4
3.5
3.6
3.7
3.8

B

QO » » U U W T

Structured question

3

()

(b)

Consider the wind passing perpendicularly through a circular area
swept by the blades of the turbine.
In time ¢, the volume of air passing through the blades = nR?vt
The kinetic energy of the wind

1 1 1

— 2 RZ 2 RZ 3

Smvt =5 (pnR*vt)v > tpnR“v
The maximum power of wind turbine P
__ kinetic energy of wind

t

= % pnR?v3

(i) The maximum efficiency of the rotor is attained at the wind
speed of 9 ms ',

0.43
Maximum efficiency of rotor = 093 0.462 = 46.2%

Physics at Work for HKDSE
Mock Exam (Set 2) Solutions 148

© Oxford University Press 2023

1.25A
1.25A
1.25A
1.25A
1.25A
1.25A
1.25A
1.25A

1A

1A

1A
1A



(ii) (1) From 20:00 to 4:00, the wind speed is either too low or too
high for X to run (overall efficiency =0), the output power
=0.

From 4:00 to 20:00, the output power
= ~(1.22)(m)(22)?(12)3(0.35)
=561 kW
electrical poilver demand / kW
1000
900 L —
800 o )
700 - -
600 L -
561 : 1 1 {
300 [ B
400 . 1
300 — i
200 L !
100 — =
| ! »
0 2 4 6 8 10 12 14 16 18 20 22 24
time of a day / hour
(2) The total electrical energy output of X for a day
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(=561 x 16 = 8980 kW h) is larger than the total energy
demand of Y (= 100 X 10 + 900 X 4 + 400 x 10 =
8600 KW h).

The system can be improved by adding rechargeable
batteries / building a small-scale reservoir to store the
excess electrical energy generated during the time of low
power demand

and supplement the power supply during the time of high
power demand.

Not Accept:

Building two turbines X- Although the total power
output of the turbines (= 561 X 2 = 1122 kW) is larger
than the demand at the peak hours, the shortage of power
supply when wind is too high or too low cannot be solved.
Adding solar panels The output power of the panels
will be low during the high-demand periods (dawn and
dusk of a day) when sunlight is weak.

Increasing the blade length to increase the power

output Increasing the blade length cannot solve the
problem of power shortage during the low-wind-speed
period.
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SECTION D: Medical Physics (20 marks, 12.5% of subject mark)

Multiple-choice questions

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

B

o QO » O W I >

Structured question

4

()

(b)

(©)

(@)

(i)

)
(i)

(@)

(i)

Since air and skin have a great difference in acoustic impedance,
a strong reflection of ultrasound will occur at the air-skin
boundary.

Adding coupling gel, which has an acoustic impedance close to
that of skin, between the skin and the transducer can greatly

improve the transmission of ultrasound to the skin.
PE _ ZE M

pPM Zm  CF
1.38 1585

~ 170 7 1450
=(0.887
A-scan
Thickness of fat
At
= 7 X CF
-6
_ 4x10x107 1450

=0.029m (= 29 mm)

The attenuation of ultrasound increases with the frequency.
When the fat layer is very thick, using ultrasound of lower
frequency is more likely to make the reflected pulses from the
fat-muscle boundary strong enough for the transducer to detect.
The smallest thickness of fat that can be measured becomes
greater (i.e. lower axial resolution).
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