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A single sheet of aluminium foil is folded twice to produce a stack of four sheets. The total

thickness of the stack of sheets is measured to be (0.80 + 0.02) mm. This measurement is made

A voltmeter connected across a resistor in a circuit gives readings which have high precision

Which of the following best describes the likely error in readings taken with this voltmeter?

3
1
using a digital calliper with zero error of (-0.20 + 0.02) mm.
What is the percentage uncertainty in the calculated thickness of a single sheet?
A 1.0% B 2.0% C 4.0%
Ans: C
4t =(1.00 £0.04) mm
t=(0.25+0.01) mm
At 100% = 290 100%
t 0.25
=4.0%
2
but low accuracy.
random error systematic error
A high high
B high low
[ low high
D low low
Ans: C
NYJC 2025 9748/01/J2Prelim/25
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4

3 A stone falls vertically and strikes soft ground with speed u. The stone experiences constant
deceleration until it comes to rest. Which graph shows the variation of speed v with distance s
below the ground surface?

A B C D
Ans: A

Take downward as positive.

Below ground surface, acceleration is upward, which is thus negative.
Let this acceleration be -a.

vi=u® +2as

v=+/u? +2as

v =+u? -2as

Using GC, the graph will give be similar to option A.

4 A particle X with kinetic energy E; collides with a stationary particle Y. Both particles have the
same mass.

After colliding, X and Y travel together as a single particle.

How much kinetic energy is lost in the collision?

A zero B m [+ m D w|m:a.
4 2 4
Ans: C
E = Ly
2
By principle of conservation of momentum,
mv+0=2mv, v, um
lossinKE = KE, ~KE,
2
1, 1 v 1, vy 1, E
=—mv: —=2m)| = | =—mv* -m| — |=—mv? =%
2 NA ) 2 2 4 4 2
NYJC 2025 9749/01/J2Prelim/28
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7

A wire is stretched elastically by a force of 200 N, causing an extension of 2.00 mm. The force

is gradually increased to 250 N, and the wire remains within its elastic limit.

What is the work done in stretching the wire from 200 N to 250 N?

A 0113J B 0.225J c 113J D 225J

Ans: A

F=kx

200
k=-"=100 000 N m"
0.002

Area under graph for additional extension

_250__4002)

1
ik done = (200 + 250
work done 2 (200 + 250) (5555

=0.113J

250

200

20 x/mm

NYJC 2025 9749/01/42Prelim/25
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9 A small mass is attached to a light string and rotates in a vertical circle of radius r.

Taking g to be acceleration of free fall, what is the centripetal acceleration of the mass when it
is at the lowest point of motion if the speed of the mass at the highest point just allow the mass
to complete the circutar motion?

A g B 2 C 4g D 5¢
Ans: D
At the top of circle,
mv,?
T+mg=0+mg= w§
Vi =19

By conservation of energy,

,._.3<§~ +mg(2r)= H3<§§.~

2 2
1 1, o
MAGV +g(2r)= M<§_§
Voot = 5rG
2
a, = Visten__5g
r
NYJC 2025 9749/01/J2Prelim/25
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1"

14 An ideal gas goes through the thermodynamic cycle EFGHE as shown.

pli0°Pa 4

0

j » V/m?
2 4

R R L

0
Which of the following statements is correct?

A After completing one cycle, there is net heat lost by the gas.

B During process FG, there is no change in the internal energy of the gas.
oOczzmvaommmIm..:mumm_ommm:mmﬁ.
D

The work done by the gas during process EF is equal in magnitude to the work done on the
gas during process GH.

Ans: B

A is wrong. Net work done on gas is negative, in other words, there is a net work done by gas.
As the change in intemal energy is zero for one complete cycle, net work done by gas is equal
to net heat gained by gas.

C is wrong. As work done on gas is zero, an increase in internal energy means that there is heat
gained by gas.

D is wrong. Areas under the graph for EF and GH are different.

B is correct as FG is an isothermal process whereby temperature remains constant (since PV
is unchanged)

NYJC 2025 9749/01/J2Prelim/25 [Turn over
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12

This diagram shows the displacement-distance graph of a transverse wave at time, ¢ =0. Taking
upwards as positive, point Q is a point on the wave and is travelling downwards at t = 0. Another

point P is W of a wavelength from point Q.

displacement

[

0 o~

distance along wave

Which of the following descriptions shows a possible displacement and direction of velocity of
point P?

displacement direction of velocity

positive positive
positive 0

0 negative

o 0O W >

negative negative

NY

Ans: D

Since the point Q is traveliing downwards at ¢ = 0, it impiies that the transverse wave is travelling
towards the left.

asplacernent

Since P is W f a wavelength away from Q, there are 2 possible positions it can be at as shown

above. Some time later, the wave profile will be as shown by the dotted line. In order for this to
happen, if P is on the left side of Q, it must move downwards and have a negative displacement
from equilibrium at ¢ = 0. On the other hand, if P is on the right side of Q, it must move downwards
and have a positive displacement from equilibrium at £ = 0.
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18 A musical instrument is made using a long tube with a mouthpiece at one end. The other end is
open and flared, as shown.

-
L

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode
at the other end. The fundamental frequency of sound that the instrument can produce is 80 Hz.

Which different frequencies of sound can be produced by the instrument?

A 160Hz, 240 Hz, 320Hz
B 160Hz, 320 Hz, 640Hz
C 240Hz, 400Hz, 720Hz
D 240Hz, 320Hz, 480 Hz

Ans: C
Since the situation is a one end open, one end closed pipe of length L,
Fundamental harmonic: A = 4L > f= 80Hz

1/4 wave

pm—

H o
" ke
R L L

1t Qvertone: A = (4/3)L > =3 x 80Hz = 240 Hz

3/4 waves

*

.
* o *

2™ Qvertone: A = (4/5)L -> f=5 x 80Hz = 400 Hz

5/4 waves

e
-
- ~

P
o P

frequency, in other words: £, 3f, 5f, 7f,9f, ..., (2n+1)f are all possible solutions.

We can see that subsequent overtones are just odd-integer multiples of the fundamental

NYJC 2025 9748/01/J2Prelim/25 [Turm over
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19 A portable fan battery is charged by connecting it to a constant potential difference of 6.0V. The
variation with time t of the current I through the battery is as shown.

IIA

»

0 50 {/hours

What is the energy transferred to the battery during the time of 2.0 hours shown in the graph?
A 360J B 7204 C 22000J D 43000J

Ans: C

Q = Area under graph = WG .0)(2.0 x 3600) = 3600 C
Energy transferred i.e. work done on charge = QV = 3600(6.0)= 21600 J

NYJC 2025 97498/01/J2Prelim/25
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19

22 A typical potentiometer circuit is shown.

driver celi

[ c
It
XZ

L

secondary cell

Which of the following does not increase the balance length Lxz?
A decreasing the e.m.f. of the driver cell.
B increasing the e.m.f. of the secondary cell.
C adding a fixed resistor in series with the driver cell at point C.
D

decreasing the internal resistance of the secondary cell.

Ans: D

Option A: this decreases Vxy. Lxz has to increase in order for Vi to still be equal to
e.m.f of secondary cell.

Option B: this means Lxz has to increase to increase Vxz to match e.mf of
secondary cell.

Option C: this causes the same effect as in option A.

Option D: at balance length, the current is through secondary cell is zero, thus Vas
will still be equal to the e.m.f. of the secondary cell. Thus Lxz does not change.

23 1In the direction opposite of an electric field line, which of the following must be true?

A The potential must decrease.
B The potential must increase.
C The electric field strength must decrease.
D The electric field strength must increase.

Ans: B
Electric potential decreases along the direction of electric field strength.

NYJC 2025 9749/01/J2Prelim/25
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24 A square coil of 10 turns with sides of 5.0 cm is placed so that the plane of the coil makes an
angle of 30° with the direction of a uniform magnetic field B of flux density 2.0 T. A current of
15 A is passed through the coil.

plane of coil

What is the magnitude of the torque acting on the square coil?

A 019Nm B033Nm C 038Nm D 065Nm

-’

Ans: D /\

B=20T
/wﬂ

Total torque,
t=Fxd

= NBILd

50 5.0
~10%2.0x15x o x > cos 30"
x2015x 156700 "
~ 0.65Nm

25 A fiat circular coil of 120 tums, each of area 0.070 m?, is placed with its axis paralle! to a uniform
magnetic field. The flux density of the field is changed steadily from 80 mT to 20 mT over a
period of 4.0 5.

What is the e.m.f. induced in the coil during this time?

A 0OmVv B 11mV C 130mV D 500mVv

Ans: C
Axis of coil parallel to magnetic field > magnetic field lines are
normal to the area enclosed by coil

3
do  NAB _120x0.070x 80=20)x10
Emf = o = dt 4.0
~0.126V = 130mV
NYJC 2025 9749/01/42Prelim/25
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23
29 The beta spectrum for 2B decay is as shown below.

A number of
B-particles

0 6.0 134
kinetic energy of p-particle / MeV

The kinetic energy of an emitted S-particie is 6.0 MeV. What is the approximate energy of the
associated neutrino?

A 4.0Mev B 6.0 MeV C 7.4 MeV D 13.4 MeV

Ans: C

Based on COE and COM, the kinetic energy of the daughter nuclei is negligible hence the total
energy released is shared between B particle and neutrino. Since the highest possible KE of 8
particle is 13.4 MeV, i.e. when neutrino has zero KE, hence the total energy released by the
reaction is also 13.4 MeV, and this value is fixed for this particular reaction. Thus, when an
emitted B particle has KE of 6.0 MeV, the associated neutrino must have 13.4 -6.0 =74 MeV
of energy.

30 A radioactive source in the laboratory has a half-life of 10 days. The count rate was measured

to be 100 Bq initially. 20 days later, the count rate was found to be 34 Bq. What is the count rate
in the laboratory without the source?

A 9 B 12 c 17 D 22
Ans: B

{C — Coackground) = V4 (Co — Coackground)

(34 — Chaciground) = ¥4 (100 — Chackground)

Chackgrouna = 12 days

End of Paper
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3 4

Answer all the questions in the spaces provided. (b) An experiment is conducted to determine the value of C. Using copper rod of diameter

0.80 c¢m but different length, and two ends of the rod are maintained at pure ice point

1 The rate of heat flow through a rod due to conduction is given by Fourier's Law: and steam point, the rate of flow of thermal energy was measured using a heat flux

Q CA(AT) sensor. A graph of how % varies with m is plotted, as shown in Fig. 1.1.
T

where A is the cross-sectional area of the material, Q

L is the length of the material, t

AT is the temperature difference across the length of the material, and

Cis a constant. 60

(a) Determine the Sl base units of C.
)= Lallt]
[tI[AIAT]
_(kgm’ s)(m)
(s{m*)(K)
=kgms® K™

50

[Recall : Q can be considered as energy whose unit can be found from work done]

Sl base units = [2} 30
20 e
10
0 i
0 0.05 0.10 0.15 0.20 0.25 0.30 i J emr!
Fig. 1.1 L
(i) State the feature of the graph that indicates the presence of systematic error in the
experiment.
The evidence of systematic error is seen by the graph shift by a fixed value to the right
and did not pass through the origin. The best fit should pass through the origin if there is
no systematic error.
NYJC 2025 9749/02/02Prelim/25 [Tum over NY.JC 2025 9749/02/J2Prelim/25




BP-~79

GZ/uNRINZIZ0I6Y L6 §20Z OrAN

[z}

LSwey =
2090 A

¢ *(980°0)(18'6)(209°0)
[VAT 033 =0 (9800)(18°6)(Z09°0)
I Ul 8807 = J4H Ul wes)
‘uonisod yseybiy o) yo0jq ayy u pappaquia awoaaq Jsn| 18jing uaym Buueduion

[l

"1-S w gL stsyjebo) yo srow isnf sy se Jejing pue 3o0jq 8y} jo paads sy) ey moyg (1)
vz b1y

}

wogy o e

}

Y : " isiiRg

" S . HO0Ig
poom

"wo g'g JO aduesip jeoueA B ybnoay

layabo) asy jejing pue ¥oo|q SYI "Y30iG AU} Ul PSPPIQILS SHW0IBY PUE SHY JOpng SYL
"aued |eoiIsA ay) ) sAow o} @a1) s )t Jeyy os sBuwys wouy pepusdsns s1yoolq 8y ‘B 009

SSeul JO pooMm JO Yooiq e ojul Ajjejuozuoy pely 6 (g Ssew jo Jejing [elew e smoys 1Z 614 {q)

H_‘H.:...

Jeac winjl SZMBIZI/20/6V26

[2: rejo1}

MFH..-..-..-..-:-.-.::-.:.-.-:..-.-.....-.:...:.-..-.......- ------ tesererninansaaa L T

"pajoaye jou s1 D jo Aorinooe ey ‘Jous ofews)sAs jo soussald ey A pojoaye
lou s) jusipesb ayy pue 1VyD o} jenbe s) auy Jyblells ay; jo yusipeib sy ‘ON

‘wis)sAs a1y} Uo SjoR 3010}
jeWws)X® JUEYNSal OU PapIAoid JUBISUOO SUIBLISI WNJUSWIOW |B]0} BY) JOBISIUI WSISAS © U S3Ip0q USUM

“wnjuawow Jo UoKeAIBSU0D jo sjdiouud ay) sels (8) 2

“juewuadxs sy Ul JoLse J)jeuwis]sAs Jo asuasaid ey} Aq pejoaye |
0 Jo Aoeinooe ay) Jsyjeym uredxs pue ajels ‘(1)(q) pue ||, “Bi4 o) susIaje) YHAN {(m)

_”m”u SHUN BSBQ |G o7, =2 Jo anjeA

M swbygse=

[
- —_— |2
(0-oou) A2z 01X08°0
0072
WA 4

juopess 9

WMO00C=

wo M 002 =

0€20 -

09y
0400—00€°0
00L—-0'9g

= JuBIpeID)

LVD =ydeib jo jusipeib

"1°4 "Bl woy ‘syun |S U1 ‘D Jo anjea ey} ejenoeD (1)

S

S20Z OFAN




BP-80

7

(i) Using (a) and (b){i), determine the speed of the bullet before the impact with the block.

PCOM, 1P, =20,

Mot vt + O = (Mostor + Migock )X Vet bioc

0.002v,,,, =0.602x1.3 [M1]
Vo =391.3 %390ms™ [A1]

speed = ms™[2]

(i) A rubber bullet of the same mass hits the block with the same speed calculated in (ii) and
rebounds in the opposite direction. State and explain whether the block will reach a
maximum height of greater or less than 8.6 cm.

Change in momentum of bullet increase, (by PCOM or N3L) change in momentum of
block increases too[B1].

Block will rise up with a greater speed/KE. Hence the maximum height of the block will
be greater. [B1]

[2]
[Total : 7]

NYJC 2025 9749/02/J2Prelim/25 {Turn over

A steel sphere of mass 0.30 kg is suspended in equilibrium from a vertical spring. The centre of
the sphere is 8.5 cm from the top of the spring, as shown in Fig. 3.1.

steel sphere,
mass 0.30 kg

e

Fig. 3.1

The sphere is now set in mation so that it is moving in a horizontal circle at constant speed, as
shown in Fig. 3.2

path of sphere
™,

The spring stretches to a new extended length L, and the radius of the circular motion is 5.0 cm.
The angle between the linear axis of the spring and the vertical is 6. The period of the circular
motion is 0.60 s.

(a) Explain, with reference to the forces acting on the sphere, why the length of the spring in
Fig. 3.2 is greater than in Fig. 3.1.

In Fig 3.2, the vertical component of the tension in the spring equal to the weight of the
sphere. [B1]

the horizontal component of the tension provides the centripetal force for circular motion. =

[B1]

Fig 3.1 that equals to the weight of sphere, [B1] the |......
spring undergoes a greater extension by Hooke's law.

[3]

NYJC 2025 9749/02/J2Prelim/25
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4 Fig. 4.1 shows a fixed mass of ideal gas in a cylinder of pressure 2.1 x 10° Pa, volume
4.0 x 10* m® and temperature 27 °C.

cylinder

Fig. 41

The gas is compressed at constant temperature along process I. Fig. 4.2 shows the variation
with volume V of the pressure P of the gas.

P/x10°Pa

4.0 ]

3.5

3.0

25 4N
process |

2.0

25 3.0 35 Vix10*m3
Fig. 4.2

(@) (i) With reference to Fig. 4.2, estimate the work done on the gas through process !.

Work done on gas = Area under P -V graph
= 0.5(2.90 + 2.10)x 10* »(4.00 - 2.80)x 10"
+ 30,04

work done = J[3]

NYJC 2025 9749/02/J2Prelim/25 [Turn over

12

(if) State the first law of thermodynamics.

The increase in intemal energy is the sum of the heat supplied and the work done on
system. {1]

T

(i) Determine the heat loss from the gas through process |.

30.0 J. Since there is no change in temperature, there is no change in internal energy.
Hence heat loss by gas is equal to work done on the gas.

1L

(b) A second identical cylinder containing the same ideal gas is thermally insulated. The gas is
compressed to a new pressure and volume, as shown in process Il. The work done on the
gas in process | equals to the work done on the gas in process il.

(i) Using the kinetic theory of gases, explain why the pressure in process |l increases.

There is no heat loss to surrounding, and the work done on gas results in an jncrease
in internal energy. ®*

This increase in internal energy is equivalent to the increase in kinetic ener
resulting in an increase in speed / momentum of the gas particles. 8

Upon collision with the walls of the cylinder, there is a greater change in momentum.
B

There is also higher frequency of collision between particles in _the walis of the
cylinder. B4
These result in a greater force and hence greater pressure.

(i) Calculate the finat temperature of process II.

RV, _FY%

TT

(2.10)(4.00) _(3.35)3.15)
273.15+27 T,

T, =377K =104 °C

temperature = °Cl2]

[Total: 11]
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6 (a) A uniform magnetic field has a constant flux density B. A straight wire of fixed length carries
a current I at angle #to the magnetic field, as shown in Fig. 6.1.

magnetic field
flux density 8

Ll

current-carrying

Fig. 6.1

wire

(i) The current in the wire is changed, keeping the angle ¢ constant.

On Fig. 6.2, sketch the graph to show the variation with the current I of the force F on

the wire.
m

d
/!

\ Straight line positive
gradient through

origin. (not through
origin -1}

(if

=

kept constant.

A

Fig. 6.2

T

{2

The angle 6 between the wire and the magnetic field is now varied and the current 7 is

On Fig. 6.3, sketch a graph to show the variation with angle ¢of the force F on the wire

from 6= 0° to 180°.
Fa

F

max at 80 [1},

sine curve [1]

NYJC 2025

Fig. 6.3
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(b} A uniform magnetic field is directed at right angle to the rectangular surface PQRS of a slice
of conducting material, as shown in Fig. 6.4.

uniform

magnetic field

Fig. 6.4

direction of

Electrons, moving towards side SR, enters the slice of conducting material. The electrons
enter the slice at right angle to side SR.

(i) Explain why the electrons do not travel in straight lines across the slice from side SR

(i)

NYJC 2025

to side PQ.

There is a magnetic force on_the electrons due to the magnetic field and this force is
normal to both the magnetic field and direction of electron motion. Hence the electrons
will experience an acceleration perpendicutar to its motion, causing the direction of veloci
to change and they will not travel in a straight line.

State the direction of the electric field applied to the slice of conducting material for the

electrons to pass through the slice undeviated.

_‘m_,oa StoRorfromPto Q

]

9749/02/J2Prelim/25
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Read the passage below and answer the questions that follow.

DPM Heng Swee Kiat announced in Budget 2020 that Singapore will be phasing out internal
combustion engine vehicles (i.e. vehicles that use petrol or diesel as fuel) in favour of fully
electric vehicles (EV) by 2040. The move is part of Singapore’s commitment to tackle climate
change and build an eco-friendlier city.

To increase the adoption rate of EVs, all HDB car parks in at least eight “EV-Ready Towns”
across Singapore will be fitted with EV charging stations, according to Minister for Transport
Ong Ye Kung during his Committee of Supply debate for the Singapore Green Plan on March 4,
2021.

The battery of an EV can be charged through either conductive or inductive methods.
Conductive charging involves wired connection to the electricity supply grid. Inductive charging
refers to wireless charging systems (WCS). WCS can function in both stationary and dynamic
modes. This means that they can be utilized when the car is parked or stopped, such as in car
parks, garages, or at traffic signals, or they can be utilized while the vehicle is in motion.

Battery chargers can be impiemented inside (on-board) or outside (off-board) the vehicle.
Fig 8.1 shows the typical architecture of an EV charging system, where both the on-board
charger and the off-board charger are represented.

to electricity to elecfricity
grid Electric parts of EV grid
\\\.II!IIIIl! IIIIIIIIIIII TTTTSS
’
u Etectronic
Pt Radal n toads bec-bC
{ [
1 1!
i |acDC | !
: 0l Etectric
) ! B Motor DC-AC - RSSO S
, ! . On-board Charger { !
1 f i
' Iococ |+ : Battery DC-DC AC-DC + AC-AC !
L]
| A S Jj 3 “
oooee- SN T ;
Oft-hoard Charger - "TTTTTTTTTTETT Rininiaieiedahd
{DC fast charging) Home/ Public
charging points
(AC charging)

Fig. 8.1

On-board battery chargers are limited by size, weight and volume. On-board chargers are
typically composed of two stages: a front-end AC-DC (a.c. to d.c.) stage and a back-end DC-DC
(d.c. to d.c.) stage. The front-end conversion can be performed by a full-bridge diode rectifier
circuit.

Off-board charging systems, with higher power ratings, are installed outside the vehicle. It is
usually made up of two stages: a grid-facing AC-DC converter followed by a DC-DC convetrter
providing an interface to the EV battery.

NYJC 2025 9749/02/J2Prelim/25 {Turn over
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The batteries installed on EVs are not all the same. The battery capacity is the quantity that
measures how much electricity can be stored. Charging power is the quantity that measures the
amount of effective energy per unit time that is transferred from the charging station to the
battery of the car. Ideally it could be equal to the power of the charging station but in reality, itis
almost always limited by a series of factors including charging station power, maximum charging
power of the machine, maximum cumrent of the charging cable and grid energy availability.

(a) The altemating voltage from the power sub-station has to be stepped down from
21 KV to 250 V with a transformer before connecting to a domestic EV charger with a rated
output of 8.0 kW.

(i) Calculate the current in the secondary coil of the transformer.

P=1Y,
8.0x10° = 1,(250) 1]
1,=32A A1)

current in the secondary coil = .........c.cccererrcnrenneens A [2]

(l) Assuming the transformer is ideal, calculate the current in the primary coil of the

transformer.
P, =P,
LV, =F
1,(21%10°)=8.0x10° c1
1,=038A A1)

current in the primary coil = __.........coceueermvaeneeee A [2]

(ili) Determine the ratio of the number of turns in the primary coil to the number of tums in
the secondary coil in the transformer.

v,
nﬂ” [c1]

= A1)

rafic = 2

{iv) If the output voltage from the charger is half-wave rectified to give a d.c. voltage,
determine the peak value of this rectified voltage. Explain your working clearly.

Peak value of “--wave rectified voltage

Peak value of unrectified secondary voltage [B1]

V2V, =2 (250) =354 V [A1]

peak rectified voltage = V2]
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23 24

The cycle is broken up into multiple smaller segments. By rapidly pulsating the switches
the average voltage per segment can be controlled to increase or decrease from one
time segment to the next.

-

i) Use Faraday's law to explain how the battery in the EV is charged.

High frequency a.c. in transmitter coil sets up an alternating current and hence a
changing magnetic field/magnetic flux density in the receiver coil. [B1]

The resultant output experienced by the motor can thus be made to approximate a sine
wave. The more segments there are, the closer the output mimics a smooth wave.

N N " By Faraday’s law, an induced e.m.f. is set up in the receiver coil. Since the receiver
1. Using information from Fig. 8.4, show that the average output voltage Vs for the coil is a closed loop, current will be induced in the coil. The flow of induced current
time segment 0.00 < f0.20 x 107 s is 0.60 V. in the charger circuit charges the battery. [B1]

2

-2

-EBIE)

¢ (i) Wireless charging is rarely used due to the high inefficiencies involved. Charging cables

=0.60V allow for a near 100% energy transfer from the source to the battery, but a wireless
charger can have efficiencies as low as 60%.

(1] Suggest two reasons why the energy transfer process might be inefficient.
2. Explain how the magnitude and the frequency of the average output voltage Vas 1. | receiver coil and transmitter coil not close to each other, and may not be perfectly
can be changed. aligned, this resulted in the lost of some flux linkage between the coils [B1]
To change the magnitude of Vas, control how long a duration of time the paired loss of energy via heating of metal parts in car due to eddy currents [B1]
switches are open/closed in each time segment. [B1]
To change the frequency of Vas, control the frequency of alternating between 20 s e tteeeeenieeeieeeeeereecissesssiseeseisiiiiiisastereneisiiananaaesas
each paired switches in their pulsating or open states. [B1]
[Total: 20]
2]
() Inductive charging, or wireless charging, consists of a transfer of energy from the charging End of Paper

station to the vehicle without using a cable.

compensation |-} AC-DC battery
network  [] converter Pack
i s receiver coil

W L 2 AR 7 Z % i
ground — transmitter coi
compensation high frequency rid
network AC converter - gl
Fig. 8.5

Fig. 8.5 shows two conductive coils, one placed under the car body and the other installed
at the ground level of the charging station.
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3
Section A
Answer all the questions in the spaces provided.
1 A projectile is fired from ground level with initial velocity u at an angle @ to the horizontal as

shown in Fig. 1.1. The projectile strikes a target which is at a horizontal displacement x from the
point of projection and a vertical height y above ground tevel.

target
— B3
u i
y '
0 i
1
>
x
Fig. 1.1
{a) Neglecting the effect of air resistance, show that the vertical height y is given by the
expression
2
y =xtand L.Sh|x|u
ucosé
s, =ut y =usingx X 49y
ucosé ucosd
x = (ucosf)it . ¥
fo_ Xy kuxnmzmib.fhtt mmu 142
ucos @ 0
s, =ut+ WN\N

y =(usind)t + %;w.mcm ey

3]

Given that the angle @ is 60°, the horizontal displacement x is 115 m and the vertical height
y is 23 m, calculate the speed u.

(b

B3

2
Nmn:masmoL.ﬁmlbmlu
ucos60

u=38ms” u= ms™ [1]

(c) Fig. 1.2 shows the variation with time f of the vertical velocity v, of the projectile when air
resistance is negligible. On the same axes, sketch a graph to show the variation with time
t of the vertical velacity v, of the projectile when air resistance is not negligible. [2)

Y The curve must decrease at a

decreasing rate throughout,

with following detaiis:

1. Positive area larger than
negative area

2. alarger initial gradient

0 / t 3 asmaller tintercept
4. at vy = 0, gradient paralle

Fig. 1.2 [Total: 6]
NYJC 2025 9749/03/J2Prelim/25 [Tum over
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4

{a) State the two conditions necessary for a body to be in equilibrium.

(b)

1 The net force is zero. [B1]

‘the Ret Torque is Zero./ Yhe et moment about any point is zero. [51]

[2
Fig. 2.1 shows a uniform beam AB of length 6.0 m and weight 2700 N suspended by two
ropes AC and BC, each of length 6.0 m. The tensions in ropes AC and BC are T and T2
respectively.

A worker of weight 900 N is holding onto the beam at point D, where AD = 4.0 m and
DB=20m.

o]

ground

Fig. 2.1

The beam makes an angle « to the horizontal. The point M is the mid-point of the beam and
the point G on the beam is the position of the centre of gravity of the beam and the worker.

(i) Explain in terms of forces acting on the beam, why the point G must lie directly below
c.

The combined ht of the beam and the worker can be considered to be acting at

IS Zero as meir

C as well so that the moment of the combined weight about C is zero. Hence the
VerticaT e Throligh G must pass thistgh C:

2]
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(iii)

7

A satellite of mass 1000 kg is in geostationary orbit. Find its total energy.
Ey = E+E

1, h mzau 1 {mv? m stv
= — Ve 4| - =—f +| =
2 r 2 ﬁ r

r

1 mmisu ﬁ stw ﬁ@ssu ﬁ GMm
= ~F 3 +{ — = 41—

2 r r 2r r
_GMm

2r

(6.67x107'")(6.0x10™ )(1000)

2(4.2298x10°)

=-473x10° J [A1}

u 1]

total energy = J 2]

(iv) Atmospheric drag is very low but nonetheless present at the height where geostationary

NYJC 2025

satellites orbit.

Explain, in tems of energy, the impact of atmospheric drag on the subsequent
trajectory of geostationary satellites.

Work done against drag so total energy decreases [B1]
GPE decrease so satellite lowers in height B1]

KE increase so linear speed increase
satellite spirals towards Earth with increasing speed [B1]

[3]

[Total: 12]

9749/03/J2Prelim/25 [Turn over

4 Fig. 4.1 shows a ball of mass 37 g on a smaoth surface. It is held between two fixed points A
and B by two identical stretched helical springs, of spring constant 3.5 N m.

pall
mass 37¢g

Fig. 4.1

The extension of each spring is 3.2 cm when the ball is at the equilibrium position. The ball
oscillates along the line AB with simple harmonic motion of frequency 2.19 Hz and amplitude

3.0cm.

{a) () State the extension of the springs when the ball is at the amplitude position closest to

point B.

Extension in spring B=3.2-3.0=0.2cm
Extension in spring A=3.2+3.0=6.2¢cm
extension of spring A =

cm
cm

(1

extension of spring B =

(i) Show that the total energy of the system is 6.7 x 103 J.

NYJC 2025

Total energy of the system = maximum PE at the amplitude position Hm:

umxx\w +W§aN

- Wa.sa.o%m . Wa.mva.oowv» B1]
—8.734x10° JxB.7x10°

2
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The full-scale diagram of the diffraction pattern is shown in Fig. 5.3. (c) A long horizontal tube, containing fine powder, is closed at one end. A loudspeaker,
connected to a signal generator, is positioned at the other end as shown in Fig. 54.

tube

loudspeaker \

signal
generator

1

fine powder
heap

Fig. 5.4

At a particular frequency, a stationary wave is set up inside the tube and the powder forms
heaps as shown. The speed of sound is 330 m s™.

(i) On Fig. 5.4, mark out 2 points where displacement nodes are and label them as N. [1]
Any 2 points directly above the heap. [B1]

(ii) Determine the distance between adjacent heaps if the signal generator is producing a
signal with frequency of 3.5 kHz.

Fig. 5.3 v=Ffi
Th in feature of this pattern is two lines (AB and CD) of bright images.
e main feature is pa s fwo lines ( ) g g 2= 330 - =0.09429m 1]
{i) Calculate the angle, in radians, between the orders of the diffracted light. 3.5x10
Distance betwen adjacent heapsis 0.54
Distance between orders = 1.8 cm [C1] 0.5x0.09429 = 0.047m (A1]
tan = 0.018
3.0

6 = 0.0060 rad [A1]

spacing = m 2]
[Total: 9]
angle = rad (2]
(ii} Using your answer to (b)(i), determine the number of nylon threads per millimetre of
the mesh.
dsin@=nA
d sin (0.0060) = 1 (4.5 x 107) [C1]
d=75x10%m
number per mm = ||1H!uwx 107 =13 [A1]
7.5x10
number = mm~' [2]
NY.JC 2025 9749/03/J2Prelim/25 [Turn aver NY.JC 2025 9749/03/J2Prelim/25
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(i) Use Fig. 7.2 to determine the force F on an electron at a point mid-way between C and
X.

Atd=2cm, E=24kVm™” [Ct]
F=qE

=(1.60x107"°)(2.4x 10°%)
=3.84x107" N [A1]

F= N[2]

(c) (i) A student assumes that the force F on the electron remains constant as the electron

moves from C to X.

Use the value of F calculated in (b)(ii) to estimate, on the basis of this assumption, the
potentiat difference between C and X.

Work done on charge = Fd

qAV =Fd
av-H
q
= (3.84 xA‘_MMHVAA““wx 107) [M1: must use (b)(i) answer]
=96 V M\.x: potential difference = VI[2)

(i) Suggest, with a reason, whether the magnitude of the potential difference calculated in
(i) will be an over-estimate or an under-estimate of the actual potential difference.

Under-estimate because (by observation) the area under graph is
" greater than 96 V or answer in (c)(i).

1]

[Total: 7]
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Section B

Answer one question from this Section in the spaces provided.

(a) By reference to energy transfers, distinguish between electromotive force (em.f.) and

(b

)

potential difference (p.d.).

p.d. refers to the glectrical ener
[B1] whereas e.m.f. refers to the electrical ene
forms of energy. {B1}

A circuit is set up as shown in Fig. 8.1.

2000 O
] /]

Fig. 8.1
The source of negligible internal resistance is found to provide 2.4 x 10° J of electrical
energy to the 2000 (2 resistor and thermistor when a charge of 2.2 x 10* C passes through
the ammeter. At room temperature, the thermistor has a resistance of 1800 Q.

(i) Sketch on Fig. 8.2 the variation with temperature of resistance R in a thermistor.

R4

> g/ °C
Fig. 8.2

Correctly drawn curve (straight iines not accepted) Ml

cuts R-axis at 0°C.
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(d) The heating element of an electric heater is made of nichrome wire. Nichrome has a
resistivity of 1.0 x 108 Q m at the operating temperature of the heater. The heater is rated
at 240V, 1200 W.

(i) Determine the resistance of the nichrome wire when the heater is operating normally.

2
p=-

R

2402
R= (3

1200 ©1
=480 [A1]

resistance = Q2]

(i) Calculate the length of nichrome wire of diameter 0.40 mm required for the heater.

r_PL
A
0.40x107
i L
T 10x10° cn
=6.0m [A1]
length of wire = m 2]

(iii) The potential difference across the heater is then reduced to 180 V. Assuming the
resistance of the nichrome wire remains constant, state and explain how this change
affects the time taken to dissipate the same amount of thermal energy.

2
Since P n<m. a decrease in potential difference will result in a decrease in
power, {M1] Hence, the time taken to dissipate the same amount of heat would | ...
increase. [A1}

[2]

[Total: 20]
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9 (a) An electron is travelling in a vacuum towards an electrode with kinetic energy of
8.55 x 10° J.

Calculate the stopping potential Vs required to stop the electron.
Loss in KE = Gain in EPE

8.55x107 ~0=¢(V, -0) ©"

v - 8:85x10™

= =5344 V=534V ¥
*T160x10"

Ves V2l

(b) (i) The electron in (a) is emitted from a material whose work function is 2.80 eV. Calculate
the wavelength of the radiation responsible for causing the emission of the eiectron.
he
== ¢+KE .

(6.63x10™)(3.00x10°

) ) (2.80x1.60x10"°)+8.55x10"° 1V

A=153x107" m !

wavelength = m [2}

(i) Suggest the type of radiation which has the wavelength in (b)(i).

type of radiation = ultraviolet Ol

(¢) (i) Calculate the de Broglie wavelength of an electron travelling with speed
1.85x 10" ms™.

ah_h
p mv

. 6.63x10™ n
(8.11x10)(1.85x107)

=3.93x107""'m "I

A

wavelength = m§2]

NYJC 2025 9749/03/J2Prelim/25



BP~99

Se/UNRIdEr/E0/6YL6 $20Z OrAN

(1]

‘saul| Aes-x oysuaorieys ui Buginsal
5UGjoLd JUS O] jloXe-op ued [9Aa) Joybiy wiosy SUCTIEE je)qio jey) os Uol5a[8
[1RUS-H SAOLLST/ N0 HoouY O) ABISUS JUBISIINE BABl ISnili slichos(e BUIpIEGUIc] oy

(1){p) uy }emsue 1nok ureidxy (A1)

[1] Aoy 60 = ABssus wnwiuiw

‘€6 ‘B4 u1 umoys sauy sAel-x oysusioeIRYD ay) eonpold
0} suonosje Buipsequiog ayy jo ABisus wnunuiw ey} a3e]s ‘Z'6 “Bi4 0) 9ouassEl YA (i)

[zl

1g "UCHOEISIUl SPUIS € Ul 35 S| ||E S650] pue

[EJ5LL J6B1E] o] Aq peddo;s Ajejajdiiod §| UoNoae bupiequioq e usym susddey siy|
ua ‘PoONpOId

uojoyd ABi-X Onebious jSOWl ay) 0} spuodsanod Yifusi@ABM WNWIMW B4)
uy (pBusisAem WINUHUIL B JO 8ouajsixa ay) weidxy  *Z
i1] ‘suontsues 7 o} dead sy} |age) ‘g6 ‘BiJuo ")

¢'6 B4
55.‘

yibusionem «

8AOWSI O

! ' fusuayul

‘pajjeqel si uoRisues °y Bunueseidai yead ay] "¢ 6 "Bi4 I umoys si [ejeus yebie)
us)sfun) e jo Juswplequiog uoosjs wol syibusieaem uojoyd snouea Jo Aysusjus ayl (1)

[44

Joao wing] SZ/WIRIdZr/E0/6YL6 G202 OrAN

[e]

uy A®X 0L~ =185 +669-=°g
ueyt AN POBG=( ., 0} %28E6=
a-0Lx2’1e 14

bol [L0LX00°EN . 01%€98) o4 =

‘Aeajo Buppom
1nok moyg usisbuny 1oy [jays-1 sy} jo |eAa} ABiaus ayy ul Bully Aq Z'6 ‘614 sjeidwon ()

‘wd Z'12 st uoisuey; 2y ayy Aq paonpoud uojoyd ay) jo yibusiarem oy
(ereos o} jou) z°6 ‘Bi4

A9 G°69- 3
M
A 601 - 1
1
A EZ- W
AN 70— N

"motaq z'6 ‘B4 ul umoys aie ua)sBun) Joj sjjays- 0) -) 8y} Jo sieAs] ABloua
ay) "sAes-x aonpoid o) jejaus Jabie) & se pasn Ajuowtuon S| ‘ejewl uopisuen e ‘usysbun) (p)

(el

UGS SIS SIS USSP BY SRS YO U ST I 7o SUSISEIE 18 BuibwaIds
smiyeiqiBybau si aiayy souay (W .01 x £6°C J0) UIBusjaAem s,a11Boug ap ay) uely)
JsbJet yonw's) (W ,.01 x G£°€ JO SIoke] Usamiaq asueysip) Buioeds 99ijje| dlWole aLj)

*uooBIPIP UOLOS|S BleNSUDILIEP
0} pesn 8q ues s w ,01 x 68| Jo paads sy} Buiey suonose Jsyjeym ueldxg

1’6 ‘Bi3

wu Gee'0

“wu geg°0 st onydels jo
Jake| yoes usemjaq aoue)sip ay) “sjuslupadxa LOIBLYIP UONISIS U) pash usym Buneid
uonoelyylp [einjeu e se sjoe ‘|°g "Bi4 ul umoys se aunjonuis pasade) sy ym ‘spydessy (i)

124




BP-100

23

{e) Fig. 9.4 below shows a typical setup for producing such X-ray beams.

applied potential difference
O O

= +

evacuated tube

bombarding

electrons tungsten target

cathode (anode)

s
5
- *

X-ray beam
Fig. 9.4

(i) For safety reasons, the wavelength of radiation used for medical X-rays should not be
shorter than 50 pm.

Suggest why the wavelength of X-rays radiation should not be shorter than 50 pm.

A shorter wavelength in X-rays tra

harmful as they can damage

(ii) Determine the minimum applied potential difference for medical X-rays.

Loss in energy of electron = Maximum photon energy
qAV =he! i

he  (6.63x107)3.00x10%)
AV =—= 12 =T ’
Aq  {50x107?)(1.60x107")

~24862.5V =25x10° v AU

minimum potential difference = Vi2]

[Total: 20]

End of Paper
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