* 0015886324224 * * 0015886324201 *

MMM~ = N

BLANK PAGE

(AR -

MINISTRY OF EDUCATION, SINGAPORE

in collaboration with

E ASSESSMENT INTERNATIONAL EDUCATION
ificate of Education Advanced Level

L

RN

DO NOT WRITE IN THIS MARGIN
|
i

z INDEX
o NUMBER
$
2.,
£ 9749/02
2
E October/November 2022
E 2 hours
[
2 Na
=
READ THE TR
Write your Centre numbe n the spaces at the top of this page.
Write in dar r black i 4
You may use a& i
Do not use sta
DO NOT WRITE

The use of an approve
Answer all questions.

, Wwhere appropriate.

The number of marks is givi rackets [ ] at the end of each questio

O

D

DO NOT WRITE IN THIS MARGIN

=
§
5 /0
Z
§ ' }
o
@]
2 S
8 t /
Z
g
(2] This document consists of 23 printed pages and 1 blank page.
Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 5 :;:;"% e b . d A
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the = S ksl Cambridge Assessment
publisher will be pleased to make amends at the earliest possible opportunity. g \ %z‘ Sngapars Examinations and Asssssmant Beard w‘%? |nternati§na[ Education
N
Cambridge Assessment International Education is part of Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge E
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge. '6 © UCLES & MOE 2022 DC (ST/CB) 304029/5 [Turn over
5 =
I © UCLES & MOE 2022 g 9749/02/0/N/22 I o I I
H (]



* 0015886324202 * * 0015886324223 *

MR- - -

WA, - o

(ii) A simple motor uses one pair of magnetic poles, as shown in Fig. 7.4.

magnetic pole

¢ =3.00x10®ms™’
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Uy = 4m X 10"Hm™
&, =8.85x 107"*Fm™

(1/(36m)) x 10°Fm™

Fig. 7.4
elementary charge e =1.60x10"°C
A more practical motor airs of magnetic poles arranged around the coil, as
e Planck constant h=6.63x10%Js
u=1.66x10?"kg

e =9.11x 10"kg |
o = 1.67 x 107 kg i ®

R = 8.31JK "mol™’
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Ny = 6.02 x 102 mol™
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(f) Fig. 7.3 shows the coil of a simple electric motor between the poles of a magnet.

coil rotates
clockwise

coil

direction of &

current I axis of

in coil rotation
Fig. 7.3

The coil has length [and width d. The entire coil lies within the magnetic field. The magnetic
flux density between the poles of the magnet is B. There is a current I in the coil.

Two forces, each of magnitude F, act in opposite directions on the two sides of the coil, as
shown in Fig. 7.3. This produces a torque that causes the coil to rotate.

(i The current ] in the coil is 96A. The area of the rectangular coil in the magnetic field of
the magnetis 6.1 x 10~3m? and the coil contains 1200 turns.

Caleulate the magnetic flux density B needed to produce the maximum output torque of
thetypical EV.
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Formulae
uniformly accelerated motion

work done on/by a gas

hydrostatic pressure

gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current
resistors in series

resistors in parallel

electric potential

alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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Answer all the questions in the spaces provided.
1 (a) Amass mis suspended from a vertical spring attached to a fixed support. The mass is pulled
down and held at a vertical displacement of 0.16 m from its equilibrium position, as shown in
Fig. 1.1.

equilibrium position

Fig. 1.1
The mass is released.
Ten oscillations are timed using a stop-watch.
The data for thesmass and the time, together with their uncertainties, are shown in Table 1.1.

Table 1.1

time for 10-oscillations/s W + 0.2
mlg 120 £ 1%

The period T of the oscillations of the mass is given by:

T=2n\/§—

where Tis in's, mis in kg and k is the spring constantin Nm~".

) T= o2 2 002

©® w. ol £ (axe? < (1o Ei2)xn” l<a
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(ii) The a.c. input voltage varies with time and has a period T.

On Fig. 7.2, sketch the variation with time of the d.c. output voltage in (c)(i) for
two cycles of the a.c. input.

A

output
voltage

0

0 T2 T 3712 2T time

Fig. 7.2
[2]
(d) The typical EV is travelling at a speed of 25ms~! when the driver activates the regenerative
braking system. The EV decelerates to rest and all its kinetic energy is used to charge the
battery.

Determine the distance the EV can travel on this regenerated energy.

...........................................................................................................................................

(ii) Explain why the coil in the ground pad of awireless charger and the coil in an EV need to
be as close together as possible.

...........................................................................................................................................
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(iii) Suggest what is meant by a specific energy of 141Wh kg~1. 2 2 Determine the value of k together with its actual uncertainty.

§ 2 Give your answer to an appropriate number of significant figures.
........................................................................................................................................... % g
.............................................................................................................................. g ¥
e 2
........................................................................................................ [1] g 8

of the battery.

B
: =
:
g 3
8 8

(c) Battery s sometimes n

(i) Compl %7.1 usi
d.c. outp We.
— O

a.c. input
voltage
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(b) The variation with vertical displacement x of the velocity v of the mass on the spring in (a) is (a) (i) The cost of electrical energy is $S$0.23 per kW h.
shown in Fig. 1.2.

Calculate the ratio:

cost to travel 1.0km in the typical EV
cost to travel 1.0km in an ICE car

tl
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(b) (i), Each individual cell in the battery of the typical EV has a maximum allowable charging

Fig. 1.2 current of 2.0A. Each cell has a maximum terminal voltage of 3.0V when being charged.

(i) Determine the maximum acceleration & of the mass. By considering the arrangement of cells in the battery, use the information and data from

the passage to determine the minimum number of cells in the battery of the typical EV.

_Q_.ﬁ;- - = = - (L-2m -2 (;g{)
= ]- Co-h)("'“’)J (2-184 {L;. 3

|&d|= |8 x| = ‘, (1—})1&,
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(ii) A light piece of card is attached to the bottom of the mass so that the oscillations are
lightly damped.
The mass is displaced vertically and then released as in (a).

...........................................................................................................................................

On Fig. 1.2, draw the variation.of v with x to show the first complete cycle of these
damped oscillations. [2]
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Read the passage below and answer the questions that follow.

It has been announced that, by 2040, cars using an internal combustion engine (ICE) will be
phased out in Singapore. All new cars after 2040 will be electric vehicles (EVs). In Singapore,
a car typically travels 290km a week. The average range of a car using an ICE is 800km. The
average cost to refuel an ICE car is S$80.

At present,some drivers in Singapore have concerns about this phasing out of ICE cars. EVs
are more expensive to buy, the number of public charging points is at present very limited, the
time to charge is substantial, and there are also environmental issues such as the recycling of old
batteries. In addition, the‘range of an EV from one charge is not as great as the range of an ICE
car using one tank of fuel.

Many of these concerns may be resolved by supply and demand. The price of EVs will decrease
as the technology becomes more mainstream. It is predicted that by 2025 the cost of owning
an EV will be the same as that of owning an ICE car. Once there is a market for public charging
paints, more will be installed. At present, there are about 1600 public charging points in Singapore,
and.this should increase. to 28 000 over the next ten years.

Table 7.1 shows data for a typical EV. This typicalEV is similar to those that are currently available
on.he market.

Table 7.1
battery capacity 72kWh
range 400 km
time to accelerate 0~100kmh™" 7.6s
total mass of EV 1685kg
maximum output torque 395Nm

The typical EV uses a rechargeable battery that is located under the floor of the EV. The battery is
made up of an arrangement of many individual cells, and it uses a technology that is very similar
to that of batteries in laptop computers. The battery can be charged approximately 4000 times
before requiring replacement. The home battery charger for the typical EV uses an a.c. supply
to provide power of 7.2kW with an.equivalent direct current of 32A. The battery takes 10 hours
to fully charge — the manufacturer describes this as a ‘charging speed’ of 40kmh~'. When fully
charged, the battery has a specific energy of 141 Whkg™".

EVs can use regenerative braking systems to extend driving range. This is where the kinetic
energy of the EV is used to charge the battery, rather than being converted into thermal energy by
the brakes. This system is activated by the driver, so it does not automatically happen every time
the EV brakes.

One recent advance in battery technology is the“use of wireless charging. /A simple wireless
charger uses a 1.0m? pad on the ground containing a ¢oil of wire. This is attached directly to the
a.c. electricity grid. A second coil is contained in a pad'inside the EV, with the pad positioned as
close to the ground as possible. The arrangement operates in a very similar way to the way in
which a transformer works. In the future, it may be possible to have charging coils of wire built into
the road network that continuously top up the batteries in EVs.
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2 (a) (i) State whatis meant by a vector quantity.
A}) ﬁm]%wﬁ w\%Lﬂmﬁa“‘MOM*’["["“’hM .............................................................
..................................................................................................................................... [1]
(ii) Statethe name of one vector quantity.
FMSr .............................................................................................................................. [1]
(b) Anobject of weight 46N travels down a rough slope at constant speed, as shown in Fig. 2.1.
object,
~ - weight 16 N
rough slope
Fig.2.1
The slope is at an angle of 35° to the horizontal.
(i)  Calculate the component W of the weight acting down the slope.
Wi = nacnld = Wsm3g= 4:13F2 = 418 v (3sp)
Rl % f
W= oo, N [1]
(ii) The object is now.pulled up the rough slope at constant speed by a force P, as shown in
Fig. 2.2.
P
Fig. 2.2
The force P is parallel to the slope.
Determine the value of P. . p- %2 f 91772
Braw Bt -0 = 1§54
= S:ﬂnlg + ]
A f 5 - 1-4n (25
Fn (b201), ]E; wﬂs‘»~9 =9~wﬂ€m e *
P ] L S N [2]
© UCLES & MOE 2022 Eﬁ 9749/02/0/N/22 [Turn over
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(c) Two isolated objects X and Y travel along the same straight line and then collide.
They continue to travel along the same straight line after the collision.

Object X has a mass of 0.22kg and object Y has a mass of 0.40kg.

The variation e velocity of X with time is shown in Fig. 2.3.

3-c

“\ *

),

| ]

O+

time/s

S
2
}A Fig. 2.3

(i) Calculate th®ulse exerted on X due to the collisie

(ii) Before the collision, Y was tr

Determine the speed vof Y a rﬁ

Q(] tom I;?"I-a

L0198 = — M(V.f. -V0) O
= 0‘4(0}_3-3) m

V}z 2-30C = 2-8'““\3 (_'3'5{-}

* = Y. | S, ms~! [2]

l © UCLES & MOE 2022 % 9749/02/0/N/22 I

8 [

DQNOTV\!R!TENTH!SMARGM‘ DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

* 0015886324217 *

Ml

(e) An unstable isotope J decays into a stable isotope K.

Determine the ratio:

for an ini

I © UCLES & MOE 2022

17

number of atoms of J

number of atoms of K

isotope J after a time equal to 3.5 half-lives.

9749/02/0/N/22
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(d) Strontium-90 ( ggSr ) emits a beta particle to become yttrium (). 2 % (iii) Determine the distance travelled by X during the time it is in contact with Y.
=
(i) Complete the nuclear decay equation, including all the decay products. £ =z
E E D= Aﬁf 5| Catb)h = .L(u.l,f?-r)[o-:) = o-blom C‘S‘F)
05 —> B = P
. e 9
(i) T of a sample of unstable strontium-90 varies with the number N of its nuclei, 9 §
6.2.
/) ]
| I - -
H A “w o (
5 E*E distance = .............. 08O s m [2]
b z z
4 wow
A Bqg p E B [Total: 11]
7, & % é
4 g 2
6 i s E
® 3-‘: 5 = z
T e z g
A g =
» 2
& e
z Z
E E
it 74 2 2
- g 8
",
0 - lFII[II l &
0 O 2 3 5 6 7 g g
< 8 :
2]
2 E £
zZ z
Determine the half-life of str -90. E ,f_—’
£ g
2 2
8'8

3.

)

half-life = ..o s [2]
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3 (a) Fig. 3.1 shows the path of a moving object as it enters and travels through a uniform field of

force.
region of uniform
| field of force
e e
path of
object
Fig. 3.1

Before the object enters this field, its direction of motion is perpendicular to the direction of
the field.

The object could be a mass in a gravitational field or a charged particle in an electric field. In
both cases, the shape©f the path is the same.

Explain why the shape of the path is the same in both cases.

(b) The variations, with separation of the gravitational force F and of the electric force Fg
between two protons are shown in Fig. 3.2.

* separation A
0— -
0
Fo Fe
0 e
0 separation
Fig-3.2

(i) Explain why the gravitational force and the electric force have opposite signs.

.&f.rp.%{k..s.t‘.?m— ................................................................................................................. [1]

| © UCLES & MOE 2022
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6 (a) Define the half-life of a radioactive isotope.

(b) Explain.why, when using an experimental exponential decay curve to determine the half-life
of aradioactive isotope, it is better to use the part of the graph where the curve is steep.

(c) A'stationary unstable nucleus emits a beta particle.
When the nucleus decays, it recoils. The beta particle is emitted at an angle 6, as shown in

Fig. 6.1.
nucleus
direction \\IQ\
of recoil bt
particle
Fig. 6.1

Explain why Fig«6.1 indicates that another particle is emitted.

9749/02/0/N/22
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(c) A microwave detector is now positioned between the source and the metal plate in (b).
The detector is gradually moved towards the metal plate and away from the source of

microwaves.

The variation of the intensity of the signal received at the detector with distance from the
source is shown in Fig. 5.2.

A
A\
LY
intensity \
\
\\ /] Y AT N
\ //
- r V\
0
0 2 4 6 8
distance/cm
Fig. 5.2
(i) Explain why.the intensity of @ minimumis never zero.
..................................................................................................................................... [3]
(ii) Determine the wavelength of the.mierowaves.
wavelength = ... e, cm [1]
(iii) Calculate the frequency of the microwaves.
TIEQURIICY © cnoussiniss sissamsssanies iixenmsssmnsmsmmnnsns Hz [2]

[Total: 10]
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(ii) State and explain whether the axes on both graphs are drawn to the same scale.

I

...........................................................................................................................................

(c) Two charged particles, P and R, are isolated in space and separated by a distance of 6.0cm,
as shown in Fig. 3.3.

P R
+6.5nC Ep -0.45nC
M =
i‘ 6.0cm 'i
Fig. 3.3

Particle P has a charge of +6.5nC and particle R has a charge of —0.45nC.

(i) Explain whether the electric field /strength is zero at any point along a straight line
between the two charges.

...................................................................................................................................

(ii) Explain whether the electric potential is zero at any point along a straight line between
the two charges:.

. w%*{dwwS“mlww*%wi-r&wﬂtskﬂﬂﬂ‘rﬂ“““"(%f ............

.............................................................................................................................

.........................................................................................................................

(iii) An electron is situated on a straight line that passes through P and R.

Determine the distance in cm from-P along the line where there is no resultant force on
the electron. .

p(#hsnc) R( - 0-45nC) 0 0btd Q  _ ARV = 2.800x24
e c{ = RP‘ 0'4&‘/
""" @;;i:;;:;“_‘i‘;“‘"E—’_i;‘"“‘“ z
6om L,LaI_P/ ' Jgl= o-0 242w = 2 thom

‘. Drs{'%.ﬁ P= bown & = 8"[&;.,' Cn{-)

.‘jﬁ&‘{;(a-ok'fdjl AT

QIStANEE B i mmimminnsssvemes ansnmmemsns s et cm [2]

[Total: 9]
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4 (a) Asealed vessel contains a fixed amount of gas. e g 5 (a) State two features of a stationary wave that distinguish it from a progressive wave.
=
Explain how molecular movement causes the pressure exerted by the gas on the walls of the E E Vs, enmnmnssmnmn mwnnioss oo S A T B A S PP et o S R Rk A i
vessel. % =
B i 0o B B T R e e
..... 5 el e ) confont udon wotion, Whon & buecde ciody ot the wals of 5 &
, O O PR A
o ke 34 nx v ch. o iy ol _fo il russpeed (o wmeds), S 8
M.ﬁm"aﬁ“.@.[h\.?m.;g{&J‘:‘!?l“%u”bq..ﬁu.m{euﬁl?a.(.’.. %Mt”-wrw:m.[w.?. "u’ sessemmssmasssnnnnn Bedsssmssanuasn ..............................................................--...........................................[.2.El
M(‘S’f&-{zr{M ..... amkdb'a-ke\e.aus ................................................................................. (b) A point source of microwaves is placed a short distance away from a metal plate, as shown in
Bio. 5.1.
............................................................................................................................................. [3]
I metal
(b) (i) State the assumption-of the kinetic theory of gases that relates to the separation of — plate

particles in a gas. point source

of microwaves °

DO NOT WRITE IN THIS MARGIN
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(il) A sealed vessel has a volume of 32 % 10~4m3 and contains a fixed amount of an ideal Fig. 5.1

gastat a pressure of 180Pa. The temperature of the gas is 298K.
A stationary wave is formed between/the source and the plate.
Estimate the average distance between the particles of the gas.
Explain how this stationary wave is formed.

fU = NkT

&4

~ Ne ﬂ: (tee) ((3-2xt0 )

[-400 b4| ol {»‘Ma
KT (306 - )( 298)

DO NOT WRITE IN THIS MARGIN
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3 S i — 2]
; 32 K{'Orq -8
<k 7 bk pdide = || e a2 0T
N 400 64l x(p ' . 2 'z
= 2.84 xl0" wm (“D g &
x s &
o o
= p: 3
-8 z z
average distance = ... 2880 m [3] woo
(iii) The approximate diameter of a gas‘particle is 1 x 10-10m. % %
o o
= bt
Use your answer in (b)(ii) to explain whether the assumption in (b)(i) is valid: B

Voi*’fhwﬂwfﬁ’ma‘»’fw ...... rﬁfzéfe....s‘ﬁ....r??z:t*. ..... oo Hweo L*q" P

.......................................................................................................................

[Total: 8]

DO NOT WRITE IN THIS MARGIN
DO NOT WRITE IN THIS MARGIN

© UCLES & MOE 2022 %‘% 9749/02/0/N/22 © UGLES & MOE 2022 %‘% 9749/02/0/N/22 [Turn over I




* 0015886324212 *

A A

4 (a) Asealed vessel contains a fixed amount of gas.

Explain how molecular movement causes the pressure exerted by the gas on the walls of the
vessel.

(b) (i) State the assumption.of the kinetic theory of gases that relates to the separation of
particles in a gas.

(i) A sealed vessel has a volume of 3.2 x 10*m?3 and contains a fixed amount of an ideal
gas at a pressure of 180Pa. The temperature of the gas is 298K.

Estimate the average distance between the particles of the gas.

avirage@iance =\ -+l -+« --svsunenee m [3]
(iii) The approximate diameter of-a-gas particle.is 1 x 10~10m,

Use your answer in (b)(ii) to explain whether the assumption in (b)(i) is valid.

[Total: 8]
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5 (a) State two features of a stationary wave that distinguish it from a progressive wave.

1NMF~F(4°@H4VM1PWMM~3M”“W ..... b 4““‘{”’“”""@1&*

2]
(b) A point source of microwaves is placed a short distance away from a metal plate, as shown in
Fig. 8.1,
I metal
L — plate

point source

of microwaves /_\_/

Fig. 5.1
A stationary wave is formed between the source and the plate.

Explain“how this stationary wave is formed.

& @ o‘g-ﬂ el ond 28wl M‘rli-];kde‘ Whe., ’}?\l- Meident omd  ref{eded wews s.ut;wr

..............................................................................................................

S“Twro.si o ) Fwduo‘wa a&{uﬁ‘mma wavg -
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(c) A microwave detector is now positioned between the source and the metal plate in (b).
The detector is gradually moved towards the metal plate and away from the source of

microwaves.

The variation of the intensity of the signal received at the detector with distance from the

source is shown.in Fig. 5.2.

A
\
by
intensity \
|| \
\
V4 PN
N V| A N
\ //
) X
»
2 1blem
0
0 2 4 6 8
distance/cm
Fig. 5.2

(i) Explain why the intensity/of a minimum is never zero.

Ardeshy difl, g perse. et lu topthle b b mivbn, Ploe

IM\' is

efled wave with, siler anpibde Suppoes e ls eewplele Gmellafon . Neb

Quplitude. s not e . 390, .‘f‘?*?f??‘.fa. : "{l Deoindradm, 05 ot 30ME i [3]

(ii) Determine the wavelength of the‘microwaves.

Nz 2x 2:-bem = $520¢m (39{')
= Wwavelength =

Calculate the frequency of the microwaves.

fan c= 1,

f— _ '57\-(08
:F: 2 - L2

I © UCLES & MOE 2022

(iii)

9
- s#012 %0 frequency =
100 = 36y (6
S

9749/02/0/N/22

c-3F X0

[Total: 10]
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(i)

LT T —

State and explain whether the axes on both graphs are drawn to the same scale.

(c) Two charged particles, P and R, are isolated in space and separated by a distance of 6.0cm,
as shown in Fig. 3.3.

P R
+6.5nC -0.45nC
i i
:‘ 6.0cm ':

Fig. 3.3

Particle P.has a charge of +6.5nC and particle R has a charge of —0.45nC.

(i)

(i)

(iif)

I © UCLES & MOE 2022

Explain whether the electric field strength is zero at any point along a straight line
between the two charges.

Explain‘whether the electric potential is zero at any point along a straight line between
the two charges.

An electron is situated on a straight line that passes through P and R.

Determine the distance in cm from P along the line where there is no resultant force on
the electron.

QIStANEE B s mmmainms s s cm [2]

[Total: 9]
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3 (a) Fig. 3.1 shows the path of a moving object as it enters and travels through a uniform field of

force.
region of uniform
| field of force
e e
path of
object
Fig. 3.1

Before the object enters this field, its direction of motion is perpendicular to the direction of
the field.

The object could be a mass in a gravitational field or a charged particle in an electric field. In
both cases, the shape of the path is the same.

Explain why the shape of the path is the same in both cases.

(b) The variations, with separation of the gravitational force Fg and of the electric force Fg
between two-protons are shown in Fig. 3.2.

* separation A
0— -
0
Fo Fe
0 e
0 separation
Fig. 3.2

(i) Explain why the gravitational force and the electric force have opposite signs.

| © UCLES & MOE 2022
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6 (a) Define the half-life of a radioactive isotope.

(b) Explain‘why, when using an experimental exponential decay curve to determine the half-life
of aradioactive isotope, it is better to use the part of the graph where the curve is steep.

’(QW the 2ame  dubioq  Hhe decresse T Hhe awmber mdfoadive

DO A T LS o R g 14 4 B T T e e . o

(c) Astationary unstable nucleus emits a beta particle.
When the nucleus decays, it recoils. The beta particle is emitted at an angle 6, as shown in

Fig. 6.1.
nucleus
direction \\IQ\
of recoil bt
particle
Fig. 6.1

Explain why Fig. 6.%.indicates that another particle is emitted.

Nmfm{e«m{%waiﬁms“m‘:*ﬂmwﬁmﬂf pomptim  fotel Uneor vwomtatin hovigantd

9749/02/0/N/22
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(d) Strontium-90 (2

(i) Complete the nuclear decay equation, including all the decay products.

Sr) emits a beta particle to become yttrium (Y).

16

0 90
VS = 1B T o5 T B

(ii) The a sample of unstable strontium-90 varies with the number N of its nuclei,
b3
| |
| |
¢3S A
5
Al10°Bq
Q
H ]
1 ot
0 - mE
0 1 5

Determine the half-life of stro

O A= 2

@‘IZJ.-!:.E—
[m.2

A= =5
tl N

| © UCLES & MOE 2022 %

N/

Ly

2.
half-life = ... 0% i,
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(iii) Determine the distance travelled by X during the time it is in contact with Y.

I © UCLES & MOE 2022

distance =

9749/02/0/N/22

[Total: 11]
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(c) Two isolated objects X and Y travel along the same straight line and then collide. (e) An unstable isotope @ desayssinto a stable isotope K.
They continue to travel along the same straight line after the collision.

Determine the ratio:

Object X has a mass of 0.22kg and object Y has a mass of 0.40kg. M hm—_y

number of atoms of K

The variation of the velocity of X with time is shown in Fig. 2.3.
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of isotope J after a time equal to 3.5 half-lives.

T jféia)w i (Y

T Ry W)

= 00 1L1$-

=0-0%%0 (33f)
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0

AN
)
O 1 g § ......................................................... [3]
® é § [Total: 12]
2 '

Fig. 2.3

(i) Calculate the i@e exerted on X due to the collision w ®

O

(ii) Before the collision, Y was trave

O
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Determine the speed v of Y afte ollision.

A
2
Q-
Od‘
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Read the passage below and answer the questions that follow.

It has been announced that, by 2040, cars using an internal combustion engine (ICE) will be
phased out in Singapore. All new cars after 2040 will be electric vehicles (EVs). In Singapore,
a car typically travels 290km a week. The average range of a car using an ICE is 800km. The
average cost to refuel an ICE car is $$80.

At present, some drivers in Singapore have concerns about this phasing out of ICE cars. EVs
are more expensive to buy, the number of public charging points is at present very limited, the
time to charge is substantial, and there are also environmental issues such as the recycling of old
batteries. In addition, the range of an EV from one charge is not as great as the range of an ICE
car using one tank.of fuel.

Many of these concerns may be resolved by supply and demand. The price of EVs will decrease
as the technology becomes more. mainstream. It is predicted that by 2025 the cost of owning
an EV will be the same as that©of owning an ICE car. Once there is a market for public charging
points, more will be installed: At present, there are about 1600 public charging points in Singapore,
and this should increase to 28000 over the next ten years.

Table 7.1 shows data for a typical EV. This typical EV is similar to those that are currently available
on the market.

Table 7.1
battery capacity 72kWh
range 400 km
time to accelerate 0—100 kmh™" 7.6s
total mass of EV 1685kg
maximum output torque 395Nm

The typical EV uses arechargeable battery that is located under the floor of the EV. The battery is
made up of an arrangement of many individual cells, and ituses a technology that is very similar
to that of batteries in laptop computers. The battery can be charged approximately 4000 times
before requiring replacement. The home battery charger for the typical EV uses an a.c. supply
to provide power of 7.2kW with ancequivalent direct eurfent of 32A. The battery takes 10 hours
to fully charge — the manufacturer describes this as a ‘charging speed’ of 40kmh~'. When fully
charged, the battery has a specific energy ofi141Whkg".
£

EVs can use regenerative braking syster‘%’s to extend driving range. This is where the kinetic
energy of the EV is used to charge the'battery, rather than being converted into thermal energy by
the brakes. This system is activated by.the driver, so it does not automatically happen every time
the EV brakes.

One recent advance in battery technology is the use of wireless charging: A simple wireless
charger uses a 1.0m? pad on the ground containing a coil of wire. This is-attached directly to the
a.c. electricity grid. A second coil is contained/in a pad inside the EV, with the pad positioned as
close to the ground as possible. The arrangement.operates in a very similar way to the way in
which a transformer works. In the future, it may be possible to have charging coils of wire built into
the road network that continuously top up the batteries in EVs.

18 [
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2 (a) (i) State whatis meant by a vector quantity.
..................................................................................................................................... [1]
(ii) State the name of one vector quantity.
..................................................................................................................................... [1]
(b) “An object of weight 16 N travels down a rough slope at constant speed, as shown in Fig. 2.1.
object,
~ - weight 16 N
rough slope
35°
Fig. 2.1
The slope is at an angle of 35° to the horizontal.
(i) Calculate the component W.of the weight acting down the slope.
W= e N [1]
(ii) The object is'how pulled up the rough slope at constant speed by a force P, as shown in
Fig. 2.2.
P
clo)
Fig. 2.2
The force P is parallel to the slope:
Determine the value of P.
P = N [2]
© UCLES & MOE 2022 Eﬁ 9749/02/0/N/22 [Turn over
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1
=
(b) The variation with vertical displacement x of the velocity v of the mass on the spring in (a) is 0w 9 (a) (i) The cost of electrical energy is $S$0.23 per kW h.
shown in Fig. 1.2. EE
- Calculate the ratio:
I
€ £ cost to travel 1.0km in the typical EV
15 e & cost to travel 1.0km in an ICE car
7 1.0 S C-’{-zl:hlk)(.{o-z.s)
y /m s..1] \ 4o
0.5 Radio = = 9414 (_33{-)
/ \ z z $0 LS
) 8 g 200 km
=0 2 01 0 0.1 0.2 ® 8 FAHO = covoveeeereenn, O- A o, [1]
\ 1 Q@ 0
-0.5 x/m ek I .
/ z z (ii) . State why EVs for use in Singapore typically need to be charged less than once per
- woow week.
1.0 A E £
BEECe - é Wwﬂaﬂbﬂe%%%“utﬂ’a“@v@?m s less e foe vy
-1.5 2 2
8 8 difone (mge) Aol —sble o Bl dhome (tookw) 1]
. (b) (i) Each individual cell in the battery/of the typical EV has a maximum allowable charging
Fig. 1.2 g current of 2.0A. Each cell has a maximum terminal voltage of 3.0V when being charged.
() Determine the maximum acceleration a of the mass. °§‘ ‘é‘ By. considering the arrangement of cells in the battery, use the information and data from
> © the'passage to determine the minimum number of cells in the battery of the typical EV.
8 P _ Feaxo i{*- e (
E E ® PV, S Vg - 3 228 24
s £ p L A Y
e 228V rep calls:
% g @ v IL ceve )
Q (@] L
(=] o
B) Tobel catlsc F¢ xlb = h-"l‘; lq‘ ----- |'r—
L./"V'E——')
= —2
a=-y . ... .............. ms™ [3] T T calls
R <0 SN, RN RN R
(ii) A light piece of card is_attached to the bottom of the mass so that the oscillations are ‘é‘ g
lightly damped. 7S R . G I, V. -
The mass is displaced vertically.and then released as.in (a). e YNy S Y e T
z =2
On Flg 12, draw the Variation of i Wlth - to Show the ﬁrst complete Cycle of these E ‘. g ...........................................................................................................................................
damped oscillations. [2] $°% 3
EE e e R s ]
tal: 9 &G
[Total: 9] Q.2 (ii) Suggest what the manufacturer means by.a“charging speed’ of 40 kmh=T.
Jor e | h °W’ﬂ£c’fﬂ~12,faadﬁ+um‘fetﬁ"am*w(*“’f°““ ............................
2 Z gl Rl s [1]
.2
3 =
2 @
e
z z
g
s 3
=
g0
o~ - =
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(iii) Suggest what is meant by a specific energy of 141Wh kg™t
Em-xI_-IPe-— wat  mass  Shwd ba the battew s 14 wh (&l wx Jbvos = s0H007) r«kﬂ .....

.....................................................................

....................................

.........................................................................................................................................

ass of the battery.
= 42000 mla

convert a.c. into d.c.

a.c. input
voltage

I © UCLES & MOE 2022 ﬁ 9749/02/0/N/22 I
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Determine the value of k together with its actual uncertainty.
Give your answer to an appropriate number of significant figures.
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o 14
e , _ "
Answer all the questions in the spaces provided. 8 g (ii) The a.c. input voltage varies with time and has a period T.
F F
1 (a) Amass mis suspended from a vertical spring attached to a fixed support. The mass is pulled E E On Fig. 7.2, sketch the variation with time of the d.c. output voltage in (c)(i) for
down and held at a vertical displacement of 0.16 m from its equilibrium position, as shown in § § two cycles of the a.c. input.
Fig. 1.1. S
g 8 4
‘ 2 8 Ve
output Ha[l?-— Wae NLRF&&H@L
voltage [ /
0
0 TI2 T 3712 2T time

Fig. 7.2

equilibrium position [2]

(d). The typical EV is travelling at a speed of 26ms~"' when the driver activates the regenerative
braking system. The EV decelerates to rest and all its kinetic energy is used to charge the
battery.
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Determine the distance the EV can travel on this regenerated energy.

Fig. 1.1 O Kkt :éhw«.; {([bgs)(:s)lz c2bSha =¥ T

- &
The mass is released. O  Fakwh=Gaeoow)( z;,ws) s 2:512X0° T —> 4ookim

5)

5-

«(ooC abChaxio -~ 082S = 0-8l3ky (33{)
2-s12x(0 ]

Ten oscillations are timed using a stop-watch. ‘
LS Seaxid. T —
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The data for the mass and the time, together with their uncertainties, are shown in Table 1.1.

Table 1.1

time for 10 oscillations/s 7 212
mlg 120 £ 1%

The period T of the oscillations‘of the mass is given by:

T=2n \/%—
where Tis in's, mis in kg and k is the‘spring constantin Nm™". Bar{am‘! g@wﬂfd&ﬁwﬂé@biwfﬁmf’(aﬂwmb&‘t‘d“c‘-‘{w]e‘:"‘\(a"-a’!“‘l [1]

(ii) Explain why the coil in the ground pad of a wireless charger and the coil in an EV need to
be as close together as possible.

o ah | waxiwun o ﬁ*wﬂ’vm*&&mh ......... loger, iduced uf. &5 BV2 ol
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(f) Fig. 7.3 shows the coil of a simple electric motor between the poles of a magnet.

coil rotates
clockwise

coil

direction of &

current I axis of

in coil rotation
Fig. 7.3

The coil has length 7 andwidth d. The entire coil lies within the magnetic field. The magnetic
flux density between the poles of the magnet is B. There is a current I'in the coil.

Two forces, each of magnitude F, act in opposite directions on the two sides of the coil, as
shown in Fig. 7.3. This produces a torque that causes the coil to rotate.

(i) The current I in the coil is 96A. The area of the rectangular coil in the magnetic field of
the magnet is 6.1 x 10~3m? and the coil contains 1200 turns.

Calculate the magnetic flux density B needed to produce the maximum output torque of
the typical EV.

C=Fd = Bll-n-d
c C 345

SR an  C TAN | (oo TR = fﬁ: (2sp

I © UCLES & MOE 2022
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Formulae
uniformly accelerated motion

work done on/by agas

hydrostatic pressure

gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.

velocity of patticle in 8.h.m.

electric current
resistors in series

resistors in parallel

electric potential

alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant

E‘%‘ 9749/02/0/N/22

2
s=ut+%at
vZ=u?+2as

W=pAV

p =pgh

TIK=TIPC+ 273.15

1 Nm 2
= ——x<Cc" >
P=37V
E:ng
2
X = XoSinwt
Vv = Vpcoswt
=+ @ XS - x°
I =Anvq
R=R{+R+...

1IR=1R;*1Rz*...

Q

4ngyr

X = XoSinwt

tol

2nd

_ HMoNI
2r

B

B = ,Ll()nI

X = Xoexp(—At)

_In2

A
2

A
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Data

speed of light in free space

gravitati@onstant
acceleratioré& fall

®
O

<
2
Q-
Od’
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¢ =3.00x 10*ms™
Uy = 4m X 10"Hm™
&, =8.85x 107"*Fm™
(1/(36m)) x 10°Fm™
e =1.60x10"C
h=6.63x10*Js
u=1.66x10"%"kg
me = 9.11 x 10~ kg
o = 1.67 x 107 kg
R =8.31JK " mol™
Np = 6.02 x 10® mol™

k=138x102JK"

g =981ms™
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A more practical motor
shown in Fig. 7.5.

magnetic pole

coil

23

Fig. 7.4

9749/02/0/N/22

(ii) A simple motor uses one pair of magnetic poles, as shown in Fig. 7.4.

ur pairs of magnetic poles arranged around the coil, as

[Total: 21]
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