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Data

speed of light in free space
permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

Formulae

uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potentiai
temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal 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/voitage

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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¢ = 3.00x108ms™

M= 4zx 107 Hm™!

& = 885x1012Fm
(17(36m)) x 10°° F m~"

e= 160x10"1C

h=663x10%Js

u= 166x10% kg

me= 9.11 x 10™ kg

my= 1.67 x 10-% kg

R = 8.31J K" mol!

Na= 6.02 x 102 moi™

k= 138x102 K

G = 667 x 107" Nm?kg?

g= 981ms™2

s=ut+lat?
vi=u? +2as
W =paAv

p=pgh

¢=-Gml/r

T/IK=T/°C+273.15

_1Nm _,
.clw v <c*>

3
E=—kT
2

X =X, sinwt
v =V, cos wt
=ta\x2 - x*
I=Anvg
R=R+R,+ ...
VR=1R+1/R,+ ...
Q
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X = x, sinewt
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X = X, exp(-At)
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5

4  The speed of an aeroplane in still air is 200 km h~'. The wind pushes it from the west at a speed
of 85.0 km h-',

In which direction must the pilot steer in order to fly due north?
A 23.0° east of north
B 23.0° west of north
C 25.2° east of north

D 25.2° west of north

Ans: D

vee = vew + Ve where vee is velocity of plane relative to Earth
vew is velocity of plane relative to Wind
vire is velocity of wind relative to Earth

Vive =85 km h~*

VPE

Vew = 200 km b~

sin 6 =85/200
6 = 25.2° west of north

5 A radio-controlled toy car travels along a straight line for a time of 15 s.

The variation with time ¢ of the velocity v of the car is shown below.

vims~ 6.0
3.0

0
0 5 10 18] t/s
—3.0-

6.0 oo

What is the average velocity of the toy car for the 15 s journey?

A -15ms' B 00ms~ C 40ms” D 45ms™
Area under the graph = As = zero
Vave = As/t =0
NYJC 2022 9749/01/J2Prelim/22 [Turn over

Answer: B
€ Atennis ball is thrown horizontally in air from the top of a tall building. The effect of air resistance
is not negligible.

Which of the foliowing correctly describes the subsequent change in the horizontal and vertical
components of the ball’'s velocity?

horizontal component vertical component

of velocity of velocity
constant constant
constant increases at a constant rate

decreases to zero increases at a constant rate

g 0 m »

decreases to zero

increases to a maximum value

Since the building is tall, the time of flight is long enough for the vertical component of velocity
to reach a maximum value.

Answer: D

7 Arock of mass 2m in deep space, initially travelling at velocity v, expiodes into two parts of equal
mass, one of which becomes stationary immediately after the explosion.

What is the kinetic energy of the moving part after the explosion?

A m3<~ B mv? c m3<~

D 2
2 2 2mv

By COM, momentum after explosion = 2mv, which is only carried by moving part.
So KE of moving part = (2mv)%(2m) =2mv2

Answer: D

NYJC 2022 9749/01/J2Prelim/22
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9

D The negative work done by the weight of the block is equal to the gain in gravitational
potential energy of the biock.

Ans: D
A force does no work when it is perpendicufar to the direction of motion. (A&C)

Net work done on the block is positive because there is gain in GPE of the block. (B)

12 The figure below shows a light inextensible rope that passes over a light smooth pulley with two
blocks of masses 4.0 kg and 2.0 kg attached to its two ends. The two blocks are initially at rest
with the 4.0 kg block 10.0 cm above the 2.0 kg block.

4.0 kg block

ground A 777

What is the speed of the blocks when they are at the same height above the ground?

A 057ms™ B 081ms™ C 099ms! D 14ms!

Ans: A
Loss in GPE = 4.0 x 9.8 x (5.0x107%) -2.0 x 9.8 x (5.0x10%) = 0.98 J
GaininKE=% x (2.0 +4.0) xv2=0.33 J

> v=0.57ms"

NYJC 2022 9749/01/J2Prelim/22 [Turn over

10
13 Arod PR of length L is turned about the point P through an angle 9.

R

P

The end R of the rod moves through a distance D. Both D and L are measured in metres.
What is the angle 6, expressed in radians?
A LD B DiL C DL D 1/(DL)

Answer: B
D=1L8
8=(D/L) rad

14 The gravitational potential ¢ along the line joining the centres of a planet and its moon varies
with the distance r from the centre of the moon as shown.

¢

Y

%

T d Y

¥

‘& |||||

\

Which of the following expressions gives a value that is closest to that of the gravitational force
acting on a 1 kg mass at a distance of r»?

A &.I&N

-5

B -%

n

C }ltu

h-n
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13

16 The diagram shows the displacement-time graphs of two sound waves P and Q at a point in
space. The graphs have the same scales for the time axes.

displacement > > > A wave P
0+ - —-
o < < < < | "

displacement > > > > .m wave Q
0+ m >
Q ." time

VUV

The frequency of Q is 125 Hz. The waves are in phase at time = 0.

At what time are the waves next in phase?

A 32ms B 36ms C 64ms D 72ms

Ans: D

From graphs shown,

P and Q are initially in phase at t = 0, and become out of phase next at t = 4.5Tq, where Tq is the
period of wave Q.

Ta=1fa=1/125s

Hence the next time the waves become in phase must be for another duration of 4.5 Tq,
i.e. they are next in phase at time

(t=45To+4.5To=9Ta=0.072s

17 Which of the following correctly states the changes, if any, in the potential energy and kinetic
energy of the molecules of a solid as it melts?

potential energy kinetic energy

A decreases increases
B increases remains the same
C remains the same decreases
D remains the same remains the same

temperature is constant when the solid melits

NYJC 2022 9749/01/J2Prelim/22 [Yurn over

14
Answer: B

18 The frequency of a wave is 600 Hz and its speed is 330 m s,

19

20

What is the phase difference between the oscillation of two points on the wave thatare 0.275 m
apart?

A 0 B MBQ (o WBQ D =#rad

Apply to the formula (x/A) x 2.
Answer: D

A point source emits 50.0 W of sound energy in ali directions. A small microphone of area
0.85 cm? detects the sound at 4.0 m from the source.

What is the power received by the microphone?

A 16x10°wW

B 21x10°w

C 21x10'w

D 25x107'w

Intensity = power emitted /area spread = 50 /4nr?
Power received = intensity x microphone area = 2.1 x 105 W
Answer: B

The diagram shows a standing wave on a string. The standing wave has three nodes N1, N2 and
Na.

Ny N2 N3

o ——
——

—

-

-—
S — e —

Which statement is correct?

All points on the string vibrate in phase.
All points on the string vibrate with the same amplitude.

0O W >

Points equidistant from N, vibrate with the same frequency and in phase.
D _ Points equidistant from N vibrate with the same frequency and the same ampiitude.

Ans: D

All points between Ny and N; vibrate in phase, and are all in antiphase with points between N; and
Ns.

All points between a node and an anti-node vibrate with different amplitudes

Al points vibrate with same frequency. Points to the left of a node vibrate in antiphase with the
points to the right of a node.
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17

24 Electrons, each of mass m and charge q, are accelerated from rest in a vacuum through a
potential difference V.

The accelerated electrons are then projected at point S into a region of uniform magnetic field
of flux density B, as shown. The electrons move in a circular path of radius r.

Region of uniform
magnetic field of flux
density B

Which of the following expressions represents the specific charge 9 of the electrons?

m
14 2v "4 2V
A B C — D
28%r Br 2B8°r? Br?
Ans: D
1
V=—myv?
=3
v=|2Y
m
mv?
Bgv =
r
2qVv Sﬁmmg_\w
Bq <YL =
q m r
3 m
2qV m) 2V
~ B Br
2qV _ 4v?
m B*?
q_2
m B*?
NYJC 2022 9749/01/J2Prelim/22 [Turn over

18

25 A rectangular coil made of 100 turns of wire with cross sectional area 30 cm? is placed within a
uniform magnetic field of 0.80 T. The coil is rotated with an angular velocity of 100 rad s~'. At

different stages of its rotation, the cross sectional area of the coil can be parallel or perpendicular
to the magnetic field, as shown.

parallel to magnetic field perpendicular to magnetic field

What is the maximum e.m.f. induced and the corresponding orientation of the coil?

maximum e.mf. / V orientation of coil
A 0.24 parallel to magnetic field
B 0.24 perpendicular to magnetic field
[ 24 parallel to magnetic field
D 24 perpendicular to magnetic field
Ans: C
¢ = NBAsin ot
&= % = wNBAcos ot
Emax = @NBA =(100)(100)(0.80)(30 x (1072)*)
=24V

Maximum rate of change of flux linkage occurs when ¢=0. l.e. at the instant of rotation where
the coil is parallel to the magnetic field.

Distractors: forget to multiply by w.

NYJC 2022 9749/01/J2Prelim/22
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€ With the same accelerating potential, the temperature of cathode used to produce spectrum
A is higher than that to produce spectrum B8 as shown from the higher intensity of X-ray

photons in spectrum A,

D The temperature of cathode used to produce spectrum A is higher than that to produce

spectrum B as shown from the existence of additional peaks in spectrum A.

Ans: A

A: Lower accelerating p.d. for B, smaller loss in EPE and smaller gain in KE, smaller E of most
energetic X-ray photon produced, larger cut-off wavelength. At the same time, fewer X-ray
photons produced, hence intensity is lowered.

B: Additional peaks are observed in A because the cut-off wavelength for A is shorter. Same
target metal used.

C: Higher temperature of cathode leads to more X-ray photons produced, hence intensity is
higher. But it does not explain why the cut-off wavelength for A is shorter.

D: Higher temperature of cathode leads to more X-ray photons produced, hence intensity is
higher. But it does not explain why additional peaks for A are observed.

29 Which of the following radioactive samples has the greatest activity?

nuclide amount / mole half-life / day
A ZAc 0.003 10
B Z5Th 0.1 400
c ZRa 0.6 2100
D 2Pu 1.0 4800
Answer: A
A=AN= ﬁINZ where N is the number of molecules in the sample
%
So N =nNa
And the A of each can be compared by finding the nuclide with the greatest ratio of ﬂ:l
%
Option A: L 0.003 =0.0003
T, 10
%
n 0.1
Option B: — = —— =0.00025
P T, 400
%
NYJC 2022 9749/01/J2Prelim/22 [Turn over
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n 0.6
option ¢: - =26 _ 5 00029
plion C: 7= = 2700
%
n 1.0
optionD: =19 _ 4 00020
prion T, 4800
2

30 Acradioactive sourceis placed 1 cm from a Geiger-Muller tube, and various absorbers are placed
between them, one at a time. For each absorber, a one-minute count is taken of the total number
of decays, and this is repeated several times. The table shows the results of the experiment.

average number of decays
absorber detected in one minute
none 1043
0.1 mm paper 1040
1 mm aluminium 497
1cm lead 6

The average background count per minute is 5.

What nuclear radiation do the results suggest the source was emitting?
A alpha and beta only

B Dbetaonly

C beta and gamma only

D

alpha, beta and gamma

Answer: B

Type of decay

Penetration power | 3 cm of air 3 m of air

Lead, concrete or
steel of >10 cm

A sheet of paper thickness

A sheet of aluminum
of a few mm

thickness

Because most particles can pass through paper, they are not alpha particies.

Some of them are absorbed by the aluminium, and stopped by 4 cm lead; they must be
beta particles.

End of Paper

NYJC 2022

9749/01/J2Prelim/22
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Answer all the questions in the space provided.

1 (a) Aballleaves the edge of a table with a horizontal velocity v, as shown in Fig. 1.1.
paii
—
path of ball
] 11.25m
table — |
1.50m floor .
nZN horizontal
Fig. 1.1

The height of the table is 1.25 m. The bali travels a distance of 1.50 m horizontally before
hitting the floor.
Air resistance is negligible.
Calculate, for the ball,
(i)  the horizontal velocity v as it leaves the table,

ux=v,u=0

s, =utf=vt [1]

L 1 2
s, = o+Mm~, =1.25= o+mam.m§. [1]
v= ms™[2]
(ii) the velocity just before it hits the floor.
~ Z oy
= P
v, =u,+at=0 im.m‘_xo.momvu 495m s'1]
velocity = m s [2]
NYJC 2022 9749/02/J2PRELIM/22
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(i) The density of water p is 1000 kg m3. Given that the jet of water in (b} has
cross-sectional area A of 1.5 cm? and impact velocity v of 5.0 m s,

1. Calculate the magnitude of the average force exerted on the wall by the water.
Explain your answer.

Force by wall on water = pAu?= (1000)(1.5 x 104)(5.0 = 3.75=3.8 N 11
By Newton's 3" Law, magnitude of force by water on wall is equal to that by wall on water [1]

Hence magnitude of average force by water on wall = 3.8 N

magnitude of average force = N[2]
2. On Fig 2.2, sketch a graph to show the variation of pressure p on the wall with
impact velocity u. [1]
P A
0 >y
Fig. 2.2

3. Suggest the change, if any, to pressure P if the cross-sectional area A of the water
jet is doubled.

No change.
(Since Pressure = Force/Area = F/A = (pAUA)IA = pu?, pressure is independent of A)

[Total: 8]
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3 Aball of mass M of 750 g is held on a smooth horizontal surface between two identical springs

at their natural lengths as shown in Fig. 3.1.

ball
mass M oscillator
/
fixed \
point M M -/
Y A 7
Fig. 3.1

" One spring is attached to a fixed point while the other spring is attached to a mechanical

oscillator. At ¢ = 0 the ball is displaced to its amplitude position. The variation with time ¢t of the
displacement L of the ball is shown in Fig. 3.2.

30

Licm

25

0 4 L: 12 18 20 24
t's
Fig. 3.2

(a) For the first 12 s of the oscillations,

(i) state one time at which the ball is moving with maximum speed,
| Eauilbrium: 1.05,3.05, 5.0, 7.0, 9.0, 1.0 s, | tme=

s[1]

(ii) state one time at which the springs have maximum elastic potential energy,
me displacement: 0.0s,2.0s,4.0s,6.0s,8.0s, 12.0 mf_:m =

s[1]

(iii) calculate the angular frequency @ of the bali,

=1.57rads™

= rad s7' [1]

NYJC 2022 9749/02/J2PRELIM/22
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{c) Describe the effect, if any, on the intensity of the microwave detected at A and B when the
following changes are made, separately to the sources X and Y:

() when the amplitude of both source X and Y is doubled.

Resultant amplitude is doubled. intensity is proportional to (amplitude)?. [B1]

Maximum intensity increased by a factor of 4 [B1]

(i) the amplitude of one of the sources is halved.

Resultant amplitude at maxima is 1.5 xp and minima at 0.5 xg. [B1]

Maximum intensity at A becomes 0.5625 or (9/16) times of initial intensity and
minimum intensity at B becomes 0.0625 or (1/ 16) of the initial intensity at A. [B1]

2]

(i

if) the sources are now anti-phase.

the maximum becomes a minimum and the minimum becomes a maximum [B1]

the intensity at A and B will swap (B1) 1

[Total: 8]
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Fig. 5.1 shows the electric field in the region between two points P and Q. The electric potential
at P and at Q are +400 V and -400 V respectively.

O m
Y

+400 V
v N
+300 V 300V
\ ~
+200 vV +100 VvV ov -100V -200V
/ / | \ AN

Fig. 5.1

(a) Define electric potential at a point.

Electric potential at a point is the work done by external agent per unit positive charge on

a small test charge to bring it from infinity to that point, (without change in its kinetic

energy.)

2]

{b) Describe how the direction and magnitude of the electric field strength varies along the line
PQ.

From P to Q, the direction of the field is always towards Q, and the magnitude will decrease

to a minimum and then increase.

12]

(¢} An electron is projected from P towards Q with a speed of 2.2 x 10" m s™. Calculate its
speed when it reaches Q.

Loss in KE = Gain in EPE

%ame (W -V =qAV > % x 8.1x10 x ((2.2x1072 - v2) = 1.6x10-1® x 800

v=14x10"m s

speed = ms™[3]

NYJC 2022 9749/02/J2PRELIM/22
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. (i) In one particular application of the circuit of Fig. 6.2, it is desired that the potentia!
(iv) the resistance of R. difference across the fixed resistor should range from 1.2V at0°C to 2.4 V at 20 °C.
E=PPRt E=1(R+)
Determine whether it is possible to achieve this range of potential differences.
104 = (0.24)% (R)(5.0x60) 1.5=0.24 (R +0.25)
R=6.00 R=6.00 In order to get that range R would need to be changed to another resistor.
Let the resistor of the fixed resistor be R.
At0°C, Rneeds tobe 1.2V
resistance = Q{2 Vo R
(b) Two cells identical to the one in (a) are now connected in series with a fixed resistor of E R+4000
resistance 2000 Q and a thermistor, as shown in Fig. 6.2. m - R
o= e ———— 3.0 R+4000
15V 1,15V 1 R=2700Q
1 t
. _ 0.25 Q 1 0250 ,
n _ 1 _.I_UI"I . Checking whether 2700 O will give 2.4 V at 20°C,
. I \
T Y _R
E R+4000
Ve _ 2700 I3
3.0 2700+1800 11]
m V=18V

thermistor 2000 O Since the same fixed resistor does not give the required range, it is not possible

to achieve this range of potential differences.
Fig. 6.2

The thermistor has resistance 4000 Q at 0 °Cand 1800 Q at 20 °C.

(i) Explain why, in this circuit, the internal resistance of the cells may be considered to be
negligible.

The combined resistance of the fixed resistor and thermistor at 20 °C is between
3800Q and 60000,

while the combined resistance of the internal resistance of the cells is 0.5002x2.

Since the external resistance (5800Q) is much greater than the internal resistance of
the cells (0.509), the internal resistance of the cells can be neglected, whereas the
external resistance in fig 7.1 is 6.0Q.

NYJC 2022 9749/02/)2PRELIM/22
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Read the passage below and answer the questions that follow.
Optical Tweezers

In early 1970s, Arthur Ashkin first reported the observation of micron-sized particles being
accelerated and trapped in stable optical potential wells by utilising only the radiation pressure
caused by continuous laser. This led to the development of a single-beam, gradient force optical
trap, commonly known as Optical Tweezers.

Optical tweezers have since been used in fields ranging from fundamental physical sciences to
biclogy, performing single molecule force and motion measurements, and non-invasively
manipulating objects such as DNA and live single cells.

Optical tweezers have the ability of applying pico-newton forces to micron-sized particles. In
such systems, transparent dielectric particles made of glass or polystyrene are commonly used
as they have higher index of refraction than their surrounding medium (typically fiquid), thus
attracting them toward the region of maximum laser intensity.

An optical trap uses forces exerted by a highly focused monochromatic laser beam in order to
trap and manipulate microscopic dielectric objects. The beam is focused through a microscope
objective lens in order to produce a narrow beam waist as shown in Fig. 8.1. Dielectric particles
suspended in the surrounding liquid medium will be attracted to the centre of the beam waist
and fowards the optical axis as shown in Fig. 8.2, where it is the region of maximum laser
intensity. The laser intensity decreases with distance from the optical axis.

laser light focused laser light

18

For particles of radius much larger than the wavelength A of the laser, the Mie scattering
approach is utilised. The laser beam is made up of a stream of photons. Some incident photons
are reflected by the dielectric sphere, while the rest are refracted through the dielectric sphere.
The reflected and refracted processes lead to a change in the momentum of the photons,
producing a resultant force on the sphere, which is proportional to the light intensity of the
incident laser. With a dielectric sphere of refractive index larger than that of the liquid medium,
the refracted light will induce a force in the direction of the intensity gradient, causing the sphere
to move towards the centre of the beam waist.

Using the Mie approach, geometric optics is used for the calculation of optical forces. A simplified
ray diagram of the refracted laser beam is shown in Fig. 8.3, where two beams G and H pass
from a liquid medium through a polystyrene sphere. The sphere experiences a net force towards
the centre of the laser waist beam due to both refracted and reflected beams of beams G and
H. The sphere will then be stably trapped, with the centre of the sphere aligned with the optical
axis.

The force due to the reflected beam may be taken to be negligible, compared to that due to the
refracted beam.

beam G

laser beam

polystyrene sphere
_~"1n a liquid medium

horizontal plane of lase
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: beam waist
by microscope
objective lens
laser beam laser beam
R walist
Bmo_”oﬂocm beam H
objectiv
lens laser beam
waist
— ] . .
optical axis
v —% liquid medium
> ! )

optical platform « Fig. 8.3 (Reflected beams not drawn)

When the centre of a trapped sphere is displaced by a small displacement Ax from the
Fig. 8.1 Fig. 8.2 equilibrium pasition, there is a restoring force F which obeys Hooke's law where
F = kix
and ks the trap stiffness.
The restoring force F can be determined using the Stoke’s method, by allowing a fluid of known
velocity v to flow past the sphere and measuring the corresponding displacement Ax as shown
in Fig. 8.4. The viscous drag Fusg acting on the sphere is given by the relationship
Fiyag =87rnv
NYJC 2022 8749/02/J2PRELIM/22
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(vii) Suggest why laser beam G produces a larger force on the sphere as compared fo laser
beam H.

Beam G originates from a region of higher intensity nearer the optical axis, hence
there are more photons incident on the sphere as compared to beam H, and hence
a larger rate of change of momentum.

[1]

(¢) An optical tweezer system is calibrated using the Stoke’s method by trapping a polystyrene
sphere of diameter 4.0 um in liquid as shown in Fig. 8.4. Values for v and Ax are obtained
from the experiment and the values are plotted on the graph of Fig. 8.5.

Ax/pm
0.7 - Sitrw R ; :
: . D
0.6 - : azam :
T : : T : A
T : I ] T ;
0.5 41 ne :
: ks O BN t :
: T e ar 1T i
0.4 ; : jara : . - Sl
; 52 AT
FeiREne - 18 N
0.3 g - -
Pt i 7 i
0.2 ; ; B S o : ;
15 20 25 30 35 40 45
v/ums™
Fig. 8.5
(i} Determine the base units of viscosity 7.
Fiag =671V,
-2
Units of n = units of F _kgm mL =kgm™ s
rv. mms
St base units = [1]
(i} On Fig. 8.5, draw the line of best fit for all the points. [1]
9749/02/J2PRELIM/22 [Turn over
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(ifi) Determine the gradient of the line drawn in (c)(ii).

Reading off coordinates from the graph, we have
(17.0, 0.250), (42.0, 0.620)

_ (0.620-0.250)x 10"

Gradient = 1
e = T azo17.0)x10° M1
0.370
=237 50148 (a1
25.0 (Al

gradient = 2]

{iv) Hence, determine the trap stiffness k of this optical tweezer system, given that the value
of nis 0.890 x 102,

6zrn

k
0.0148 = mimx._o.mvmw.m@o x107)
k=227x10° Nm™ [A1)

Gradient =

M1]

k= Nm[2]

[Total: 20]

End of Paper
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G0l-dg

More papers at www.testpapersfree.com




90 |_ ~ dg More papers at www.testpapersfree.com



NANYANG JUNIOR COLLEGE

JC 2 PRELIMINARY EXAMINATION

Higher 2
CANDIDATE
NAME

TUTOR'S
CLASS NAME
CENTRE S INDEX
NUMBER NUMBER
PHYSICS 9749/03
Paper 3 Longer Structured Questions 19 September 2022
2 hours

Candidates answer on the Question Paper.

No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Wiite your name, class, Centre number and index number in the spaces at the top of this page.

Wirite in dark blue or black pen on both sides of the paper.
You may use a HB pencil for any diagrams, graphs or rough working.
Do not use staples, paper clips, giue or correction fluid.

The use of an approved scientific calculator is expected, where appropriate.

Section A

For Examiner's Use

Answer all questions.
Section A
Section B 1 8
Answer one question only.
2 112
You are advised to spend one and a half hours on Section A and half an hour 3 /8
on Section 8.
4 /9
At the end of the examination, fasten all your work securely together. 5 16
The number of marks is given in brackets { ] at the end of each question or part
question. 6 9
7 /8
Section B
8 120
9 120
Total 180
This document consists of 24 printed pages.
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Data

speed of light in free space
permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

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 molecule

displacement of particle in s.h.m.
velocity of particle in s.h.m.

electric current
resistors in series
resistors in paralle!

electric potential
alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a fiat circular coil

magnetic flux density due to a long solenoid
radioactive decay

decay constant

NYJC 2022 9749/03/J2Prelim/22

3.00 x 108 m s

o= 47x 107" Hm™
8.85x 1072 F m™"
(1/(36m)) x 10° F m~!
e= 160x10"°C
h=663x10%ys

u= 1.66x 102 kg

me= 9.11 x 10731 kg

mp= 1.67 x 1077 kg

R = 831JK ' mol

Na= 6.02 x 102 mol™!

k= 138x1028 K

G = 6.67 x 10" Nm2 kg2
g= 981ms>?

[>]
n

&
n

s=ut+1at?
vi=u? +2as
W =pAV

p=pgh

¢=-Gm/r

T/K=T/°C+273.15

b”M';\IAQnV

3
mHME.
X = x, sinwt
v =V, cos wf
nH&)\XMIIXN
I=Anvg
R=R+R,+ ...
VR=1R+1/R,+ ...
Q
4meyr
X =X, sinwt
B =l
2zd

V=

X = X, exp{-it)
L2
¢

z
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5 6

2 (a) Pianets have been observed orbiting a star in another solar system. Measurements are

(if) Determine the magnitude of the force, R, exerted by the hinge. made for the orbital radius r and the time period T of each of these planets.
M Fy =0 M Fx=0 The variation with r* of T2is shown in Fig. 2.1.
200c0s70° —~50-460sin5° + Ry =0 Rx —200sin70° +460¢c0s5° =0
Ry=217N Rx=-270 N 24
R= ANNOVN +AM4..\vm =271N
T2/ year?
2.0
maghnitude of R = N 3] 1.6
Comments: A significant number of students are able to get full credit for
this question even though it is quite mathematically challenging. 12
. . N 0.8
(¢} The surfing board is designed with the foot straps at the rear part of the board rather than
at the centre part of the board, as shown in Fig. 1.3.
foot straps foot straps 04
AN
: .A. w water level [
oLt
) - b} 0.2 04 086 08 1.0 1.2
board is horizontal board is at an incline
. A110%m?3
Fig. 1.3 Fig. 2.1
Such a design allows the surfing board to move across the water surface while inclined at The relationship between T and ris given by
an angle to the surface.
2.3
Suggest why when the man is moving horizontally with the board at an incline, the volume T = AM‘,M
of seawater displaced by the sailboard is lower than your answer in (a).
As the surfboard mave across the water surface inclined at an angle, there will be where G is the gravitational constant and M is the mass of the star.
water continuously changing direction as it come into contact with the surf board. By
..staoa.m.._.,._._mﬁ..Smhm.wm.m.Eﬁm..pﬁnsmaam..s..BpBmaEB.ﬂmmc_zan.s.m..ﬁosm.mnman&a.. .
the downward direction. Hence by Newton’s 3% law, there is upwards force acting
..moa.:u.9...wzm.mc%wosau..Im:am.EQsE_._Ewﬁ.nm:.gQ.:mzs..omcmw:m.imﬁw&mv*mama:...ﬂ4_
to decrease. [Total: 8]
Comments: This part prove to be chailenging for the large majority of
students.
NYJC 2022 9749/03/J2Prelim/22 [Turn over NYJC 2022 9749/103/.J2Prelimi22
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Acroller coaster ride in an amusement park consists of an unpowered car moving freely along a
smooth track. Fig. 3.1 shows the roller coaster car moving with speed v at the top of a vertical
loop with radius R. Ignore any resistive forces on the car.

\sx—/ﬂl7 1 ).\N\m/
Fig. 3.1

(a) For the car to remain in contact with the track at the top of the loop, show that the maximum
speed vimax of the car is

_\Snx = )\.MQI

Explain your working.

At top of loop,

mg-N=mvR > N=mg-mv¥R [1] (using N2L)
For car to remain in contact, N> 0 [1]

> mv¥Rsmg [1]

So max speed at the top is such that vmaR = g

{3

9749/03/J2Prelim/22 [Turn over
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{b) The entire roller coaster ride consists of two of such vertical loops with positions A and B as
shown in Fig. 3.3. The two loops have radii R; and R, respectively.

Fig. 3.3

During a test run, the car has a speed of 4.0 m s at A where radius of the first loop R, is

15 m. Determine the minimum radius R so that the car will remain in contact with the track
throughout its journey.

To remain in contact at B,

ve = (Rog)"? 1]

By COE,

2 mve? = %2 mva? + mg(2R, — 2R,) [1]

Y m(Reg) = Yamva? + mg(2R1 —2R;) > % gRe + 2gR, = ¥4 (16) + 2g(15)
2>R2=12m[1]

Ry = m (3]

Fig. 3.4

On Fig. 3.4, draw an arrow to show the resultant force on the car at point C. Explain your
answer.

The resultant of the weight and normal contact force has a radial component to produce
the centripetal acceleration and a tangential component to increase the speed. [1]

Direction of arrow between direction of weight and of tangential velocity [1]

[Total: 8]
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slit screen slit screen
ﬁ ﬁ , I
source S,
®
lightof 700 nm Ll _.__. X |g ........
—— X
® — b Pt o b P p--tee
source S, N source S, N, S
20m 1;
20m
Fig. 5.1 (not to scale)
NN P Fig. 5.3 (not to scale)
(a) A central maxima is observed on the screen and its width is found to be 4.0 mm. Calculate
the width b of the single slit.

. . ho=te _x Sketch, on Fig. 5.2, the variation with distance x from P of the intensity I of the second
Since @is small, 6 = p = tan §= D source S; when Rayleigh criterion is satisfied. [2]
700x10~? _ 0.002
5 =25 [C1]
b=70x10"*m[A1] [Total: 9]

Central:maxira of new diffraction envelop at first minima of original diffraction envelop B1]
Comment
Poorty done. A number of candidates do not remember that x is half the width of the 1% Minima of new diffraction envelop at central maxima AND 2 minima of original diffraction
central maxima. ) envelop [B1] — rephrase using terms in Rayleigh’s criterion.

(b) Fig. 5.2 shows the variation with distance x from P of the intensity I of the red light on the

screen. Label, on Fig. 5.2, the values of the six x-intercepts. [2] Comment
1%t Minima at 2.0 mm [B1] Very poorly done. Candidates did not read question and drew on Fig. 5.3 instead. Curve was
I A Scale of 1.0 mm every 1 em [B1] drawn without regards to Rayieigh Criterion. Awkwardly shaped graphs and unsymmetrical

graphs are observed. Many missed this question.

mn .0 mm every 1 cm is

More papers at www.testpapersfree.com

R A TN
d ; S o NHA e e 4 III
-6.0 -4.0 -2.0 20 40 6.0x / mm Comment
Very poorly done. Confusion between magnetic flux density, magnetic
Comment flux and magnetic flux linkage is common. Magnetic field is insufficient
Poorly done. Candidates equated slit width with width of central maxima which is 6 (a) Define magnetic flux.| as it describe a region and not quantify the strength.
(o) A conceptually wrong. Uneven scaling of x axis is observed. Many missed this question.

NYJC 2023 he magnetic flux through a n.m:@mm&mmmmmapm roduct of the component of the magnetic

NYJC 2022 9749/03/J2Prelim/22 [Turn over flux density normal to the surface and the area of the sutface.
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1]
(i) Show that the de Broglie wavelength of the electrons is 1.08 x 10~ m.

By conservation of energy, Loss in Electric PE = Gain in KE

13 P
(1.60x10 vcwslw?‘:ﬁoév
p=6.1561x10"
_h
P
_ 6.63x10°*
7 6.1561x10°%*
=1.08x10"" m

(3

(b) A fluorescent screen is positioned 12 cm away from the silicon crystal as shown in Fig. 7.1.
The separation of silicon atoms in a silicon crystal is 0.235 nm.

screen

thin silicon
crystal

beam of
(0]
electrons

Fig. 7.1
(i) Explain why electron diffraction will be observed on the fluorescent screen.

The separation of the silicon atoms is in the same order of magnitude as the de

Tensese ors

Broglie wavelength of the electrons. Hence effect of diffraction  is
appreciablelsignificant {1

(i) Electrons are cbserved in the straight-through direction at position O as shown in
Fig. 7.1 and Fig. 7.2. Assume that the silicon crystal acts as a diffraction grating.

Draw to scale, on Fig. 7.2, the resuiting diffraction pattern for the 1st order maxima.
Show your working.

NvJc 2022 For electron diffraction, 9749/03/J2Prelim/22
dsing=ni

(0.235x10)(sin @) =1(1.08 x 10*)

[Turn over

18

position O

Fig. 7.2
(31
[Total: 8]
Section B
Answer one question from this Section in the spaces provided.

8 Fig. 8.1 shows a thin iron strip of length 8.0 cm, width 2.0 cm and thickness 2.0 mm. As iron is
a conductor of electricity, it contains free electrons, one of which is shown in Fig. 8.1,

NYJC 2022 9749/03/J2Prelim/22
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(iii) Explain why a potential difference develops across faces APSD and BQRC.
The magnetic force on electrons is parallel to PQ, causing them to drift in the

direction of the -force. Due to the resulting difference in number density of

electrons across the two ends, an electric field is set up across the two faces. )]

(iv) Draw, on Fig. 8.1, an arrow to show the direction of the force due to the potential
difference in (c)(iif) on the electron. Label as F. [11

(v) The potential difference in (c)(iii) eventually reaches a steady value. State the
magnitude of the resultant force on the electron that acts along the length of the strip.

resultant force = zero N[1]

{vi) Hence calculate the value of the potential difference in (c)(ii).
Fe=Fs

1.6x107"9 x V / 0.080 = 1.41x10-%# N

V=7.04x10"7V

potential difference = VI[2]

(vii) Briefly explain how this iron strip can be used to determine the direction of a different
magnetic field in another region.

Change orientation of strip until p.d. across APSD and BQRC is maximum.

(The magnetic field is normal to the face APQB.)

If APSD is at higher potential, the magnetic field is directed towards APQB. If

APSD is at lower potential, the magnetic field is directed towards DSRC. [2]

[Total: 20}

9749/03/J2Prelim/22 [Turn over
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22
(a) Radioactive decay is a random and spontaneous process.
Expiain what is meant by
(i} a random process,

Itis a process in which it cannot be predicted which nuclide will decay at a particular

instant or when any particular nuclide will decay.

{1

(i) a spontaneous process.

It is a process which it is not triggered or affected by external factors such as
temperature and pressure.

[1]

(b) An unstable nucleus of mass number A undergoes a-decay, as illustrated in Fig. 9.1.

stationary nucleus
nucleon number A

before decay
v v
-—
after decay O O
daughter o-particle
nucleus
Fig. 9.1

The nucleus is stationary before the decay.
After the decay, the initial speed of the a-particle is V and that of the daughter nucleus is v.

() Derive an equation, in terms of A, v and V, o represent conservation of linear
momentum for this decay.

(1

CMPE.&. = EMbagm_

0=4V+(A4)v

v _:

9749/03/42Prelim/22
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(e) Some data for the half-lives and decay constants of bismuth-212 and thallium-208 are given

NYJC 2022

in Fig. 9.3.
nucleus haif-life / s decay constant / s™
bismuth-212 1.9 x 104
thallium-208 190 3.7 x 102
Fig. 9.3
(i) Define half-iife.

(i)

~Jhehalflife.t1/2.of a.quanify.is defined.as.the fime taken for.the.quantify.ta...
decrease to half of its initial value. 11

Complete Fig. 9.3 by calculating the half-life of bismuth-212.

Tirz of bismuth 212 = 0.693/ I = 0.693/ 1.93 x 10+

1
Initially, a radioactive source contains N nuclei of bismuth-212.
After two hours, it is found that the number of bismuth-212 nuclei has reduced to

approximately % N. However, although bismuth-212 decays to form thallium-208, the
number of thallium nuclei is much less than % N.

Suggest an explanation for these abservations.

Based on the data given, the half life for bismuth 212 is 3700 s while the
hale life for thallium 208 is only 190 s. Hence half life for bismuth 212 is
significantly Targer than Tialt I#e tor halium 264

Heroe-irthe-first190-9-of-decay;-the Aumber of -Bismuth 212 Will- FOFIRAG - reesversssersese:
approximately the same while the number of thaliium 208 will have

reduced by half.

After two hours, bismuth -212 would have gone through about 2 haif lives,

trence the Tumnber of tismmath- 212 s about-Nf4: But thallium-208 fs-mot g--veneners 4]
stable nucleus, hence the number of thallium after two hours must be less [Total: 20]
than 3/4N.

Since thallium 208 only have m-q%_w Emmom oﬁmo s, after 2 hours, the

number of thallium would have reduced greatly and hence much

less than 3/4N.

9749/03/J2Prelim/22 [Turn over
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READ THESE INSTRUCTIONS FIRST

Write your name, class, tutor's name, Centre number and index number in the spaces at the top of this page.

Write in dark blue or black pen on both sides of the paper.

You may use a HB pencit for any diagrams, graphs or rough working.
Do not use staples, paper clips, glue or correction fluid.

Answer all questions.

Write your answers in the spaces provided on the question paper.

The use of an approved scientific calculator is expected, where appropriate.

You may lose marks if you do not show your waorking or if you do not use
appropriate units.

Give detalls on the practical shift and laboratory, where appropriate, in the
boxes provided.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or
part question.

Shift

Laboratory

For Examiner's Use

1

2

3

4

Total

155

This document consists of 17 printed pages.

2
Many electrical components have to function properly in conditions of extreme temperature and
moisture content. In this experiment you will maintain a diode at 5 °C and investigate how the
current in it varies as the potential difference across it is changed

(a) Setup the circuitshown in Fig. 1.1. The resistor Ris to prevent current overload in the diode.

-+
R
N\
)
R\
Fig. 1.1
(b} Put 50 mi of water into the beaker. Place the diode in the water.

Close Switch S.

Add a quantity of ice to the water in the beaker. Stir the ice/water mixture gently using the
thermometer until the temperature is at, or close to, 5°C.

(i) Record the temperature of the ice/water mixture. You are to maintain this temperature
to be within 2°C of your recorded temperature for the rest of the experiment.

temperature of ice/water mixture = 2.0°C [1]

» Temperature recorded to 1 d.p. in degree
celsius

(i) Adjust the slider of the rheostat until the potential difference V across the diode is
0.70 V. Measure and record the current I.

9.2 mA

* current less than 25 mA

NYJC 2022 9749/04/PRELIM
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In (1 mA)

55

5.0

45

4.0

35

30

25

20

07

0.72

0.74

0.76

0.78

0.80

0.82

0.84

0.86

0.88

0.90

0.92

094 vV

(d) (i) Theory suggests that

where k is the Boltzmann constant of 1.38 x 10-2 J K1, a is a constant, T is the
temperature of diode in kelvin where T /K =T /°C +273.15.

Caiculate a, giving an appropriate unit.

a=gkT=13.6x 1.38 x 10-% x (5.0 + 273.15)
=522x10%C
[1] Substitution of values
[1] 1 calculated correctly, with sf and units

a= f2

(e) Calculate the current in the diode if it were placed in boiling water with a potential difference
of 0.60 V applied acrossit.

av
I ”Nnmﬂ.
(5.22x1020)(0.60)
= (7 x 107) e(1-38%10%)(273.15 +100)
=0.307 mA

[1] I caleulated with correct substitution of values and units

I= (1

(f) The experiment is repeated where the value a is halved.

Sketch a line on your graph grid on page to show the expected result.

Label this line F. [1]

Gradient = g, and g is proportional to a

So when a is halved, gradient is halved.

€¢l-dg
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2 Inthis experiment, you will investigate the oscillations of a pendulum. (b) () Pullthe bob and end B of the strip towards you through a short distance.
{a) Set up the apparatus as shown in Fig. 2.1. Release the bob and the strip together so that they oscillate.
. ) Adjust L until the periods of the oscillations of the bob and of the strip are the same.
small pieces of wood held in clamps
Measure and record L.
I 1 boss
| ﬁ L between 20 — 40 cm.
30.5¢cm
L= K]
(i) Estimate the percentage uncertainty in your value of L.
h X h L \wﬁ:a
0.5/30.5=0.80 % Absolute u inty >
/mi:c\\ o solute uncertainty >5mm and <20mm
Poorly done. Quite a Percentage uncertainty caiculated correctty and
= 7 pe— number of candidates . £
A Soo%:\mi_u B underestimated the expressed in 1-2 sf. 8
i fL. T8 % )
coc/f ..... = uncertainty o percentage uncertainty = N W] m
[2]
L 1 I 1 L 1 (it) Calculate the value of Lx2 with appropriate units. Q
\ 3
bench 2 - @
Fid. 2.4 0.305 x 0.250% = 0.0191 Value calculated correctly expressed in m
9. £ Simple but poorly done. Quite a correct units. w
The distance between the strings supporting the wooden strip is x. number of candidates gave the 3
wrong units and made power of ©
The distances between the top of the strip and the bottom of the small pieces of wood ten errors. m
should be equal. These distances are both h. S
L@ = 0.0181 m® 0] o
The distance between the centre of the bob and the bottom of the small pieces of wood is m
L. (iv) Justify the number of significant figures that you have given for your value of Lx2. =
Adjust the position of the strings so that x = 25 cm, h = 25 cm and L == 45 cm. Since Lx? is calculated using the multiplication/the product of L and x. The
The strings should be vertical, the strip should be parallel to the bench and the strip should calculated value is given to the least number of sf of L and x which are 3 sf
be supported centrally by the strings. respectively.
Il
(i) Measure and record x and h.
_ 25.00m
Generally well done. Raw values to 1Tmm. x= Poorly done. A huge proportion of candidates just mentioned that least SFis to be
With a few still not b= 25.0 cm used without explaining why explicitly enough.
sure of precision of Values between 23 — 27 cm. -
measurement 21
(ii) Estimate the percentage unc
Absolute uncertainty >2mm and <10mm
02/25.0=0.80%
Generally well done. Do remember _um_.omim@m uncertainty calculated correctly and
uncertainty is recorded to 1 sfand % expressed in 1-2 sf. 0.80 % B
uncertainty can be up to maximum of 2 sf [——percentage uncertainty= f4
NYJC 2022 9749/04/PRELIM
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13 14
3 Inthis experiment, you will determine the weight of a metre rule. (c) (i) Set up the apparatus as shown in Fig. 3.2.

{a) Attach the spring to the clamp. Suspend the mass hanger from the spring as shown in

Fig. 3.1.
clamp
boss
stand
\\
I I - S [ Blu-tack
spring———____| | Ly
__mass hanger metre rule _ _
stand—1 _— 777 777 7 7
Fig. 3.2
bench Support the rule on the mass hanger. You may need to use some of the blu-tack to stop
the rule from slipping off the mass hanger.
L ] ~ The distance between the lower end of the rule and the mass hanger is d, as shown in
Fig. 3.2. The length of the coiled section of the spring is L.
Fig. 3.1 A number of students did not measure

the full length of the sping (<3 cm).

Adjust the apparatus so that d is approximately 90 cm and the spring is vertical,
This resulted in very inaccurate

The length of the coiled section of the spring is Lo. | values of k subsequently. A number of students simply recorded d as 90 cm as
Measure and record L. stated in the question. They are required to measure d
_ 51cm to 1dp as with all lengths measured using a ruler. g= | 90.0cm
Lo= d need not be exactly 90.0 cm, but it should be within 7.4 cm _
(b) () Add an additional mass of 100 g to the mass hanger. The new length of the coiled +1 om. L=
section of the spring is Ls. Measure and record L.

(it} Using your answer to (a), calculate (L — Lo).

L= | 98cm i Pu.axm; =23cm _
\= _
23cm
(i) Remove the 100 g mass. (L~Lo)= I ]

(iif) The spring constant k is given by the equation (iv) Repeat (c)(ii) and (c)(iii) with a distance d of approximately 60 cm.
o F | 85-51=34cm |
(Li~Lo)
where Fis 0.981 N.
Calculate k.
60.0 cm
d=
k=-2981 __ 621 Nem = 21 N . ..
(9.8-5.1) L= [ 85cm
(L-Lo)= _ 34.cm
[2]
k= 0.21 Ncm*! 1]
NYJC 2022 9749/04/PRELIM
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17 18
Experiment 1: To test the relationship between f and T, keepin
independent variable: Tension in the cord, T.
Dependent variable: Frequency of standing wave in cord, f
Control variables: Mass per unit length of cord 4, length of the cord AB, mode of vibration

pulley or standing waveform in cord as shown in Fig. 4.1
signal (clamped to
CRO generator elastic bench)

cord \ B

bench  ochanical oscillator ~ Mass hanger

(secured to the bench) With slotted
masses, m

Procedure

1) Measure mass of mass hanger and slotted mass using an electronic mass balance
and record as m.

2) Calculate tension T in cord using T = mg, where g is gravitational acceleration.
Record T.

3) Set up the apparatus as shown in Fig. 1.

Fig. 1 4) Adjust the frequency of the signal generator until a stand ing wave with 3 distinct loops
is shown in Fig. 4.1 is formed.
complete waveform shown 5) Record the frequency fon the signal generator.
T OR
N Measure and record the frequency f of the wave as shown on the CRO display.
OR
\ Starting with the highest frequency, the frequency of strobing (flashing) is gradually
CRO screen reduced until the cord appears stationary. This means that frequency of strobing is
/ equal to the frequency of the vibration of cord. Record the frequency fon stroboscope.
o 6) Repeat steps (1) to (5) to obtain 8 sets of values of f and T for increasing T while
keeping u constant. This can be achieved by adding slotted masses to the mass
Fig. 2 hanger to increase m and hence T.
g- 7) Keep u constant by using the same elastic cord.
Experiment 2: To test the relationship between fand 4, keeping T constant.
Independent variable: Mass per unit length of cord, .
Dependent variable: Frequency of standing wave in cord, f
Control variables: Tension in the cord T, length of the cord AB, mode of vibration or
standing waveform in cord as shown in Fig. 4.1
Procedure
8) Measure mass of the cord using an electronic mass balance, and record as M.
8) Measure length of the same cord using metre rule and record as L.
10)Calculate mass per unit length of the cord using u= m_: Record 4.
11)Repeat steps (3) to (5) and (8) to (10) to obtain 8 sets of values of f and u for
increasing  while keeping T constant. This can be achieved by using elastic cords
of different 4.
12)Keep tension T in the cord constant by hanging the same mass m to the end of the
cord.
NYJC 2022 9749/04/PRELIM
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End of Paper
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[Total: 12 marks}
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