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Section A

Answer all the questions in this section.

Three similarly sized balls A, B, and C, of masses 0.40 kg, 0.20 kg, and 0.10 kg respectively,
are connected by strings such that their centre-to-centre distances are as shown in Fig. 1.1 |
below. The setup is swung in a horizontal circle on a frictionless table about O. The balls and
strings maintain a straight line, with the outermost ball having a speed of 6.0 m s™.

1.5m 1.0m 0.5m
° () (O @
(') Ao 7 O
= A B c
15m 1.0-m 0-5m
° (O (O @
é N N Q
A B c
Fig. 1.1: Top View
Calculate
(a) the angular velocity » of C.
W= oo, rad s™ [1]
(b) the tangential speed of ball B.
tangential speed = .........cooevevriririennnan. ms™[2]
(c) thetensionsin
(i) string BC and
tension iN BC = ....coooiiieiiiiiieee N [2]
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(ii)  string AB.

The variation with volume of pressure in the internal combustion engine of a car at
maximum power output is shown in Fig. 2.1. The engine goes through 4 distinct stages

A to D as shown.

Fig. 2.12 1 Changes-of-state-in-an-nternal-combustion-engine

P

c

> |/

Complete the rest of the table below to show how the First Law of Thermodynamics

applies to the gas in the engine between each of the stages.

(3]

Process AU/ J Q/J wW/J
A—B 0
B—C —720
C-D 760 0
D—A 1600 1600
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For
(c) (i) Calculate the net work done by the gas per cycle when the engine goes through | Examiner's
stages A to D. Use

Work done = .....ccceoecvveeeiciieees J[1]
(i) The car, travelling at a velocity of 30 -m_-s™ on a level road, experiences a total
resistive force of 1.0 kN. The engine operates at a rate of 50 -cycles per second.

1.  Calculate the rate of net work done by the engine.

rate of work done = .........ccccooiiiiinnn. W [1]

2. Calculate the coefficient P, given by
_ Useful power delivered to car
"~ Rate of net work done by engine

coefficient P = .....ccccooveevicinnee [2]

3 (@ (i) Explain whatis meant by a longitudinal wave.
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(i)  With the aid of a diagram, explain the formation of compression and rarefraction

points along a longitudinal wave. For
Examiner’s
Use
................................................................................................................ [2]
(b) A constant--frequency siren vibrates with displacement y, where y = A -sin_-200t. | {Formatted: Font: Not Italic, Complex Script
Font: Not Italic

This sound causes vibrations of the diaphragm of an ear drum in an observer 500 m
away. The speed of sound is 335 m s™.

(i)  Calculate the frequency of the sound.

(i)  Show that the phase difference between the motion of the siren and the eardrum
is 72. (2]
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(¢) (i) The siren can be considered as a point source. Fig. 3.1 shows the variation with For

time of displacement y of the siren. Examiner’s

Use
Sketch a graph on Fig. 3.1 to illustrate the variation with time of displacement y of

the eardrum at a distance of 500 m. [2]

Displacement y

oA A
SAVARVER

Fig.Figure 3.1

4 A conducting block made of material X has dimensions 1.0 cm x 1.0 cm x 4.5 cm, as shown

below.
]: 1.0cm

ﬂl.o cm

<—45em—mmm8—>

When a potential difference of 9.0 V is applied across the square faces of the block, the
electrical resistance of the block is 6.0 Q.

(@) Define the term electrical resistance and the unit €.

(b) Calculate the electrical resistivity of material X.

FeSIStiVItY = ...eveeeeiiiieeeiiee e Qm [2]
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(c) Show that the strength of the electric field between the square faces of the block is
200 N C™, assuming that it is uniform. [1]

(d) Hence, or otherwise, calculate the work done by the electric field on an electron
passing through the block. State clearly whether the work done is positive or negative.

work done = .....ccceevcveee i J[2]

(e) At steady state, the electrons move through the block with negligible change in their
kinetic energies, despite the work done on them as calculated in (d). Suggest why this

is so.

5 Fig. 5.1 shows a beam of electrons, moving with speed 6.0 x 10° ms™ in the x-direction,
passing through a single slit of width 1 nm.

'

R EELLELEETErr R

]
©
1<
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( L
a) Calculate the momentum of one of these electrons in the x-direction.
MOMENtUM = ..o kgms™[1]
(b) Determine the de Broglie wavelength of the electron.
wavelength = ..o m [1]
(c) Interms of classical wave theory, explain why the electron diffraction will be prominent
in this situation.
................................................................................................................ [1]
(d) In Fig. 5.1, an electron can go through anywhere within the slit, hence the uncertainty
Ay of the y-position can be as big as the width of the slit,
Calculate the uncertainty of the momentum in the y-direction (Apy) of one electron that
is passing through the slit.
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uncertainty = .....ccevveee e, N s [2]

() On Fig. 5.1, add in two more vectors to show the relation between p,, Ap, and the
resultant momentum p of the electron. [1]
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(f) Fig. 5.2 shows the diffraction pattern on a screen formed by a beam of laser after For
passing through a small slit. The width of the centre maximum is found to be increasing | Examiners
when the slit width is being reduced. Such a phenomenon in light optics is called single tse
slit diffraction.

Discuss the consistency between the electron diffraction and light diffraction from your
working in (d), (e), and the description in (f).

© NYJC 2013 JC2/Prelim/H2/9646/03
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Section B
Answer two questions in this section. Exa;c;;er,s
Use
6 (@) A ball is held between two fixed points A and B by means of two stretched springs as
shown in Fig. 6.1.
ball
H/
A t-aononn () —0e0000 1 ®
Fig. 6.1
The ball is free to oscillate horizontally along the line AB on the smooth plane.
The variation of the acceleration a of the ball with its displacement x from its equilibrium
position is shown in Fig. 6.2.
a/m 5*2 Formatted: Font: (Default) Arial, Complex
+— Script Font: Arial
15
10
5
3 2 1 0 1 2 3 XLem
-5
-10
=15
Fig. 6.2
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(i)  State and explain the features of Fig. 6.2 which indicate that the motion of the ball
is simple harmonic.

......................................................................................................... [3]
(ii) On Fig. 6.3, sketch the velocity-displacement graph of the simple harmonic
motion which was illustrated in Fig. 6.2. [3]
N
Fig. 6.3

(iii) State an assumption made about the spring for the motion of ball to be in simple
harmonic motion, and explain your answer.
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b) A student removes the ball and attaches it to the apparatus illustrated in Fig. 6.4 in
order to investigate the oscillation vertically.

pulley ——_ _ variable frequency
" oscillator
thread
spring  —
ball

Fig. 6.4

The amplitude of the vibrations produced by the oscillator is constant. The variation
with frequency of the amplitude of the oscillations of the ball is shown in Fig. 6.5. The

mass of the ball is given to be 150 g, and its oscillations may be assumed to be simple
harmonic.

© NYJC 2013 JC2/Prelim/H2/9646/03
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Fig. 6.5
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(i)  State the phenomenon illustrated in Fig. 6.5.

(ii) For the maximum amplitude of vibration, state the magnitudes of the amplitude
and the frequency.

amplitude = ..o mm
frequency = ..., Hz [2]
Determine
(iii) the maximum acceleration of the ball.
acceleration = .........ccocccoevevernnn. ms7?[2]
(iv) the maximum tension in the spring.
tension = .....cccceeeeeveieciiiee, N [3]
(v) the maximum kinetic energy of the ball.
maximum Kinetic energy = ......ccovovveevecvneeennnns J[1]

Some very light feathers are attached to the surface of the ball so that the feathers
extend outwards. The investigation is now repeated.

(vi) On Fig. 6.5, draw a line to show the new variation with frequency of the amplitude
of variation for frequencies between 2 Hz and 10 Hz. [2]

JC2/Prelim/H2/9646/03

For
Examiner’s
Use



19

(@) Mobile phones are required to be charged after they have been used for some time.
Very often, this involves connecting the mobile phone to a charging device via a wire. For

This method is called “wired charging”. Examiner’s
Use

Recently, a new way of charging called inductive charging (or “wireless charging”) is
being used. The mobile phone is placed on top of the charging device during charging.
A simplified setup is shown in Fig. 7.1.

- Battery of the
mobile phone
Unknown 4' - ||_
component
\ }
el
! ! Part of the
! ! . mobile phone
« — — J secondary coil

((Quuua

primary coil Part of the
charging device

o ~o0——
Fig.7.1
oo — e —
1
soespdnpeeal

(i)  Explain how an e.m.f. can be induced in the secondary coil.
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The charging device is connected to a 240 V power source. The number of turns
in the primary coil is 100. If the number of turns in the secondary coil is 5,
calculate the e.m.f. induced in the secondary coil.

Assume that the transformer is ideal.

e.m.f. induced in secondary coil = ..........cccoeuveeernnnen. V [1]

In order to charge the mobile phone, several conditions need to be met. Some of
the conditions are:

1. The e.m.f. induced in the secondary coil must be larger than 9 V.
2. Mobile phones can only be charged using direct current.

3. The current through the battery of the mobile phone must be in the direction
shown in Fig. 7.2.

|
_._I I_ - _| I_
Fig. 7.2

Draw an appropriate component in the dotted box in Fig. 7.1 which satisfies the
above conditions. [2]

Describe and explain one possible disadvantage of inductive charging over wired
charging.

A bar magnet is removed from the centre of a coil in the direction shown in Fig. 7.3.

JC2/Prelim/H2/9646/03
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N S
Fig. 7.3
Draw an arrow on the coil in Fig. 7.3 to show the direction of the current. [1]

(c) In Fig. 7.4, a circular loop of flexible wire is placed perpendicularly to a magnetic field
between the poles of an electromagnet. A resistor is connected to the ends of the coil.

——

Loop of _
flexible ____, 1
wire

Fig. 7.4

Fig. 7.5 shows how the magnetic flux density B varies with time t.
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i) Using Fig. 7.5, calculate the maximum e.m.f. induced in the loop when its area is
120 cm?.

maximum e.m.f.induced = ..........c.ccoceeniiennn. V [3]
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(ii) The loop is observed to repeatedly expand and contract. Give an explanation of For
this phenomenon. Examiner’s
Use
......................................................................................................... [4]
(iii) The total resistance of the circuit is 5.0 Q. Calculate the maximum rate of flow of
electrons in the coil.
maximum rate of flow of electrons = ..........cccceeiiiieiins s3]
(& (i) Explain whatis meant by the binding energy of a nucleus.
............................................................................................................................. [1]
The variation of the binding energy per nucleon with nucleon number of all the different
nuclei is shown in Fig. 8.1.
A \ Formatted: Complex Script Font: Arial
binding energy fissi
her nucleon ission process
1
oL -
0 M nucleon number
Fig.8.1
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ii)  State the value of M and explain your answer clearly.

valueof M= ...,

EXPIaNatiON: oo

(b) In a fission process, a neutron with speed of 2000 m s™ collides with a Uranium-235

nucleus and causes a nuclear reaction summarised in the following equation.
1 235 236 143 90 1
N+ 55U - HU - 5 Xe + ;Sr +3;n + energy

(i)  Using the data from Table 8.2, show that the binding energy per nucleon for
Strontium-90 is 8.73 MeV.

Rest mass / u
Strontium, Sr 89.9077 u
Proton, Ip 1.0078 u
Neutron, ;n 1.0087 u
Table 8.2

(2]

(ii)  Hence calculate the total energy released during the nuclear fission reaction.

Data for binding energies per nucleon are shown in Table 8.3.
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Isotope Binding energy per nucleon/MeV For
Uranium-235 7.59 Exal'fs'gers
Xenon-143 8.41

Table 8.3
energy released = .........occeeeiiiiieeens J[2]

(iii) Explain quantitatively why the kinetic energy of the neutron directed at U-235 is
neglected.

(iv) Give a reason why the total kinetic energy of the fission products and neutrons is
less than the value calculated in (b)(ii).

(c) Fig. 8.4 shows the possible directions of Sr-90, Xe-143, and neutrons when nuclear
fission takes place. Assume that this is an isolated system.

© NYJC 2013 JC2/Prelim/H2/9646/03
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O—» — ~—o
slow-moving
neutron @ O—aa

Fig. 8.4

(i) Explain why it is unlikely for the two fission products to move in the same
direction after the fission process.

(i) Explain why the total momentum of two fission products and neutrons after
reaction is not zero even though the total momentum of U-235 and slow moving

neutron may be taken to be zero.

(d) Neutrons emitted from a nuclear fission may hit another U-235 nucleus, causing a

chain reaction.

(i)  To control the reaction, neutrons emitted from a fission reaction may be slowed
down by Carbon-12 nuclei, 2C . Show that when a neutron collides head-on with
a Carbon-12 nucleus as shown, the speed is reduced by about 15%.

at rest

neutron
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(3]

(ii)  On average, the neutron speed after each collision is 0.93 of its speed before the
collision.

Suggest why this speed reduction is different from what is stated in (ii) for a
nuclear reactor.

(iii) Suggest why a slow neutron has a higher chance of being captured by U-235 to
cause a fission reaction compared to a fast neutron.

The fission products are usually radioactive and give rise to a series of radioactive
decay products. Each decay product has its own half life, but eventually a stable
nuclide is reached.

One such fission product with its decay products and half life is shown below.

143
uXe - '5Cs - ' Ba
0.511s 1.79s

(i)  Suggest how the number of Cs-143 nuclei inside the nuclear reactor may remain
constant even when it decays to form Ba-143.

(ii)  Explain why the Xenon-143 produced in the later part of the chain reaction may
not necessarily decay at a later time than those produced in the earlier part of the
chain reaction.
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