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Data

Formulae

speed of light in free space,
c = 3.00x10°ms

permeability of free space,

gy = 4nx 10 Hm

permittivity of free space,
= 8.85x10 “Fm "

~ (1/(36m)) x 10 "Fm

0

elementary charge,
e = 160x10 C

the Planck constant,
h = 6.63x10 Js

unified atomic mass constant,
u = 1.66x10" kg

rest mass of electron,
me = 9.11x 10 kg

rest mass of proton,
m, = 1.67 x 10 ' kg

molar gas constant,
R = 831JK ‘mol™

the Avogadro constant,
Na = 6.02 x 10° mol ™

the Boltzmann constant,
k = 1.38x10 2JK*

gravitational constant,

acceleration of free fall,
g = 9.81ms”

G = 6.67x10 "Nm’kg"

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 coll

magnetic flux density due to a
long solenoid

radioactive decay

decay constant

vZ = u’+ 2as
W =p AV

p = pgh
Gm

X = XoSinwt
V = VoCOSwt
= +0 /(%> —X%)
| = Anvq
R=R;i1+Rx+...

1R =1/Ri+ 1R+ . ..
- Q

- Aner
X = XoSinwt
g = Lol
~2nd
_ NI
B= 2r
B= luol'll

X = Xoexp(—A4t)

In2
t2

2

A=
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Section A

Answer all questions in the spaces provided.

1 (a) Distinguish between random error and systematic error in a set of measurements of a

physical quantity.

..................................................................................................................... [2]
(b) The power P required by a car to overcome the drag force acting on it when it is travelling
at a speed v in turbulent condition is given by the equation
P =kpAPv*

where A is the frontal area of the car and p is the density of the air.
Given that k is a quantity with no units, determine the values of p and q.

P = e

o [T [3]

[Total: 5]
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2 (a) Define acceleration.

..................................................................................................................... [1]
(b) Two projectile launchers are facing each other on horizontal ground as shown in Fig 2.1.
Launcher P fires a projectile at an angle of 30° from the horizontal, at an initial speed of
210 m s, Air resistance is negligible.
Launcher P 60 ° (
@ )% o)
Launcher
Fig. 2.1 Q
(i) Determine the maximum height the projectile fired from launcher P reaches.
maximum height = ................... m [2]
(i) Determine the time of flight for the projectile to reach this maximum height.
time of flight=................... s [2]
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(iii) A short time after launcher P fires, launcher Q too fires a projectile at an initial speed
of 210 m s* and an angle of 60° from the horizontal.

Both projectiles collide when the projectile from launcher P reaches its maximum
height.

1. Show that the projectile from launcher Q has been in flight for 3.4 s when the two
projectiles collide.

[1]

2. Fig. 2.2 shows the variation of the vertical velocity with time of the projectile from
launcher P from its launch to when it has reached its highest point.

On Fig. 2.2, sketch another graph to show the variation of the vertical velocity
with time of the projectile from launcher Q.

. . -1
A vertical velocity /m s

time/s

»
»

Fig. 2.2
[2]

[Total: 8]
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Fig. 3.1 shows a thick glass cup submerged in water. The glass has a density of 2200 kg m=

and displaces 6.8 x 10° m?3 of water when it is submerged as in Fig 3.1. Water has density
1000 kg m™.

The glass cup is held stationary by an external force F.

@)

© & Hwa Chong Institution

Fully submerged

water cup

Fig. 3.1

(i) Explain why the liquid exerts an upthrust on the cup.

.............................................................................................................. [2]
(i) By considering the forces acting on the cup, show that the external force F needed
to keep the cup stationary is 0.80 N.
[2]
(iii)  The cup is pushed further down into the water.
Explain how the upthrust acting on the cup will change.
.............................................................................................................. [1]
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(b) Fig. 3.2 shows the same glass cup now inverted and held right at the surface of the water.
When placed this way, 5.50 x 10* m? of air is contained within the cup at atmospheric

pressure of 1.0 x 10° Pa.

The cup is then pushed slowly into the water, trapping and compressing the air within the
cup, as shown in Fig. 3.3. The cup is again held stationary by an external force such that
the water surface is at a distance d above the water level in the cup.

inverted glass cup

d

water surface

/ air

compressed air

water

Fig. 3.2

submerged
in water

Fig. 3.3

Assuming that air is an ideal gas that is insoluble in water, and that the temperature of the

trapped air remains unchanged
in Fig. 3.3 when d = 30.0 cm.

© & Hwa Chong Institution

, calculate the volume of the compressed air within the cup

volume = ... m3 [3]

[Total: 8]
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4  Atest-tube with a total mass M is able to float upright in water of density p, as shown in Fig. 4.1.

Ignoring its rounded bottom, the test-tube may be regarded as a cylinder of a cross-sectional
area A.

_— water

Fig. 4.1
The test-tube is displaced vertically by a small displacement y and then released.

The acceleration of the test-tube is given by

where g is the acceleration of free fall.

(@) Define simple harmonic motion.

.................................................................................................................... [2]
(b) Given: p=1.00x10° kg m=3,
A=6.0x10" m?,
M =0.037 kg,
show that the period of oscillation of the test-tube is 0.50 s.
[2]
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(c) The test-tube is given a displacement of 1.0 cm and allowed to oscillate. The variation with
time t of the vertical displacement y of the test-tube is shown in Fig. 4.2.

Ay/cm
1.0
i
0.5 H ,
i
\
I I\
[ )
/
\
N\
X !' X 1 \ : »l/s
0.0 0.5 YHH1.0 f.5 X/ r2.0 X125 3.0
\NEE/i \ L/
ALl
\
|
Ly
‘ ~
-0.5 1
1
/
AV
-1.0

Fig. 4.2

(i) Estimate the time when the energy of oscillation has decreased by 75 % of its original
value.
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(i) To sustain the oscillations of the test-tube, low-amplitude water waves of frequency
1.0 Hz are generated on the surface of the water. It is observed that the amplitude of
the vertical oscillations of this test-tube is rather small while oscillating at 1.0 Hz.

Using information from earlier in the question, explain this observation.

[Total: 8]
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5 A mass of 0.37 kg of water at 100 °C is provided with the thermal energy needed to vaporise all
the water at atmospheric pressure. The specific latent heat of vaporisation of water at
atmospheric pressure of 1.0 x 10° Pais 2.3 x 10° J kg™.

@ (@) Calculate the thermal energy Q supplied to the water.

(i)  The mass of 1.0 mol of water is 18 g.

Show that the volume of water vapour produced is 0.64 m3. Assume that water
vapour can be considered to behave as an ideal gas.

[3]
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(iii)  The initial volume of the liquid water is negligible compared with the volume of water
vapour produced.

Determine the work done by the water in expanding against the atmosphere when it
vaporises.

workdone = .............oeeeee. J [1]

(iv) Determine the increase in the internal energy of the water when it vaporises at
100 °C.

increase in internal energy = ...................... J [2]

(b) State and explain what happens to the internal energy of the water during the phase change
process.

[Total: 9]
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6 (&) The variation with potential difference V of the current | in a semiconductor diode is shown

in Fig. 6.1.
A
Fi
F i
/
I F i
]
¥ i
Fi
Fd
¥,
y
0
0 0.5 1.0
ViV
Fig. 6.1

Use Fig. 6.1 to describe qualitatively,

() the resistance of the diode in the rangeV=0toV=0.25 V.

(i)  the variation, if any, in the resistance of the diode as V changes from V =0.75V
tov=10V.

(b) A battery of electromotive force (e.m.f.) 9.0 V and negligible internal resistance is
connected to a uniform resistance wire XY, a galvanometer, a light-dependent resistor
(LDR) and a fixed resistor of 1200 Q, as shown in Fig. 6.2.

1600 Q 1200Q

Fig. 6.2
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The length of the wire XY is 1.2 m. The movable connection Z is positioned on the wire
XY so that the galvanometer gives a zero reading.

) Calculate the length XZ along the resistance wire when the LDR has a resistance
of 1600 Q.

length XZ = ...t m [2]
(i)  The intensity of the light illuminating the LDR is now increased.
State and explain whether there is a decrease, increase or no change to:

1. the length XZ so that the galvanometer reads zero.

2. the total power supplied by the battery.

[Total: 8]

©& Hwa Chong Institution 9749/ 03/ Preliminary Examination 2024



16

7  The plan view of a train braking system is illustrated in Fig 7.1. The train carriage is mounted

on a rectangular metal frame ABCD of length L and width w. The effective resistance of the
frame is R.

The train carriage is initially moving at a constant speed along the rails.

A uniform magnetic field B is directed perpendicularly into the ground over a rectangular region
of length L. Line P denotes the start of this region while line Q denotes the end of the region.

After passing through the magnetic field, the train speed is expected to be reduced to a very

low value after which brakes can be applied to stop it completely. Air resistance and friction may
be neglected.

L
DL A >
A I: L_
rails w —> i i
- : S
c B

N

region of uniform magnetic

field B pointing into the ground
Fig. 7.1 P g g

(@) Show that as the frame enters the region of magnetic field, the e.m.f. induced in it, E, is
given by E = Bwv where v is the speed of the train carriage. Explain your working clearly.

[2]

©& Hwa Chong Institution 9749/ 03/ Preliminary Examination 2024



17

() (@) Explain why the train carriage slows down as AB moves through the magnetic field
from P to Q.

(i)  The graph in Fig 7.2 shows the velocity of the train carriage as it moves through
the magnetic field, from the instant AB crosses line P to the instant CD crosses line

Q.

\d
—

I
Time AB enters Time CD leaves

Fig. 7.2

The length of the magnetic field is now reduced by moving Q closer to P so that the
distance PQ is now smaller than L.

Sketch on Fig 7.2 the new variation of the velocity of the train carriage with time as
it passes through the magnetic field from the instant AB crosses line P to the instant
CD crosses line Q. [3]

[Total: 8]
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8 (a) In Rutherford’s a-particle scattering experiment, a-particles from a radioactive source were
directed towards a sheet of gold foil in a vacuum chamber as shown in Fig. 8.1.

rmcrolscope
P
/ vacuum
—zinc
\ sulphide
f \l detector
source of —+ |
alpha /
particles

/

Fig. 8.1

(i) Explain why it is necessary for the radioactive source to be placed in vacuum.

.................................................................................................................. (1]
(i) State the experimental observation obtained from Rutherford’s experiment which
suggested that
1. the nucleus is small,
......................................................................................................... [1]
2. the nucleus is massive and charged.
......................................................................................................... (1]
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(b) A common nuclear reaction that can be induced in a laboratory is represented by the following
equation:

14 4 17 1
SN+ JHe —» .0+ H

In this reaction, stationary nitrogen nuclei were bombarded with helium nuclei, forming oxygen
and hydrogen.

The total rest masses of the reactant and the product nuclei are as follows:

“N + ¢‘He =18.00568 u
70+ H =18.00696 u

(i) Deduce that the change in rest-mass energy in this reaction is 1.9 x 102 J.

[1]
(i)  With reference to energy, suggest how it is possible for this reaction to occur.
................................................................................................................... [1]
(iii) In reality, more than 1.9 x 1013 J of energy is required for the reaction to occur.
Suggest why this might be so.
................................................................................................................... [1]
[Total: 6]
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Section B
Answer one question from this Section in the space provided.

9 (a) State the principle of superposition for waves.

..................................................................................................................... (2]
(b) Two identical radio wave point sources A and B placed 12.0 m apart emit waves which
are in phase. An interference pattern is detected along the line AB. Point M is the mid-
point between A and B.
. i e
A M B
Fig. 9.1
Fig. 9.2 shows the variation with time t of the displacement x of the signal picked up by a
detector placed at M.
2.0
x/
arpltrary 0 =, 5
units
0.0 ' g t/ns
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 0.0
-1.0
-2.0
Fig. 9.2
Using the above information,
() show that the frequency f of the waves from source A and B is 25.0 MHz.
[1]
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(i)  Draw in Fig. 9.2 the displacement of the wave which will be detected at point M if
source A is switched off while source B remains on.

Label this graph as Y.

Explain your answer.

............................................................................................................ [3]
(iii) ~ With both wave sources A and B switched on, the detector is moved toward the
right from M. The first minimum is detected at point N.
Show that MN is 3.00 m.
[2]

©& Hwa Chong Institution 9749/ 03/ Preliminary Examination 2024
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(iv)  When the point sources are operated separately, the intensity detected at point M
is I.
Show that
1. the intensity of the wave from source A arriving at point N, 1 is 0.444 1.

2. the intensity of the wave from source B arriving at point N, Igis 4.00 I.

[3]

(v)  Using the result from (b)(iv), calculate the amplitude of the signal detected at N
when both sources are switched on.

amplitude = ...............oel arbitrary units  [3]
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(c) A typical Young’s double-slit experiment involves a coherent source of monochromatic
light of wavelength A which is directed at the double slits. The slit separation is a and each
slit has a width of b.

A screen is set up at a distance of D away from the double slits as shown in Fig. 9.3. The
expected interference pattern to be observed on the screen is regularly spaced bright and
dark fringes. The fringe separation is x.

double slits, screen
each of width b

> \Iia

wavelength A

Fig. 9.3

(i)  Using the variables defined above, state the two necessary inequality conditions
for the set-up such that the detected fringes are regularly spaced.

(i)  Write down the expression for the fringe separation x using some of the variables
defined above.
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(iif) Fig. 9.4 shows the variation of the intensity of light on a screen at positions around
the zeroth order maxima for a particular experiment. The units are arbitrary.

intensity

ol
I\‘ (\ A

I
/\ /\

115 -1 -0l5 0 ols 1 115 .
‘ ‘ position
Fig. 9.4
1. Suggest why there is no 5" order maxima detected.
[1]

2. Sketch in Fig. 9.4 the new pattern that will be detected when the slit width b
is reduced. [2]

[Total: 20]
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10 (a) Define electric field strength.

...................................................................................................................... [1]
(b) Fig. 10.1 shows two very small charged spheres S and T. Their centres are separated by
a horizontal distance of 30.0 cm. Sphere S carries a charge of -2.4 uC, while sphere T
carries a charge of 1.2 uC.
strin
g o
-2.4 uC 1.2 uC
Fig. 10.1
0] On Fig. 10.1, draw field lines to show the electric field pattern between the two
spheres. [3]
(ii) 1. Given that the mass of sphere T is 0.036 kg, calculate the angle the string
makes with the vertical.
angle = ......coccoeininnnn, > [3]
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2. Determine the magnitude of the acceleration of the sphere the moment the
string is cut.

acceleration = ............c.cooeiiiinn. ms? [3]
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(i)  Fig. 10.2 shows how the electric field strength varies in a portion of the space
between the spheres. x = 0 represents the centre of sphere S.

E/10"Vm?

1.6

1.4

1.2

1.0

0.8 1

0.4

0.2

(]

x/cm

Fig. 10.2
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If a helium nucleus is released from rest at x = 25 cm, determine its kinetic energy
when it reaches x = 15 cm.

kineticenergy = ..........cocoiiiiiiiiin, J [4]
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(c) A uniform electric field is set up between two parallel plates of length 90 mm and spaced
20 mm apart. A potential difference of 150 V is applied between the plates.

A singly-charged lithium ion (’Li") of mass 6.941u is projected horizontally into the

electric field with a speed of 3.0 x 10° m s,

parallel plates

ot - - i y
20 mm ___._T-I:L’_'_-__-__?_?_?_____________________:._-_-_-_-_-:'::__________________I ...................
3.0x10°m st
90 mm
Fig. 10.3

(1) Show quantitatively that the weight of the lithium ion is negligible compared to the
electric force it experiences.

[3]
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(i)  Calculate the deflection y of the lithium ion as it exits the plates.

Y T mm  [3]
[Total: 20]

End of Paper
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