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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

¢=3.00%x10°ms"

o =4 x 107 Hm"'

£ =8.85x10"2Fm’
(1/(36m)) x 10° F m""

e=160x10"C

h=663x10%Js

u=1.66 x 107 kg

me=9.11 x 10" kg

m, = 1.67 x 107 kg

R =28.31 Jmol' K"

Na = 6.02 x 102 mol”’

k=138 x 102 JK'

G = 6.67 x 10" Nm? kg

g=9.81ms?

BP-708



Formulae

uniformly accelerated motion

work done on/by a gas
hydrostatic pressure

gravitational potential

temperature
pressure of an ideal gas

mean transiational 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 paralie!

electric potential

alternating current/voltage

Magnetic flux density due to a iong straight wire

Magnetic flux density due to a flat circular coil

Magnetic flux density due to a long solencid

radioactive decay

decay constant

s =ut + (%) af?
V2 =u? + 2as

W=pAV

p = pgh

X=x.8in ot

V =V, cosef

2 2z

=t X, — X
I=Anvg
R=Ri+R:+ ...

T/R=1/R:+ 1/R+ _..

V= Q
dre,r
X=X sin ot
_ Ml
2xd
g - £l
2r
B=unl
X = Xoexp(-Af)
In2
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Answer all the questions in the spaces provided.

1(a) Define the terms moment of a force and torque of a couple. For each of the terms,
draw a labelled sketch to illustrate the meaning of the terms. [4]

Moment of a force:

Torque of a couple:

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



(b) A 1500 kg truck is positioned on an incline that makes an angle of 40° with the
horizontal, as shown in Fig. 1.1. The truck is held in place by a frictionless and
massiess pulley system connected to a counterweight of mass m. The smaller pulley
at the top of the incline has a radius r, and the larger pulley has a radius of 3r. The two
pulleys at the top are attached together so that they turn together as one. The incline
is frictionless.

(i} On Fig. 1.2, label all the forces exerted on the truck and the pulley attached to
the back of the truck clearly. You do not need to include the internal forces
acting between the pulley and the truck. [2]
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6

(i) Determine the mass m of the counterweight needed to balance the 1500 kg
truck on the incline. [4]



2

angle with the horizontal at a distance h above the ground.

Fig. 2.1

The object is released and slides down the slope from A to B with negligible

friction. Assume that the potential energy is zero at B.

(@)  Sketch a graph in Fig 2.2 below, showing:

The variation of potential energy along the slope. Label this as P.

The variation of kinetic energy of the object along the slope. Label this as
K.

Energy/ J 4

v

him
Fig. 2.2

(b)

along the slope when there is a constant frictional force between the
object and the surface. Label this F. Explain your graph.

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

Fig. 2.1 shows an object at rest at the top of a straight slope which makes a fixed

Sketch another graph in Fig 2.2, showing the variation of kinetic energy

(31
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3 The kinetic theory of gases deals with how molecular movement causes pressure to
be exerted by a gas. The pressure of a gas is due to the elastic collision of the gas
molecules with the walls of a container.

A single molecule of mass m is travelling with speed u directly towards a wall of a
cubical box of sides L is as shown in Fig 3.1.

«—
L

Fig 3.1

(a) Express the following in terms of L, mand u.

Momentum to the right before collision with wali = mu

Momentum immediately after an elastic collision = ...............

Time between collisions with the same wall T e

Number of collisions with this wall per unit time T o

Rate of change of momentum of the molecule IR

Average force on the wall due to the molecule TR [5]

(b) The pressure p of an ideal gas which contains N molecules with different speeds ina
container of volume Vis given by

pv=%Nm<c2>

where <¢® is the mean square speed of the molecules.

i State the assumption regarding the type of collision between gas molecules.

[
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(i} The deduction of the relationship stated in (a) does not involve collisions

between the gas molecules. In practice, gas molecules will collide with one
another.

Using your answer in (b)(i), explain why the collision among the molecules
do not have an impact on the pressure. [2]

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

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

(c) Using the expression in (b) and the ideal gas equation, show that the average kinetic
energy of an ideal gas molecule is proportional to the thermodynamic temperature T.

[2]




(d)

10

The first law of thermodynamics when applied to an ideal gas can be expressed as
AU =Q+W

where AU is the increase in internal energy, Qs the heat supplied to the gas and
W is work done on the gas.

(i The gas undergoes a process from state A to state B in such a way that AU
is 0 as shown in Fig 3.2.

Pressuret
B
A
> Voilume
Fig 3.2
1. Shade in Fig 3.2 the area that numerically represents the heat exchange
between the gas and its surroundings. 11
2. State and explain the difference in the product of pressure and volume of the

gas at both state A and state B. 2
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(i) The change in volume in (d)(i) takes place slowly. State and explain the
changes to the mean square speed of the gas molecules if the change in
volume takes place very quickly instead. [3]
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4 A test-tube is partially loaded with small ball bearings such that it is able to float
upright in water of density o as shown in Fig 4.1. The bottom of the testtube is a
distance H below the water surface.

Fig 4.1

ignoring its rounded bottom, the test-tube may be regarded as a cylinder of cross
sectional area A and mass m. The mass of the ball bearings added is M.

(a) Derive an expression that relates Hto A, p, Mand m. [2]

() The test-tube is displaced vertically by displacement y and then released. Ignoring
dissipative forces, and by considering the net force acting on the loaded test tube,
show that the acceleration of the test-tube is given by

pAg
a=-|t——
[M+m]y

where g is the acceleration of free fall. (2]



BP-719
13

(c) ltis given that o =1.00x10° kg m™®

A=6.0x10" m?
M=0.012 kg
m=0.025 kg

Show that the period of oscillation of the test-tube is 0.50 s. [3]
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In practice, it is observed that the variation with time ¢ of the vertical displacement y of
the test-tube is as shown in Fig 4.2.

y/cm
I
1.0
0.5
1
1 [
i1
§)
0.0 } \ : ;
0.5 Frf1.0 A5 20 Ntz 5 a0 1e
u ' .
s Y
-0.5
1
!
1.0 B2
Fig. 4.2
Explain why the amplitude of the oscillations decreases gradually over time. [1]
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(e) To sustain the oscillations of the test-tube, low-amplitude water waves of frequency
0.30 Hz are generated on the surface of the water.

(i Sketch a graph to show the variation with time ¢ of the vertical displacement y

of the test-tube when it is oscillating steadily. Show appropriate numerical
values on the time axis of the graph. [2]

(i) Itis observed that the amplitude of the vertical oscillations of this test-tube is
rather small. Without changing the water waves, suggest with reasoning how
the amplitude of the oscillations of this test-tube may be increased. [2]
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5(a) State Lenz's law of electromagnetic induction. m

(b) Two coils of insulated wire are wound on an iron bar, as shown in Fig. 5.1.

cofl 1 coit 2 o b
iron
ApAAAn Appan /

Fig. 5.1

There is a current /1 in coil 1 that varies with time ¢ as shown in Fig.5.2.

10
IJA A
0.5 3
F i
1 1]
g
4] ¢ o4 0 g
H5
05
L1 FA
i nm
1.0
Fig. 5.2

(i) The variation with f of I; can be represented by the equation

Iy=Xsin Yi, where X and Y are constants.

Use Fig. 5.2 to determine the values of X and Y. Give units with your
answers.

(3]
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i) The current in coil 1 gives riseto a magnetic field in the iron bar.
Assume that the flux density of this magnetic field is proportional to 7.
An alternating electromotive force (e.m.f.) is induced across coil 2. The p.d.
across coil 2 is measured using the voltmeter and has a root-mean-square
(r.m.s.) value of 4.6 V.

On Fig. 5.3, sketch a line to show the variation with ¢ of V. between = 0 and
£=0.08s. [3]

10

ViV

-10
Fig. 5.3

(i) Use the laws of electromagnetic induction to explain the shape of your
line in (b)(ii). [3]

...............................................................................................................
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6(a) The graph in Fig 6.1 shows the spectrum of the visible light coming from a bright star.
These lines correspond to the Balmer series for hydrogen gas which are transitions

from higher energy levels to level n = 2.

Intensity
434 486
| 410
Fig 6.1 Wavelength / nm
)] State and explain the type of spectrum shown in Fig. 6.1 2]

(i) Given fhat the energy of level n = 2 is -5.44 x 10™° J, calculate the energy in
eV of level n =3, Es. [3]
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(b) Ultra-violet radiation of wavelength 184 nm is shone on a cathode within a vacuum
tube as shown in Fig 6.2 and photoelectrons are observed to be emitted.

anode
ultraviolet
radiation \
\ d\D variable
\ d.c. source
/S
/'-
vacuum —J
cathode
Fig 6.2

The potential difference across the cathode and anode is varied and the corresponding

value of the current is measured with the ammeter. Fig 6.3 shows the relationship
between these two quantities.

15 3577
i{nA
10
5.
w ;
- VIV
o Tt VY
-40 -2.0 0 2.0 4.0 6.0

Fig 6.3
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The presence of a threshold frequency is an evidence for the particulate nature
of electromagnetic radiation.

Explain why the wave nature of electromagnetic radiation does not support this
observation.

(2]
Determine the work function in joules of the cathode. [3]
Work function = ......ooei i J

The cathode is replaced with a metal with lower work function.
Sketch, on Fig. 6.3, the new -V graph.
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An earthquake is the perceptible shaking of the surface of the Earth, resulting from the
sudden release of energy in the Earth's crust. This sudden motion causes shock waves
(seismic waves) fo radiate from their point of origin calied the focus and travel through the
Earth. It is these seismic waves that can produce ground motion which people call an
earthquake.

Vibrations from an earthquake are categorised as P, S or L seismic waves. They travel
through the Earth in different ways and at different speeds. They can be detected and
analysed.

P-waves (P stands for primary) arrive at the detector first. They are longitudinal waves.
These waves can travel through any type of material, including fluids, and can travel at
nearly twice the speed of S waves.

S-waves (S stands for secondary) arrive at the detector of a seismometer seconds later.
They are transverse waves. S-waves can travel only through solids.

L-waves (L stands for long) are the slowest, travel over the surface and causes the most
damage.

The speed of an earthquake wave is not constant but varies with many factors. Speed
changes mostly with depth and rock type. P waves travel between 6.0 and 13 km s and
S waves are slower and travel between 3.5 and 7.5 km s-'.

in earthquake seismology, the time interval between the first arrivals of transverse (S)and
longitudinal (P) waves, is proportional to the distance from the earthquake source.

In order to locate the epicenter of an earthquake you will need to examine its seismograms
as recorded by at least three different seismic stations. On each of these seismograms
you will have to measure the S - P time interval (in seconds). The S - P time interval will
then be used to determine the distance the waves have traveled from the epicenter to that
station.

Distinguish between longitudinal and transverse waves. 2]

BP-~727




BP-728

22

(b) Fig. 7.1 shows a structure of the Earth’s interior and regions where P or S-waves may not
be detected.

Epicenter




(¢
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Fig. 7.2 shows the variation with distance (in kilometers) from the epicenter of the time
(in seconds) taken for the S and P waves to reach the seismic station from the
epicenter.

Fig 7.3 shows three seismographs from Akita, Pusan and Tokyo Selsmic Stations
of the earthquake that occurred in 1995, in the Kansai area of Japan near Kabe, called
the Kobe earthquake. This earthquake took piace near major population centers and
caused significant loss of life and property damage.
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Fig. 7.2
(Source: http:!!engineeringseismologywithmearul.blogspot.sg!)
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(Source: http://www.geo.umass.edu)
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(i) Using the data given in Fig. 7.2 and Fig. 7.3, complete Fig. 7.4 [3]
SEISMOGRAPH Difference in Arrival Distance to | Amplitude of

STATION Time between P and S Epicenter the S wave

waves { km /mm
/s
AKITA 71 695
PUSAN 90
TOKYOQ 44
Fig. 7.4

(i) Hence determine the approximate location of the epicenter of the
earthquake on the location map in Fig. 7.5. Label your location “X". [3]

China

Kushivo

' \fldwusbk
wottak odate

w i
Sendai

Morh
Pacific
fJegan

446

Klomete

Fig. 7.5
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{iii} The intensity of an earthquake on the Richter scale can be easily
determined using a nomogram as shown in Fig. 7.6

For each station, connecting the distance on the Distance scale and the
amplitude on the Amplitude scale with a straight line, the intersection on
the Magnitude scale is the Richter scale reading for the earthquake.

If distance of the station from the earthquake’s epicenter is 100 km and
amplitude of the earthquake recorded at the station is 1 mm, the
magnitude of the earthquake is 3.0 on the Richter scale, as shown in the
sample line drawn in Fig. 7.6.

S CH00
600 3 an :
760 3 -200
600 3 7.0 - - 100
508 - 50
3 60 -
400 20
300 - 50 - 10
3 -5
200 an L
; 2
100 - 9 e
80 -0.5
a0 - 2.8 "
30 - 0.2
1.0 ~0.1
aﬁ -
Distance Magmm ﬂt}&pli&uﬁe
{kilometers) {ma&nmaiem)i
Fig 7.6

1. State one other factor that may affect the amplitude of the S-wave
recorded besides the intensity of the Earthquake. 1

...........................................................................................
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2. Using your answers from Fig. 7.4 and the nomogram in Fig 7.6,
construct and determine the magnitude of the earthquake on the
Richter scale. [2]

Magnitude = ..........................

The Richter magnitude scale used in (c) was developed in 1935 by Charles F.
Richter of the California institute of Technology as a mathematical device to
compare the size of earthquakes. The magnitude of an earthquake is determined
from the logarithm of the amplitude of waves recorded by seismographs. The
magnitude of an earthquake on a Richter Scale M is related to the intensity (/) of
the S-wave according to the equation

= log (-
M=log ()

]

where /; is & reference intensity.

The amount of energy radiated by an earthquake is a measure of the potentiai for
damage to man-made structures. The Richter magnitude M, is related to the energy
released E in ergs (1 erg = 107 J) through the equation

logE=15M+48

(i) On 26 Dec 2004, an underwater 9.0-magnitude earthquake off the coast of
Aceh, Indonesia, sent giant tidal waves into coastal areas in Indonesia,
Thailand, Malaysia, Sri Lanka, Bangladesh, India, Myanmar, the Maldives
and Somalia, resulting in at least 159 000 people dead. This is known as the
great Sumatra Earthquake

1. Determine the ratio of the intensity of the Sumatra Earthquake to the
Kobe Earthquake 1
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2. Hence explain why we use the Richter scale, which is a logarithmic
scale, instead of just a normal scale based on the intensity /. 1]

(i) Determine the ratio of the energy released from the Sumatra Earthquake to
the Kobe Earthquake.

(e} The death toll in the 2015 Chile lliapel Earthquake with magnitude 8.3 was 14 whereas
that from the 2015 Nepal Earthquake with magnitude 7.8 was almost 9000.

Suggest a possible reason why higher magnitude earthquakes may not always lead to
higher death tolls. [1]

End of paper
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2024 Physics Prelim Exam H2 Paper 2 suggested solutions

1(@) Moment of a force:

LA

-

The moment of a force about an axis is the product of the force and the perpendicular
distance [1] from the line of action of the force to the axis [1].

Minus 1 mark if no diagram given or diagram does not show comresponding d and F
correctly.

Torque of a couple:

F
I/ d \T
- ]

Torque of couple is defined as the product of one force F [1] and the perpendicular
distance d, between the two forces [1].

Minus 1 mark if no diagram given or diagram does not show corresponding d and F
correctly.

XD T: Tension
T: Tension

N: Normal reaction force

A\

W: Weight of fruck
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(b)(ii) Considering the truck in equilibrium:

2(a)

m,gsind0° =2T |
Taking moments about the centre of the pulley,

Sum of clockwise moments = sum of anti-clockwise moments

mgx 3r = Txr
mg x3r = ﬁfg—sé-rﬂ— xr [1m for correct clockwise expression, 1m for correct anti-
clockwise expression]
_15008in40°
2(3)
m=161kg [1]
i
O Energy/) a

v

him
1m for correct graph P

1m for correct graph K
(i) 1m for correct graph F
Explanation:

Some potential energy lost will be converted to do work against friction [1], hence
the gain in kinetic energy will be jess as compared to the situation without friction.

(1



BP-779

3(a) momentum after elastic collision =-mu [1]
time between collisions =2/ [1]
number of collisions per unit time = w2L [1
rate of change of momentum =-mu/L [1]
average force = mu?/L [1]

(b)i) Gas molecules collide with one another elastically. [1]

(i) Since collisions are elastic, the average speed of gas molecules incident on the wall
remains the same. [1]

So frequency of collision between each wall and the molecule also remains unchanged.

[1]

Therefore the pressure exerted on the wall is not affected.

(c)  Givenin (b) pV = 1/3Nm<e®>  ----(1)
By Ideal Gas Law:  pV = NkT ----(2) 1]

Equating (1)=(2)  1/3 Nm<¢®> = NkT

=> Yam<c® =3/2kT [1]
Hence average ke, 2 m<c2> =3/2 kT
O Ave KE o« T {because k is a constant)
(d)i)1.
Pressure’
B

Shade the area under p-V graph 1

> Volume




(ii)

4(a)

(b)

Since the process A -> B is such that AU = 0 (isothermal), and U = 3—';‘-/— then
PaVa = psVe. 1]
Hence there is no difference in the product paVa and psVe. [1]

If the change takes place very quickly, there is no time for heat transfer with the
surrounding. So it is an adiabatic change. e.@Q=0. 1]

Fig. 3.2 shows a compression. i.e. Wis positive. So AU = Q + Wis also positive. i.e. U
increases. 1]

Since U o cms? of the molecules, it means the mean square speed of the molecules
increases. 1]

Since the tube is in equilibrium,

Weight of {tube and ball bearings = Upthrust [1]
(m+ Mg = AHpg
e (M+m)

PA [1]

When the tube is displaced downwards by y, the upthrust will increase to A(H+y)rg while
the weight would remain the same as (m+M)g.

Hence the net force = (m+M)g - A(H+y)pg
= (m+M)g - AHpg - Aypd

= -Apay since {m + M)g = AHpg
(negative means that the net force is opposite in direction to the
displacement y) [1]
By N2L  (m+M)a=-Apgy [1]
Y. Y

m+M
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(28
()  From (b) since M+mJ™  thus acc -y. Hence motion is S.H.M.

Comparing with defining equation: a=- ©2y, then:

(1]
PAg
Mim

pAg

ﬂ)z

28
I
Y
+
3

h!
h S
o

ES
+

m
PAg
0.012+0.025
‘]1.00x103 x6.0x10* x9.81
=0.4982 [1]
=0.50s (Shown)

~ ¥
=
+
3

=2r

[l

(d) As the test-tube oscillates, it experiences drag force exerted by the water .

This results in light damping and energy is gradually lost as heat.
(e))

[1]

Intensity

Angle f°

g0 180 270

360

Sinusoidal graph [1]

Label period 3.3 s [1]
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(ii)

5(a)

(b))

(b)i)

(b)(iii)

6(2)(1)

(ii)

The amplitude of oscillation is small because the frequency of the driving force (the
waves) is too low (0.30 Hz) compared to the natural frequency of the test-tube (2 Hz).  [1]

The amplitude of the oscillations can be increased by adding ball bearings to the test-
tube to decrease the natural frequency so that it is closer to the frequency of the driving [1]
force.

The direction of the induced emf is such as to produce an effect that opposes the
change causing it [1]

X = 0.85 A[1]
Y =2/ 0.040 [1]
= 160 rad s~ {1]

two cycles of a sinusoidal curve with a period of 0.040 s [1]
correct phase (i.e. V2 max/min att=0, 0.02, 0.04, 0.06 and 0.08 s, and V2 zero
att=0.01, 0.03, 0.05, 0.07 s) [1]

maximum / minimum V2 shown {consistently} at + 6.5 vI1]
(magnitude of) V2 is proportional to rate of change of {(magnetic) flux [1]
« V is proportional to gradient of /1-t curve

- V, has maximum magnitude when /1t curve is steepest
- \, is zero when /1—f curve is horizontal / a maximum or minimum
« V, changes sign when sign of gradient of 11—t curve changes

Any 2, give [1]

From Fig 6.1 it can be observed that at specific wavelengths there were dips in the
intensity meaning that the energy at these wavelengths were being absorbed. [1]

So this is an absorption spectrum. [1]

Transition from n = 3 to 2 should corresponds to the least energetic transition
i.. transition giving rise to 656 nm line.

_(6.63x10‘34)(3.0x103)

636am 656x107°
=3.03x10™°7
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E, = Ez +AE656nm
=—544x107" +3.03x10™°
=-241x107" J
= —151leV

(b)(i) Iflight behave as waves, then light waves should continuously transfer energy to the
electrons to overcome the work function. [1]

Even if lower frequency waves are used, the electrons can accumulate energy over time
to gain enough energy to overcome the work function. [1]

Hence no minimum frequency should exist.
(ii) From graph, stopping potential V. = 2.7 V [1]
he
=——el
p=""-e,

N ; [1]
Lo oo
X

=6.49%107"° ] [1]

m R

Graph with lower stopping
potential [1]

7 ViV L
i oLz i RN
-a0 .20 0 20 40 8.0

]

7(a) Longitudinal wave ~ oscillations of wave particles parallef to direction of transfer
of energy of wave [1]
Transverse wave — oscillation of wave particles perpendicular to direction of
transfer of energy of waves [1]

(b) S-waves cannot pass through the liquid outer core. 1]




(c)(i}

0

(iii)1.

(d)(i)

(i)
(e

Akita — 30 mm
Pusan - 56 s, 540-550 km,
Tokyo — 425-435 km, 210 mm

All amplitudes correct [1]
Time interval for Pusan correct [1]
Distance for Pusan (allow ecf) and Tokyo read correctly [1]

Understand must draw 3 circies center at stations m
Al circles drawn with compass and correct scale M
Epicentre at KOBE [1]

-Distance from epicenter

-Scattering at boundary of different materials, cracks etc.
-Absorption due to rocks in Earth

Any other suitable answers [1]

Magnitude = 6.8 [2]

Ratio = 10°/10%¢ = 158 [1]

The distance between the epicentre and the station. [1]

The above shows that a change in magnitude of 2.2 correspond to a change in
intensity of about 160 times. Hence using a log scale aliows us to compress the
scale to more manageable numbers [1]

Ratio = 10152 = 1995 (2000) [1]

- Population density of the affected area might be low.

- The affected area might have stricter building codes that require buildings to have
earthquake-proof features.
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