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There are forty questions in this section. Answer all questions. For each question there are
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Answer Sheet.

Read the instructions on the Answer sheet very carefully.
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Any rough working should be done in this Question Paper.



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 electrbri, ‘

rest mass of .protbn,‘ -
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,

displacement of particle in s.h.m.,

velocity of particle in s.h.m.,

mean kinetic energy of a molecule of an

ideal gas

resistors in series,
resistors in parallel,

electric potential,

alternating current/voltage,
transmission coefficient,

radioactive decay,

decay constant,
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Which estimate is realistic?

A The order of magnitude of the frequency of bluetooth signal is 10° Hz.

B The acceleration of the Singapore MRT when moving off from a station is
10 ms?2

C The densnty of air at atmospheric pressure is 1.2 g cm™.

D The order of magnitude of pressure of air in a car tyre is 10° Pa.

When computing systematic and random errors, the following pairs of propertles of
errors in an experimental measurement may be obtalned

~ Xu: error can possibly be eliminated
. Xz:.error cannot possibly be eliminated

.Y 'error is of constarit sign and magnitude -

Y2: error is of varying sign and magnitude
Z+. error can be reduced by averaging repeated measurements
Z,: error cannot be reduced by averaging repeated measurements'

Which properties apply to the random errors?

X1, Y1, 2>
X1, Y2, Z>
X2, Y2, Z4
X2, Y1, Z4

oOow>»

In an experiment to determine the thickness of the glass of a boiling tube, the following
__readings were taken using vernier calipers.

Internal diameter, d; = (2.064 + 0.004) cm
External diameter, d> = (2.560 + 0.004) cm

The uncertainty in the thickness of the glass is

A 10.002cm
B +0.004 cm
C +0.008 cm
D +0.016cm

A ball is dropped from a height of 20 m and rebounds with a speed which is % of the
speed with which it hits the ground.

What is the time interval between the ﬁrst and second bounces?
(Assume that g is 10 m s™2)

A 15s B 25s C 30s D 40s

Two stones, X and Y, of different mass are dropped from the top of a cliff. Stone Y is
dropped a short time after stone X. Air resistance is negligible.

Whilst the stones are falling, the distance between them will

A Decrease if the mass of Y is greater than the mass of X

B Increase if the mass of X is greater than the mass of Y

C Decrease whether the mass of X is greater or less than the mass of Y
D Increase whether the mass of X is greater or less than the mass of Y
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The figure below shows the velocity vs time (v - f) graph of an object. At time t =0 s,
the object’s displacement from the originis O m. .

v/m s A

3

‘ 2/ 4 6
2 . )

Whuch of the followmg best shows the correspond;ng dlsplacement versus tlme (s )
graph of the object? -

A " B

0 | | \
S/
2 4 6~
C
Sy SA D
0 1 | t/s 0 ! —1 > t/s
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When a player serves a tennis ball of mass 0.060 kg, it is given an impulse of the form
shown by the diagram.

force/N &

150

[
»

40 time/ms

AéSUmihé the tennis ball waswrﬁoViﬁé ndﬁﬁélly féi}vérds Vth'er l:éckét at 5.0 mUS" erust

before the racket hits it, its speed, in m s™, when it leaves the racket is
A 45 B 50 C 55 D 95
A car of mass 1000 kg moving at 5.0 m s™ on an icy road collides with- another car of

mass 600 kg moving at 3.0 m s in the opposite direction. After the collision, the lighter
car moves off at 2.5 m s in the initial direction of the heavier car.

"~ What is the speed of the heavier car after the collision?

A 05ms? B 17ms" “"C 53ms? D 83ms?

A pole of length 2.0 m has non-uniform composition, so that the centre of gravity is not
at its geometrical centre. The pole is laid on supports across two weighing balances as
shown in the diagram below. The balances (previously set to zero) recorded readings
of 720 g and 480 g respectively.

20m

/\ /\
720g 480 g

Where is the centre of gravity of the pole with respect to its geometrical centre?

A % metre to the left
B % metre to the right
c % metre to the left
D —;- metre to the right
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A-force of 1000 N is needed to lift the hook of a crane at a steady velocity. The hook is
then used to lift a load of mass 1000 kg at a velocity of 0.50 m s,

How much of the power develbped, in kW, by the motor of the crane is used in lifting
the load?

A 49 B 50 C 54 D 55
An object, immersed in a liquid in a tank, experiences an upthrust.
What is the physical reason for this upthrust?

A The value of the acceleration due to free fall in the liquid increases with depth
B The pressure jn the liquid increases with depth , '

- .C - The density of the body differs from that of the liquid

D The density of the liquid increases with depth

A point mass moves through a circular arc of length s and radius rin time t.

What is the angular velocity about the center of the circle?

A r 2r : D%7_r£

S B L c =
rt st st r

A small spherical planet has radius R = 2000 m .and has no atmosphere. The
acceleration due to gravity on the surface of this planet is 2.0 m s

At an altitude of 3000 m above the surface of the planet the magnitude of the
gravitational field strength is '

A 1.3Nkg' B 0.89Nkg" C 080Nkg? D 0.32Nkg’



7

14 The kinetic energy Ex of a satellite in orbit varies with its distance r from the centre of a
planet of radius R.

Which one of the following graphs best shows thé variation of its Ex with r?

A | | B
A £ A
E, K
: 0 = 2
. 0 oY —>
0 r > 0 r
ol . D
A A
0 —> :
0 I’:R T OO r:R ke >

15 The diagram shows one possible graph for an object undergoing simple harmonic

motion.
A

»

Which quantities have been plotted to produce this graph?

A acceleration and time

B kinetic energy and displacement
C potential energy and displacement
D

kinetic energy and time
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16 A mass attached to the lower end of a spring oscillates about its equilibrium
position

At which points in the path of the mass do thé gravitational potential energy of the
mass (GPE), the elastic potential energy in the spring (EPE) and the kinetic
energy of the mass (KE) have their highest values?

GPE EPE KE
A bottom middle top
B bottom . top middle
C top __bottom .~ 4. middie
D top - |  bottom | = top

17  Anideal gas undergoes a cycle of processes as shown in the p-V diagram.
Which statement correctly describe the situation?

pA

, V

The internal energy of the gas increases over one complete cycle.
The gas gives out more heat than it absorbs over the whole cycle.

Over the entire cycle, the gas absorbs heat and does net work on its
environment.

The two curved portions of the graph represent adiabatic process.

o O W >

18 Which statement about internal energy is correct?

A The internal energy of a system can be increased without transfer of energy by
heating

B The internal energy of a system depends only on its temperature
C When the internal energy of a system is increased, its temperature always rises.

D When two systems have the same internal energy, they must be at the same
temperature.
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The first law of thermal dynamics may be expressed as shown.
AU =q+W
where AU is the change in internal energy, ’
g is the heating of the system,

W is the work done on the system.

A fixed mass of ideal gas at high pressure is contained in a balloon. The balloon
suddenly bursts, causing the gas to expand and cqol.

In this situation, which row describes t_hé_ values of AU ;qand W ?

AU " - —
A negative negative positive
B negative zero - - |- negative
C positive . zero negative
D positive negative positive

Which of the following abOl:Jt polarisation is TRUE?

A Sound wave produced by a tuning fork can be polai'ised.
All electromagnetic waves can be polarised

Polarisation restrict the vibration of a wave to the vertical direction

O o0 W

When unpolarised light of intensity 1,, passes through a polariser, the
intensity of the light transmitted I is given by Malus' law where I’ = I, cos?6
and 0 is the angle between the vertical and the transmission axis of the
polariser.

A student carried out an experiment on diffraction of water waves in a ripple tank.
He passed plane water waves through a single slit, where the wavelength of
water waves is comparable to the slit separation. He obtained the following

)

What is the best explanation for the interference pattern seen on the screen?

/7

f Pattern seen

screen on screen

The waves reflected from the surrounding walls

The waves are not coherence

There are secondary wavelets within the single slit
There are secondary wavelengths within the plane wave

oOow>»
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22 A student sets up an experiment to investigate double-slit interference of light but

23

24

finds that the interference fringes observed on the screen are too close to each other
to be distinguished.

red filter
hght @ e "f—é' ‘
source =

: »»»\singiem\double -'-\.screenm- S
slit slit

Which change would help the student to distinguish the fringes?

A decrease the distance s between the two slits
B increase the width of each slit

Cc move the screen closer to the light source

D

use a blue filter instead of a red filter

Monochromatic light of wavelength 650 nm is incident normally on a diffraction grating.
The angle between the two third-order beams is 56°.

What is the spacing of the lines on the grating?

A 2.4 pm B 28um C 42pum D 7.2pm

When two point charges, each +Q, are distance r apart, the force between them is F.
What is the force between point charges of +Q and +2Q when they are distance r

apart?

A F B 2F C 8F D 16F
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Two parallel plates R and S are 2.0 mm apart in a vacuum. An electron with
charge 1.6 x 107" C moves along a straight line in the electric field between the
plates. :

The graph shows how the potential energy of the electron varies with its distance from
plate R.

‘ +4‘8x 1‘)‘19;7f*?—f?'f__-_—“77‘, TTTTTTIT T

~ potential
~energy/J.

[N TE R I P B

distance/mm
Which deduction is not correct?
A The electric field between R and S is uniform.
B The electric field strength is 3000 N C.

C The force on the electron is constant. .
D The magnitude of the potential difference between Rand Sis 3 V.

The current in a component is reduced uniformly from 100 mA to 20 mA over a
period of 8.0 s.

What is the charge that flows during this time?

A 160mC B 320mC C 480mC D 640mC
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The I-V characteristics of two electrical components P and Q are shown below.

2.0

IA
1.5
P /
Q

05—

VIV
Which statement is correct?

A Pis aresistor and Q is a filament lamp.

B The resistance of Q increases as the current in it increases
C At 1.9 A the resistance of Q is approximately half that of P.
D At 0.5 A the power dissipated in Q is double that in P.

A student wants to use a voltmeter to measure the potential difference across the
1.2 kQ resistor. .

DA7§<Q
| D 1240

What is smallest resistance a voltmeter can have if it is to measure the potential -

difference across the 1.2 kQ resistor without introducing a systematic error of more
than 1%7?

A 0.60kQ B 1.2kO C 60kQ D 95kQ
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In the potentiometer circuit shown, the reading on the ammeter is zero.

-
%

e

‘ _ y sliding contact

~ uniform metal wire

The light-dependent resistor (LDR) is then covered up and the ammeter gives a non-

_zeroreading. . _ . . I

Which change could return the ammeter reading to zero?

oOow>

Decrease the supply voltage.
Increase the supply voltage.

Move the sliding contact to the left.
Move the sliding contact to the right.

An electron is projected with velocity v into a region where there exist a uniform
electric field of strength E perpendicular to a uniform magnetic field of flux density B.

If the electron velocity is to stay constant, v must be

A

B

of magnitude —g—and parallel to B.

of magnitude Eand parallel to E.
B
of magnitude —g—and perpendicular to both E and B.

of magnitude -g—and perpendicular to both E and B.



14

31 A current I is carried by a square coil of n turns and side L suspended vertically as shown in
a uniform horizontal magnetic field of flux density B.

coil

‘suspension
- ., -

o dircction. -
ol current

- -~ Which ene of the following plan (top-view) diagrams correctly shows the magnitude and - -
direction of the forces acting on the vertical sides of the coil?

BiInlLsin 6

BiInLsin 6

BinLsin 8
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32  The diagram below shows two concentric loops lying in the same plane.

inner loop

outer loop - -
The current in the inner loop is clockwise and increases with time as shown in the graph
below.
current
0 - 3
0 time

The induced current in the outer loop is

constant in the clockwise direction.
constant in the anticlockwise direction.
variable in the clockwise direction. .
variable in the anticlockwise direction.

ooOow>»
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Two light bulbs are glowing at the same brightness. One is supplied with alternating
current and the other with direct current. Both bulbs have a resistance of 4 Q
(assumed constant). The direct current bulb draws 3 Aat 12 V. :

What is the peak value of the current in th'e alternating current bulb?

A 15A B 21A

3A D 42A

34 Electrons gain kinetig energy and accelerate when a potential difference is a_pplied.

35

Through what potential dnﬁerence (p.d:) must electrons be accelerated so they will

have

(a) the same wavelength as an x-ray of wavelength 0. 150 nm , and

(b) the same energy as the x-ray of 0.150 nm ?

p.d. to accelerate electrons to have
the same wavelength as an x-

p.d. to accelerate electrons to have the
same energy as the x-ray of

ray of wavelength 0.150 nm 0.150 nm
A 67V 67V
B 67V 8300 V
c 8300 V 67V
D 8300V 8300V

Which one of the followmg shows the correct sequence of events in a helium-neon

laser?

A Neon atoms excite helium atoms to a metastable state. Excited helium atoms
undergo stimulated emission of red light to a lower energy state followed by

spontaneous emission to ground state.

B Neon atoms excite helium atoms to a higher energy state. Excited helium
atoms undergo spontaneous emission to a metastable state followed by
stimulated emission of red light to ground state.

C Helium atoms excite neon atoms to a metastable state. Excited neon atoms
undergo stimulated emission of red light to a lower energy state followed by

spontaneous emission to ground state.

D Helium atoms excite neon atoms to a higher energy state. Excited neon atoms
undergo spontaneous emission to a metastable state followed by stimulated

emission of red light to ground state.
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The diagram below shows the wave function of a particle tunnelling through a potential
energy barrier from the left. It is observed that the amplitude of the wave function
decreases upon passing through the bamer but that the wavelength 1 remains
constant.

Potential

A - __— potential barrier

energy

[\

[e—>|
A

N

Y

A

What deductions can be made from these two observatidhé?

Amplitude of. the wave function Wavelength 4 remains constant
decreases
Mass of the particle reduces upon | Momentum of the particle remains
A . P - P unchanged after passing through the
passing through the barrier. barrier
. . Energy of the particle remains
B Inten.snty of the partlele reduces upon unchanged after passing through the
passing through barrier. barrier.
: . Momentum of thé particle remains
C Energy of the particle r.educes upon unchanged after passing through the
passing through the barrier. barrier
- _ Energy of the particle remains
Reduced probability of finding the -
D particle after the barrier. ggfr?:?ged after passing through the

An electron is incident on a rectangular potential barrier with a kinetic energy of 2.0 eV.
The barrier height is 6.0 eV and its width is d = 1.0x10™°m

If the width of the barrier is increased to d' and the transmission coefficient is halved,

the ratio g— is
d

A 050

B 076 Cc

1.3 D 20

Rutherford’s alpha-particle scattering experiment established that

ocCoOwX»

most of the mass of the atom is concentrated at the nucleus.
the nucleus is made up of protons and neutrons.

electrons have a negative charge.
electrons revolve around the nucleus.
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39 ?®Ppodecays to > Bi via two pathways as shown in the figure below:

. X
218PQ —-——-——-———»Pb

\ _ \ﬂ:decay
Y

At _ JMBj
Z

What are the possible radioactive decay modes X, Y and Z?

X Y oz

A adecay - © . adecay - ' B decay
- B ~adecay . . . . . . B.decay . a decay
Cc - a'decay ' © ' B decay ydecay
D ydecay a decay [ decay

40 The graph below shows how the count-rate A of a radioactive source as'measured by
a Geiger counter varies with time ¢.

3

InA

0 10 20 30
timet/s

The relationship between A and tis

A A=26e-0
B A=26¢ !
C A=13e 9"
D A=13e- 1!
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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,

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

mean kinetic energy of a molecule of an

ideal gas

resistors in series,
resistors in parallel,

electric poténtial,

alternating current/voltage,
transmission coefficient,

radioactive decay,

decay constant,
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For
. . _ o . Examiner’'s
1 Fig:. 1.1 shows an aeroplane flying horizontally at a steady speed of 67 m s™. A Use

parachutist falls from the aeroplane freely for 80 m before the parachute opens.

‘Assume that the air resistance is negligible.

plane moving horizontally

P
>

Fig. 1.1

(a) Show that the vertical component of the velocity is approximately 40 m s when
the parachutist has fallen 80 m.

2]

(b) Determine the magnitude and direction of the resultant velocity of the parachutist
at this point.

Magnitude = ms™*

Direction = [3]
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(c) Sketch two labelled paths, P and Q, of the parachutist during the free fall, assuming Exa;?;ers
that for path P, air resistance is negligible and for path Q, air resistance cannot be Use

neglected.

Explain for any differences between the't\-No paths P and Q.

Bl




2 (a)

(b)

5

State the main distinction between a systematic error and a random error in the
measurements of a physical quantity.

[2

In a simple pendulum expenment to determme g the acceleration due to gravity, the
following equation is used, - _
, l
T =2m |—
g

The following measurements were obtained with the help of a meter rule and

_stopwatch respectively.. ..

The length of the pendulum: /= 98.0£0.1cm
Average time of 10 oscillations: t= 19.8+0.2s

(i) Determine the value of g with its associated uncertainty.

H+

g=( ) ms? [41

(ii) Using a different set of apparatus, another student obtained g to be
11.15+0.02 ms2

Comment on the accuracy and precision of the two set of readings.

(1l

For
Examiner's
Use



3 (a)

(b)

State the two conditions required for a body to. be in equilibrium.

[2]

When you are walking, there is an instant when only.one foot is on the ground. and
the centre of gravity of your body is directly over that foot. Fig. 3.1 shows the forces
acting on that Ieg

inal
lis";glumn

Source:
hitps://medicalphysics.org/d
- ocuments/WebPOTB.pdf

Fig. 3.1
The forces are the upward force on the foot equal to the weight of the body W the
weight of the leg WL (which is approximately equal to W/ 7); the reaction force by
the hip on the femur R and the tension in the muscle group between the hip and
the greater trochanter on the femur 7.
The dimensions provided are in cm.

() Showthat T=16WandR=24 W.

[4]

For
Examiner's
Use
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(ii) The use of crutches or a cane can reduce the force on the hip joint. Fig. 3.2

shows the effect of the use of a cane on the body.

Source: -
hitps://medicalphysics.org/
documents/WebPOTB . pdf
Fig. 3.2
Note that the cane is in the hand opposité to the injured hip and the force
pushing upward on the cane F¢ reduces the upward force on the foot.
Explain qualitatively how the cane can reduce the force on the hip joint.
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Examiner's
Use

4 A 3.00 g copper coin at 25.0 °C drops 50.0 m to the ground. For

(a) The copper is said to possess internal energy.

Explain what is meant by the internal ener'g)r of the copper coin.

[2]

(b) Assumlng that 60.0 % of the change in potentlal energy of the coin-Earth system :
, goes to lncreasmg the mternal ‘energy. of the com

Determine the coin fi nal temperature glven that the specﬁ” c heat capacrty of
copper is 385 J kg™ K1

Final temperature= ................ °C [4]

(c) State and explain if your result in (b) depends on the mass of the coin.

1]
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5 In x-ray production, electrons are accelerated through a high voltage and then
decelerated by striking a target. A continuous x-ray spectrum can then be detected.

(a)

" (b)

(c)

Explain how x-ray photons can be produced by the above process.

2

.A:c_:utoff wavelength_ Amin is one of the features that exist in the continuou.s%x-r'ay-

spectrum. -

- Show_that the relationship between_Amin_and V where V is the acceleratiﬁg .

potential in the X-ray tube is given by
_ke
mn eV
where h and c¢ are the Planck’s constant and speed of light in vacuum
respectively. : '

Explain your working clearly.

2]
(i) In a particular x-ray tube, the accelerating potential difference is 50 kV and
the cutoff wavelength is at 2.50 x 10" m.
Determine a value for the Planck constant.
Planckconstant=........................... Js [1]

(i) Suggest a suitable experiment using cutoff wavelength limit of the
continuous x-ray spectrum to determine a better estimate of the value of
the Planck constant.

For
Examiner's
Use
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6 (a) By reference to the photoelectric effect, state what is meant by the threshold | gammers

frequency. : Use

(1l

(b) Electrons are emitted from a metal surface when light of a particular wavelength is
incident on the surface.

Explain why the emitted electrons have a range of values of kinetic energy below a -
maximum value. . - , - _ '

[2]

(c) The wavelength of the incident radiation is 1 in a Photoelectric Effect experiment.

The variation with .1/1 of the maximum kinetic energy Emax of electrons emitted from
a metal surface is shown in Fig. 6.1.

4.0

8.0-FEEEHE A e e

1.0 15 2.0 25 3.0 35
1
21108

Fig. 6.1
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Using the data from Fig. 6.1, determine

(i) the work function energy @.

o= d M

,(ii)‘ _thé associated de Bfoglie’é wavelehgth. of thefelectréh that was emittéd with
" the maximum kinetic energy when a frequency of 7.5 x 10" Hz falls on the
metal.

de Broglie’s wavelength = m [3]

For
Examiner's
Use
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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) to radiate from their point of origin called 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 Jongitudinal

waves. These waves can travel through any type of material, including fluids, and can

“travel at nearIy twice the speed of S waves.

' '-S-waves (S stands for seconda_ry)'arnve 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 s71.

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.

(a) Distinguish between longitudinal and transverse waves.

2]
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(b)

(c)

13

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

Fig. 7.1

Expléin why no S-waves are detected directly opposite the epicenter.

1]

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 Seismic
Stations of the earthquake that occurred in 1995, in the Kansai area of Japan
near Kobe, called the Kobe earthquake. This earthquake took place near major
population centers and caused significant loss of life and property damage.
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(i) Using the>data given in Fig. 7.2 and Fig. 7.3, complete Fig. 7.4

SEISMOGRAPH | Difference in Arrival Distance to | Amplitude of
STATION Time between P and S Epicenter the S wave
waves , / km “/mm
Is
AKITA 71 695
PUSAN o " %0
Tokyo | 44 |
Fig. 7.4

13]

(ii) Hence determine the 'appf'oximate' location of the epicenter of the -
earthquake on the location map in Fig. 7.5. Label your location “X”

China

. Kushira

" Viadivosiok

Sea of
Japan

Sendai

North
Pacific
- . Ocean
Pusan Hiroshima
_ - 2 P 0saka
Nagasaki Kumamolo \ ,:k, ”
o 100 200
Riloragters
Fig. 7.5

3]
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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 Rlchter scale, as shown m the sample hne
drawn in Fig. 7.6.

‘1. State one other factor that may affect the. amplitude of the S-wave

recorded besides the intensity of the Earthquake.

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.

‘ o
800 i
3 8.0
700 3 200
600 - 7.8 100
500 - . 50
1 60 ¥
400 20
300 5.0 10
] 5
200 4.0
] 2
100 - 3.0
60 -} 0.5
40 - 2.0 _
30 o 0.2
10 0.1
20 4 , e
{)istance . Magnitute ﬂ?}?kmde
{kilometers) (mul!nn'eters)!
Fig 7.6

Magnitude = ...................o [2]
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(d) The Richter magnitude scale used in (c) was developed in 1935 by Charles F. Exa,':,?,',efs

Richter of the California Institute of Technology as a mathematical device to Use
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 (1) of
the S-wave according to the equation

= 1og (L
—log(I)

o

where Io is a reference mtensnty

The amount of energy radlated by an earthquake is a measure of the potentlal 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+438

(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

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.

(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 lllapel 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.

1l
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8 A student is investigating the flow of water through a horizontal tube.

The rate Q (volume per unit time) at which wétér flows through a tube depends on the
pressure difference per unit length across the tube.

The student has the use of a metal can with two holes. A narrow horizontal tube goes
through the hole in the side of the can. The can is continuously supplied with water
from a tap. The level of water in the can is kept constant by the position of a wide
- 'vertical tube which passes through the hole in the bottom of the can as shown in

Fig. 8.1. Both tubes may be moved along the holes.

to tap
LF‘ -
metal can ) 0
Y
water [T [ h
-1 L : flow rate Q
"""" = N
' ; \ .
wide tube / ' narrow luba
overfiow
Fig. 8.1

It is suggested that the relationship between the flow rate Q of water through the
narrow horizontal tube and the vertical height h is

_ 2mpghd*
=1,

- where p is the density of water, g is the acceleration of free fall, d is the internal
diameter of the tube, / is the length of the tube and 1} is a constant.

Design a laboratory experiment to test the relationship between Q and h and determine
a value for n.

You should draw a diagram, to show the arrangement of your apparatus. In your
account you should pay particular attention to

(a) the identification and control of variables,

(b) the equipment you would use,

(c) the procedure to be followed,

(d) how the relationship between Q and h is determined and 7 is obtained,

(e) any precautions that would be taken to improve the accuracy and safety of the
experiment..
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Prelim 2016 H2 P2 MS (updated 25 Aug, 11 am)

Qn

(a) Applying v = u?+ 2as in the vertical-direction-
vV=0+2x9.81x80

v=39.6(7818)

=40 m s™ (shown)

(b) v, = 3961818 ms"
o Vy=67ms?

v =(39.618182 + 672)
- =77.83701 ms?t - -
"=77.8ms’? '

tan0= v,/ w
=39.61818/67 _
6=306"°
= 31° below horizontal

{c)

Horizontal velocity will no longer be constant and decrease with time.

Vertical velocity will increase at a slower rate as net acceleration downwards is
decreased.

2(a) | Systematic errors are errors

that results in the measurements deviating from the true value by a fixed magnitude
and direction/

of the same sign and magnitude / :

with the same magnitude on same side of the true value /

having a fixed pattern

Random errors are errors

that results in the measurements deviating from the of value with no fixed
magnitude and direction /

of different sign and magnitude

on either side of the true value with no fixed magnitude /

no fixed pattern.

b0 | o4l =9869ms?
T?

A

R 2(02) 2(0.02)
- i98.0 19.8 (or 980 + 1.98 “198 )
= +0.021(2)

+Ag = +0.0212 X 9.869
=40.21ms™?

Hence g = (9.9 +0.2) ms—?
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(i)

g =1(9.9+02)ms™?

More accurate, less precise
= (11.15 + 0.02)ms ™2

Less accurate, more precise

(a)

Resultant forces zero in all directions
Resultant torque / moments zero about any axes / point

b)(i)

Mention the point where moments was taken,

Clockwise' M = Anti-clockwise M
Tsin70° (0.07) + W/ 7 (0. 03) W(O 11)

T=1.60(713) W

Resolving forces in the x-direction,
Rx = 1.60713 W cos70°
_ =05497W o S
or
Resolving forces in the y-direction,
Ry=W+ 160713 Wsin70° - W /7
=2.36735 W

R = V(0.54967 W)? + (2.36735 W)?
= 2.43(033) W

(b)ii)

When taking moments about the pivot to determine T, the moment due to the
upward force on the foot is greatly reduced as both the upward force on the foot
(due to the cane) and perpendicular distance from the foot to R is reduced, leading
to a smaller T and hence horizonhtal component of R.

The reduced upper force on the foot (due to the cane) and smaller T also reduced
the vertical component of R.
Therefore R is reduced.

4(a)

Sum of the Random vibrational kinetic energy 6f atoms and Random potential
energy between atoms of the iron.

(b)

W, = 0, or AU = mcA6
Decrease in GPE - increase in internal energy
0.6mgAh = mcA8

0.6g4h
b = —

+25=258°

(c)

From (b) Change in tehp. is independent of mass or
Mass cancels away on both sides of equation

5(a)

When the electrons decelerate, it loses energy, the lost in energy is the energy of
the X-ray photons.

As there is a range of decelerations/energy lost, there is a range of energy of the X-
ray photons.

(b)

Energy gain by electron-due to accelerating potential = eV

Electron loses all this energy in the single collision to produce the x-ray photon
eV = he/Amin.
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(c)(i)

1.6 X107 X 50000 x 2.50 x 10~
B 3x 108

=6.7x10%Js

(ii)

Suggested Improvement.

Vary accelerating potential and observe cutoff wavelength from continuous
spectrum. ‘

P’Ot Amin VS 1V

N .Determme h from (e/c) gradlent

(@)

Minimum freq of em radiation/photon for release of electrons from surface of rﬁetal,

(b)

Emax corresponds to electron emitted from surface

electron (below surface) requires energy to bring it to surface, so less than Emax

(©)()

® = hc/k,

=6.63x10% x3.00x 10%x 1.85x 10°

=3.68x10"J

(i)

1/A=2.5x 108, Emax“13x1019J

A =hlp

- h
2mE

=1.36x10°m

(a)

LW - oscillations of particles parallel to direction of transfer of energy of wave

TW - oscillation of particles perpendicular to direction of transfer of energy of waves

(b)

S-waves cannot pass through the liquid outer core as it is a transverse wave and
hence cannot cause compression of liquid and hence cannot travel through liquid.

(©)()

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

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

(i)

Understand must draw 3 circles center at stations
All circles drawn with compass and correct scale
Epicentre at KOBE

(iii)1.

-Distance from epicenter

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

Any other suitable answers
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Maghitude =6.8

W) | Ratio = 10°710% = 158

2, The above shows that a changé in. magnntude of 2.2 cbrréspond toa chahge'm
1 intensity of about 160 times. Hence using a log scale allows us to compress the
scale to more manageable numbers

(ii)- . | Ratio = 10192 = 1995 (2000)

(e) - Population of area
- Stricter Building codes — earthquake proof buildings
- time information néeded to reach residents
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Vary h and determine Qr l—; DV-Q

Explained how h is varied by changing position of
vertical/larger tube by moving it up or don verticall

Labelied diagram of apparatus which includes labelled
measuring cylinder/calibrated beaker to receive water or
beaker on_ balance if fi ndm

D1

Explamed how Q is determlned correctly M1
. | Example: - R
‘| Measuring volume collected from beakerover a‘given tlme t
with the help of a stopwaltch
M2

1 Measure h and [ with a rule/caliper and d with a travelling

Plot a graph of Q against h or Ig Q against Ig h or any other
suitable graph and explained how n is determined.

A1

Example:

2mpgd?*
I x gradient

Reason method to prevent "spills, ;.g. use tray/sink/cloth on S$1

floor.

Reasoned method to prevent injury when adjusting S2

metal/glass tubes by wearing protective gloves.

No electrical devices present as water is involved in the S3 [Max 1]

experiment

Repeat experiment for same h and average F1
Details on measuring h to the centre of the horizontal tube F2
e.g. add radius of tube

Method to measure mass and V and and hence density F3
Fill beaker nearly full to reduce %tage uncertainty in F4
measuring of Q

Determine average d or / from at least 3 readings from F5
difference position of tube.

Method to check that tube is horizontal F6
Start timing and record V only when water starts flowing out F7
of the narrow tube

Place Container below wide tube to collect overflow water F8
Relationship is valid if straight line passing through origin. F9
(if ig-ig graph, gradient = 1)

Tap turned on at correct volume to ensure that water F10

overflow {o maintained constant h when taking readings

[Max 3]

stated / and d are CV by using the same narrow tube.

C1

Explain how / is kept constant

“Explain how narrow tube is ensured to be horizontal
throughout”

Note: If slanted, / horizontally will change

c2
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Explain how pis kept constant .
“Check that temperature of liquid is kept constant for p to be
constant.” ' .

Cc3

[Max 2]
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Data
speed of light in free space,

permeability of free space,

permittivity of free space,

elementary charge,

th}e Planck constant,

unified atomic mass constant,

. rest mass of electron,

rest mass of proton, '
rﬁolar 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,

displacement of particle in s.h.m.,

velocity of particle in s.h.m.,

mean kinetic energy of a molecule of an

ideal gas

resistors in series,
resistors in paraliel,

electric potential,

" alternating current/voitage,
transmission coefficient,

radioactive decay,

decay constant,

2
DATA AND FORMULAE
: . -

Eo —

where k =

3.00x108ms™
4 x 107 Hm™!

8.85x 102 F m™
(1/(36m)) x 10 F m™!

1.60x 107'°C

1 663x10%Js

1.66 x 107 kg

1 9.11x10%kg
167 x 10?27 kg
8.31 JK' mol™

6.02 x 10% mol-!

1.38 x 102 J K-
6.67 x 10-"" N m? kg2
9.81ms2

ut + 1 at?
u? +2as
p AV
pgh
_Gm

-
Xo Sin ot
Vo COS ®f

im\fxf -x°

kT

2

Ri+Rz2+ ...

1R+ 1/Rz+ ...
0 )

4re r

Xo SiN of
exp(-2kd)

[snzm(U—E)
h2

Xo €XP(—AL)
0.693
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Answer all the questions in the spaces provided.

1 (a) Define the radian.

[1]

(b) A small particle of mass m is pulled to the top of a frictionless half-cylinder of
- radius R by a cord that passes over the top of the cylinder. The force exerted by
the cord is F. Mass m is movmg at constant speed of 20m s -, :

'.The mass m is 100 g
Radius Ris 2.0 m.

The side-view is shown in Fig. 1.1

Fig. 1.1

() On Fig. 1.1 draw the free-body diagram for the forces acting on m. [2]

(ii) Hence show, with appropriate explanation, F = mg cos 6.

(1l
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(iii) The graph of how F varies with @ is given in Fig. 1.2.

FIN
1.2

0.8 e

0.6 : N

04

0.2 AN

0 Sy > &/ rad

-0.2

Fig 1.2

~State the'relationship between the work done by force F and area
under the F — &graph.

(1l

(iv) Hence or otherwise, determine the work done by the variable force F
in moving the particle at constant speed from the bottom to the top of
the half cylinder.

Workdone= ................ J [2]
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(v)  OnFig 1.3. Sketch the variation with 4,
1. the gravitational potential energy of the mass m , (label it G) and

2. the kinetic energy of mass m (label it K).

Energies/J

VZ.S'A

1.5

0.5

0 > g/rad

Fig. 1.3

[3]
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2 A microwave oven, shown in Fig 2.1 consists
wall of the microwave source and a turntable

of a reflective casing on the opposite-

at the bottom that rotates. It produces

microwave of frequency 2.45 GHz within the oven.

[:l Control
Reflective — panel
casing
' L
Turntable . — \ Microwave source
V : (behind control panel)

Fig 2.1

~ Water moléCuleé are electric. dipoles (that is, they -have one pb,sitivé end and o_ne.

“negative end). * In the oscillating field of the m

icrowave ovén, the water molecules in |

trying to align with the changing field, oscillate rapidly. Thus the water molecules in
the food get heated up and hence the food gets heated up.

(a) Explain how standing waves are formed inside the microwave oven.

3]

(b) The turntable of the oven is removed

from the oven so that oven’s content

will not rotate during heating. A wet piece of cardboard is placed flat in a
microwave oven. The cardboard is then micro-waved for a short while. Stripes of
dry regions regularly spaced apart are seen on the cardboard.

(i) Explain the formation of these dry stripes and hence deduce their

distances apart.

[3]

(ii) The interior of the microwave oven i

s 30.5 cm wide.

In the space below, draw the amplitude-position graph of the standing
wave pattern in the oven. Mark the positions on the graph with “D” that
would produce dry patches on the wet cardboard as mentioned.

[2]
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(c) The turntable of the oven is now placed back in the oven. After five minutes

of cooklng a dish (with live ants init) in a microwave wave, and upon removing
it, it is noticed that several ants are msnde the oven apparently unharmed by the

intense microwave radiation.

Explaih why some of the ants survived.

[

(d) Explain the purpose of the turntable of the microwave oven.

(1

3 Fig. 3 shows two circuit which could be used to act as a dimmer switch for a lamp.

(a)

(b)

240\/"‘ 240V~

60 W 60 W

Circuit 1 Circuit 2

Fig. 3

With reference to energy conversion in the bulbs, explain what do you understand
by potential difference across the bulbs

[2]

Explain one advantage circuit 1 has over circuit 2.

(2]
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(c). One problem with circuit 1 is that there is always a current in the resistor.

. V\’ﬁ,th,,an aid vof a .diag‘rafn, explain how this problem could be rectified.

[2]

(d) (i) Thelamp is rated at 60 W at 240 V.

Calculate the resistance of the lamp filament at its normal operating
temperature.

resistance = Q [2]

(ii) State and explain how the resistance of the filament at room temperature
would compare with the value calculated in (d)(i).

2]
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4 (a) (i) Describe how the emission line spectra can be explained using the idea of
discrete electron energy levels in isolated atoms. ’

(2]

(i) State the conditions and state of the atoms such that they are suffi cnently
lsolated so that line spectra can be observed : _ - :

(2]

(b) Fig. 4 illustrates some of the electron energy levels in an isolated atom of an
alkaline metal for the outer (valence) electron. Four possible electron transitions are

shown.

energy / eV
A
-0.67

-0.94
-1.43

-2.49

-5.73 v

-8.68

Fig. 4




(c)

(d)

(i)

(ii)

(iii)

(iv)

10

Determine the energy required to remove the outer electron at the lowest
energy level shown in Fig. 4 from the atom. :

Energy = ..ol J (11

State which of the transitions A, B, C or D in Fig 4 would lead to the emission
of radiation of the shortest wavelength.

Ans : o (1]

Calculate the wavelength of this radiation.

wavelength = .................... nm [1]

State the region of the electromagnetic spectrum in which this radiation lies.

Region is [1

Sketch the appearance of the spectrum in order of increasing wavelength which
these four transitions produce. Label the transitions responsible for each line.

1

The work function energy of lithium differs from the energy required to remove the
outer electron from an isolated lithium atom.

Suggest why this is so.

(Hint: Work function is the minimum energy needed to remove a delocalized
electron from the solid metal surface)

[1]
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5 Fig. 5.1 below shows. the decay series of Uranium-238. Uranium undergoes a series of
alpha and beta decays to become a stable isotope of Lead-206 after a long period of

time.

(a)

11

Section B '

‘Answer two questions for this section.

148 ;
146 o decay Ue
A o N\ . 2\‘4 )
144~ 1 Pdecay Nigcv=a
1421 L 2344
140- 2307
138 6Ra @
e
£ 136 4
1721
§ 134 2170 g~
3 92185
Z 132 294pp®;
\.\;.14 i
13033 On? o .
1281210595 n
kY
124 205p.
122~
78 80 82 84 86 88 90 92
Protons (2)
© NCSSM 2002
Fig. 5.1 ‘

Suggest why stable nuclei tend to have a greater proportion of neutrons to protons
in their nucleus.

[1

(b)

It can be seen that all the daughter nuclei that result from the decay of
Uranium — 238 have a multiple four nucleons lesser than that of Uranium.

Explain why this is so.

{1
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(c) State the Principle of Conservation of Linear Momentum. : Exa(j"sigefs

2

(d) A stationary Radon (?2Rn) nucleus decays spontaneously into a Polonium (*'®Po)
nucleus via an « decay. It may be assumed that no y - ray is emitted during this
decay.

fT_h'e rest masses of the nuclei involved are given as shown:

Rn: 222.0176 u,

Po: 218.0090 u, .

o 4.0026 u,

where u is the unified atomic mass constant.

(i)  Write down the nuclear equation which describes this decay.

2]

(ii) Show that the net energy released during this reaction is about 8.96 x 10* J

(2]

(iii) Using (c), show that lfme.tlc energy of a particle _ 218
Kinetic energy of Po nucleus 4

(9]
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(iv) Hence, calculate the speed of the « particle. Use

Speed= =~ L s:*--"[é] 1

(e) The Polonium (Po) nucleus subsequently decays spontaneously into an Astatine
- (At) nucleus via a 8 decay. It may be assumed that no y - ray is emitted during this
decay. :

Fig. 5.2 shows the variation with kinetic energy of B particles produced during the
decay of the number of S particles emitted.

Number of
4 p-particles 1+ or —)

KE of g-particles
Fig. 5.2

(1) Explain how Fig 5.2 provided evidence for the discovery of the neutrino,
which was emitted during a 8 decay.

[2]

(if) A student suggests that the Astatine nucleus and S particle would be moving
in opposite directions after the decay. '

Comment on the validity of this statement.

[2]
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: For
6 (a) State the type of field, or fields, that may cause a force to be exerted on a particle | Examiners

that is Use
(i) uncharged and moving,

1]
(ii) charged and stationary,

(1]
(iii) charged and moving at right-angles to the field. :

' 2]
(b) (i)l Expl'afn. what is méant by a magnetic field.
(2]

(ii) Conventionally, arrows on field lines define the direction of a force acting on
an object.

State the property of the object that experiences a force in a direction
opposite to the direction of a magnetic field.

1l

(iif) Fig. 6.1 shows the cross-section of two long vertical wires perpendicular to
the page. The electric current in the left hand wire is downwards into the
page whereas the current in the right hand wire is outwards from the page.
The current in the left hand wire is greater than the current in the right hand
wire.

Fig. 6.1
Sketch the resultant magnetic field pattern around the wires within the
chaded araa Indicate direction arrowe nn the fiald linac 1
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For
' Examiner’s
Use
(c) The path of the negatively-charged particle travelling at constant speed before it

enters a uniform magnetic field is shown in Fig. 6.2.

m’agnetic field into
plane of paper ~

path of-
pa_rtlc; e

Fig. 6.2

(i) Explain why the path of the particle in the magnetic field is the arc'of a circle.

[2]

(ii) On Fig. 6.2, sketch the path of the particle in the magnetic field and as it
emerges from the field. [2]

N (d) (i) Define electric potential at a point.

[2]

(ii) Two isolated point charges A and B are separated by a distance of 30.0 cm, -
as shown in Fig. 6.3.

Fig. 6.3

The charge at Ais + 3.6 x 10° C.
The variation with distance x from A along AB of the resultant electric
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ViV

~200 -

~600 -

1.

Fig. 6.4.

Determine the charge at B.

For
Examiner's
Use
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2. Sketch on Fig 6.5 the variation with distance x from A along AB of the
resultant electric field strength E for x = 5.0 cm to 27.0 cm.
(Calculation of actual value of E is not required.)

E/NC' 4

A 4

0 5 10 15 20 25 30 x/cm

[2]

Fig. 6.5

For
Examiner’s
Use
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For
(a) A conducting rectangular loop of mass M, resistance R and dimensions w by / falls Exag‘;ge"s
from rest into a magnetic field B as shown in Fig. 7.1.

Fig 7.1

(i) 1. During the time interval.before the top edge of the loop reaches the
field, the loop approaches a terminal speed v:.

Explain why there is an electromagnetic force acting on the bottom
edge of the loop but not on the top edge of the loop.

[2]

2. By considering the forces acting on the loop, or otherwise, show that
— MgR
t =~ pzy2

3]

3. Briefly explain why v; is dependent on R.

[2]




(ii)

19
The top of the rectangular loop is now attached with a spring of spring

constant k = 12.5 N kg™, and the loop is set to oscillate. The mass M of the
loop = 500 g. ‘

Graph A in Fig 7.2 shows the variation with time, the displacement‘ of the
loop when the magnetic field is switched off.

Displacement/cm

Equilibrium -

point

Fig. 7.2

1. When the magnetic field is switched off, the loop oscillates iﬁ a simple

harmonic motion described by the equation:

k
X

a=-——
M

where x-is the displacement of loop from equilibrium and a is the
acceleration of loop

Determine the period, 7, of the oscillation.

2. The magnetic field is switched on again.

Sketch in Fig. 7.2, the variation with time of the displacement of the
loop. Label the graph B.

(2]

For
Examiner’s
Use
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3. The loop is damaged and does not form a closed conducting loop. With
the magnetic field still tumed on, state and explain the changes, if any, to
graph AinFig 7.2 - .

[2]

(b) This part of the question is on transformer.

~In the ideal -transformér shown in Fig 7.3, the turn ratio N : Nz is 5 : 2, and the
- source root-mean-square (r.m.s.) voitage, Vg is 80.0 V

The source resisfance, Rs, has yet to be determined.

The load resister R is 50.0 Q. A ‘CRO measures the potential difference across
the load to be Vrus =25.0 V

Vs

Fig 7.3

(i) Explain why transformers do not work when a steady direct current is used.

2]

(ii) The potential difference across the primary coil of the transformer is Vp .
The current through the primary coil is /p.

Write an equation relating Vsource, Vp, Ip and Rs. - ]

(iti) Hence or otherwise, determine the source resistance, Rs.

source resistance, Rs = Q [3]

For
Examiner's
Use
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Suggested MS

1(a)

The radian is defined as the angle subtended at the centre of a circle by an arc
length equal in length to the radius of the circle. .

1(b)i)

Weight downwards
Normal contact force radially drawn
F tangential to curvature upwards

(i)

At constant speed, sum of tangential forces = 0 (Resolve forces tangentially)

(iii)

WD = R x area under F-graph

(iv)

Determine area under graph correctly
(Range09—1 1) '

OrWD by F galn in GPE = 1 96 J

WDbyF=areax2 .

Or since gainin KE=0_

)

G = mgR sind
G starts of 0 and around 2 J at /2 (1.57)

K is constant at 0.20 J

(a)

There are standing waves produced in the microwave oven during the cooking
process because incident wave from the left gets reflected by the reflective wall
on the right and they superimpose /overlap /interfere

The conditions must be right such that the distance between the source and wall
must be integral multiples of half the wavelength of the microwave.to form
standing wave (with nodes at the ends.)

as they have the same speed, frequency and (almost) the same amplitude
(follows any of the M1 mark)

(b)(i)

Intensity of the microwave is strongest (largest amplitudes) at the antinodes,
hence the dry regions are the regions of antinodes

Wavelength = 3.0 x 108/2.45 x 10°

=0.1224 m = 12.2 cm

Hence distance apart is 6.1 cm

(i)

(c)

So there are regions in the oven where the microwave has high amplitude
(antinodes) and there are region where the microwave has no displacement
(node). Thus ants can stay away from the regions of high amplitude which has
high heat and thus stay alive.

Understand that the ants will stay away from the position of antinodes /
continuously move to positions of nodes to stay alive.




(d)

The turntable enables different parts of the food to move to the antinodes of the
standing wave and get heated up. Thus it helps heat up the food more uniformly.

Amount of electrir:al energy converted to heat and light

3(a)
per unit charge / when unit charge flow across the bulb

(b) Bulb in 1 can be fully switched off.
In 2, there is always pd across bulb/ there is always current through buib ( or
equivalent)

1 {c) Diagram with a swrtch in the appropnate Iocatlon of the crrcurt
.. | switch’ =
| (d)(i) V?  240%
1 P 60

=960 0

(i) Resistance lower since Room temperature lower than working temperature

- Rate of lattice vibration lower ‘

4

(ai)
Energy levels occupied by Electrons in the atom are discrete.
When electrons transit from a higher energy level to a lower energy level, it emit
photons of energy that corresponds to energy difference between the 2 discrete
energy levels.
Thus only particular frequencies are emitted/observed
since E = hf

(aii) Atoms (or electrons) are in high energy states so either gas at a high temperature
or high voltage applied across it.
Gaseous state to be sufficiently far apart.

(b)(i) 8.68 x 1.60 X 1071 = 1.39 x 10718]. This is ionization energy.

(i) D, since it has the largest energy

(iiii) 1= hc .

= (=067 — (5.73))(1.60 x 10-19) _ “ >

(iv) uv

@ o [c] 8]
Order of lines correct (at least A or D labelled
and Spacing roughly as shown

(f) In a metal, the electrons are delocalized compared to the electrons in an isolated
atom that are attracted to the nucleus.
Hence ionization energy which is the energy need to remove the electron from
the atom is different from Work function energy

5

(a) A high ratio of protons to neutrons would make the nucleus unstable due to the
repulsive nature of the electrostatic force between protons.

(b) Alpha decay causes a loss of 4 nucleons while beta decay has no effect on the

number of nucleons




{c) Total initial momentum = total final momentum of a system

provided there is no net external force acting on the system.

(d) (3) 2Z2Rn —> % Po+ 3 He + energy
(d)(ii) Energy released = (mgn— (Mpo + Mye))C?

= (222.1706 — (218.0090 + 4.0026)) x
_1.66 x 10% x (3.00 x 10°)2

_ , =8.964x 10 J
[ (d)(iii)  |-By COM," . -
.- .. | total pinitial = total p final
1 MR (0) = Mpo Veo + Mie Ve

Mpo Vpo = — Mye Ve

KE=%mV=p?12m

2
Pa
KE of « particle  2m,

KE of Po nucleus  p?,
szo

(d)(iv) KE of « particle = (218 /(218 + 4)) x 8.964 x 101
% (4 x 1.66 x 1027) 2 = (218 / 222) x 8.964 x 1013

v =1.63(1.62830) x 10’ m s™'!

(eXi) Range of KE of 8 particles produced

For energy to be conserved, there must be another particle / wave (neutrino) that
accounts for the remaining energy produced

(eXii) Student is correct if anti-neutrino is emitted along the same axis as the At
nucleus and g particle

so that linear momentum can be conserved in all directions.
OR

Student is wrong as there should be an angle between fhe paths of the At
nucleus and g particle because the anti-neutrino is aiso emitted

so that linear momentum can be conserved in all directions.

6(a)
(i) Gravitational
(i) Gravitational and Electric Field

(iii) Magnetic




Gravitational and Electric

(b)(i) B-field is a region of space where a charge moving not parallel to the field or
conductor carrying a current not placed parallel to the field or a magnetic object
experience a magnetic force.

Region of space with one correct example stated
With at least a correct 2™ example

(i) S-pole of a magnet

(iii)

(©)

@) Force is always constant :
and always normal to motion of charged particle
Hence provides the centripetal force

() e

(d) ,

@) WD by an external agent on a small positive point test charge per unit charge
To bring the charge from infinity to the point.

(i)1. Va+Ve=0atx=18cm.

(3.6 x 10°%) / (411e, x 18 x 102)
+q/(4meo x 12x102) =0

qg=-24x10"°C

(ii)2




E/NC? 3+

- .

T@mni

Explalned why mduced current present

Explained why magnetic force on bottom edge and not on top edge

(iX2)

1. constant speed, forces on I'o'op Blw = mg,
2. By definition 1 = %,
3. By Faraday’s Law € = Bwv,

. MgR
1,2,3 gives v, = ==

(D3)

When R increases, induced current drops
Induced/resistive force drops
Higher v,

(iy1

w? =—

m
T =2 m_2 0.5
=2m 7 =2 s

7=126s

(ii)2

Light damping/moderate dampling: Amplltude decreases gradually;
T ~ unchanged / increases

()3

No induced current
No damping / resistive force /no loss of energy

(bXi)

When steady dc used, the magnetic field from primary remains a constant, hence
no change in flux linkage (experienced in the ¢ore.)

Hence no induced emf experienced by secondary coil

(ii)

Vi=L, Rs+V,

(iii)

Turnratio:N—”z—V"—:-s-,V :5x25V=62.5V
NS v&ﬂ? 2

Energy transferred via transformer: 62.5 x I, = 25 x I =0. 20
Hence 80 = 0.20R; + 62.5 -







