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PHYSICS DATA:

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

elementary charge e
the Planck constant h
unified atomic mass constant U

rest mass of electron Me
rest mass of proton me
molar gas constant R
the Avogadro constant Na
the Boltzmann constant k
gravitational constant G
acceleration of free fall g
PHYSICS FORMULAE!:

uniformly accelerated motion
work done on / by a gas
hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal 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 coil
magnetic flux density due to a long solenoid

radioactive decay
decay constant

K innmnnm

3.00x108 ms!

4nx 107 Hm?
885x10"% Fm?

= (1/(36n)) x 10° F m!

160x10" C
8.63x10% Js
166 x 107 kg
9.11 x 103 kg
1.67 x 107 kg
8.31 JK'mol!
6.02 x 102 mol?!
1.38 x 102 mol!
B8.67 x 10" Nm?kg?
9.81 ms?
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r
T/K = T/ C+273.15
p = 1Nm, 2
5 (€9
E = 3
2kT
X = xpsinwt
V = wvpcosat
T tayx,t-x°
I = Anwg
R = Riy+R:+..
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1 The table below shows the estimates of some physical quantities.

Which row is not a reasonable estimate?

quantity value
A current used in an electric kettle BA
B mass of an adult male 70 kg
c speed of an Olympic sprint runner 10 m s
D | water pressure at the bottom of a public swimming pool 104 Pa

2 A potential difference (p.d.) is carefully measured with a high-quality instrument and found to
be 2.321 V.

Two students, using two different methods to measure the p.d., quote the p.d. as 2.33 V and
2.344 V respectively.

Which statement is correct?

A

B
c
D

The reading 2.33 V is mare accurate and more precise than the reading 2.344 V.
The reading 2.33 V is more accurate but less precise than the reading 2.344 V.
The reading 2.33 V is less accurate but more precise than the reading 2.344 V.
The reading 2.33 V is less accurate and less precise than the reading 2.344 V.

3 A man is parachuting towards the Earth. According to Newton's third law of motion, the force
which makes an action-reaction pair with the gravitational force on the man is

oowPr

the gravitational force on the Earth due to the man.

the viscous force of the man and his parachute on the air,
the viscous force of the air on the man and his parachute.
the tension in the harness of the parachute.
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4 A non-uniform rod XY is balanced horizontally on top of a triangular wedge. The top of the
wedge O is at a distance 1.10 m from the end X of the rod.

X 0 Y

A 1500 g mass is hung at a distance of 0.20 m from X. The rod now needs to be moved
0.25 m to the right to balance horizontally.

What is the mass of the rod?

A 12kg B 3.9kg C 6.6kg D 7.8kg

5 A resultant force F acts on a mass of 150 g. The variation with time f of F is shown on the
diagram below.

FIN

20

tis

-2.0

At time f = 0 s, the mass is moving with a velocity of 2.0 m 5™,

What is the speed of the mass at {= 3.0 87

A 27ms'
B 47ms’
cC 67ms?
D 87ms?
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6 The diagram below shows a wooden block in its upright position, with length 1.0 m, width
3.5 m and height 7.0 m. The density of wood is 850 kg m=.

7.0m

What is the submerged depth of the wooden block when it floats upright in water?
Density of water is 1000 kg m™®.

A

0.85m B 56m C 60m D 70m

7 Ablock starts to slide down a 30" slope from rest as shown in the figure below.

Assume that the friction on the block is negligible. What is the final speed of the hlock after it
has travelled 10 m down the slope?

A

49m st B 85ms” C 99ms! D 13ms!

8 A body of mass 90 kg travels along a horizontal road at a speed of 5.0 m s'. It then
accelerates at 1.5 m 2, At the time it begins to accelerate, the total resistive force acting on
the caris 200 N.

What total output power is developed by the car as it begins the acceleration?

ogoow>

gaow

1700 W
4400 W
5400 W
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11

12

A car is making a circular turn of radius r with speed v. The centripetal force on the car is F.

What is the centripetal force on the car when it makes the same tum at speed 2v?

F

2
F
2F
4F

o0Oom >

A small sphere is moving in a vertical circle at constant speed.

The magnitude of the resultant force on the sphere

at the bottom of the circle is greater than the resultant force at the top.
at the top of the circle is greater than the resultant force at the bottomn.
decreases as the sphere moves from the bottom to the top of the circle.
is the same at the top of the loop as it is at the bottom of the circle.

goocom»>

The neutral pointin the gravitational field between the Sun, the Earth and the Moon is the point
at which the resultant gravitational field due to the three bodies is zero. The mass of the Earth
is about B0 times the mass of the Moon.

At what position is it possible for the neutral point to be? (The diagram is not drawn to scale)

Earth
B.‘
c
® ® o
A
Do Moon

Which statement about two satellites of different masses in the geostationary orbit around the
Earth is incorrect?

The gravitational forces acting on the two satellites are different.
The centripetal acceleration of each satellite is different.

The total energy of each satellite is different.

The angular velocities of the two satellites are the same.

o0 w)>
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13 Two monoatomic gases, X and Y, are in thermal equilibrium in a mixture. The molecular mass
of gas Y is half the molecular mass of gas X.

The root mean sguare speed of the molecules of gas Y is v. What is the root mean square
speed of the molecules of gas X?

v
Ag

v
8
cC v
D 2v

14 The piston is pushed very slowly into a metal cylinder containing an ideal gas.

If the temperature of the gas does not change in the process. Which of the following
statements is incorrect?

A The work done on the gas is equal to the heat lost by the gas.
B The pressure of the gas increases.

C The average kinetic energy of the gas molecules increases due to the work done on the
gas.

D The internal energy of the gas remains constant.

16 A small mass undergoes simple hameonic motion about a point O with amplitude x, and period
T. its displacement x from O at time %Taﬂer passing through QO is

Xa
A B
Xo
B 23
Xo
c 2
V3x,
D 2
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16 A mass m on a smooth horizontal table is attached by two light springs o two fixed supports as
shown below. The mass executes simple harmonic motion of amplitude a and period 7.

movement of mass m

The total energy of oscillation is

2amat/ T2
2nmla?/T
2mea?/ T

A
B
C
D 2m2ma?/ T

17 A sound wave of frequency 400 Hz is travelling in air at a speed of 320 m s,

What is the difference in phase between two points on the wave 0.2 m apart in the direction of
travel?

. n 2n 4
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18 Fig. 1 shows how the displacement of a wave varies with distance along the wave at one
particular time.

Fig. 2 shows how the displacement of one particular point P of the same wave varies with time;

Displacement

E 3

R
c5 Xa

Which of the following graphs correctly depicts the displacement-time graph for point Q7

A Cispiscement of Q B Displacement of Q

Xt 050}~ 2
Mg/\ /
- » line
o \/ - ' \/
c Displocement of @ D Dispiacement of G
Rpfcrncrrmmmmmarmmnna 0‘5:{' - e /\
0 \\./ - 01 \/ -
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19 Two identical narrow slits S; and S; are illuminated with light of wavelength A from a point
source P.

If, as shown in the diagram above, the light is then allowed to fall on a screen, and if m is a
positive integer, the condition for constructive interference at Q is

A
A Xq-Xz= (2m+1)~é-

A
B Xz=X4= (2m+1)5

c X3-X4=ITM

D (xs+X3) - (2% x4) = mA

20 A beam of light that consists of all wavelengths between 480 nm and 600 nm is projected onto
a diffraction grating that contains 500 lines per millimeter.

What is the maximum number of complete continuous spectra that can be observed emerging
from the grating?

A B B 7 cC 8 D 9

21 The charge of a uranium nucleus is 1.5 x 107 c.

What is the potential at the mid-point between a uranium nucleus and an alpha pariicle if they
are separated by a distance of 1.0 x 10"* m?

A 22x100YV

B 43x101V
C 28x108V
D 55x108V
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22 A velocity selector for protons has an electric field of strength 3.0 x 105V m-*, produced by two
horizontal plates. The upper plate is connected to a positive potential and the lower plate is
earthed. A magnetic field of flux density 1.5 x 102 T, directed into the plane of the paper, is at
right-angle to the electric field as shown in the diagram.

=

beam of
protons Magnetic field

into the page

Which of the following could be the possible speed of a proton and its observation?

speed observation
A 1.8x10°" ms? undeflected
B 20x10'ms! deflected downwards
c 22x10" msg" deflected downwards
D 24x10° ms” deflected upwards

23 When four identical resistors are connected as shown in diagram 1, the ammeter reads 1.0 A
and the voltmeter reads zero.

IS.O \'J ~
- O
[ /1
] __:_6.0\!
diagram 1 diagram 2

The resistors and meters are reconnected fo the supply as shown in diagram 2.

What are the meter readings in diagram 27

voltmeter reading / V ammeter reading / A
A 0 1.0
B 0 0.5
[ 30 1.0
D 8.0 ' 05
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24 The diagram below shows a setup of two current-carrying wires X and Y, and a single-turn coil
Z

Wire Y

Coil Z

Wire X has length 0.050 m with a current of 1.0 A flowing through it. Wire Y has length 20m
with a current of 0.50 A. Coil Z has a diameter of 0.20 m with a current of 1.5 A.

What is the resuitant force on wire X if the centre of coil Z is on wire X7

50x 108N
4.2 x 107 N
52x 107N
94x10°N

oOm >

More papers at www.testpapersfree.com



13

25 Diagram A shows an aluminium rod moving away from point O, at right angle to a uniform
magnetic field.

Diagram B shows the variation with time ¢ of its displacement s from O.

region of magnetic
field ,
Diagram A Diagram B

Which graph best shows the variation with t of the e.m f. E induced in the rod?

E/\ Ef‘

K

A 4
N

O
=

v
W
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26 A sinusoidal current is represented by the equation
I=lsin{wh
Which equation represents the sinusoidal current with both its period and amplitude doubled?

2i=Lsin (2wl
I=2.[osin(2ﬂ}t)
I=%Lsin2Qwl)
I=2Lsin(Y2wi)

o0Om>

27 Part of the energy level diagram of a certain atom is shown below. The energy spacing between
levels 1 and 2 is three times that between 2 and 3. If an electron makes a transition from level
3 to level 2, the radiation of wavelength A is emitted.

energy

What possible radiation wavelengths might be produced by other transitions between the three
energy levels?

A oniy’—;
B bothgandg

C only 3A
D only 4A

28 Which one of the following statements, referring to a photoelectric emission, is true?

A No emission of electrons accurs for very low intensity illumination, even if the ilumination’s
frequency is above the threshold frequency.

B For a given metal there is a minimum frequency of radiation below which no emission
OCeuUrs.
The velocity of the emitted electrons is proportional to the intensity of the incident radiation.

D The number of electrons emitted per second is dependent on the threshold frequency of
the given metal if the frequency of the incident photon is higher than the threshold

frequency.
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29 Which one of the following best represents the number N of alpha-particles emitted from a
given radioactive source possessing energy E ?

\ 4

Iy ~
A B
> E
0
A
c D
> £
0
30 Which nuclide has the greatest initial activity?
nuclide amount/mole half-life/day -
A ?28Ra 07 2100
B 225 Ac 0.002 10
C 228Th 0.09 400
D 23Pu 0.09 4800

- END OF PAPER 1 -
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PHYSICS DATA:
speed of light in free space c
permeaability of free space Ho
permittivity of free space £
elementary charge e
the Planck constant h
unified atomic mass constant u
rest mass of electron e
rest mass of proton Miip

molar gas constant R
the Avogadro constant

the Boltzmann constant k
gravitational constant G
acceleration of free fall g

PHYSICS FORMULAE:

uniformly accelerated motion

work done on / by & 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.n.m.
velocity of parficle 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 coil
magnetic flux density due to a long solenoid

radioactive decay
decay constant

nwnagnmoemmn

3.00x10%8 ms

4 x 107 Hm'!
8.85x10%2 Fm?

= (1A36m)) x 10° F m!
180x10" C
683x10% Js

1.66 x 1027 kg

9.11 x 103 kg

1.67 x 10?7 kg

831 JK!'mol!

6.02 x 102 mol-!

1.38 x 102 mol
6.67 x 10" N m? kg

9.81 ms?
5 = ut+ %at
¥ = 1+ 2as
W = paAV
p pgh
_  Gm
¢ = 2
r
T/K = T/°C+27315
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3
E = -
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x = xpSinot
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0
v =
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3

Answer all the questions in the spaces provided.

(a) A truckis accelerated from rest by a constant driving force. It experiences a drag force
which is proportional to its speed. Eventually, the truck travels at a constant velocity.

Explain why the truck reaches a constant velogity,

{b} On Fig. 1.1 sketch a graph to show how the acceleration of the truck varies with time
from the time when it was at rest to the time when it reaches the constant velocity.

acceleration
A

0 * time
Fig. 1.1 (1
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(¢) Fig. 1.2 shows a drone that is able to hover by rotating the four horizontal propeliers
attached to its body. The propellers push the air downwards and impart the air with a
certain speed. The mass of the drone is 0.50 kg and each of the propellers has a

radius of 15.0 cm.
5 propeller
y
Top view of a drone
Fig. 1.2
(i) Cakulate the upward force by the air on the drone.
upward foree= N [1]

(ii) State, with a reason, the magnitude of the downward force exerted by all of the
drone’'s propellers on the air.

.....................................................................................................
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{iii} The density of airis 1.3 kg m?,

Determine using Newion's second law of motion the speed imparted to the air
by the propellers.

{b} A fixed mass of monatomic ideat gas undergoes a cycle of changes A—> B — C — A
as shown in Fig. 2.1.

p/105Pa
F 3
B
']
L 4
2.0F------- . > y A
c :
: —» V/10°m?
4.0 20,0
Fig. 21
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(i} Explain why the change in internal energy of the ideal gas during a complete
cycle A— B — C — Als zero.

(il) Calculate the work done on the gas during the process from A to B.

work done on gas = J [2]

(iii) Calculate the change in internal energy of the gas when it undergoes the
process from A fo B.

Change in intemal energy = J 2]
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{(iv) Calculate the heat supplied to the ideal gas during the process from A to B.

heat supplied = J 2]

(v} In acarengine, the expanding combustion gases push the piston which causes
the car to move.

Suggest, with a reason, whether the cycle of changes A — B — C — A could
be the cycle in the piston engine of & car.

(a) Two light identical springs are joined in series and a 120 g bar magnet is hung from
the lower end as shown in Fig. 3.1. The effective spring constant of the combined
springsis 11 N m™.

springs

magnet

Fig. 3.1
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The bar magnet is displaced a small distance vertically downward from its equilibrium
position and released. It then oscillates in simple harmonic motion.

(i) By considering the forces on the magnet at its equilibrium position, and also ata

small displacement x downward from its equilibrium position, show that the
oscillation is a simple harmonic motion where the acceleration a is given by the

equation
a=-92x

(4]

(i} Hence calculate the frequency at which the magnet oscillates.

frequency = Hz [2]
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(b) Two systems in part (a) are now suspended with the North pole of their magnets
located inside a coil of wire. The two coils are connected together with conducting

leads as shown in Fig. 3.2

Fig. 3.2

MagnetA is displaced so that it osdillates vertically. The North pole of magnet A moves
into and out of the coil of wire with simple harmenic motion. As this motion continues,
magnet B starts to oscillate. The amplitude of oscillation of magnet B increases over
time.

Explain why magnet B starts to osdillate with an increasing amplitude.
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{a) Define electromotive force of a cell, and explain its difference from the terminaf
polentisl difference across the terminals of the cell.

(b) The variation with current 7 of terminal potential difference V across a battery with
e.m.f. E and intemal resistance ris shown in Fig. 4.1.

VIVT
A_
[ —
0 B 11A

Fig. 4.1

In Fig. 4.1, state and explain the significance of the values of
(i) the vertical intercept, A,
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{c) In an attempt to obtain the graph of Fig. 4.1 for the battery, a student sets up a circuit
as shown in Fig. 4.2.

Fig. 4.2

State and explain why the circuit shown in Fig. 4.2 is inappropriate for obtaining data
for the full range of valuss in Fig. 4.1.

{d) In the space below draw a circuit diagram, using the appropriate components, from
which the full range of values in Fig. 4.1 may be obtained.

(2]
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5  Fig. 5.1 shows 2 point source S emitting continuous waves at a distance  from a plane
reflector R. As a result, regions of high intensity such as C, G'and C" are produced.

movement of detector

Fig. 6.1
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13

(b) A detector is moved in the direction indicated by the dotted arrow in Fig. 5.1. Explain
how the detected intensity of the waves would vary.

(c) When the frequency of S is decreased slowly, the regions C, C' and C" move in the
direction D as shown in Fig. 5.1, Explain this phenomenon.

6 {a) A simple a.c. generator which consists of a ractangular coil with 40 turns is rotating at

50 revolutions per second in a uniform magnetic fietd of flux density 50 mT. The coil
is 50 cm long and 35 cm wide, as shown in Fig. 6.1.

magnetic
field

rectangular
coll o

£ A)

35cm
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(i) Define magnetic fiux.

(ii) Calculate the maximum e.m.f. induced in the coil.

maximum e.mf. = vV [

{(b) The output from the generator in part (a} is connected to the input of a transformer.
The transformer has 40 tumns on its primary coil and 10 tums on its secondary coil.
The transformer may be considered to be ideal. The output from the transformer is
connected io a resistor of resistance 100 Q and a diode, as shown In Fig. 6.2.

transformer 1 40 10
input turns ‘g turns l l 10a

Fig. 6.2

Calculate the root-mean-square voitage across the resistor.

root-mean-square voltage = v o (3]
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{c) In an attempt to draw the circuit diagram that represents the system in part (b), a
student drew Fig. 6.3 instead.

transformer 40 10 100 O
input turns turns

Fig. 6.3

Suggest, with a reason, what will happen if the circuit is set up according to Fig. 8.3,
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7 When a very strong earthquake of magnitude 9.0 hit Japan on 11 March 2011, the
accompanying tsunami caused the devastation of the Fukushima Dai-ichi Nuclear Power
Plant {Fk-1). A large amount of radicactive material leaked out of Fk-1 as a result, mainly
through cracks made by the quake on some reactors, explosions, intentional vents to relieve
pressure, and leakage of cooling water that was contaminated with the melted fuel rod debris.

Fk-1 was capable of generating up to 4.7 gigawatts of power through neutren-induced
fissions of Uranium-235 (35U) nuclei. Fission resulting from neutron absorption is called
induced fission. Some nuclides can also undergo spontfanecus fission, but that is quite rare.
Nuclear fission is a decay process in which an unstable nucleus splits into two fragments of
comparable mass, although nearly equal mass is unlikely. Over 100 different nuclides,
representing more than 20 different elements, have been found among the fission products.
Fig. 7.1 shows the distribution of mass numbers for fission fragments from the fission of LV}
Fission yield refers to the percentage of a nuclide of a fission fragment produced per fission.
Two or three free neutrons usually appear along with the fission fragmenis.

10 =1 =
1 b —
= - -
] — ——
E il ——
£ _
e A
T 10 = —
2 ) e
> — =
s e e
9 - -
]
2 N -
189
10° = =
10° L1 1| 1 1 4 1 |
60 80 100 120 140 160 180

Mass Number A

Source: https:iwww.quora.comANVhy-is-promethium-produced-from-uranium-235
Fig. 7.1

The induced fission of 235 may be represented by a nuclear equation of the form
22+ In > 2P+ {Q+(2 or 3),n+energy

where P represents the lower mass number fission fragment, and Q represents the higher
mass number fission fragment.
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One day after the earthquake, elevated levels of lodine-131, Cesium-134 and Cesium-137,
which are common fission fragments of Uranium-235, were detected near the nuclear plant
site. Fig. 7.2 shows some general information of the three fission fragments.

Isotope Symbol | Half-life

lodine-131 12;1 8.0197 days

Cesium-134 12203 2.065 years

Cesium-137 1:512 Cs 30.17 years
Fig. 7.2

(a) Explain the difference between induced and spontaneous fission.

(k) Suggest why the percentage fission yield in Fig. 7.1 is shown on a logarithmic scale.

(c} Deduce the two most common ranges of mass numbers of the fission fragments (P
and Q) of 5],

most common range of mass numbers of P; [1]

most common range of mass numbers of Q: ]

(d) (i) Uranium-235 undergoes nuclear fission to produce Rubidium-97 and Cesium-
137. Write down the nuclear equation to represent this reaction. Use the
chemical symbal Rb to represent Rubidium.

12]
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(1) With reference to Fig. 7.1, state the percentage fission yield of
1. Cesium-137,;
2. Rubidium-97.
Indicate clearly on Fig. 7.1, the points that you read off.

percentage yield of Cesium-137= %

percentage yield of Rubidium-87 = % [1]

(iii) Comment on the similarity of your answers in {d)(ii).

(iv) State the mass number of the other fission fragment produced if one of the
fragments has a mass number of 81 in the nuclear fission of Uranium-235.

mass number = {1]

(e) Deduce which isotope in Fig. 7.2 will be about 47% as radioactive after 33 years.

isotope is [2]
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() The release of lodine-131, Cesium-134 and Cesium-137 into the air, ground and
seawater were monitored closely by the Japanese authority because they readily
decay by emitting beta-particles and gamma-rays. For example, Cesium-137
decays into Barium-137 {Ba) through beta-emission.

95% of Cesium-137 decays to a metastable excited nuclear energy state
(Barium -137m) and is responsible for all emission of gamma-rays, while the
other 5% directly decays to the ground state {Barium-137) of the nucleus. Fig.
7.4 illustrates the decay scheme of Cesium-137.

Cesium-137

0.512 MeV beta-emission (95%)

Barium-137m

1.174 MeV beta-emission (5%) Gamma-ray

emission
Barium-137

Fig. 7.4

Determine the photon energy of the gamma-rays emitted during Cesium-137 decay.

energy = MeV [1]
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(9) Gamma spectroscopy is a technique used by scientists to identify specific radioactive
products from the many possible products that can be produced from the nuclear
fission of Uranium-235. Fig. 7.5 shows the gamma spectra measured at Kunimi,
Fukushima Prefecturs on both 19 March 2011 and 25 April 2011. Photon peaks
generated by Tellurium-132, lodine-131, -132, and Cesium-134, -136 and -137 were
observed in the spectra given in Fig. 7.5. The photon peaks corresponding to lodine-
131 and Cesium-134 are indicated in Fig. 7.5.

11—
@ Kunimi, Fukushima Pref.
1wl —— 19 Mar 16:37

R 25 Apr17:27 .

Count/Channel

10%
02|
1‘61'}‘“
0 500 1000 1500
Gamma-energy (keV)

Source; hitps:/Awww.nature.com/articles/srep00087 (modified)
Fig.- 7.5
(i) Using your answer from (f), indicate on Fig. 7.5 the position of Cesium-
137 in the gamma spectra. [1]

(i) Suggest why no photon peak of lodine-131 was observed on 25 Agpril 2011,

More papers at www.testpapersfree.com



21

(h) The sievert (Sv) is the Sl unit of effective radiation dose. It is a measure of the
biological effects of radiation. One sievert carries with it a 4% chance of developing a
fatal cancer in an adult, and a 0.8% chance of hereditary defects in his or her future
offspring. Doses greater than one sievert received over a short time period are likely
to cause radiation poisoning, possibly leading to death within weeks.

Fig. 7.6 shows the dose rate of gamma-rays recorded by a monitoring car at
Fukushima Daiichi Nuclear Power Station during the incident.

Fig. 7.6

On 15 March 2011, the Japanese Health and Labour Ministry increased the maximum
permissible dose for Japanese nuclear workers from 100 mSv per year to 250 mSv
per year for emergency situations.

If a worker was at the nuclear site from 16:00 hrs on 16/3/2011, estimate the time that

he must be evacuated from the site before his life is in danger. Assume that the worker
does not leave the site.
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(i) Compare the three types of radicactive decay. alpha-decay, beta-decay and gamma-
decay. Explain which of the three poses the greatest health risk if the source is:

4. outside the body;

2. ingested and enters the body.

-- END OF PAPER 2 --
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PHYSICS DATA:

speed of light in free space e = 3.00x10* mg!
permeability of free space o = Anx107 Hm!
permittivity of free space e = &85x10” Fm?’
= (1/(36m) x 10 F m-!
elementary charge e = 160x10" C
the Planck constant h = BB3IXx10™ Js
unified atomic mass constant u = 186x107 kg
rest mass of electron me = 911x10% kg
rest mass of proton me = 1.87x1077 kg
molar gas constant R = 831 JK'moH!
the Avogadro constant Ni = 6.02x10% motl!
the Boltzmann constant k = 1.38x10% mol’
gravitational constant G = B667x10" Nm2kg?
acceleration of free fall g = 981 ms?
PHYSICS FORMULAE:
uniformly accelerated motion s = ut+ hal
vV = ¥+ 2as
work done on / by a gas W = pAY
hydrostatic pressure P = pgh
gravitational potential P Gm
4
temperature T/K = T/°C+273.15
ressure of an ideal gas INm
P po= e
mean transfational kinetic energy of an ideal gas molecule E - f T
2
displacement of parficle in s.h.m. x = xpsinot
velocity of particle in s.h.m. v = wveeosof
= dayx’-x
electric current I = Anwg
resistors in series R = R/ +R:+..
resistors in parallel IR = IR +IR+..
electric potential 0
V =
Ire,r
alternating current / voltage x = xpsin of
magneftic flux density due to a long straight wire 3 = u,1
2nd
magnetic flux density due to a flat circular coil _ o#M
2r
magnetic flux density due to a long solenoid B = unl
radioactive decay x T xeexp(-Ay
decay constant In2
o=y

2
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Section A
Answer all the questions in this section in the space provided.

1 {(a) State Newfon's second law of motion.

(2]

(b) Use Newten's second law of motion to deduce the principle of conservation of
linear momentum.

[2]
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2 A student construcls a potentiometer as shown in Fig. 2.1. The driver battery has
negligible internal resistance and an e.m.f. of £; = 2.0 V. Wire PQ has a total length of
50.0 cm and resistivity 0. Wire PQ also has a total resistance of 10.0 Q. Unfortunately,
there is a defect in wire PQ (shaded in Fig. 2.1) where that part of the wire has a cross-
sectional area, S, that is half of the rest of the wire. This defective portion has a length
that is denoted by x.

E1 =20V
l1
II
J X
P " — - Q
Y Er (:)
Fig. 2.1

The student carried out an experiment and determined that the e.m.f. Ez was 1.01 V.
The balance length PJ which did not include the defective portion, was 25.5 cm.

{a) When the potentiometer is balanced, determine the current /o in the wire PQ.

cument, le.g = A {n

{(b) (i} Using your answer from (a)}, obtain an expression for
1. Vpy, the potential difference between points P and J, in terms of S and
e

(1

2. Vrq, the potential difference between points P and Q, in terms of p, S
and x.

[1]
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{ii) Hence determine the defective length, x.

defective length, x = cm [2]

(c} In a further experiment, the student swaps the connections fo the wire PQ and
repeats the measurement, as shown in Fig. 2.2.

E:=20V
f
1
X J
Q — P
BT ‘fp
Fig. 2.2

State and explain if the new balance length QJ' would be shorter, longer or
unchanged from the set-up in Fig. 2.1.

[4]
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3 A binary star system shown in Fig. 3.1 consists of two stars orbiting around their
common centre of mass, P. One such binary star system is known as Sirius where the
mass of Sirius A is twice the mass of Sirius B. The mass of Sirius B is 1.99 x 10% kg,

Sinus A is at a distance of %D from P. Sirius B is at a distance of %D from P.

centre of mass, P
Sirius B@— —————— ¥——= Sirius A

!"’f >|(‘ —

Fig. 3.1
(a) State Newfon’s faw of gravifalion.

(2]

(b) The orbital period of this binary star system is 50 years. Determine the distance
D between the binary stars, assuming that the stars move in circular orbits.

distance D = m [4]
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{c) Determine the speed of a probe, originally at rest at infinity, when it reaches the
centre of mass of the star system.

speed= ____ms! (3]

{a) Fig. 4.1 shows two identical small positive charged spheres A and B, each having
a mass of 5.0 x 10~ kg in equilibrium. Sphere A is fixed in position by an insulated
rod while sphere B is free to move and attached to the ceiling by a string with
length 0.20 m.

VA A

COIIING il
15°

string,
insulated rod 0.20 m

sphere B
sphers A ) ’

Fig. 4.1

The string suspends at an angle of 15° to the vertical insulating rod and it also
makes a right angle with the straight line connecting the two spheres.

Calculate
(i) the repulsive force acting on sphere B due to sphere A:

repuisive force = N [31
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(i) the magnitude of the charge on each sphere.

charge= Cc (2]

{b) Sphere B connected with the same string as part (a) is now projected into the
page at a speed of 0.50 m s such that it orbits horizontally around the same
vertical insulating rod as shown in Fig. 4.2.

insulating rod

Fig. 4.2
The string makes an angle of 21° with the insulating rod. The distance between
sphere A and sphere B is now found to be 0.148 m and the angle between the
string and this line connecting sphere A and B is now 130°.

{i) Show that the resultant horizontai force on sphere Bis 1.7 x 10% N,

(2}
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{ii) Calculate the tension in the string.

tension= N [3]

{c) A uniform magnetic fisld perpendicular to the motion of sphere B is now
introduced to the system in part (b) as shown in Fig. 4.3.

]
string Region of
magnetic field
<1 *‘X srhere B
Yy v v sphér;;;ﬂ;- """ v Yy v
Fig. 4.3

Discuss how this mig'ht affect the subsequent motion of sphere B.

3]
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(#) In the presence of air, sphere A and B will slowly discharge as they ionize the air
particles around them.

Describe the path of sphere B when this happens.

(1]

(a) State two differences between a progressive wave and a stationary wave.

2]

(b} Two coherent radiowave sources Sy and S; that are in phase face each other,
" separated by a distance of 1.25 m, as shown in Fig. 5.1. Point P is located along
line AB, x metres away from A,

f—xm i
s [(fro-o- e ppipteialuniehleiainis Bt S

Fig. 5.1

(i) Show that the positions of minimum intensity along the line AB can be
described by the following equation:

2L =(2nt1)A
where :
L is the path difference between the waves from 81 and S,

nis any integer and
A is the wavelength of the radiowaves.

1
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{ii) Determine the number of points along AB where minima would be expected
when radiowave sighals of wavelength 0.429 m are produced.

number of points = [3]
6 (a) Ametal plate has work function of 4.5 eV. When uliraviolet radiation of wavelength
120 nm is incident on the plate, a photoelectric current is detected.

{i) Calculate the maximum speed of the photogiectrons as a result of this
illumination.

maximum speed = _ ms™ [2]

(i) The uncertainty in the speed of the photoelectrons in (a)(i} is 0.50%.
Assuming that the photoelectrons are moving in the horizontal direction,

1. determine the uncertainty in the horizontal momentum of the
photoelectrons;

uncertainty = Ns i3]
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2. determine the minimum uncertzinty in the position of the
electron.

uncertainty = m [2]

{(b) Fig. 8.1 shows an x-ray spectrum.

Intensity '

wavelength
Fig. 6.1

Describe how the continuous spectrum Is produced.

[4]

7 (a) State experimental evidence to suggest that the process of radicactive decay is
(i) random,

[}
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(iiy spontaneous.

[

{b) A student measured the count rate from a sample of pure iodine-131 at various
times. The results are shown in Fig. 7.1. lodine-131 decays by beta emission to
form xenon-131 which is stable.

count rate (counts per second)

500

500

300

200

100

[ ]

0 4 8 12 16 20 24 . 28 32
time {days)

Fig. 7.1

Use Fig. 7.1 to determine a value for the half-life, in days, of icdine-131.

half life = __days  [3]
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(¢) Explain why the determination of the half-life of iodine-131 by the method in (b)
requires that the product of the decay is stable.

(1]

(d) Suggest why the percentage systematic error will not be significant if the student
neglected the background radiation.

1
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Section B

Answer one question in this section in the spaces provided.

8 In a roller coaster ride, a train of mass 1200 kg and carrying a load of 400 kg is pulled
up a smooth slope at a constant speed of 1.5 m s! by an electric motor to a height of
80.0 m as shown In Fig. 8.1. The train with its load is then released from rest at point A
and moved to point B along the curved track.

Fig. 8.1

{a) (i} Calculate the minimum force required to pull the train with its load up the
slope at the given speed.

minimum force = N [2]

{ii) The efficiency of the motor is 80%. Calculate the electrical power that is
supplied to the motor to pull the train with its load up the slope to point A.

electrical power= kW (3]
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(iii) Between A and B, the train experiences an average resistive force of
3.0 kN. If the train armives at B with a speed of 8.0 m &7, determine the
distance travelled by the train between A and B.

distance travelled = m [3]

{iv) Suggest why the resistive force on the train is unlikely to remain constant.
(lgnore the resistive force due to air resistance )

1]

{b) In another segment of the ride, the train loop the loop in a circutar track as shown
in Fig.8.2. The radius of the circular motion is 26 m.

Point D is at the bottom of the circular motion.
Point E is at the right of the circular motion.
Point F is at the top of the circular motion.
Point G is at the left of the circular motion.

50 m

() D

Fig. 8.2
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{l On Fig. 8.3 below, draw the free body diagram of the train at point D and
point F.

Point D Point F

- e

(2]

(i} Determine the minimum speed of the train at point D so that it can loop
the loop.

minimum speed = ms!  [4]

(c) Itis suggested to keep the speed of the train constant.

3] On Fig. 8.4, sketch the graph to show how the normal coniact force
experienced by the train varies as it moves from Point D to G and back to
D.

Normal
contact w*
force

A J

Fig. 8.4
(3]
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(i)  Discuss why it is difficult to maintain the train at constant speed during the
loop the loop.

12]

{a} Define electric potential.

[2]

{b) Two idenfical point charges, of +Q each, are Incated at a distance 2d apart as
shown in Fig 9.1.

-— d re d >
+Q +q +Q
@ O ®
A C B

Fig. 9.1

A third charge of mass m, and charge +q is placed at C, midpoint between the
two charges.

(i) Obtain an expression for the electric potential at point C due to the two point
charges atA and B.

electric potential at point C = _ v [2]
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{ii) Sketch in Fig. 9.2 to show how the electric potential varies with the
position along AB for the following cases:

1. due to the point charge at A
2. due to the point charge at B
3. due to both point charges at A and B.

electric potential
A

A C B

Fig. 9.2 (3]

(iii} The charge +q is then being displaced horizontally and released. It is
obsarved that charge +g exhibits simple hammonic motion with an
amplitude of x,, where x, is significantly smaller than d.

1. On Fig. 9.3, draw a wellHabelled free body diagram to show the
electrostatic forces acting on the third charge +q at the instant when
it is being displaced at a distance of x to the left of C.

+q

O

X

|

c
Fig. 9.3 2]

2. Derive an expression for the magnitude of the resultant electrostatic
force experienced by the charge due to the point charges at A and B.

resultant electrostatic force = N M
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The angular frequency of the oscillations can be expressed as
follows.

1Y
ne md’
Determine the period of oscillation using the data provided below.

w=

m. 6.8 x 10-% kg
g:32x10%C
@ 1.28x10%C
d. 86cm

period = s [1]

On Fig. 9.4, sketch three graphs to show how the lotal energy,
potential energy and kinetic energy of the charge +g vary as it
oscillates between —x, and x,, Label each graph.

Energy
F 3

| ] >
-Xo 0 Xlo Displacement

Fig. 9.4

(31
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{c) An electron was accelerated from rest with potential difference of 1.0 x 104V,
before entering at right angle into a uniform eleciric field region provided by a pair
of charged parallel piates, separated at a distance of 3.0 cm as shown in Fig. 9.5.

+ + + + + + + +

Direction of travel
—_—
9 3.0cm

electron

3
L 4

250cm

Fig. 9.5

(i) Determine the speed of the electron when it entered the uniform
electric field region.

speed = ms! [2]
(i)  OnFig. 9.5, draw the electric field lines between the pair of charged

parallel plates. (11

{(iii} The electron entered the uniform electric field region at the midpoint
between the two charged parallel plates.

1. On Fig. 9.5, sketch the trajectory of the electron within and
bsyond the parallel plates. (1

2. Show that the electron did not hit any of the paraliel plates when it
emerged from the uniform electric field region. The electric field
strength between the parallel plates is 5.7x10° N C-.

(2}
- END OF PAPER -
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1.

In this experiment, you will investigate the variation of current / with potential difference.V of an
electrical component Y.

(a) Set up the circuit as shown in Fig. 1.1, with the rheostat connected as a potential divider and
taking care component Y is connected the right way around.

o “

- T
] slider N\

potential divider

: (rhecstat)
¥
3l

component Y

470[

Fig. 1.1

(b) Place the slider of the rheostat at its mid-point.

(c) Close the switch. Record the potential difference across component Y and the current flowing
through it.

1]

potential difference

" current

)
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(d) Adjust the slider to vary the potential difference V, from 0V to the maximum value, across

component Y so as to obtain further readings of the current I through component Y. The
current will remain zero for low values of V.

Record sufficient readings of V and I so that a curve could be plotted.

(%]

[Turn Over
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(e) ©On the graph grid on page 5, draw a curve to show how 7 varies with V. [3]

(H () From the curve drawn on page 5, describe how the resistance of component Y varies.

..[2]
{ii) Suggest a practical purpose of using component Y in an electrical circuit.
............................................................................................................... f1]
(g) Suggest a reason for connecting the 47 Q resistor in series to component Y.
1]

[Total: 14 marks]

More papers at www.testpapersfree.com



[Turn Over

More papers at www.testpapersfree.com




2. In this experiment, you will investigate the extension of a spring.

{a) You have been provided with a spring.
Measure and record the length xo of the unstretched spring, as shown in Fig. 2.1.

e

'
e erminm el

Fig. 2.1

b (R

{b) Set up the apparatus as shown in Fig. 2.2.

retort stand A

e walei e IR e

rod of the clamp

spring

retort stand B

™
)

bench

Fig. 2.2

The height h of the rod of the clamp above the bench should be approximately 38 cm.
One loop of the spring should be around the rod of the clamp.

The other loop of the spring should be around the rod of retort stand B close to the top of
the rod and secured using blu-Tack.
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{c) Slide the base of retort stand B until the angle between the rod of retort stand B and the
stretched spring is 90°,

The length of the coiled section of the spring is x.
The angle between the rod of retort stand B and the horizontal is 6.
The lengih between the base of the retort stand B and the spring is L.

Measure and record x, fand L.

x=
0=
L=
ie]
(d) Calculate e where
e=X—Xo
e= 1]
(e) Estimate the absolute uncetainty of &,
absaolute uncertainty = ... [1]
[Furn Over
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] Reduce the height i of the rod of the clamp to approximately 32 cm. Keeping L constant,
slide the base of retort stand B until the angle between the rod of retort stand B and the

stretched spring is again 90°.

Measure and record x and 4. Calculate e.

(@ Theory suggests that the quantities e and  are related by the equation

e +-"-’P—tan6‘oosﬂ =%cose

where p and g are constants and m is the mass of retort stand B.

(i}  Using the values in {c), (d), (f) and m = 1800 g, calculate p and g.
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P
g=
[2]
(ii) Itis also found that
=
P=%
where g =9.81 ms?2 y=4.2 cm and kis the spring constant of the spring.
Calculate k.
(1]

(ii)) If you were to repeat this experiment with other values of 8, describe the graph that
you would plot to determine k.

2]

[Total: 9 marks]

[Turn Over .
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10

In this experiment, you will investigate the variation of the fundamental frequency fof a
stretched string with a fixed tension T.

(a)} Fig. 3.1 shows the apparatus which has been set up for this experiment
The mass M = 1.000 kg.

Do not dismantle the apparatus during the experiment.

L is the length between the bridges and is initially set to approximately 25 cm.

The paper rider should be placed on the siring around the mid-point between the two
bridges.

W retort stand stretched string

paper rider
G-clamp

loop of string

Fig. 3.1
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(i) Hitthe tuning fork against the rubber bung to set the tuning fark into vibration and,
immediately, rest its handle gently on the wooden box as shown in Fig. 3.2,

(i) While keeping the handle of the vibrating tuning fork resting on the wooden box,
move the bridges gradually to increase the length L until you observe the strongest
vibration of the paper rider or the paper rider jumps off the string. You may need to hit
the tuning fork more than once.

The length L should not exceed 35 cm.

stretched string

bridge

ry
R,

AN
R

\\

paper rider tuning fork ~ Wooden box

Fig. 3.2

(iii) Measure and record the length L and the frequency f of the tuning fork, when the
paper rider has the strongest vibration or jumps off the string.

frequency F= ..o

lengthL=.......cooomminniii,
(2]

[I'Urn Over
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(b} Estimate the percentage uncertainty in your value of L.

percentage unceraintyin L= ..........ccccoo oo 1]

(¢} Choose ancther tuning fork of a different frequency and repeat (a)(i} and (a)(ii) to obtain
another set of readings for L and f.

Measure and record L. and f.

freguency F= ......cocoriiimne

lengthl = ...
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{d) Itis suggested that

2Lf =kmg

where Kk is a constant and m is the total mass hung on the stretched string.
(i) Use yourvalues from (a)}{iii} and (c} to determine two values of k.

Give your values of k to an appropriate number of significant figures.
Assume g=9.81 ms?

firstvalue of K= .. ..o

secondvalue of K= ... e ieen

(2]

{ii) State whether the results of your experiment support the suggested relationship in
(d).

Justify your conclusion by referring to your values in (b).

]

[Turn Over
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{e) You will now determine two more values of k by varying m for two different frequencies of
tuning fork.

()  Adjust the bridges such that the length L is fixed at 35.0 cm. Do not change the
length L in this part of the experiment.

{i) Hang the 100 g mass hanger onto the loop of string, shown in Fig. 3.3.

stretched string

loop of string

mass hanger

Fig. 3.3
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{iii) Hit the tuning fork against the rubber bung to set the tuning fork into vibration and,
immediately, resf its handle gently on the wooden hox. Observe the vibration of the
paper ricer.

(iv) If the paper rider does not show the strongest vibration or jump off the string,
increase min steps of 100 g slotted mass and repeat step (iii).

{v} Stop increasing m when you cbserve the strongest vibration of the paper rider or the
paper rider jumps off the string.

Measure and record fand m,
Repeat for a second tuning fork.

Tabulate your results of m and £, including the values of k.

[Turn Over
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{vi) Comment on your values of k in (d)(i) and (e}(v}.

f3]
(H (i} State two significant sources of error in this experiment.
2.
2]

(i) Suggestan improvement that could be made to the experiment to address one of the
sources of error identified in (f){i). You may suggest the use of other apparatus or a
different procedure.
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{9) The oscillaticn of a stretched string depends on the properties of the string.

It is suggested that the fundamental frequency fis inversely proportional to the square
root of the diameter d of the string.

Explain how you would investigate this relationship using the same apparatus. In addition,
you have access to a set of 12 tuning forks and 8 strings of different diameters.

Your account should include:

» your experimental procedure
* control of variables

how you would use your results to show inverse proportionality

why you might not have enough results to reach a valid conclusion.

..5]

[Total: 20 marks]

[Turn Over
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4. A student is investigating the force between two charged metal spheres § and T, as shown in
Fig. 4.1,

Fig. 4.1

Each sphere may be charged by connecting the positive lead from a power supply to the
sphere and then removing the lead. The electromotive force (e.m.f.) of the power supply used

to charge sphere T is V.

The force F between the two charged spheres may be determined by attaching sphere S to an
electronic balance.

For a constant charge on sphere S, it is suggested that the refationship between Fand Vis
F=kv®r"

where ris the distance between the centres of the spheres; and k, m and n are constants.

Design an experiment to determine the vaiues of k, m and n.

You should draw a diagram to show the arrangement of your apparatus and you should pay
parficular attention to

(a) the equipment you would use
(b) the procedure to be followed

{c) the measurements to be taken

(d} the control of variables
(e) any precautions that should be taken to improve the accuracy and safety of the experiment.
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Diagram

{Turn Over
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[Total: 12 marks]
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2019 H2 PHYSICS J2 PRELIM PRACTICAL
APPARATUS LIST - PREFARATION

Q1
1. One 6V dry cell

2. One rheostat (22 ohm, 3.3 A}

3. One Cyan LED — Fully covered with card and labelled Y, '+ and ‘-
The student does not need to know that Component Y is a LED.

4. One 47 ohm resistor — labelled '470’

5. Two digital multimeter — No presetting of range to be done. The multimeters
should be switch off before the exam starts.

6. One switch

7. Six connecting leads

. One boss and clamp
. Two retort stand
. One spring {dark colored) — Spring constant of approximately 27 N m”

1
2

3

4, One metre rule
5. One half-metre rule
6. One protractor

7

. Some Blu-Tack

1. Four tuning forks of 271 Hz, 288 Hz, 302 Hz and 320 Hz (Shared Basis)
Each lab should be 6 sets of tuning fork
2. Four pieces of paper riders on petri dish
Each paper rider has dimension of approx.. 1 cm x 0.5 cm and folded into half.
One mallet / rubber bung to be used as tuning fork striker
One 1 kg standard mass or 2 x 500 g standard mass — labelled as 'M’
One 100 g mass hanger

I e

Four 100 g standard masses
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7. One goggle

8. One Half-meter rule

9. The following will be pre-setup for students : (See Note 1)

N retort stand stretched string W

paper rider
G-clamp G-clamp

loop of string

Fig. 3.1

Note: 1

@
®)

()

{d)
(e
(f

(9)
{h)

The mass M 1 kg is hung on the top loop of string at the pre-setup.
The string used is braided fishing line string (Darcon Fishing line — 30 Ib Test,
www.izorline.corm)

The string is 2 m long with 2 loops tied at one end as shown in diagram.

One end of the string is connected to the boss while the end has two loops. One
loop will be used to hang the 1 kg mass M at pre-setup. The second loop will be
used by the student to hang the mass hanger during the experiment.

The two retort clamps must be G-clamped.

The wooden box has the dimension of 60 cm x 10 cm x 10 cm

The bridges are two triangular wooden block of approx..60 cm (length) x 1.5 cm
(height). '

L is set to 25 em.

The paper rider is placed at the mid point at the pre-setup.
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APPARATUS LIST ~ WRITTEN ON WHITE BOARD

=

One 6 V dry cell

One rheostat

One electrical component labelled Y
One 47 ohm resistor

Two digital multimeter

One switch

NN 2D

Six connecting leads

. One boss and clamp
. Two retort stand
. One spring

1

2

3

4. One metre rule
5. One half-metre rule
6. One protractor

7

. Some Blu-Tack

Four tuning forks of 271 Hz, 288 Hz, 302 Hz and 320 Hz (Shared Basis)
Four pieces of paper riders on petri dish

One rubber bung (tuning fork striker)

One 100 g mass hanger

Four 100 g standard masses

One goggle

One Half-meter rule

A apparatus has been set up as shown in Fig. 3.1.

e I A
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NAME CLASS 2T

Catholic Junior College
JC2 Preliminary Examinations

Higher 2
PHYSICS 9749/01
Paper 1: Multiple Choice 4 September 2018
1 hour

Additional Materials: Multipte Choice Answer Shegot

READ THESE INSTRUCTIONS FIRST

Wirite your name and titorial group on this cover page.

White and/or shade your nama, NRIG f FIN number and HT group on the Angwer Sheat (OMR sheel), unless
this has been done far you.
‘Wiite in soft pencil.

Do nat use staples, paper clips, highlighters, glue or corestion fluid.

Answer all 30 questions in this paper.
Far each question there are four possible answers, A, B, C and D. Choose the one you consider correct and
record your choice in soft pencll on the separate Answer Sheet (OMR sheet).

Read the Instructions on the Answer Sheet carefully.
Each comect answer will be awarded one mark. A mark will not be deducted for & wrong answer.

Any rough working should be done in this booklet,
The use of an approved scientific calculator Is permitted, where appropriate.

This document consists of 21 printed pages and one blank page.
[Turn over

PHYSICS DATA:

speed of light in fres space
permeability of free space
pemittivity of free space

slamentary charge

the Planck constant

unified atomic mass constant
rest maes of slactron

rest masgs of proton

molar gas constant

tha Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

PHYEICE FORMULAE:

uniformly aceeleratad motion

worl done on / by a gas
hydrostatic pressure

gravitational patentiat

temperature
prassure of an ideal gas

mean translational kinetic energy of an ideai gas

molecule
displacament of particie in s.h.m.
valocity of particle in s.h.m,

slectric current
reslstors in series
rasigtors in paraliel
elactrdc potentiat

alternating cument / voltage

magretic fux density due to a long straight wire

3]

“Jmk-hz:u§.3::::m

magnetic flux density due to a fiat drcular coil

magnetic flux density due to a long solenaid

radicactive decay
dacay constant

nowEnnanaun g

300x10* ms"
4xx 167 Hmr!
8.85% 107 Frmr!
a (13620} x 10 F !
1680 x10¥ ¢
66310 Js
1868 x 107 kg
9.41 x 10 kg
1.87 x 107 kg
8.31 JKImel!
8.02 x 102 moH!
1.38 x 10-#8 mgH!
.87 x 10" N m? kg?
9.81 ms?
s = ul+ Hal®
Vv = '+ 28s
W = pav
P = pgh
¢ = _Gm
r
T/K = T/'C+273.15
p = I1Am
3V AOMV
E =3
u».ﬁ
X = xg$in et
v = vpcosal
O
I = Anwg
R = Ri+Rx+..
1R = 1R+ 1R+
ves Q
478ar
X = xogin ot
B = ul
nd
B = g
2r
B = pnl
X = xpexp{-Ai)
A= 2
t,

2
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5

8

diagram below,

m_..z.

2.0 7

5 | A resultant force F acts on & mass of 150 g. The variation with time ¢ of Fis shown on the

What |« the spesd of the mass at t= 3087

At time ¢ = 0 s, the mass is moving with a velagity of 20 m g™,

tls

The diagram beiow shows a wooden block in its upright position, with length 1.0 m, width
3.5 m and helght 7.0 m. The density of wood Is 850 kg ms.

A 27mg!
B ;47ms!
C {87ms!
D |B7msg?
Answer: B
Change in momentum = arsa under the graph
=-R@@Q+%EM
=-1.0Nm
Therefore, mav =.10
Av =-1.0/{150 x 10%)
=-8.67ms"
Hence, Vr-w =-B67
Vi =H5B67+20=-467ms"

Therefore the speed of mass = 4.7 ma® (2 8.f)

35m
——

._.a_._,_v\

Density of water is 1000 kg .

7.0m

\What is the submerged depth of the weoden block when it floats upright in water?

A [086m | B [56m ] ¢ [6om

| D J7om

Answer: C

Weight of water displaced = weight of wooden block
Prator § Vuater diept. ™ Parod § Viced

1000 x g X Buateraspt X A =B850 xgx 70 x A

Pwiater aisps, = 595 m = .0 m (2 8.£).

30

has travelad 10 m down the slopa?

7 | A block starts to slide down a 30" slopa from rest as shown in the figure below.

Assurme that the friction on the block is negligible. What is the final epeed of the block after it

A Jasme | B [85ms" | € [egms

o [13ms

Answer: C

Acceleratlon along the alope = g 8in 30' = 4906 ms™.
vi=u? +2as

vVi=0+2x4905x10

v=99ms"
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Hence Option B is false.

Ogption A 's true because Fa = Fc = m &c. ac same, but with different m, Fa differs.
Qption C is true becauss it can be shown that Total Energy = - Y2 GMm/R, which
depends on the satellite’s mass.

Option D is trus because geostationary implies same period, hence same angular
volotity.

10

B: Ideal gas equatlon, pV = nRT = constant elnce T & n are both constante. So since V
decreases, p increases. Correct

C: {Ey) = mﬁ. Same temperature means that the mean translational KE [= the same.
Incorrect

D: internal energy of an ideal gas = 3/2 nRT. For a fixed n, intamal energy remains
constant et constant T.

13

Two monoatomic gases, X and Y, are in thermal equilibrium [ a mixture. The molecular mass
of gas Y is hail the molecular masa of gas X.

The root mean square speed of the molecules of gas Y is v, What is the roct mean square
spaed of the molecules of gas X?

18

[A small mass undergoss simple Farmonic motian about a point O with amplitude x, end period
T. Its displacement x from O attime 1 T after passing through O is

o2

A 3]

A

Xo
B (243

o
¢ [z

e ]
b ﬁ"’ w|

[+]
D

=
D 2

Salution: B

Thermal squilibrium means same temperature.
Same teimperatuts means that the mean translational KE is the same.

mzn...?amnaon:oonnouo uw.ulﬂo_, Eﬁ_suwu_.oewnocw_ouu:n_Ambnw.___u.nm!:o.

AMNV = Wwﬂ.

1 3
m:inuv = m._nm..

14

The piston is pushed very slowly into & matal cylinder containing an ideal gas.

If the temperature of the gas does not change in the process. Which of the following
statements is incorrect?

Anawer: D

Since time is measured starting from the instant when the cbject is gt O, we use the sine-
function.

Using
X = % sin{wt)

X = Xp8in hwﬂ._._. v
VWhen Tm.
X = Xo8in @xw
= xg8in AMV

aka
2

A | The work done on the gas Is equal to the heat lost by the gas.

B | The pressure of the gas Increases.

C | The average kinetlc energy of the gas molecules increases due to the work done on the

gas.
D | The intemal snergy of the gas remains constant
Answer: C

Metal » good conductor of haat. There can be heat transfer infout of the cylinder.

A: Alf= ma.mbn, =1} . Hence by First Law of thermodynamics, W= -Q. Correct.
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13

From Fig. 2, we can deduce that the wave is moving in the leftwards direction, as depicted
balow.

Displacement

If the wava is travelling to the left, its next position can be represented by the dotlad line
shown abave. A can be ssen to be moving from equilibrium to a displacement in the positive
direction, and B is moving downwards.

A% such, Option A 1s not carrect. In the same light, Option B is also not corect,

Since P and Q are succumbed to the same wave, P and Q will encounter the same amplitude|
magnitude, which is xo. Therefore, Option D is wrong.

19 [Two identical narrow slits 51 and S; are Muminated with light of wavelength A from a point
source P.

X4

Xz

if, as shown in the diagram above, the light is then allowed to fall on & screen, and if m is. g
posifive integer, the condition for constructive interferenca at Q is

A
MyrXp= ﬂNﬁﬂI.—um

X3-Xg = Amid\m__

X3 =Xg= MA

ojo|jm) >

(s Xa) - (Ko Xg) = 1A

Angwer: D

14

For construciive interference 1o take place, the waves meeting at the point must have a path
difference (differenca in the lengths of paths fram the source 1 the meeting point) to be a _._.__
elangth, or integers of multiples of the wavelengths of the wavee.

20 [ A baam of fight that consists of all wavelengths between 480 nm and 800 nm is prajecisd onto
a diffraction grating that contalns 500 lines per milimeter.

What {8 the maximum number of complete continuous spectra that can be cbsarved emerging
from the grating?

A8 B [7 [c B [ b B

Answer: A
dsin@=nk

For longest wavelangth, find the maximum order that can be observed:

nAld<1 -3 n<(1.0x10°/500) 1 600x10° = 3.3

maxn=3

Thus there wilt be & specira observed. (Zeroth order ..smx_ac_s is not a spectrum.}

241 [ The charge of a uranium nucleua is 1.5 x 107 C.

What is the potential at the mid-point betwesn a umnium nucteus and an alpha particle if they
are sepanated by a distancs of 1.0 x 10-° m?

A [22x 107V

4.3x 107V

B
C [28x10%V
D (56x10°V

Anawer: C
Alpha um&n_m is & $He nudeus, hence its charge = +2e = 3.2 X109 C
[

4

t_.ue_ 3 4R EGT2

Since the distancas from the two charges lo mid-point are the seme, 1 =rz.

_ _15xw+32x107
V= PR O IR 28x10°V(284)

Using ¥ =

22 | A velacity sslector for protons has an electric field of strangth 3.0 x 105V m*, produced by two
horizontal plates. The upper plate Js connected to a positive polentiai and the lower plate is
earthed. A magnatic fizld of flux density 1.5 x 102 T, directed into the plane of the paper, is at
right-angles tc the electric field as shown in the diagram.
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Wire Y

Coil Z

Wire X has length 0.050 m with a current of 1.0 A flowing through it. Wire Y. has length 2.0 m
with a curent of 0.50 A. Coil Z has a diameter of 0.20 m with a current of 1.5 A.

What s the resultant force on wire X if the centre of col Z is on wire X7

650x 10t N
42x107 N
52x107 N
9.4 x 10° N

O|Ojm| 2>

Answer; C

By right-hand grip rule, the magnetic flux densities due to wire ¥ and due to coil Z are both out of the
page.
Hence, the resultant magnetic flux density experienced by wire X

= numn+ ol . 4m¥107TXAXLE | AWX107TXO5
r 2 2(0.13 )

=4.042x 105 T
Therefore, the resuitant force onwire X = BIL = 1.042 x 10°x 1.0x 0.05=52 x 10" N

25| Diagram A shews an aluminium rod moving away frem point O, at right angles to a uniform
magnetic field. Dingram B shows the varnation with fime £ of its displacemeant s from O.

18

-V

region of magnetic
field
Diagram A Diagram B

Which graph best shows the variation with ¢ of the e.m.f. E induced in the nod?

Ep E
i ' i
1 L m
A i B HE
1 1 .- N
0 t 0 Tt
Ep, Ep
i " i
c i D
0 t 0 i
Answar: A

By Faraday's _m.i. e.m.f, induced is the rate of change of magnetic flux finkage. Since the rate of
change of magnetic flux linkage is proportional to the velocity of the rod, the e.m.f.-time graph has the
same shape as the velodty-time graph. i.e. refers to the gradient of s-t graph.

26 | A sinusoidal current is represented by the equation
I=Lsin{wh

Which equation represents the sinusoldal currentwith both its period and amplitude doubled?

A {=LeinRwl
B |I=2Lsn(Zwl
C |I=%hLsinRwh
D [I=2Lsin{¥%wh
Answer: D

ln is the amplitude and w is the angular frequency.
With double the pariod, it means haif the angular frequency.
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21
Answer: A

AsAN=(In2/ty) N, where N=n.Na {l.e. Nan)

Of the four options, optlon A gives the largest ratio - hence greatast activity

5779
Option A: 3.33 x 10+
Option B: 0.0002
Option C: 0.000226
Option D: 0.00001875

= END OF PAPER 1 -
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Catholic Junior College
JC2 Preliminary Examinations
Higher 2

CANDIDATE

MNAME

e [
PHYSICS 9749/02
Paper 2: Structured Questions 26 August 2019

2 houre
Candidates answer on the Question Paper.
No Addiional Mafarials ane requirad.

READ THESE INSTRUCTIONS FIRST

Wirita your name and class on all the wark you hand in.

White in dark blue or black pen in the epace provided. [LOT FRIXICN ERASABLE PENS ARE NOT ALLOWED)
‘You may use s soft pencil for any diagrams, graphs or rough working.

Do not use staples, paper citps, highlighters, glue or comection fivid.

Answer all questions in Paper 2.

FOR EXAMINER’S USE DIFFICULTY
11 L2 L3

o 110
a2 (L]
] (L]
Q4 12
Q5 1B

Qs [

Qr 20

o PAPERZ: 0 ol B

This documant consists of 27 printed pages and 1 blank page.
[Turn over

PHYSICS DATA:

spead of light in free space
permmaability of free space
permitivity of free space

elementary charge
the Ptanck constant

unified atomic mass constant
rest mass of elactron

rest mass of praton

molar gas constant

the Avogadro constant

the Boltzmann conatant
gravitational constant
acceleration of free tall

PHYSICS FORMULAE:

uniformly accelerated maotion

work done on / by a gas
hydrostatic pressure

gravitational pofenttal

temperature
pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule

displacement of partide in s.h.m.

velocity of particle in s.h.m.

slecttic current

registors in serles
resistors in paratiel
electdc potential

alternating currant / voltage

magnetic flux denzity due to a long straight wire

&%~

LSRN R

magnetic flux density dus to a fat circular coil

magnetic Rux density due to a long solenald

radicactive decay
decay constant
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L2

(i)

According Newton's 3™ Law, the downward force of the propellera M1
on the air must be of the sams magnitude as the upward force of
tha air on the propellars.

Total downward force = 4.9 N A1

The density of airis 1.3 kg m3.

Determine using Newton's second law of motion the speed imparted to the air
by the propellers.

speed = ms! 4]

Assume propellers push air downward wiik a spead v.

Total cross sectlonal area of tha alr {for 4 propsliers)
=4 x = 4 x x (0.15)° = 0.2827 m*
[Altarnatively, divide the totel downwards force of 4.905 N by
4

Mass of air baing pushed per unit time

=A pv M1
» 02827 x 1.3 xvV

=0.3676 v

Momentum gained by air per unit time )

= 03676 vx Av M1
= 03676 vx {v—0)

=0.36768

Rate of change of momentum of atr = 0.3876 v

By Newton's 2°¢ Law,

Totat downwards force on air by 4 propsllsrs M1
= Rate of change of momentum of air
4,905 = 03676 v Ad

v = 3.654=3.7ms"

2

(a) State the first law of ihermodynamics.

2]

The increass in internal energy of a closad system ie equal to the sum of B2
heat sypblied to the system and the work done gn the system.

B1 —~ Correct quantities referred to
B1 — Directions clearly and correcly stated. Use of “sum of” or
equivalent.

{b} A fixed mass of monatomic idesl gas undergoes a cyclo of changes A+ B 2 C = A
as shown in Fig. 2.1,

pf108Pa
F

B

70—

2.0p--—-- ' v A
c! ;

: —» V/10%m

40 20,0

Fig. 21

(I} Explain why the changa In internal energy of the ideal gas during & complete
cycle A— B — C — Als zero,
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The horizontal intercept is the value of the maximum current that M1
will flow throwgh the battery when there {s no {(external} resista
applied across it. (i.e. short cirtuit current}

(&} In an attemnp! to obitain the graph of Fig. 4.1 for the battery, a student sats up a cireuit
as shown In Fig. 4.2.

Fig. 4.2

State and axplain why the circuit shown In Fig. 4.2 s inappropriata for obtaining data
for the full range of values in Fig. 4.1,

3

the grap B1
. i Thus it is not
posslbie to have the varation of potential difference plotted while cument is

varying.

This Is because the rheostat cannot be adjusted to infinite resistance and thus 81

there would always be some surrent flowing through the circuit.

(d} In the space below draw a circuit diagram, using the appropriate components, from
.which the full mnge of valuas In Fig. 4.1 may be obtained.

14

Saolution:

R E. T

1 D)

» Replace the fixed resistor with a rheostat
s Add In a switch In series with the rhsostat.

2]

BE1
Bt

§  Fig. 5.1 shows a point source S emitting continuous waves at a distance h from a plane

reflector R. As a resutt, ragions of high intenafly such as C, C'and C" are producad.

Flig. 5.1

movement of detector
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(1) Defina magnetic flux.

m

the magnetic flux density normal to the surface and the area of the
surface.

[ii} Calculate the maximum e.mf. induced in the sail.

T
meximum emf, = vV 2]
E = NBAw
= (40)(50 x 102){50 x 10%)(35 x 10-A(2T)H50) ci
=108.96= 110V (28f) Al

(b} The output fram the generator in part (a} Is connected to the input of a transformer.
The transformer has 40 tums on #s primary coil and 10 tums on its secondary coil.
The transfaormer may be considered to be idesl. The output from the transformer is
connected to a resistor of resistance 100 Q and a diode, as shown in Fig, 6.2,

transformer 40

input tumns 1won

Fig. 6.2

Calculate the ront-mean-squane voltage across the resiator.

18

_.uo_.a_mm:.nn:mi vollage = VvV 3]

Let Vo be the peak voltage across the resistor.
L

% Ny w1
v, 10

116~ %0
Vo=275V{2sf}

Sincs the voltage across the resistor Is half-wave reclified,
Mean of vo? for a hatf-wave rectified voltage

= area under the graph/period

=S v T4 xT)

= g4

Hence the root-mean-square, Vom = Vo2 M
=14V {28f) _ N

{€) In an attempt to draw the circuit diagram that represents the systam in part (b), a
student drew Fig. 6.3 instead.

_

transformer a0 10 100 O
Input tums tums

|

Fig. 6.3

Suggest, with a reason, what will happen ¥ the circuit is set up according to Fig, 8.3.
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(a}

(b)

(e

Ll

2t

Explain the difference betwean induced and spontaneous fission.

Unlike zpontanecus fission, Induced fission requirea inltial neutron B9

absorption to accur.

Candidates need ko answer this question by reading the passage in context.

Bugnest why the parmentage fission yield in Fig. 7.1 is shown on a logarithmic scale.

Potcantage fission vield varies ovar a wide range of many arders of magnitude. B1
OR

Logayithmic scale comprasses the scale to accommodate the very wide range

of percentage fission yield values.

OR

To enable plots on the graph to ba well spaced while representing the very wide
range of percentagae fission yield values.

Daduce the two most common ranges of mass numbers of the fisslon fragmente (P
and Q) of 241,

most common range of mass numbars of P; - . M
most common range of mass numbersof@: [1]
From Flg. 7.1,
Most common range of mass numbers of P: 90 to 100 [or 8i 102 AT
Most common range of mass numbers of & 135 to 145 {or 130 to 150 At

Nota that Question has already defined P as the fragment with fower mass. So
answers for P and @ cannot swop.
Marking points:

- Cormect reading of the rangas of values.

- Answers for P and Q not swopped.

{N Uranlum-235 undergoas nuclear fission 10 produce Rubidium-97 and Cesium-
137. Write down the nuclear equation to represent this reactlon. Use the
chemical symbol Rb to represent Rubidium.

2]

22

235 1 97 137 1
U+ it —> R+ [ Co+ 2 n+energy

» Comect vaiue of proton number of Rb (= 37). A
s Daduced that 2 neutrons are emittad. At
s Deduct 1 mark for other mistakes e.g. used "=" inslead of “2"; did not

incude Jn on the LHS of the equation; wrang notations &.9. n, of

In instead of 2)n

Mate: General equation is given in the question, hance no mark puraly
for writing the equation.

() With reference to Fig. 7.1, state the percentage fission yield of
1. Cesium-137;
2. Rubidium-97.
indicate clearly on Fig. 7.1, the points that you read off.

percentage yield of Cesium-137= . %
percentage vield of Rubidium-97=> % (1]
6% for both. (Accept atso 6.5%.) A1

Mark for comect method {clear indication of points read on Fig. 7.1).
Accept also if answers given a 6.5% for one, and §% for the other,

{lll) Commenton the similarity of your answers in {d)(H).

....................................... {3
Perantage yields of both should be similar since they are produced B1
from the same (unlque) fission process. So the probabllities of both
of them forming are equal/same.

{iv} Stals the mass number of the other fission fragment produced if one of the
fragments has a mass number of 81 in the nuclear fissian of Uranium-235.

mass number = [11

153 or 152 A1

Method 1:

Using DU+ sn— P+ S0 +(20r3) 1+ energy
By conservation of mass number,
235+1=81+c+@or3)

c=153or152

Mothod 2:
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[ I ——— —
&) Kunimi, Fukushima Pref. -

107 : —— 19 Mar 16:37
S mem 25 ApriT:27

10° L
0%
10%]
10
10

Count/Channel

10tk e e o i
0 500 1000 1500
Gemima-energy (keV)

Source: htipe/Avww, nature.com/articles/srep000B7 (modiied)

Fig. 7.5

Using your answer from {f), indicate on Fig. 7.5 the position of Cesium-
137 in the gamma spectra.

Solution:

0.662 MeV =662 keV

Acceptindication on either one of the solid or dotted line graphs.

[1]
Ad

26

@ Kunini, Fukushima Pref.
07 — 10 Mar16:37 °
.. = w w26 Apri7i27

Count/Channel
3

10
10°
..._.e..,., e
0 500 1000 -1500
Gamma-energy (keV)

Suggest why no photon peak of loding-131 was cbserved on 25 April 2011.

hence a month after 19 March, on 25 April, about four haif-lives had Bt
assad, hance moat of the lodine would have already decayed.

OR
Half life of lodine-131 is only about 8 days, so by 25 Apiil, yield of lodine-
131 is only 4.42% of that on 18 March which is significantly low.

[ About 36 days passed > W = W = 4.5 half lives passed 3
E]

A4 nas _
4= @ = 0.0442 > A =4.42%]

More papers at www.testpapersfree.com




= T HAdVd 40 ON3 -

“N81 180uBd JEuBly ¢
NG JC 58D JO UD[EINUI SAISLBIXE BI0UI BISNED [ Apeq BUY SpleU] DBISABL
JE SJuEIS{p HYun Jed S|{EJpR! ee)} O Jequunu 50w ay; seshpoid souey

8 ... Bumuo) 155U ey 3t epoued-sydie asneceq "Asoep-sudiy
<
“Apeq ey siajue put pajsebul -7
‘fjdsap se sreqjoued JOUUERD NG HNE
sy} sjensued ued Ipopied-21ag ‘UDE 2yY) ajEneued JOULBD ejojued-eyd|y
g -senssyy Buiay yoees pue Apoq eyy o] Ajdesp jEowl o) souay
e . Puneqeuedisoui oy) 3| Aeeuwed esneoeg "AeIop-BLILIBD

-Apoq auy epising -y

151 @INos e i ¥EH yylesy jeeieaib ey sasod 22 oy Jo udiym ueidx] 'Aesep
-euwwetb pue Aeosp-ejaq ‘Aesap-euydie AB0Sp 8ANDBOIPEI JO sedA) saiy ey siedwod

8¢

U]

suy 7/ =sfep g Bo
‘pasdels uoneNIp (e} st 0AeB sjuepms ) osje deoay

"Ry QO0T | FOZ/S/6E O3 S D0:PE JLOZ//EL WOy 8BURI & MOy

13 ‘SHY 00:g) LEOZ/E/GE O] PUOASALOD DINGHS S|
"ASW pgZ o} jenba

Y BesB puld Ssop B}y 8Yy) O sjenbe gdesl epUN BAIR 1B} SOUBIAR MOYS

‘a)is ey SARd| Jou sa0p
Forom BL) B} BLINSSY “1aBUED Uf S 94| S1U ©J0Jaq B1E A} WO PAIENILAS Bq SN By
1oL Sy Sy} SIRWIRSS '|LOZ/E/D) U0 SI Q00K WCH SIS IESEINU BU 18 SEM JSYIom B |

-suogenys Acuabiawe 10) reek sed
ASW 052 0} Jead Jad ASW (01 Wou) SidIom JEapnu eseueder o) ¥S0P e{qisspuiad
WINWIXEWL G4} pesealoul AIRIUN InoqeT pue yiest| Jseueder aty ') 107 W1ew 51 U0

gL Bid

]

teseiiineg

i
kI

] :m
FrIy
1T

o

Juaptil auy Buunp uojielS Jemog JBejonN IURHEQ ELIUSNYNS
e Jea Buuopuow e Aq papiodal sAerewwed jo ejel esop el SMOus 9L Big

“syaam Wi (peep of Bupes) Agissod ‘Buosiod uope|pe) #SNEd 0}
Ajsy)) a1e pouad alUR LOYS ¥ JoA0 PaANRI LIBASIS BUO uBY) Jorewb sesog Buudayo
SInyny 19y 10 iy U Spejep AlEppaiey jo SoURyD 5480 B PUB “INPB U\ U] JSoued (e}
® BuidojBASp 10 BOUBUD %1 € )| UM SSLIBO HAARIE BUQ "UCHENR )0 S1Deye EaBojiq
81 Jo AINSEEW € §| }| "SEOp UOHEIPR! BAIEYE JO JIUN S B S (AS) Mersis Byl

Le

At AN EDRE SRPLAOE0S . T - &35 .h.ﬂon ,

(W

More papers at www.testpapersfree.com



1

Catholic Junior College
JC2 Preliminary Examinations
Higher 2

CANDIDATE _
NAME

CLASS
PHYSICS 9749/03
Paper 3: Longer Structured Questions 29 Aug 2013

2 hours
Candidates answer on the Question Paper,
No Additionai Materials are required.

READ THESE INSTRUCTIONS FIRST

Wiite your name and ciass on all the wark you hand In.

Wiite in derk blue or black pen in the space provided. (PILOT FRIXION ERASABLE PENS ARE ROT ALLOWED]
You may use a soft pencil for any diagrams, graphs or rough working.

Do not use staples, paper dips, highlighters, glue or correction fluid.

Section A: Answer all questions.
Section B: Anower one question only. Clrele the question number attempled in Saction B.
You are advised to spend one and a half hours on Section A and half an hour on Section B.

{ FOR EXAMINER'S USE [ DIFFICULTY i

This document consists of 28 printed pages and zero blank page.

[Turn over

PHYSICS DATA:
spoed of light in free space ¢
permeability of free space Ho
permittivity of free epaca 5
elementary charge e
the Planck constant h
unffied atomic mass constant ..
rest maas of electron e
rest mass of proton mp
moler gas constant R
the Avogadro constant Ny
the Boltzmann constant k
gravitational constant G
acceleration of frea fall £
PHYSICS FORMULAE:
uniformly acceferated motion
work done on / by B gas
hydrostatic pressure
gravitationsi potential
Temparatum

pressure of an idexl gas

mean translaional kinetic energy of an ideal gas
moelecule

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 / voltags .
magnetic flux dansity due to a long straight wire

rmagnetic flux density dus 1o a flat circular col
magnetic flux denslty due to a long solenoid

radicaciive decay
decay constant
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12}

Frompart1: Vg = o.....»umnM|

- {1}

Frompart2: Veq = {0.20) ﬁ% + ﬁ %..........E

m
W v 002555

101 _ 1
20 o.m—a.mo-:;xg

0.50495 = 0.50+ x
x=485x 10> m=20495¢cm

the balance length Q) is shorter.

A binary star system shown in Fig.3.1 coneists of two stars orbiting around their common
centre of mass, P. One such binary star system is known as Sirus where the mass of Sirus
A s twica the mass of Sirius B. The mass of Sirius B is 1.99 x 10¥ kg.

Sirius A s at a distance of 30 from P. Sirlus B Is at a distance of 300 from P.

—_—— - Sirlus A

centre of mass, P
Sirus m®| llllll

Fig. 3.1

I

State Newion's law of gravitation.

©

In a further experiment, the student swaps the connections to tha wire PQ and
repsats the measurement, as shown in Fig. 2.2,

Fig. 2.2

State and explaln if the new balance length QJ' would be shorter, longer or
unchanged from the set-up in Fig. 2.1.

2]

4]

The mutual gravitattonal force of attraction betwean two point masses is
(cfirectiv oroportional to the product of their masses and lversely proporional
to the ir o art.

re of tivei

(b)

The orbital pariod of this binary star system is 50 yeara. Determine the distance O
haty the binary stars, assuming that tha stars move in circular orbits,

disance D= ......ccoccoeev..m | 4]

The centripetal force is provided by the gravitational force.

Consider Sirlus B:
Fp=Fe
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repulsive foree = [ ........oocoee e N 13]

{ii) | the magnitude of the charge on each sphere.

By Coulomb's Iaw. Fe = Q10p/aTTEsr = QIAATE(0.20 tan (15°)]7]

 =(0.20 tan (15°))/(4n (B85 x 10-15){1.27 x 10~}
=201x10%C
=20x108C2sf)

B
Ansg

o M

o~ {201 x10~9)
4m(RBSXx10-4)  fa4d
=1642 x 10* N

Hence,

T sin21°-Fecos 81°=F;

T sin 21°- 1,642 X 10 cos 61° = 1.74 x 1073
T=51x102N {2 s.f)

tension=_| TN 3]

charg® = § ..ooimevrorrennrens C [2]

®)

Sphere B connected with the same string as part {a) is now projected into The page at
a speed of 0.50 m 57 such that it orbits horizontally around the same vertical insulating
rad as shown In Fig. 4.2.

insulating rod

0148 m
sphere A @

Fig. 4,2

The string makes an angle of 21° with the insulating red. The distance between sphere
A and sphere B is now found to be 0,148 m and the angle between the sfring and this
line connecting sphere A and B is now 130",

(e}

A uniform magnetic fisld perpendicular to the metion of sphere B is now introduced to
the system in part {b) as shown in Fig. 4.3.

]
<]
sirin Region of
magnatic fiald
T T T sphere B
Y Vephdea® v
Fig. 4.3

Discuss how this might affect the subsequent motion of ephare B.

(i) | Show that the resuitant horizontal force on aphere Bis 1.7 x 109 N.

With the introduction of the magnetic fleld, there will be magnetic force directed
herizontally towards the vertical insulating rod on sphere B,

The magnitude of the centripetal force will therefore increase.

Hence the speed of motion increase, andior, the radius of clrcular motion will
decrease.

The resultant harizonial force is the centripetal foree,

Fe = mvir
& 5.0 x 104 x (0.50)/ {0.20 sln 21%)
=174x10% N
=17 x10%N

I 131

()

In the presence of air, sphere B and A will slowty discharge as they ionize the air
particles around them.

Describe the path of sphere B when this happens.

]

1t will spiral inwards / towards sphere A (and eventually come o & stop),

(1]

{ii) | Calculate the tension in the string.

The resultant horizontat force by the horizontal component of tension and
the horizontal component of the electrostatie fores provides the centripetal
force,

The new electrostatic force

5 [(®)

State two differences between a progressive wave and a stationary wave.

difference t ..............
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() | Caiculate the maximum speed of the photoslections as a result of this
illumingation.
maximum speed = ................m&' [ [2]
Using the Einstein photoelectric equation,
hf= ¢+ KEma
1
hf= 0+M3¢<»=5n
[
. POER
8 Mg
3.0x10° ;v
2 6.63x10%x -4.6%1.6x10
- % ﬁ 120%10°
N 911210
=1.43x10° m &1

=g5%10° m

Also aceept if candidate uses the exact form of Helsenberg's
uncertainty principle Ap, Ax = ﬂﬂ

{I) | The ungartainty in the speed of the pholoelectrons In (@)l & 0.50%. Assuming that

the photoelectrons are moving in the horizontal disection,

1. | determine the uncertainty in the: hotizontal momeniurn of the

(b)

Fig. 6.1 shows an x-ray spactrum.

Intensity

wavelength
Fig. 6.1

Doscribe how the continuous spectrum s produced.

4)

photoslectrons;
uncertalnty = ...................N&a| [3]
Momentum of the electron:
Py = MgV
=9.11 x10¥'x1.43%10°
=1,30 x16* kg m &
Any o ve 2050 gice mass of electron is constant
[N Vg 100
w uo.mc
P, 100
_Ds0 24
Dux||._oo %1.30 %10
=0.70 »10°% kgms"' (mustbe 2 sf. Do NOT aceept 1 5.f)
2. | determine the minimum uncertainty in the pesition of the elactron.
uncertsinty = ......................m | [2]

Applying Heisenberg's uncertainty principle,

ApAxzh
h

Az ﬂ
66310

iV 5

A high speed electron interacts with the nucleus of a target metal,

It experiences a net force die to the electric force exered by the target nucleus,
and thus accelerates/decelarates, This praduces an x-ray photon

of energy squal to the kinetic energy lost by the incident electron via
Bremsstrahlung process.

If an electron has excess kinetic energy after the deceleration, it will confinue
10 interact with another nucieus in the matal, and undergo another Bremsstrahlung
pracess / further deceleration, emitfing another photon of a differsnt wavelength.

This process continues until the incident elactrons complately loses its kinatic
ansrgy. This series of Bremestrahlung processes / serles of decelerations
produge photons of a (continuous) range of wavelengths.
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count rate {counts per second)
[
A\
500 ,/
- /
300 /
200 ~
b
/..r'
160 —
I )
Py
0 8 18 24 32
time (days)

[ (e)

Explain why the determination of the half-life of lodine-131 by the method in (b}
raquires that the product of the decay is stable.

[

If the product is unstable, it will decay into another product and emit radiation in
the procass, and s¢ the measured count rats would be higher than the
actual count rate due to iodine-131 only.

OR

the measured count rate wouid not be due to the decay of iodine-131 oniy.

@

Suggest why the percentage systematic error will net be significani if the

student negleciad the background radiation.

m

« Draw a curve of hbest-fAit on Fig. 7.1,

= Use caordinates from best-fit curve to determine the average time taken
for count rate to decrease to half the original value.

oa.g.

Read of time taken for count rate to decrease from 500 5% to 300 57 3 tus, 4

Read of time taken for count rate to decrease from 300 8" to 150 87 > tu »

Calculate the average of ty, 1and bz, 2,

[Working for detarmining the half-iifa from the average of st least 2 hali-

lives must be shown. J

« Anawer: Accept (8 days £ 1 day). [Actual halfife is about 8.06 days.)

Alternative working:

Acceptuse of C = G, e and C = C, { % )/* provided coordinatas are read
off the best-fit curve and not the raw data points,

Aiso, two values of half-life should be computad from at least two
different coordinates that are far apart on the best-fit curve, and average
calculated.

raph, the count rate is almost zerc eventual! _=&ou_."_:n ”__.nw
the background radiation is insinnificant (or miich amallar) &
the count rates In this experlment (in the order of hundreds per second).

OR

te), which is miich smafler
2 .ﬂm% __5 85; ::8 ___ __._n ...E-_._s._ﬁ a:._soa!a_z:_.._a%

por second),

hatfife = ...coveeicees e days | [3]
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Fig. 8.2

[0}

On Fig. 8.3 balaw, draw the free bady diagram of the train at point D and point

F.

b 3

Fig. 83

my;"
r
¥
r
vy >rg
v, > /257981
vy > 15660 m s~

|EmVo

|mVQ

Total KE at batiom = min KE at top + GPE gained
mvy’  mvet +
3 .I.Pm mgh

v ¥,

Tege

<uu = <mu+ 2gh

vp! =(15.660)" + 2(9.81)(50)
v, =15018=35m5s’

Minimum speed = .......

T

14]

{c}

uggestad to keep the speed of the train constant.

2]

Weight directed downwards for both top and bottom.
Normal contact Force (at bottom, D) directed upwards,
MNormal contact Force {at Top, F) directed pointing downwards.

1 mark — Labelled and named all forces in the correct directions.
1 mark - Normal contact force at D greater than Weight, and Weight
constant in magnitude at D and at F,

[([)]

Determine the minimum spesd of the irain at point D so that it can loop the

loop.

Al the top of ths circular motion,

Normal contact force and train's weight provide for the centripetal force
required:

N+mg=TF,

N=F.— mg

Normal contact forca at top needs to be > 0 for the train to stay on track,
Femmg >0

U]

Narmal
contact
force

Flg. 8.4

On Flg. 8.4, skatch the graph to show how the normal contact force expenenced
by the train varies as it moves from Polnl D % G and back to D.

131
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(n

Sketch in Fig. 8.2 to show how the electric potential varies with the position along

AB for the following cases:

1. due to the paoint charge at A
2. due to the point charge at B
3. due to both point charges at A and B.

_electnic potential
'y
| ]
T T
A c B
Fig. 9.2 &l
Solution:
1 mark - (1) and (2)
. . 1 mark — (3)
m_wﬁnmrvo$=._m_ 1 naark ~ bubeliimg of
potential at C &
Iy labelitng (1.02).(3)
A c B

S |
wan
c
Fig. 8.3 2]
Solution:
T v1ark for kabef and directions
+y 1 mark for length of arrows
Fp x Fy
[
2. | Darive an expression for the magnitude of the resultant electrostatic force
experiencad by the charge due to the point charges at A and B.
resultant slectrostatic force = ...............N| [1]
Using F = O1Quaf{dnear?)
Fe=Fa—Fp
= Qq Kdmeo(d-xF) - Qq ldnee(d+x)
= qQi{dne,) [1Hd-x)? - H(d+x)?]
3. | The angular frequency of the cucillations can be expressed as follows.

7
o=
x5, ind”
Determine the period of oscillation using the data provided below:
nr. 6.8 x 10 kg
ga2xieg
Q128 x10"C
o 88cm

[{i))

The charge +q is then being displacad horizontally and relsassd. it is obsenved
that charge +g exhiblts simple harmonic mation with an amplitude of xo, where x,

ia significantly smaller than d.

1. |On Fig. 9.3, draw a welllabelied free body diagram to show the

being displaced at a distance of x to the left of C.

elactrostatic forcas acting on the third charge +q at the instant when it is

perod= ... B ]
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Horizontally: s = uxt
0.26m58x 107Xt
t=42x10%s

Vertically: sy = uy t+ %ay t
=% x (qE/m) x 12
= Vax {(1.6x10°% X 5.7X10° 1 (.41x10°1) x (4 2x1 09y
= (,0088 m < {¥:x 0.030) m

- END OF PAPER 3 -
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NAME: CLASS:

CATHOLIC JUNIOR COLLEGE

JGC2 Preliminary Examinations
Higher 2 '

PHYSICS 4 , 9749/04

Paper 4. Practical 20 August 2019
2 hours and 30 minutes

READ THESE INSTRUCTIONS FIRST

Writa your name and class on all the work you hand in,

Wits in dark biue or black pen on both sides of the paper. [PILOT FRIXION ERASABLE PENS
ARE NOT ALLOWED]

You may use an M8 or 28 pencil for any diagrams, graphs or rough working,

Do not use staples, paper clips, highlighters, glue or conection fluid.

More papers at www.testpapersfree.com

Answar ALL questions.

Wite your answars in the spaces previdad on the question paper. Shift

The use of an approved sclantific calculator s expected, where

appropriate. :

You may lose marks If you do not show your working or if you do notuse

appropriate units. Laboratery

Give details of the practical shift and laboratory where appropriate in the

boxes provided.

At the end of the assessment, fasten all your work securly togather. For Examiner's Usa

The nutnber of marks Is given in brackets [ ] at end of each question or

part question_ 1 114
2 i
3 iz
L f12
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Redure the helght b of the rod of the clamp to approximately 32 cm. Keeping L constant,
slide the base of retort stand B untii the angle between the rod of retort stand B and the
stretched spring s again 60°.

Measure and record x and 4. Calculate a.

Repeated readings of x and

Corrsct d.p and units of x and &

X7 =107 €m G =13

x2=10.7 em & =14°

Xy uﬁio.unﬂ m!nam.zn‘_%

e=10.7-21=86cm

0= e 140

..BEem...

Theory suggests that the quantities e and & are refated by the equation
m+@.ﬁ=m coséd nla.msmw
L L

where p and g ame constants and m is the mass of retert stand B.

{1y Using the valvas in {c}, {d), (f) and m= 1800 g, calculate pand 4.

__._S..mzm,anu_mu.__..m cm, L =82.5¢cm,

1800 1800g

72+ m».m_u tan22° cos22” =L cos 22
N
When b =14°, 2 =86 cm, L =62.5 o,
86+ ._mmwm_u 1an14° cos 14° n%gé
86  1800p, ..o 18009 @

cost4® 625 62.5

Equating {1} = (2}

7.2 180 36  1800p

0822 %Mn_%mu.. = cosid® 628 ¥
AMMu (tan22° —tan14°) = Sw.ﬂg - SH.MNQ
18007 5 1547) = 1.0978
625
p=n D OREES 02404 om g ~0.246 o’ or 0.0246 kg
From Egn {1),
ﬁ%v Swmm o +(0.2464)tan22" = g

§=0.36919 em®g™' =0.369 cm?g™ or 0.0368 m’ kg™

Units of p and q:
....‘“..:mﬁamnowg umﬁoomm_u_&

[ellL] _gomgem

—-cmtg
(] g

(P=el & [P=lel = pl=KI-

Correct substitution to form 2 equations (1) & (2} —1 mark

Comeac? calculation of p and ¢ with correct units — 1 mark

If length, L, was not the same a3 found in the substituted value in both equations
then the first mewi cannot be awarded,

Gverall if steps taken to detarmine constants and units of g and g were corect
with all variables comectly substituted then 1 mark awarded for method marks,

If the final answers had units that were not written comectly then the 2™ mark is
not awarded.

PB= s D246 Ccm? gl e

g=.......036%emigl . ...

2
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_strotched string

l

"
NN
NN

papst tider turing fork  Wooden box

Flg. 3.2

(I} Measure and record the length L and the frequency fof the tuning fork, when the
paper rider has the strongest vibration or jumps off the string.

1 mark - Evidence of Repeated readinga of L.

1 mark - zero d.p. for £, and, 1 d.p or 2ero d.p. for L (d.p. of L must be quoted to the
sarme d.p. of AL in part (i) ). Units required.

Li=306em L2=30.8cm

=30.7 cm
L >
frequengy f= ..............28BHz...... ...
lengthL = ...... 31 em (rounded off to same precision as AL in part (b). .. ...
(2
Accepted ranpes of values of L for cormasponding values of f:
f/Hz 271 288 302 320
L/icm 328-334 | 306-314 | 298-302 | 283~285
Theory L/ cm 329 30.9 28.5 278
(b} Estimate the percantage uncertainty in your value of L.
Al =2em (Accept 0.5 cmto2 cm) (guoled in 1 s.f. with ::._ﬁv.
.bm_.uioogn%ioo ~6.45% —6%(1 5.}
percentags uncerfaintyinL= ... 6% (1 86 ) i [1]

13

{c} Choose another tuning fork of a different frequency and repeat (aj{l) and (a){ii) to cbiain

another set of readings for L and £,
Maasure and record ¢ and £,

Ly=285em Lz=2B85am

L, = mm.mm»m.m —28.5 em
frequency f= ... 320 Hz...
length L = ......29 cm {rounded off o same precision as AL......
{d) Itlasupgested that
2Lf n__r\..sh

where k is a constant and m is the fotal mass hung on the siretehed string.

{i}) Use yourvalues from (a)(iii) and {c) to determine two valuas of k.

Give your values of kto an appropriate number of significant figures.
Assumag=9.81ms2

1 mark - Comect unita of k— sccept m s N*%ar mHz N or kam.,k
1 mark - Correct computation and 3 &.f. (since L Fand mg are all 3 s.1)

I msh
“ Jimal g me2yh o

k=——

JMg

_ 307 x10°)(288)

K, =56.481=56.4 mkgH
J7.000x%8.81

2{28.5x 10 }{320)

k= =56,236=58.2 m*kg#
qﬂ.oooxw.m._

first value of k= ...........5B4 mi kg™ ... ...

second value of k= ..............582 mkg¥..............

™
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57.7+60.5 _ Y - Asthe increments of m are only in 100g standard mass, the strongest vibration may
Averageolk, & K, = 2 =50.1m% kg % oecur in smaler increments of less than 100g. Thus, the recorded m may not be the
) value where the sirongest vibration is ohserved,
58.2 +56.4 . .

Averageof k, &k, = J{um\‘ Yeas7.3 mikg¥ , {il) Suggest an improvement that could be made to the experiment to address one of the
sources of amor identified i (f){I). You may suggest the use of cther apparsatus ora
different procedure,

% difference = am..wnywﬂsiooﬁ =3.14%

Since the percentage difference in the magnitudes of & betwesn (d){i) and {8)(v) ia
loss than the combined uncertainty of m and L (6% + 5% = 11%), the results suppont et e nm e eb o b et s b ke st s AL s rr s crtsssrn e ser st ssesasias ses s ennnna] 1]
that k is conatant regardiess of which varable is changed (L, mor ).

- Allow the initial ‘cang’ tone 1o fade away befors placing the tuning fork on the

wooden board / bridge.
1 mark —~ comectly calculate the percentage difference of k values in (a)(v) &
conclusion about k {constant 7 not constant} when L is iept constant by - Make a mark on the centre of the paper rider and use the rules to ensure the rider
comparison with uncerainty in the experiment &, is at the mid-point betwesn the bridges,
1 mark — calculete percentage difference in magnitudes of k between (d)(1) and (e)(v).
1 mark — conclusion about k (constant / not constant) overall ragardiess of which - Video-racond the experiment, with & measuring tape/ruler tv measure L also in the
_ variable is changed (L, m or f) by comparisan with uncertainty in the experiment ¥, recording. Play back the vidso in magnified view to enhance observation of when
FNote: Acospt comparisons with any of the following uncenainties: the vibration is atrongest.
+ Percentage uncertainty of L in {b)
s Percentage uncertainty due to m [ = 18 x100% }. Factor %is necessary dus - Uss standard mass of 10 g, 20g and 50 g as increments for m 50 as to obtain a
1o the formula. ) more accurate value of m where the strongest vibration can be observed.

+  Combined percentage uncertainty due to L and m [ =(2% + 222} x100% ]
(@) The oscillation of a stretchad string depends on the properties of the string.

31
{f (i) State two significant sources of emror in this experiment. : It is suggested that the fundamental frequency fis inversely proportional to the square
root of the diameter d of the string.
1.
Explain how you would investigate this relationship using the same apparatus. In addition,
you have access fo a set of 12 tuning forks and € strings of different diameters,
Your account should include:
2 e e e e e e e e e e e mne e s e ara e e e e e e e smm e s s your experimental procedure
» control of variables
123 * how you would use your results to show inverse proportionality
o why you might not enough results 16 reach a valid condusion,
- If the tuning fork is struck too hard against the rubber bung, there is an initial ‘clang’ Independent variable: d
tone that has a frequency different from the one printed on the tuning fork. Dependent variable: f
- The tension in the steing is not equal to my due to the friction between the byvidge Lise & micrometer screw gauge o measure d of each atring.
and the string. The measured L may not be for the length when the tension is equal
tomg. Select one sking to bagin the experiment. Startfng with the tuning fork of
o lowest frequency, determina which frequeney of tuning fork first causes i
- As L is adjusted, the paper fider may not always ba at the rmid-point to ascertain the paper rider to jump off the string. (This is impoertant to obtain the
that the vibration Is the strongest, fundamentg| frequency.) Record the frequency as f.
- Itis not easy to judge when vibration ig the strongest, affecting accuracy of L, Repeat for the various diamsters of strings.
1
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