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Data
speed of light in free space

permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant

acceleration of free fall

Formulae
uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potenttal
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 fiux density due to a long solenoid
radicactive decay
decay canstant
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9.11x10™ kg
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8.31J K™ mol™
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6.67x10" Nm? kg2
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3

1 The speed v of a liquid leaving a tube depends on the difference in pressure AP between the
ends of the tube and the density o of the liquid according to the equation

{2
fo)

where k is a unitless constant.

What is the value of n?

M=
oo

|
=
N

A 1 Cc

2 A micrometer screw gauge is used to measure the diameters of two cylinders. The
measurements of the diameters, with their actual uncertainties, are given as follows:

diameter of first cylinder =(12.78 +0.02) mm
diameter of second cylinder =(16.24+0.03) mm

What is the percentage uncertainty in the difference of the two diameters?

A 0.29% B 0.58% C 0.87% D 14%
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3  Aforce is applied on a stationary object at

a of the object varies with time ¢.

a\

0

4
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time t =0 s. The graph shows how the acceleration

0

L
-

t

— f

Which graph shows how the velocity v or displacement s of the object varies with {?
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4 A student is standing on a weighing balance inside an ascending iift. The weighing balance

gives a reading in newtons.

Which statement about the balance reading is correct?

A The reading is less than the student's weight.

The reading is equal to the student’s weight.

B
C The reading is more than the student's weight.
D

The reading can be less than, equal to or more than the student’s weight.
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3 Two crates of masses 2.0 kg and 3.0 kg, connected by a cable, are lifted by a force of 100 N.

100N

T

2.0 kg

cable

3.0 kg

What is the tension in the cable between the crates?

A 40N B 51N C 60N D 80N

6 A motorcycle of mass 400 kg is travelling at a speed of 4.5 m s~ when it experiences an
accelerating force for 1.0 s, followed by a retarding force for 2.0 s as shown.

400

force /N

-400

-800 time /s
0.0 1.0 2.0 3.0

What is the speed of the motorcycle after 3.0 s?

A 15ms™ B 30ms™ C 45ms™ D 60ms™
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7 A cube of density p, is floating in two liquids L, and L2 of densities p, and p, respectively.
Voiume V4 of the cube is immersed in L1, and volume V; of the cube is immersed in La.

liquid L1 of density p;

cube of density p,

(not drawn to scale}

What is the ratio % if p, = 3p, and p, = 2p,?
2

1
B -—
2

W

8 A spring of unstretched length Lg is extended to length L by an applied force that is increased
from zero until F. Upon removal of the force, the spring is damaged and has a new unstretched
length L2. The graph shows the variation of the length of the spring with the applied force.

length of spring
A
Ly

1
0 ;: » applied force

Which combination of areas give the work done by the force to extend the spring from Lo to L4
and which area gives the increase in potential energy of the particles in the spring when its
unstretched length is increased from Lo to L2?

work done by force from Lo to L, increase in potential energy from Lo to L»
A P+Q Q
B R+S Q
Cc P+Q P
D R+S P
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9  When a car is travelling along a straight road at a constant speed of 72 km h™, the power
delivered by its engine is 12 kW. The efficiency of the engine is 30% and each kilogram of
petrol produces 40 MJ of energy.

What is the total resistive force on the car and the mass of petrol required for a one-hour drive?

mass of petrol

total resistive force
A 170 N
B 600N
c 170 N
D 600 N

0.32 kg
0.32 kg

3.6 kg

3.6 kg

10 The minute hand on a clock is 1.5 times the length of its hour hand.

hour hand tip

minute hand tip

The average tangential speeds of the tips of the minute hand and the hour hand are v,, and

v, respectively.

What is the ratio ™ ?
vy

A 0125 B
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11  The graph shows the variation of the gravitational field strength g between the surface of planet
P, and the surface of planet P2 with distance r from the surface of planet P1.

X, Y and Z are points along the line joining the centres of the planets.

“1

0 - I
V Y Z
surface of surface of
planet P, planet P

Which statement about the gravitational potential between the two planets is correct?
A The gravitational potential at point Y is zero.
B The gravitational potential at point Zis positive.

C The area under the graph gives the value of the change in gravitational potential when a
test mass is brought from point X to point Z.

D The gradient of the tangent at any point on the graph gives the value of the gravitational
potential at that point.
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12 Abinary star system consists of two stars X and Y orbiting about a common centre due to their
mutual gravitational forces on each other.

The mass of star X is larger than the mass of star Y.

Which diagram shows the possible positions of stars X and Y and the directions of their

e
velocities?
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13 Two ideal gases X and Y are separately contained in two identical vessels. The absolute
temperature and root-mean-square speed of the molecules of Y are 2 and 3 times that of X
respectively.

molecular mass of X o

What is the ratio 7
molecular mass of Y

A 022 B 15 c 23 D 45
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14 In the continuous flow method for determining the specific heat capacity of a liquid, it is
important to account for heat losses.

If the inlet temperature and room temperature are unchanged, which other quantity must also
be kept constant in such experiments?

A electrical power input
B outlet temperature

C rate of liquid flow
D

mass of liquid collected

15 A sphere of mass 20 g undergoes simple harmonic motion with a period of 8.0 s. The speed of
the sphere 3.0 s after starting from the equilibrium is 4.0 m st

What is the kinetic energy of the sphere when it next passes the equilibrium position?

A 04 B 0164 c 021J D 064l
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16 A light spring hangs vertically from a driving oscillator. A mass is attached to the fee end of the
spring and is submerged in water as shown.

The mass is made to oscillate verticaily at various frequencies of the oscillator. The oscillator
has a constant amplitude at all frequencies.

The experiment is then repeated with the mass submerged in oil.

mass

iz ——— oscillator

Which graph shows how the amplitude A of the oscillating mass varies with the frequency f at

which it is driven when the mass is in water and cil?

A
Aj

s.0il
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17 Transverse progressive sinusoidal waves of wavelength A are passing vertically along a

horizontai rope. P and Q are points on the rope % apart. The direction of energy transfer is from

Pto Q.

Which of the following describes the displacement and movement of Q at the instant when P is
displaced downwards and moving upwards?

displacement of Q movement of Q
A zero upwards
B downwards downwards
C upwards downwards
D upwards upwards

18 An astronaut observes a point source of light from a distance in space. The diameter of the
pupil of his eyes is 5.0 mm. The minimum power of light that & human eye can detect is
2.0x10™" W.

If the power of the light emitted by the source is 10 W, which statement about the distance at
which the astronaut can see the light source is correct?

A

B
Cc
D

The astronaut can see the light source at a minimum distance of 8800 m.
The astronaut can see the light source at a maximum distance of 8800 m.
The astronaut can see the light source at a minimum distance of 17700 m.

The astronaut can see the light source at a maximum distance of 17700 m.

18 A pillar in a concert hall can block the view of the audience but it does not disrupt their hearing.

What is the reason for this observation?

A

B
Cc
P

Sound waves have a much longer wavelength compared to light waves.
Sound waves are longitudinal whereas light waves are transverse.
Sound travels at a much slower speed compared to light.

Sound is a pressure wave whereas light is an electromagnetic wave.

© Raffles Institution 9749/01 [Turn over
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13

Two point sources of light at a fixed distance apart emit monachromatic light of wavelength
A . An observer views the light sources with a telescope of aperture size d at a distance D from
the light sources.

Which combination of A, d and D would give the observer the best setting to resolve the light
sources?

A d D 1
A shorter larger nearer
B shorter smaller nearer
C shorter larger further
D longer smailer further

A charged conducting sphere of radius R has an electric potential V. A particle of charge g is
at a distance r away from the centre of the charged sphere.

What is the magnitude of the electric force acting on the particle due to the charged sphere?

qVv qv qVR
A — — cC — D
R B r R? r?

Two charged particles of charges +64Q and ~125Q are separated by a distance of 3.0 m.
Point P is at a distance 4.0 m to the right of the particle of charge +64Q.

-125Q

What is the magnitude of the electric field strength at point P?

Q B 3Q e 9Q 41Q

47z, dre, 47z, Arg,

A
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14
Two wires X and Y are of the same length. The resistivity of wire X is half the resistivity of wire
Y. The diameter of wire X is one quarter the diameter of wire Y. X and Y are connected in
parallel to a battery with negligible internal resistance.

What fraction of the total current passes through wire X?

1 1 1 1
A - B - c - D -

9 8 3 2
In the circuit shown, the ammeter reading is zero.

50 Q R
12V —— 24V
100 & 2000
(A
N

What is the value of resistance R?
A 400 B 100Q C 200Q D 4000

A long straight wire X is placed along the central axis of a flat circular coil Y. The wire and the
coil each carry a current as shown.

current in wire X
is i i
s into the plane current in

of the paper @ _~coll ¥
X

Which statement about the force acting on each part of coil Y due to the current in wire X is
correct?

A The force is towards wire X.

B The force is away from wire X.

C There is no force in all directions.
D

The force is perpendicular to the plane of coil Y.

© Raffles Institution 9749/01 [Turn over
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26 A straight wire of length 15 m is placed horizontally along the East-West direction. The wire is
raised vertically through a height of 5.0 m in 150 ms.

The magnetic flux density due to the Earth’s magnetic field at this location is 3.0x10° T atan
angle of 50° below the horizontal.

What is the average e.m.f. induced across the ends of the wire?

A 0.0mV B 9.6mV C 11mv D 15mV

27 A generator produces a r.m.s. current of 50 A at a r.m.s. voltage of 240 V. The voltage is
stepped up to 50 kV r.m.s. by an ideal transformer and transmitted through a power line with a
total resistance of 100 Q1.

What is the percentage power lost in the transmission?

A 0.048% B 0.20% C 0.48% D 2.0%

28 An electron and a baseball have kinetic energies of 1.0 MeV and 100 J respectively. The
percentage uncertainty in the measurement of their momenta is 1.0%.

What is the approximate ratio of the minimum uncertainty in the position of the electron to that
of the baseball?

A 107 B 10" c 10% D 10%

29 Which series of radioactive decays will result in the formation of a different isotope of the parent
nuclide?

A gamma decay

B one alpha decay and one beta decay
C one alpha decay and two beta decays
D

two alpha decays and one beta decay

30 A sample consists of a radioactive nuclide X while another sample consists of a radicactive
nuclide Y. After an interval of time, it is found that -;— of the atoms of X and % of the atoms of

Y have decayed.

half life of X N

What is the ratio "2 life of X .
tis the ratio e of Y

A 046 B 067 C 15 D 22

End of Paper 1
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Qn | Ans | Solution

1 A -2
units of AP = If_g_;nz_s =kgm™ s

units of p=kg m

n TR
units of [3‘5—) =[k_g'£1_m§_J =-(m2 s‘z)

units of v=ms™

For equation to be homogeneous, units of [—A—E} = units of v
f2)

m” s =ms™

comparing indices of m: 2n=1 = n =%

2| D |d=d,-d,=16.24-12.78 = 3.46 mm
Ad =Ad, + Ad, =0.03+0.02=0.05 mm

2D 100% = 205 100% —1.44511.4%
d 3.46

3 C | From a-t graph:

From ¢ =0 to =1, acceleration is constant which implies that the object’s velocity is
increasing at a constant rate.

From {=t, to t=1,, acceleration is decreasing which implies that the object’s velocity is
increasing at a decreasing rate.

From ¢=t, to t=t;, acceleration is zero which implies that the object’s velocity is
constant.

Since a= %;1 , the gradient of the v-t graph, which gives acceleration, in Option C follows

the description above.

4 D | Option A: Possible, if lift is decelerating / decreasing in speed on its way up.
Option B: Possible, if lift is moving upwards at a constant speed.
Option C: Possible, if lift is accelerating / increasing in speed on its way up.

Option D: Hence, all the options above are possible, depending on the lift's acceleration.
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Applying Newton’s second law on the system of both crates,
Fretpomn = Myoma
100-(2.0+3.0)(9.81)= (2.0+3.0)xa
100-(2.0+3.0)(

%81 1019 ms?
(2.0+3.0)

Applying Newton's second law on the 2.0 kg crate,
Faetarg = Maig@
100 ~ 2.0(9.81) -T= 2.0(10.19)
T=60N

OR
Fretarg = Maig?
T -3.0(9.81)=3.0(10.19)
T=60N

Motorcycle travels in the same direction during the whole duration.

Impulse or the change in momentum is the area under the force-time graph.

Ap= _[th
(400){v - 4.5) = 1(1.0)(400) - 1(2.0)(800)
v_45=-15

v=45-15=30ms"’

Since cube is floating, there is vertical equilibrium.

Uy + Uy =Woupe
Vipg +Vo0,9 = (Vi + A VX:
Vip + V5 (30) = (Vi + Vo ){(204)
3V, -2V, =2V, -V,
V=V,
v,
A

=1

Work done by the force to extend the spring is given by the area under force-extension
graph i.e. the area bounded by the graph and the vertical axis of the graph given. This
work done goes to increase the potential energy of the spring.

The potential energy represented by area P is released upon the removal of the force.
The potential energy represented by area Q is retained in the spring that is permanently
stretched i.e. the energy used to separate the particles of the spring further apart.
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9 At constant speed, engine force = resistive force
rate at which energy is delivered = rate at which energy is dissipated
P=Fy
3
12x10° = | 72x10
60 x60
F=600N
Efromfuel =E tocar
(0.30)(40x10°)(m) = (12 10° ) (1x 60 x 60)
m=23.6 kg
10 The minute hand takes 1 hour to go round the clock once.
=2 rads
™ B60x60
The hour hand takes 12 hours to go round the clock once.
o =2 rad s™
" 12x60x60
Vy _Iw®, (155 [12x60x60]_18
v, ho, r, 60x 60
11 Option C (cormrect):
¢
=" d¢=—|gdr
g=-— = d¢=—(g
Hence, the area under the g-r graph gives the change in the gravitational potential é.
Options A and B (incorrect): The total gravitational potential between the two planets is
always negative. Gravitational potential is zero only at infinity.
Option D (incorrect). The gradient of the graph does not give any meaningful quantity.
12 The gravitational force on each star provides the centripetal force for the star to orbit

about the common centre of mass of the system.
For two stars, mass M and m, at a distance d apart,

GMm

7 =mre’® = MRa*

mro® = MRw*

mr =MR

R and r are the orbital radii of the stars of masses M and m respectively.

The gravitational force on each star is aiways directed towards the common centre of
mass of the system as the stars orbit. Hence the stars should be on opposite sides of
their orbital path, lying along the same straight line through the common centre between
them. To maintain this, the stars must also have the same angular velocity @ .

Hence star X having a larger mass shouid have a smaller orbital radius.
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13 From 1m(ff):EkT = m=3’:T = M :-
2 2 ms ms
2 2
My T Cmy | [T |[2mx | _2_45
mY Ty crms,X 2Tx cn-ns,X 2 .

14 Both the inlet and outlet temperatures and the room temperature must be kept the same
so that the rate of heat loss to the surrounding is kept constant for both experiments and
can be eliminated.

16 v=v,cosat
4.0=v,cos -2—ﬁ~x3.0

9.0
v,=-80ms”
E, =%x0.020x(—8.0)2 -064

16 Oil is more viscous than water hence has a greater damping effect on the oscillating
mass compared to water.

With greater damping, the frequency response curve when the mass is in oil will have
smaller amplitudes at all frequencies and the frequency at which resonance occurs will
be smaller.

17 y

4 /wave at later time
\_/\/\\.; "
P Q wave at earlier time
18 For astronaut to see the light sources,
Pswrce
Preceived = zn__'rz- x Apupil Z IPmin
P 107 (0.0050/2)°
s _ [107(00050/2) _ 30 g
4P, 47 (2.0x107°)
re =8800m
19 Diffraction is pronounced when the wavelength of the wave is comparable to the width of

the obstacle.

Sound waves with a longer wavelength than the diameter of the pillar can bend around
the pillar.

Light waves with a much shorter wavelength than the diameter of the pillar cannot bend
around the pillar.
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20

For light sources to be resolved,

angle of separation of the 2 sources > minimum angle of separation by Rayleigh criterion
=8,
% > g where S is the distance between the 2 sources

g0
d

The best combination is the one that can resolve the smallest distance S between the
two sources i.e. shorter 2 and D and larger d.

21

Charge of sphere is Q.

Q
4re,R = Q=dmRY

Qg _47,RVQ qVR

F=
draer®  Ameyt r?

22

magnitude of £ at P due fo +64Q
64Q 4 Q 5 Q

- 2 47z,
47z, (4.0) 4z, resultant £ ¢

magnitude of £ at P due to -125Q 4 Q

125 _. Q 4z,

} 4ne, (5.0)2 47z,

These two E vectors form a right-angle triangle, with the resultant E pointing upwards

2 2
with magnitude | 5 Q- 4 Q =3 Q .
4re, 4re, 47,

23

_EA_En(d]2) »oE

_E
pPL o pL pl  4pL
A
2
Hence 7 « g since L and E across the wires in parallel are constants.
P

2
(1dj X p
Ie O o _477) 77 2

I e df T g ] 16

2

[e-RIEY

ey
.y
&

O -

total
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24 Since ammeter reading is zero, there is also no current in the middle wire joining the
circuits on the left and right. There is no potential difference between the two ends of this
wire and there is no current exchange between the two circuits.

50 Q and 100 O resistors are in series. R and 200 € resistors are in series.
Potential difference across the 100 Q and 200 Q resistors is the same.
Ve =24- Vago
Ve = 24-Viy,
R o4=24- 190 12
R+ 200 100 + 50
R %24 =18
R+200
R=400Q

25 The current in X produces a magnetic field along the circumference of coil Y in the
clockwise direction.

This magnetic field produced is parallel to the current in each part of coil Y, hence there
is no magnetic force induced on coil Y in all directions.

26 As the wire is raised vertically, it cuts the horizontal component of the Earth's magnetic
flux density.

E=B,Lv
d
=(Bcos SOD)L[T)
~(3.0x10%)c0s50°x 15 x 21—
150x10
=0.0096418 V
=9.6 mV
27 For an ideal transformer,
1V, =1V,
IV
J =_P.2
] vs
_ 50x240
50x10°
=0.24 A
RDSS
% power loss = —=—
suppfied
IR
Ipr
0.247 (1 00)
= —————2 x100%
50(240)
=0.048%
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28 Momentum of particie,
p=v2mE
Uncertainty in momentum,

Ap=0.010v2mE
Minimum uncertainty in position,
h h 1
AX=— = AX o ——
Ap  0.01042mE JmE
AX o etron M pasenan E pasepar 0.150x100 22
—_— e = ————— e = = 1 .01 X 1 0
A posevat Y MyocrnEaomn /(9.1 10™")(1.0x10° x1.60x10°")
Order of magnitude; 10?2
Note: The mass of the electron is in the data sheet. The mass of the baseball needs to
be estimated to the correct order of magnitude.

29 An isctope of the parent nuclide will have the same number of protons but different
number of neutrons. Hence the atomic number of the jsotope is the same as the parent
nuclide while its mass number is different after the decays.
alpha particle — jHe*", beta particle ~ e , gamma particle — massless, no charge
Option C (correct):

One alpha decay — mass number decreases by 4, atomic number decreases by 2

Two beta decays — mass number remains the same, atomic number increases by 2
Overall — daughter nuclide mass number decreases by 4, atomic number remains the
same

Option A (incorrect):

The release of a gamma photon does not affect the atomic and mass numbers.

Option B (incorrect):

One alpha decay — mass number decreases by 4, atomic number decreases by 2

One beta decay — mass number remains the same, atomic number increases by 1
Overall — daughter nuclide mass number decreases by 4, atomic number decreases by
1

Option D (incorrect):

Two alpha decays — mass number decreases by 8, atomic number decreases by 4

One beta decay — mass number remains the same, atomic number increases by 1
Overall — daughter nuclide mass number decreases by 8, atomic number decreases by
3

30 A

For X: [1)Tx=1 = L=w=3 = Tx=_t,
2 8 T, lg(12) 3
4
For Y: (1)TY LN _t_=lg(1/4)=2 = T, _t
2 4 T, Ig(1/2) 2
Tx_2_ 0 66667067
T, 3
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