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Data
speed of light in free space c = 3.00x108ms™
permeability of free space Uy, = 4nx107Hm’
permittivity of free space & = 885x10"Fm

(1/(36m)) x 102 F m™"

elementary charge e 1.60x 1010 C
the Planck constant h 6.63x 103 Js
unified atomic mass constant u 1.66 x 10727 kg
rest mass of electron Me 9.11 x 103" kg
rest mass of proton mp 1.67 x 10727 kg
molar gas constant R 8.31 J K" mol™
the Avogadro constant Na 6.02 x 1023 mol™*
the Boltzmann constant k 1.38 x 102 J K™
gravitational constant G 6.67 x 107" N m? kg
acceleration of free fall g 9.81 m s
Formulae
uniformly accelerated motion s = ut+iaf?
vi = u?+2as
work done on/by a gas W = pAV
hydrostatic pressure p = pgh
gravitational potential ¢ = —Gmjr
temperature T/K = T/°C+273.15
. 1Nm, ,
pressure of an ideal gas p = §7<c )
mean translational kinetic energy of an ideal gas molecule E = %kT
displacement of particle in s.h.m. X = X Sinot
velocity of particle in s.h.m. Vv = ycoset =tayx; - x°
electric current I = Anvg
resistors in series R = R+R,+..
resistors in parallel 1R = YR +1VR,+..
lectri tential 74 Q
electric potentia T Angr
alternating current/voltage x = Xsinot
1
magnetic flux density due to a long straight wire B = éuod
TT
. : . . NI
magnetic flux density due to a flat circular coil B = o
r
magnetic flux density due to a long solenoid B = pynl
radioactive decay X = X.exp(-at)
P In2
decay constant Tt
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The density of a liquid is calculated by measuring its mass and its volume. The measurements
taken are as shown.

mass of beaker =(20+1) g
mass of beaker and liquid =(70£1) g
volume of liquid =(10.0+0.6) cm®

The density of the liquid calculated is 5.0 g cm=3,
What is the uncertainty in this value of density?

A 01gcm3 B 04gcm3 C 05gcm3 D 26gcm?3

A ball released from rest above a hard, horizontal surface undergoes several bounces. The
graph shows the variation with time of the velocity of the bouncing ball.

velocity
4&

0 /= time
t R /

The time taken for the ball to first reach the ground after release is t. With each bounce, the

ball loses % of the kinetic energy it has just before the bounce.

Assuming air resistance is negligible, which of the following gives the time duration, in terms
of t, between points R and S on the graph?

A 044t B 056t C 066t D 075t
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3 In a junior tennis match, a player hits an incoming tennis ball such that it leaves his racket
horizontally with speed v as shown.

v

1.5m net
11.1 m
AL LSS SN S

e 40m >

The tennis ball is hit at a height of 1.5 m above the ground and 4.0 m from the net. It just
clears the net, which is 1.1 m high. Neglect the effects of air resistance.

What is the value of v?

A 72ms™! B 84ms™ C 14ms™ D 49ms™

4 Mass M is dropped gently onto another mass N that is initially sliding on a smooth horizontal
surface at constant velocity. After landing, the two masses move forward as one body as

shown.
M l M

N |— N |

Before After

Which of the following statements regarding the two masses is incorrect?

A The total mechanical energy of the two masses is conserved because they move with the
same velocity after the collision.

B Mass N slows down during the collision because M exerts a decelerating force on N.

C The total horizontal momentum of the two masses is conserved because the resultant
horizontal force acting on them is zero.

D There is heat produced in the collision because the collision is inelastic.
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5 Two blocks X and Y, of masses m and 3m respectively, are placed in contact on a smooth
horizontal surface. Forces F and F/5 are applied on either side of the blocks as shown.

_F o x Y ‘515

What is the magnitude of the force exerted by block X on block Y during their subsequent

motion?
A £ g F c 3F p 2F
5 5 4 5

6 A sphere resting on a smooth inclined plane is tied to a string that loops over a pulley as
shown in Fig. (a).
pulley pulley

direction direction
of pull of pull

Initial position Final position

Fig. (a) Fig. (b)

The string is slowly pulled until the end connected to the sphere becomes vertical as shown
in Fig. (b). At this instant, the forces acting on the sphere are

A weight, tension and normal reaction.
B weight and tension.
C weight and normal reaction.

D tension and normal reaction.
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7 A uniform rectangular block of dimensions 20 cm by 10 cm and weight 5.0 N is placed on a
rough surface inclined at 30° to the horizontal. A force of 1.0 N parallel to the surface is then
applied on the block 8.0 cm from its base.

.ON

Given that the block remains in equilibrium, what is the distance x between the line of action
of the normal contact force R exerted by the surface on the block and the centre of the block?

A 0.7cm B 1.8cm C 29cm D 4.7cm

8 It takes 4.0 J of work to stretch a spring 10 cm from its unstretched length. Given that the
spring obeys Hooke’s Law, what is the additional work required to stretch it a further 10 cm?

A 40J B 60J c 12J D 16J

9 A simple pendulum of length 1.2 m is swung such that the mass goes round in a uniform
circular motion in the horizontal plane. The string makes an angle of 40° with the vertical.

What is the speed of the mass in its circular path?

A 25ms’ B 28ms™ C 30ms™” D 33ms”
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10 A satellite is moved from a circular orbit of radius R; around the Earth to a new circular orbit
of radius R2 where Rz > R;.

What happens to its gravitational potential energy and kinetic energy?

potential energy kinetic energy
A increases decreases
B decreases decreases
C increases increases
D decreases increases

11 The ratio of the densities and the ratio of the radii of Planet X to Planet Y are gand E
respectively.

escape speed from the surface of Planet X o

What is the ratio /
escape speed from the surface of Planet Y

A 0.578 B 260 C 450 D 135
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12 A particle P performs uniform circular motion about the origin O in the x-y plane as shown.

Which of the following graphs shows the relationship between the

acceleration ax and the displacement in the x-direction?

A

ax
A

—

y

» X
\\ y
C
ax
A
> X
0
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13 Ablock of mass 0.500 kg sliding on a smooth table at 0.30 m s~ collides with a board attached
to a spring which obeys Hooke’s Law.

e

The graph shows the variation with time ¢ of the velocity v of the block up to the moment just
before it reverses its motion.

vims™
A

0.30

20 25 > tls

Given that the magnitude of the acceleration of the block is directly proportional to the
compression of the spring, what is the maximum compression experienced by the spring?

A 0.024m B 0.075m C 0.095m D 094m

14 A narrow, parallel beam of unpolarised light is directed towards three ideal polarising filters.

The beam meets the first filter with its axis of polarisation vertical. The axis of polarisation of
the second filter is at an angle of 10° to the first filter. The third filter has its axis of polarisation
parallel to the second filter as shown.

OO

unpolarised
light

10°

transmitted
light
The third filter is now turned.

At what angle must the third filter be with respect to the second filter so that the intensity of
the transmitted light is reduced to one-third of the intensity of the unpolarised light?

A 34° B 44° C 47 D b54°
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15 A microwave transmitter emits waves that are incident normally on a reflector. A microwave
detector is initially at the point M where it detects a maximum intensity. As it moves along the
line PQ towards Q, the detector picks up a series of maximum and minimum intensity signals.

reflector
microwave Dj detector
transmitter p T M0—> ................. 5

If the detector moves with a speed of 2.0 m s™" and the frequency at which maximum intensity
signals are picked up is 10 Hz, what is the distance moved by the detector from its initial
position at M when it detects the first minimum intensity signal?

A 0.05m B 0.10m C 020m D 040m

16 A two-source interference experiment is set-up as shown. The light source emits light of
wavelength 600 nm. The distance between the second order bright fringes on the screen is
1.5 cm and their angular separation is 0.40°.

single double sersen
slit slit
light aI ey 1.5 cm
sourceO } ————————— 0 '

What are the values of the slit separation a and the distance D between the double slits and
the screen?

al/mm D/m
A 0.17 1.1
B 0.34 1.1
Cc 0.17 2.1
D 0.34 2.1

17 The root-mean-square (r.m.s.) speed of the molecules of a fixed mass of an ideal gas at a
certain temperature is c. If the pressure is increased by 25% while its volume is decreased by
25%, what will be the r.m.s. speed of the molecules?

A 088c¢ B 09%c C 097c D ¢
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18 A frictionless and well-insulated bicycle pump is used to inflate a basketball. After several
compression cycles, the air in the basketball becomes warmer than the surrounding air.

Which one of the following statements best explains this observation?

A

B

The air molecules collide with the inner wall of the basketball more frequently.

Work is done on the air in the basketball and the internal energy remains unchanged.

The internal energy of air in the basketball increases as work is done on the air and
thermal energy is supplied to it.

Work is done on the air in the basketball and since little thermal energy escapes, the

internal energy increases.

19 Twoions P and Q, of charge +e and —e respectively, are linked to form a molecule and placed
in a uniform electric field that is directed into the page. The distance between P and Q is
0.12 nm. The electric field strength is 4200 V m~".

electric field

Which of the following gives the resultant force and initial torque on the molecule?

resultant force / N

torque / Nm

1.3 x107®

1.3 x107°
0

0

4.6 x10%

8.1 x10%

46 x10%

8.1 x10%
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20 An oil-drop of mass m, carrying a charge q, is in the region between two horizontal plates.
When the potential difference between the upper and lower plates is V, the oil-drop is
stationary. The potential difference is then increased to 2V.

What is the initial upward acceleration of the oil-drop? Assume negligible upthrust.

A g B 2g c 2V _, p 29V
m m

21 A potential difference of 6 V is applied across a resistor for a time interval of 10 s. The current
flowing through the resistor is 2 A.

Which of the following statements is incorrect?

A The resistance of the resistor is 3 Q.

B The energy dissipated in the resistor is 12 J.

C The charge passing through the resistor is 20 C.

D The potential difference across the resistor is 6 J C.

22 A battery of e.m.f. 12 V and internal resistance 5.0 Q is connected to a fixed resistor of
resistance 10 @ and a variable resistor of resistance R as shown. The battery delivers
maximum power to the external resistance when the external resistance is equal to the
internal resistance of the battery.

What is the value of R and the power dissipated across the 10 Q fixed resistor when maximum
power is delivered?

R/IQ PI/W
A 5.0 7.2
B 10 3.6
C 10 14
D 5.0 3.6
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23 Fig. (a) shows the top view of two long parallel wires, wire X and wire Y, carrying currents Ix
and /v respectively in a direction perpendicular to the plane of the paper. The distance between
wire X and wire Y is L.

Fig. (b) shows the variation of the net magnetic field at distances to the right of wire Y along
the line joining wire X and wire Y. At a distance d from wire Y, the net magnetic field is zero.

net magnetic field

from wire Y

O Qi-ngrmmmnoens >
wire X [ wire Y wire Y /1 distance

Fig. (a) top view (not to scale) Fig. (b)

Given that the ratio I is 4.00 and taking the upwards direction to be positive, which of the
Y

following gives the relative direction of Ix and /v and the value of L in terms of d?

relative direction of Ix and Iy Lin terms of d
A | Ix and Iy flow in opposite directions d
B | Ix and Iy flow in the same direction d
C | Ix and I flow in opposite directions 3d
D | Ix and I flow in the same direction 3d
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24 A high energy particle which carries no charge enters a region of uniform magnetic field
directed into the paper. The particle subsequently disintegrates to form two particles X and Y
which have the same mass and same magnitude of charge.

The paths of X and Y are shown in the diagram and the initial radius of Y is twice the initial

radius of X.
Particle X
high energy
“Tparticle” T
uniform magnetic ——
field (into the paper) Particle Y

Which of the following statements is correct?

A Particle X is negatively charged, particle Y is positively charged.

B The ratio of the initial kinetic energy of particle X to particle Y is 0.25.
C The speeds of both particles are increasing steadily.
D

Particle X has a larger momentum than patrticle Y.
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25 A copper rod is moved at right angles to a uniform magnetic field as shown in the diagram.
The graph on the right shows the variation with time t of the displacement s of the copper rod

from point O.
copper rod
X X X X X X
O < < < < | x
X X X X X X

}

>

0

t

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

A

~Vv

C
EA
0 : i N\l L,
0 t

26

B
EA
0 ! ! ! L,
0 t
D
EA
0 ! ! ! L,
0 t

A heater is connected to a 110 V sinusoidal alternating current and it dissipates energy at a

mean rate of 800 W. The same heater, with its resistance unchanged, is then connected to a

156 V d.c. supply.
At what rate does the heater dissipate energy now?

A 400W B 800W o
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1100 W

D

1600 W

[Turn over



16

27 Light of wavelength 1 strikes a photo-sensitive surface and electrons are ejected with
maximum kinetic energy E. If the maximum kinetic energy is to be increased to 2E, the
wavelength must be changed to 4" where

A AV=1/2 B 1/2<i'<2A C i<i'<22 D =22

28 Electrons accelerated from rest by a potential difference V are directed to hit a metallic target
to produce X-rays. It produces continuous as well as characteristic X-rays.

If 4., is the shortest possible wavelength of X-ray in the spectrum, which of the following
shows the variation with IgV of IgA_. ?

A B

Ig/lmin“ Ig/ﬁtmin“

|g/7vmin“ Ig/Imin‘

29 1 g of a sample which contains radioactive nuclei is left in the laboratory for 4 days. The
radioactive nuclei emit gradiation and have a half-life of 2 days.

What is the mass of the sample at the end of that period?

1 1
A — B —
16 ° g °
Cc % g D slightly less than 1 g
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30 The following process shows a stationary isotope of boron when capturing a slow moving
neutron, splits to become a lithium isotope and an alpha particle.

"B+ n—ILi+3He
y-ray is emitted in the process.

The nuclear binding energies are:

9B : 64.94 MeV
Li : 39.25 MeV
sHe: 28.48 MeV

What is the energy of the y -ray emitted, given that the total kinetic energy of ]Li and jHe is
2.31 MeV?

A 0.48 MeV
B 2.79 MeV
C 25.69 MeV
D

260.73 MeV

End of Paper 1
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