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speed of light in free space c = 3.00x108ms"
permeability of free space o = 4nx107Hm™
permittivity of free space & = 8.85x10"2F m'or (1/(36n)) x 10°F m™'!
elementary charge e = 1.60x107"C
the Planck constant h = 6.63x10%Js
unified atomic mass constant u = 1.66x 102 kg
rest mass of electron m, = 9.11x103%kg
rest mass of proton m, = 1.67x10?%kg
molar gas constant R = 8.31JK"'"mol"
the Avogadro constant N, = 6.02x 102 mol"
the Boltzmann constant k = 1.38x102JK"
gravitational constant G = 6.67x10"" N m2kg?
acceleration of free fall g = 981ms?
Formulae

uniformly accelerated motion s = ut+%at

v2 = u?+2as
work done on/by a gas W = pAv
hydrostatic pressure p = pgh
gravitational potential ¢ = -Gmr
temperature TIK = T/PC+273.15
pressure of an ideal gas p = % N7m <c?>
mean translational kinetic energy of an ideal gas molecule E = %kT
displacement of particle in s.h.m. X = Xosinwt
velocity of particle in s.h.m. Vv = v,cosat

= ia)\l(xoz )
electric current I = Anvg
resistors in series R = Ri+Rx+ ...
resistors in parallel /R = 1R+ 1R+ ...
electric potential vV = Q
4me,r
alternating current/voltage X = XoSinwt
magnetic flux density due to a long straight wire B = %
magnetic flux density due to a flat circular coil B = ”"2—1;”
magnetic flux density due to a long solenoid B = ponl
radioactive decay X = Xoexp(—Af)
decay constant A= ln_2
ti)

L
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| 1 A capacitor is a device used to store electric charges. It consists of a pair of conducting plates. |
The capacitance C of a capacitor is defined as the ratio of the charge Q on either plate to the
magnitude of the potential difference V between the plates, as depicted in the formula:

Which of the following shows the Sl base units for capacitance C?

A A’s*m?kg’ B s?’m?kg’ C A2m?kg’ D C?kg’'m?s?

2 Four students conduct their own experiments to determine the value of Planck’s constant. The
following table contains their experimental data.

Which student’s measurement is accurate but imprecise, compared to the others?

student Planck’s constant, h/ 1034 J s
A 6.64 6.61 6.61 6.64 6.65
B 6.62 6.63 6.63 6.64 6.63
C 6.63 6.68 6.61 6.68 6.65
D 6.62 6.61 6.63 6.62 6.62

3 The relation between the velocity v of waves in the sea with its wavelength 4, the

surface tension y and density p of sea water is given by:
v=k | L
Ap
where k = constant of proportionality.

If y=(4.30 + 0.05) N m", p = (1450 + 20) kg m=and the percentage uncertainty in 1 is 5 %,
what is the percentage uncertainty in the velocity of the waves?

A 2% B 3% C 4% D 8%
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4  Two identical ball bearings are dropped simultaneously from rest from different heights as shown |
below. Air resistance is negligible.

As the stones fall, which of the following is true about the distance between them?
A The distance will remain the same.

B The distance will decrease until they come in contact.

C The distance will increase continuously.
D

The distance will increase initially then remain the same.

5 Adevice for spraying paint consists of a box with its axes horizontal and vertical. One of its vertical
faces contains small holes. Paint is fed into the box under pressure via a vertical tube and exits
through the holes as fine horizontal streams.

paint in

i
paint out through holes

(only a few holes are shown)

The paint is ejected at a speed of 3.0 m s~ through 27 holes, each of area 0.4 mm?. The density
of the paint is 900 kg m=3.

What is the horizontal force required to hold the device stationary as it ejects the paint?

A 21mN B 29mN C 44mN D 87mN
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| 6 A cup contains 100 g of water. The pressure at the bottom of the cup is P. _l

before after

50 g of water is removed from the cup, frozen into ice, and added back to the cup, as shown
above. 10% of the volume of the ice is above the surface of the water.

What is the new pressure at the bottom of the cup?

A 0.95P B P C 1.05P D 1.10P

7 Anescalator is 60 m long and lifts passengers through a vertical height of 30 m.

To drive the escalator against the forces of friction when there are no passengers requires a
power of 2.5 kW.

The escalator is used by passengers of average mass 62 kg and the power to overcome friction
remains constant.

How much power is required to drive the escalator when it is carrying 20 passengers and is
travelling at 0.75 m s™'?

A 46 kW B 71kW C 91kw D 11.6kW
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| 8 The engine of a boat supplies a constant power of 110 kW to propel the boat forward. The boat—I

10

attains a maximum speed of 21.0 m s™".

If the magnitude of the resistive force acting on the boat is proportional to the square of the boat’s
speed, what is the resultant force acting on the boat when it is moving at the instant when its
speed is 15.0 ms™'?

2.7 kN B 3.6kN C 4.7kN D 7.3kN

An astronomical gas cloud has mass M and radius R. The gravitational potential on its surface S

. GM . oy . 3GM
is —— and at its centre O it is — SR

A unit mass is moved slowly by means of an external force from the surface S to the centre O.
What is the work done on the mass by the external force?

5GM GM C GM 5GM

A - - -
2R 2R 2R 2R

On a fairground ride, passengers are rotated in a vertical wheel of radius 4.00 m. Passengers
complete one revolution in 3.70s.

A passenger of mass 77.0 kg is shown in the diagram when at the top of the wheel and when at
the bottom of the wheel. What is the force acting by the wheel on the passenger?

force at top force at bottom
A 1640 N down 133 N up
B 1640 N up 133 N down
Cc 133 N down 1640 N up
D 133 N up 1640 N down
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| 11  The diagram shows a solar satellite, mass m, positioned directly between the Earth, mass Mg, |

12

13

and the Sun, mass M;. The satellite is a distance r from the Earth and a distance R from the Sun.

~ "
: :

Earth, satellite, Sun,
mass Mg mass m mass My

The satellite rotates in a circle around the Sun once a year and therefore moves around the Sun
with the Earth, both having the same angular velocity w
Which force = mass x acceleration equation applies for the satellite?

GMsm
A R“Z =m X (Rw?)
B GMgm )
2 =m X (Rw?)
C GMgm GMgm )
= TRz —m X (Rw*?)
D GMSm GMEm
p7 ~ oz = mX(Ro?)

A satellite orbiting the Earth moves to an orbit further away from the Earth, such that its
gravitational potential energy increases by E. By how much does its kinetic energy changes?

A ltincreases by E.
B It decreases by E.

C
It increases by g

It decreases by g :

Two vessels A and B of volume V and 8V respectively are connected by a tube of negligible volume
and contain an ideal gas at an initial temperature of 10 °C.

Vessel A initially contains n moles of the ideal gas. Its temperature is then raised to 80 °C while
the temperature of B is maintained at 10 °C.

How many moles of gas will be transferred between the vessels when steady state is reached?

A 0.18n B 021n C 082n D 0.86n
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| 14 A body performs simple harmonic motion with period T. The graph shows the variation with |
time t of its acceleration a.

alms? 4

IVANA

0 0.0 0.08 /s

What is the ratio of the body’s displacement to its amplitude at time ¢ = %?

A -0.71 B 0.71 C -0.87 D 0.87
15 In a horizontal spring-mass system, a mass m oscillates with a frequency fand an amplitude x.
The total energy of the oscillating system is E.

What is the total energy of a spring-mass system with a mass 0.50 m, frequency 3.0 f and
amplitude 0.40 x?

A 0.24E B 0.60E C 0.72E D 18E

16 Ripples on the surface of a pond spread out in circles from the point of an initial disturbance.
Assume that the energy of the wave is spread over the entire circumference of the ripple.

For one such ripple, the amplitude of the ripple at a distance of 150 mm from the disturbance
is 2.0 mm.

1200 mm

T:_f..-- Initial disturbance

“ripple on surface
of pond

What will be the amplitude of the ripple at a distance of 1200 mm from the disturbance?
(Assume no energy is lost in the propagation of the ripple.)

A 0.031 mm B 0.13 mm C 025mm D 0.71mm
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| 17 A beam of unpolarised light with amplitude A and intensity / is passed through two optical _l
polarisers.

The first polariser's transmission axis is oriented at 60° to the vertical, while the second
polariser’s transmission axis is oriented at 45° to the horizontal.

unpolarised light

g

60°

P

What is the intensity of the light at P and amplitude of the light at Q?

Intensity of lightat P Amplitude of light at Q

A 1, Asin15°
J2

B 1 1 ;
—1 —Asin15
J2 2

c 1 Asin15’

D 1
5! 1 Asin1s

J2
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| 18 A parallel, monochromatic beam of electromagnetic radiation is incident at right angles onto a |
single slit of width 0.010 mm.

The graph shows how the intensity of the radiation varies with the sine of the angle 6 through
which the light is diffracted.

intensity
\ —_ /—\/\/—\ — / -
—015 —010 —005 0.00 015 sin®

What is the wavelength of the radiation?

A 500 nm B 750 nm C 500 um D 750 um

19 The diagram shows the electric equipotential lines in a non-uniform electric field.

+30 V +20V +10V

=10V
+40 V

=20V
+50 V =30V

-40 V

An electron moves from point X to Y. Which of the following is correct with regard to the
comparison of the electric potential energy U as well as the magnitude of the electric force F of
the electron at point X and Y?

Electric Potential energy | Magnitude of electric force
A Uy < Uy Fy < Fx
B Uy < Uy Fy > Fx
C Uy > Uy Fy < Fx
D Uy > Uy Fy > Fx
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| 20 The diagram shows the electric motor for a garden pump connected to a 24 V power supply by _l

an insulated two-core cable.
X

+ N\ cable
24 pump
motor

C|" Y

The motor does not work, so to find the fault, the negative terminal of a voltmeter is connected
to the negative terminal of the power supply and its other end is connected in turn to terminals
X andY at the motor.

Which row represents the correct conclusion from two voltmeter readings?

voltmeter reading voltmeter reading conclusion
connected to X/ V connectedto Y/ V

A 24 0 break in positive wire of cable
B 24 12 break in negative wire of cable
C 24 24 break in connection within the motor
D 24 24 break in negative wire of cable
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I? The resistance of a light-dependent resistor (LDR) is 5 MQ in the dark and 1 kQ when Iight—I
shines on it. The LDR is connected in series with a 6 V battery with negligible internal resistance
and a 5 kQ resistor. The circuit is placed in a dark room and the LDR is then illuminated by a
flashing lamp

-
¥

Which diagram shows how the p.d. across the 5kQ resistor varies with time?

A B
6 5]
d. /v d. /v
P 4 P 4
2 2
0 - 0 -
0 time/s 0 time/s
C D
6 ST
p.d./V p.d./V -
4 4
2 2
{]0 - 00 >

time/s time/s

22 A steady current [ dissipates a certain power in a variable resistor. When a sinusoidal
alternating current is used, the variable resistor has to be reduced to one quarter of its initial
value to obtain the same power. What is the peak value of the alternating current?

A 21 B 2/ C 221 D 421
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G Two very long, straight, parallel wires carry equal steady current / in opposite directions. The _l
distance between the wires is d. At a certain instant of time, a point charge g is at a point
equidistant from the two wires, in the plane of the wires. Its instantaneous velocity v is
perpendicular to this plane. The magnitude of the force due to the magnetic field acting on the
charge at this instant is

H,Iqv c HIqv D 2u,1qv
2rd zd zd

A ON B

24 A current of 0.3 A flows in a conductor ABCDE that lies on the plane of the paper as shown in
the figure below.

v

v

v

Magnetic
field, 1.5 T

v

l _

v

The conductor is inside a region of a uniform magnetic field having a magnetic field strength of
1.5 T. AB and DE are parallel to the magnetic field. Angle BCD is 60°. The lengths of segments
AB, BC, CD and DE are 0.6 m each.

Which of the following describe the resultant force and resultant torque on the conductor?

magnitude of resultant force torque (view from the top)
A ON Clockwise about CF
B ON No resultant torque
Cc 0.47 N Anti-clockwise about CF
D 047 N No resultant torque
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25 A vertical rod PQ is hinged to a flat surface at the end P and placed in a uniform magnetic field
that acts into the page, as shown in the diagram. When the rod is lightly pushed to the right at
the end Q, it swings downwards while still hinged at P.

26

27

rod 0 magnetic field
drxxxxx/‘mtothepage
XX X X X X
X|[X X X X X
XX X X X X
XX X X X X
XX X X X X
P

Just before the end Q hits the flat surface, which of the following statements is correct?

A Qs at a higher electrical potential than P.

B

Cc

D

An upward magnetic force acts on the rod.
An induced current flows to Q from P

The rod rotates clockwise with a constant angular speed.

The magnetic flux linking a conducting loop changes sinusoidally with time.

Which of the following describes the phase difference between the magnetic flux linkage and the
e.m.f. induced?

A

B
C
D

They are in phase with each other.
They are out of phase by n/4 rad.
They are out of phase by n/2 rad.

They are out of phase by & rad.

A metal surface is illuminated with a beam of monochromatic electromagnetic radiation. Based
on the photoelectric effect, photoelectrons may be emitted from the metal surface.

Which statement about the photoelectrons is correct?

A

B

No emission of photoelectrons occurs if the radiation is below a threshold intensity.

Photoelectrons are emitted only if the wavelength of the radiation is greater than a minimum
value.

The maximum speed of the photoelectrons emitted increases when the intensity of the
radiation increases provided frequency of radiation remains constant.

The rate of emission of photoelectrons decreases when the frequency of the radiation
increases at constant intensity.
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| 28 In an experimental setup, a beam of accelerated electrons strikes an extremely thin layer of |

29

30

polycrystalline graphite target and concentric rings are seen on the tube face as shown.

graphite target screen concentric
rings

/
electron
beam +4000 V

If the setup is modified such that instead of electron beam, a beam of protons strike the graphite
target with the same speed, what can be observed on the screen?

The radii of the concentric rings decrease.
The radii of the concentric rings increase.

The radii of the concentric rings remain the same.

o O W »

No rings appear can be seen

A radioactive source consists of a mixture of two isotopes P and Q.

P has a half-life of 60 minutes and Q has a half-life of 30 minutes. The initial count rate recorded
by a suitable counter is 800 min~'. After 120 minutes the counter registers a count rate of
80 min~".

What was the initial count rate of P?
A 160 min™ B 240 min'

C 480 min™ D 640 min™'

Uranium-238 decays by a series of alpha, beta and gamma decays into a final stable nuclide.
Which of the following is the final stable nuclide of the series?

A 25T B 2Pp

C 207 Pb D 208 Pb
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