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List of Formulae

The following equations and formulae may be useful in answering some of the questions in this
test

Uniformly accelerated motion

v = u+ at

s = ut+ 1
2
at2

v2 = u2 + 2as

s =
(u+ v

2

)
t

Mechanics

Newton’s second law: F =
d(mv)

dt

Power: P = Fv

Momentum: p = mv

Circular motion and rotational dynamics

Angular speed: ω =
dθ

dt
=
v

r

Angular acceleration: α =
dω

dt
=
a

r

Centripetal force: F =
mv2

r

Torque: τ = Iα

Work done in rotation: τθ = ∆

(
1

2
Iω2

)

Simple harmonic motion

Displacement: x = x◦ sin(ωt+ φ)

Velocity: v = ωx◦ cos(ωt+ φ)

Acceleration: a = −ω2x

Period: T =
1

f
=

2π

ω

Mass on a light spring: T = 2π

√
m

k
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Ray Optics

Refractive index: η1 sin θ1 = η2 sin θ2

1η2 =
sin θ1
sin θ2

=
v1
v2

1η3 = 1η2 . 2η3

Thin Lenses:
1

f
=

1

u
+

1

v
(real-is-positive)

1

f
=

1

u
− 1

v
(Cartesian)

Magnification: m =
v

u
=
hi

ho
(real-is-positive)

m = − v
u

= − hi

ho
(Cartesian)

Materials

Hooke’s law: F = k∆x

Stress: σ =
F

A

Strain: ε =
∆l

l◦

Young’s modulus: Y =
σ

ε

Energy stored in a stretched wire: E =
1

2
k(∆l)2

Stationary waves

Speed of waves on strings: v =

√
T

µ

Wave motion

Two-slit interference: s =
λD

d

Diffraction grating: d sin θ = nλ

Single slit diffraction: θ =
λ

a

Diffraction by a circular aperture: sin θ ≈ θ = 1.22
λ

D

Gravitational Fields

Force between point masses: F =
GM1M2

r2

Gravitational potential: VG = −GM
r
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Electric Fields

Electric field strength: E =
F

+q
= −dV

dr

Uniform field: E =
F

+q
= −V

d

Force between point charges: F =
Q1Q2

4πε◦r2

Electric potential: V = − Q

4πε◦r

Work: W = QV

Current Electricity

Current: I = nAve

Mathematical Formulae

Surface area of a sphere: S = 4πr2

Volume of a sphere: V =
4

3
πr3

Surface area of a cylinder: S = 2πrh+ 2πr2

Volume of cylinder V = πr2h

Logarithms: ln(xn) = n lnx

ln(ekx) = kx

Relationship between cosine and sine: sin(90◦ − θ) = cos θ

Small angles: sin θ ≈ tan θ ≈ θ (in radians)

cos θ ≈ 1
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List of Constant

The following physical constants may be useful in solving some problems found in this test:

Acceleration of free fall on and near the Earth’s surface: g = 9.81 m s−2

Gravitational filed strength on and near the Earth’s surface: g = 9.81 N kg−1

Boltzmann constant k = 1.38 × 10−23 J K−1

Molar gas constant R = 8.31 J K−1 mol−1

Avogadro’s constant NA = 6.02 × 1023 mol−1

Coulomb’s law constant k =
1

4πε◦
= 8.99 × 109 N m2 C−2

Charge of an electron e = 1.60 × 10−19 J

Mass of an electron me = 9.11 × 10−31 kg

Gravitational constant G = 6.67 × 10−11 N m2 kg−2

Permittivity of free space ε◦ = 8.85 × 10−12 F m−1

Permeability of free space µ◦ = 4π × 10−7 H m−1

Planck constant h = 6.63 × 10−34 J s

Speed of light in vacuum c = 3.00 × 108 m s−1

Electronvolt: 1 eV= 1.60 × 10−19 J

Unified atomic mass unit: 1 u= 1.66 × 10−27 kg
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Section A

Answer ALL questions in this section. Each question in this section carries 10 marks.

You are expected to write down the question number in the margin of your answer booklet.

Question 1

(a) The flow of electric current in a metal wire is due to the movement of conduction electrons.

(i) What are ‘conduction electrons’

(1)

(ii) Under what circumstances will the movement of the electrons produce current flow?

(2)

(b) Figure 1 shows a length L of conductor of cross-sectional area A. The conductor contains charged
particles which are free to move from left to right as shown.

e

e

e

e

e

e

e

e

cross-sectional

area A

L

e

e

e

e

Figure 1

(i) Given that there are n such particles per unit volume and that the charge of each particle is e,
derive an expression for the total charge of the particles in a length L of conductor of cross-
sectional area A.

(2)

(ii) If the particles are each moving with a drift velocity v in the direction shown, write down an
expression for the time taken for all the particles to pass through the shaded area.

(1)

(iii) Use your answers to (b)(i) and (b)(ii) to find an expression for the current I in terms of A, n,
e and v

(2)

(c) A current of 0.5 A flows in a copper wire of cross-sectional area 0.95 mm2. Given that 1 m3 of copper
wire contains 9.0 × 1028 conduction electrons, calculate the mean drift velocity of the electrons.

(2)
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Question 2

(a) Express the joule (J) in terms of the SI base units.

(2)

(b) The gravitational field strength close to the Earth’s surface is 9.81 N kg−1. Express the unit of the
gravitational field strength in terms of the SI base units.

(1)

(c) A track of length d has one end on the floor and the other end at a height h above the ground. A
trolley of mass m is placed at the upper end of the track, and runs freely down to the bottom. A
student suggests that the time t taken by the trolley to reach the bottom of the track satisfies the
equation

1

t2
=

(
2g

d2

)
h.

(i) Check whether the equation is homogeneous.

(4)

(ii) Which one of the following statements follows directly from your answer to (c)(i):

A: The equation is homogeneous and definitely correct.

B: The equation is not homogeneous and definitely incorrect.

C: The equation is homogeneous but it may still be incorrect.

D: The equation is not homogeneous but it may still be correct.

(1)

(iii) Give a reason for your answer to (c)(ii).

(2)

Question 3

(a) A longitudinal mechanical wave W travels through a medium. The resulting displacement y (in
metres) of a particle P at a distance x from the origin O at a given time t is given by

y = 0.03 sin

{
28

5
π(t− 0.35x)

}
where x is in metre and t is in second.

(i) What is the amplitude of the wave?

(2)

(ii) Calculate the frequency of the wave.

(2)

(iii) Find the wavelength.

(2)

(iv) Calculate the wavespeed.

(2)

(b) How would you adjust the equation given in (a) to describe the displacement of particle P if the
direction of travel of the wave W is reversed?

(2)
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Question 4

(a) State Newton’s second law of motion.

(2)

(b) A block of mass 4.8 kg is held at rest at the top of an inclined plane making an angle of 17◦ to the
horizontal. The block is then released and slides down the inclined plane. The length of the inclined
plane is 2.6 m. The average frictional force opposing the motion of the block as it slides down the
inclined plane is 6.3 N whereas air resistance is negligible.

(i) Calculate the initial gravitational potential energy of the block relative to the bottom of the
inclined plane.

(3)

(ii) Calculate the total work done against friction as the block slides down the inclined plane.

(2)

(iii) Hence or otherwise find the speed of the block at the bottom of the inclined plane.

(3)

Question 5

(a) State the conditions for static equilibrium.

(2)

(b) Figure 2 shows a system in static equilibrium. The system consists of a 20-kg brick, a 25-kg weight
and inextensible ropes. The rope QR is horizontal.

P

Q R

S

25 kg

35o

20 kg

brick

T1

T2

T3

Figure 2

(i) Find the tension T1.

(2)

(ii) Find the tension T2.

(2)

(iii) Find the tension T3 and the angle θ which the rope RS makes with the vertical.

(4)
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Question 6

(a) State the principle of superposition as applied to waves.

(2)

(b) In Young’s double-slit experiment, a pair of narrow parallel slits S1, S2 act as ‘coherent sources’. A
typical experimental arrangement is shown in Figure 3. The colour filter being used allows only green
light to pass through and blocks the other components of white light.

shield

    white light 

       source

single slit

Young's double slit

colour filter perspex rule

 travelling 

microscope

S1

S2

Figure 3

(i) What do you understand by the term ‘coherent sources’?

(2)

(ii) Write down a brief description of the interference pattern obtained.

(2)

Young's double slit

S1

S2

        narrow beam

of monochromatic light

            (633 nm)

He-Ne laser

Figure 4

(c) In an alternative setup Young’s slits are illuminated directly using an He-Ne laser which emits
monochromatic light of wavelength 633 nm. The slit separation is 0.5 mm. The narrow laser
beam is incident normally on both slits as shown in Figure 4. The fringe pattern is observed on
a screen at a distance of 3 m from the double-slit. Calculate the fringe separation.

(2)

(d) A student claims that carrying out Young’s double slit experiment is not enough to prove that
light is a transverse wave. Do you agree? Give a reason for your answer.

(2)
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Question 7

A pendulum bob of mass 200 g is attached to one end of a string of length 0.95 m. The bob moves in a
horizontal circle with constant speed in such a way that the string is inclined at an angle of 25◦ to the
vertical as shown in Figure 5(a). The point C represents the centre of the circular path through which the
pendulum bob is moving.

25o

C

pendulum bob

m = 200 g

string

O

circular path

(horizontal)

(a) (b)

Figure 5

(a) By using Figure 5(b) as reference and ignoring air-resistance, draw a free-body force diagram for the
pendulum bob at the instant shown. Clearly identify each of the two forces acting on the pendulum
bob.

(1)

(b) Find the value of each force acting on the pendulum bob.

(3)

(c) Calculate the radius of the circular path.

(1)

(d) Calculate the speed of the bob.

(2)

(e) Find the angular velocity of the bob in rad s−1.

(2)

(f) Find the period of the motion.

(1)

10 of 19



Question 8

(a) Explain the difference between transverse waves and longitudinal waves.

(2)

(b) Give an example of a transverse wave.

(1)

(c) Sound generated by a vibrating tuning fork can be described as being a longitudinal harmonic wave.
A particular vibrating tuning fork generates a sound wave of frequency 512 Hz which travels in air
with a speed of 330 m s−1. Calculate the wavelength of the sound wave produced by the vibrating
tuning fork.

(2)

L

M

signal generator

 dual-trace

oscilloscopeloudspeaker

microphone

optical bench

Figure 6

(d) Refer to Figure 6. A student carries out an experiment to find the speed of sound in air. She first
connects a signal generator to a dual-trace oscilloscope and to a loudspeaker L. Then she mounts a
microphone M on an optical bench and connects it to the same dual-trace oscilloscope. The signal
generator is then turned on and the frequency set to 725 Hz. Two traces appear on the screen. She
notices that the top trace (which represents the signal being fed into the loudspeaker) is fixed whereas
the bottom trace appears to shift as the microphone is moved towards or away from the loudspeaker.
She moves the microphone to a point P close to the loudspeaker where the signal received by the
microphone M is in phase with the signal fed into the loudspeaker L. Then she moves the microphone
M further away from the loudspeaker L to the next position Q where the two signals appear to be
once again in phase. The student repeats the experiment three times and finds that the average
distance between P and Q is 45.4 cm. Use this data to calculate the speed of sound in air.

(2)

(e) In a thunderstorm, a student timed the delay between a flash of lightning and the thunderclap that
followed it. If the delay was 3.6 s and the speed of sound in air is 330 m s−1, calculate how far she
was from the lightning strikes.

(3)
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Section B

Answer ANY FOUR questions from this section. Each question in this section carries 25 marks.

You are expected to write down the question number in the margin of your answer booklet.

Question 9

(a) A car of mass 750 kg on a straight road starts from rest and accelerates at 3.5 m s−2 for 15 s. It
then travels for 2 minutes at constant velocity, and finally decelerates uniformly, coming to rest after
a further 25 s.

(i) Sketch a velocity-time graph for the whole 160 s. Label the velocity and time using the appropriate
numerical values.

(4)

(ii) Find the total distance travelled in the 160 s period.

(2)

(iii) Calculate the average speed for the whole journey.

(2)

(iv) Calculate the resultant force acting on the car during the first 15 s of the motion.

(1)

(v) Calculate the resultant force acting on the car during the last 25 s of the motion.

(3)

(b) A tennis ball of mass 58.5 g moving at 24 m s−1 hits a smooth vertical wall at right angles and
bounces off along the same line at 18 m s−1. The tennis ball is estimated to be in contact with the
wall for 2.8 × 10−2 s.

(i) Define ‘impulse’.

(2)

(ii) What is the magnitude of the impulse of the wall on the ball?

(2)

(iii) What is the average force exerted by the wall on the ball?

(2)

(iv) What is the average force exerted by the ball on the wall? Explain.

(2)

(c) Figure 7(a) shows a loaded supermarket trolley of mass M about to link with stationary stack of two
empty trolleys. The mass of an empty trolley is 7.5 kg. All trolleys are identical when empty. The
speed of the loaded trolley before the trolleys link together is 2.35 m s−1. The speed of the linked
trolleys after the collision is 1.25 m s−1.

(i) Calculate the net mass of the objects inside the loaded trolley.

(4)
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Figure 7

(ii) Hence or otherwise, find the mass M of the loaded trolley.

(1)

Question 10

(a) A mass m is attached to the lower end of a light helical spring suspended from a fixed point. The mass
is gently pulled downwards 35 mm from its equilibrium position and then released from rest. The
mass-spring system starts to oscillate in simple harmonic motion. The time taken for 20 oscillations
is 12.5 s. Assume that the oscillations are undamped.

(i) Calculate the periodic time of the oscillations.

(2)

(ii) Calculate the angular frequency ω of the oscillations.

(2)

(iii) Calculate the stiffness constant of the spring if the mass m is 200 g.

(2)

(iv) Estimate the speed of the mass m as it passes through its equilibrium position

(2)

(v) Calculate the acceleration of the mass m at the instant it is released from rest

(2)
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(b) A glider P of mass m lying on a horizontal air-track is attached to two hooks by means of two identical
springs of stiffness constant k as shown in Figure 8 . The two springs are labeled R and S. The glider
is first gently displaced from its equilibrium position and then released so that it starts to oscillate
along the horizontal. Throughout the motion of the glider, both springs remain extended. At one
instant, the glider is at a distance x from its rest position O as shown in Figure 9.

glider
spring R spring S

air-track

Figure 8

glider
spring R spring S

air-track

O
x

Figure 9

(i) When the glider is in its equilibrium position as shown in Figure 8, the extension in each spring
is X. Write down an expression for the magnitude of the force which each of the springs exerts
on the glider when it is in its rest position.

(2)

(ii) By arbitrarily choosing a sign convention to indicate vector direction, find expressions for the
forces exerted on the glider by the spring R and the spring S respectively at the instant shown
in Figure 9 in terms of X, x and the stiffness constant k.

(2,2)

(iii) Hence, find an expression for the resultant force acting on the glider at the instant shown in
Figure 9.

(2)

(iv) Derive an expression for the acceleration a of the glider at the instant shown in Figure 9 in
terms of the mass m of the glider, the stiffness constant k and the displacement x of the centre
of the glider from its equilibrium position.

(3)

(v) By using your answer to (iv), explain why the oscillations of the glider are simple harmonic.
(Give two reasons)

(2)

(vi) Hence, derive an expression for the periodic time T of the oscillation of the glider in terms of
its mass m and the stiffness constant k.

(2)
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Question 11

(a) Newton’s universal law of gravitation states that any two bodies in the Universe are attracted to
each other by a force which is directly proportional to the product of their masses and inversely
proportional to the square of their separation.

(i) Clearly distinguish between the universal gravitational constant G and the acceleration due to
gravity g .

(3)

(ii) Express the units of G in terms of the base SI units.

(2)

(b) Define the gravitational potential V of a point in the field.

(2)

(c) The mass ME of planet Earth is 81 times the mass MM of the moon. The distance between the centre
of the Earth and that of the moon is 3.84 × 108 m.

Earth

Moon

xE

P

Figure 10

(i) Sketch a labelled graph to show how the gravitational field strength g due to the Earth varies
with height h above the Earth’s surface.

(2)

(ii) Refer to Figure 10. At a point P which is at a distance xE from the centre of the Earth, the
combined gravitational field strength due to the Earth and the Moon is zero.

Calculate the value of xE .

(3)

(d) A satellite S of mass 750 kg is in a circular orbit at a height of 2600 km above the Earth’s surface.
The radius RE of the Earth is 6400 km and the mass ME of the Earth is 5.98 × 1024 kg.

(i) Show that the orbital speed v of a satellite at a height h above the Earth’s surface is given by:

v =

√
GME

(RE + h)

where G is the universal gravitational constant.

(4)

(ii) Hence or otherwise calculate the orbital speed of the satellite S.

(2)
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(iii) Calculate the kinetic energy of the satellite.

(2)

(iv) Calculate the gravitational potential energy of the satellite.

(2)

(e) Kepler’s third law of planetary motion is simplified by taking the orbits to be circles round the Sun.
It states that T 2 is directly proportional to R3 where R denotes the radius of the orbit and T denotes
the period in which a planet describes its orbit. According to several observations and measurements,
the orbits of the Earth and of Jupiter are very nearly circular with radii 150× 106 km and 778× 106

km respectively. Jupiter’s period round the sun is 11.86 years. Show that these figures are consistent
with Kepler’s third law.

(3)

Question 12

(a) Snell’s law describes the relationship between angles of incidence and refraction.

(i) State Snell’s law.

(2)

(ii) Define the refractive index for glass in terms of the speed of light.

(2)

(iii) Explain what is meant by the critical angle for two media on either side of a common interface.

(2)

(iv) State the two conditions under which a light will undergo total internal reflection when striking
a boundary between two given media of different optical density.

(4)

(v) A ray of light travelling through a transparent medium X is incident on a plane interface and
gets refracted into air. The speed of light in medium X is 66% of the speed of light in air. What
is the angle of refraction in air if the angle of incidence is 25◦?

(3)

(vi) Calculate the value of the critical angle if light is to strike the interface between medium X and
glass of refractive index 1.49.

(4)

.

(b) The shape of a lens determines how rays which are parallel and close to the principal axis are deviated.
Lenses may be either converging or diverging. Draw a labelled ray diagram to illustrate the meaning
of the principal focus (focal point) of a diverging lens. Clearly label the principal focus (focal point)
using the letter F.

(3)
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(c) An illuminated object of height 4 cm is placed at a distance of 36.0 cm from a diverging lens having
a focal length of 12 cm.

(i) Determine the distance between the illuminated object and the image.

(3)

(ii) Find the image height.

(2)

Question 13

(a) A ball is thrown vertically upwards with a speed of 16 m s−1. Ignore air-resistance.

(i) How long does it take for the ball to reach maximum height?

(2)

(ii) Calculate the maximum height reached by the ball above the point of projection.

(2)

(b) A ball moving at 2.2 m s−1 rolls off a table as shown in Figure 11. The table is 1.25 m high Assume
that air-resistance is negligible.

Figure 11

(i) Find the time it takes for the ball to reach the floor.

(2)

(ii) Find the horizontal distance d between the base of the table and the point at which the ball hits
the floor.

(2)

(iii) Find the magnitude of the vertical component of the velocity of the ball just before it hits the
floor.

(2)

(iv) Calculate the speed of the ball just before it hits the floor.

(2)

(v) Find the angle which the velocity of the ball makes with the vertical just before it hits the floor.

(2)
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(c) Wayne kicks the ball towards goal in an attempt to lob the keeper, but the ball just clears the crossbar
as shown in Figure 12. When the ball is passing right above the crossbar, it is at the highest point
of its path. The ground is level and the higher edge of the crossbar is 2.54 m above the ground. The
ball leaves Wayne’s boot with a velocity of 9.0 m s−1 at an angle x to the horizontal. Air-resistance
is negligible.

Figure 12

(i) Find the angle x.

(4)

(ii) Calculate the speed of the ball as it passes over the crossbar.

(2)

(d) A lead sphere is projected with a velocity of 22 m s−1 at an angle of 40◦ to the horizontal as shown
in Figure 13. The lead sphere reaches maximum height and then returns to the original level.

Figure 13

(i) How long does it take for the sphere to attain its original level?

(3)

(ii) How far from the point of projection does the lead sphere attain its original level?

(2)
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Question 14

(a) Define ‘tensile stress’.

(2)

(b) Copper is a ductile material.

(i)What do you understand by the term ‘ductile’?

(2)

(ii) Sketch a stress-strain graph to illustrate the behaviour of copper until it fractures.

(2)

(iii) On your graph mark the region where the behaviour is elastic.

(1)

(c) A copper wire of cross-sectional area 2.75 mm2 and length 1.95 m hangs vertically from a fixed
support. When a 1.75-kg mass is attached to its lower end the wire is extended by 0.10 mm.

(i) Calculate the tensile stress.

(2)

(ii) Calculate the strain.

(2)

(iii) Calculate the Young modulus of copper.

(2)

(d) A steel wire XY, length 0.800 m and cross-section area 0.60 mm2, is joined to an copper wire YZ,
length 1.000 m and cross-section area 0.90 mm2. The total length increases by 1.5 mm when a tensile
force F is applied along the compound wire XYZ. If the Young modulus of steel is 2.0× 1011 Pa and
that of copper is 1.2 × 1011 Pa, find:

(i) the extensions of XY and YZ ;

(4)

(ii) the common tensile force F applied;

(2)

(iii) the elastic potential energy stored in the compound wire.

(2)

(e) A rubber specimen is repeatedly stretched and released. Its temperature rises.

(i) Why does the temperature of the rubber specimen rise and what is this effect called?

(1,1)

(ii) Draw a stress-strain graph to describe the behaviour of the rubber specimen during a single
loading-unloading cycle. Assume that the elastic limit is not exceeded.

(2)
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