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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

at

2

v

2 = u

2 + 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: ! =
d✓

dt

=
v

r

Angular acceleration: ↵ =
d!

dt

=
a

r

Centripetal force: F =
mv

2

r

Torque: ⌧ = I↵

Work done in rotation: ⌧✓ = �

✓
1

2
I!

2

◆

Simple harmonic motion

Displacement: x = x� sin(!t+ �)

Velocity: v = !x� cos(!t+ �)

Acceleration: a = �!

2

x

Period: T =
1

f

=
2⇡

!

Mass on a light spring: T = 2⇡

r
m

k
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Ray Optics

Refractive index: ⌘
1

sin ✓
1

= ⌘

2

sin ✓
2

1

⌘

2

=
sin ✓

1

sin ✓
2

=
v

1

v

2

1

⌘

3

=
1

⌘

2

.

2

⌘

3

Thin Lenses:
1

f

=
1

u

+
1

v

(real-is-positive)

1

f

=
1

v

� 1

u

(Cartesian)

Magnification: m =
v

u

=
h

i

h

o

(real-is-positive)

m = � v

u

= � h

i

h

o

(Cartesian)

Materials

Hooke’s law: F = k�x

Stress: � =
F

A

Strain: " =
�l

l�

Young’s modulus: Y =
�

"

Energy stored in a stretched wire: E =
1

2
k(�l)2

Stationary waves

Speed of waves on strings: v =

r
T

µ

Wave motion

Two-slit interference: s =
�D

d

Di↵raction grating: d sin ✓ = n�

Single slit di↵raction: ✓ =
�

a

Di↵raction by a circular aperture: sin ✓ ⇡ ✓ = 1.22
�

D

Gravitational Fields

Force between point masses: F =
GM

1

M

2

r

2
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Gravitational potential: V
G

= �GM

r

Electric Fields

Electric field strength: E =
F

+q

= �dV

dr

Uniform field: E =
F

+q

=
V

d

Force between point charges: F =
Q

1

Q

2

4⇡"�r2

Electric potential: V =
Q

4⇡"�r

Work: W = QV

Current Electricity

Current: I = nAve

Mathematical Formulae

Surface area of a sphere: S = 4⇡r2

Volume of a sphere: V =
4

3
⇡r

3

Surface area of a cylinder: S = 2⇡rh+ 2⇡r2

Volume of cylinder V = ⇡r

2

h

Logarithms: ln(xn) = n lnx

ln(ekx) = kx

Relationship between cosine and sine: sin(90� � ✓) = cos ✓

Small angles: sin ✓ ⇡ tan ✓ ⇡ ✓ (in radians)

cos ✓ ⇡ 1
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List of Constants

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 field strength on and near the Earth’s surface: g = 9.81 N kg�1

Gravitational constant: G = 6.67⇥ 10�11 N m2 kg�2

Mass of the Earth: M
E

= 5.97⇥ 1024 kg

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

4⇡"�
= 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

Permittivity of free space: "� = 8.85⇥ 10�12 F m�1

Permeability of free space: µ� = 4⇡ ⇥ 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) How many nanoseconds would it take for light to travel 2.00 m in vacuum?

(2)

(b) The density of para�n wax is 0.93 g cm�3. What is this value in kilogram per cubic metre?

(1)

(c) The joule is the SI unit of energy.

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

(2)

(ii) A photon is a discrete bundle of energy. The energy E of a photon is given by

E = hf

where f is frequency and h is Planck’s constant. Find the base SI units of Planck’s constant.

(2)

(d) John suggests that the speed v of ocean waves in deep sea-water is given by one of the following
equations:

Equation A : v =

p
⇢gd

2⇡

Equation B : v =

r
g�

2⇡

Equation C : v = 2⇡

r
g

⇢

Equation D : v =
1

2⇡

r
g

d

where d is the depth, g is the acceleration due to gravity, � is the wavelength and ⇢ is the density of
sea-water. Which one of the equations could be correct? Explain your answer.

(3)
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Question 2

(a) Define electric field strength at a point in an electric field.

(2)

(b) Define potential at a point in an electric field.

(2)

Figure 1

(c) An electron is liberated from the lower of two large parallel metal plates separated by a distance d

equal to 2.25 cm as shown in Figure 1. The upper plate has a potential of 2.45 kV relative to the
lower plate. Between two large parallel plates close to each other, the electric field is uniform except
near the edges of the plates.

(i) Calculate the electric field strength at any point P inside the uniform electric field between the
two parallel plates.

(2)

(ii) How long does the electron take to reach the upper plate? Assume that the weight of the electron
is negligible.

(3)

(d) What is the kinetic energy in electron-volts (eV) gained by an electron when accelerated through a
potential di↵erence of 4.00 V?

(1)

Question 3

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

(2)

(b) The Toyota Starlet is a small car manufactured by Toyota from 1973 to 1999. A Toyota Starlet is
moving up a road inclined at an angle of 19.5� to the horizontal. The car is known to have a mass of
891 kg.

(i) Find the component of the weight opposing the motion of the car.

(3)

(ii) Calculate the thrust provided by the engine if the car is moving with a steady velocity and the
total frictional force opposing the motion of the car is 925 N.

(2)

(c) Charles, who weighs 86.5 kg, is using a lift to move from the basement to his apartment on the seventh
floor. The lifts ascends with an acceleration of 0.568 m s�2 between the first and second floor. What
is the total reaction of the floor on Charles as the lift is ascending between the first and second floor?

(3)
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Question 4

(a) State Newton’s third law.

(2)

Figure 2

(b) John pulls up (vertically upwards) on the spring balance, but the 2.5-kg weight remains on the table
while the reading on the spring balance is 18 N as shown in Figure 2(i).

(i) Find the reaction force of the table on the 2.5-kg weight.

(2)

(ii) State the force exerted by the 2.5-kg weight on the table.

(1)

(iii) State the force of the 2.5-kg weight on the spring balance.

(1)

(c) Figure 2(ii) shows a larger force being applied at an angle of 35� to the horizontal as the reading on
spring balance now shows 25 N.

(i) Find the new value of the reaction force of the table on the 2.5-kg weight.

(2)

(ii) John keeps pulling at an angle of 35� to the horizontal and gradually increases the applied force.
Calculate the minimum force Fmin which John has to apply (at 35� to the horizontal) in order
for the 2.5-kg weight to lose contact with the table.

(2)
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Question 5

(a) Define velocity.

(1)

(b) A sixty one year-old woman was arrested on her birthday after a failed masked robbery attempt. The
very weird movements of another suspect - her seventy two year-old cousin - are being monitored.
Figure 3 shows how her car’s velocity along a straight road varied with time earlier this morning
between 1 a.m. and 2 a.m. according to the recorded data.

Figure 3

(i) Use the graph to determine the total time in seconds during during which the investigators can
tell with absolute certainty that the suspect’s car was on the move.

(1)

(ii) Calculate the total distance travelled by the car along the straight road.

(2)

(iii) Find the acceleration (along the straight road) of the car as it travelled from B to C. Give
your answer in m s�2.

(2)

(iv) Find the acceleration (along the straight road) of the car as it travelled from D to E. Give
your answer in m s�2.

(2)

(v) Sketch a graph to show the variation of distance (in km) with time (in minutes) for the first
35 minutes of the suspect’s monitored movement.

(2)
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Question 6

(a) Define wavelength for a progressive mechanical wave.

(1)

(b) Define amplitude for a progressive mechanical wave.

(1)

(c) Distinguish between transverse waves and longitudinal waves.

(2)

(d) A progressive transverse wave passes through a medium. The displacement y in metre of a particle
P from its rest position is described by the equation;

y = 0.025 sin

⇢
⇡

✓
34

5
t� 3x

◆�

where t is the time in seconds and x is the distance in metre between the equilibrium position of P
and the origin O.

(i) What is the amplitude of the wave?

(1)

(ii) What is the frequency?

(2)

(iii) Find the wavelength of the progressive wave.

(2)

(iv) Determine the wavespeed.

(1)

Question 7

(a) In 1912, at Lowell Observatory, Vesto Slipher measured the velocities of 25 galaxies. From the
cosmological redshift of spectral lines from these galaxies, Slipher deduced that most galaxies are
rapidly receding from us.

(i) What are ‘spectral lines ’?

(2)

(ii) Explain the meaning of ‘cosmological redshift ’

(2)

(b) In 1917, Albert Einstein realised that his theory of relativity implies that the universe must be
either expanding or contracting. In 1929, Edwin Hubble and Milton Humason used Hubble’s own
measurements combined with Slipher’s measurements to formulate a relationship which nowadays is
termed Hubble’s law. Hubble’s law became the basis of the modern model of the expanding universe.

(i) State Hubble’s Law.

(2)

(ii) Explain how Hubble’s law supports the Big Bang theory.

(1)

(c) In 1964, Arno Penzias and Robert Wilson detected what is called cosmic microwave background (CMB)
radiation. Explain how cosmic microwave background radiation supports the Big Bang theory.

(3)
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Question 8

A optical di↵raction grating consists of a large number of fine, equidistant, closely spaced parallel lines
of equal width ruled on a slide. Methods of fabrication and materials used vary. Each line acts like a
rectangular aperture / slit.

(a) A monochromatic beam of light emitted by a helium-neon (HeNe) gas laser is incident normally on
a di↵raction grating with 300 lines per millimetre. Bright red spots are observed on a large screen
situated 2.95 m away from the di↵raction grating. The plane of the screen is parallel to the plane
of the di↵raction grating. First order bright spots are located 57.1 cm away from the central bright
spot.

(i) Calculate the wavelength of the laser light.

(3)

(ii) Show that the distance between the second order bright spots is about 2.4 m.

(3)

(b) A laser emits green light of wavelength 532 nm. What is the highest order of the principal intensity
maxima produced when the green laser light is incident normally on a di↵raction grating with 5000
lines per centimetre?

(4)

End of Section A.

Section B starts on page 12.

Use the second booklet provided for Section B.

Start writing your solution to each of the four chosen questions on a fresh page.
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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) In 1687, Newton published the law of gravitation along with his three laws of motion.

(i) State Newton’s law of gravitation.

(2)

(ii) Find the base SI units of the universal gravitational constant G.

(2)

(iii) Define the gravitational field strength at a point in space.

(2)

(iv) Write down an algebraic expression for the gravitational field strength g

0 at a height h above the
Earth’s surface in terms of the radius of the Earth RE, the mass of the Earth ME, the height h
and the universal gravitational constant G.

(2)

(v) Hence or otherwise, show that GME = gR

2
E where g is the acceleration due to gravity at the

Earth’s surface, RE is the Earth’s radius, G is the universal gravitational constant and ME is
the mass of the Earth.

(2)

(vi) Find an estimate for the gravitational field strength at a point which is 930 km above the Earth’s
surface, given that the mean radius of the Earth is 6370 km.

(3)

(vii) Sketch a graph to describe the variation of the gravitational field strength with height above
the Earth’s surface.

(2)

(b) A 980-kg weather satellite is placed into a circular orbit 330 km above the Earth’s surface.

(i) Find the speed of the satellite.

(3)

(ii) Hence, calculate the period of the satellite’s motion.

(2)

(iii) Define the gravitational potential at a point in a gravitational field.

(2)

(iv) Show that the kinetic energy (K.E.) of a satellite of mass m at a distance r from the Earth’s
centre is given by:

K.E. =
GMEm

2r

where ME is the mass of the Earth and G is the universal gravitational constant.

(3)

12 of 20



Question 10

(a) Distinguish between free oscillations and forced oscillations.

(2)

(b) Define resonance.

(2)

(c) Figure 4 shows what is known as Melde’s setup. The length of the vibrating string is 79.8 cm. The
density of the material of the string is 8110 kg m�3 and its diameter is 0.098 cm. The stretching force
due to the hanging mass is 38.9 N. The oscillator is connected to a signal generator.

Figure 4

(i) Calculate the mass per unit length of the material of the string.

(2)

(ii) Show that the fundamental frequency of the vibrating string is 50.0 Hz.

(2)

(iii) Sketch a graph to show how you would expect the amplitude of the vibrating string to vary as
the frequency of the oscillator is gradually changed from 20.0 Hz to 70.0 Hz.

(2)

(d) Sketch three displacement-time graphs for an oscillating system in order to distinguish between (i)
light damping (underdamping), (ii) critical damping and (iii) heavy damping (overdamping).

(6)

(e) A mass-spring system consisting of a 425-g mass attached to the lower end of a vertical light spring
suspended from a fixed support oscillates in simple harmonic motion with an amplitude of 20.5 cm.
The magnitude of the maximum acceleration is 3.25 m s�2.

(i) Define simple harmonic motion.

(2)

(ii) Find the period of oscillation of the mass-spring system.

(2)

(iii) Hence, find the sti↵ness constant of the spring.

(2)

(iv) Find the acceleration (magnitude and direction) of the mass when it is 0.093 m below its
equilibrium position.

(3)
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Question 11

(a) Angular velocity and angular acceleration are two quantities which are often used to describe motion
in a circle.

(i) Define angular velocity.

(2)

(ii) Define angular acceleration.

(2)

(b) The wheel of a mountain bike is being tested in a repair shop. The angular velocity of the wheel is
5.00 rad s�1 at t = 0 when a constant torque applied to the wheel bringing it to rest in 7.5 s. The
diameter of the wheel’s rim is 622 mm.

(i) Define torque.

(2)

(ii) Find the angular acceleration of the wheel.

(2)

(iii) Calculate the total distance travelled by a point on the rim during the final 7.5 s of the wheel’s
motion.

(3)

(c) Figure 5 shows a very simple bicycle drive mechanism including a front sprocket, a rear sprocket and
a roller chain. The roller chain is driven by the front sprocket transferring power to the rear sprocket.
The rider transfers energy to the front sprocket by pushing against the pedals. The chain does not
slip or stretch and every point on the roller chain moves with the same speed.

Figure 5

The front sprocket is moving at a steady rate of 480 revolutions per minute.

(i) Calculate the magnitude of the angular velocity of the front sprocket in rad s�1.

(2)

(ii) The average diameter of the front sprocket is 17.3 cm and the average diameter of the rear
sprocket is 7.15 cm. Find the magnitude of the angular velocity of the rear sprocket, expressing
your answer in rad s�1.

(3)
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(d) Figure 6(i) shows a biker of mass m riding a motorcycle of mass M moving with constant speed v

round a circular track of radius R. The biker has to lean inwards towards the centre of the circular
path, making an angle ✓ to the vertical. Figure 6(ii) shows the biker and his motorcycle treated as
one composite body. The point G is the centre of gravity of the composite body and W is its weight.
The two other forces acting are labelled with the letters X and Y .

Figure 6

(i) Name the forces labelled with X and Y respectively.

(2)

(ii) Identify the force acting as centripetal force.

(1)

(iii) By referring to Figure 6(iii) and taking moments about G or otherwise, show that

tan ✓ =
v

2

Rg

.

(4)

(iv) Given that the radius R of the track is 13.0 m and that the biker is moving with a constant
speed v of 36 km h�1, determine the angle ✓ which the motorcycle makes with the vertical.

(2)

Question 12

(a) A copper wire obeys Hooke’s law.

(i) State Hooke’s law.

(2)

(ii) Sketch a graph and refer to it in order to describe the behaviour of a copper wire which hangs
vertically from a support and is loaded with a gradually increasing load until it finally breaks.
You are expected to label points on your graph and refer to them in your description.

(4)

(iii) Describe what happens if the load is gradually reduced to zero after the elastic limit is exceeded.

(1)

15 of 20



(b) A steel strut of length 1.89 m has two identical grooves cut out along its whole length. Figure 7 shows
the cross-section of the strut. The Young’s modulus of steel is 2.0⇥ 1011 Pa.

Figure 7

(i) Define stress.

(2)

(ii) Calculate the stress in the steel strut due to a compressive force of 350 kN.

(3)

(iii) Calculate the percentage change in the length of the strut due to the 350 kN force.

(3)

(c) At room temperature, glass is sti↵er than copper. Glass is brittle.

(i) Explain how you would use stress-strain graphs to compare the sti↵ness of two materials.

(2)

(ii) What does ‘brittle’ mean?

(2)

(d) A steel wire PQ of length 0.840 m and cross-section area 0.62 mm2, is joined to a copper wire QR
of length 1.050 m and cross-section area 0.93 mm2. The total length increases by 1.58 mm when a
stretching force F is applied to the compound wire PQR. The Young modulus of steel is 2.00⇥ 1011

Pa and that of copper is 1.17⇥ 1011 Pa.

(i) Find the extensions of PQ and QR ;

(4)

(ii) Find the common tensile force F applied.

(2)
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Question 13

(a) Define momentum.

(2)

(b) State the principle of conservation of momentum.

(2)

(c) Historical background: Figure 8 shows a diagram found in a patent application received by the US
patent o�ce from A. B. Kidder on 9th March 1916. The toy vehicle was made from sheet metal and
could be easily manufactured. In 2004, the U.S. Patent o�ce received an application from Ciccarelli,
Dorfman, Kund, Menow and Tohyama concerning a miniature expandable toy train system which was
to be built using Kidder’s ideas.

Figure 8

Figure 9 shows two components of such a toy train system which are about to collide. Vehicle A
is a miniature train wagon which has a mass of 408 g and is at rest. Vehicle B is a miniature toy
locomotive which has a mass of 325 g and is approaching the train wagon A with a steady speed of
1.02 m s�1. Friction is negligible and the railway is straight and horizontal. After the collision, B
bounces back horizontally along the railway with a speed of 0.10 m s�1.

Figure 9

(i) Calculate the speed of the train wagon A right after the collision.

(3)

(ii) Calculate the total kinetic energy right after the collision.

(3)

(iii) Find the loss in kinetic energy during the collision.

(2)

(iv) Compare the force exerted on A by B to the force exerted by B on A during the collision.
Justfy your answer.

(2)

17 of 20



(d) Coupling devices of negligible mass were fitted to the train wagons in the toy train set. These would
allow the train wagons to be joined together. During testing, train wagon A of mass 408 g is moving
with a speed of 1.48 m s�1 just before colliding with a stationary train wagon C which has the same
mass as train wagon A. The two wagons stick together during the collision and subsequently move
o↵ together.

Figure 10

Find an estimate for the amount of kinetic energy converted to other forms of energy during the
collision.

(3)

(e) The toy locomotive B, which has a mass of 325 g, is powered by a wind-up spring power motor.
During testing, one side of a railway track is elevated so that the railway makes an angle of 20.8� to
the horizontal as shown in Figure 11. The toy locomotive B accelerates from rest to reach a speed of
1.12 m s�1 after travelling a distance of 40.2 cm up the inclined track in 1.0 s.

Figure 11

(i) Calculate the gravitational potential energy gained by B as it travels 40.2 cm up the inclined
railway track.

(3)

(ii) Calculate the translational kinetic energy gained by B after travelling 40.2 cm up the inclined
plane.

(2)

(iii) Given that the expected average frictional force opposing the motion of the toy locomotive B
is 0.30 N, find an estimate for the average power delivered by the wind-up spring power motor.

(3)
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Question 14

(a) State Snell’s Law.

(2)

(b) Define the (absolute) refractive index of a given medium X.

(2)

(c) What is dispersion?

(2)

(d) Developed in 1940 and commercially released in 1947, CR-39 (Columbia Resin #39) was the first
plastic polymer which was suitable for ophthalmic lens production. The refractive index of CR-39
is 1.498. The development of plastic polymers with higher refractive index began in the mid 1980s.
MR-7 was commercially released in 1991 and its refractive index is 1.665.

The refractive indices of CR-39 and MR-7, that is 1.498 and 1.665 respectively, are quoted for yellow
light of wavelength 589.3 nm (in air) emitted by a sodium lamp.

(i) Yellow light of wavelength 589.3 nm travelling in air is incident on a block made of CR-39.
Estimate the speed of yellow light inside the block.

(3)

(ii) Does light travel faster in CR-39 or in MR-7? Explain.

(3)

(e) Figure 12 shows very narrow beams of yellow light of wavelength 589.3 nm incident on the surface of
a thin glass slab of uniform thickness t made of CR-39 of refractive index 1.498. The thickness t of
the slab is 3.00 mm.

Figure 12

(i) Find the angle of refraction ✓ in CR-39.

(2)

(ii) Find the distance OC and state the value of the angle ↵.

(2)

(iii) Hence, find the magnitude of the displacement d.

(2)
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(f) The core of a particular step-index optical fibre is made of Polymethyl mathacrylate (PMMA) which
has a refractive index of 1.489. The cladding is made of a fluorinated polymer which has a refractive
index of 1.392.

(i) Explain the meaning of the term critical angle.

(2)

(ii) List the two conditions for total internal reflection.

(2)

(iii) Calculate the critical angle at the core-cladding boundary.

(3)
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