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Q1.           

The diagram shows the carriage of a rollercoaster about to enter a vertical loop of diameter 17.0
m. The carriage is initially at rest at a height Δh above the bottom of the loop.

(i)  So that a passenger remains in contact with their seat at the top of the ride, show that the
minimum speed of the car at the top of the loop is 9.1 m s−1.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Calculate the minimum value of Δh that will enable the passenger to remain in contact with
their seat at the top of the loop.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Δh = ...........................................................
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(Total for question = 4 marks)

 

Q2.           

A physics class made a toy rocket. A drinks bottle was partially filled with water and inverted
over a valve. An air pump delivered air to the bottle until the pressure forced the bottle from the
valve and the water was ejected from the bottle at high speed.

A velocity-time graph for the bottle for the first 4 s after take-off is shown.

Sketch the corresponding acceleration-time graph on the axes below.

(5)
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(Total for question = 5 marks)

 

 

Q3.           

The photograph shows a vase made of uranium glass. Uranium glass is radioactive.

Uranium glass usually contains a maximum of 2% uranium. Uranium glass made in the early part
of the 20th century can contain up to 25% uranium.

A uranium nucleus decays to thorium by emission of an alpha particle.

It can be assumed that all the energy of the decay is transferred to kinetic energy of the alpha
particle.

Calculate the speed of the emitted alpha particle.

mass of uranium nucleus = 238.0003 u
mass of thorium nucleus = 233.9942 u
mass of alpha particle = 4.0015 u

(5)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

Speed of alpha particle = ...........................................................

 

(Total for question = 5 marks)

 

 

Q4.           

Motors usually have a rotating component which can do work W.

(a)  A motor lifts a load in a time t. The axle of the motor has a radius r and exerts a force F.

The power produced by a motor can be calculated by using the following word equation.

Power = moment of the force exerted by the rotating axle × angular velocity

Derive this equation, starting with power 

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  An electrostatic motor was first demonstrated by Benjamin Franklin in 1750.

The diagram shows a simplified version of part of this motor.

This consists of a rod, with an oppositely charged sphere at either end, which rotates around a
fixed pivot. Two stationary charged spheres apply a force on the spheres at either end of the
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rod.

(i)  In the diagram below, electric field lines have been drawn around one pair of these spheres.

Add to the diagram to show

 the directions of the field lines
 the lines of equipotential.

(3)

(ii)  The distance between the centres of each charged sphere in this pair is 5.0 cm.

Show that the force between this pair of charged spheres is about 0.04 N.

charge on each sphere = 0.10 μC

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

(c)  The table shows the typical power and the corresponding angular velocity required for three
different appliances.

Deduce which of these appliances, in principle, could use the electrostatic motor in (b).

You should use the word equation in (a) and assume that the length of the rod in the
electrostatic motor is 8.0 cm.

Assume that the electrostatic motor would deliver a constant force throughout one complete
rotation.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 13 marks)

 

 

Q5.           

A student is investigating a 'Cartesian diver'.

The diver is made from a plastic pipette. When placed in a plastic bottle full of water the diver
rises to the top and touches the lid.
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(a)  Show that the downward force of the lid on the diver is about 0.02 N.

volume of diver = 8.0 × 10–6 m3

mass of diver = 0.0059 kg

density of water = 1.0 × 103 kg m–3

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  When the pressure is increased by squeezing the bottle, water is forced into the diver
increasing its weight. The diver sinks, then remains at rest in the position shown.

The volume of air in the empty pipette in part (a) was 8.0 × 10–6 m3.
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Show that the volume now occupied by the air is about 6 × 10–6 m3.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  The pressure of the air in the empty pipette in part (a) was 1.01 × 105 Pa.

Calculate the pressure of the air in part (b).

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Pressure = ...........................................................

 

(Total for question = 8 marks)

 

 

Q6.           

A student investigates the motion of a friction-free trolley down a ramp. On the top of the trolley
there is a metal loop which makes contact with a length of thin resistance wire, AB, fixed above
the ramp. The resistance wire has a uniform diameter.

The trolley accelerates down the ramp and the metal loop stays in contact with the wire along
the full length of the ramp.
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The student uses a protractor to measure the angle θ between the ramp and the horizontal and
records a value of 4° with an uncertainty of ±1°.

(a)  The two ends of the wire are connected to a 1.5 V cell. A data logger, set to measure
potential difference, is connected to the metal loop and to the negative terminal of the cell.

Explain how the potential difference recorded by the data logger will vary as the loop moves
along the length of the
wire AB.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  The graph shows the data obtained from the data logger.

www.quantumvisionacademy.com

Page 10 of 58



Determine the velocity of the trolley at 1.5 s.

1.5 V represents a distance of 2.00 m.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Velocity = ...........................................................

(c)  The student calculated the velocity of the trolley at 2.0 s to be 1.5 m s–1.

By considering the acceleration of the trolley, determine whether the student's measurement of 
θ was within the uncertainty quoted.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 11 marks)

 

 

Q7.           

Mass spectrometry is a technique used to separate ions based on their charge to mass ratio.

The atoms in a sample are ionised and then accelerated and formed into a fine beam.
This beam is passed into a region of uniform magnetic field and the ions are deflected by
different amounts according to their mass.

Analysis of mass spectrometer data shows that chlorine exists in nature as two isotopes,
chlorine-35 and chlorine-37.

In a mass spectrometer, chlorine-35 ions are accelerated through a potential difference of 8.50
kV to produce an ion beam.

Show that the speed of singly ionised chlorine-35 atoms is about 2.2 × 105 m s−1.

mass of an ion of chlorine-35 = 34.97 u

(4)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 4 marks)

 

 

Q8.           

The Starflyer is a fairground ride which operates 60 m above the ground. As it begins to spin, the
chairs in which the riders sit move outwards.

Consider the chair and rider as a single object. By drawing a free-body force diagram and
considering the forces acting, explain the following observations.

The angle to the vertical of the supporting ropes depends on the speed of rotation, but does not
depend on the mass of the rider.

(5)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 5 marks)

 

Q9.           

A student uses a lamp and a light sensor as a light gate connected to a data logger and
computer to determine the speed of a falling object. He drops a small cylinder through a clear
plastic tube. The light gate and data logger measure the time of fall of the cylinder and the
speed is calculated.

The student repeats the experiment five times and records the results in a table.

The student incorrectly includes all the values when calculating the mean speed.
A second student thinks that the true value of the mean speed is different.
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Explain whether the second student is correct.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 2 marks)

 

Q10.           

The Enterprise is an amusement park ride. Riders sit in cars that are made to rotate in a vertical
circle.

The ride starts by moving in a horizontal circle. The speed of rotation increases, and the frame
tilts until the ride is rotating vertically as shown.

The photograph below shows riders at the top of the vertical circle. The riders are in contact with
their seats at all times during the ride.

The diagram shows the weight W of a rider and the push P from the seat on the rider at the top

www.quantumvisionacademy.com

Page 15 of 58



and bottom of the circular path.

* The rider moves from the bottom to the top of the circular path.

   Explain how the apparent weight experienced by the rider would change.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

 

Q11.           
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*  A stationary radium nucleus decays by emitting an alpha particle. The speed of the recoiling
nucleus is small compared to the speed of the alpha particle.

Explain why the nucleus recoils and why its speed is small compared to that of the alpha
particle.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 4 marks)

 

Q12.           

The Shanghai Maglev Train is the first commercially operated high-speed magnetic levitation
train in the world, connecting the airport and central Shanghai.

The total distance travelled is 29.9 km and the total journey time is 440 s. The train starts from
rest and reaches a speed of 97 m s−1 in 120 s.

(i)  Calculate the average acceleration of the train during the first 120 s.
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(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Average acceleration of train = ...........................................................

(ii)  Calculate the average speed of the train for the period following the 120 s acceleration.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Average speed of train = ...........................................................

 

(Total for question = 5 marks)

 

 

Q13.           

In the sport of curling, two teams of 'curlers' take turns sliding polished granite stones across an
ice surface towards a circular target marked on the ice.

A stone of mass 19.6 kg is accelerated uniformly for 1.25 s before being released by a curler.
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The stone then decelerates uniformly to rest, travelling 32.5 m in a time of 17.5 s.

Calculate the average useful power developed by the curler in accelerating the stone.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Average power = ...........................................................

 

(Total for question = 4 marks)

 

 

Q14.           

The world solar challenge is set every two years, in Australia. The challenge is to complete a
three thousand kilometre route with a vehicle powered only by the Sun.

Vehicles have their surfaces fitted with solar panels, as shown in the photograph.

The vehicle can reach a maximum speed of 34 m s−1 on flat ground. The electric motor used to
move the vehicle has a power of 4.5 kW.

www.quantumvisionacademy.com

Page 19 of 58



(i)  Calculate the initial acceleration of the vehicle as it starts from rest.

mass of vehicle and driver = 420 kg

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Initial acceleration = ...........................................................

(ii)  State one assumption made in this calculation.

(1)

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 4 marks)

 

 

Q15.           

Newton's laws relate the changes in motion of an object to the forces acting on the object.

A hot-air balloon is made of an envelope, containing hot air, with a wicker basket suspended
from it. The balloon rises upwards because the heated air in the envelope is less dense than the
surrounding air.
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The total volume of the hot-air balloon is 2880 m3. The total mass of the hot-air balloon,
including the envelope, is 3400 kg. The density of the surrounding air is 1.20 kg m−3.

Calculate the initial upward acceleration of the balloon.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Initial acceleration = ...........................................................

 

(Total for question = 4 marks)

 

Q16.           

A tennis player uses a racket to hit a ball over a net.
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The player stands 12 m from the net. He throws the ball vertically upwards and hits the ball at a
height of 2.5 m above the ground. The ball leaves the racket horizontally with a velocity of 25
m s−1. The ball has a mass of 0.06 kg.

The ball is in contact with the racket for 0.04 s.

Calculate the average force on the ball.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Average force = ...........................................................

 

(Total for question = 3 marks)

 

Q17.           

A length of string is threaded through a drinking straw. The string is fixed at one end and held at
the other so that it is at 30° to the horizontal. A balloon is inflated and attached to the straw.
When the balloon is released, the air escapes from the balloon and the balloon and straw start to
move up the string.
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Calculate the minimum force on the balloon due to the escaping air if the balloon is to move in
this way.

mass of straw and balloon = 11 g

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Minimum force = ...........................................................

 

 

Q18.           

The diagram shows a diver of weight 680 N on a diving board.

The diving board has a length L of 3.6 m and is fixed at the end labelled X. It is supported at
position Y which is 0.9 m from X. The diving board is uniform and has a weight of 390 N.
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By taking moments about X, determine the upward force exerted by the support at Y on the
diving board.

(5)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Force = ...........................................................

 

(Total for question = 5 marks)

 

Q19.           

In 1990, the Hubble Space Telescope (HST) was launched into a low Earth orbit above the Earth's
atmosphere.

HST orbits the Earth in a circular orbit with a speed of 7.59 km s–1.

mass of Earth = 5.97 × 1024 kg
radius of Earth = 6.37 × 106 m

(i)  Show that the height of HST above the surface of the Earth is about 6 × 105 m.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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(ii)  Calculate the increase in the gravitational potential energy as HST is raised, from its initial
position at the Earth's surface, to its orbital height.

mass of HST = 11 600 kg

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Increase in gravitational potential energy = ...........................................................

(iii)  A student suggests that giving HST more energy than that required in (ii) would result in the
satellite orbiting at a greater height and with a greater speed.

Assess the validity of the student's suggestion.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 9 marks)
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Q20.           

A stationary ball is released from a height of 2.0 m onto a hard surface.

The simplified velocity-time graph shows the motion of the ball as it falls and bounces back to its
maximum height.

(a)  Calculate the maximum height reached by the ball after bouncing.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Maximum height = ...........................................................

(b)  Calculate the decrease in kinetic energy of the ball as it bounces.

mass of ball = 60 g

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Decrease in kinetic energy = ...........................................................

(c)  Calculate the resultant force on the ball when it is in contact with the ground.
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(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Resultant force = ...........................................................

(d)  The ball is replaced with one that is softer. It is released from a height of 2.0 m onto the
same surface as before. A velocity-time graph is drawn to show the motion of the new ball.

Describe the similarities and differences between the two graphs.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 10 marks)

 

 

Q21.           

A uniform paving slab is to be used as a garden step.

State what is meant by the centre of gravity of an extended body.

(1)

.............................................................................................................................................

.............................................................................................................................................
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(Total for question = 1 mark)

 

 

Q22.           

The International Space Station (ISS) orbits the Earth with a constant speed v. The orbit is
circular and of radius r.

(i)  The ISS completes one orbit in 92 minutes.

Calculate the centripetal acceleration of the ISS.

r = 6800 km

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Centripetal acceleration = ...........................................................

(ii)  Astronauts in the ISS are often described as being "weightless".

 Discuss whether the astronauts are "weightless" when they are orbiting the Earth in the ISS.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

 

(Total for question = 7 marks)

 

 

Q23.           

At the beginning of the 20th century, Rutherford carried out large-angle alpha particle scattering
experiments using gold ( Au) foil.

The vast majority of the alpha particles went straight through the foil whilst a few were deflected
straight back.

Rutherford also carried out the experiment with aluminium ( Al) foil.
The aluminium foil had the same thickness as the gold foil and the alpha particles had the same
initial kinetic energy.

The following observations were made.

Observation 1:
The fraction of alpha particles scattered at any particular angle for aluminium foil was always
much less than for gold foil.

Observation 2:
The alpha particles scattered from aluminium foil had less kinetic energy than the alpha particles
scattered from gold foil.

Explain how these observations can be used to deduce how an aluminium nucleus compares to a
gold nucleus.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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(Total for question = 4 marks)

 

 

Q24.           

In the sport of curling, two teams of 'curlers' take turns sliding polished granite stones across an
ice surface towards a circular target marked on the ice.

* Stone B is stationary. Stone A travels towards the target and makes a direct hit on stone B as
shown. Both stones have mass m.

The collision is elastic. Just before the collision stone A has a velocity v. After the collision stone
B moves off with velocity v.

Discuss how the relevant conservation laws apply to this collision.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

 

Q25.           

*  Particle accelerators accelerate particles to very high speeds before collisions occur.
New particles are created during the collisions.

Two particles of the same type can undergo two kinds of collision.

Fixed target: a high speed particle hits a stationary particle.

Colliding beams: two particles travelling at high speeds, in opposite directions, collide head-on.

By considering the conservation of energy and momentum, explain which type of collision is able
to create a new particle with the largest mass.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

Q26.           

* The photograph shows a probe moving in space.

Whilst moving, empty fuel tanks can be ejected by means of an explosion. This has the effect of
increasing the speed of the probe.

Discuss whether conservation of momentum and conservation of energy apply in this situation
and why the speed of the probe increases.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

 

Q27.           

A coil of wire is placed around the lower end of an iron rod. The coil is supplied with an
alternating current.

A thick aluminium ring is placed around the iron rod above the coil. The coil remains in the
position shown.

The current is switched off and the aluminium ring comes to rest on top of the coil.
The supply to the coil is changed and a direct current (dc) is switched on. An upwards force F
acts on the ring for 0.05 s accelerating it to a final speed, v. The ring then moves freely through
a height of 30 cm.

Mean diameter of ring = 4.8 cm
Mass of ring = 0.019 kg
Magnetic field strength = 0.032 T

(i)  Use conservation of energy to calculate the speed v of the ring after 0.05 s.

(2)
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

v = ...........................................................

(ii)  Use the idea of impulse to calculate the magnitude of the mean force F acting on the ring
and hence the mean current I in the ring.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

F = ...........................................................

I = ...........................................................

 

(Total for question = 8 marks)

Q28.           

A body, initially at rest, explodes into two masses M1 and M2. These masses move apart with
speeds v1 and v2 respectively.

The ratio v1/v2 is equal to

   A     
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   B     

   C     

   D     

(Total for question = 1 mark)

 

Q29.          (a)  Explain what is meant by the principle of conservation of momentum.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  The picture shows a toy car initially at rest with a piece of modelling clay attached to it.

A student carries out an experiment to find the speed of a pellet fired from an air rifle. The pellet
is fired horizontally into the modelling clay. The pellet remains in the modelling clay as the car
moves forward. The motion of the car is filmed for analysis.

The car travels a distance of 69 cm before coming to rest after a time of 1.3 s.

(i)  Show that the speed of the car immediately after being struck by the pellet was about 1 m
s−1.
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(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  State an assumption you made in order to apply the equation you used.

(1)

.............................................................................................................................................

.............................................................................................................................................

(iii)  Show that the speed of the pellet just before it collides with the car is about 120 m s−1

mass of car and modelling clay = 97.31g

mass of pellet = 0.84 g

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  The modelling clay is removed and is replaced by a metal plate of the same mass. The metal
plate is fixed to the back of the car. The experiment is repeated but this time the pellet bounces
backwards.

*(i)  Explain why the speed of the toy car will now be greater than in the original experiment.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  The film of this experiment shows that the pellet bounces back at an angle of 72° to the
horizontal.
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Explain why the car would move even faster if the pellet bounced directly backwards at the
same speed.

(1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(d)  The student tests the result of the first experiment by firing a pellet into a pendulum with a
bob made of modelling clay. She calculates the energy transferred.

The student's data and calculations are shown:

Data

mass of pellet = 0.84 g

mass of pendulum and pellet = 71.6 g

change in vertical height of pendulum = 22.6 cm

Calculations

change in gravitational potential energy of pendulum and pellet
         = 71.6 × 10−3 kg × 9.81 N kg−1 × 0.226 m = 0.16 J

therefore kinetic energy of pendulum and pellet immediately after collision = 0.16 J

therefore kinetic energy of pellet immediately before collision = 0.16 J

therefore speed of pellet before collision = 19.5 m s−1

There are no mathematical errors but her answer for the speed is too small.

State and explain which of the statements in the calculations are correct and which are not.

(4)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 16 marks)

 

Q30.          *  In 2012 Neil Armstrong, the first man to step on the moon during the Apollo 11
lunar mission, died at the age of 82.

During this mission, a planned explosion caused the separation of the module in which
Armstrong was travelling and the final-stage rocket. This explosion resulted in an increase in the
speed of the module.

Discuss how the conservation of momentum and the conservation of energy apply to this
situation.

(5)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 5 marks)
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Q2.           
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