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Q1.           

A 'Gauss gun' can be made from five ball bearings of equal mass and two magnets, as shown.

Pairs of ball bearings are placed to the right of two strong magnets. A single ball bearing is
released from the left, as shown. The ball bearing is attracted to, and collides with, the first
magnet. This and all subsequent collisions can be assumed to be elastic.

Explain what happens to make the last ball bearing on the right subsequently move off with a
large velocity.

(3)

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

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

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

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q2.           

Which of the following is a possible unit for rate of change of momentum?

   A    kg m s−2

   B    kg m s−1

   C    N s−1

   D    N s
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(Total for question = 1 mark)

 

 

Q3.           

A track for toy cars can be built with a circular loop as shown.

A toy car is placed on the track at various heights. It travels around the loop before leaving the
track horizontally at X.

The loop has radius r and the mass of the toy car is m. It is possible for a toy car to complete the
loop without losing contact with the inside of the track.

For this to occur the minimum speed of the toy car at the top of the loop vtop is given by

Explain why.

(2)

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

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

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

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

 

(Total for question = 2 marks)
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Q4.           

In 2014 the Rosetta spacecraft reached the comet Churyumov-Gerasimenko.
Rosetta went into orbit around the comet.

The following table gives some data for the comet.

The comet is irregular in shape but can be modelled as a spherical object.

(a)  Show that a sphere with this mass and density has a radius of about 1700 m.

(3)

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

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

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

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

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

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

(b)  Calculate the gravitational field strength at the surface of the comet.

(2)

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

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

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

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

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

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

Gravitational field strength = ...........................................................

(c)  A probe was sent from the Rosetta spacecraft to land on the comet.
The probe bounced off the surface of the comet and took 1 hour and 50 minutes to return to the
surface again.

Calculate the height above the surface of the comet that the probe would have reached. Assume
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that the acceleration of the probe is constant with the magnitude calculated in (b).

(2)

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

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

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

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

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

Height = ...........................................................

(d)  Explain, using gravitational field theory, how the actual height reached would compare with
the value calculated in part (c).

You may assume there are no resistive forces such as air resistance.

(3)

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

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

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

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

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

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

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

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

 

(Total for question = 10 marks)

 

 

Q5.           

Astronomers observing stars at the centre of our galaxy have suggested that many of them are
orbiting a supermassive black hole. The mass of this black hole is 9.2 × 1036 kg.

The star S0-2 is in a highly elliptical orbit around the position of the black hole.

At its point of closest approach, S0-2 is at a distance of 1.8 × 1013 m from the centre of the black
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hole.

At the most distant point of its orbit, S0-2 is 2.7 × 1014 m from the black hole.

(i)  Show that the change in gravitational potential between the closest and most distant points
in this orbit is about 3 × 1013 J kg−1.

(2)

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

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

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

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

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

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

(ii)  At its point of closest approach, the star is travelling at a speed of 8.1 × 106 m s−1.

Calculate the speed of S0-2 at the furthest point in its orbit using the change in gravitational
potential.

mass of S0-2 = 2.4 × 1031 kg

(3)

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

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

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

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

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

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

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

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

Speed = ...........................................................

 

(Total for question = 5 marks)
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Q6.           

Tiny sensors in smartphones could be used to determine the position of the phone on the Earth's
surface by measuring the Earth's magnetic flux density.

A current I and a magnetic field of flux density B are applied to a slice of semiconductor as
shown. The slice has thickness t and depth d.

Electrons collect at the top edge of the slice and the bottom edge becomes positively charged.
As a result a potential difference known as a Hall voltage VHALL develops.

Show that the units are the same on each side of the equation

(3)

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

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q7.           

The apparatus shown can be used to determine a value for the specific latent heat of
vaporisation of water.
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(a)  In one experiment the current in the heater was 8.20 A, and the potential difference across
the heater was 230 V.

(i)  Show that the power of the heater was about 2 kW.

(2)

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

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

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

(ii)  There was 0.655 kg of water in the flask at an initial temperature of 22.5 °C.
      The heater was switched on, and the water in the flask was heated to boiling point.

      Calculate the minimum time taken for the water to be heated to 100.0 °C.

      specific heat capacity of water = 4190 J kg−1 K−1

(3)

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

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

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

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

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

Minimum time taken for water to be heated = ...........................................................

(b)  The heater was left on and water continued to boil in the flask. The water was allowed to boil
for a few minutes. The conical flask was then placed under the heat exchanger and water was
collected in it.

(i)  Give a reason why the water was left boiling for a few minutes before the conical flask was
put in place.
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(1)

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

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

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

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

(ii)  Water with a mass of 95.0 g was collected in a time of 125 s.

      Calculate the rate of energy transfer in the heat exchanger.

      specific latent heat of vaporisation of water = 2.26 × 106 J kg−1

(3)

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

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

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

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

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

Rate of energy transfer in the heat exchanger = ...........................................................

(iii)  Discuss your answers to (a)(i) and (b)(ii).

(3)

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

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

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

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

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

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

 

(Total for question = 12 marks)

 

 

Q8.           
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A track for toy cars can be built with a circular loop as shown.

A toy car is placed on the track at various heights. It travels around the loop before leaving the
track horizontally at X.

The toy car leaves the track at X with a horizontal velocity of 3.0 m s−1.

X is 0.65 m above the floor.

Calculate the horizontal displacement of the car from X when it hits the floor.

(4)

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

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

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

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

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

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

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

Horizontal displacement = ...........................................................

 

(Total for question = 4 marks)

 

 

Q9.           
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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.

While a stone is moving towards the target, the curlers vigorously sweep the ice directly in front
of the stone.

Explain why this may make the stone travel further.

(2)

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

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

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

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

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

 

(Total for question = 2 marks)

 

 

Q10.           

Impact craters are formed when meteorites strike the surface of a planet. A student investigated
some factors that might influence the formation of impact craters. He did this by dropping
spheres of modelling clay into a tray of sand.

The diameter of the crater produced by each sphere was measured using vernier calipers as
shown.
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This process was repeated for spheres of different diameters.

In one test, the spheres were dropped from the same height.

Determine the factor by which the kinetic energy of the sphere just before impact increases
when the sphere diameter is increased from 2.0 cm to 4.0 cm.

(3)

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

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

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

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

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

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

Factor = ...........................................................

 

(Total for question = 3 marks)

 

 

Q11.           

Seat belts are being tested by a car manufacturer. In the test, a car moving at a steady speed of
28 m s–1 collides with a wall and stops.

A crash-test dummy in the driving seat is wearing a seat belt made from polyester webbing. The
seat belt has a cross-sectional area of 0.85 cm2 and a total length of 2.0 m. A student suggests
that in the collision the seat belt absorbs all the kinetic energy of the dummy.

Show that the energy per unit volume that would have to be absorbed by the seat belt is about 2
× 108 J m–3.
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mass of dummy = 75 kg

(3)

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

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q12.           

The diagrams show the plan view and side view of a moving coil ammeter.

The fixed soft iron cylinder and magnets produce a uniform magnetic field of magnetic flux
density B. The coil is able to rotate within this magnetic field. The coil has width w and length l.
There is a current I in the coil in the direction shown in the side view diagram.

(i)  Explain which way the coil will rotate.
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(2)

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

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

(ii)  Show that the moment M on the coil about the pivot, due to the magnetic field, is given by

M = BAIN

 where
 A is the cross-sectional area of the coil
 N is the number of turns of wire on the coil.

(4)

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

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

 

Q13.           

At the end of the 19th century, J.J. Thompson used electric and magnetic fields to deflect beams
of charged particles. A photograph of his apparatus is shown.
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Electrons were accelerated through a potential difference to produce a beam of high-energy
electrons. The beam was then deflected in perpendicular directions by the magnetic and electric
fields. The final position of the beam on the screen was determined by the charge and mass of
the electrons.

In a modern version of Thompson's experiment, a uniform electric field of electric field strength E
is applied so that the electric and magnetic forces on the electrons are equal and in opposite
directions.

(i)  Show that for electrons to be undeflected their velocity must be given by

where B is the magnetic flux density of the magnetic field.

(2)

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

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

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

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

(ii)  The beam is produced by accelerating electrons through a potential difference of 250 V.

The electric field strength is 1.4 × 104 V m−1. The magnetic flux density is 1.5 × 10−3 T.

Calculate the value of the specific charge e/m for the electron using this data.

(3)

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

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

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

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

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

e/m = ...........................................................
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(Total for question = 5 marks)

 

 

Q14.           

A current of 1.50 A flows in a straight wire of length 0.450 m. The wire is placed in a uniform
magnetic field of flux density 2.00 × 10−3 T which acts perpendicular to the wire.
Under these conditions the magnetic force balances the weight of the wire.

Calculate the mass of the wire.

   A    1.32 × 10−2 kg

   B    1.35 × 10−3 kg

   C    1.38 × 10−4 kg

   D    1.35 × 10−4 kg

 

(Total for question = 1 mark)

 

Q15.           

A trolley is attached to the ends of two springs as shown. When displaced from its equilibrium
position, the trolley moves with simple harmonic motion.

The student displaces the trolley a greater distance from the equilibrium position, so the
amplitude of oscillation is doubled. The trolley still moves with simple harmonic motion.

Explain how the maximum kinetic energy of the trolley will change.

(3)

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q16.           

A cyclist travels up a slope through a vertical height h in a time t. The mass of the cyclist and his
bike is m.

The average power of the cyclist is

 

(Total for question = 1 mark)

 

 

Q17.           

Two objects of mass m travel towards each other on a smooth horizontal surface, each with
velocity of magnitude v. The collision is elastic.

After the collision the

   A    total kinetic energy is 2mv2

   B    total kinetic energy is mv2
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   C    total momentum is 2mv

   D    total momentum is mv

 

(Total for question = 1 mark)

 

 

Q18.           

Astronauts on the 1971 Apollo 14 mission to the Moon brought back many rock samples. It is
now believed that one of these contains a piece of rock that originated on Earth about 4 billion
years (4 × 109 years) ago.

The piece of rock is believed to have been launched into space when an asteroid struck the
Earth.

The gravitational potential between the Earth and the Moon due to the combined effect of their
gravitational fields increases to a maximum value of −1.28 MJ kg−1 at a point between them.

Calculate the minimum speed at which a rock would have to leave the Earth in order to reach
the Moon.

In your calculation, you may assume the rock has zero kinetic energy when it has maximum
potential energy.

mass of Earth = 5.97 × 1024 kg
radius of Earth = 6370 km

(4)

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

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

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

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

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

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

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

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

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

 

 

Q19.           

The diagram shows a model used to demonstrate alpha particle scattering. A ball bearing is set
rolling on a wooden track. The track is positioned so that the ball bearing rolls onto a metal sheet
with a curved surface known as a 'hill'.

The diagram shows a vertical cross-section through the hill. The surface is curved so that the
height of a point h on the curved surface is inversely proportional to the distance r from the
centre of the hill.

Explain why the hill is suitable as a model for the electric field surrounding the nucleus of an
atom.

(3)

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q20.           

A person uses a pivoted lever to lift a boulder of weight W as shown.

The centre of gravity of the boulder is a distance d from the pivot. The angle of the lever to the
horizontal is θ.

Which expression is equal to the moment of W about the pivot?

   A    Wd

   B    Wd cos θ

   C    Wd sin θ

   D    Wd tan θ

 

(Total for question = 1 mark)

 

Q21.           

Two identical spheres of mass m are both travelling with a speed v towards each other.
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The spheres collide head-on.

Which of the following statements must be true after the collision?

   A     total momentum = 2mv

   B     total momentum = 0

   C     total kinetic energy = mv2

   D     total kinetic energy = 0

(Total for question = 1 mark)

 

Q22.           

The photograph shows a bridge.

The diagram shows a car of mass 950 kg at the highest point X of the bridge.

The bridge forms part of a vertical circle of radius 20.0 m.

(a)  Calculate the total upward force R of the road on the car:

(i)  when the car is stationary at X,

(1)

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

R = ...........................................................

(ii)  when the car is passing point X at a speed of 12.0 m s−1

(3)

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

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

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

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

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

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

R = ...........................................................

(b)  The car is repeatedly driven over the bridge at gradually increasing speeds. Above a certain
speed the car loses contact with the road at X.
State why this happens.

(1)

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

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

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

 

(Total for question = 5 marks)

 

Q23.           

The photographs show a wooden pop gun before and after the cork is popped.

The diagram shows a cross-section through the pop gun.
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Initially the piston is at the right-hand end of the cylinder, as shown. Then the cork is pushed into
the other end of the cylinder.

When the handle is pushed in, the pressure of the air in the cylinder increases. This exerts an
additional force on the cork.

Once the additional force is sufficient to overcome the frictional force between the cork and the
cylinder, the cork is pushed out.

Show that the pressure of the air in the cylinder must be about 2 × 105 Pa in order to push the
cork out.

maximum frictional force = 8.8 N
cross-sectional area of cork = 9.2 × 10−5 m2

atmospheric pressure = 1.0 × 105 Pa

(3)

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q24.           

The diagram shows a diver of weight 680 N on a diving board.
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The free-body force diagram for the diver standing on the board is shown.

The two forces shown do not form a Newton third law pair.

Give two reasons why.

(2)

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

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

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

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

 

(Total for question = 2 marks)

 

Q25.           

The photograph shows a model racing car set. The curved parts of the track are semicircular.
The car makes electrical contact with the track using metal brushes underneath the car.
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The cars are controlled separately and so can be raced, with one car on the inner lane and the
other on the outer lane. The cars are identical. Each car is raced at its highest speed for that
lane.

Explain why the outcome of the race is difficult to predict.

(3)

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q26.           

A student is carrying out an experiment to determine a value for the acceleration due to gravity 
g. He drops a ball from various heights, which he measured with a metre rule.
The ball has a built in timer which starts when the ball is released and stops when the ball hits
the ground.
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The student starts by releasing the ball from a height of 1.00 m and measures the time taken for
the ball to fall. He repeats this twice.

(a)  Use the student's data to calculate a value for g.

(3)

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

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

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

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

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

g = ...........................................................

(b)  Estimate the percentage uncertainty in your value for g.

(3)

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

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

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

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

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

Percentage uncertainty = ...........................................................

(c)  The student then measured the time interval for the ball to fall from a 3.00 m height.
Explain how this would improve the value obtained for g.

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

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

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

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

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

 

(Total for question = 8 marks)

 

 

Q27.           

The photograph shows cars driving around a roundabout at a constant speed.

The resultant force F on a car causes it to follow a circular path.

Which of the following statements about F is incorrect?

   A    F is equal to the product of the mass and angular velocity of the car.

   B    F is equal to the product of the momentum and angular velocity of the car.

   C    F is in the same direction as the acceleration of the car.

   D    F is perpendicular to the momentum of the car.

 

(Total for question = 1 mark)
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Q28.           

Impact craters are formed when meteorites strike the surface of a planet. A student investigated
some factors that might influence the formation of impact craters. He did this by dropping
spheres of modelling clay into a tray of sand.

The diameter of the crater produced by each sphere was measured using vernier calipers as
shown.

This process was repeated for spheres of different diameters.

* The student also dropped the spheres from different heights. His results are shown in the table.

The student wrote the following conclusion:

Assess the validity of the student's conclusion.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

 

Q29.           

A student carried out an experiment with coins.

She gave a 2p coin a sharp tap, so that it slid along a horizontal surface and came to rest as
shown.

The student recorded the distance s moved by the coin.

She then replaced the 2p coin with a 1p coin and repeated the process.

The student read that the frictional force between an object and a surface is directly proportional
to the mass of the object. She suggested that, in her experiment, u is directly proportional to √s
and is independent of the mass of the coin.
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Discuss the validity of this suggestion.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

 

Q30.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Which of the following is an example of a scalar quantity?

   A    displacement

   B    energy

   C    momentum

www.quantumvisionacademy.com

Page 30 of 44



   D    velocity

 

(Total for question = 1 mark)

 

Mark Scheme
 

Q1.           

 

 

Q2.           

 

 

Q3.           
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Q4.           
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Q5.           

 

 

Q6.           
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Q7.           
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Q8.           

 

 

Q9.           
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Q10.           

 

 

Q11.           
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Q12.           

 

 

Q13.           

 

 

Q14.          
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Q15.           

 

 

Q16.           

 

 

Q17.           
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Q18.           

 

 

Q19.           

 

 

Q20.           

 

 

Q21.          
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Q22.          

 

Q23.           

 

 

Q24.           
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Q25.           

 

 

Q26.           

www.quantumvisionacademy.com

Page 41 of 44



 

 

Q27.          

 

Q28.           
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Q30.           
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