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Q1.           

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

The coil within a very sensitive moving coil ammeter can be damaged when the ammeter is
transported. The two ends of the coil are connected together when the ammeter is transported.
This reduces the movement of the coil and makes it less likely to be damaged.

A student suggests that this is due to Faraday's law and Lenz's law.

Explain how these laws apply to this situation.

(4)

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

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

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

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

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

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

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

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

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

 

(Total for question = 4 marks)
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Q2.           

The force between two identical point charges, X and Y, is F.

Charge X is doubled; charge Y remains the same.

Which row of the table gives the force on each charge?

 

(Total for question = 1 mark)

 

 

Q3.           

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.
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Electrons continue to collect at the top edge of the slice, until the force on a moving electron due
to the magnetic field is equal to the force on the electron due to the electric field.

Derive the following equation for VHALL:

where n is the number of charge carriers per unit volume of the semiconductor.

(4)

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

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

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

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

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

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

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

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

 

(Total for question = 4 marks)

 

 

Q4.           

A simple model of the hydrogen atom consists of an electron moving in a circular path around a
proton.

(i)  In this simple model it is the electrostatic force, rather than the gravitational force, that is
responsible for keeping the electron in a circular path.

By means of calculations justify this statement.

radius r of the hydrogen atom = 5.3 × 10−11 m

(4)

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

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

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

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

(ii)  Ignoring the gravitational force, calculate the velocity of the electron in this simple model of
the hydrogen atom.

(3)

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

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

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

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

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

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

 

(Total for question = 7 marks)

Q5.           

An alpha particle and a beta particle both move into the same uniform magnetic field which is
perpendicular to their direction of motion. The beta particle travels at 15 times the speed of the
alpha particle.

The ratio of the force on the beta particle to the force on the alpha particle is

   A     3.7

   B     7.5

   C     30

   D     60

(Total for question = 1 mark)

 

Q6.          Two parallel, conducting plates are connected to a battery. One plate is connected to
the positive terminal and the other plate to the negative terminal. The plate separation d is
gradually increased while the plates stay connected to the battery.

Select the graph that shows how the electric field strength E between the plates varies with
separation d.
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   A   

   B   

   C   

   D   

(Total for Question = 1 mark)

 

Q7.           

The properties of capacitors make them useful in timing circuits.

The following circuit is used to provide an input Y to an integrated circuit.

Initially the capacitor is uncharged. The switch S1 is closed.

Sketch a graph to show how the potential at point Y varies with time.

(3)
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.............................................................................................................................................

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

 

(Total for question = 3 marks)

 

 

Q8.           

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)
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.............................................................................................................................................

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q9.           

Some flowers are negatively charged and surrounded by an electric field. This helps to attract
bees.

A bee has short hairs which are thought to carry charge.

State how the bee might use this to detect the electric field of a flower.

(1)

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

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

 

(Total for question = 1 mark)

 

 

Q10.           

&ast;Hybrid electric vehicles (HEV) use the same device both as a generator to charge the car
battery and as an electric motor to support the propulsion system. A simplified diagram of the
device is shown. The coil can rotate freely around the axis.
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Describe how the device can be used as both a generator and an electric motor.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

 

Q11.           

* Cameras usually have an inbuilt flash bulb that can be used to take photographs in poor light
conditions. As a photograph is taken, the bulb should be able to produce a bright flash of light for
up to 4 ms.
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A capacitor can be used along with a battery as a power supply for the flash bulb. The flow
diagram shows a possible arrangement.

Comment on the suitability of using this capacitor arrangement as a power supply rather than
connecting the bulb directly to the battery.

A typical flash bulb has a resistance of 6 Ω.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

 

Q12.           

A coil of 300 turns each of area 1.5 × 10−4 m2 is placed in a magnetic field with its plane at right
angles to the field. The graph shows how the magnetic flux density B of the field varies with time
t.
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The e.m.f. induced in the coil during the first 5 ms is

   A    5.4 × 10−1 V

   B    4.5 × 10−2 V

   C    1.8 × 10−3 V

   D    5.4 × 10−4 V

 

(Total for question = 1 mark)

 

Q13.           

(a)  A magnetic field can be measured with a device called a Hall probe. The probe is connected
to a voltmeter. When the probe is placed at right angles to a magnetic field, a potential
difference is recorded on the voltmeter. The potential difference increases with increasing
magnetic flux density.

A wire carries a constant current. A Hall probe is used to investigate how the magnetic flux
density produced by the wire varies with distance from the wire.

The potential difference V was recorded for a range of distances r.
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(i)  Criticise these results.

(2)

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

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

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

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

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

(ii)  It is suggested that V and r are related by the equation

where k is a constant.

(1)  Determine by calculation whether this suggestion is valid.

(2)

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

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

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

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

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

(2)  A graph of 
 is plotted against r.

State how the graph would indicate that the equation is correct.

(1)

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

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

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

(b)  The Hall probe can be replaced with a small coil of wire which is connected to a sensitive
voltmeter. The plane of the coil is at right angles to the magnetic field produced by the
current-carrying wire.

(i)  Explain, with reference to Faraday's law, why the voltmeter reading would be zero.

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

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

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

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

(ii)  State three different ways in which an e.m.f. could be induced in this coil.

(3)

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

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

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

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

 

(Total for question = 10 marks)

 

Q14.           

A mass-spectrometer is an instrument that is used to measure the masses of molecules.
Molecules of a gas are ionised and travel through a vacuum in a narrow tube. The ions enter a
region of uniform magnetic flux density B where they are deflected in a semicircular path as
shown.

(a)  State why it is necessary for the molecules to be ionised.

(1)
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.............................................................................................................................................

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

(b)  State the direction of the magnetic field.

(1)

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

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

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

(c)  The ions have a charge of +e and a speed of 1.20 × 105 m s−1. When B has a value of 0.673
T, the ions are detected at a point where the diameter of the arc is 14.8 cm.

Calculate the mass of an ion.

(3)

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

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

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

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

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

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

Mass of an ion = ...........................................................

(d)  Ions with a smaller mass but the same charge and speed are also present in the beam.
On the diagram sketch the path of these ions.

(1)

 

(Total for question = 6 marks)

 

Q15.           

The photograph is an image of the paths of particles obtained from an early particle detector,
the cloud chamber.
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Modern particle detectors such as the ones at CERN still work on the basic principle that charged
particles cause ionisation of the material through which they pass. These ionisations can be
tracked and recorded. Magnetic fields are used to deflect the particles so that their properties
can be investigated.

(a)  State what is meant by ionisation in this context.

(1)

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

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

(b)  The diagram below shows the ionisation path of a particle when it is in the region of a
uniform magnetic field. The particle enters the field at X.

State how we know that the particle is negatively charged.

(1)

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

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

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

(c)  The diagram below shows an event occurring in the same magnetic field.
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Point Z is where a high energy photon interaction occurs which causes two particles to be
formed.

Describe, with reasons, what can be deduced about the photon and the two particles that are
formed in this interaction.

(5)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 7 marks)

 

Q16.           

The graph shows how potential varies with distance from the centre of a charged sphere.
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Air molecules will be ionised if the electric field strength exceeds 3 × 106 V m−1.

Deduce whether air molecules will be ionised at a distance of 30 cm from the centre of this
sphere.

(4)

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

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

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

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

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

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

 

(Total for question = 4 marks)

 

 

Q17.           

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

After passing through the velocity selector the ion beam enters a region of uniform magnetic flux
density 0.35 T with the ions travelling at right angles to the field direction.

(i)  Explain why the ions travel in a circular path.

(2)

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

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

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

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

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

(ii)  Calculate the radius of the circular path.

(2)

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

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

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

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

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

Radius = ...........................................................

(iii)  The diagram shows the path of the chlorine-35 ions in the field. Chlorine-37 ions enter the
magnetic field with the same velocity.
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1.   Add another line to the diagram to show the path of these chlorine-37 ions.

(1)

2.   Explain any differences in the paths.

(2)

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

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

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

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

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

 

(Total for question = 7 marks)

 

 

Q18.           

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

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

An alternating current is induced in the aluminium ring.

Explain, using Lenz's law, why the aluminium ring remains in the position shown.

(4)

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 4 marks)
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Q19.           

The photograph shows a statue of Buddha in Sri Lanka, which is protected by a lightning
conductor.

Give a reason why the lightning conductor should be taller than the statue.

(1)

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

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

 

(Total for question = 1 mark)

 

 

Q20.           

A standard candle, within a nearby star cluster, is a distance D from the Earth. It produces a
radiation flux F at the surface of the Earth.

The flux at the surface of the Earth, for a standard candle of the same luminosity in a second
star cluster, is 4F.

The distance of the second star cluster from the Earth is
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(Total for question = 1 mark)

Q21.           

A teacher demonstrates electromagnetic induction by dropping a bar magnet through a flat coil
of wire connected to a data logger.

The data from the data logger is used to produce a graph of induced e.m.f. across the coil
against time.
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*(a) Explain the shape of the graph and the relative values on both axes.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

*(b) The teacher then sets up another demonstration using a large U-shaped magnet and a very
small coil of wire which is again connected to a data logger.

The north pole is vertically above the south pole and the coil is moved along the line AB which is
midway between the poles. The magnetic field due to the U-shaped magnet has been drawn.
The plane of the coil is horizontal.
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Sketch a graph to show how the e.m.f. induced across the coil varies as the coil moves from A to
B at a constant speed.

(4)

(Total for question = 10 marks)

 

Q22.           

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

(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)

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

 

Q23.           

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.

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.

An electron is travelling left to right and enters a region of uniform magnetic field as shown
below. The direction of the magnetic field is perpendicular to the direction of travel of the
electron.

(i)  The magnetic field deflects the electron in the direction up the page.

Explain the direction of the magnetic field that would produce this deflection.

(2)

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

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

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

(ii)  Explain why the electron would travel in a circular path if no other forces acted on it.
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(2)

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

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

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

 

(Total for question = 4 marks)

 

 

Q24.           

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 a unit of magnetic flux?

   A    N C−1

   B    T m−2

   C    V s

   D    Wb m2

 

(Total for question = 1 mark)

 

 

Q25.           

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)

 

 

Q26.           

A negatively charged pion decays into a muon and an antineutrino. The diagram shows tracks in
a particle detector formed in such an event.

The momentum of the pion just before it decays is 9.1 × 10−20 N s.

Determine the magnetic flux density of the magnetic field which acts in the detector and state
its direction.

Scale of diagram 1 cm represents 10 cm

pion charge = −1.6 × 10−19 C

(4)

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

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

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

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

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

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

Magnetic flux density = ...........................................................

Direction of magnetic field = ..................................................................................................

 

(Total for question = 4 marks)

 

 

Q27.           

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)

 

Q28.          The magnetic force F that acts on a current-carrying conductor in a magnetic field is
given by the equation

F = BIl.

(a)  State the condition under which this equation applies.

(1)

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

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

(b)  The unit for magnetic flux density B is the tesla.

Express the tesla in base units.
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(2)

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

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

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

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

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

(c)  The diagram shows a rectangular bar of aluminium which has a current of 5.0 A through it.

The bar is placed in a magnetic field so that its weight is supported by the magnetic field.

Calculate the minimum value of the magnetic flux density B needed for this to occur.

density of aluminium = 2.7 × 103 kg m−3

(3)

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

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

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

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

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

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

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

Minimum B = ...........................................................

(d)  State the direction of the magnetic field.

(1)

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

(Total for Question = 7 marks)
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Q29.          A charged, non-magnetic particle is moving in a magnetic field.

Which of the following would not affect the magnetic force acting on the particle

   A    the magnitude of the charge on the particle

   B    the strength of the magnetic field

   C    the velocity component parallel to the magnetic field direction

   D    the velocity component perpendicular to the magnetic field direction

(Total for Question = 1 mark)

 

Q30.           

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 most mass spectrometers the ions are passed through a velocity selector, after being
accelerated, to produce a beam of ions of a particular velocity.
The velocity selector consists of a pair of parallel plates, across which a potential difference
(p.d.) is applied to create an electric field.
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In one mass spectrometer the plates are 2.5 cm apart and a p.d. of 135 V is applied.

A magnetic field is also applied to produce a force on the ions in the opposite direction to the
force from the electric field. For one particular speed the ions travel in a straight line and emerge
from the selector.

(i)  Add to the diagram to indicate the directions of the electric field and the magnetic field.

(2)

(ii)  The magnetic flux density applied to the velocity selector is 24.5 mT.

Deduce whether this magnetic flux density is suitable to produce a beam of chlorine-35 ions of
speed 2.2 × 105 m s−1.

(4)

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

Mark Scheme
 

Q1.           
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Q2.           

 

 

Q3.           
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Q4.           

 

Q5.          
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Q6.          

 

Q7.           

 

 

Q8.           
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Q9.           

 

 

Q10.           
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Q11.           
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Q12.          
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Q13.          

 

Q14.          
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Q15.          
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Q16.           

 

 

Q17.           
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Q18.           

 

Q19.           

 

 

Q20.          

 

Q21.          
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Q22.           
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Q23.           
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Q24.           

 

 

Q25.           

 

 

Q26.           
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Q27.          

 

Q28.          

 

Q29.          

 

Q30.           
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