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Q1.           

A resistor-capacitor circuit provides an input for an integrated circuit as shown.
The integrated circuit can be assumed to have infinite resistance.

(a)(i)  Sketch a graph to show how the potential difference VC across the capacitor varies with
time t as the switch is closed. The time constant T for this circuit is marked on the time axis.

(2)

(ii)  Explain how the potential difference VR across the resistor varies with time after the switch is
closed.

(2)

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

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

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

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

(iii)  Show that VC is given by the equation

where R is the resistance of the resistor
and     C is the capacitance of the capacitor.

(2)

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

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

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

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

(b)  The input to the integrated circuit should be 3.3 V at a time 3.5 seconds after the switch is
closed.

The following capacitors are available:

4.7 μF          10 μF          15 μF          47 μF          150 μF

Deduce which capacitor should be used.

R = 68 kΩ

(3)

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

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

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

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

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

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

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

 

(Total for question = 9 marks)

 

 

Q2.           

In the early 20th century, experiments were carried out in which alpha particles were directed
towards thin gold foil.

A simplified diagram of the apparatus used is shown.
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(a)  State three observations and the corresponding conclusions made from the alpha particle
scattering experiment.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

(b)  One experiment used gold foil made from the gold isotope . The alpha particles had an
initial
kinetic energy of 4.7 MeV.

(i)  Show that the closest distance these alpha particles can get to a gold nucleus is about 5 ×
10−14 m.

(4)

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

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

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

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

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

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

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

(ii)  Calculate the strength of the electric field due to the gold nucleus at this distance.

(3)

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

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

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

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

Strength of electric field = ...........................................................

 

(Total for question = 13 marks)

 

 

Q3.           

A student investigated electromagnetic braking using the apparatus shown.

A vehicle consisting of a glider and aluminium plate was placed on an air track. A powerful
magnet was positioned between the two light gates so that the aluminium plate could pass
between the poles of the magnet. The air resistance on the vehicle was negligible.

(a)(i)  The vehicle was given a push. The aluminium plate took 0.19 s to pass through light gate
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1.

Show that the momentum of the vehicle was about 0.3 N s.

length of plate = 15.0 cm
mass of vehicle = 0.40 kg

(3)

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

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

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

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

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

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

(ii)  The vehicle then moved between the poles of the magnet before passing through light gate
2.

The magnet caused the kinetic energy of the vehicle to reduce by 10%.

Calculate the velocity of the vehicle at light gate 2.

(3)

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

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

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

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

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

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

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

(b)  (i)  Explain why a current was produced in the aluminium plate as it passed between the
poles of the magnet.

(2)

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

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

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

.............................................................................................................................................
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(ii)  The kinetic energy of the vehicle decreased as the aluminium plate moved between the
poles of the magnet.

Explain why.

(2)

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

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

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

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

(c)  The investigation was repeated using different aluminium plates with the same length but
different thicknesses. The vehicle was given the same approximate initial velocity each time.
The table shows the thickness of each aluminium plate and the corresponding percentage
reduction in the kinetic energy of the vehicle.

(i)  Show that the percentage reduction in kinetic energy is proportional to the thickness of the
plate.

(2)

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

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

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

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

(ii)  Suggest why the percentage reduction in kinetic energy increases as the thickness of the
plate increases.

(3)

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

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

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

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

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

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

 

(Total for question = 15 marks)

 

 

Q4.           

The diagram shows particle tracks in a detector. A negative K meson collided with a stationary
proton. An omega baryon and a positive K meson were produced after the impact.

(a)  Explain the process that enables a particle detector to detect charged particles.

(2)

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

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

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

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

(b)  (i)  Describe the structure of a baryon and a meson.

(2)

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

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

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

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

(ii)  A magnetic field acts in the detector.

State the direction of the magnetic field.

(1)

.............................................................................................................................................
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(iii)  Deduce the charge and baryon number for the omega particle.

(3)

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

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

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

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

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

* (c) The rest mass of the omega baryon is significantly larger than the rest mass of the proton.

Discuss how energy and momentum are conserved during this collision.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q5.           

A student built the circuit shown. The capacitor was initially uncharged.
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She closed the switch and plotted a graph of current on ammeter A1 against time.

(a)  Determine whether the initial value of current on the graph is consistent with the values
stated on the circuit diagram.

(2)

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

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

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

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

(b)  Explain how the current on ammeter A2 would vary over the same time interval.

(2)

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

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

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

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

(c)  Determine the capacitance of the capacitor.

(3)

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

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

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

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

Capacitance = ...........................................................

(d)  Determine the charge stored on the capacitor after 30 s.

(2)

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

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

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

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

Charge stored on capacitor after 30 s = ...........................................................

(e)  Determine the maximum energy stored by the capacitor.

(2)

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

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

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

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

Maximum energy = ...........................................................

 

(Total for question = 11 marks)

 

 

Q6.           

Faraday's law can be written as 

(a)  State the name of the term  and its unit.

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

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

(b)  A coil of 500 turns and radius 3.0 mm is placed between two poles of an electromagnet as
shown. The terminals are connected to an a.c. power supply.

The magnetic flux density B perpendicular to the plane of the coil varies with time t as shown
below.

Determine the maximum e.m.f. across the coil.

(6)

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

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

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

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

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

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

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

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

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

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

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

Maximum emf = ...........................................................

(c)  Some electric motor designs rely on electromagnetic induction.

A laboratory demonstration of the principle of an induction motor is shown. An aluminium disc is
free to rotate and is initially stationary. A powerful magnet is moved around the disc in the
direction of the arrow, without touching the disc.

A student suggests that the disc will start to rotate as the magnet is moved and that the disc will
rotate in the same direction as the movement of the magnet.

Discuss this suggestion.

(6)

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q7.           

The surface of a balloon can become charged by rubbing it against clothing. The charge on the
surface of the balloon can be assumed to act as if it was concentrated at the balloon's centre.

Two balloons are suspended by cotton threads so that they just touch each other as shown in
diagram 1. The two balloons are then given an equal negative charge and repel as shown in
diagram 2. The dots represent the centre of each balloon.

(a)  (i)  Show that the force of repulsion between the balloons in diagram 2 is about 1 × 10−3 N.

mass of each balloon = 1.1 grams

(4)
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.............................................................................................................................................

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

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

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

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

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

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

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

(ii)  Show that the charge on each balloon is about 2 × 10−7 C.

(2)

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

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

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

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

(b)  One balloon is removed and the remaining balloon returns to its original position.

Calculate the electric potential at a distance of 0.30 m from the centre of the remaining balloon.

(2)

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

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

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

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

Electric potential = ...........................................................

 

(Total for question = 8 marks)

 

 

Q8.           

The diagram represents a negative point charge.
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Draw field lines to show the electric field around the charge.

 

(Total for question = 3 marks)

 

 

Q9.           

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 .

Two equally-charged ions exert a force of 4.0 × 10−9N on each other. The distance between the
centres of the ions is 2.4 × 10−10m.

Which of the following is equal to the charge on each ion?

 

(Total for question = 1 mark)

 

 

Q10.           

Two coils are linked by an iron core as shown. Coil 1 carries an alternating current I.
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The graph shows the variation of I with time for two complete cycles.

Which of the following graphs gives the corresponding induced e.m.f.  across coil 2?

 

(Total for question = 1 mark)
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Q11.           

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 .

A wire is in the same plane as a magnetic field of magnetic flux density B as shown.
The wire is of length l and carries a current I.

Which row of the table gives the magnitude and direction of the force on the wire?

 

(Total for question = 1 mark)

 

 

Q12.           

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 .

When the potential difference across a capacitor is V, the energy stored by the capacitor is W.

Which of the following gives the energy stored by the capacitor when the potential difference
across the capacitor is 2V?

   A    W

   B    2W

   C    3W

   D    4W
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(Total for question = 1 mark)

 

 

Q13.           

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 units is equivalent to the farad?

   A    C V−1

   B    J V−1

   C    Ωs−1

   D    sJ −1

 

(Total for question = 1 mark)

 

 

Q14.           

Select one answer from A to D and put a cross in the box . If you change your mind
about an answer, put a line through the box  and then mark your new answer with
a cross .

This question refers to a cathode ray tube.

The diagram shows some of the components in a cathode ray tube.

When a potential difference is applied across the parallel metal plates, the electrons are
deflected.
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Which of the following changes would decrease the deflection of the electrons?

   A    increasing the current in the metal filament

   B    increasing the distance between the plates

   C    increasing the length of the plates

   D    increasing the potential difference across the plates

 

(Total for question = 1 mark)

 

 

Q15.           

Select one answer from A to D and put a cross in the box . If you change your mind
about an answer, put a line through the box  and then mark your new answer with
a cross .

A square coil PQRS has sides of length l. There is a clockwise current I in the coil as shown. The
plane of the coil is parallel to a magnetic field of magnetic flux density B.

Which row of the table is correct?

 

(Total for question = 1 mark)
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Q4.           

S T E M U P . C O . U K

https://stemup.co.uk


S T E M U P . C O . U K

https://stemup.co.uk
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Q6.           
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Q12.           
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