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Q1.           

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.

(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.
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(4)

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

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

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

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

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

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

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

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

(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)

 

 

Q2.           

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

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

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

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

(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)

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

(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)

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q3.           

Experiments with muons are taking place at Fermilab in the USA to improve our understanding
of the standard model.

(a)  The muon belongs to the same family of particles as the electron.

State how the muon is classified in the standard model.

(2)

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

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

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

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

(b)  A muon (μ) can be produced by the decay shown in this nuclear equation.

State the names of the two other particles involved.

(2)

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

.............................................................................................................................................
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(c)  A website states: "The rest mass of a muon is 106 MeV / c2, which is a little over 200 times
that of an electron."

Deduce whether this statement is correct.

(3)

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

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

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

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

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

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

(d)  Muons are stored in a 'storage ring' at Fermilab. The website describes the ring as having a
circumference of 44.7 m and using a magnetic field of flux density 1.45 T.

The website claims that this enables the storage ring to confine muons with a momentum of
3.10 GeV / c.

(i)  Explain why the unit GeV / c is a valid unit for momentum.

(2)

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

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

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

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

(ii)  Deduce whether the website's claim is correct.

muon charge = −1.6 × 10−19 C
3.10 GeV/c = 1.65 × 10–18 N s

(3)

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

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

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

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

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

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

(iii)  Stationary muons are unstable and have a mean lifetime of a few microseconds.
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Explain why muons in the ring are observed to have a much greater mean lifetime.

(2)

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q4.           

The diagram shows the paths of particles in a circular particle detector. There is a magnetic field
acting at right angles to the plane of the paper. The diagram is drawn to scale. 1 cm on the
diagram represents 10 cm in the particle detector.

An antiproton enters the detector and collides with a stationary proton at X. Several particles are
produced. One particle is a kaon (K0). The kaon then decays into two pions (π+ and π–) at Y.

(a)  Determine the momentum of the negative pion.

magnetic flux density of field in the detector = 7.0T
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(4)

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

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

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

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

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

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

Momentum = ...........................................................

(b)  State two ways that the diagram shows the kaon is neutral.

(2)

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

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

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

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

(c)  The table shows the charge for the up quark and the down quark as a fraction of the charge
on the proton.

Deduce the quark structure of the antiproton and the negative pion.

(2)

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

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

Quark structure of the antiproton ...........................................................

Quark structure of the negative pion ...........................................................

(d)  Calculate the mass of a proton in GeV/c2.

(3)

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

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

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

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

Mass = ........................................................... GeV/c2

 

(Total for question = 11 marks)

 

 

Q5.           

Some particle physics experiments use electrons which are accelerated to very high energies by
a linac. The diagram shows the first section of the linac.

*(a)  Explain why the distances between consecutive tubes increase in the first section of the
linac but are almost equally spaced in the last section of the linac.

(6)

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

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

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

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

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

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

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

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

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

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

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

(b)  In some experiments, a high-energy electron collides with a stationary atom. In other
experiments beams of high-energy electrons, travelling in opposite directions, collide head-on.
New particles can be created from collisions.

Deduce which type of collision is more likely to produce new particles with the largest mass.

(3)

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

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

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

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

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

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

 

(Total for question = 9 marks)

 

 

Q6.           

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 .

Electrons can be used to probe the nuclei of atoms.

Which of the following best explains this?

   A    Electrons can be accelerated to very high energies.

   B    Electrons can be deflected by a magnetic field.

   C    Electrons can be part of an atom.

   D    Electrons can be released by thermionic emission.

 

(Total for question = 1 mark)
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Q7.           

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 .

Muons can travel at speeds close to the speed of light. At these speeds the lifetime and mass of
a muon are different from those of a stationary muon.

Which row of the table describes the lifetime and the mass of a high-speed muon compared to a
stationary muon?

 

(Total for question = 1 mark)

 

 

Q8.           

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 fundamental particle?

   A    pion

   B    proton

   C    neutrino

   D    neutron
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(Total for question = 1 mark)

 

 

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 .

A proton collides with an antiproton.

Which of the following could be produced by this collision?

   A    π+ + n

   B    π− + p+

   C    π+ + e−

   D    π+ + π−

 

(Total for question = 1 mark)

 

 

Q10.           

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 .

In a cyclotron, a charged particle is accelerated in a spiral path.

Which of the following increases as the radius of the spiral path increases?

   A    The frequency of the alternating p.d. across the dees.
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   B    The magnetic flux density acting perpendicularly to the spiral path.

   C    The potential difference between the dees.

   D    The velocity of the charged particles.

 

(Total for question = 1 mark)

 

 

Q11.           

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 charged particle is accelerated in a spiral path in a cyclotron.

Which of the following changes would increase the amount of energy transferred to the particle
as it travels through 360° ?

   A    increasing the distance between the dees

   B    increasing the frequency of the potential difference across the dees

   C    increasing the strength of the magnetic field within the dees

   D    increasing the maximum potential difference across the dees

 

(Total for question = 1 mark)
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Q12.           

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 .

In the early 20th century experiments were carried out to measure the scattering of alpha
particles after striking thin gold foil.

Which of the following could not be concluded from the results of these experiments?

   A    The nucleus is charged.

   B    The nucleus contains most of the mass of the atom.

   C    The nucleus contains neutrons and protons.

   D    The nucleus is very small compared to the atom.

 

(Total for question = 1 mark)

 

 

Q13.           

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.

Electrons are released from the heated metal filament.

Which of the following is the name of this process?

   A    ionisation

   B    photoelectric emission

   C    relativistic effect
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   D    thermionic emission

 

(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 .

Which row in the table gives the charge and mass of an antiproton?

 

(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 .

 is an isotope of oxygen.

Which row of the table gives the number of nucleons and the number of neutrons in an atom of 
 ?
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(Total for question = 1 mark)
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