
Nuclear Structure and Particle Accelerators 
 
Q1. 
  
The diagram shows a model used to demonstrate alpha particle scattering. A ball bearing is 
set rolling on a wooden track. The track is positioned so that the ball bearing rolls onto a 
metal sheet with a curved surface known as a 'hill'. 

 

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

 

A plan view of the arrangement is shown. 

 

The wooden track is moved to different positions and the ball bearing is released. 
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Describe the results of the alpha particle scattering experiment and how these can be 
demonstrated by moving the wooden track to different positions. 

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

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

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

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

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

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

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

  
(Total for question = 4 marks) 

  
 
 
Q2. 
  
Alpha particle scattering investigations were first carried out in the early part of the 20th 
century. 

An alpha particle with initial kinetic energy 8.8 × 10−13J approaches a nucleus of a gold 
 atom. 

Which of the following is an equation for the closest distance r, in metres, between the alpha 
particle and the nucleus? 

 

  
(Total for question = 1 mark) 
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Q3. 
  
Alpha particle scattering investigations were first carried out in the early part of the 20th 
century. 

Which of the following conclusions could not be made as a result of these investigations? 

   A    The atom is mostly empty space. 

   B    The atom is neutral. 

   C    The nucleus is charged. 

   D    The nucleus is very small compared to the atom. 

 
  

(Total for question = 1 mark) 
 Q4. 

The solid line shows the path of an alpha particle as it passes close to a nucleus. 

 

Another alpha particle approaches the nucleus with the same initial kinetic energy. 

Which dashed path is possible for this alpha particle? 

   A    

   B    

   C    

   D    

 
  

(Total for question = 1 mark) 
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Q5. 
  
At the beginning of the 20th century, Rutherford carried out large-angle alpha particle 
scattering experiments using gold ( Au) foil. 

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

Describe how the model of the atom changed, as a consequence of these experiments. 
(4) 

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

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

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

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

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

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

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

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

  
(Total for question = 4 marks) 

  
 
 
Q6. 
  
At the beginning of the 20th century, Rutherford carried out large-angle alpha particle 
scattering experiments using gold ( Au) foil. 

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

In one experiment the alpha particles had an initial energy of 7.7 MeV. 

Calculate the distance of closest approach of the alpha particles to the nucleus of a gold 
atom. Assume that the gold nucleus remains at rest. 

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

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

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

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

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

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

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

Distance of closest approach = ...........................................................  

  
(Total for question = 4 marks) 

  
 
 
Q7. 
  
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. 

In his original experiments, Thompson determined the specific charge of a range of particles. 
His results indicated that the specific charge of an electron is about 2000 times bigger than 
that for a hydrogen ion. 

Deduce what conclusion can be made from this information. 
(1) 

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

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

  
(Total for question = 1 mark) 
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Q8. 
  
Cathode ray tubes are used in oscilloscopes. 

 

The diagram shows a simplified cathode ray tube that can be used to determine the 
magnitude and polarity of a potential difference (p.d.). 

The cathode ray tube consists of an electron gun, a pair of deflecting plates and a 
fluorescent screen. 

 

(a)  The electron gun includes a filament. When this filament is heated, electrons are 
released and are accelerated by a p.d. of 1.5 kV to form an electron beam. 

(i) Name the process by which electrons are released from the heated filament. 
(1) 

............................................................................................................................................. 
 
(ii)  Show that the maximum velocity of the electrons is about 2 × 107 m s−1. 

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

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

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

............................................................................................................................................. 
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(b)  The electron beam then enters a uniform electric field between the two parallel 
horizontal deflecting plates. The magnitude and direction of the deflection is determined by 
the p.d. V that is applied across the plates. 

The diagram shows one possible path of the electron beam as it passes between the plates. 

 
(i)  Show that the acceleration of an electron, of mass m and charge Q, is given by 

 
(2) 

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

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

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

............................................................................................................................................. 
 
(ii)  Calculate the magnitude of the vertical deflection y of the beam as it leaves the 
plates. 

V = 50 V  
d = 0.01 m 

(5) 
............................................................................................................................................. 

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

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

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

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

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

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

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

y = ........................................................... 
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(c)  A laboratory oscilloscope with the time base turned off operates in the same way as this 
simplified cathode ray tube. A student uses an oscilloscope in this way to monitor an 
alternating p.d. of 53 Vrms 

On the grid, draw the trace that would be seen on the screen. 
(4) 

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

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

 

 

  
(Total for question = 14 marks) 

  
 
 
Q9.  
A series of experiments was carried out in the 1970s to investigate the structure of protons 
using the linac at Stanford, USA. 

* Explain how an electron is accelerated in a linac. 
(6) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 6 marks) 

  
 
 
Q10. 
  
A series of experiments was carried out in the 1970s to investigate the structure of protons 
using the linac at Stanford, USA. 

The electron leaves the accelerator with a high energy. 

Explain why electrons need high energies to investigate the structure of a proton. 
(2) 

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

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

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

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

  
(Total for question = 2 marks) 
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Q11. 
  
Proton beam therapy is being introduced in the UK as a new cancer treatment. 

A beam of protons is accelerated by a cyclotron to an energy of 23 MeV and is then focused 
onto a tumour. 

 

* Explain how the cyclotron produces the high-energy proton beam. 
(6) 

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

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 6 marks) 
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Q12. 
  
The following extract is taken from a quote by Rutherford, speaking about the scattering of 
alpha particles by a thin gold foil. 

 

(a)  Rutherford compared the scattering of alpha particle through large angles to firing "a 15-
inch shell at a piece of tissue paper and it came back and hit you." 

Explain, with reference to the properties of the alpha particle, why a relatively large force 
is needed to deflect alpha particles through a large angle. 

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

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

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

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

 
(b)  Before the alpha particle scattering experiment, scientists believed that the mass and 
charge of an atom were uniformly distributed throughout the atom in a radius of about 1.4 × 
10−10 m. Following the scattering experiments, a model of the atom was developed in which 
there was a concentrated centre of charge called the nucleus. 

Assess the validity of this model of the atom given that the magnitude of the force 
required to scatter these alpha particles by a large angle is about 2.0 N. You should 
include a calculation in your answer. 
proton number of gold = 79 

(5) 
............................................................................................................................................. 

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

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

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

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

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

............................................................................................................................................. 
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Q13. 
  
Pions have a short half-life and decay into muons.  
The diagram shows the tracks from the decay of a pion in a bubble chamber. 

 

The pion decays into an anti-muon and muon neutrino.  
The anti-muon then decays into a positron and an electron neutrino.  
The magnetic field acts out of the page. 

Use the diagram and the information given to explain what conclusions can be made about 
the particles in this interaction. 

(6) 
............................................................................................................................................. 

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

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

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

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

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

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

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

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

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

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

............................................................................................................................................. 
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Q14. 
  
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) 

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

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

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

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

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

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

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

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

Direction of magnetic field = ..................................................................................................  
(Total for question = 4 marks) 
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Q15. 
  

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

 

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

 

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

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

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

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

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

 .............................................................................................................................................  
(Total for question = 3 marks) 
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 Q16. 
  

The alpha particle scattering experiment led to a number of observations and conclusions. 

Which row in the table gives a correct observation and corresponding conclusion from the 
alpha particle scattering experiment? 

(1) 

 

  
(Total for question = 1 mark) 

  
 
 
Q17. 
  
Electric and magnetic fields can be used in particle accelerators. 

Which row in the table correctly describes the use of electric and magnetic fields in the 
particle accelerator indicated? 

 

  
(Total for question = 1 mark) 
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Q18. 
  
Rutherford's alpha-scattering experiment gave evidence that changed our understanding of 
the structure of the atom. Alpha particles were fired at a thin sheet of gold foil and their paths 
observed. 

Explain how the observations of the different paths taken by the alpha particles as they 
passed through the gold foil led to a new model of the atom. 

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

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

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

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

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

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

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

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

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

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

 
   

(Total for question = 4 marks) 
 
 
Q19. 
  

The number of neutrons in a nucleus of  is 

   A    92 

   B    146 

   C    238 

   D    330 

 
 
  

(Total for question = 1 mark) 
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Q20. 
  
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. 

Explain how electrons from the source become a beam of high-energy electrons. 
(2) 

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

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

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

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

  
(Total for question = 2 marks) 
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Mark Scheme – Nuclear Structure and Particle Acceleration 
 
Q1. 
  

 
  
 
 
Q2. 
  

 

  
 
 
Q3. 
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Q4. 
  

 

  
 
 
Q5. 
  

 

  
 
 
Q6. 
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Q7. 
  

 

  
 
 
Q8. 
  

 

 Nuclear Structure and Particle Accelerators PhysicsAndMathsTutor.com
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Q9. 
  

 

 

 

  
 
 
Q10. 
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Q11. 
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Q12. 
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Q13. 
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Q14. 
  

 

  
 
 
Q15. 
  

 

  
 
 
Q16. 
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Q17. 

 

 Q18. 

 
 
Q19. 

 

 Q20. 
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