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Section 1: The Standard Model 
 
1. The diagram shows the apparatus used by Rutherford to investigate the 

scattering of alpha particles by a gold foil. 
 

 
 

From the observations made as the microscope and screen were moved from P 
to Q, Rutherford deduced that an atom has a nucleus which is: 
 
(a) positively charged; 
(b) massive; 
(c) much smaller than the volume of the atom. 
 
Explain how the observations from the scattering experiment led to these three 
deductions. 3 
 
 (3) 
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2. About one hundred years ago Rutherford designed an experiment to investigate 
the structure of the atom.  He used a radioactive source to fire alpha particles at a 
thin gold foil target. 

 
 His two assistants, Geiger and Marsden, spent many hours taking readings from 

the detector as it was moved to different positions between X and Y. 
 

 
 

(a) How did the number of alpha particles detected at X compare with the 
number detected at Y? 1 

 
(b) State three conclusions Rutherford deduced from the results. 3 
 
  (4) 
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3. Information on the properties of three elementary particles together with two 
types of quarks and their corresponding antiquarks is shown in the tables below. 

 

 
 

(a) Using information from the tables above, show that a proton consists of two 
up quarks and one down quark. 1 

 
(b) State the combination of quarks that forms a pi-meson. 1 
 
  (2) 
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4. The following strong interaction has been observed. 
 

K− + p  →  n + X 
 

The K− is a strange meson of quark composition ū s. 
 
The u quark has a charge of +2/3. 
 
The d quark has a charge of −1/3. 
 
(a) Determine the charge of the strange quark. 1 
 
(b) Use the appropriate conservation law to determine whether particle X is 

positive, negative or neutral. 1 
 
(c) State whether particle X is a baryon or a meson.  Justify your answer. 2 
 
  (4) 
 

 
 

5. (a) The equation for a − decay can be written as: 
 

n  →  p + − + v  

 
 (i) For each of these four particles, state its name, and where appropriate, 

its quark composition. 3 
 

 (ii) Write a similar equation for a + decay. 1 
 

 (iii) State the interaction associated with  decay. 1 
 

(b) In 1995 scientists at CERN created atoms of antihydrogen. 
 

 (i) Name the particles that make up an atom of antihydrogen. 1 
 
 (ii) State the charge of an atom of antihydrogen. 1 
 
 (iii) Explain why it is not possible to store atoms of antihydrogen. 1 
 
   (8) 
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6. In February 2000 scientists at CERN announced that they had made some 
“quark-gluon plasma” (QGP), the extremely dense energetic matter that was 

present throughout the universe about 1 s after the Big Bang.  This was done by 
colliding lead ions in a particle accelerator. 

 
(a) (i) A particular isotope of lead has 82 protons and 124 neutrons in its 

nucleus.  Write the symbol for this isotope of lead in the form 
 
  2 
 

 (ii) State the other particle present in an atom of this isotope of lead. 1 
 
(b) When QGP existed in the early universe, all the particles in the table below 

were present. 
 

Quarks Leptons 

Name Symbol Charge Name Symbol Charge 

up u +2/3 electron e– –1 
down d –1/3 electron-

neutrino 
ve 0 

charm c +2/3 muon  –1 

strange s –1/3 muon-neutrino v 0 

top t +2/3 tau – –1 

bottom b –1/3 tau-neutrino v 0 

 
 (i) Protons and neutrons are made entirely of up and down quarks.  Show 

how an appropriate number of quarks can combine to give the correct 
charge for a proton. 1 

 
 (ii) Describe briefly the circumstances required for the remaining quarks in 

the table to be created. 1 
 
 (iii) The early universe also contains positrons.  Describe how the positron 

compares to the electron. 1 
 
   (6) 

 
 
 

x 
y Z 
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7. In July 2003 scientists at the SPring-8 synchrotron in Japan announced the 
discovery of a pentaquark – a particle made up of 5 quarks. 

 
(a) Previously, quarks had been known to occur in two types of combinations 

called hadrons.  Name these two types and describe the quark combination 
of each. 4 

 
(b) The pentaquark was produced by firing gamma photons at a target.  It 

decayed very rapidly into other products.  The diagram shows some of the 
particles involved in the production and decay of the pentaquark, including 
the quark composition for several of them. 

 

Photon

Neutron

u
d

d

Other
particles

u
d

d

Pentaquark
Neutron

X

K–

u

s

s uu
d

d

 
 
 (i) Name one quantity conserved during the decay of the pentaquark. 2 
 
 (ii) The table below shows the charges of the six types of quarks as a 

fraction of the charge of a proton. 
 

Quark type Charge 

up charm top 2/3 e 

down strange bottom –1/3 e 

 
  Determine the charge of the pentaquark.  Express your answer as a 

fraction of the charge of a proton. 1 
 
 (iii) Determine the charge of particle X. 1 
 
 (iv) Suggest a possible quark composition for particle X.  Justify your answer. 2 
 
   (10) 
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Section 2: Forces on Charged Particles 
 
1. The apparatus shown in the diagram is designed to accelerate alpha particles. 
 

 
 

An alpha particle travelling at a speed of 2·60 × 106 m s−1 passes through a hole 
in plate A.  The mass of an alpha particle is 6·64 × 10−27 kg and its charge is 
3·20 × 10−19 C. 
 
(a) When the alpha particle reaches plate B, its kinetic energy has increased to 

3·05 × 10−14 J. 
 Show that the work done on the alpha particle as it moves from plate A to 

plate B is 8·1 × 10−15 J, 2 
 
(b) Calculate the potential difference between plates A and B. 2 
 
(c) The apparatus is now adapted to accelerate electrons from A to B through 

the same potential difference. 
How does the increase in kinetic energy of an electron compare with the 
increase in kinetic energy of the alpha particle in part (a)?  Justify your 
answer. 2 
 
 (6) 

 
 
 



 

P&W: Exam Questions Part 1 Page 8 Version 2013 

2. A particle accelerator increases the speed of protons by accelerating them 
between a pair of metal plates, A and B, connected to a power supply as shown 
below. 

 

 
 

The potential difference between A and B is 25 kV. 
 
(a) Show that the kinetic energy gained by a proton between plates A and B is 

4·0 × 10−15 J. 2 
 
(b) The kinetic energy of a proton at plate A is 1·3 × 10−16 J. 

Calculate the velocity of the proton on reaching plate B. 3 
 

(c) The plates are separated by a distance of 1·2 m. 
Calculate the force produced by the particle accelerator on a proton as it 
travels between plates A and B. 2 
 
 (7) 
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3. The diagram below shows the basic features of a proton accelerator.  It is 
enclosed in an evacuated container. 

 

 
 

Protons released from the proton source start from rest at P. 
A potential difference of 200 kV is maintained between P and Q. 
 
(a) What is meant by the term potential difference of 200 kV? 1 
 
(b) Explain why protons released at P are accelerated towards Q. 1 
 
(c) Calculate: 
 (i) the work done on a proton as it accelerates from P and Q; 2 
 (ii) the speed of a proton as it reaches Q. 2 
 
(d) The distance between P and Q is now halved. 
 What effect, if any, does this change have on the speed of a proton as it 

reaches Q?  Justify your answer. 2 
 
  (8) 
 

 
 
4. The diagram shows an arrangement which is used to accelerate electrons. 

The potential difference between the cathode and the anode is 2·5 kV. 
 

 
 
Assuming that the electrons start from rest at the cathode, calculate the speed of 
an electron just as it reaches the anode. 3 
 
 (3) 
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5. The diagram below shows a cathode ray tube used in an oscilloscope. 
 

 
 

The electrons which are emitted from the cathode start from rest and reach the 
anode with a speed of 4·2 × 107 m s−1. 
 
(a) (i) Calculate the kinetic energy in joules of each electron just before it 

reaches the anode. 2 
 (ii) Calculate the p.d. between the anode and the cathode. 2 
 
(b) Describe how the spot at the centre of the screen produced by the electron 

beam can be moved to position X. 
 Your answer must make reference in the relative sizes and polarity (signs) of 

the voltages applied to plates P and Q. 2 
 
  (6) 
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6. Identification of elements in a semiconductor sample can be carried out using an 
electron scanner to release atoms from the surface of the sample for analysis.  
Electrons are accelerated from rest between a cathode and anode by a potential 
difference of 2·40 kV. 
A variable voltage supply connected to the deflection plates enables the beam to 
scan the sample between points A and B shown in the figure below. 
 

 
 
(a) Calculate the speed of the electrons as they pass through the anode. 2 
 
(b) Explain why the electron beam follows: 
 (i) a curved path between the plates; 1 
 (ii) a straight path beyond the plates. 1 
 
(c) The anode voltage is now increased.  State what happens to the length of the 

sample scanned by the electron beam.  You must justify your answer. 2 
 
 (6) 
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7. A cyclotron is a particle accelerator which consists of two D-shaped hollow 
structures, called “dees”, placed in a vacuum. 

 
The diagram below shows the cyclotron viewed from above. 

 
(a) Protons are released from rest at point A and accelerated across the gap 

between the “dees” by a voltage of 2·00 kV. 
Show that the speed of the protons as they first reach the right hand “dee” is 
6·19 × 105 m s−1. 2 

 
(b) Inside the “dees” the electric field strength is zero but there is a uniform 

magnetic field.  This forces the protons to move in semi-circular paths when 
inside the “dees”. 
State the direction of the magnetic field in the “dees”. 1 

 
(c) While the protons are inside the “dee”, the polarity of the applied voltage is 

reversed so that the protons are again accelerated when they cross to the left 
hand “dee”. 
Calculate the speed of the protons as they first enter the left hand “dee”. 2 
 
 (5) 
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8. (a) A charged particle moves with a speed of 2·0 × 106 m s−1 in a circular orbit in 
a uniform magnetic field directed into the page as shown below. 

 

 
 

State whether the charge on the particle is positive or negative. 1 
 

(b) An electron enters a uniform magnetic field at an angle to the magnetic field 
lines as shown below. 

 

 
 

Explain the shape of the electron path in the magnetic field. 2 
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(c) Charged particles which enter the Earth’s atmosphere near the North pole 
collide with air molecules.  The light emitted in this process is called the 
Aurora Borealis. 
In the figure below, the Earth’s magnetic field is indicated by continuous lines 
which show the magnetic field direction in the region surrounding the Earth.  
The extent of the Earth’s atmosphere is also shown. 
 

 
 
Charged particles approach the Earth in the direction shown in the diagram.  
Explain why these particles do not cause an aurora above the Equator. 2 
 
 (5) 
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Section 3: Nuclear Reactions 
 
1. A smoke alarm contains a very small sample of the radioactive isotope 

Americium-241, represented by the symbol 
 

 
 

(a) How many neutrons are there in a nucleus of this isotope? 1 
 
(b) This isotope decays by emitting alpha particles as shown in the following 

statement. 
 

 
 

 (i) Determine the numbers represented by the letters r and s. 1 

 (ii) Use the data booklet to identify the element T. 1 
 
   (3) 

 
 
 



 

P&W: Exam Questions Part 1 Page 16 Version 2013 

2. Some power stations use nuclear fission reactions to provide energy for 
generating electricity.  The following statement represents a fission reaction. 

 

 
 

(a) Determine the numbers represented by the letters r and s in the above 
statement. 1 

 
(b) Explain why a nuclear fission reaction releases energy. 1 
 
(c) The masses of the particles involved in the reaction are shown in the table. 
 

 
 

Calculate the energy released in this reaction. 3 
 
 (5) 
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3. A nuclear fission reaction is represented by the following statement. 
 

 
 

(a) Is this a spontaneous or induced reaction?  You must justify your answer. 1 
 

(b) Determine the numbers represented by the letters r and s in the above 
reaction. 1 

 

(c) Use the data booklet to identify the element represented by T. 1 
 
(d) The masses of the nuclei and particles in the reaction are given below. 
 

 
 

Calculate the energy released in the reaction. 3 
 
 (6) 
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4. A ship is powered by a nuclear reactor. 
 

 
 

One reaction that takes place in the core of the nuclear reactor is represented by 
the statement below. 
 

 
 
(a) The symbol for the Uranium nucleus is       U. 
 
 What information about the nucleus is provided by the following numbers? 
 (i) 92 1 
 (ii) 235 1 
 
(b) Describe how neutrons produced during the reaction can cause further 

nuclear reactions. 1 
 
(c) The masses of the particles involved in the reaction are shown in the table. 
 

 
 

Calculate the energy released in the reaction. 3 
 
 (6) 
 

 

235 
92 



 

P&W: Exam Questions Part 1 Page 19 Version 2013 

5. Radium (Ra) decays to Radon (Rn) by the emission of an alpha particle. 
Some energy is also released by this decay. 
The decay is represented by the statement shown below. 
 

 
 
The masses of the nuclides involved are as follows. 
 

 
 

(a) What are the values of x and y for the nuclide     Rn? 1 

 
(b) Why is energy released by this decay? 1 
 
(c) Calculate the energy released by one decay of this type. 3 
 
  (5) 
 

 
 
6. Energy is released from stars as a result of nuclear reactions. 

One of these reactions is represented by the statement given below. 
 

 
 
(a) What type of nuclear reaction is described by this statement?  1 
 
(b) Explain why this reaction results in the release of energy.  You should make 

reference to an equation in your explanation. 2 
 
  (3) 

 
 
 

x 

y 
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7. The following statement represents a nuclear reaction which may form the basis 
of a nuclear power station of the future. 

 

 
 

(a) State the name given to the above type of nuclear reaction. 1 
 

(b) Explain, using E = mc2, how this nuclear reaction results in the production of 

energy. 2 
 
(c) Using the information given below, and any other data required from the Data 

Sheet, calculate the energy released in the above nuclear reaction. 

  3 
 
(d) Calculate how many of the reactions of the type represented above would 

occur each second to produce a power of 25 MW. 2 
 
  (8) 
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Section 4: Wave-particle Duality 
 
1. Ultraviolet radiation from a lamp is incident on the surface of a metal.  This 

causes the release of electrons from the surface of the metal. 
 

 
 
The energy of each photon of ultraviolet radiation is 5·23 × 10−19 J. 
 
The work function of the metal is 2·56 × 10−19 J. 
 
(a) Calculate: 
 (i) the maximum kinetic energy of an electron released from this metal by 

this radiation; 1 
 (ii) the maximum speed of an emitted electron. 2 
 
(b) The source of ultraviolet radiation is now moved further away from the 

surface of the metal. 
State the effect, if any, this has on the maximum speed of an emitted 
electron.  Justify your answer. 2 
 
 (5) 
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2. To explain the photoelectric effect, light can be considered as consisting of tiny 
bundles of energy.  These bundles of energy are called photons. 

 
(a) Sketch a graph to show the relationship between photon energy and 

frequency. 1 
 
(b) Photons of frequency 6·1 × 1014 Hz are incident on the surface of a metal. 

 

 
 
This releases photoelectrons from the surface of the metal. 
 
The maximum kinetic energy of any of these photoelectrons is 6·0 × 10−20 J. 
 
Calculate the work function of the metal. 3 
 

(c) The irradiance due to these photons on the surface of the metal is now 
reduced. 
 
Explain why the maximum kinetic energy of each photoelectron is 
unchanged. 1 
 
 (5) 
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3. A metal plate emits electrons when certain wavelengths of electromagnetic 
radiation are incident on it. 
 

 
 
When light of wavelength 605 nm is incident on the metal plate, electrons are 
released with zero kinetic energy. 
 
(a) Show that the work function of this metal is 3·29 × 10−19 J. 2 
 
(b) The wavelength of the incident radiation is now altered.  Photons of energy 

5·12 × 10−19 J are incident on the metal plate. 
 
 (i) Calculate the maximum kinetic energy of the electrons just as they leave 

the metal plate. 1 
 (ii) The irradiance of this radiation on the metal plate is now decreased. 
  State the effect this has on the ammeter reading.  Justify your answer. 2 
 
   (5) 
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4. In 1902, P. Lenard set up an experiment similar to the one shown below. 
 

 
 
There is a constant potential difference between the metal plate and the metal 
cylinder. 
Monochromatic radiation is directed onto the plate. 
Photoelectrons produced at the plate are collected by the cylinder. 
The frequency and the irradiance can be altered independently. 
The frequency of the radiation is set at a value above the threshold frequency. 
 
(a) The irradiance of the radiation is slowly increased. 

Sketch a graph of the current against irradiance of radiation. 1 
 

(b) The metal of the plate has a work function of 3·11 × 10−19 J.  The wavelength 
of the radiation is 400 nm. 

 
 (i) Calculate the maximum kinetic energy of a photoelectron. 3 
 (ii) The battery connections are now reversed. 
  Explain why there could still be a reading on the ammeter. 1 
 
   (5) 
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5. An image intensifier is used to improve night vision.  It does this by amplifying the 
light from an object. 
 
Light incident on a photocathode causes the emission of photoelectrons.  These 
electrons are accelerated by an electric field and strike a phosphorescent screen 
causing it to emit light.  This emitted light is of a greater intensity than the light 
that was incident on the photocathode. 
 

 
 
The voltage between the photocathode and the phosphorescent screen is 
2·00 × 104 V. 
 
The minimum frequency of the incident light that allows photoemission to take 
place is 3·33 × 1014 Hz. 
 
(a) What name is given to the minimum frequency of the light required for 

photoemission to take place? 1 
 
(b) (i) Show that the wok function of the photocathode material is 

2·21 × 10−19 J. 2 
 
 (ii) Light of frequency 5·66 × 1014 Hz is incident on the photocathode. 
  Calculate the maximum kinetic energy of an electron emitted from the 

photocathode. 2 
 
 (iii) Calculate the kinetic energy gained by an electron as it is accelerated 

from the photocathode to the phosphorescent screen. 2 
 
   (7) 
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6. (a) The apparatus shown below is used to investigate photoelectric emission 
from the metal surface X when the electromagnetic radiation is shone on the 
surface. 
The frequency of the electromagnetic radiation can be varied. 

 
 (i) When radiation of a certain frequency is shone on the metal surface X, a 

reading is obtained on the ammeter. 
  Sketch a graph to show how the current in the circuit varies with the 

irradiance of the radiation. 2 
 (ii) Explain why there is no reading on the ammeter when the frequency of 

the radiation is decreased below a particular value. 1 
 

(b) The maximum kinetic energy of the photoelectrons emitted from X is 
measured for a number of different frequencies of the radiation. 
The graph shows how this kinetic energy varies with frequency. 

 
 (i) Use the graph to find the threshold frequency for metal X. 1 
 (ii) The table below gives the work function of different metals. 
 

Metal Work function/J 

Potassium 3·2 × 10−19  

Calcium 4·3 × 10−19  

Zinc 6·9 × 10−19  

Gold 7·8 × 10−19  

 
Which one of these metals was used in the investigation? 
You must justify your answer using the information given in the table. 3 
 
 (7) 
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7. (a) It is quoted in a text book that 
“the work function of caesium is 3·04 × 10−19 J”. 
Explain what is meant by the above statement. 1 
 

(b) In an experiment to investigate the photoelectric effect, a glass vacuum tube 
is arranged as shown below. 
 

 
 
The tube has two electrodes, one of which is coated with caesium. 
Light of frequency 6·1 × 1014 Hz is shone on to the caesium coated electrode. 
 

 (i) Calculate the maximum kinetic energy of a photoelectron leaving the 
caesium coated electrode. 3 

 (ii) An electron leaves the caesium coated electrode with this maximum 
kinetic energy. 

  Calculate its kinetic energy as it reaches the upper electrode when the 
p.d. across the electrode is 0·80 V. 3 

 
(c) The polarity of the supply voltage is now reversed. 

Calculate the minimum voltage which should be supplied across the 
electrodes to stop photoelectrons from reaching the upper electrode. 2 
 
 (9) 
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