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Answer all the questions.

Section A

1 Here is a list of five units:

Wb m–2    C s–1    J C–1    J s–1    Wb s–1

 (a) Which unit is equivalent to the tesla (T)?

 unit  .......................................................... [1]

 (b) Which two units are equivalent to the volt (V)?

unit .......................... and ..........................[2]

2 Use the equations  p = mv = hλ   and  Ek = 
1
2
 mv 2  to show that

 (a)   Ek = p 2

2m

 (b)   λ = h
�����2mE k

 .

 [2]

 (c) Calculate the wavelength of an electron with a kinetic energy  Ek = 2.0 × 10–18 J.

   h  = 6.6 × 10–34 J s
   m = 9.1 × 10–31 kg

 wavelength =  ..................................................... m [1]
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3 Two coils are wrapped around a laminated iron core as shown in Fig. 3.1.

V

primary coil

secondary coil

Fig. 3.1

 The switch is closed at time t1. The current in the primary coil rises as shown in the graph in
Fig. 3.2.

current

time0 t1

Fig. 3.2

 Here are three graphs showing variation of y-value against time. Time t1 is shown on the graphs.

time0 t1 time0

y

A B C

y y

t1 time0 t1

 (a) Which graph shows the relationship between flux in the secondary coil (y-value) and time?

 graph  .......................................................... [1]

 (b) Which graph shows the relationship between the magnitude of the emf across the secondary 
coil (y-value) and time?

 graph  .......................................................... [1]
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4 A spark plug ionises the air between two plates separated by 0.4 mm.
 A p.d. of 3 kV is required for the air to ionise. Calculate the magnitude of the electric field strength 

between the plates.

 Assume the field is uniform.

 electric field strength  =  ...............................................  V m–1 [1]

5 The fusion of hydrogen into helium is the source of the Sun’s energy. The first stage of the process 
is shown below.

1
1H  +  1

1H    2
1H  +  

..........

..........X  +  0
0 ν

 Complete the equation and identify particle X.

 particle X  is  .......................................................... [2]

6 Fig. 6.1 shows a beam of electrons entering the space between two metal plates in a vacuum.
The upper plate is at a positive potential and the lower plate is earthed.

 On leaving the plates the beam strikes a screen.
 Complete the path of the beam to the screen.

screen

+ V

0 V

electron beam

Fig. 6.1
 [2]
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7 An iron core is shaped as shown in Fig. 7.1. Current in the coil produces flux Φ in the iron.
The cross-sectional area of the core at X is twice the cross-sectional area at Y.

X

Y

Fig. 7.1

 The core behaves ideally and there is no flux leakage.

 (a) State how the flux through X compares with the flux through Y.

 [1]

 (b) State how the flux density through X compares with the flux density through Y.

 [1]

8 A school cobalt-60 source has an activity of 125 kBq.
 The source will be replaced when the activity falls to 35 kBq.
 The decay constant of cobalt-60 = 4.1 × 10–9 s–1.

 Show that the school will need to replace the source after about 10 years.

  1 year = 3.2 × 107 s

 [2]
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9 Experiments show that the radius r  of a nucleus is given by the relationship

   r = r 0 A
1
3

 where A is the nucleon (mass) number of the nucleus
   r0 is a constant.

 (a) Choose the statement below which gives the relationship between the volume V  of the nucleus 
and A.

    A V  is proportional to A 3

    B V  is proportional to A 2

    C V  is proportional to A

    D V  is proportional to A
1
2

 The relationship is given by statement  .......................................................... [1]

 (b) The radius of a gold nucleus 
197
79

 Au is 7.0 × 10–15 m. 

  Use this value to show that the radius of an alpha particle, 
4
2
 He is about 2 × 10–15 m.

 [2]

 [Section A Total: 20]
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Section B

10 This question is about the design of a simple d.c. motor as shown in Fig. 10.1. 

stator

line of flux

rotor

rotor coil

stator coil

N

N

S
S

Fig. 10.1

 Current in the stator coil produces a magnetic flux in the stator. There is also a current in the rotor 
coils. The rotor is turning anticlockwise.

 (a) Part of a flux line is shown. Complete the flux line and explain how the shape of the line 
suggests that the rotor will experience an anti-clockwise force.

 [2]
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 (b) The rotor is laminated; it is made of layers of iron separated by thin layers of insulator. 

  (i) Explain how the choice of an iron rotor together with curved poles on the stator help 
improve the performance of the motor.

 [3]

  (ii) Explain why laminating the iron rotor increases the flux in the magnetic circuit.

 [2]

 (c) When the motor is first switched on there is a large current in the rotor coil, but as the rotor 
speeds up the current decreases. Use ideas about electromagnetic induction to explain why 
the current decreases.

 [3]

 [Total: 10]
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11 This question is about the electric field near a positively-charged sphere. 

+

Fig. 11.1

 Fig. 11.1 shows an isolated, positively-charged metal sphere. 

 (a) On Fig. 11.1 draw four field lines from the surface of the sphere. [2]

 (b) The radius of the sphere is 4.0 mm and the charge on it is +2.5 × 10–9 C.
  Show that the potential at the surface of the sphere is about +5.6 kV.

k = 1
4πε0

 = 9 × 109 N m2 C–2

 [2]

 (c) The graph in Fig. 11.2 gives the potential at increasing distance from the sphere.

7000

6000
potential / V

distance from centre of sphere / m

5000

4000

3000

2000

1000

0

0.002
0.0040

0.006
0.008

0.01
0.012

0.014
0.016

Fig. 11.2
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  (i) Explain how the graph could be used to show that the potential is inversely proportional 
to the distance from the centre of the sphere.

 [2]

  (ii) Use data from the graph to calculate the magnitude of the electric field strength at a 
distance of 0.0080 m from the centre of the sphere. Explain your method clearly. 

 field strength =  ...............................................  N C–1 [2]

 (d) The sphere is brought near an identically charged metal sphere as shown in Fig. 11.3.

1 × 10–2 m

Fig. 11.3

  Using the equation F  =  
kq1q 2

r 2
 gives a value for the force between the spheres of

5.6 × 10–4 N.

  Explain why the actual force between the metal spheres at this separation is less than
5.6 × 10–4 N.

 [2]

 [Total: 10]



12

© OCR 2012

12 This question is about the unstable isotope potassium-40.
 Potassium-40 undergoes beta decay. This decay is represented in the equation:

40
19

 K    
40
20

 Ca  +  
0

–1
 e  +  ν̄

 (a) Name the particle represented by ν̄.  .................................................................................... [1]

 (b) (i) Calculate the total energy released in the beta decay of a potassium-40 nucleus.

    mass of 
40
19

 K   = 39.953579 u

    mass of 
40
20

 Ca = 39.951610 u

    electron mass = 0.000549 u

    electronic charge = 1.60 × 10–19 C

    atomic mass unit, u = 1.66 × 10–27 kg

    speed of light, c  = 3.00 × 108 m s–1

   In your working include the values indicated below.

 change in mass = ............................. u = ............................. kg

 total energy released = ............................. J = ............................. MeV
 [4]

  (ii) The kinetic energy of the beta particle is generally less than the total energy released. 
State where the remaining energy goes.

 [1]
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 (c) The decay of potassium in the human body contributes the largest proportion of radiation 
produced inside the body.

  The amount of potassium-40 in an adult body is about 1.5 × 10–5 kg. This represents about 
2.2 × 1020 atoms.

  (i) The half-life of potassium-40 is 4.2 × 1016 seconds. Show that the activity of the 
potassium-40 in the adult body is about 4000 Bq.

 [2]

  (ii) The great majority of the decays release beta particles as above. The mean energy of 
these particles is about 7 × 10–14 J.

   Estimate the dose from beta emission for a 60 kg person in one year.
   State any assumptions you make.

    1 year = 3.2 × 107 s

 dose =  ...................................................  Gy [3]

  (iii) The lifetime risk of developing a cancer is about 3% per sievert. Estimate the number of 
cancers developed due to potassium decay in a population of 40 million people over a 
period of 50 years.

     quality factor of beta radiation = 1

 number of cancers in population of 40 million =  .......................................................... [2]

 [Total: 13]
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13 This question is about a cyclotron, an early form of particle accelerator. It consists of two hollow 
semi-circular metal ‘dees’ in a uniform magnetic field of 0.80 T in a vacuum. The dees are separated 
by a gap as shown in Fig. 13.1.

dee
1

dee
2

X

alternating
potential difference

uniform flux
density B

three-dimensional
view of the two dees

path taken
by protons

Fig. 13.1

 Protons are injected into the gap between the dees at X and are accelerated by the potential 
difference between the dees. The magnetic field is directed out of the paper in Fig. 13.1 and the 
protons move in a circular path through the dees. There is no electric field inside the dees.

 (a) (i) State why it is necessary to have a vacuum inside the cyclotron.

 [1]

  (ii) Explain why the protons move in a circular path with constant speed inside a dee.

 [2]

 (b) The protons are accelerated through a p.d. of 400 V each time they cross the gap between the 
dees.

  Show that a proton will have gained an energy of 9.6 × 10–15 J after crossing the gap between 
the dees 150 times.

    electronic charge = 1.6 × 10–19 C

 [1]
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 (c) The radius r   of the path of a particle of mass m  and kinetic energy Ek in a dee is given by the 
equation 

r  = 
�����2mE k

Bq

  where B  is the magnetic field strength and q  is the charge on the particle.

  Calculate the radius of the path of a proton of kinetic energy 9.6 × 10–15 J in a magnetic field 
of strength 0.80 T.

mass of proton = 1.7 × 10–27 kg
electronic charge = 1.60 × 10–19 C

 radius =  ......................................................m [2]

 (d) Cyclotrons are not used to accelerate electrons because electrons show relativistic behaviour 
at the energies reached.

  Use the relativistic factor γ to explain why an electron of kinetic energy 9.6 × 10–15 J shows 
relativistic behaviour to a greater extent than a proton of the same kinetic energy.

    rest energy of electron = 0.511 MeV
   rest energy of proton = 938 MeV

 [3]

 [Total: 9]

 [Section B Total: 42]
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Section C

The questions in this section are based on the Advance Notice.

14 Ceiling balloons are used to determine the altitudes of cloud bases (lines 2 and 3 in the article). 
When released, they ascend and quickly reach a vertical speed of 150 metres per minute.

 (a) Show that the height of a cloud into which a ceiling balloon disappears 400 s after being 
released is about 1000 m.

[1]

 (b) Suggest and explain one reason for this method of determining cloud height gives only 
approximate results.

 [2]

 (c) The volume of gas used to fill the balloon at launch is 0.030 m3. As the altitude increases, 
both the temperature and the pressure of the gas change, as given in the table, Fig. 14.1.

altitude / m temperature / K pressure / kPa volume / m3

0 293 101.3 0.030

1000 280   89.1

Fig. 14.1

  Complete the table by calculating the volume that the same mass of gas would occupy at an 
altitude of 1000 m. Assume ideal gas behaviour.

 [2]

 [Total: 5]
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15 Weather balloons carry scientific instruments high into the atmosphere to make a range of 
meteorological measurements (lines 6 and 7 in the article). 

 (a) State two physical properties it would be important for the material of the weather balloon to 
possess. Give a reason why each property is important.

  (i) property:

   reason:

(ii) property:

reason:

 [4]

 (b) The diameter of the balloon when launched is 2.0 m and at this size the balloon fabric is 
unstrained. The diameter increases to 8.0 m when the balloon reaches an altitude of 35 km.

  By considering the circumference of the spherical balloon, calculate the strain in the balloon 
fabric at an altitude of 35 km.

 strain =  .......................................................... [2]
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 (c) Box 1 in the article shows that the buoyancy force, B, on the balloon, when launched, is given 
by

B  = weight of air displaced.

  Show that at launch, B  is approximately 50 N.

    radius of balloon = 1.0 m
    density of air at launch = 1.2 kg m–3

    g  = 9.8 N kg–1

 [3]

 (d) Hence show that the initial upwards acceleration of the balloon is about 30 m s–2.

    total mass of inflated balloon + load = 1.25 kg

 [2]
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 (e) Suggest why the acceleration changes as the balloon rises.

 Your explanation should be carefully ordered and clear.

 [3]

 [Total: 14]
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16 In 2009, some impressive photographs of the Earth were taken by relatively cheap cameras from 
high-altitude weather balloons. In one such image (Fig. 16.1, Fig. 3 in the article), the width of the 
photograph spans a distance on the ground of 1100 m.

1100 m

Fig. 16.1

 The camera screen was made up of an array of 4352 × 3264 pixels.

 (a) Calculate the resolution of the image.

 resolution =  .........................................  m pixel–1 [1]

 (b) (i) In the original image, each pixel has three colour segments. Each segment has
256 intensity levels. Calculate the number of bits required to store one image.

 number of bits =  .......................................................... [2]
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  (ii) Calculate the number of images that could be stored on an 8 Gbyte memory card.

 number of images =  .......................................................... [2]

 [Total: 5]

17 Interactions between high energy cosmic rays (mostly protons) and atoms and molecules in the 
upper atmosphere can create other particles such as mesons, which travel at very high speed 
down to the Earth’s surface (lines 64–66 in the article).

 (a) Ignoring relativistic effects, calculate the speed of a 10 MeV proton.

    1 eV = 1.6 × 10–19 J
    mass of proton = 1.7 × 10–27 kg

speed = ………………………………… m s–1 [2]

 (b) (i) A meson takes 0.13 m s to travel 35 km to the Earth’s surface.

   Show that the speed with which it travels to the Earth’s surface is about 90% of the speed
of light, c.

     speed of light, c  = 3.0 × 108 m s–1

 [2]
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  (ii) The half-life of these mesons travelling at 90% of the speed of light is 0.13 m s.
Calculate the half-life of these mesons at rest.

 half-life =  ...................................................... s [3]

 [Total: 7]
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18 The BOOMERANG study resulted in a picture showing temperature fluctuations in the early 
universe (Fig. 5 in the article, reproduced as Fig. 18.1 below).

– 300 µK + 300 µK
0 100–100 200–200 300–300

Fig. 18.1

 (a) Estimate the wavelength of the cosmic background radiation photons corresponding to a 
temperature of 2.7 K.

    Boltzmann constant, k = 1.4 × 10–23 J K–1

    speed of light, c  = 3 × 108 m s–1

    h  = 6.6 × 10–34 J s

 wavelength =  ..................................................... m [2]

QUESTION 18 CONTINUES OVER THE PAGE
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 (b) The temperature variation scale in Fig. 18.1 runs from 300 μK below the mean temperature 
to 300 μK above it. Assuming a mean temperature of 2.7 K, show that this range is only about 
0.02% of 2.7 K.

 [2]

 (c) Explain the significance of the observed fluctuations in the temperature when considering the 
evolution of the universe.

 Your explanation should be carefully ordered and clear.

 [3]

 [Total: 7]

 [Section C Total: 38] 

END OF QUESTION PAPER
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