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Answer all the questions.

SECTION A

1 Here is a list of units:

J s–1        J kg–1        J m–1        J C–1

 State the equivalent unit from the list for

 (a) Sv, radiation dose equivalent

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

 (b) Wb s–1, rate of change of flux linkage.

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

2 The charge on a u quark is +  2
3

   e.

 The charge on a d quark is –  1
3

   e.

 Draw lines from the descriptions given in the left hand boxes to the names of the particles given in 
the right hand boxes.

particle composed of 2 u and 1 d quark neutron

negatively charged lepton electron

neutral lepton proton

neutral hadron neutrino

[2]
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3 The rest energy of an electron is about 510 keV.

 An electron is accelerated through a potential difference of 90 keV.

 Choose the value from the list below which gives the best estimate for the relativistic factor γ of the 
accelerated electron.

0.80        1.0        1.2        1.4

 best estimate =  .......................................................... [1]

4 Fig. 4.1 shows a length of wire carrying a current at right angles to a magnetic field.

wire of length 0.15 m
carrying current of 0.41A

uniform magnetic field
of 0.12 T

Fig. 4.1

 Calculate the force on the wire.

 force =  .....................................................  N [2]
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5 Fig. 5.1 shows the variation of electric field strength E with distance r from a point charge.
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0

Fig. 5.1

 Use the graph to estimate the potential difference between r = 0.3 m and r = 0.7 m. Describe the 
method you use.

 potential difference =  .....................................................  V [3]
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6 Fig. 6.1 shows the path of a proton as it is deflected by a nucleus. This is labelled proton A.

proton A

proton B

nucleus
Y

Fig. 6.1

 (a) Draw an arrow to show the direction of the force acting on the proton at point Y. [1]

 (b) Proton B has the same energy as proton A. Complete the line showing the path of proton B.
[2]

7 Here is a list of numbers.

8        10        12        14        16

 Choose from the list the value that gives the best estimate for

 (a) the average emf generated when the magnetic flux through a 400 turn coil changes by 
2.5 × 10–4 Wb in 0.012 s

 best estimate =  .....................................................  V [1]

 (b) the pd across the secondary coil of a transformer when the primary coil is connected to a 
230 V, 50 Hz supply.

    number of turns on primary coil = 1200

    number of turns on secondary coil = 60

 best estimate =  .....................................................  V [1]
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8 A simple model of an atom represents an electron as a standing wave in a box. The wave for the 
lowest energy level of the electron (n = 1) is shown in Fig. 8.1.

d

Fig. 8.1

 The wavelength λ of the electron is given by

λ = h
p

 where p is the momentum of the electron.

 Momentum is related to kinetic energy E by the equation

E = p 2

2m
 .

 (a) Show that E = h 2

2mλ2 .

[1]

 (b) The wave for the second energy level of the electron (n = 2) is shown in Fig. 8.2.

d

Fig. 8.2

  Choose the value from the list below which gives the ratio energy for n = 2
energy for n = 1

 using this model. 

0.25        0.5        1.0        2.0        4.0

 ratio =  ........................................................  [1]
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9 Fig. 9.1 shows some equipotential lines in a region of electric field.

A B

+ 100 V + 200 V + 300 V + 400 V

X

Fig. 9.1

 (a) Explain how the diagram shows that the electric field is weaker at A than at B.

[2]

 (b) Draw an arrow through point X to show the direction of the field at that point. [1]
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SECTION B

10 This question is about an electric motor which uses a rotating magnetic field.

 Fig. 10.1 shows the magnetic flux in the motor in which a permanent magnet is the rotor. The flux 
is shown at one particular instant.

N
iron stator

flux loops

permanent magnet rotor

S

S

N

Fig. 10.1

 (a) (i) State how the position of the poles shown in Fig. 10.1 indicate that the permanent magnet 
will turn clockwise.

[1]

  (ii) State how the shape of the flux lines shown in Fig. 10.1 also indicates that the permanent 
magnet will turn clockwise.

[1]

 (b) The force on the permanent magnet can be increased by increasing the permeance of the 
system. Suggest two ways in which the permeance of the system can be increased.

[2]
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 (c) The flux in the stator is produced by 25 Hz alternating currents in the two pairs of coils X and 
Y. Fig. 10.2 shows the flux in the stator at times t = 0.0 s and t = 10 ms.

N

S

X coil

Y coil

Y coil

X coil X coil

Y coil
flux at time t = 10 ms

S N

flux at time t = 0 ms

Y coil

X coil

Fig. 10.2

  Fig. 10.3 shows how the alternating current in the X and Y coils varies with time.

X coils

Y coils

current

0 10 20 30 40 50 60 70 80
time / ms

Fig. 10.3
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  (i) Use Fig. 10.3 to explain the flux change shown in Fig. 10.2.

[2]

  (ii) Explain how, as the alternating currents vary over one complete cycle, the flux rotates by 
one turn.

[2]

 (d) When the permanent magnet is replaced with a non-magnetic copper rotor the motor still 
spins as the flux rotates.

  By considering the changing magnetic field in the rotor, explain why the copper rotor spins.

[3]

[Total: 11]
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11 This question is about a nuclear fusion reaction that may be able to provide a future energy source. 
The symbol equation for the first stage of the reaction is given below:

2
1 H + 3

1 H  4
2 He + 1

0 n

 The word equation for the reaction is:

deuterium nucleus + tritium nucleus  helium nucleus + neutron.

 (a) (i) Here are some data for the reaction:

     mass of deuterium nucleus = 2.0135 u
     mass of tritium nucleus = 3.0155 u
     mass of helium nucleus = 4.0015 u
     mass of neutron = 1.0087 u

   Show that the total mass of the particles decreases by about 3 × 10–29 kg in each fusion 
reaction.

     1 u = 1.66 × 10–27 kg

[2]

  (ii) Calculate the energy released in one reaction.

     c = 3.0 × 108 m s–1

 energy released =  ...................................................... J [2]
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 (b) The separation of the deuterium and tritium nuclei must be about 10–14 m for fusion to occur.

  Show that the work done in bringing the two nuclei to within 10–14 m is about 2 × 10–14 J.

    electric force constant 1
4πε0

 = 9.0 × 109 N m2 C–2

    e = 1.6 × 10–19 C

[2]

 (c) In a working fusion reactor, a tritium-deuterium plasma is kept at high temperatures to give 
the nuclei the energy required for fusion to occur.

  (i) Use E ≈ kT to estimate the temperature required of the tritium and deuterium plasma for 
fusion to occur.

     minimum energy of nuclei required for fusion = 1 × 10–14 J
     Boltzmann constant k = 1.4 × 10–23 J K–1

 temperature =  .....................................................  K [1]

  (ii) Explain why this fusion reaction may occur when the plasma is at a lower temperature.

[2]

[Total: 9]
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12 This question is about technetium-99m, an isotope that is used in about 20 million medical 
investigations each year. The isotope is represented as 99m

43 Tc. The nucleus falls to a lower energy 
state with the release of a gamma photon:

99m
43 Tc  99

43 Tc + γ

 The half life of this process is 6 hours.

 (a) Show that λ, the decay constant for the process, is about 3 × 10–5 s–1.

[2]

 (b) In a medical investigation a patient is injected with a compound containing technetium-99m. 
The original activity of the injected compound is 9.3 × 108 Bq. Each gamma photon released 
in the decay process has an energy of 140 keV.

  Calculate the initial number of technetium-99m nuclei present in the dose and use this value 
to show that the total energy emitted by the technetium-99m is less than one joule.

    1 eV = 1.6 × 10–19 J

 original number of technetium-99m nuclei =  ....................................

 total energy of dose =  .................................  J
[4]
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 (c) About 99% of the gamma photons produced pass out through the body of the patient. This 
can yield information of medical value. However, the patient still receives a significant dose.

  Use your answer to (b) to calculate an estimate for the whole-body dose equivalent in Sv 
received by a patient undergoing a technetium-99m investigation.

    mass of patient = 77 kg
    quality factor of γ radiation = 1

 dose equivalent =  ...................................................  Sv [3]

 (d) The risk of developing cancer from radiation exposure is approximately 5% per sievert. Use 
your answer from (c) to consider the risk implications of this procedure for an individual patient 
and the global effect of the 20 million procedures each year which use technetium-99m.

  Make each step in your calculation and explanation clear.

[4]

[Total: 13]
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13 This question is about the principles behind a mass spectrometer, an instrument which can 
identify isotopes from very small samples of their ions. Fig. 13.1 shows the basic components of 
the instrument.

velocity selector magnetic deflection region

0 V

uniform
magnetic
field into the
paper

uniform
magnetic
field into the
paper

+440 V

detector array

slition source

Fig. 13.1

 (a) The velocity selector contains two plates separated by 0.022 m. There is a potential difference 
of 440 V between the plates, producing a uniform electric field.

  (i) Show that a singly-charged positive ion will experience a force of 3.2 × 10–15 N due to the 
electric field between the plates.

     charge on ion = 1.6 × 10–19 C

[1]

  (ii) A uniform magnetic field of 0.11 T also acts between the plates as shown in the diagram.

   The force F on a charge q moving at speed v in a magnetic field of strength B is given by 
F = qvB. With the aid of a suitable calculation, explain why the path of a singly-charged 
positive ion moving at about 1.8 × 105 m s–1 can be a straight line through the velocity 
selector.

[3]
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 (b) Singly-charged tin (118Sn+) ions enter the magnetic deflection region as shown in Fig. 13.2.

singly-charged tin ions

r

Fig. 13.2

  (i) The magnetic force on the ions acts centripetally.

   Show that the radius of the path of an ion of charge q and mass m moving at velocity v in 
a magnetic field of strength B is given by r = mv

Bq
 .

[1]

  (ii) Calculate the radius of the path followed by a singly-charged 118Sn+ ion of mass 
2.0 × 10–25 kg with a speed of 1.8 × 105 m s–1. The magnetic field in the deflection region 
is 0.70 T.

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

  (iii) The sample of tin also includes more massive singly-charged 120Sn+ ions which also 
pass though the velocity selector at a speed of 1.8 × 105 m s–1. Describe and explain how 
their path through the magnetic deflection region differs from the path of 118Sn+ ions.

[2]

[Total: 9]
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SECTION C

These questions are based on the Insert.

14 Fig. 14.1 shows the fundamental standing wave pattern of a length of steel violin string.

length, L

bridge nut or player’s finger

Fig. 14.1

 (a) The length, L, of the string is 0.32 m. State the wavelength of the fundamental standing wave 
shown.

 wavelength =  ....................................................  m [1]

 (b) The frequency of the fundamental note produced is 440 Hz. Calculate the speed of the wave 
along the string.

 speed =  ...............................................  m s–1 [2]

 (c) The speed v of a transverse wave along a stretched string like this is given by the equation

v = T
μ

  where T is the tension and μ the mass per unit length of the string.

  Show that the units of T
μ

 are m s–1.

[2]
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 (d) (i) Show that the frequency of the fundamental mode of oscillation is given by

f = 1
2L

 T
μ

 

   where L is the length of the string.

[1]

  (ii) Show that if the tension T were increased by 10% (a factor of 1.1) then the frequency of 
the fundamental note would be about 460 Hz. Assume that both μ and L remain constant.

[2]

  (iii) In practice, the value of μ will change as the tension is increased. Explain why.

[2]

  (iv) Suggest and explain how the change in μ affects the value of the frequency you have 
calculated in part (ii).

[2]

[Total: 12]
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15 In line 30 in the article it is stated that the air inside the instrument can resonate.

 (a) Using a suitable example, explain the meaning of resonance.

[2]

 (b) The vibrations lead to standing waves in the body of the instrument (Chladni patterns, 
line 36 in the article).

  Explain how the sand displays these standing wave patterns.

[2]

 (c) The material from which a traditional (acoustic) violin is made significantly affects the sound 
it makes. Explain how making the violin body from stiffer wood would affect the resonant 
behaviour of the instrument.

[2]

[Total: 6]
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16 A diagram of a magnetic pickup for a violin string is shown in Fig. 16.1.

steel string

to amplifier

permanent magnet

coil of wire

Fig. 16.1

 (a) Add two lines of flux to the figure to indicate the magnetic circuit created by the pickup. [2]

 (b) The permanent magnet used is 6.0 mm in diameter.

  Show that if the field strength at the poles of the magnet is 0.10 T, the magnetic flux in those 
regions is about 3 × 10–6 Wb.

[2]

 (c) The coil of wire consists of 8 200 turns. Show that this requires about 150 m of wire.

[2]
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 (d) The wire has a resistance of 50 Ω per metre. An emf of 0.12 V is induced across the coil. 
Calculate the current in the coil when the ends of the wire are joined together.

 current =  .....................................................  A [2]

 (e) Explain how a steel wire vibrating near the pole of the magnet causes an emf to be induced in 
the coil.

  Your explanation should be clear and follow a logical order.

[4]

[Total: 12]
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17 (a) Explain how a piezoelectric pickup detects the vibrations of the strings and explain why the 
strings do not have to be steel when such a pickup is used.

[4]

 (b) Suggest an advantage of using a piezoelectric pickup rather than a magnetic pickup for a 
violin.

[1]

[Total: 5]

Question 18 begins on page 24
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18 Fig. 18.1 shows the waveform of a pure note. Fig. 18.2 shows a more complex note.

amplitude

time / ms0 1 2 3 54

amplitude

time / ms1 2 3 540

 Fig. 18.1 Fig. 18.2

 (a) Use Fig. 18.1 to calculate the frequency of the pure note.

 frequency =  ...................................................  Hz [1]

 (b) Explain why both notes have the same pitch yet sound different.

[2]

[Total: 3]

END OF QUESTION PAPER


