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Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this question 
paper.

! This sheet may be useful for answering some of the questions in the 
examination.

! You may wish to detach this sheet before you begin work.
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Answer all questions.

1 The Global Positioning System (GPS) is a system of satellites that transmit radio signals which can be
used to locate the position of a receiver anywhere on Earth.

Figure 1

(a) A receiver at sea level detects a signal from a satellite in a circular orbit when it is passing
directly overhead as shown in Figure 1.

(i) The microwave signal is received 68 ms after it was transmitted from the satellite.
Calculate the height of the satellite.

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

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

(ii) Show that the gravitational field strength of the Earth at the position of the satellite is
0.56 N kg�1.

mass of the Earth = 6.0 × 1024kg
mean radius of the Earth = 6400 km

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

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

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

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

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

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

...............................................................................................................................................
(4 marks)
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(b) For the satellite in this orbit, calculate

(i) its speed,

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

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

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

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

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

(ii) its time period.

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

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

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

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

...............................................................................................................................................
(5 marks)
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2 A plane-polarised laser beam is incident on a sheet of polaroid.  The power of the transmitted laser
beam is controlled by rotating the sheet of polaroid, as shown in Figure 2.

Figure 2

(a) Use the axes in Figure 3 to sketch a graph to show how the power of the transmitted beam varies
with the angle of rotation, θ, of the polaroid from its position at maximum transmitted power for
one complete rotation of the polaroid sheet.

(3 marks)

Figure 3

(b) The laser beam has a power of 0.50 mW and consists of monochromatic light of wavelength
650 nm.

(i) Calculate the energy of a photon emitted by the laser.

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

...............................................................................................................................................
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(ii) Calculate how many photons the laser emits each second.

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

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

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

(iii) The laser beam has an area of cross-section of 1.8 mm2.  When it is directed normally at a
polaroid of thickness 1.0 mm, orientated for maximum absorption, almost all the incident
light entering the polaroid is absorbed.  Estimate the average number of photons absorbed
per second by an atom, of diameter 0.30 nm, of the polaroid material.

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

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

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

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

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

...............................................................................................................................................
(6 marks)
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3 Figure 4 shows how the impact force on the heel of a runner�s foot varies with time during an impact
when the runner is wearing cushioned sports shoes.

Figure 4

(a) Estimate the maximum stress on the cartilage pad in the knee joint as a result of this force acting
on the cartilage pad over a contact area of 550 mm2.

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

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

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

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

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

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

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

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

(b) On Figure 4, sketch the graph of force against time you would expect to see if a sports shoe with
less cushioning had been used.

(3 marks)
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4 An electric shower heats the water flowing through it from 10 °C to 42 °C when the volume flow rate
is 5.2 × 10�5m3s�1.

(a) (i) Calculate the mass of water flowing through the shower each second.

density of water = 1000 kg m�3

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

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

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

(ii) Calculate the power supplied to the shower, assuming all the electrical energy supplied to
it is gained by the water as thermal energy.

specific heat capacity of water = 4200 J kg�1K�1.

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

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

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

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

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

(b) A jet of water emerges horizontally at a speed of 2.5 m s�1 from a hole in the shower head.  The
hole is 2.0 m above the floor of the shower.  Calculate the horizontal distance travelled by this
jet.  Assume air resistance is negligible.

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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5 A student carried out an experiment to investigate how the resistance of a coil made from iron wire
varied as its temperature changed.  In the experiment, a constant potential difference of 2.00 V was
maintained across the coil as the student measured the current through it at various temperatures.

(a) Draw a circuit diagram to show how such measurements could be made using a 3.0 V battery and
other necessary apparatus.

(3 marks)

(b) The results are shown in the table.

The resistance, R, of a metal wire varies with temperature according to the equation

R = R0 (1 + αθ )

where R0 is the resistance of the wire at 0 °C, θ is the temperature of the wire in °C, and α is a
constant which depends on the material from which the wire is made.

(i) Complete the table to show the value of the resistance, R, of the iron coil at each
temperature.

(ii) Use the data to plot a graph to confirm the equation.
(6 marks)

QUESTION  5  CONTINUES  ON  PAGE  14
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temperature θ / °C p.d. across the current /mA resistance R / Ω
coil /V

10 2.00 790

20 2.00 740

35 2.00 680

50 2.00 620

65 2.00 590

80 2.00 550
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(c) (i) Use your graph to determine the value of the resistance of the coil at 0 °C (R0).

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

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

(ii) Use your graph to determine the value of the constant α and state its unit.

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

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

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

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

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

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

(d) Explain why the resistance of a metal wire changes when its temperature is increased.

You may be awarded marks for the quality of written communication in your answer.

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

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

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

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

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

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

.........................................................................................................................................................
(2 marks)
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6 A diffraction grating was used to measure the wavelength of a certain line of a line emission spectrum.

(a) The grating had 600 lines per millimetre.  The angle of diffraction of the second order line 
was 35.8°.

(i) Calculate the wavelength of this line.

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

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

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

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

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

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

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

(ii) Calculate the energy, in eV, of a photon of this wavelength.

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

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

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

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

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

QUESTION  6  CONTINUES  ON  THE  NEXT PAGE
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(b) The line emission spectrum observed in part (a) was produced by a hot gas.

(i) The energy level diagram for the atoms that produced the line spectrum is shown in
Figure 5.  Mark on the diagram a vertical arrow to show the electron transition between
the two levels that produced photons of energy 6.8 eV.

Figure 5

(ii) The temperature of the gas was 5000 K.  Show that the mean kinetic energy of a gas
atom at this temperature is 0.65 eV.

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

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

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

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

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

...............................................................................................................................................
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(iii) Describe how the atoms of a gas produce a line emission spectrum and explain why the
gas at a temperature of 5000 K can produce a line of the wavelength calculated in part
(a) (i).

You may be awarded marks for the quality of written communication in your answer.

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

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

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

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

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

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

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

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

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

...............................................................................................................................................
(6 marks)
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7 (a) An α particle emitted from a certain isotope has a kinetic energy of 2.8 MeV.

(i) Show that the speed of the α particle immediately after it is emitted is 1.2 × 107m s�1.

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

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

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

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

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

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

(ii) Calculate the de Broglie wavelength of the α particle immediately after it is emitted.

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

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

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

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

...............................................................................................................................................
(4 marks)
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(b) In a Rutherford scattering experiment, a beam of 2.8 MeV α particles is directed normally at a
thin gold foil.  An α particle in the beam approaches the nucleus of an atom of the gold isotope

head on as shown in Figure 6.

Figure 6

(i) Calculate the least distance of approach of the α particle from the centre of the gold
nucleus.

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

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

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

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

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

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

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

(ii) By comparing your answers to part (a) (ii) and part (b) (i), explain why diffraction of 
α particles by the gold nuclei is not significant.

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

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

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

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

...............................................................................................................................................
(5 marks)
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8 (a) In an accelerator experiment, protons were accelerated through a potential difference 
of 2.5 × 1010V.

(i) Calculate the work done, in J, on each proton by the accelerating potential difference.

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

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

(ii) Calculate the increase in the mass of the proton, in kg, which is equivalent to the energy
transfer which occurs.

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

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

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

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

(b) The protons were directed at a solid target, causing antiprotons and negative pions, as well as
other particles and antiparticles, to emerge at high speed from the target.  A uniform magnetic
field was used to separate the negative particles from the uncharged and positive particles, as
shown Figure 7.

Figure 7
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(i) Show that the speed, v, of a charged particle moving in a circular path of radius r in a
uniform magnetic field B is given by

where m is the mass of the particle and Q is its charge.

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

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

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

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

(ii) An antiproton and a negative pion follow the same path in the magnetic field.  Explain why
they have the same momentum but different speeds.

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

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

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

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

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

(iii) State, in terms of quarks and antiquarks, the composition of each of the following

antiproton ......................................................................................................................................

negative pion .................................................................................................................................
(7 marks)
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END  OF QUESTIONS
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