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Answer all questions.

1 An electric motor in a machine drives a rotating drum by means of a rubber belt attached to pulleys,
one on the motor shaft and one on the drum shaft, as shown in the diagram below.

(a) The pulley on the motor shaft has a diameter of 24 mm.  When the motor is turning at 
50 revolutions per second, calculate

(i) the speed of the belt,

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

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

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

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

(ii) the centripetal acceleration of the belt as it passes round the motor pulley.

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

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

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

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

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

motor 
pulley

electric
motor

drum

drum pulley

machine

rubber belt



(b) When the motor rotates at a particular speed, it causes a flexible metal panel in the machine to
vibrate loudly.  Explain why this happens.

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

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

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

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

.........................................................................................................................................................
(2 marks)
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2 The circuit diagram shows a light emitting diode (LED) connected in series with a resistor, R, and a
3.0 V battery of negligible internal resistance.

(a) The LED lights normally when the forward voltage across it is 2.2 V and the current in it is
35 mA.

Calculate

(i) the resistance of R,

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

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

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

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

(ii) the number of electrons that pass through the LED each second.

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

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

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

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

3.0 V

R

LED



(b) The LED emits light at a peak wavelength of 635 nm.

(i) Calculate the energy of a photon of light of this wavelength.

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

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

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

(ii) Estimate the number of photons emitted by the LED each second when the current through
it is 35 mA.  Assume all the photons emitted by the LED are of wavelength 635 nm and
that all the electrical energy produces light.

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

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

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

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

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

...............................................................................................................................................
(4 marks)
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3 (a) A solar panel of area 2.5 m2 is fitted to a satellite in orbit above the Earth.  The panel produces a
current of 2.4 A at a potential difference of 20 V when solar radiation is incident normally on it.

(i) Calculate the electrical power output of the panel.

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

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

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

(ii) Solar radiation on the satellite has an intensity of 1.4 kW m�2.  Calculate the efficiency of
the panel.

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

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

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

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

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

(b) The back-up power system in the satellite is provided by a radioactive isotope enclosed in a
sealed container which absorbs the radiation from the isotope.  Energy from the radiation is
converted to electrical energy by means of a thermoelectric module.

(i) The isotope has an activity of 1.1 × 1014Bq and produces α particles of energy 5.1 MeV.
Show that the container absorbs energy from the α particles at a rate of 90 J s�1.

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

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

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

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

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

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

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

(ii) The isotope has a half-life of 90 years.  Calculate the decay constant λ of this isotope.

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

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

...............................................................................................................................................
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(iii) The mass number of the isotope is 239.
Calculate the mass of isotope needed for an activity of 1.1 × 1014Bq.

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

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

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

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

...............................................................................................................................................
(7 marks)
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4 Tidal power could make a significant contribution to UK energy requirements.  This question is about
a tidal power station which traps sea water behind a tidal barrier at high tide and then releases the water
through turbines 10.0 m below the high tide mark.

(i) Calculate the mass of sea water covering an area of 120 km2 and depth 10.0 m.

density of sea water = 1100 kg m�3

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

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

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

(ii) Calculate the maximum loss of potential energy of the sea water in part (i) when it is
released through the turbines.

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

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

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

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

(iii) The potential energy of the sea water released through the turbines, calculated in part (ii),
is lost over a period of 6.0 hours.  Estimate the average power output of the power station
over this time period.  Assume the power station efficiency is 40%.

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

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

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

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

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

...............................................................................................................................................
(7 marks)
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5 A student carried out an experiment to determine the terminal speed of various ball bearings as they
fell through a viscous liquid.  She did this by timing their fall between two marks, P and Q, which were
850 mm apart on a vertical glass tube.

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

(a) (i) Describe the motion of a ball bearing after being released from rest at the surface.

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

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

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

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

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

(ii) In terms of the forces acting, explain why a ball bearing reaches a terminal speed under
these conditions.

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

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

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

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

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

QUESTION 5 CONTINUES ON PAGE 14
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(b) The student�s results are shown in columns A and B.  Complete column C.

(2 marks)

(c) The relationship between ν and r is known to be of the form

ν = k r n,

where n and k are constants.

(i) Enter the corresponding values for log10(ν / mm s�1) in column E of the table in part (b).

(ii) Using the grid opposite, plot a graph of log10(ν / mm s�1) on the y-axis, against 
log10(r / mm) on the x-axis. (4 marks)

(d) Use your graph to determine

(i) the constant n,

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

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

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

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

(ii) the constant k.

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

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

...............................................................................................................................................
(5 marks)
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column A column B column C column D column E

radius of ball bearing time of fall / s terminal speed log10(r / mm) log10(ν / mm s�1)
r / mm (through 850 mm) ν / mm s�1

1.62 32.0 0.210

1.98 21.4 0.297

2.21 17.2 0.344

2.73 11.3 0.436

3.40 7.2 0.531

4.12 4.9 0.615
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6 The diagram shows an arrangement that is used to measure the density of a powder.  The air in the
cylinder is forced into the flask and the air pressure is measured, by the pressure gauge P, before and
after the change.  The test is then repeated with the powder present in the flask.  In both tests, the initial
pressure in the flask is the same.

(a) (i) Explain why, after compression of the air the pressure in the flask is greater when the
powder is present than when it is not present.

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

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

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

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

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

(ii) Calculate the pressure in the flask, after compression at constant temperature, when no
powder was present.  Assume that the volume of the tubes and pressure gauge is
negligible.

volume of the empty flask = 2.50 × 10�4m3

volume of the cylinder = 1.00 × 10�4m3

initial pressure of the air in the flask and cylinder = 100 kPa.

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

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

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

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

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

...............................................................................................................................................
(6 marks)
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(b) To test the apparatus, 0.13 kg of powder of density 2700 kg m�3 was placed in the flask before
compression.

(i) Calculate the volume of this amount of powder.

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

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

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

(ii) The pressure of the air in the flask increased to 150 kPa when the test was carried out with
this amount of powder in the flask.  By carrying out an appropriate calculation, justify
whether or not the test was successful.

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

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

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

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

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

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

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

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

...............................................................................................................................................
(5 marks)
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7 (a) An electric shower heats water from 15 °C to 47 °C when water flows through it at a rate of
0.045 kg s�1.

(i) Calculate the energy supplied to the water each second by the heating element in the
shower.

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

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

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

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

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

(ii) Show that the power of the heating element is 6.0 kW.  Assume there is no heat loss to the
surroundings.

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

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

(b) (i) The heating element in part (a) is connected to an alternating supply at 230 Vrms.
Calculate the rms current passing through the heating element in normal operation.

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

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

(ii) The live wire and the neutral wire in the connecting cable are insulated copper wires of
diameter 2.4 mm.  Calculate the resistance per metre length of copper wire of this
diameter.

resistivity of copper = 1.7 × 10�8Ω m

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

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

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

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

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

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

...............................................................................................................................................
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(iii) Show that in normal operation, the potential drop per metre along the cable is 0.20 V m�1.

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

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

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

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

(iv) Electrical safety regulations require the potential drop along the cable to be less than 6.0 V.
Calculate the maximum safe distance along the cable from the distribution board to the
heating element.

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

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

...............................................................................................................................................
(9 marks)
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8 A small charged sphere of mass 2.1 × 10�4kg, suspended from a thread of insulating material, was
placed between two vertical parallel plates 60 mm apart.  When a potential difference of 4200 V was
applied to the plates, the sphere moved until the thread made an angle of 6.0° to the vertical, as shown
in the diagram below.

(a) Show that the electrostatic force F on the sphere is given by

F = mg tan 6.0°

where m is the mass of the sphere.

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

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

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

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

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

(b) Calculate

(i) the electric field strength between the plates,

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

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

(ii) the charge on the sphere.

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

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

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

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