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Section B

Answer all questions in the spaces provided.

 1  (a) (i) Define gravitational field strength and state whether it is a scalar or vector quantity.
[2 marks]

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

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

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

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

 1  (a) (ii) A mass m is at a height h above the surface of  a planet of  mass M and radius R.
The gravitational field strength at height h is g.  By considering the gravitational force
acting on mass m, derive an equation from Newton’s law of  gravitation to express g in
terms of  M, R, h and the gravitational constant G.

[2 marks]

 1  (b) (i) A satellite of  mass 2520 kg is at a height of  1.39 × 107 m above the surface of  the
Earth.  Calculate the gravitational force of  the Earth attracting the satellite.  

           Give your answer to an appropriate number of  significant figures. 
[3 marks]

force attracting satellite  ........................................ N

(02)

2
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 1  (b) (ii) The satellite in part (b)(i) is in a circular polar orbit.  Show that the satellite would travel
around the Earth three times every 24 hours.

[5 marks]

 1  (c) State and explain one possible use for the satellite travelling in the orbit in part (b)(ii).
[2 marks]

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

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

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

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

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

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

(03)
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 2  (a) Figure 1 shows a negative ion which has a charge of  – 3e and is free to move in a
uniform electric field.  When the ion is accelerated by the field through a distance of  
63 mm parallel to the field lines its kinetic energy increases by 4.0 × 10–16 J.     

Figure 1

 2  (a) (i) State and explain the direction of  the electrostatic force on the ion.
[2 marks]

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

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

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

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

 2  (a) (ii) Calculate the magnitude of  the electrostatic force acting on the ion.
[2 marks]

magnitude of  electrostatic force  ........................................ N

 2  (a) (iii) Calculate the electric field strength.
[1 mark]

electric field strength  .................................. N C–1

4

uniform
electric
field

negative ion – 3e
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 2  (b) Figure 2 shows a section of  a horizontal copper wire carrying a current of  0.38 A.  
A horizontal uniform magnetic field of  flux density B is applied at right angles to the
wire in the direction shown in the figure.

Figure 2

 2  (b) (i) State the direction of  the magnetic force that acts on the moving electrons in 
the wire as a consequence of  the current and explain how you arrive at your 
answer. 

[2 marks]

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

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

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

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

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

 2  (b) (ii) Copper contains 8.4 × 1028 free electrons per cubic metre.  The section of  wire in
Figure 2 is 95 mm long and its cross-sectional area is 5.1 × 10–6 m2.

           Show that there are about 4 × 1022 free electrons in this section of  wire.
[1 mark]

 2  (b) (iii) With a current of  0.38 A, the average velocity of  an electron in the wire is 
5.5 × 10–6 m s–1 and the average magnetic force on one electron is 1.4 × 10–25 N.
Calculate the flux density B of  the magnetic field.

[2 marks]

flux density  ......................................... T

5
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 3  (a) (i) Name the two types of  potential energy involved when a mass–spring system 
performs vertical simple harmonic oscillations.

[1 mark]

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

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

 3  (a) (ii) Describe the energy changes which take place during one complete oscillation of  a
vertical mass-spring system, starting when the mass is at its lowest point.

[2 marks]

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

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

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

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

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

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

 3  (b) Figure 3 shows how the total potential energy due to the simple harmonic motion
varies with time when a mass-spring system oscillates vertically.

Figure 3

 3  (b) (i) State the time period of  the simple harmonic oscillations that produces the 
energy–time graph shown in Figure 3, explaining how you arrive at your answer.

[2 marks]

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

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

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

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

total
potential
energy

0
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time / s
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 3  (b) (ii) Sketch a graph on Figure 4 to show how the acceleration of  the mass varies with time
over a period of  1.2 s, starting with the mass at the highest point of  its oscillations.  On
your graph, upwards acceleration should be shown as positive and downwards
acceleration as negative.  Values are not required on the acceleration axis.

[2 marks]

Figure 4

 3  (c) (i) The mass of  the object suspended from the spring in part (b) is 0.35 kg.  Calculate the
spring constant of  the spring used to obtain Figure 3.  State an appropriate unit for
your answer. 

[3 marks]

spring constant  ...................................... unit ....................................

 3  (c) (ii) The maximum kinetic energy of  the oscillating object is 2.0 × 10–2 J.  Show that the
amplitude of  the oscillations of  the object is about 40 mm. 

[4 marks]

acceleration

0
0.2 0.4 0.6

time / s
0.8 1.0 1.2
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 4  (a) When an uncharged capacitor is charged by a constant current of  4.5 μA for 60 s the
pd across it becomes 4.4 V.

 4  (a) (i) Calculate the capacitance of  the capacitor. 
[3 marks]

capacitance  ......................................... F

 4  (a) (ii) The capacitor is charged using the circuit shown in Figure 5.  The battery emf is 6.0 V
and its internal resistance is negligible.  In order to keep the current constant at 4.5 μA,
the resistance of  the variable resistor R is decreased steadily as the charge on the
capacitor increases.

Figure 5

           Calculate the resistance of  R when the uncharged capacitor has been charging 
for 30 s.

[3 marks]

resistance  ........................................ Ω

8
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 4  (b) The circuit in Figure 6 contains a cell, an uncharged capacitor, a fixed resistor and a
two-way switch.

Figure 6

           The switch is moved to position 1 until the capacitor is fully charged.  The switch is then
moved to position 2.

           Describe what happens in this circuit after the switch is moved to position 1, and after it
has been moved to position 2.  In your answer you should refer to:

    l the direction in which electrons flow in the circuit, and how the flow of  electrons
changes with time,

    l how the potential differences across the resistor and the capacitor change with
time,

    l the energy changes which take place in the circuit.

           The terminals of  the cell are labelled A and B and the capacitor plates are labelled P
and Q so that you can refer to them in your answer.

           The quality of  your written communication will be assessed in your answer.
[6 marks]

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

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

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

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

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

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

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

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

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

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

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

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

END  OF  QUESTIONS
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