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 28. The use of analogies from everyday life can help better understanding of physics 
concepts.  Throwing different balls at a coconut shy to dislodge a coconut is an 
analogy which can help understanding of the photoelectric effect.

   Use your knowledge of physics to comment on this analogy
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 29. A student carries out two experiments to investigate the spectra produced from a ray 
of white light. 

  (a) In the first experiment, a ray of white light is incident on a glass prism as shown. 
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 (i) Explain why a spectrum is produced in the glass prism.

 (ii) The refractive index of the glass for red light is 1·54.

  Calculate the speed of the red light in the glass prism.

  (b) In the second experiment, a ray of white light is incident on a grating.
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   The angle between the central maximum and the second order maximum for 
red light is 19·0º.

   The frequency of this red light is 4·57 × 1014 Hz.

 (i) Calculate the distance between the slits on this grating.

 (ii) Explain why the angle to the second order maximum for blue light is 
different to that for red light.
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 30. A technician investigates the use of different light sources for torches.

  The following circuit is set up.

battery of e.m.f. 4·5 V 
and internal resistance 0·50 Ω

A

0·50 Ω4·5 V

Rv

  (a) The resistance of variable resistor Rv is set to 2·5 Ω.  The reading on the ammeter 
is 0·30 A.

 (i) Show that the resistance of the lamp is 12 Ω at this current.

 (ii) Calculate the power output of the lamp at this current.

  (b) To increase the life of the battery the lamp is replaced by an LED.  The LED 
emits bright light.

An extract from the manufacturer’s data sheet for the LED is shown.
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 The variable resistor is adjusted until the relative luminosity of the LED is 1·0.

 (i) Determine the forward voltage across the LED.

 (ii) Calculate the potential difference across the variable resistor.

  (c) Describe how an LED operates.
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 31. A defibrillator is a device that provides a high energy electrical impulse to correct 
abnormal heart beats.

paddle A paddle B

  The diagram shows a simplified version of a defibrillator circuit.

paddle B

+

–

resistance
of patient

paddle A
switch
1 2

32 µF5·0 kV

  The switch is set to position 1 and the capacitor charges.

  (a) Show that the charge on the capacitor when it is fully charged is 0·16 C.

  (b) Calculate the energy stored in the capacitor when it is fully charged.

  (c) The defibrillator is now used on a patient.  Paddles A and B are placed on the 
patient’s chest to complete the circuit.  The switch is set to position 2 and the 
capacitor discharges through the patient.

   The resistance of a patient can vary from 40 Ω to 150 Ω.

   Calculate the maximum current in the circuit when the capacitor is discharged 
through a patient.
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 32. A particle accelerator is used to produce a beam of electrons.  This accelerator can be 
adjusted to select the speed of the emitted electrons.

  The beam of electrons then enters a region of uniform magnetic field.

  The electrons follow a semicircular path in the magnetic field as shown.

  

particle
accelerator

electron
beam region of uniform

magnetic field

r

  (a) Determine the direction of the magnetic field.

  (b) The radius, r, of the semicircular path depends on the magnetic field strength B.

   The unit of magnetic field strength is the tesla (T).

   The speed of the electrons is set at a particular value.

   A student then measures the radius of the semicircular path for several values of 
magnetic field strength.  The student’s results are shown in the table.

B/T r/m 1 1

B
/ T−

 2·0 × 10–3 9·9 × 10–3 500

 4·0 × 10–3 5·0 × 10–3 250

 5·0 × 10–3 4·1 × 10–3 200

 8·0 × 10–3 2·5 × 10–3 125

 10·0 × 10–3 1·9 × 10–3 100

 (i) Using square ruled paper, plot a graph of r against  .

 (ii) Calculate the gradient of your graph.

 (iii) The radius r of the semicircular path is given by the relationship

r mv
Q B

    = × 1

  where r is the radius of the semicircular path in metres
   m is the mass of an electron in kilograms
   v is the speed of the electron in metres per second
   B is the magnetic field strength in tesla
   Q is the charge on an electron in coulombs.

  Use this relationship and the gradient of your graph to calculate the speed 
of the electrons in the magnetic field.

1
B
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 32. (continued)

  (c) Describe how the student could use this apparatus to investigate the relationship 
between the speed v of an electron and the radius r of its path in a magnetic field.

[END OF QUESTION PAPER]  
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