






 24. A student carries out an experiment to investigate the relationship between the 
pressure and temperature of a fixed mass of gas.  The apparatus used is shown.

  The pressure and temperature of the gas are recorded using sensors connected to 
a computer.  The gas is heated slowly in the water bath and a series of readings is 
taken.

  The volume of the gas remains constant during the experiment.

  The results are shown.

Pressure/kPa 100 105 110 116 121

Temperature/°C 15·0 30·0 45·0 60·0 75·0

Temperature/K 288 303 318 333 348

  (a) Using all the relevant data, establish the relationship between the pressure and 
the temperature of the gas.

  (b) Use the kinetic model to explain the change in pressure as the temperature of 
the gas increases.

  (c) Explain why the level of water in the water bath should be above the bottom of 
the stopper.
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 25. A student carries out two experiments using different power supplies connected to a 
lamp of resistance 6·0 Ω.

  (a) In the first experiment the lamp is connected to a power supply of e.m.f. 12 V 
and internal resistance 2·0 Ω as shown.

   Calculate:

 (i) the reading on the ammeter;

 (ii) the lost volts;

 (iii) the output power of the lamp.

  (b) In the second experiment the lamp is connected to a different power supply.  
This supply has the same e.m.f. as the supply in part (a) but a different value of 
internal resistance.

   The output power of the lamp is now greater.

   Assuming the resistance of the lamp has not changed, is the internal resistance of 
the new power supply less than, equal to, or greater than the internal resistance 
of the original supply?

   Justify your answer.
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 26. The charging and discharging of a capacitor are investigated using the circuit shown.

  The power supply has an e.m.f. of 12 V and negligible internal resistance.  The 
capacitor is initially uncharged.

  (a) The switch is connected to A and the capacitor starts to charge.  Sketch a graph 
showing how the voltage across the plates of the capacitor varies with time.  
Your graph should start from the moment the switch is connected to A until the 
capacitor is fully charged.

   Numerical values are only required on the voltage axis.

  (b) The capacitor is now discharged by moving the switch to B.  

   The graph of current against time as the capacitor discharges is shown.

    Calculate the resistance of R.
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 26. (continued)

  (c) The 220 mF capacitor is now replaced with one of different value.  This new 
capacitor is fully charged by moving the switch to A.  It is then discharged by 
moving the switch to B.

   The graph of current against time as this capacitor discharges is shown.

 (i) Explain why the value of the initial discharging current remains the same 
as in part (b).

 (ii) How does the capacitance of this capacitor compare with the capacitance 
of the original 220 mF capacitor?

  You must justify your answer.
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 27. A fabric has been developed for use as a sensor in a breathing rate monitor.  The 
graph shows how the resistance of a 50 mm length of this fabric changes as it is 
stretched.

  A sample of the fabric of unstretched length 50 mm is connected in a Wheatstone 
bridge circuit.

  (a) The variable resistor RV is adjusted until the bridge is balanced.  

   Show that the resistance of RV is now 120 Ω.
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 27. (continued)

  (b) The Wheatstone bridge is now connected to an op-amp circuit as shown.

 (i) In which mode is the op-amp being used?

 (ii) Calculate the gain of the op-amp.

(iii)  The 50 mm length of fabric remains connected in the circuit.  This sensor is 
attached to a patient to monitor his chest movements.  The fabric stretches 
as he breathes in.

  The potential at Y is 2·25 V.  RV remains at 120 Ω.

  The output from the op-amp is connected to a computer.

  The voltage Vo  produced as the patient breathes in and out for 24 seconds 
is shown.
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 27. (b) (iii)  (continued)

    (A) Calculate the maximum potential difference between X and Y during 
this time.

    (B) Calculate the maximum length of the fabric during this time.
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 28. A technician investigates the path of laser light as it passes through a glass tank filled 
with water.  The light enters the glass tank along the normal at C then reflects off a 
mirror submerged in the water.

  The refractive index of water for this laser light is 1·33.

  (a) Calculate angle X.

  (b) The mirror is now adjusted until the light follows the paths shown.

 (i) State why the value of q is equal to the critical angle for this laser light in 
water.

 (ii) Calculate angle q.

  (c) The water is now replaced with a liquid which has a greater refractive index.  
The mirror is kept at the same angle as in part (b) and the incident ray again 
enters the tank along the normal at C.

   Draw a sketch which shows the path of the light ray after it has reflected off the 
mirror.

   Your sketch should only show what happens at the surface of the liquid.
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 29. A manufacturer claims that a grating consists of 3·00 × 105 lines per metre and is 
accurate to ± 2·0%.  A technician decides to test this claim.  She directs laser light of 
wavelength 633 nm onto the grating.

  She measures the angle between the central maximum and the third order maximum 
to be 35·3°.

  (a) Calculate the value she obtains for the slit separation for this grating.

  (b) What value does she determine for the number of lines per metre for this grating?

  (c) Does the technician’s value for the number of lines per metre agree with the 
manufacturer’s claim of 3·00 × 105  lines per metre ± 2·0%?

   You must justify your answer by calculation.
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 30. (a) An n-type semiconductor is formed by adding impurity atoms to a sample of 
pure semiconductor material.

   State the effect that the addition of the impurity atoms has on the resistance of 
the material.

  (b) A p-n junction is used as a photodiode as shown. 

 (i) In which mode is the photodiode operating?

 (ii) The irradiance of the light on the junction of the photodiode is now 
increased. 

  Explain what happens to the current in the circuit.

  (c) The photodiode is placed at a distance of 1·2 m from a small lamp.  The reading 
on the ammeter is 3·0 mA.

   The photodiode is now moved to a distance of 0·80 m from the same lamp.  
Calculate the new reading on the ammeter.
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 31. A medical physicist is investigating the effects of radiation on tissue samples.

  One sample of tissue receives an absorbed dose of 500 mGy of radiation from a source.

  The radiation weighting factors of different types of radiation are shown.

Type of radiation Radiation weighting factor (wR)

gamma  1

thermal neutrons  3

fast neutrons  10

alpha  20

  (a) The tissue sample has a mass of 0·040 kg.  Calculate the total energy absorbed 
by the tissue.

  (b) The average equivalent dose rate for this tissue sample is 5·00 mSv h–1.
   The tissue is exposed to radiation for 2 hours.

   Which type of radiation is the medical physicist using?

   Justify your answer by calculation.
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