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 25. (continued)

  (b) A different thermocouple is to be used as part of a safety device in a gas oven. 
The safety device turns off the gas supply to the oven if the flame goes out.  
The thermocouple is connected to a coil of resistance 0·12 Ω which operates a 
magnetic gas valve.

thermocouple coil magnetic 
gas valve

to gas oven

from gas supply

+

−

   When the current in the coil is less than 2·5 A, the gas valve is closed.

   The temperature of the flame in the gas oven is 800 °C.

   The manufacturer’s data for this thermocouple is shown in the two graphs.

e.m.f./V
1·20

1·00

0·80

0·60

0·40

0·20

0·00
0 200 400 600 800 1000 1200

temperature/°C

0·00

0·05

0·10

0·15

0·20

0·25

0·30

0·35

0·40

0·45

0 200 400 600 800 1000 1200
temperature/°C

internal resistance/Ω

   Is this thermocouple suitable as a source of e.m.f. for the gas valve to be open at 
a temperature of 800 °C?  

   You must justify your answer.

Marks

3

(6)
Page fifteen[X069/12/02]



 26. The circuit shown is used to compare the voltage from a battery and the voltage 
produced by a signal generator.

light 
meter

oscilloscope

signal generator

RV

X Y

  The switch is connected to X and the voltage across the lamp is 2·30 V.  The reading 
on the light meter is recorded.

  The switch is now connected to Y.  The resistance of RV is adjusted until the light 
meter reading is the same as before.  The trace on the oscilloscope screen is shown.

1 div

1 div

  (a) The timebase setting is 0·01 s/div.

   Calculate the frequency of the output voltage of the signal generator.

  (b) Calculate the peak value of the voltage displayed on the oscilloscope.

  (c) With the switch still connected to Y, the signal generator frequency is now 
doubled without altering the output voltage.

   State what happens to the reading on the light meter.  

   Justify your answer. 
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 27. Part of a camera flash circuit operates at 250 V d.c.  The circuit includes a 15·0 kΩ 
resistor and a 470 μF capacitor. The capacitor is initially uncharged.

X Y
+250 V

0 V

15·0 kΩ

470 μF
flash lamp

  (a) The capacitor is now charged by connecting the switch to X.

 (i) Calculate the initial charging current.

 (ii) Sketch a graph to show how the voltage across the capacitor varies with 
time from the moment the switch is connected to X.  Numerical values are 
required on the voltage axis.

(iii)  Show that the energy stored in the capacitor is 14·7 J when it is fully 
charged.

  (b) When a flash photograph is taken, the switch is connected to Y and the capacitor  
discharges through the flash lamp in a time of 200 μs.

   Calculate the average power output of the flash lamp.

  (c) The flash cannot be fired again for another photograph until the capacitor has 
recharged.  The time for this to happen is called the recycle time. 

   How could the circuit be modified to reduce the recycle time without altering 
the power output of the flash?
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 28. A student is using different types of electromagnetic radiation to investigate 
interference.

  (a) In the first experiment, two identical sources of microwaves, S1 and S2, are 
positioned a short distance apart as shown.

S1

S2

Y

P

central maximum

detector
to meter

X

 (i) The student moves a microwave detector from X towards Y.  The reading 
on the meter increases and decreases regularly.

    Explain, in terms of waves, what causes the minimum readings to occur.

 (ii) The third maximum from the central maximum is located at P.

  The distance from S1 to P is 620 mm.

  The wavelength of the waves is 28 mm.

  Calculate the distance from S2 to P.

  (b) In the second experiment, a beam of parallel, monochromatic light is incident 
on a grating.  An interference pattern is produced on a screen.  The edges of the 
screen are at an angle of 40° to the centre of the grating as shown.

  

monochromatic light

grating

screen

40°

40°

   The wavelength of the light is 420 nm and the separation of the slits on the 
grating is 3·27 × 10−6 m.

   Determine the total number of maxima visible on the screen.



 29. A student places a glass paperweight containing air bubbles on a sheet of white paper.  

  The student notices that when white light passes through the paperweight, a pattern 
of spectra is produced.

  The student decides to study this effect in more detail by carrying out an experiment 
in the laboratory.

  A ray of green light follows the path shown as it enters an air bubble inside glass.

θ
19°

air 
bubble

ray of green light

normal

glass

not to scale

  The refractive index of the glass for this light is 1·49.

  (a) Calculate the angle of refraction, θ, inside the air bubble.

  (b) Calculate the maximum angle of incidence at which a ray of green light can enter 
the air bubble.

  (c) The student now replaces the ray of green light with a ray of white light.

   Explain why a spectrum is produced.
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 30. (a) A technician uses the following apparatus to investigate the relationship between 
the irradiance of the light from a lamp and the distance from it.

meter light sensor lamp

metre stick

   The results of the experiment are shown.

Distance between light 
sensor and lamp/m

Irradiance/units

 0·10  242

 0·15  106

 0·20  60

 0·25  39

   Use all the results to determine whether or not the lamp behaves like a point 
source of light in this experiment.

  (b) The experiment is now repeated using a 1·00 × 10−4 W laser which produces 
light of wavelength 633 nm.

light sensor laser

metre stick

meter

 (i) Explain why the results obtained with the laser differ from those obtained 
using the lamp. 

 (ii) Calculate the number of photons emitted by the laser each second.

 (iii) Light from the laser is described as coherent.

  Describe, in terms of photons, two differences between the light from the 
laser and the light from the lamp used in part (a).
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 31. (a) The following statement represents a nuclear reaction.

    
A
Z X + 

2
1H 	 2 

4
2He + 

1
0n + energy

   The masses of some of the particles involved in this reaction are shown in the 
table.

Particle Mass/kg

2
1H 3·342 × 10−27

4
2He 6·642 × 10−27

1
0n 1·675 × 10−27

 (i) Use the data booklet to identify the element X.

 (ii) The energy released in this reaction is 2·97 × 10−12 J.

  Calculate the mass of the nucleus 
A
Z X.

  (b) The crew of an aircraft receives an absorbed dose at a rate of 2·0 μGy h−1 of 
gamma rays, 1·25 μGy h−1 from protons and 0·20 μGy h−1 from fast neutrons.

   The table shows the radiation weighting factor for various types of radiation.

Type Radiation weighting factor

 gamma rays  1

 protons  2

 thermal neutrons  5

 fast neutrons  10

 alpha particles  20

   Calculate the equivalent dose received by a member of the crew during a 
12 hour flight.
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