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Answer all the questions.

1 Many filament lamps are now obsolete. They have been replaced by light-emitting diode (LED) 
technology. For example, an 8.7 W LED lamp has replaced the 60 W mains filament lamp.

 (a) A 60 W filament lamp is connected to the 230 V supply. 
  Calculate

  (i) the current I drawn from the supply

 I =  ......................................................  A [2]

  (ii) the resistance R of the filament.

 R =  ...................................................... Ω [1]

 (b) The filament temperature is 2800 K when the lamp is lit. At this temperature, the cross-
sectional area of the filament wire is 4.8 × 10−8 m2. The material of the filament has resistivity 
7.0 × 10−5 Ω m.

  (i) Calculate the length of the filament wire using your value for R from (a)(ii).

 length =  .....................................................  m [3]
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  (ii) At the end of its lifetime, the filament of the lamp usually breaks immediately after the 
lamp is switched on, rather than after glowing for some time. Suggest a reason for this 
behaviour.

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

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

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

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

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

 ...................................................................................................................................... [3]

 (c) An 8.7 W LED lamp is left on for 3.0 hours. 
  Calculate the charge passing though the lamp in this time.

 charge =  ........................... unit ....................... [3]

 (d) The lifetime of the 60 W filament lamp is advertised to be 1500 hours, whilst for the 8.7 W LED 
lamp the figure is 15000 hours. Each lamp costs £1.00.

  The cost of 1 kWh is 12 p.
  Calculate the saving made by changing from a filament lamp to an LED lamp over the lifetime 

of the LED lamp.

 saving = £ ..........................................................  [3]
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2 A 120 V power supply with negligible internal resistance is connected to four resistors, as shown in 
Fig. 2.1.

320 Ω

500 Ω

0.40 A

250 Ω

120 V

X

Y

R

I1  

I2  

Fig. 2.1

 The resistance values of the four resistors are 500 Ω, 250 Ω, 320 Ω and R.
 The current from the supply is 0.40 A. The currents in the two branches are I1 and I2 as shown.

 (a) Calculate

  (i) current I1 

 I1 =  ......................................................  A [2]

  (ii) resistance R.

 R =  ...................................................... Ω [2]
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 (b) Two points in Fig. 2.1 are labelled X and Y.

  (i) Calculate the potential difference VXY between X and Y.

 VXY =  ......................................................  V [2]

  (ii) The resistor of resistance R in Fig. 2.1 is changed to one with a lower resistance. The 
rest of the circuit remains unchanged.

   State and explain the effect on 

   current I1

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

 ...................................................................................................................................... [1]

   current I2

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

 ...................................................................................................................................... [1]

   potential difference VXY.

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

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

 ...................................................................................................................................... [1]

Question 2 is continued on page 6
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 (c) The resistor of resistance R is now replaced by a thermistor. The variation of resistance with 
temperature for the thermistor is shown in Fig. 2.2.

600

resistance / Ω

400

200

0
150 170 190 210 230 250

temperature / °C 

Fig. 2.2

  (i) Complete the circuit symbol for a thermistor on the symbol labelled R in Fig. 2.1. [1]

  (ii) In an experiment the thermistor is mounted (on long conducting leads) in an oven. The 
temperature of the oven must be kept between 200 ºC and 220 ºC. The temperature can 
be monitored by an ammeter placed at Y or by a voltmeter placed between X and Y.

   1 Show that the ratio change in current
change in temperature  is 3 mA K−1 between 200 ºC and 220 ºC.

 [3]

   2  Hence show that the ratio change in voltage
change in temperature is 1 V K−1 between 200 ºC and 

220 ºC.

 [2]



7

Turn over© OCR 2017

   3 Explain why it is better to measure the voltage across XY than the current at Y.

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

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

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

 ............................................................................................................................... [2]
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3 (a) (i) Define the term electromotive force. 

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

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

 ...................................................................................................................................... [2]

  (ii) Explain, in the context of energy transfer, the meaning of the term internal resistance.

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

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

 ...................................................................................................................................... [1]

 (b) You are asked to plan an experiment to determine the e.m.f. E and internal resistance r of a 
cell. The plan is to include a circuit diagram with two meters and a variable resistor. The data 
collected is to be plotted on a graph from which E and r can be determined.

  The e.m.f. of the cell is about 6 V and r is about 2 Ω. The maximum resistance of the variable 
resistor is 18 Ω. Suggest a maximum scale reading for each of the meters to be used in the 
experiment.

  In your answer you should state how the graph is used to determine the values of E and r.

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

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

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

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

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

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

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

 .............................................................................................................................................. [5]
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 (c) Fig. 3.1 shows the I-V characteristic of a 6.0 V 1.5 W filament lamp.

300

current / mA

200

100

0
0 2.0 4.0 6.05.03.01.0

p.d. / V

Fig. 3.1

  (i) The student is asked to verify that these data are correct using a lamp with the equipment 
that has just been used for (b) above. On Fig. 3.2(a) complete the circuit required to 
perform this task.

 

2.0 Ω

18 Ω

6.0 V

 

2.0 Ω

18 Ω

6.0 V

A

V

 Fig. 3.2(a) Fig. 3.2(b)
 [2]

  (ii) The student mistakenly connects the circuit shown in Fig. 3.2(b). By drawing a 
I-V characteristic for the resistors of total resistance 20 Ω on Fig. 3.1, or otherwise, 
determine the reading on each meter. Make your reasoning clear.

 ammeter reading =  ............................................................ A

 voltmeter reading =  ...........................................................  V
 [5]
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4 Fig. 4.1 shows a loudspeaker mounted on a bench and connected to a signal generator.

loudspeaker
to

data-logger

microphone
to signal

generator

Fig. 4.1

 The voltage output from a microphone placed as shown is processed through a data-logger to 
produce the displacement y of the air against time t graph shown in Fig. 4.2. 

4

2

0

–2

–4

y / 10–6 m

t / 10–3s
1.00.5

Fig. 4.2

 (a) The speed of sound in air is 340 m s−1. 
  Calculate 

  (i) the frequency f of oscillation of the air

 f =  ....................................................  Hz [2]

  (ii) the wavelength λ of the sound. 

 λ =  .....................................................  m [2]
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 (b) The microphone detects the presence of a longitudinal rather than a transverse wave. Explain 
the difference between the two types of wave motion.

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

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

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

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

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

 .............................................................................................................................................. [2]

 (c) (i) Explain the meaning of the term phase difference. 

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

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

 ...................................................................................................................................... [2]

  (ii) A second microphone is connected to the data-logger and placed 0.043 m to the right 
of the one shown in Fig. 4.1. Draw on Fig. 4.2 the variation of the displacement of the 
air with time at the position of the second microphone. Assume that the data-logger can 
record both sets of data on the same time scale to produce a graph displaying both 
curves. [2]

  (iii) State the phase difference between the two oscillations in degrees or radians.

 phase difference  ........................... unit ....................... [1]

Question 4 is continued on page 12



12

© OCR 2017

 (d) A second loudspeaker is connected to the same signal generator and mounted on the bench 
facing the first as shown in Fig. 4.3. The microphone is at the midpoint along the line joining 
the two loudspeakers.

to
data-logger

microphone
to signal
generator

to signal
generator

loudspeaker

Fig. 4.3

  When the microphone is moved to the left, or to the right, the amplitude of the detected signal 
changes.

  (i) Explain why the amplitude varies between maximum and minimum values.

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

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

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

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

 ...................................................................................................................................... [2]

  (ii) State, with a reason, the distance between adjacent minima. 

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

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

 distance:  .....................................................  m [2]

  (iii) When the microphone is at the mid-point between the two loudspeakers explain why the 
amplitude of the detected signal is either a maximum or a minimum.

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

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

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

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

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

 ...................................................................................................................................... [3]

Question 5 begins on page 14
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5 (a) Name one common property of electromagnetic waves not shared by other waves.

 .............................................................................................................................................. [1] 

 (b) Fig. 5.1 shows a diagram of the seven regions of the electromagnetic spectrum, labelled A 
to G. 

A B C D E F G

visible

wavelength / m5 × 10–7

Fig. 5.1

  Name the principal radiation in each of the regions B and F. 

  B ...............................................  F ............................................... [2]

 (c) A narrow beam of sunlight is incident on the surface of a flat horizontal glass plate. The 
reflected beam passes through a polarising filter as shown in Fig. 5.2. The filter is held with its 
plane perpendicular to the reflected beam.

eye

glass
platepolarising filter

Fig. 5.2

  (i) Describe and explain what is observed as the filter is rotated through 360º in the plane 
perpendicular to the reflected beam.

 
   In your answer you should make clear how the transmission axis of the filter is orientated 

to explain each of the observations that you describe.

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

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

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

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

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

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

 ...................................................................................................................................... [4]
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  (ii) Suggest how the observations from this experiment help to decide the orientation of the 
transmission axis in the lenses of Polaroid sunglasses.

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

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

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

 ...................................................................................................................................... [2]

 (d) Ultraviolet radiation from the Sun is divided into three regions UV-A, UV-B and UV-C.

  (i) Explain why UV-B is more dangerous to sunbathers than the other two.

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

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

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

 ...................................................................................................................................... [2]

  (ii) Explain how sunscreen protects the human skin.

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

 ...................................................................................................................................... [1]

 (e) When an electron is accelerated from rest through a potential difference of 500 V it has a de 
Broglie wavelength equal to that of a gamma ray photon.

  Calculate this wavelength in picometres (pm).

 wavelength =  ...................................................  pm [5]
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6 The spectrum of light from a sodium vapour lamp consists of a line spectrum. The wavelengths of 
three spectral lines are shown in the table below.

spectral line wavelength / nm

R 615

Y 589

G 570

 (a) Explain what is meant by a line spectrum.

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

 .............................................................................................................................................. [1]

 (b) The Y spectral line has about double the intensity of the other two which are approximately 
equal. On Fig. 6.1, sketch a graph to represent the relative intensity-wavelength relation for 
these three lines. Label them R, Y and G.

560 580 600 620 wavelength / nm

relative
intensity

Fig. 6.1
 [2]

 (c) Calculate, clearly showing your working, the ratio

energy of a photon producing G
energy of a photon producing Y  

.

 ratio =  .......................................................... [2]
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 (d) The energy level diagram shown in Fig. 6.2 is for the atoms in the lamp emitting light at the 
three spectral lines R, Y and G. The three electron transitions shown between the four levels 
A, B, C and D produce the three different photons. The energy E of an electron bound to an 
atom is negative. 

E / 10–19 J
–1.3
–1.6

– 4.8

– 8.2

A
B

C

D

Fig. 6.2 (not to scale)

  Label the arrows on Fig. 6.2 R, Y and G to indicate which transition results in which photon.
 [2]

 (e) Light from the sodium lamp is analysed by passing it through a diffraction grating.

  The line separation d of the grating is 1.67 × 10−6 m.

  (i) Calculate the angular spread of the first order spectrum, that is, the angle between the 
outer lines in Fig. 6.1.

 angle =  ........................................................ ° [4]

Question 6 is continued on page 18
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  (ii) Calculate how many R lines appear over the 180º in front of the grating. Ignore the 
zeroth order spectral line. 

 number of R lines =  .......................................................... [2]

 (f) Fig. 6.3 shows a circuit containing a photoelectric cell. Light from the sodium lamp falls on its 
cathode and photoelectrons are emitted from the cathode.

A

light from
sodium lamp

cathode

vacuum

photoelectric
cell

Fig. 6.3

  (i) Explain, in terms of the photoelectric effect, why there is a current in this circuit.

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

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

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

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

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

 ...................................................................................................................................... [3]

  (ii) Each of the component wavelengths, R, Y and G, is shone in turn on the cathode of the 
photocell. Predict which wavelength is least likely to produce electron emission. Give a 
reason for your answer.

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

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

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

 ...................................................................................................................................... [2]

END OF QUESTION PAPER
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