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Data

speed of light in free space, c = 3.00 × 108 m s–1

permeability of free space, �0 = 4� × 10–7 H m–1

permittivity of free space, �0 = 8.85 × 10–12 F m–1

elementary charge, e = 1.60 × 10–19 C

the Planck constant, h = 6.63 × 10–34 J s

unified atomic mass constant, u = 1.66 × 10–27 kg

rest mass of electron, me = 9.11 × 10–31 kg

rest mass of proton, mp = 1.67 × 10–27 kg

molar gas constant, R = 8.31 J K–1 mol–1

the Avogadro constant, NA = 6.02 × 1023 mol–1

gravitational constant, G = 6.67 × 10–11 N m2 kg–2

acceleration of free fall, g = 9.81 m s–2
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Formulae

uniformly accelerated motion, s = ut + 1
2 at 2

 v2 = u2 + 2as

refractive index, n = 1
sinC

capacitors in series, 1
C

 = 1
C1

 + 1
C2

 + . . .

capacitors in parallel, C = C1 + C2 + . . .

capacitor discharge, x = x0e–t/CR

pressure of an ideal gas, p = 1
3 

Nm
V

<c2>

radioactive decay, x = x0e–λt

 t �� = 0.693
λ

critical density of matter in the Universe, ρ0 = 
3H0

2

8�G

relativity factor,  = √ (1 – v2

c2 )

current, I = nAve

nuclear radius, r = r0A1/3

sound intensity level,  = 10 lg ( I
I0

)
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Answer all the questions.

1 An AM waveform is composed of a carrier of frequency 40 kHz modulated by a sine wave of 
frequency 4 kHz.

 (a) State the meaning of AM.

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

 (b) (i) Show that the time period of the carrier is between 20 µs and 30 µs.

 [2]

  (ii) Show that the time period of the audio signal is 250 µs.

 [1]

  (iii) On the axes of Fig. 1.1, sketch a graph to show how the AM signal varies with time.

signal strength

250 50 75 100 125 150 175 200 225 250 275 time / μs

 [4]
Fig. 1.1

 (c) State the waveband which could accommodate this AM signal.

 ............................................................................................................................................   [1]
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 (d) (i) On the axes of Fig. 1.2, draw the frequency spectrum of the AM waveform of Fig. 1.1.
   Label the x-axis with an appropriate quantity and mark important values on this axis.

power

......................
 [4]

Fig. 1.2

  (ii) Calculate the bandwidth of the signal and give an appropriate unit in your answer.

 bandwidth = ..............  unit  ..............  [2]

 [Total: 15]
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2 A signal source generates an electrical analogue signal which is to be transmitted to a receiver.

 Fig. 2.1 shows a coaxial copper cable making a simple electrical link between the source and the 
receiver.

signal
source receiver

coaxial cable

Fig. 2.1

 (a) The maximum length of the coaxial cable is governed by the minimum value of the 
signal-to-noise ratio which can be allowed at the receiver.

  (i) State what is meant by noise in telecommunications.

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

  (ii) State and explain how the signal-to-noise ratio changes as the length of the coaxial cable 
increases.

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

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

 (b) An identical signal source and receiver can be linked by an optic fibre. However, when an optic 
fibre is used to carry the same analogue signal, energy transformations must be performed 
by transducers X and Y. This is shown in Fig. 2.2.

signal
source X

receiveroptic fibre
Y

Fig. 2.2

  State the names of the transducers X and Y which perform these energy transformations.

(transmitter) X  ...........................................................................................................................

(receiver) Y  ....................................................................................................................   [2]

 (c) In the transmission systems shown in Fig. 2.1 and Fig. 2.2 the following data applies:

  output power of each signal source 760 mW
  noise in each receiver 4.8 µW
  minimum signal-to-noise ratio at input of each receiver 27 dB
  attenuation of coaxial cable 6.4 dB km–1

  attenuation of optic fibre 0.47 dB km–1

  efficiency of each of the transducers X and Y 12%
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  (i) Show that the lowest acceptable signal power at the input to either receiver is about 
2 mW.

 [3]

  (ii) Calculate the total attenuation in the coaxial cable.

 coaxial attenuation =  ...................................................  dB  [2]

  (iii) Calculate the maximum length of coaxial cable which can be used.

 coaxial length =  ..................................................  km  [1]

  (iv) By considering the outputs of transducers X and Y, calculate the attenuation in the 
optic fibre.

 optic fibre attenuation =  ...................................................  dB  [3]

  (v) Calculate the continuous length of optic fibre which can be used.

 optic fibre length =  ..................................................  km  [1]

 (d) State and explain two reasons why optic fibre transmission is preferable to coaxial cable 
transmission.

1.  ...............................................................................................................................................

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

2.  ...............................................................................................................................................

 ............................................................................................................................................   [4]

 [Total: 19]
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3 Fig. 3.1 shows an op-amp circuit which receives a sinusoidal input from a signal generator.

0V

V in V out–15V

+15V

+

–

880 kΩ

2.2 kΩ

̰

Fig. 3.1

 A student is asked to investigate three features of the circuit:

  • the phase of the output voltage relative to the input voltage
  • the voltage gain of the amplifier
  • the bandwidth of the amplifier.

 (a) Name the other instrument the student will need (in addition to the signal generator and the 
dual power supply) to make the required measurements.

  Mark points on Fig. 3.1 where connections to this instrument should be made.

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

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

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

 (b) Explain, using sketch graphs on the axes below, what the student should observe regarding 
the phases of the output and input.

time

V in

time

V out

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

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

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

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

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

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

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

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

     .........................................................................   [2]
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 (c) (i) Calculate the voltage gain of the amplifier (show your working).

 voltage gain =  ........................................................   [3]

  (ii) While measuring the gain experimentally, a problem arises if the student makes the value 
of Vin too high. Explain this problem and how it affects the gain.

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

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

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

  (iii) Calculate the maximum value of Vin (show your working).

 maximum input voltage =  .....................................................  V  [2]

 (d) Explain briefly how the student should measure the bandwidth of the amplifier.

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

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

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

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

 [Total: 13]
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4 Fig. 4.1 shows one end of a straight length of multimode optic fibre into which two light rays have 
been launched by a light source.

light source

B

A

Fig. 4.1

 The refractive index of the core is 1.50 while the refractive index of the cladding is 1.48.

 (a) (i) State what is meant by the refractive index of a transparent medium in terms of the 
speed of light.

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

  (ii) State why the refractive index of the core is made greater than that of the cladding.

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

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

 (b) (i) State what is meant by the critical angle between two transparent media.

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

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

  (ii) The behaviour of a light ray at an angle i1 in a medium of refractive index n1 emerging at 
an angle i2 into a medium of refractive index n2 is governed by the equation

n1 sin i1  =  n2 sin i2.

   Use this equation to show that the critical angle for a light ray in the core of the fibre of 
Fig. 4.1 is about 80°.

 [2]

 (c) The length of the fibre in Fig. 4.1 is 24 km.

  (i) Calculate how long ray A will take to travel directly along the centre of the fibre.

 time =  ...................................................  µs  [3]
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  (ii) Ray B strikes the core / cladding boundary at the critical angle.
   Show that the factor by which this ray travels further than ray A is about 1.014.

 [2]

  (iii) Calculate how long ray B will take to travel by repeated reflections along the fibre.

 time =  ...................................................  µs  [1]

 (d) Fig. 4.2 shows a graph of a series of pulses, each of duration 1 µs, separated by a time τ. 
These pulses enter the fibre of Fig. 4.1.

1 µs τ

Fig. 4.2

  Each 1 µs pulse produces many rays which enter the fibre core at various angles.

  (i) Use your results in (c) to calculate the duration of each pulse as it exits the fibre.

 pulse duration on exit =  ...................................................  µs  [3]

  (ii) Hence calculate the highest pulse frequency which can be input to the fibre.

 highest frequency =  ...................................................  Hz  [1]

 [ Total: 15]
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5 Fig. 5.1 shows a radio-wave transmitter T located in the middle of a school laboratory.

T 0.25 m

1.5 m

M

receiver

Fig. 5.1

 Electromagnetic waves radiate from the transmitter via a vertical half-wave dipole aerial of 
length 0.25 m.

 A receiver consists of a matched dipole aerial connected to a meter M which measures the 
signal-strength.

 (a) Calculate the transmission frequency of the radio-waves.

 transmission frequency =  ................................................  MHz  [2]

 (b) The receiver is moved around the horizontal circle of radius 1.5 m keeping the receiving dipole 
vertical.

  State and explain what will be observed on the meter M.

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

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

 ............................................................................................................................................   [2]
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 (c) The receiver now remains in the position shown in Fig. 5.1. The receiving dipole is then rotated 
through 360° about the horizontal axis through its centre and the centre of the transmitting 
aerial. State and explain what will be observed on the meter M as the dipole rotates.

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

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

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

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

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

 (d) The receiving dipole is now kept vertical but is moved directly away from the transmitter.
  State what will be observed on the meter M as it is moved.

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

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

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

 [Total: 8]



14

© OCR 2009

6 A Physics student receives a present of a torch which requires neither batteries nor a filament light 
bulb. The basic arrangement of the torch is shown in Fig. 6.1 and has the following features:

  • a rechargeable capacitor instead of batteries
  • a fixed coil of wire through which a powerful magnet can move inside the body of the 

torch
  • a circuit board with diodes and the rechargeable capacitor

 The capacitor can be charged by making the magnet move back and forth through the coil.
 The capacitor can be discharged through an LED to provide the light.

coil magnetcircuit board

switch

LED

Fig. 6.1

 To charge the capacitor in the circuit board, the torch is repeatedly inverted. In this way, the magnet 
is lifted through a vertical height h and then allowed to fall through the coil. It is then lifted through 
h again and allowed to fall. The process is shown in Fig. 6.2.

h 

Fig. 6.2
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 (a) The mass of the magnet is 240 g and the height h through which it falls is 6.0 cm.

  (i) Calculate the loss in gravitational potential energy in each fall.

 loss in GPE = ...................... J  [2]

  (ii) Calculate the work done on the magnet in making 84 inversions.

 work done = ...................... J  [1]

  (iii) Explain why the total work done by the student will be much greater than your answer
to (ii).

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

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

 (b) The energy stored in the capacitor after 84 inversions is 10.5 J.
  The mean power dissipation of the LED in the torch is 55 mW.

  Calculate how long the light will operate after the 84 inversions.

time = ...................... s  [2]
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 (c) To find out more about the torch, the student connects a voltmeter and data logger to the coil 
when the magnet falls through it. The magnet is released from rest at time A and finishes at 
rest at time C. The resulting induced e.m.f. is shown in Fig. 6.3.

V1

V2

magnet at top magnet at bottom
time

induced e.m.f. in coil

A B C

Fig. 6.3

  Explain the following:

  (i) The time AB in the positive region is greater than the time BC in the negative region.

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

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

  (ii) Why an e.m.f is induced in the coil.

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

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

  (iii) The peak induced e.m.f. V1 is less than the peak induced e.m.f. V2.

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

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

  (iv) The induced e.m.f. consists of a positive voltage region and a negative voltage region.

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

 ....................................................................................................................................   [1]
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 (d) The characteristics of the magnet, coil and capacitor are as follows:

• magnetic flux φ emerging from one pole of magnet 0.54 mWb
• number of turns N on coil 420
• resistance R of coil and circuit 28 Ω
• capacitance C of capacitor 88 mF

  (i) The average current I charging the capacitor during the positive voltage time interval AB 
is given by

       QI = __
   t

   where Q is the total charge which has flowed and t is the time interval AB.

   The mean induced e.m.f. E is given by

          NφE =  __ .
    t

   1 Show that the total charge Q is given by

          NφQ =  __ .
    R

 [2]
   2 Show that the charge Q on the capacitor at time B is about 8 mC.

 [1]

  (ii) Explain why diodes are necessary between the coil and the capacitor.

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

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

  (iii) Explain why a charge of about 16 mC is stored on the capacitor after one fall of the 
magnet.

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

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

Question 6 continues on the next page.
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  (iv) Show that 10.5 J of energy are stored in the capacitor after the student makes 
84 inversions.

   You may assume the capacitor is initially uncharged and that the diodes are ideal.

 [3]

 [Total: 20]

END OF QUESTION PAPER
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