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Data Sheet

Unless otherwise indicated, you can assume that:

 • op-amps are run off supply rails at +15 V and –15 V
 • logic circuits are run off supply rails at +5 V and 0 V.

resistance R = V
I

power P = VI

series resistors R = R1 + R2

time constant � = RC

monostable pulse time T = 0.7 RC

relaxation oscillator period T = 0.5 RC

frequency f = 1
T

voltage gain G = Vout
Vin

open-loop op-amp Vout = A(V+ – V–)

non-inverting amplifier gain G = 1 + Rf
Rd

inverting amplifier gain G = – Rf
Rin

summing amplifier – Vout
Rf

 = V1
R1

 + V2
R2

 …

break frequency f0 = 1
2πRC
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Boolean Algebra A.A = 0

 A + A = 1
 A.(B + C) = A.B + A.C

 A.B = A + B

 A + B = A.B

 A + A.B = A

 A.B + A.C = A.B + A.C + B.C

amplifier gain G = –gmRd

ramp generator ΔVout = –Vin
Δt
RC

inductor reactance XL = 2πfL

capacitor reactance XC = 
1

2πfC

resonant frequency f0 = 1
2π���LC
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Answer all questions.

1 A computer transfers signals along a cable to a video screen.

 (a) The cable carries five different signals along parallel wires. 

  (i) State the names of the five signals. 

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

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

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

  (ii) Some of the wires carry information as analogue signals. 

   They could carry digital signals instead.

   Explain the advantages of sending information as digital signals.

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

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

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

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

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

 (b) A single wire can carry the same information from the computer to the screen using digital 
signals. One method transmits pictures with a grey scale using five-bit words to determine the 
brightness of the pixels on the screen. 

  (i) How many different brightness levels can each pixel have?

 number of levels =  .......................................................... [1]
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  (ii) The video screen contains 600 lines of pixels, with 850 pixels in each line.

   Calculate the number of bits of information required for a single picture.

 information =  ....................................................bits [2]

  (iii) The frame refresh rate is 40 Hz. This is above the minimum value for video systems. 

   State and explain a value for the minimum frame refresh rate for video systems.

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

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

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

 (c) For the method described in (b), do a calculation to estimate the minimum bandwidth required 
for the cable connecting the computer to the screen.

 bandwidth =  ..................................................MHz [2]

 (d) Another method of carrying information from the computer to the screen requires the computer 
to compress the information before transmitting it to the screen.

  (i) Explain an advantage of compressing the information.

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

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

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

  (ii) Suggest a disadvantage of using compression.

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

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

 [Total: 17]
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2 Fig. 2.1 is an incomplete block diagram for a simple AM radio receiver.

diode
demodulator

Fig. 2.1

 (a) Complete the diagram. Choose words from the list below.

aerial              af amplifier              loudspeaker              rf amplifier              tuned circuit
 [4]

 (b) The af amplifier is required to have a gain of –50. 

  Draw on Fig. 2.2 below to show how the amplifier can be made from an op-amp. 

  State component values and justify them.
 [4]

–

+

Fig. 2.2

 (c) The radio system contains a tuned circuit.

  (i) Describe the function of the tuned circuit.

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

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

  (ii) The tuned circuit determines the selectivity of the system. 

   Explain what is meant by selectivity.

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

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

 ...................................................................................................................................... [2]
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  (iii) Another important property of a radio receiver is its sensitivity.

   Explain one change to the system of Fig. 2.1 which would improve its sensitivity.

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

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

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

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

 (d) A superhet radio receiver performs better than a simple AM receiver.

  (i) Complete the block diagram below for a superhet receiver below. 

   Choose words from this list.

if amplifier              if filter              local oscillator              mixer

rf signal

demodulator

af signal
 [3]

  (ii) The bandpass filter in the superhet receiver is centred on 350 kHz.

   By describing the flow of signals through the receiver, explain how it can be tuned to 
receive a channel at 870 kHz.

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

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

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

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

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

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

 [Total: 21]
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3 Fig. 3.1 is the block diagram of a pulse-width modulator.

–

+

100 kHz
triangle

waveform
generator

af signal
pwm carrier

P
S

T

Fig. 3.1

 (a) The signal at T is a triangle waveform with an amplitude of 7.5 V and a frequency of 100 kHz.

  (i) Calculate the period of the waveform.

 period =  ..................................................... μs [1]

  Fig. 3.2 shows a steady signal of +2.5 V at S.

+15
voltage / V

+10

+5
S
0

– 5

–10

–15
0 5 10 15 20

time / µs

Fig. 3.2

  (ii) On the axes of Fig. 3.2, sketch the waveform of the signal at T. [3]

  (iii) On the axes of Fig. 3.2, sketch the waveform of the signal at P. [3]
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 (b) The pwm carrier at P in Fig. 3.1 can be demodulated by a filter with the transfer characteristic 
of Fig. 3.3.

50
gain

5

0.5

0.05

0.005
1 100 10k 1M10 1k 100k

frequency / Hz

Fig. 3.3

  (i) Draw on Fig. 3.4 below to show how the filter can be made with an op-amp. 

   Show all component values and justify them.

–

+

Fig. 3.4
 

 [5]

  (ii) Explain the factors that limit the range of af signals at S in Fig. 3.1 which can be 
transmitted by this pulse-width modulation system.

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

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

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

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

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

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

 [Total: 15]
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4 The circuit of Fig.4.1 is an analogue-to-digital converter (ADC).

+

–

d
c
b
a

D

D

S

T

P5.6 k�

U

CBA
DAC

2.7 nF

0 V

counter

DCBA

C
B
A

latch

Fig. 4.1

 (a) Show that the pulses at P have a frequency of about 100 kHz.

 [2]
 (b) Complete the timing diagram below for the counter. CBA is initially 110.

P

A

B

C

time

 [3]

 (c) The digital-to-analogue converter (DAC) of Fig. 4.1 has a resolution of 0.1 V.

  The lowest voltage at S is 0.0 V. Calculate the highest voltage.

 highest voltage =  .......................................................V [2]
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 (d) Draw on the diagram below to show how the latch of Fig. 4.1 can be made from D flip-flops. 

  Label all inputs and outputs.

QD QD QD QD

 [3]

 (e) Explain how the analogue-to-digital converter of Fig. 4.1 operates.

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

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

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

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

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

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

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

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

 (f) Explain why the signal at U should have a frequency of less than 4 kHz.

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

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

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

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

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

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

 [Total: 17]
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5 Fig. 5.1 shows a variable frequency oscillator (VFO) and its transfer characteristic.

100
frequency at

F / kHz
80

60

FC 40

20

0
0 1 2 3 4 5

voltage at C / V

0 V

+5 V

VFO

Fig. 5.1

 (a) The VFO of Fig. 5.1 is part of a system which performs frequency modulation.

  (i) Describe how frequency modulation carries information about an audio frequency 
signal.

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

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

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

  (ii) Draw on Fig. 5.1 to show how a pair of resistors can be used to set the frequency at F to 
50 kHz. Show component values and justify them.

 [3]

  (iii) Draw on Fig. 5.1 to show how a capacitor allows the audio frequency signal to modulate 
the square wave at F. [1]
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 (b) The system of Fig. 5.1 is tested with an audio frequency (a.f.) signal whose amplitude is 1 V, 
as shown in Fig. 5.2 below.

+4

+5
voltage / V

+3

+2

+1

0

–1
0 25 50 75 100 125 150 175 200

a.f. signal

time / μs

Fig. 5.2

  (i) Explain why the period of the square wave at F is 50 μs when the voltage of the a.f. signal 
is –1 V.

 [2]

  (ii) Draw on Fig. 5.2 to show the square wave from F as it alternates between 5V and 0 V 
during the 200 μs shown. [3]

 [Total: 11]
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6 Fig. 6.1 shows computers able to communicate with each other along a single cable.

OUT
computer

CTRL IN OUT
computer

CTRL IN OUT
computer

CTRL IN OUT

cable

computer
CTRL IN

Fig. 6.1

 (a) Each computer is connected to the cable by two wires. 

  The wire OUT carries data to the cable. 

  The wire IN carries data from the cable.

  Only the OUT wire is connected to the cable by an analogue switch.

  (i) Complete the truth table for an analogue switch. Choose words from the list.

disconnected              high              low

input control output

low low

low high

high low

high high

 [2]

  (ii) Explain why only the OUT wire needs an analogue switch.

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

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

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

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

  (iii) Although many computers can place data on the cable, only one can do so at any one 
time. Explain how this situation is achieved.

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

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

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

 ...................................................................................................................................... [3]
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 (b) The computers exchange data with each other using serial digital signals.

  Fig. 6.2 is a timing diagram for a typical serial digital signal.

A

time

B C D

Fig. 6.2

  (i) On Fig. 6.2, label the start bit and the stop bit. [2]

  (ii) Explain the function of the start and stop bits.

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

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

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

 (c) The system of Fig. 6.1 has the following properties:

  • each packet of data contains 512 bits

  • the cable bandwidth is 4 MHz

  (i) Explain why each bit of a packet must be on the cable for about 130 ns.

 [2]

  (ii) Estimate the maximum number of packets passing through the cable in one second.

 packets per second =  .........................................................  [2]

 [Total: 16]
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7  Fig. 7.1 is the circuit diagram for a triangle waveform generator.

–

+
T

S
47 pF

0 V

R S R T52 k�

+

–

Fig. 7.1

 (a) The amplitude of the waveform at T is 7.5 V.

  Explain why this requires RS to have a value of 30 kΩ.

 [3]

 (b) The frequency of the waveform at T is 100 kHz.

  Explain why this requires RT to have a value of 92 kΩ.

 [3]
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 (c) Explain how the circuit of Fig. 7.1 produces a triangle waveform.

  Start off with S at +13 V.

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

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

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

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

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

 [Total: 10]

 Quality of Written Communication [3]
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