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 Figure 1 shows the input and output pins for a 4-bit binary counter.  The output pin for 
the least significant bit is A. 

   
Figure 1 

 
 

 
 
 
 
 
 
 
 
 

   
0 1 

 

. 1 
 

Complete Figure 1 by adding a single logic gate to the binary counter so that the 
circuit functions as a modulo-6 counter. 

[2 marks] 
   
   

  Figure 2 shows three outputs of the modulo-6 counter connected to a logic  
sub-system that controls a 7-segment display. 
The decimal point on the display is not shown. 
The whole system shown in Figure 2 is to be used as an electronic dice. 

   
Figure 2 

 

 
 

  Segments in the 7-segment display are turned on or off by the logic sub-system  
to display the decimal numbers 1 to 6 in sequence. 
A segment in the display turns on when the logic output with the same letter as the 
segment is at logic 1. 

 

AND
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  Table 1 shows how the values of CBA control the logic level applied to each of the 
segments a to g during the counting cycle. 

 
Table 1 

 

Logic inputs Logic outputs 

C B A a b c d e f g 

0 0 0 0 1 1 0 0 0 0 

0 0 1 1 1 0 1 1 0 1 

0 1 0 1 1 1 1 0 0 1 

0 1 1 0 1 1 0 0 1 1 

1 0 0 1 0 1 1 0 1 1 

1 0 1 1 0 1 1 1 1 1 
 

   
 

 
0 1 

 

. 2 
 

One of the logic outputs a to g is controlled by a single NOT gate.  This gate uses one 
of the inputs A, B or C. 
 
State the input that is used and the segment that this NOT gate controls. 

[1 mark] 
  

                                                                                                 input =     
  

                                                                                           segment =  
   
   
0 1 

 

. 3 
 

X represents one of the logic outputs.  The Boolean expression for this output is: 
 
                                             X = ( ) +⋅A  B   C   
 
State which of the logic outputs a to g is being controlled by this function. 

[1 mark] 
  

 
  

 
  

 
  

logic output =   
   
   

Question 1 continues on the next page 

C
b

f
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. 4 
 

Y represents another of the logic outputs.  The Boolean expression for this output is: 
 

                                          Y = ( ) ( )+⋅ ⋅A  B   B  C  

 
Complete Figure 3 to show the combination of logic gates needed to represent the 
expression. 
You should only use logic gates that represent the individual functions shown in the 
expression. 

[3 marks] 
   

Figure 3 
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NOT
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0 2 
 

 Figure 4 shows a strain gauge that consists of a folded metal wire glued to a piece of 
insulating material. 

   
Figure 4 

 

 
 

  The resistance of the metal wire: 
 
• increases when the gauge is stretched by forces applied as shown 
• changes when there is a change in temperature. 

 
 
 
 
 

Question 2 continues on the next page 
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Figure 5 shows a circuit that contains two identical strain gauges A and B. 
The resistance of each strain gauge is 120.00 Ω when the strain is zero. 
     R1 is a 560 Ω fixed resistor. 
     R2 is a 100 Ω variable resistor. 
     R3 is a 510 Ω fixed resistor. 
Assume that the voltmeter is ideal. 

   
Figure 5 

 

 
 

  The circuit is used to measure changes in strain in a metal beam. 
A is glued firmly to the metal beam.   
B is placed on the beam near A but is not glued to the beam. 
 
Initially, with the gauges under zero strain, R2 is adjusted to produce 0 V on the 
voltmeter. 
When the beam bends, A stretches and B remains unstretched. 
The resistance of A increases to 120.06 Ω. 
 
Calculate, in mV, the new reading on the voltmeter. 

[3 marks] 
   

  reading on the voltmeter = 
 
 mV 

 

Before: VY = 5.00 V (bridge balanced, voltmeter reads 0 V)

Potential divider: VX = V × RA / (RA + RB)

VX = 10 × 120.06 / (120.06 + 120.00) = 10 × 120.06 / 240.06

VX = 5.00125 V

Reading = VX − VY = 5.00125 − 5.00000 = 0.00125 V

1.25
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. 2 
 

Explain the advantage of using strain gauge B rather than a 120.00 Ω resistor in the 
circuit. 

[2 marks] 

   
 

   
 

   

   

   
 

   
 

   
   

0 2 
 

. 3 
 

The voltages at X and Y in Figure 5 are now used as inputs to an operational 
amplifier. 
The operational amplifier is configured as a difference amplifier with a gain of +5 
 
Complete Figure 6 to show the difference amplifier circuit. 
Any resistors used must be labelled with their values.  These values must be in the 
range 10 kΩ–10 MΩ. 
Do not show the supply rails. 

[3 marks] 
   

Figure 6 
 
 
 
 
 
 
 

 
 
  

 
8 

 

Strain gauge B is identical to A, so it has the same response to

temperature changes as A, whereas a 120.00 Ω resistor would not

change its resistance in the same way when the temperature changes.

So when the temperature changes, the resistances of A and B change

equally and the temperature effects cancel, so the voltmeter reading

only changes because of strain in A.

−

+
Vout

R4 = 10 kΩ

R6 = 10 kΩ

R5 = 50 kΩ

R7 = 50 kΩ

gain = R5/R4 = R7/R6 = 5
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. 1 
 

Figure 7 shows a block diagram for part of a communication system that transmits 
control information from Earth to a satellite. 

   
Figure 7 

 

 
 
 

  Which row gives the functions of the boxes W, X, Y and Z in Figure 7? 
Tick () one box. 

[1 mark] 
   
  

W X Y Z  
 

amplifier modulator demodulator receiver 
 

 

modulator amplifier receiver demodulator 
 

 

demodulator amplifier modulator receiver 
 

 

amplifier demodulator receiver modulator 
 

 
 

   
   
   

0 3 
 

. 2 
 

Syncom 3 was the first geostationary communication satellite. 
The satellite was used to broadcast television signals of the 1964 Olympic Games 
from Tokyo in Japan to Los Angeles in the USA. 
 
State what is required so that de-sensing does not occur in a radio receiver such as 
that on Syncom 3. 

[1 mark] 

   
 

   

   
 

   
   

 
  

The up-link and down-link frequencies must be different (the receiver

must not receive at the same frequency as the transmitter is sending).
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  Commentators in Los Angeles interviewed athletes in Tokyo using Syncom 3. 
 
The commentators found that there was a significant time delay between the end of 
each question and the arrival of its reply.   
 
This time delay was made up of: 
• the total time that the signals spent travelling 
• the total processing time. 

   
0 3 

 

. 3 
 

The distance of the geostationary satellite from both Tokyo and Los Angeles 
was 40 000 km. 
 
The time delay was 900 ms. 
 
Calculate, in ms, the total processing time. 

[2 marks] 
   

  total processing time = 
 
 ms 

 

   
   

0 3 
 

. 4 
 

The television signals received in the USA were relayed to the UK using a satellite in 
low Earth orbit. 
The availability of live coverage was different for viewers in the USA and viewers in 
the UK. 
 
Explain why. 

[2 marks] 

   
 

   
 

   

   

   
 

   
 

   
Question 3 continues on the next page 

 

USA: the geostationary satellite stays above the same point on the

Earth, so it gives a permanent link and live coverage all the time.

UK: a low Earth orbit satellite moves across the sky, so it is only in

communication with both the USA and the UK for short periods of each

orbit, so live coverage was only available at certain times.

Return journey: LA to satellite to Tokyo, then Tokyo to satellite to LA

distance = 4 × 40 000 km = 160 000 km = 1.6 × 108 m

travel time = d / c = 1.6 × 108 / 3.0 × 108 = 0.533 s = 533 ms

processing time = 900 − 533 = 367 ms

367
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For the 2020 Olympics, digital TV signals between Tokyo and Los Angeles used a 
fibre-optic cable.  The cable lies on the seabed. 
 
Explain why a fibre-optic cable rather than a satellite link is now preferred for 
intercontinental communication. 

[2 marks] 

   
 

   
 

   

   

 
  

 
8 

 

A fibre-optic cable has a much larger bandwidth and is a permanent,

continuous link that is always connected.

It is also more secure and suffers less interference (e-m noise does not

affect light), with a shorter time delay as the path is much shorter.
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A particular operational amplifier has the following properties: 
 
• open-loop gain = 1 × 105 
• break frequency (cutoff frequency) = 10 Hz 
• gain × bandwidth = 1 MHz.  
 
Draw, on Figure 8, the variation of gain with frequency for this operational amplifier  
in open-loop mode. 

[2 marks] 
   

Figure 8 
 

 
 
 

 
  

flat at 105 up to 10 Hz

gain = 1 at 106 Hz
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. 2 
 

Figure 9 shows the operational amplifier being used in an inverting amplifier circuit. 
   

Figure 9 
 

 
   
   
   
  Annotate Figure 9 with: 

 
• an X to indicate a point that acts as a virtual earth 
• arrows to show the direction of current I in both resistors when the 
    input voltage Vin is negative. 

[2 marks] 
   
   

0 4 
 

. 3 
 

The value of Rf in the feedback loop in Figure 9 is increased. 
 
State and explain the effect of this change on the bandwidth of the inverting amplifier. 

[2 marks] 

   
 

   
 

   
 

   
 

   
 

   
 

 
 
 
 
 

Turn over for the next question 
 

 
6 

 

The bandwidth decreases.

The closed-loop voltage gain of the inverting amplifier is −Rf/Rin, so

increasing Rf increases the gain. Since gain × bandwidth is a constant,

a larger gain gives a smaller bandwidth.

I I

I
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 Figure 10 shows a circuit that has an input signal which is a noisy square wave.   
The circuit is used to remove the noise and switch a motor M on and off. 

   
Figure 10 

 

 
 

  Explain the functions of components A, B and C. 
 
For each of these components you should: 
 
• explain its role in the circuit 
• identify the characteristic properties that make the component suitable for this role. 

[6 marks] 
   

 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

Component A is a Zener diode. Its role is to provide a fixed reference

voltage at the inverting (−) input of the op-amp B. The reference

voltage is set at a value below the noise level (below the noisy high

part of the square wave but above the low level), so that the noise is

excluded and does not affect the output.

It is suitable because it is used in reverse bias (with the series resistor

limiting the current), and once it reaches its reverse breakdown voltage

the voltage across it stays fixed and almost constant even if the

current through it changes.

Component B is an operational amplifier used as a comparator. The

noisy input signal goes to the non-inverting (+) input and is compared

with the reference voltage. When the signal voltage is larger than the
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reference voltage (V+ > V−) the output saturates high, close to +12 V.

When the signal is below the reference voltage (V+ < V−) the output

drops to about 0 V. So the noise is removed and a clean square wave is

produced.

It is suitable because it has a very high open-loop gain, so the output

saturates for a very small voltage difference between the inputs, giving

a clean, sharp switching pulse at the output as the signal crosses the

reference voltage. It also has a very high input resistance, so it draws

negligible current and puts negligible load on the input signal and the

Zener reference.

Component C is an (n-channel enhancement) MOSFET. Its role is to

act as a voltage-controlled switch: when the comparator output is high,

the gate-source voltage is above the threshold voltage, so the MOSFET

turns on and current flows through the motor M, switching it on. When

the comparator output is low, the MOSFET is off and the motor stops.

It is suitable because it is a voltage-controlled device with a very high

input (gate) resistance, so it draws negligible current from the

comparator. It acts as a current amplifier, so it can switch the large

motor current that the op-amp could not supply. When on, its

drain-source resistance is very low, so very little power is dissipated in

the MOSFET.
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