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Answer all questions in the spaces provided.

1 The Boolean expression for a logic circuit with inputs A and B and output Q is

Q = A.B  +  A + B

(a) Complete the diagram below to show how this logic circuit can be constructed from one 2-input
AND gate, one 2-input OR gate and one 2-input NOR gate.

A

Q

B
(5 marks)

(b) Label the two intermediate points in your diagram in part (a) as C and D.
Complete the truth table to show the logic states of C, D and Q.

(4 marks)

(c) State what logic function the complete circuit provides.

.........................................................................................................................................................
(1 mark)
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2 An output indicator in a system is a 6 V 0.06 A filament lamp.
The output of the system is actually 9 V which is too high for the lamp.

(a) (i) Complete the diagram to show how a resistor can be used to reduce the voltage across the
lamp.

(ii) Calculate the voltage across the resistor.

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

(iii) State the value of current through the resistor.

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

(iv) Calculate the required value of the resistor.

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

(v) Calculate the power dissipated by this resistor.

...............................................................................................................................................
(6 marks)

(b) In practice the resistor above is not a preferred value.

(i) Which two resistor values could be combined to obtain the value in part (a)(iv)?

.......................................................... and  .........................................................................

(ii) In what circuit configuration should these resistors be placed?

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

(iii) Another approach to solving the problem of choosing an appropriate resistor would be to
select a single resistor from the list of preferred values.
What value would you choose if the lamp ratings were not to be exceeded?

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

(iv) Give the colour code for this resistor if it has a 5% tolerance.

...............................................................................................................................................
(8 marks)
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3 The RC circuit shown below is used in a simple timer.

(a) Calculate the time constant of the circuit.

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

.........................................................................................................................................................
(2 marks)

(b) With the capacitor initially uncharged, the circuit is connected across a 10 V power supply.

(i) Calculate the time for the capacitor to charge up to half the power supply voltage.

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

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

(ii) Calculate the approximate time for the capacitor to charge up to the full power supply
voltage.

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

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

(iii) The capacitor voltage is connected to a comparator circuit which has a reference voltage
of 6.3 V.  How long will it take before the comparator switches?

...............................................................................................................................................
(5 marks)
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4 A temperature detector is designed for a system that provides ventilation by turning on an electric fan
when the temperature rises.

The circuit diagram of the input sub-system is shown in Figure 1.

Figure 1

(a) The output of the sub-system at X is required to be half the supply voltage at the minimum
operating temperature for the fan.

(i) Calculate the output voltage at X at the minimum operating temperature.

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

(ii) Calculate the resistance of the thermistor at this temperature.

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

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

(iii) Using the extract from the thermistor data sheet in Figure 2, determine the actual
minimum operating temperature of the system.

Figure 2

minimum operating temperature .....................................................................................................
(5 marks)
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(b) The input sub-system in Figure 1 opposite is connected to a MOSFET which is used to drive the
fan motor.

(i) Draw a circuit diagram of the whole system which includes the input sub-system,
MOSFET and fan motor.
Include in your diagram a protection diode for the MOSFET.

(ii) Explain why the protection diode is necessary.

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

...............................................................................................................................................
(5 marks)
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5 In an industrial process the light level is monitored because the light level should be within a certain
range.
The circuit diagram below shows the input stage and process stage of the system.

(a) Name the function of the process stage.

.........................................................................................................................................................
(1 mark)

(b) Calculate the voltage at point A in the circuit.

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

.........................................................................................................................................................
(2 marks)

(c) Calculate a suitable value for R that would protect the LDR by ensuring that no more than 10 mA
can flow through it.

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

.........................................................................................................................................................
(2 marks)

(d) Describe the operation of the circuit by comparing the voltages at A and B as the light level
increases from darkness to very bright light.
State whether the output is high or low in each case.

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

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

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

.........................................................................................................................................................
(4 marks)
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(e) An ideal op-amp would give output voltages of 0 V and 12 V in this circuit.  The saturated output
voltages of a typical op-amp in this circuit are +3 V and +9 V.  The forward voltage drop of a
single red LED is 1.8 V and if it was used as an output indicator on its own it would light up on
both output voltages.

Draw on the circuit diagram opposite a suitable output circuit that would emit light only when
the higher output voltage is present.
Explain how your circuit functions.

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

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

.........................................................................................................................................................
(4 marks)
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6 (a) A 555 timer is used as an astable.

(i) Complete the circuit diagram in Figure 3 to show how the 555 IC is connected as an
astable by adding wire links, two resistors RA and RB and a capacitor C.

Label the components you have added.

Figure 3

(ii) Calculate the frequency of the output of the astable if RA is 1 kΩ, RB is 100 kΩ and 
C is 0.01 µF.

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

...............................................................................................................................................
(8 marks)

(b) The signal from the astable in Figure 3 is combined with that of another astable which produces
a 1 Hz signal to produce a pulsed signal.  Draw a system diagram including the two astables and
a logic gate to show how this can be achieved.

(3 marks)
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(c) The pulsed signal from part (b) is controlled by a further logic gate and a monostable so that an
output is only available for a preset time.
Complete the circuit diagram in Figure 4 to show how a 555 IC is connected as a monostable by
adding wire links, resistor R and capacitor C.
Label each component and the input to the sub-system.

Figure 4
(4 marks)

(d) The whole system is used to provide an output for an alarm driven from three sensors A, B and
C.  Output Q is a logic 1 when the alarm should sound.  The truth table for this is shown below.

Write down a Boolean expression for Q in terms of A, B and C.

.........................................................................................................................................................
(3 marks)

18
END  OF QUESTIONS
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