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Answer all questions in the spaces provided.

1 A logic circuit is shown below.

(a) Complete the truth table below to show the operation of this logic circuit.

(4 marks)

(b) Write the Boolean expressions for the signals at points C and D in terms of the inputs 
A and B.

C = ...................................................................................................................................................

D = ...................................................................................................................................................
(2 marks)

(c) Write a Boolean expression for Q

(i) in terms of C and D,  Q = ....................................................................................................

(ii) in terms of A and B.  Q = .....................................................................................................
(2 marks)

(d) A single gate can replace the combination of gates above.

(i) Name the gate. ......................................................................................................................

(ii) Draw the logic circuit symbol for this gate.

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

(a) (i) Calculate the combined capacitance of the two capacitors in the circuit.

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

(ii) Calculate the time constant of the circuit.

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

(b) Both capacitors are initially uncharged.  When connected to a power supply, calculate:

(i) the time for the capacitors to charge to half the power supply voltage;

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

(ii) the time for the capacitors to become fully charged.

...............................................................................................................................................
(4 marks)
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3 An electronic system is designed to turn on an LED when the room temperature rises to a set level.

The circuit diagram of the temperature sensor is shown below.

(a) The thermistor used in the circuit has a resistance of 45 kΩ at 0 °C, 13 kΩ at 25 °C and 
1 kΩ at 100 °C.

(i) Calculate the value of the resistor, R, that would give a current of 1 mA through the
thermistor when the temperature is 100 °C.

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

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

(ii) Using the value of R from part (i), calculate the output voltage at X when the temperature
is 25 °C.

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

...............................................................................................................................................
(5 marks)

(b) The temperature sensor is connected to an op-amp comparator circuit which gives a positive
output to turn on an LED when the temperature rises to 25 °C.  Draw a circuit diagram of the
whole system.  Component values are not required.

(4 marks)
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4 A 555 timer IC is used in a circuit to generate control pulses for an industrial process.

(a) Complete the circuit diagram below to show how the timer IC is connected as an astable.

(6 marks)

(b) Calculate:

(i) using the equation from the data sheet, the time that the output is low (tL);

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

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

(ii) using the equation from the data sheet, the time that the output is high (tH).

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

...............................................................................................................................................
(4 marks)
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5 An npn junction transistor is used to switch the current through a 12 V 6 W lamp.  
The input signal to the transistor is from a logic circuit that gives an output of 5 mA at 5 V.
The circuit is shown below.

(a) The base-emitter voltage of the transistor when switched on is 0.7 V.

(i) Calculate the voltage across the resistor, R, when the transistor is switched on.

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

(ii) Calculate the resistance of R required to limit the base current to 5 mA.

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

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

(iii) Resistors of this value are not available.  Which two identical resistors from the E24 series
would combine to give the required resistance?

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

(iv) Write the colour code for one of these resistors if it has a 5% tolerance.

...............................................................................................................................................
(9 marks)

(b) (i) Calculate the collector current of the transistor when the lamp is fully switched on.

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

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

(ii) Calculate the required current gain (ratio of collector current to base current) of the
transistor in this circuit.

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

...............................................................................................................................................
(4 marks)
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6 A regulated voltage supply circuit is shown below.  The input voltage varies from 10 V to 14 V.
The required output voltage is 7.5 V.

(a) (i) Name the type of diode required in this circuit.

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

(ii) What voltage rating should be chosen for the diode?

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

(iii) In which bias direction is the diode connected?

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

(b) The minimum diode current is 10 mA.  The required output current from the circuit is 100 mA.

(i) Calculate the current through the resistor, R, when the output current is 100 mA.

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

(ii) Calculate the voltage across R when the input voltage is at its minimum of 10 V.

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

(iii) Calculate the required resistance of R.

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

(iv) Which preferred value of resistance should be chosen in this case?

...............................................................................................................................................
(5 marks)
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(c) The input voltage now rises to its maximum of 14 V.

(i) Calculate the voltage across R.

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

(ii) Calculate the current through R at this voltage using the value of R from part (b) (iv).

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

(iii) Calculate the power dissipated by R at this voltage.

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

(iv) Resistors are available in power ratings of 0.25 W, 0.5 W, 1 W, 2 W and 4 W.
Which is the lowest acceptable power rating for the resistor?

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

(d) The power supply input voltage remains at 14 V, but no current is drawn from the output of the
regulator circuit.

(i) What is the current through the diode under these conditions?

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

(ii) Calculate the power dissipated by the diode under these conditions.

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

(iii) This type of diode is available in 0.4 W, 1.3 W and 5 W ratings.  Choose the most suitable
rating for this diode.

...............................................................................................................................................
(4 marks)
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7 A 555 monostable circuit is used to control an electromagnetic relay.

(a) Using the equation from the data sheet, calculate the time period of the monostable circuit.

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

(b) How should the input change to set the monostable into its unstable state?

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

(c) Which contact on the relay would be connected to the common terminal (COM) when the
monostable output is high?

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

(d) Add to the circuit diagram above the component required to protect the 555 IC from the large
induced voltage generated by the relay coil when it switches off.

(1 mark)
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