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Answer all questions in the spaces provided.

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

Q = (A + B) . (A + B)

(a) Complete the truth table to show the logic values of the terms below for all the
combinations of variables A and B.

(5 marks)

(b) Complete the diagram below to show how a logic circuit can be constructed from two
NOT gates, two OR gates and one AND gate to represent the Boolean equation above.

A

Q

B

(5 marks)

(c) State which single logic gate has the same function as the complete circuit above.

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

____
11

A B A B A + B A + B 
 

Q 
 

0 0      
 

0 1      
 

1 0      
 

1 1      
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2 A student designs an electronic system to make an audible tone that pulses on and off
repeatedly when the temperature exceeds a certain level.

(a) Draw a system diagram to show a possible design using the following
subsystems

af astable                                  AND gate                                  comparator

slow astable                                 sounder temperature sensor.

(6 marks)

(b) In which subsystem could

(i) an op-amp be used, ....................................................................................................

(ii) a thermistor be used, ..................................................................................................

(iii) a logic gate be used? ..................................................................................................
(3 marks)

____
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3 The RC circuit shown below is used in a simple timer.

(a) Calculate

(i) the combined capacitance of the two capacitors in this circuit,

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

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

(ii) the time constant of this circuit.

....................................................................................................................................
(4 marks)

(b) The timer switches when the capacitors are discharged to half the power supply
voltage.
Neglecting any current taken by the timing circuit and assuming the capacitors are
initially fully charged.  Calculate

(i) how long it will take for the capacitors to discharge to half the power supply
voltage,

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

(ii) approximately how long it will take for the capacitors to totally discharge.

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

Turn over for the next question

____
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4 A temperature sensor input subsystem is shown below.

(a) The thermistor shown above has a resistance of 30 kΩ at 0 °C, 15 kΩ at 25 °C, and 
2 kΩ at 100 °C.

(i) At what temperature given above will the current through the circuit be the
largest?

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

(ii) Explain why the maximum current will flow at this temperature.

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

(iii) Calculate the value of this current.

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

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

(iv) Calculate the output voltage at X at this temperature.

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

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

+12 V

0 V

10 kΩ

X
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(b) The temperature sensor subsystem is to be connected to a comparator circuit to detect
when the water in an electric kettle boils.

(i) What reference voltage must the comparator have to detect boiling water?

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

(ii) Draw a suitable circuit for the comparator if it is to produce a high output when
the water boils.
Choose suitable values for the resistors in the voltage divider, labelling them on
your circuit diagram.

(5 marks)

____
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5 A 555 timer IC is connected as an astable.

(a) (i) Complete the circuit diagram below to show how the 555 timer IC is connected
as an astable.

(ii) Draw an LED and series resistor connected to the output so that the LED lights
when the output is high.

(6 marks)

(b) (i) Calculate the time for which the LED will be on.

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

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

(ii) Calculate the time for which the LED will be off.

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

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

(iii) Calculate the frequency of the output pulses.

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

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

____
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555
reset

discharge

threshold

trigger

ground
control
voltage

output

+Vs
RA

RB

10 kΩ

10 kΩ

100 µF

+9 V

0 V

+
C
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6 A student designs an automatic porch light that will switch on when it gets dark.
To give enough light a 40 W lamp that operates from 12 V is chosen.

(a) Why can this lamp not be controlled directly from a comparator or logic gate?

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

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

(b) The student then considers the choice of lamp drivers available.

(i) Name two semiconductor active devices that could be used to control the lamp.

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

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

(ii) Which electromagnetic device could also be used?

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

(iii) What other component must be used with the electromagnetic device to protect
the rest of the circuit?

....................................................................................................................................
(4 marks)

Turn over for the next question

____
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7 The power supply circuit shown below gives an output voltage of 5.1 V when connected 
to a 9 V battery.
The 9 V battery gives an output of 9.6 V when it is new, falling to 7 V at the end of its useful
life.

(a) (i) Name the component Y in the circuit.

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

(ii) What voltage rating should be chosen for Y?

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

(iii) In which bias direction is component Y connected?

....................................................................................................................................
(4 marks)

(b) The maximum output current from this circuit is 50 mA.
Under this condition the current through Y is 5 mA.
Calculate

(i) the current flow through R,

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

(ii) the voltage across R when the input voltage is 7 V,

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

(iii) the required value of resistance R,

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

(iv) which preferred value should be chosen for R if the current through Y is not to
fall below 5 mA.

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

R
+5.1 V

0 V0 V

+7 V to +9.6 V

Y
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(c) A new battery which has a voltage of 9.6 V is connected to the input of this circuit with
the value of R chosen in part (b)(iv).
Calculate

(i) the new voltage across R,

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

(ii) the new current through R,

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

(iii) the power now dissipated by R.

....................................................................................................................................
(4 marks)

(d) With the new battery and when no current is drawn from the output of the circuit
calculate

(i) the current through component Y,

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

(ii) the power dissipated by component Y.

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

(e) (i) Calculate the maximum useful output power delivered by this circuit.

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

(ii) Comment on the efficiency of this circuit for providing a stable 5.1 V output
voltage from a small 9 V battery.

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

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

END  OF QUESTIONS

____
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