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Data Sheet

Assume, unless otherwise indicated, that:

 • all op-amps operate from supply rails at +15 V and –15 V
 • all logic gates operate from supply rails at +5 V and 0 V.

resistance R = V
I

power P = VI

series resistors R = R1 + R2

time constant τ = RC

monostable pulse time T = 0.7 RC

relaxation oscillator period T = 0.5 RC

frequency f = 1
T

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
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Answer all the questions.

1 Fig. 1.1 shows a logic system.

B
Q

C

DA

Fig. 1.1

 (a) Complete the truth table for this logic system.

B A C D Q

0 0

0 1

1 0

1 1

 [3]

 (b) Use the truth table to write down a Boolean expression for Q in terms of A and B.

 Q =  .........................................................  [1]

 (c) Draw a diagram to show how the NOT gate can be made from a NAND gate.

 [1]

 (d) Draw a diagram to show how the AND gate can be made from NAND gates.

 [1]

 (e) Draw a diagram to show how the NOR gate can be made from NAND gates.

 [1]
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 (f) Draw in the space below a circuit with only NAND gates that replaces the circuit of Fig. 1.1.
  Label the inputs A and B and the output Q.

 [2]

 (g) State an advantage of using only NAND gates to build a circuit.

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

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

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

 [Total: 10]
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2 Fig. 2.1 shows an op-amp circuit.

15 V

0 V

B

A

2.2 kΩ6.9 kΩ

5 kΩ

C
+

–

R

Fig. 2.1

 (a) A student decides to build this circuit the only available resistors are 2.2 kΩ, 4.7 kΩ 
and 10 kΩ.

  (i) Draw a diagram to show how the 6.9 kΩ resistor can be replaced by a combination of 
some of the available resistors.

 [2]

  (ii) Fig. 2.2 shows a number of resistors connected in parallel.
   Put a ring around the resistor combination which could replace the 5 kΩ resistor in 

Fig. 2.1.

2.2 kΩ

2.2 kΩ

2.2 kΩ

6.8 kΩ

6.8 kΩ

6.8 kΩ

10 kΩ

10 kΩ

Fig. 2.2
[1]

 (b) Calculate the voltage at A.

 Voltage at A =  .........................................................  [3]
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 (c) Explain why the connection to the op-amp can be ignored in your calculation of the voltage at A.

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

 (d) When the output of the op-amp is saturated positive the LED glows.
  Calculate the value of R to make the LED operate at 30 mA and 4.5 V.

 R =  .....................................................  Ω [2]

 (e) Put a ring around the MOSFET on Fig. 2.1.  [1]

 (f) Explain why the MOSFET is needed

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

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

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

 (g) Draw on Fig. 2.1 to show how a voltmeter can be connected to measure the voltage at the 
inverting input of the op-amp.  [1]

 (h) Explain why the LED does not glow when the thermistor is cold.
  Refer to the points A, B and C in your answer.

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

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

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

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

 (i) Explain what happens to the state of the LED as the temperature of the thermistor changes 
slowly from cold to hot.

  Refer to the points A, B and C in your answer.

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

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

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

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

 [Total: 20]
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3 The circuit in Fig. 3.1 allows a switch to control a buzzer.

22 kΩ 47 μF

5 V

0 V

X Q

buzzer

          

Voltage at X Voltage at Q

less than 2.5 V 5 V

more than 2.5 V 0 V

Fig. 3.1

 (a) (i) Show that the time constant of the resistor and capacitor network is about 1 s.

  [2]

  (ii) Calculate the time taken for the voltage at X to fall from 5 V to 2.5 V when the switch is 
released.

 Time =  ......................................................  s [1]
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 (b) Complete the graph below to show how the voltage at X changes with time as the switch is 
pressed and released.

4

2

0
0 1

switch pressed
2

switch released
time / s

X / V

  [4]

 (c) Use the data in the table of Fig. 3.1 to draw a graph showing how the voltage at Q changes 
with time as the switch is pressed and released.

4

2

0
0 1

switch pressed
2

switch released
time / s

Q / V

  [3]

 (d) Explain what happens when the switch in Fig. 3.1 is pressed and released.

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

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

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

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

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

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

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

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

 .............................................................................................................................................  [6]

 [Total: 16]
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4 Fig. 4.1 shows an incomplete circuit to produce sound.

R

C

A

B

0 V

5 V

8 Ω

Fig. 4.1

 (a) The signal at A has a frequency of 440 Hz. Show that the period of the signal at A is about 
2 ms.

  [1]

 (b) Calculate suitable values of R and C to produce a signal with a frequency of 440 Hz at A.

 R =  ...........................................................  Ω

 C =  ...........................................................  F
  [3]

 (c) Draw on Fig. 4.1 to show how an oscilloscope can be connected to display the signal at A. [1]

 (d) On the grid below draw the trace you would expect to see on the oscilloscope.

  Time base = 0.5 ms / division
  Y sensitivity = 2 V / division

  [3]
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 (e) Draw on Fig. 4.1 to show how a resistor and a switch can be connected to point B so that the 
speaker makes a sound when the switch is pressed. [2]

 (f) Show that the current through the speaker is about 600 mA when the MOSFET is on.

  [1]

 (g) The following MOSFETs are available for the circuit in Fig. 4.1.

Device RDS(on) / Ω Maximum ID / A Maximum Power / W

2N7000 5 0.2 0.4

ZVN3306A 5 0.27 0.625

ZVN2106A 2 0.45 0.7

BS170 5 0.5 0.83

ZVN4306A 0.45 1.1 0.85

  (i) Write down the most suitable device for the MOSFET in the circuit.

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

  (ii) Give a reason for your choice of MOSFET.

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

 [Total: 13]
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5 Fig. 5.1 shows an incomplete block diagram of an electronic alarm system for a fridge.

light
sensor

Fig. 5.1

 The system sounds an alarm when:
  ■ the fridge gets warm;
  ■ there is light inside the fridge because the door is open.

 (a) Complete the block diagram by putting the correct label in each block. Choose from:

buzzer driver logic position temperature zener
gate sensor sensor diode

  [4]

 (b) State what the arrows on a block diagram represent.

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

 (c) The circuit of the light sensor is shown in Fig. 5.2.

15 V

1 kΩ 22 kΩ

0 V

+

–
output

R

A

F

Fig. 5.2

  (i) Label the LDR in the circuit of Fig. 5.2.  [1]

  (ii) State the electrical properties of an LDR.

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

 .....................................................................................................................................  [2]
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  (iii) The circuit in Fig. 5.2 contains a diode. Draw a graph on the axes below to show how the 
current through the diode depends on the voltage across it.

current

Voltage / V
–4 –3 –2 –1 1 2 3 4

[3]

  (iv) Calculate a suitable value for R to make the output of the circuit 5 V when the voltage at 
A is 13 V.

 R =  .........................................................  [3]

  (v) Name the component marked F in Fig. 5.2.

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

  (vi) Suggest why component F has been included in the circuit of Fig. 5.2.

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

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

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

  [Total: 17]
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6 The truth table for a logic system is shown below. It has inputs C, B and A, and outputs W and Z.

C B A W Z
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 (a) Write a Boolean expression for W.

W =  .....................................................................................................................................  [1]

 (b) Fig. 6.1 shows the circuit for W.

A

C W

B

Fig. 6.1

  (i) Use Boolean algebra to show that the circuit in Fig. 6.1 is equivalent to your expression 
for W in part (a).

  [4]

  (ii) Suggest why the power supply connections for the logic gates are not shown.

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

 .....................................................................................................................................  [1]
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 (c) Fill in column Z in the truth table using the Boolean expression Z = C · B · A + C · A  [2]

 (d) Show in the space below how a circuit for Z can be assembled from NOT, AND and OR gates.

  [3]

  [Total: 11]

  Quality of written communication [3]

END OF QUESTION PAPER
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