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Answer all questions in the spaces provided.

1 A student constructs the non-inverting amplifier circuit shown below.

o +I12V
o NN
A > I o)
100kQ
01V peu 100kQ i
2kQ
o i 00V
o -12V
(a) Calculate the peak output voltage from the circuit.
(2 marks)

(b) To drive a loudspeaker a student decides to add one n-channel and one p-channel MOSFET to
the circuit. On the diagram above show how these MOSFETs and the loudspeaker should be
connected. (3 marks)

(c) At low volume settings the output is very distorted.

(1) Name this type of distortion.

(4 marks)

Turn over P
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2 (a) Each input channel of a sound mixing desk has the circuit shown below.
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(i) Calculate the maximum voltage gain of the circuit when the switch is open.

(5 marks)
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(b) Complete the circuit diagram below of the summing amplifier, to show how four input circuits
like those in part (a) can be combined to form one output.

O—input circuit—
470kQ
O—input circuit |—
inputs
O—input circuit|— e
O—{input circuit (— Vou
oOvVo o0V

(2 marks)

(c) If the maximum voltage gain from the input to the output of the complete system is to be 110,
calculate a suitable value for the input resistors of the summing amplifier.

(2 marks)

TURN OVER FOR THE NEXT QUESTION
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3 The output from a music keyboard is insufficient to operate a high power audio amplifier and so the
circuit below is used to amplify the output from the keyboard.

from keyboard
om keyboar to power amplifier

ovo o0V

(@) (1) Calculate the voltage gain of the circuit.
Ignore the effect of the 0.33 WF capacitor.

(4 marks)
(b) Show that the reactance of the capacitor is approximately 15 k€2 at a frequency of 32 Hz.

(2 marks)
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(c) The gain-bandwidth product of the op-amp is 5x10°Hz. Sketch onto the axes below the
frequency response of the amplifier.

voltage
gain

100

10

10' 10° 10° 10* 10° 10° frequency/Hz

(3 marks)

TURN OVER FOR THE NEXT QUESTION
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4 The circuit below is used to provide a constant output of 5V from an unregulated power supply.

10-14V o ®
input
1kQ
I O +5V
output
10k
sov(Z)
0vVo ® ° o0V

(a) (i) Explain the function of the op-amp.

(ii) State the function of the MOSFET.

(3 marks)

(b) (1)) When the circuit is supplying 5V at 3 A, state the current that passes through the
MOSFET.

(ii)) Calculate the maximum voltage across the MOSFET.
(iii) Calculate the maximum power dissipated in the MOSFET.

(c) The MOSFET is mounted on a heat sink.
State three design features of an efficient heat sink.

(3 marks)
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5 The system diagram of a motor speed controller is shown below.

control » astable » monostable » driver > motor
The circuit diagram for the first three sub-systems is shown below.
e
control — | b 7 | ‘

| 500kQ }

|

L—— I ***** | monostable

100 nF
10kQ ! L
C
r oAb s et ke
L to driver
500kQ
astable
O ° o0V
(a) (1) Explain how the monostable circuit operates.
(i) The monostable has a time period of 10 ms.
Calculate a suitable value for C.
(7 marks)
(b) Show that the minimum period of the astable is 2 ms.
(2 marks)
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6 The circuit diagram below is part of a pulse generator.
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(@)

(b)

(c)

X
J O +V,
Y
Din D Q QA D Q QB D Q_O 0uput

Q|
Ql

>CK  Q > CK
o r [_

clock pulses
O

|—> CK

What is the usual name for the arrangement of D-type flip-flops in the circuit above?

o0V

When the switch is in position X, the output pulses are at half the frequency of the clock pulses.

Draw a circuit diagram below to show how this could be achieved using a single D-type
flip-flop.

(3 marks)
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(d) When the switch is in position Y, complete the timing diagram below.

clock

(4 marks)

TURN OVER FOR THE NEXT QUESTION
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7 (a) Anindustrial process takes 12 hours. Complete the diagram below to show how the four D-type

one pulse

per hour

O0—CK

Al

A

B

>CK

Q|

> CK

Al

flip-flops can be connected to form a binary up counter which resets at 12.

C

> CK

=l

(5 marks)

(b) The counter circuit above is required to turn on a heater during the first, third, tenth and last hour

of the process.
Complete the truth table below to show the output states of the flip-flops.

Hour D C B A
first 0 0 0 0
third 0 0 1 0
tenth
last 1 1

(4 marks)

(c) Using the truth table above, state the Boolean expression for when the heater is switched on.
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(d) Simplify the expression in part (¢) using either Boolean algebra or a Karnaugh map.

BA
......................................................................................... DC
00

00 01 11 10

01

11

10

(4 marks)

(e) Draw a circuit diagram, using logic gates, to show how to connect the hour counter in part (a) to
produce an output which gives a logic 1 when the heater should be on.

(3 marks)

END OF QUESTIONS
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