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Answer all questions in the spaces provided.

1 Latches are used in a system that determines which contestant in a quiz responds first.  Each
latch is constructed from two NAND gates.

(a) (i) Complete the circuit diagram below for the latch and add pull up resistors onto
the two inputs.

(ii) Label the outputs Q and Q and the corresponding inputs SET and RESET.
(6 marks)

(b) Explain how the latch circuit functions.  Assume that Q is initially at logic 0.

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

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

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

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

.............................................................................................................................................
(3 marks)
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2 A student was asked by his father to help him transfer his music collection from cassette tape
onto CD.  The student measured the output signal from the cassette player and found it to
have a typical value of 0.2 V.  The sound card in the student�s computer required a typical
input signal of 1.0 V.  The student decided that an amplifier was needed to match the two
signal levels.

(a) Calculate the required voltage gain of the amplifier.

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

(b) Draw the circuit diagram of a non-inverting amplifier which uses an op-amp.

(2 marks)

(c) If the feedback resistor has a value of 240 kΩ, calculate the value of the other resistor
needed to give the required voltage gain.

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

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

(d) Recordings made in this way contained too much high frequency noise (hiss).
To reduce this effect, the amplifier circuit was modified to form a low pass filter with a 
break point frequency of approximately 8 kHz, by connecting an 82 pF capacitor in
parallel with the feedback resistor.

(i) What is meant by the term low pass filter?

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

(ii) What is meant by the term break point frequency?

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

(iii) Show, by calculation, that using an 82 pF capacitor will give a break point
frequency of approximately 8 kHz in this amplifier circuit.

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

....................................................................................................................................
(4 marks)
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3 An electric hand dryer is activated by an infrared (IR) sensor when a person�s hands 
are put underneath the hot air vent.  The system block diagram is shown below.

The monostable circuit shown below is used for the timer sub-system.

(a) (i) State the function of the resistor R.

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

(ii) To trigger the monostable, how must its input signal change?

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

(b) Explain how the monostable circuit functions once it has been triggered.

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

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

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

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

(c) Calculate the value of the capacitor C required to give a time period of 30 s.

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

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

IR sensor Timer Driver
Electric

heater and
fan

+Vs

+

0 V

to driverinput

R

C 1 MΩ

1 2
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4 A power amplifier consists of an op-amp driving an n-channel and a p-channel MOSFET
arranged as a push-pull circuit.

(a) Explain what is meant by the term push-pull.

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

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

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

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

(b) The amplifier is driven by a sine wave test signal.  When operating at full volume 
into a 4 Ω loudspeaker, an oscilloscope trace of the output shows some distortion as
shown below.

(i) State one electrical property of the amplifier system that causes this distortion. 

....................................................................................................................................
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(ii) If the y-scale of the oscilloscope trace is 5 V per division, show that the
maximum undistorted rms power output of the amplifier into a 4 Ω loudspeaker
would be approximately 28 watts.

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

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

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

(iii) Calculate the rms current through the loudspeaker at this power.

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

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

(c) The push-pull amplifier circuit operates from a ±18 V power supply.  When the
amplifier is delivering 28 W to the loudspeaker, show that the power supplied to the
amplifier is approximately 34 W.

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

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

(d) Explain what happens to the energy that is supplied to the amplifier but not dissipated
in the loudspeaker.

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

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

Turn over for the next question
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5 The circuit diagram below was found in an analogue sound recording studio.

The lamp and LDR are in a sealed container so that only light from the lamp illuminates the
LDR.
The output from the op-amp goes to a MOSFET circuit via a diode.

(a) Name the circuit arrangement for this MOSFET.

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

(b) With no input signal to the op-amp, explain why the MOSFET gate voltage is � 0.7 V.

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

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

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

+6 V

6 V 60 mA

100 Ω

� 6 V

+

�

0 V0 V

Vin

1 MΩ

Vout
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(c) The characteristic for the MOSFET is shown below.

When the lamp is just lit, estimate, giving a reason for your answer, the voltage
difference between the gate and the source of the MOSFET in the circuit diagram on
page 10.

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

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

(d) (i) Explain why the voltage on the gate of the MOSFET will increase when there is 
an input signal to the amplifier.

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

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

(ii) What effect will this increase in voltage have on the brightness of the lamp?

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

(iii) What effect will this increase in voltage have on the resistance of the LDR? 

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

(iv) What effect will this increase in voltage have on the voltage gain of the
amplifier?

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

(e) Suggest a use for this complete circuit.

.............................................................................................................................................
(1 mark)
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6 A system diagram for a guitar effects unit is shown below.  The whole system operates from
a ±12 V supply.

(a) The circuit diagram for the input buffer is shown below.

(i) State the voltage gain of this circuit.

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

(ii) State the input resistance of this circuit.

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

effect 1

effect 2

effect 3

input buffer
mixer output

input  

outputinput

0 V0 V

1 MΩ

�

+
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(b) The circuit diagram for the mixer is shown below.

(i) What voltage gain does the mixer circuit give to effect 1?

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

(ii) With the three effects switched off, state two differences between the signal at the
input and the output of the whole system.

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

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

(c) The circuit diagram for effect 1 is shown below.

(i) Clearly label a virtual earth point on this circuit with the letter P.

(ii) Estimate the maximum and minimum signal output voltage from this circuit.

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

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

(iii) What is the function of the potentiometer?

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

output

0 V0 V

470 kΩ 470 kΩ

47 kΩ

effect 1

effect 2

effect 3

from input
buffer

1M Ω

input

output to mixer

0 V0 V

10 kΩ

�

+

�

+
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7 In order to show the direction of the nearest exit in the event of a fire, scrolling LED displays
are used.  The layout of LEDs on such a display is shown below, together with the order in
which the scrolling occurs.

A block diagram for the system is shown below.

(a) The circuit diagram for the astable sub-system is shown below.

(i) Explain why a logic 1 input is required from the fire alarm to enable the astable
circuit.

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

....................................................................................................................................
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(ii) Once enabled, explain how the astable circuit functions.

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

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

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

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

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

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

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

(iii) Estimate the frequency of this astable circuit.

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

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

(b) The two-bit up counter is made from two D-type flip-flops.
(i) In the space below draw the circuit diagram of a two-bit up counter.

(ii) Under what input conditions is the logic state of the D input transferred to the 
Q output?

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

Question 7 continues on the next page
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(c) The outputs of the two-bit up counter are A and B, as shown in the block diagram on
page 14.  A is the least significant bit.  Each LED driver sub-system needs a logic 1
input to switch on its LEDs.
Complete the Boolean expression for each output of the logic decoder.  The first one is
completed for you.

LED driver 0 =  A.B

(i) LED driver 1 ......................................................................................

(ii) LED driver 2 ......................................................................................

(iii) LED driver 3 ......................................................................................
(3 marks)

(d) Using only NAND gates, and the two-bit up counter outputs A and B, draw circuit
diagrams for each of these logic decoder functions.

(i) LED driver 0

(ii) LED driver 1

(iii) LED driver 2

(3 marks)

END  OF QUESTIONS ____
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