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Section B

Answer all questions in this section.

0]1) Figure 1 shows part of the motor from a computer disk drive.

Figure 1
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On each rotation a small magnet passes a Hall-effect sensor H which detects the
change in magnetic field and produces an output potential difference (pd) that
varies with time as shown in Figure 2.
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. Determine the speed of the motor in revolutions per second.
[2 marks]

speed of motor = revs




. Explain why the output from the magnetic field sensor is unsuitable to be applied

directly to the logic circuit of the motor controller.

[1 mark]

. The signal from the magnetic field sensor is applied to the circuit shown in

Figure 3.
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Show that the potential of point Ais about +3 V.

o0V

[1 mark]

: Draw on Figure 2 the waveform showing the variation with time of the output

voltage Vy of the circuit shown in Figure 3.

[2 marks]

Turn over »




E Figure 4 shows a constant-current generator connected to a 22 MQ resistor.

Figure 4
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: The output from the current generatoris 5.0 x 107° A,

Show that the magnitude of the pd across the 22 MQ resistor is about 10 mV.
[1 mark]

. A student tries to measure this voltage with a digital voltmeter set on the 200 mV
range. The resistance of the meter on thisrangeis 1.0 MQ.

Explain why the meter does not read 10 mV.
[2 marks]




: The student then decidesto use a non-inverting operational amplifier to interface
to the digital voltmeter.

Discuss the important property that makes this configuration a suitable choice.
[2 marks]

: Figure 5 shows a partly-drawn circuit diagram for the non-inverting amplifier.
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Complete Figure 5 to form a non-inverting amplifier by adding two labelled
resistors and any connections that are needed.
[2 marks]

Turn over »




(0] 2]. The values of the two resistors added to Figure 5 are to give the non-inverting
amplifier a voltage gain of 20. The resistance of the smaller of these two resistors
is 500 kQ.

Which of the following is the correct resistance for the other resistor ?
Tick (v) the correct answer in the right-hand column.
[1 mark]

v if correct

1.0 MQ
9.5 MQ
10.0 MQ
10.5 MQ

: @ Justify your choice of resistance value by calculation.
[1 mark]




A student needs to monitor the temperature of a pond using a remote link. To
provide the link the student decides to use radio transmitter and receiver modules.

The radio modules available to the student are available with either amplitude
modulation (AM) or with frequency modulation (FM).

Describe what is meant by amplitude-modulated and by frequency-modulated
radio waves.

In your answer you should:

* indicate the principal features of each of these two types of modulation
» explain the differences between them
+ refer to the advantages and disadvantages of using eachtype of modulation.
[6 marks]

Turn over »







: The radio modules chosen by the student transmit a signal that is amplitude
modulated having a carrier frequency of 434 MHz. The data sheet for the modules
specifies quarter-wave aerials for both the transmitter and receiver.

Calculate the length of a quarter-wave aerial.
[2 marks]

length of aerial = m

. The output from the temperature sensor in the pond is connected to an astable

oscillator. The frequency f (in Hz) of the astable varies with temperature € (in °C)
according to the equation

f =7.3(60 +273)

During the course of the year the temperature of the pond varies between 4°C and
22°C. The highest frequency produced by the astable is 3.0 kHz.

Calculate the lowest frequency in kHz produced by the astable.
[1 mark]

lowest frequency = kHz

.[4] Deduce the maximum bandwidth required by the AM carrier wave produced by the
radio transmitter as the signal from the astable is transmitted.

[2 marks]

Turn over »
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. Draw connections on Figure 6 to show how the 4-bit binary counter could be used
to form a binary coded decimal (BCD) counter.

Figure 6

[2 marks]

An automatic bread maker has 10 discrete processes. These are shown in the
following table. The processes are controlled by the BCD counter.

Eruorﬁng Process Action
0 OFF add ingredients
1 mix ingredients motor on
2 warm ingredients heater on
3 add yeast add ingredients
4 mix dough motor on
5 warm ingredients heater on
6 mix dough motor on
7 warm ingredients heater on
8 cook heater on
9 switch heater OFF alert that bread is cooked

. Identify and write down the process numbers from the table that correspond to
each of the actions when the heater is on. Convert each of these numbers into
their binary values.

[1 mark]
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: Show, by reference to the labelled terminals on the counterin Figure 6, that the
Boolean expression for the conditions when the heater is on is

= D.C.BAA + D.C.B.A + D.C.B.A + D.C.B.A
[2 marks]

Turn over for the next question
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m A student experiments with the circuit shown in Figure 7.
Figure 7
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Y is a NAND gate for which an input of less than 2.5V is logic state 0 and input
greater than 2.5V is logic state 1.

Switch S is set to position A for a long time so that the capacitor is uncharged.

: Explain why the output of Y is logic state 1.

[1 mark]

: When S is moved to position B, the capacitor charges through the 100 kQ resistor.

Show that the capacitor will be charged to 2.5V after about 7s.
[2 marks]

. Suggest an application for a circuit such as that shown in Figure 7.
[1 mark]

END OF QUESTIONS

Copy right© 2017 AQA and its licensors. All rightsreserved.




