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Section B box

Answer all questions in this section.

Figure 1 shows the basic layout for a Johnson decade counter.
The main input is the clock (CK).
The main outputs are shown as Qg to Qo.

Figure 1

NN —Pe

—EN  Q Q Q@ Q3 Q Q5 Q¢ Q7 Qg Q

II| Figure 2 shows part of the timing diagram for a Johnson decade counter.
This timing diagram shows the output logic states against time. The counter is reset
to make Qp =1 and then the first two pulses are applied.

Complete Figure 2 to show the logic states of Qg, Q; and Q.
[2 marks]

Figure 2

Pulse . 1 2

Qp -

Q -

Question 1 continues on the next page
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The sequence then repeats.

complete sequence.

@ A student sets up the counter to make the traffic light sequence:

red — red + amber — green — amber

Figure 3 shows a partially completed diagram for producing this sequence.

Draw an OR gate and connections on Figure 3 so that the LEDs go through the

Figure 3
EN" @y Q1 Q Q3 Q Q5 Q¢ Q Qg Q
Red Amber Green
S O @
R
o

o0V

[1 mark]
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E State two factors that determine the ON time for the green LED shown in Figure 3. box
[2 marks]
1 The frequency of the clock pulses (the period of each clock pulse).
2 The number of adjacent counter outputs that are OR'ed together to
light the green LED.
E The potential difference across the green LED is 2.1 V when itis lit. The current
through it should not exceed 9 mA.
All logic gate outputs are:
logic low =0V
logic high=9 V.
The student suggests that a resistor of resistance 720 2 and a tolerance of +5%
should be used for R.
Deduce whether the student’s suggestion would be suitable.
[3 marks]
pd. across Rt Ve =9 - 21 =69V
R=Ve/1=69/0x103) =767Q (minimum value of R)
720 Q * 5%: range = 684 Q to 756 Q
Even the largest value, 756 Q, is below the 767 Q minimum: it gives |
= 6.9/ 756 = 9.1 mA (634 Q gives 10.] mh).
This exceeds the 9 mA limit, so the suggestion is not suitable.
8

Turn over »

05

stemup.co.uk IB/M/Jun19/7408/3BE


https://stemup.co.uk

Figure 4 shows an operational amplifier circuit used in an audio mixing desk.
Figure 4
1 MQ
— ——
100 kQ
input A o—— ] \
100 kO O output
input B +
1 MQ
oOvo ¢ o0V

The power supply for the amplifier is =12 V and +12 V but this is not shown in
Figure 4.

Iil What is the operational amplifier configuration shown in Figure 47?
Tick (v) one box.
[1 mark]

non-inverting amplifier

comparator

summing amplifier

difference amplifier \/
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e input A is connected to an audio signal of amplitude 150 mV
e input B is connectedto 0 V.

Calculate the amplitude of the output voltage.

Vout = (V+ - V—) X Rf / Rin
Vour = (0 = 0.150) x () MQ /100 kQ) = —0.150 x 10
Vour = =15V

output voltage = -1.5

@ The circuit shown in Figure 4 is tested by making the following connections:

[2 marks]

Question 2 continues on the next page
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E A microphone converts a sound wave into the voltage signal labelled signal 1 in box

Figure 5. At the same time the microphone produces a second signal, labelled
signal 2. Signal 2 is the inversion of signal 1.
These two signals travel along two separate wires in the same cable.

Figure 5

signal 1

AN
VAVAVE

signal 2

i TANVANYAN
/ERVARVARN
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Figure 6 shows some electrical noise that has been picked up and added to the box

signals as they travel through the cable from the microphone to the operational
amplifier circuit in Figure 4.

Figure 6

signal 1

voltage

oV \/ time

electrical noise

signal 2

e [\/\ /\
ov

time

The connections made in question 02.2 are removed.
Signal 1 is connected to input A and signal 2 is connected to input B.

Explain how the operational amplifier circuit affects the noise and strength of the
output signal.

[3 marks]

It is a difference amplifier, so it subtracts signal 2 (at the + input)

from signal | (at the — input), amplifying the difference by 10.

The noise is common to both signals (same size and same sign on both

wires), so it is cancelled / eliminated when subtracted.

Signal 2 is the inverse of signal |, so subtracting them adds

(reinforces) the wanted signal, giving a stronger output. 6

Turn over »
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Figure 7 shows a system to monitor a tank filling with liquid in which a magnet is box
mounted on a float.
Figure 7
Hall effect
sensor
float d

bar magnet
\ /’/,,,/ g

t

I I
I |
| |
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: : maximum liquid level
| |
| |
|
I
|
|

—— guides
/

I

|

l . -

: liquid
|

I

“ J

The Hall effect sensor produces an output voltage V. V depends on the distance d
between the sensor and the magnet.

When ¥V reaches a certain value, the flow of liquid to the tank is switched off.

The magnet may be arranged with either the north (N) or south (S) pole facing the
SEensor.

10
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Figure 8 shows how the magnitude of V' varies with d for the two possible
arrangements of the magnet.

Figure 8
2.7
2.6
2.5
!
244
I
]
VIV 2.3 "
I
]
2211
ll Key
211 — == north pole facing sensor
— south pole facing sensor
2041
I
1.9 ! T T T 1
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d/mm

II| Compare the advantages of the two arrangements for monitoring the movement of the
magnet towards the Hall effect sensor.

In your answer you should compare:
¢ the sensitivity of the system
e the range of d over which the system is useful.

You may ignore any effect from the Earth’s magnetic field.
[3 marks]

North pole facing: higher sensitivity (larger gradient) but over a very

short range of d (about | to 3 mm). The peak means one V can match

more than one d, so the liguid level is ambiguous.

South pole facing: lower sensitivity (smaller gradient) but covers a larger

range (about | to 1S mm), with no ambiguity: each d gives a unigue V

up to saturation.

Question 3 continues on the next page
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@ Figure 9 shows a Hall effect sensor being used as a tachometer to monitor the
rotational speed of the drive shaft of an electric motor.

Figure 9

vane motion

electric motor
drive shaft

magnet

The output of the Hall effect sensor is connected to an oscilloscope. When the vane
is between the magnet and the Hall effect sensor, the output of the Hall effect sensor
is low.

The trace produced on the oscilloscope is shown in Figure 10.

Figure 10
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The time-base on the oscilloscope is set to 5 ms / div. box

Calculate the number of complete revolutions of the drive shaft in one second.
[3 marks]

One pulse every 2.4 div: 2.9 x § ms = 12 ms

The vane has 3 blades, so one revolution = 3 pulses
T=3x12ms=36ms (7.2 divxS ms/div)
f=1/T=1/0.036s = 27.8 revolutions per second

Complete revolutions in | s = 27

number of complete revolutions = 27 6

Turn over for the next question
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A silicon-based 5.1 V Zener diode requires a minimum operating current 7 of 5.0 mA box

to maintain its Zener voltage V.

II| Draw on Figure 11 the general /—J characteristic for this diode.
[2 marks]

Figure 11

I/m

A
301

20+

10 J()Jv

VIV) < . r . r r . . . » (J/V

()—6{5'—4—3—2—10123()
_lod

=SV
—20-

_30_

I/mA

1 4

stemup.co.uk IB/M/Jun19/7408/3BE


https://stemup.co.uk

15

Do not write
outside the
box

@ Figure 12 shows a circuit that uses a 5.1 V Zener diode.

The circuit causes the output W of the operational amplifier to change at a particular
light intensity.

Figure 12

9Vo * * O
4

R
\ w
.
AN\
oOvo . o

State the function of the Zener diode in this circuit.
[1 mark]

It gives a stabilised S.] V reference voltage at the + input.

E Deduce whether a 100 Q, 0.13 W resistor is suitable for R in Figure 12.
[2 marks]

pd. across R = 9 - 5] =39V

I=V/R=39/100=0039 A= 39 mA
P=1R=_039%103)%x100=0I152 W

39 mA is larger than the $.0 mA minimum needed for the Zener diode

to work, so the resistance value is fine.

But 0.152 W is greater than the 0.13 W power rating, so the resistor is

not suitable (it would overheat).

Question 4 continues on the next page
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E The circuit in Figure 12 is rebuilt and the position of R is swapped with the position of
the Zener diode.

Explain how this affects the light intensity at which W changes.
[2 marks]

The reference voltage at the non-inverting input is now smaller (3.9 V

not S V).

V_ rises as light gets brighter, so it reaches the lower reference sooner:

W changes at a lower light intensity than before.

E The output W from the operational amplifier shown in Figure 12 becomes one of
three inputs to the combinational logic circuit shown in Figure 13.

Figure 13

Wo I_

Write the Boolean algebra expression for the output Q in terms of W, X and Y based
on the logic gates shown in Figure 13.
[1 mark]
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@ Output Q from Figure 13 becomes the input to the final part of the circuit shown in box
Figure 14.
Figure 14
9V o * O
|
Qo ? N1
ovo - o
The circuit uses a MOSFET to activate a relay.
State one property that makes the MOSFET suitable for interfacing with logic gates.
[1 mark]
Very large input impedance (no loading of the logic gate output). 9

Turn over for the next question
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A telephone company transmits 15 speech channels across a single transmission link.
The analogue information is first subjected to pulse code modulation (PCM) before
transmission using time division multiplexing (TDM). The transmission system
incorporates regenerators which remove noise from the signal.

Explain the basic principles of:

e pulse code modulation (PCM)
e time division multiplexing (TDM)
e aregenerator.
[6 marks]

PCM: the analogue speech signal from each channel is sampled at

reqular intervals. The sampling frequency must be at least twice the

highest frequency contained in the signal (e.q. 8 kHz for speech up to
4 kHz).

Each sample is then quantised: its voltage is given the nearest of a

fixed number of levels, and that level is converted into an n-bit binary

code (e.g. 8 bits gives 256 levels). The codes are sent as a serial

stream of digital pulses.

The sampling rate and the number of bits per sample determine the bit

rate, and the bit rate determines the bandwidth needed for

transmission.

TDM: without TDM, each of the IS speech channels would need its own

cable / independent link, because their total bandwidth would exceed

that of the link.

With TDM, the system allocates each channel a time slot in turn. A

data block (one coded sample) from channel | is sent, then from

channel 2, and so on up to channel 1S, then the cycle repeats. The

channels are multiplexed in sequence across the single link, and the full

bandwidth of the link is available to each channel during its time slot.

At the receiver, a demultiplexer synchronised to the same timing

separates the slots back into the IS channels.

1 8
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Regenerator: as the pulses travel along the link they are attenuated and

distorted, and noise is added. A regenerator, placed at intervals along

the link, uses a switching circuit (a Schmitt trigger) with two different

switching thresholds.

The output only switches high when the input rises above the upper

threshold and only switches low when it falls below the lower threshold,

so noise between the thresholds has no effect. Clean, full-size pulses of

the original shape are produced again, removing most of the noise before

the signal is sent on.

Because the information is digital (just Is and 0s), the regenerated

signal is identical to the original code, so noise does not build up over

long distances.

END OF QUESTIONS

IB/M/Jun19/7408/3BE

19

stemup.co.uk


https://stemup.co.uk

20

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

2 0

stemup.co.uk

IB/M/Jun19/7408/3BE

Do not write
outside the
box


https://stemup.co.uk

21

Do not write

outside the
Question Additional page, if required. box
number Write the question nhumbers in the left-hand margin.

2 1

stemup.co.uk IB/M/Jun19/7408/3BE


https://stemup.co.uk

22

Do not write

outside the
Question Additional page, if required. box
number Write the question nhumbers in the left-hand margin.

2 2

stemup.co.uk IB/M/Jun19/7408/3BE


https://stemup.co.uk

23

Do not write

outside the
Question Additional page, if required. box
number Write the question nhumbers in the left-hand margin.

2 3

stemup.co.uk IB/M/Jun19/7408/3BE


https://stemup.co.uk

24

Question
number

Additional page, if required.
Write the question numbers in the left-hand margin.

Copyright information

For confidentiality purposes, acknowledgements of third-party copyright material are published in a separate booklet rather than
including them on the examination paper or support materials. This booklet is published after each examination series and is

available for free download from www.aga.org.uk after the live examination series.

Permission to reproduce all copyright material has been applied for. In some cases, efforts to contact copyright-holders may have
been unsuccessful and AQA will be happy to rectify any omissions of acknowledgements. If you have any queries please contact the

Copyright Team, AQA, Stag Hill House, Guildford, GU2 7XJ.

Copyright © 2019 AQA and its licensors. All rights reserved.

2 4

179 6 A7 408/ 3BE

stemup.co.uk

IB/M/Jun19/7408/3BE

Do not write
outside the
box


https://stemup.co.uk

