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resistance

power
series resistors

time constant

monostable pulse time

relaxation oscillator period

frequency

voltage gain

open-loop op-amp

non-inverting amplifier gain

inverting amplifier gain

summing amplifier

break frequency

Data Sheet

rR=Y

I
P=Vi
R=Ri+R,
t=RC
T=0.7RC

T=RC
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Boolean Algebra

amplifier gain

ramp generator
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capacitor reactance

resonant frequency
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Answer all questions.
Unless otherwise indicated, you can assume that:
e op-amps are run off supply rails at +15 V and -15 V
¢ logic circuits are run off supply rails at +5 V and 0 V

1 Fig. 1.1 is an amplitude-frequency graph for a carrier signal which is amplitude modulated by a
test signal.

amplitude

435 440 445 frequency/kHz
Fig. 1.1
(@) (i) State the frequency of the carrier signal.
frequency = ..., kHz [1]

(if) Explain how the graph shows that the frequency of the test signal is 5 kHz.

ov

/
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/\'\ a

A
A
]

\

Fig. 1.2

Show that the timebase setting is 50 us per division.

[3]
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(b) The signal shown in Fig. 1.2 can be demodulated with a circuit containing these three
components: capacitor, diode, resistor.
(i) Fig. 1.3 shows an incomplete demodulator circuit.

Complete the circuit by adding a diode and a resistor.

modulated Jdemudulated
carrier output

o 2 NF

ov
Fig. 1.3
[2]
(ii) Explain why 30 kHz is a suitable choice of break frequency for the demodulator circuit.
......................................................................................................................................... [2]
(iii) Calculate a suitable value for the resistor in the demodulator.
resistance = ......cccccoeiiiiiiiiiiieee e kQ [3]

(iv) The output of the demodulator circuit is connected to the input of the oscilloscope. The
settings of the vertical amplifier and timebase are not changed. Sketch on Fig. 1.4 to
show the waveform displayed on the oscilloscope screen.

I I I I I I I I
Fig. 1.4

[3]

[Turn over
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2 Fig. 2.1 shows some of the cameras in a CCTV system. All of the cameras in the system are
connected to a single video recorder by a cable The cable has a bandwidth of only 200 kHz.

camera camera camera camera camera

r ¥

I S S S S video
cable / recorder

Fig. 2.1

(@) The cameras use time-division multiplexing to send their images in digital format to the
video recorder.

(i) Explain the advantage of sending camera information in digital form rather than in
analogue form.
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(b) Each camera scans 12 images every minute.
Each image has 128 lines of pixels.
There are 190 pixels in each line.
The signal from each pixel is coded as five-bit word.

By explaining the relationship between bandwidth and bit rate, use the information above to
estimate the maximum number of cameras which can be connected to the cable.

[Turn over
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3 Fig. 3.1 shows the circuit of a five-bit analogue-to-digital converter.

T — R
b-
T 500 KHz F',} five bit counter =
: }J clock | ABCDE
So ] Q
latch
_ [ ] i
. ' —“ digital
L » i
+ . | s output
[ o
analogue AN
input treble cut ¥
) filter

Fig. 3.1
(@) Conversion of the analogue signal placed at the input starts when S is pulsed low.
When conversion has taken place, the op-amp comparator pulses T low.

(i) Complete the truth table for a NAND gate with inputs S and R.

S H Q

[3]
(ii) Complete the timing diagram of Fig. 3.2 for the signals leaving the NAND gate bistable.

[2]
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9
(b) Describe, in detail, the behaviour of the component labelled X in Fig. 3.1.
................................................................................................................................................ [3]
(c) The filter at the analogue input of the converter has the gain-frequency graph shown in
Fig. 3.3.
,
voltage g 4
gain '
0.01
0.001
005 05 5 50 500 frequency/kHz
Fig. 3.3
Complete Fig. 3.4 to show how the filter can be made from an op-amp and other
components. Include component values and justify them with calculations.
Fig. 3.4 [5]
(d) Explain why a break frequency of 5 kHz is suitable for a clock frequency of 500 kHz.
................................................................................................................................................ [4]
[Turn over
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4 Fig. 4.1 shows the circuit diagram of the Schmitt trigger at the end of a cable carrying digital
information in serial form.

15kL} 47k
input-r output
cable
ov
Fig. 4.1

(a) Explain why the component values set the trigger thresholds of the circuit at about +4V.

[4]
(b) Fig. 4.1 shows a very noisy signal at the input of the Schmitt trigger.
+15
voltage/V
.
0 ﬁ/ = time
RN ,\// ) |
- \ AV 1/\ [\
L/ \Jf \
-15
Fig. 4.2
Draw on Fig. 4.1 to show the signal at the output of the Schmitt trigger.

[3]

(c) Explain the function of the Schmitt trigger at the end of the cable.
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(d) Data arrives along the cable as packets.

(i) Each packet has a start bit and a stop bit. Why are they necessary?

(ii) Each packet is a 128-bit word which contains four different types of information. One of
these is the data payload. Explain the need for the other three types of information.

[Turn over
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5 Fig. 5.1 is an incomplete block diagram for a superhet radio receiver.

—=| filter —|i.f. amplifier — —=(a.f. amplifier =

UL

1

Fig. 5.1
(@) Complete the block diagram. Choose names for the blocks from the following.
aerial demodulator local oscillator mixer
31
(b) The filter blocks out all signals, other than those between 400 kHz to 600 kHz.

(i) Explain why the bandwidth of the filter suggests that the receiver is designed to receive
FM broadcasts rather than AM ones.

(iii) State the frequency of the local oscillator when the receiver is tuned to a broadcast
centred on 92.0 MHz. Justify your answer.

frequency = ... MHz [2]
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(iv) Describe how the superhet receiver of Fig. 5.1 operates.

(c) Fig. 5.2 shows an incomplete block diagram for a simple radio receiver.

#

-

demoduator | a.f. amplifier |

1k

TLLLLS

1

Fig. 5.2

Explain how the superhet receiver of Fig. 5.1 is an improvement on the simple receiver
shown in Fig. 5.2.

The quality of your written communication will be assessed in this question.

[Turn over
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6 Fig. 6.1 shows a pulse-width modulator (PWM) based on a 50 kHz triangle wavefrom.

20 kHz oscillatar

P4 output
analogue input +

Fig. 6.1

(@) On the axes of Fig. 6.2, sketch the waveform for the PWM output for the analogue input
shown.

[3]

+15
voltageh
+10

+5

| analogue input

-10

-15

Fig. 6.2
(b) Fig. 6.3 shows a non-inverting Schmitt trigger with trip points at + 6.5 V.

10 ki 20 k2

Fig. 6.3

On Fig. 6.3, show how the Schmitt trigger can be combined with a ramp generator to make
a 50 kHz triangle waveform generator. Show all component values and justify them.

[6]
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7 Fig. 7.1 shows a parallel-in serial-out (PISO) shift register.

PL——
PISC register

CRO—— —o 50

Fig. 7.1
(@) Describe the behaviour of this PISO register.

(b) In the space below, draw a circuit diagram to show how the register of Fig. 7.1 can be
constructed from D flip-flops and logic gates. Explain how the circuit operates.

[6]

(c) PISO registers in parallel-to-serial converters usually use clock signals from crystal
oscillators. Explain why.

[Paper Total: 110]




www.xtrapapers.com

16

Copyright Acknowledgements:

Permission to reproduce items where third-party owned material protected by copyright is included has been sought
and cleared where possible. Every reasonable effort has been made by the publisher (OCR) to trace copyright
holders, but if any items requiring clearance have unwittingly been included, the publisher will be pleased to make
amends at the earliest opportunity.

OCR is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of
Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

© OCR 2007




OC Rﬁ OXFORD CAMBRIDGE AND RSA EXAMINATIONS

RECOGNISING ACHIEVEMENT

Advanced GCE
ELECTRONICS

Unit F615: Communications Systems

Specimen Mark Scheme

The maximum mark for this paper is 110.

SP (SLM) T12103

This document consists of 10 printed pages.
© OCR 2007 [QAN 500/2583/1] OCR is an exempt Charity

www.xtrapapers.com

F615

[Turn Over



www.xtrapapers.com

2
Question Max
Number Answer Mark
1(a)(i) 440 kHz [1]
(i) sidebands
are at 445 and 435 kHz
idea of sidebands at carrier + signal frequency [3]
(iii) four divisions for 1 cycle of modulation
T =1/5x10° = 0.2 ms or 200 pus
setting is 200 / 4 ( = 50 ps/division) [3]
(b)(i) diode in series
resistor in parallel
modulated o I _demodul ated
carnar 5 “output
— 2rF |j
av [2]
(i) allows r.f. components to be filtered out
without affecting signal at 5 kHz [2]
(iii) R =1/2=fC
R = 1/21 x 30x10° x 2x10™®
R=2.7kQ [3]
(iv) sine wave of correct frequency
correct amplitude
correct bias
ARl 4N
I I I I 1 I I I I
[3]
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Question Answer Max
Number Mark
2(a)(i) better quality / lower noise
noise gained in transmission can be removed
by limiters / Schmitt triggers [3]
(i) each signal is transmitted in bursts
many times a second
in between data from other signals [3]

(b)

Stretch & Challenge, only award marks for fully correct answers.

bit rate - bandwidth relationship:

o consider worst-case signal of 101010101

o equivalent to a square wave signal

° which can be transmitted as a sine wave

o and regenerated at receiver by a limiter / Schmitt trigger

o why cycles per second equal to half bits per second NOT just
quoting a rule

estimate:

o bit rate for cable = 2 x 200x10° = 400 000 bps

o bit rate per camera =5 x 190 x 128 / 5 = 24 320 bps
o no ecf: cameras = 400 000 / 24 320 = 16

[5]

[3]
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Question
Number

Answer

Max
Mark

3(a)(i)

all four different states of SR
Q =1 when S or R are low
Q = 0 only when SR = 11

[mm]

— o | oo W
—|o| 3
.

[3]

(ii)

(b)

(c)

(d)

R opposite of Q
Q goes high on falling edge of S
and returns high on falling edge of T

. |

outputs a voltage
dependant on five-word input
voltage proportional to binary value of word (owtte)

correct circuit for inverting amplifier

capacitor in parallel with feedback resistor

all resistors at least 1 kQ and not more than 1 MQ
Rf/Rin =0.1

R.C=3.2x10"s

each sample needs up to 2° = 32 clock pulses

taking a time of 32 x (1/500x10%) = 64 us

maximum sample rate is 1/64x10° = 16 kHz

which is at least double break frequency of 5 kHz (owtte)

[2]

[3]

[5]

[4]
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Question
Number

Answer

Max
Mark

4(a)

(b)

(c)

(d)(i)

(ii)

output saturates at +13V (or -13V)

non-inverting input needs to go below 0 V to trip the circuit
13 V across 47 kQ2 is 0.28 V per kQ

s0 0.28 x 15 =4.1 V across 15 kQ

ACCEPT alternative calculations involving current

correct shape saturating at £13 V
correct phase

correct trip points (by eye)

+15
voltage/V
+10

+5 T

72 LP J time
o \ Aln

restores signal to a digital one
getting rid of noise added to the signal

start bit alerts receiver that a packet is arriving

stop bit restores line voltage to default so that next start bit can be
detected (owtte)

source address

to identify system which placed the packet on the cable
destination address

to identify the system which needs to read the packet
checksum

to identify/repair errors in transmission

[4]

[3]

[2]

[2]

(6]
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Question Answer Max
Number Mark
5(a) [1] per correct entry
., g

mixer || filler ||i.f. amplifier (= demodulater =(a.f. amplifier

: !j
oscillator

- [3]

(b)(i) (200 kHz) bandwidth is large
AM only needs twice maximum audio frequency ( 2 x 20 = 40 kHz) [2]

(i) (instantaneous) voltage of signal determines
amplitude of an AM broadcast
frequency of an FM broadcast [3]

(iii) 92.5 MHz
filter centre-frequency is 0.5 MHz [2]

(iv) any of the following, maximum [5]

mixer allows aerial signal to be modulated by oscillator

e generating copy of aerial signal at intermediate frequency

o filter removes anything on either side of intermediate frequency
o i.f. amplifier boosts amplitude of signal

¢ demodulator extracts a.f. signal from i.f. signal

o a.f. amplifier boosts amplitude / power of audio frequency signal [5]

(c) any of the following, maximum [5]

e more selective

o superhet filter has sharp edges (owtte)

e to remove neighbouring broadcasts

e more sensitive

e superhet has amplification before demodulation
¢ so that weaker broadcasts can be heard
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Question Answer Max
Number Mark

5(c) Quality of Written Communication is assessed in this question
cont’d
3  The candidate expresses complex ideas extremely clearly and

fluently. Sentences and paragraphs follow on from one another
smoothly and logically. Arguments are consistently relevant and well
structured. There will be few, if any, errors of grammar, punctuation
and spelling.

2  The candidate expresses straightforward ideas clearly, if not always
fluently. Sentences and paragraphs may not always be well
connected. Arguments may sometimes stray from the point or be
weakly presented. There may be some errors of grammar,
punctuation and spelling, but not such as to suggest a weakness in
these areas.

1 The candidate expresses simple ideas clearly, but may be imprecise
and awkward in dealing with complex or subtle concepts. Arguments
may be of doubtful relevance or obscurely presented. Errors in
grammar, punctuation and spelling may be noticeable and intrusive,
suggesting weaknesses in these areas.

(8]

0 The language has no rewardable features.
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Question
Number

Answer

Max
Mark

6(a)

(b)

correct shape
correct phase and amplitude
correct switch points

+15
woltageh’ ] T il
+110

+5
I NI
D- _h—_-\_\__h\_ .
o Yoo/ |30|\40/(50 [\60 “m’-lﬂ‘j%f analogue input
5 timelpsT

-10

-15

ramp generator circuit

correct connection to Schmitt trigger

output indicated

6.5 =13 x 5x10® / RC (or equivalent calculation)
R at least 1 kQ

RC=1.0x10%s
|| 10 ko 20 ko
11\ y— |
- +
autput
+ —
0 » »*—

3]

[6]
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Question Answer Max
Number Mark
7(a) when PL pulsed high/low
word at DCBA is read in
with A appearing at SO
falling edges at CK
replaces A with B, C and D in turn [5]
(b) Stretch & Challenge, only award marks for fully correct answers.
Design must be compatible with description of (a).
circuit diagram: [4]
o four D flip-flops with clock lines in parallel
o with series NOT gate to input CK
J Q to D of next flip-flop, last Q labelled SO
o correct use of S and R and gates / multiplexers for parallel loading
explanation [2]
o operation of parallel loading circuitry in terms of behaviour of gates /
multiplexers
o operation of serial output in terms of behaviour of D flip-flops
e.g.
S 3 e e
PLo
—D 5 q DSa DSa D 8 Q530
ROF J— ROf J— ROf l— R Of
CKo—[>c l— * & &
(c) very stable frequency
same oscillator can be used in receiver [2]
Paper Total | [110]
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