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Answer all the following questions:

Clarify your answer with the suitable
diagrams.

Ql.a Explain The Conventional Amplitude Modulation including its general Equation, the
modulated signal in the time domain and its advantages and disadvantages.
(5 Marks)
A conventional AM signal consisis of a large carrier component in addition to the
double-sideband AM modulated signal, The transmitted signal is expressed mathemat-
jcally as

= ALl 4+ mi{tcost2m ot + ) 320

where the message waveform is constrained (o salisfy the condition thal |m(r)] < 1.
We observe that A.m (ycos(Zafor + ) is a double-sideband AM signal and
A cos(2x for + ¢ ) s the carrier component. Figure 3.5 illustrates an AM signal in the
time domain.
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The advantage of conventional AM is that the recciver is cheap and simple using an envelope
detector, the disadvantage is that the power consumption and bandwidth is net efficient.
Q1.b Explain Why the Full AM is used in Radio communication systems, (5 Marks)

A5 The simplicity of the demodulator has made conventional DSB AM a practical choice for AM
radio broadcasting. Since there are literally billions of radio receivers, an inexpensive implementation of
the demodulator is extremely important. The power inefficiency of conventional AM is justified by the
fact that there are few broadcast transmitters relative to the number of receivers. Consequently, it is cost
effective to construet powerful transmitters and sacrifice power ecfficiency in order to simplify the signal
demodulation at the receivers.

Q2.2 The modulating signal m{t)=4 cos? (4000zt) is multiplied by the carrier ¢(t)=100 cos(2xfer)
where fc =50 kHz. Determine and sketch spectrum of the DSB signal. (10 Marks)

ST

Page 1




wit) = mie) o{y)
w{E) = 4eos (4006w 190cos (2nf 1)
#lf) = 2{1 + ¢cos(80G0me)]. 10D cos{ TRROGE)
#{2) = 200[1 + cos(8006wE) cos(100000mE)
w{t) = 200{cos(100000m8) + cus{(B000nros (100000 E)]
1w{t) = 200cos{100000w) + 108eos(108000%t) + 100cas{32000x)
i) = FOBALF — 500000 + L0087 + 50000 + BOE(F — 54004 + BOE(S + B54004)
.

s

+ 5GE(f — 46008) + E08(F + 46004)

100 100
50 I 50

s s
Q2.b Explain How to construct Full AM Meodulation using Power-Law Modulation. (5 Marks)
Letus consider the wee of 5 nonfinear devies such ag 2 PoM diods which hay g veliage-current
sharseieristic as shown in Hgure 315, Suppese that the voltuge input {0 such g device iy the sum

Lh

i

of the mevsage signal mit) and the carrier A cos 2 fod

Ay llustrated in figere, The nonbinearity will genevate 2 product of the message m{l) with the
carrier, plus additional terms. The desived modulsted signal can be Hitored out by passing the
cutprt of the sanlinear device through & bandpass flter.

Figare 315 Voltage-current
0 t characteristic of P-N diode.

To claborate on this method. suppose that the nonlinear device has an input-output
(square-law) characteristic of the form

vo(t) = ayvi (1) + av} (1) (3.

b2

29)

where v;(f) is the input signal. 1g(r)} is the ouiput signal. and the parameters (u¢. an)
are constants, Then. if the input to the nonlinear device is

vi(£) = m(t) + A.cos2mf, (3.2.30
its output is '
Uolf) = ey (1) + Apcos 2m ot ] 4 aa[mit) 4+ A, coscos Zfrff'r}z

!
2 I D [, 24 e
= apm{t) + ot + az AL cos” 2 fof + Aoay .-[1 + ——m{t)] cos 2m ff
43
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The output of the bandpass filter with bandwidth 2W centered at J o= fovields

[ 29 _
w{l) = Aqay {} + ——m(t}| cos 2m ft (3.2.32)
18

where 2ag|m(t)fa) = | by design, Thus. the signal generaled by this method is a
conventional DSB AM signal.

Q3.2 Draw and Explain how the Ring Modulator Works. (5 Marks)

A5

ke switching of the diodes is controlled by a square wave of frequoney e, denotod oy e{ty, which
is applied (o the conter taps of the fwo fransformers. When ot} > b, the fop and botism dlodes
conduet, while the fwo diodes in the cress srmy are off In this ense, (he messnge signal nde) is
multiplied by+i, When i<, the diodes in the crogs arms of the ring conduct, while the ather
ven are switched off. In this cuse, the mossage signal m{i} Is maktiplied by—1. Conveguently, the
speration of the ring wodulaler may be deseribed w athematically e
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af =71

tigure 18 Ring sedutator for gencrating DSB-5C AM signal.

a multiplier of m (¢} by the square-wave carrier (1) e,

vglt) = m(Hc(r) : 3.2.3%)

as shown in Figure 3.19.
Sinee ¢(1) is a periodic Tunction. it is represented by the Fourier series

4 (=t
iy =—3%"2 )
T:-Lj-f 2n~ |

cos| 27 £.(2n — 1)1] (3.2.39)

Henee, the desired DSB-SC AM signal u(t) is obtained by passing v,(t) through a bandpass filter
with center frequency fe and bandwidth 2W,

Q3.b Draw the Envelop detector circuit and explain how to uvse it to demodulate a Conventional
| Amplitude Modulation signal. (5 Marks)
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[ - Fignre 320 An envelope detector,
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A2 As previously indicated, conventional DSB AM signals are casily demodulated by means of
an envelope detector. A circuit diagram for an envelope detector is shown in figure 3.20. It
consists of a diode and an RC circuit, which is basically a simple lowpass filter. During the
positive half-cycle of the input signal, the diode is conducting and the capacitor charges up to the
peak value of the input signal.

When the input falls below the voltage on the capacitor, the diode becomes reverse-biased and
the input becomes disconnected from the output. During this period, the capacitor discharges
slowly through the load resistor R. On the next cycle of the carrier, the diode conducts again
when the input signal exceeds the voltage across the capacitor. The capacitor charges up again to
the peak valuc of the input signal and the process is repeated again,

Q4.a An angle-modulated signal has the form u(t)=100 cos[2afet +4 sin 2nfmt] where fo =10
MHz and fm=1000 Hz. Assuming that this is an FM signal, determine the modulation index and
the transmitted signal bandwidth. (10 Marks)

Problem 3.34
1) Asstiuing that wid s an FAL sigual i cra e wrlllen gs
. s - i N
sl = MWilbeas(25 0 4 Zwk, ;f aeos{ 2 fo, Tl
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Tl the nusingstion ey ix Jp = if—l-) w= 4 anil the bansdwldih of the transtiiire| siznal
By = 23y 4 1) f = 10 KHx
S I ke sgnad wft) is PA mdultated. then
e 7 Arnn = maxid sinf e Sorii 3] = 4
The bandwidth of 1he madlated Aigial i
By = Ay L f = 16 K
Q4.b Draw and cxplain How to construct an angle modulator using a Voltage controlled
oscillator VCO. (5 Marks)
AN One approach is to usc a varactor diode, A varactor diede is a capacitor whose capacitance
changes with the applied voltage. Therefore, if this capacitor is used in the tuned cireuit of the
oscillator and the message signal is applied to it, the frequency of the tuned circuit, and the
oscillator, will change in accordance with the message signal,
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L Te osciffalor circuit
#I 1}
Figure 3,31 Varactor diode

» e implementation of an angle modulator,
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| Q5.a Explain How to gcnefate a narrow-band angle modulated signal and how to use it to
construct an angle modulated signal. (10 Marks)

4X%: Another approach for generating an angle-modulated signal is to first generate a
narrowband angle-modulated signal, and then change it to a wideband signal. This method is
usually known as the indirect method for generation of FM and PM signals. Due to the similarity
of conventional AM signals, generation of narrowband angle-modulated signals is
straightforward. In fact any modulator for conventional am generation can be easily modified to
generate a narrowband angle-modulated signal. Figure 3.32 shows the block diagram of a
narrowband angle modulator.

"

Integrator ¢ 1
L Y
it hifl -
— . S (+)
7 +
PM
Carrier | | 7 phase ,

L soillaler |4 sin 27 shift 14 cos 2t

Figure 3.32  Generation of narrowband angle-modulated stgnal.

The next step is to use the narrowband angle-modulated signal to generate a widchand angle-
modulated signal. Figure 3.33 shows the block diagram of a system that generates wideband
angle modulated signals from narrowband angle-modulated signals. The first stage of such a
system is, of course, a narrowband angle-modulator such as the one shown in figure 3.32. The
narrowband angle-meodulated signal enters a frequency multiplier that multiplics the
instantaneous frequency of the input by some constant n, This is usually done by applying the
input signal to a nonlinear element and then passing its output through a bandpass filter tuned
to the desired central frequency.
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Figure 333 Indirect generation of angle-modulated signals.
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QS.b - The output signal from an AM medulator is u(t)=3 cos 1800at +20 cos 2000xt +5 cos
2200zmt.
1-Determine the modulating signal m(t) and the carrier c(t).
2-Determine the modulation index.
3-Determinc the ratio of the power in the sidebands to the power in the carricr. {10 Marks)
1)
a{t) = Soeos{1800=1) + 20 cas{ 200051} + 5 cos( 220w}

= M1+ 5 ey 200w 3} cos{ A0

The wodulating signal s {1 e son{ 2 [N whereas the carvier sigual i off) = 20 v 2o LMK 3,

e

2] Shwee =1 < eos{2r10608) < 1, we inediately have thar the modulation index is o =

100

3} The power of the earrier com ponent by oy = = 08, whereas 1he power in the sidebands

: - SNy EAE ' .
5 I ohands = !20 = 5] Henop,

3 . £y
jsiu:iﬁb&ruﬁx _ h3 _ _1"

Frarrier - m 4
Q6.a Draw and Explain the superheterodyne receiver used in AM radio broadeast. (5 Marks)
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Figore 3401 Superhelerodyne AM roceive).

The receiver most commonly used in AM radio broadecast is the so called superheterodyne
receiver shown in figure 3.40. It consists of a radio frequency (RF) tuned amplifier, a mixcer, a
local oscillator, an intermediate frequency (IF) amplificr, an cnvelope detector, an audio
frequency amplifier, and a loudspeaker. Tuning for the desired radio frequency is provided by a
variable capacitor, which simultancously tunes the RF amplifier and the frequency of the local
oscillator.

In the superheterodyne recciver, every AM radio signal is converted to a common IF frequency
of fi F = 455 khz. This conversion allows the use of a single tuned IF amplifier for signals from
any radio station in the frequency band. The IF amplifier is designed to have a bandwidth of 10
khz, which matches the bandwidth of the transmitted signal.

| Q6.b Draw and Explain FM Stereo Broadcasting used in Radio communication, {10 Marks)
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| Figure 3,44 EM stersg receiver,

( The signals from the left and right microphones, mit} and mr (t}, are added and
subtracted as shown. The sum signal m{tj+mr (t) is left as is and occupies the frequency
band 0-15 khz. The difference signal mft} - mr (t} is used to AM modulate (DSB-SC) a 38-
Ichz carrier that is generated from a 19-khz oscillator. A pilot tone at the

used to frequency modulate a carrier,

‘ more easily separated from the composite signal at the receiver. The combined signal is
|| By configuring the baseband signal as an

baseband, Following the discriminator, the baseband message signal is separated into
| the two signals mft}+mr {t} and mft)~mr t} and passed through de-emphasis filters, as
shown in figure 3.44. The difference signal is obtained from the DSB.SC signal by means
of a synchronous demodulator using the pilot tone.
| By taking the sum and difference of the two composite signals, we recover the two
signals mft) and mr {t). These audio signals are amplified by audio-band amplifiers and
j an FM receiver that is not
configured to receive the FM stereo sees only the baseband signal m{t) + mr (t) in the
Sfrequency range 0-15 khz. Thus, it produces a monophonic output signal which consists
‘ of the sum of the signals at the two microphones.
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