Amplitude Modulation on Mac

6. Amplitude Modulation

Modulation is a process by which some parameter afaeier signalis varied in
accordance with a message signal. The message signal is cattedlating signal

Definitions

A bandpass signal is represented by
Sc(t) = A(t) coso(t) (6.1)

where A(t) is the envelope and(t) = wet + @(t) = 2rfct + @(t). ¢(t) is called
the instantaneous phase deviatiofsg(t) andfe is the carrier frequency. For
amplitude modulation, we can write

Sc(t) = A(t) cos 2t (6.2)

where A(t) is linearly related to the modulating signal(t). A(t) is called the
instantaneous amplitudef sg(t) and amplitude modulation is also referred to as
linear modulation Depending on the relationship betwea(t) andA(t), we have
the following types of amplitude modulation schemestmal amplitude modulation
(AM), double-sidebandDSB) modulation,single-sidebandSSB) modulation, and
vestigial-sidebandVSB) modulation.

Normal Amplitude Modulation (AM)

A normal amplitude-modulated signal is given by

Sc(t) =[A +m(t)] cos 2t (6.3)
Sc(t) =A cos 21f.t +m € )cos Zrf.t (6.4)
Car}ier sidebands

where A is a constant anth(t) is the modulating signal. It is also very common to
define a normal amplitude-modulated signal as

Sc(t) = Al +m(t)] cos 2t (6.5)
Themodulation indexnis defined as [1]

_ |m|nAr\n ¢ )l (6.6)
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Figure 6.1 shows normal AM signals for various values of modulation index. Clearly, the
envelope of the modulated signals has the same shap@)aghenm< 1. Whenm >
1, the carrier signal is said to beermodulate@nd the envelope is distorted.

Figure 6.1 Normal AM signals for various values of modulation index.

The efficiencyn of a normal AM signal is defined as [2]

n=—p4- x100% (6.7)

-0 ‘m'u

where Pg is the power carried by the sidebands &pds the total power of the normal
AM signal.

Spectrum of Normal AM Signals

For normal amplitude modulation,

Sc(t) =[A +m(t)] cos 2t (6.8)
Sc(t) = Acos 2t +m(t) cos 21t

The Fourier transform of(t) is

1 1
() = 5 AlXf-fe) +Af+c)] + 5 [M(F-fe) + M(f+fc)] (6.9)
Figure 6.2 shows the spectrum of a normal AM signal. Normal amplitude modulation
simply shifts the spectrum ofi(t) to the carrier frequencf. The bandwidth of the
modulated signal is #,, Hz, wherefy, is the bandwidth of the modulating signat).
Figure 6.2 Spectrum of normal AM signal.
Generation of Normal AM Signals
A process of generating a normal AM signal is shown in Figure 6.3. This type of
modulation can be achieved by using a non-linear device, such as a diode. This is shown
in Figure 6.4 [3].
Figure 6.3 Generation of normal AM signal.

Figure 6.4 Amplitude modulator using a diode.
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Let the input-output characteristic of a diode be approximated by a power series
vo(t) =a () +b vi2(1) (6.10)
wherea, b are constants and
vj(t) = cos 21t +m(t) (6.11)
Substituting equation (6.11) into (6.10), we have

Vo(t) =  a[cos et + m(t)] + b[cos 2t + m(t)]2
= am(t) + bco 2rfct + b m(t)2 +
acos 2ttt + 2b m(t) cos 21t (6.12)

If we pass the signap(t) through a bandpass filter centred-dg, we obtain

V'o(t) = [a+ 2b m(t)] cos 2t (6.13)
= 2b[A +m(t)] cos Zfct (6.14)

whereA = ;—b. We generate a normal AM signal.

A normal amplitude-modulated signal can also be obtained by multipha{tgby a
periodic digital signak(t). The modulator is called switching modulatof2]. If we
take a periodic rectangular wavefors(t) of period T, = 1f;, amplitudeAp,, and

pulse widthr, the trigonometric Fourier series sff) is

Amt 5 ® sin 2mf.r /2
s(t) = T, t?nz:]_ (AmTTCT/Z) cos 2mft (6.15)
CH 5 ®
s(t) :T? + T, Z_ Cp cos 2mnfgt (6.16)
n=1
sin 2mf.r /2 . .
where cg = AT andcp = AmTTCT/Z' The corresponding complex Fourier
series is
1 @ sin 2mf.r /2 j2rmfet
ﬁ%ﬂ};WMW—E@ﬁﬂé (6.17)

Figure 6.5 shows the periodic rectangular waveform and its line spectrum.
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Figure 6.5 (a) A periodic rectangular waveform, and (b) its line spectrum.

If the input signal is/j(t) = cos 2t + m(t), the output of a switching modulator is

Vo(t) = vj(t) s(t)
= [cos 2t +m(t)] s(t)
H 5
= [cos 21fct +m(t)] (T— o 2 Cpcos 2nfqt)
C cn=l
2 © “o
= [T_ cos 2ffct > cpcos 2mfqt] + T m) +
C n=1 C
Cc 0 2 00
T Cos ¢t + m(t).l_— Cp Cos 2mfgt
c cn=1

Vp(t) consists of a dc term, the componeift), and an infinite number of normal AM
signals at carrier frequencie$, 2fq, 3fc, ... If we pass the signah(t) through a
bandpass filter centred atfc, the filtered signal is

‘o 2 €2
V' o(t) = T? cos 21t + T? m(t)c1 cos 21t +1T cos 21t

2c 1
= ? [A + m(t)] cos 2t

CO‘BZ

2c 1

whereA = . That is, we obtain a normal AM signal.

Demodulation of Normal AM Signals [3]

The process of recovering the message signal from the modulated signal is called
demodulatioror detection Two basic methods are available.

Envelope Detectian

In this method, an envelope detector is used to recover the message signal. An envelope
detector consists of a diode and a resistor-capacitor combination. This is shown in Figure
6.6.

Figure 6.6 Envelope detector.

During the positive half-cycle peaks of the modulated signal, the diode is forward biased,
and the capacitor charges up to the peak value of the modulated signal. As the modulated

6.4



Amplitude Modulation on Mac

signal falls from its maximum, the diode turns off and the capacitor discharges through the
resistor. The process repeats in this way. For proper operation, the discharge time
constanRC must be chosen properly.

Synchronous (Coherent) Detection

Here, a product detector is used to convert the bandpass signal to baseband. This is shown
in Figure 6.7.

Figure 6.7 Synchronous detector.

At the receiving end, the bandpass signal is multiplied by a locally generated carrier signal
cos(2tt + ¢ ), wheregy is an initial phase. The output of the multiplier is

X(t) =[A +m(t)] cos Zifct cos (2t +¢p )
= 0.5[A +m(t)] [cos ¢y + cos (4t +¢p )]
= 0.5[A + m(t)] cos(4tfct +¢py) + 0.5Acos ¢ + 0.5m(t)cos ¢
(6.18)

If we suppress the first term by a low-pass filter, we get
y(t) = 0.5Acos ¢ + 0.5m(t)cos ¢p (6.19)

It can be seen that we can recover the compang@hif the initial phaseg is constant

and small. Suppose that the local carrier signal is efff2+ Af)t], when the
multiplier output becomes

x(t) [A +m(t)] cos 2ifst cos[Z(fc + Af)t]
= 0.5[A +m(t)] [cos 2t/ t + cos 212 +AN]
= 0.5[A + m(t)] cos 2n(2fc +Af)t +

0.5Acos 2t4 t + 0.5n(t)cos 2TA t (6.20)
If we suppress the first term by a low-pass filter, we get
y(t) = 0.5Acos 214 t + 0.5m(t)cos 2TA t (6.21)
We cannot recover the componen(t) unless the frequency driftf is zero. Therefore,
the local carrier must not only be of the same frequency but must be synchronised in phase
with the carrier signal. If the carrier shifts in frequency or phase, the resultant signal is

distorted or attenuated. Synchronous detection is sometimesaailectnt detectian
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Figure 6.1 Normal AM signals for various values of modulation index.

1
|

\




Amplitude Modulation on Mac

M (f)

W—» Frequency

fm 0 fp

Upper Lower Sc(f ) Lower Upper
sideband sideband sideband sideband
M .T M Frequency
e O fo-fm fe fetfpy

Figure 6.2 Spectrum of normal AM signal.
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Figure 6.4 Amplitude modulator using a diode.
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Figure 6.5 (a) A periodic rectangular waveform, and (b) its line spectrum.
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Figure 6.7 Synchronous detector.
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