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4 Amplitude/Linear Modulation

4.1. The big picture:

—Amplitude (Linear) Modulation
Continuous-Wave (CW)— - Double-sideband amplitude modulation

Analog{ — Double-sideband-suppressed-carrier
Modulation Pulse (DSB-SC or DSSC or simply DSB) modulation
— Standard amplitude modulation (AM)
Digital Suppressed-sideband amplitude modulation
— Single-sideband modulation (SSB)
— Vestigial-sideband modulation (VSB)

—Angle MOdlﬂatlon{Phase Modulation ( PM)
Frequency Modulation ( M )

Definition 4.2. A sinusoidal carrier signal@) (2 7@ @has three basic
parameters: amplitude, frequency, and phase Varying these parameters in
proportion to the baseband 81gna1 itude modulation (AM];

lts
requencylﬂ modulation (FMJ>an{ phase modulation (PMJ; respectively.
Collectively, These techniques are called continuous-wave (CW) mod-

ulation [13, p 111][3, p 162].

16Technically, the variation of “frequency” is not as straightforward as the description here seems to
suggest. For a sinusoidal carrier, a general modulated carrier can be represented mathematically as

x(t) = A(t) cos (2 fot + H(2)) .

Frequency modulation, as we shall see later, is resulted from letting the time derivative of ¢(t) be linearly
related to the modulating signal. [14], p 112]
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Definition 4.3. Amplitude modulation is characterized by the fact that
the amplitude A of the carrier A cos(27f.t + ¢) is varied in proportion to
the baseband (message) signal m(t).

e Because the amplitude is time-varying, we may write the modulated
carrier as

A(t) cos(2m fot + @)

e Because the amplitude is linearly related to the message signal, this
technique is also called linear modulation.

4.1 Double-sideband suppressed carrier (DSB-SC) modulation

Definition 4.4. In double-sideband-suppressed-carrier (DSB-SC or

DSSC or simply DSB) modulation, the modulated signal is

A=A m(t)
x(t) = A.cos (2m f.t) x m(t). c

We have seen that the multiplication by a sinusoid gives two shifted and

scaled replicas of the original signal spectrum:

A

X(F) =M (f ~ £+ S+ 1),

e When we set A, = v/2, we get the “simple” modulator discussed in

Example |3.12] l
e As usual, we assume that the fesSsagerisiband=limitedtonB: ﬁ: £
- 113

o We needlf@=Bito avoid spectral overlapping. In practice, [fa>> B:

Ex. AmM lla-alio 7{":1MH%‘ }gézzoo
B = 5 kHa &
4.5. Synchronous/coherent detection by the product demodulator:
The incoming modulated signal is first multiplied with a locally generated
sinusoid with the same phase and frequency (from a local oscillator (LO))
and then lowpass-filtered, the filter bandwidth being the same as the mes-
sage bandwidth B or somewhat larger.
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4.6. A DSB-SC modem with no channel impairment is shown in Figure [14]
We set A, 2/2 Yo create rice Symmt.'l'y in e Syste -
ar the demodula tor.
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Figure 14: DSB-SC modem with no channel impairment
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Figure 15: DSB-SC modem: signals and their spectra
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Figure 16: DSB-SC modem: signals and their spectra (zooming in)
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Figure 17: DSB-SC modem: signals in time domain
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Once again, recall that

X () = VE (301 = 1+ + 1))
:_(M(f_fc)+M(f+fc))'

Similarly, »{(t) =
y (t) x V2cos (2mf.t) = V2 (t) cos (2 f.t)
= (X(F= £+ X (f 4 )

iz(m(f-—% /)+M(///}VJ1-M(//}V)+ )

M(AA
80t =m0 -mfw—-\bgi““‘“” N
Alternatively, we can work in the timexbmain and utlhze trig. iden-

tity from Example [2.4] Lrr ®)
Li')

v(t) = \/_a:()cos(27rfc)—\/_<\/_m()cos(27rfc ))cos(27rfct)

= 2m (t) cos” (27 f, m
—mo+mmmq§g%j j:D

(El-m.na:hcl by LPF)

m(t) = LPR| w3
Key equation for DSB-SC modem:

LPF (m(t)xﬁcos(?wfct))Jx<\/§cos(27rfct)> —m(@t), (33)

A

~~

x(t)
where the frequency response of the LPF should satisfy

L [fl<B,
HLP(f){07 |f|22fc_Ba

amyy, otherwise.
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4.7. Implementation issues:
(a) Problem 1: Modulator construction
(b) Problem 2: Synchronization between the two (local) carriers/oscillators

(c¢) Problem 3: Spectral inefficiency

v () is veal-valved | x(4) | dovble sidebends
@ ) i G ev -~ ‘-:U
lﬂ[?‘l is - 'F < " ‘ /‘l \
uih ! LS LSh ] USSR

N QA
| i &) £,

4.8. Spectral inefficiency/redundancy: Whé'rf‘ m(t) is real-valued, its “e
spectrum M (f) has conjugate symmetry. With such message, the corre-
sponding modulated signal’s spectrum X (f) will also inherit the symmetry
but now centered at f. (instead of at 0). The portion that lies above f, is
known as the upper sideband (USB) and the portion that lies below f.
is known as the lower sideband (LSB). Similarly, the spectrum centered
at —f. has upper and lower sidebands. Hence, this is a modulation scheme
with double sidebands. Both sidebands contain the same (and complete)
information about the message.

4.9. Synchronization: Observe that requires that we can generate
cos (wct) both at the transmitter and receiver. This can be difficult in prac-
tice. Suppose that the frequency at the receiver is off, say by Af, and that
the phase is off by #. The effect of these frequency and phase offsets can be
quantified by calculating

LPF { (m (t) V2 cos (27cht)> V2cos (27 (f. + Af)t + 9)} :
d
which gives G
ity = m(t)cos(2m (Af)t+0).

Usually, AL =l ke small. The “cos® Factor Wil scale te message
. co-al.:‘ be near 6 fr a ~hile . “

A wheyw, & = ﬂlb': z?-o: c--, Ce3 = 0 at all ng'.
When AF=0, mlb)=~(H)cos b,

Of course, we want Aw = 0 and 6 = 0; that is the receiver must generate
a carrier in phase and frequency synchronism with the ¢incoming carrier.
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4.10. Effect of time delay:

J’

" = (t-7)
(%) 2 ces (LAt =5(t-7)

A A4 5 Sy
2 (D @-——————)yu’) \%)——-WILPI' -—-,rt(-t)

[t (_oJ(UT)[‘_t )
Suppose the propagation time is 7, then we have

y(t)=x(t—7)=+v2m(t—7)cos (2nf. (t — 7)) +ine J.lcy

= V2m (t — 7) cos (2n ft — Petine J/
= V2m (t — 7) cos (2n fot < ;) ;%]5\1_;277',/‘1—
pho) e AC\"“/

Consequently,
v (t) =y (t) x V2cos (2n f.t)

= V2m (t — 7) cos (2n fut — @) X V2 cos (2w f.t)
=m(t— T)v% cos (27 fot — ;) cos (2w f.t) .

Applying the product-to-sum formula, }\?v‘e then have

v(t) =m(t —7)(cos (2w (2f.)t — ¢;) + cos (¢,)) .
—_——

AxG A-B
/x
L e Le bad
) = Lfrz{\ru-)} 2wm(t-T) cos (&)

ot seme anales
Ex. when & =7?7 v L7 D cos(@y): 6 2 bad! (ditamces)

1 L
- - r 2= = + —
LKA T = Lz+k7/ = -7 L q"'ﬁc

C
dedgrts - & en
In conclusion, we have seen that the principle of the DSB-SC modem is
based on a simple key equation (33)). However, as mentioned in , there
are several implementation issues that we need to address. Some solutions
are provided in the subsections to follow. However, the analysis will require

some knowledge of Fourier series which is reviewed in Section 4.3
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