4.5 (Standard) Amplitude modulation: AM

4.60. DSB-SC amplitude modulation (which is summarized in Figure
is easy to understand and analyze in both time and frequency domains.
However, analytical simplicity is not always accompanied by an equivalent
simplicity in practical implementation.

M) n@t) Dz XD
Message ' :
(modulating signal) : ] /\ /\
f | fontznta); N A
Modulator

Figure 26: DSB-SC modulation.

Problem: The (coherent) demodulation of DSB-SC signal requires the
receiver to possess a carrier signal that is synchronized with the incoming
carrier. This requirement is not easy to achieve in practice because the
modulated signal may have traveled hundreds of miles and could even suffer
from some unknown frequency.shift.

4.61. If a carrier component is transmitted along with the DSB signal,
demodulation can be simplified.

wft) = mltreos(27(A)t) v+ Acos(2rm(A)t)

= (L) £A) corBhurt) |
(a) The received carrier component can be extracted using a narrowband

bandpass filter and can be used as the demodulation carrier. (There is

no need to generate a carrier at the receiver.) pe L"I‘?‘L"‘ 3
CW‘C l+o v
selt) S LPF MBI+ A — - — (b
Narvas

ppp A
(b) If the carsemamplitidensIsuficientlymargen the need to generate a

demodulation carrier can be avoided completely.

e This will be the focus of this section.
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ically defined as

Definition 4.62. For AM, the transmitted signal is t
zam () = (A+m(t)) cos (2m f.t) =(Acos QWW m (t) cos (27 f.t)

ALE) |m(#))
Assumptions for HERE /&\’ﬂ
() BETGEEANENB! tha is, |M(f)] = O for |f| > B. s
- | g ~

= ,(I c,
e Basically the same as that of DSB-SC signal except for the two addi-
tional impulses (discrete spectral component) at the carrier frequency

+f..
fc in +he ecav)iew cection
o This is why we say the DSB-SC system is a suppressed carrier
system.

Definition 4.64. Consider a signal A(t) cos(2n f.t). If A(t) varies slowly in
comparison with the sinusoidal carrier cos(27 f.t), then the envelope E(t)

of A(f)cos(@rfet) is [A(t)].

4.65. Envelope of AM signal: For AM signal, A(t) = A+ m(t) and
E(t) =|A+m(t)|.
See Figure [27]
Case (a) If V¢, A(t) > 0, then E(t) = A(t) = A+ m(t)

e The envelope has the same shape as m(t).

e Enable envelope detection: Extract m(t) from the envelope.
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Case (b) If 3t, A(t) < 0, then E(t) # A(t).

e The envelope shape differs from the shape of m(t) because the
negative part of A + m(t) is rectified.

o This is referred to as phase reversal and envelope distortion.

Case (a) Case (b)

p

O Vver MO:J-JIA“'IQ-;

P‘nau. ré ve Iﬂ-]

A(t)=A+m(t) >0 forallt|A(t) =A+m(t) <0\ for sohle t

L/\ _________ /
\ oo | | ,

Ao ( xAm(8) = (A + m(t))cos(anCt)
ELY) /1 E(t) # Armit)
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Figure 27: AM signal and its envelope [6, Fig 4.8]

Definition 4.66. The positive constant

max (envelope of the sidebands) max lm (t)] m,

H max (envelope of the carrier) mtax|A\ T A Assemption

A S >0
is called the modulation index.

e The quantity pux100% is often referred to as the percent modulation.

m

~mpe 2, 14— A
e -‘.-A =] 4 s 74 A+M("") "“Ol-/ L‘.gomc

Arm(t) D AF ("Mf) > A +(_-'A) =0 Lo fo. come t
= cene (@) = case (b



Example 4.67. Suppose m(t) is plotted below. Assume that the carrier
frequency f. is large enough. Plot the corresponding AM signal xxy(f) when
the modulation index is (a) 50%, (b) 100%, and (c) 150%.

u=50%
m(t) x(t) = (A +m(D)) cos(2nf.t)
mp 4 15
3 L U e S it
2 A= ;0 &I*J)@Q ___________ atll ﬂmmﬂm
1 A-my=4
o t t
1 _1_1,5
2 _-?0 /&P: . m@) __________
-3 _12 Ay | I
_mp .40 0.5 1 15 2 25 3 35 4 4.5 5 -150 0.5 1 15 2 25 3 35 4 4.5 5
P A u 05
u=100% u=150%
x(t) = (A + m(t)) cos(2mft) x(t) = (A + m(t)) cos(2mf.t)
’ 1N —+4~667 4
6 H [7 ) e l R 6 (7 ) , .
4 4 %6(
2 W gl
i ““,I n” .,‘Hnlll"\ H il | , g | 11| SN il |
111 1 gt
4 é\\ -4 '((\@ '
6 Q A \ ' 1 -6 /Qx ) <
N —6.67
_™ My _ % ™ _mp_ 4 8
pEp A et h=Tg A= 05T

75



Example 4.68. Consider an AM transmission of the message m(t) shown

below. Two corres
tion index used in eac

A
4 _______________
\ - A
>t

h signal.

_4_ ———————————————
Solution:
(@
gty
1|1
o .
A+mp=9
A+4=09
A=5
M 2 = 0.8 = 80%
H=7% "3

ponding AM

signals are
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Example 4.69. Consider a sinusoidal (pure-tone) message m(t) = A, cos(2m fiut).
Suppose A = 1. Then, u = A,,. Figure 28 shows the effect of changing the
modulation index on the modulated signal.

50% Modulation
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Figure 28: Modulated signal in standard AM with sinusoidal message

4.70. It should be noted that the ratio that defines the modulation index
compares the maximum of the two envelopes. In other references, the nota-
tion for the AM signal may be different but the idea (and the corresponding
motivation) that defines the modulation index remains the same.

e In the texbook by Carlson and Crilly, [3, p 163], it is assumed that m(¢)

is already scaled or normalized to have a magnitude not exceeding unity
(jm(t)| < 1) [3, p 163]. There,

xaM (1) = Aec (14 pum (t)) cos (27 fot) = Accos (27 fet) + Acpm (t) cos (27 fet) .

v

Vo Vo
carrier sidebands
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o my = 1
o The modulation index is then

max (envelope of the sidebands) max | Acum (t)] A

max (envelope of the carrier) max Al Al
e In [I5, p 116],
m (1) m (1)
xam (t) = A (14 p cos (2 fet) = A cos (2w fet) + A cos (27 fet)
My R my .
e sidef);nds

o The modulation index is then

max (envelope of the sidebands) B max Acu%?‘ - | Acl M%

max (envelope of the carrier) max 4.l A

4.71. Power of the transmitted signals.
(a) In DSB-SC system, recall, from |4.40], that, when

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

with f. sufficiently large, we have

1
P.=-P,.
2
All transmitted power are in the sidebands which contain message in-
formation.
s l A
(b) In AM system, r,L” [)111_ 1.[1‘,]‘1‘

A

TAM (t)

ficiently large
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e Efficiency:
f: |
{-'F i B Fm 1 A
E = - = - - -
' A, P A"+ P, L 1+;m¢r\lt:+é'(-:,
PR ot P
. . (£ Y ‘“‘hid:d-)
e For high power efficiency, we want small bt =g P smg
2
o By definition ‘m( )| < mp. Therefo e, /‘i'_""imn.“ui' Ev:ll\-c in 4
2 L L)
|mter| £ M:: <lm{bl ) <m, ——-L:'!-—-:
Tt
S T,

o Want p to be large. HoOwever, when p > 1, we have”f)fla'ée

reversal. So, the largest value of p is 1.
o The best power gfficiency we can achieved is then 50%.

i 1 .
—— - — 5-0/.
14+(1) z
QP
e Conclusion: at least 50% (and often close to 2/3[3, p. 176]) of
the total transmitted power resides in the carrier part which is
independent of m(¢) and thus conveys no message information.

Example 4.72. Continue from Example 4.68, Suppose m(t) is a periodic

triangular wave with average power <m2 (t)> = ?. Calculate the correspond-
ing value of the power efficiency for each case.

Solution:
Xm@® | A H Power Efficiency
P
t 0 o2 -t 1 10 i0ss— 1758y
X () 5 | 80% A P P Th =17.58%
22 Py 16/3
P
0 Eff = 2 _ 1 _ 1 _ 2 . 05714 = 57.14Y
X, (1) 2 | 200% —A_+P_m—A_2+1— 57 +1—7~. =57.14%
22 P 16/3
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4.73. From switching demodulator to rectifier demodulator:

e An AM signal can be demodulated using the same coherent demodu-
lation technique that was used for DSB. However, the use of coherent
demodulation negates the advantage of AM.

e Note that, conceptually, the received AM signal is the same as DSB-
SC signal except that the m(t) in the DSB-SC signal is replaced by
A(t) = A+ m(t). We also assume that A is large enough so that
A(t) > 0.

e The key equation of switehing demodulator is reexpressed here
as:

LPF{A(t) cos(27 ft) x 1[cos(2nf.t) > 0]} = %A(t) (61)

We noted before that this technique requires the switching to be in
sync with the incoming cosine.

A
Acm(t)cos(2ft) 2 LPF  —— ==m@®
T
2B
fe> BIWL A -8
m(t) is bandlimited to B.  The ON time of the switching is -~ fle
synchronized with the ( f ) 9, | |
n()nncgativc part of COS(ZTL’ﬁz t). LPF 0’ ()thCI'WlSC

(A(D)os(2nf.t) 74 P T LPF =210
A(t) is bandlimited to B.
fe > 2B

m (Lt
A + 82 ¥ \
A(Oyos(2rf.t) > > LPF —— ;A(t)

%) is bandlimited to B.

HWR
f.>2B

e The additional assumption that @0 makes it possible to replace
the switching demodulator with a half-wave rectifier.
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4.74. Demodulation of AM Signals via rectifier demodulator/detector:
The receiver will first recover A + m(t) and then remove A.

— | D¢
2 ,,,L8) < Lmunmw.(z;r/‘t)—sl pr.)—-)\ru-)—.lup —> % ("iHe A) 3| Blockin
>0 Lmt)»=0

e When Vi, A(t) > 0, we can replace the switching demodulator by %""f-t)
the rectifier demodulator/detector. In which case, we suppress

the negative part of y(t) = xanm(t) using a diode (half-wave rectifier:
HWR).

o Here, we define a HWR to be a memoryless device whose input-
output relationship is described by a function fywr(-):

'%“%HIL__E‘H ﬂ 0 0 . (z) = x, © >0,
x(t) AWK %WRJ_ 0, = <0.
y, thls is mathematlcally equivalent to a switching demodu-
720
PNA

X, L8 CAr i) Jcws (2745) 20

v (&)

o, Komttr L0 o otevw e .

1 co(WTAtb)ZOo
F 3 k) cos(274 )2 0 y
) amt 4 ( ¢ )/ 4 :&Amtt)x
o/ otierwi, c oj O+L¢-'Hd¢- -

G oveks in

e [t is in effect synchronous detection performed without using a local see.“r.&
carrier [5, p 167].

e This method needs A(t) > 0 so that the sign of A(t) cos(2n f.t) will be
the same as the sign of cos(27f.t).

e The dc term % may be blocked by a capacitor.
gles —|PC Blockizy |— gle) = {9te)
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[a + m(r)] cos w,t V() /‘[A +m@)]
| (A + m()]

—||—-

%[A + m(1)]

ﬁ f\%ﬂvﬁ il ﬂmﬂ T~

~

Low-pass

[A + m(2)] cos w.t C) filter

Figure 29: Rectifier detector for AM [6l, Fig\ 4.10]. Here, the gain in the passband of the
LPF isset tog=1

AM signal

Envelope detector output

RC too large
RO Envelope H\P% s

|
Ty,

4"’:1

Figure 30: Envelope detector for AM [0, Fig. 4.11].
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4.75. Demodulation of AM signal via envelope detector:

e Design criterion of RC:

1
21B €« — < 27 f..
T <<RC’<< 7 f,

e The envelope detector output is A+ m(t) with a ripple of frequency f..

e The dc term can be blocked out by a capacitor or a simple RC high-pass
filter.

e The ripple may be reduced further by another (low-pass) RC filter.
4.76. AM Trade-offs:
(a) Disadvantages:

e Higher power and hence higher cost required at the transmitter

e The carrier component is wasted power as far as information trans-
fer is concerned.

e Bad for power-limited applications.
(b) Advantages:

e Coherent reference is not needed for demodulation.
e Demodulator (receiver) becomes simple and inexpensive.

e For|broadcast system such as commercial radio (with ashuge num-
berof receiversifor each transmitter),

o any cost saving at the receiver is multiplied by the number of
receiver units.

o it is more economical to have one expensive high-power trans-
mitter and simpler, less expensive receivers.

(c¢) Conclusion: Broadcasting systems tend to favor the trade-off by mi-
grating cost from the (many) receivers to the (fewer) transmitters.

4.77. References: [3, p 198-199], [0, Section 4.3] and [14], Section 3.1.2].
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