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Amplitude modulation of a sinusoidal signa

Vam (t) = (Ve + kam - vm(t)) cos(2m f.t)

e Suppose that we use a modulation Vc+Vm b 3 il il N
sen5|tiV|ty of kg = 1. VC ‘\M’ 1 il 4l |

¢ = Vin 1 ‘ ! I A
e Also, we use a oidal message signal 0 l IR

U (t) = Vi cos(27rfmt), where f,, < f..

B uh\ '

e In this case, the modulation factor is m = L
V?T' when V., > V..
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and amplitude V,,,. The plot is for carrier frequency f¢
arrier amplitude V. = 3V,
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Trigonometric identities (CEP 2.3.4)

cos(A) cos(B) = %COS(A — B) + %COS(A + B) (1)

So, multiplying a sinusoid having a frequency f; by another having a frequency fs
moves it to the difference |f1 — f2| and sum |f1 + fa2| of the frequencies.

cos(27 f1t) cos(2r fat) = %COS(ZM fi— falt) + %cos(2w| At Rl (@)

In the case where f = f; = f5, we have

cos?(2mft) = =cos(2m(0)t) + %cos(27r(2f)t)

/N

+ — cos(4m ft) (3)

N — DN —
N | —
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Mathematics

In this case, the AM signal is given by

Vam(t) = (Vo + Vi cos(27 fint)) cos(2m fet)
= V.cos(2mfet) + Vi cos(27 fr,t) cos(2m fet)

Using the trigonometric identity (2) gives

Vam(t) = V.cos(2rmfe.t)

+ S cos2n(fe — full

+ %008[277(]‘}; + fin)t]
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Frequency components

AAm,
The AM signal contains three frequency &
components:
» f
e the carrier frequency f. with amplitude "
V . A A
Cr V.
e the Lower Side Frequency (LSF) f.— f, @
with amplitude V,,,/2; f .
e the Upper Side Frequency (USF) f.+ fin P Carrier
with amplitude V,,,/2.
- © LSF USF
There is no component at the message o |
frequency f,,. > f

fe=Tn fo  fot+im

Figure 3.6 Single-sided amplitude spectrum of (a) sinusoidal
modulating signal; (b) carrier signal; and (c) AM signal.
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Power (CEP 2.5)

When a time-varying voltage v(t) is applied to a resistance R, the instantaneous
power dissipated is given by MOk
p(t) = R

The normalised instantaneous power is the amount that would be dissipated if the
voltage was applied toa R =1 € load.

p(t) = [v(t)]*

The normalised average power is the average of the normalised instantaneous power
over one period T' of the signal v(t).

L or
P:—/ v(t)|°dt
T J_ 7/

The normalised average power of a sinusoidal signal v(t) = V cos(27 ft) is given by
P=V?%/2
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Power in our AM signal (CEP 3.3.3)

A Aarn

Carrier
V.

LSF USF

fc‘_ fm fC fC+ fm

Vi
2

» f

2

. : 1%
e Power in carrier P. = =

(Vin/2)? _ Vi _ (mVe)®> _ m?Pe

e Power in side frequencies Prsp = Pyspr =

2 8 8 4
e Total power in side frequencies Psp = Prsr + Pysr = mQQPC
e Total power in AM signal P = P.+ Psp = P, + m22Pc = P (1 + mTz)
mQPC/2 m2

e Fraction of power in side frequencies Psp/P = Po(14m?j3) . Trm?

e As the modulation index goes from 0 to 1, the fraction of power in the side
frequencies goes from 0 to 1/3.

e At least 2/3 of the transmit power is in the carrier.
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Decibels (CEP 2.6)

e A power gain of an amplifier is the ratio of the output power to the input power
P,/P..

e This power gain can be expressed in decibels (dB) as G = 10log,,(P,/P;) dB.

e An amplitude gain V,/Vj is related to the corresponding power gain according to
Po/ P = V3V

e Therefore, an amplitude gain can be expressed in dB as G = 10log;(VZ2/V{?) =
20log,,(Vo/ Vi) dB.

e A power P can be expressed in dBW by comparing
it With ]. Watt 1010g10(P/1) dBW. 0 dBr +10 dBr -8 dBr 2 dBr

e A power P can be expressed in dBm by comparing ._>_L L>_L
it with 1 mW 101log,,(P/107?) dBm. i i i |

| i I |
+5 dBmO +15 dBm -3 dBm + 7 dBm

e Gains expressed in these logarithmic units are
additive, rather than multiplicative.
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Frequency components

Consider the case where the message signal contains two sinusoids

Um () = Vi cos(2m frut) + Vi cos(2m f1t)

In this case we obtain

Vam(t) = V.cos(27m fe.t)

Vi - :
Yy AM
: 0.5V,

+ TmCOS27T(fC —I_ fm)t m l > f £ | f I > f
f, . o o e a

3 =~ = 35

Figure 3.9 Translation of the maximum and minimum frequency components of a
_|_ COS [27T (fc - fl ) t] message signal in AM.
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Phase of side frequencies

Now consider the case where the two sinusoids in the message signal have the phases

gbm and ¢1
U (t) = Vi cos(27 frut + ¢pn) + Vi cos(2m f1t + ¢1)
In this case we obtain

Vam(t) = Ve.cos(2rm fe.t)

4+ %cos[%r(fc — fm)t — ¢m] @ The upper side frequencies have the

same phase as in the message signal.

Vin
+ > cos[27(fe + fm)t + Om]

" e The lower side frequencies have the
+ 71 cos[2m(fo — f1)t — 1] negative of these phases.

Vi

+ eosf2r(fet fi)t +

10
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Amplitude modulation of an arbitrary signal (CEP 3.3.2)

The message signal is transformed into an lower sideband and a upper sideband having

half the amplitude.

A [V,(N]

Figure 3.10 Production of lower and upper sidebands in AM.

05\/1 nE
0.5V +

V(D

LSB

USB

» f

Yy +7
Y+

The AM signal occupies frequencies in the range (f. — fim) — (fe + fm) and has a

bandwidth of 2f,,.

The bandwidth of an AM signal is double that of the baseband message signal.

11
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Spectrum of demodulation (CEP 3.5.1)

(¢ e_a%'a E@f | %eu if%ﬁ L};L -

N, () s vl =% v, (H

e If the AM signal is not overmodulated, envelope detection can
be used.

e This is non-coherent because it does not require exact knowledge
of the carrier frequency or phase.

e The rectifier replicates the signal to the baseband (and other
higher frequencies).

e The Low Pass Filter (LPF) removes the high frequency replicas
of the signal.

e The LPF cut-off frequency should be between the maximum
frequency in the signal f,,,. and the carrier frequency f.. The
lower it is, the more channel-induced noise that can be removed.
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Exercise

1. Sketch the amplitude spectrum of the message signal v,,(t) = 3 cos(20mt +7/4) +
2sin(607t) — cos(1007t).

2. Sketch the amplitude spectrum of the signal v,,,(t) that results when v,,(t) is AM
modulated onto a 1 kHz carrier using a DC offset of V. = 3 and a modulation
sensitivity of kg, = 0.5.

3. Calculate the fraction of the transmit power that is in the sidebands.

4. Sketch the phase spectra of the signals v,,(t) and vg,(%).
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