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Lecture 4
Analog Modulation Methods
— AM, PM, FM, Pre-emphasized FM
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A Simple BP Filter
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Amplitude Modulation

* The first technique used for radio broadcasts.
* Alinear modulation technique.

* Simple to analyze.

* Simple demodulation.

* Noise sensitive.

. TSKS02 Telecommunication - Lecture 4
II u LINKOPINGS
() UNIVERSITET 2018-10-03 4




Amplitude Modulation

Envelope, A - (C + m(t))

Standard AM:
z(t) = A- (C +m(t)) cos (27 f.t)

Crystal receiver, an envelope detector,
first demodulator of standard AM:

antenna

diode

BP filter
/_M

VA ear-

phone

TSKS02 Telecommunication - Lecture 4
II u LINKOPINGS
[ ) UNIVERSITET 2018-10-03 5

Spectrum of Standard AM
z(t) =A- (C+m(t)) cos (2 fet)

= F{AC cos (2n fct) } + F{Am(t)cos (2nf.t)}
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AM-SC — Suppressed Carrier

AM-SC:

x(t) = Am(t)cos (2 fct)

Demodulating AM-SC with an envelope detector:
Crystal receiver output

Envelope
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Spectrum of AM-SC — and Demodulation

x(t) = Am(t) cos (2nfct) =

Coherent demodulation:

X(f) =

—(M(f = fo)+M(f + f.)

I\./l,_l._

y(t) = 2x(t) cos (2 fot) = 2Am(t) cos® (2 fot) = A m(f)(l + (‘().\'(—Lﬁf(-f)).

Y(f)=AX(f—fo)+X(f+f) =A-M(f)+ 7(‘\[(.7t —2f) + M(f +2f.)).

Message [M(f)]
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Coherent Demodulation of AM-SC
in the Time Domain

Message, m(1)

y(t) = 2A m(t) cos® (2w fet)

Demodulated
signal, y(8

1 YFiltered signal
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AM-SSB — Single Side-Band

AM (SC) uses twice as much bandwidth as needed.
Each sideband contains all the information.
Filter out one of the sidebands.

Noise Impact on AM-SC

Bandlimited WGN Bandlimited
AM-SC noise
WGN 2 cos(2m fot)
)=t Z Ideal

Hy(f) Hy(f)

Ideal
X ”/ BP filter | X (8)+Wi(t) /i\ Y (&) + Wat) | LP filter T
X () + W(t) —» (X) ’ - Z(t) + Wa(t)

Bandlimited
white noise

|

Input SNR SNR Relation Output SNR
Py A’Py Py Py P; APy
Py, 8BR, B s Py,  4BR,

Twice the bandwidth — Twice the SNR.
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Demodulate SSB
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Phased-Locked Loop

An automatic control system

ws(zvf,{)cos(szﬁﬁ ﬂ) = -é(cos(‘/i[ﬁ-l )+cos (J))
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Angle Modulation

* The major modulation techniques used in radio
broadcasts today are examples of angle modulation.

— FM - Frequency Modulation
— PM - Phase Modulation
* Nonlinear modulation techniques.
* Complicated to analyze.
* Still fairly simple demodulation.
* Less sensitive to noise than AM.
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Costas Loop

Am(t) (cos(47 fot + @) + cos(¢)) Am(t) cos(¢)
f) LP filter -
2cos(2m fot + @) prop ‘o
sin(2¢) [ Narrow JAZM?(2)sin(2¢)
vCo ~0 LP filter
Am(t) cos(2r fot) — ~
> g=0
‘ZZ_E rad | phase shift > oss(¢);v, |
2sin(27 fot + @)
\XJ —= LP filter
Am(t) (sin(47 fot + ¢) + sin(¢)) Am(t) sin(¢)
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Angle Modulation — Modulation Indices

Angle modulation: x(t) = A-cos (2m fot + o{m(t)})

Mommase
Phase deviation: da(t) = o{m(t)}, formean 0.
Phase modulation index: 11, = Gamax = max |oa(t)]
Momentary frequency: fmom(t) = )i_ TI(> fet + oAm@®)}) = fo+ 5= o{m
Frequency deviation: fa(t) = fuom(t) = fe = zi— : %w{m(f)}

Frequency modulation idx: ,; = “T Famax = max | fa(t)|
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Bessel functions of the first kind of order n:

Spectrum of Angle Modulation 1(2)

Example:  a(t) = A-cos (27 fet + jusin(27 funt) Z A, (p) cos (27 (fo + nfum)t)

n=-—00

AT
Spectrum: X(f) = 3 #(5<¢‘+.ﬁ.+u,m>+o‘<.f—f;.—~f.,,>).
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PM — Phase Modulation

Momentary phase: o{m(t)} =a-m(t),
Signal: x(t) = A-cos (2mfut +a-m(t)).
i 1 d . a d
Momentary frequency:  foom(t) = 5 /f()“ fet+a-m(t)) = fo+ o Fm(f).
LT C T C
. L. a d
Frequency deviation: fa(t) = o=~ Im(fl
. a d
Peak frequency dev.: Jamax = B T Tf”](f)
. 1
Frequency mod. idx: g = 2;’3 - max (’]—fm(f)‘
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Spectrum of Angle Modulation 2(2)

n=10

fe
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FM — Frequency Modulation

t

Momentary phase: (){m(f)} =a / m(t) dt, (){m(f)} =a / m(7) dr,
’ n /.U
Signal: x(t) = cos <2nf;.f+u / n:(f}rlz‘)
) 1 d ) )
Momentary frequency: fom(t) = 5 I 2nft +a | m(t)dt | = f. + — - mf(t).
27 ¢ . 2m
. . a
Frequency deviation: fa(t) = an(f)-
. a
Peak frequency dev.:  famax = 5= - max|m(1)]
. a
Frequency mod. idx: fip = 5 - max [m(t)]
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Angle Modulation in the Time Domain
Phase Modulation Frequency Modulation
1 \ 1
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