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Spectrum of Standard AM

z(t) = A- (C+m(t)) cos (2 ft)

=F{ACcos (2nft) } + F{A m(t) cos (27 fot) }
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Amplitude Modulation — Deterministic Case

Standard AM:

Envelope, A - (C + m(t))
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z(t) = A- (C +m(t)) cos (27 ft) 2 ‘u\‘ ‘”H‘H“M \Hh
1 H““"HH‘HHHH\HHH‘MH\HM““\‘\M“H‘\H‘\JM
Crystal receiver, an envelope detector, of “H\ \‘W‘JM\“ il ‘HH“‘H‘\ “HH‘HHH
first demodulator of standard AM: ! ‘M‘ i ”‘”‘H‘ HM“‘ il ‘\z(t)
-2
\
antenna -3 ; i‘ ‘1
diode 3
BP filter LP filter /’
|t I \W- wu |
N ol w;m\HH\m il \H
74 ear- ” H\MM\”” \HA‘ H Il \‘M H‘ ‘\
phone 1 H m gt W 1 lH
H‘ {f H“ wuu\””(“
—3
. 1
TSDT14 Slgnal Theory - Lecture 7
I LINKOPINGS
I." UNIVERSITET 2019-09-24 2

AM-SC — Suppressed Carrier

AM-SC: 2(t) = Aml(t) cos (2n fut)

Demodulating AM-SC with an envelope detector:

Crystal receiver output
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Spectrum of AM-SC — and Demodulation

x(t) = Am(t)cos (2nfit) = X(f) =5 (M(f = fo) + M(f + 1))

=

Coherent demodulation:

y(t) = 22(t) cos (27 fot) = 2Am(t) cos® (2m fot) = A m(f)(l - ('()h‘(«lﬁf(.f)).
V() =AX(f—f)+X(f+[))=A-M(f)+ 7(A\/(.f —2fo) + M(f +2f.))
Message [M(f)]
W w f
AM-SC [X ()]
v f
~f. f
Demodulated Y ()
LP-filter!
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~2f, 2f,
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Demodulate SSB

Original NA
AM~SC I
NA N o
'—fC '/o
AM-SC-558
N T / ot
y Y 'fc
Demodl. with AM-sSC
I + ’¢I 4 -/] >
'Zf‘ _ff- 7‘5 zfe L

LP-filter again!
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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.

AM-SSB [X (N

n ﬂ upper sideband
L/ /

AM-SSB-SC [XI

upper sideband
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AM of Stochastic Processes 1(3)

As for deterministic signals: X(t)=A-(C+ M(t)) cos (2mfet)
Question: Is X(t) stationary in any sense if M(t) is stationary?

ACF:
ry(t,t+7) =
=E {A((' - J[(f)) cos (27 f.t) A((' + M(t + T)) oS (2ﬁf(.(f + T))} ,
= A’E{C?* +C(M(t) + M(t + 7)) + M#)M(t +7)} cos (2m fet) cos (2m fo(t + 7))

= ; (('2 +2Cmp + 1y (7)) (('()s (27 fo(2t + 7)) + cos (27‘)‘;./—))

Dependent on ¢. Non-stationary.
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AM of Stochastic Processes 2(3)

Adjust the situation: X(t)=A-(C+ M(t)) cos 2mfet + V)
Question: Is X(¢) stationary now? Unif. on [0,27).
Indep of X().

Mean: mx(t) =E{X(t }_E{4 (C'+ M(t)) cos (27 ft + ) }
—E{A (C+ M(t } E{(()\ (27 f+\I’)}

o’

Note: E{(()s fot + ) } - )i((,.‘( 7 fut +1b) dib = 0,

(J

OK! Independent of t.

Result:  mx(t) =0 What about the ACF?
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PSD of AM

Often, we have: my = 0.

ACF: ry(7) = 7 (C? +7y,(1)) cos (27 fo7)

A%c? A A? i
PSD:  Ry(f) = ——=(0(f + £ +0(f = ) + - (Rus(f + f) + Rug(f = 1))
A? A? A?
Power: Py =ry(0) = 5 (C* +r(0)) cos (0) = = (C* +1)(0)) = = (C* + Pu)
For AM-SC A2 A
ry(T) = - ry(7) cos (27 f.)
A?
Rx(f) = T(ff’u(f + fo) + Ry (f = o).
A?
Px = TP‘V'
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AM of Stochastic Processes 3(3)

Still this situation: X(t)=A-(C+ M(t)) cos (2mfet + V)

ACF:
ry(t,t+7)=E {A~ (C+M(t)) cos (27 fot+W) A+ (C+M(t+7)) cos (27]‘}.(1‘—&-7)—&-‘1’)} ,
= AE{C* +C(M(t) + M(t+7)) + ME)Mt+7)}-
-E {('()H (27 fet + W) cos (27 fe(t + 7) + V) } ,
e :}T_(("“) +2Cmy + 1‘_\,(7)) (E {(‘u,\' (27‘)‘}(21‘ +7)+ Q\I/)} + cos (27 f.7) )

27

"1
Note: E {(()\ fo(2t+7 2\1/)} - E(m (gﬂﬁ_(gf +7) + 2¢) dip =0,
0
A , )
Result: ry(t.t+7) = = (C*+2Cmy + 1y (7)) cos (27 fo7)

OK! Independent of t. Stationary in the wide sense.
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Coherent Demodulation of AM-SC

Coherent demodulation: Y (t) = 2X (t) cos (2w fut + 1)

i Same U as for modulation.
Demodulated signal:

Y (t) = 2A M(t) cos® 2m fot + ) = A .\[(2‘)(1 + cos (4m fot +20) )

Result:

A) A?
ry (1) = A%y (7 )+—/\,( ) cos (47 fo7) .

N . A . . . .
Ry (f) = ARy, (f) H T(R\/(.f F2f) + Ry (f — —)f())

B - 342

After ideal LP-filter:

2 - 2 - 2
ry (1) = A%y (1), Ry(f)=ARy(f). Py = APy,
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Noise Analysis of AM-SC 1(4)

Bandlimited WGN

F—— Z(t) + W3(t)

AM-SC
WGH 2 cos(27 fot + W)
Ry (f) = Ro.

/ Ideal Ideal
, : BP filter | X (1) +Wilt) Y () + W) | Lp flter
KO W) == "y () X) Hy(f)

A
N

-

0, elsewhere.

Noise Analysis of AM-SC 3(4)

, | = fe| < B,
H|(f):{1 171 £ < B

2 R,. | — fo| < B,
R, (f) = |Hi(f) PR () = { . [l/1 ~J |
0, elsewhere,

fe+B

Input SNR

Py _ A?Py/2 APy

Pv, 4BR, _8BR,

(e <] J
Py, = /Hul(.f‘)f/f:z / Rodf = 4BRy.
"o fo-B
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Bandlimited WGN Bandlimited, Bandlimited white,
AM-SC non-Gaussian non-Gaussian
WGN 2 cos(27 fot + W)
Ru'(.f) = Bw |
/ Ideal Ideal
. : BP filter | X (*)+Wi() V() + W) | 1p filger , ,
X(@O)+W(t) —= "y () Q(/ my() [ ZO+Ws(h)
A
4 N
. 1, |f| < B,
H- = ’
2(f) {()_ elsewhere.
QOutput SNR N NE ~  J2Ro, |fl< B,
R () = [Ha P Ry (1) = § 20 171 < B
Py B A2Py, . , elsewhere,
Pw. _ 4BR, T N
Py, = | Ry,(f)df = [ 2Rodf = ABR,.
o0 B
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Noise Analysis of AM-SC 2(4)

Bandlimited,

Bandlimited WGN
non-Gaussian

AM-SC
WGN .
R”(f) _ R(). 2 cos(27 fot + W) [

/ Ideal Ideal
) : BP filter | X (8)+Wilt) Y () + W) | 1p flger , ,
X(t) + W (t) —» H(f) X) my Z(t) + Ws(t)

A
4 I
Wy(t) = 2W4(t) cos 2m fot + W)
2R, |f| < B,
Ry, (f) = Ry, (F+ fo) + By, (f = f) = § Ro.  |If| = 2f| < B.

0,

elsewhere.
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Noise Analysis of AM-SC 4(4)

Bandlimited WGN Bandlimited, Bandlimited white,
AM-SC non-Gaussian non-Gaussian
WGN o o
Ry (f) = Ro. Zeos(2mfot + V) /
v Ideal Ideal
BP filter | X (1) +Wi(t) Y(t) +Wat) | 1p filger
X(t)+ W(t) ——] Hy(f) U mi) Z(t) + Ws(t)
Input SNR SNR Relation Output SNR
Py APy Pz Py Py _ APy
Pv,  8BRo P, 2P, Pw,  4BR
Twice the bandwidth — Twice the SNR.
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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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Example:

Spectrum of Angle Modulation 1(2)

o0

n=-—00

= A
Spectrum: X(f)= ) #((ﬁ‘(.fﬁr,ﬂ»%/,f}..)+r>'(f—./‘}-—ufm>>‘

n=-—00
o]

k n+2k
Bessel functions of the first kind of order n: ., (41) = > ll((f—l) (ﬁ) o
A\

) )1 )
P + k) \2

T T T T
_Jo(p)

Ji(p) .
LADN 1AM
/ / Vs ./41/1)/.]—‘(//' J,;t/ll/_/‘-

N
e
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Angle Modulation — Modulation Indices

Angle modulation: x(t) = A-cos (‘ZFf(.f + (){m(f)})
H_/
Momentary phase

Phase deviation: oa(t) = o{m(t)}, for mean 0.

Phase modulation index:  /ip = Gdmax = max |¢a(?)]

1 d 1 d
. 3 = — . (2xf. = f 4+ —.—¢
Momentary frequency:  fuon(t) = 5= S 27/t + o{m(0)}) = fe + 5= Zofm(t)}
.. . o - 1 d
Frequency deviation: Ja(®) = fnom(t) = fo = 5 —o{m(t)}
Frequency modulation idx: ;; = T'B Famax = max | fa(t)]
I LINKOPINGS TSDT14 Signal Theory - Lecture 7
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Spectrum of Angle Modulation 2(2)

=1

pn=>5

pn=10

IR ITNNENINIIIT

fe

Carsonsrule: Bandwidth = 2(pu+1)f, = 2 (l + /l,) Jamax
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x(t) = A cos (27 fet + psin(27 fint)). = Z AT, () cos (27 (fe + nfm)t)




PM — Phase Modulation

Momentary phase: o{m(t)} =a-m(t)

Signal: x(t)=A-cos (2nft+a- m(f))A

a d

) 1 d . .
Momentary frequency: Jmom(t) = o . TIL(_)Ff(f +a- ”7(7‘)) =fe+ 5 . Tf”[(f).
T« T

. L. . a d
Frequency deviation: fat) = o=~ Wm(f)-
L
. a d
Peak frequency dev.: famax = 5= - max W'”“)
. a d
Frequency mod. idx: Jif = —— - max |—m(t)
2t B dt
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Angle Modulation in the Time Domain

Frequency Modulation

Phase Modulation

TTTTTTITTT
i \u‘ I

T
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FM — Frequency Modulation

r){n/ } =a / m(t) dt,

Signal: x(t) = cos ( mft+a | m( )r/f)
1

Momentary phase:

d )
Momentary frequency: fuom(t) = 5= It (2ﬂ‘flf+u / m(f)r/f> = f. +_;—’_~m(f)-

Frequency deviation: fa(t) = ;—' ~m(t).
. a
Peak frequency dev.: famax = 5= - max [m(#)|

~111;\x|m(2‘){

Frequency mod. idx: He= o5
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Demodulating Phase Modulation

Sent signal: x(t) = A-cos (‘Znﬁ.f - U{m(f)})

L d d
Derivative: F.]'(f) =—A (27]“(. - —(_){111(7‘)}) sin (27,1‘;.1 - (){m(f)})
(
Envelope detector gives us: < —(){m })
BP or HP filter gives us: Ago{m(t)}
For PM: (){m } = am(t).
Integrate: /AFO{”, T }(// = Aa (171( ) — 1//(7‘(,)) Filter!
to
. d Envelope _— .
x(t) pri detector BP filter .ff“ Aam(t)
I TSDT14 Signal Theory - Lecture 7
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Demodulating Frequency Modulation

As for PM: Derivative, envelope detection and HP filter gives us:

ALo{m(t)}

For FM: o{m(t)} = a/m(t) dt.

d d
Then: Aad){m(t)} =A o a [ m(t)dt = Aam(t) Done!
d Envelope
ot) —= 5 detector BP filter [—— Aam(t)
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Building Blocks

Dervvetrve Inteqration
I3 ¢
y °__|c + + # + 2
ult) vitl) =-RCZvsy () | Ve Vot (= =31 Jvin )t
- L 0 - - L - fa

The Sc.gn_ {uncfc‘ln

* +
Yal) Voutlt) = Ve sgn ()
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Alternative Demodulation

2(t) —| sgn(z) dit || LP filter [—— < fuom(t)
1, x>0,
sgn(z) =4 0, =0,
-1, 2 <0.
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