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Ingroduction (1/3)
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_ Introduction (3/3)
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Ampl |tude modulation (1/4)

O c(t) m(t) ()

Oe(t)=ALcos(2nft) A, fe

Om(t)

[

S(t)=A[1+k m(t)]cos(2nf t)
Ok, A, m(t) vol K,
vol-t

Os(t) m(t)

[k ,m(t)|<1 and f >>W (message bandW| dth)
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Ampl |tude modulation (2/4)
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Amplitude modiulation (4/4)
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0 S(t)=s, (tycos(2nf 1)-so(t)sin(2nf 1)
: S )

[0 DSB-SC (m(t),0)

[J SSB (m(t)/2, £h(t)/2)

VSB
Os(t)  sot)
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Linear modulation schemes (2/12)

' DSB-SC modulation -
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[1 Coherent detection (Synchronous demodulation)
[
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o Llnear }mo‘dwul ation schemes (4/12)
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- Linear modulation schemes (6/12)

Linear modul ation schemes (5/12)
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Linear modulation schemes (7/12)

D S| ngl es deband
[
0 DSB-SC
0
d
m(t) m(t)

600 Hz(-300-300)

A AL A

= Ermgy gas
2-15/41

L| near modul ation schemes (8/12)

[1SSB (t)
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Linear modulation schemes (9/12)

0
VSB
0 DSB-SC
O VSB SSB
0 HOL () FL2
0 (F - <f<f +f.)
0ot HOI =1
O Arg(H(f)) H(f-f)+ H(f+f) =1, -W<f<wW
e e et PR B
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__Linear moaulation schemes (10/12)

O (FPW+)

0 B =W+,
0 s(t)=A m(t)cos(2nf £)/2+A M (t)sin(2nf £)/2
0+() ()
Om'(t) m(t) HQ(f)
O HoM=iTH(F)-H(E+)], -W<f<w
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Linear modulation schemes (11/12)
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VSB
O VSB

0 k( ) VSB
S(t)=AJ 1+k m(t)/2]cos(2nf £)+A Kk m' (t)sin(2xf £)/2

O a(t)=Is(t)[ (2.18)

0 k' (1)

0k,

m'(t) (
) 0.75MHz 1/6 k, 1
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O O
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“Frequency-(:xlriw\/i sion multiplexing (3/3)

BP
N
D FDM( LSB)....,.,j....,. =
012 basic group i e
f.=60+4n kHz 60-108kHz ;=7 }{f -

0 5 basic group=supergroup, g v
f.=372+48n kHz, 372-612kHz:~
( Zebp

=
0 -> mastergroup - very large’'group

2-25/41

Angle modulation (1/2)

AM

asic definitions
s(t)=A.cog[6;(t)], 2nf;(=c;)=db;(t)/dt
6;(t)= 2nf t+o.
OPM: 0,(t) m(t) 0,()=2nf t+k,m(t) k,
S(t) = A cos[ 27t + k,m(t)]
OFM:f,(t) m() f(O)=f+km(t) K
0,(1)=(2.25) s(t) = A cosf2rft+ 22k, [ m(t)ct]

[

oo % ooo

2-26/41



| Angl e modulation (2/2)

UpPM FM  AM

OPM FM zero crossings (
)
OPM  FM ( )
UOPM M ( s(t))
OFM PM: m(t)
0 PM FM: m(t)
dud  WESEERS ., ,_I .-=.1_"_T — FR e -.1-::--. o 0% | -l r...:._:\.-r R
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Frequency modulation (1/12)

Os(t) m(t) FM
Om(t)=Acos(2nf t), f,.=f +Afcos(2nf ),
0,=2nf t+Bsin(2nrf t) st =A cosf2rt+ psin(2Af, 1)

0 Af=kA, FM
m(t) fe
0 B= Af/f, 0, 2nft
FM FM
O FM B
O FM B
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Frequency modulation (2/12)

T Narrowband frequency modulation

0(233) (234)  psin(2af, )~0
S(t)~A cos(2nf 1)-BA sin(2nf £)sin(2xf, 1)
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O FM: (2.35) (2.36) AM: (2.27) (2.2)
(2.37) (u=k A, )

O FM AM 2

0 FM: (2.36) phasors

0 AM: (2.37) phasors
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Frequency modulation (4/12)

" O Wideband frequency modulation
0 s(t) (  bandpass )

0 s(t) (  fo fq )
A expljBsin(2nf t)] Fourier
C=AJB)  s(t)=(2.48), S(f)=(2.49)
' \\ O Bessel function (2.50)(2.51)(2.52)

J(B)  A(B)
ftf

c—'m

M P (2.53)
(248) (254)
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- Frequ

[ Transmission bandwidth of FM signals
0

O fo Af 0
Op ( )aaf
OB FM (f£fm)
2f .,
[
O Carson’srule: Bi=2Af+2f  =2Af(1+1/B)
0 ( 1%)
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Frequency modulation (7/12)

1%
O BT=2nmaxfm Minax |Jn(B)|>0-01 n
& B

( )
O m(t) w

: O D=Af/IW B
b O D B W fr Carson’'srule
3 ( ) universal curve ( )
i Af=75 kHz, W=15 kHz D=5

_\_'_‘—l—_
0 Carson’srute” 180 kHz
O Universal curve 240 (=16W 2n,,.,=16) kHz

0 " 200 kHz
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F}requency modulation (8/12)

[] Generatlon of FM signals
0

0 VCO m(t)
l FM
[
O m(t) (
) p
(
) FM
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Frequency modulation (9/12)
“”I”-"‘l‘i".ll"i'::.-:i:‘ Y ket rranyie | E;r:'l'-_:; “-T .:.-lll.:l:-::llll:l:r..l :“I
] +
O (n )
(256) n
O nf, n s(t)
= (2.59)/ (257)=n
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Frequency modulation (10/12)
i of FM sorals

O (PLL, phase-locked loop)
[ +
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O H,(f) = Hy(F),8(t) > 81, S(f) = H,(1)S(f)/ 2 §(1) - (1) )|s.(1)
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cy modulation (12/12)

Sl e R e e S 4

AL

LR

i Wl
8-10% _._u...: .

[1FM stereo multiplexing
[ FDM

N
U FM
U
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O RF section, (
RF IF LO
) IF section, ( )
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Superheterodyne Receiver (2/2)

S arienrm

fIF_fLO fRF fLO
P
0 AM

ll IfLO— IFI

O fRF=0.65, f|F=0.455, f|_0=1.1059 fRF=1.56

0.910 MHz
O RF section
O RF section
U] FM ( ) -
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