1n’€rodu\chof\ ‘Vo Commuwicq‘Ha\ QYS/&%/&

e

P Cimmuv\?cq{‘x‘oms W refexs to all QM‘&Meeﬁ‘ﬂ}

aspects of designiny apn ana\yawz sysfems  &er”
communtcatluy i foyr mation electoncally.

= VSignals and syskews ot sigal prcessmg | plays

A /.
awy AP ‘t‘“d’ m\es LN Cowawm ““tca‘\‘(an 6%31!46%3*

nar—

- EX- radis S’P‘i‘h‘” 4 wants o Ao St sfgual X(L-t‘)

and  Cudio shatcm 2 wants 1o transmit Stgual X, (1] .
X (w) Xg (w)

mm __L‘fﬂ?:l—vu

= Mow can both transmit 4, he public at
the same time 7

Awswer s The siguals X (t) and xz.({—) ace @fef)uewcy
Shitted by difterent amounts Ler

+qu$mc$§:‘m !

_ LA A

- L(S'\’emefs Cﬂd‘\ v ecerve the s*\‘gnal '{1\&7/
want,  but +M7 must  undo  the Greﬁaenby
shr €4 lae \Cvre, ‘\‘0\.0_7 Cawn \s k’m ‘h) ‘H'\e i"\ﬂbrlmq tan .




~ The Hreguency shi€t s accomplishe] (o/ embeddmy
e wboemation signals () aud ¥ (f) into
& 6 ther sx‘ﬁua’S- |

— The ack of combining two signals like s s
cal\e,,a\ W\odu(qh‘m )

— The ack of e#\'rac%‘wa He  wm {forme Han Sfﬁml at
’k\:\g Cecever 1S called d%du(at’iav/\. A

= Tnkormation B&Lr\"‘\% electrunic Su‘jh«lf ave "Tanﬁm}ﬁe;c/
'\-\/\Y‘ou%\n a  wedium .

W - MW‘OSFL\éfC ( broadcast radw and 'T’V')

— —  Coaxial cable ( cable TV)

/ — Tw?s‘l'eA Pm‘r copper wvire (Flaue o’d "’c'eﬂtme
fstem — POTS

~ Bber optic ( deyital +e\ep14mﬂ/ wlerne 'f'runk)

- SEteV e Satetlite Link "('\'ﬂlePMe/ TV),

— The fransw\rss.‘m wedrum 1S called ‘H«e chnnne[ .

- GCV\em”y/ the channel iSk_I_\_(fi an q”——PdSS &) ter.
— it O{TS'bI”‘tS “"L\e S‘fjnq/,

—_ prior '(’o “'rqnfmpr.n‘;y)/ ﬁ«e Sfth’ (s o{«,’ep P‘U!fﬁ’

\’\/\Wufyl« “‘he {’v\_\_:_eLS__f; system  of the chamnel .

e,

— — Then the desired Sighal s received -

—9 This i Called O‘Aw\nel e%uah‘%aﬁa'\'
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— We  will Locus on W\oo\ulqﬁm/ which s Prabawy
the Ww?l’ iw\pé’f{’aﬂ' Sfﬁm\ process.‘ng', I mmvnqnf(q'hmf
— e‘/\‘%‘\V\eP/v MOA .

Amelitide  Moduletin  (am)

s ——

— X() s the \V\Qorw\a’ﬂ‘in 9\‘3M‘) also called the
W\odMlah\\} 5*'(‘%“4(-‘

— X(t) ts embedded n ancther signal  C (1) called
the carecief gtgha\

———

-

— ¢ (t) s q cowmeley e,)cponenh\a\ or a real QMuSo)co-
N

- The Eo(luquccj Sfj"\‘L’(~ Y(ﬂ [

Y {t) = x(t) c(t).

— The ~tr%um7 51/\(@'%(\'\3’?(‘0‘)@({'7 o€ the Touvrer
Toans born tells v gt

SWiE4ed Vexsion

— Thag
S\/\\t‘H

yt) s « J«Zreq)uev\a?l
ot X,
(s one way or(: accmPlt‘SL«‘w? 'HN)_ C\rgﬁuexw}/
‘“} 0\\§cusfcd o P AR 3"

\

— Thes way of AOM‘Q— if ts  called “MP('\{"‘AG l,\/\M!MLL-ILZ‘?)
. or AM
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— For a complex carviec, c(t)= e?\f(“’cf*&)

. "FW A f@‘(,( Carrfer) CC‘(’): COS((A)CT +9c)

—> We 5 called the carvier Qre%uency.
\

— For 6\"“4?("‘"'%7/ suppose the carmey phase B¢ Ty zemp
— Thew y(:‘_) = X(‘(—)eswc-r ~Cor a COWlp’e)ﬂ Carrér-
- Then  Y(w) = 27 X(w) ¥ C(w).

> bat Clw) = 2T (w-we) .

~ 5o Y(w) =z X(w-we) (Freguency shite )
— X{jov)
o @ ™ )
Cljw)

®)

Y(jo)

VAN

((!)c"(l)u) We (mc+wM) L

©
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- Amy(c"\qalﬁ w\odq\qut'm q(m*(;*s the Qrquqevw/ EE_Q
ob the mrmatin stqgna| x4 . |

T = The tnbormation signal x () ¢ also called the
"Qasekﬂﬂ 41‘50\«\
—To recover X(t) From y(1) at Hhe rececver, we.
gl\MPly "VM““‘\P()’ lD)‘ 8‘5%1; the comyugate of
The carpier evynal:
xCH) = yere s
- Thg is Cq(l{J) deMoc‘u(q'{‘"c,rl.
- Block. C\\‘qjmw, 0t compley carrier AM transm ey
~
cos(wct +6;)
Re {y(t)}
x{t)—y
Im{y(t))

sin(wt+0,)

— o a real Carvier, the Llocle d(qgmm (accomejf

: cos(j:- 0.)
x(t) b > y(t)

=X
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-With a cea| carcier c()= cos(wtt e )/ we have-

cw) = T[ow-we) +e( wtwe)]

——gc;) \((w):—%[)((cu»wc) + X(ufuc)] <9C:O)

X(jw)
1
—wy Wy w
(a)
Cljw)
i I
— e g
b)
Y(jw)
1
2

(—w—wy) —og (—w.twy) (we—wpy) W (w0 w
{c) .

- G de,modu(o\'h‘a’\ 1o wuf’lL) e +wo Copies ok X(w)
Cannot OVWMP-

— g means we wmust Nave (e

> W whech t
Rway's the Cace " e 6 aleed

EX? AM radio - wm v kHz

Phces-L




S’}’V’CL\VOV\OUS AN Dev\wduda “h“ot/\

—

—The received Signa) g 4 (t) = X(+) coswe t

(asruumg a (0“’(655 chanye | )

~ Twe ferst \‘hima {’l/q vecefver doés s WM”'Y”/
y(f) by the carpier cisnal o ge T

w ({) = ){ (‘l’) Cos wc‘t = )/ (t) ¢ ('l')

—_— Y(u) containg i {reﬁuevmy shitded copies o & X(w)

= £ Y N
—> Cach 0f these (opies LS »Fré%wemcy shifded a

Second Twe  tn W (w). Two of +thewm add ‘(‘ojeﬂe(—
T make 4 new Copy o€ X(w).

—As  shown 56’0‘4// XC"")/O.V\O{ fous X(’(‘)/ Cawn be
Mecovered oy &PP“/‘\”\g an idea| \ow —poss
Filter  (dasked line ) <

Y(jw)

N

1
l/\l
I
W (We—oy) o (et wy) w

(a)
Cljw)

____________




— The Si\ker must have « gain o+t 2.,

7 — At uJa/ to  see tais s 4o Y\wh& Hat

w ()= y(f) coswet
= X(‘t) Cos®w,.t

— use zdev\+{-’c7 costwct = Y4 Sestw T

= wit) = Lxct)+ 5 x(¢) cos2wet
K/’\/\/

Twuis term is  (Eewo ved

by the low -p ess & [te~

— Recal] that no [pw -pess #n‘(‘f’erl;l} (S rcgw‘rcd
when &  complex carrier TS ueed, smee we Can
Simely mmulbipl Y by twe conpugate ok
the  carcier.

— Bloc\e diug o fer complex ca Free .

x(t)——'*@‘)—"’ v , y(w/(’f—‘ w ()

olfuct + & J— e"(ﬂc“"‘d

Mé(’\klam (Democlula'h?’\
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-_ B\oc'c D\‘o.jrum {:cr Tu(' caryrey .

—~
H(jw)
() ¥ ) ()~ vo r 2 > x(t)
1 “Weo _— co
Cswdre) cosfdt+e)
Mod ulahon Demedule Hren
“LA '("AA Prﬁcecdr;c), Uocl& d\"ccjrams/ KD‘P@ ﬂ\cd’ +he
Transwitter and receiver wuch both  lcnow thnhe
C X 3 - \
afrvie( 5(3 KR’ CC"'): 63'“)&1. oC C(‘”: Cosetuct .
_TA parYiculepe + .
B i y the c{e\moo\ulc{han does pot work

covvectly 1€ Peve 5 4 Phase otfset betueen

The cavrier §T3MQ\S Uused th  the “travswiHer
and\ eceiyvey.

— Swce. The vrecerver wwst lenay the phase of the
carvief giqnal wied ot fhe ‘(’ranfmi‘f'fef/ Mhis
’(\/Pt ot demw\ulq‘h‘m (IS Ca[led .Syncl«rmous

L{twod“l‘t-r‘fo .,
- —

— Svppose  how the T there v a FIAAS{ eoror
the cavriex Sigual used at the @ recervey

CﬁS Caw\l:an‘;d ‘(’b "H,\Q oNQ USCd Q“f" ‘H'\l
‘\’v‘avtfwxi‘)'[e/(),

TN
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~Twis type o€ errer is calld a synchronieatsn

Crtov.

| /Speczgicat(7/ —@u( "HA,-Q caseé ot a Cau/\e?/ﬁ)d Ca/TP,Cf/
svppose fhat
CT(+) - @waC—t + ) at the ’“‘answiﬁ'er
a0 =& CFHE) ot e ecerver
-~ we  have
wlt) = ¢ (1) y(t)
- CKC*)[CTU)xu)]
N pt éé(wc{"f(ﬁc) e}(&)gt"(’ﬁc]
X (t)
(O - d
~The demodulated s\“atm( s off L’)‘ & Mu[h\(,/rmh‘ug
Cmplef qu*"o(
— l:i( ,HA[ CalQ c)@ ’HA.Q \rcul/vqlupc’ (arrl'ﬁf
Su()()US‘Q 'H/lct"'
Cr(¥) = s (wet +6¢c)
C¢C1L> = (oS (wcr‘FCﬁCJ .



—Twe dewedulafed Stomal TS
WC'H - \(C‘f) oS (Luc tt ec) CDS@JC t—é—‘-}[c )
s hoply Tw toy it ity

Ces (uctT 9c) cos(wet ’f¢c) = Jz'C”S ( ‘%"rﬁc) @

t 5C05 (2t +6¢ +é)
~ The demoduleted syuel

wWwlt) = T s(B— ¢ ) X(t) + 7 cos(Zewet t O+ )

R _ — s o
Discarded LY low — ~pass
&ite

— ((’ ®c~CISc J fhe oud'qu'oc- the low-puss
N X ().

7 it B =T e output ot the low—pes;
Lile 1s Zevro .
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V&syncbmf\ws AM O@MMAUKC&T‘UI/\

Vel

‘;T\;\\‘S aQPV‘UQCL\ Aogs uu& re u{re "97/ hCmei%qh“m
(’)Cf\)ee"\ S1q an() at -“,\Q tFransm ﬂ'&r aM Vecefver

—suppre [l X(w) s Lawd Uwited o
TEM S DS O that X(w) Fo B (7 wm,

~ Suppese «wa‘ber
We >> COMm |

- r;lV\al (y/ SMPPoff "lclpt‘f )Q ('t) 7/0 é\Ole( t.

’H’\‘\”" the cavyief Prézu&ncy

- IV\ "H\FS CaSP/ X ("7) {\5 Q/‘)ff‘px )'\W\Q(F&ty eﬁ”‘“,

to HA@ Envelope. of v (t) -

T e
\inr
ki

Envelope

e

A Aewod ulator %’U{‘f' tracks +le mue(afe
0c v (0) s cutled  gn envelope detector.
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- Exampl of a simple clreuit L enuelopR
d@"‘(ﬁc‘(ﬁ)ﬂ ( ha| - wave recHs (%‘ef) .

+ Dt +

¥t c= R E wit)

AAAA

(a)

(b)

Figure 8.11 Demodulation by envelope detection: (a) circuit for envelope
detection using half-wave rectification; (b) waveforms associated with the en-
velape detector in (a): r(f) is the half-wave rectified signal, x(t) is the true
envelope, and w(f) is the envelope obtained from the circuit in (a). The rela-
tionghip between x(f) and w(t) has been exaggerated in (b) for purposes of
ilustration. In a practical asynchronous demodulation system, w(t) would typi-
cally be a much closer appreximation to x(f) than depicted here.

o e e e [

~u5mf(1(7'/ the output o F 4 Adewpdula fim C"WLW\.%
o¥ this ~(’pr s fthen pmc&ssed Wtﬂ\ G
low 455 Eilfer 4y cuorthh out +he
Aitterences betueen (1) and x (f).
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‘/\'

—The two wain Cequivements €4 asynchronovs
dewmedulatt-n to work ave:

. X{+) 20

2. wC 37 C—UN\

— The Secemd condttien IS oten Sats FI‘CJ au*‘owﬁ‘cql é
— bor example, 0 AM :
| 2): "\“d(o '(;i%\' ~ 20 (CH%}
wwile - N
— The First comdtion can qlways be saticbied é)’
adding  a  constot A 4 x(t), F& Ais
picked \arge enovgh,

fhen  X(t+p > o.
- Let

K= Mmax {mum amplitude ot XU'))
So that ,X(f)l < l‘<

v (A 4 be
heed A=K

positive, we

- T o = l& i h ! {
he Ptatio: m A 'S called the ;/\{)A(,{(qﬁbﬂ ‘Vlﬁ’@/(f

~T¢ m s CXpresged in ?erceq%, (t s qu(af
the “percewt wmodulation
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- Examp(és o0& modulated wave erms  withy

MT 05 (50% wodulatim) and wm=[.0

( Wwom mo\wlaﬁm) .
(a) 1 y () = (X(f) f'A’) (05“)61’
\\I\x _"I\A \l\;:- Y -
'7’} 4'(\\!\ \ d\llv/ ﬁ\
— V. S Figure 8.13  Output of the 4
| B (b) madulation indei m = 1.0.
—  When 5\/Ac\¢ro'h00'> Mod“‘ atton i used/
The trausmitted sigual s y(t)= y(t) wswet
~When aréynct\ vonous o(emoo\u(qhbu\ isl \ued/
The + i . 3
r‘answu*ﬂcpl S\ 5!/\&\ (S Y(f) = [){CﬂtA] CoSewet
- The Foorier teans (OTW\ ot Y (t) TS wnet
- the Same n these Two (oses .
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/SPecJ(’(ut;/l Y(_w) o & —%raVlSM?ﬁecJ gfﬁﬂ‘l( (Q:"/

ﬂ\e case of synckromus qqd asynd/lra’MJUS
d@wtodm[ct'f“(on "

/\ | l/\ Yw) Lo synchremeus

deuwd wleg ‘H‘m

_ _ —w ) we @
A wA
AL o e
—w, . g ™ A%alulq’(‘('t*’)

(c)

- The divac delYes in the asynchrmous
dwpdulqﬁm Case  Ccome o —HAﬁ

Tevwm A cose t I Y(f)= [X(’r)ﬂ\] (sct |
'-"EUSOLaHy) Yoq WCLM" '[’O wlake A) swmall 4y monrwize_
the Power Yeq uived  to A ranswmit+ the $1g ha I

—> This is equiva lent ¢ wamLc‘n(aT a large V‘([“Q
o& ’HAe Moo(uld‘(‘m mdey m = %
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—out, The swaler the wy dulation mdex,  the
befer the simple enwelope detectar s able

‘o -kmc\ﬁ -HAQ ev\velofe OWID\ ap\vrowww'f_f
KW at the receiver

= Thos; there 15 always a tradest € between
\‘\’V‘QV\SMBS'\U\ Q("g\\ciwcy awd %ualr—{-y O-P‘
“(’ke OQWDOQH\QT?A Q\\EIV\Q,

when a Synchrenous
dewmodula fien

5 Used.

Frcguemy D(\V“S“WI Mul‘h“g’e)(l’\vl?_ (FDA/\)

91 V\eer'm,] app h‘ad’t‘an S/
More  4hey ONE A for pation Stqnal
throvgh  +he

(s transmifed
chanyel

Simu | {‘aneou le.

E}_‘l Cable ~ele visten %  the Yransamitted gund
Veceived siqnals qoiug throvgh tue c haune |
(C&A%"‘ll ca'ﬂte) contarn WLaMy cl«amue,ls_

gl} Broqokcavl' TV and vadio « CGaclh Statien

Tva‘ﬂcmi‘*s owe (’qu_quecl ‘31\3'\@‘ U\,fo ’HAQ
Channel  (public airwayves) . The received
Sanal ts e sum of Hhese .
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EX ¢ \wlernet or foken ring data networlc

Many difterent Aata g.‘«jnq)f are laeEm7

Y ranswitted €‘4W\u\lTaV\Eow’y ‘H\rou’oth the
Networ k.

Ex . T4 *c\e?\f\owe *eunle: s W

_ A TA ‘(’I‘unk Can Lolo( abou‘t'\/\dl‘\/l\du“l

‘{'e\erkone ecalls simu(taneouvs 'y.

— One waoy of ac\u‘evim? the simultaneous transmisson
oL several| tn Corwmg tiom gtq uals “("/\V*DUQ,‘AW Chaune |

S T Aivide ue the Chanvel bandwidth into
—Qvei)uemcy bands |

—> Eacly W formation S\‘cjhal gqets one ot the
Frequemy bands.

— Eacl M*mrwxqf(m sa‘jv\a( uses a carrtey

Siqual € ()= osw.t or c(t)= eIVt
+hat \Crecbu\eva skifts tUhe (nLormation

Stgnal w(£) nte s assiqued Erequency
S and -

W\ . ) .
- This i< (a(\@d (Zfe‘()‘*eﬂc)‘ d\‘u.‘s.‘m W\uH‘((D(Q)ong )
or FOM.



~ The carrie ¢ @re«bu,encffs have to be spaced
Yar enova apart <o dhat 4he modu [a fed
Signals  y(t] have Foorier seectra (@) Hhat
do wog over lap one anothey

EX: ~The tnformation  signals are x,(4), Xy, (t),
X (8) , ..o

~The carpier siquals are (oswat, c()sw.ﬁ)

Cosioct, ... ;  with carvier —(’—vecbuencies

-

- The W\oalu\q'\'eol Sfjvmls are ya(’c), Vi (+)
\/CH-)} .. -

/

-';F\Ae siqual that s +ronsmiHed Hhrough the
Chawnel s wi(t) = Ya (H) +Yy (1) + Ve (£)+ - - -

:)x\ Yolt) () > w(t)
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~

— Tan the *requency  dowata -

—wy Wy O oy @y W Tom o @

Yaliw)
ANNA

~ay, Wy w

* L Yplio)
[ ‘ A

Yeliw)

—uc Yo @
W(jw)

INATAREAIAYAY

~T
© Vecover OLV\\/ owe 3\‘\;8\/\ information S\\ab\a\/
Say ¥, (Jc)/

Frow wlt) requices 4wo
Steps . ..
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- Stee L Dewmulfiplex w(t) ¢ cecover Malt).
= SYep 2+

Dewoduld e Ya(ﬂ +o feovel Xqlt).

- To Dewmu \‘hf\e% )

Vowu Sanal?qfs \C(Her w(t) fo
9e-t Va (£) .

— T o\ew\oo\ulqrﬁ) You AeW\ko\aCfc the Cecovered
\/a H) as \oe‘Fore.

iplexing g Demodulationﬁ-{
Bandpass Lowpass
filter CoS w,t filter
Hy(ju) 1 Hafie)
w(t Yalt) C— 2
, pr—p.. xl(')
T
—wy Wy w oM M @

Figure 8.17 Dsmultiplexing and demodulation for a frequency-division multiplexed

NOTE in ‘\'\M'S Q\‘gurf, §yv\c\l\rwwu$ demodulu'h‘%

'S weed .

*'"Fo( AM Tad(\()/ the '\'U\M\Aj Atel oN your radio

COY\TWD\S "‘ill\e Cewter @recbuev\a/ ot the bawndpass
filtern T oo controls the carpre

Wied Lo O\eW\oo\u\a+\‘ov\c ] {l\reﬁuemcy




NOTE ¢ 1228 broadeast Cadio ; asy nchronous
demod w\atin is used to keep the
teceivers £oowm Becommj 1—00 e\cpa\s(detﬂ

e

NOTE © For the AM we Waye Alscussed so ‘Qﬂ‘/

e woduleted stqnal spectrum \((t«))

contains “‘two Copies ¢ ¢ the i {ormation

5"3““\ sRectvrum X (w) v
X))

Y (=)
AL A A

——'T‘MS QC"&CW\Q \§ Cad\ea\ \\dou\)‘e sxdcguJ“EM”

- S\V\ce l>o+\/\ cches mu s+ Be +rawsw|‘H“eo{ ‘H‘\e
WModulated stgnal v () peeds twice as wmuch

bandwidth in the chaunel o the ove
1A formection Sigual X(t) .

"“T\'\ué, double sidebaud AM s iv\\«erev\Hy
Bandwidth tane Eiclent.

31‘»16([
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S(I\s\e ~Sideband AM

& — With a redl carriec coswet; we Wave seen that

+he modulqted §\‘3n«| y({:) occuples twice ac¢
Much band width as the nfor maton sigual x(H).

= With a complex carciec @3, e modulated
signal Y1) occupied the same band wid H
as X(t).
— But tlhis reguires & complex wmoduluted stgha

and & complex carvier sigual, which is
U\\V\des\‘rqb’e i W\awy QFP‘;Ca'HCVL(-

,Slt\ﬁ\e«g\‘}}e‘pqnd, AM s A way to ge-+ the best
~ 0¢ beth worlds-

—~—2 The Cayvier N nal and wwdulq‘f’fcl Sty fMI
are real.

— The myduleted Stf]uq( ocC uples fhe same
Sandwidth as +the 4 fy yua Hion seynal| X (H
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= The indormatton figqnal spectrum X(w) comtatns
PoSitive @re%uev\a‘ej ond neqative frequencies .

“"3“*“ ve X 1/ pos e
-Pre(yev\c.‘ef\l % -Precbufna‘ﬂ
i S S

w

~When wWe W\odv\\a'l'e with a real Carrier c(H)= Coswct,

Nw) tontains two Copies o0& the positive Frecéuewc:‘ej
Aﬂc\ two Copies .ok the V\egq‘h‘ve @re@ue-mc:‘eS .

peer cmd lower‘ (l‘d&LCMAs J
as s‘/\ow'\ Be\ow\
Y{jw)
gy ) o Towl

~There age two copleS ok X(U))

We and pne centered «t -

— Each copy o€ X(w
L

one centered aqt

) tontains a copy o€ the Positive
Veguencies ang o copy o€ the negative @vcﬁquex

—
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—Twe upper sideband  containg +he negative treguencies

@ro—w\ Twe copy o€ X (w) Cev\‘ho/(ed_o\‘(‘ —we angd the

Positive Leequencies fromn the Cpy of K@)
Cevitered at we.

— The \ower STdEl?omA C_WK!'.S’\’B ot '\‘L\e V\e,gq‘(flve
-c'recb\re!/\c\‘e,y Tromn e Copy of X(U) CfV\'f”frf‘ﬂ(
At We and The POStive "‘\:(efbu encies  Fromn
the Copy ofF X(w) Centere at —we

MQTE; )((g,) Can be re cove red B tue
Upeer side band alone

Yuliw)

, | The upper Side;}xkd
A T A<

"g(‘m‘lurly, X (w) Can be rewuercol Lrow %e
lower side bauel alpne

) The lower sidebawd
N T 4 <
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—-So) .\>\/ &'ramm‘\ﬁimﬂ Onlt/ one S\‘c\eEanA)
we can Ski\l vecovec X(w))

~> but Hle Cequired Teansmission bandwid th s
Ut ht as compared Yo double Stdeband AM.

— One wn/ ‘l’o (38‘\' 3“5“' tWwe U\Ppe(‘ s‘{a\e\bm\d \s '\’0
Q?F‘\/ a \‘\th"Pass filter Yo Y("b)

> The LIk ignal
e ered 5\3'\\ 1S called )lu (t)/ -Cof \\ueper

N i
St 0\ 4 &a nd .
Y(t) e H(jw) e Yy(t)
Y(jo)
l T
2
7 7

—w¢ we «
H(jw)

— W, we -
Yu(j‘")

~We LS -

NOTE ' <The '("§\‘\'¢(" wmust hWave & ’Ve\fj S\;\ar?

PAGE 9:26







Moge DETAILS  AgouT How THE SINGLE - SIDERAND MM
TRANSMITTER. ON PAGE 8,27 WORKS :

o i
cos .t é;§; [Flu-oy) + Slut )] ‘E ! 3;>w
Sinwct &3‘9 —j'ﬂtd‘(w-wc) —J‘(w»tuc)] ‘j:f\ w

" s l

Re <Lon i
Suppose  X(w) = —— ,/\

1

+5%+Jl+J,JA—

) . e - - ~ uJ<D _.v ) _ ~ ) ) ’w7’0 i ~
Thea Xl N_ajd A+ —r
ey
<o —
wv o
N
S P *'J\J
S w) = .
=1 B e S
" We We —-idc. e
219, ‘,Q\,M
We
n w| = _ < ‘
and () ,DF,——E\ T4
—We wec -
e YO R
- | l ; . ) e
Y(W) = Y\(“)"'\(ZL”") - r\ f_l‘ o ‘l'\] ___%Av———
—Nc UJ(, -

~—> Only the lower sideband ¢ Tetained. PAGE 8.27 A



~To retan thwe \ower sidebawd, the Leequency
Fesponse o€ the phuse shifding Eilter is

- WO

Yy ), wW<o

“To retain the WP Pe side band, the {ilter
-v-re%uev\cy reseonse s

»HCw):— {\' ) W=o

"a‘ y W <o
— Some acfonyms

AM- DSB/WC © double-sideband AM with carrrer
'@O( asynclhronous dewmodulaton -

AM- DSE)/SC " dovbl stdeband AWM without

Carmier (quresred carrt‘&r)
Lo synchronous c{ew\cdu\ah‘cn-

AN\~SSB/\«JC . Siwgqle—sideband AM with

Carrcer Lor asyncl«rowous c(emoJu/Qf?‘vm

AM-ssSB3/sc . single - gide band AM wWitU supressed
cayrte r for synchrowrus dewodule i -

PAGE 9T




A with a4 Pulse Train Carrier

— Fn This case, +the carrier sigual ¢ (4)
hut ie Woread seqgueace o

pulseg 6€ t?ﬁth\ ‘!\efjh‘l‘ and e

& Wt STaudspida (/

£ etéual(y S]w(te&l I"f(‘l'anjulér‘”
aual idth

c(t) ‘A’|

- Pulse ketﬂhf = 4

~Pulse widdn < A
- Pulse SPaciag = T

2 The information 3

jv\al 'S 'Xﬂ‘)
= The tranam)

Ted signal g YHl= xlt\c )

y(t)

FAGE 8.29



= Fouv\er‘ '\'T‘QM-C&FM “!‘\MQ MV\.‘\’\F\\Q«:\’\W\ PV‘OPQV‘T\/

Yon = 3= X(w)x Clw) |
—Lets Bnd Coy
—clt) is period\C with perid T

—write (4) ; O
C6) in < Fourier Series (like we did ia CLap-7):

c(+)= Zq o ket

2T
We = ":r“
2
\ - \UAJc—t
a. = — g c(t)ye™
=T At
_ "_\Fng ,_jkaoc'i\t - b ) k=0
~ o4 S’m(kwcﬁ/z) %
M/

So

pa Vkwet
Clw) = 3’{C(k3§ = 3{ 2 axe %
k=-ee

Z 2 Y A dlu- ke )

Kz-0
Cjw)
— 2TA/T
-
t _____ ! ~Wg We Y } @

Pnge 8.30



—~ % the +mvxsw\(‘i‘\‘eA s‘\gv\&\ \/H-'): 'XMC@C) has

a Fauv*\'ef"
“treans form
Nw)= 75 Xlw) % Clw)
J
= Z e X(w- kwc—)
k=~0a
- Y(w)

Contuing 6%wa\(y S\checﬁ copis of X)) it

ove weia\\fed ‘0\/ the  Fourier Seres coeflicients A s

X(jw)

_ - [O)
Oy Wy

Note: we are As5um]

94 That ) i band limied]

”\'O Sowe “Qre‘()uewcy AV

PAGE 8.3



- As 1w\ our O\BCWQS\M ot Sqw\\>\mj -H\exe will be no
alasing provided that e >2wpm, So that the

A ptes of X(w) do .\o—y va‘a‘;

— As [onﬂ ag ﬂns & the Case, X(t) can be recovered

cww the Moo\m\a“\‘ecl S\Bnal )/(t) !’)/ 4{>P'Y‘\“j a /MAI"FQ"g
~C\H'~ef‘

— I there 1S qh‘a}(wa’ Hen X&) cannet be rcmuerccf

‘p\@ww y(t).

- We ‘\ave a[reaoly seen ‘ww "Ffe%uency AtVIS fen W\ulhbfexl”?

(EDM) can e used "‘DS'lw\\AHaneousl)! Frangmi T seyera |
S«‘jna'; over a S(vvgle channel .

7N

— With pulse-tvain AM,  we can also aCZDMPL‘S_l\ thes
usiwg Time Division Mulh‘,:le,a‘ng (TtTOom),

—> With FDM, the channel is a’r‘w‘dw’ Mo \C"E?f"‘e"‘y
“slices"  or slpts. Each  Signal gets one slice .

—> With TOM, the Channel is d:‘w‘o’ea/ into time shbts.
The signals Share the time slots ja round =~ robin
otder

PGE 8-32




- TDM ¢cqn be aCé’é’)W\?\iSk@Cﬁ with g SW‘\%CQ”

Xq(t)

Xo(1) &'/\ N \
, \
| 1 1)
x3(t) l\ “ ; y(
’
~ 7z ’ .
x4(t) /\ -~ . -

—Eacl. '\V\{lorma‘\‘\ﬂl\ S

qral Y (1) ; iplie
Pulse —truin ¢4 (6 s mubtiplied Ly a

rrier
= The pulses Lor the

. (\S

00 .-

¢ t
X(t) . @ yi(t)
O [0 ]
%o(t) . /}\; t
)

I I I , ,_, ,_, y(t)

PhGE 8.33



Rulse Awplitude Modulation  (PAM))

—————

e Tn rw\se,-—‘\'ra‘m NV\, as in _CathlMg) (RS 'H\e Pu\Se ﬁre%uenby/
We = 2’%‘-‘ , not the pulse wc‘o(-H'y A, that determives
€ we can recover X(£) franm y ().

- S0, as for as dempdulation ic concerned, using
“time slices” of X)) 4 We did i pulse - train AN
IS real\y no better +han just wsing  gamp les X (nT)
o+ x (t)-
~ T8 the carriec P‘ulge -(:reﬁuev\cy e = Zi_r— 1S @as{* ekuah

to (ecwver x(t), we. w‘jld’ as well :‘US‘\ Samp'e X(f) and
Set the pule heiqhts iy y(t)

X (nT),

= Thwis is called Pulse Awmplitude Modulation ) or “F/&M".

epual to the samples

T

— I+ s a way To modulate a }*M’Se-—+ra/‘n carrier cl(t)
with a sampled, or'digita| " signal KTr3 = X(aT)-

y(t)= XInTJc (t).

— I the carrier -(:feréuency We = 2?rr exceeds +he N)(%uf_ﬁ[
rate, ten we can recover x(t) frm ylit).

PAGE 634




— PAM for a single information s{cjnal X(E)

—f Ak
F— f— T — [Jc) y()
X
-]
p//;(nT)

— As with Fu\se~+rain S M
o Ltrunsm i+ several
A Single channe |

) WE Can use +ime dyyision My

H\‘(P\QK/Mj
P AM S\‘ﬁvm\s 5|'vv\uL|Jfa{V\€OUSI)/ Tl

rowg

yi®)

E—T—*{ ° : ® ® o

® 7 ®
H% H—21/39%§ﬁ%§; a N,
. T1I<—§ %-T/s 0 T3 0 l@‘

— For this TAM TDM system Ho work, we need for-

The received signal 15 ook like +he +ransmifred
Siqnal v (f),

= In particuler, we need +he pulses Tn the receiveol
Signal Yo not overlapj So that we 40 “ Lndp !

The TDM gnd Tecover the iV\C\(V\\C\\AQ\ Samples o
Een WnLor mation S'\jml«

~ But s thic practical| 7
tAGE 8.35



“Each pulse n -Hhe ‘““‘Wmsmi'l‘tea( Sa‘jna\ y(t) |5 q bexcar.

ek one has g Bourie, Transform 4 is a sync.
7 @ch sync has

nLinite bar/\dwid%\; j:
- The Foumer Hrans Lorun of

y{t) 14 +he
Sum o thece  syn,

—> Se the Pransw it Signa YH) has infinite banduwidth.

- But any rea\ ckavw\e,\ hag -@‘\f\i*ﬁ )s:eu\c\uuic\ﬂ\.

=% the trancmited signal wyi\ qet distoryed in i chawnel,

— SU\FFOSO_ Hnad The —cfe%ueﬂcy reSponse ot +he C‘Muvme,( \S L\Cw):

How)
- For -@reébuevxc'\es where /“/\\’WV\
Hiw) £0, we can Coreect
the c\\‘s%w‘r.im \:»y QPP‘y\"’\ﬁ :
the inverse §\er H' () = Heo)

Y.
- This is called “cb\amv\el e%ua\i%cchm.

— Bl channe etéua\i%cdim Cannot help Lo the ,C\r%“wa‘.es
where Husy=o0.

- % Tthere will always be \ow-puss distortion when y ()
1S trangwmitied 'H\mwj"\ the chanwnel.

~ T8 the ceceived sianal ¢ clE), then Rw)= Yw) Hw)
and ) -‘iéj(’\”); even id chawnel e%ua\i%dim i€ used.

PALE 8,36



~In practice; the best we can do i€ to make 4he
channe\ equaliaer 4,0 pseudo-inverse of Hew)

L
) o {ch) , o) 20

;Fseuw\o 0 ) {-\ (w) = O

— BuY Some .Fretéweﬂciés w7\
SN )

= Thig ﬂe,v\era.\ly ‘I\M Two eflectss

ways be losk 1 the Ceceived

- The sharp corners 64 the pules will 9T Counded o€
- The pulses i\ ﬁe‘\’ seread

ot or qSMeme_d“ N Time

- When we gtempt 4, dewu\tiplex the received PAM TOM
Siqnal, adiaceat pulses pl Jevevally interfere with each

othe .., dEﬂm.d\‘nﬂ “+he Values o€ +he dew\.w}'ﬁ(ﬂ@%@(
o cwation Signgl Sawpleg,

~This 1¢ called Wwrersym bol inteyLevence |

intersymbol
interference

Sampling time
for channel 2

Sampling time . Sampling time
for channe 1 for channel 3

PAGE 8377



‘--vae way o d\ea( Wi‘H/\ wis s Yo butld the cavrier waves
ouX¥ ot W\YM*SA pulses -

Pl
1

27,

P LN /\ N FAY LN\ P t

P(jw)

Ty

- =Then, the pulees will not ke degraged by e Clunpe.

x
T T

— However, we wmyct design the carvier signal c (1) Careéully/

s6 that
other pulses ave pore

Puise used to tranemit
sampie of channet 1

- Puise used to transmit

sample of channel 2

Pulse used to tranamit
sample of channel 3

) at the time inchant we mample one pulie, all the

PAGE §-3§




D“\cj‘\’\a\ Tulse (ede  Modulation (PD,M>

Y ‘
—1n many  mpdern Communications sSystems, the information

Siquals are o\q‘j‘rh .

— We beqin with an avquog siﬁml x(t).
= We sample 4 det a dvscrete—time 5\‘3!/\&{\ XC'\’J:K(“T)'
- We quantize +o get a di«j‘d‘a' Signal xcn3 +hat only

‘M\(es \‘V\‘h':ﬁel‘ valuesﬁ tn a \Cmi-lve rcmge.,

—For CXQW\P(Q) with Q-bit cbuanﬁta‘h'w\) eaClr\ XCnl 1S
an Iv\‘l'eﬂer— in the range (O XIOnd €255

=16 bits is o\c{‘Jen used o ,dﬁj‘(‘(‘q( S peech and +e‘€PL""’}’~
~=If the samples KO3 are  conver

WE det a PAR Tpm
ale Zzero or one

ted from paralle] 1 Ser:‘ql)
SyStem where all the pulse l'\ef‘jk"‘f

-
=

~

X001 —| Parlle| o Seria (> ol100110 . - - NO;Q,_;‘_» y (t)

(
« 4

Xy 0] —| Paralle] b Serm | }—s 1L 1011000 - 7

X In "WFF‘M“&‘ Yo Serca | 2 10OVLLO1 - - N |

— -

— This s Cal(ed Pglse Code. N\Ddulqh‘ow s or\\FC:"\ ”,

- With o\tﬂ‘ﬁql PCM, extra bits can be added to implement
7 oparity ades or cyclic redundnrcy checks (cre) €or

Eroe  Correction .
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