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3003
OBJECTIVES:

¢ To introduce the relevance of this course to the existing technology
through demonstrations, case studies, simulations, contributions of
scientist, national/international policies with a futuristic vision along with
socio-economic impact and issues

e To study the various analog and digital modulation techniques
¢ To study the principles behind information theory and coding
e To study the various digital communication techniques

UNIT I ANALOG MODULATION 9
Amplitude Modulation — AM, DSBSC, SSBSC, VSB — PSD, modulators and
demodulators — Angle modulation — PM and FM - PSD, modulators and
demodulators — Superheterodyne receivers

UNITII PULSE MODULATION 9
Low pass sampling theorem — Quantization — PAM - Line coding - PCM, DPCM,
DM, and ADPCM And ADM, Channel Vocoder - Time Division Multiplexing,
Frequency Division Multiplexing

UNIT III DIGITAL MODULATION AND TRANSMISSION 9
Phase shift keying — BPSK, DPSK, QPSK - Principles of M-ary signaling M-ary
PSK & QAM - Comparison, ISI - Pulse shaping — Duo binary encoding — Cosine
filters — Eye pattern, equalizers

UNIT IV INFORMATION THEORY AND CODING 9
Measure of information ~ Entropy — Source coding theorem — Shannon-Fano
coding, Huffman Coding, LZ Coding — Channel capacity — Shannon-Hartley law
— Shannon's limit — Error control codes — Cyclic codes, Syndrome calculation -
Convolution Coding, Sequential and Viterbi decoding

UNIT V SPREAD SPECTRUM AND MULTIPLE ACCESS 9

PN sequences — properties — m-sequence — DSSS — Processing gain, Jamming —
FHSS - Synchronisation and tracking — Multiple Access — FDMA, TDMA, CDMA

TOTAL: 45 PERIODS
OUTCOMES:
At the end of the course, the student should be able to:
e Ability to comprehend and appreciate the significance and role of this
course in the present contemporary world

* Apply analog and digital communication techniques.
e Use data and pulse communication techniques.
¢ Analyze Source and Error control coding.



TEXT BOOKS:

1. H Taub, D L Schilling, G Saha, “Principles of Communication Systems”
3/e, TMH 2007

2. S.Haykin “Digital Communications” John Wiley 2005

REFERENCES:
1. B.P.Lathi, “Modern Digital and Analog Communication Systems”, 3rd
edition, Oxford University Press, 2007
2. H P Hsu, Schaum Outline Series - “Analog and Digital Communications”
TMH 2006

3. B.Sklar, Digital Communications Fundamentals and Applications” 2/e
Pearson Education 2007.



§\@4x=x«|_2 oot O \r»&a/?m %\m,tu;mca Canaex Sk@x\aﬁ\

Ec; 630!‘1 - Commumm"rlcw

ENGINEERING .
ENGUNEER TR

UNT-T.  Anprog M oDOLATON

:[.ﬁho&ucecont » b{
| ln%, | ¥ X \a Ohe- - UU
* rvv—dlu?ﬂ SLa,n@» W mmﬁ&i(m rm&zwn

ond @& m@f&\zw Evose  Sorne- %’M‘ﬂ Q-ﬁ o

® ¥ " \)ey
s %W Sta\na—u | TWW i’f’\z"%‘%‘?

Hook W moce Qs b\e-

a Sranses ity

Modlation " °\m§:>m€=sowa low %(@Tuszm(a Q{\ﬁcnmﬁcm

s

Calladh od o aen

- Teammrgsr
Lows :’""@F Meoclulatsx Poooas mmmx.\ss\ MMP“:)@
36%02 “"’) e _ , R*“\?\i&““ } pnndu':m /

o S Ecsd e : o
Neco: %ﬂ ‘ ﬁiw > sodicks, oo %‘%MT\ Sppoerls
4&(@, an OOk a o o e '%Om o 0 Wﬁa _ |
» ,:/L“\acvfmoﬁOh &K \s 05‘%@11 OLC% Ao Soee- Mm‘a

\oand ) ’ﬁw/«é o\\*ﬁ'éﬂﬁcﬁ wre cadh ot




Al
Md

!

G Nl@c&u,\(xﬁ@ﬂ
CL MSS j}ﬁ Q@h@(\ %
Medwlabdn

e L(;‘» ‘Qo——%v@V = Sk‘\'\?—m
0 - N =& = 2R gokm
™ o, R k‘: . .“:) L h /2, YR Mi-v
| (RgAUCt[C’ﬁ N antenna a &)\-f R X Q)“( \mv‘)o(g.gl\o Q>
) cha As ( Cornrnunication .
o 1® Ao < Gijr@qg & Ciig ﬁr\t'szr\hag ok
53 Eage cxg Yadiateon .y el to e drsip s A |
. oo "hrmmm\ﬂc%g N 2evsene ctnonnel
4’. . MuJ.hF\Q—Km —3 D “é)&% cor o ° iO\O‘%\o\ﬂC \(\ioézmmn‘
czfz-%c{
N, wekv (% Re. Fon —s Neise  eon be . o Wemnedld
5 Leaprove tha- g a el e s Bt et
o & o IQQ N .
t) .A\ﬂ()\& W\\aﬁx\’a ég 5560&@._3 Eacks é%jml f Yro woﬂa\"fu-rk
n

dldfca_xcw\b Co:wa—cm(
“ﬁng@ QAL c;c:um cigﬁm
ﬁ\—oﬂﬁﬁ, (L@W\&M o\

I

Moclulo on .

L

w. L b Smne

5 e (&m?\“bm

D”xa‘iumx =
Ao Prcib ek

T ohenpe b kes

Loy @m 7 Dcimdah,éﬂ

Rise. duiyded Shie Kesying wdficds

Portnuests Ralge gfmﬂ h‘mclu(::.@iﬁﬁ Shige m e ”
Mo oo e Mo\ | B

J o e e resmsrin
T s W
piode pogle PR PN oo e Ao DRM ek Fsk k Qe
dadakion  modudaliso

pw\ ?\"\C&SQW
Grenexal 'Tgxma ) .
T  Chanaes (ENTNAOUSH
mea é’xam\g WW\;@L mm?\»mmm e WK:WQW d

L Corveknnt el dor
N)Q(Cﬁx& t5£ W paa. G0 'onfl
e e X \anjol . @fzg b\ﬁa\a

A;\QG&M *Bud, all du@iﬂﬂ

gi%m.a\& QU.WL

\ﬁhw axe nok B %j



&

Rcff CQ:H ‘::égz_Yq Lo ..gﬁc;siﬁ A e=Roe Y}\ [0 N SR R (\{ &tm

“ XSG U 5 o ”Y‘ﬁf'
o ‘)a NP R PeeiTRes Ty eecRYs O O a‘i\ﬁm\ b siocic. 4 ,

# Toon Cm;cc\\;\gk o oM s NS CS% tavenez. & catlad C»ddg ,

Uit () Pedz L=~ L

Wo‘ﬁlm‘\i " \Iﬁa\sa,&a_x‘\%% s oo \a)o%_ﬂ\ Hat o

e\ o X NS C

S nusot da S\anﬂl

ElecrweaX v

Q- \Ie\\co_%}b o ouswenk e
W= Vees (@10
‘ ~ sal@nfre) @ VT N cas (@it
- P e = Teos (anE®)
L) = Tete (@TE Ay o W= ‘ ,
ey B

wseoce- N | @&%\ — Pione \&GQ(M \50\‘;016& |
— Toow \Io\bcuﬁe" (Jokes) .

\Y

g' — gwaﬁu@“ua C"-\p}%’z") , |
°
3y




F;Q—?u.axﬂca\ :Dcmwh P"-—Fm&h’@\han
4 B descm\?tlbm a% o sxaaqﬁ\ - T LU %m e

= ceatdad —Prc«,vmnc_a C‘&Dmu) 09”&‘) 2o IR ST Ka
% ndemenks  Usad ' )Fy&him mw&a"zo)r

A Beopliade. Vewsw ‘8”‘@?‘@“&% Plov T showo o
A { Free. s‘zac&vv—m ﬂ% VSN Crng\sk o ! e -j—xoeusmcu
f\ Containad b “So ?YQ 2 MVL o.xﬂ?\tmdﬂés
?q r\mwn % 'p\ok\acl A

(Mﬂ__ — \\\ B\A‘) _ j{; Cjca

— Ob\‘z,,,
§,=AK m@) _ otz

< % 600“2—
=Ja v
] .\_ff_"f‘:lﬁé Specrom: e Rrpplication
el Feoguoniy  Resoge
"I sk - 2ok NVF Gurenasaine. Commo
9| Zor - Beck LY Miomafe. B casonactics myx
A AN Do) WE PAronetloun. Rodio .
5. QoMY oo (VAT Motle. xedlo , Cerdmencal ¥
G, me wnrn 36“ (JH":’; (f,&?kLtkl;IJ Kﬁf\ﬁc\m i H\CWM/\\"“* .
2 g Lol Cradhae R EAmO0g
3. | A6~ o Swk M v csoN. [, Sedo\lile Podio Systang
8. 3061 - Poob) £ e ) _ ko




[}

S\a,no&\
s %% o

[

Cooonpukosx &iérmﬂ\ ke .

Contiruous Stgnal .
A ahﬁx @% CosmTnsious @mg’w&g
= Koown as &

3’&(:‘\’19& )

Exrne-
LD

Continuous

ﬁi\\j&?@m@d c;umtﬁta Frodk

oY @X\a ot &\OA_XLFQX\&M‘& oo B e E:é“ Raclio ﬁ%m& , W 3738‘“&;

¢ @ ©
vavwes il dieao SFUQQ

Discxako. S%MJL .

A Sgeal (s ool
& <2
bo- ASeoxaks \5— ke

Cefs ok (&‘j,_ga:(akd«_

PO XN K&)QE

/(ﬁ, H B

m*n?\a&bu.c\_g_ and G
as o.:wcdﬁa

o \ P m?ﬁ\w C)m_ﬂiégzﬁ

Contfrmensty 0T o

ne. oo .

£ Lll“}l ¢ill,¢>
Araley =g e Sigret-
# Coninuous S"{an-oi  esth % 33\\3\& =K e «
e Krouwsn

Adscxete., Eme. siamﬂ
¢ Continuae Eme oy
Sﬁam& P Qfgﬂﬂ

Ty

R The cun‘;\?;m Pacantoeiing
Cepaont \ovel %‘( Yhe
pre scftpod \in;zo& ’%

Brne. oad Yhen T Chﬁ‘ﬁazs

ke ancthes  \exel .

@a ‘bcimw% {’;(aw\ﬂ&--

&




ﬁfji_i‘it’- Modulation ©

_% l%m?\ﬂu-d-"‘ produladfon

)
W O0Lery oo T

@u&?&k

WW\JQ, ‘W;AMMLQ‘L%Q

Ec

-
rredulatiuns
NralE)
N LX)

<
@V -=31n

The

R

o

\.Awﬁ:\QXwam

e e me&g b% 95 S Neh o

The omplasa ca% the - Camcha

U.)\’W\ Yo

gw Hexe ?houe,cz,_ A Wﬂ%

(\Q& m \C)i»z = Je. «%«@T\;p_f) iy ey (e mxﬁ\;ac
e 4 d
Lm\"ﬁ'ﬁfm rcrdo uf (ig} mfmwj e P NCL0Y
mew =4 Xﬁ}ﬁb\: 95 o MQ\. %\u %\A-O’h
T‘u S %"\C& N\QB Cersovsioo &X’\% ey X\QF\L%:MQLQH

Me M&C\kﬁ o s cellodd AN #\M .c:?m\m (& e -

¢

Mthamatical aeposecton o MO
Qi ez Aesc SRR

C’@%W-x

E_Q.\: L — W\Crﬂu\a:&ma ‘
o8 Nelb) = Eo Qe (Ind ). &
-’ | | e 3 o ConoaeY |
sho Ne ) - %’W‘N‘Q'\{@’(@z‘\‘a No L"Q:cn.acgﬂ w)c&\ﬁ@fﬁf\'ﬂ\ CS{;
LI hoNe- c P v C eorene X mﬂ?‘&@dg@' (_\loﬁg) ?
rca) :

P pronen. € Hz).
5“’%“&;\
Ern S0 (B eat)

— Feene \(@x‘a&\% Weaniodescen

o
Wy

@
QQ‘{%\( ) AL X

¢ mpﬁ tcls
Anstmuckenoery \fcd_u.o.ﬂ

Con&icy

@ﬁ - \0& %@&Mfﬂﬁ Ltf \ju <wl*ffm

LN Q:fg}'f YO u%kﬁ >y oM ’AM

Aocexdne. A3

Ceayy e

(‘{E ﬁmﬂifﬁﬂu\@

<’ w mov




[ ook mod,u}i(d,uﬁ S dnai

§m - MQCIJ,LMIE; %{@ wemca (H=)

¥ The mochud oted waove. s Vam (+)

0 Pfﬁ H M (,(XL\IQY‘}\O‘(N éi\fb Fc‘b‘&-d&ﬂ.ﬂé?ﬁ‘l wWhen a &"‘"‘{\f\ﬁ\,g__

:E{cuiwﬂca \'“@cﬁ»u«lﬂid"\@ sﬁatwl acks oo @ WL. &Vﬁf’ u.cmLa

Cooxcot,  SU %Mi :
5 the ’Dh’ wm\!Q:S'o\(m = Al e «—\S\ﬁfgvr&ncigs
Ahok  ako. UP dho. PN 2 ahg& cand e« UWhed bo

Mﬂ’ ¢ e Corcenatouem _W“DU%Q‘ e %M
H o S\'LQL?Q’" CS% oo ‘Modidoted wWave 9= callad

N M QﬂVLw?Q‘ .
A Noto.! “The Mmﬁm et Of I onvelspa- 13

Qrfvusd o e MM&@ Qy% Lo et deion ﬁ S\%xvil
Anck - ‘SW C% .\ = Q“\IQ&D‘YW ‘e\% Fekondf cal
bo e a\ape of, o m&@% &.a e

Modutity No rmoduls /\

9‘\3\*{:& ' 7

e 0 AN )
AN A

Vg =% ¥ bm

b 13

Sj




The AM arvelope.  god  Wosk ( eneon Lﬁ s Wneon

s DerFe  (dewde Sdebond  Fall Cauda),

e The Trostioum oampliwde Sf o  Modideted  wove.
 omual b BostEm.

% e \ncitmntenoouy ocorplibida. of oo predadobod
wWave.  Can be.  ox PR PRV S B

Nowo &) = Fam So2met

gm = Eeo ot Emsin @K:f'mt

o madul@tflg/n |

Modutation “Laelex . and Poeon ﬁ%r

3

2 e oamdunkt 6-32/;)' - ol
7 R AALLG s o -~ e /- :

e T o A cleac
ne N sed - by LI taewe. .
a9 /@(j/? L 3 > \/BKQQ{QJVL/! 147 SAAT
of &wuvﬁ : el ; Q ) L
QJ v 4,%4,)”&:2!/:((’;&,;&4@/ LA ;:'ff@‘“*@«/ =y Y/@”éa

b wreoddl e st L8
I NX I )i‘ﬁ@i)l /[J@Cwi 7 V“{_/Z)iﬂ?«’ﬁ%\k;rgw(x{% 2y i/‘{),/ uj

o - A el
o / ‘:% A modute ,ur’ui ¢ {;}
42 e e - L eof £33 e A VUK.
oL pnastadnaad v &mﬁw%}[&@mﬁr 2 { .
i y et mUﬁf;a.:() ke . df  Ahe  C RIS, @Jﬁ%
fo  he yrgoeernaiy LT 5 {
o . = /{/ - (;{) o dé [/ PAA LD /(,lf
Eim o necledp BT O L4

\jf Es ;\‘ o o f 5
" Le. { ujuiﬁéf%{f&> .

TN

A S e j PR e 02[\(?)“ N
- 81 I I S [ Vb S Qg L) Ny el
)z > \\f axn L) = kG 1 7(3, i . }aw( ’ 4 U” e e

3 L //' o & " 1 /{x\ j !:’ Q g
\f «..i»)\ ‘ /“11 y[Y() L) ff)(é ﬂé} ?}‘.J}{) Q‘?\ (/ T

. ,\f d¢ 7 ‘ a
a@u.@@'bj) wn modadatad
Lgmfw\t ~+ W >
I
\ T P . A f 4 ’i; INQ A L
\\{ﬁwm (k) =0 P 8in&n Tk MX 500 &R Je

@QJ{:@.}‘JW [

P‘*{%“‘M oq
Lé YRR m} [c%ﬁ{{ jm/ ”}

&&'ﬁ"ﬁ 7 3
x,‘&-‘ YLQX @‘@‘ \-GELQ. yq’“ﬂ Ti:a/ Clon i“”\z'ﬁ (jf(/ h”s\)% j

W l QL{

=

It

2 Ve st &\&&M~$L6r\aﬂ



—-f

(&)
\JY » Crxeles,

e

ey B

\}Ué ::;\(Tf‘ﬁai \f\\)‘g(’: = e (‘f

P
[4
|
i
I

) | (\’Q ;Uuwﬁ .y (¥ }V}
No | Fpectrura o an

[
!
|
|
E § ‘7'/ " ; ( {
Wﬁ-\i«mﬁ = ‘—"EC» . n ——\Imm - E6+Em

~+ Emn S0 QN ™ b

| —® ‘ G
\}ma& = Ec + Em D — Veraw = o

Vs €. —Fro & - Nwin = — EBC T
A RAR S = ,,_A_,w@ |
D = :

Gt Fn In ©,

N o NS
\[I’tht = EC—» ‘“\" me;;—-«v mj

e = o — \CTCW"' + Venig
A

E B e ._\»\}mgm
("/ =g e e s s et e

[ ——

S ; N
o

\[m&m o \[ hf)m

Vmea = Umin




[ v -

g

b

D0 ”/

¥

Tox.

h’“\i‘,
I 1,

Vi
Vg N

L 0> B

®=
?Ea Ao, c,%

d) Caflkcal mMeo cwam)

J—.
T

Modulotion

Q PR
P b o)

L@y TNEY

Tk

Fofh e
=

T
\f*;a

Consy Yo e (e Ne e }

e

Al stoodesn .

\ \‘\/\/MCM)«{.

1D Undiox rnedidbertasm -

\V"”-l L’Mawq‘\ %\« Lyia

(o <o 7

=]
LA

‘ \\ g Thgns

)

casO\Nea e \\‘";\2 .

N
T NTOCLM
A LLMZ}L&M’“} !LX
\

D__\.( (AR ]
)

. i,)

S kj\xxg .4
.

Nmas — \jwﬁq

Neoow =t Ve

=R =,  Or

© .

18

s
= Eloo.

vmavﬁﬁgzgﬂ.

e

L |

& i

1 .
\ ¢ N - )
\v iy o {

o |
oy g, 2.7 veeel cand

£ Q:;ﬁ%“‘%ﬁ)nh.,iﬁ:ﬁ

@ oy
“{i”;( v e wisch LN ‘(i/w,,

-
H
13

e Rmﬁ er P’L‘Q»/\m'mu ,Yf :




WO Vex rnodaladien

W

AW\ BVQLOPQ»—W
B TRetodd g‘iam@i DOCLS of Yhe  oudpur ok The
QWQ\DE)Q_

n Uppex = et
Prrhbuda o
m\” L oumX QAD_EMJ Oppex Sicls nends

i ‘:S:\(Q_[;‘M (104 5‘,@,\? LN CA0
'SL” §'\~r\ Csves) b, gc*gmmj%g?mﬁ :

V,au@&sko\mm Op pex Side

Bondotdtt = Lsf —bsf

. b = //% +§m o) A\’é ’ § PLrNax)
(o |

SO -

R Sa—



PFWOLSO‘\( Re proscctotfon Cﬁ% P Wi, C asgion, |

w Wy > We
(Ve
2.
\ZVWK

w@m %OL&@Y Gn an el e fe ’%3‘1 ba \

&

Powor Spuctun dsron ostte | ur de s

- N—




A Coscant  Caladstions | lot T ba Gy Cusgank
Fom & %f%;y = Ut m\:p»ia Creos) P C%LAN
P *
(_rl rr?_,\
- Mﬁlf‘ =W
T B -

| “Total_ P@M i Kda oand

X (oD

J o=

Totod  Powser of AM

Lo 2 N E(%B
= 4 ar + ¥R
o
s
f, W[Jh ngg),
% 2 = W“U;Yﬁ’ - % oo ]
R+

b Wm\\: Ao BU p V;;_mnmm.unj
L A Coaxany  cnsh adalsand &Tatnh




wa C’ﬁ POUHM( f)m%)

MopuLaTORS. ( Lees Mg_,\(\é&. reclu e oys)
- - non L noag
S« rctrs Leveo o e Lerkens

| Aakn Cix ks
‘Prm e CT ( P‘}_\ L@‘Lnaak reedubadzrs
@%ﬁxuwﬂ,ww&ua@g_

PSR Fe

Low lowel AN medilodor

. A Ig’\mF\@w Clacsh owpfiie s wid  fpo e

@Q‘n@‘fc»{ior\ (74; A
F Vo (exxeee =5 S C“’\w\@&

anck Wmmej ﬁ*m;..\& s f/‘%\l’\i)\-w—&
Qo A S et la d E(‘Tﬁ frex \K"\lor;\.ula‘{{@ | ST

3)9 \M\\Q}(\ A xxmﬁ.&.&l CA:Q:;‘” \a} {3}&3&6{\—( & (‘“( < ()“%PMZAL ‘t@ ¥ 52X “‘C,Q\(
A aou.m OT% e &»m.%@&&r VOxLe.g

No \\.@KL O.E e Jvu\}ﬁiuga = xafm\

A sacd oo NVaslosTio
jensz ng,j&,wk S%Yh_d \B{)\m A \DUL,% an

X «mzn .
L Ao G ﬁ)\\ S a '3 )
P L Cex98h Lo /’1 & Wmﬁc‘m& T v l\ﬂ“ﬁa d
) N

W e Oum%:»\'“\ﬁ@g@ s

ba The MDcthcgma; z’;;ii%,mﬂ |

VO\%@.,EYZ/ %«/’uﬂ 6(“) Q«sj Py = @,

L. Py ‘\“‘?\‘ﬁ*@‘( Ne e Qe Gﬁvu v
f\? P\‘Y‘r\\D\ »ku»g ‘},;Z:ﬁ-‘»@ copt (oofiesch ‘(»\L‘FMCL&:‘-C/\’)> Vel dw;_

S’favnl& (

ke Ko Q.ﬂ:)n‘t\;msg EXW‘{\W& .

aC (LCY‘(C'Q\L% o e

[mwmgw&ﬁﬁg

Z%U

S

Lo
R
SR

A
Z5

S
{ﬁ:}f
] N




0% oo loleen |
> 4 i (]
;u,(\):, S dﬁ“%‘-@/ff\z‘zc‘q ‘gﬁ'{ Ve f)@.;@@;y _

* M@c‘:ﬂ_u,\/&.%(i”\a CZece
Loco Jowel  Medulakos:

j){bé’a C)-st\l‘{m-% C’%
s e = = P & o . .
-2

Neon lmeoci dascca.
2oL =

fra S WME ¥ e

- \ & K N

. Y Y- "nP @h,? 2 :}&mm % a.!\d non K‘Lr\,o_w» J-Q_— e \S @Y) 6
2.

) + buw . —® o, & b o oY

‘\(,)_,U;;) — o N
o N &) = olpte non - (tneas davico,

S”mu,ﬁaftj - }D @i—m giowmb
A

Q- e ’2"“ 2 @ &
3 S Qi __— Smw t b SN et )
b Q&«beﬁﬂ@\ﬂt “ S Egﬂ:r A ™ S T S | Cx
: =3 A eBmEe CCD% (Lo ww@k — G5 Jpoert Wm

N - \\\’P o oM Y\hmx,cksz,\f{im
e Sl

o oing, oo = a[Snsnwmt 4 B
Ngp k) = & £ o SWnUdm

MM S\@mk

e O X AT S SR Ede bards.
% Thas v dl) s Waﬁi *&%«cmﬂ% Ao m ..%@ Ao %&ﬁy—wf\m’e&

% less ‘ Pmm EGS 7 T T T o
\“‘Y\oduxkdlna %Q,T ‘Dm_m w,\_ qummm%&

5. 2 2o Q’V“%?‘“ Ow@m\a ‘\):M t\"&\@“@x, o C(\.ﬁ)(‘i}ix‘;\( C.’L&J_;’VQ‘\Ef_ o Qﬁ‘éc@j

Lo B4

2
J
i cynel

]

 feere) and (werbem)



* fhe  Aest Q{f, e ag\@/v\,@u’\ Cly  Cusgn %\h&( Y
= A

\[O UC) o X Ec,gi'n wWelt -y bﬁm E(ZW EWCQQ?(SA)(& «;»Au}‘(y‘\J l; o oz C/LUG{N(,UM){?

Noik) - A ™1 Lo TR CM& anddl A SR f%‘(@ﬁ*&m(u‘_ﬂ»«&
- dedodzvs |

M Pertoctoy; ©9 Diode- Wﬁ@“{:
Dﬁ T4 3e Toe !F\—r %o wWhch  the mod;.dﬂi&nal ﬁamni

;AQC@\;QX@A b ack %\fbm e reedalate @\&k
e foe R NS e \D“v-omgs Ls% rredadatiso

\5
w “The

? / T
- ._:,,,__,-WJ,A,,E- e e - IR ~
> ) A Sodde. D

* W\?‘QX\ o ‘WP Aoy ﬁ\f&%ﬁ s
Cesncdac ks A\ X:x:;b\tw@ \M% L&d@m
* \‘% R 9= wov %)m{”"*’f\x [ 1A Cefper- oaker o C&‘?@Lr&l&& b, ke

?\;)Q&,QL VD‘%\X\\'@’ \J()L\E-ug (’I% e C"‘QW“L‘Q)" {\j(> .

A *1% Caoa R \k,z\bﬁaw ™

G@%ﬂ')&ﬁ:ﬁ"{ Ne UESGL?SE’» {%\V\@ wbed \oe (“\;,_O o L2 5, caed
“{Visa. P asiaksz( R s Sy e Laaed ol et

VR i R A i

Vi esvelox to

Ol oiNe - et )
B Cﬂl%z;uxikzw

onse Cenimnds R

% Siece. C:ki’&\ﬁbtcz 29 C}zﬁﬁ,hyw Te  Senedl ) Forne. C ey orniih T calbe D=l
« X 4 @, \ . ©
S e Ne vl :Tgr@%w‘”"@x@m cervie ope. TH o CSL@&Q/(‘“& ,Lﬂﬁ?k..m,g

%“f\.@(ﬁﬂ,xm:ﬁwﬁﬁ }t{@ﬂg_‘ﬂy ,

. CLE 22:,&%@1‘,,51%%@)) e ;%Qf\, R oAt Wea

e Reo—

0 & P Wcﬂ\mﬁmﬁ«ﬂa"%}j f;{izjﬁkc;ﬂﬁ/

Q‘E@xm&

&

fupu"a‘fi Los
N e
\ ﬁ@(;g}\j@){@&& %&em

Hr '\;i\ eSte - T




@ .

Double Side.Band  Suppresead Coxtex (DSB 2O

wone. (DR FO)

e

"% Thee  Coorciax &5; RO ETa! ~Xrez Awn

3?2 cheoxn & ek C,c:m\cﬂdxna a_na m,%ocwwod:t o
Cc&«\b\( :S*m,@ M‘\UK Coun b JMF\? o ssed f

H The HW iR ou{;%m&&u{i Coaesiax s el la

ey S

R [

Lok o) = Ew Shin C(’D;thmt ond Q) = Ec 8o n .t

Mod.u.}o-b“( .

Qe = ©m £y Qo)
_ BewSo arfr - B Smawft
k _ BmEe [oenf - dm)b — Coe an(Fod
pa s e c=Jm)E — i c,)g

% On A \s Pwﬂt S;:No CQ\WL e e " Essege
* Predt Modulodor Lo oo %"’““M sk s

%@W Mo dedatec. (@0 PMW Modulaley

%t Ee - cqwéwct

[, to5 e, . —
od ubokmt

Coswet

9 m te) Em

MeodJdatens oK.
tho méadlu-ﬁa;ﬂtcﬁza giﬁnaﬂ ,

y)qg,(’,lu la &DK

@fl 5%65 D’g bofh ”Ww

¥ the Wcﬂw@auﬁ et
__:DSB Sc. SL(' nal & L/D/L)

ame  odded Aesulin

M, Coruws -



f————> Vo \%)

oY C,C)\’\ [oR (PR Y 15 A_Q,&'Z&(/E‘D'Y Ule = LQ’:)CQ,C (LQ%[

%ﬁ?‘( datoction .

KCRa u,t.ﬂt&"@g»\kg A

Mo ) W\ a. Sﬂ nchyenous

ﬁa,wl‘(aft;@,d, C;:;\;\A({CQ,;{
wovh e Cr8i0s,

&3 The De®8C s"\&mx

S\a!‘\f@v& Q/L\‘\\( ¥ 0\5 C)h() ”\C{Q:)(Q &)‘ ],C?Ca/t. @5u\\&“\:p( ({wm |

secerNey (V(Q)) W (e \ﬁ/ﬁc«\i\ hedd be e bvondzed will

w m YLy ud%j
% Tthe olp VIV s pavedt wo el _ Lew fwvs folkor SO
%) ‘i(}', «‘ﬁ‘ ﬂ;wﬁi (‘{1()% e fr é\yl (\*ﬁj\{, .
5 ¢ 0
= § > @@q’\& E:k ;\,czmm». C_cz,wzgv (/Sg @ S C__>

\
La® [
Epbproned) | Vet
| I ¢ Aronssriibed)
ﬂ !
4 A |

$e- Fn MWMW .



a4

PHQSO'( R@&mw&ﬁen Qi AR _S8c.

“n &38R BC AUV
A S

POuDQ:( Ca\w\ a:ﬁea'n

The Ao poosex G0 Treosritod

P& = Eg— [\"“' MJ
AR

- P Dty

{4

A

Sde. bond & uppicied




<4 4ora®”

Si? (&-ﬁmmb)

w « e f& - 83‘%§“
LOVs == B sz %@u@@x Mm% n BER B0 % /

when Fn = 0.5, the- ?@&W \mn,a

A4 -4 o .




A@\\}an \?OL?\,Z. .
Y}

I Bondoufidts
© l Ny
.- ned s le=s ch., Mt% DR 8¢)
. 5@ ; \;\%W,Q_A Sidebend Ts  Rewad
- NeL S 9 |
S F ) é%@;sx: N e & Ao duwa d l@:t Bra. Aocaiues . -
OL&J—"‘—% Q%Q_d: A xmnevad T KI)

(‘:Mw‘a offect  cul

ZDQ o) . . Y '
i VOD%O'%SL'. Cormplax Checradt %ﬂ‘( %,c,fmo,ﬁ &*mﬁdi_% .

@bmmfoﬁé—o‘“ ﬁ_é;g_g,

©O DB 8 gp&@o—d& .

X i Lee & LB

guﬂgmwsag

Svde- M ==
e Rk SSRCE
o gor =



s e st ey

FOMTRURS

[

| —_— IY\‘)\wa S F?L 1178

K Thexe . Oxea Lo ﬁaﬁﬂxm Aeoubla 2ida. b and

modideteons ((alonced redslatesy L&D ﬂ

Aozt b MYy A Vet et ‘;P\r\.m»mw afuftad 9o

Ose PR C. wih  Prepey
bn,md one.  Cesencined o« Moot
Concetlad

e ©|P @fg ™, s
o |P 6‘% Ny e

%ﬁ:@i@ 1 {ZL@) ‘%@ S, m,,y.,,ﬁ&:’)\fm\} | Coe @(;w A cgi)(ﬂ) %{j ’ "E“V“w~%@
5 2 ' q |
Fe B [%@3 foc. — Gom) £ Cos C@c 4 (LMWD %E SRy

(&8 -

£ o Einiomt &nwd b —@

o Ben Copomnl (orugp b =D

vz

@B =) BB (o>(We —W)E

(Le® Sigmal))
|



-; Dmo&ukdﬁon g e Lo é@mkg.

e S=8 S g»@mﬂ\ bd uus«x‘ia ‘Samﬁh\r&n@%‘g

c}_ﬂ- wetion mesffod .

* I% “rwoWes mw‘h?\\mmm cz% LKIR s és\aw

LR s

Sgnal {F—;x\ | Ve
" 2
D | (Lrr) < @

—ng__ o\p O"E Lo cal oscr Woko is

cley = Be Cos &REE
et cosfrlber i)

, Qas® & 2.\ ' Yron Lee \S
V- 4 W‘ﬁ B
“The. ©F ,_% ?m&uub mm?\ms\, T VR = &led )

G = Em&v& Cos éw ({U%‘Q{J Ec CosANEL

;E_QE ‘{QDS &W@§c_. ——6}{9%—%" (os &)Tjﬂmﬁ
*
2 %
V) = Em€C c,o&&‘w{»m\r%%:% Comari(DFe ~dde
4
\Sﬁ’tw o Bcedod NaXxoo N d% m&ﬁﬁc«—aﬁ- giam
F'mm ) Q
’ _YELEL VLB }m mw@_afz« s(@f\&lﬁx oo e Ste e 2 el

ba Fc()fs,uﬂ-a v LED J{?\mf)u-ﬁ%
Nolk) = gﬂ& s DTt

S

wtena Em e < o &M}f@ %a o

1




. © < 'géto.ﬂ Bm}:
Vspe - \IQ&bLa/“C'JL

1 @ F(i\zzdufuoifm-
2 de vk WL@AMR,KL&B‘\” LS oo %P Q;% |
i © © gk N | Wﬁ
% \j% a}] gicﬂ o sen \{“YC;, LY CS‘LA%O | OLQ&O mﬁwmﬁwcm\ek.
W which One o gﬁCOLQN ) “
e
pee

-
* Bw of

BaRs¢

s Sopp ~
Law
e

Ec (B3 @‘T‘jzc/(f)



Ligprad %) (5 wﬁ)\m‘g fo Ao

orodiuct: vredudot mﬁa ot the  Catuan $%Jma) mU@

% The ofp c’S&E Produck Moduladsy & ao &
b € o JIE ~Val @‘C)&,M&J;.

M) = wib) - ) =
ﬁ-xm%;wmmks Spe. Sewec = ama& . Tis
(o oo e {hve BPE %ﬁﬁf -
Hasived —apeerves % Nosstig tab Qida Rend @ML
t= by a= E@(ﬁ@ gg +x&«t@]a®ﬁ

% Ns® > 85(1 W
Do snecluiodnon @% Ns@ T -

\lc/t&'y . TTT—

{ e e,




| ANG&LE Modulakson

% her Jrequancy mﬁ;@ S pe i
Nosced  Acteddn o thoo r*mﬁs S @;\q‘ﬁ Ran St s

-

Called  Prngle Modeldotion.
ﬁm ‘:)‘m?\ﬂ“‘b)\gl_@ﬂ % R\ Cﬂ‘g‘y‘ig,g{, ig Contanls .

Do AN 3k Neads Moo Bw.
> Fepu Q‘"ﬁ‘?& Modwdedion
,‘z\ra\e,«

L3

Lﬂowﬁ“)ﬂ

\:D‘t\@nm)gggm Mo Sodatxon

o

'= oo EW?WMﬁA i‘“)'@*’“ﬂi = “ﬁ QLA

. wd)

“C> w Ag:,, Cerss /%{f £ **‘5 86&:)) W hoens.

Q%)Q CJ’V wf? - W O \(Y...‘éy
A( \‘(xx&zg\\\,(mﬁg Cd% W DealkriaX

o I SV o WALCLTEA.
wc C..,CX,S\,/R.A.,,Q«»‘&_, v \, Q )

9 €2 hﬂ/& founbanoens F}\m‘q«ﬁe} } Ao e tlen
FAL®

Plage  Medlaten
o Cﬁm@%tiﬂgzwﬁ s he \j@mﬁqiﬁ F’ hnen C %

? e c“; :\Q 2 8% et e L r e
O Constont (}LXY\})\\ fche Caxvih AAhaL ‘*% ‘JWED})@K Henalk

XY %:) K\\Z?WM:&QM (‘Eg \\f\gp kS Y\Q”KLQL w e L \@ uj el oot O
A Adal
T g%v@ VRS of Ao NF
i Cﬁ&% nj(@ B d\j . C§§ [fﬂct 4 KVm (s wmg ,

) i . SV I Ly Bt 900 f "
WO&AMW \j ﬂﬁ@uz}g 1? >yw;;zw N N 6 I i '
Ay Voo é’km\%;:;\b\jﬁudaw

f:/‘wx,ﬁizl» e ;;i A &

. Cooy %ta)‘x‘%j

f%usmug
ass \‘%ﬁ\\f‘up gz

| @g ez kms@c‘ih e %W&X‘»a £ \a"f mﬁ%\ epds O

2%
i gy QA )wQL(.M:L > ‘7& K e
vt(\«,tux oF v«,ﬁ& d’%} Yg... T il % mU{) ”wu oy [UG b - Wm  Sinoed

%,uﬁ@ e /ﬁ/}ﬁgmmﬁ&, e

N@ Bm THicedt o %T‘cj\..ﬁov&? e P\‘{i
ive.cl Vih =2 ‘?”x“yfj%&&?«tiﬁ" M



| v ond  PM \/\lcx\f%—kvxmgt

D EY\ FW’\ y M OO %@A’%W &QMOXJW‘L%@
1t e  Qoadeaex M\*&““ﬁ) ¢ S )
P;%,i"c;,\ram Crah T\mﬁaﬁu = \‘?QA—LC%& efg <o mmxmm@
ﬁaadﬁ— : . @

ot oen OCoNYS d,,g,?i
W %\/ﬂ,ﬁ -

Fae=od UMMM AAALAAAL
AT AT

eeeeeeeee

T
RN T
%%%wvww%wvvwvum% ~

mmmmmmmmmmmm

llllllllll
eeeeeeeeeeeee

(, f\f\fm"nnnr\w/\/\MW(\I\MW\%
wwuuuvvvv TV

[ ] f y modulaced w

Whare. Kih dasteaion  Seodibafy , Voo — FMW mwnﬁ “;\(j""‘{



Do sdation Qc;zx’»g&ﬁ\%% K, = C}lﬁ“"f& T ofp &W Qg

(“f@@\ /gma Wﬁ% Q\n “he- m‘?\gh;d&

v Up Volloge

Moduwladieo bndaot - (Unk V) ,g/g)

-
k)\lm KL\/FY’)
1AW = oY s
&7 T 5
YY\/S» = w o WYY
Fo %i@ fid

Xilvo -

N — FQJAA\Q WW@ (QDW Arapi bde
Q %a%@w A
Tes@odnen Oaseyat TUNT A kf‘f’”‘ Eﬁ*m%& el 2 ( @ *@}
e tn “tten W\U wde o
“ Y \g} V\’“m.wg@w th} .

v Y o
Rm\aﬁ’/@‘n botween N L PNV
M Y mem———— R =t
A Granasedoen Wsﬁ“@l?m

ML)~ w@;mv — =
Sm(h)
g Coswet
”\ ®Q C oo 2 '
ﬁf W W“\@MN PN darnoddados e 1

P Cronoaiien _uwmnd T S lend % AL §evantiakor

E@M@M‘W‘w@ M M@@Q Yellowed 1 é&m J
By inkagretor e



E;LP}‘,Q,Q S ‘im %r F\?)Q/SQW MMU‘(\ CIJ\—A Waﬁmea )

Modulatrion .

ﬁkéic@, Medolatad ﬁxéyuul\ s @u@ersggAL s
St = Ve Cos fwet o B0

‘Y\ PM,  Tnstataceous ‘F\\QSQ, doiadion A= ae\gmﬂ
‘96 HEY = K VU (D@adydnexe. , K . destation Szm\&\hé ,

Vmu)_wk&dmhha S%Vdv
NSO Inscontaneous %xu@mnca doszasion = %’z\iQn

\D‘a' GILH = KyNm ) gad [&SLC whaxe,
Ky — Destodon gem&wd ¢ 2!

Fon @ 2 Dl = !@’Leycu.
- Ikoumtode
oy = K S\’”‘ \&) Sk

Phose-  Modubodfon

e Prass redidated S‘tjr L Ge a&@mb‘a )
ge) = Ve Cos EU%U:) A KVm o]

.y L N (£) = \Jm Coswmt N
' L

al)y = \Ne ©o= Ewc,\:-\—K\lmC@%me |

_ N Cos \ ok X m?c%mmt“&

whese  ™Mp - rodudalion  tndos ol P




Fre peny Meodidalien
The %YQ—T*M ﬁ Moclodebad Sz@“‘”‘i s pleen '\93 |
QUC) = Ve (o= [filﬁc{ 4 @%)J

N &% Lw& +4 Ky SN L) d&} .

— Nle, Cos {'wc% & k\ S\}m Cosumt AJ} ,

oguanm

Sty =\Me cos [wee + ® N Sin wm{}ﬂ

[E—————

Caom

— Ne Cos Lwa: L Mg Sinwmt |

rmedodation  Todey %gr =N .

ﬁ?ﬁmﬁé gmkﬁg\, S M‘% }\%\@f MQM\Q&Q& Loeaa.

CRE W\%ﬁ'\-&b—» x\.,wﬁosz:\r @£ izxaxm éi% Ska Tmfum&w
and_ “fhus has aa @\W@,& ond usid 4R

4 Baeh Bde Wugﬁué e MF\&M :§<mr\ Ao

Coreas @a\q P FrutlSople T ta

Lﬂ @h ‘j ., oo Lord¥En  ay

mﬁﬁm @?ﬁ\ o e doibertod g\,

Sik) = Neo Cos {\wg&;— g o= e :S , 1)

‘ ® fontikes avo_
o SolWe. Cosine- %me‘im X:'Q;Wi %a denthos &W

LS e g

Ces (( of + My Cos F};) Z;m G@- i (5%;51) Cee, EQC = }‘EM{MWL |
R




(B
Whese.  Jn Org) e Befsel “’f‘”) of xﬁmk ksl
@% AR grdexy  UonTRL avguamand Y

P % @ .
PPy o ® o °, |
Q) = Ne 2 T Ceag) Cos [’w& O Wk -t

n= —d hxﬁ/&f} |

Sy = Ne {"SDLM,}) cos et +T, )
Cos (e vwom) T | & —
— E\Cm&) Cos chcg“‘“«omsjc B T/p:j +

Ty ) Coe( toc vawom) | -+
Jo (y) Cos [ (e - A

m} . h\ed»m ‘%‘QM 4 ;
Ve 3 \Fw ke CM'FLLW - the wnmedulatad
; Caxvf:& .
j:o C Mf ) _ (Cavasx Coms‘}omnﬁ: )

| 4t : %«2 pranci 2« placad
T oCmg) |85 gek % Cidle oy Alsp
’j\/‘ﬂ’;"fﬁ AL o e ey /;\Qre LA pey
R w9
- Qo 0’% Sido.

%@-@w Cras oLAAT;L@wo

"\’\@m 0o Cers iAo \’96 DO




™ E’-}r’\ @ ahows - éﬁ’md\g“ Cg\v‘é’@wm’”ﬂa W:%dmma
Aeen s og
89W ?WW@ an \“:%’tmt@w ooz x

g\ ) . “‘MMW ,

= A Sdeband ot Coogybenaing o U—FFQ\V anal Lecoey

Sda .%mfmod (et fon, Fe tat 4, + M

.
s o solWVe- tha m?ﬁw&« Gg o Sda i wones
n [ LSy A )
Talmg) = @Ti> E% W@i{_@, 4 (tny &L “« .
& IEmO8 g (nra) ] .
N .. ho. (,% " LQicdo MU@V‘)C@S@ ‘
reon  tndoey

X . ) ’.« \:—Y@Qm&)
M Res® %Yégx&,c, Gl band, B.E TP

o Sdee BT, ()

AR SRV XA

XX OONAEES

O e e e
M Grenckodion l;% Rtﬂ\wih% Navatton Metiad g

o e Hove o Wchljﬂ;harg
e o e - 95 tho voltabhe
To somamdel $«§/Mﬂ \stasww he
- % s lodor Acyees Gy
) rYCUj&, R Ps C\; prc:ﬁn_ﬂ/@) Hore Tk

e = T Yo covwes Po’uhﬁa G‘r@‘nﬁk
T ( o osciMlalor fw? .
A e A Dekenkaneous tg«zagwommd QE o :g ) [& N L_CJ

I I NV Ve v B e A
3 8 o gy ko LA 1 3 ;




F/M (T}» @mm"\gm -

g ot
: Yroxs %waﬁ% o e P P oy

Fr T It B reaorsen
@ e HAorration o s 7& FWFUrﬁenak

to e mestulating

5861&,@,.
Secillory Mustlae. o &,Ufsbaﬁ O o Loy

Qe oscillodsy T net d.uuzz;ttaﬂ Ao iotad

g‘;(r"l(jg,,,



R S .'“a}mr‘
Wockas !,g‘t;z',]i \ﬁmﬂl S ok
R M Sigead oo &)
. ) ~ aﬁﬁt N oe.  ©btofnad %W\ th“ Yol oty
S %S e "‘W% Sigrad bo fesa y
® Prase Mo bode . g
A \’h O F}\&n’“\ &\"’\"m\ﬁ%_ module tes | O ;%‘Q“bﬁ\k’”g% l—b"@ ‘g'\’bﬁwng”
© Cansdor 3 bhoswe SWifted  ond fod: 4= e balemed

™M ol il ooy u)w@w e s oaed  wiii \ﬁ\:a%&aﬂm&

@
R & A o gk X -

* The oatpur” i‘r@m e Baloed modulatsr % dowpte
fole  Bouncd «SﬁkF PW Casties woowe . LoRich fs
Combined N & Ceom Birnin - Naebsork  With B, OV Y ey
O oisvien \@SW «&\r@m e ol  ©O2cTUobuy
o The EE £ of o Comioining r\[w 7o a Aews Thalay
MMC& Moclidatad  woave form (NBFM)
% T Corwed  NBFM b WREM,  hdwess  omd  rautSplies

oo URad 0 " N
- B N Y =X AR LT cak  Oad\odoyr
Yo oo @mm,ﬁ( iﬁ” 5

’5&» m“@ v 2o and djﬁmw ca., C:ﬁj\%@ |
frugunsg)  Comprert o8 o el S inea




(e
¥ Thas Fiwas.  nNcreases O Adacxecses tho ocondse Gasar

‘fmf“mwa“ v [WUL% jz‘m“f‘mka desialion Qenstonk.
% LE at W contexy  ca’iles %,Q_fwmcﬁ t& B
doviodion  Af oue- :faat e WF\I}% , Cantay  cagwiu
:f—va—fu_orlna and -—Fw,cfumc-ﬁ Aeviotion  aAue mu‘-ﬁ@w
‘ ‘ in e Mmocdelnsion
% Thus M ) Brer hesecse D
W W c{%@iﬁd:hm cv% NRE) | o _@
" C By abPy (o (PEE) = Conh (e, — gon A SIN® \
d C comnce (5P (t) S ek Sin QC@j

' @:‘:} SUCJ\)?;TF\C

! o=\

| \ “%ym“yc,o_\ NS vL-c ol Qu0=9, =9 "

Bd Seneatd a_m,a/bm “r A [_CD&ADQSQC“— LINW & S ] .
Sty = Ae |

Olt) = ™M 2N Wk o o m&‘muswg

Cnews a2
wQ/ ’ Pc Coawct — =

L sw = o
o CQ ot 05 W tom) b — Ces(wﬁifl,g
- - ?\C’- ,’C") i ' I Q%—E)
oo 2en@)

o L. ; ST N s Hhox o
'-W’\W\S ‘)\S g«tmlh:x% t'o p‘m l,\;j)&\JQ\- ' B(“di’ ?%Q‘S& u‘%z

o o NBFM.
s Trdleatn e genewtOn %



X Taen, e odaa Lt ;0“ /3 < T o X
A %&&vmal % (E\’WQM\D?Q &meﬁ | %*’Dm

b‘()elsa._,
s :?Acu:ki—\! | ﬁb
’\ Nt o b"‘m‘ﬂﬁ‘it T

%F\@m,am\r&%erm W:{N Cundh m&wi
ponpiituda A %> oppad o o %@ﬁ% e lockie

e o & LN ¥ o @u_‘ﬁ:Fu;t 0% o
® The FrdL O d"% MP\\W—QA "’ADLPW Vs e oz luda

W%AW(’\ %”C&Mmmm

\Mgw‘ﬂ !
% fho diode. desmedulatey " e f»:)
Rops+ o Bl -+
whch  9s agued o . Z—W\@@i‘? o i F’ﬂtiﬁ“”ﬁb) S

AT wewkodlon  To ee- A b P Coslwb + BW)
As PWN) € a0 W M\:\m Qv @MW
ﬁ)w

@

1S ured\ @Qﬁrﬂ@_@ ?&«Z—W g@&agﬁ\fa
G Pilk) Cos(uset iC) J I
T ! G jww“-v)i Rpp b%

Palonced T damodalotor:




K e, o pefmeeic Coxinot e (rnerued

* The bolonced TM deecnedudo ey L& Ugech %DYbVQ,

ol euen hascnenics ”WQ»%% M_&uwua tha- o\_za\*eﬂ:toy)
produicadh \O%’W\gw X\mkmamx’m& of o RPF.

% Howe bne detneduleksys ase Q,mw\olﬂa,a_@l . One. Aowedadalyr
heo $(\OFQ_ <, S\Cons, Yoy X Slepe. |
H Ao QUM *P“xm\ﬁdq& b‘éy e’y bolonced toesdededsy

o = R&\, + ol Bt (o) -ch%mGr—n%‘) Fo =PeR, — Bl Gto) +
e Tha dfkﬁaxczxxc_o., [% = Do = o¢ OF (\\“}@ ‘j;) F’L(ﬁﬁﬁ)

Quncd ,Luu,guu&a Ts ?WAM‘

k-3 \‘n Q‘D,ma_czﬁc.zd y ?\«o@u\m{% L Vo chtve ntw e
AMinoed domalks
% . Nad imides s wek used o badanc.d M desedidady

b Soboctad Can St by
%mﬂo&%pxw@mw(‘acjiz é)% : FF@% d

s QCM,WML&M@SMW%W
A gﬁ%eﬁgcﬂﬂsﬂ

Lot e W ML%QC’W

O &xfm
# \h ¢ eenpnesccaal Qk%\? v e M W

%M as ASS ke .



WRF Sochlon Cerygints C?,E ?Wa@&a&«r Qundd m?ﬁi—&w

* Prcsoiacker [EREN e W\% L\:szr w»"ﬁ’ﬂ )
\ $aye e\ (el
@»ﬁj‘s&& oo, Ces by mﬁd MQB;;QQ R‘Fm uﬁceu\mmgx
© @ % Tf LS CL@,@LG
‘%Mw \.&mﬁ LE{’\ iQ_f W"A {29 »
e N o) "-? 9 ¥ s N V= &"«L\-Qﬁh,\r
Bo nowe.  ond Ao s Ai ~ocd tﬂm Y @sal :

e ‘iRFi" M\iﬁ»&x Ao koreines M &mmxmw% %m W\,@ gt;(cw.
Mlivey /| Convextox Qookon |
<8 T Consists c;g Locod  escllohkoy ermael. Miwox | ‘
s The locat ©scilatery s &Qbufyma& Sueh  Thak A ‘g\'@fm%L

0% cecillotion (& mh&mjé,s obove or el the destyad

Rv  daxviex \'3& N S Yo IO danto g}%afmma

=3 Ve cn_tﬁju&‘cwb %ﬁrm.& ooy i, %@—wﬁ-«maﬁ c)% K-

F%&,\gc&;a\r cneh oo (oea i lato { e g i ? . ? |
m;ﬂ— - )
@,ﬂ, Eroo G&L,%fu.étf’mﬂ@;s cve Tied Apgelfior <o hot ®W§ZQ_

aadﬁwtvmzmﬁs wotll W sthe  Gritoy J?gﬂxlfugﬂ%# ﬁ% e ’fyﬁf%falﬂm
and ok the Some. hune , Change, loced 6scill lotor) Tt T colie @W%Q&
D T Prere Moo e oo P"f%@ ws b il oo Ueeo e %ﬁu\)\ckm

w%msz,fw@ ﬁ@uﬁw% o racks Ao 20 J%&ﬁ?wv@n o boc
an gmﬁ Mk&.@ﬂﬁ% fhﬁmmm@ma?m& 4 r




D)

/%

ﬁS Ubax hetoypd  actton tokes Pplaca  cohan & diffaxent
%{E:umw (cig:j e ﬁ;@dﬁm. F |
- M‘Eﬂyu:ma ) Savelves G@Lgﬁfna S § Fcu%?ma P W&ﬂwndf;
o Non lneas dovice. <o et The D[P contong the.
procluct of & sgpeds and @ oigeral Slgnals |

~:——3 The F\bolucE torncen e e ga;B)Q.xuﬁaCQ as Zwm M

M-\ . the mfﬁ . S [mel Hor omeilodn

g g b e

Sté%mdl %@fmm&% and. 23ffler Swum e or &ﬁm%i

| %\wﬁ*ﬂmua MQ%L o usedd g e uﬁf) A4 :

> Fox (lnLLF_Coh\lmtgh M&W%M% b wedl a

| @u/b[bu& Wit Fo eoscillotsry  odfler  @lbove— ox below

| Yoo gmév\ak %vc—fu_mmtj

— n fuﬁpm hetoee Zovcaiver, Usue CLDuDrL
Convession 1 tmed whete. tha Armcaved  Roddawo

Sgnol ok %@fmczf(%s) B rived cotify  [pead
035 ca\la b gﬁw@,& C&) CUSM«Q/Q& Aoove.. &) ant

JW\—Q~ %@Xﬂmw %/QTHQV)QH tjybdlucgdl & ;@o:dc_nm a3

Trdkexrneduake. w@mud o TE an TE= 1+ “*Jcsl

S R
ol | Ji0 ,

i;‘jp = .’}o'”&ﬁ jB
©

oy e



TF Soction” Sh. rrines oukput s fodd totia IF Sockion
o Sowes '

- T4 Cga\ﬂ«&\ sts ‘3%
b cchileve. Mest
— The T8 & always  lower then fhe.
C2eaHtQA Cumk loss Q}Q?)QJ%&VQA b copetrach M?% 2 ﬁuua Sizdole.

[£3 o rujm;,:\d \Jt)( low Y«u U e L ‘éﬁw

2 on & o gl

‘Bﬁ,t Convext Thoo B 5“@”m back o the.  © ﬁﬁi nal soayo.

“

\fe. \,%\ﬂ ST LR .

ey ke Ceaxny ko

C;::..;(\L%V '-?LQ-—‘W) I #) c:@_u(ax‘&s‘r’ <j?,‘i:j\‘;--<;u§jijc- .

e
.

BPudue Beplide Socton .

. N 4 7 ey N ) [P N e »:;)L \.,n:j\
oy e Cevirvst st O é}, Loyoxed EAF s

Ngr. P S Y % ALIERK Wi . A LX Qt \) cxz‘%»:i

i
Yo

- ?\) o2 @\”xdmgﬁ R} i«% (S A
! ] \

e

o Copoe-ede

i‘}ﬁgﬁ Ererjuancy |
3 < ) s f"scatjf ta clazﬂzi-‘"l"i“f Iy ;,;:f»c,z,,.c\.w‘") = othes thetn the. x

~ I gl S } A
-3 Fren 10 % [) Y 4 ! j UL paecluc
N - N 2. LB - I ol AL
o /& o f} s g Azt ,»uf Carsgad® ﬁ/t.,?})y@uﬁx A / e g
\/ “ 1L,
L ; ter e

?‘bﬂwﬁiﬂlu ot p A e Y= T B

v

13 LQZQLJ?(YL o é)‘Q«i /(j;’l(,..ﬁ){{‘ . Cf)}%«’ﬁ/, f‘a((‘g_’,,,, et Y Gt ;wﬂl
[RI { L

! &
g y
Cplac koo

I eerxrcl to  woden

N o -} . e Ly €3 o ‘hsz
A& e ANKN O{/J/Lgi gAY (,,,z,)y’fh Aha. ,,,5)/&;) (maQ .6)‘.»«.‘.,,4,/..47,,4,{”2#L o

S

.
s
éﬂ
¥

Y

?, 35
L

> %’f{



(&)

aj Fox  an PVM et JCYQY\,&'(Y;«\\&.Q‘( O an e meecl e ledtodd

F‘) coveey P C = loow that = Moo dabed

-W\‘( L83 ‘(Y\LX!\A_L)\Q@‘? 3\@/{1@% i ity Ce Q«ﬁ%{ (Mqﬂyj (X(—) s o ddtdn

M= O ;a2 0 T ond Mg o= 0.6 dotevelne

d.) "/\-’o‘tcvﬁ\ CD ‘»9;8%(\, c,o_g_,_g\t C% Mo Lo 'Q:Lér)

%Q\Vm&bxmywma_ I

(D T Toel  AxmoswiNed Powsex

M s DL, MEO. £ /W)%':‘:; O.b

).
So lokion Gtvernn P = toow ¢

L o
E MO0y — 00y
o

W “Totol Co -«—Q%é{c@mi: O!g Modidateey, ™ =

jF@,gi»Ar o 40t

. . [ W\ e () 4«»@ ﬁ

I
CO‘“P;) OO

E%E) o RS% - (PU 8R -~ E\Zj Pc‘; - W& -

Pen = Q8-18 W.
ra2— P (o Tc’) R loo =14 -0b W

P e
T T S TR

Pg\)b% e PLMS B = NTA{ /\

RKe s
wi) ,
\ Y cs‘{mé\ T Usecosmittod  Pocox

e
| LR
[ H
; i :

% \P ~ lag wl

. °, el
A Betarle Cocadex 45 ededaked B o 4oolly, audie Sine.
X2 \J

Vv

LGN L 1‘% Ao, CCLSNAADA, \f@\‘ﬁfk% 3}2 b AN O e Pneocentun
%@\ worcd  dhoviakion To lokio.  ond Afw. phase. desiokion ks
‘o epdadion fS{g— Tis  hadhatadmed

KA2
~

B podbant - Wk
LA @— J{“«*%( K:D B Q\) T . w\ “JL A2 W\,mc::g}muﬁ»tf{j); \C? ‘; A t"*"ﬁ”k’wyéﬁ% =
d : / €

ne e C&(‘Mfm%gzﬂc;f{\“ b &K,\%\ ke odbd elge- e ‘E‘:f Cervvitorondy . {J«s sk

A gD @XM&LW\ (;{[;(ff\( Foand Poa



Solution

{ylwo Yo e

" ’Y(}V .(;DQ/\ (,‘( &\,\WJ}?\S
lg’ o0
%"}"(’fm&

\J

LS B g -

TN

o S :

0
\B ST

Aot N e Ay

C'Q‘QN?@:L&C@'Y) L

C wp

Qi @ugﬁchX .

T e, ?Q [

e Cos (u:) et g 2Tt J

e

) L ‘ e 2 s
Al R «,&) . o B " & oo . -
4 Coe [VEHATL | Q5 8T Rexlo’L

e Ceos ( ek -~y Ty Lottt \ .

) 4 . . 2 A S Pl ey ?\l'ﬂ,) t 4 %}) %) (a2, ‘W)Wﬂ(\‘{)r() {LE
%x & ( Ty iL ' Ny

P Y 20N
- ( L5 .-WM(Q;L_,(; poas e cné@;f*\ Lo ()J

| Co% -1
\ \ . AR oY
(157 g £ 0 R (anx )! *



Phi 4

A vnockudecks 55@“5&4 o Sn (&7 xi0t) is wsed o
mocluledds L Caxviy  Slgned Qe &in (@A X lﬁﬁ £) - Fode oo
Modalalion  ndex. po- C&m&—;acae;. el talien , To- e g
(Eg 1o gchczm scwnck C@MP ooy e Wmau& C‘U\"s’v})t’\ trecdos -
Wik e Hhe. bcun:hott A Gfﬁ e Modbulatad <3 an@d\\, 0
Pacwd Tho- $1>¢Lci‘(g&m 6{% The. AV oo .
S@\ mh oo -

Glivea , “The W'&x&.uic\_‘“&%w‘\% f%ZLE/T’szL VYoale) = & S ( @ax ic‘%&)
L .

Een =16

"‘{%m = 1R B LR

0 -

P G o N oy Gy I
fho. covaex Ligpa Ve (k) = 20 &wW (8K 1o )

o = 2O ﬁ o= oAR (0' Ry = oKV

\&

. e, é:) \ ?;,)

oo ‘
e ¢ d, &

GO Modada ey \m,p\u&m . Yo

dL‘) (\?s—’nﬁﬁc@m“ﬁ?mﬁgm Mlediudeds on M marloo = Yo/,

U “ . ™
G Gidepand Topenedrt  faen - Jecm Qo

g

Som =10

Poesm F\“&b&@hﬁgw H{) %Q% . \[L‘;K e Y%S)Cfi:{?

< . W{{;; CRINE u:ﬁa\y\f\\?)

-

C\O ) '{1{%@ Xadngy L

o (o 1y - ,aii;\(;,;mﬁg < KH//}



Unet -8 Pose Mepoceion.
- ) L
/( n{'\’o oLU-C{ZCO’Y‘
' e T Meoclu oo Sy |
6 Fx\% o \\{\oo\uiﬂkcf\n el CLL@M( SUS‘:Q_‘%S
the o o eunsmnt Weod tust beo A ASeaxak o

K Ve ﬁx@s&sa,QA g‘a/\“«:&\ A8 analoc T hadso CSP@QCX«\'
ey V’\,AQ,.@ %ﬁ@vml} . Sy ‘o Siavvl < L

bo- Comvexted (o discaito. sfn@md& u»d‘ma Sorm ptin@
‘P\roceso

* Thas vauﬁ U= tho v\mcogg Q‘E Corvextang oo Centinuous
to a discxato %‘%“N&Q

B3 m W\ Q_& st aﬁﬂ)\ = the <Q.n$c*€cﬁt:a, \(Q.P?\m—%&ﬂtflﬁcf'\ﬂ
6% @fﬂﬁmcdi a—h.a&ﬁ)% al a'hsdl

o 2 N b AR c:&L& ( Shoxnon's Sa ks
S J‘Jﬁ:é/;/,ﬂ# 4%!\( P ‘“ e “‘?L

SO \9:\ éﬁU Yo @ Scxan.q& wnlch s bomék\tm\ﬁ&c& NN

&*f”; e w@&k froguenay Spreted Componant  Te ), |
lot Go  Values of Lo e detocenined  ak regetas Tntaaals
:@dn_& bc@ tenes i 4 x/&g_m 1ot s the sSignal &

Fbmbmﬁ\gﬂ Sam‘?\o_ak ngx% Te Sacends  TThen “ACosc.
Scwm;i;\szss aﬁzﬂ\&) whexe. nis an m’\:mus?gax UXU{}\/LQ L% Cx_%&&xm&mm

oo S o and T oo, b Yo cesmabtiiacke L
<{l>\/<mm OS2~ S XORAS L) UDL‘W\, e Aq&bcs&r
&)

O it il

R W_.W:)g, L

3 o e
Flot gued B O S i o fre oo . ot
. @ s ;\Wd\&e_c)\ ‘o 8 Lt)
mww A0 A (X
Ly 1 Sc”ocﬂ%?\s:mci ete LmrS’Ofm ot e denated as %Qn\g
% s, — &Xﬂ?\&f‘—a %Oﬁgiﬂ)& »:S@ ':i;»—w\:é; = gmy\yﬁ oo, .
K The - CTURE TN /\’xxm?\mxa P by rollod as h@tp\a&&% voita

Acv=a CU §s = & anat w&ava{ Whkesval W T y&ff»«




0 ggior [ G081 hes Sewmpled Sgnet
fﬂéaxw? s | wxﬁw%g%gmiggi as 8$@>:;8U3.SCB

S 2 R | efiom
Wo Erow, S = P § -1y s) s fRe Aol %3u
n=—od
POgLaM ok Hine. k= Ve . o
L T N 5 . ﬁr\l @
8&,&») T qu L S = QW am‘élﬁu )|
n = oD N0
tohexsea. {jUﬁTs) s e & estountoune. ous &meﬁtudmu dﬁ'%&j
‘CXKW% Towsiox "Wmm%@rm,{c) @, ,_
22 O (B OTs
Wo gek Gist§) = Vo (gud)® T (2 © (b1 |
e B 5ok
b ‘;"’f C;\ gﬁ) % 8 Gond)
D
!\5‘)‘)&@\_\’1% S t”& m’@ ?KLAFQ\Q%LS b WY\‘P&ASQ« )SQ‘;}%XJMQ )
Ge &y = Fo =0 a (f— Nfs).
N -
E%Pm{m@ G (Y) - && Gt U”) = %SCU & > "(“"§> G (f = &—f§>{
@\SQ‘H Ao &) jﬁ Jo G (F =g @&
hfo
1‘\Awte><mﬁ 6{ @ AR contos e QF;TV\WW,\ covtout &Om‘\vmxa
AVRE WORVIN c% C@ Tredicokes A5 ‘S)fuc NYOR0 st ?)MA“%j ol Yﬂuux,qb\l o
e fuencie af &wﬂAma fop Lo
Nobeo! g §g <@, tha
o - 'ggx“?ﬁ@é W@x\c@ o ech soex
’%M > &':»'\5‘\“) e A
5§%m Thie c:mc&,&cw Ye lneoon ol PRz G,

Fs69) G @) |

E@ CX\{B&@L aﬁa&g

A L RO Fafgﬁ, CAX\‘(:{.C&&A(Lcmm ﬁm\%@:\f %/
ﬁl S LB ek, v’g\,‘ruz)\( e 1 .

I G Y
h) (/k{‘ s}ﬁ’\wﬁ:&? ‘&\k *@/\Mggzkw (hg@;w Al Y 3 N
C

Cevn ;c;m.s;;«mﬁ”f\

* \’\\\h‘u\ 85 ud &’%N\ » HReve %5 ne cliasing  awadd wsbon Ea %Léﬁw&

““ ve Consdtvuc e ¢ s Mecd o ,0 PN % 10
AN u d




o

- //’

an  Anfelieme N of ornplitude  posatbilisos

% @;Louoh%za_n_@ o < W) = K\’\?Lﬁf) = aun

| O\{j\)w yarnadion 4o ole) | |
‘OQFDX&@L@“ { &wﬁm \

% Congdas a &% M) o The A g %rvm vtV
& Thyide- o Eota) S’La_nag- e M Q{’WQJ*- Intexcvalaeach

c% Sra. S Cotad SE=P & zom - LD SS@“”VQ/MA

At e (ot X C% el

* Yor cza, oo M =K.

° ) l QLS Mme , Mi e e

e N e .ﬂnﬂ-"‘—f‘“ O% Lo, WUE)
e " GULG\ S g .

s WhaenaweX ™k
et ntsatas, N



mit), myft)
v
H g +
—————————————————————————————— my Ay
Loy Y N\ {
87 g —+
———————————————————————————— — — Mg Ag
t
Lss i mt \ J{
S e e Rl 17 As
Las ¥ Mg(t) — / ¥
1 h
S e e My Ag
Log Y
34 ¥ ; }
Y AT . L
L Y ¥
rsh 4
S o T T T T T T T T T T T T T T T T T e e e e my Ap
Lz i i
S P ————— —/ —————————————————————————————— my ¢1
Lo ¥
X f
s N A my  Ag
v ¥ ¢
Fig. 5.21 The operation of quantization.

B uonization EAsOT

e AT s

o @ <

the nts=acl %W

a&%@mw‘ Br owvor  botuoean |

m Zurned Jipscedh A oo neL&e due. & e

vz a kot eXxyeY | :

wantizo ?mc@@f’s s cedlad C}u»am& Z s ™ C%.
Yzalron s gﬁﬂm =

| O} miE) M whhora. PolE) — OFq |

p B g B
Q‘@) Q = My, - Cl/uaﬁ Lz X T © aj:?]ucgj )

“\"& ?ﬂm h] N
WMo o gﬂ/ C?mx e g g ‘3»{:@? Sz

i

VFLJ& lea MO Cl;uiﬂi»t(ﬁ)ﬂ

E x A % S( 2 m "- DA ‘:- v:’:' LA %zj VR, Q 4 (-.’E;c M ‘
::!‘ f : %D \,5@,@3 ( ::; ; i t—e—x)\.
¢ L &755 2 ” :{q RS L“Lﬁf ) “i e\.&?ﬁ.w. (’QXK ﬂ@,@(

| . Qég‘«“y“' @ R D
h ?\A el and. Then CasNss doeae.

@\g\&g\( ekl oN = v
N  discyple %%\&@ﬁ» e Exoyszm i H»--Qﬁa

pases feomn @eres o a distoasion  ovex a
Ao =

. 3 \ Sl O
W‘“C@“& XWW\

O Channel




Types f  Quontkotion

Y Thoxa  O%e oo Wﬁ C'ig Quontzotion
) Dn‘i%@\(m DuonEzolion

d\) Non %ﬁo e @uw&wm .

Urﬁ ~oN @'—U‘&‘W :

*r MO_ o oo qu?as Cg{, um,) N &Mﬁmﬁl@n .
V) Mid Rise- W) id. Theod %FQ_ ,

Mt Rise

W e Omﬁmﬂ Lovels aluo. @GLAV Y Y\Lun\);;\\,('

M&‘" Rt M\A,, Asa- end. Mid Tiood asa. S&“’\M@MLOI::@@

Gutput level ' Qutpriit levet
o)
. J Input
4
1 3 ; Input level

! ‘ g 2 4 lawel
1,
4,

Fig 1 Mid-Rise type Uniform Quantization Fig 2 : Mid-Tread type Uniform Guantization

nafw




Non - Untfoxm  Biontzekion:

Y@ﬂj{aﬁm botreman Aforn s ﬁba‘ikﬁ\?mm"\ . .

! S %
(,Ompmgé’\cm N~ Q'\'CEDQX%OLC/X) = C&‘f\‘xmﬂuja
J Mg Q\ & O ‘(\D“ b?YLQ_CLX LTL?.L“\T\_}?L]L% ae _;;L giﬁ PCN?
o Aeto ot o Tanseiilex and

U)V\ﬂ\(}\ Q@;m?m«»& o%

cxt Mo Secolvox |

Obonads the Samao. Aata

® The. Q%@x& C\ZE noOSe_ crnch Coegatalk  aue sodurad

bé At tp»;c“%xv\iciw@ -.
W Thewse. oo e %pczs CT{; Clom"xwd;_xL w\:;gvghnt@(yﬁw )
JL L ( oser Fn&m@ L (Used in  North Ameca , Jopan),

I R

dag, CHM
3 Uniform  Quenibretion U6 ochumvad ok =6, thews
At L hoxocke s C

L4 ¢
{5 CDLC‘/YLQ“.W .

. 9]
CrasNe. 6‘(5; ﬁ,ﬁ,\rmax, c::an;l_.,, oo (fﬂ\P&Q%g%'\ o

K Lato N el treed at the mn.ain ,
¥ ﬁi ~Noww &DMPM% fs s geA 7%(‘/:{ S/Sae,ah cnrncd rasic. Seanalk .

A Lawo Compandirg.

A o \ el <3
uru%)wwr 2 GZ,,MC}'*?‘&:\C 2 é‘ﬁi:ﬁ,i«éifa") S ('DLC‘VM.Q_,Q.,.\JD.CQ .

- At ne=l,
¥ 1 [‘”@v,uo "“Q’\CL& e, o Aise.

s S P C?fz‘;&é'&)
&(\V@‘ QU‘\}LLﬁ\ ,,e:::g:f‘( g‘?(N] L() t(B(is o, S ,\\LQ S
» C

Cerrrdpouncd i e

N e A?Yxh / e (3

Y1 N Ll Lo

}\/] . e V @ { [W) / Pant < ,C‘
[+ Jegeh

N {\ \kaj




Pilse ﬁ\mpwmou, Modulalien:

———

The omﬁ%\\\—ud&@ @ﬁ a Comtmat X 0 Lmstounds
bosigon pulse- s Wosuad woRlR Sesheck o o amplihcd
Af oo Samgle f Teo Moctulobing Sl
Gleraratron  af  PoM -

U ) Nodroxod PPrN\ '

J oo Raes BM“;“ SR A St
(LS I G e

4

Ruee
[u,\’& :
Gionssatex

i

W

A The Cemetinu ey @J‘*—f—d@@ 5¢(@’“Q»L \;CHU) Ei&ﬁjﬁsaaiﬁfﬁm |

bLowpass Prkar e LEE YRR
. s - s
- The ¥>ulsc_ﬁ radn 6"%4“9«’@&3"( aﬁ“w ‘D

o D% %«c_ﬁwmwé ;iks, o

# The U-If%@(m é;cumi?ﬁf}\a to e S E\>Lamm.\ O \)W&uwa

%i(;:: ﬂrﬁcq:ﬁ;On\DiiﬁoC\::Wmﬂ vex Thao- WF“W Vaviation
lead cereta

) . e ag .
£ e PULLE g [ Neleemie TP

| NN

-




Flav "roP PAMN

3 A lor toppad Polse has o Coogtont
et e\lshad L:>a oo é;mPlQm Nadurieo.. Q% “‘Pa %%—«hak
LHein the ?(},\_&M T raxyal .

wk  Some  pSnt
* Th stopitas ®a Chele dowgn

A The ﬁn&: tep Fu\ng con ba- %Qn@cm % FQ%&@
the  ‘Anstantonco 5mﬂf>\a@l %ﬁhﬂL wﬁ\*ﬁz;u\ge\m

o Njw  wonich bepecdons on F(ué@“ ot on ()

N e
1 Suxotfan T AN R mc@
==Y %;c_u,.sggm C{ I , e b F

o | A¥ il

D™

{

- N Ts
‘ < Sinlwt]y) Pav & 5n@¢.

\M_ﬁ% Tlat Tep %&ﬁﬁ@& s R}@A—éwmd ovey  Notuead Pan

@ S o by SROUNCa._
w The ex k&?( . 8 Lo\ & & YA fverak Cenfenlng fuses

tibasx:a&?‘fo“ O% N&m\‘@k FN\") g‘(anc}ls

. B noee. Oud -
B Tho %‘Dé&w{j u,;t@»m@&& e FW = e 43‘3\ LPE wonose- %
{/W{M@, R

© < webe @3\ @3 . .&Amcﬁ AL Ql W&Q
%%WO%Y - &Eﬁa B ﬁ\m &% z:cjw vl pedaadal hn% mk

vomove X  ound e ) |
E/ llhee i,
5

g%, :)\L ....... &3"
%Y{ oo ruckoed bock




Lwe Comine:

I
Ea Porodle ‘ c;@ﬁ;;x Coey o gﬂ%xsxg.@-@ ta.d T %:fim%»a
. ©ond V.

x L?\m/ o ) © 9 | o aés(;@/h @\w%cm& \/@Uﬂ:m%eg
. ek

&
FEIPTAR Cormenunt calion Over an

ko otrosy ™ 0,

clockacol  (fna -
Factos @ ne wnﬂg :
Pk ovd barduSd¥ e cubad 5t Fonsmbsn
ki8] R\g\ma Lo ondback %«{w% w%mmm

R Paeseosca 5£ beeo Q%a_‘u_a.n e A CEMNPomeant
cc. Cﬂ.ﬁ*ﬂ@-& Civeuids .

TSV o Re nok %ujx&.cz\&oko__
Q

AV Eoeet Y\(\q{‘kzw\'.na By
— Vnmox Cede- TP deadn Stearnn e centinueus

Block Code @ TP datn aiteam s AR o
blocks , @mceh of cohich T

Ceoodad b a 2ameol of axnestiie
folock 5% . i =

. . - Congtant = Lavall
% loge o . OV (‘ﬁw‘" N g |
¢ ey Ankexval Vo kSt ok s %9 .

To

K

ij Cedo.. —t FWMWGQ {-,z:agzxwm @H)Cm‘ )

trs




) T

\_)r{’ni)o\cmf Rz

K Lﬁ‘; 0O - OV \Qﬁkf V- Copstont \k;:)\}rm;%& Vevel (1) | Rey
\,faxg\ bulea T modoens fo Zavo Ogtex o bl poed

AV \]
(]
!\ — Al £ — )}
lo lo
e

‘Bcitso\w NR =z

R 8%@ e Code- Mﬂﬁ on AV end oy Thae code.
Yo knewn ow b‘ipo\/cnx

A chgsmm, 9&3\&_.\&@% &@n{ et b ave 8{:‘?&435
ol thot level %m ontiva. Bt duwatfen .
e

S
o

;Bq\fo(our RE‘; !

3 Neoxo, woth K@aﬁi c
thal AelueXns b 2T
*® nsto e Q%’ \QDQ&P@XM‘ )

\ . L O Qe «% }i,,@m...%),;;x@sgfﬁwm bod &d ?*ﬁ“%@"&‘
S e St Tetesval

%\) e\ax R e .

o

S




Alboxnode Mok Tovexeion - (AMI)

[,(ﬁ\c, 01 Oy v orfse St Teesag
Lﬁ“/q | +\! e -V %‘( Ch %focﬁpxﬁ (% Elb Sin%QKVCL,{ )
(5ol Aurg o) | |
¥ RNewe , Voo Cocrorsna. VS WhethaX — occux 0 Wﬂ&bmuu:
| ' > s
B of &Foxq,tao\\ \@d O¢ s ?\P—%W‘L 6 P

. . & e krexog 08 ANMIT.
O% (S \:o&&z. ’Fo\cma% » ;cl:«; | cxpt;;ftﬁ::m ¢

- S i

Ry,

- -

N e e ,—H At g wfw%j%)wnr

o fhon 3 FYES o a SW@ , K ons.

. ~ 3 code , MO
2% Woe -3 .  Golakion puse

e E\Q’F\cxﬁa& b%

Guie  Phose (Mancheskd) t
sthve bulse
o . - jat%wa }auig@a jd_(,@waal b&& };@ F
[ o . =]
, DA Angakzen .

l,eafi e V- ?@si&i\fa_ 'ao-tao_ ﬁo\\wsﬁl b% O Y\g_@e«h@ E)AMQ_,
Seein & M it dusadion
L

a



%L(;oj

Codedl MNask Tnvexsion
— This %5 a oo [eval

i [Défﬂf ! ,: WW aﬂwnaﬂuaé&[ ’@d 4V and -V %ﬂ/y

P?/ B , ;j:;é?’w‘ ‘“’“’ CQ B‘{m\(a, Afﬁgkj @ C@Gtﬁc::i &ﬂ’/ rtes @AMD{J;Q 2 %1 X \ﬁ ﬁ ™ L
# s Gs o \Q\@ e  tode.  wWhera. block 87ze s & .

(oda ' (cMI)
NR 7 Codea. .

VO }%L[sgm jaablaw.@d Efj a fmfsc‘z‘i‘vm /:sulscz,

pech 1)% /’z% bit duxabon .

lc ©

%@L e ntevval .

oV - ] ‘
L E
_..\[,_ ..»_w,,y‘,;

o OO > — 3N &) e AWV D e AV L

C%W\k
%ﬂx\&uﬁ\ﬂﬁ% ) mihm M’ammm o' b TRD gy
M_) @1)

C oo M@dwl aticn

Pem : Pulea Lode =
% In  Pora, the analog "“fjncd 15 samples and Then
A . “The- ?;w&ﬁ f:\“’;mﬁg lowele ase ,ﬁéﬁ@w,}b%@%@m Lol
?mmtc ze. -
bpe Cocke- heri ey
L The  Codes DembeRaren o Conue b b‘imk?j cxithmebic
(E,Q,, base & ottt reatec. .
rThe &j%/& ) the Dinawy Ao piesentotion ff% “the toda.
*QMMML@@Q 4 }31”59 : WW;:. ﬁ‘iﬂ

numbey A2
Jyg e ‘Z{E ,)’(;{,mywm%ww

C@ OQQ ﬁ\f 2 O (“,‘iﬁ.ﬂu{«i @ ,é:;l’i oYy .




Code  Quantization
number level m(t), voits

Sample value 1.3 3.6 2.3 0.7
Nearest quantization level 1.5 3.5 25 0.5 -0.5 ~2.5 -35 T TR
Code number 5 7 6 4 3 1 0
Binary representation 101 111 110 100 011 001 000 -

Fig. 5.24 A message signal is regularly sampled. Quantization levels are indicated.
For each sample the quantized value is given and its binary representa-
tion is indicated.
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Message >\/ q”uﬂl‘ i :
signal Low Pass b . R
—) Filter > Sampler Quantlzer Encoder >
/ \ v
M ENAVAS , ] :
Regenerative Regenerative m
Distorted PCM repeater f———-—3 —--—o—--- —————>|  repeater [
Regenerated
PCM
m Regeneration ’ = e S
S—> Circuit >  Decoder N iatar it 5| Destination

Regenerated
PCM

Low Pass Filter:

This filter eliminates the high frequency components present in the input
analog signal which is greater than the highest frequency of the message
signal, to avoid aliasing '

Sampler:

This is the technique which helps to collect the sample data at instantaneous
values of message signal, so as to reconstruct the original signal. The sampling
rate must be greater than twice the highest frequency component fu of the
message signal, in accordance with the sampling theorem.

Quantizer:

Quantizing is a process of Converting analog sample of the signal into a
discrete form. Resultant signal is discrete both in time and amplitude. These
three sections (LPF, Sampler, and Quantizer) will act as an analog to digital
converter.

Encoder:

The digitization of analog signal is done by the encoder. It designates each
quantized level by a binary code. The electrical representation of a code is done
by assigning a waveform (or a pulse) in the encoder. The output of the encoder
is the PCM wave. Encoding minimizes the bandwidth used



Regenerative Repeater:

This section increases the signal strength. The output of the channel has
regenerative repeater circuit, to compensate the signal loss and reconstruct the
signal, and also to increase its strength.

The Output of the regenerative repeater is the reconstructed signal

This regenerated PCM is given to the receiver. The most important feature of PCM
system lies in the ability to control the effects of distortion and noise produced by
transmitting PCM wave through channel.

Decoder:

The decoder circuit decodes the pulse coded waveform to reproduce the original
signal. This circuit acts as the demodulator.

Reconstruction Filter:

After the digital-to-analog conversion is done by the regenerative circuit
and the decoder, a low-pass filter is employed, called as the
reconstruction filter to get back the original signal.

Hence, the Pulse Code Modulator circuit digitizes the given analog
signal, codes it and samples it, and then transmits it in an analog form.
This whole process is repeated in a reverse pattern to obtain the original
signal
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ADPCM

Adaptive Prediction should be used in ADPCM as speech signals are inherently non
stationary.

There are two types of Adaptive Prediction
1. APF-Adaptive Prediction with Forward estimation
2. APB-Adaptive Prediction with Backward estimation
APF- Adaptive Prediction with Forward estimation

» Unquantized samples of the input speech signal are buffered and the released
after the computation of M predictor co efficient. '

Buffer and
Speech 3 predictor i @ Quantizer Eganne!
Input . .
P Co-efficient :
Calculator .
<
Needs separate \2)
channel for
transmitting
the
calculated .
Estimate Preuictor
I Side information for
s transmission over
channel

APB- Adaptive Prediction with Backward estimation

Speech /\ [ s
" \Z/ » Quantizer Channel
The optimum \j
predictor co-
efficient are

estimated on the Predictor
basis of Quantized
and transmitted
data.

4

A

Logic for
Adaptive
Prediction
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Multiplexing:

* In telecommunications and computer networks, multiplexing is a method by
which multiple analog or digital signals are combined into one signal over a
shared medium.

* The multiplexed signal is transmitted using a single = communication channel
such as a cable.

Multiplexing can be defined as a technique that allows simultaneous transmission of
multiple signals across a single data link.

n NG 5] n
M 1 medium E
U M

2 X n channels g 2

Figure 2.7.1 Basic concept of multiplexing

Multiplexing techniques can be categorized into the following types:

Frequency-division multiplexing (FDM): 1t is most popular and is used extensively
in radio and TV transmission. Here the frequency spectrum is divided into
several logical channels, giving each user exclusive possession of a particular
frequencyband.

Time-division Multiplexing (TDM): 1t is also called synchronous TDM, which
is commonly used for multiplexing digitized voice stream. The users take turns
using the entire channel for short burst of time.,

Frequency-Division Multiplexing (FDM)

e In frequency division multiplexing, the available bandwidth of a single physical
medium is subdivided into several independent frequency channels.

e Independent message signals are translated into different frequency bands
using modulation techniques, which are combined by a linear summing
circuit in the multiplexer, to a composite signal.

e The resulting signal is then transmitted along the single channel by
electromagnetic means as shown

Channel n \ % Channel n
] 7] E
u H M
Channel 2 X 2 u Channel 2
Channel 1 / 1 ¢ \x Channel 1
R,

FDM

e DBasic approach is to divide the available bandwidth of a single physical
medium into a number of smaller, independent frequency channels.



Using modulation, independent message signals are translated into different
frequency bands.

All the modulated signals are combined in a linear summing circuit to form a
composite signal for transmission. The carriers used to modulate the individual
message signals are called sub-carriers, shown as fi, f, ..., fiin Fig.

Modulator
Source n o
(o]
B— ° A fy f; f,
(o] o i {
Modulat
Source 2 f2él or S
Bandwidth
Source 1 Modfu;lator

FLM Muitipiexing Process

At the receiving end the signal is applied to a bank of band-pass filters, which
separates individual frequency channels.

o%%ﬁu?%ﬁgn élssagﬂs s “c/)rlllggulg\%gare then demodulated and distributed to different

Destination Demodulator Filter

n n n

@ @& @

: : : VAV \NS/\N

-] @ [ . @

! fI f2 fn

Destination Demodulator Filter

2 2 2 Received

Bandwidth
Desti1nation Demodulator Filter
1 1

FDM Demuitiplexing Process

If the channels are very close to one other, it leads to inter-channel cross talk.
Channels must be separated by strips of unused bandwidth to prevent inter-
channel cross talk.

These unused channels between each successive channel are known as guard
bands as shown in Fig

FDM are commonly used in radio broadcasts and TV networks. For example,
the AM radio uses 540 to 1600 KHz frequency bands while the FM radio uses 88
to 108 Mhz frequency bands



>

Channel 1 Channel 2 Channel n

000

fue \cz + // fon F o

Guard Bands

Use of guard bands in FDM

Time-Division Multiplexing (TDM)

e In Time-division multiplexing, all signals operate with same frequency at different
times.

e This

is a base band transmission system, where an electronic commutator

sequentially samples all data source and combines them to form a composite base
band signal, which travels through the media and is being demultiplexed into
appropriate independent message signals by the corresponding commutator at the
receiving end.

e The

incoming data from each source are briefly buffered. Each buffer is typically

one bit or one character in length.

e The

buffers are scanned sequentially to form a composite data stream. The scan

operation is sufficiently rapid so that each buffer is emptied before more data can
arrive.
e Composite data rate must be at least equal to the sum of the individual data rates.

e The

composite signal can be transmitted directly or through a modem. The

multiplexing operation is shown in Fig.

Sn \
o Frame 2 Frame 1
o }Sn ”sm[. .ls1| lSn “sm|. .|s1|
o
n slots in each Frame
82
s1 /
e As shown in the figure the composite signal has some dead space between

the successive sampled pulses, which is essential to prevent interchannel cross
talks.



e Along with the sampled pulses, one synchronizing pulse is sent in each cycle.
These data pulses along with the control information form a frame.

e Each of these frames contain a cycle of time slots and in each frame, one or more
slots are dedicated to each data source.

e The maximum bandwidth (data rate) of a TDM system should be at least equal to
the same data rate of the sources.

Synchronous TDM is called synchronous mainly because each time slot is preassigned to
a fixed source.

\ 3rd 2nd 1st
D Frame Frame Frame
oo Q\j LIC] ][] e [B] (21| o] [e] [e][A]
BBB
0
AAAA
0
Transmitter
)
0
o [A][]c][l) |[Al[=](€lL]] [AIECION | RWOOO
8BB /C
...m......._....._.._......_.o
AAAA /
Receiver

Multiplexing and demultiplexing in synchronous TDM
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