: (Gend danls Ol ygdis
Al pgSTy Ascalsdl dwaigdl ads

puigl] ygaS gl pusigl! Heasadl
dao s o LY S—T ‘:L._nac

pud D e o 2 el diw
OY Laiy g Ol g 43S W dwotin S¥Lai Vg OLo g oS W Awaiia

{_-'f*"l'r— Yo\




PRI

il M) oYl s el e O3 jie OIS s O\ 22 i
Al b 3 WU Ll Oolaly SVLaYly Sl ASIV) dwdas o (3 AU
i bl by jiws daals AL S LSS dnadl als” 3 m‘wf, | 431
IS g sl i o jae O aay OF Ll sy g st Bl
S il 3 Al Al oyl VY A,

ool ool o @l Al b JS 5055 Jed i e DS s 2
g k)

ol bod B 1 SUTSUy YW duin o bl 5,50 JoW1 ) Jae,
i wdin (3 Al ot kel Lol haill o 2z gl JSKy JLaPY)
Lezdlany LY ods an foladl St Eost SV LY

iabol Rl (K25 W E i) b gl g ol WAl 3 BN fadll e
Juai ol 51

e e WlE pailas ¢ ol LA il Ll acl ) SJWEN Ladll 5 a
oS caailax caly auyd Loy aupp oS ) Juadll 20 LS Al
o Cafl Jlaith Jaty s - TemNiiir T o o NI Rl )5 o
aslazu iy BUal) Lakall BLST)y ot I il

ol sYy ol deall 2 any OVlazW) Sobe o xorl 0 il JV Ll el
>y el U 3 LY B atlas LISy peonially 1 sl

|'.|--_-

;i




S by (AMFM,PM) st el B ) Alaie 3l ys el Jadh) eiaz
FDM 35 A iy poaon el dul )l L,.,\ oy oY) eda (aiS
il LY ;)]a., bl dotl o OlaeW) & s aul ) elldl Ladll o mz
L ) o B, Ll fadl Jauy (gud 1y padll Jeted
TDM o ity pganl) p\lsi y (PAM, PDM, PPM)

sl g DM > Jiaxi g PCM (S 50 2 o Jadadh dnl )5 L Vg
.DPCM

Jats g bl b gl o3 ) el a1 Gl headll 5 e
ekl a5l Jluyly FSK s 3 a1l Sy ASK Jualt ax15L JIY! & b
.PSK

Bkl 3 &y el YLV (o 8 8 ez dl ) Yy pold) fadl jatas
Wt 5 paall jLasl Ty & el OUS au LYl ¢ 15N ) (2 o) ¢

o5 Ny S J b 8 Wl e LA p i gt QSRS 30 55
(k) Jlaz=Y) pld) somin g 2aldl 35 gl SMS y a3} nly ) b D 45
3 53, ) el Slollanall ealy 2038y Llaadl CYLEY) (5 and 2 al y
oS

il Sl i gk A anall gy 6y M B L 5 0,55 O b
i ys Lt ol Ll bl OOl Cless s e OYLATY) dlin
N L aeazzll o Al

Ol 3l

11



Js ¥ il

&Wﬂhmdj‘_}éw

.
g

Vo




Introduction to Communication Engineering

Aadlde \—

Jols a6 413 e 13 0,5 0F (S0 Y sl pazdt 3l O
Slalall ol G:is 23U S VLAY iy oo ndly Sl pdkly Sl laal
Al g 481 (Slor Jli) 13Vl y 230 gSU1 ol LEYH plasiznly 1

ik iz i 25 S5y Ol cuds G paball e OV uw
3 pailly Lo 4y gl (S Blal) |laely o gk an JLaiWI 1) 3l GLYH
of uwy&m’ e JS" Jorl oo (LYl i ol e i sl fﬁjﬁj
S G SR D VIN o | E TRy L,;f;-ul-* oy S

A po Apadl 45 peall D LY (3 pall) W S plaszal ¢ il 3
el Gl g1zt ) S s 3 Saldd 0Lyl 6 utte sl iy L (J polally
Sl b ikl plisicals WAl dlan y 230 SISV ey VAV
Al o Bl Ay ALY oVl ) Al oYLl o
e sl ) C Ay ol I Sles g1y M cladl 3 1 L
Al s 4 25 5 gually el Jiy OF 0L g Unsad | gl o 0
Jbialy Jlu)f G5l oy Jslty Sy 1 Y g (2 0Ly s
a3y Bty Ll Jamy i 815,50 Gy C51,S e

1Y




A RVIPRVT TP o W 5 S bl oy JLaiWl el Sy ((Gennial
Olg e 20 S

Coad) 8 il y a3yl y Ll oY 3 Y LY Sllasewly Loyl
Aty A s el Ty ) e g T e oY et Bl
A i) OV oSSy ot 3

FLAN 3 202 W e e il Sl gl Sl ) o 8 )ke wL JLaiYl 8 S
daill g gyl o T By U] (SoUrCE f AV o 2
o Messages Jl—w ) L5L e Sa (ol Jull O a5 Destination
E I pasay e b gl ol e 8 pell Data leal
S ylall 0dn oo g e COINg 57 3 fo Daglall g\l an, Brlass
B el e o leglall 3,55 e (DA 30 JLsY b S
5555 L el St e 46,1 S 35 m) Sa N r B8 gt o S
syl Sl Ay o et 2 i) gl Terall e L
5y gl oliad BloY) sus i e 8)le Slidall 055 S5l i 3 &
Loy oL ylall {::,L:_. e dlle E.ljjf Blay Lasl )y THLGURCH RER | L.._J
I IS e ol 3G 0555 O Ss Messages Jile My &1y LY
§ ool oldaall Jla ) e (5 k) daiiall 5 M e 35 28U UG Sl )
ISy Al B sy B A aST el U p phlley o8 b
Gl & e db Bl i W8 Bl cpulal (ne 5 S O) 53 S ple
(sed Bl ol AU A ) ol 057 8 Bl ek y (33 )) andazzll Pl Ml
i g Wb @bl ye 354 487 O yLal ) Leh oF o GUAy 3L S o8 UL SRS
o by g saldl ) Olulas g DU 2 SJAS Transducers 3> &Y

VA



Message Wl )\ 5,L5) Message dlu ) Ll J o2 ol 230 ¢80 5 LaYl s
a0 L) s\ Information-Bearing Signal <\s Arald Al 3 L2 o Signal
o3l 0S5y Information Signal <\ Jall 5 ,L5] Lozl o By (Dle Jlall
(Jlait Jax) Ja5 bas e CNU amy 3 Wyl Sy Riseie Sas 5 ol
O sty L JLasV g U e WS dglde s ol 61t 0o
S Al LS ae ol ) By DBl J) 5L JLa b ie UL,
ol d) Sy ada Ly n LY @l (ALl 1Y o 4, 0l LY

Modulation Jasd\ 3 b (sa>) daul gy 2l :j'ua 35 5 ol 2
B O (e i tand V5% Al 11 Sllaall o Pl I 5187 13
el 306 (1 IS Y ldaall T Pl N G e O B (13 0
o155 ) s ) aasdl 8 Bl JU b bale o2k e | sl
ais o ok is Ll Bl umer il o ey e, as,ce k.

S gie

P S L U S VRN R PY GT"-&&?JU Sl Jly LW i 5 sl c_,LL;,Jl 8]
Sliwlgll O Eom (VLY (b aal IV VLW 4y 5 a3 5 (gl
Sleglall @aS" 502 LY o e 8 gl baw Lo Sy @ LU a ez
ALl olelally alu

e I U oo SI5u(£) ) b gl 5512 o iy o of S
el ol e el (S o VU ST 3 Uyl 6L
b ey T 513 5 Jie B 5 el fulgall ae JM a5 LW
8 La

V4




Juaiy! eUﬁJ pols Y-

S P e OF as L *-'*’L‘):L‘L" s L) Je ) ga JLaiWl plls e D041 O
e AU Sl 3,55y 2T O 3 63 M g ) 5l Al ) L O
e U1 LS o Iyl 48 b A pslie e 6 W
Jo by oo g e il 48 ©LEL ) SLglall J 2 el 3 B O
I s ga e Gl y bl J) DY S8 2 A 3T B
i ) ) ool S bl e gl iy s ) il
e B o il gy Sl glall Sl Ul JLaiW s o) (Al
ety a3y ) i

8 —ols pal als L-r-b}-‘ Juasy plad 3 sacall Jalasrdl (V=Y JSKEN o
Szl 2lS i gy LY Je )l 3 Ll ;JJ’ 25 poliall oda 0 S
Lt A yd Jmll 5L klan 3 wihy oS5 Transmitter Jo A =)
oy ) Sldasll ol oy (JLaiY B3 i 35 ol - Lol 5 BB g JL )
Wl ) ol Ml 5 s) Lassy S5 Modulation Jodas) ddes o ROV
o el 5L oy e 3 g 0235 S e Bmgn B 58T Y
Ll o e o 0 50 0 Sy o Jly)

b sl 2y Transmission Channel (J&3') Jlw Y o3 —o
L”ﬁ‘}qw’&ﬁ O 58 Ja il 1ia R -SRI WS VRIS T T2y gsjb-_)"-‘ijll
SNy o5 3 U ga LS W 5l B s 3 JU g S
3 U pn LS) Gyl dor gaS 3 LY Ey o L A LA 5 R )
1 slall pe bejlast M A AV 3 LAYV o a3 (@ Ay S5Y LY

Y



Ob—3 Uy 3Ll 455 A Gz ¢ o f L)l o PAE o 4 35 Aoad
ALl O3l LalS™ a8ls O g dlazd) 5 ,LE Y aelaz
£ g 3Ll o &gl § LYl oY) wzils 3 ‘Receiver Jaz.l ~E
e (R S v PR I W oaly .= A1 Ji ) W glas)
el aaSlen e g L aSU SISy (JLe Y ol e el
Jraedt e gy OF Sey b L adoY 5 Ly S gt WS sy )
L nete My Decodingd el ilus.
S JUy Al LY el e S5 U gl e al il e, slea
Interference |>=\a_3\y Distortion 4 y 2 B el A vy [ WV
J— pas i3le 5y LY S 3 ol i ) S35 2y Noise gl
J— )YV 38 o ez il Of J Ls™ ale 15 Ley e 5l Al bl ois
P oy S o Uaslay mamdl 1is Jia, JY-1) JSEW 3w e LS
.‘_},.E:_.lsj Sl e O3le 00y dlie izl 2 U PRI WP ]
W e g e g2l g pmall 16 o) s 3l
e pas e ol 6 Lay PSS o= o,bs s 'Distortion 4 si) e
el y o U Oy s @l 5 e pladl 4l
A ydea st Bylmzh Sldl) OIS 13) 5 g 5,LEN) Vs 5, weidl J 4
Lol Dlnd o plisanl, 180 IS 2l olis) el S ails
Equalizers o\ 'yl o5
foml s 03¢ O ¢SS e DL B B z== Interference |5\ o
283 e NSV e ol 6 o f ol 550l e 280 oLy
S B b e Gl ) Bl 3 UG ol gl e ,20 )

ik




Sy A il A ble ©lss my dly Ol L) e JlazaY!
e e ol ol jolian s of Aol 5 LY slaly i) el
o el e ST ka1 aloY Lyl LA—GM TR
Al e 5 Ol pldszaly o Clas)
i ) b i ptall 330 ¢S LYY e 3 )Le 4 INOse ponal) o
mamall gl i o 15 e ol Tomla 2B e RS
Y LY lsadl sty iy Jlat ol f 3 Ugs 2 5
reedl) e b 5 il 26 o Iy Sy Il el
B R
Jw Y Jie (V=1 S5t 3 oadl (Bt Jalasdl of dy 1l a1
Jl ol AL JL Y -k c,la.ﬂ.; 3 .(Simplex Transmission) SX oLy A
FDX J—83 7 3354 S )Y ey g JS 3 Jeitms oo 4 2575
Lol e ol EVE NS 3 A1y OL JlizeY' s JUo YU (Full Duplex Transmission)
Il YU s i (Half Duplex Transmission) HDX ¢ 5> A e JLa Y
Aty cdg e Ny YIS 3

¥y



Jeedhh AL s 1 U T - il ﬁ.m.__L i st ﬁ.m_._ dl.y
Source | H Input % | Transmitter H Transmission h ﬁ Receiver .ﬁ m:.am:._ H
| ¥upnse —» Transducer |—» i —»  Channel R Transducer
| ez | ol Ja i Yﬁ r A Jas Distination
- —— B ) i
— "
_ Interference
And Noise
rT-_.F____ 3 ﬁ.n...f.L# J

Jlar¥ alhi ole (V=) JSul

v



Modulation |3sa! ¥'—\
ides Glasy JLasYl pUad Jujﬁl 3 3 o5 ) Slkasll o2l g Jrdadl s
Y Ll U b LS &) e calaldl o gl y Al I 6 L5) LA O sl el
i ad o My i S e e LY AL 6 ) S
(Carrier il Ol M Lpai dy gl il o 58" SV 3 ol LY
0dn foarmdl Ales gandy . Jad) BLE ABdlge 23 5 yol g SIS 04SSO o 2y g
il i by (s 0355 cJUany Al o U1 Sl ) o sy oy ¢ Jand
ool glall 3 5L5Y aaoull
Al o Sy i by bl 1l Al ) Jad! e
Continuous Wave Modulation § ) i J\ Juss |
TR R e g S T E R E TR 0 4SS

Amplitude Modulation (AM) : JUall Jo.x2l e

Frequency Modulation (FM) :¢$33 2\ Jandl e

.Phase Modulation (PM) i )yl padl e
Analog pulse Modulation S\ oadl fisdl —0
iy lad) e U8 8 5 )le Al Al 4 0455 4

Pulse Amplitude Modulation (PAM) :iad\ Jlas a5 3

.Pulse Duration Modulation (PDM) :iadl o5 Lixs e

Pulse Position Modulation (PPM) :da)l po gs hass o
Digital pulse Modulation g J\ oa-d Jsiad\ —¢
A Gl Ll et

Tt



- Pulse Code Modulation (PCM) :($ o A o)) fidadl e

- «Delta Modulation (DM) :J> L e

Differential Pulse Code : Jd—blidl ;o 2l ha_adl o

.Modulation (DPCM)

Digital Carrier modulation s\ Ol gol) b J1 Ldad)
L gr e 385 (linoly @1 g) Bad) 5518 0 8 jke Wl 5 La) 4 0SS
Sy Keying A Y1 gh Ja3Y) dlaalt o oy 5 acs & ot dlal>
)=l ik JlagYh o FSK 25 3 d-1L Iyt o ASK JUalbastiL Sy
PSK

Electromagnetic Waves dam J-g-gi c‘ ym $ =Y

L) Jidl by 3 A g £ 1Y i ol Lo OVl
A LA dmge s of Uy Wl f a5 e 0,0 of S gl (Il
S g b gl il a6 e s £ (LS e 0S5
cpalais cobliny Sl 48" (nlim 0 om0 o 0 il 3 x10%msec
WSSV (S s e Gud sas

VS R TR (R B B A ¢S b gl 2L Y ot il )
o al @l i ) Sus sy Olail Y (6 ey LSV ol B0l 55 I

o= Al Db e Gt i e gl s ile oaly L 00 5 e Ol U

A=gl =

r
f

Ya




c=3x10% ¢ 1, (3 Le—ady) JLesV s ey (FR1/T) 333 fy 50V T e

33,3y o 10 g iy Sl el el gl ey (e
L E-Q,m&l}p&p;ﬁlz;r ':JLM\%LJJ;...LBSJ'.‘_}AA-'. RWA aﬂjga‘yt dond)) _i2d 45
Bdenz) LadS™ o ) dalsisy 180 o gl b B ) ¢ el 43, B €03
3 ledad AUl g 55 15 gm ey Lo ol ) Aol daidl e
e W il 3 U Sl 2 Y1 S e ezl g st 1A
Sl U1 s il IS &y o3t I o Al 2 aziy L ks g5 gL Blandl
s 1o g1 JalBasd otins ol i ) @28 U LW o S0 1S
il ALl @l 1 J1 bl et OF OB jall ey L dSll] L..;J Lass )
Nt oy B S gry e e Jlail e dor e & geall L5V Sy
e il g Jlasl e S Al dblh byl olos 5 e b JUs
s JB s (3 il dab g sl (635 2 J 3 ol bl jlaat el 4
o M 355 il Sy igr go Oleladl Geimd 20 S14d0 slaly Caka)
Cirias o2y My VDY) (55 ranai (S5 o prgale SN2 2 01 )
Ay Las SV Y o7 3 dedonidl 2ol S olor pald 223 A1 YU

(OV=)) Jaddl 3 oaw o LS 5y b jLialy Leslal)

Y1



Freque Iy

1 rnammssion

"topagation

Representation

designations media modes applications
W e W, W S o ¥
Ultraviolet
1'% Hz
wy Experimental
, Visible Optical Laser F
10 * m = [ib beams
ks ” Wideband data
r Infrured
10" Hz
e N I e M
T e W A
Extra high
| [reguency £ - tal e
(EHF) aperimenta
| v = - Navigation
Super high w _ F Satellitesatellite
Irequency aveguide — 10 GH:
{SHF) J . Microwave I"I:!II}!'
Line-of-sight |
10 ¢m = radio Earth-satellite
Ultra hugh | Radar |
lrequency I — | GHz
{UHF) f P
UHF TV
= Im= = 1
= | Mobile. Aeronaultical
3 Very high ' =
- frequency VHF TV and FM 100 MHz
> (VHF) i I e
o I Mobile radio
" ; Couxial =
. | cabte Skywave CB radio
[ High : radin Business
in:q}n;;r:-:y' Amateur radio 10 MHz
el | 1 [nterpational
100 m —— e | Civil defence
Medwum i r |
Irequency | AM broadcasting —1 MH:
(M) | L = ,
| km — . ‘"—\-niw
| Groundwave Aeronaultical
Low radio !
requency | Submarine cable ‘_l.“m-;] kHz
(LF)
Mavigation
10 km —
Transoceanic radio
Very low Wire
frequency [rairs SRR SRR | - 10 kHz
(VLF)
100 km - Telephone
Auilis Telegraph
— | kliz
WWW'

ey SISy gl 35 T Y (YY) J g

Ty



Yl glad el Ol 0 )

o Tl e ) 1 g Sl pllS (] eandl A8 (ganall 4ol
Sty Gt UL Glas I aadl sl J V! ¢ o Glany Lol
el y 33 g oliall sl plisiaal an ks e plad) & ,SAI dilisill ol
i g il Gl Y1 A5 all Ol Glazs gL ¥ 5 Ll ,:.'Hu La 5571y aals”
3 Slshall i dwle Y el e b gy dacns 1y 4 plad) e
25 B el UG sl Y1 Slodmdl oda ar Sy (S AS Jlail el
.Noise ==\ y Bandwidth >3 A J\=

56yt o pllly Y1 o ) (65,30 S S50 £ i S
At 2 e S 3 LEY1 a5 Lekis ] o (o0 ) a3 LEY1 5 2 ] e
P 3 L O Jydiy s Al e e e Jls e i Lgdb OB )
s pn LY Ol G e plad) 8,000 OB AW 48, oy oS JI8
s 5% WA ot i S LJLOY e 20 5l 33 ) Al gt
0S5 My . b ey s O Se Y Gl @lally lall &l ol
s 85y LY e w Jdas e A2 Wsag g s Jlast plls JSY
oo glall

b 5] pas o) IOt Sl lall r 887 a8 S ddas s LIS,
I 5 S e e 15 Ul s LS colglal) Jiad 18 Jl2 o
Jlait pla L_gi' 3 f._..,.L.,.T fm ol ;.1._,.;.;3 JIs! o o day ol LAd g L5 ,LEY!
3L o p oy o Sl 28T G (i) il pa ol
Iz o 55 ol Jod o amdall 8 iy and S Yy Jladt pls gl

YA



s 04 Avad y .(Signal to Noise Ratio) SNR el 1) 5 LoY) dcii ol Cpns
Ay pemall o i AeUaza W1 (B 5 LW dlan il dstlaza Y ds dd)
p—sa 0y i pladl elsl 85 sust gl ikl of Lali 5,87
Ny L Jead pladl 85 o ilST ST ) s Gl LS W) o (e ylall
G} amail] Lol Lo G5 N 0555 OF S0 ° Obl 3 s,
el . 2 Ll Lo s us

OLby an g 1151 Ry Sl 28 4 cJLail pllas Hln 187 13] ol ]
L lia g ool glall et s & Jiy OF S )l Juaal) Lo s s oL
O Jlael g . Slaglall & 5wl ealill sa] ay (JLai Y BS i o
8 mavall )8 LY Ay 638 3 I o e Gy sl JLalV) 5L da
J—adh o) op vy o sl8) ddes 2 ke Jlait pUs (g peanas O) J 43
el Y Y aS y JBl o ey al Ll aclazai

O LAY aad 11—

31 Y WY R | PR PR o2 (onn Byl A A s chaally Aaad) LAl el o)
W Ly Dk g ol gy 2cte) i IS8 L 581 40 Ly S
Aadyy Aol ALIE (@) Bl o) Jgldor dauly o LL el 84
AL o815, LsW ks 0 ) G Signal 5)L5) 4SS dote

JE S il S8 Sleglall i dgr y 0

Deterministic Signals (5, A1) iezd O L2 —i

Sk gl (Lall 5342 30 5,3 (6 3 Adamdll Lgzad 0,55 )l a1 pa,
0955 Ol (S8 ol sY sda e adzalSy usl )l (6 gl Jlaz>b g 5

b



oy Sl g S 8 Wb 0555 ol il otk f olindl et
| o Al e SC2

Random Signals 43\ s2all O LY -2

ik ) Sk Ll B b A 500 gl D aamlll Lgzad 0,55 & P
dgdt 0,55 Of -Se oY) edat Je JlaS gudt e JBl Jlazly oo jLaYl
JLEaY) sl Jo o ol rtiadl by a5 el 5,30 i1 L 453
a3l 3y LasN) By k) s Sladl ada 4k y Jlas ez Lis 6 l0l )
S Jad Y Bandd 5L Ly iy 55L8) a Sl ae a5 L) (g1 OB
el gk g (Bl Lty jemd) b3 pasns g8 Ay Db e
Periodic and Non Periodic Signals :% 330\ 3 &y 3! OV LY —
AN i 13 Ty gn )5S 5p3y 0 6580 g8 v(r) 3)L8) T O} B
TeTee 23S M S v(ttmTy)=v(f)

PEPRPCER SN SRV I W0 (P P S CH EEAUR WPV RCE PR I VRt
oNLaY o (3 gre e G ol LEY)

Ay oW B LaY) ans 5,8 B i Y B jLs) ol OB Bl

Analog and Digital Signals &3 JI &yl g L5l O LAY —
Gt i)oo' padl s Y Uil e ) Analog - Signal ailedl s LsY)
o J._.,_.L?:{.;ib.upi.;.ﬂ._,u‘jh oda ,glaiy -JJ‘Q’M};&‘M@U
) A i) ool Jom a0 08755 ) e 5yl 51 o el
G g o L ) g gl Bl Ol Jok U1 03 SIS (6L
b 33 i s 0,55 Discrete g ikl 4 5 sl 12 3,LY) 0B L,
PSS iy Sy U Ol jan o8 L delS R ) Dl B D

, a8



s by et 2 ey dil Ld AU Of UYWL S o) ol
e e Bt o past Lo el OF Jlaal) Se 4l omy L) e S 25
R r.ngHﬂf E-:A-..;-'J EJLil_\_ga.._Jﬁ.ﬁi_U\ EJL."LY! O\s L.a}:ajir..:gfhy_, (hhﬁ:.l.i

"SJL..J'I Al {-Ll.i} \_:QJU...a:}IH_: ;,J\J@-l}JHJcJqu:JJi: U.J.P{J'Lﬁ ng.'i

)



Sl Jed

L}Z-J\Ja}a:‘-;:.:u‘/l\

Filters and Transmission Lines

Y1



J;.J\ja _,l::— - 8 GJ(JJ Vl\
Filters and Transmission Lines

dadde Y\ —Y
u@\’\_,aj‘;'l'._'bt} 5 S Lﬁfuiﬁ.ﬂ Ol B b e g Ol A uw
by e daf 0o Gl Ol e s ga S en Ol M e 08 Em
o il SRl i Jadl by g i lasy ¢ p8 Ji.,,._.ﬂ;:).ht_ssb La¥ o
$33 5150 3 (pladl 3 oxai T Gy of ekl B e 1) e Sy 1Y OIS
ity Uilsed b5y Lo 380 Jadhdo gl 2l § 1,0 Sy Lol

s SN e 0SA il o s
Sl L2l b s g St M g 1 g eal o ais O g fuadl L'u.:_;;
ol el gy d et 13 e ples g vl M el jla e ST AL s dazady aYLeTY)

Al S oyl El e s Ve 3 e 4T Il OF o may o e

iply pi by Y-
d}hl—’mwyjjfjljm\f}u%‘gb_"fﬂ‘ju"’u‘@}‘g—}ﬁ
Jg_-JLhMJ_-i;;?\} u_,'IJJ/_HJ}fc_C}Lb-jMJ..w q.‘l..L.,.q._Sl

45

Yo



=t

Laiy i all el JI2 Mg o Legdns duassdll b 0,5 el Jib LA
el S 5l il s L 508 3 el 4 0,0 (0 U e
daridl 04 Sy (a) A 2y 2 F S8 e S 0S0y p all
ey o Aol ol r S i 11 0,0 O (g el Sl e Lpoin
By E‘""““)“ o 1> (3 A ylan S\ 3 gy @3 py (lESs (olile) £ Reactive
e Jle 0l 5 L L ol ) el i (eeF) sl D olacdl
Analog i_Lladl Ol 3 L) ilA AR 3 ;.FL-_,a.s: (oled M Canas
28 Olde by a alilad) olbes Ml Canaly (Digital i3 )l Olci U
delin ole o Al 8 ol U el 0S5y . Active b g Passive Wl
| e i Madll ot N 6y L e Jlnd e st 2 Y opy (1,C) i
Bl 13 ) Ol ) sy cOlddanll S ey 1 AT ST N
R 0 VI W B CR POV R SR WA
g AR I f.l'-?"s“ bo{ 4 S ! Ot 6l Jlad pe J..i :jl...., E'."‘"J“ NS of g
by g0 a8 S s A Jla ol a5 o) hos A Jlz

(Low Pass Filter) LPF . jaisva y,8 i o =

padll 335 oy 305 VI P Yt ROV EE | IRCHP U (R R VPSS §

33,5 i ST o o SN A Sy 0wy (Cutoff Frequency) f.

o)

(High Pass Filter) HPF 1845 p 5 £ o o =Y

ol p @ e A e ez sk T (ST LPF Jan) S \es dlas

::J__I;,__AJSiL_;»LBJH s Al AL __,}J,.c_-gjclaj.h 33 5 g 3AE 33 )

o)

s i



(Band Pass Filter) BPF :J\$ , & o 7

33 5 L a2 35 5 o Al 1 Silas PR g E‘t‘«’L‘ A s 42, 4

Ser S madll 35 59 fi)  Jaedt aladl

(Band Stop Filter) BSF :J\£ b nd o — ¢

O Al Obss Al meds gk xS BPF b p s oS5 dlas

Pt 0K Jeo SR pad 335y f Jad adadll 55 5 LA sas s

palss i
# =Y e I ol all 35 ) Gz Y @liste (1Y) SR o
fofe a=> f=0 0 K LPF i L 5 adl iz O SN 0 JaDy 3, ,57dl
o HPF i A el Qg oz by cdsasid) JIy 0l J2 0n sy (50
St r B WS fof, o f20 el J2 0805 =00 o [,
L VLt iy o oo for o A Ay S 4 BPF e of L
3 (0=7e) = A Vst «J 080 1 il s Wl L(f3—00) 5 (0—f1)
Jer & Jor v g Ay dast Jsty (f—ro0)

delis olis O EU;ﬂ‘ dadll we Sl I -y
ielis olis oa L Jﬁl Passive  Filters x| p& ol Ml ‘_;L' Lad o 2t
Tg s o Sl ol jls el iz Ol U ada oyl 7 8 -Reactive
r—>e 30 WS 7wy T IS -0 Sections polas NS oy Ji_.,‘usJ'. PRI

(Y-Y) S5

TY



K LPF

Al am,..u 433 S i.:!b_-.:....-‘il Wt L}f_':J’I

Z/2 Z/2

Sl gt poll 77 ahadlty T aladll (YY) JSC

Sz ol 6 bl e Sled p n LN e 3 L jls I ol ) e O)
J—E—'J'l B yipn Caly 0 Dy A S A=D \b LJ_,g-_v s blia Uasf <lel
(Al 3 syl ol

(2-1)

Il

vl T4 BV,
1| |c D]
gAY UG L g Ly g Ay SV e Va5 T S

TA




k caldl O3 Ol M) €Y
Z) N Zy o Bl e o Z) b 355 G o T g ot 1 ac
M 3id y (SR 5 S Z; 5 il

Z.Z, =k (2-21)
U PF PN NS PRIPE IRV VLN ry SUSCRY FTHE FOIERCIERAE
b A Jag ) da gLl (6 gl
OB C airw LaiSh Zy 9 L a2y £ i 0 5l Z) LS 131

1 I X

Z2Z{=jol —=—=k’
142 = J jod &

Lags
L
Z, = joL , Zj=}7ﬂ:;:n : k2=E
L/2 L/2 L
Ay LA LA g
X o
C T clz2 T elz %
i = i .
T T

koo (63 jadsua p o ps Aoy T Olebadll (£-Y) JS2I

Y



0l dmd ((2-13) 3 Z2 3 Z) o 2y p el I

2
0Lw= 2-22
e - (2-22)
Sy W — A ey pdadll 05 5 (222) 3 @ I el Al e
2 1

= ¢ = 2 25 ),
= JLC J: 7 LC (a-23)

Aol A2 (2-20) 3 (2-19) Gechas

LPF A 2 W AN Zog 5 Zor 9 (2 Y) J&21

saiily el JU2 3 (2-16) 5 (2-14) by 4
A =cos™ ‘:I _2[%) : . a = cush"i Z_{}{—J = - (2-25)

v a a5 (V-Y) S vy B s ol skl el 05
2 g Y

—
-

1



LPE pio L35 NN [ g a pio (A=Y S8

HPF a&5 Al 3 podll o p0 Y—§—Y
Laged L'J;UEC)&;,J Tcu.-ﬁ;GLr—HPF&;f (V-Y) JS&0 o
1

i
Z, =—— ’ Z, = jal . k? ==
| iaC § =i/ C
o\ \o S = 1 2-2
‘N2 ’ " AN IO e
26 2( C
%L 2L 2L
T JT

ke o5 HPF pso A 3 T ouhill (V=Y JSCadi

O



Ll (225) 5 (2:24) I ke S HPF U= 3 o 3 B 5 Zox 3 Zor >33

'E'.JJE'/‘:‘ILJ (":E'h,_‘f ij*-*-' (=) _} (A=Y) NS el S fﬂ

A K

I kL

HPF ps ) 53 ¥4 5 a % (A-Y) S5

£}



L}'! 1_5.—-“';)'IlI C_JL:“ RVS &_J"_F‘"'-:-’ D/A l-:‘Jj'L‘_:j'!HL'ng)'I 'J'L-U {')‘E'-' 2> Sy -“a(ﬂ?)
V(1) L\ o o Lo}

v, InT) 2 v_(nT) . 1
A T | o T
v.iti*—*| Analog-to-dig lnl‘___*! Digital filter ! r-i Digitsl-to En:iqc:rgl_k v, (1]
converter conver ler
H— -

.?.J‘,H pee N [ (Y £- Yy JS2

o 3 g8 gl ((Juartly Jadh b o A-Y

S Olos =Y 06U pr Bl i JLsW il b s pussas
SN o 0,50 Ll s gl Jal b s 0 il 1T Bla g iiain
J—idt by b ST N s pEmNTY ¢ Ol 6 ey cu sl gn cnlil
PASel i g2 g (gl gdl o SN DLl 04N sl L;'U;Li Q! L'.J;:L;._J
salel Jal

(002 JiSU) (5pR1 Jadl dast VLYl 3 Lzl 251 Jadl b s s
S gl ol o U g pao i 65 s JiU e 0,5 e,
OMS—5 Bl say  lon e g Jadsy (Johll B W87 0 6 s andais
Gl lant U1 a8 0oy ol g6, 1 S gn 0500 520 IS
i JUl s s S e 3o 1 ) UL bed e
e 83 pm ay o 1 Uob o TG L 6k LSl Wjle il iy,
JSI ya (o)t BSU gl el L8 BSU b Lo 3 glocs il
Ndaley Uyjme p2 30 Py de gast r ) BUI sy o 0 M0 5,2

o0



LS Uk ey o B S i e g g2 L ks
gyl dide sl o U U L8 Lt () ) ey oo Wl aab  J )
ozl $hzay e J e
i o w isle pgiyy e Jani ) Slas A VS 3 S s
| sty L)y br g5 ez Of S0y A lss A JIST 50 5 ) 55
Jisady i lina g ¢SV J yal CLMJI oA iy g J,,lj_i,u aalbl LIS -
o A e @ LW L Ve e B JUly ) U
. Jadt b gled dald t\};‘y\(m—r)ﬁﬂ\ e
Primary ¥ ol bl Szl b glad- il g SN o) ) e
ol d——§-f Tl b3l -a J ol s A1 5] iy gt el g (._51 ﬁiﬂ L3 Constants
Ja b b e gl ds e ol e o oy A | a S” 0555
—> (lkm o Im s Jydall s> O o hy Jadl lad aJ ¥ ol gt O
oy 23l
| iy Qg o of e Ju6 ay (R) Jglalt s J 2ol anlall e
(Q/km) o (82/m) S\
AW e Loy (L) Jsld 52l ) BV s ol e o Ay 0
(Hlkem) o (H/m) —b A&y Jad Jad % ,S
G e S gk e Ly (€) D5k suoml ) AL ¢S dal
(F/km) s (Fim) b o5y lagrr J\l) Jas gl 5 4 95
Lt S5 3 g s sy Jo 05 (G) Jgall sa1 g ae adl AliLd) e
(' /km) _j{ (Q'/m) b A& bad |,



i

~ -

Parallel two-wire line. Two-wire ribbon-type ines.”

T L
A

e TE T T S e L i T T Ty TW*] 'lld I].lh",,
DA PN T N e T N ey e D R

Air cosxlal: cable with Flexible coaxial.
washer insulator.

— Copper braid outer conductor
e Folyethelyene

Wire inner conductor

Jadl b glad ddlsli t[,.‘:‘:’b (VoY) S

Humtjﬂ).]aj— EMEJJ-L;;‘\_’JJ-UJ .J.E_'Mja.:'—f"j::- .‘:..L‘f- .._:___-'!):';ﬂ r:r...‘Uic:&F .__!ll
ﬂ_C-CJLdjgjj rui-rb EJ:'J‘,.A Lﬂfﬁé‘“ ;’_._;i_,ﬂ'ra..u: Eg:..LAJ'!PTEJi ...L:_..L'J-;-
L_).li“aﬁw'lﬁzr_:ﬂJJ)ﬂifG}RP_:iJJJ}iL:LaﬁLuJﬁLJJJﬂ‘dl;;@M

3 2 o ) L) 5y Skin Effect



b ol ot Jub e (e ) a0 Jadi bk AW el ok 13)
g Ll & iy Uniform - Line ozl Jad| o ol i st e
o o) L il s g e nlad S0 250 501 ol 1 3 0,5C
1 gallS” Losl) Al b ¢S ol 0,5 iy y s =Y paill 15l oSl
gibemll il Jax b e gle S dej g BB By oy

AU sl s i b g Byl e g gl s

Jadl o SYales 4
e oy agns (RLG.C) dsW aal g Ldize Jb Jas il Of o i
JS 8 55 a8 G Sl slg] by 5y kbl Jgb e gl jLas 4aST sus
e X Bl Jo &l o i GUA) B J b e L) G gy agd A ge e
OT-Y) SIS0 3 e gn WS Ax Sy bl n s e e Wge Lk Ay
Sl a9 (GAx 423Uy CAx aimw s LAX 42nizy £ 3 RAX (o ¢ 3 Wi G ylas

.V+ﬂv_jf+ﬁf-.g a8 L_:;JVJE—_!;;,J_-'I 'Ilhiﬂ..l._:éj.\.éjflj

! xR t+4¢
- - ‘ .
| L4 |
Vv | | % || V¥4V
: Az I 3
X dx 3z

Jad - A 8,0t (V1Y) S

A



&L_,.b.“ @Mg}ﬂib.ﬂ}a Y ¥
sl Ol JU) LiSe el Slibedl 0 o257 3 o) dax 8l 2l s e

Ll 9 .G=0 4 R=0 -jﬂz-—--—ufﬂ n..!'iug—fm—-‘ﬁ LGJRJJ-{;,PEU:U‘F
4.'!(2-36) h_‘_,r_u:j.':'l.aii-l_:l:f e LE:L_-.«.::’J_H {i'_-LF- JE;J'I Jass AL sda J.:,a ;_3 J.Z;J'I jrpa

:J,Llh )J-r_J]LAJ:
X [
2-38
Oi OV ( )
o
ox Of

Sliz_3U SISy (g sl Abolall LSy x S b ¥ aslall Blazsl,
odalall Je fuad g LoV sy r o adl st Al

ov Flav

* 15 (2-39)
0% 1 0%
ox® e o’
A
]
€= —— 2-40
JiC N

o 3 LW e U eisge pa LS Al 0de Ju8
A_aim g o 2l b Wave Equations v ) 235 (2-39) OUWslall e
Laill y 5 )L Y s Aslhl) udly sl by adl e ool ol -
S e il g L ST Ol Ly L (J

v(x,t)= F,{r + E]

i(x,t)= F{r + i;:-}

(2-41)

1



I el
S AUW el Lo

Spectral Analyses
and

Transmission of Signals via Linear S ystem

Ao



Spectral Analyses

“and Transmission of Signals via Linear Systems

Aodds §—Y

ot o Jlail el e Messages Jio ) JL,Y of S8 Laih 3 U 57

a5 s S8 G Bl 1L 48T @l ) (o e Bael

o

» A e g Sl Time  Domain o) Jlz (3 b oYl sda i 3 8 Sk S
20, e 3 ol LYl Cao =2 Jl=d a2y Freguency Domain
oS ety gidall Llowdl dmgy L Uy 55 b Jle oy 4331 e8! s
R e B RV e [ < N PP Jest o an) s

o LS ey, fudl il LY LIS au s fadl s 3 T
) B D105 OIS R DS a o olie b pemaS B0 6L =
B v @ ayinas )b, Yt (@, sl LY 1SS 55 5 olislian
AW b LY IS ol e STy s Sudl 4 s, ‘) fs*

AY



L ik e et g 4y i ol e Jedhe plasaal o S48
3L (o A (6 g ellas] QUL y o) D8 3 B g0 0

0y S O iy ikl i g Y1 JB e Ll o s e
g IS ey a2 bsfy ey Jode SLBL ) 3 e e
oYl ol aod) Dbl Jo S Aas fuadl e 3 Lgo 2t

ddy P Judhw YF

3 LY uir_ML,éJ Ay, el b W bl 1) i ygb oS psizd
G i 1) %90 055 V(1)

vt £ mT,)=v(¢) (3-1)

.EJU.L.)"! JJJ TD s C:M S Lﬁi {41 -..:....:-‘-"-
s, e SIS (311 BN () iy ) i O L
O ,S:_c A3 & - adeadl ! LaM i)l 42AL u§£ N b & gpy c00<t<+o0

s 5. M (3- 1) @Dy Cio g o L2 LgiLl.a.ﬁ—mJJ: o LalS™ Ja

/3 T

I>>1 L.Jﬁ ol )° BN ;-Ecr-::az—

;\h«)ﬂ-" L@.".FLL:LZ.«U L;"""JM Lg.h.w}:.ﬂ E..-_J}..'J‘. C.J'IJL."-?U 5}:411 aald) P—:EM N
| raaNAl 389 V(1) o L3 %5%! U,s-‘)“ L ) 2 pa

(vl )= l}m,r I (¢)de (3-2)
i (3-2) R OB 4y 95 V(1) o LY eSS 1D
1
(o)) = Jvlo)a (3-3)

AA



(-

ip A3 Neas A dellaz O 525 L3S Haw ) Atz VI OB w5y Ly + T

bl et W1 OL 3 (R=10) i ylin Lo 5l agd £ v(r) o
:ELJ::L-.--_,.'.U acllaza Y| J}S:Jn f.L; ‘J ::J.é.:r- L‘.f 5__,1...‘;‘;” ks g g ;1-'3(9‘)1_#5:[“5

:(11(; }*-Hﬂl () d (3-4)

da v ol Aotz DU 85 a2 dad b oIS 15 casllazol 5 )Ls) > V() ol J g

il S EY ng P

D<cP<cay
Al el 13 0S5 O iy b Al @y gll ol LEY) Boiad Ui 14 -2,
;} L:._J};__-\.E? u_,__i__ ‘}..Lia_g} {QLS#J_’SJJ.“ ..]:?),JJ‘-LF;{_JJJJCAJ .5:;-15-'1
LY e
s Fourier Series au )y dudw 38y b 20 Lab 4yl OlLaY 2 S«
ALl ALt e I K ey saaane YIKCaE dt of S«

:Irigonometric Series

v(f ) =, + Z a, Cos new,! + an SUNION (3-5)
=l =1
rWL b, 4 a9 apcs! N oani Lo LS =%— s, =2nf,
Lo
I
i, = - jv(.' )df (3-6)
A
2
a, == 1'(!)(:::}5 nw,ldt (3-7)
?'3 1,
2 .
b, =— J- 1-'(!)5111:?{1)”!:{{ (3-8)
Iy f;

A3



(1) 8 el 25T gl oo I Ja Al g S5

: g WS Compact Trigonometric Series &%\l UL 4y g Ak £

Wt)= 4, + Y 4, cos(nayt +9,) (3-9)
n=1
. L
2 2 - bn
AE‘I = aﬂ ’ An = \/an " bn > ¢n [~ —'ﬂICtﬂ.ﬂ; (3'10)

Ukl Caally A, 5 Ag Jiady oy 33,71 3 A slos I P s An
Lﬁ_}_}]ﬁﬂ ;ﬁ-lﬂjb 'I'" J—ﬂ-‘ Lo

@ Jadt o) pase3 (3-9) il dhludiy (3- 5) astlel) 4y ) b Al PRNRY

Complex Exponential i) dw Y Ay b Aol Bl a Il Al L L..'-Lp

'Series
V(f) Z ;umr (3_11)
A
¢ & o v(t)e "™ dt (3-12)
TD f”

MNLMJ'IJ 4...1..9.4—'! -ﬁ.r_}".lj'lt.t'l},“(:} 11) "L-«-HYHI M‘Wﬁd'ﬁﬁ
E:wgnwLiﬁJJﬂitur\ﬁbd(Sg)@ﬂ\ astlel) ALl e @ W e

:a‘.ﬁ

A
E n>| = 2” E'I"ﬂ” (3-13)

| 2l HL;-E J .;_jﬁ dji {:.:. LC e mm.,; 5 \”. 4_.4.1::}‘! df-u “YU‘:L‘" \.JL."'-ll Cp =2
250 Sl . Lids Wi a0 1) o Lis

JATEC,

&

i

C. = €

il

9.



Cn %2317 argey 455 (JUl s o | o
4,

ICn] = 2 ’ ﬂrg cn = ¢u (3-14)

0L il )l Caall an 33 A wS” arg(c,)
109N i (S )93 b Y il gz ((3-12) @ (1) — (-n) Wzl 130

Cﬂ

Sr=c (3-15)
0550 Sl ¢, 3 gl B o'
Ir:,”[ =|c, , argle_ )= —arg(c, ) (3-16)

So—b Cahlly Loy blos ddd> 3,4 5,L0Y JUall Cakll of PETRRT
Pob Bl 5ad (3-15) 33y €0 0 Syl bae Bl o pmy Lo bl

Hermition Symmetry

Y=y Juls
e Il Cac vy (V=1 JS 3 a b aldas ) ola) (Uil ¢, Ao
- arg(cp) J)‘L"J" ‘-jﬁb}

o=t

L A Jlt 3l Lo % > *% o P Je g
A ll<z/2
V(1) =<
hCl =Tl

el ) ol Blan 4 g 25 S 5e 7 G

1)



0l (3-12) @M1 30y A5

712

1 iy V] - ey
¢ =L e = [v()e ™ dr
Tu /& Iy -l‘i:[?

A [ e man) A sinm
Iy mf

v(r)
A
(
ST o 0 To
2 4

Alhzos oilas b (Y -1 S5

sinc A = ReA (3-17)
A

Ol dd A =nfyr O o 4
g = iTEsincnfﬂf = Af wsincnf, 7 (3-18)
()
A=0 Lia_e 4> Jl (g ol il B> 4 .sinch C;L:ll s (V-T) J-{»iJ‘ B,
(k=1,23,...) ) lie b e 305 g_;i k G A=2k Lk pdny s
S L Af ol WSy in b o x| 0 Boves (3-18) WD 0 453

:n‘=0 J.:,-i LJ_A 5 r"—‘“-Lﬂ 1|

Y



AT

o =?{L'=Aﬁ:1r
o (3-18) B 3y arg(c,) skl iy [o] JUabi ik (¥ IS o
r=T /4 )

sinc A

SINC il goun (Y—¥) S

AN Ol Lm g iz (= =r) S 3 o) JUall ik Of S e
O (-Y-Ty Sl Sl s | TP ebietan, ot @ S e il
NS Lol U3y sinenfyr o 4kl s +180° 9 0° ol ity kel b
Dl 33y bl Cada) (g5l BL z L s -180° 4 180° onzend
(3-16)
I ol Bl b ges ¢y il Sl jaz

V(1) — & pezadl 357 M gy Jze -

o35 1550 0,80 [ SRl ik 005 i Ty p0 s w(r) OIS 131 —

P81 f,bl.;:,. Cn V55 (&) ;\;;J_a f;bi_-;., sakl b 0SS Ly

b



ez b oladl jUed - (3 LS v(-f)=1(f) St L*— a5 () O 15 Y

£180° 51 1 i g 0555 sl b 0550 ¢, 0B (V-1 JSI G

pdns (sh dadd (ol 5 g 0 3l o (3-5) Ake Ak S i g

WLE 0, OB W-A)=-W(E) ekt U5 3 v(1) O 130y b, ol 3 L

> gd o i (3-5) Asllae Ade i)y My £90° 4zl 04 g
Gy o) g3 b a5 (1 cdad (A

lelnf)l

— Afgtlsing f1

]

(\)
/ \

e T T X1 | Ijgfl l I\J kﬂj_y.ﬂllwim;
1 '_ftllnfﬂ :fﬂ 1.4{ ; }. i

T T e 7 T T

(1.'.!) arg letnfp )l

r r 7 IHU'T 9

r_[u] | | v 2 :

(Y=Y JSH
Jlalt b (i
sl Lab (@

g



Eﬁdkuhdﬁ&jgJLﬁgu[jQ'ii)Eﬂl1'-7'
ol (3-4) B 33y w(1) 901 5 LaW P Al ) Aellaza I OF ) S

+e0

P=(Mf)=3

n=—ag

F| 4o Al p iS U a2l dclaza Yl I,;-ﬂf dagdll Jif

2

e, (3-19)

R? = <Cﬂ€'mﬂw|2> =iC, E
el Je (3-19) RS asle) e 1
P= 2P (3-20)

N=—00

Parseval's Power aslUaz .U JUm b & ki (3-20) 4 (3-19) @M1 o

.Theorem

posed) ikl gy b fo oS £ -1
tea Y153 e Ayl s il ot g Al ik
(V) S 8oy 2 U DUall 65 g dad W O ar 23l 53 gust

E = _ﬂv(r]zdr
STV 3,3 6 )b b 55 P e B85S Ulnl gy L(0<E<c0) ot
83 342 IS Lgsilb 0 S
EJL.....\."L'_'I::U \.r&,l::."l W SV IN | 4 5 4 J...-.-'}L.u p A cleadt Al 3 L:::-;.,,E:jf LS
Sl Baguz 3,55 8 (1) )L0Y wlie b Caoy pkai b5y cd el

Q0



3 LaS" vplt) 3y 93 58] g5 S5 o ay (=80T JSBD 3 S

S Sy w(l) sy y 85 IOt v(t) AL 0SS Lt (-t T) S5

(2S5 O K8 et (Tgmroo Uam 130 (1) S} J g5 ve(t) O 445 . To
v(t)=1imv» ()

[y

6y G

(£-T) J5

Blalt 83 gAf dyyd pé Bylil(

Ab AW Ay 8 Hlal(

i YV 4y ygp Aldn vp(r) S

vplt)= ) ¢ ™™ (3-21)
(3-12) 309 cp P 12
Cn = = ""’1'([)6_’2#%3" (3-22)

17



Ll e (3-21) BT Ay A
”}*(")" > 7E A (3-23)
ﬁf —¥ L.}RJ' \_..-U-':‘_j
B/

o ¢pTo sttt L3 Sy Le,—0 0B vp(f)—v(f) it Tp—re0 l_}u- Leis

V) 5y ) augdh st o b Qg By 5308 A 2 = i
0

::.J_,g.j. i.liﬁb_:,

() =limeT =lim= (3-24)

1, =0 fu—=0 Jo

il i:LL; Akl ol 48 ﬁ;—-r(]j To—00 bdzs " 3oM5” Lkl b yhas ol U
LL_J} JMJPJ)‘::JJJ\ J.ALuutnﬁ}}?fJJIﬂwr_acﬂthJ\

Ll e (3-24) LS o
V(f)= ]r'im g1~ Tu(r)e'-’-"-’“’d: (3-25)
RIS U )P J“; - k}Ls-HL: (PSS A1 (3-23) B 3 ¢ pest D3
A5
w(r) = TV(I e’ df (3-26)
% SV(f) 3 vpty—=u(f) OF 5 pe 2U3

ol s Lad (3-26) 5 (3-25) 3 2 o Yo 0 oSG D e

V(f)= _[v(;)w“" df (3-27)

-]

v



ven=von . aglV-9))=-argV ()] (3-31)
arglV (/)] sy by L 1 bl V() JUadl cadell 0S5 (&
(3-15) ))& ey (3-30) 3oy Sty | Bl V(1) dngy bo 1 blas
0B W-1)= W) Eutt Uom o5 8 lze p(f) <18 13 — ¥

V(f)=2 Iv(r)cus wtd (3-32)
T (Lys b8 blaw w(r) <ol 13) JUlL Ui ) oda 3 T(7) 0,5
:0B v(-f)=-v(t) Of

V(f)=-2j j v(t) sin axdt (3-33)

Ol ;ggi v(f) d=lean J£ £=0 25 A e V(f) a3 O -Y

+o0

V()= [v(r)dr (3-34)
G—39 Co Ay93 8,L3Y 6 pardl A5 ol S22 @Mkl e @A) 0da Ol
(3-12)
Y-y Jul
o 5 o) (01 Sl 3 Al Aldan WV L P(f) any g JisE A
: AL
(1) = 4TI() (3-35)
AU @Ml 2 Al Rectangle Function Joazdl m\d TI(A) 5
Hl—rl Al<1/2 -
()“iﬂ Al>1/2 el

19



O oy d=t o (335) 3 o

1 ld<z/2

[
—) = 4
n(r) 0 ti>r/l2

(3-37)

A=] Lae (o-v) JSah 3 albedl i) o e lda

v(t)

| o I

Al dai (6—Y) |.<...I*I

:(382) ¥ Bl /20 S i) il ) ; ol ) of «
T

AT
o r/2 28in —-
n(—)] ¥ _[ costdt = — 2 = 7sinc/T
T : @
:;_'JE ;__5."
f .
I_I(ur—) <> 13incfr (3-38)

(3-35) il au )b it 0, LU
V(f) = Arsincfr (3-39)

ki



ES

(3-39) Gbs skl g JUall ridkall (V-1 S o

AN

ATt

|

-1/ () (Il w2it 3T 1/7

TR S S

__I——I 180" +
l l : — S

Ty |ﬂ St 3t i
__'I H{}f‘ : el _ _

e ) Azl oy gkl Caklly Jdal Cadsh (- St

JUdall el OF S0 5 w(r) Rt dmloan o 0y F7(0) = A7 O LoD
3 Al Wl bzl Uil adi oo S pa (-1-T) JS 3 V()
S K o kK /7 DN G pdny g ofp o dands OF day (=171 S0
JSs 3 arg[M(] of Lo ady ((K=1,2,3...) jisad 1 Lo promus 58
et of LIl awy (o-T=1) K2 3 argle,] <M L (o-1-)
J— s 20 85lay <1/ S oo gz V()] JUabl Cial] W
"Jewdl" JB o e a0 ol WSy LA Gl Wl JI s e 1/



)P Jist ol o Ol oy
o byd U al g ol bl S S v () o8 1)

:Super Position S\ & ol Lhd-| Lol \—0—¥
S O S A ) sa w(t) Ly ) go v(t) S apy g JisE OB 1)

av(1)+ pw(t) < oV () + W (f) (3-40)
OLU gt f A

War) & = V(I- (3-41)

‘H (I

ol ods 384y .at — t ozl dw 4 (1) L war) iy .ol g o

59— ool LS Emlifi, il ’u;J Jaras gl sdes all 42 olg 5 O

Wat) 0B ai g oa STy Lo ra a0 B6 Ul 0 0,8 B 3 S

8 Jmard 1 py L e 08T LT () ks W 2

A vl_o) L—-—-—-"J v(r)wg.n-ld?t__,_{:d.ﬁ@q'..i.gj fL_.'vL.a-a:.'JlSJ 15}y . s2) pes 5
Wal) o Jamd |a] ol Lin s anw 57 of abaii

VoY



kb el o gars Aiall 5Ly (V-1 KN

:Duality & 21! o &1 93 3Y) Lol §—~0—Y
WL¢ 0555 2(f) M bub Oy (=) o o) 80 & e Aol ol as
:;_,_Si t — fuazat J s ) I

z(t) =V (1) (3-45)
10 4S9 O3 umd
Flz( )]_= v(—f) (3-46)

b Lagidly (3-28) 5 (3-27) an, b b 4lad BnnS” Lol oo aw
N Ak LYy S ades J g

LR



¢—y Jull
S 3 Al 3 )t a g s el el oY1 ol e d3iza YL
1AMl Lo gy SINC Ay (oo A (1= A=Y

z(t) = Asinc2wt
O < a il ol 93 Y1 Rt n 33U 3L Y) 0dd 4y pp oo ol8) S
:(3-39) @Ml 38 sinc Wb iy bzl Aol 4y, Jo s

A H(L) < ArsinefT
5
. : - . X -
10 4S8 et V(1) = =T1(=) ol o i 1
T 4

V(f)= Arsincft
o Sy 2W 1 gt fUAzal b () WL 2(1) 0,5 1S
W il g f oy =2 O USCs L 1 8] ()= WD)

2Sh (3-46)
y 3
F[z(r)] = v(+ f)= Z_WH(HZ_IE{“J
:Qﬁ JL‘JL 9
_A AL :
un=2n%) 3-47)
ey ;_,_—S.;J t{_-_.a-i,_} }]QL:J Jﬁjﬂ:"‘h 't‘IU t;}:hr S5
. o [ _
Asinc2Wt < . 1—[[ ZW} (3-48)

(3-47) i3l 33y Z(f) ST 2(t) — ) S (AT S One
o W e QW (S gt 2 59 UL 332 il Vi OF JSC2 o a3
AL JT i M ootas 2 Jls



(1) e

(A=T) JS)
sinc ias(d

SINC &ad 4wy P 42 (o

:Frequency Shifting 455 &\ i1 Y1 do\l> 0—0—Y
Frequency (s35 3 |a) s\ Modulation b Aol Leui Lot ods
(@Ml e pm o Translation

v()e!™ < V(f- 1) (3-49)
A e W) et O sy " 535 e 5 A e sl
Jo s Gl J&5 ) 6350 5ay "Ltis st
3942 w(1) §,LaYl b O o 285 (o35 A1 Jadl 4 &ss ) am) Y Al re 5
SW ol oz (-3-7) S 3 n o LS (4 W) — S
J—a# ¢l (0-4-7) K20 3 ondt bl e fad (3-49) @M Pzl

R |



3 Al by 2l J_!G_U () - ﬂfﬂ el Of L=y V(1) S

(8T Sl 3 VA ) el St Gl ey (-9 JSa
b Eg’i‘ szj_a V(f-12) R %;\ij’! Jlss P dt-hf:'l.l.!} Ao g u.‘LJ'nJJJI.g
(w\jl o, Lad Ao Wl olas 2 e P S ng) 34 g.;L..c:gﬂﬁ s P SF

Vil |

Vi —1,)

()

(A7) S5
V(1) 8,y b
M) adddi(o



g W ode 3y e Al B p6 0l 2 b el Ji) UL pusias
' 01 (3-49) BH 4
Il - ¢
v(t)cos(w 1 +4) > %-V( e ﬁ)+€—2-V( F4 13 (3-50)

oW N Uil & ) op o Al @ 45 w(f) LYl oo Ol (sl

oy Jull
= “(L"‘ il Jg——'J* G A AlS sl 85 ga2 A B g LU d_;'l:&_}_-_‘;_;]
ANl Lo o

z(t) = Al_[{%]cﬂsmfr (3-51)

29 +COSW L A dox 4. v(r).—..,f{ﬂ(i) ot L2y o Lgle lad
T

{5 ((3-50) pdied M3 Jorl ey c2(f) I 4 b b oE S\2)

Z(f)——sinc(f 7 +?sinc(f+f}r (3-52)

LA 2y ) =ATsincft o v(1) — 4y 48 Jﬁjﬁ ;ﬁ) O=0 U e AUk,
fe>>1/0 O o, |Z(f)] — Ml Gl (o= Y -1

VoA



(1)

() o=y S
S 31 J1 33 Ay
S w1 oo Jdhdad Jlell cadadicw

:JolSHN g Jolid! Aol -0

ML Lol Aol e g

et

Sy & jaV(f) (3-53)

) 3 Jjo @ e Jool= (S sl V(1) Gotdagy b sE O

075 &l Je WS dnl a5

+20

V(0) = Iv(f)df =0 (3-54)
r S ind
j WA)dA < —1~ V() (3-55)
4 jo



2 eSS At Jlzad dey aeds V() 8 a1 IS (3 V(D) O
JS (gl adl e WLIW s VL9 PO P B
b peal] &y glos (1) Bls S5 4 13] (T ((3-54) BI 322 g Ul 3

:df

I

|v(A)di Ly(h+2r@6(f) (3-56)
i jo 2

Ang Lod & jni y 20 21 JI# 31,0 Ws b g O(f) S

1—Y Jul
3 Al A 2lll Aacl ayy b by 3] ol e oS Aot pusias Oy
i)y Loy ay ()1 -T) S
w(t) = AA()
T
A=1 Jol o (50 =7 S 3 w(h) — ez pay LA WU A1) o

i {r
A({:)m A0-7) W< (3-57-2)

0 'f::r'.r

o) == |2(2)dA
T -0
i__ol= J__"!J L_._'.'S:J} (V—T’) Jg.ij'u L} ;.E.;L._u EJJLJ'! EJLi'g‘! s (1) L}T S
(3-44) s Iolazel y IS
11
W(f)= = A rsinc’ B
(J) - jE@fZ(f) Awsine’ ft (3-57-b)
ANE) & Arsine? fr (3-57-c)
” .

i



(2= KGN 3 WS ) 0,55

wi(r)

w(f)

(f..-’) AT

1 gl g gbﬂ o\ Y—0-Y
Jor 4 Jgzall i e s £ ) @bl )l el Convolution Jall daai
Al 384 w(1) 3 V(D)

+a0

W) *w(t) = [v(A)w(r - D)dA (3-58)

=

Y %)



#!UMlJMGUMin@fﬁJL#HWJE.y)_".ﬁ_;:._j
(3-58) 3 4 J presadd iy S o1 ol i L o 2 ()

0l ol S
(1) *w(t) & V(I (f) (3-59-a)
W(Ow(t) < V(f)*W(f) (3-59-b)

by e it 3 O s oy o I B & 5 (3-59-a) BV e
% Py 33 A Jall & i (3-59-b) M)l e LS 25 A Il 3 o R
2o A e g B b et Je (3 0l O

i Sl 53y o ikens Lo Bl ) e Sz 35150
a2y i A ol on

S w(l) 3 WD) 055 SV 3 Ul Ablacy (3-58) Bl S sls] oS
Lea b ol aw(r) o w(t) e JST O3] ¢ Bkl y ot o JST Jorl e patees
o e )z # J;.L._M.J ngl:ﬂ'l NP SRR T I S qu Lo
B e i m SO Sl s pis mi g o]

et (f %,Ja ST TN
o 2l)=v() (1) SEL

v(t) = H(%) ; w(t) = 2]_[[1' = %]

At £ i) Ay W(1) 3 V(1) Lo U2y (D) 5 V() g U5 ol
(= VY1) SIS 3 WS W(-A) g jig (oeb=) Y=T) JSCad) 3 ST 00 S0
()l Ll ks M3y LA godd Bl wi(h) Jois 51 s 5" 0L

‘A Y



e h Nk Lﬂ-‘!‘ w(-A) &L (o= Y-T) _}i:.ﬁ 3 LS w(r-4) e J—d-‘i_’
| 0< <1 2

3 (3-58) (ol oSG Ldany y (=1 Y=¥) K20 3 (no v(d) 5 W(01-A) e
Akl Ll dif y 2(1)=21) UL ol

2(11) M7 gl iy WS nedl o2 w(l1-4) Bl il Gl gy dol ) e
=1 be d aad ST AL,

W (¢

)Y Bl Adas ma g () Y1) SN

-Ludl 2(1) ded B AU oda 34 .2<0<3 O (4= VY-Ty) JSEN 3 o
10 S A=2 y I=fr-1 o AL
2(t,) =202~ {r, =1)]=3 -1,
H=3 > Hh=2 el Lo z2(t) ol 1Al
GVY-Y) S5 3 ST O s s Sl el 2(1) 045

VAT



PR S —
Sz ) opmad W Gk ‘
v #)L"
J'u,‘gw 'Ild.::"tSLp
- _t .
-Jb . :Jg.:::l;, ).I::'L:l'lf.....!')m_\
2V 3o .

| R s

=\ ¥=Y7) -
G

w(r)
o .
v
£
A, L_
t ‘—} rz
L_TIJ ) p & wit)
(v

y 1 5 4



3 Ol 4l J ==t Aol DS (- -1y KN 3 Lo 1)
o (V7= a3 adl (AA(r) Al aad) IR o S W A
:L}T c:.-:.q.n.vj ,A=A]A2‘[' J}-E

Ay =1y iy (3-60-a)
T o T 3
101 4 (3-59) ol ol Aol 3 as
F[A(?) | = %(rsincfr)z = rsinc? fz (3-60-b)

S Lol 3y Lol mzit ) (3-57-c) w5 O S RV

Rayleigh's Energy Theorem 8\l (M, & i 1—v

S ) 3y i sl L&Y illal) Sl )l % 5 Ul & ol 0 o

LS BNl Aol WS A8 py L sl OV LY A 3 sl
|y de = V(W (f)df (3-61)

10y c(@BUall s gat (sfy Bl G} wi(r) 5 v(r) OF B o (3 o i

W2 V) ~_u pw(t) T f)
(3-61) & w(t)=w(r) Ol o i OL @lall (Db & o geizes OF Ss

[y Odi= [PCw (frds
S Wy () 8, Y Bl Bl 0dd uu Y1 OBl i

E= Tﬂv(t)lz dt = TV( )\ df (3-62-a)

Yie



o) adlb olg] S ol g oy Bl (D) &l e 8 pal) BN o 0ln
a§1 SO o WS r Yoy b 3 S () abis
I e @l OS50 &kt ik is g0 E as K& (3-62-2) M) (m

LB SEAP2 A G (S35 5

dE=|V(f)| df
dE , (3-62-b)
s Y
7 V()
= 5 - - = t' -k ||, ﬂ'E -
> (S 3\d 29 Energy Spectral Density Blal) k)l BUESY \ T T

PN ey i

i RN b s et diad aidall LS () £-T) K G G b e
1(3-39)

V() =(Az)'sinc? f7 (3-62-b)

14k

T



1S gl Wl ad y ([f]<1/r JIB1 e Bl ISCE 3 allll) a2
+1/r

jV(f)[Edf = + ﬁA r) sinc? frdf =0.924°%r

—ir ~1/r

It e §) geastl Bl OB MU (A’ s 2l Bl WS Al Of L
LS aslal o 90% ,51 FL <1

d&".@._.h‘i rﬁi} .ﬂiﬁ.ﬂ LS cgU' V=Y
3 Aedser ! ) r-hf -» Dirac Delta Function 6(f) 3\ goJ s pb S
Unit Impulse i) ) i_mbd) izl Uinsl 5(7) (amm s <YLY 2uctin
el 3Aalne p$ b IO 587 dadl ods O Al Aadly dad
S b Lgmlow OF o YAl Gaty Bl i iy oS (3 0lze e Wl s
A s Ay bl L—;»_,l O(f) (gone Ol Ly LA
Lo LS 3(1) D s O s

o(t)=0 r£0

T.:s(r)dr =1 53

Sty () 9T S B ST J 5L g (1) I 50 Jtadh 08,
S b ey dg il s gl dm Leeds 1 Al (o-Ve-r) K
ek -1 — WL o

ot =T, Y= 3t = B,

[60~1,)d1 =1 (304)

1YY



W g A Al Sldy tg e 00 30 B s LS (VoY) S

) G- cAo(t-1y)

5@ ! §(t-1)

.ﬂ‘._ﬁ: olas (Ye-Y) JS'JJI
.g_sj.n_’.'ii J._:a;l'-{i
fg S A 50 M Las(w

A ol D1y [y g A1 50 D Ali(m

(Of s s ol ol e

[vinys(e —t,)dt =v(t,) (3-65)

—0

VYA



Sifting ;4\ il | Sampling Property olaeY! iwols iwoldl oin o
O(t-1g) ;968 bt 3 V(1) o Sample ie ia J&£ v(ty) OY s s «Property
AU W) dadial) CL.:M'I uic_ Lol ada Py =y dJo> ) 3 ng

() *o(t—t,)=v(t—t,) (3-66)
V(t-t) g V(1) —b O gaas &Y (Replication Frnid) B0l B 0da o
ta (27 4L e V(1) ) e ) 55
qEE @L‘J 49 48 J‘f’l *:Jjgr'-

Flo@l= |8(t)e“dr =1 (3-67)
:HJSZ.AJ ] g old 1=0 Lee 7 & 3y ‘_*,Ub_j

5(1) o 1 (3-68)
Cy—t ..L:--i_}n Eg_,L..JE.n.‘..E.- V"L:':"‘ ;.D-ﬂ-lﬁj-hé(f) gJ-_-_-L‘»‘ LJ“T 5';},-7‘-:}” aa M| e c.‘.'...i......s
.(-..,J}f— ) =) J.i.iJi 3 o o WS (f=+00 o> f=-0

() F 5]

|D¢ (>) §¢)=FT1]

O(1) ik (Y 1=Y) S

1 %%



Ol A2 (3-42) el sl

AS(t—1,) > Ae™™ (3-69)
:of (3-46) ! 335V Aol 38y LSS (3-68) e slazeVL
Fli]=6(1)
1 &> 8(1) i)

g o WD awy b Juss (B70) oy Jis a3 3 S 3 Bl 00U () <
(3 7= A=) SN e LS (Sl Ahad et
il (3-70) e Bl 0/ gial) o ) ag i sE A Ol S
15 ((3-49) g25 A Ja

g o) —-Y.)

Ae' & AS(f — 1) BYD
Laf LS55 oS

e” " & S + 1) (3-72)
10 ez LU

cosw ! <> %é(f—f,_) u%b‘(j#]‘;_) (3-73)

ACHS(&J{_F I g})eée"éc?'(_}"—_ﬁ}+~§e""‘*§(f+ff) (3-74)
M\QMHMﬁ\ﬁ;é@th i 3 e Cad OF (s
(VYY)
S LUt w(t) &y 95 5,080 Y any b hsf 28y (3-T1) Gk -S« el
W 4y p Al

)= S e -

0l (3-71) g )WL A5

VY.



V(f)= Zc S(f -nf,) (3-76)

Sl gt B pjpn Adeh B> Sliad x5 ga )l LW 4y sE O
Lgds 0 LAV 4y 00 Al

A,/P
S €

A Byl ok (V-1 S

A=Y Jald
g_.ﬂ.—.:ﬂyg_g-ull('i Y N T")Jg....ﬂ J_ltjij:umgjﬂzdmjﬁ b_,:w.u—-_,t
Uy |

W(t)= A 25 — kT,) (3-77)

l_l."-"rJ

%l

(A e gy dor g

———

1y

1 on
C”'—‘-:‘f? J‘ f)é‘jwdf =

2 (3-78)
o Ty

W) 4y, Al 0,55

LI



W(t)= Ze’ . (3-79)
((3-76) G ax) 5 JesF O5SNs
/(f)= i%ﬁ(f ) (3-80)

3 LS" A/T, Wl ol 55, Jlg 3 1 s olad e by s Wls i ) o
Sy (= VAT S

A ZJ kT ZSU nf; ) (3-81)

U({]:IH g&-—’ﬂ:)

t
(VA=Y S
s ol ylad(
ety B J-'}‘:‘{*-.-’

VYY



3 ol L SN J.l; L ﬁL,::;._,i p A LI RRTR L @U iil Loy & TL_,;T S
o) Unit Step Function 89> )l § ot 3l a1t ) 2, 26 VLY
AL Lo wy (VAT K2

({) ] 30
1t | = < 2
0 1<0 5-82)
RSO SRR Y SRy
7 i d
ul)= fo(2)dr ()= Eu(f} (3-83)
O P ol L“g“:
u(f){ > j;ﬁ;f + %5(f) (3-84)

V(=1 O5—Su St u(1)=0(r) Jo' oo (3-56) L (3-84) MW Of s

\— "

Ao 1 8 g3 gl (Y Y S

VAY



Ny 23 A e G ol 2oy @ A on BN AT
a3 Mo g5t g Y(1) 4 o 0 ,LoL e x(F) Ao ajullh,-. i-l.i«.':_}(‘i‘-.uf) Jg,;n 2
Gt o L m l pem WH() — 255 o A e V() 5 X() Wb

Sy =l a8 ks & & g» 9 Transfer Function

T\f)
H(f)= XU7) (3-85-a)
r(f)=H(f) x(/) (3-85-b)
Input System Output
x(t) | ht) y(t)
X(/) H(f) Y(f)

bl 2 (YY) S

Jdmpulse Response i almaw¥l oy U (Yo =T) K2 3 (1) — 75
s Hf) O oLl tuiy 0(1) D A Jorll 058 Lkie o 2 W Ly
h(l) = e, st

) odn (3 04K 7 A 0B x(D)=0(1) o s was ga ) OF Lo 1 13)
ALy X(N=1 00 ¢ s A(l) A5 e Y(0)= (1)

YL



(adnd danl> O ygdiin

aoby ygSdlg asolSdl awaigll ads

puigl! S T
d.ﬂ.ﬂt_b'- b
eud R e

OYLai Vg Ol g ,aSI N1 dwaiis

DY EYY _\VEYY
rY'\T— Y\

SYLai Vg Ol g ;oSS W dwaia



https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Ll Jad

Jowd

Modulation


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Jasdl

o

Modulation

dadle \—0
Lo i sy 00 15 o 3 el bl o i
W il
L5 it ay Modulating Signal WIb o Y1 §f pasdh s -
inand! 3l 35 yaall 3 LSV Message dllw )1 5)La) 5f Sl glald —
(sl S5Y Sl YV 3 Audio Signal
Y (3 A 5)L3) 8 5,Le 0, o) Carrier Wave a3l a4l -
of ey Lad LKL VU i o 367y S LY
iy R SYLaY (3 ladl e Ui e 6 ke L 0,55
Lol o ybt JUae Sey AT Tom gald ol ) 0] iy kel 315 i
0 U e e B D P [ ol M) o) Ll
OV 83ls' o 1ziy st B L) 38 e Ol el T et Modulated Wave
g 3 ol OF oS il footad) 505 O jsaf. B sSe ool il
Lzl o\ Demodulation Jd sl (28 e inSlan ddeny JLaz Y
et a8 ¢ o 5,8 e e g (-1 —0) SN ey . Detection aiSI
Ao Al B g JUas s Wle Juad G A0 ) (- V-0 S



https://digital-camscanner.onelink.me/P3GL/g26ffx3k

J— Y 3 r.u..:_..l\ Amplitude Modulation (AM) L__l‘-bl‘ Sl g2 lda,
& ol 3y sl sI5Y

()

(v)

(*)

() —D) J.i.".h

Jasdacdt 6 Lo

835 Jodadly Liaf oo Jale e o 5,12 fad Se
L’aﬁ S5 dg-f 9 FM o Ol andsans M Frequency Modulation (FM)

Yo

(%1 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

o - L}J.an M 3l 3 w5y .Phase Modulation (PM) ;5 g2l ez
el G b e b ;,-J Contfnubus Wave (CW) & ozl dox 1 Liaws 3
ez g -l jlab el o gaS Lgd piiiey Qgﬂ Pulse Modulation ",a—J'l
Pulse Amplitude \ad JUas Jodss id oy Dol 5 L3Y1 (7 =V —0) JS)
S 8 b LL-?-'* pdind Ol Jlas foas s :S’.b,J .Modulation (PAM)
el oo 8ad )y as b O b pdoud LS coladl ao e 5 ol s
b ides e dazm I Pulse Code Modulation (PCM) g2\ S 70 2
PAM Slias o S a3 - Ll

ams W) LKLY gl (S Y Sy it LSt o) sy J55 S
by el Jpdedl Lozl 05 050 AL 0da 3y R B Mo Lghas
Aas W & ozt 2 1

o Ylai¥! o (3 Jetad) plasiznY Obwlad Ol dr

ds o SN JLa Y1 - 3 fneks S Sor Sl g las) 595 4 dazey -
ot Voob g a1 0,8 Sy L (A) A By b J () S g10m U
e gelad) daul g 5 50 )Lp iman 5L Lol La,l 136 x4 0, O
OsS D 20 oy 1 OF 8 S, Y Jiga g O ek 457 i g0 JS
it O 5 »y 20Hz-20kHz Oy JB e daandl olss 2 304 of Je
ofa g e 35 Jol el o RN/ b 2N Goid Us,b oy . 15km-15000km
Lo )t 13 Bl las iid Jgiald p8 ay dlom o7 Syl o llalt J gl
35 2V 1 4) Sea 100MH:z 357 83 s bl o et dn Bnedi 5 LAY
Syt pad gy gl (6 ULy A=3m 055 (FM 335 e o
A=A/4=T5cm


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

S o LKLY aty OF 3 ot lsf sde Jlo ) Jorl o Jeotadh ) 2 f =
J— Y - .ur;b SA3 r—an 3 Mg OIS &gl O 93 doly a5 bk
S Gl S S S s (633 31 Sl W G Ol LS Bas
JL /I PRV T Y P W PP P JCH L P PRCH ERpVR PRV R PR ELT
g S LYY G Joras O 55 Vol i oKy oIS i
o W U TP U P PRSP W P I PP R SO 1 S B
Ayl oladl i) Je w3l lem Cadyn pai Laie JUH g LS (@ llall
Sl o o Whaf dey dly B L Aile ol L) Bas JU ) 55
JT Ay ) ol Sl a8 gi.t‘._...:- aalz ol g ol il
iz O b 3 (I8 2 f s

G b o A A Ol M s @b aul )l W) 5 )l e I e
L S aald) Gzl G by 5, lally (535 A1y JUall Jodadl

Amplitude Modulation Jb\\ fuad) Y—6

33, el o ¢ ptacl 3,L5Y Ly Al om0 Jllae ks JUald Jpadly Loy
Vn(t) —=t 5 AM QU fandl @3, b (Y=0) JS2H gy ol a5
iom 11 O Ll 20y (- Ym0y JSCAI 8 L™ Ui s oz g ¢ ot 6 JL0Y
(P=Y=0) SR Gall b Juai 050 AL

v(t)= A cosw,t (5-1)
W3 j fo Ew @.=27, .,57 b (s ol N 33 ) @, g el oyl JUas 4, G
7 A
YA

(%] CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

o Sl Jodad D G N O 5y . Phase Modulation (PM) jyiad Jodss
el 3 b e b ;,--f Continuous Wave (CW) & ozl & Al Lo 3 o)
ez g o 2las jUad Al @ yaS Wb el ) Pulse  Modulation o2
Pulse Amplitude lad Jlan Jodss i3 Joy duall 5 )L5Y1 (7 =\ =0) JSud
i G b LL.-»J s Oladl Jlas faai o "Y-L_n_; .Modulation (PAM)
Sl e el pad bda O b pdoniad WS coladl ad s 3 oladl s
b ddas o dazny s Pulse Code Modulation (PCM) g2l (4 A
PAM Sz o K b - Ll

Ans ) KW e Sy Sy A LKL o) Jaadl oijls) i S8
iy ) ) Lozl 18 0,50 A sda 3y A B e e gkt
j” CW b ozl a5 4l

VLY o (3 ptad) plasizn Y Obalad Ol 2o

s e SO L Y1 B 3 Ak ¢S50 Sl b1 L] 593 0 dazey -
ot Y g s 0,8 STy () e M i 0 I b QL) S s b
e gelan] Bl 55 50 e Gl 3)LY) Sl b U 150 L1514 0,5 O
osS A B Gy S 0F A S, Y1 lgh b 0 el 48 Ty JSC
S ;_;)§; Ly 20Hz-20kHz (n &) e T wilss 2 4 sJé O P
N ad g 335 Jol Jorl oo il b 20 G2 UL g . 15km-15000km
koo i 13) L L.l.;; aiif Jyiall po sy dhm 2 el ol ] bl
33 ) 1in g) Sew 100MHz 335 83 oo b= (o "Lghoas” iy Tomandi 3,5
Jytar pad Jya plasaal (S QUL g A=3m 055 (FM 335 a0
A=A/4="15cm

s 1

(%] CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

S o WY aoty oF 3 ot ls] sae Jlo ) Jorl oo Joandh ) 218 —Y
J )Y e Hea U3 raiyy g NI Dy 093 Ay LA Jax
iYLl J ) S8 S e (635 A1 Jl b Lar o L3} Gus
Y e e ST il e olas 5 ol duls Ol ga el Lgaldsiealy
g S LY gas Jo1as OF 05 L g Jldzl S0y (T jlac,
S X U SIS (I - Ry 0 VRS [ P V2 P T f"*"-"" U3 ol
A3y ol gt e gl Sleer cadgm oy e JUH ga LS (& yllall
S g Jo Whad sy caoly J5 b2 il o ) dae Jl) S8 JlL
o oy Shla) sl Gl b3 S G Ak Olaaj ols Al
iz Gk 3 (8 f Sl

&b sf ik Ol 1 e @b A, WU 5 gl jaead g
Mg S bl S G by (5, gy 523 A1y Juall Joindl

Amplitude Modulation ,,}\hl\ J-_i_-Lﬁ-“ Y-o

33, el o ¢ Jotacl 8,L5Y Lag Aol o0 Jlan s JUal) Jotadly s
V() ——t 45y AM JUl s i3 b (Y=0) JS g g2y il )
1 1 O Ut o iy (= Y¥m0) JK2h 3 LS Wl S o 2y ¢ b 3 LY
H(o=Y=0) JSd 3 ) o fiss 0o Al

v (t)= 4, cosaw,t (5-1)
33 5 fo e Wc=27f0 (ST (Wb (31 35 @ 5 Wald) B Ll JUas A Co
. 5 AL
YA

(%] CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

U,

N

() Y

VAL
| Hll va‘ ;

Va8
NV

(1)

"

WS A

'L_Jtha aJaall & ll (Y—0) JLUI
.&M‘Ji ij'_’i!—i
RIVIEL T

AM i po—r

s S v (1) pad LA...: abal) or 5l Jlas iy JUall fawdl 305 o 45
Bl oy (r-Y-0) S 3 anl) daall @
v, ()= A(t)cosw 1 (3-2)

.9


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

P UL

A@)= A1+ v, () (53)
el s Jey oo by S
v ()= A1+ w,(t)|cosw,t (5-4)

U5 gy - Vm()] = obonl) BB Ve Em V<1 055 O B3l b 2
s Lsb i A 2l s BN oLl 72 3 3) L;-J.,‘ Ay OF g A1) O
P Y g K v e L R e TR g
Gy s pdaill g O By — W o2y «AM Index JUall Jaed
A() JAall JUBl | (z-Y-0) JSR 3 daadl el 3 U1 ) O
o L) a2y 4py Waall i yol) Positive Envelope oyl SN on s
I 3 A el (o gl pladll o) e LUy L v,(0) Jead
S Y i 3y [vmlf)] e [A0] J 32y Al SIS (z-Y-0)
G b o O Sr o st 5 ) Rmand) S LIV W (f) Jeadl 8,12 JE (#13Y)
sls o2 ) N A= 3 vp(0) Blas A Slag pasinay L das Ol S
oy fonie RaxS 3 ) 85l p pand (23 (1000HzZ W335 Ao 0)L5)
) 2y «Tone Modulation & el WU ods i 3 pdad) e
(T=0) JSal 3 Lgmin yiy Jelondl o el o0 ol g2 i
-3 Ll Laneg foadh 3 k5000 2 i

v (t)=4,cosw,t (5-5)
(O =27F) S 3 B35 5 @y 3 ¢ Jedadl 5L} JUan Ay S
IS 2l 3 LS v (1) =4, cos@p 2 Jeaw Op3 Wl iyl Of Lo i 13)
:0) (5-4) 34 55 ol Jir a\s vm(t)= A cosw,t Oly (-Y-0)

Yy

(%8 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

v, (t)=A (1+mcosw,t)cosw,t (3-6)
;_Ji .L:_>->L._, R v EJL.J:P $..Lu:h Ul Q J._l_-Ll.:JII JALG m J‘-“;} .m=#Am o™

a) .
1{”( )=ﬂmto.i wmt

s

() | elt)=Acos T

Ap=1 be m=u

) m A cos w t cos Wt

t

m<li

b L) ol Akt o3 we AM i g SIS (P=0) S5

Alt) =

(S5 (5-2) 5 (5-6) Bl

A (1+mcosw,t) (5-7)

TAN

(% CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

—adae W JU Dbl Ol a2y m<] ol e Waall o 1 (7 - F-0) S o
W2 (s eV JUall

= A1+ m
i = 4.1/ -~
A_min = Ar; (l o m)
0 JEL T 3
‘© m= Ama.v._Amin : 59
' Ama\: + Annn ( : )

(2=T=0) JS—tdl 3 &Ll a1l ¢ yazt (5-6) B 5oy AM oy 8
(=Y —0) Ji.ﬂi 3 dzall mA cosw, fcosw,t LA

ol 2o MV A3 5 A 9 A B S M ad Ol (5-9) @Ml pia
3 Amin A=) 1L 5355 m 83l Ol Jas Dy 3 LaY) gy ASLE s vyu()
.Modulation Depth o2\ 5o L'L-»-‘ M sy Uy (7 —T—0) Jbii.\i
&umb.?.&m@pxwlwﬁ;@)bwmopﬁu.uj
39 Amin=0 Lud pzy (—2-T-0) SR 3 WS m=1 Laze sl 100% ds
Sb ((3=F—=0) S 3 LS daalt o M1 meas m>1 Ulase 13y . Apr=24,
L O i Y Sy () e 5,5 Uit o L1 gD i
Ul 5y OF 50 (5-7) BN 35 5 A Ol @3 ok y <o V() = WL
|mcosw,t|>1 W cosa, ! Leb 0,5 Gt 2l It m>1 s

;,.Léj 3 Detection JLSY Jlal )i Demodulation J._._,\,,:Jt aliS AT
oA W a4 .Envelope Detector GY (2ilS avy b AM Jliazs o 4=
Vin Joa g O 2 2y (8-0) JSHI 3 LS iy pliny (02) S0
o) s A DI L 32 Vou g A A 05 m<] Jorl o AM i g0 o

YAY

(% CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Vour CJ_J'l "\-6-"‘ ;-’_)L:l" ;"S‘J'U 2S£ ug".-.} LE""‘Y C"“’J""“" LS” ("':"’L"‘J"":J1 B
RIS Jadl o LY aslin o,la) Je J geaml J-.:.»..Jg_,a..g;{_,:,la‘_,o

AN S (E-0) JS..‘.JI

ONe sl AM 3 o a2S W 3 &l 5 5 (—a-T-0) Kzt ) 85 4l
Jeodl 8)L5] 4y ¥ O OY g = 50 5550 e fuad m>1 0, Lke
=23 «Overmodulation 5 )| Laadl > m>] AU s U,y 3LV
O (m=0.9 &) 90% oo W5 ety Jtad! V> (6305 Junis SUIS 5 (lgoli

o A e sl Jlas Jadss be a0 e Y O CaslST

Wlas e i b pladl Laasil) ¥—o
G—3y Phaser ;s 3l ¢ iy i 500 f J2F 44, b (I-0-0) JK2Ui o,
LAl

v(t)= Acos(w,t+¢)= Re[e*’{”"””] (5-10)
oS g il Oy gl &yl N el @ a8 ) JiEy o4 JUel gladdl Jub i
(=0 daxll 3 aadl )2l e g laidl W Je gyl JeEy el O s
V1) 5530 il A Ak ) o il s iy . 00

i 5 &

(%3 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

of ot Bl e Ullas doall o 1 28 33, b (=0=9) S5 2 s
iy ol Tom g1 380y ofyy 2355 A Bt (2 Vi) Jetadl )15
L d ) plad gy EoB e B e sl i oSay jyhy A AP
(fosfin) nesld) A o574 (altall (pelad O e W gy .oub &S
gl a oy Ot 0555 ULy S laze GualEL fy 38 s 0190 LslS
1idase Waal) o gall Aliall ot 0,55 SUA o gleis A ¢ lasdly reladd

ALl o gy soical ALUIAS N pilas o Loy

A(t)=A4,(1+meosw, 1)

Letas Wiae duall @ gt 25 (0-0) JS

Yit

(881 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

of o AL ¢l Wllas Bl 1) Juf 33 b (0= 0-9) IS sy
¢l Al Byl 45 0 JX 8 ¢ 33 5 dmr Br g0 (B V(1) Jead) &)L
il gl g el gy ot e B e sl i WSy kg Ac AP
(o) i) Al oS4 calitall el OF Joie U g et s
pde s oy O —Um,-ltoﬁ:h}uu,&.fw;ﬁmiuﬁ,@ﬂai_,,.xgmis’
didess Aotall e pal) Alakl ALl 0485 LMy con s A ¢ pslaid!

At oinchglogasbicalo Al 15 A e o Lo

A(I) =A, (1+mcos cumf)

\:

i
l
'.
l
|

|
Aces (vt t )

Lot Wtlas Butalt a2 b1 J2E (0-0) JSI

Yit


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Wike Juall &> 1 b §—0
e (5-6) A3l B, Ullaw Uaall 3,LaW _akell 5" i o Sk
Z.,:-q.:."l

mA,

mA
- cos(w, + w, ) (5-11)

Vars (r) = A cosw, + E = cos(a){, = a}m){ - -

J.'i_:ﬂgw,gwau}am;@mm U i 0 P PR Ve
Ldlany b 035 Lgands @bl s L1 s ff 55 2l 013 457 11 0,55, . (1-0)
33 A (fefm) 33 A s s MAL e S JUaed (1) OS LWl 4, 4a
33 I (fosfim) 333 (o WS (Lower Side Frequency) LSF PERNpN{E

.(Upper Side Frequency) USF (s o)) &

SRV

o 8 )Ly el o AM i g0 il (-0 S

03— bt ay )y b ke Lk htf Sk i pd Jotadl 3,L3] i8S 1)

'41’-)}‘:

Y\o

(% CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

i LS O gast (IS ke 3)L5) OF JU

v ()= A, cosayl + A,; COS@,l + A, COSDyf (5-12)
Multi-Tone Modulation <\—a 34m Jodad! D) oda Jon 3 jJPREL I
(=v=0) JK2 3 (o S OLS 0 O e (5-12) Gy V1) b 5 55

L -
LUt
- ﬂ““‘ LSB A'" USI-
E ' VI
3 ﬂﬂﬂ m, A
l l ﬂ“‘! oy A +’m 2
| *
F J_ .
¢ il e ST
0 fl ‘{, fa -f" ﬁ-iﬁ f,-h".
| ) »
| Jodl |
LS8 | Use .
: ¥ 0 PR g 3

.-M._J)J J}F i)wb} i.!}}."t iJU’dQ J._I_J.l.'.h .L.F-A}’Id'irf g.d.:b (V—*ﬂ) JS.:JI

Yii

(%81 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

o NSOV (2V=0) JK 3 WS vypde) daal) e i 0, UL,
Adaall Do i b (3 cpesilor 33 20 a2S BN V() = i)l oS
el A ey Lo AL G 1 4570 (a0 e U O M e yan Ji2,
oS M as gz |5 WS (Upper Side Band) USB (s o) S J3 i Ll
il G JUs o liwdh LU ae ) alald dor PR KV SR P W PR
[Jl.lu Jaall i gl ‘_,K.li JW 5 ¢ Ol A4y .(Lower Side Band) LSB
B=21, (5-13)
(mV=0) S5t il 3 B=2f; (sf ¢ Jotadl 5,050 3 255 Jel f;, om
Sy e U it L ot 2 28 O Ko St
At adall JUg OF o i o (V=) JKB 3 a8 ez ik
e WS” aall e 11 i S0ie 0580y ofy oot V1 35 31 o il e by
B2 s o2 055 sl ((s-V-1) S
Hery .0 g m ek pl5 Y Acoswot Wald! dor 1 &S0 OF (5-11) oo caem
Uy ¢ Jtadl 53] e Oy &1 Jod Y Al i 14870 Of e Ju
S S Ay obeglall i b dgor g e "awils" RelazalS Lgzelazal e
315 Jaal (6908 Wa gy OF pa) olaglaald OlAE 043 LzS o 45N Ll
o U1 a2l S 2 b phasnzal ) Tl s oy pute Wl 35 (IO
.(L'b-\!
g (5-4) LN 3 vodr) 5l 0 Acoswg Uald) a1 4S8 Lids 13)
AM-SC < 3—S1 okl o3 AM &,lay AW 5,Lall e Jad =1 o) 3
g S Jaldly sl ol old 5 Y1 ol (AM-Suppressed-Carrier 1)
:DSB \$ hs 5 WY jlazly ol ((Double SideBand-SC s DSB SC

b &t

(%] CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Voalt)= 4y, (t)cosaw t (5-14-a)

LU Lo plaseal DSB el sylsl e J pad! LIS e @ ol Jus
Jﬂ"—’d" o Lol Acoswyt dalH a I O Py S «Analog Multiplier
V(1)

(LSB y USB HJ_2! bl s (ceo-V-0) K&l 3 AM o ,Ls) Cab 4 (a
s s Uy =Y (3 8 o) s b RT3 81yl Sl el 055
(IS I o 0 o) Sus) (el ol A=l B 1) VLY o
S a AVl U s pla) adl plladl e Lasd a3 oS a
.SSB iblewy o «(Single SideBand-SC ') SSB-SC J»\H!

V() =AnCOSOmt dem 5,154 Jdadl U 3 (5-14-a) Gby DSB 3 \2) o5 s
6kl

v (t)= A.A, cosw,tcosw,t (5-14-b)

im=1 Jao ar ACOSW Lt W) Gyl &S 4 Ol dny (5-6) JL&5 6Ll oudn
J—ror & J.‘U-lb.-)ha__s“fuu.b-t;al(‘\—n)wpf,_,a._,bp(fwj

.m=1]

5,GlL (5-14-2) 5Ll auj b | o U DSB o)lsl Cib i aaladt AU 3
19=0 J! i (4-50) ps

Vol PV =5 ValF = S+ 2V 4 1) (5-15-2)

(5-4) 3y (o ST 030 AM 5L au, b JipE 00K Ul

Va1 =5 AL - 1)+ 6(7 + £.)]
e AVETAAVESA)

(5-15-b)

YYA


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

V) 3 Valf) — JS 25k iphd B JU il (A-e) JSEN o
Cicb oo OF Ay haib Ao M1 ooz A Wdf)] = ol sl ol
O3Sy Vulf) It oo W o QW po (JUI Cidall 2 2) AM 3,15
C3d day (5-15-b) by AM 331 Cada) W2 (5-15-a) (33 DSB 5,L5) ab
SISy el | m=1 Jerr s %Aﬁ(fij;) ALl dr )l S 4

f=ife aze Joldd &S e dw (0-A-0)

\m(3)
Y
avg \m(f)
b Y
N
>
0
M. {
)
Vam
Carnier
A
Lower Upper
side band ideband
|
| f-W N f+VW
0 K.
o d
(v)
(A—0) JS.:J!
A ) b i

TS


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

i,_JLh.a Auall & ol dslazul 0—0

elar ol Ao 5 ellar WV O] 8 g e Ras 5 )L5) vy(F) OF Lo 3 13)

:L_gT tvmz(f) 22} ) Ja...u_,_.f
P, =(V2(0)) (5-16-2)
(5-4) a,lall wy b oa Jow S Ll AU (3 AM 5L delazal a5 LU
1O Aoy et
2 l )
B S (I',,iu (!)) =— A (l + !—"Pm) (5-16-b)

2

(D rld Aaldhl LY ST o 1Sa y) 31 s 5 03] wi(2) O L b 13
Al b on) o gaST (5-16-a) 33y LelasaY oy aad | WS U b
aslazal dor ("E S &) ‘Pm:E[”mz(!)] < - b gaS 16 s Ji Sleal C""Jﬂ‘
s J—af 5 «(5-16-b) 33y laall @ ol L o0 Jas a8 AM G L2
. Pa=E[varl ()] $lax) Jo 5208 Lgnis iz
S lgab e slaze! AM 5 L3} 2stazal 5lg) S

Pua = B+ Fyg + Pigy (5-17)
el st Lelbazil Pigp 3 Pusp o deldl a A1 357 4 delbzul P o
S el 1 e 5 (A=0) S 3 WS el S Gl s (3]
,[Z\._JL.JU i ol Sl 2 t.;.q=,ln.| olelaza ) t}.:ub’
Ob g (1-0) JSKadly (5-11) gdy e deiy prdad) > 3

2
b= B (5-18-a)
2
2
I ( mA. m*P,
Pusp = Ppgp = 2[ 7 ) o 4 (5-18-b)
& 2


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

o PRGOS I [P L;g.:-Un.L.-I E 3as 0 4SS

-
}T‘JH = -E-E' (5"18"‘:)
(5-17) b5 AM 5,L5Y IS aslaza W 0,55 U,

ml
PAM = E_.(l + —2-} (5-18-(1)

el ¢yt Ol el Py =~ P 0K m=1 e &1(5-18¢) o cn

4
2
S>3 Ol omy Loy el aon M &S 0 delazil i S s Sl LS
o Dbl OV Gl 093 dellaza 18 um ) 635 Al 2 0 iS

L T Lﬁr.hii;&gﬂJﬂﬁigU#lé?EtﬁﬁithaﬂiajLil
O Psg inesldrl (sl gellazal g past 4™ AM plad JL Y1 545 0 ot

Py S dclazL Yl

R‘%‘H - 2 P: _ m’
P N 2 g (5'19
AM (“_??; JE- m 42 )

33% 5 113 Sgbomsy m=1 Jilis AM plad 5954 18T of a3 odb e no
L_gplb}'t_)t...)}'lijb-Qm_llhajilwloﬁjgmwgﬁuf%)

i 4% = b LUl S 95 10,5, 403 42 ke
3 (5-18-2) o3l iy () = S” aa) SSB 4 DSB (3,15 sflaial do

:(5-18-b)
2
m
Posy = ) Ie (5-20-a)
2
m
Pogp = "4_ F, (3-20-b)

Yl

(% CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

‘Y=o Jul

s e pasa iy 2006W ik, o szl AM a813) das Lo
b o llally (R 3)L8)) Raky fdad) D3 m=0.707

JoH aslazl ~

AM P2 J Y 595 0 -0

1SS (4-18-d) Uslall elascnl, s

oy =P, l+£1': =PL-(]+'1')=EF:
2 4) 4

R. =':—F: = 160kW 4 g

1S gy 4l ALy (5-19) BN o 393 M e -0

2
Rs'ﬂ = m

5 = 20%
R, m e/

Y—0 Jull

———y (faldhl Lass pae Al 3 T2UW s )05 icllazul pe AM Jlo )l e
Jaadl lale Oleo Wy J g i o )L5L Jalt Jass Lace 81AW islaza ! oda
A sl __3

Yyy

(% CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

:J>!

gT,JgJ (4-18-(]) Jslall rl..l:n.:...ul.s

m* =2 Fau =] =2(-8—1—1)=0.25
F 12

4

.m=0.5 4,

Suall fuadl Ol yls 1—0

ool L) ol Ay b Ly 03 b buny Wllas el gl 5 S
BN Lo ad Ll ads dazei s (=4-0y ey
v ()= 4 coswt + v, (t)A. cosw ! (5-21)

Analog  JL£ o Lo s Jorb o psny Ol o SLy .(5-4) @Ml 33y 2Us
(+—4-9) Jii.‘l & WS Summer C»me Jom Sllas 254 s Multiplier
.Product Modulator  ya) Jial) (wel=a=0) |2l 38y hdadl 515 and
o potann &S o fpokadl 55L5) 1) el 13) ped des o Leb g OF S
pdonznd OF 8L g L [1+pvp(n)] o W Ll oLl s dol eay ot
L e Lghos Aaas s ¢ o 104 il AnlSEl il (gt} L el
JSai 3 Lol o S a5 a IS g Ll ABU Cls e

il 2l ) S SOl as S sy LU S s (2 -4-0)

V

Vy Jor O 1 8Ly (1) \an e 5170 SIS b ) e iy =2

I
QiJ—-ﬁ;‘(VZC‘w*—f-ﬂu J":-TC:—'J‘Q_ST) BI I RS VESS RV R-JIRY fEt.:?rg-"-'-.'
'-:-'-'UKL:--:-?" KV V5 “sl-sﬂLﬂ.'-'M C‘,.'L‘

Yy

(%8 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

33 A1 Jadadl g oy alalt et Y 0 -0
S )yl Jand\y (Frequency Modulation) FM 33 &) Jasd) 0 S dacay
i Al a L Wbl 4 )5 a5 Je (Phase Modulation) PM

v(t)= A4_cos|w, 1+ ¢(t)] (5-35)
ke ll) 4y gl ) s 5y (t) Jead L) 55 o 1) Bad prS o
18 )Ll ‘-":Lg"

0(t)=aw,t +4(t) (3-36)
S50 B8 S

v(t)= 4_cosé(t)= A Rele’ E('}] (3-37)

S = hdadl e a5 (5-37) B OB CUA wy(F) e dazns G(F) OF s
FL S iy st baadl Al (34 .Angle Modulation

#t)=k,v,(r) (5-38)

Vou () = A, cos|o,t +k v, ()] (5-39)
St Ry rad/V G4 gy ) dall fdadl b e o gp Uk
&Y) £180° ol 21 rad B jaio 53332 (1) 055 N glt)<mrad 05
(+270% 4 -90° canal ) on £ OV S Y
«Phase Deviation ) ydall O £\ iy A —; |¢(f] LAY ;5 5
B3 my 3 sy syl Jeaad ol foaall gzl s
L__.,E:uj Ud sy ¢ gkl baas J e (VA-0) JiiJi 3 gspLa.‘;J\ Jalas 72 5
Wct Oy 30N gyl o S G(r) WS &y g J6 L FM 55 ) Jodws J s o o
sl il syl LY () gl (@ W Al as )
pdadall

vy

(%8 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

: Instantanuous Frequency = 35 2\ O N S
} ses 1
fle)=5-6)= 1. +—-40) (5-40)
27 2

¢(f)=f'g(r—t)' 3 9(!):13-?—) .

AN by Jptad L5 L Ulast 1) ol 53 31 ki o3 FM W1
()= 1. +k,(t) (5-41)

o sl ot g (H2/V 50 3y (853 A el il oy o g0 il o o

dmad ST anniy () D 2 ST ol 0 K, () < S 005 o2

03— 323 «Af 4 34 9 Frequency Deviation 33 3 3£ kavm(t] -

Jo o 15 S0 FM ol 1Y

sl s J g s o JHM(\A-#)JS.HI

106 FM U 3 &1 ez (5-41) 9 (5-40) %)l
d’(’ ) = 27k Vm (t ) (5-42)

YTA

%3 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

M 38y AL p(r) Je Jead UL
olt)= 27k, I V(A A (5-43)

}f ms —- al AR ($33 A Ji.u:JiJ._J; _,iJ,aLr- (1) — die dad ).\fi Lo
(AL (5-43) 4 (5-35) @) 389 FM 5 )3} -2 pmuy . f8

v, ()= 4 cos| w.t + 27K / I v (A4 (5-44)
0

o o 5 8 sl bl SIS FM OF s (5-44) 3 (5-39) & Las.
PM i Ik (5-40) A 3Mall & jlas, ez O . Se iy S, Jaaddt 5 L)
Pl i 5Ll (635 A fad : 3G PM OV FM Uk (5-41) 8

Jeolis, Jadadl 5 La)

:(5-40) 5 (5-38) Gos PM & Lo ool 55 A O S

k
f0)= £, +L9,() (5-45)

27
)= av, (I) ,

.\:’m(f >

dt
Pl (VA=0) B2 i PM y FM 5 AM o jls) J&al &G 1
Ol PM s FM Sh L) aadiy Lo 5 W0y ramp L o 5 M50 fawd)
S li) o bl Ak (Saledy anl dbu el Aot 0,55 ULy ol Wl
(Jeta

A7
2R
Amplitude  \\tas Adf idae o) b PM 3 FM L3} JUae obS —
odp 3 . DI g g2l s 2SS b el QLY e 3 Limiting
A SNV ez g AM 5 PM y FM 8 sz ) @l L ] o

P=

(FM,PM) (5-46)

T4

(% CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

(=1a-0) JS—ad @ LS jLedll pw el faad) A 3 PM 5 FM 3\
35 I 0y S aiy o S8 il jm FM 5 ,LY  Jasdll 55 2 of ad Eo
Sl o gy 33 33 31 o STy 0 L 5200 Pt PM 3 )3Y ol
(5-45) 3% ;—;i’m(f) U las

FM 303} e oty (0= V4= 0) S5 G WS a3 L04 Jeaadl U
il pe g Wb AL A §,L8] Bl LB WSS ol Blizs) e xy Y PM
90° axl 4, 4! 5

Ui G Lol oot U 3 Loguast PM g FM o S aliall |l

An s PM ailas ool pod o iS5 ) FM haib Joaddlly 7 poes

(1) ()

w S A
o AAAARAAA AAAAAARA-
FM ‘%AUWUO{PPU[\T W ﬁ

™ - G

e o 3 s Ve o d ¥V Ju w ¥ w

ByLaly sl o 3550 Judadt 3 PM y FM y AM Sy JSE Gjlas (V4-8) JEad

Y¢.

(%] CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

e 8 yL00 (£33 I Ldadl Y V-0

[(5-41) Gby S5 v, ()= 4, cosm,t of o HL

fe)=f. +k ;A cosm,t = f +Af cosw t (5-47)

Af =k A, (5-48)
Jo 235 e flD) LI'§|:'=.>..LH 55 2 all ){TJH} $33 AN £ AS e

K, =0 i

T4 e ¢
1V, ()= 4, cosm,t ol 0 (5-43) 3by FM 3,5 b 0,5,

ol1) =27k / j A, cosw, AdA = fsinw, (5-49)

0
Af
= *f—‘ (5-50)

.me..‘aJAJ ARy A Jaadl e JIsp s
(5-49) 5 (5-36) g3y LIS Al 5l 1 0,

6(t)= o, +dlt)=w,t + fsinw, 1 (5-51)
)bl FM 6 L) o g UL

Vey (£)= 4, cosé(t) = A, cos(w,t + fsinw, 1) (5-52)
Ay 25k 313509 By o ior JS e FM 8,L5Y 1633 A S 5 6 e
J=l Ja 2 dm WS (f<<] Lie Narrow Band J\&) ;.o ($33 A fadadll
L] el SO 0,50 FM 3580 ik O B<0.3 0,5 Wl 3y B>51 Loics
AM

TE)

%83 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

KN e (5-52) FM @slan S5 il ) (3 FM 6,50 b dor g S

:QL:J\
Vg (f ) =A, Rer o, Hﬂmwmr)] (5-53)
- 4 Refz(t)e
L B
zlt)= e (5-54)

L_.:J__}_,; all > il § Dy L,S"“L"'Rﬁ ‘-:g_,l_j'h 03> J g (542 (___Q.LEAM c‘.‘.‘.'li Y
B 38y o ol 7 AV Apial) i Y

Z(f ;ﬂsmw ' ZJ,, (ﬁ)e e, (5_55)

J= =00

3,8 el ok oy B el n a5 My IV g S o o 5 Ji(B)
Cy—t Jo(f) <ol (1 Y.-0) Ji.,.]'l 2 S )L..,- (\~0) J_’JULL{ LJJ'n.J.pr 3
St e B BV J(B) 5 (Y 2 0) JK e ST e o an

B = 2

Selected values of J (f)
Ao 201 J02) J05  J(0) 120 J(50)  J0

3

0 1.00 0.99 0.94 0.77 0.22 -0.18  —0.25 0
1 %005 0.10 0.24 0.44 0.58 ~0.33 0.04 1
2 0.03 0.11 0.35 0.05 0.25 2
3 0.02 0.13 0.36 0.06 3
4 0.03 0.39 -0.22 4
5 0.26 -023 3
6 0.13 -0.01 6
7 0.05 0.22 7
8 0.02 0.32 8
9 0.29 9
10 <1 10
11 0.12 11
12 0.06 12
13 0.03 13
14 0.01 14
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