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133,53 Jloa (e 3> o EHF, SHF , UHF il alu3¥1 ¢ g ame oL oLai¥l ol of 395
{(300MHz — 300GHZ) ¢y 5 s gumml| syl
9 aludl sae ) @i EHF 2500 clasyill eud 35a5 Gl eolasyill Lo
10"Hz jslomiy i atiass 107Hz g (e oaadl 128 Taipg i85 all cslanyitl qwd =
a2V Visible 541 s gally infrared s pasd) comd 2ad¥1: o c¥lme B J] @eading
ultraviolet Leoewaid! 349
10" Hz 53,30 abacugis Blal cpauss g Xrays el Lad¥l elanyd @ud - o
g dae 3 Tatg Tl 2 BV Lgilan,s Jlme Bsays tGama rays Lol dedf cilosyS aud - 7
il dxg e 107°HZ dlaugiy <l a5 (ass
il Jle JLandl 1 j5lzmg ( Cosmic photons )idssall La ¥l ciligigh ulsy s ewd =
J07HzZ 33,3 (e 3T I Juang Lol
O i Laser 5y il eulas,sg Fiber  Optics Ly dl oLV jee e¥Lai¥l eulos 5 Lal
syl 148 g ASganall calasyill Jlome cre I3gime lsjon JEmin 548 5d o gunall Lel gunll calssyil
i) s guall Glgh i g (4.285 ¥ 10Hz) jas 31 ¢ gl Gyl o
(7.5 % 10"*Hz)
1-3 Jem il eslaoyill aleadl calizms e 0,603 G Lo J&5 Loy o (p5may



S 5usedl GY L3 ¥ Ollu paadld|
W g ASIYI OV LAIY ke B 11 GY LY
Cd

Optical fiber band

Ultra -<«—— Radio-frequency band —» < >
A Terrestrial micr, 5 o
sonic ey L ‘s::telli':eowave Gamma Cosmic
-« Subsonic <-Audio| | radio FM and radar Iinfrared Visible Uitraviolet X-rays  rays rays

I N N T N N S U D NN S AN NRN DU NN RN N NN SR S N
10° 10" 102 10® 10* 105 10® 107 10® 10° 10' 10" 10'? 10" 10 10'® 10'® 10'7 10'® 10" 10%° 10%' 10%

~——— Frequency (H) ——=
el liie g yg &l Cagdall enlanys 1-3 Jem il
Bandwidth Slladdl 4o ps ¢-
YLtV @b 5elass (e iy 20 el guall Cilons Lpculeal) o liadl und Blaill (o pe piiay
Sk (o e 9 (BWing) cleglall 5,La] Slal (o e lia Glaill (oye (1o nesh o el oy Lin
ylae 545 Slastall 35La) 3L gy pbo (BWen \Jaill 5Lid (o e wllis ecs Lo of Jluy¥1 5L
s 5Lial B o ye Lol .cnlaglall 5 )La) crasss crusimd| ooa¥l 33y e ¥ an,atl o 3yl e
sae Al I palsn Il 9,0 LA La e il G3a¥1y Gle W1 5,2l s 3,a0l e 35ke
G 3lan T JBT il glall 5,L8] B (e ()35 0 ot ¥ 3B (&1 pue ilaglall 5,L8] Ja35 s &l
T slall By (o e
Bw, < Bw,, (1-2)
iloslall 3] Bl (e : By
ilaglall L&) 3UaY s ye :BW,,
1-2 Jlia
+Les 500 (e LAY (o e ad Jaill JlsEatl o @201 gayalill Jla V1 allad les 13)]
53y 5k 5000 ) 535,a
(BWp)slatl 3las (o pe con! 1
Sifguntl @l HLaY 5o per pead 5LEN 22a Ja .o
S5Lal ol M5 guall Ldlall culanyidl el el Lad! (yena Ja >
ol
sliatl BUad (yope
Bw, = 5000 - 500 =4500 KHz
(BWinformation)&igall 5La¥! Blad (o ye .o
Bwi,s= 3400 - 300 = 3100 KHz



S9¥1 54> (P (RTII i)
A9 ASIY | S LY M S5 Jad A1) 'y ()
/—
u‘o)-e/o-w.&ﬂ sLial ola BLhad oy oY )9l igeall LA e 5LEN ol O i
Adgeall alLayl Bl

ALt laayd) el el Ll Glad (nye o>

BW,,;=30 MHz - 3 MHz =27 MHz

iy s Lgdlhad (o ye oY LA ol IS suall Lgismay Y ) LaY! e g 5ill 10 o) s g

BLal By o ye oy
Transmission Modes Jhuy¥ i laledi 0-

P Sl L W e ey o 0¥ D0 gment ¥l WLVl allai 2 Sl ¥l )]

ket pliadl Gl e Jliasss Simplex (SX) Leagy asly olail 2. Jlusy V1

Half Duplex [eussaycdsll juii 2 gud sl onaladl 2. @ gay coolid! Jla)¥l o
(leam 5 dasis ) oaalail 93 gLl allad @ld Lle Jliess g (HDX)

Full Duplex e 3llaygcdgll uad 2 g cnaladl 2 @i Jla)¥l Lis cnaladl 2 Jlu)¥ o
el gl allas iy Jle Jliessy (FDX)

e ey I Iy Jlo] sy Jlayd e g ol 1oa 20l aladWl saatie JLew) ¥l o
oyl leas eIy e Jliess g Full/Full Duplex (F/FDX) aude sllayg asly o7 2 g cullams

Noise gt | -
of Liabai ¥ (ing-dd! Mot Jlay Lagsg VLVl ielas¥ L3 350 gl o gl pcia
Caliea (rans Ladi Al Lesd gyl ped 33Ul 4if e (Byang . pSoan L vl I Laglall Joiayd

uoliadl 038 jue yo b Lo 5 LAY ¢ yLasd YLt et o lic

tlad Gty one 9 S gl @iy

Uncorrelated Noise 3{Fy (R PU TP AT Yord (R R B8

elail e Ledah g llall Lulo ¥l 55l 8V L3Me 4t urd @2 Glogdall (e 5)lae 5oy
oteed N @iy g9 Y LATY
External Noise a Ll (ugaat! .1

Pl BMe 4t a1 Loyl jaluan Caybo (e at gy 0 Qo dill e 5)lue g0y
oIl B s g 1y e ey Laud 35 o5 YLtV Lalail 2 il Lo gyieatyl
DbV po (e Ll elis gually A gl Aadll clis g g uadid| Bl el g g

Ve



S 5usedl GY L3 ¥ Ollu paadld|
W g ASIYI OV LAIY ke B 11 GY LY

/ (Internal Noise) s ladf (2asdall

@laglall S Lo gyment¥l 5l outl mlisena e dailill Lagd cosd il ol STl dy snaiig
A1l g illy 315l sl ye Laypue <LBT Llsh Cosllall Zia1 gl e 5555 ally Loyl
Ly Johnson Noise (geaiga (ing-dd clIs e Jlinssy Laliee il (e 0 sauate Jlesid
5yl 53l alipEma 25yl oy LS| carian

Sl 3508551 2l gyient¥ g el 2l L5y dall Lm ol i 551l i s gLl
1o log-dadl s g Ad sl pe el (lnsdS aga L Glo jelat dnwbliney s D3l ¢ lad]
Ol g-aadl 10 3laag elanyidl e Jodn | T, White Noise (au¥! (insiidly e La (e
2 Jrans U1 Gaas sall e U JU Lal .oV Laas¥l allad culss, s lad (o e 3ls3) Lalss
LTV elail 2 109,38 0W1 51 gudl culignl 450y eentl 1061 Jesliue e bl g ]
iallall 5L aadyg Partition noise eewsill Ging i3 Shot noise.ialall 5T Jiugdall 10 aaig
Lls {5 o Ll Vg oy Gl Bl 2 A0l pe sl dpluinll HLS s e Bl il agan!
Sling Lgaias Gill 5,510 § 958 vy 01 5L £365 IS (e i (620 5gd @uaaill (0545 L
Jiled (e Lap g1 transit noise Jo=idl (poy Giogdd Jio Il Giugdall (e 5yiss )3T Sl
8531l s Al dgsllall Ao ol 595 pe Al pem 3550 Bl oo il g ity Loy (e
bl 20 day Il ¥ gl Lewdalall Joimdl e maldl Ginsdally
Correlated Noise Byl ¥ 1y Jau pb | sl gicid A1V -¥

2 53 ) gyt 3o et Sl A oY1 5, LaW0 daiy Ul sl e 55lac 5o
1 g 5,LaW! aalgs (g 5,511 2 sl g o e W Gl g lall (e g ol 12 W Lias] allad o 455
S g oI @iimtll Gyl (e g LAY dan Ul sl oy agda ¥ 5,080 ¥ JU
Ll s LT &y 30 ogall e il g aally o gaill ol I e bl g 8301 oy
e

el Gl gall (e yalally gl GO (e gelitl gl o] e awill 5g 5
.Amplitude Modulation: AM auszin g2l e lB¥ el e \ [ dulea 1).13\3 333 thunderstorms
2 o 3la0l 33510l s L Conliis Aoyl Gl padl cye Aailill el sl (51 e 3ga I3 2 ol
e I3V el e 1,505 JBT aiend s dall o1 Leles sayill J3 Lalss o . 100MHZ ¢ye J37 JLanll
43133,3 Jlee > FM :Frequency Modulation aueiown 21 Shgajalidl

[88MHz — 108 MHz]

-\ -



S8 5a ol Y LY Ol paasl|

A9 ASIY | S LY M S5 Jad A1) 'y ()

551 (T i 51 Y (gilg sl 2 g ol Lloands uul o asdig sl ysll JI OB (T sgail
i3 Glbaill (o e g LJJ).E il (g5 pdl G gsnll 28l o e ¢y of Johnson s L

LI L L) ML dude senill e 3]yl
N =KTB (1-3)

o O

-

(Watts) uluJ-:u:J‘ Gl N
(Hertz) 3ladl o e :B
(Kelvin) 3)‘)3-«.” Z\%JJ : T

@\:d\ @Ml Ja.tluﬁ Kelvin u‘l 3\:3.5\.:_ 3)‘)_& L}).}Q.Ad.ﬁ»j_zﬂj
T=C"+273

1.38x1023(J0uleS

j = Obeyip eali:K

Y A la dB_s sale M)_A)_’J Decibel JL_‘.‘QA 3._.\}3_) YN u_\.cj.c_u UT \_'uﬂ ‘J! Lol

Kelvin

6110 saadt 2 Ugyuma (1 3) dslaslt 10 ulu¥1 2 a3l 1
Nu =10 Log (KTB) [ dB] (1-4)

NYGIPNTE.

-

1-3 Jte
Fyaskes 10 BUal (oo s 177 55l 1y e Jiidy eyissd] Slex olss 13|
tob e o
Dololl iugsadl @3l - T
el Qg B3lb- o
st

ol oIl ngiad! 48l .
N = KTB=1.38 X 10 X (17+273) X 10 X 10’ =4 X10 ""Watts

Jrreandly Gl bl Bls o
Ngs =10 Log (KTB ) =10 Log (4 X10"" )~ -164 dB

-\Y.o



Y 5 o Y LY O sl 2]
&9 o

A9 ASIY | S LY M S5 Jad A1) 'y ()
Signal — to — Noise ration Ol gsndl sl il Y-1-)

ool Lalns YLt alail +1T ol B St Lo [yiis Gisdall 1 5,La¥l i Jele of
3)..&3 daud J.Lo\ﬁ Z\_‘.u..IJ\ PRV uo).d Y Lany ‘a\.!a; selass QJ‘.})‘ Lol Z\_.u_u.a_” PRV
0 Il Ll Lgule pms el guall 3,03 ) 5L

== (1-5)

J..tzu.u:h.u‘ :\.Ia.u.:b.a :\.u.u.d\ PRV L,.L:_#..,:J\ BC_eT

5]l

NGNS

d‘.‘f‘.““‘f"""\" uln.lg.ﬁlﬂ‘ 3)..&3 dl 3)\.&?‘ 3)_&3 :u.uu : (NiJ
dB

Ja\}!b 3)\_&?‘ 3).)32 Ps

dolgll Giagaall syud: Py

Ol HLally gl (e o e Joala Losie Ll el BMall s o dolewy J&ay clicna
P E3atly el At

2] ol

29
S 1
— | =20Log| = -
1-4 Jtw
001W L:.;jl_u] C).:-J‘ BJLC'L! &14*9_&3 Z\.BU@) 10W éjLuS(a:_‘AACP 3)\.&1 Ll colss ‘Sl
g
(Ni] gl B3l ] 5,LaY) B3ls duws ]

(Ni] d.n,«'.u:v..ﬂ\_a ZJJ.E.AUL.H.LLCJ‘ Ll dl SJLi:ﬁ‘ &Ua:u.uu‘_s
dB

-\



Y 5 o Y LY O sl 2]
&9 o

A9 ASIY | S LY M S5 Jad A1) 'y ()
yEN]
S PS =—10 = 1000 ;i
N 0.01
(— —IOLog( j-lOLog(lOOO) 30dB _,

Spectral Analysis et | S1a2 p) Jabowd A= ¥

Il 2 il sl clianlga sl byl Jiliugdl alaieionly Caulall ala3)3 Julowd e (i
ke @lall 128 sudsg (a3l Jlome 20 ZaSLAN bty culaint sl oia dayys Sl ColBMall &8 yaey 2331
Jralod iy 0 o) o Lat¥! Laladl 2 A atlally Al aally el il sl Al 3 2 YLtV iag
Ol gall Lokt 5 yuall Gl 2 aslacdaty dalizel] Wl joy50 bt dlyy Jeadd cadall cnlay 3
Dol y B iyl Teal gl dBlall 2 ilaglaiy 50550 Jusad iy Lalinll Lgilasys e
2T pegy OF o)1 e Lal (daid Lyy90 5 &l (o patied gl ol 2 o .l ol oLy g Lalad ¥
il Gl 255550 g U S g g Il dad

Fourier Expansion BT e AR A

9% S raydl Jlma orais i V(1) agand) 115 e 115 Jagond o 5592 - (e L)
ALy T sl ila3y3 S Joo laglas 1200 (s lanyg 33,30 Jlme 2 dal o1 il e ]
Al | YL 55T Hlid g euead 2 ve b 1 Lgilaa,3 Blal o pe

Lassyig flassysg T Layes slu o V(1) Lppadl o gl Lusd O (i pah uys2 yiih Ll
A sl e dasUl ol dgys 5 Sl O 313!

v(t) = A, + A, cos( wt )+ A, cos( 2wt )+ ..+ A, cos( nwt ) +

B, + B, Sin(wt) + A, sin(2wt) + ...+ A, sin(nwt) (1-9)
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V(t) = A, + fundamental + 2" harmonic +
(1-10)

3™ harmonic +.......... +n"™ harmonic
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UNIT NO.3 , P
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INTRODUCTION TO COMMUNICATION SYSTEM

- /‘) ‘_77\_/./%! )\/‘/ ;}‘t ,)&/,;\ =

The purpose of,; Cﬁmmﬂmc\mmn -\vstcm is fo tr angport an information bearing
(/ > r‘ -] _4& =

swnal flom a spurce {6 a user d: Stination Viaa communication channel.

AT — o et < Ve O faw
\1()1)11 OF A CONIMUNICATION SYSTEM(ANALOG) = o [ R
1 Peb messaj c(sacrce)
. Information TP Signal D\ pv
Source ahd/)l/i LN X1e X2 TRANSMITT R T{‘W\S' -—

___IEUt 7\‘:‘.?)\9 \

v}

!

| CHANNEL

CHANNEL | .\

—

L B\es |
Oe5G==- 1O P Signal . &,a_‘.—k/" e
Destination s =6 T e e

2o \Cu1 RECEIVER
and Output F‘;—g‘ — S ez %
Tlansduce)}} |

T
L Fl“/Pl]u‘"{’lOLL diagram of Communication Sy xum C
/ / Pia)c :
Vi

The three basic elements of every communication systems are Transmitter,
Receiver and Channel. The Overall purpose of this system is to transfer
information from one point (called Source) to another point, the user destination.
The message produced by a source, normally, is not electrical. Hence an input
transducer is used for converting the message to a time — varying electrical
quantity called message signal. Similarly, at the destination point, another
transducer converts the electrical waveform to the appropriate message. The
transmitter is located at one point in space, the receiver is located at some other
point separate from the transmitter, and the channel is the medium that provides
the electrical connection -between them. The purpose of the transmitter is to
transform the message signal produced by the source of information into a form
suitable for transmission over the channel.

The received signal is normally corrupted version of the transmitted signal, which
is due to channel imperfections, noise and interference from other sources. The
receiver has the task of operating on the received signal so as to reconstruct a
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digital modulazion schemes, and | _ r ¢Zl .
BT s 78 ) { wFon 'S e
. Hybrid Systems that use digital modulation schemes for transmitting sampled
aﬁd quantized values of an analog message signal.

information using

ELEMENTS OF DIGITAL COMMUNICATION SYSTEMS:

The figure 1.2 shows the functional elements of a digital communication system.

Source of Information: 1. Analog Information Sources. 2. Digital Information

Sources. Analog Information ‘Sources — Microphone actuated by a speech, TV

Camera scanning a scene, continuous amplitude signals. Digital Information

Sources — These are teletype or the numerical output of computer which consists

of a sequence of discrete symbols or letters. An Analog information is transformed
5 a discrete information through the process of sampling and quantizing.

) Digital Communication 5y stemyé’y‘afu_; g
= \ "
L'-/j;//‘.

| -1 ] Modalater | |

et N |

ﬁ G l
F e
Channel U

5\&:&“ : 9/’\4 ()
Recerved Signal
User of Source Channel
< P le——| Demodulator
> 2 Information Decoder Dg‘.odex 1 P a0 558 < i L
I @f\@;‘_ Do se” N g\l | [ AN | éw

ST A
@ ) fau/ /}@2 Block Djagram of a Digital Communigation SystemZ
’/ma W’C}Xk«ow g Sl
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F G H ' | output A
receiver [—{ demodulator/decoder [—| Expander ‘| transducer
/]

Fig 1.3: Block Diagram of general Communication System
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i Introduction i¢ Modulation

Modulation is defined as “the process of mo odifying a carrier wave {radic

wave) systematically by the modulating signa i (audio)”. . The resultant signal is
u@ﬂcd the modulated signal
In the other words, it is the process of chaneing/varving ome of the

narameters of the carrier wave by the modulating signal

1t involves two waveforms:
® A modulating signal/baseband signal — represents the message

® A carrier signal — depends on type of modulation

-~ i 4
. 0\,))01\ o N\~ \ g ‘AK’)O/\;X\
Bas'eband = Modulated)
signa signal

carnet

Figure 2.1: AM modulation process

2.2 Types of {Carrier)} Modulation

According to the Carrier parameter ( could be the amplitude, phase, or
frequency ) that will be changed by the modulating signal ,we have three

szn_______,es of modulation , Amplitude modulation (AM), Phase modulation

or F ulation The last two are combined as
M, the chart below describe the all types of modulation
that we will study later.
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Frequernicy range forAM L333 kHz J@OO kT{N\\ A M \/Q /s
Randwidth - 10 kHz

Ran 2T | P
\/(_\—/()w’ e\ (% A
2.4 Mathematical analysis o(@ sional

In amplitude modulation, the amplitude of the carrier varies proportional to
the instantaneous magnitude of modulating signal

Assuming Noy \_4 1 B
h@ﬁ;m S - d.\_,‘)l‘,\ a/\-—‘l )
S e a0 = Vs €05 gt 2.
Carrier 51gnal 7 P )
C =V, oSOt . i 2.
. A C-1¥pef
. N
. 0/\/1) ;)U—»l; M\/‘/\/’\“
Infov mafisn .y modulating " Modulated
= Signal Signal
& \\}/}) "'n:“) ) ’/,/ i :
' VO = [Vc +¥, cos(wmt)]cqs(mét) w sl

1

Carrier wave i \:7 :
; Vecos w.t, <\
a0 O g
igure 2.3: Amplitude modulation feautures

And below a waveform representation for the Am signal , shown in figure 2;4’”"/
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2.3 Amplltude Modulation (AM)

Anpiitnde Modulation is the process of changing the amplitude of the radio
frequency (RF) carrier wave by the amplitude variations of modulating signal”
The carrier amplitude varied linearly by the modulating signal which usually
consists of a range of a audio frequencies. The frequency of the carrier is not
affected

Application of AM - Radio broadcasting, TV pictures
(Video), facsimile transmission
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/fgu% 2.5: AM signal components
Z ——

The following equations prove that AM wave contain three components :

Carrier signal -

/ v, (t) =V, cos(ot) where o, = 2nf, / &
s TS —— - —_— l /

Modulating signal s

v, () =V, o8 @t \ Wy, = ZREM }

N e
The amplitude-modulated wave can then be expressed as

v g (2) = I, cos( @ 2) + vy () cos( @,t) ]
v ()= B+ vy () Joos( @ .2)

¥ o5 () = [V, + V., cOS( a),,,t)»]ﬁcos( w,t) 2 r

Vs
@ v, cos( ) +:"V’vi°@ / ................. 2.3
B \‘ "‘

7 i

Ve (8) =V, cos( @¢f)[1 Kmgeos @yt |

\(-)3?’

P

\y
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Ifwe k)ok to the Amplitude Modulated signal in details ; we shall see as in
figure below the three components of it :

1
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where notation r is termed the mndulation index It is simply a measnrement
for the deeree of modulation and bears the relationship of V,, to V.,

/\/\oé

Therefore the full AM signal may be written as:

Vs (t) = Vc COS( Q)cl‘)[l +m, COS( o, l‘] ..................... 2.5
%

o;j/'

Using

cos Acos B =1/2[cos(A+ B) +cos(4—B)] oY

V.
V(&) =V (cosa t)+ m; <cos(w, +, )t + i

cos(a)c _ w,)t o
J

Carrier Up er sldeband Lower sideband
Bp\}‘ i (0}\ (/l""‘d‘("“:"\'.z'r-{}'l

So, with the modulating process, the original modulating signal is
transferred to a different frequency spectrum with a higher value frequency and

The frequency spectrum of AM waveform contains 3 parts

* A component at the carrier frequency f,

* An upper sideband (USB), whose highest frequency component is at
St

* A lower sideband ‘(LSB), whose highest frequency component is at f;-f;,

* The bandwidth of the modulated Waveform is twme the mformahon s1gna1
bandwidth (2, ) =+« = = -

.il;n s LR

10
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So according to the nun

moduiano antain u

: & \ ~ ’\
ot %/ﬂf>%-o§-Am~x%w*? o o0 gl
Uf/ / onventional Ampiitude Modulation {Alisrnatively xnown as Fall
/‘ M or! = Sideband Large carrier modulation (DSBLC) /Double

9 T
Sideband Full Carrier (DSBYC) _ﬂ_j_k_.
=S LSS WSS
/ D Ic 22, o s ANEROTY wnadulatior i_’_j__
| OUU c ,)*Us,‘wl_;(. L lg:;J E88€41 CalliCl (L /000w Odiliation B~ ubs
o

/ Single Sid cband (SQB\ modulation i of
=" w8

Lse
/ Vestigial Sldeband (‘J SB) modulation

The spectrum of the AM signal represented in equation 2.6 ,is shown below :

DSBFC Frequency Spectrum
with single frequency fi _ sl »n ,L;(B”' ,,/u :

, B = Maximrum freq. - minimum freq
| = (fCr m}‘ (fc-fm)

! £ f—}—
“a J-"l ‘\‘ 'l
|

Fc - 2fm
V ! . |
y& ___:_ | vt :_‘._ (__Mj;_/‘\,rv)\/_:“ \-’:’,)“ (/‘A,JJ\ *
4 % T fi yaave
N e | | R
We’( S oxd- o ‘ it;)‘} DS PP (L ({}\;/é \_,\>
fefm fc fet+fm KM{‘SOJ\};\QM

LsB o USB

Figure 2.6: AM — DSBFC spectrum .
: —

If f,, consists of arange frequenciés f; to f,, the éi)mpo'nent of the sidebands
become:

“Upper sideband (USB) range is from (f:+y) to (f+f)

11




Lower gidehand (LSP) range is from (f-f,) to (f.-f)

and the spectrum will be :
S hbide St da Fadilated
) & signal
Basaband signal \awer sidebang  upper sideband
Fm 1 e-.m‘ gl | FM2 -
g e e TG,

Figure 2.7: AM -DSBFC spectrum with modulating signal from f; to ;Bandwidth for this case,

AJ <
g5 58 oo .@W

\ v?.f
2 VBW = (- "
\}’,A S A~ - - : ,—/
\ % ‘W = / =
2.5 Modulatlon Index m (Coefficient of Modulatlon) W\ S\~

— =5 N
m is merely defined as a parameter, which determines the amount

of modulation.

Q : What is the degree of modulation required to establish a desirable

AM communication link?

Answer is to maintain m<1.0 (M%<100%).

This is important for successful retrieval of the original transmitted

information at the receiver end; and to avoid distortion .

The foltowing figure shows different AM signals for different m ;

N e N s g s s %
i |
L/”‘_’_’/
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Figure 2.8: the effect of modulation index on the AM signal shape

If the modulating signal is pure, single-frequency sine waye and the modulation
process is symmetrical (i.., the positive and negative excursion of the envelope's
amplitude are equal}, then percent modulation as follows:

Vm =% (Vmax T "fmin)
Vc F 1/2 (Vmax i me)
Therefore

M= 12(Vmax - Vmin} ..
—— il
1/ 2(V max + ¥ minj b " (V max + ¥V min)

= {V max—V min)

}:IGG G&l..l2¢8

The peak change in the amplitude of the output wave (Vi) is the sum of the
voltage from the upper and lower side frequencies. The figure below illustrate this

13
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The modulation index can be determined by measuring the actual values of
the modulation voltage and the carrier voltage and computing the ratio.

Trapezoid waveform can be obtained from by connecting the modulating signal to
x-axis of an oscilloscope and modulated signal to y-axis of the oscilloscope

14
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3.4 AN Power Distribution

Starting from the Am signal formula of equation 2.6;

.-. 7 ./v

o . m,y. i ..
L:Ub(a) + @, }l = q —‘\,OS(U.:,~'VUF, ) 14

T A S
N Covyyiey LLf’e/ SNB\»«F Low@f ‘So\w
/ For a single frequency signal, average power for each component is {assume

transmission impedance is R):
ISV s, 0

Carrier power :

A o 2

Sideband DOWEn Pl"i ::}73:‘.
.‘ef-. s Vot =~y

/Q‘,f,\ 1 ——
s

The totzl fians

sidebands.
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The efficiency of the AM in term of power consuimption is

...............

Thus, at optimum operation (m = 100%), only 33% of power is used to carry
information

From previous equation, total current flow in AM is:

Note

As most of the signals are complex and can be represented by
combination of various sine waves, m can be determined by

- - 2 2 2 . ek 2409
m, =m,, —\/m1 +my, +m; +......
Thus, total power for this complex signal is
2
e eT. 2.18
P, = P_[1 + —ZL ]
2
e SN \ R0 \?\' ) p\/_ s o \us N\ a
Ar(AM Transmitter of total power 100 watt, using percentage modulation 100%,
et s 3 B -
A . . s . A
find: 27 - g ) \ ‘
9‘9& e . ?c(\\\ww‘/": ' \ D Raor P (14 Sk
1. Power of carrier (P). ( ¥<'C A ‘_ = ®
B A A =l , | Pos === s4(£. € Watb
2. Powerinsidebands. ( ¢, ¢ "¢ 9 A | W
‘ = %z)?sg = ® %‘

e | ?5-{3}_ /é‘l_é_;—é-—; 33‘3
Y Z
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fstwna' e ?S% * looy,

o .7 -t
7 A
2 Llower not Transmited i 51,—:. - 0. 25{1 125 Y, 2 2 oy
‘ S saving = - x100% = ——<¢ —=7%¢ % 100% = -x100% = 83.3 %
p Totnl nower Ty SPL 15 e —
/b/ Y = 5 O
/"/"

P = Pc[1+

el

J:lespc

] 0.0625 P,

Ve B

i 25 P.Z0.0625 P,

saving = x100 % =94.4 %
— v 2A25 B
Example 3 / ;y\«‘ ¢
cnapa? .
? C )"“‘P/”7{‘> W\a w\ P_’T
A 400 watt carrier is modulated to a de}g of 75%; calculate the totg power in the
==y e

modulated wave? f . -

= < 5 Se i\* vy '5 )

Solution e QT L
m? 0.7% -
B =P [1+7J=4oo(1+ - =4oo(1.281)=@

7

Exam Qle 4 ‘
@‘)\-4/ J
A broadcast radio transmitter radiates 10 Kw, the modulation percentage
XY\ .-’—\-5—’&\ O kﬁ’\a/ﬁ 2. .
is 60%, calculate the power carrier. x 2
—_— f\) C \f-Q
Solution P s IR




o
f)?”’—/g\ !oc?c (\* iﬁg—
/ los fe 74 .36
Ve PE &M% =b ch ng qzw{},///

el

20 20
= = =847 walt
o 2+036 0 2.36

8]

A 1000 kHz carier is simultaneousiy modulated with 300 Hz. 800 Hz &

radio sine wave what will be the frequencies present in the output?

Solution
From the spectrum of the med!;zlaier\/s/z@m afier modulation, we have

Vi

fc =1 MHz =1000060 Hz

fe= 1000000-800 = 999.2 KHz

£= 1000000-2000 = 998 K.
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audio data i
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KHz
i
i A -
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A spectrum analysis of an AM. AM wave produces the fallowmg information:

"(Q E ?C

750V at 750 KHz, 20V at 748 KHz, 2ov at 752 KHz, ﬁnd .

T ey S

©osfhis 2. sidebapd frequeney
M 3 modulatmg signal frequency T >\ ek, ey
e
\o. 4. modulation factor U“'«L)VS“’\"

A S o

_ O A2 50200 s 311005 L5 5 x( BY

U f=750KHz & —
« Ag 8 / W\ / ) ' * ~ r\
D g =MEKH: T (P a6 8 e #
l_)-gl / 5 ~ -
i)b( Bl fUSB =752 KHz ’\J//
})/J’?Qby e ( ”.L\WLQ
— — = 2 g I

. 752=750+f, —— £,=752-750=2KHz.

4, -» V=50 ‘carrier voltage o\ ) -2\ s
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A spectrum analysis of an AM AM wave produces the fallowing information:

C % 750 KHz, 20V ot 748 KHz, 20V at 752 KHz, find

Yoo w&“/%.

53/‘&1% 2. sideband frequency —< u‘f’f‘
Smo 3 modulating signal frequency T >\ ol
o 4. modulation factor W)\(B‘\’

2

) o M);)yoks\}p\spu»i;gs\b *
f 750 KHz

9;\»@0‘2"‘“(} o\ e 550\ \>

. fisg =748 KHz
1) ‘y /
ﬂ B fUSB=/52 KIIZ

f/y'}'? 5 s (- /Q
; (‘V§§&fUSB=fc+ﬂ—nh y or{pes ' -‘/l“ |
s Nall o e

. 752=750+ £, —— £ —752 750 ZKHZ

e

4. -+ V=50 carrier voltage )\ ).\ -
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(o) T e il ow SndusbE D
(e) lhe LpRcE and 1%‘ r side bwnal Um cmnnmae {LsgsNusg
1% ) »,.. \\
(f) The umnm In peak amwumm of the mnﬂumrea wave We— Nus@ s )1Ze~ 6o=JoV
< L‘_:-,'- N Yr\ls =S\ e s ’ ;
5 { Whave )
WA g) The coetf icient of modulation. AN wsg s —— \ *
~ 5
¥ - B NN /20 B ) ‘\\)A\
P1 oblem 3 . o A I R R
e ] ) 3 / > - ——;S—'—‘ = /"),C) -:r: >[\ 3
7 , -

DIaV\ the powel specmml for a given expression and determine ¢ the
modulation index and efficiency. (Assume R=1Q)

S(¢t) = 20 sin 300 7z¢ — 6cos 320 7t + 6 cos 2807rt

Example 7 T

(w8
fusB
() Few]
Determine the maximum sideband power if the carrier output is 1 kW and

calculate the total maximum transmitted power.

Solution
Since Esp=mEJ/2,

It is obvious that the max SB power occurs when m = 1 or 100%, and also when
m = 1, each side freq is Y2 the carrier amplitude.

Since power is proportional to the square of voltage, each SB has Y of the carrier

power i.e % x 1kW, o1 230W.
Therefore, total SB power is 250W x 2 = 500W.

And the total transmitted power is TkW + 500W = 1.5Kw
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N ) SR Sl (T
L0 | kW | 250w | S00W | LSKW | 0.3
| ] - fizan sy e ke S
Jo s [T =8 S E LY = S

.S

UV | 625W | 125W | L125kW | 0.3 |

!I 1 , ] i; .i
| o | | - S __'1____ |

Table: Effective transmission at 50% versus 100% modulation

(3 Even though. the total transmitted power has only fallen from 1.5kW to
1.125kW, the effective transmission has only % the strength at 50%

modulation as compared to 100%.

cause of these considerations, most AM transmitter attempts fo maintain

L
(ny]
o

FUL o= ==y Wt B0 32 FUSNINEIEAE - S S e e TR R, .- i G
Jetweell YU and 5O porient miQuiaiscii a8 d Compromise betweern eificiency

-and the charnce of drifting into over modulation.

Problem 4
A 15MHz carrier signal is modulated with 3.4kHz modulating signal. The
modulated carrier voltage is 28Vme and 14V, across a 100Q resistive load

impedance.
Determine:

.a) Peak amplitude of the unmodulated carrier.
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b) Coefficient of modulation

c) Carrier power.

d) Sideband power

e) Total powér

f) Upper and lower sideband frequencies.

g) Bandwidth.

Problem 5

The total pbwer of an AM transmitter is measured to be 850W. What is the total
output sideband power if it has a percent modulation of 100%? Calculate the
efficiency.

Problem 6

For an AM DSBFC wave with a peak unmodulated carrier voltage V. =
10V, a load resistance R; = 10€2, and a modulation coefficient, m = 1,
determine

a. Powers of the carrier and the upper and lower sidebands.
b. Total sideband power.

c. Total power of the modulated wave.

d. Draw the power spectrum.

e. Repeat steps (a) to (d) for a modulation index, m = 0.5.
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3.1 AM- Double Sideband Suppress Carrier {AM-DSBSL)

amint

The pre'viou moduiated signal (D SBFC} fias two .
and bandwidth ,the nower sent as the carrier containg no nformation and each
sideband carries th sams information mda’omdﬂ tly

Ny

upnressed carrier {DSBRECY ig introduced to eliminate
carrier hence improve power efficiency
A I
<225 QP //«,44_,\ Ll d>—_ N
i‘:emutmn// 15 a technigue where it s fransy u‘raz» both the sidebands

Y
without the carrier {the carrier is being suppressed)

The equation and spectrum of AM-DSB-5C is then simplified to:

/ Vosasclt) = V.V, cosa,tcosm, t
/

7
/

! | itsB | | §SB - |
i . S —— e s fen
e'm fc tm l
Za ’
=S / e
Figure frequency spectrum of AM- DSB-SC ~

Total power mn DSBSC , will be .

o

Although, the power is improved, the bandwidth remain unchanged, that is

=

Powin = Pga. + Pis

Bw=2B=2f_ .\ .. 3.2
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ﬁ‘u An AM Signal of the form:

V(t) = 40 [ cos(Crm * 120 % 10° )i -i/gos(Zn *80%10° )t], ﬁny? \

WEE
. Type of this AM signal . =0 O §' g5 AM 1S B_, S C

1
2. The total power (R =5Q) ..AD, 4y,
3. Bandwidth .

55’ =0
1. This signal represent AM-DSB-SC j

" (Vuss)* _ (40)? _ ;
2. {DPr PUSB Pisg , Puss= 2R o 160 w

P =160 +160=320 w

3. BW =2 fmax
-+ from V(t) 9 fUSB =120KHz and fLSB= 80 KHz
T e e

‘ ——
{’N v EBW= fuss - fiss

5
' ~120-80
=40 KHz
— .
\
3.2 AM- Single Sideband Suppress Carrier (AM-SSB-SC)

The suppressed carrier is further improved by sending only one sideband
This not only uses less power but also onty nalf of the bandwidth and it is called

single sideband suppressed carrier (SSBSC)

There are two possible of SSBSC:

......................... 3.3 /

Visg = Vi €08 (We-Wp)t
e ——
27




Vyse = Vi €08 (Wetwy)t e e s

—ad A ) (T oas s w _,9
SSB is defined as a Process of transmlttmg one of the sidebands of the

gA=22

MJ)
S\ 1standa1d AM Ey Su )ressm “the camer and ona of the sidepands (oniy
nanb__._lfﬁ' ‘11\’39‘ or Io \;ns :u—lr}-\:nr] ,,-F A]\ﬂ\

‘—-AJ) .__—\9).———-— e ——— e ep—

U’Vw&)

Spectrum of AM-SSB-SC is illustrate below and this technique will reduces
bandwidth by factor of 2

% |

i
|
!
H
t

e
(¥

!
t
'
!
'
|
]

f
(2

Figure 3. freq uemv gectrum of AM-SSB-SC

Power componeénts cAAM-85E-!
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oz ? 3 Generation of AM-DSB-FC

As we discussed in the previous sections the AM signal generate
new frequencies that were not present in the carrier or the message
signal so both generation and detection require multiplication to be
performed. The multiplication is achieved by using a network with a
nonlinear characteristic like semiconductor junctions ( diode . JFET
,...etc.), the nonlinear networks are not true multipliers because other

components are produced and need to be filtered out. Ql

NP oyt > p
wlhere are two types of amplitude modulators. They are low-level

and high-level modulators.

P

Coe e ) o F< oo J‘L’P S )
>,/ /J o553\ Low-level modulators generate AM with small signals and must

be am%ed before tranin&ssmn

~%J = c)\-—tic)\fo/ﬂ’" s

&lﬂ
S o b1 High-level iRl produce AM at high power levels, usually

in the final amplifier stage of a transmltter
o/ \P-«li f _/._,C) P C) L, 4

\ O<le
3.3.1 Low-Level AM: DlO Modulator
D9 ed a9
The dlode modu;ator qo%rgfé?s) of a re31st1&v,eg mlxmg network, a dlode

rect1ﬁer and an LC tdfied ¢ Circuit. The carrier is apphed {6 one 1nput

\-’J\LL == J.b) é‘,‘\s 2o -t
“resistor and thie modulating signal to amother ifput resistor.

o;v}\b‘v\ o
This resistive network causes the two signals to be linearly mixed (i.e.
algebraically added). % ¥ =4,
Copr, (7S oF e B X
A diode passes half cycles when forward biased. ,
Calb v ) (z B o f’ % L/\ ===l
T&e coil and capa01tor repeatedly exchange energy, causing an
d(;scﬂlatlon or nngmg at the re resonant frequency.
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An SSB transmission contains 10 KW, This transmission is to be replaced by a standard amplitude-
modulated signal with the same power content. Determine the power content of the carrier and each of
the sidebands when the percent modulation is 80%.

SQLITTION

Given: Py = 10kW ><
M=8%% m=080

Findd P, Pw Py

Since the total powe: content of the new AM signal is to be the same as the total power content of the SSB
signal,

Pr=Pyn=10kW

Sobving for power containzd at the carrier frequency,

i Pr=P.+Pia+Pyss

(0.8 P, . (0.8*P,
4 4
0.642,

2
-

= }.32P,
}0,000 "5

‘e

10,000 = P, +

=P+

1.32
P.=T513.76 W .

sidehands iz zoual to the difference belwesn the total power and the carmies powes

Poy=Pr—P,
The power conient of the upper and the lower sidebands is equal.
Pysp + Pys = 10,000 — 7575.76
- = UU2%4
2424.24
2
L. m212W

Pysp = Pysa =

Thus, P.=7575.76W
P[,sn = Pm = 1212.I2W
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Figure 3.3 Amplitude modulation

fa M

(A2
3.4 Modulators for DSB-SC &SSB SC
3.4.1 AM-DSB-SC Modulators
i) Balanced Modulator (> ~*' O+ b

[

L/:R—’) \,fb‘ £, g}Lv P Ly“{-—/‘ ) Lo \s
Also known L3S ‘Bala e Mixer’, ‘Product Modulator and ‘Product

Iﬁector’ U%Sxtensnfely mﬁﬁﬁnsmlt afid receive for AM FM
and many of digital modulation scheme. A balanced modulator

generﬁ'L tes a DSB-SC 51gnal
"/)\Dj\ /— W}—‘b c‘)(_,,l Lo S /L‘( (
The iipats to a balanced modulator are the carrier and a modulating

signal. as shown below :

b i
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@/ P Taw block diyram oF Ra\awnceh Mok edor =l
GeneyohoV DSB—sc SR —sC 7

o))

" \Figure 3.4: Balanced modyplator block diagram
| gé/“ el RS Hodh oL DR gioerat
q bt

\
O

¢ UM oG 56 53N el
¢ Nt

The output of a balanced moduiator is ¢

e Qoo =0
idebands. The balanced modulator suppress the carr

~ . e —=n O ;
ine sum and differences frequency at the output.
o

. > o L
.. 1wotypes of Balanced Modulator will be introduced below :
-~ - =4 . -
L }} P /-9/)\ 4\))'—"

, _
ii. BALANCE RING MODULATO_I/

Balance ring modulator is a modulator that uses tubes or diodes

to suppress the carrier signal while providing double-sideband cutput.
As in figure below :
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g /-
Modulating g E Vs L\ '1/ g E Ohrtnid
signal 1Input ==t = N\ e signal -5
el 1 % P % % s
iy _.._A‘._,._._(,_..,_.___DXL \,3# e
b, .
O 2 e
7 ~  Carrier

input
( z? . ~ {a) 5,
b e C)-;V a‘/ = S0
Figure 3.57 Balanced ring modulator circuit diagz=*
r \ [=
=0 P A O~ \

\
Circuit operation: é \)/Q

® With the carrier polaﬁty as shown in Figure 6-5b, diode DI and
D2 are forward biased and on, while diode D3 and Dé} are reverse
biased and off.

® When the polarity of the carrier reverse, as shown in Figure 6-5c,
diode D1 and D2 are reverse biased and off, while diode D3 and
D4 are forward biased and on.

- ® Carvier current flows from its snurce to the center taps on T1 and
e T2.

® Thus, their magnetic field cancel in the secondary windings of the
transformer and the carrier is suppressed.

® The output from balance modulator consist of RF pulse

i
\ 0

’ \ \
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L e ?&v—-——u&h—{:‘«-—a—,—- —— . =—-l;l & i wrs2eo
D" e E\

*Oon"
R

Outmgt signal
‘modulating

signal’®

s - - » -
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input
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Modulating
signal input

o Output signal
"maodutating
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i

i

.......--::. - + :‘...- ST |
Carrier

input

75”?/4»*’@( IRXEEY

ure 3.6 operation funciion of ring modulator
. R A AR
y Jy-\)ﬂ — VJ

e P Y AR TR Y e AR T ¢
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i. cowan modulator
3 - Cown Moy \ QAAQQ.‘(
A typical contiguration of diode—bridge modulator 1s shown below

D, ﬁ/'ﬁ D, 3
+ v ) Bandpass
wE} {, - ; e - (1) fiiter w0 WP o se (1)
L, i D, Lf
]

Acos e f
igure 3.7: block diagram of Cowan modulator

QNGZh AD) Rl

BN NA .
OFERATION o je°

® Diode bridge modulator driven by sinusoid A coswct to produce
the switching action.

® Diodes D1, D2, and D3, D4 are matched pair.

® When the signal A cosoct is of a polarity that will make terminal
¢ positive (+) with respect to d, all the diodes conduct.

® Because D1 and D2 are matched, terminal a and b have the same
potential and are effectively shorted.

-® During the next half-cycle, terminal d is (+ve) with respect to ¢ and
all 4 diodes open, thus opening terminal a and b. g
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ey 4 ] 3 ‘ﬂ ™ 1 A o g
# The diode bridge serves as 2 desired electronic switch, where the
Lo 5] B e sl B L el
terminal 2 2nd b open and closed periodically, with the carrie

o)
ire _LD._,J‘ "

terminal cd

»
o~
(5
o
&
2
{2

A U = = 3331
?\iui WITDIL & Al

2

<
e
Jumesd

i the

U)

‘hing on and off, of m(t) repeats for each cycle:

carrier, r%uiz g in the sw.ii;cnea signai mft) , which When

bandpass §

And below the

filtered, yields :

waveforms for a) message b) diode switching ¢) input to

BPF, then d) output DSB=5C

a) A

N 1111111 1T

- a— &
= mi{s) ¢
e ——, —m{1) cos
/._ ~a d) e o 1
Bandpass
filter

Figure 3.8: waveform of DSB-SC
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A typical configuration of diode—bridge modulator 1s shown below

Bandpaas

miey { et} | W | ) e )

/% -
i AAR05 & '
‘ 3 ks o
Figure 3.7: block diagram of Cowan modulator SEGLd Ay et

DI e e '
OPERATION o )2

® Diode bridge modulator driven by sinusoid A cosoct to produce
the switching action.

® Diodes D1, D2, and D3, D4 are matched pair.

® When the signal A eosmct is of a polarity that will make terminal
¢ positive (+) with respect to d, all the diodes conduct.

® Because D1 and D2 are matched, terminal a and b have the same
potential and are effectively shorted.

-®  During the next half-cycle, terminal d is (+ve) with respect to ¢ and
all 4 diodes open, thus opening terminal a and b.

LR
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To ohtain the sional m/f) cos not , nlace terminal ab in series to

R Tkt SIS5 ST “

be known as series bridge diode modulator.

This switching on and off, of m() repeats for each cycles of the

ling
carrier, resulting in the swiiched signal mft) , which when
bandpass filtered, yields :
L2 )
V,=1 " .,.‘l) cosat

And below the waveforms for aj message b) diode switching ¢) input to

BPF,

c)

then d) output DSB=SC

AN

R

HTHTHETHE

] I”“] i)

=
/"‘\\ d) = m{1} cos [T

Bandpass

f
‘ filter

Figure 3.8: waveform of DSB-SC

36




D(’ ANG;L:I ’E =
3.4.2 AM-SSB Modulators

1. The Filter Method = ' 2 _p

The filter method is the simplest and most widely used method of
generating SSB signals. The modulating signal is applied to the audio
amplifier. The amplifier’s output is fed to one input of a balanced
modulator.

A crystal oscillator provides the carrier signal which is also applied to
the balanced modulator.The output of the balanced modulator is a
double-sideband (DSB) signal.

An SSB signal is produced by passing the DSB signal through a highly
selective bandpass filter.

With the filter method, it is necessary to select either the upper or the
lower side as show in Figure 5 An SSB transmitter using the filter
method.

Y g Peemema

) ¥
ATV

.....

.

Figure 3.9 SSB transmittef using the filter method.
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Tne phasing method ol 5S35 generation uses a phase-shilt technigue ihat canuses
one of the sidebands t6 be canceled out

julators which eliminate the car

ced modulator along with the

[

carrier oscillator is applied to th
woduiating signal.

T °

1 =

The carrier and modulating sienals are both shifted in phase by 90 degrees and
= & o)

applied o another balanced modulator.
Phase-shifting causes nne sideband to be canceled out when the two modulator

outputs are added togetner.
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o) ’ 4
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Vo I 45T 2 1
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N N Figure 3.10 : SSB generator using the phasing method
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