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In 2adio Yxansmission ik is ﬂQ.QQ.SSQ*C\j \-o send

——

audio Sianal (eg. music, speech) fxom a b‘cocxcl-

caating S‘\'Q\'\OI\ oven 9gxeak d\\s‘rthes \—o Q Yﬁges

V&2 This tommunicalion of audio signal does Not

employ any wixe and ig calied mwe_\e.ss The_ Qud:o

signald cannot be senNt ehq.e,c\.-\;j o\le/?_ \-\me, od2 ?ot QPP-

2eciable distance, i'ver) \9 he Qud\o s,\c_mod 'S c,or).-

'vexife.d inYo electxical syanal,

\m}ex’. c.cmnot be se.nt

vexy fax withouk employing layge amount <f poweyx

| The enexgy of a wave is diaeckly pxopoxkional Yo it

fxequency, At audio fxequencies (206 Hz Yo 20 KkHz]

the Signad-powe2 s .quite small and 2adiaboen i

-

‘The Xaditakhien:-of eleckxsical enexay 1S pyvachea-

ble -only ot high fyxequencies 4. above 20lkHz K The

high fxequency signals can be sent rheusands of

miles, —even with compaxakrively small power. The -

aefore, if audio signal is fo b Frxangmilted Pxop-

exly some mMeans mMust be devised which wWill

Pexmik Yxansmission Yo occcu? al high fequendies

while if simalFantously allow the caxxying of aud;e

- . {

sianal, This s achieved by supeximposing &laclyica

audio siana on high fxequency caxxiex, The vesulb.

ant waves ase known as moduleled waves o3

radic waves and the pxodess is calld Modulahan,

Qcediiieu will udInoC
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% HModula'h oNn

A high fteqqeﬁc\j ccwv\ciz wave 1S us QCR,, ;._0

ll caxyy tHhe audvo s\anod The_ qutg\-,on q-f-f;u.,‘

‘how the audio signad showd be “added” }s the

caxxienr wave, he so\u\'\oh \\Q% in Cho\ﬁ'a‘nfj 56000

‘chayackexisHes ofF caxxier wave in dccox Aance

;Iw‘*_h e sianal. undex Such COﬁd\\‘tOﬁ% Fhe

Laudio Signal will be contained in The *(e_,u\xmm

}{L&quc, This pPxogess \S C.G\\\Qel modumhon and

"quj ke de fFined as undex:

| “The by¥ocess of changing some chaxac e

lishe (&9, amplitude, Frxequency ok phase) 'Dt

~3
}-cqueb_ wave N accoxdance with the m%-en:,.kg

oi‘i he Sigpal igs known as mociu\almof)

Modulakiod ™eans +o change’ 1n modu- |

4

4 laken seome chaxackexiskes of caxyiea wave |

SR, |

| is changed tn accov¥dance wikh the Intkensity |
(e amplitude ) of Hhe signal, The xesWirany

r wave (s called moadulaked wave o2 “Hadio

_— |

lwave and confaing the audio signal, Thexefove, |

|
|
1
|

Modulalien pexwits he Yransmission Yo occuy |

'at hiah fxequenty while ik simuwbreneously

q
——

1

lalows the caxxying of the audio signal

|

oUldIilieu will udlliov



Need Fo2 Modulation | Rl S
il Modulcﬂ-\oh is ex%\ccme\xj necessaxy in COMMiﬂICQ"
=, ho-’\ system due to the Following Jz.eo.sons
==l N Pxackicod antenna lmq\-hm R
. 0 mrde./:_ bo Wo\nsm.\- o wove e.{?ejg\;vc\j, Fhe |
"'f'ihlcna\-\n of \'\'\Q ansmd\-mg él-\k—ennc\ shouwld be abp-
—Sely v‘cs“;.;;;;ejﬁ equxcu \-o H-\e_ que\eng\—h of Fhe wave.
ﬁf'—_; ~_NOLO“,_:_, WQVQ\‘:OSFB :;VC—:—\QQ\'& L - ":':xlo% mekx ’
P 1 - Frequentyy fxeque ncj (m:.
- ] wﬁguagg-;;;;c_g;equeno QS“;ZT&;YQG Q—*zoN) 20 Hz ‘o
= 10 \;Htm_;;ézéi'—oﬁe it they axe yvansmitred divech-
___——L |~J \6'%_-;_;3;2:—6“*;[\_&, length of ‘he Yranswitking Qﬁ‘\'-—\
o enno wowd be exkremely la¥ge, Te vodiate o
i Lrequency of 'J.c;kHz divecky into space  we wok-
1a need an antenno. «f length (D x\o%/¢°x|53 — |gooo
mebexs . Thig is Yoo long. antenna Yo be constxuch-
ed pxackcally, Fo2 ¥his 2eas0h, itis impyachca-
| ble to vodiake audio sianal dixecky info space.
o6 Yhe othe2 Wnand, if a cavrxier wave say of Looo
_w | kWz is used ‘o ca2rry the Sianad, we need an ant.-
______ |enna of length 200 medex¥s, ¥nis Size can be asi-
—_— I\ consixucted.
n (Ty Operaking 2anqe
k| The ene2ay of a wave depends upon its fxeq-
- (|uencey  The qyeate the fxequenty of +he wave,
—~2 | the qvxealel the enexqgy possessed by i}. As the
|audio signad —Hec\uenclts Qve small, &-he\re.ﬂ'—oxfg

aedlilieud willl bdllléc
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| these ccmno’c be -\-Yaﬁsm\\-l-ﬁd ovey Scwcje digt

. IGr\ceS if yadialked diaectly into space lhe_ 0\\

hpxac\—\ceu solukion is o Modulakre a high oo

| -

| Uency carrield wave with audio Siqnoy q"M ~

m.._'zw_..-.-.. =

peamit bHhe %yqnsw"‘ss\or; lo.occu2 al ‘r\ms 3

_ .V high Fxeaquenawy,

() lizeless Comm uniqq\—{or) —

o

; ! The aedi2able feakuxe of 2adio lryq,\Sm“ ~{

| 8Sien 13 Fhalt it showld be coxvied Withour

\

lwwes Ae o.adm'.—ec\ inYo space. Ax audio ?«:e.q

Luencies, 2adiakon is not pracieable becayse

the el ency of )k.ctdra'h‘c':r) = poo’e. Hm

_______‘___-;

‘e.gic-\c.;ent 2adiokion o eleckxical enexqy is Poss.)

ible ak high f{xequencies. ( » 2o0kHz) . pog:h—‘;__?

| -i‘)_e.QSOﬁ modu\akion is. AWAME done in CoMmMU- |
i nicakion SHSkeMri. AT R IS g ]
t ; ¥
1 $ = L
| ﬁ
| : |

| 1

| =

\

Qldilnieu wildl udinstC



- __r___—-u—-—'-'--

— — = —_—

**:T!pes of Modulation . |

Sttt eee—— e

'i Moc\ukc\\nqp S ‘he \P\{oce.‘as Of— ﬁhah%tﬁ‘ﬂ
!qm\.\\\\-ude_ 0% F,iae,qqe_nui 0% phase ofa ca22ieR
]

;;mcwe. in C\CQOYc\QﬁCe w\\—h the intensiky of the

s\gncd :‘\ ﬂco?_dmgt\j the2e a2e Fhxee bagic hyp-

e f

a9 of ""de\ﬂ\ﬂor\ namely -

e ey

_LIH An’\p_\\l\kkdf’- I"\odnda\-‘cﬁ CA™M)

et r—

| m)" F*‘“\L*Q'\C\J Moduwakbon (FmM)
km?w N‘C\Se- Modl_\,\&\-uoﬁ C Pm)

LLLLLLLL e e

In 1hc\\0~ am\a\.\-ude r\‘\odu.\a.hon 'S used in

radio bxoo\dcqs\-\ng Rewoeve?, in Yelevision

R "'""i

ﬂ-yansm\ss\on Q\:eque_nc.gj Mmodwalkon is Used
"Fo’). sownd signhal and Qmp\.\-ude moauwaklan 1's

foa. pPictu2e sigpald -

Amplilude -Modulation (AMY
When Yhe amplitude of high frequencty caxx)-

{ #*

e2 wave 1s changed in accovdance with the
inkensity of the signal, ik is called amplitude

Modulaken,
1n amplitude modulakion, only the amplitude

J— -

of the caxxie2 wave is changed In Accoxdance

wWith the iotensity of the signal Howeved Fhe
frequencty of the Modwatred wave 2emains

the same Le casxie2d [xequenty, The belsw Fig,
I shows the pyrinciple s§ amplitude modulalbion

~ || Fig. L1 shows the audio elecwica) Signal wheve-

dudileu wiul udinot




A3 Fig 1.2 shows a cavwien wave OF <onstanma
: 3

amplitude. Fig 1.3 showsd the amplitude mag,,

- ™

aleal (AM) wwave.

Frae Ly Signal wave Fra {.9

o
.

. f‘\% L 3 AMW‘\\'Q -

e S iip—— —— e e —

= S Py

The. o.m\:-l\\r}tde_soﬁ' boH\ positive cmd '\CLJQ.“IV\._ nalf-

Nce w\\h \ht StaﬁCL\ AmPh\-udc r'ﬁoclu\o.hon (s cl“ﬂ:

b\j an e\cc\*:ornc. cmcm} calledd modulatkay

The_ ﬁ-o\\om\ng Points axe bo be noted in an

C\mp\\ \—ud e moclu\cx\-uom

¢i) The amplu\-ud: of \-hc caxxien chwe € chan-

SQS o.ccord‘ng Fo the th\-cnsd-\_-j of bhe Signal.

Qi) The G.MP\:\-ULC\C vasiakions of the cawriex

Sudilneu will udinoC
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wave S at the Suar')cd Q-\ce.qu.e—f‘)‘by Crs

¢iil) The frequency of Yhe amplirude TR

ted wave 2emains the same 1.2 caxxied freau-

—

Modulation Fackoz.

-

. _Animportant considezaki

ofy in amplitude modu-

lation 12 Yo descxibe the depih of moadulabon te

Lthe exbent Yo whidh the ampliitude of cavviez

: @a;—y e s changed dby:-the Sighal. This is descxib-

ed bgﬁ a -gqc\‘c’i:.;c&l-\ed m'od\:\_\'a\'-fcsﬁ faclor which

Mq\-_\ e cxe.(i. ned as

g

'ﬁat "z.cx\no of c.ha.nge o$ qmp\ ;.ude of caxxiex

u)owe \-o \-'ne, qmp\ Fude of

notmcd cax¥icsh wave

r

;5 caued #he_ moclu\a.\—\or\ chcicot oA ‘e,

Modu\a.!n o \’-O.c\-o*:_

L7 TAmbBliluwde chcxnae oﬁﬁcq'w\efz wave

Nox¥mal Caxxier amplitude ( unmoduiated)

Vne: V‘ar\ue o.ﬁ m"o.d.u,\o.\-\cﬁ,

factor depends »pon

the vap\\\-udcs a# caxxie

and signad,

heimodulakion facko2 s vevg impoxtant

since & c!-ekc'zm;@gﬁt\}bg}s-\weh3¥h and quality of

the Axansmitted Signal, \Ahen the cax~xied 1S med-~

ulabed ‘o Small oegxee rhen Fxan

smijled signal is

NoY Vexy sizeny, 18- 7

distoxkian will eccu

dUucing ArecepHon The A™M waveioxm

is e\ pﬁc:\

| e enve\ope ig dAiscenHnuowns, Theye

S-cnce A eg‘\c ce

| of modulabien showd neve

5 exceed 108/ 7_’

scanney W"“ Eanioc
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A Ca.‘wxe’e. wave Mq\j e "J_E.PYESQQ\-Qd 10\1

f €. = E. COS Wt

—

(where €. = instanteneous voltage of

—

——

Cq\{\q‘ﬂ_
E. = amplitude of cavien _ )

- |

—
—_—

We = 21 e -

= angulaa Vemc\\—g Q‘\- Caxxien S:'-YQC,L{(_

Al

| Cy Fc.

1o A™M the amplitude EL 0f ihe ©a22je que 4
S uouued N accovdance wikh bne H)’qus‘

! Wryo l
L the signal as sheawd io below F\%_ . 93 $\J¢

-

| X —
/ 3

AN AT
_ + &

caxxieh

| .

TS G P e LeEe
i' ) , ! g < —_— .
| [ ST Y 3
i O §= —
I \ . L{

ST

e N N
AM WAVE.
-'i } : F‘\% i

| Suppose the modulakion factos is M, 1} Mm<ans

I | Fhat signa) pxoduces a Maximum change of

mEc in the cavxierz amplitude, o\nv;ous\j Hhe

—

Lamplitude ff._ i\gna..\ is mE. Thc“re_f—cn'e_ +he_ s.gned

DUE:IIIIIBU Wil udIioC
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can be ’J-P-P*resem‘rcd by -

p—

€s = ME. Cogwgt

heQe Qg, = mskam%e.ne.ous \JoWQQQ of signal

|

,m,E‘_ = o.mp\,\—u.de_ 0$ signad

Amplitude of AM wave =

L

Wg = 20{, = anguwaa velocity ot signad

LfaequenNty fg

Thie ™ plixude of ‘e can2ien wave Joaxies ot

‘5\‘3“&3 hec\ueﬁt‘f J;'s TheQe‘}oQ.e the .QM‘P\\ wde of

AM Wave 1S Aiven by .

EBe +MEcCOSWs L

The following PG‘D\'S may be noted

fxom khe

above eauakien of amplitude modulatea wave:

ﬁ/{# 3 . = Fe €L LAMcCoSWst )
Kf_‘:._u'F.Th“e. iﬁ%}&ﬁ}éﬁﬁous voeltagqe 08 AM wave 1S
| 2z ‘Amplitude X Cos Wet
T sy | = Be (L4 M3 Wet) cosoct
) 2N = Ec <03 wc_.t.— ,-*r)‘ MEC coes UJSJ(‘. .CO8 W, %
| " =R cos W MEe /5 dos Wt cosw £ )
- : = © .c _‘ \ a2 L

- E coscd i ™Ee oo (wy +w )+
) cos ((w,-wg)t
_4‘._‘_——‘———;

- E cogwiy o MEE cos (o .+ W Nt
= 12 = ‘ =
] + TF cas (Lo ~we)t
— | _'1 -
\
.

aidlilieud willl bdlllé%
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4! ~The At wave is equu\za\an-t %—o \-he ='~«\mmqlngq

B of Whree sinuseidal waves jone having Q““D\u

Fude E. and fxequenty fe , ¥e secend hq\,ma
amplitude ™Ec/, and Fxequenty (£, 4 ggh

the thixd having amplitude mEq/, and %Yex:]ue,)

<Y CFe-Fs) £ =
(i) The Am wave containg Hwee frequencies eu”

'Fc_, ‘Fc+ ‘:5 ana gc." g‘s The S;-lYS‘E 'Y'qub\e.ﬂ(.\j 1:.
the caxxie? Ffﬁqugmgnj TF\LAS "Mhe PYOQQSS @_g' —

medulalion does pet Qh&ﬁaﬁ the oxiqina cowe

jer £xequanty buk Produces twe new fxeq.

Thencies ( Fet+ Fs) and G fe=bsdaabinh axe.

called sideband Sxequencies.

Ciil), The sum of caxxiea FXRQuenty and signal fye~

|auenty e (Fe+fs) is caled uppex sidebang

_f¥eauendy, The lowes Sideband frequen Ly is

' e - §g 1:2 Ahe QiSlexence beklwean canr2ien

and swanad fxegquen ces -




o

|
{|

HFvequencg Spechyum of AM wwc

I CS\c\ebQﬁd F\cequenme% in AM wcwes)
4//_’-' ;

!

The below Fig. L shows ibe Qvaqumaj spamwm

/,T;-?gr\ ambplitude modulated wave |

1

&

AN

P == - e e —

- Lowesd S,’de_ ‘Qaﬁd

prcad

/ i L_J_P_P’%’Z-_ ke D_‘”‘J
e __/

//

]

Yo

5 Ff. %o Fetrbe
- F\% 1 B -

The Fvequency compone.n’rs in Yhe AM wave ayxe show-

n by vexkicle lines The height of each vexticle line is

equal 3_{-«:; the amplitude of khe components present

1n Ladio —\!qhsmi'ssi?c--n caxxier fxequencty Lo g

Mmany fimes gxeater than signal fxequenw f¢ Hexe

the sideband frxequenties aA¥e genexalny close Lo the

caxxie2 fxequenty. 1+ may be seen Fhak a caxxie2

frequenty modulaled by a single fyequentyy is eq-

wivalent 4o bhxee simwlanesus signals , the caxxi-

ez tsel'f and ftwo othe2 steady fxtquencres 1€

‘FC. +‘F5 and ’q‘c. "_‘S:g_

SldIleu willl L:i:llllOE



i_{’owe.'; N AM wave

The pawen dissipated In any cizauil 'S a ¢y,

C¥'|Of‘s O; \‘hC. co‘uq'\(c O?. VO\\‘QQC‘ Qﬁc,\ H‘\C Qggeq\n
\l
o.es‘slcanc,e o\: the civei E’\ua\rrof\ °$. F\M Wwave

[T L | .

reveals \-\'\q\- W\ hqs Mhree compomejﬂg O? —

R | il Pl

+L\c\e_ EQ’ MEQ/,L and '”’-F—clo.. Q\cqw\g Pouuco Ot

Pud‘ W\M"‘:'\' Ke c\‘s,'rhbl,\\-ed qmonc_v; \-‘ne,se, COM‘pm I
Aot be disynik C N

- n_"2.
T . R
:. K ‘-K
I n _ ™ E.:
P TapressT T raps
I e
;. P E:
l |
Il S LfR
I
I Tota) Powen ¢ Am wave
|
l] br.= P = Ps |
I ps e
:; = < + ™ E.c_
| 2L LR
a: 2 2
1 L E T L e
= 2 R ” __Q: - o

_—
didilnieud will udlillio




/l]_;— pio P .. MEQ /’-’P\ e W

P = Ee [ aemtq
Al 0 R e o 3 0B

?Z;cheﬁ of tot ?ouoe/z qu;‘;éd 'o\j s\deband 'S

o P B - [ Q_-\-Mq‘j___ e
gt B anrs =
=] 2 [aam o I
b — e
,—//—T ; o 1 S
' : ; PS ECIAR A -
== PT 2LaAm ‘ |
- e kphow Mot % -
(= — - B
P2 Be amgip s ™ME
- o LR Lo o oy LR
: ' ' y - I =~
iy \.;;‘_ ~ PS o™ Ee /11& .
ISR A T
Pa. FeiamEpe-
P 2
T i C _
O’E. \;.LL - L e [ e A N =
\\ P‘: — am_%(\ —— .
\._ k_ ] *‘ ; -
~—__ | The above equakicn gives the se\arion between
~__ || tota) sideband powear (P5) and cawvnied powe2 (f)

o ldlilieud willl udliioC
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F*eqs\o.ncg Modulation (FM) f_

— e

e e —==

When the frequency of caxviel WQ‘VQ = Q‘r\ .

lfjed In accoxadlance with the \f‘)lrcns\!r\j of H\Qgﬂ

rnod is caved Qs fxequency ﬁvodu.\q\—mg (Fmy Y

o &ye_qu:ntj modulalion 5 0Py the ¥quu

r\r_\j of Fhe caxxier wWave \S c.\wahgeo\ 10 qqc_ﬁ\w\

—

llqncc_ with the sianad . Roweved, the amp) “N"\C\
R

10§ the modulated wave 2emaoins the m4
L2

!llcqq_q_,,e_a_ wave amplitude. The frequency Vaxig.
-

‘Hons of caxxier wave o\cptnd WPon khe lﬁ?{_‘;ﬁ)rx

eneous amblitude of the Signald qm

“below \:\%1 S = =

|
|
|
|

=

| AZA\ ' E/ \07 ‘r--n-f‘*mr*

s ]f

—
S

{

|
_ - |
l ' et g Rl

%xgno.x waves, caxvier waave

>

o

r "‘-r‘\-r’\——-f‘\-—(-r_ﬂ.ﬂ'- j

-—_[--ub_u n..a_Ld_:'_u./__*' 4 .

E and &G, the caxxiex fxequenwy is unchanged

r
_L
et
| 5 C U E FE
i ' =t
| F ™ Wone L8
" Ihen the Ssignad-voltage is zexo as at A c
|
|
|

;Nhen Yhe signa) apprxoaches iks pPesitive beaks J

iq‘-’aﬁ—t @ and | _ljh'_& caxviex, ¥quueﬁ<.y is incre-

H— — S e

e me———a —_—

aedlilied widl udiiio’v



e —— eep——— mr—— T —— - ——— -_,,-,-,_:““ %1
ased Yo Mmaximum as shown by the clos |

P ed «ycles . Rowever, dUxing Yne negalive peaks
L =] of s\anal ag ok D, the caxxieX fxequenty is xe-
" [aduced fo mimimurmn as showd by Fhe widely
§ ”’} space.d qc\es,
i JE EM-Devialion 3o kHe
r /’______________ ,_(:\_rr-\r"r\ hfo,,,r\ .r:_\_"_'.vé\_;_\,_('.\_r-x._
, | F 1GR i oo X H=
ff"""_‘ I <«—— Caxxiyer —
3 ) 1 | ‘ ol Centxe
\q_,l L \ : {0 : V;EY&C{LAQQFL]{
fyordih RydE. s Rloe ‘ENT 0 \oo
kH~ e kH~z kH~2 W
Pl . TEMeSianal s il

1% Fia.2 Shows: ‘he FM signal ‘h}f&-y,_i-nc_g;caxr{eﬁ .Ex-z.qq—

| ency f. = Leoklz. F ™ Siahc_u has constant amplit-

| ude bub-vaxying fxequencies akove a nd oelew the

leavvier {xesuency. of  toskwz. (Fe) . For this ¥eason

Lo ta called cenkxe ngqqgﬁéﬁ_wﬁ,emw&g_{ chan-

Jes iN Mhe cavxier S¥equency axe pProduced by the

[audio: modulabkNg signad The amoun} of change
N Svequency frem Fo (= too kHz) o2 fyequenty

|deviakion depends Q?Oﬁ' Moe amphitude of Yre audio-

Aases with Ahe increase in the Mmoduarng sSighsl

land vice vexse, TAug the Pk audio volfagqe will

S|
)
T
S~ |
&Modu\q\ﬁna svanal, The Sxequency Aevialkon E“QYQ—r
\|
\

| Pxeduce maximurg {yvesuency e\e—‘“\l"'“‘é“- Fram

L}
|
IM e -

Qudileu will udIiiou
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|\\ UASTH I

F\‘\ L, \\\e cenive {vequenty \o Lc.c:\g\\-z_ qﬁe\ \\.\t

—

:fmax\m.um he.quc,nc_y o\e\um\-\of\ \5 30 k\ﬂ n,.;

Eol\onoms pom\-e. C\bbu_l' hequer\uj moc\u\c\han(pm

| mmj be noled
(a) The ?\rﬁquehw deviation °T— F o Slano..\ dcpends

on the qmpt.mdc. 6‘97 the modu\a‘nﬁ‘a S\sﬁod

|
|
|
|
|
!
|
i
|

(b) The centve Pl-e-qucncxj is H»e he.qucnw wakhoug-i‘

—

MOC\\)\\Q\'\OP\ 02 u)he.ﬁ 4—\-\6’. mOdu\q\-\ﬁg \;o\\.qae_ (s

—_—

FIexo,

(Q) i The audio {requency (—\ R -FYQQL,\QO(AJ of modui qJ,-,

I aYe S\gho..! ) c\oe.e. ot Q\C“'Q‘QM\ﬁe warc,que,nw elevy -

1

. Advantages K,

The Following aae the advantages of Em ovey

|
|
[AM - |

i iy 1+ 9ives noiseless Aeceplion . moise is

!I N [ ) .
la Foxm of amplitude VaviaHons and & g™ 2ece-

_ ?E‘wqg Wi\ 2e(eck such signadg

r
{1 - ¢iiy The opexaling 2ange is quile \avge
ity 1% gives high- {idelily 2eception.

(W) The efbiciencty o fvansmission 1o vexy
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