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LMOD'\JLATION and J)EMQDULATZCJM 5

i 'I.n*m:::duc. \-\or\;

In 2adio \-Kansm,ss‘or\ ik is ﬁQ.Q.Q.ES axy to send

_audm S\gnal Le.-_:, mu..‘inc s.!pe_e_c_h‘, Horr) Q b\cna.ci..

casting 5‘;thh over gxeak d.\s.\—qnc.es 'ro q ‘ucﬁ'_c_c*,n

Ve’Z, This communicalion of audio 5\900.] P not

employ any wixe and ig calned Wive\ess. Th?- audio

S\Bﬁﬁ.\' cannot be sent dm.e.c\-hj o\JQ/}: ‘r‘ne_ m?_ R'rat ‘-‘*‘PP“

ﬁ.ec\c.\:\e dﬁ‘raﬁc.e. Even i§ Yhe nud\o &xaﬁm i con-

vexted into cleckyical sianal, \n.\}m: cqnnut be 5&01:

| vexy fax wWithouk employing \ayge amount d‘f,pcwe.‘{

| The enexgy of a wave is diaectkly PYOPD“)HG'T&QJ Yo iig

fxequenwy. At audio {xequencies ( 26 Hz Yo 26 kHz.?

the signal powe is.quile small and 2adiabon s

5, <

Mok pyacticable, -

The Yadiakien of eleckxical enexayy 1S pyvackeq-~

ble only at high fyequencies 2.9. above 20kHz K The

high fxequency signals can be sent +housands af

mMmiles, eved wikh compaxakrively small poweR. The -

refore, if audio signal is Yo be Fransm™milted Pxop-

|exly some mMeans mMust be devised which will

Pexwit Fxansmission Yo occcu? al high fxrquendes

while i} simalfaneously allow the caxxying of audio

[ sianal. This is achieved by supeximpoesing leclyica

| audio signa on high fxequency caxxiex, The vesult.

lant waves ase known as modulgled waves o2

Aadio u:)a\ft:& O.nd l-he. Pﬁmc_e%S 15 r:.qned Modu\qhor)

uudalIlicu vwiuil vd



& I?Modulati oN

A hiah fxequency caxxiez wave is used to

— e ——

1I

caxxy Hhe audio signod. The ‘\Hta\-roh (w-:;

how the audio signat shouwld be “added” o the

caxxenr wave., 'he 5c\u\-\on lieg 'm c,hcxﬁcg,nc 5

1chqvqc.\-e.\n5hc.6 of caxxier wave iNH Accovdance

| wWith Yhe susnod Undex such condu\-.oﬁ% Fhe

‘audvo signal JETT be contained in rhe \re.su\l,(,m

S wave This pxoqcss 'S c:cme:el m::dumhcn and

| mo.\j be de Fined as uncdcex:

“The bxocess of changing some chavache

lisHe ( eq.amplitude, fxequency ok phase) of g

| ¥ . ‘|
yccvwiezz wave N accovdance with Yhe intensity

of;_ 'he signad is known as modmal—acr}

s “'|.l

exX -~

ModulalieD m™eans to chahc_-,e. =+ m::dq_

5'la.\-{eh' seme ehasxackexiskicecs aq. caxxren wave
1

-

is changed in accoYdance with the Inlkensity

[(1e amplitude ) of Hhe sianal), The xeswiyant

: wave (s called Mmodulalked wave 22 “adio

,L..,_)Q\.-e, and confkaing the audio signal. Thexelfove,

i
|
4
|
|
1

odulalkion pexwmits the Yvansmission Yo o<

cay |

'at hiah frxequeney while i+ simuwlreneously

il
I

allows +the caxxying ef Yhe audio signeal,
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Need Foz Modulalon, P L.
| Modulﬂhoﬁ is Q’x‘.*‘tema\\j necessavy in commuﬁnCQF
- hot\ 94stem due to the F—c(towlﬁg ‘Leasons:
g Y LT Pxacticad antenna length
o 10 ovdeR to fxansmit a woave e.%edrwchj Fhe
fi leng‘rh of Hm: \-\rqnsmm—.ng qn\-ennq showld ke app-
s Il wox.ma\-:\ﬂ Equod \-o l.-he. quelengk-h ot Lhe. wave.
_l""""_-__. i T o . % {
Now_,__ wavelengkhy = _VC\M'H T
H—”ﬂ-.:  Fyequenty Sxequency (Hb-
g J AS \'\:\e Guc\u;i'-"te.quenc.n e.sﬁa.anqe, f—‘(oﬂ) 20 Hz Yo
— |0 \<-H'r-, \-heae&‘—o'}.e it Hhey ave Yvansmitred diveck-
s H 4o space L—he, length of the YFransmitking ant -
ennao. wouwld be ex%veme\g \axge. To ¥adiale &
i frequency of . 20, kHz diveckHy into space ,we wou-
l1a need an antenna of lengkh 2 %10 ®faze ke = 1599
mekexs . This (1S Yoo long.antenna to be constxuch-
ed pxackcally, Foz ‘bis 2eason, ikvs impyvachca-
| o\e lo wodiake audio signal dixeckly inko space.
o6 Yhe othe2 hand, if a cavxie2 wave say of Looo
-, [kWz is used +o ca2ry the Sianal, we need an ant.
lenna of \englkh 300 medex¥s *his Size can be eadi-
—_— -
— vy consAxuctes.
= .2 (Ty Ooperakring 1ange
e 1 The ene2ay of a wave depends upon its fxeq-
- ||4ency  The ax¥eater the Fyequenty o} ‘he wave,
~2_ [ the aveaked the enexgy possessed by it As the
audio signad 'Heque.nc.ue.s axe small, Lhe\re,&'-a‘xe,
| -
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these ccmrmt be, %-Vaﬁsm\l-l-e.d ovey 5Q‘<c3e_d

-

ances if yadialed direcily inko space. The ¢ u\u g

Ipxackiced solukion is fo Mmodulatbe a hna‘\ [

-

u.eh(y caxr2ie? wave with audio signay QM ~

| peamit the ‘\'YQﬁ%MISSiOﬁ bo.occu2 ak ng

. '(\\fah :—Yﬁc\h\eﬁcﬂ

(I) Wizeless Communicakan -—

F '

The dedi2able featuxe of 2adjo Jrvqr\sm

SSwoN 'S hat i+ showd ke CQYYled b-h’&-'t\okq- Y

—_—

wixes Ae 2adiated inko space. At aud; 1

10 fveq.
uencies, 2adialon is pet prach eable becqusy |

the ebficiency of 'io.drahor)- is-poct HW

le.Ff,’-\c.se_h-t 2adiakieon o electvricar enetam;

|ible ak high fxequencies. ( » 2o kHz) Fox thig |

_——-——_.__‘=

————q

- .]Jlec;son Mmodu\alion is aware Jdsne in COMMAL - |

nicabon system: - i o

- -—.-—r'rl' wr=ryrrroyi| s 5 I‘il."..'r
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ap':'rypes of Modulahan )

} Modwlavion is \-he. \woc.ess 0F changing
lt:\m\b\\\'ktclﬁ. 0% ?Qe,que.m,gf ot phase ofa car2ier

i’mqve in C\CCOY:\QHCE wikh the intensity of the

| signad . Acwﬁc‘m‘a\u theae a2e thxee basic byp-

£ 1,@9 oﬁ MOdeQ\—;oh Namely -

r———" e

m’l Amplitude Moduwabion (AM)

. gl'I)‘: Faze.que.ﬁt.j l*_':\_;:l_t,da\—son QFM)
-Kmﬁ Phr.\':‘:_e_. _Mo_dt.d&\-noh ¢ ij

In }.nd\o. amp\.*u.de Mmodwalion is used in

a‘:.adm b*soaacas\-\ng Recoeve, in felevision
-{-vqhsm\smoﬁ, Qveq_uequ_«j modwalen is Used
for sound sighal and amplitude modwakien is

foa Picku2e sigpal -
AL

|
!

o

|

S T———a e

f

Amp\i} Lk_a\e ~Modulatrion ( A M)’
When the amplitude of high frequenty caxx-
e2 wave 1S changed in accovxdance wikth the

|

intensity of the signal, ik is called amplifrude

iMmodulaken,.

;l in Qm\s\;.\-udﬁ Modu\a‘n‘m‘)-: only the am\}\i\'-\-lde.

of the caxxie2 wave is changed In accoxdance
with the intensity of rhe signad Howevel) Fthe
| ;quugﬂcy of the Modwated wave 2emainsg

j‘H‘\E:. same l.e casxie g-‘c-e_C\ue_nL:L The ‘Ot'\bW‘Fis._
Il shows ‘he principle of amplitude modulahisn
: {:U& L1 shows the cxu.dto e.'uec_%mccu Signal, wht’ﬂ:.—
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A8 Fig 1.2 shows a cavviel wave ot <onstany
\ -
amplitude. Fig 1.3 ahows the amplitude may,

ateal ( AM) wwave.

Fra. 1.4 Signal toave

H% L 3 AM wowe.

— ——

— ——— -

B s > - B

The; Qﬁ‘\\hl\\-udesef ho\-'r'\ posd—we and ﬂt-’-},Q\‘-Nn_ na[f—

e e— —e

r;x.,c\e.s a‘; caxyiez wave ale c.ha.naccl In accovda-

o nee L with ‘the saghm\ AMph\-uclc. modula\—.cn is d"ne;

T‘ng E-o\!nu.nnc_-, pulh\‘s ase \-g 'be_ Noted in an

cxmph \-u.d e moclulation

i) T‘m: nﬂ‘:ph\-u.de. of the ca¥xiea wave Ch&n-

3=s C\CCOleﬁﬂ Fo the 'h\‘tﬁﬁi‘l\“ﬂ of bhe Signal.

i) The qmph\-udc vasiakrions of the cqwrxiex

VVCUIITICU yvilll \Ja



wave 1S at the Sm_mcd Q\ce_que—ﬁt—y \15

Cili) The frxequency of ‘he Qmp\'\\-ude_ modula -

ency-forax. o .

—

Modulation Facko. -

. _An.important considezation in amplitude modu-

RSN

lakion is to descxibe Whe depih of modulabon Le

Ahe- exlkemt bo UQ‘T“C-\'\ H'\Q, amplirude of Cavvier

1 wave:is changed by the Sighak This IS, descxib -

ed bj a fackot: - called meodulaHen Fackor which

qu_l, e defined as

The fh.o.\-\o of c.lncxn?,e of amP\ \-ude. of Caxviex

wowe ‘o Hne. nmpt. rude o,{: notmcd caxxich wave

i

15 ccmed the. modu\ahoh S'-o.c.%ot o te

odu\a\—\ o Sackor

g Amp\q\ude c.hahge oﬁf\cqtmgQ wave

: © No¥mal caxxier amplitude { unmoduwiated)

The vatlue of moduation factor depends »pon

the lep\"\-t.ide.s\_,aﬁ_ caxxie2 ond signad,

m_é‘_‘*—mmcau\d‘%{.aﬁ"&qc&-oi"*"rs---v exy impoxiant

since & dﬁ\»cimigg_ﬁ-h\l-bg, .S-\Ycﬁ‘i'.’éh and quality of

the Avansmitied Signal, \dhen Yhe cavyied i med -~

ulaked fo small degxee rhen Axans™ijled signal is

not vexy sizeny 3 T S 1 T o Aislaxan will occud

duxing aecephion The AM wavelox™ is cvipped

| the envelope s AiscanHd AS

uouns , Theye fexe odeg¥ee

———

4 nevea exceed Loek, -

of modulabien show .
| ————STATIITETI L d



| I'If._ ol r ]
re—

#|Expvession Fok AM Voltage (o —
A Ccaxxies wa\;c mMmay ke ‘ZLE.PYQSEQLQd 103
|” €s: = F'_ Cog Wt

‘where e, = \nstanteneous voitage

L s e

—

?? Cq\n

'5 | E. = amplitude o0f cavien

UJ.-_-_ - 1“‘?("_

(1.--,

—

] Ty

- qngu.&q*ﬁ_ Velociky a} coxxien ?qur.“;
| ey fe,
|16 AM, the amplitude E. of the cqimez wWaye
LS uamed N accovdance uml—h he ;_nh:ns.

Pl .

-

l‘r‘j a
L the Signal as shawd io balow F\%. - £ : 1
; 1 " - |
| | ~ : Y
w f . " |
| DN - e
s | £ .= L .
“y & | J E%:
Signad ~ Y cavsies - |
| " ]
~. ,]/r S LPE ]

| ST

[

! \ 7””“{ A X
| AM WAVE
!‘ ; F\% i

' subpose the modulakion tackod is m 14 means

| that signa pPxoduces a maximum change of
|ME, in the caveien amplitude. - obviously, the
ﬂqm‘:h&-_gd_g_ ﬂ‘f’- 5\31‘\0..\ 15 mE Thcrf_ﬁ'-c.t-e, H'se, ‘Stanﬂ-‘

uuvdallliIcu VWil vd



el

whEQe e—g

s
—F

can be ie‘&éesen‘;ed by -

Erg i ME Ccosg Wg t

lhsk-cxra\-e.ne_ous \m\‘raﬁac o} signal

-
—_—

-

o Ee = Qmph'\-uda of signod

L

g = 'J-H{-S anguwla velocity ok signaod

LaequenNty fe
The nmp\&ude of \he cor2ien woave Joxies ot

|

— 2 lsiansd frequency fe. Theqe‘i-ofs.e the &mmr‘r%ﬁi& of
— [AM wave is Aiven by
%"'__—!-AMP\;\.ude, of AM wave = E. + MEe Cos Wt ;
== . = Be (LL¥*™cos3Wet )
|l the instanteneous veltaqe of AM wave IS
- | 2= Amplitede X oS Wt
] | = Be (L& ™MCLIWegt ) oSt
T g = B c08Wctr + ME €S Wet .Cos Wt
I LB ocogw Fo i B [0 codwet, cosw )
g B S T T
| . E_cosort (TES Tosa(w kW)t 4
= < 23 '
1 COSLwc—wS)t ]
o -~ B cog Wi ™MES cos (_LA.JC'-I- Lﬁg_)‘t_
e C [ A _1-
,\H—_ = m_‘_E': cos (W, ~We )t
B3 g =
B e o

The f—o\‘.ou:nﬁcj Pmn\—s may be novred fxem the
%\———__i above equakien of amplituae modu\q"'@fiﬂ:‘:—i‘__f
B |

VVUUIITICWU Yvilll vﬂ



¢l) The At wave is eqmvméﬂ‘h to i-'ne. :ummqg_mq

\-Lkde_ E and frequenty 'Fc_, Mhe Sﬁcei_n_fi hqvm?l
C\I“i;\\'b\\\-udc: mEc/Q_ and ?vequent.y . {ZC 4 ;;_g ) e
the Mhixd having amplhitude mE./, and {’.«(ec'wm
C-\.'J (Fc—ps ¢ s o

e ————————

| (1) The AM wave contains three frequencies et

L PQJ fert FS ancl ’;c,-g‘c_-, The Sixst j;qub\ﬁﬁt‘j ss
the caxxvie2 Fvﬁqucnoj Thus 'Yhe Process of eﬁ

madulaien doed Not c.harsae. the omgmoq Coxe.

e fxequenty buk PYoduces ‘wo mew E-Ve_q,,

luencies ¢ £ + $g) and. € fe= (s ) which axe
|called) sidebana Sxequencies.

of three sinuse \Sal waves ;cone having qmp\\ ~

Ciit) The sum of caxxiea TXRQUENLY and signa) fve-

| QUenty Lo (fe+fs) is called uppex sidebang

| SEYe,que.hL\j_ . The lowen Sideband fxequen Ly is

' fe - Fg 22 the QiStexence bekwean cQRA2ie)
and S\anal K—requﬁﬁcf_ﬁg




erquencg Spechxum of AM wave -

—_——— W . ?

' '| (Eide—b‘lﬂc\ Fxequencies in AM waves) |
’/‘J’-‘—_—"; o I ——— — :

- I

The below Fig, L shows tbe @quucnt.j Spac}rwﬁ'}

; /""’_T‘— e = e =

/""‘—’

I

o'; an amplirude modulated wave

A

/fjr o P e s

’/_JL,—-— _ - // U_pPeQ :nc.lt: c:.ﬂﬁ_! 2

e Lo _ .
X ——fr / e ~ Y
R T :
#7 t-— =
ol o W Ty i % —
Feghe e % F-fe hoe devh f

Fig. E -

The frequenty components in Yhe AM wave axe show-

) bj-i.[_e:k’ric\e. lines The height of e,q_c.l-\ vexticle line is

. equal fo the amplitude of the components present

1n ’J.eiq\i“o Ayangsmission caxxie2 fxequentcy be i€

many fimes gxeate than signal fxequenwy f¢ Hexe

the sideband frxequenties ax¥e genexallny close to the

caxxie? fxequenty, 1t may be seen Fhalk a caxxie2

| Frequenty modulaled by a single fyequenty is eq-

wivadent 4o thxee simwlaneasus signals , the caxxi-

e2 itself and two othe2 sieady fxequencies 4-<.

‘Ff_+F5 and #c’;s_._

= I - e ————————
- e ———— e S ——————

DUAIITIGU VVIUI Ua



Lfowﬂ.‘z N AMwave

The pswen dgsipated In any "—‘t"‘“\' \% a E:LPJ

- —— e — —— .- e —

C-‘non of the sauaxe of Voltage and the e.ﬁpc:\
_ “-'n
a.es19\-c.nc_e o; the e Y Ef\u.a\-.om of. ,qm wa

\
PR, /e

h.e;ven.\s \-\na.!r W has ¥nvee compohm\—g 6% qmi

+ucle E ME /,,_ c.no\ mEq;g ) (‘_\cq\dg pouum at

= = [Ifs o

TPt must be distvibuted among hese COmM Pona )y

- ( EC)L
— \I_i. .

I

: | = %
| Tola) PoweR \n S\Jcbuhé.s_ P = K 22 j_

| L) " 1
I n o - B

| sxnon B A% M E A
ll. = _d-_l_ t‘R . L] R

_ 5 5 o2 S B

!i Ps S = i Ee

| BRE | -n- FR

| i 1

i is 4R

|

| Tota) Powen € Am w Ve

!l P’T L= P ax P

!i = EC. R T"') Ec_

I S he

I'

21

o | E
H S e [L—l—m ]
! Q—P\.
e — s
OVLCAUAIITIGWU




'4_ |
e e o ;
‘ »:—-—*. || = Ec - Lt ml o
T L e 2R L =
i -/’/_'T_F—l-;;:l—ioﬁ of tota) Powe caxxied lo& sideband is
| " e .
’/—— - Ps» i ™ E:" /!.*P\ s W
/ - P‘T Ec.q- I Q.+rﬁq']__ fots
- | “f""';L -
- ‘ 2 {2 " 1 .
R — S
! : s
fo——] 2 T
: : I PS g i WY K -
| P’T 2L ml
I We kpow Mot
sl . . . T
P::. S and P e
| 2R - . 4R
: = o
) i N T o MmEe /ap o
a2 .
= S R T ER PQ ‘&:EC /Q_P'—‘ -
i _
S 45 Ps ARl 1-“1-
i =
| P SR
\ S R T
S | The abeve equakien s“w-c_s +the se\akion between
~__ | tota) sideband powed (Ps) and cawvied powed(f)
| -
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_““”“ - —_——

WWhen e K.ye,qu@.ﬁtkj of c.a.w:\neQ Wave 15 Q_umn

* Fuqqo.ncg Modulation (FM) [ 7

|9ed in accoxcdance wikh the \ﬁ‘r:ﬁ'sulr\j of H\c‘%‘ﬁ

|no...l 15 calved as hfequerm\j nﬁodu\a\-mr} (FM) 3

1n l;ygquan.j y svodulalion , OD\y Yhe S;\‘.E,_,:,‘q

Ny o¥ 3|-'h'E. co.wc*ne_q UJQ'\JQ \S E.\"\thecl H‘) D‘Qcﬁ\&l

'|<1hc_t: with the siaeal . Roweved, the Qmphmd
?

6f the modulated wave 2emaips the sqme;4
e,

I
!tl{cqq_me_r)_ wave amplitude. The ﬁ-“re.que,nt-g \;qxflqh

— e

| ¥ons of caxvied wave depend wpon bhe msl-qrgr

F eneonus amph}-uc}e_ Oﬁ I—hﬁ S;anc\_} asg Sh{pmr\_, Ir\)"“‘"ﬁ

] bE\DUJ' F\%. 1 Ve . / ' T

| . F i |
B \ 7 o TR

I NS 1111111

2 B B i e =5

Signad waver, cavvien wave

| rr-"-r-u Ny A

o

| ___uh U,L La‘._,..i_ L-*

by
B 153 ¢ D-EFG

r-".n 4-
=Te T
FM Wone [

Inhen *he Signal-voltage is zexs as at P
/
E and G, the caxviex fxequenwyy is unchanged

l
|
! .

' Idhen the signal appxoaches ifs pesitive peaks

as o.t E_', and 'F _\-"‘ne. c.mnrmx- J;teque_nc.y 15 mcxe.-

T_"':If‘

WVOVCUIITICWU YVYILLL W



i. i ”"— \ e
L lased Yo Maximum as shown by the closely spac- d
F I
|~ [led cyctles. Hou:e,wea. AUXING Yne nega\fwe peaks
L --/ﬂofl s\gnal ag Odr D, ¥he caxxiex Q—*(e_que_m_\j e xe-
) -""#ﬂauued o Mminimum as showd by Fhe widely
— | spaced. &Ncles,
; ’f—-‘:ﬂ | 3 ; !
[ s EM-Desvialian 3o kHz
r f__”_#_______.r:\-r‘ f\\F‘!‘-ﬂ'-q- ..f“\..'.'.'?\-.'__-l\._.._\'_a"'.'\_f"-_
| ] <«—— Caxxier —
7 11 LI | . Centye
gl | ) L 4 G Uy Fxequence,
.-—'-"____ n L
' '+ fog i AdE s Fdfes A0 00 |
‘F-H‘Z. k‘r\q k"’l?, kH’Z \:_'Hq_
\:{%Q_ F ™M Siana)) £ i s tananl

Fia:2 Shows the FM signal having caxvie? {xequ-

| ency fc_ =, Loo'winz . Fi‘;\ signal has conskant amplit-

ude bubvaxying fxequencies above and below the

caxyie? ﬂ-te.c\ue.hcj: e}/ . Loe k_\-\z-.. (f—c_) Foz his Yeqson

-f-c_ \s r;.q.lle_cl centxe ﬁ-‘xgqqg-h@j The_.mmgaz_o-;g chan-

e
e |
|
e ) | |
\\__dtvia’ricﬁ dcpenc\s u'ecn Mae amplitude of Hhe ﬂ“dn‘o-h
T
N

Jes AN the cavvie2 f¥equency axe produced by he

?qudiqs modulahNg signal The amounyt of change

_ N x"f‘eC\HCﬁC.‘;[ ;‘Tﬂm _;c = lon\CHz Yo g‘u{ﬁ(\\-’lf—ﬁ‘-—‘.‘l

[Modulaling sianal. The $xequency deviahen incve-

ases with the incrxease in the Mmoduwarng sigusd

land vice vexse, Thug the Peak audio Veliage @

| Pxeduce maximurg {vequency de‘*’l“\'l"“ Fxam

'y L x e A o -

e ———
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| ———————— =

!
\ D i
\

F\‘\ f).. xhe cenive ﬁ-\cc_qutﬁu; \e Loo\,mr\.i_ a.nd, \,\.“_

ilmnmrv\um E-\r&C{L;c_nL\j zAE\Hﬂ\\-*-.nf\ is 30 WMz, The

Fa\\onmt\a Pom\re. qbbuk hec\uent\j moau\qhan(pm

| quj be noted

- e e

(a) The $vaquanc~ﬂ a\t‘-\hﬂhﬂﬁ °T— Fer 51‘3n°~i dcpends j

fe— o mm e ——— ————ae— e

—_—

—

(b) The centve Plﬁqucnc\j IS l-he Fchucnw wl\-hou,{- y
_f m;;\:{qp\-:;r\ ?E.“Loh&h H«.e Moé\u\q\,-:{g _g,h;gq% in
- zexo,

(<) |

The_ aud\p ﬁ-&.C.C\UAQHC.\j (-l ‘L -\:ve.quer)cg of madud. ql-,

—

' 6g sighald ) does pet o\d-ta.mme Srequenuy elevi-

—_—

.Qhom

—_—

_{', Advaniages .

—

| The Following aze the advankagea of M ovey
| A™M - |

iy 1+ Qiveg neiseless secephion | Neise is

: [a Ffoxm of amplikude VaxiaWoans and @ €M 2ece-

'fE
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