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JFET *-baiawced Mod%la,‘:av ':_ A

-
Ts o
N
|
ﬁ"ll[ § 7 s
ofp |
1
FET-2 . | |

Thts” modulotor consteks of '?nf)u(r travisfovmers T,anclé
T, an ou&pu\r -Evaws-?ovmew;;_ﬁa and dwo FETs.
Heve +he covrley sha'nal s aFF[n‘ed 4o cenbve %QFS‘DF
i’nPuE_ T ‘omc‘ oubpub Ts ‘{—b-(puah Laanstormer T

| The mod'ulafcf’vl\g _siﬂnal'?s aFPh‘eo] {:o inP_ml: Lyanstormel
T Th«? covries Vol?aﬂef 's applred”-ko £two -Iza7 aaies
i Fhase' wheve 08 mbdulqgfnﬂ Voll’aae. appears 180°
out of phase, ab the 80&69, stce they ave ok *he
DPFOS”’e ends 0f cenker JCQPPed fraustformer-

In the absence of ywodula{:?ng s-?anah*he FET‘
curtents due {0 covvie sfanal are -e%ual % omplfLUdc
but QPPoste P divectron and cancel each each other
Wesa[[—fng N o oul:Pu,{: of secondary b Transforwer

|

Mus cavvier s S&J.Pvesseé- ]

—_—- . B - s 7 T\ |
— e



When wodulating s&afv\ia-l--ité“fatb?\-fed- the FET |

!Cu*x'ren%s due ove ‘due {:o cavviey as well as Hwe_
i

modulating sn‘cdnal. The FET currents due bo came,
! ove e%uai_ and oFFogike ond cancel eachother. As

Emodula&fng Sf%wna\ fs applied 180° OLLL'_?'\?' Phdse ok the
; aa‘:e

» the FET currenbs ave equal buk ﬂoLoPPosid

Hence Jche)( do not cavicel each othe- Thevedove the
;ou,F: Pu’c fs  two sPide bands with su{nessed coTyiey

The supression of cavrier depends on Symmebay

o4 ctveutk  components .

|
Mathemabical” Exprésston Hor balanced modulator:—
The '{Vans;f‘e'v chm‘aclre'ﬁs{:fcs D{L FET (:IQN&,;,) bﬂﬁ
e Um0 Tos Ty avp by
Heve T, is WOX?_W_MW\_ ‘c"xfo?ﬂ'cuwenk wWhen Ve =0
O ond b e lcov\s(':awl.‘:s--‘

From dhte Tp= T4 OWNgs, + bygsy

Ty, = T, 4 “V‘F‘* b’stt
| o vor 40
As khe daotn curvenbs ove In 'oPPOSf(:e diveckion

curvent -%h'rou%h pivwary o cotl of Ts can Ee

- qven os Tp = T, -3,
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Hewe Vasl = LtV and .\133.2 = V- Va‘
To= alew) + b (LV,Vs )

We know thak v = clt) = Ac cosuxk
- N, = Wit = Awm CDSIWM‘L’

IP = 20. AM COGWM{: + tbA, Am COSWCE C,OSwm'l:_

| 20 A .coswg,t s W\essaﬂe s?a*na[

We-Wm s [ower sfde bayid:

Wa + ey 1S U.FPeﬂ side band - -

From +he (_xbo_\!e expression we can say ‘that +he

coYrley (s S(LP'T@SSed-

"sl)) | Produck v LE) low pass Vo (E)
_ | wodula bov —Fn lkey

| cth) ;
cos(amf b +¢)

local
osctllaboy.|

C(‘)he"re‘vxl? dékec{n‘()’n o-F DSBSC modulabted wave: =

- ®

= zaAm coswm{: +2b A,_Am[_cos wc wm)E+ Cos(w "HJJ")B
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|
|
!
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The wmodul a{_?ﬂ_ﬂt Tﬁfﬁ"ﬂ'a‘ wr(d)- s veco Vﬁ"(‘e&~ —FTo'm-:a |

' Dsese wWove s(t) | by multtplying s(¥) with aloQa“

: y
Jenerated sinusotdal wave and then passtng

'?-U'wouah o low pass Lrlter:

Fov fatbh ful vecovery Of message $?a,pq( i)

%Jch¢ output o4 {ocal OSCWOL{”.OT Should be

' cohevyent oY sﬂ*nch'ron?zed tn

Phase with covyfer

exackly
both —f'recbgc;ncﬂ and
wove clt) which ts used £p
gemerate’ S s wethod of demodiilobion &
| Cohe'“?“[' oY Sldnch'romt)s detectton. . .

f The OU_L-PU& ot Pxoduﬂ:- wiodulatoy  fs

chVen ag’
! YE) = s(4) Cos(zj_‘zcjc_t:@s) :

T AT conant gy ity

= = Ac COS¢VV\C‘E) b o %_- Ac COS([{:IT'?C‘[I +¢)m“7)
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5P8nai Wik s P'mpmhovxa[ Lo wit). TE :smaxwum:
when B=0 and wivitmom when @ =1Tlz - The zewo '
:d@modula.f:cd ngY\QJ. which occtirs when (= £Tif2 fs |
called %uddqa%uvé vull effeck

Becouse O‘F'Phase ervov @ Lhe gﬂeEébE’ov OuEPuE
s afbenuated by o dactoy cosg. T+ cosg bs |
constant the deleckor 'DuEPu‘: gives undiskorbed
wodulabtng- stgnal- Bub pyacttcally cosg s mok
EICO“S[?QV\{?‘ So 1o. walvtain +the focal osctllator
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wmodulatoy Frikey Demodulal-e'
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| — Votta ed | pPhase
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.._qu
Phase-shidber
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Product J low PaSS
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The coostas f ooP fs. ﬂo%aﬂg JDU«E ~the. 'ngeaetgﬂfe -@a_g@[ L"QCL
! SHSE‘em deS\gY\Ed .{:o m&“q imaaﬂ{’alﬂ ‘%he [OCO.“‘

- Oscillaoy Synchronous with cavrfer wave:
5 It consists ot two cohevent ondud: wodulakor
TS\LPP[n‘ed with sowe ?ﬂ[m& sf’a-nal “The local oscillaly,
is‘ﬁm‘ supplied to product wodulators ave 0% oubof
Phase - The “+vequenty 0o local osclllabos fs adjusted
- to be Sowme Qas coavylew —gveq,uenc\/ +.- The P'rodud

;modulaﬁov n the uppey Po&h 1s called' f0 PhaSe
' Cohexent deteckoy pq T.- chawnel-

.rs i fowey Pa‘rh s called "
deﬁecf:o'r 0y

‘Wheve as | which
q,uad'm,'cme Phase |

Q- channe!" The ouEPuEs o+ these Lwo

Channels gve given Lo phose descyiwiviatoy wh;ch

P[:e'x “‘ollowed bg o low Pass
lEeY) P’!Oduces 0 de COYIE?’O‘ S

" Phase* eqygq P s ‘de contro
__;cm"recE %bc Phase e;jmo'r fn

consfsts of o yylbt
| + fg'nal P'xoPmHonalh
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local osetllabor-
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[Iﬂ%voduc(:lo'n I |
| When the catifer fs amph-kude wodulabed byi

“ 5'“9 e sine woave, -the 'resullrmg ws:gnal CowSasl:s'
|

019 -H’)'ree ~fﬂ/eq/uenoes lhe-. Ofnamaf Ca'vfne'x and 'Ewo ,
|

stde bands (4.x4n). Tn mormgl AM Syskem oo th |
fi-lhe side bonds and carvier aA*re transmitted - Tis |
s known as bpsgrc. But we know thab the mem:
sfgnal doesmot convey "any tnformation - so we can :
:':sup'ress the cavifer and we get psBsc. '
As -Lhe two side bands Cawy Same mﬁovmaénonl
;-Hwe're s vo need to tvansmil both the side bands;
o convey tnformation . One; stde band way -be |
!Sumesseci The 'resullri’ng sfgnal fs sfwgfe stde Eand'

tknowﬂ 0s smgle stde band suP'ressed carifey- (sse)

i

De-?mltlon A modulation process tn which the |

modu.[a@ed sngwa' contatns mo cavitey componen[r

land has only one side bond fs called st

1

jSId@ band modulaffon .07 s modulation”

So the powey which fs wasted o tvanswit Lhe

' Caryrey 5fgna| ond a sfde band |, Can be Fuf: tto a
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Ffreq/ueﬂq domafy sroplay o4 stngle Srdebac
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‘ Ad.\/a.n.{;aﬂgs.:‘.oéﬁss.s:;.t-_-.‘.'._".'_ ...,",3 S i
ndl; * The 5PecEvUM space occupied by ssB sfgn'al ’s £ |

[ : which s only hald that of AM and pss. This
d| 5 veduckion in —%eqvuency o1 band width allows more
).if ’ sfgnals  to dtvansmit in same +requency 'fanae-

["
|

¥ Due fo SbLPTessfon 0% carviev and ove side band )
powey fs saved.
* sSB Slﬂﬂal has less band widkh -Eban on AM 0T DsB

30 +theve will bel less vofee on

| ]* Fadi’fng does mok occur tn sss-

: Dfs advan [,—ages .

!# The genemfcc'ow ond frecePH’on 0 ssB si’gnaf fs a
comPleaL process:

% ssp fs mok used Jor -L'ransmss;on 04 h.gh*fweq/uency
sfgnals such as wusfc 9:3)’10[8

Powev qelatfons M sse wave: =

e powev saving w-1-ko psBFe.

We know that folal powe tyonemitled fn AM fs

P{: = P+ Pusa 1 PLSB
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csp = hsg = fuse

| o }P | | )
| fPSSB‘J-‘-;% - P(T)

POWe“f saved due f:o -[:TQY)SWHH:MCJ OY)I\/ one sfde [Dand‘
Component fs  gtven by. ~‘ o

"
'i

of Powex sa\/?ng = - Pesp

X100
P

- (L) e,

— X100 L
2 | | o
P¢(1+}}i.). ‘

= A e
R,
- - ~ X100
L+ M2
2

it

U+ u*

X(00.
({—+2},I

s f’ﬁdu—_-\ -[:hgn

’f+ powex savi’na = 2 xi00 - 83‘33'/0.

f
Thus 83'33"/- power f’s Saved due Jco suP'mSStoﬂ 0

Cavrier wave and pgpe side band
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ﬁ power savlng W-v-ko DsB-sc syskem.:=
{’We know that- the tobal power fvansmitbed n @3 |
‘ |

| DsB-sc IS
PDSBS:: = PLSB + Fsg

= /uzAc’-+ ﬂzAcl P )Jl
_— e . P A
8R SR 2

| tokal powey tronswmitled In ssB-sc fs |

=P

o/, power 5av?-n3 = fosgse —Fese

X (00
PDSBSc
,‘ Pc/;‘__l _ Fr_, _/!":
i ¥
, X100
| P M
2
2
= /9.. ¥ 100 -
7’ .

"t u=1 +hen

/. Fowe'f savfnj =:_-;- x100 = 50 %
Thus Sofe 0f powey fs saved due {—O‘Supvessfon

o4 one Sfde boand from DSB-sc Sfjnal-
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F\n dowatn descripbion 1= &
ﬁehemked by passtg A bsgy

| The " ssB sf‘g'na[ s Jlher h |
- wodulated wave Jchvough o band poss iflber av'”?‘qv

dransfer funclon  Ha(F)
. Ne knom thab B Sossse (4) = A m(t) cos(2nf.4).

| o !
- The low pass comP'\eaz envelope of DsBsc W”Jdt«da@edE

. wave s ewaessecl as

Spsese (+) = Acw‘“"),' |

i
|
|
|
|
|

Leb Sull) be ihe ssB wave which has OY)'Y'UPPey.

side band;, and %,(H) be lhe 'compfe'x envelo

: e ol
; Sy (t) - P

S ) = Re[ Bb) 7Het ]
! The ~Pweq/uency Yesponse ot Pdeal band pass %‘Ibew’s-’
B4) » | |

'_(‘rt+‘Fm) -‘Fc o 'Fc
Rep[ace {'rans#gy .ﬁu”ch‘o” Hu[.f) (DY . Letde

pass ftlkey  Lvanstey —fu;nc,kion
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egutval enk fow
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Woee Bl = 30 o) ocden

J

| = 0 Othevwise .
f ' : ‘ - I
|
i

the SPeclr"rum o+ COMP(e'x eﬂVe(oFDe o4 DsBsc

| 'modwicx{:ed wove sosssc&) s

D)= AMH)

DSBS

- Now 5,0 = B S, (4)
= —(Hsan(—?)) AcM()-

- AcTm(#) + M ”53“ (4)]-

fyom -H')e,l de';elbﬂl'l:roﬂ o-?— Hﬂbeﬂ: {-fraVlS’PQ'!m
We have 'n/;)(%) = -) san [.,E) mM(4)- | [

2, 04) - A‘[M(-?) + Jm(l’):l

| gu(&)c %[m(l:)—k_)m-[k)]_.

We have 5,(E) = Re[gu“r) e.!zﬁ-fct—J'

Sulk) = Re[ 52 (me) F3A W) (cos ikt *js;mﬁj

;. Sulk) = Be[mik) cosaTdet - m (t) .s?njz'ﬁ.—uj :

Ths s ttme domain - vepiesen %a%fom') ot a wave

Cov\l—o?-n?ng only an uPFe'V sfde band.
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[The -(:wv\e do'mam ‘TCF we*v Side band 's ﬂ"’e” 5

o} ssB mo du{a

Wowve cow%ammg only lo 1

S, (E) = Ac [:-m(é) coszHcE ¥ (£) sin 2§ {7:] \]

: .

| [H = n Phase COMPOWCHE ‘\

* poment: |

| “ (5)- ouk of Phase COW\PDY’ e “

'
E 5'“3‘6 Lone modulakion :=

|
i
|

Ac

2

sca\i’m% Lockor

T+ the modulading s‘gnal contatns  only one

Trequency , then. b lo - stngle fone modulation.

| Constder the éfnuspfclo,l modulajc_i’rng sfaha\
M) = Am.cos 2Tt

By changing . phase o+ mPu’c sucdﬂal by 90" wikh

bub changtng its amF\ l:ude We (aeg hilbesk

| transHorm wn (£ .

m(E) = A cos (o1 + -90").
= Am Sin ZTf-Fm-L-.
We know that B
Sulb)= .Aic _{W\LE) Cos2titet — &y {4) 's‘iﬂ-'zTY'—ﬂJﬂ]'

Substitute wm) and wit)  n sutb)
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Sult)= Ae [Am cosomdd’ eosamtt = Am 5in 2f, k. sinzndit]-

= écf‘” cos (44 D) 2Tk

Sult) = %ﬁ”’ cos| 2T (4.t 4o L] .

; This ts sse wave obkained by 'l:'rawsmﬂ:lrfna o'nl)'/' '{

UPpev side band-
. ’ . ‘ vl 'J . . i
"[-Fc*-frn) o ’Fc*'gn_) i

~——

Spectrom o} sse wikth uss

Now —Po'r lowe'r side band we have

‘SL (£) = -A,jc [m[l;) Cos 2Tt + w (&) Sin z’li-fcjﬂj

= Ac [Am cos 27, cos2T 1t + mhAmSin S fopt 57”21—";6@'
2 . .

= Achn I cos 2 (4 ) H -
AS)

| | ]

- e 'pm) | ° Fete

Specknm of ssg with tse
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Theve ove 3 diffeven |

0 ssp signal N o hed
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i\ce J :
% Phose shift wethod:
% WNeovevs 07 thtrd method-
eLthJ HE S

‘high a{:Een_pLa{fO‘n. Ot,d: sfde the Pass,b_cmcl. Tn ordey
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Filker on —?Te%Uency des'c"r?m?wa:ﬁfow ™

P'roducl: \ | Bond poass | o gep r
mik) modulakos il e modulaked wave
A(_ COSlz'ﬁgck o

The dtlber i used +o vemove unwanted stde band.

The —Pfl'(:ev ‘must have " Llak poss .Ean‘d and extremely

fo have above Tesponse the Qualtby -Fach"r(-&) of the
tuned clveutts wust be V:e"r*/’ hfgh Q-Fackor Increases

as the diffevence between modula%?ma —fveq/uem\/ S

ond covatey —f'req,uenc\/ fe eregses.

: Cavrley —ﬁreq/ucnc)/
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To -aenewo&e an sse wodulated wave
+requency that Is highey {hgp message s
Very difdteutt $o design o filkey , thy

|
|

l
occupying a
fanal | b s
kPQ?? deshecj/i
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[ stde - band »étn d “vefeck ihe other.. u;fﬂ;sfwy;skgﬂe
'wodulation. ~Ty double stage modulatfon 4he ssp |
‘wave at the st fribey fs used as modulafc%’nawav?
Lov second p'roduc[r modulakor. T¢ produce a psesc

| wave with a sPcc{'wm dhat fs symmc[—v?cally Spafeci
aboub  second cavater +vequency 4,. The Arequenty
ifSe}Deﬁ'cdn'o-r) between sfde bands of PsBSC modula L‘Ai

- wave 18 e-”ecﬁ-?vew twice the Ftysk cavatey 'qu’umci(

l—fl- L TE s éasy to vemove unwan-f;ed sfde band - |
i P'mduc‘:' B“Or.Yld ss oduck ‘Eand Aass A :
l'MIE:)_} "n\no.du,[at:o'r : —F:"'H:g: ' P':nodwlalm 4”55‘7 ssp }

| A, Coszn b A toszuil, b wave

| Block di’aamm o} two skage sss modula[—b&-

| : |
| Produck | ode band Bolinced ——T |
P Cbear || Supressfon . [tneay
Convier],  odulabor i mixey near |
isfana\ 7 _ flker | B aMFb _-!:'611'
, I 3 (0 ] SL'aI | ’
| modulating LosZilloEow | i
|

signal - .
Filkey wmethod of stde band supvession

htghev -fveq{uency  the Q Value

Fov  4aansmitbtn
whteh can not be achfeved

should be very ha‘ah
Practcally. So Mtbial mocdulation ts carrted ouk -
The balancec\ modulabor supyess the carifer _qnd
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fs Very [fow whgn Compmﬁd to
Thes —?-req/ue,nu/ ts boosked Up to tvansmitbe,

_’&req/ue.ncy by balawced mixey and vaslraf 0sctllaky,
‘ (F’)e Srdgb 1

:' Thes process s colled u.P cor)VC'rsfon
,slﬁnal s {then . amPI pred by [meay ampl-ﬂc67 .

AC‘VGV\,L‘Q?&S = !
I % The $ilter webhod gives srde band supvession up 4o |

|

|

50 dB which {5 q’u:lze adeq’um’:e
3 Tbe Stde band —PI.H:C'YS a'so heIPS ‘EO a'f:lreﬂuaEe Cmﬂe

|
1’ i+ P-resevml: ol oquPulr 012 ‘balaviced wodulator.
l

* BOmd wid bh ls . su—fﬁ:cxen{:\y +lat and wude

,' Dfs advaw [:aaes 3=
i

I’ﬁe They ave bulky.
% AL lowey oaudfo f?vectuencues expenswe —Ffﬂ:c'rs Qe ;

4

-—rec‘,uwed
¥ As tmodula{—lo'n %akes place ab lowey caratey -'F‘req,”emf
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, Fhase descitminadion mebhod := = °7
. t Lede
In  thts mebthod we use +wo ba‘.amed modu_law‘p

.| Balonced Y;____[E)
| mLk) modudako-r( "

A, cosztilt

local

|- | osdllakoy - cosathb ' W |
30r;_phase | . SsB-SC

shifley
Ac Sin 2'\7-?5_‘.7 e

y
. Balanced, ..
: - Y
& (1) ﬂmodulakong"

Yo ()

|
iThe 'modwlajcfong 'éila'nal m(E) and
aPPlTed ko balavced: wodutabor (M) P’rodacé DSBSC |
wove that Lyanslates the s_Pedr'rum of wmit) ;
SYmw ebyically sPaced aboui'_-‘c%es._;cavvtev- -fv_eqluency ’?le
si’g'nal m(E) and carvier s:‘anal are |
phase chidbed by 20° applted to (M) which . |

| osoduce  DSBSC Wave with side bands of same
but d.i”ewgnk Phase sF_ccHa- Then we ?el:

carrey st?ndf 0763

| The moc‘u[a{?f‘ﬂﬂ

amP‘?Lude ,

M) which s pilbert tzansTorm of m(k).

The ouk pubs o} balance
in amFN:ude chc‘:'fa , bub phase chcE‘ra may be

Veckor additton or subbrckion.

d moﬁu[a&ov ave fdentfcal
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CO'nStde'Y c(k) = ACC@SZHJ"C o et \ £
mib) = Am 05 2T Fwt

The OuJ:PuLl— ot Ealancec\ Wlociu.la{ro'r M, IS Y, ) |
V()= Ac Am (0S o Fe E : cos 2TiFmb

. ACAM(¢082M(4 1)k + cos 2[4, +£m)L)

—————————

The fnpuk- of batanw_d @Auraem M, Ts k).
The ouEFuG s Yolb)- -
u(£)= Achm Stn it sfosidnb
= A A i

————

(o5 5 (1Al = cos =t (4rd, )

i
, Ewaesszo'n Joyv lower stde band s . |
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