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pSIVj & 10 
eksMwys'ku@fMeksMwyslu 

 
        tc gesa fdlh lwpuk tSls fd vkokt] laxhr] QksVksxzkQ] ohfM;ks vkfn dks bysDVªkseSaXusfVd 
rjaxksa ds ek/;e ls fdlh lqnwj LFkku ij fLFkr receiver dks Hkstuk gksrk gS] rks lcls igys ge 
miyC/k lwpuk dks fo|qr flXuy esa cnyrs gSaA 
       nwljs 'kCnksa esa lkm.M ÅtkZ ;k izdk'k ÅtkZ dks fo|qr ÅtkZ esa cnyrs gSaA ;g dk;Z 
transducer tSls fd ekbd]Ldsuj dSejk vkfn ls gksrk gSA 
       bl izdkj ls izkIr fo|qr flXuy dks eksMwysfVax flXuy dgrs gSaA ;g flXuy vYVjusfVax 
izd`fr ds gksrs gSa tSlk fd fuEu fp= esa fn[kk;k x;k gS& 
 
                              fp= 

 
 
bl izdkj izkIr gksus okys flXuy dk ,EIyhV~;wM cgqr de gksrk gS rFkk budh fQzDosUlh fQDl 
fQzDosUlh u gksdj lwpuk dh izd`fr ,oa izdkj ds vk/kkj ij cnyrh jgrh gSA ekMwysfVax flXuy esa 
,d lkFk ,d ls vf/kd fQzDosUlh Hkh gks ldrh gSA 
 
Need of modulation 
                 ;fn bu ekMwysfVax flXuy dks ,EIyhQkbM djds lh/ks ,.Vsuk dks 
Vªkalfe'ku gsrq ns fn;k tk; rks Vªkalfe'ku esa fuEu O;ogkfjd ijs'kkfu;ka vkrh gSa %& 

 
¼1½ pWwfd ,.Vsuk dh yEckbZ fQzDosUlh ij fuHkZj djrh gS vkSj ekMwysfVax flXuy  dqN hertz ls 
ysdj MHZ fQzDosUlh rd dk gks ldrk  gSA vr% ,.Vsuk fdl fQzDosUlh ds fy;s Design fd;k 
tk; ;g ijs'kkuh vk;sxhA D;ksa fd lkmUM fQzDosUlh gh 300 Hz ls 20 KHZ rd dh gks ldrh gSA 
 
¼2½ ;fn ;g eku Hkh fy;k tk; fd ekMwysfVax flXuy dh fQzDosUlh fLFkj gS] rks Hkh yks fQzDosUlh 
ij ,.Vsuk dh yEckbZ bruh vf/kd gksxh fd O;ogkfjd #i ls bruh yEckbZ dk ,.Vsuk cukuk laHko 
ugha gksxkA tSls fd 5khz ds lkmUM ekMwysfVax flXuy ds fy, rjax/kS;Z λ= 60,000 ehVj gksrk 
gSA bl fQzDosUlh ds fy, ,.Vsuk dh yEckbZ λ/2= 30000 ehVj ;kuh fd 30 fdyksehVj gksxhA 30 
fdyksehVj yEckbZ dk ,.Vsuk cukuk vkSj LFkkfir djuk O;ogkfjd #i ls laHko ugha gSA 
¼3½ dqN nsj ds fy, ;g Hkh eku ysa fd bruh vf/kd yEckbZ dk ,.Vsuk cuk;k tk ldrk gSA ijUrq 
ekMwysfVax flXuy dh fQzDosUlh fo'o esa lHkh ds fy;s ,d leku gksxhA vkSj lHkh LVs'ku bl 
ekMwysfVax fQzDosUlh ij Vªkalfe'ku djus yxsa rks lapkj ds nkSjku bl fQzDosUlh ds gtkjksa flXuy 
izkIr gksxsaA ftlesa ls vius dke dk ekMwysfVax flXuy dk p;u dfBu gksxkA vFkkZr Interference 
dh leL;k vkosxhA 
 
¼4½ ,.Vsuk ls fudyus okyh bysDVªkseSXusfVd oso dh rhczrk fQzDosUlh ds lekuqikrh gksrh gSA vFkkZr 
fQzDoSUlh ftruh vf/kd gksxh  ,.Vsuk mruk gh vPNk jsfM;s'ku djrk gSA 
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pwWfd ekMwysfVax flXuy dh fQzDoSUlh de gksrh gS vr% ,.Vsuk de ikoj jsfM;sV djsxkA blls 
Ik;kZIr jsfM;s'ku gsrq VªkaWlehVj dbZ fdyksokV dk cukuk iM+sxkA ftl gsrq vf/kd ÅtkZ dh t#jr 
gksxhA 
¼5½ gkbZ fQzDosUlh dh rqyuk esa fuEu vkc`fRr ij gekjh i`Foh ds okrkoj.k esa bysDVªksesXusfVd cso 
dk vo'kks"k.k dkQh vf/kd gksrk gSA vr% ;fn ekMwysfVax flXuy dks VªkalfeV dj Hkh fn;k tk; rks 
dqN fdyks ehVj ls T;knk lapkj ugha gksxkA 
     ekMwysfVax flXuy dks lh/ks izlkfjr djus esa vkus okyh mDr lHkh leL;kvksa dk ,d gh 
funku gS] og gS ekMwys'ku djds Vªkalfe'ku djukA 

 

ekMwys'ku D;k gS 
         ekMwys'ku og izfdz;k gS ftlesa low fQzDosUlh electric signal ;k (modulating signal) 
tks lkekU;r% dqN 100 HZ ls dqN MHZ rd gks ldrs gS budks high fQzDosUlh signal ¼lkekU;r% 
550 KHZ ls 500GHZ½ ds Åij izR;kjksfir djuk] vkSj blds ifj.kke Lo#i tks eksMwysfVM oso 
izkIr gksrh gSa mls VªkalfeV djukA nwljs 'kCnksa esa ekMwys'ku og izfdz;k gS ftlesa gkbZ fQzDosUlh dh 
rjax ¼ftldh fQzDosUlh fLFkj gS½ dh dksbZ ,d characteristic, low fQzDosUlh (modulating 
signal) ds amplitude ds vuqlkj change gksrh gSA dSfj;j cso dh ;g characteristic mldk  
amplitude gks ldrk gS ;k  fQzDosUlh ;k fQj phase angle gks ldrk gSA  
 
      ekMwys'ku dh izfdz;k esa ftl flXuy dks ekMwysV fd;k tkrk gS mls ekMwysfVax flXuy 
dgrs gSaA ftl fQDl fQzDosUlh ds flXuy ij ekMwys'ku fd;k tkrk gS mls dSfj;j fQzDosUlh 
¼lkekU;r% ekMwysfVax dh rqyuk esa high½ dgrs gSaA 
   ekMwys'ku ds ifj.kke Lo#i tks oso izkIr gksrh gS] mls ekMwysVsM oso dgrs gSaA 
ekMwysVsM oso gh ,.Vsuk ls VªkalfeV dh tkrh gSA ekMwys'ku ds nkSjku dSfj;j oso dk dkSu lk 
iSjkehVj ekMwysfVax flXuy ls izHkkfor gksrk gSA bl vk/kkj ij ekMwys'ku fuEu izdkj ds gksrs gSaA 
1- amplitude 
2. frequency 
3. phase Angle 

 
              jsfM;ks rjaxksa ds ek/;e ls lwpuk ds transmission ,oa reception dks 
lQyrkiwoZd lEiUu djus gsrq ekMwys'ku ,oa fMekMwys'ku vko';d gksrk gSA jsfM;ks rjaxksa ls 
music, speech vkfn dks gtkjksa fdyksehVj rd Hkstuk laHko gSA jsfM;ks izlkj.k esa jsfM;ks wave 
carrier wave dgykrh gSA rFkk music, video vkfn modulating wave dgykrh gSA 
 
ekMwys'ku (MODULATION) dh ifjHkk"kk %& 

     ekMwys'ku og izfdz;k gS] ftlesa low fQzDosUlh signal (speech,music etc) dks high 

fQzDosUlh (radio wave) ds lkFk combine fd;k tkrk gSA nwljs 'kCnksa esa low fQzDosUlh 
signal (speech, music etc) dks high fQzDosUlh (radio wave) ds Åij izR;kjksfir fd;k 
tkrk gSA 
     ekMwys'ku ds ckn tks resultant wave izkIr gksrh gSA mls ekMwysVsM cso ¼modulated 

carrier wave½ dgrs gSaA ekMwys'ku ¼modulation½ dh izfdz;k transmitting station ij gksrh 
gSA  
CARRIER WAVE dks GENERATE djuk %& 
      carrier wave ,d high fQzDosUlh undamped electric oscillation gSA  tks fd R.F 

oscillator ls yxkrkj iSnk gksrh jgrh gSA oscillator ds bl output dks RF amplifier ls 
amplified fd;k tkrk gSA mlds ckn ekMwys’ku dj coaxil cable ds ek/;e ls ,sfUVuk 
dks QhM djrs gSaA antenna bu high fQzDosUlh oscillation dks space esa izlkfjr dj 
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nsrk gSA ;s space esa light dh speed (3x108 M/s) ls travel djrh gSaA space esa bu rjaxksa 
dks  electromagnatic wave dgrs gSaA 
 
 
FREQUENCY SPECTRUM :-- 
             fofHkUu jsfM;ks lapkj ek/;eksa }kjk very low fQzDosUlh ls ysdj extra high 
fQzDosUlh rd fofHkUu jsfM;ks vko`fRr dk mi;ksx fd;k tkrk gSA bu fQzDosUlh dks fuEukuqlkj 
oxhZd`r fd;k x;k gS :-- 

 

 
TYPE OF MODULATION:-- 
 
fdlh Hkh A.C. voltage ;k carrent tks sinewave esa gksrk gS mldks fuEu lehdj.k ls 
iznf'kZr djrs gSa& 
          e= Ec Sin (ώc t+Ø) 
                  e= Ec Sin (2πf t+Ø) 

;gkW Ec =maximum Amplitude of wave 

       f =   frequency of R.F. wave 
     Ø =  phase 
       t= time 

 
bl izdkj fdlh sinusoidal.wave esa fuEu rhu iSjkehVj gksrs gSaA 
1-Amplitude 
2. frequency 
3.phase Angle 
 
 bl vk/kkj ij ekMwys’ku Hkh rhu izdkj ds gksrs gSA ftldk fcLr`r o.kZu vkxs fd;k x;k gS & 
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Amplitude modulation(A.M.) 
 

               bl izdkj ds modulation esa carrier wave dk Amplitude, modulating signal 
ds Amplitude  dh Instantaneous value ds vuqlkj cnyrk gSA 
    bl modulation esa carrier wave dh flQZ Intensity gh cnyrh gSA ijarq fQzDosalh fLFkj 
jgrh gSA tSlk fd fuEu fp= esa fn[kk;k x;k gS:- 

 
AM modulation esa modulated wave dk amplitude modulating signal ds  amplitude ij 
fuHkZj djrk gSA ,oa amplitude esa izfr lsd.M ifjorZu  dk rate modulating signal dh 
frequency dks iznf'kZr djrk gSaA 
 
MODULATION-INDEX 

    signal  wave  ,oa carrier  wave ds maximum amplitude ds vuqikr dks 
Modulation index dgrs gSaA 

MODULATION-INDEX    M.I.=B/A 
B= AMPLITUDE OF MODULATING WAVE  
A= AMPLITUDE OF CARRIER WAVE 

 
MODULATION-INDEX ls Percentage of Modulation  Hkh Kkr dj ldrs gSaA   

   
Percentage of Modulation %& percentage of modulation ls ge ;g Kkr dj ldrs 
gSaA fd modulating signal carrier wave ij fdrus xgjkbZ rd modulate gqvkA 
      percentage of modulation (M) dks fuEu QkewZys ls Kkr fd;k tkrk gSA 
 

% OF MODULATION=M.I.X100 
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1-;fn  modulating signal dk maximum amplitude carrier  wave  dk vk/kk gS rks   
Percentage of Modulation 50 % gksxkA 
 

 
2& ;fn carrier  wave ,oa  modulating wave ds amplitude leku gS rks percentage 

of modulation 100 % gksxkA 

 
3&;fn  modulating signal dk amplitude carrier  wave,  amplitude dk 1-5 xquk gS rks 
percentage of modulation 150% gksxkA bls over modulation dgrs gSaA   

over modulation esa modulating signal fcd̀r@currupt gks tkrk gSaA 
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UPPER & LOWER SIDE FREQUENCY :-- unmodulated carrier wave esa flQZ ,d 
fÝDosalh fc gksrh gSA tc bls modulating signal ds lkFk modulate/ mix/ 
Hetrodine/combine fd;k tkrk gSA rks blds ifj.kke Lo#i vkSj Hkh fÝDosalh izkIr gksrh gSA 
ftUgsa side frequency dgk tkrk gSA 

 

     bl izdkj A M ekMwys’ku esa fuEu rhu fÝDosalh iSnk gksrh gS & 

1--ORIGINAL CARRIER fÝDosalh  --   Fc 

2-- HIGHER fÝDosalh                     --     Fc+Fm 

3-- LOWER fÝDosalh                      --     Fc - Fm     

 

 

          nks ubZ fÝDosalh dks upper side band (USB) ,oa lower side  band (LSB) 

dgrs gSaA tks carrier fÝDosalh ds vkxs ,oa ihNs fLFkr jgrh gSaA (USB) ,oa (LSB) 

fÝDosalh dk amplitude percentage of modulation ij fuHkZj djrk gSA tks 100 
percent modulation ij  side band fÝDosalh dk amplitude carreier fÝDosalh ds  
amplitued dk 1/2 gksrk gSA  
 

fig 
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CHANNEL WIDTH :-- 
 
            vHkh rd ge ;g ekurs vk;s gSa fd] ekMwysfVax fÝDosalh ,d flaxy fÝDosalh  gksrh 
gSA tcfd izsfDVdyh ,slk ugha gksrkA modulating fÝDosalh human voice ds fy;s 300 HZ ls 
5 KHZ ds chp dh dbZ fÝDosalh gksrh gSaA bl dkj.k ls upper ,oa lower side band ,d fix 

fÝDosalh u gksdj fÝDosalh dk band ;k lewg gksrk gSA ftldh width modulating signal  esa 
miyC/k dqy fÝDosalht ij fuHkZj djrh gSA 
      vr% pSuy dh width (band width) modulating fÝDosalh dh width ij fuHkZj 
djrh gSA tks modulating signal dh maximum fÝDosalh dh nks xquh gksrh gSA vFkkZr~ 
         channal width = 2 x max fÝDosalh of modulating signal 

                              C.W. = 2 x fm(max) 
 

modulating wave dk mathmatical fo'ys"k.k %& 
 
tSlk fd ge tkurs gSa fd unmodulated carrier wave dk equation fuEu gksrk gS & 
                                           eC= Ec sin 2πfc t       ;k 
                                          eC = A sin wt -----------(I) 
 

;gkWa A = unmodulated carrier wave dk maximum Amplitude 
       W = 2תfc  
 
blh izdkj modulating signal dk equation fuEu izdkj gksrk gS & 
 

em= Em sin 2πfm t                                       ;k 
 

=B  sin pt --------------------------(II) 
 

 ;gkWa B = modulating signal dk maximum Amplitude 

 
                                      P = 2πfm 

 
 

   tSlk fd ge tkurs gsS fd modulated carrier wave dk maximum Amplitude  

unmodulated carrier wave ,oa modulating signal ds maximum amplitude ds lfn’k 
;ksx ds cjkcj gksrk gSA 
 
vr% modulated wave dh Instantaneous value fuEu QkewZys ls Kkr gksxh & 
          
             e =(A+ B sin pt) sin wt 
 

                        e =  A sin wt+B sin pt. sin wt  ;k 
 

                        e  =A sin wt+B/2X2 sin pt.sin wt 
 
 

f=dksa.kferh ls ge tkurs gSa fd] 
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mDr lehdj.k dks ns[kus ls irk pyrk gS fd blesa fuEu rhu fÝDosalh componant gS & 
1-- ORIGINAL CARRIER=  A sin 2πfct 

2--UPPER SIDE BAND  =  mA /2 COS2π (fc +fm) t 

3-- LOWER SIDE BAND=  mA /2 COS2π (fc -fm) t  

;fn modulation index 1 gS rks side band  fÝDosalh dk amplitued carrier  fÝDosalh ds 
amplitued dk vk/kk gksxkA 
 
AM modulated carrier wave dh power :-- 
tSlk fd vHkh rd geus i<+k fd AM modulatedd carrier wave esa fuEu rhu fÝDosalh 
componant jgrs gSa :- 
 
1--ORIGINAL CARRIER AMPLITUDE "A" 
2--UPPER SIDE FREQ. AMPLITUDE  mA/2 
3--LOWER SIDE FREQ. AMPLITUDE mA/2 
 

    fdlh ,sfUVuk ls dqy rediated power vkSj mlls izlkfjr dqy fÝDosalh ds 
amplitude esa fuEu lEca/k gksrk gS%& 
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bldk eryc ;g gqvk fd single side band esa carrier dh 1/4 ikoj jgrh gS] tks VksVy 
ikoj dh 1/6 gksrh gSA vr% SSB Tranmitter DSB-FC ls T;knk ikoj efficient gksrs gSaA 
 

AMPITUDE MODULATION GENERATE djus dk lfdZV %& 
 
               ;fn ge ,d ,slk Class-A, R.F. amplifier design djsa ftldk 
dysDVj yksM L-C TANK lfdZV gks] vkSj ;g Vsad lfdZV dSfj;j fQzDosUlh ij V~;wUM gks 
rFkk bl RF amplifier dh dysDVj supply ekMwysfVax flXuy ds amplitude ds vuqlkj 
psUt gks jgh gks  vc ;fn carrier signal VzkaftLVj ds base baising ds lhfjt es QhM 
fd;k tk; rks bl amplifer ds out put ls amplitude modulated  wave izkIr gksxhA 
tSlk fd  fuEu fp= esa fn[kk;k x;k gS & 

 
 

 
 
 
bls amplitude modulation generate djus dk high level method dgrs gSA  
 
          blh izdkj low level amplitude modulation generate djus dk lfdZV 
fuEukuqlkj gS%& 
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WORKING OF LOW LEVEL AM GENERATOR:- 

                   transistor CLASS-A   RF amplifier dh rjg dk;Z djrk gSA ftlds osl ij  
carrier frequency feed dh xbZ gSA ;g RF signal, transistor }kjk amplified fd;k 
tkrk gSA 
 
        pwWfd VªkaftLVj dh base biasing ekMwysfVax flXuy }kjk ifjofrZr gksrh gSA 
vr% VªkaftLVj ds collector ij vkmViqV tks fd RF gksrk gS FIX AMPLITUDE dk u 
gksdj ekMwysfVax flXuy ds vuqlkj variable amplitude dk izkIr gksrk gSA RF ds 
amplitude esa ;gh oSfj;s'ku A.M. modulation gksrk gSA AM modulator dk ;g output 

RF Amplifire ls amplifide djds transmission gsrq ,.Vsuk dks Hkst fn;k tkrk gSaA 
 
DSB- SC GENERATION :- 
                      tSlk fd geus ns[kk AM modulation ds nkSjku dSfj;j ,oa nks 
side band generate gksrs gSaA bl izdkj dk transmission DSB-FC dgykrk gSA 
 gSaA bl izdkj ds transmission dks fjlhc djus gsrq lkekU; o lLrk ,-,e-fjlhcj gh 
Ik;kZIr gksrk gSA 
      ;fn transmitter dh ikoj cpkuk gS rks ;g vko';d ugha gS fd nksuksa side 

band frequency ,oa carrier frequency transmit dh tk;A ge dE;wfuds'ku dks izHkkfor 
fd;s fcuk dSfj;j vkSj ,d lkbM cSUM fÝDosalh dks gVk ldrs gSaA vkSj receiver ij 

original modulating signal regenerate dj ldrs gSaA ijarq bl gsrq gesa fo'ks"k izdkj ds 
eWagxs SSB  Receiver dh t#jr iM+sxhA 
 
        tSlk fd geus ns[kk carrier vkSj mlds nksuksa lkbZM dh fÝDosalh dks ,d lkFk 
transmitte djuk t#jh ugha gSA ge pkgsa rks transmission ds iwoZ carrier dks vVsuw,V 

dj ldrs gSa] ;k carrier dks iwjh rjg gVk ldrs gSaA vkSj nksuksa esa ls fdlh ,d lkbM 
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cSaM dks Hkh gVkdj transmission dj ldrs gSa] ,oa receiver ij information dks iqu% 
generate dj ldrs gSaA ,slk djus ds nks Qk;ns gSa %& 
1. Transmission esa de ikoj dh [kir gksxhA 

2. Frequency spectrum Hkh de  use gksxkA 
 
 bl vk/kkj ij fuEu izdkj ls transmission dj ldrs gSA 
1.  Double side band with  supressed carrier DSB-SC :- bl izdkj ds 
transmission esa ge carrier dks gVk nsrs gS ,oa nkasukas lkbM cS.Mksa dks tranmitt djrs 
gSA tSlk fd ge tkurs gS carrier esa total power dh 66.7% power gksrh gS ftldh 
cpr gks tkrh gS vkSj bl izdkj ge DSB-SC esa VksVy ikcj ds 33.3% ij 
communication dj ldrs gSA  
2. Single side band with transmitted carrier SSB -TC :- bl izdkj ds 
transmission esa ge fdlh ,d side band dks filter dj nsrs gS rFkk VksVy ikoj dh 
1@6 ikoj cpkrs gSA 
3. Single side band with suppresed carrier SSB -SC :-  bl izdkj ds 
transmission ,d lkbM band ,o carrier dks vyx  dj nsrs gSA ikoj efficiency ds 
vk/kkj ij ;g transmission lcls vPNk gSA bl trsansmission esa total power dk 
ek= 1@6 Hkkx gh [kpZ gksrk gSA vkSj ,d lkbM cS.M ij lEiw.kZ ekMwysfVax flXuy 
received gks tkrk gSA 
SSB transmission ds fuEu Qk;ns gS%&  
1 &total transmission power dh 83-3 izfr'kr rd cpr gksrh gSA 
2 &50% Band width dh cpr gksrh gSA 
3 & Band width  de gksus ls channel noise de gks tkrk gSA 
 
    bl flLVe dk DSB- FC  dh  rqyuk esa eq[; drawback  ;g gS fd information 

dks reproduce djus gsrq  fo'ks"k izdkj ds eWgxs receiver dh t#jr iM+rh gSA 
     mDr lHkh eSFkM esa dSfj;j dks lekIr djus gsrq balanced modulater dk mi;ksx 
fd;k tkrk gSA balanced modulater gesa suppress-carrier DSB output nsrk gSA ftls 
DSB-SC GENERATION Hkh dgrs gSaA  
 

DSB-SC GENERATOR 
                                                  

                    Balanced modulator& balanced modulator esa ge nonlinear resistance 

componant  dk mi;ksx djrs gSaA nonlinear ls vk'k; gS fd tc ge voltage c<+krs gSa 
rks ,d lhek rd current voltage ds vuqlkj c<+rk gSA blds ckn djsUV T;knk ;k 
de gksus yxrk gSA ;g square fu;e ls de ;k T;knk gksus yxrk gSA device ds 
blh xq.k dk mi;ksx dj transistor vk/kkfjr balanced modulater  cuk;k x;k gSA 
 
      fuEu balanced modulater esa modulating signal dks push full form esa feed 

fd;k x;k gS] tcfd R.F  carrier dks nkasuksa transistor ds parallel esa fn;k x;k gSA 
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nkasuksa transistor leku iSjkehVj ds jgrs gSa ,oa class-A amp. ds #i esa dk;Z djrs gSaA 
R.F. carrier nkasuksa transistor ds base ij leku phase esa apply fd;k tkrk gSA 
tcfd modulating signal dks 180 out of phase apply fd;k x;k gSA transistors ds 
nkasuksa collector centre tape transformer ls tqM+s gksrs gSa] vkSj transistors ds modulated 

o/p current transformer dh primery coil esa feyrs gSaA current dh fn'kk foijhr gksus 
,oa magnitude leku gksus ls carrier  cancel gks tkrk gSA pwWfd nksuksa transistor dHkh 
vkn'kZ #i ls leku ugha gks ldrs vr% current i1 and i2  dHkh leku ugha gksxs  dqN 
varj vo’; jgsxkA ftlls carrier completely remove u gksdj cgqr T;knk vVsuq,V 
gks tkrk gSA ¼45 db rd) vkSj  vkmViqV ij flQZ nkasuksa lkbM cSUM izkIr gksrs gSaA  

 
 

              MATHMATICALLY OUT PUT ij fuEu frequency voltage izkIr gksrs gSaA 
vo=B sin wmt+ A cos (wc-wm)t+A cos (wc+wm)t modulating signal dh frequency dkQh 
de gksus ls fQYVj ls ljyrk ls vyx fd;k tk ldrk gSA blds ckn cps nksuksa 
lkbZM csUM esa ls unwanted side band dks filter method, phage shift method ;k third 

method ls vyx dj SSB(UPPER OR LOWER) tujsV djrs gSaA      
 

 

Generation of SSB :--  
                  SSB ds Generation gsrq igys Balanced modulator ls DSB-SC tujsV 
djrs gS fQj fuEu fdlh ,d esFkM ls SSB tujsV fd;k tkrk gS & 
 
1-Filter Method 
2-Phase cancellation method 
3-Third Method 
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FILTER METHOD SSB GENERATION – 

fQYVj eSFkM ls SSB tujs’ku dks fuEu Cykd Mk;xzke esa fn[kk;k x;k gS & 
BLOCK DIAGRAM 

 
 
 

wORKING:-  fØLVy vkWDlhysVj ls izkIr vkj-,Q- dSfj;j] oQj ,EIyhQk;j ds 
ek/;e ls osySalM ekMwysVj dks nsrs gSaA oSysal ekMwysVj ds nwljs buiqV ij vkfM;ks 
,EIyhQk;j ls ,EIyhQkbZM djds vkfM;ks fQzDoSUlh flXuy nsrs gSaA 

 
    oSysal ekMwysVj ls izkIr DSB-SC vkmViqV dks ’kkiZ dVvkQ cSaM ikl fQYVj 
tSls fd fljkfed fQYVj dks nsrs gSa] tks ,d lkbZM cSUM dks jksd nsrk gS rFkk nwljs 
dks ikl gksus nsrk gSaA bl izdkj fQYVj ds vkmViqV ij SSB -SC izkIr gksrk gSA 
ftls Vªkalfe'ku ds igys oSysUl feDpj esa nsrs gSa tks SSB-SC dks vi dUoVZ dj nsrk 
gSA 
 
A.M DEMODULATION OR DETECTION ¼A.M fMekMqys'ku ;k fMVsDlu½ %& 
             eksMwysfVM cso ls eksMwysfVax flXuy dks regenerate djus dh izfdz;k 
fMeksMwys’ku dgykrh gSA 
      tc AM ekMwysVsM oso fdlh fjlhfoax ,.Vsuk ij Vdjkrh gS rks fjlhfoax 
,.Vsuk esa cgqr gh de ek=k esa RF current induced djrh gSA bl RF current dks 
;fn ,EIyhQkbZM djds lh/ks gsMQksu ;k Lihdj dks fn;k tk; rks dksbZ Hkh vkokt 
izkIr ugha gksxh D;ksafd ;g high fQzDosalh dk variable amplitude dk djsUV jgrk gSA 
vkSj Lihdj blds fy;s respond ugha djrkA 
vr% ekMwysfVM oso ls ekMwysfVax bUQkWesZ'ku ¼low fQzDosalh.½ dks vyx&vyx djuk 
t#jh gksrk gSA 
    ekMwysfVM oso ls ekMwysfVax bUQkesZ'ku dks fjdoj djuk fMekMqys'ku ;k fMVsDlu 
dgykrk gSA 
 
    ;fn ge ekMwysfVM oso ds ikWthfVo ;k fuxsfVo vk/ks lk;fdy dks xkSj ls ns[ksa rks 
ik;saxs fd ekMwysfVax bUQkWesZ'ku ekMwysVsM RF wave ds nksauksas half cycle esa amplitude 

variation ds #i esa jgrh gSA  bl RF wave oso dh ,ojst osY;w thjks gksus ls lh/ks 
Lihdj dks nsus vkmViqV ugha feyrkA 
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      vr% AM  MODULATED WAVE ds fdlh gkQ lk;fdy dks Mk;ksM ls dV dj 
fn;k tk; rks AM DEMODULATION laHko gSA 
      ;g izfdz;k fcydqy oSlh gh gS tSlh fd AC supply dks rectifide djds DC 
cukrs gSaA 
,slk djus ds ckn MODULATED  A.C WAVE dh ,ojst osY;w thjks u gksdj ikthfVo 
osY;w ds #i esa izkIr gksrh gSA 
     rectification rFkk a.m demodulation ;k fMVsDlu esa ek= ;g vUrj gS fd rectifier 

ogqr low fQzDosUlh amplitude dks jsDVhQk;M djrk gS tcfd AM fMVsDVj gkbZ 
fQzDosUlh ¼455 fdyksgVZt ls Åij½ jsDVhQk;M djrk gSA ftldk amplitude osfj;soy  
gksrk gSA 
 
A.M.  fMVsDVj lfdZzV %& A.M.  fMVsDVj lfdZzV esa fuEu fp= esa n'kkZ;s vuqlkj flQZ 
,d Mk;ksM ,oa dSisflVj gksrk gSA 
 
                                     fp= 

 
 
    bl lfdZV dks envelope detector lfdZV Hkh dgrs gSaA 
 
WORKING :- ,.Vsuk ij gtkjksa A.M MODULATED WAVE RECEIVED gks ldrh gSA vr% 
R.F. FILTERS feydj fdlh ,d fQzDosUlh  dks p;u dj  Mk;ksM ds buiqV ij tkus 
nsrk gSA 
      ;g A.M modulated wave, Mk;ksM }kjk rectifide dj nh tkrh gSA vkSj Mk;ksM 
ds vkmViqV ij A.M modulated wave dk flQZ positive half cycle gh appear gksrk 
gSA 
bl izdkj izkIr PULSATING R.F. ds e/; esa [kkyh xsi dks dSisflVj Hkj nsrk gSA 
      tc igyh pulse izkIr gksrh gS rks ;g vkmViqV ij tkus ds lkFk&lkFk 
capacitor dks pktZ dj nsrk gSA nwljh iYl vkus ds igys rd bl xsi dks dSisflVj 
Hkj nsrk gSA vkSj tc nwljh iYl vkrh gS rks dSisflVj bl iYl ds oksYVst vuqlkj 
iqu% pktZ gks tkrk gS vkSj bl izdkj dSisflVj ds ckn fuEukuqlkj ,-,Q- cso izkIr gks 
tkrh gS %& 
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fp= 
 

 
tks fd yxHkx ekMwysfVax flXuy ds ewy #i tSlh gh gksrh gSA 
    ;g AF SIGNAL load resistor ds across develope gksrk gS ftls difyax dSisflVj 
}kjk Amplification gsrq Hkst fn;k tkrk gSA 
DIODE DITECTOR ds Qk;ns %& 

1&;g fMVsDVj rqyukRed #i ls large input signal fMVsDV dj ldrk gSA 
2&;g ,d linear power detector gSA vr% ekMwysfVax flXuy ds Lo#i esa cnyko ugha 
djrkA 
   bl fMVsDVj dh deh ;g gS fd ;g signal dks amplified ugha djrkA 
¼2½ A.M. ekMwys'ku dk VªkaWftLVj fMVsDVj%&  
      ,.Vsuk }kjk fjlhcM AM modulated signal dks class-B, RF tuned amplifier ds 
}kjk Hkh fMVsDV fd;k tk ldrk gSA 
    pwWfd ,EIyhQk;j esa VªkWaftLVj dk mi;ksx fd;k tkrk gS vr% bls VªkaWftLVj fMVsDVj Hkh dgrs 
gSaA 
    bl izdkj ds fMVsDVj dk lfdZV Mk;xzke fuEukuqlkj  gS & 

 
WORKING :- mijksDr lfdZV ,d Class-B RFamplifier gSA vr% ;g ,EIyhQk;j 
ekMwysfVM buiqV ds flQZ positive Half cycle dks ,EIyhQkbZM djrk gSA Class-B 



 242

baised gksus ls jsDVhfQds'ku ;k fMVsD'ku Lor% gh gks tkrk gSA D;ksafd VªkaWftLVj 
ekMwysVsM flXuy ds fuxsfVo gkQ lk;fdy ds nkSjku dV vkQ jgrk gSA vr% bl 
nkSjku dksbZ vkmViqV izkIr ugha gksrkA 
    capacitor C2 RF dks ikl gksus nsrk gSA ftlls R3 ds ek/;e ls izkIr gks jgh 
,ehVj QhMcsd bias RF ds dkj.k fMLVcZ ugha gksrhA capasitor C4 coupling capacitor 

dk dk;Z djrk gSA ftlls vxyh LVst dks flQZ DETECTED  R.F gh ikl gksrh gSA vkSj 
D.C  VOLTAGE  BLOCK gks tkrs gSaA 
 
SSB RECEPTION :-  

                 flaxy lkbM cSaM lapkj dk mi;ksx euksjatu ds mn~ns'; ls ugha fd;k 
tkrk D;ksafd SSB fjlhoj lkekU; ,-,e- fjlhoj ls dkQh eWgxs gksrs gSaA vr% budk 
mi;ksx O;olkf;d ;k two way lapkj esa fd;k tkrk gSA 
   SSB receiver esa fuEu xq.k gksuk pkfg;sA 
1&mPp fo'oluh;rkA D;ksafd 24 ?kUVs pkyw jgrk gSA 
2&mPp adjacent channel fjtsD’kuA 
3& SSB flXuy dks fMekMwysV djus dh {kerkA 
4& mPp signal  to Noise RatioA 
5&vij ,oa yksoj lkbM cSUM dks vyx djus dh {kerkA 
 
DEMODULATION OF SSB:-  
 
                 SSB dk fMekMwys'ku ,-,e- fMVsD'ku ls vyx gksrk gSA SSB ds fMekMwys'ku  gsrq 
high stable carrier frequency (fc) dh t#jr iM+rh gSA bl fQzDosUlh dks ,UVsuk ls izkIr 
flaxy lkbZM cSUM flXuy ds lkFk feDl djk;k tkrk gSA flaxy lkbZM cSUM fMekMwysVj okLro esa 
,d feDlj dh rjg dk;Z djrk gSA  
izksMDV fMekMwysVj SSB fMekMwys'ku gsrq lcls osfld lfdZV gSA 
 
izksMDV fMekMwysVj & bl fMekMwysVj dk lfdZV fuEukuqlkj n'kkZ;k x;k gS & 

 
  
izksMDV fMekMwysVj ,d ,slk feDlj gS ftlesa feDl djkbZ tkus okyh fQzDosUlh dk vUrj vkfM;ks 
jsUt ¼ekMwysfVax½ esa vkrk gSA 
    izksMDV fMekMwysVj ds nks  buiqV gksrs gSa rFkk ,d vkmViqV gksrk gSA 
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FET ,d non linear amplifire  gSA ftlds gate ij SSB signal (fc+fm) tks fd fjlhfoax 
,UVsuk ls izkIr gksrk gS] QhM fd;k tkrk gSA rFkk FET ds sourse ij yksdy fdzLVy 
vkWDlhysVj ls izkIr fQDl fQzDosUlh fc QhM dh tkrh gSA 
    fc Ground u gks vr% ok;ikl dSisflVj ugha jgrkA fQzDosUlh fc lizslM dSfj;j ls 
fldzksukbTM vkWDlhysVj ls izkIRk dh tkrh gS ftlls fd ;g ewy fc ds cjkcj jgsA 
         mDr nkasuksa fQzDosUlh dh fefDlax ls fMekMwysVj ds vkmViqV ij vusd 
fQzDosUlht izkIr gksrh gSaA ftlesa pkgh xbZ fQzDosUlh 300HZ ls 3kHZ dh vkfM;ks 
fQzDosUlh Hkh jgrh gSA yks ikl fQYVj flQZ vkfM;ks fQzDosUlh ¼300HZ ls 3kHZ½ dks 
vkxs ikl gksus nsrk gSA 'ks"k vU; fQzDosUlh dks jksd nsrk gSA vkSj bl izdkj izksMDV 
fMekMwysVj ds vkmViqV ij pkgs x;s ekMwysfVax flXuy izkIr gks tkrs gSaA ftls 
,EIyhQkbM djds Lihdj ij lquk tk ldrk gSA 
 
 

0000 
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FREQUENCY MODULATION 
---------------------------------------- 

   ifjHkk"kk %& tc fdlh dSfj;j oso fc dh fQzDosUlh ekMwysfVax flXuy ¼AF½ ds ,EIyhV~;wM ds 
vuqlkj psUt gksrh gS rFkk dSfj;j oso dk ,EIyhV~;wM vizHkkfor jgrk gS rks bls ge fQzDosUlh 
ekMwys'ku dgrs gSaA 
  FM esa dSfj;j fQzDosUlh fc ekMwysfVax flXuy ds ,EIyhV~;wM ds vuqlkj lsUVj fQzDosUlh  ds 
Åij vkSj uhps oSjh gksrh gSA bls xzkfQdyh fuEu fp= ls le>k tk ldrk gSA 
                               fp= 
 

 
     
mijksDr fp= ls Li"V gS fd FM ekMwys'ku ds nkSjku dSfj;j fQzDosUlh esa lsUVj 
fQzDosUlh ls deviation, modulating signal ds ,EIyhV~;wM ds lekuqikrh gksrk gSA 
modulating signal dk ,EIyhV~;wM c<+us ij dSfj;j fQzDosUlh Åij dh rjQ tkrh gSA 
rFkk modulating signal dk ,EIyhV~;wM negative dh vksj tkus ij dSfj;j fQzDosUlh 
uhps dh rjQ tkrh gSA vkSj tc modulating signal 0-volt ij jgrk gS rc dSfj;j 
fQzDosUlh vizHkkfor jgrh gSA 
                           FM ekMwysfVM cso esa gksus okyh dSfj;j dh cafpax dh vko`fRr  
ekMwysfVax flXuy dh vko`fRr ds cjkcj gksrh gSA F;ksfjVhdyh dSfj;j fQzDosUlh ds 
Msfo;s'ku dh dksbZ lhek ugha gSA ekMwysfVax flXuy dk ,EIyhV~;wM ftruk c<+k;saxs 
Msfo;s'ku mruk gh vf/kd gksrk tk;sxkA ijarq O;ogkfjd #i ls FM ifCyd czkMdkLV 
gsrq ;g lhek +\-75 KHZ ,oa FM dE;wfuds'ku esa ;g lhek+- 5 KHZ fu/kkZfjr xbZ gSA 
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    Msfo;s'ku de j[kus ls pSuy width de jgrh gSA ftlls LisDVªe dh cpr gksrh 
gSA ijarq QSMfyVh de gks tkrh gSA 

       Msfo;s'ku T;knk j[kus ij QSMfyVh vPNh feyrh gSA ijarq pSuy width c<+ tkrh 
gSA  +/-75 KHZ fMfo;s'ku ds fy, 25 KHZ ds nks xkMZ cSUM lfgr pSuy width 200 KHZ  
jgrh gSA 
fQzDosUlh Msfo;slu %&fdlh dSfj;j fQzDcSUlh ij tc dksbZ yks fQzDosUlh ¼AF½ cso  
FM ekMwysV dh tkrh gS rks dSfj;j fQzDosUlh AF signal ds ,EIyhV~;wM ds dkj.k Åij 
;k uhps pyh tkrh gSA bls gh lsUVj fQzDosUlh ls deviate gksuk dgrs gSaA bls ∆f ls 
iznf'kZr djrs gSaA 
     lsUVj fQzDosUlh ls nksuksa lkbM gksus okys dqy Msoh;s'ku dks dSfj;j Loahax dgrs 
gSaA dSfj;j Loahax CS=2X∆f gksrh gSA 
              dSfj;j Loahax ls gh pSuy foM~Fk fu/kZkfjr gksrh gSA 
        FM ekMwys'ku baMsDl %& fQzDosUlh ekMwys'ku esa ekMwys'ku baMsDl ¼M.I.½ 
ekMwysfVax flXuy ,oa dSfj;j flXuy ds ,EIyhV~;wM ij fMis.M ugha djrk ofYd FM 
ekMwys'ku baMsDl dSfj;j ds fQzDosUlh fMfo;s'ku ∆f ls ,oa ekMwysfVax fQzDosUlh ds 
vuqikr ls fu/kkZfjr gksrk gSA   

  
         FM esa ekMwys'ku baMsDl ,d ls T;knk gksus ij Hkh ekMwysfVax flXuy fMLVªk; 
ugha gksrkA 
ekMwys'ku baMsDl dh osY;w irk gksus ij flXuhfQdsUV lkbM cSUM ,oa pSuy dh foM~Fk 
irk dj ldrs gSaA 
DAVIATION RATIO :- vf/kdre ijfefVM fQzDosUlh Msfo;s'ku ,oa vf/kdre ijfefVM  
ekMwysfVax fQzDosUlh dk vuqikr Msoh;s'ku jsf’k;ks dgykrk gSA 
 
 

 
mnkgj.k ds fy;s ,Q-,e- czkMdkLV ds fy, ∆f=75 khz ,oa vf/kdre ekMwysfVax 
fQzDosUlh 15 khz rd permitted gSA vr% Msfo;s'ku jsf'k;ks fuEukuqlkj gksxk& 
 

 
FM % OF MODULATION:-  FM esa % OF MODULATION dk vk'k; AM esa % OF 

MODULATION ls FkksM+k vyx gSA FM esa % OF MODULATION okLrfod fQzDosUlh 
fMfo;s'ku ,oa vf/kdre ijfefVM fQzDosUlh fMfo;s'ku dk vuqikr gksrk gSA 
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;fn ge ekMwysfVax flXuy dk ,EIyhV~;wM Mcy dj nsrs gSa rks  dSfj;j esa fQzDosUlh 
Msfo;s'ku Hkh Mcy gks tk;sxkA ftlls ekMwys'ku izfr'kr c<+ tk;sxkA 
 

FM side band :- fQzDosUlh ekMwys'ku ds nkSjku tc ekMwysfVax oso dks dSfj;j 
oso ij fQzDosUlh ekMwysV fd;k tkrk gS rks vuar lkbM fQzDosUlh iSnk gksrh gSaA 
;s lkbM fQzDosUlh lsUVj fQzDosUlh ds nksuksa vksj fLFkr gksrh gSaA vyx&vyx 
ekMwys'ku b.MsDl ds fy;s budk ,EIyhV~;wM vyx&vyx gksrk gSA 
     nkasuksa lkbM dh lkbM fQzDosUlh dk ,EIyhV~;wM leku gksrk gS rFkk 
dSfj;j fQzDosUlh fc ls leku nwjh ij fLFkr gksrs gSaA 
      ;fn lsUVj fQzDosUlh fc gS ,oa ekMwysfVax fQzDosUlh fm  rks FM ds nkSjku  
fuEukuqlkj lkbZM fQzDosUlh iSnk gksxhA 
 1- fc +/-1 fm  
 2- fc +/-2 fm 
 3- fc +/-3  fm 
 4- fc +/-4  fm 
……………… 

ekMwys'ku  bUMsDl &1 ds fy;s xzkfQdyh lkbM fQzDosUlh fuEukuqlkj gksxh %& 
 

 
 
 
 
 
FM  esa lkbM fQzDosUlh dh la[;k vf/kd gksus ls pSuy dh cSUM foM~Fk Hkh vf/kd gksrh 
gS ftls fuEu QkewZyk ls Kkr djrs gSaA 
B.W. = 2 n fm 

;gkW  n = significant side band dh la[;kA 
                significant side fQzDosUlh oss fQzDosUlh dgykrh gSa ftudk ,EIyhV~;wM dSfj;j 
ds ,EIyhV~;wM ds 2 izfr'kr ls vf/kd gksrk gSA 2 izfr'kr ls de ,EIyhV~;wM okyh 
lkbM fQzDoSUlh dks NksM+ fn;k tkrk gSA 
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MATHMATICAL EXPRESSION OF FM WAVE :-- 

           tSlk fd ge tkurs gSa fd vueksMwysfVM dSfj;j oso ,oa eksMwysfaVax oso 
nksuksa gh A.C sinewave gksrh gSaA ftudh instantaneous value fuEu  lehdj.k ls Kkr 
tkrh gS %& 
1-unmodulated carrier  ec =Ec sin  wc t 
                                          = Ec sin 2 π fc t 

2-modulating wave       em=Em sin wm t 
                                          =Em sin2 π fm t 

FM  ekMwysfVM oso dh fQzDosUlh eksMwysfaVax oso  dh instantaneus osY;w ij fuHkZj 
djrh gSA vr% FM ekMwysfVM oso dk mathmatical expression 

fuEukuqlkj gksxk%&  
e =Ec sin  2 π(fc+Δf sin2 π fm t)t 

pwWfd EmlekUkqikrh Δf vr% 
= Ec sin 2 π fc t + Δf/ fm cos 2 π fm t 
= Ec sin 2 π fc t + mf cos 2 π fm t 
FM ekMwys'ku ds nkSjku lkbM fQzDosUlh dh la[;k ekMwysfVax flXuy dk ,EIyhV~;wV 
c<+kus ij c<+rh tkrh gSA rFkk ekMwysfVax flXuy dh fQzDosUlh c<+kus ij lkbM 
fQzDosUlh dh la[;k de gksrh tkrh gSA 
ekMwys'ku bUMsDl] flXuhfQdsUV lkbM cSUM ,oa pSuy cSUM foM~Fk dk laca/k fuEu 
Vsfcy esa n'kkZ;k x;k gS & 

 
 

 
 

FM ekMwys'ku ds nkSjku cSUM foM~Fk Kkr djus dk ,d vU; QkewZyk fuEukuqlkj gS %& 
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;g QkewZyk fudkyrs le; os lkbM fQzDosUlh ftudk ,EIyhV~;wM dSfj;j oso ds ,EIyhV~;wM ds 2 
izfr'kr ls de gS mUgsa NksM+ fn;k x;k gSA 

 
 
FM ekMwysVj lfdZV %&  FM ekMwysVj okLro esa ,d ,slk vkWlhysVj ¼R.F tujsVj½ 
gksrk gSA ftlds R.F output dk ,EIyhV~;wM rks dkUlVsUV jgrk gS] ijUrq vkWlhysVj dh 
fQzDosUlh fLFkj u gksdj ekMwysVj ds buiqV ij fn;s tk jgs ekMwysfVax flXuy ds 
oksYVst ij fuHkZj djrh gSA bl izdkj dk FM ekMwysVj lfdZV cukus ds fy;s ;g 
vko';d gS fd vkWlhysVj ds Vsad lfdZV esa tqMs dSisflVj dk dSisfLkVsUl bl ij 
fuHkZj gks fd tc ekMwysfVax flXuy dk oksYVst c<s rc dSisflVj dk dSisfLkVsUl de 
gks tk; vkSj tc ekMwysfVax flXuy dk oksYVst de gks dSisflVj dk dSisfLkVsUl c<+ 
tk;A 
         ,slk gksus ls vkWlhysVj ds VsUd lfdZV dh jstksusUl fQzDosUlh Hkh ekMwysfVax 
flXuy ds oksYVst ds vuqlkj cnyus yxsxhA 
         osjsDVj Mk;ksM ,d ,slk fMokbl gS]ftldk taD’ku dSisfLkVsUl blds fjclZ 
esa yxk;s x;s oksYVst ds O;qRdzekuqikrh gksrk gSA 
       bl izdkj vkWlhysVj ds VsUd lfdZV esa tqM+s dSisflVj ds iSjsyy esa osjsDVj 
Mk;ksM tksM+dj FM ekMwysVj cuk;k tk ldrk gSA 

 
 
fp= esa n'kkZ;s V~;wUM dysDVj vkWlhysVj ds VsUd lfdZV ds iSjsyy esa fjolZ ok;l~M 
osjsDVj Mk;ksM tksM+k x;k gSA 
      Mk;ksM ds across reverse voltage A.F. signal ij fMisaM gksus ls Mk;ksM dk 
taD'ku dSisflVsUl A.F. signal ds oksYVst ij fuHkZj gSA A.F flXuy dk ,EIyhV~;wM 

vary gksus ls VSUd lfdZV dh jStksusUl fQzDosUlh vary gksrh gSA 
     bl dkj.k ls vkWlhysVj dk vkmV iqV FM modulated out put gksrk gSA 
 
FM  dk fMekMwys'ku %& tc FM transmitter ls rjax fjlhoj ij igqWprh gSa rks lcls 
igys bl fQzDosUlh ekMwysVsM oso dks ,EIyhQkbM djds blds ,EIyhV~;wM ds Åijh 
rFkk fupys fgLls dks fDyij lfdZV dh lgk;rk ls fDyi dj nsrs gSaA tSlk fd fp= 
esa fn[kk;k x;k gSa %& 
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     ,slk djus ls noise ds dkj.k FM oso ds ,EIyhV~;wM esa tks osfj;s'ku vk tkrs gSa 
os dV gks tkrs gSaA blls fjlhOM oso noise eqDr gks tkrh gSA vFkkZr flXuy ls noise 
vyx gks tkrk gSA ;gh FM dk AM dh rqyuk esa lcls cM+k Qk;nk gSA 
         pwWfd  clipper lfdZV FM wave ds flQZ ,EIyhV~;wM dks gh fDyi djrk gSA 
FM oso dh fQzDosUlh vizHkkfor jgrh gSA vr% ekMwysfVax lwpuk ij bldk dksbZ izHkko 
ugha iM+rkA D;ksafd ekMwysfVax lwpuk FM wave ds fQzDosUlh osfj;s'ku esa gh Nqih jgrh 
gSA 
    fDyfiax ds ckn FM ekMwysfVM wave dks iqu% Ik;kZIr ysoy rd ,EIyhQkbM dj 
fy;k tkrk gSA blds ckn vxyk dk;Z gksrk gS FM ekMwysVsM wave ds fQzDosUlh 
osfj;s'ku esa Nqih ekMwysfVax lwpuk dks ,EIyhV~;wM osfj;s'ku esa cnyukA pwWfd ekMwysfVax 
flXuy okLro esa le; ds lkFk ,EIyhV~;wM osfj;s'ku gh gksrk gSA vr% bl dk;Z gsrq 
gesa ,sls bysDVªkWfud lfdZV dh vko';drk gksrh gS ftldk vkmViqV oksYVst buiqV 
ds fQzDosUlh oSfj;s'ku ds izfr laosnu'khy gks vFkkZr tc buiqV ij fQzDosUlh low side 

dks swing djs rc blds vkmViqV oksYVst fxj tk; vkSj tc buiqV fQzDosUlh  up 

lkbM dks Lohax djs rc bldk vkmV iqV oksYVst lsUVj fQzDosUlh dh rqyuk esa c<+ 
tk;A 
        mDr dk;Z ,d ,Sls cSUM ikl fQYVj ls fd;k tk ldrk gS ftl cSUM ikl 
fQYVj dh lsUVj fQzDosUlh fo FM ekMwysfVM oso dh lsUVj fQzDosUlh fc Iyl ∆f 
(maximum deviation) ls FkksM+h T;knk gksA vFkkZr pSuy fQzDosUlh band pass filter ds 
rising slope ij e/; esa vk;sA tSlk fd BP filter ds fuEu V-F xzkQ esa n'kkZ;k x;k 
gS%& 
 

 
,Slk gksus ls tc fQzDosUlh up lkbM esa daviate  gksxhA rc buiqV flXuy dk fQYVj 
ls vkmViqV c<+k gqvk oksYVst izkIr gksxk vkSj tc deviation down side esa gksxk rc 
cSUMikl fQYVj dk vkmViqV vkj-,Q- oksYVst dk ysfoy lsUVj fQzDosUlh ls vkSj de 
gks tk;sxkA vkSj bl izdkj gesa cSUMikl fQYVj ds vkmViqV ij ,Slh vkj-,Q- oso 
izkIr gksxh ftlesa fQzDosUlh osfj;s'ku ds lkFk ekMwysfVax flXuy ds vuqlkj 
,EiyhV~;wM osfj;s'ku Hkh jgsaxsA tSlk fd fuEu fp= esa fn[kk;k x;k gS%& 
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RF ds mDr oksYVst osfj;s'ku dks Mk;ksM ls jsDVhQkbZ djds osfj;scy Mh-lh izkIr dh 
tk ldrh gSA Mh-lh- ds ;g osfj;s'ku gh ekMwysfVax lwpuk gksrh gSAA 
         FM ds mDr fMekMwys'ku dks slope detection dgrs gSa rFkk mDr lfdZV slope 

detector dgykrk gSA 
BALANCED FM  SLOPE  DETECTOR :-- SLOPE FM  DETECTOR ds lkFk ;g leL;k 
gksrh gS tc dSfj;j esa dksbZ Msfo;s'ku ugha gksrk ml le; Hkh fQYVj ds vkmViqV ij 
fQDl oksYVst dk RF carrier gksrk izkIr gksrk gSA rFkk dSfj;j oso dk Msfo;s'ku vf/kd 
gksus ij flXuy cSUM ikl fQYVj dh nonlinear resign esa pyk tkrk gSA ftlls 
ekMwysfVax flXuy dh QSMfyVh [kjkc gks tkrh gSA oSysUl Lyksi fMVsDVj esa ;g 
leL;k ugha jgrhA 
    bl fMVsDVj dk dk;Z djus dk fl)kUr Lyksi fMVsDVj dh rjg gh gksrk gSA 
blesa ,d ds otk; nks cSUM ikl fQYVj dk mi;ksx fd;k tkrk gSA ftlesa ,d 
lfdZV  fc++++∆f ds Åij V~;wUM jgrk gS rFkk nwljk fc+++-∆f ds uhps V~;wUM jgrk gSA ;s 
nkasuksa V~;wUM lfdZV iq'kiqy esa dk;Z djrs gSaA lfdZV dk igyk fgLlk ikthfVo 
Msoh;s'ku dks fMekMwysV djrk gS tcfd nwljk fgLlk fuxsfVo Msoh;s'ku ds fy;s dk;Z 
djrk gSA tSlk fd fuEu fp= esa fn[kk;k x;k gS & 
                                

fp= 

 
 
       lfdZV esa nks V~;wUM lfdZV rFkk nks izFkd&izFkd Mk;ksM fMVsDVj yxs gksrs gSA 
ekMqysfVax vkmViqV nks jftLVj RL1,oa RL2 ds dkafcus'ku ls fy;k tkrk gS tks nkasuksa 
dk ;ksx gksrk gSA  
WORKING-         

          tc dSfj;j oso ij dksbZ ekMwys'ku ugha gksrk rc nkasuksa V~;wUM lfdZV leku #i 
ls dSfj;j dks ikl djrs gSa vkSj pwWfd nksuksa 180 ds Qst varj ij gSa vr% nksauksa Mk;ksM 
dk vkmViqV leku oksYV ij jgrk gS vr% ,-,Q- vkmViqV 'kwU; izkIr gksrk gSA 
    vkSj tc buiqV ij FM ekMwysfVM oso vkrh gs rc ikthfVo Msoh;s'ku ¼fc ++++∆f½ ds 
nkSjku V~;wUM lfdZV&1 dk oksYVst V~;wUM lfdZV&2 ls T;knk gksxkA D;ksafd ikthfVo 
Msfo;s'ku ds nkSjku FM oso V~;wUM lfdZV&1 dh lsUVj fQzDosUlh ds T;knk utnhd 
igqWp tkrh gS ,oa V~;wUM lfdZV&2 ls nwj gV tkrh gSA 
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     vr% nkasuksa Mk;ksM ds dUMDV gksus ls RL1,oa RL2 ds ,dzkl Moyi oksYVst esa 
vUrj vk tkrk gS vkSj ;g vUrj ,d ikthfVo osY;w gksrk gSA bl izdkj vkmViqV ij 
ekMwysfVax flXuy dk ikthfVo gkQ lk;fdy izkIr gks tkrk gSA 

 
     tc FM oso lsUVj ls ek;ul fc+++-∆f dh vksj Msfo;sV gksrh gS rks V~;wUM lfdZV&2 
dk vkmViqV V~;wUM lfdZV&1 ls T;knk gksxk vFkZr vkmViqV fuxsfVo dh vksj c<+rk 
gSA ftlls ekMwysfVax flXuy dk fuxsfVo gkYQ lk;fdy izkIr gksrk gSA 
    bl izdkj nksuksa lfdZV ds dkj.k vkmViqV ij lEiw.kZ ekMwysfVax flXuy izkIr gks 
tkrk gSA 
    ;gkW ij Mk;ksM D1 ikthfVo gkYQ lk;fdy ,oa Mk;ksM D2 fuxsfVo gkYQ 
lk;fdy ds fy, ,-,e- fMVsDVj dh rjg dk;Z djrs gSaA 
 

PHASE MODULATION ¼Qst ekMwys'ku½ 
 

       fQzDosUlh ekMwys'ku ,oa Qst ekMwys'ku okLro esa ,afxy ekMwys'ku ds nks izdkj 
gSaA nksuksa ,d nwljs ls Dykstyh tqM+s gq, gSaA 
       Qst ekMwys'ku ls fQzDosUlh ekMwys'ku vklkuh ls izkIr fd;k tk ldrk gSA 
tSlk fd ge tkurs gSa fd fdlh Hkh dSfj;j oso dk lehdj.k fuEukuqlkj gksrk gS %& 

ec=Ec sin (Wct+Ø) 

tc fdlh dSfj;j oso dk ,axy ekMwysfVax flXuy ds ,EIyhV~;wM ds vuqlkj cnyrk gS 
rks bls Qst ekMwys'ku dgrs gSaA vkSj blds ifj.kke Lo#i tks ekMwysfVM oso izkIr 
gksrh gS og Qst ekMwysfVM oso dgykrh gSA Qst ekMwysfVM oso dk lehdj.k 
fuEukuqlkj gSA 
                    e=Ec sin (Wct+Øm sin  Wm t) 

                                                                 - - 
-pwWfd   Em lekuqikrh Ø 

 
Øm = Qst pSUt dh vf/kdre osY;wA 
 
fdlh flaxy ekMwysfVax fQzDosUlh dk dSfj;j ij Qst ,oa fQzDosUlh ekMwys'ku leku 
gksrk gSA ijUrq ,Q-,e esa dSjh;j dk vf/kdre Msfc;slu eksMwysfVax flXuy dh ihd 
oSY;w ds nkSjku gksrk gS tcfd ih-,e- esa dSjh;j dk vf/kdre Msfc;slu eksMwysfVax 
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flXuy ds thjks cksYVst dzkflax ds nkSjku gksrk gS tSlk fd fuEu xzkQ esa fn[kk;k x;k 
gS%& 

 
           FM esa ge ;g ekudj pyrs gSa fd dSfj;j fQzDosUlh esa Msfo;s'ku 
ekMwysfVax flXuy ds ,EiyhV~;wM ds lekuqikrh gksrk gS ekMwysfVax flXuy dh vko`fRr 
dk bl ij dksbZ izHkko ugha iM+rkA tcfd ,Q-,e- esa ekMwysfVax flXuy dh fQzDosUlh 
c<+us ij Msfo;s'ku de gksrk tkrk gSA vFkkZr dSfj;j dk Msfo;s'ku ekMwysfVax flXuy 
dh fQzDosUlh ds O;qRdzekuqikrh gksrk gSA 

 

bldk eryc ;g gqvk fd ekMwysfVax flXuy ds fy, PM ,oa FM ,d gh gSA ysfdu 
tc ekMwysfVax fQzDosUlh psUt gksrh gS rc PM esa ekMwys'ku b.MsDl fLFkj jgrk gS 
tc fd FM ekMwys'ku b.MsDl ?kVsxk ;k c<+sxkA 
         FM esa bl deh dks iwjk djus ds fy, gkbZ ekMwysfVax vkc`Rrh dks cwLVvi 
pre emphasis djrs gSaA 
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AM ,oa FM dh rqyuk 
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iYl dksM ekMwys’ku 
 
          iYl dksM ekMwys’ku (PCM) ,-,e- ;k ,Q-,e- dh rjg ekMwys’ku djuk ugha gSA 
cfYd ;g fdlh ,ukWykx flXuy dks mlds lerqY; fMftVy flXuy esa cnyus dh izfdz;k gSA 
iYl dksM ekMwys’ku esa ,ukWykx flXuy@eksMwysfVax flXuy dh dksfMax djds bldks  fix length 
,oa fix amplitude ds fMftVy flXuy esa cnyk tkrk gSA tks fd pkSdksj osc ds #i esa izkIr gksrk 
gSA 
         ih-lh-,e- rduhd dk vkfo"dkj lu~ 1937 esa ALEX H. REEVES us fd;k FkkA ftldk 
O;ogkfjd mi;ksx lu~ 1960 esa lkfyM LVsV bysDVzkWfuDl vkus ds ckn laHko gqvkA 
         ih-lh-,e- rduhd dk lcls cMk Qk;nk ;g gS fd] ge nks ;k vf/kd eksMwysfVax flXuy 
dks ih-lh-,e- rduhd ls fMftVy esa cnydj bldks vklkuh ls dEckbu djds ,d gh gkbZ 
cS.MfcM~Fk pSuy ls Hkst ldrs gSA ,oa fjlhfoax LVs’ku ij eksMwysfVax flXuyl~ dks vklkuh ls 
i`Fkd i`Fkd dj ldrs gSA 
         bldk nwljk Qk;nk ;g gS fd ih-lh-,e- flXuy ds flQZ nks ysfcy gksrs gSa yks ,oa gkbZ 
ftlls jhtujs’ku rduhd viukdj flXuy dks noise free djuk vklku gSA 
         ih-lh-,e- rduhd dk rhljk Qk;nk ;g gS fd ykax fMLVsal lapkj esa ih-lh-,e- flXuy 
dks ckj ckj fjihVj ls fjihV djus ij Hkh flXuy esa noise ugha tqMrk tcfd ,ukWykx lapkj esa 
rhu ;k pkj fjihVj ds ckn flXuy esa noise dkQh vf/kd gks tkrk gSA 
      fdlh ,ukWykx flXuy dks ih-lh-,e- flXuy esa cnyus ds fuEu LVsi gksrs gS%& 

1- lsEifyax ,.M gksYM%& tc dksbZ ,ukWykx flXuy ih-lh-,e- dUcVZj ds buiqV ij vkrk gS 
rks bl cSfj;sfcy flXuy esa vuar instantaneous value gksrh gSA pqWfd bu lHkh 
instantaneous oksYVst dks ih-lh-,e- esa cnyuk laHko ugha gS vr% ,ukWykx flXuy ds 
FkksMs FkksMs le; varjky ij lSEiy izkIr fd;s tkrs gSA  

 
lSEiy esa tks Hkh oksYVst ysoy izkIr gksrk gS mls hold lfdZV vxyk lSEiy izkIr gksus rd 
LVksj j[krk gSA igys lSEiy dk izkSlsl gksus rd nwljk lSEiy ugha fy;k tkrkA blds ckn 
nwljk lSEiy ysrs gS vkSj ;g izfdz;k yxkrkj pyrh jgrh gSA lSEifyax ds ckn ,ukWykx 
flXuy dk Lo#i fuEukuqlkj gks tkrk gS%& 

 

 
 
        ,ukWykx flXuy ls izfr lsd.M fy, x;s lSEiy dh la[;k sampling rate dgykrh gSA 
lsEifyax ,.M gksYM ds ckn ,ukWykx flXuy ds vkjhftuy tSlk rks ugha jgrk]ijUrq vkjhftuy 
,ukWykx flXuy ds dkQh utnhd gksrk gSA sampling rate ftruk vf/kd gksxk sampled 
signal mruk gh vf/kd vkjhftuy flXuy tSlk yxsxk ijUrq sampling rate c<kus ij ih-lh-,e- 
dUcVZj dk fcV jsV vkmV iqV Hkh c< tk;sxkA 
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sampling rate dk fu/kkZj.k%& sampling rate ftruk vf/kd gksxk fjizksMD’ku ij flXuy dh 
QSMfyVh mruh gh vPNh gksxh ijUrq ih-lh-,e-dUcVZj ,d lsd.M vf/kdre ftrus lSEiy 
fMftVy esa dacVZ dj ldrk sampling frequency  (fs) mlls T;knk ugh- gks ldrh A 
ih-lh-,e- dUcVZj es iz;qDr ,ukykx Vw fMftVy dUcVZj dh LihM ls] sampling rate dh lhek 
fu/kkZfjr gksrh gSA U;wure sampling rate fu/kkZj.k bl ckr ij fuHkZj djrk gS fd ,ukWykx 
flXuy dh fQzDoSUlh D;k gSA 
     bl lEcU/k esa nyquist sampling F;ksfje dgrh gS fd ih-lh-,e- fjlhcj vkmViqV ij 
flXuy dks fjizksM;wt djus ds fy;s ;g vko’;d gS fd ih-lh-,e- dUcVZj ij buiqV ,ukWykx 
flXuy dks mldh fQzDosUlh ls de ls de nksxquk jsV ij lSEifayax djuk vko’;d gSA blls de 
lSEifayax jsV gkus ij ih-lh-,e- fjlhoj ij fjizksMD’ku ds nkSjku foldover distortion vk tk;sxkA 
 
minimum sampling rate (fs) ≥ 2Xfa 
 
fa= frequency of analog signal 
fs= frequency of sampling 
 
QUANTIZATION- dksbZ Hkh quantity ftudh la[;k vuar gks mudks ,d lhfer d.Mh’ku dh 
la[;k esa cnyuk DokUVkbZts’ku dgykrk gSA tSls dksbZ ,ukWykx oksYVst ,d lsd.M ds le; esa 0 
oksYV ls 1 oksYV ij igqWprk gS rks 0 ls 1 lsd.M ds le; ds e/; bl flXuy esa 0 ls 1 oksYV 
dh vuar instantaneous value gksaxhA                  
bu vuar oSY;w dks DokUVkbZt djrs gq, fuEu pkj ysoy esa lhfer fd;k ldrk gSA 

1-0 to 0.25v         =0.25v 
2-0.25v to 0.50v  =0.50v 
3-0.50v to0.75v   =0.75v 
4-0.75v to1.0v     = 1v 
;gh izfd;k DokUVkbZts’ku gSA 
 
QUANTIZATION ERROR  - tc ge fdlh ,ukWykx flXuy dh lSEifyax djrs gS rks ges’kk 
,slk ugha gksrk fd izkIr lSEiy QUANTIZATION gsrq fu/kkZfjr ysoy ds cjkcj gh gksA lSEiy 
dk ysoy fdUgh nks fu/kkZfjr ysoy ds e/; dh dksbZ Hkh cSY;w gks ldrk gSA  

 
vr% lSEiy dh oSY;w dks utnhd ckys fu/kkZfjr ysoy ds cjkcj ekudj jkm.MvkQ dj ysrs gSaA 
;g jkm.MvkQ dk varj gh QUANTIZATION ERROR dgykrk gSA lhfer fu/kkZfjr ysoy dh 
la[;k;sa c<kus ij QUANTIZATION ERROR de gksrh tkrh gSA 
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ih-lh-,e- dUcVZj 
 
               ih-lh-,e- dUcVZj esa ,d lSEiy ,.M gksYM lfdZV ,d dEijsVj ,d fMftVy 
Vw ,ukWykx dUoVZj ,oa ,d vi dkmaVj  gksrk gS tks fp= vulkj tqMs jgrs gSA 
 
 

 
 
 
 
ofdZax%&,ukWykx flXuy dh lSEifyax ds ckn bl flXuy dks dEijsVj esa Hkstrs gS ftlds nwljs 
buiqV ij fMftVy Vw ,ukWykx dUoVZj ls izkIr gksus ckys lh<h uqek oksYVst fn;s tkrs gSA 
dEijsVj bu nksauksa okYVst dh rqyuk djrk gSA nksauksa cksYVst leku gksus ij dEijsVj dk 
vkmViqV thjks gks tkrk gSA bl thjks cksYVst ls vi dkm.Vj jhlSV gks tkrk gSA ,oa vi 
dkm.Vj dh vafre jhfMax PISO jftLVj es LVksj gks tkrh gSA ihlks jftLVj dk lhfj;y 
vkmViqV ih-lh-,e- flXuy gksrk gSA ;g izfdz;k yxkrkj izR;sd lSEiy ds fy, pyrh jgrh gSA 
vi dkm.Vj blds buiqV ij izkIr gksus okyh Dykd iYl dks dkm.V djrk gSA vi dkm.Vj 
ftruk QkLV gksxk ih-lh-,e- daoVZj mruk gh QkLV dk;Z djsxkA lsaEifyax dh LihM ,d lsEiy 
ds izkslsl esa yxus okys le; ls de gksuk pkfg,A 
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