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AM Transoittey

A bansmitter  are dossifed ac
t lowd- poLoCy level AM tansmitter
+High pocatr level AM tansmtter:

Low-proer Llevel AM transmitter
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_____________ Envelope

; T detectoy [T T B
Modula ! Pre- armphifier | | Audto
Signal  —> (oudho) >@—->1 voltaje[ Ra0v
gource N d| Amplifiey

frg : AM Transmitter  with lowy~level

Te e lowo level bransmitters, the moaulation process g done

pOUSLY level and then dhe mo@]u[ahna srﬂna[ [£S ]xuseci

at o lower
| {hmuﬂh a }\r\ciln level  pocaty amPhFFe'f.

i The 'leulahna grﬂnal is Obmined 'f'rom G mrcrophon& The

pre amPl{fre( T oa Ej?rmlla censittve  class A linear \oltage amplrﬁ%r.

| This  amplifief vust have o high inpuf impecence. The - purpose. of the

pre amplfﬁer is b bvtng the source srgna[ to such o level So that
the input {0 the drver amplifiey 7s noise and distortion free. The

driver of the moch[ahng grﬁna[ e also o lineay amphﬁef which

amplhfreS the modulahna argnal b an ad@?“Q& level  to Sufﬁcrenﬂé

| drive  the rrockiabor -

i
)

1 www.Jntufastupdates.com



The RE Caryrer sigral is fom an oscrllator. Thrs can he
used to genevate the Cowster whose  frequency ghlb;[(% 'S guite
high. The budfer amplifeY i a low-gain, high nput rmpedence
lineay  amplifter Hat isolates the oscliatol from the high power
Qmp\ncTefS . The ewitler ollocoers oY -of lake oPemHonal amplffTEYS
1 are uced as buffers. Modulabors  can be eithey emither 0OY
collectoy  modulation Jqﬂae- The iotermediate and Faal powey amplfﬁ‘t
are .genem[la class A or B puch ~pull %3[:{. This helps to maintatn
in the AM  envelope. The oubput impedence of the

ampliﬁer ¢ matched to antenna. by using @ antenno

Sﬂmnr\eha
final  power
ma&hmﬂ netuaox k.

ﬂtaln poweY [__;\f_ﬁlj "f‘_ﬂ transmittey

Antenna
A"
|
|
Crystal RF Tuned 5 Plate [collechor .
slabor | Bureee | ge BN mﬁ: modulated |},
arrplIeY -
(covyeey) Amplifrey amplekrey P C([fj\;{fﬁg:mef i
7 t
b | Envelope ¢ ;_
ll'—_"_—___— detector |~ 7T T T T
.
Modulated Aucho : Audro
S’ignal —— uoltaﬁe S C; powey
goyrce amplifier | © ampl el
mp P
e %
ﬁa . Hrﬂih level rodulatos To DC SQPP%
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®
y Tn a Na‘n level  transmittey, modulaton  and powe? amPlhcm:z&Dn
ore cbre ok a hrakerr level. This requires the modutahng sgnal and
cawveer sranal bo be bmugM to a 'ceréam powes leve{ before modfols
i effected,
The modutaﬁma srgna[ qoes E'nmugk the same sfage as i
the case of loo power bronsmitter  exccept Ry the odditon of a
poLaeY arvptiﬁe_‘(. This s due bo the fact ot for hrgln-f_gvg[ tranemitbes,
the ooty signal should be biought o @ higher level before modulafrry
e comeer will olto be ab ik Full power and hence puoer of the
ooy saal be qute b enogh o achieve oot moddaton.

Ao RE picllaboy and ibs b are smilar fo thet of @
lda;(elvel bansmetter, The aamer  signal also veguires  on odditioral
poLoey” amphfrer before ik 1o given to the maL(anp The final povoer
aonplifey 15 the actual rodulabor - Goltector  modklobor dase ¢ fype
has @ Vérg 300:[ effrcren%, | |

Ad hvan kaﬂ ¢ |

The Ofrlvaﬁkage of hiﬁh _lovel eodubbol  transmitter s Hhot
all the Re povoer amPlrﬁver can be dass ¢ pooey araphfiey which

Con  be desrgneo[ o have very Higk po eﬁmenca of +the ovder of
80 tv qo. . |

E’HECE O{: P&[iciback on ngﬁ;mence, O]C p.i hariﬁi&ﬂﬂ

Generally Negabve feedback  ic provided i Am bantmi tters
wibn 8 to impove  therr  pecformance. The AM sigral fed b the

ankenna,

chould have, its EQVE’[OPG, as the messoge grgnaL anihble
at the output of the audro  oltage amPlEa(rer.
3
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‘Cvﬂs%al ‘ RE | Tuced Dyvivey Fote | coltectoy |
!
occillaboy —> BUFFER > RP_ > modulote d L S0
C;Cmeo Amplifrer Aroplefrev ﬁmphﬁ” closs—c power | 7|
~ | amplifrey |
—_— _____b_ Envelope ' P :
: debectoy [--——- - —--- ——d
1
: 1
wodloked | [Aude | g _ [udvo
Signal w(&age > fovoc
Souxce omplifrey amPl:fneM
IE e

Vi ¥ N
To DC mppla
Thie wotll be Hne case m% if there i o dhskovtron

pmduﬁecl n the aud*o powoer  ampli f(ers
The AM S\S\’\O\‘ to be vadaled is PkaéA up aE the PDNT

' its envelope s exhacted - Thes 15 then cubtracked from the

Vo[ha%e amthev OuEPuE- The loop a-b-C d-e-§ thus acts as
Yhe feedback [ooP- | |

This neaa{wﬁ feedback inpoves  the performance of the bansm-
tter as b yeduces the  dickorton of the envelope  of the rodrated
Srgnoi ba makma it dose[a resemble the messgge s‘rgna[ . T veduces
the roise and pouoey ‘frﬁgue_nc‘g also
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D

S FM bansmitte s
£M STé]nals con be 8enera‘fﬂcl etthey dmc’c%'bﬂ anng

the freczuencg of $he canter oscllator, oy ?ndwcHU b(.j Converhng
hase wodulation to dreguency modulation . zdccgfdr‘nﬁ to monlation

method emFloHed fhere are bt lypes of M transmitters,
x Dsmchd modt‘ia%e_d/ varioble  eackance bype  FM tansmtter,
* Tndf‘rﬂd[ﬁ [ Phase moc[u[a&J FM bransmr‘wa,

DitecHa madulated (VarmbLe reac_ifqme =ﬁHPe') Er\:»t_ bansmitter Artend
mo&bhf\a frod ebf |
e Reactance L-C 'Jr.ggt,{enc(rj ' C‘EOSSC
. ot migef o fFowey
2 moduladoy osci lafoi - mﬁ( plives . seneier
tocol
oscillatoy
‘J‘o :@"f) ]tc

Tn dmchH codulated M bansmitbers  the  fregueacy erodulatan
s caried oub ot o lower freguency and waith a smaller freguensy
deviaton - Then passing this fmguean modulated  wve Hwough fre'guen%;
mu[%fpmf it the  destred  cavveey ]Lreguemg Qﬂ;ﬁl deg;@d 3(rcgu£n%;
deaton i achieved. -

With fneguenc(zj mu[&rpl?caﬁoﬂ, the  tnskantaneous ]‘n&guean i<
mulkeplied. for  example, if the wnstantaneous frequency of an £M
oscillator 1S fi= £ 4 Af.  when passed drough @ freguency multipher
this  becomes nft« I tnpf, where n i the mulhplﬂing factoy
The ‘_Freczl.kf’,ﬁCg mulhplrcahbn can be achreved -b(tj passing the srgnaf
Hnrouﬂh o. class ¢ amplifrer ond hmma the  oubput o the degived

harmomc .
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Wikh fn?quenca mmng, the devraton w?ﬂ nok chan3€~ |
For emmPl_e, if a g.gﬂa[ with ﬁeguenca nf.t nof is pasted
.Uwouah Q. miver, which ¢ also fed by o local  oscillator 4,
the output can be tuned to  difference frtguenc(c/ nf. «naf

EL%tiﬂCa Sk_ahbﬂ&a gna ic
TE 1S dtfﬁwlf to ma_tnﬁ‘ain SEQEELI% of unmoohbfed

Coxrrex fmfzuenca when  LC oscillator i€ drectly ﬁﬁguenca modulated
to Pmcluce :ﬂe[ahve[a lavge devinton . The  umvodulabed  carrrer freguenty
con be kepk skable using an  automalic acreczuenca conbvol (AEC)ekE.
The bBlock dragmm of o %Hprca( AEC  chrcuik is shown  in below

’tri’]‘ Ankenva,
moau\a&ec\
‘l‘:_a Reackance | LC Freguency class ¢
modu(atoy oscillaboy > mﬂﬁplrev — — Power -
SC _ "
‘ . | N amPHl‘Ei D}f’
ot - ‘
Bias ‘ | | N |
LPF Descrimicator | ——{ Mreex ggmf

Quﬂ?ose {reciueqc(lj of  Carrvey TNCYeQtes .Thrs. hrgher fr&guen'cg |
o Jod Ho the mixey for which the other ip va’yaen(_‘(:] is From
the shable crgska[ oscillabod: A some  what hfgher acmguencd voll|
be fed to the descriminatoy. The descriormalyr will develop  a
posttive  dc VO[EG{}Q . The low pass filter (LPF) removes the signal
Comporent ond leaves Oﬂlld dc voltage - The output of LPR 1.e,
the positive  dc Uo[%age i¢ QPP[IECJ bo the reactance  modufybor
whose  bransconductance i< increased by the posttve de woltzge:
Tris increase the  eguivalent Capaa(:ance of the veactance modulaboy

9)
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. *Hwexe ba decmaﬁna the pscillabor fvt?c;uencg. The frtczf-{t?ﬂCg iNCrease
i the correey fvegumca is thus {ousered and bvcughf {o the
comect  walue. Bx‘aCHa, OP?OSIEQ ackion tokes place when cavrieY
frﬁgurfnca decreases, '

Tndkrect CP_lrla_se) mo@{eol ™ transmitter Ankeona.
Crystal - Phase Frequency dass ¢ '
y > 4 — Fowoer
oscillatoy moculotor m\l{iph@v oam Ph‘f?? {
| T
Vedta | o
stgnal g ln&ﬁmb{

Tn this technigue  the Phase angle e made o vary while
"0[3"\3 the freczuean (:ons%c_m’r‘ By this technigue , @ nge modu(af@
signal i genem{eci- With Some minoY  processing this Fhase
fmodutah’_cf Qi‘gm[ an be PaSsed off &¢ an FM as thown N ’C?

A very Popu'lavr indwect method of achremna FPM s

koown ac the UAvmgHona method "

£ : L
Crystal | % Sammer = TCEEY L e N Cﬂ?féfeg
oscillaboy — mu[h“PlTP\/ y. amplrrer .
. ]l— Fo :
A LOCG-[
0° Phase ProcuCt oscillokov
Shiftey [ odulatoy
ood laht
Sig;\gl ki || Integrator

M trancmitbey Armskvoﬂg method.
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Tn s method, the Tibal modulation bakes place ag
on GMplikude moduloted  DsRgc  2mgnal ke that a cystal oscillaboy
can be  used 1 desived.

Heve the Cﬂﬂa\ oscillabor genem{cs the sub cawref,
which  can be low, oy on the ovder of |00kHz. Ohe ofp from

the ascillator 1s phase ohifted 5((1 o b produce the sine term,
which ¢ then Dsesc modulated in the balanced  modulator by Vonl()
Thic 1 combined with the dvect ofp from the osallatov in the
Summma QmPh‘:ﬁ'erl the result then bemﬁ the p)nace modulated

sqnal. The modulahng Qrgnal ic pasted Eorough on ;nbeﬁmhw to
the moc\u[abw{ o 3e€ the {m?uenca erodulabed S‘Tgmj . At thic §Pa3@

the e_gq?va[enk | _ﬂe?uenca deveaton "0‘““. be low , So the armﬂgenpnf

ghovon in ﬁg. ic used to werease the peak deviakion,
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Jhr—wgw-- 3
RECRIVERS

E—————

’Inkmduc_ﬁov)

The P“mﬂ‘fa reczwre,men{ of an ComrnuanaHon reCrevey
is that b dould  have the abrlf% b select the desived srgna;l
from amma thowsands of others Presmf ond o pmu.‘de
Sufkcient amPlfﬁfahbn bo vecover the mocluiahng aignal . To
provide  dhi primary  veguirerent recetver has bo cany ouk
dfferent 1(unchon§, s giuen' e lowd -

b Gllect  the eledmmagnehc wavee tansmilbed by the bransmitter
. Select  the destred  sigral ond  veject all others,

1. Amphfa the selecked modulated  carvter s'rgna[ :
k. _De{‘ecf A’cke m&:lalahha QTﬁna[ from the madulated RF SE‘]”Q('

£ Amplily the moclu[a&ng S’flé}f‘lol to operate the bud speaker
Recetver_types |

I« AM Receryey 2. FM Recedver

- AM Reﬂvef

W The Tuned Rado Jrreguencg Recetvey  and
] QuPerHeEeYodﬂne fecerven -

& Taned Racho Fn?c'zuenca @'QF) Recetvey T
_ : mephf%af
Anterea 7,<
ﬂmPli.ﬁ‘E( ampl?fwer{ st Detechoy M
rﬁ’ . 5,7——_
’! ,’ ,!
l{—- _——— e — ___l_’______________lff
Gangec(.
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o e e AR Y e R P e et es ot

The TRF Re onsish of ho  or three 'glfage: of RE QMPliﬁ."‘EFJ,.;

detectoy, audm amthreff and  powore amplifter. The RF amplifrey
Skageﬁ Placec{ bebween the antenna  and  detechor are wsed to
incvease  the skrmﬁ’rf,\ of the vyecerver sgnal before ik s -aﬂalrecl

to the  detectov. Thece RE amplifiers  are tuned to fix )Cre?uen(‘(‘],
GfY\tha the deswed  hard of freguencrervﬂxeveﬁ)r?, Hwea onvrofe
aplifiation for  gelected band of reguencies and rejecton for all
others . Ac  seleckon  and ampltﬁcaﬁm Pmcess s cavried out I
too or  theee stages  ond each stage must amplr% the same
baed of freguencres , the ganﬂed {un‘:na 1S prov?ded-

The amPlrfred srgna( i then democlu[al”ec( wiﬂa.d@&fﬁﬂ
o vecover the moclu[aﬁaa sgnal- The vecovered signal 18
CW\P\TBECI furthuy by the audo ampltﬁe'( followoed b(j PO aﬁvﬁfﬁﬁf
vohich pro\ﬁdes sufficent  gain b operaff’ o loud rpeakef- The TRF
recetvers  suffeved from  Aumber of anno\lj‘ung Pfoblemj- “These are
tisted in e next  cechon.

Problems in  TRE Recelvers

_

—_—
. m——

- T‘_Egkmg Scj Tuned C[[_C:utE

In IRE  veceiwey tuned ctrCuIH Qare mode Uarfabie 50 &haﬁ
H\ea ‘can be ot to the freguencd of the desired S*rgna[« Jn mast
of the vecetveys | the capactors in the tuned circuits are madke
variable - These Cafac.zégrs ore -‘gangeolr bloo the &‘Eages' so that
H\ej are  Can  be char\aea[ gimul’caneouséy when. the _'hmma-
knob i wtated. T have pecfect ﬁmma the Caﬁaafof value s
blos  the Qkage_f must  be EmCHJ came hut thir is not the
Case . The difference in  the capacibors cause the  resonant

10 wwwdntufastupdates-com e
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S M meimtemme et e e — fn
“-{reczuenc(cj of each tuned circcit o be glrghtb ekiferent, thereby

increasing the pacs band .

2. fingkabtl&a

—a———

Ag ht‘g\“ﬁ 3&'«'\ t.$ ad\}‘evecl Q} oneé {ye?uenc\tj ba O\.
mu[trs%aﬁe a_mphfn’f , there are  more chances of P;sthve feedback

Hwough ome ghaa PG‘H‘ . ‘mgu[hna cn oscillations. Thece acillatiorv
are  unavoidable of hfﬂk freguenaer.

3. \f_q_r‘___r‘_gble Ba_r_\glgd th

TRE recetvers  suffey from o vanahor\ in bandwfdfk ove (
the {umng range . Gngider  a medium e weedver r‘@gurr@d
to tune over eCktz o l6uokHe and ik Pmurc{e.r the necesmfa
bandwidbh  of okHr aF @CKHa  let us aaleulobe @ of  dhis ckb

= a:._{:__ — SZ(K

Bl loc = R0

At leuokMe @ of the coil chould be 16t ( 1640k 10k )

bovoever | tn —Prachce due b vartows  desser dependmﬁ on Trey.
e will ot et g large increase in G- leb ur qsume fhal
ot |6uD kHz Mgueﬂfa 8 1 jacreased b value 0o inskead of 4y,

with this & of the el tuned circert bandwid b can be caleuloked

ar Jollbwas = gw- f _ leuok
100

= |6tk Hy

we con  say that n Ter g,
e €3 of the thned et vares over the requency vange ,
ﬂimlhng N pooy selechu&a of the recerey.

gecawse of  {he problerms  pf frackrn@ : rnslnbr[ﬂa and  bandedlt,

voxtokon | the  TRE yecceved haw  almost beea  replaced by “super
heh‘zrg)cijne Re s

- —-www.Jntufastupdates.com J




Qup@r_;efevcdyﬂe Recetvers
Ao, l—

’ ) FS 'FD"fs
é E RF A :
’ M\P\rﬁff k Mixer % :
i I / .
= ’, 4 I’ [ - ‘5_ .
/ II 0
I, 4 ' A4
\ / Local lﬁ? [Aadm
: | & T |oscbdoy ‘ Rl
: ! um,:hﬁd
: ; Il / -
‘ L/ 3
L Y !
Ganged J(lmﬂg

Re | fest ol the tocoming RE freguencies
d Tabermedate

¥ de)‘U[TP CI Qﬂd
&amo&errskcs

In S{)er \\ehrocljne
are converted b o fix Loty ﬁe?uencn _CaL[e
Jregrency (TF) - Thea  $his e iodercned e freguendy

detected b rcproduce the ortgmal information  emce the
of dthe IF amplifer ave ;mle[aemlen{ of the {mguenca to whith the

recetver s tuned , the setechutﬁd and gensrhvc‘g of Super heterodyne
Yecewveys  Qre +awf(vj uniform Hf\mu&jk out e I[un?n(j ange - |
Micer coraat 18 uted o onchce the {m‘?‘*fﬂ%/ frandatton

of e waming ocmnal doon fo TF - The ?nCom?ng S[gnals are
miced  varth o local oscillator f‘”e?"(e”{'j ﬁfj"a’ in uch a. "‘”‘a
that a  condont frecguenca cfference i maintained b the local
oscillatoy  and  the incoming sgnale. The i adveved by using
gonged {umna apacitors, | |

A showan  n the ZFTSU\F‘E’, Qn{ennq P{(kf UF the Loeak YddTU
Sigral and  feedr it to the gF amplifrer

12 www.Jntufastupdates.com
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: The  RF  ompliher provider Some aitial  gain and S’elech‘w‘gc
The ofp of the &F omplifier is  appled o the <o of the miver.
Tre muxer ako receives an ijp from local oscillator.

The ofp of the muxer civeat 1 drfferfnce.{yeiuenca {h i)
Com«\anlj bagonn @& TF.The -ﬁgnal at  this in&rn:\edr’"&l'e
containg  the Same moclu[a{ﬁor\ s the DF%;cj‘nm[ covyier
frecl by oneov more  GF amplifer sty
if Oblaned i these IFf s“}agef
1< aPP‘T@c’ o defec&ﬂ CirCuih‘
sndorma ton - ?rnalla dhe ofp of

frﬂ@uenca
- This grﬁml ¢ ampl
and most of the wecetuer 3&?0
The hrglnla am])hﬁed I mﬂnal
{0 reCover the Oﬁaina\ moolu[ah(\a L‘ EC{ r
debectw ckb 3¢ fed o audm and , 1lpzr;\fb h:_,
o sufficent  gain bo opemfe o cpeaker Arother inporan

: cuth A&C €
the Quferke{emo(jne receivey O AGC and - AFC  Clrluc ¢
Q Conflank olp uolEC&c]e leve| over a ch‘emnge

FOUKY amthTeY whic

wed o maistan
of  RE ilp Eigna“eve[f'
AFC  ctrcuit 3enem&f AFC ergnaf which i€ ured to adjush

ar\ck 'S‘l“ab'ili%e the JLY'E‘Z of (OCa[ OKCF[LabY:

Recevvey chamckerfs{rc g

| “The Ferﬁ;fmance of Jche radro

Leveskic s
i Terms gf {D\\nuoma veceivey chaal

L. S‘elechuf‘d

i 2. penﬁfrvfg

3. Fedility

H 'imaﬂe )Cyziuenca and i
S table epotting
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-

I S‘elechwla

———

Selechvtlj vefers b the odor[ifa of a weewer to gelect a
s“fgnal of a desired Jtreczuencﬁ while \-ejec[' all okherf.Se[echui‘fyj

n o a rocetver i ohlained bﬁ] wing huned  civeuits < There are
e cireuile dped by vﬂfpnahe ok a destred S1gnal fY&?"Lﬁf‘fg
The Q of | theee  tuned  craahs  defermines the Selec&vr/a.

A 3OOC| recetvey  rcolaber  tHe de._ctrecl gc“gna( i the RF gPechum
and e[tmmafe oll other cgnals. we knows that bandwidth of

e tued ekt ic given b(«j, @w:% _—g‘
_g __Bw

fA

where  § o :

r i ﬁxe mOmn{ fmguenca & 82 poigoeotor e

Novvower the  bandwoidb, ‘ebber the selechuffa- The below ﬁguf’e
ghovot  the Selec&vtka Gurve  For bhe -Eﬂrprca( buned <kt A |

Shoon 10, frgune belows , bandwidtl, 55 the difference blw-’tlﬂe_
upper 4, and lower §  iboff Freguencres eohich are locaked at T

ZdR of 0-707 rPo‘m\LS on the S'em‘if?vz% Caxve .

2. S’g‘ngzeé_iyif“y

The senﬁhmtg of @ communicabion yeceiver cefers the
recetvers abxh% to pickup weaksrgnahtand am])h% it The
more  gain tat @ receivey har, the swualler the ifp :rgnaf
necescary 1 produce desired  ofp poweY: Therefore [sensrhurfv s a
primary funckion  of the everall  veceiver gain. Tt is ofoften ex preged

I micvowlts or i decibells, The S’ensiﬁwﬁy of veceiver rosH
. J
depends on  bhe gain of the 2f ampkﬁnﬂr Good  Communication

receivey  hau S’ens;{iui% of 0.2 1 (uv

4
I
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f 2{3 S’ensehvaﬂ curve fof tﬂfrcaf vecetvey. . j
2™

e

IF\’E? Ktz. !

Sensi Hutfd any

3. Fg__d—‘-_l?{a

Fedrli% vefers ko the GBELE% of the receiver to reprcduce all
the -mochlahna ﬁeczuencres eguatl(j. The beloco ﬁgurﬂ shows the LHPTCQ(
a‘edt(&v curve ToY  modo recerer. '

The Fe&tlil‘a at the {peoer mod.xlal:na - ifa Typrcal PEC[E[i["d curve
feeguencies s determined ba the low " .
freiuenc‘g Yesponge of the 7t abkerunkron
amP\EfW( and the fﬂdth% abt the ndg
htﬂ\ne( moch(ahng frequencres is deberrvined N

freqguency —
by the high freguenca responSe of the g ¥

amgplifrer - Fedrlzly o diffcalt o obtain s AM yeceiver because Swd
fea%[fka cguives more  banduidths of aF qmplifier resulting i poor

gdechwl'a,
4 Tmage fgguﬁ_{\cﬁ and * tls Regection

Tuned & 5130 {MH?
JOMHT Coreut 31=31T M
S{:tmr\ b \|l H¥
r |
Mirey . ;( My ISR
[ TF T
Vi
MWL e
S‘.‘ﬁht) " UH\ SE&GTOM
tocou at 1Mt
osct{talovY




e0sider L Qufaerhefemchne Ye cefey havmﬁ an mhe’rnrvechzat&ﬁ
fyeeguer\c(tj of Hz tuned to vecere a womMiz  shakon - The loca

oscellalov fveguer\ca necessary foi  the hm.n@ is eoual o AMHz.
so thal i+ maa Produce an nkermed take freguenc(‘j of MHz.

Vo 4
Vi r
> - >
FoM b ﬁﬁ?men(a
LMz

ftg* Responce  of the tuned.
F  another stakwon opem&ng at MHr 1o also Presenk

in the arr, 1k 1 Poss.\ ble fov & b 385 inko the miver. A Soon ap
s s.ﬁna\ ot umhr (undenired stobon) Pvﬂfﬁ* at the miger
input ) it will  produce o difference fmguenca with the r.0- Jcreguenoa

Thes crfference fye?uencg MMz (32MHE ~3IM He) which ¢¢ the same £r
That e nowo have the tindettred  S2MHe slakon i additon o
the cesired szoMmtiz  staton - Tn the IF ceckion both the destred

and  yndectred grgnq[ will be &m\‘P]Tﬁ‘E’({. The destred Fr&guerwﬁ
of AMHz n Pus e ¥ alled the mage ﬁreczuenc(j»

A &ﬂ)erhe&m%ﬂe vecetver  muuk  therefore , be dem:gnecfé*o

have o very h@n zmaﬂe fveguenca veJecEron Cq[nbc”a Eog,ehrci
0] this QPLmOuf fyprzqen(‘d
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The phenomenon  of  deuble gpo%hng occurs  ab htgker
freguencres due by roor fonk end 'S‘eleckut% of the recetvert.

dn this,  vecetver picks up came dhort wave  shabon ab oo
neaxbﬂ ponts  on the yeceiver dial.

Whea  the recetver 1 buned across  the band , a. ghon
sigral appaars b be at koo afferent fesuencrer, once af
the deswed freguenc(c{ and again when the yecejver s tuned 4o
2 bives 38 belows the decivod fregt«enc%y. I thie cecond ve,
the 9‘"8”51{ becover  the image , reduced in Sbrengﬂx bg the

image rejechlm, Hve makm@ it appear that the signal 1 localed
at oo freguences s the  band.
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The RF amglther is @ tunable circuit - T s there T selezt

fhe  waoted {rﬁguenca and TEJE’('[‘" come of the umaaked feguencies
b noifé Ya{‘TOff(‘ FTOVTC‘G_P mrl'-mfgum

&ﬂd l’l’\uj %D ‘H‘YHPYOVe _(’rﬂna[
and selec&urg- I© @ buned  corcutt lloced by an amjolffmf

¥S usua[la o simple class A corat
Te wluer of resistors R oand R, i the brPo[ar cercuit are
adjwked such Hat the amP[?ﬁPf works  as class A amplifer. The

ankenna. ¢ connecked H\mbgl,\ couplmg Ca’sacz(m( to the baf(e of
fhe tansstov. Ths  oakes  the cocuiE VoY byoad band o the

Hanml"o\f UoI[( amPHH vfr&uoﬂa aﬂﬂ s@m[ Prckecl UP Io(j the anie;m
ouver the  collechr s tuned  with a Pa'a[(d vesonant  cocas

varcle the  nbial 9e{ecﬁvtfa( for the  mixer TNpU -
The FET ctruib  shoon i fgure i€ mOme effective thom the

bansistot errcwrt - Therr H.qu input ?mpedence mintmizes the laadzrg
o funed cirants, Huarebg Permr(“ﬁnﬁ the @ of the circat to be
h{ﬁker and -Qe[ecﬁu‘f‘y to be S’harpev.

The veceivey haw‘n& an RF amPL‘ﬁYY sfaﬁe haus folfo@?ﬂg aclvan(‘aﬁgj,

L Tk prourclef greater  gain , 1., betber sensrhut(fy.

2. Jt woproves  nage wfregumca ve jectton,

3. Tk TmPTOVQJ s'Tanq( _fo noise roto.

Lo Tk imPTDV‘e/S rejec{‘mn of adjacenf ur\uﬂ&ﬂ&cJ grgna[!“, mec‘mﬁ

better selechuikj.
< Tk onvtdef betler Coup[mﬂ of the mowanked Wu’(ﬁ’

eceiver to the antenna.
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Ak Sepemkeld eecited  CET rwnef

n 4?7 one dewrce aclt gr a  miver while the other eugplre s
$e necessary oscillatons ~ The BEFO[M banmstoY 4, forms the Har%ﬁea

oscllabyr  corcur b TF  occlofer  wotth  toaal ﬁeguenca (6) FET T, 1 a
mikey, eohose ga& ¥ fod toith the eutput of local osciflabey and

bios 7S adjushc{ euch Hhat it opemkf in  a  oonlinear Pofhhn of ik
charactersstic . The  local oscillabor vartes the 3&&3 basr of the FoT b
to vary it bans conductance i a nonlneay  manner. resultng inker-
peedtabe fve«guencd ab the output . The output i taken through  double
buned Yansformer n the dmin of the miver and fod the

TF amplfey - The  ganged —Eunma apacitor albws  simyltaneos tuning

of miver and local oscillabor,
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tunmoq Capacitors — are wed for Rne odwtmenls,

&delf excibed tixer

thg‘ﬂ‘ F:Q‘L'%é éﬁq .
" Le

] oscillobor caf ]

\\‘_'CIB ‘__ . : .
\ A é > -z '
\\ 5 gﬁv Cb ”r‘ RQ_ w Qi 7‘-‘ T

\‘ ‘:I’T_j_ )

\ ¥ ° -{—Vcc_

——— — — —— " —

Hﬂs Slf eccted Mrever.
| I 5 Poﬁible' to combme the funckon of the mixer and
local escillaboy 0 one  croust - The ottt @mmanld krocon ad
colf exated micev. The eutuit oscillates and  the hansonductance
of the twasusby i wared in o eonkaear manner ab the {ocal osciliaboy

vate . Twe  varable  Hansconduckance (3.0) 1S weed ‘05 the bansidoy
to ampl:

Track g

% the TﬂCorY\T(\g RF Sr\qna(,

The process of burving cocuits o get the desived oupt re
called ‘"L’vackmg. Pma ervoy that excelr o fhe .’[:I’E%ugn(‘a iaemg fed |
o the TF QMP"EJCTE’V such errors  are  knowny  ar "Fracfzirg ervovr’
and  these  must be apded. B awrd erckmj ervovs standavd
capaccbﬂ are oot wed ¢« and garged CaPacrfwf with idenkrcal
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| sectons  are  used . A defferent  value of snckctance and Specia/
extio ccupac&wr colled  bammers and  padders are wed tood urt
the cpacitance  of  the oscillator 4o the pwwper vange - Thee are
oo Comrvon. vrethodr  ured Jof ‘crackzna . These are-

) Pocder ﬁnclcmg

2) Treneney {“rackma

3 Theee -point Jmickmﬁ.

) P@e{ @kfﬂﬂ

In padder Jmad:rna the oscillator
tnes  below he fr@uenca it should
be 0 midband - So the I creaked

i l\y\ne( than it tc creaked.

- fotzf
hg: T"&Ckrr\j error In pacHe»r fvac[c.'rﬁ,

2} Tritneney JC:Y@_L_&MC?

hrﬂ‘nEr H\Q f?f? it shoufcl be in mrclbafd%_
So the IF created 15 lers than 1t should be,
L and  a e enoy i creakd

T brimener ‘{mckma, the oscillabot bunes
% i T !

+]

0’
MiR Ma

f+3F

FZB" rrmefft‘[ enor 1 bmmer ““Ck"&?*
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The Combonakmn crrcusk  called {kree},”f
- pom b {vac[:rna can be  adjucted 4o

E | give zevo ervof ak {hree Po‘inH :
ﬁ acrors the  band ,ab each end, and
at he middle.

F(a: Ti\ree_mﬂ' l:r&th'ﬂa. +

sjlvee ~ Poj-i__{ {'-:TELC kina

aFo| M
~ A L Max
\__/M d Y

FTS Tv&(‘bwg €YYo 7{(\ 'H'\yge ])O'ih“' WIZ:‘TIJ,
'P"OCQChPQ {0 geP m[ugp D{” Ca’?a(‘j&ﬂ ’refju,ﬂr@d i qbove Ck‘{j’

) Rad  the min and max  freguencrer and the rcgw‘rﬂd osccllabor
'Ca[nctkar\ce v ho.

:Ftlry\n\ <

f

’Csn'f\'nr\ + IF

omax = f o 4 TF

oscillator CQ{;QCE{_G(\CQ ol @n be given as
C’-"W\CU(‘ :(ﬁmM)L

Comin

forrin

2. Gleslote  the Cixpacrf(lf\ce o and mar wolue of the sgna{
Corcugt {w\mﬁ CQP&C&UnC&.

CSMOJ‘ - (ﬁ-m)v

Cemin
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|2 caladate the  oscillatol hmm(‘j Qpacitance - Tt 1o gven 13(7 o=

n serres et Cp

CD = &E
GG,

. Gleulabe U(ﬂue of Padde,r ‘Cq[xlca!‘of CP‘uﬂnj @.bos .
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Comare Gmax I serces wath Cp . Gma C(:)/ (Gemon +(P)
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T amplifiers  ave tuned Voltage amplifiers funed for the fwed ﬂ

wenCy - Tk i tent functon ¥ to amply only tured uen
y o pliyonly ”

QH{\Q' and rejeck all  othert . Ar we know moct oF dhe vecetver
P | wm“(‘j Lo or mMore stages of IF  amplifiers are yeguired,

The abolsds F\‘ﬁum showor  the buo fhje IFE amf;lfﬁw . Tooo
S’E:ﬁes are  transiomer Coaplecl ard all T tansfmert  ace sigle
bined | 5-e buned or sraglﬂ Freiqen%j.

Chorce of -anje:rmed ra‘sle___: fresuenc Y

Qelecton  of jc[rxe ntermedra ke fmazumca c(epench on vanpuy
fackovs  while c%oofma the iotermedrate freguency tb 7 necersary
bo consicley folleaing factord, |
b Very hTaL\ ntermediate Fre?umc& varll vesulb 0 foor selechufg ana

poor  adjacent  charnel  vejecton. -

9. A hgh wlue oF TP tacreases Hackmg hiffraulbrer,

3. A low  walues  of  nlermedute fre?uency | Trage F\reguencd re jechon
5y PCOT.

oAb very lowy  values gf TF ,-&‘efechw‘ﬁd is oo sharﬁo cuk&ma of f

Be cdekande,
Wit the  above conticerabons  the shndard  boadcos b AM receivers |

Ctuning o 0 b lokbr] we an IF worbhin -the usgkie o UsS K.
The W6S KHE -TF s most Commanly wused,

range -
Ptt_@__b@_;_\r_\at'rc Gain vG)___DEEYD, CAGC ) .
Aubora e gan  contol 1S @ system b means of which
the  overall gaun. of a radm vecCetie Y i€ varred auﬁnmahmlg
toth dhe  waratons i the shengtl of the recetver smnal, to

mawtain  He mﬁ)uf‘ Conshan b
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“Theye are {wogpes’ of AGC coewls  in wee
- Stmple AGC
— De[aged AGC
Simple AGC
Tn g;mPla AGC vecetwers the  AGC -bias starl to ncrease

as  soon as e vecetved. s*r:cjnd[ love exceeds the: backgréund

roiseleve| . As a  vesult vecetver gaun skarts fu(lma down.;,.rfc{qmnﬁ
the gensrhutléj of the receiver, | |

-Vee

N Divde delector.

Low;’_am ﬁ”‘U
Frg » Sinple automatic - gain conbrol - crcut-

in this  arcut | de ldag‘ Pmduceo(‘% halfwave reckifiey as a
AM  delbectoY s uced to ‘C.Qn'{'rof the gain of RF of IF amPlrﬁflo;guam
Refoe applicaton of this wllage to the base of the RE and '%'in IF doge
amplrﬁe\' J&\e_ audm s‘@na[ s recnoved ba the loo-pass flfer.
The bime Constant of the dilter 1o kept at leost {0 bimes longer

Hon  the Pemd of the Lowoe st roclda fon %rﬁfuenca recetved » Tf

the hme €onstant i kept forger: it will gve better filtering,
\:)ut NE (,OTH Cous e Oh amoamadﬁ’[aﬁ n ‘Hne QPPhCaHOﬂ ;of the

aGC  conbrol  whea 'hmms from  ONe Srgna[ 1o another The
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Yecovered signal s then  parred %hrouglw €. 1o remove the de . ',

The resu[hna ac cignal s Aubher  amplified  and applréo( to
- the loudspeaker.

Delayed  AG(

~Nee

| Audio
amphﬁw

Thees hold ‘
. adjustment:

Qimple  AGC 1S clwtd an fmprmmp over N0 AGC at

all. UﬂiFOf{‘uﬂO{-E[J ;0 S’lmPlf AGC cucurt , the unwanked - weak S‘Qﬁﬂah
are amP\zf-ref with high g To avoid this [N delayed AGC ctrouits
not aPp\md to  amplifrer! unhf’ S@nql strength  har

AGC bial s
atter which AGC bins s aPplred Qs

reached @ predeﬁermmeé bove(,
with mmpl_e AGC , but mort .fl-ronﬂla. ‘
here , AGC O[P ?S. aPPiFECJ o H'\P dF;HZErenCe amplr’ﬁﬂf ba

duode  detector 15 above ceckain  de Eknvs*hplc{ voltage - This
bwechold  wltage  Can ke acljusted by ackushag the voltage at
Hhe posthve 'mPuf of the opemhhn?l amﬂp]rﬁﬁf-
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The  below *rﬁtme Showst  Hhe vesponse of o recetver woith etthed

S’W\J)le o de{aﬂed AGC CQMPQNCJ o one vatthout  AGC,

N,
>

Receier ofp volfage

I(ICcmma grar.ml SWSHN

FM Receive

_— =

The £M  Recetver s basrcdf!g a s'uperhefemq}gr\e recervey

amilor 0 AM recelver. Howcver it differs fom AM  vecetvey with

respect fo follocaing polnts, | |

5 AM  veceivey oPemEef 0 Mw and 9w bards , while FM recetver
opevates ot much H?g‘jef frequencies iz . geMHe b DEMIT

o limiter and  deemphadr  cwuts  ave rgured only i FM receive v

— The fechorgue  of cqemodu[aﬁnﬁ Fr ggral s different fmm defectm
of P\M S‘Fﬂru(» | | -

= M yeceiver wiee  difSerent  methods of ob&‘arln?rg AGC,
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Diffenent éécmﬂeS in FM Recevess.

RE Anphfics Stoge

Sime
% M P

“ CLHIDD

nce  FM S‘nar\a\ hos o l&nﬂets bandwidth b ig Likely <o
encountes ™Move noige . Hence 4o veduce the noige ﬂfiawgeloﬁ

the Kece'lvexﬂ. Ar\ RF Qmpllf{eﬁ 5{'086 i8 v8ed . “Thig ciseui kg have

S

low input impedance | Suiloble fox mo}china wiHR antenna, impédancd

A Jadp‘\cb& et 18 &hown 1o e qbove i‘lawl@' Since HRe
aqh’- Jre‘cm\na\ 18 aﬁouﬂdgd, the §|p and olp Sides ose (Zolgled
fos RF P@PDSES- These 18 no Poss}billl'a of feedback and fRexe
b‘a Tﬂ&*ub'\\?ﬁd in OPEﬁOHOﬂ- Thevefove the Ciscoil doesnok fequive
Neubvaligobion. “The low input ‘mpedance of +he FET amplifiey can
be eaSil\d matched 4o antenna %ouﬂh o an_cd[e éecmdcm? buned
RE tmnsfosmes: Bath the 1P and ofp fonk Civeuit  ane duned
‘o Covies -f‘fequenc-.d- |

Mixes & Eﬂ%?—v

Lot TRe help ol locod o&cillatoy, 1Ar8 &a%e__ dqum Conves ke TRe
| o-3MHz for FM

~ ' F, Which 8
i \ Cosiers fveaueny to I-F,
mmmma | uj [(QEOK , Suitoble

: : 08¢t
Rexives: The localoscllaloy 18 usually the Clopp

fox vk -p*feq)uer\c%' and local 68cillator «fwecw,e.na& 18 not o
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© Pyoblemn 1 FM Receives unlike 1o an AM Receryey Compoa(ed
M . - o a .

fo AM Recewes, Jrumma sange of mcomm% Cogsies {vequencies

fos FM Receives 13 Semoll, fwom B3MHZ o ogMuz te; aboulk

V251 Thug the h&ck\n% 13 Com?mqhvelu& caSa IR r,q

Recewvey

Since FETs gme leg] nOlSZ] Thao BITg | RF &mp\ Liex Sb«a&
ond mivey &hcae, v8&e3. FETe . WA [oeal o&u[lmtols ConSHuded
with BIT.

“The mixey &lmde vges ol tuned civeuit 0.8 TLS load - e
Ciscart 18 duned 4y Fatesmediate %merma ot lo¥ MHzZ and
hence Belectl The d#otence be tween ‘“CD"““B 000131‘825 {yequenc
and locaua ae,nezsa&d o&citlatoy -fmqpmca . o

_LF Ampl Lies 5 - |

,-u.n

Tn the TF Amplifies Stoges, the most of “r%e gain ot veceives

°q de\JelOPP-A . Yhe nkesmediate wﬁrecwmen ond bancluo\cl’rfq Sequitements
e nmgmaua’ much [onaezs Yhan 0 A Recewves. the {dp‘,ml values |

fos an F-M Recewyes opemHﬂa in FM band {fsom 83MHz fo OBMHZ |
are ootz for TF ond aooktz Jos band wid th . G(enetSaL(al :

-lwo TI.F amPllftﬁﬁ .-51:&%(’.8 ane €mP10‘d9d

The T.F Am\P\\%eg 5kaae, vseS a Yured  Civeut as 7lg load.

The avcuit 18 Wned to inlevmediate freq,uencat
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RéF&&Siﬂfa to the above f—ta we &e That a8 |p tncreaseg

from volue Ato B sespd oulput cusmenlt ol8o incveales. Thug
©o U"‘\'F‘“a has yel token ploce. Howeves . Companigion of
B ond ¢ Qhows thel fhey both yield the Some ofp Cuvent and
\Jo\\nae - Thot \Imi\:‘\na had now bee)km .volue B 18 the poifﬁ at
Which \\m\‘n‘r\a omkg and i3 ColMed HRe veshold of UmiHﬂg
A3 ‘npu& aeveodes Lo Cto D Theve 18 1o wi%e 0 olp, all

that hoppend 18 ol the Olp cwwvent flows for o Some what
Jnostes poskon of the ilp cycle:
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ANALOG COMMUNICATIONS
UNIT-IV TRANSMITTERS

CLASSIFICATION OF RADIO TRANSMITTERS:
Radio transmitters may be classified according to the following methods:
1. According to the type of modulation used.
2. According to the service involved.
3. According to the frequency range involved.

1. CLASSIFICATION ACCORDING TO THE TYPE OF MODULATION USED
According to the method of modulation, radio transmitters may be classified as
()Amplitude Modulation Transmitters. In such a transmitter, the modulating signal
amplitude modulates the carrier. Such transmitters are used for radio broadcast on long,
medium and short waves, radio telephony on short waves, radio telegraphy on short waves,

television picture broadcast on very short waves or ultra short waves.

(ii) Frequency Modulation Transmitters. In an F.M. transmitter, the signal voltage
frequency modulates the carrier. Such transmitters are used for radio broadcast in V.H.F. and
U.H.F. range, television sound broadcast in V.H.F and U.H.F ranges, radio telephone
communication in V.H.F. and U.H.F. range over short distances.

(iii) Pulse modulation transmitters. In a pulse modulation transmitter, the signal voltage
alters some characteristic of the pulses. These characteristics of the pulses altered on
modulation may be pulse width, pulse position, pulse amplitude, pulse frequency or pulse
code. Accordingly the various methods of the pulse modulation are: Pulse width modulation,
Pulse position modulation, Pulse amplitude modulation, Pulse frequency modulation and the
pulse code modulation.

2. CLASSIFICATION ACCORDING TO THE TYPE OF SERVICE INVOLVED:
According to the type of service involved, radio transmitters may be classified as
(i) Radio Broadcast Transmitters: These transmitters are designed for transmitting
speeches, talks, music, dramas etc. for the information and recreation of people. The
electromagnetic energy is so radiated from the transmitting antenna that largest number of
persons may be able to receive the broadcast with the help of their radio receivers. These
broadcast transmitters may be either amplitude modulated or frequency modulated. The A.M.
transmitters operate on long waves, medium waves and short waves and radiate carrier power
as low as about 1 kilowatt and as high as 100 kW or more. The F.M. broadcast transmitters
operate on very short waves or on ultra short waves and radiate carrier power of the order of
100 kW or so.
(i)Radio Telephone Transmitters: These transmitters are designed for transmitting
telephone signals over long distance by radio means. A radio telephone transmitter uses
certain special devices as volume compressors, privacy devices, peak limiters etc. The
transmitting antenna is designed for beaming the electromagnetic energy into a narrow beam
directed toward the distant receiving antenna. Smaller amount of power is thus required.
Radio telephone transmitters may be either of amplitude modulation type or of frequency
modulation type. The A.M. telephone transmitters usually work on short wave, have output
carrier power of typically a few kilowatts and are used for point-to-point communication over
long distances. The F.M. radio telephone transmitters usually work on ultra high frequencies,
carry small power usually less than 1 kW and are used for communication over short
distances not exceeding about 30 kilometers or so.
(iii)Radio _Telegraph Transmitters: A radio telegraph transmitter transmits telegraph
signals from one radio station to another radio station. It may use either amplitude
modulation or frequency modulation. When point-to-point radio communication is involved,
the transmitting antennas are highly directive so that the electromagnetic energy is beamed
into a narrow beam directed towards the receiving antenna at the receiving radio station.

UNIT-VI TRANSMITTERS 1
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ANALOG COMMUNICATIONS
(iv)Television Transmitters: Television broadcast requires two transmitters one for
transmission of picture and the other for transmission of sound. Both operate in very high
frequency or in ultra high frequency range. The picture transmitter is amplitude modulated by
the picture signal occupying a band of about 5.5 MHz. Vestigial sideband transmission is
used i.e. one full sideband and only a vestige or a part ( about 0.75MHz) of the other
sideband together with the carrier are radiated from the transmitting aerial. The total
bandwidth occupied by one television channel is about 7 MHz. The sound carrier is
frequency modulated.
(v)Radar Transmitter: Radar may be of two types i) Pulse Radar and ii) Continuous Wave
Radar. Pulse radar transmitter uses pulse modulation of carrier. It uses high output power
typically 100 kW peak and operates at microwave frequencies typically 300 MHz or
10,000MHz. The C.W. radar transmitter may use frequency modulation of the carrier voltage
or may utilize Doppler Effect.
(vi)Navigation Transmitters: A number of navigational aids using special types of radio
transmitters and receivers are used these days for sea and air navigation. Also radio aids are
used for blind landing of aircrafts. Typical radio aids to landing are I.L.S. (Instrument
Landing System) and G.C.A. (Ground Controlled Approach). In addition to these, several
other radio means are provided at air port for surveillance.

3. CLASSIFICATION ACCORDING TO THE CARRIER FREQUENCY

According to this method of classification, transmitters may be classified as
(i)Long Wave Transmitters: These transmitters operate on long waves i.e. on frequencies
below 300 kHz. Such long wave radio transmitters are used for broadcast in temperate
countries, where atmospheric disturbances on long waves are not severe. Since long wave
radio signals travel along the surface of earth and are rapidly attenuated, for reasonably high
signal strength at the distant receiving aerial, the carrier power radiated from the transmitting
aerial must be very large typically 100 kW or more.
(ii)Medium wave Transmitters: These transmitters operate on frequencies in the range of
550 to 1650 kHz and are usually used for broadcast. Hence the band of frequency extending
from 550 to 1650 kHz is commonly referred to as the Broadcast Band. The carrier power may
vary from as low as 5 kW to as high as 500 to 1000 kW.
(iii) Short Wave Transmitters: These transmitters operate on frequencies in the short wave
range of 3 to 30 MHz. In practice, frequencies beyond 24 MHz are not used. Ionospheric
propagation of electromagnetic waves takes place at such short waves. The attenuation of
radio waves travelling from the transmitting aerial to the distant receiving aerial though the
ionosphere is small. Hence carrier required to be radiated from the transmitting aerial is
small. For national broadcast, the carrier power used may vary from about 1 to 10 kW. For
overseas broadcast, certain amount of beaming of power is required to be done. But in spite
of such a beaming of energy, because of the large distance involved, the carrier power
generally used is 10 to 100 kW. For radio telephone working over long distances on short
waves, highly directive transmitting and receiving antenna are used so that carrier power
required may be relatively small, of the order of 5 kW or so.
(iv)V.H.F. and U.H.F. transmitters. These transmitters operate either in V.H.F. range or in
the beyond about 1000 MHz and are used in radar, television relay, microwave link between
two adjoin countries or between mainland and adjoining island etc.

COLLECTOR MODULATOR: Figure 6.1a shows the circuit diagram of a collector
modulation method. Here, the transistor T; makes a radio frequency (RF) class C amplifier.
At the base of T1, the carrier signal is applied. Vcc makes the collector supply used for
biasing purpose. The transistor T2 makes a class B amplifier which is used to amplify the
audio signal. The baseband signal appears across the modulation transformer after
amplification. This amplified baseband signal appears in series with the collector supply Vcc.
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+VCC VC
R1 é

Carrier .
Signal — RL Modulated output

=2

Re Ce

Base band E
Signal !

Fig 6. 1 a: Collector Modulator

Modulation Transformer

In a class C amplifier, the magnitude of the output voltage is a definite fraction of or
at the most equal to the supply voltage Vcc. In addition to this a linear relationship exists
between the output tank current I; and the variable supply voltage Vc (i.e. varying value of
Vcc is denoted by Ve). In class C amplifier, the output voltage will be an exact replica of the
input voltage waveform and the magnitude of the output voltage will be approximately equal
to the carrier supply voltage Vcc. if R is the resistance of the output tank circuit at resonance,
then the magnitude of the output voltage is given as RI;= Vcc

Therefore, the un-modulated carrier is amplified by class C modulated
amplifier using transistor T; and its magnitude will remain constant at Vcc since there
appears no voltage across the modulating transformer in the absence of baseband voltage. But
now if a baseband voltage vi,= Vi, cos ont appears across the modulating transformer, this
signal will be added to the carrier supply voltage Vcc. This results in a quite slow variation in
carrier supply voltage Vcc. This type of slow variation in carrier supply voltage changes the
magnitude of the carrier signal voltage at the output of the modulated class C amplifier as
shown in figure 6.1b. It may be observed that the envelope of the output voltage is identical
with the baseband voltage and hence an AM signal is generated.

A Output Ve = Vee + Vm cos opt
Taok |, voltage (v,)
current (Iy) '
Lt Nccl
E E E —»Ve
0 _—Vce! 0
E EModulating
) , signal
' ! -Vce

Fig 6.1b: Waveforms of collector modulator

UNIT-VI TRANSMITTERS 3

www.Jntufastupdates.com



36

ANALOG COMMUNICATIONS
HIGH LEVEL AMPLITUDE MODULATION RADIO TRANSMITTERS:

The block diagram of amplitude modulation radio transmitter using high power level

modulation is shown in figure 6.2a. It consists of Master Oscillator, Buffer Amplifier,
Harmonic Generators, Class C amplifiers, Modulated Amplifier, Modulating amplifier and
transmitting antenna.
Master Oscillator: It generates oscillations of desired frequency with high consistency of
frequency. The generated frequency is required to remain constant within close limits in spite
of variations in the supply voltage, ambient temperature, and temperature of components of
load. Further frequency variations with time and with age of the tube or transistor are to be
avoided.

Class C f’; Transmitting
. ass Antenna
Master Buffer [ )] Harmonic l 5| Power | Modulated

Oscillator [ | Amplifier Generator Amplifiers Amplifier | Feeder wire

T

Modulating
Amplifier

T

Audio
Amplifier

Fig 6.2a: High level AM transmitter T Modulating
Signal
Buffer Amplifier. If the master oscillator directly drives a harmonic generator or class C
power amplifier, which may draw input current, then power is drawn from the master
oscillator. This results in loading of master oscillator which in turn causes variation of
effective resistance of the tank circuit of the oscillator and hence results in frequency
variation. Accordingly a buffer amplifier or isolating amplifier is placed between the master
oscillator and the harmonic generators. This buffer amplifier does not draw any input current
and hence causes no loading of the master oscillator. Changes in carrier frequency due to
variations in loading are thus avoided.
Harmonic Generators. Usually master oscillator generates voltage at a frequency which is a
sub multiple of the carrier frequency. Basically these harmonic generators are class C tuned
amplifiers in which the output R.F. voltage is first distorted through class C operation and
then the tuned circuit in the output circuit of the amplifier selects a the desired harmonic
frequency.
Class C amplifiers. R.F. voltage generated by the master oscillator has usually very small
power, of the order of a few watts. The power level is required to be raised to the final high
value in a chain of class C amplifier having high output circuit efficiency of the order of 70%.
First few stages of class C amplifier act as harmonic generators.
Modulated Amplifier. This is a class C tuned amplifier usually of push pull type and is
modulated by audio modulating voltage from modulating amplifier. High efficiency series
plate modulation is most popularly used in high power radio broadcast and radio telephone
transmitters. Grid bias modulation and suppressor grid modulation are sometimes used
particularly for modulation at low power levels. In small transistorized radio transmitter,
collector modulation or base modulation or both may be used.
Modulating amplifier. This is usually a class B push pull amplifier and feeds audio power
into the modulation amplifier in the plate circuit, control grid circuit or suppressor grid circuit
depending upon the method of modulation used. Class B operation is generally used because
of high plate circuit efficiency. Class A modulating amplifiers are also sometimes used
particularly in low power transmitters.
Audio amplifier: Modulating signal is fed to the input of audio amplifier. This modulating
signal is very weak even it is not sufficient to drive the modulating amplifier. So the audio
UNIT-VI TRANSMITTERS 4
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amplifier amplifies the signal to the desired voltage level and is fed to the modulating
amplifier.
Transmitting antenna: The output of modulated amplifier is fed to the antenna through
feeder wire. This antenna converts the electrical signal into electromagnetic waves and
radiates into space.

LOW LEVEL AMPLITUDE MODULATION RADIO TRANSMITTERS: The block
diagram of amplitude modulation radio transmitter using low power level modulation is
shown in figure 6.2b. It consists of Master Oscillator, Buffer Amplifier, Harmonic
Generators, Power amplifiers, Modulated Amplifier, Modulating amplifier and transmitting
antenna.

f; Transmitting
Master Buffer N Harmonic N Modul.ated N POVYGI‘ l.kntenna
Oscillator | ] Amplifier Generator Amplifier Amplifiers | Feeder wire
Modulating
Amplifier

TModulating
Signal

Master Oscillator: It generates oscillations of desired frequency with high consistency of
frequency. The generated frequency is required to remain constant within close limits in spite
of variations in the supply voltage, ambient temperature, and temperature of components of
load. Further frequency variations with time and with age of the tube or transistor are to be
avoided.

Buffer Amplifier. If the master oscillator directly drives a harmonic generator or class C
power amplifier, which may draw input current, then power is drawn from the master
oscillator. This results in loading of master oscillator which in turn causes variation of
effective resistance of the tank circuit of the oscillator and hence results in frequency
variation. Accordingly a buffer amplifier or isolating amplifier is placed between the master
oscillator and the harmonic generators. This buffer amplifier does not draw any input current
and hence causes no loading of the master oscillator. Changes in carrier frequency due to
variations in loading are thus avoided.

Harmonic Generators. Usually master oscillator generates voltage at a frequency which is a
sub multiple of the carrier frequency. Basically these harmonic generators are class C tuned
amplifiers in which the output R.F. voltage is first distorted through class C operation and
then the tuned circuit in the output circuit of the amplifier selects a the desired harmonic
frequency.

Modulated Amplifier. This is a class C amplifier usually of push pull type and is modulated
by audio modulating voltage from modulating amplifier. High efficiency series plate
modulation is most popularly used in high power radio broadcast and radio telephone
transmitters. Grid bias modulation and suppressor grid modulation are sometimes used
particularly for modulation at low power levels. In small transistorized radio transmitter,
collector modulation or base modulation or both may be used.

Power amplifier. R.F. voltage generated by the Modulated Amplifier has usually very small
power, of the order of a few watts. The power level is required to be raised to the final high
value in a chain of class B amplifier.

Modulating amplifier. This is usually a class B push pull amplifier and feeds audio power
into the modulation amplifier in the plate circuit, control grid circuit or suppressor grid circuit
depending upon the method of modulation used. Class B operation is generally used because
of high plate circuit efficiency. Class A modulating amplifiers are also sometimes used
particularly in low power transmitters.

Fig 6.2a: Low level AM transmitter
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Transmitting antenna: The output of modulated amplifier is fed to the antenna through
feeder wire. This antenna converts the electrical signal into electromagnetic waves and

radiates into space.

COMPARISON BTWEEN LOW LEVEL AND HIGH LEVEL MODULATION

S.No

LOW LEVEL MDOULATION

HIGH LEVEL MODULATION

1

Modulation takes place in the initial
stages of amplification

Modulation takes place in the final stage
of amplification

2

Modulation circuitry has to handle low
power

Modulation circuitry has to handle high
power

Modulation circuitry is simple as it has to
handle low power.

Modulation circuitry is quite complex as
it has to handle high power.

Simplicity is the prime requirement

High efficiency and low distortion is the
prime requirement

Low audio power is required to produce
modulation

High power is required to produce
modulation

Each amplifier stage following
modulation must handle sideband power
as well as the carrier. All these subsequent
amplifiers must have sufficient bandwidth
for the sideband frequencies

This is not the case with high level
modulation because in this modulation
takes place in the output stage

Linear amplifier such as class A amplifier
is used because all stages must be capable
of handling amplitude variations caused
by the modulation

High efficient class C amplifiers are
used

Transistor amplifiers and op-amps are
used

Vacuum tubes and power transistors are
used

Efficiency is
modulators

lower than high level

Efficiency is Very high

10

These are some times used in TV

transmitters

These are used in High power broadcast
AM transmitters

CARRIER FREQUENCY REQUIREMENTS OF RADIO TRANSMITTER: There are
three main requirements of radio transmitters regarding the carrier frequency. They are
generated carrier frequency must be exactly at the specified value, carrier frequency should
be readily adjustable and frequency drift and frequency scintillation should be extremely
small.

Generated carrier frequency must be exactly at the specified value. Every radio
transmitting station is allocated one or more frequencies at which it must operate. This has
become necessary in order to avoid sidebands of one station completely or partially
overlapping in frequency spectrum of the sidebands of any other radio station. The carrier
frequency is determined by the master oscillator frequency. The frequency generated by
master oscillator may be adjusted to any desired value by suitable selection of frequency
determining components in the tank circuit of master oscillator. This requirement is usually
not difficult to meet. Of course, the master oscillator generates only sub harmonic of the final
carrier frequency and the frequency is brought to the final value by harmonic generators.

Carrier frequency should be readily adjustable. Most of the radio transmitters use crystal
controlled master oscillator in which case the carrier frequency cannot be readily changes. It
is necessary in such radio transmitters to change the crystal in the master oscillator and tune
all the tuned circuits in the subsequent tuned amplifiers and harmonic generators accordingly.

UNIT-VI TRANSMITTERS 6
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However, if conventional L-C tuned circuits are used in master oscillator, then the frequency
of oscillation may be readily changed over reasonable limits by varying either the capacitor C
or the inductor L in the tuned circuit.
Frequency drift and frequency scintillation should be extremely small. By frequency drift
is meant slow variation in frequency with time. The maximum frequency drift permitted in
radio transmitters is +20 Hz for medium wave transmitters and +0.002% for short wave and
UHF transmitters. By frequency scintillation is meant abrupt changes in frequency caused
mostly by abrupt variations in load.
(i)Frequency scintillation:
Frequency scintillation is caused by abrupt changes in the load on the master oscillator. Any
abrupt change in the load causes change in the resistance and reactance coupled into the tank
circuit of the oscillator and hence causes corresponding change in frequency of oscillation.

To avoid scintillation, the master oscillator should be made to drive buffer amplifier
adjusted to draw little power from the master oscillator thereby producing little loading of the
master oscillator. Thus although the load on the transmitter may change, the loading of the
master oscillator does not change No abrupt change in master oscillator frequency takes
place. Such an assembly consisting of Master oscillator and Power amplifier (buffer
amplifier) is called Master Oscillator Power Amplifier, abbreviated as MOPA.

(ii)Frequency drift:

In any oscillator, the frequency of oscillation is close to the resonant frequency of the
tank circuit but the exact value of frequency of oscillation is influenced by the following
factors; 1) Resistance and reactance coupled into the tank circuit by the load ii) effective Q of
the tank circuit iii) voltage acting on the electrodes of the oscillator tube or transistor and iv)
harmonics generated.

These factors produce small phase shift between the exciting voltage and the output
voltage of the oscillator transistor (or tube) . In order to cancel this phase shift, the oscillator
has to operate slightly off the resonant frequency of the tank circuit.

EFFECT OF FEEDBACK ON PERFORMANCE OF AM TRANSMITTER:

Negative feed back is generally provided in AM transmitter. Negative feed back
reduces the distortion in a class C modulator system. It also linearizes the output of the class
C modulator. Figure 6.3 shows the negative feed back circuit.

Negative feed back circuitry samples the RF signal sent to the antenna. This sampled
signal is demodulated by linear demodulator to produce feed back signals.

./ Transmitting
Antenna

Class C
Carrier modulation
Source Amplifier
y

Matching
Network

A 4

Modulating
Power
Amplifier

Feedback
RF Samples

Audio
input

Signal Audio + Adder \ Linear €«
Amplifier Detector

Fig 6.3: Negative feedback effect
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AM BROADCAST TRANSMITTER: Figure6.4 shows a typical AM broadcast transmitter.

Transmitting
Antenna
Stabilized Class A Class C Class C b
RF Crystal Buffer Driver Modulation > Matching :
Oscillator Amplifier Amplifier Amplifier Network |
- Modulating E
Audp Driver !
Amplifier Amnlifier ,
Feedback !
RF Samples
Audio . i
input + Adder - Lwpear | E
Signal Detector

Fig 6.4: AM Broad cast transmitter

Crystal oscillator is used to generate stabilized RF signal. It is amplified through class
A buffer amplifiers. The modulated system used here is known as triple equilibrium system,
in which the main part of the modulation is performed by plate modulation in the final class
C power amplifier. Secondary modulation of both the final grid and the plate of the driver
stage are also provided to compensate for bias shift in the final amplifier that results from the
nonlinear characteristics of the amplifier.

The output power amplifier is push pull amplifier with each side of the push pull stage
composed of several vacuum tubes connected in parallel, to obtain the required power. Due to
parallel connection, in case of failure of one tube, remaining tubes provide partial output until
repairs are made. The output of the final amplifier is fed to antenna through matching
network.

The feedback circuitry is provided to linearize the class C amplifier and to reduce
distortion in it. It includes linear detector and the difference amplifier. Linear detector
samples transmitter output and demodulates it to generate feedback signal.

The main requirements of AM broadcast transmitters are listed below:

1) It must produce output within the limits of the 5 kHz audio bandwidth.

ii) It should have highest possible fidelity.

i) The modulator circuits in the transmitter must produce a linear modulation
function.

iv) Tuned class C amplifier must provide sufficient power gain to drive the final
power amplifier.

V) Antenna systems for AM transmitters must be located at some point remote from

the studio operations.

SSB TRANSMITTER USING FILTER METHOD:

Figure 6.5 shows the block diagram of SSB transmitter using filter method. A crystal
controlled master oscillator produces a stable carrier frequency of say 100 kHz. This carrier
voltage is amplitude modulated by the AF voltage lying in the frequency range of 0.1 to 5
kHz in a suppressed carrier balanced modulator. The band pass filter separate out one
sideband say the upper sideband (extending from 100.1 to 105 kHz) from the lower sideband.
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3.1001 To
100 RHz 100.1 to 105 KHz 3105 KHz
Crystal Balanced R RF Power o First _"7
Oscillator Modulator [ L BPF 1 Amplifier Mixer BPF 2
A
| Carrier 3 MHz
Modulating E Reinsertion Oscillator 1
Amplifier j 100 KHz |
MOdulatingT - Oscillator 1 Sl\?[(i:i:f
Signal 0.1 to 5 KHz 1> Miz
15.1001 to Y

15.105 MHz| BPF3

\ 4

RF Power
Amplifier

Transmitting
Antenna Z1\

This upper sideband is amplified and heterodyned in first frequency mixer with 3
MHz voltage from crystal oscillator 1 to produce sum and difference frequencies. The upper
sideband of 3.1001 and 3.105 MHz is selected by another band pass filter. The output of this
second band pass filter is applied to the second frequency mixer to which is added the output
of second crystal oscillator generating a frequency of say 12 MHz. The sum frequency band
of 15.1001-15.105 MHz is picked up by the band pass filter. The output is amplified in a
chain of RF power amplifiers to raise the power level to the desired value and is then radiated
from the transmitting antenna.

F ig 6.5: SSB transmitter using filter method

SSB TRANSMITTER USING PHASE SHIFT METHOD: Figure 6.6 shows the block
diagram of SSB transmitter using phase shift method.

Modulating

Transmitting
Signal .| Balanced Antenna
" | Modulator 1 T/
A
90° Phase v
shifter Summing | | Power | Matching
Amplifier | | Amplifier | | Network
A4 - A
90 Phase ggmelr
shifter 1ena
A
Balanced

g Modulator 2

Fig 6.6: SSB transmitter using phase shift method
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image frequency the signal is reduced in strength by the image rejection thus making it
appear that the signal is located at two frequencies in the band.

RF _AMPLIFIER: The RF amplifier is a tuned circuit. It is used to select the wanted
frequency and reject all other frequencies. It improves the signal to noise ratio. It provides
initial gain and selectivity. Figure 7.3 shows the RF amplifier circuits. It is a tuned circuit
followed by an amplifier. The RF amplifier is usually a simple class A amplifier. The typical
bipolar transistor circuit is shown in figure 7.3a and a typical FET circuit is shown in
figure7.3b.

+ +VDD
Antenna Vee

% ||{ ik

Cb
R1 § yadle ‘
Ce
I I T Antenna ‘ ‘g T L
R § Re Ce Re Ce
Fig 7.3a: CTrcuit d;agram of RF Fig 7.3b: Circuit diagram of RF
Amplifier using Transistor Amplifier using FET

The values of resistors R1 and R2 in the bipolar circuit are adjusted such that the
amplifier works as class A amplifier. The antenna is connected through coupling capacitor to
the base of the transistor. This makes the circuit very broad band as the transistor will amplify
virtually any signal picked up by the antenna. The collector is tuned with a parallel resonant
circuit to provide the initial selectivity for the mixer input.

The FET circuit shown in figure 7.3b is more effective than the transistor circuit. Its
high input impedance minimizes the loading on tuned circuits, thereby permitting the Q of
the circuit to be higher and selectivity to be sharper.

Advantages of the receivr having RF amplifier.
1. It provides greater gain and better sensitivity.
It improves image frequency rejection.
It improves signal to noise ratio.
It provides better selectivity.
It provides better coupling of the receiver to the antenna.
It prevents re-radiation of the local oscillator through the antenna of the receiver.

SNk

MIXER:It is a non linear device having two sets of input terminals and one set of output
terminals . The two inputs to the mixer are the input signal along with any modulation and the
input from the local oscillator. The output contains several frequencies including the
difference between the input frequencies. The difference frequency is called intermediate
frquency (IF) and the output circuit of mixer is tuned for the IF. There are two types of
mixers. They are separately exicited mixer and self excited mixer.

SEPARATELY EXICITED MIXER: The figure 7.4 shows the separately exicited mixer
using FET. Here one device acts as a mixer while other suppllies the necessary oscillations.
The bipolar transistor T, forms hartley oscillator circuit. It oscillates with local frequency fo.
FET T, is a mixer whose gate is fed with the output of local oscillator and its bias is adjusted
such that it operates in non linear portion of its characteristics. The local oscillator varies the
gate bias of the FET to vary its transconductance in a non linear manner resulting
intermediate frequency at the output. The outut is taken through double tuned transformer in
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the drain of the FET and fed to the RF amplifier. The gang tuning capacitor allows
simulataneous tuning of mixer and local oscillator.

The Cry, a small trimmer capacitors across each of tuning capacitors are used for fine
adjustments.

Rd

Cb J_ IF output e o
1T LY -
- 1
T it T
RF Mixer coil 5 FT1
Input J’H’ Cb L ICIC Rd T Cb
WMG HEE DI Tl |
CTr \ Rd 1 N
. )
\ Ganged - .

Fig 7.4: Separately excited FET Mixer

SELF EXICITED MIXER: If the function of the mixer and local oscaillator is combined in
one circuit then the mixer is called as selt exicited mixer. Figure 7.5 shows the self exicited
bipolar transistor mixer.

/l'H’vIF T1

L IF output
L. ? 7 utpu

Antenna
Antenna

/H’I) Coil
|

RF

X

Oscillator coil

) 1
M FT

Cry :
T Co Amplifier |L,

' [l

| 11

I Cs

' Rp

' Rp

CTr

Q=

Rp

+Vee

Fig 7.5: Self excited Transistor mixer

The Oscillator coil acts as a local oscillator. The transistor T; acts as a mixer. The
Oscillator coil output is fed to the one of the input to the mixer as shown in figure 7.5.The
circuit oscillates and the transconductance of the transistor is vary in a non linear manner at

the local oscillator frequency. This variable transconductance is used by the transistor to
amplify the incoming RF signal.

TRACKING: Process of tuning circuit to get the desired output is called tracking. Any error
that exists in the frequency difference will result in an incorrect frequency being fed to the IF
amplifier. Such errors are known as tracking errors. To avoid the tracking errors, ganged
capacitors with identical sections are used. A different value of inductance and special extra
capacitors called trimmers and padders are used to adjust the capacitance of the oscillator to
the proper range. There are three common methods used for tracking. They are padder
tracking , trimmer tracing and three point tracking.
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PADDER TRACKING: Figure 7.6a shows the connection of tuned circuit for padder
tracking. In this the oscillator tunes below the desired frquency. It should be in midband, so
the IF created is higher than it should be, and positive error is created as shown figure 7.6b.

+

fy

Ls fs Gs Lo fo Co Af ‘ l/_‘\l

0 ‘ 2\ I\I/Iin Max

Fig 7.6a: Padder tracking Fig 7.6b: Tracking Error in Padder tracking

TRIMMER TRACKING: Figure 7.7a shows the connection of tuned circxuit for trimmer
tracking. In this, the oscillator tunes above the desired frquencies. It should be in midband, so
the IF created is less than it should be and a negative error is created as shown in figure 7.7b.

+
Cs ¢L, fo %Co %’Cn Af Mlln M?X
! E 0 ‘ \fg—/fs’+ IF
Fig 7_7_ a;- :1:rir_r;r;1_e-r_t-racking Fig 7.7b: Tracking Error in Trimmer tracking

THREE POOINT TRACKING: The cobination of padder tracking and trimmer tracking is
called three point tracking. It can be adjusted to give zero error at three points across the band
at the middle. Figure 7.8 shows the connection of three point tracking and its error.

CP
+
Cs Crr Af k N\

T )
O Min Mid Max
fg+1IF

Fig 7.8a: Three point tracking Figure 7.8b: Tracking Error in three point tracking

Procedure to get values of capacitors required in the tracking circuits.
1. Find the minimum and mazmum frequencies and the required oscillator capacitance
ratio.
fo min = fo min T IF
fo max = fomax + IF

Oscillator capacitance ratio can be given as

We know that the resonant frequency of an LC oscillator is f,= .

2mvLoCo
From the above equation
_ 1 _ 1
fomax = 2 e — Comax = oy
1 1
fomin = ocomar — Comin = g ey
Co max _ fo max-\ 2
Comin fomin
2. Calculate the capacitance ratio and maimum value of the signal circuit tuning
capacitance.
Csmax — fsmax 2
Csmin fsmin
Csmax = ( fsm_ax)z Cs min
fsmin
UNIT-VII RECEIVERS 7
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3. Calculate the oscillator tuning capacitance. It is given by

Co= Csin series with Cp
_ CsCp
Cs+ Cp

4. Calculate the value of padder capacitor Cp using ratios

CsmaxCp
Csmaxt Cp

CsminCp
Csmint Cp
Comax _ Cs max(Csmint Cp)

From the above equation Cg max =

Comin=

Comin Cs min(Cs max+ Cp)
5. Obtain the oscillator coil value. It is given as,
1
Lo =
0 (27 fomin)? Comax

Or

1

27 fomax)? Comin

LOZ

6. To calculate the value of trimmer capacitance required in trimmer tracking we can use
same procedure except step3. In step 3, value of Cy is given as
Co= Csin parallel with Cp= Cg +Cp

IF AMPLIFIER: this stage of a superheterodyne receiver usually consists of two or more
stages of tuned small signal amplifier using CE transistors. the out put of the frequency mixer
developed across the tuned circuit is coupled to the input of this amplifier, while the LF.
amplifier output developed across the load circuit of last stage drives the second detector..
Such a tuned circuit tuned to the intermediate frequency and inductively coupled to the next
stage is usually referred to as IF transformer (IFT). In most of the commercial broadcast
receivers two IF amplifier stages are used. The Q of the tuned circuit is kept high since the
band of frequencies accommodated is small being only 10 kHz in amplitude modulation
broadcast receiver. Figure 7.9 shows the basic circuit of two stage IF amplifier using PNP
transistors.

IF AMPLIFIER 2 -----1ET3__

To
Second
Detecto

AGC Bias

— Cs Rs
+Vee
Figure 7.9 Circuit diagram of IF Amplifier
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The two stages are more or less similar. The IF voltage from the first IF transformer is
fed to the base of the transistor T;. To the lower end of the first IF transformer secondary the
AGC bias is applied. In the first L.F. amplifier stage, the collector is grounded through resistor
R4 while the emitter is given a positive bias from the d.c. supply through a potential divider
constituted by resistors R; and R,. Further since base is grounded through the AGC bias,
there results the desired negative bias at the base with respect to the emitter. R3C3
combination constitutes the AGC decouplint network. The collector to base bias is
(R4.Ic),where IC is the collector d.c. current. In the second stage, the collector is at d.c.
ground potential while the full + d.c. supply is applied at the emitter. The base is connected
thorugh the IF transformer secondary to a part of the positive d.c. supply thorugh the
potential divider consisting of resistors Rs and Rg. Thus there results the desired negative
collector-to-base bias and positive emitter to base bias. The output of the second LF.
amplifier stage is fed to the detector. The R;C; combination provides the emitter self bias.
The R4C4 combination provides the collector self bias in the first stage.

Impedance match of the high collector impedance of one stage to the low input
impedance of the following stage is obtained by using a step down transformer.
Choice of intermediate frequency: While choosing the intermediate frequencyc it is
necessary to consider the following factors.

1. Very high intermediate frquency will result in poor selectivity and poor adjacent
channel rejection.

2. A high value of intermediate frequency increases tracking difficulties.

3. Atlow values of intermediate frequency, image frequency rejection is poor.

4. At very low values of intermediate frequency, selectivity is too sharp. Cutting off the
sidebands.

5. At very low IF, the frequency stability of the local oscillator must be correspondingly
high because any frquency drift is now a larger proportion of the low IF than of a high
IF.

6. The IF must not fall in the tuning range of the receiver, otherwise instability will
occur and heterodyne whistles will be heard, making it impossible to tune to the
frquency band immediately adjacent to the intermediate frequency.

AUTOMATIC GAIN CONTROL (AGC): Automatic gain control is a system by means of
which the overall gain of a radio receiver is varied automatically with the variations in the
strength of the receiver signal, to maintain the output substantially constant. AGC circuitry
derives the dc bias voltage from the output of the detector. It applies this derived dc bias
voltage to a selected numbdr of RF,IF and mixer stages to control their gains. When the
average signal level increases, the size of the AGC bias increases, and the gain of the
controlled stages decrease. When there is no signal, there is a minimum AGC bias, and the
amplifiers produce maximum gain. There are two types of AGC circuits in use like Simple
AGC and Delayed AGC.

SIMPLE AGC: In simple AGC receivers the AGC bias starts to increase as soon as the
received signal level exceeds the background noise level. As a result receiver gain starts
falling down, reducing the sensitivity of the receiver. Figure 7.10 shows the simple AGC
circuit.

Diode detector

—I— Audio
T T <——|C|C—> Amplifier ‘Pl]i] Loud speaker

:__:I;ft/_ﬁt.: Fig 7.10: Simple AGC circuit
To IF amplifier Low-pass filter
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In this circuit, dc bias produced by half wave rectifier as a AM detector, is used to
control the gain of RF or IF amplifier. Before application of this voltage to the base of the RF
and/or IF stage amplifier the audio signal is removed by the low pass filter. The time constant
of the filter is kept at leaast 10 times longer than the period of the lowest modulation
frequency received. If the time constant is kept longer, it will give filtering, but it will cause
an annoying delay in the application of the AGC control when tuning from one signal to
another. The recovered signal is then passed through Cc to remove the d.c. The resulting ac
signal is further amplified and applied to the loudspeaker.

DELAYED AGC:

In simple AGC circuit, the unwantd weak signals(noise signals) are amplified with
high gain. To avoid this, in delayed AGC circuits, AGC bias is not applied to amplifiers until
signal strength has rached a predetermined level,after which AGC bias is applied as with
simple AGC, but more strongly. Figure 7.11 shows the simple delayed AGC circuit.

"Di] Loud speaker

Diode detector

Audio
Amplifier

C !
‘Low-pass filter

______________

Threshold
Adiustment

To IF amplifier
Fig7.11: Delayed AGC circuit

Here, AGC output is applied to the difference amplifier. It gives negative dc AGC
only when AGC output generated by diode ddetector is above certain dc threshold voltage.
This threshold voltage can be adjusted by adjusting the voltage at the positive input of the
operational amplifier.

DIFFERENCES BETWEEN SIMPLE AGC AND DELAYED AGC:

S.NO

SIMPLE AGC

DELAYED AGC

1

The AGC which is responsible for
increasing in the bias,when the
received signal level exceeds the

thermal noise of the receiver is known
as simple AGC

The aGC which prevents the AGC feedback
voltage from reaching RF or IF amplifiers
until the RF level exceeds the
predetermined magnitude known as delayed
AGC.

This AGC circuit is useful in most
inexpensive broad cast radio receivers

This AGC circuit is useful in expensive
broad cast radio receivers

The gain has immediate effect in the
receiver using this AGC

The gain is effected in the receiver using
this AGC only when the threshold value is
exceeded

FM RECEIVER: Figure 7.11 shows the block diagram of a superhetrodyne FM receiver. It

consists of Receiving antenna, RF amplifier, Frequency mixer, LocalOscillator, IF amplifier,
Limiter, Discriminator, De-emphasis, Audio Amplifier, Power Amplifier and loud speaker.
Receiving antenna: It intercepts the electromagnetic waves. Voltages induced in the antenna
are communicated to the receiver input circuit by means of a feeder wire. A parallel tuned
circuit at the input of the receiver responds only to voltage at the desired carier frequency and
rejects voltages at all other frequencies. The voltage so picked up is fed to the input of the RF
amplifier stage.

UNIT-VII RECEIVERS 10
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Receiving
Antenna

RF
Amplifier

\ 4 A 4

Frequency | )] IF —»  Limiter Discriminator || De-emphasis —‘

Mixer amplifier

Local Audio P Loud
Oscillator " > one "Di]

Amplifier Amplifier speaker

Fig 7.11: block diagram of FM rceiver

RF amplifier: It serves to raise the signal level appreciable before the signal is fed to the
mixer and to discriminate against the image signal. But in F.M. broadcast, the signal
bandwidth is large being 200 kHz as against 10 kHz in A.M. broadcast. Hence the RF
amplifier must be designed to handle this large bandwidth.

Frequency mixer: It performs the usual function of mixing or heterodyning the signal
frquency voltage and the local oscillator voltage to produce the difference frequency voltage
which is the intermediate frquency voltage. Since F.M. broadcast takes place either in the
VHF band or UHF band, single transistor frquency convertor is not used. A separate local
oscillator is always used and another transistor serves as the frequency mixer. The
intermediate frequency used in F.M. receivers is higher than that in A.M.receivers operating
at short waves. Typical value ofintermediate frequency is 10.7 MHz. This high intermediate
frquency helps in image rejection.

LocalOscillator: A separate local oscillator is always used. At ultra high frequencies, it is
preferred to keep the local oscillator frequency smaller than the signal frquency by an amount
equal to the intermediate frequency.

IF amplifier: A multistage IF amplifier is used to provide large gain. Further this IF
amplifier should be designed to have high overall bandwidth of the order of 200 kHz. Since
the overall bandwidth decreases as the number of stages in cascade increases, it is necessary
to design individual stages to have correspondingly higher bandwidth than the overall
bandwidth desired. Double tuned circuits may used but it is preferred, particularly at higher
frequencies in the UHF range, to use stagger tuned signle tuned circuit which are found to
produce more gain bandwidth product than the conventional double tuned circuits.
Limiter:The IF amplifier is followed by a limiter which limits the IF voltage to a
predetermined level and thus removes all amplitude variations which may be incidentally
caused due to changes in the transmission path or by man made static or natural static.
Discriminator: This extracts the original audio modulation frequency voltage from the
frequency modulated carrier voltage. A discriminator is used as the FM detector.
De-emphasis: It is used to reduce the amplitude of the modulating signal that is artificially
boosted in the transmitter by pre-emphasis to its original value.

Audio amplifier: The output of the F.M. detector is fed to an audio frquency small signal
amplifier and one or more audio frquency large signal amplifiers. The output audio voltage is
then fed to the loudspeaker. In FM broadcast, the maximum modulating frquency permitted is
15 kHz and hence the audio frequency must be designed to accommodate such large
bandwidth. Similarly the loudspeaker must be capable of reproducing all high frquencytones
upto 15 kHz. Often two or more loudspeakers are used, each reproducing a limited range of
frquencies.

UNIT-VII RECEIVERS 11
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COMPARISON BETWEEN AM AND FM RECEIVERS:

SIMILARITIES BETWEEN THE FM AND AM RECEIVERS:

1)
2)

3)

4)

Both the systems can use the same antenna for receiption of the incoming RF signal.
The primary stages in reception path like Duplexer, antenna couplers, RF amplifiers,
mixers etc., can be used in AM and FM receiver.

At the last stage of the receiver, like audio processing circuits, 2-wire to- 4 wire
conversion at the hybrid transformer can be used by both the systems.

Same modulating frquency can be extracted from FM and AM receivers.

DIFFERENCES BETWEEN FM AND AM RECEIVERS

1y

2)

3)
4)

S)

Amplitude modulation receivers are of broad cast receivers ranging from 550 to 1650
kHz, medium wave 3-30 MHz.

For frequency modulation receivers operating frequencies are in the range of 88 to
108 MHz

In TV receivers, the picture reception is in AM system and the sound reception in FM
systems.

The bandwidth requirement is more in FM compared to the AM.

Special circuits like Limiters, Automatic gain control, Beat frequency oscillators are
required in FM, which are not found in AM.

In AM, the intermediate frequency is in the range of 450 kHz to 465kHz. For FM it
employes an IF of about 10.7 MHz.

UNIT-VII RECEIVERS 12
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UNIT VII RECEIVERS
A radio receiver is electronic equipment which picks up any desired radio frequency
signal, i.e. modulated carrier wave and recovers from it the original modulating signal.

FUNCTIONS OF RECEIVER:
1) Receiver collects the electromagnetic waves transmitted by the transmitter.
2) It selects the desired signal and rejects all others.
3) Amplify the selected modulated carrier signal.
4) Detect the modulating signal from the modulated RF signal.
5) Amplify the modulating signal to operate the loud speaker.

CLASSIFICATION OF RADIO RECEIVERS:

Radio receivers are generally classified according to the type of applications as

1. AM Broadcast receivers. These are meant for listening to broadcast of speech or
music radiated from amplitude modulation broadcast transmitter operating on long
wave, medium wave or short wave bands.

2. FM Broad Receivers. These are used for receiving broadcast programs from F.M.
broadcast transmitters operating in VHF or in UHF bands.

3. T.V Receivers. These receivers are used for receiving television broadcast in VHF or
in UHF bands.

4. Communication receivers: These are super heterodyne receivers used for reception
of telegraph and shortwave telephone signals. These are used for various purposes
other than broad cast services.

5. Code Receivers. These are simple super heterodyne receivers with the addition of L.F.
beating oscillator to produce audio beat note with IF signal. Other code receivers are
meant for receiving code signals, i.e. radio telegraph signals only and consist of an
oscillating detector with amplifier stages.

6. Radar Receivers. These receivers are used for receiving RADAR (Radio Detection
and Ranging) signals.

Depending up on the fundamental aspects receivers are classified as
1. Tuned Radio Frequency (TRF) receivers.
2. Super heterodyne receiver.
Super heterodyne receiver is the most popular and most widely used receiver, TRF
receiver was used earlier in the 1940s.

TRF RECEIVER: It is the simplest radio receiver. The block diagram of TRF rceiver is
shown in figure 7.1.

Receiving
Antenna
First RF Second RF | ,| Audio | o Power _{Ii] Loud
Amplifier > Amplifier | Detector Amplifier Amplifier speaker
/' Ganged / L

bmccccccccccacaa- e cccc e = -

Fig 7.1: block diagram of TRF rceiver

It consists of two or three stages of RF amplifiers, detector, audiio amplifier and
power amplifier. The RF amplifier stages placed between the antenna and detector are used to
increase the strength of the received signal beofre it is applied to the detector. These RF
amplifiers are tuned to fixed frequency, amplify the desired band of frequencies. Therefore,
they provide amplification for selected band of frquencies and rejec all other frequencies. As
selection and amplification process is carried out in two or three stages and each stage must
amplify the same band of frquencies and the ganged tuning is provided.

The amplified signal is then demodulated using detector to recover the modulating
signall. The recovered signal is amplified further by the audio amplifier followed by power
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amplifier which provides sufficient gain to operate a loudspeaker.

ADVANTAGES OF TRF RECEIVER: The following are the advantages of TRF receivers
1. TREF receiver is simple and cheaper.
2. lItis easy to constuct.
3. The amplifiers in this circuit strengthens the weak input signal.

DISADVANTAGES OF TRF RECEIVER: The followin are the disadvantages of TRF
receivers.

1. Tracking of tuned circuits.

2. Instability.

3. Variable bandwidth.

Tracking of tuned circuits. Tuned circuits are made variable so that this can be set to the
frequency of the desired signal. The capacitors in the tuned circuits are m ade variale . These
capacitors ar ganged between the stages so that they all can be changed simultaneously when
the tuning knob is rotated. To have perfect tuning the capacitor values between the stages
must b exactlly the same. But this is not the case. The difference in the capacitors cause the
resonant frquency of each tun ed circuit to be slightly different, there by increasing the pass
band.
Instability: As the high gain is achieved at one frequency by a multistage amplifier, there are
more chances of positive feed back through some stray path resulting in oscillations. These
oscillations are unavoidable at high frequencies.
Variable Bandwidth: Consider a medium wave receiver required to tune 550 to 1650 kHz
and it provides the necessary bandwidth of 10 kHz.
We know that the quality factor Q = frequency / Bandwidth= 550/10=55
The quality factor at 1650kHz is Q = 1650/10 =165

In practice due to various losses depending on frequency , we will not set so large
increase in Q .

Let us assume that at 1650 kHz frequency, Q is increased to value 100 instead of 165.
Then the bandwidth =1650/100 = 16.5 Khz.
We know that the necessary bandwidth is 10 kHz.

This increasde in bandwidth of tuned circuit , pick up the adjacent stations along with
the stations it is tuned for., providing insufficient adjacent frquency rejection . Thismeans that
TRF has poor selectivity.

PRINCIPLE OF SUPERHETERODYNE RECEIVER:

Heterodyne means mixing. Heterodyne reception stands for the radio reception after
converting the modulated carrier voltage into similarly modulated voltage at a different
carrier frequency. Thus the the heterodyne process involves a simple change of carrier
frquency. This change in carrier frequency is achieved by mixing the modulated carrier
voltage with a locally generated high frequency voltage in a nonlinear device to obtain the
modulated carrier voltage at different carrier frequency .

Superheterodyne reception is a form of heterdoyne reception in which frequency
convrsion takes place one or more times before the modulated carrier voltage is fed to the
detector to recover the original modulating signal.

Thus in a simple superheterodyne receiver, the modulated carrier voltage of carrier
frequency fs is fed to a device called frequency mixer to which is also fed the voltage of
frequency fo generated in a local oscillator and at the output is selected a voltage of
frequency f; which is the difference of local oscillator frequency and the signal frequency.
This difference frequency is termed the Intermediate frequency (IF). The IF voltage obtained
at the output of frequency mixer is exactly similar to the modulated carrier voltage except for
the change in carrier frequency. Intermediate frequency is fixed for a receiver.
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SUPERHETERODYNE RECEIVER: Figure 7.2 shows the block diagram of
superheterodyne receiver. It consists of antanna, RF amplifier, Mixer, Multi stage IF
amplifier, Second Detector, Audio Amplifier, Local Oscillator, Power Amplifier and Loud

Speaker.
Antenna
Feeder l l
A wire fs fo - fs
RF Multi i
Amplifier Mixer stlal;g ¢
| 1 Amphﬁer
1 : o AFC <—|
' i Local Audio Second
E i Oscillator Amplifier Detector
“Ganged tuning Power AGC |—
Amplifier

v

E Loud Speaker
Fig 7.2: Block diagram of super heterodyne Receiver

Antenna:lt intercepts the electromagnetic waves. Voltages induced in the antenna are
communicated to the receiver input circuit by means of a feeder wire. A parallel tuned circuit
at the input of the receiver responds only to voltage at the desired carier frequency and rejects
voltages at all other frequencies. The voltage so picked up is fed to the input of the RF
amplifier stage.

R.F. Amplifier: This stage is generally a tuned voltage amplifier tuned to the desired carrier
frequency. It amplifies the input signal voltage to a suitable high level before feeding it to the
frequency mixer which contributes large noise. Thus signal/noise ratio is improved. It
provides selectivity against image frequency signal and intermediate frequency signal.
Frequency converter stage: This consists of a local oscillator and frequency mixer. To the
frequency mixer are fed both the local oscillator voltage as well as signal voltage. The mixer
produces at its output the various intermodulation terms.The difference frequency voltage is
picked up by the tuned circuit in the output circuit of the mixer. This difference frequency is
called the intermediate frequency, the vallue of which is constant for a receiver. For all wave
receivers, typical value of intermediate frequency is 465 kHz or 456 kHz. Sometimes two
separate transistors are used as local oscillator and frequency mixer but more often only one
transistor functions both as Icoal oscillator and frequency mixer. Such a transistor is then
refered to as a frequency converter transistor . Thus with the help of frequency converter
stage, RF signal of any carrier frequency are converted into similarly modulated fixed
frequency IF signal.

IF Amplifier Stage: It aconsists of two or more stages of fixed frequency tuned voltage
amplifier having a 3 dB bandwidth of 10 kHz for AM broadcast. This IF amplifier provides
most of the receiver a mplification and selectivity.

Second Detector: Output of the last IF amplifier stage is fed to this second detector wich is
generally a linear diode detector. Output of this detector is the original modulation frequency
voltage. For satisfactory operation of this detector,i.e. for linear detection, it is necessary that
the carier voltage fed to it be atleast 1 volt. Hence the preceding amplifier stages must be
designed to provide enough gain so as to feed a carrier of atleast one volt to the detector for
the weakest signal desired to be received by the receiver.
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Audio Frequency Amplifier: Audio frequency output from second detector is fed to the A.F.
amplifier which provides additional amplififcation. Usually one stage of audio voltage
amplifier is used followed by one or more stages of audio power amplifier.
Loud speaker: Ampliifed audio output voltage of audio power amplifier is fed to
loudspeaker through impedance matching transformer. The loudspeaker reproduces the
original programme.

ADVANTAGES OF SUPERHETERODYNE RECEIVER: The following are the
advantages of superheterodyne receiver.
1. The bandwidth ramains constant over the entire operating range.
It provides high sensitivity.
It provides high selectivity.
It provide high adjacent channel rejection.

v

RECEIVER CHARACTERISTICS: The following are the characteristics of a receiver.
1. Selectivity 2. Sensitivity 3. Fidelity 4. Image frequency and its rejection. 5. Double

spotting.
Selectivity: It is defined as the ability of the receiver to select the signal of a desired
frequency while rejecting all other frequencies. It is obtained by using a tuned circuit.These
are LC circuit tuned to resonante at a desired frequency. The Q of the tuned circuit
determines the selectivity. This shows the attenuation that the receiver offers to signal at
frequencies near to the one to which it is tuned. A good receiver isolates the desired signal in
the RF spectrum and elimintes all other frequencies.

The bandwidth of a tuned circuit is measure of the selectivity, narrower the bandwidth
better the selectivity.
Sensitivity: It is defined as the ability of a receiver to pick up weak signals and amplify it. It
is often defined in terms of the voltage that must be applied to the receiver input terminals to
give a standard output power measured at the output terminals. The more gain that a receiver
has, the smaller the input signal necessory to produce desired output power. Therefore,
sensitivity is a primary function of the over all receiver gain. It is often expressed in
microvolts or decibles.
Fidility: It is defined as the ability of the receiver to reproduce the all modulating signal
frequency components equally. The fidility at the lower modulating frequencies is determined
by the lower frequency response of the IF amplifier and the fidility at the higher modulating
frequencies is determined by the high frequency response of the IF amplifier.
Image Frequency and its Rejection: If a frequency f =f ;+2f;, appears at the input of mixer
then it will produce the sum and difference frequency regardless of inputs. Therefore the
mixer output will be the difference frequency at the IF value. The term fj; is called the image
frequency and is defined as the signal frequency plus twice the intermediate frequency.
Unfortunalely this image frequency signal is also amplifed by the IF amplifiers resulting in
interference. This has the effect of two stations being received simultaneously and is naturally
undesirable .

The rejection of an image frquency by a single tuned circuit is the ratio of the gain at
the signal frequency to the gain at the image frequency. Image frequency rejection ratio is

denoted by « and is given by a=,/1 + Q? p?

where p = % - ff—s and Q = loaded Q of the tund circuit.

The image rejection depends on the selectivity of the RF amplifier and tuned circuit.
Double Spotting: The phenomenon of double spotting occurs at higher frequencies due to
poor front and selectivity of the receiver. Receiver picks up same short wave station at two
near by points on the receiver dial.

When the receiver is tuned across the band, a strong signal appears to be at two
different frequencies , once at the desired frequency and again at the image frquency. At the
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Radio Receivers

9.1 INTRODUCTION: FUNCTIONS OF A RECEIVER

We know that in a communication system, a radio
transmitter radiates or transmits a modulated carrier
signal. This modulated carrier signal travels down the
channel i.e. transmission medium and reaches at the input
of radio receiver. This means that the modulated carrier
signal is picked up by the antenna of the radio receiver.
This modulated signal so received is generally very weak.
Therefore, inside the receiver this weak signal is first
amplified in an R.F. (Radio frequency) amplifier stage of
the radio receiver. Also, since the received madulated signal
contains a lot of noise or unwanted signals at adjacent
frequencies, it must be selected and the noise must be
rejected. Finally, in receiver, the R.F. carrier or modulated
signal must be demodulated to get back the original
modulating or baseband signal. Further, since the
demodulated or detected signal (i.e. audio signal in case of
broadcast receiver) is generally weak, it has to be amplified
in one or more stages of audio amplifier.

From the above discussion, we can summarize the-main
function of a radio receiver as:

(i) Intercept the incoming modulated signal (i.e.
electromagnetic waves) by the receiving antenna.
(i7) Select the desired signal and reject the unwanted
signals.
(iii) Amplify this selected R.F. signal.
(iv) Detect the modulated signal to get back the original
modulating or baseband signal.
() Amplify the modulating frequency signal.
This means that a radio receiver is an electronic
equipment .whlch picks up the desired signal, rejects the
unwanted signals, amplifies the desired signal, demodulates

the modulated signal to get back the original modulating
frequency signal. '
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9.2 CLASSIFICATION OF RADIO RECEIVERS

e

e e S————

We can classify the radio receiver in two ways as under :

(4) Depel‘fdmg upon the applications, the radio receivers may be classified as follows :

() Amplitude Modulation (A.M.) Broadcast Receivers : These receivers are used to receive the
bm.adcast of speech or music transmitted from amplitude modulation broadcast transmitters

) which operate on long wave, medium wave or short wave bands.

(i5) Frequency Modulation (F.M.) Broadcast Receivers : These receivers are used to receive the
broadcast programmes from F.M. broadeast transmitters which operate in VHF or UHF
bands.

(iif) Communication Receivers : Communication receivers are used for reception of telegraph
and short wave telephone signals. This means that communication receivers are used for
various purposes other than broadcast services.

(iv) Television Receivers: Television receivers are used to receive television broadcast in VHF or
in UHF bands.

(v) Radar Receivers : Radar receivers are used to receive Radar (i.e. Radio detection and ranging)
signals.

(B) Depending upon the fundamental aspects, the radio réceivers may also be classified as
under:
(i) Tuned Radio Frequency (TRF) Receivers.

(if) Superheterodyne Receiver.

In fact, various forms of receivers have been proposed from time to time. However, only two of
them became popular for commercial applications. These are Tuned Radio frequency (TRF) receiver
and superheterodyne receiver. Presently, the superheterodyne receiver is the most popular and
most widely used. The TRF receiver was used earlier in the 1940s. The TRF receiver had some
inherent drawbacks which were removed in superheterodyne receiver. Therefore, we shall start our discussion
with TRF receiver and then come to the superheterodyne receiver.

9.3 TUNED RADIO FREQUENCY (TRF) RECEIVER

Tuned radio frequency (TRF) receiver is the simplest radio receiver. Figure 9.1 shows the block
diagram of a tuned radio frequency receiver. The very first block of this receiver is an RF stage. This
stage generally contains two or three RF amplifiers. Actually, these RF (radio frequency) amplifiers
are tuned RF amplifiers i.e. they have variable tuned circuit at the input and output sides. At the
input of the receiver, there is a receiving antenna as shown in block diagram in figure 9.1. At this
antenna signals from different sources (i.e. stations) are present. However, with the help of input
variable tuned circuit of RF amplifiers the desired signal (i.e, station) is selected. But this selected
signal is usually very weak of the order of uV. This selected weak signal is amplified by the RF
amplifier (i.e. R.F stage). :

Antenna g
' ' = 4 ; Audio
RF | Demodulatoy - ~Audio Jib
. Stage “1 - or detector' - Amplifier - - ower
Ix ; : - Amplifier
- Loud-
speaker

,' .
Fig. 9.1 Block diagram of u TRF receiver

Thus the function of RF stage is to select the desired signal and amplify it.
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After this, the amplified incoming modulated signal is applied to thet ;ltfet?gglélatoh he
demodulator or detector demodulates the modulated signal and thus at thff ou!:]p}l - liﬁedmﬁdulatnr,
we get modulating or baseband signal (j.e. audio signal). This audio SIgm} > tg desi oy Audj,
amplifier. After that, this audio signal is further amplified by a power amplifier up red p,
level to drive the loudspeaker. The last stage of this receiver is the

transducer which changes electrical signal into sound signal.

“.'
Joudspeaker. A IOUdSP@aker ise:

9.3.1 Drawbacks of TRF Recejver

As discussed above, although TRF receiver is cheaper and the simplest one, 1t has Certajy
drawbacks as under: )

(1) The TRF receiver suffers from a tendency to oscillate at higher frequencies fropy .
multistage RF amplifiers with high gain and operating at same frequency. IfSU_Ch an amplifja,
has a gain of 20,000 then if a small portion of the output leaked back to the input of the RF
stage, then positive feed back and oscillation will result. This type of ]eakf.ige could regy};
from power supply coupling, stray capacitance coupling, radiation coupling or couplip
through any other element common to the input and output stages. Definitely, this type of
condition is undesirable for a good receiver.

This problem is also termed as instability of the receiver.

(ii) The selectivity of a receiver is its ability to distinguish between a desired signal and ap
undesired signal. The selectivity of TRF receiver is poor. In fact, it is difficult to achieve
sufficient selectivity at high frequencies due to the enforced use of single-tuned circuits,

(iti) Another problem associated with the TRF receiver is the bandwidth variation over the tuning
range. For example, in AM broadcast system, let us consider that a tuned circuit is required
to have a bandwidth of 10 KHz at a frequency of 540 KHz.

According to the definition, the Quality factor @ of this tuned circuit must be

_ Zresonance frequency _ 540

= bandwidth T 10

Now, at the other end of this AM broadcast band (i.e. 1640 KHz), the Quality factor @ of the coil,

according to above equation, must increase by a factor of 1640/535 (i.e. 3) to a value of 164. However,

in practice due to several losses dependent upon frequency would prevent such a large increase.

Thus, practically, the Quality factor @ of this tuned circuit is unlikely to exceed 120 and hence
providing a bandwidth of the tuned circuit equal to

=24

_f 1640
Af = Q = 120 =13.8 KHz

Therefore, due to this increased bandwidth of 13.8 KHz in place of a fixed bandwidth of 10 KHz,
the receivez.' would pick up or select adjacent frequencies (i.e. stations) with the desired frequency
station. This means that the bandwidth of the TRF receiver varies with the incoming frequency-

9.4 SUPERHETERODYNE RECEIVER : BASIC ELEMENTS*
—

(RGTU Bhopal, Sem. Exam., June 2005)(05 marks)

Figure 9.2 shows thte block diagram of a superheterodyne receiver, All the drawbacks in TRF receiver
have been removed in a superheterodyne receiver. The basic superheterodyne receiver is most widely
used. This means that the superheterodyne principle is used in a]] types of receiver like televisio®

receiver, radar receiver etc.
In a superheterodyne receiver, the incoming RF signal frequency is combined with the locé!

— — — — —

* Explain the prinéiple working of super heterodyne receiver. b R _ e
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.||Iii|-"J"““’"”“I frequency . il q ey —— . L. 079

er j'lxwi frequenty it lim,-_.,“ A% inte W CON ey into n

. lwa 4 iy " “E

ey signil contains the same mod.),, medigge

' LT

j5 nowW “lllflhﬁ"" and demodulineg o, tthe arig
Preprod

fhe woril Iml.l-i'ﬂfl‘f“" slunds {op TP H
voonl oscillator frequency, hey B KMere wo liave i ;
1}": Iﬂ‘ “i <Y Yerc:higpye |} : e llll" nee | | "
*LHIE receiver | sincoming signal frequency
: L T :

wilh
Antenni silled gu [Hfr["_-lfigrr,c]yn‘. Feeever,

free signal of lower fized frequency.,

”“; I|u|«mfy_ Howeyer, the intermediate
HIRT i Mhia ¢ .

e 1 signal. This intermediate frequency
AT Ll f.;l'};{u];d rlpnnl, -

o I/Jlii’]
T — o __| ey A
' +—-.'I Deinn. ‘e
l"l[ll’llllll'."] Al :( N hl“].;t‘ g romer
nor Amplifice Amplifier

AGC

Flg, 9.2 1ilocl diupgr j
g Dlocl divgram of a Superheterodyne feceiver,

Thus, n @ mrlpnrhi‘:l_umriyrm recciver, w constant frequency difference is maintained between the
foenl osclllator pignal frequency and incorming RRITsigaals frequency tirough capacitance tunning in
which the capneitnnces nre ganged together and operated by o f:umm;m rvr,:.t.;-nl la.;y,l,,"l‘}|:g ‘i;_nls:rmted:“;m:
frequency (11" smplifier generally containg o number of transformers each consisting of a pair of
mutually coupled cuned circaits, Thus, with this large number of double-tuned I:i!'r:uilH.'r}]'u.'r:ilinj,{ at
u specially chosen frequency, the TF amplifier provides most of the ouin (i.e. sensitivity) and band
cetivity) of the receiver. Thiz means thiat the TF amplifier determines the i

width requirements (i, sel
{ the superheterodyne receiver,

sensitivity and seloctivity o
sties of the [ amphfier are independent of the incoming frequency 1o

Alno, sinee the chirneLern
which the receiver in tuned, the seleetivity und gengeitivity of the guperheterodyne recever are
quite uniform throughout its bunning range and not subject Lo the variations like a TRF receiver.
Further since the 1LF, nmplifier works at a tixed LF. frequency, the design of this system s quite
enny to provide high pain and consiirnl brandwidth,

Beenuse of ity narrow bandwidth, the LI amplifier rejects all (ll}}i«r' i'l?i_:qm:n‘rilm except
intermedinte frequency (1.K.). Actually, this pejuetion process reduces the risk of mh-rlvrt-mfi.-_irmj!
other atations or sources. In fact, this selection process in the key to the superheterodyne receivers

oxcoptional performnnce,

~After the LI, amplifier, the ipnal s npplied ot l.hlu immt u.i' :lvmu@glul.ur which ltxlr“(".h'lhl'
original moduluting signnl (i.e. audio wipgnnl), This m{tlm m.un.nl I :nnphllluil by an audio umpll_!'}l:r
to get g particulnr voltage Jeevel, This amplified nudio pigenal is Iur!.ln-r'nm|:I1iu_!(1 by o |:I_:-m_-.r amplifier
1 get n npecificd power lovel go that it [he loudspeaker is o transducer

may activate t he loudapenker. s . :
which conyerty this nudio electr | and thus the original signal i

ienl signal into audio sound signa
r ] ’ " i
eproduced f,e, the original transmi

inaion in received,
f the uupnrlwmmdy: 1o most suitable for the majority ol

sideband, television and even
lered as today +

J receiver make it th

. FM, communications, single-

irl
Ahe ndyantages o
iple, This meuns that it ean be consic

T | A ; pe
I 'lm Fecoiver applications like A :
WY roceiver; all une ""l*“"lll.'l-urrrtlyuu prine

it .
Mndued fyrm of radio receiver.

P44 Advantages of supnrhattrodylﬂ'ﬂﬂ , , )
(i) No vuriiution in bandwidth. "'he BW remains constant over the entive operating FANEE.
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(zt) High sensitivity and selectivity.
(éii) High adjacent channel rejection.

9.4.2 Frequency Parameters of AM Receiver
The AM receiver has the following frequency parameters :
(i) Two frequency bands: Medium wave (MW) band and short wave (SW) imnd.
(ii) RF carrier range (MW band) : 535 kHz to 1650 kHz (SW band) : 5 to 15 MHz
(iii) Intermediate frequency IF: 455 kHz
(tv) IF bandwidth B - 10 kHz.

9.5 RECEIVER CHARACTERISTICS (VIVIL Byderabad, Sens. Saps. Vil sy,
R —
Because the type of receiver is almost the same for various forms of modulation or system, therefore.
it is generally most convenient to explain the various principles of a superheterodyne recejvey
while dealing with AM receivers. Thus, with the discussion of AM receiver, a basis is formed for the
more complex versions of superheterodyne receiver, In this section, let us discuss various
superheterodyne receiver characteristics. They are as under:
(i) Sensitivity,
(i) Selectivity
(it1) Fidelity,

(tv) Double spotting.
(v) Tracking.

9.5.1 Sensitivity

The sensitivity of a radio receiver may be defined as its ability to amplify weak signals. It is
generally, defined in terms of the voltage which must he applied at receiver input terminals to
provide a standard output power measured at the output terminals. For AM broadcast receivers,

several relevant quantities have heen standardized. A
A signal modulated by a 400 Hz sine wave and
modulation index of 30% is applied through standard 17
coupling network known as a dummy antenna, 16
In addition to this, the loud-speaker is replaced > 15
by an equivalent load resistance. After this the output = P o
is measured across this resistance and it must be equal 214 o
to the standard value of 50 mW. 5 19 7
i ; . ; . mo 4
Sensitivity is also expressed in microvolts or in é 15 /
decibels below 1 volt and is measured at three points w ;“--....-v’
along the tuning range when a production receiver is it
lined up. 10—11 |
Figure 9.3 shows the sensitivity curve over the ]
. . . - — —
tuning band. At 1 MHz, this particular receiver has a 600 1000 1600 5 ¢

sensitivity of 12.7 u volt or —-98 dB volt. Sometimes,

the sensitivity defintion ig extended, and the Fig. 9.3 A typical sensitiiy curve for a gl :

manufacture of this receiver may quote it to be, nor Fam—— ;

merely 12.7 uV, but “12.7 uV for an SNR of 20 dB in :

the output of the receiver”. |
However, for professional receivers, the sensitivity is generally quoted in terms of signal power

required to produce a minimum accema}ﬂe?mput signal with g minimum acceptable output noise
level. Few factors determining i..e sensitivity of a superheterodyne receiver are as under; :

F requency, kHz
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,ain of the If amplifiers,

@ The &
o The gain of the RF amplifiers. A

 The noise figure of the g -
(© Th receiver, 100 Receiver tuned to 950 kHz

. pe noted that the typi
[t may ypical values B
» 50 1 volt for s!nall brm_idcast band receiif: nsitivity
Lolt or pelow for high quality communication re and 1
:ht‘ HF ba nd. ecelver in
9.5:2

oo

o
—
-

[o2]
[=]

gelectivity

tivity o i
AR b e
orejec e : expresses the attenuation
that the EBERIN fjft:ers to signal at frequencies adjacent t
the one €0 which it 18 tuned. It is generally, expressed as z
curve as shown in figure 9.4. In selectivity measurement 40 -30 -20-10 0 10 20 B30 40
he frequency of thz_e generators 1s varied to either side oE detuning, kHz
he frequency to w_hmh the rf:ceiver is tuned. Naturally, the Fig.9.4 A typical sens::tiuft : curve for a
of the receilver falls since the input frequency is not good domestic rece:?uer.
ct. Thus the input voltage must be increased until the output is the same as it was
The ratio of t’he voltage required of resonance to the voltage required. When the generator
o receiver’s frequency itis calculated at a number of points and then plotted in decibels
9.4. It may be noted that selectivity depends upon the following

Attenuation, dB

-
=

__.-"‘"-’

‘..,___‘

5]
[==]

v

incorre
originally
istuned to th
to give a curve as shown in figure

factors :
e when the receiving

(i) Selectivity varies with receivin
frequency 1s raised.

(it) In general, it is mainly determine
RF amplifier input circuits playing a sm

(i) Selectivity is the main factor which deter

9.5.3 Fidelity

As a matter of fact, the fidelity is
frequencies equally. The fidelity basica
Figure 9.5 shows the typical fidelity curve:

High fidelity is essential 1n order to  Receiver output in dB
reproduce a good quality music faithfully 4 N
Le. without introducing any distortion. For
this, it is essential to have a flat frequency 0 This is basically the
response over a wide range of audio froquoncy o A
frequencies. The fidelity curve fora receiver of the AF amplifier
shown in figure 9.5 i8 basically the
frequ[_.ncy response of the AF amplifier
stage in the receiver. Ideally, the curve

| _—— iz okHz  10kH:

Edzl-ity curve should be flat over the entire =
udio frequency range. But, practically, it T B

?ECreaSes on the lower and higher
Tequency sides.

g frequency and becomes somewhat wors

d by the response of the IF section, with the mixer and

all but significant part.

mines the adjacent channel rejection of a receiver.

ce all the modulating

to reprodu
AF amplifier.

the ability of a receiver
ncy response of the

1ly depends on the freque

finimum attention

— Frequency,f

i i the
station at two nearby points orz dias
main cause for double spotting 18 poor front-en

95.4 Double Spotting

the :;’Vhen a receiver picks up the
ouble spotting phenomenont

: AT L P i e i . e ;
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The front-end of the receiver does not Selagy

selectivity, i.e., inadequate image-frequency rejection.
different adjacent signal very well. _ B aom SIS ot

The adverse effect of double spotting is that a wun}c st:nt.er; r‘mlt,‘h(.r- s Hoghls Bpﬂ:;ptmn of
a nearby strong station at the spurious peint on the tlmi- On the ot ol t-l:le dial is preclinglma
be used to calculate the IF of an unknown receiver. 'l h{r s.pu'rIOUS l’t’l then certainly the se'y 2}"
below the correct frequency. If image-frequency rejection is improved, re will by
a corresponding decrease in the double spotting occurrence.

9.5.5 Tracking or Tunning of a Superheterodyne Receiver ‘
iency is made to track with the tupeq

In a superheterodyne receiver, the local oscillator frequ
n order to make a constant frequency

circuits which are tuned to the incoming signal frequency 1 bine At
difference at the output of mixer. For general AM broadcast system, the intermediate irequency

(F.) is 455 kHz. This indicates that the local oscillator should always be set at:c 1;1 frequc{ncy which
is 455 kHz above the incoming signal frequency. For purpose the front end of the receiver tuneg

Antenna
1st
sage Detector AF 5
R . > Mixer —— 2 IF _;Di_fﬂ Amplifier |<@
plifier 455 kHz ~ | Amplifiex T P
. + 3 kHz =

N
\
Mechanical * i ?a[l
link \_AOscillator

Fig. 9.6 Tunning of a superheterodyne receiver.

circuits are made to track together simply by mechanically 6 :
linked or ganged capacitors. A ganged capacitor has three Badly i
capacitor sections, one each for the RF amplifier, mixer «~ 4 mmhg“idf (C.o — y
and the local oscillator. In addition to this, small variable E 9 |— p i /-\l
capacitances known as trimmers are connected in parallel % R 4N
with each section. These capacitances can be adjusted for £ 0— 4.7 .
proper operation at highest frequency. However for lowest 2 L /r [ "\
frequency adjustment, small variable capacitors known as 2 ~2 = 7T '\
padders are connected in series with the inductor of the § < B i s
tank circuit. = i
The various tuned circuits are mechanically coupled 2
so that only one tunning control and dial are required. This 600 1000 1600
means that no matter what is the incoming signal Frequency, kHz

frequency, the RF and mixer input tuned circuits must be
tuned to it. The local oscillator must simultaneously be '
tuned to a frequency which is precisely higher than the signal frequency by the intermediate
frequency. Hr_)wever, any error that may exist in the frequency difference would rgsult in an incorrect
frequency being fed to the intermediate frequency (LF.) amplifier. This error must naturally be
avmde(_i. Such type of errors are known as tracking errors. These tr;:ickin s It in stations
appearing away from their correct position on the dial, 9 s xfesu “

Fig. 9.7 Tracking curves.

It is quite possible to keep the maximi A g
i aximum tracking err S igis
quite acceptable. g error below 3 kHz. A value as low as t}_‘ e

Scanned by CamScanner

60 www.Jntufastupdates.com Scanned by CamScanner



Frequenc

3 ; ;
We know that a supelheterodyne Mcati.s (Anng Uniwrs!tv C
receiver. However 5 Superhetergqy . 1S & be " hennal, Sem. Exam, June 2006)

. : : YNe yroeaiv or ,
Frequency problem. Thi Problen of; feceiver suffer than 4 Tuned Radio Frequency

I,:I:‘.:igl‘ : llll{[ t S h'[} n 3
e e Of thE T o J 18 rent on Bllpt'l‘hl‘l r 1 r
- E' 'I)[[}'ﬂ(' ri'[‘('l"f'

ol 8 :

i ed out by the local oscillatoy and th yHe n fact :

A 2 1 allow n;l th;} h-“"mn"y conversion process
undesire( frequency in addition to

‘i-? desil‘ed incoming fl‘equency, Mixer ofte,
iy

Ina g.tt:mdall‘? broadeast receiver, the Joeg] oscill
oming s1gnatirequency. It is kept equal to the ql' il
st Signal frequen
}Iathematlcally, fo =t t;
where  f, = local oscillator frequency
f; = desired incoming frequency
f; = intermediate frequency

1Y 18 always made higher than the
ey plus the intermediate frequency

wi(9:1)

From equation (9.1), we have
O h=he,
N gg:;f-f ;Zg;;ii;fnedlate frequency is the difference between the local oscillator frequency and
Now, if a frequency f; manages to reach the mixer, such that
fsi = fo + f;
then this frequency f; would also produce f; when it is mixed with f,- This undesired or spurious

intermediate frequency signal will also be amplified by the L.F. stage and thus would cause
interference. This has the effect of two sources or stations being received simultaneously. This

-(9.2)

situation is obviously undesirable.
The term f; is known as the image frequency and is defined as the signal frequency plus twice

the intermediate frequency.
Putting the value of £, in equation (9.2) from equation (9.1), we get

fsi = fo + fl-
fs;‘ =fs+fi'+ff . (9.3)
. =f +2f
or Isi Iy f; guished by the L.F. stage and hence would

1 ' i distin
Th equency signal cannot be :
o . he desired frequency signal.

b treated in the same manner as t ingle tuned
: u

The rejection of an image frequencl:i 51g:i::ll tl:t)'tf}l] zl?ng;gc frequency.

"fthe gain at the signal frequency to the g (9.4

2 2
- m
= Q (9.5)

circuit may be defined as the ratio
This is given as

i e
ere p - f f bt
s e L. d condition.
it in a loaded ¢ e o
o a single tuned circuit and the rejection will

; nl N 1 i L] L] ‘0
r?f ]tsh(:,* ficeivcr has an RF stage t..ho..n thtlrr, 1::‘1;: dt\;y
*I uéncy rejection of each stage will be caleu ety
:;?ion will be the product of the two. - - A

and @ = Quality factor of the tun
. 4 ge, then the

If the receiver has an RF sta However
te calculated using equation (8.4). 20 e fr
|ur.led circuits both tuned to f,. The Irmlil[zl'cj'f
f‘ng equation (9.4). The total or Ovﬂﬂ-— — e ency always ke

Wi Tl Wy T e oot oecitor T b e
In superheterodyne receiv&l‘ﬁ?r“mrne. S ? i g B
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o ; — on the front- enm
The image - frequency rejection of the receiver depends up Ctivity

s of

. - dre achieved before the LF. stage. Once a 3

recerver. The rejection of image frequency must i.)c '*Lh."‘w'dlid become impossible to ren;loun.em?&d

or spurious frequency enters the first I.F. amplifier, 1t wot Ve ffﬂnl
the desired signal,

£ 2
It may be observed that if =~ is large as is the case for AM broadcast band the use of an gy
8

‘ F it would b
Stage is not necessary for good image frequency rejection. However, E-Rpnig ©S8entyy)
above about 3MHz.

EXAMPLE 9.1. Fora broadcast superheterodyne AM r(,:ce.iver having - RF ?mplifiel‘; the
loaded Quality factor @ of the antenna coupling circuit is 100. Now if the lntem‘ediate
frequency is 455 kHz, then determine the following : )
(i) the image frequency and its rejection ratio at an incoming frequency of 1000 kg,
(ii) the image frequency and its rejection ratio at an incoming frequency of 25 MHg,

Solution : Given that

®@ =100
and f; = 455 kHz.
f, = 1000 kHz

The image-frequency is given as
| fsi =1+ 2f;= 1000 + 2 x 455 = 1000 + 910 = 1910 kHz

fi _ fi _ 1910 1000

Further, p= “fT = 1000 " 1910 = 1-910 - 0.524 = 1.386

Since the given receiver has no RF amplifier, therefore there is only single tuned circuit,
The rejection ratio is given as

0= \1+Q%? = 1+(100)% x (1.386)2
or o= ‘,'1+(133_5)'— = 138.6 Ans,

(29) For second case, it is given that

Q =100
f; = 455 kHz = 0.455 MHz,
and f, = 1000 kHz

The image frequency is given as
fi =f,+ 2(;=25+2x0.455 = 25.91 MHz

_Li _fo _ 2591 g5

p = A T 25.91 — 1.0364 - 0,9649 = 0.0715

The rejection ratio o js given as

o= 1+4Q%2 = V1+(100)2 %(0.0715)2
o= \f1+(7.15)3 = 5.22 Ans,

EXAMPLE 9.2. 1, , superheterodyne ye

antenna coupling circuit (at the input of ¢
kHz, calculate the following :

..'i

% |
i
5
‘x
‘]

1

ceiver having no RF amplifier, the loaded Q:?f':ﬂ;
he mixer) is 9¢. If the intermediate fl‘eque-nc.y 154

Scanned by CamScanner

62 www.Jntufastupdates.com Scanned by CamScanner



524 + Analog Communication Systems *

£ 30 MHz

therefore, 1.411 =

30 MHz f
But from equation (1), we have,
1930 1000
LAL= 1500 1930 ,
Hence, equating this expression with equation (v), we obtain
1930 _ _ f,
. 1000 30 MHz
or 1.9 x 30 MHz = f,,
New f.= 57 MHz ()
But f;=f,+2IF
.Hence. IF= L 2_ AR 2 2
or IF = 13.5 MHz Ans.
9.6 AM SUPERHETERODYNE RECEIVER: ( DESCRIPTION OF VARIOUS BLOCKS) ‘
——————

———

In this section, let us discuss the principle and working of different blocks used in a superheterodyne
AM receiver.

9.7 R.F. AMPLIFIER

—“

R.F. amplifier is a small signal tuned amplifier with tuned circuits both in the input side and the
output side. Both these input and output tuned circuits are tuned to the desired Incoming carrier
frequency. Accordingly the tuned circuits select the desired carrier frequency and reject all undesired
frequencies including the image frequency. Hence the R.F. amplifier provides image frequency
rejection. Also the gain provided by the R.F. amplifier will result in improved signal/ noise ratio in
the output of the receiver. This is due to the fact that the incoming weak signal is raised to a higher
level with the help of RF amplifier before it is fed at the input of the mixer stage which contributes
most of the noise generated in the receiver. However, if the incoming weak signal is fed directly to
the frequency mixer, the signal/noise ratio at the output of the mixer stage is quite poor and hence
any amount of subsequent amplification cannot improve S/N ratio. Thus the one important function
of the RF amplifier is to improve S/N ratio.
There are some cases also where an RF amplifier is not used in the receiver rather its use is
uneconomical there. The best example of this kind of receiver is a domestic receiver used in a high-
signal-strength area like a metropolitan city. Since in a metropolitan city like Delhi, several stations
are situated and in such places strength is obviously very high and thus there is no need for the use

of R.F. amplifier. In such cases the tuned circuit connected to the antenna is the actual input
circuit of the mixer.

However, a receiver havin
without RF amplifier,

g an RF amplifier is obviously superior jn performance to a receiver

We may summarize the advantages of RF amplifier as undey -

(1) Greater gain i.e, better sensitivity

(#7) Improved rejection of adjacent undesired sig
(iit) Improved signal/noise ratiq
(iv) Improved image frequency rejection

(v) Improved coupling of the receiver to the antenna 5 s
(vi) Prevention of re-radiation of the local oscillatoy voltgeaiai %

nals i.e. bettey selectivity
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P evention of spurious frequencie

s from entoer; ;

“,I,;) intel‘fering frequency equal to I.F, tering the mixer and heterodyne to produce

cof R.F. Amplifier

et 2 y 0] it di

(ir ygure 9.10 "‘hov.vs the I diagram of one stage RF amplify

B gnal amplifier using parallel tyne circuit as the 1P ifi

Il signdl . - ) z as 0

:1-”1{1 circuit 18 it‘“md to thfl«' T:lncommg desired signal fre

ane® *. ansformer coupled to the :

..m{lqnlnaizbttlll‘;ed 0 $he Inceni de';ia:;loiitzﬁﬁafnmstor. The secondary coil of the input tuned

L it 18 . 2 . . Fequency with the he > i

‘]r{qcitof- In fact the_ t}mmg Capacitors i.e. variable air capacibtrors int oy g S

ar of the RF amplifier are ganged together iti .

er using an NPN transistor. It is
ad impedance. This parallel output
quency. The output from the receiving

; s self-bias is provided with the help of resistors B

: : and R, and R,.- C,.assembly. A de- li
- isting of resistor R, a : - 2 E° “p BRECHLY. L Co-couping
nfw,-grlx consisting » and capacitor Cy is placed in the collector supply lead.
+Vee ;
Signal de-coupling
R.F. Tuning

network
capacitor R,

L
Receiving 7 \ e 1’
Antenna Antenna To fr
Trimmer #g nfi?{l;ﬁncy

Antenna
Coupling
3"

Capacitor

AN D
5

C\ RF Trimmer

Ml|—— 2
N K
LW
AAN
5

Ce
ey
: v )0
Fig. 9.10 Circuit diagram of RF amplifier. : R :
~ The amplified R.F. signal developed across the collector tuned 1 1
arenit 1o . s \
lfiun 's coupled through a step down transformer to the input ofthe U gj % 2 :
_duency mixer, This step down transformer provides the impedance L iy
,f,']-ftch‘ntl between the high impedance of the R.F. amplifier collector &
:-'{I]fu"f and the low impedance of the base to emitter circuit of the o
:];ec:' Ing stage. Also the collector is connected to a suitable point on i i T
Lo Timary of ¢ that load impedance to the
lecty is:i, ptin}:e output transformer so P _ Fig. .11 A series
— ; resonance circuit.

1
\%omucs CIRCUIT
y

;.,S digCuSSEd
-.-Jfln[;cte

4n b

in last article, in a series resonance circuit an inductor (L) and a capacitor (C) are

- d In series across an ac source as shown in figure 9.11, The frequency of the supply source
aned, At any given frequency f, the inductive reactance is given by
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.ney in the range of 85 kHz to 1195 ki,
3 However, this ratio cannot be
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case. the local oscillator should be capable of varying freque
This gives a ratio of maximum to minimum frequency equal to 1A, ble capacitors ma
: s al i€ - €
achieved by normal tunable capacitance. The capacitance of notmal tunrll to 1(; :1 which ivy o
varied in the ratio of maximum capacitance to minimum capacitance c(]u.if : ucnlc e tgl s 3
maximum frequency ratio of 3.2 :1. This means that if the local oscillator fre .ltors cj'fm-notg ot
than the signal frequency by an amount of 455 kHz, the normal tuna ble capaci he i A l.lsed‘
. 3
On the other hand, if the local oscillator frequency is made ]gr{;er g
tance over the complete AN

frequency by an amount of 455 kHz then the variation of th}: capacl . o 3 \
band would be from 995 kHz to 2105 kHz which gives a ratio of 2.2 : 1. This ratio can be e_as;ly
ason, the superheterodyne receivers

achieved by using normal tunable capacitor. Thus, due to this re g et he ; g
used for commercial broadcasting use local oscillator frequency which is higher than the incomin

signal frequency which is higher than the incoming signal frequency by an amount equal to the
intermediate frequency.

9.20 FREQUENCY MIXERS

A frequency mixer is a nonlinear device which produces a number of frequencies when two different
frequencies are applied at the input of a mixer. In the frequency mixer shown schematically in
figure 9.31, an incoming RF signal voltage of frequency f, and a local oscillator voltage of frequency
f, are applied at its input. The frequency mixer uses a device which has non-linear dynamic
characteristics. Due to this, the two input voltages beat together or heterodyne within the mixer to
produce an output current which has components of frequency fe fy» mf, £ nf,, where m and n are
integers. Out of all these terms, one of interest is the component of deference frequency
(f,=1,). This component is selected in the outside of mixer by a tuned circuit which is tuned to this
difference frequency term. This difference frequency term (f,—1f,) is called intermediate frequency

(L.F.).
Tuned to LF.
Incoming oo )fs fi=to~fs
R.F. signal voltage
A Frequency LF. 4
Local f Mixer Voltage
Oscillator Voltage o A 3

s

i
4
s

0
A
=)
& |

Fig. 9.31 Schematic diagram of a frequency mixer.
pective of its frequency is reduced to this standard

intermediate frequency (455 kHz fo%- AM). This means that it is essential that the local oscillator
frequency fo must be made to vary in such a manner so as to maintain the difference frequency
(f,— f.) which is always equal to the intermediate frequency f. (455 kHz for AM)

1 .

Thus every incoming RF signal voltage irres

9.20.1 Classification of Mixers
The mixers may be classified based on several factors, such as -

(1) The components being used
(i1) Switching mixers
(i) According to the circuit arrangement
(iv) Frequency mixers
Classification according to the component uged

-Accor.d A arrangement, the mixers are clagsified into two catégbﬁeS'ﬁs self
excited mixers and separately excited mixer, I the Self arhiod sriver  thic che s device acts s o
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7 11 as mixer whereas i )
jator 8% welk 82 o0 . ereas in the separately existed mixer, two devices are used, one each
051*[1 E mi-“er and OSCIHRtOI A
for B % .
fo 3 A gipolar Junction Transistor (BJT) Mixer
it diagram of a BJT mixer is shown in figure 9.32. The input signal V, =V, sinGf

4 jreu
The ¢ h : :
ower frequency than the other signal V4. =V, , sin oy t. The low frequency 2 al 18

a : ! : .
to the base and the oscillator signal is applied to the unbypassed emitter of the transistor.

8 at

::hpphed
T +Vee
Re
R, -
Input i Output signal
Transformer

' Oscillator

> |———o output
Rg

> 8

H

Fig.9.32. A transistor mixer

Let V, =V, sing 0 t

and Vosc = Vme sin @y ¢

The output of the mixer is given by, ‘
Vo= W% Vosc = Ym sin @p(t)-Vino sinwy ¢

+ o)) t —COS (0f —op)] {] ..(9:18)

1
Vp = Vo Ving X E{cos (0g
y components. One of

the components is

Thus, the output of the mixer consists of two frequenc o L
at the sum frequency (@g + o) and the omT}i:r cc
one is the difference frequ.ency (0 — o) thg
difference frequency 1is ©2 led as
Qutput

intermediate frequency and it 1s selecte:;l l:l{
using a frequency selective network at the outp

of the mixer.

9.20.3 FET Mixer

The active device used for the FET mixer s

the Nocharme] JFET. The JFET mixer is as
w frequency signal

shown in figure 9.33. The lo
att he oscillator output

Viisapplied at the gate and t -
1s applied to the source through a coupliing

Vosc (oscillator output)

capacitor.
The drain current of the JFET 18 related to robasd b
Vs as under : e
V, ]z ' .(9.19)
- 152
I, =Ipss [ 2
where Tise+5 Maximum drain current
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I, puts dirertly applivd peross primary of T,
) uuuu:rll'il parenan
" primary of 7
i I“'[ - - =
- i C—— s i . O
] S ] 1
b l !lil 1 1
Outpur
v, 3 Eo -ca S Output Y,
| E
L — l IJI.J. '} | —i)
T A p—— —— ) — 7'-; ?J
P
n,
2O,
)sz'{‘ VU:—;‘(,‘
' s ; rauivalent circuit in the negative half
(n) Bquivalent cireait in the positive half (b) Equivalent ?J::Ie gy g
eyele of Vg cy 0S8
Fig. 9.38 Equivalent circuits in the two half eyeles of the oscillator voltage
Types of mixer ' ’
The mixers can be of two types i.e. separately excited mixers or self excited mixers. The diode

mixers are separately excited mixers, whereas mixer circuits using transistors, EFT or MOSFET
are self cxeited. In self excited mixer, the same device acts as oscillator as well as mixer.

9.20.7 Conversion Transconductance _
It will be recalled that the coefficient of non-linearity of most nonlinear resistance is rather low,

Due to this, the IF output of the mixer will be very low. To increase the mixer output at IF, the
oscillator voltage is made very large, 1 volt rms or more. It is said that the local oscillator “varies
the bias” on the mixer from zero to cut-off, thus varying g, and an IF output results. Like any other
amplifying device a mixer has transconductance. However, since the output frequency is different
from the input frequency, we define the conversion transconductance as under:

Ai, (output current at IF)
Av, (at the signal frequency)

Conversion transconductance, &=

The conversion transconductance of a transistorised mixer is lower than its transconductance
&,, when it is being used as an amplifier.

9.20.8 Separately Excited Mixer

The cirguit diagram of the separately excited mixer is as shown in figure 9.39. Here, the FET
acts as a mixer and the bipolar transistor is connected in the oscillator circuit. The output of the
!:ranmstorlsed Hartley oscillator is fed at the gate of the FET. This is at frequency f,,. The other
input to.thc mjxer is the receiver input signal at frequency f.. This signal is applied tlt)) the source
:J‘f the mixer EET. The tuning capacitors connected across thebmixer and oscillator coils are ganged.
The dotted line shows that their value can be changed by using a common tuning control. The
variable capacitors Cy, across each of the tuning capacitors are known as the trimmer capacitors.
These are small value variable capacitors, which are used for the fine adjustments

The double tuned transformer in the drain of FET is act .
output is taken across it as shown in the fiiva 9-39'15 actually the first IF transformer (IFT). The
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Jffr
MW —o+Vi
Cy )‘H‘ I output
Hartley Ity
— loeal
oscillutor
RF Q© e, Oscillator coil
input . Mixer G '
b { "-(‘h
{_

Fig. 9.39 Separately excited mixer

9 Self Excited Mixer -
circuit diagram of the self excited mixer has been shown in figure 9.40. The same circuit
he mixer as well as the local oscillator. The self excited mixer is preferred over the
d mixer. It is extensively used in the domestic receivers, The same circuit oscillates,

of the transistor is varied nonlinearly at the local oscillator rate, This variable
gnal. Thus, two

the desired IF

9,20,

The
\-.'ul‘l-iri ns .
s:‘p:ll‘:lfl']}' excite
the (ransconductance - | ! |
el SR0e (g”’) is used by the transistor to amplify the incoming REF s1

fferent [requencies are applied to a nonlinear resistance. Therefore,
produced at the output of the circuit.
i]

L IrF "_
7 output _
o :

{ranse
signals at di
component will be

Antenna

—
h————
L

‘Hf Antenna IFT,
coil
v L i "
Coy 2 “4 / Oscillator coil
Ly
t"‘ L
r —{{— 3 £ A
i 20, FC;
f-' Cy h J- TN\ '7 G A
e iR R RET . {
4 T T 7
& i 1t
;" ) f' (I; -
' B <
-’,- F ";' %H”
."'; Gm‘.‘“ud i —0 + Vo
{." tuning .' 'C

Fig. 9.40 Self excited mixer using @ bipolar transistor.

E " ] i 4 . » »
Mx[ﬁ?pLE 8.7. A receiver is tuned to 3 — 80 MHz frequency range with IF frequency of 40.525

@ Find the range of local oscillator frequency and image frequency. It is an AM receiver
Gi with each channel occupying 10 kHz of hnnd‘width.
olu:.) Draw frequency response of IF and AF amplifiers. 1 "
‘on: Given that Input frequency range : 3 to 30 MHz, 1F = 40.625 MHz,
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Thus, NOW li‘th(! carrier signal amplitude increases, the AGC bias i ;

the tuned stages 1)rccct!1n5{ t.h(_l detector decrease rcsul,tin;: n {l'L: e i thc- gainsafal
input of the detector bringing it back to its original or normal va{;re,m:l‘ HLEARE 2 Hmthdc n't S
Jecreases _duc to some reason, then the reverse action takes pl ,ULH a¥,if the sanve amplituce
the variations in the carrier amplitude to a very large Cxte.nf ace. Hence, the AGC smoothens out

2.1 Linear Diode Detector with Capacitor Filter and Simple AGC

Figure 9.43 shows the circuit of a linear di ) T :
S o78 s fied volbigesa A 1 linear diode d_ctector with simple AGC. In this circuit, the |
ha X ¢ Y ieonlo e g eveloped across load resistor R. Capacitor C filters the R.F. components
due 'I?h‘ din comy © tc and the modulating frequency voltage are obtained across the load resistor E. |
e d.c. onent is r i : .
s giry tllze P 1 :31moved from th(? output by the use of coupling capacitor Ce AGC 1s ,
jcked up jode end of the load resistor R. But, since this voltage consists of modulating
frequency é:or}nponent as well, therefore an AGC filter consisting of a series resistor R, and shunt
capacitor L4 18 used to remove the modulating or baseband frequency component and thus leaving ;
only a positive d.c. voltage as the required AGC bias. '
The time-constant of this AGC filter is suitable selected to remove all modulating frequency

components. This time-constant R,C, must be Detector diode —, _
5

large enough to remove even the lowest | e —_
modulating frequency component from the AGC —J_ L
bias. However, AGC must be on the other hand, c R
small enough to enable the AGC bias to follow T
>
=
|

9.2

the change in carrier amplitude. A typical time-
constant of AGC filter is in the range of 0.1 to BN
0.2 second. Now, this positive AGC bias 1s AGCQ_.__EN@\—'.-
applied at the base of PNP transistors of Bias 'I C.

preceding tuned stages. This positive AGC bias i I

then reduces the net forward bias at emitter A
junction thereby reducing the gain of the Fig. 9.43 Linear diode detector with capacitor

amplifier. However, in case of NPN transistors, filter and simple AGC.

a negative AGC bias 1s applied at the bases of
the transistors of preceding tuned stages. In this case, the detector circuit is similar to that shown

in figure 9.44. except that the polarity of the diode is reversed.
9.23 LINEAR DIODE DETECTOR WITH n-FILTER AND SIMPLE AGC

Wl

the better removal of R.F. components from the modulating frequency output, a n-filter
or filter. Figure 9.45 shows the circuit diagram of linear diode
C. Also, a manual volume control is generally provided by
lifier as shown in the figure.

To provide _
is used in place of a simple capacit

detector with m-filter and simple AG
sistor at the input of the first audio amp

using a variable re
' Load resistance
Detector diode— im0 |_| Manual
o— T \ volume control
_]--_l lé o /
From LF. _ R T :
Amplifier : 0 m{dm
. amplifier
<
]
Akl 2 ; (< Fhla
2, : . AGC filter
imple AGC.

Fig.9.45 Linear diode detector with n-filter and 8
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9.24 DELAYED AGC

R e O i
Simple AGC systems discussed till now suff; : e
er from a major drawback th tive
i A at the AGC becomes opera
3::20 t?:d‘;zz}; ;zii(s Slrg(i;lls: The result of this is that the receiver gain starts falling as iem“ .
apevative witi] fha Iilnpul:c:;?- :i}::- uutﬁut. On the other hand, an ideal AGC system must remain in
voltage reaches a reasonable lar ; roltage:
. : i e termined vo

Sul?:igiegflﬁ; tl};f IAGIC ?:St come 1nto operation to maintain outpuL:: l(l:::ldioistant instead ¢
varl put level of carrier voltage, If a delay jg produced in AGC operation, then it e
somﬁp urp o?e' I*;:gure 9;!6 dSh{Bvs ﬂngrr angement to produce delay in AGC ol:]eration, With zero 8P
small signal voltages, diode D, conducts due . 3 n AC : o
_ 2 e t? which the AGC bias just equals the potentml ;
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//—,, s ——

this diode. Hen 0 wiiaa
de of ce AGC remaing fixed at a low positive value, As the

input carrier voltage

0
ath® s, the AGC bi
" ceases, the 1as produced due to rectificat; ‘ X , R
incre hen ey EeciBed Bas men ‘ttn rectification of earrier voltage in detector diode Dy increase f
AlsO: gnitude exceeds the magnitude of the positive cathode voltage O

AlS g
D then diode D, stops to conduct
and the ) .
Detector diode~j d the AGC system works normally.
(! «—— Modulating

o .

From LF. _J_ D, | R, _l_

Ampl:ﬁcr‘[‘ C, C I, frequency
T output

[
-~ _ AGC filter
AGC bias < / NFy I

v 3
C, _I_ Dg +D-ela.y diode
;]::_ ' [\Delay bias

Fig. 9.46 Linear diode detector with delayed AGC.

—

\l

| =

|I|H

9.25 AMPLIFIED AND DELAYED AGC

Going one step furthe
the tuned amplifiers,

AGC.
Detector diode—y, R, i
l | o Manual volume
From LF Ce control
Amplii';el: ¢, G Ry Modulating .
T T —l— frequency \
= 7 output R

+VCC =
’ | Delay and

€= AGC diode
- <— Delay bias

1

AGC n-filter

s reverse bias to

ed before application a
he ideal delayed

oaches t

r, if the delayed AGC bias is amplifi
the AGC behaviour or characteristics closely appr

$

Additional
L.F. amplifier

il

AGC bias €—
Fig. 9.47. Linear diode detector with amplified and delayed AGC.

9.26 AGC CHARACT ERISTICS !
T N T —
The AGC characteristic i.e. the curve giving audio output of receiver plott
voltage is shown in figure 9.48 for different cases.

Simple AGC is given by the curve S whereas an ideal AGC is represented by the curve ID.

ed against input carrier
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