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ELIiCTIIONIC COÀ,ÍMUNICÁTION SYSTEÀ,ÍS

Fí5.7-2 The superheterodyne receiver.

t r l

,1. *d t? *Y"
il ' t . A constant frequency diffcrcnce is nwintuined lrctoeen t]rc local
"Á"-- 

I S oscil lntor and tlrc RF ciratíts, nonnirl l; '  t lrrough cutcit itnce tuuing, in
íJ - rvhich nll t l ie ca1>acitors a're gangcrl together aud operated in unison by

otre corttrol knolr. T'he IF anrplifier generally uses trvo or three trans-
fomrers, eaclt cortsisting of a plir of nrutually couplecl tuned circuits.

1 \Vith this lnrge nunrber of dotrllle-tuned circuits opel'ating at rl coustilnt,

I  lu I  special ly 'chosen freqtrencl , ,  the lF arnpl i Í ier  provides most of  the gain

lJl I l- (antl t lrerelole sensitír, ity) ancl lxurds,it lth requirements of the receiver.
-^ ' l  4 Since tlre chlrirètclistics of thc IF rrnrplif ier are inclcpc,nderrt of the
{-Lf-- fleclueucl, to rvhich tlic receivel i.s turrecl, tlre selectivity ar'}d .serlsitivity of

Y_Y- the srrpelhcrt are usuirl l l ,fairl l 'rrrriíolm throrrghorrt its ttrning range, and
l't Jtr. Irot srrbject to tl ie vtri irt ions tlrtt besct the Tl{F receivcr'. The RF circuits

,i, . ln, i;E"_to,u rrsc.d rnirirrl l , to select t lre u,rurtecl fre<1uency,, to reject interfer-ence
(; l. /,-suclt ns tlrc irrrage frequenal rrrd (cspccil l ly at lr igh frequencies) to

,/, ." redrrce the rroise figure of tlre receir.cr.

| 
^'- 

lu l ' ,, Tlte irclvnrrtagcs of the srrperhett:r 'od\,ue receiver nrakc it t lrc nror-t
J'\ U y' - 'strittr lt lc 

t1,pe for thc grett rtrit iolitt, of rirclio recciver applicatiorrs; AN.Í,
Irlr ' Í, conrrnurticirt ions, sirrglc:-siclcllrrn<1, tclcvi.siorr nrrcl cven rlcltr receívcrs
all u.se it, rvit lr orrly sliglrt uroclif icirt ions in priuciple. It prir1, be col.sidcrecl
as tocln;"s stirnclirrcl forrn of rirdio leceiveL, irnd irs such it rvill norv be
exantirred in soure detail, sectiou l lv section.

7.2 ATÍ RECEI\/ENS
Since the tyire of leccivcl is urrrch t lrc sar-ne for the r, 'nr. ious fomrs of
modulat ion, i t  has ben founcl nro.st corrveuient to explain t l ie pr- irrciples
of a superlieterody'ne receiver ir.r general rvhile clealing rvith .AN{ receivers
in part icular ' .  In this \ \ ,ay, a l>asis is fonlecl u' i th the aid of t  sinrple
example nf t l re rrse of the superlrc' tcroch'ne pr ' írrciple, so thnt ntol 'e cont-
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plex't 'et 'siott .s cart be comparecl and corrtr ir .str:d rvith i t  nítcrrvirrr l .s; at t l re
slrt te t inre the overrr l l  $),str:rn is lrcing trcirtecl fr 'or l  i r  l l lact icl l  poirrt  of

, \'ier\,.

4,Á"3. ntor.- gt.u- Sr4a^fu)"* w
A) l -Zl  nf  Sect ion ancl Character ist ics

A racl io receiver i t ls 'ays has tn RF section, rvhich is a tuncd (ancl
trrnrrble) ci lcuit ,  couuected to t lre antenna tenninl ls. I t  i .s thcrc to select
t l tc urarrted frec|rerrcv i ln<l rcject sorrre of the rrns' i tntccl h'crytterrcics.
I Ioq,ever, .suclr  1rcccivcL 1ue{ rr6t  l r l rve i r1 l l l r  ar lp l i f i t r r . fo l l r ls , i r rg t l r is

turrct l  c i rcui t .  I l - t l tcrrc:  is  iur  arnpl i í icr ,  i t .s  out l ) r r t  is  l .er l  t t r  t l r t ' r t t ixcr ' ,  at
s' l rose irr lxt nlot l tel  tunable ci lcuit  is pre.scrrt.  In rnnrt l ,  i r tst i tr tces, l tou'-
ever, t l re t trnecl ci lcrr i t  conrrectccl to the antr:rrurl  is thc actrral inptrt
circuit  o[ t l re rnixer; the leceir. ' rr l  is then st icl  to lravc rro l lF rrrrrpl i í i t :r 'or,
nrore sirnply, no l lF strr.ge.

l lelsous for use aud furrct ions of l lF anrpl i í ier The lecr ' ivcl l r i rvirrg an
Il [r  st irge is undoull tc<l ly srrpr.r ior in l lcrforrnirrrcc to t lre rrrcciver rvi l l rorrt
<lrre,  t l l  e lse being e<yut l .  Orr  t l rc othel  l rnnd, t l re le iu 'c s^onrc i r rstr tnccs jn

rvhich nn I l Ir  nrnpl i f ier is urrccoronricr l ,  i .e.,  u'hcrc i ts irrc: lu.siorr u'r lrr ld
i t tcreitse t l te cost of t l rc receivcl siguiÍ icantly lrrrt  s,orr lcl  inrprove pc,r--
Í i tntrtr tce only nralginal ly. The best rrx:rnrlr le of this kinrl  o[ recciver js

one rvlr ich is u.secl fol entcltairr lnerrt pur'pos3s in u I i iglr-.signtl-st lcrrgth
it t 'eir ,  such irs thc mctropol i turr arel oI urr1, largc cit1,.

The beltef i ts accrir ing frurn the use ol '  arr I l Ir  anrpl i f ier arc as [ol lo* ' .s
(reusori.s ,1 to 7 ale eit l rer n.rore specirr l izecl or le.ss irnportari t) :

1, Greuter gnin, i.e., better' .sen.sit ivity
2. Inrproved irnnge-frequency rejection
3. In.rproved signal-to-noise ratio
4. Improved rejection of aclj:rcent rrurvantecl sigrrirls, i.c., better

selectivify
5. Better coupliug of the reccivcl to the antenrrn (importarrt at VIIIT

ancl nbove )

)

I

I

6. Plevention o[ spruious frequcncies
heterocll'ning tltere t<l P'o(luce all
the IF fronr tlie desilccl signal

7. Prevention of rerildiation of the
antenna of the receiver ( rare )

frour enterinc the mi.rer Íurcl
interferirrg frequerrcy eqtral to

Iocal oscilLrtor t lrrouqh tlre

The single-trrned, trnrsfonner'couplecl type is t l ie arnpliffer most
cornnronly eurployed fol RF anrpliffcation, as i l l trstratccl irr Fig.7-3. Both
clingranrs in the figure nre seen to have an RF gain control, rvhich is very
rnre urith domestic receivels but quite conrmon in comlnr.tnicabiotrs
receivers. \tr/her-eas tlte medium-freqrtcncv antplif ier of Fig. 7-34 i.s quite
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(b l

Fig.7-3 Transistor I IF nmpl i f iers.  (a)  À.Íediurn f requency; ( I?)  VI I l r .

straightfonvard, the vllF rrnrplif ic'r of Irig.7-3lr contains a numl)er o[
reff 'emcrts. Ireedthro.glr caPacítrlrs nr" ,rr". l as bypass caplcitors arrd, in
co'jrructi.n rvith tlre RIr ch.ke, to dcco.ple the outprrt fronr the I{T,
s*ch feecltlrro'gh cirpacitors rre tlnrost irrvarilbly provicled for by-
passíng at  vI IF,  arrc l  of te 'hn'e i r  * i r l 'e of  1000 pF. In acldi t ion,  a
síngle-tuned circuit i.s used nt the irrl l trt, uncl is 

"orr1ll", l 
to tle antepla

by mea's of a trirnnrer (t lre Irrt ler l lci,rg manually aàjustable for match-
irtg to differerrt anterrnas). such coupring is usecl here because of the
higli freq.e'cies i 'vol'ed. It shorrld also be 

're.tio*ecl 
that i.tegrated

circuit.s, rirther thrn cliscrete oues rls shorv', are used i' some .""ài..".r.
Finally, RF amplif iers ha'e the irrprrt lncl output t 'ning capacitors
ganged to each .ther arrd to the o,e tu.i 'q the local oscil lrrtor.

Sensitivity TÏe sensiti*ity of a r.rrdic-, receiver is its abil ity to amulifv
weak signals. It is ofte' defined ir ten's of the voltage ti,nt musi b!
applied to the receiver ínput tennirrals to cive a stanclaid oufput power,
nrensttrerl at t lrc orrtl 'xrt tcrrninals. Iror.A\Í l lronclcnst r""eir,,ers ieveral
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of the relevant quantit ies ltave been stanc]ardizecl. T[rr.s 30 per-cept r1ocll-
latiorr by a 400-Ilz. sine wavr: is tr.sed, arrcl trre sig'.1 is applied to tl:e
receiver t l r rough a .st i rndarcl  corrpl i r rg rretr l 'ork krrou,r . r , ,s, , , / , r r r , r r r ,7
antenna. Tlre stnndard o.tPut is 50 rn\\1, a.rl íor all t1,Pcs o[ rccr:i.r,cr.s
the loudspeaker is replaced by a load resisti.rnce of 

",1.,"1 
i, i  1,,".

Sensitivity is often expressed in nricrovolts or in dccil lels lrelorr, one
volt, and measured at three 1:r-rints along the turrirrg r.arrge r' lren a
procluct ion receiver is l ined trp.  I t  is  seen t l rnt  Fig.7-4 s l ro*,s thc
sen.si t iv i ty curve to vary over thc turr i r rg barrd.  At  1000 kl lz inprr t  [ r .c-
qrrency, this particrrlar receiver has n .sensitivity oÍ 12.7 7t\/, or -bs altV
(cl l ]  l le lorv I  v) .  so'ret imes t l re nbove r lcÍ i r i t ion is cxtcnr lct l ,  nrrc l  a
ntnnrrfacturer nray qtrote tlre sen.sit ivity to be, not rnerell, r2.7 1.\r íor
this receiver, but "12.7 1,v for rr sig'al-to-noise rlt io oÍ 20 cll l  irr thc
oufput of t lre leceiver'." For professional leceivcrs, therc i.s rr tcnrlcrrc), ro
qrrote the sensitivity in temrs of sigrral powcr rer|rirt:<l to p.orlrrce a
minimum acceptable outprrt signnl rvit lr r minirn.r. accePtnlrle ortp.t
ttoise level. The mel.strrenrents arc maclc uncler thc conclit ir ir.s r ' lescrilrr:cl.
For instance, if the sensitivity of the receiver of Fig, 7-4 at 10(x) kIIz *,ere
to be qrroted in this rval', rve rniglrt í lss.' le that ifs irprrt ir 'Pcrlnrrc:(l \\,as
50 o,  and 50 nr\ \ r  happened to be the nr in i rntrnr acceptarr le vnlrrc for  the
(output) signal-to-noise rafio. Tlrr: nrininruur inprrt po\\,er rvorrr<l t lr1.s [e
P=E'/R= (12,7 x 10-r) :756:3.23 x l0 ' '3 =3.p3 p\ \ r .  This is rnvk-
tvard, and is best convertecl to rlR bc'lorv I m\v or(cll lni; I. ' Írrnllv, t lrcrefore,
tundcr- the heacling of "sensitivity" in the specifitrt iís of a ,.ecei,,.., ,,
tnanufacturer miglrt quote "rr -85-dRnr l-trÍIIz signrl, 30 Per.cent r.nodrr-
l ltcd rvith a 400-Hz sitte n,ave rvil l , rvherr rrppliecl to tlre irrpirt ter.nrirrals of
tlt is receiver through a chrmrny alrterrna, prorlrrce a,r ouiput o[ at least
50 mw rvith a signal-to-rroise rati. 

'ot 
less tha' z0 clB irr trre o.tr).t."

The most importart factors <leter'ri ' i 'g the se'sit ivitv ni a s.l)er.-
hcteroclyne receiver are tlre grritr of the IF anrplif ier(s) irn<l t lrrrt of thc
RF ampliÍ ier, if the'e is one. It is also olr ' io.s fronr tlre for..going tlrnt
tlte rtoi.se ffgule play.s an inrportrrrrt yrnlt. I?igrrr.e 7-4 .sh<lrv"- t lrc: rroisc
ffgure plot of a rather good donre.stic or car r.aruo. portrl; le anrl .ther
srnall recei't 'ers tt.secl only fot the broaclcast band ntÍglrt lr irve a setrsit ir. i ty

laV nJBv
(4v)

Fíg. 7-4 Scnsitivity crrn'e for good
t lorrrcst ic receÍr 'er .

Frequency. kHr
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ReceiveÍ tuned ro 950 kHz

,uí'ns. xnz Fig. 7_S Typical selectivity cun,e.

in t l re v ic in i ty of  I50 yt \ / ,  rv l rcrea.s t l rc scrrs i t i r , í t1,  of  qrnl i ty contnrunica_tiorrs receivcr.s nra1, bs belorv I 7,fr l,, t l 're-i in bn,r.l.
selectivity Trre 'selectivit l ' ,of a 

'eceive'is its abirity to reject (acrjacent)unna'ted sig'als. It i .s c.xprcssed ., . .,ruu, ,,,"h * th";;;- j i-; ig.7_5,rvhich vi 't.a'y .srrorv.s the attc'.. i t i ,,,, ,ro, the r.ecei'er ,rÀ.;r;;; sigrnrsat frecluerrcíes acljncerrt to trre or). to Jri"t., i , i , tu,r".i. i".tà,*ay ,,nlea.sttred at t lrc cnd of n serrsitívit1, test rvith corr4itíorr.s t le snnre..s forser'sit ivit;" cxcePt trr.t 'orv trr" Ir.,1.,",,"y of trr" grrrrerntor is var.iecl toeither sicle of trre freque,lrc1, to rvrricri trre r-cceiver is trrucrd. Nirturalry theoutput of the receiver.íall.s since tlre;rr1r,,t n"qu"nc1, i.s rrow irrcorrect,
ït..:::-,,r".t, lnrrt 'olt.gc nrtrst be i,,"r.,,,r",ï.urri l  the orrtput is the sanre nslt was ol' igi 'alry. Trrc rntio of t l,e uurtagc-required on re.sorra'ce to trrevoltage rerl rrír'ed rvherr the g"u"r,,,nr 

-ir'il"r"a 
a" trre r.ecei'cr.,s freque,cyis caiculated .t a rrunrrrer oï poirrt.s, 

^;r, i;;;;,, 
prottecr i,, a""i i,". i, In gi*Íl curve' of *' ' icrr t 'e one irr Fig. 7-5 is repr.esertirt ive. Lo.ki 'g at thesee 

.t lrat,_ for. exirnrple, at 20 kI{z bclcrrv t 'e *""ir"ï. ,,,""arreq.e'rcy, a' iuterferiug sig'ar r*,o,,r.r have to be 60 crB greater thanthe rvanted sícrri l l  to come out rvith tl ie slrtre anrplitrrcle.Sclectivit l, varies t ' i t lr ."""i"i,ru ir."q,,",r"r,, ancl l lecoure.s sonrew,hatn'orse rvlren trre receiving frequerrct, is raisecr. Irr gcuer-ar, it is cretermínedby the resporse of trre fÈ,""i inn, r"i, i t ' i i ,". ,r-,t-er a'd IrF nnrpliÊer inputcirc.its plrrying a .snrail rr.t síg'if ic.rr, 1r,rr,. l , srrorrd l le 
'otecr 

that it isselectivity that creternrirres the íai^""t, i- l l .,rner ,eiectio,r of a receiver.

]-t5u. 
frequency ancr its rejectíon In a stanclarcr broacrcast receiver(and'  in fact '  i ' the vast-major i t l 'of  arr  receivers nracle) t r re Iocal  osci l -lator freqrrercf is nrade r,igrr;;ïr;;r ï ir" 't,ï"n'u,,rg sig'ar frequeucv forreasor)s that r ' i '  

'econre 
ap'are't. It is nra-cle eq'ar to irre rignulfreqttency plus tlre intemredíate fr"q,,"n"y nt all t imes. Thu.s f, = f " 

+ y,,or f '  = f" - f ' ,no nratter rvrrat trre ri:q;;, ií;;,,.ncv n)Íry be. wrren f.. nndl, are mixed in tlre freqtr"n"y 
"h,,,ri"., 

th"àig#,r."rrË..,r"r, i"*'r*,is one of the lt lprocluct.s. i.s eqrrl l to 1,. As ru",,, i , is the orrly one passedand amplif iccl ltv t lte Ip strrce.

?u lo o ;io -ii

Generator detuning, kHz
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If  afrequencyf, i  manages to reach the mixer,  srrch that f  " i :  f "*  f  i ,
'11t,,fo,, 

l,: =-1, * 2lr, the't l i Ís fr"q,re,.,cy,Jlt 'nrrn procl.ce f1 r'he, nrixetlwith 1,, Unfortunatelv, this ,lrrrriá.,s i,í",,-,r"ai^r. f."q;;, i;y';; i ,,"1 *,,f f
:f: l" 

anrpli 'ed bv tíre IF stnge, 
", ' ,r 

; i i i ; i ,;, 'efore pro'irre írrtcrfer.crrce.This has the effect of t\\,o stations being receivecl simultaneotrsll, 111,1 1,natrrrally unclesirable. Í"r is callecl t l.,e itíage freqttettctt,^,.,.1 i, l lJfir"a 
",

ll:;iï:.t 
freq.e,rc1, plus rwice irr"-i,ï"-ï",íi"r" fr"qi,.,rcy. Rcirer..rirrg,

f,i = f, + 2f. (7_t )
The reject ion of an image frequency by a si 'gle_ttrred circuit ,  i .e.,  t l ternt io of t 'e gni 'at the signal f , ."qru, i"y to t 'e*gai '  

" t  
t t . ,"  i , . . ,"g" f ."_quency, is given by

" = \/IT?,V
where

-f  i  f ,, -T-tu

Q = loaded e of tuned circuit

If the receiver ha's an IIF stage, then tSere Írre t\r,o trrrrecl circr-rits,both tuned to f"; the rejection of each.,vil l  be calculatecl lry t lrr.. sarreformr-rla, a.cl ttre total rejectior ,,vit rre trr* froJ".i ' ; i ; i ;; ' ; , ' , ,;: urïn,"u",.applies to gain calculations appries nr.so to trrose i 'volvirrg rejectio..
_ 

Imtge reiectio* depends on t 'e front-encr selectivity or it," ' ,.""iu".and nrrrsÍ be achieoed 
lu^torn 

the IF nngr.-ón"" t 'e .s.rrrio'.s frerlrrc,rrcventer: t lte first IF amplif ier, it beconres impossi' le to rc*o'c jt fr.o'r t lrewanted signal' It can be seen that iÍ f"i,/f" is rarge, as it is irr t lre l;roaa-cnst 
'a'cl, 

the u.se of a' RF stage' is 
'ot 

esserrtiar for goocl i 'rnge-frerltrency rcjection, but it cloes rr"come 
'eces.sary 

in trrc srr.r.t-u,.verlrrge and beyond.

Example 7-l In a broaclcast s'perhetero.r, 'e reccír,er' l ' irrg rr. IrFamplif ier, the loaclcd e,of trre ar,tcrl.a cotrplirrg circuit (nt trrc írr1:rrt to trre

[ï",.Ë 1ï3.,ii,' iï ;:l,i"llïi:] ::,i::'::ï[,; ï,1,1;i -ll I :n' iil; r Iirnage frequcncy arrcl its rcjection rntío at 25 ÀÍIIz.
(a) f , i  = 1000 + Z x 4SS= 19l0kFIz

1910 1000p = 
1000 -  t 'm 

= t .910 _ 0.524= 1.386

" 
= t/ r + too;JlJ cs6. = /1l l,3BÍj" = 138.6

(7-2)

(7-3)



t58 ELECTRONIC COMT,ÍUNICATION SYSTEMS

This is 42 dB, arrd is considered adequate for domestic receivers in
the À{F band.

(b) t,, = 25 + 2 x0.455 = 25.91 N{Hz
, 25.91 25p'=-25 -  tB.oi  = l '0364- 0 '964S:0'0715

. - \^ + too, x oJ7t5, :1/l q 7.yg, :7.22
It is apparent that this rejection is insufficient for n practical receiver

in the tIF trand.
Examplc 7-l  shorvs, as i t  rvas meant to, that alt l iough image rejec,

t ion nced not l te a problcrn for a broaclcast receivcr rvi thout an RF stage,
spccial prccautíons nrust be taken at I{F. This will be scen in Scc. ?-3,
brrt tq'o possibilities can be explored norv, in Example 7-2.

Examplc 7-2 In ordcr to make the image frecltrclcy rcjection of the
reccivcr of Exanrplc 7-I ns good at 25 MI{z as i t  rvirs at 1000 kt lz, cal-
culate (a) the loadecl Q which an RF amplilier for this receiver would
Ita'c to lra'e a'd (D) thc .erv irtcrnrediate frequcncy that rvoukl be
ruccded ( i Í  thcre is to be no RF anrpl i í ier).

(a) Sincc the mixcr alrcadv has a reject ion of 7.22, the image rejec-
t ion of thc RIr stagc u, i l l  Irave to be

' I ' lQ A

"' 
= ii'i- = 19.2 = /l + a', .r 0J?15,t .zz

6'r- I9 '2t- IY -  0.0715

v 367.6
v =-53tty =zou

Unclerstandably, of course, a well-designed receiver would have the
sanrc Q for both tuned circuits. I:lere this rvorks out to 164 each, that
beíng the gconrctr ic mean of I00 and 268.

(b) If the rejection is to bc thc same as initially, througlr a change in
tl're ínternrcdiatc freque'cy, it is apparent that p rvill ha'c to be the iame
as in Example 7-I a, since the Q is also the same. Thus

f, ', f: tglo looo
7,- í ! ,  

= rró 'o = 
looo - r ,J lo

l . ' -  lg lo _ r  or
l Í - looo- ' " ' '

25*2f i_tqt
ZJ

25+2fí=1.91x25

Í{=
1.91 x25-25
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points on the receiver dial. It is caused by poor front-end selectivity, i.e,,
inadequrte imnge-freqrreucy rejectiorr. Tlrat i.s to sly, t lre front end of
the receiver does not select di$ererrt ncljacent signals vely s,ell, but,
fortunately, the IF stage trkes crre of elirnirrrrt irrg alrlost l l l  of t lrenr.
This beiug tlre case, it is obvious tlrat the prccise trrrring o[ t lrc local
oscil lator is u'hat determines rvhich signal rr, i l l  be ftmpliÍ ie(l b1, 1116 1F
stage. \ 'Vithin broad linrits, the setting of the tunecl circuit at the inptrt of
the nrixer is far less irnportant (it beÍug asstrnrecl thlt t lrele is no l l l-
anlplif ier in a receiter rvhich brlclly suffers fronr tlotrblc spottirrg). Con-
sider such a receiver at I{F, having nn IF of 455 klIz. If t lrcle ís I str-orrg
station nt (sny) 14,7 lt ' Í l- iz, the receiver rvil l  ruitrrrl l ly yrick it rrp-rrote
that, when it does, the local oscil lator frerpreucy s,i l l  l ;e 15.155 itÍÍ lz.
I lorvever, the receiver wil l also pick up this stlorrg stution rvlren it (the
receiver) is trurecl to 13.790 lvÍIIz-. \\/ lren tlre rt:ceivrrl i .s trrrrccl l0 t lre
seconcl freqrrency, its Iocal oscil lrrtor rvil l  l le ncljustetl io 1.1.2,15 \Í lIz.
Sirrce thi.s is exirctly 455 kÍIz belorv the frequency of t lrc strorrg stirt iorr,
the trvo sigrrals 'rvil l  plocltrce 455 kI' lz rvlren tlrey urc nrixccl, rrrrd oI
course the IF arnplif ier wil l not reject thi.s signtl. If thclc lrtcl bccn urr
RF ampliÊer, the 14.7-Ir{lIz .signnl might hlve been rcjtrcted l;cfore
renching t l te mixer,  but  rv i thout an RF ant l l l i f ier  t l r is  rccr: ivel  c i rnrrot
ade<luately reject 14.7 )vlI ' Iz rvhen it is tr.ruecl to 13.79 lrÍ lIz.

Dotrble spottir)g is hnrmful to tlre ertent t lrat ir u,euk .stutir. lu rnal' l lc
nrmkecl by tlte reception of ir nc,irrl ly .strot)g sttt ion i lt t lrc sprrriorrs pclirrt
orr t lrc clíal. Ás a nrirtter of f irct, <lorrlrlc spotting nray lre trst,cl to culc:ulirte
thc intetnreclinte fleqrrency of cn rurknou,n lect' iver, sincrr t lrc spuliolls
point on tlre clial is pleci.sely 2f i l tclou, t lre corrcct f leqrrerrcy.

Ás expectctl, i ln iutpl 'ovenrcnt in irrrngc-Ír-r 'rprt"rrcv rcjr.ctiorr u'i l l
procltrce a corresporrcliuq reductiorr in cloul:le spottirrg.

General l l '  s l teaking, i l  frccluency chlrrgert i .s a noul inear le.sisturrce l iavirrU
tu'o sets of  i r rptr t  termirrrr ls and one set ol-orr tptr t  tennirrals.  Tlre s iqnrr l
fronr the antenna oi ' frour the plececl irrg RF uri l t l i f ier is fecl to one set
of inprrt tenninals, lvhi le the or.rtput of the local o.sci l lntor is [er ' l  to the
other set. As rvas slrorur in Eq. (6-8), such :r nonl irrcal rt 's isturrce u, i l l
have severa] frequeucies pre.scut in i t .s otrtptrt ,  inclrrdirrg t lr t ,  r l i f fcrc'rrcc
betrveeu the trvo input frequerrcies-in modulir t iolr rvork t lr is u,us cl l lct l
the lorver sidebtncl.  Tlre dií Iererrce frcr luencl, l rele is t l lc ir t tcnrtccl i i r tc
ft 'er l trency, nrtd is t l re oue to rr. l r iclr  the <lrrtprrt  ci lcrr i t  ol  t l rc nrixer is

tuuecl.
The nro.st conlnlon types of nrixers arc the l l ipolrrr tr ln.sistr lr ,  IrE' l '

and i l r tegt ' i r tecl  c i lcui t .  Al l  t l r lec rr le general l l ,sel f -cxci tccl ,  so t l r r r t  t l te

t  I Í r r rc rrrnrrnrrnlr .  c, . l lcd a nr i . tar ,  sorrrc l inros t  contt?r ler ,  nnd. i r r  t l rc r , : t r lv  r l : r l 's  r t f
rndi,r, í/rc frst drlcctur.

\
í) l-z.z Frequency Changing ancl Trackirrg

= q9?ë = 11.4 MHz

f)ouble spott ing This is n 'rvcrl l -k 'orv. plrenomeno', rvlr ich nrnnifcsts
itself  by the picking up of the snme -short-rvave stnt iorr at tu,o nenrby
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device ncts ls botf i  osci] lator atrd nt ixer. \ \ /hen tubes were conrmon, the

pcntagrid lrrcl  tr iocle-|cxocle u'ere made specirr l ly for self-excited mixer

duty. At UIIIr  lnd above, crystal ( i .e.,  si l icon) diocles have been used

as mixels..sirtce l lefore \\ /orld \Vlr I I ,  because of t l teir low troise f igures'

TI icsc tnd ot lrer diocles, 5, i t l i  evetr lorver 1oi.sc f igules, are st i l l  .so ttsed, as

u,i l l  l>e seen irr t l re microu'tve chryters. Natur:r l ly, diode rnixers are

scplrately exci ted.

Conversion transconductance It  rr. i l l  be recnl led that the coefncier-rt  of

nonl inenrity of rnost notr l i trenr resistrtnces is r l ther low, so that t l re IF

outprrt of tlte rpixer: rvill be vely Io$' iudeed unless sonre preventive steps

are tnken. The usurrl  step is to nrake t lre local osci l lator voltage quite

large, I  V nrrs or ntore to a nixer rvhtlse signal input volt .rge might be

100 1,V or less. That this l tas the desi led effect is shos't t  by term (V) of

Eq. (6-8). I t  is then said that the Iocal osci l lator oo-ríes the bias on the

ntiNer {rpnt zero to cutoff,  thus varying t lre trarrscouductance in a trot l-

l inenr rnnnner' ,  The ni ixer ampli f ics the signal tvi t [  t l r is vrrrying 8,r,  í l t )d

an IF orrtput resrr l ts.

Like any, ot lrer urplí fying dcvicc, a nt ixer has a transconcluctntrce.

I ' Iorvever, t l te situation here is a l i t t le more conrPlicated, since the output

freqrrency is difierent from the input flequency. ConDersion transcott'

ductance is defined as

l i ,  (at  the intermediate f requencl ' )
8"=-6slx1@

\ \
\______Gi le: l  -

Fic.  7-6 Separntc ly exci tcd FI IT nr ixer.

(7-4)
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The conversion transconductt l lce of a tran.si.st<lr nrixcl is <lf  t l re orcler
ol  6 mS, tvhich is c lecidccl ly lorvcl  t l r i rn thc g, ,  o[  t l re srrnrr :  t rarrs i .st<lr  r rscd
i ls irn irnrpl i f ier. SiIrce g,, derperrds on t lrc sizc oI t l rcr local osci l l i r tor volt i tge,
the irbove virhre refers to optimrrrn concl i t iorrs.

Separately excited n'r ixer In this circuít,  *,hich is shorvrr irr  Ir ig. 7-6, one
tlevice tcts as a nrixer whilc thc ot lrel str l tPl ies the rrccesslr-),  osci l l l t iols.
Iu t l t is case, T,, t l re FtrT, i .s t l re rtr ixer, to rvhose gltc; is fed t l te orrtprrt  of
T,, the bipolar tr irnsistor I lart ley osci l lntor. A FltT is r,r ,el l  .srr i tecl for nrixer
dtrty, because of the square-larv chirracterist ic of i ts c' l rrr in crrrrerrt .  Note
the glnging toget l re l  oÍ  t l rc turr i r rg cryaci to ls ucloss t l tcr  t r r i rc l  urrd
osci l lator coi ls, and that errch iu prirct ice hrrs a tr l i rnrner (Cr,) rrcross i t  for
f inc acl justnrent by t lre nranrrfactrrrer. Note frrrthcr t l rat t l re orrtprrt  is
t lken vir a double-tunecl trnnsforrner'  ( the f irst lF trrrrrsl ir lnrcr ')  i rr  t l re
drnin of the mixer, aud fed to t lre I Ir  anrpl i f ier-.  The lrrangernent as
sltorur is most contn)on nt higlrel frecluencie.s, u' l ieren.s in clonrestic
rcccivcls l  sclÍ-cxcitcr l  rr i ixcl is rnolc l íkr. ly, to l lc ctrcr lrrrrtert ' r l .

Sel f -exci tecl  t rnnsistor mixerI l ]  l ' l ie t l i t r ts istor c i lc : r r i t  of  I r ig.7-7 is best
considere<l nt ei lch f ler luency irr tuln. First,  hou,ever' ,  t l re sígrr i í icrrrrce o[
thc L,.-L.,  trrangetnent nrtrst be expl ir incrl ;  i t  i .s rrecc.ssrrry t lrrrt  t l tc trrnecl
circuit  L,,-Cí, be plnced betrveerr col lector arrd glourr<I, l trr t  orr ly for ac
purposes. Fultherrtrore, t l re corr.st luct i<lrr of a gunged cirpacitor (C,, is one
of i ts sect i r lns) is srrc l r  th i r t  in nl l  t l re vrrr iorrs.scct iorrs t l rc lotnt i r rg plntes
itre connected to one nnother vi i t  t l rc lotor slnft .  To nvoid cl i í f icrr l t ies, t l te
rotor o[  the gang is srounded. Tlrrrs one errc l  o[  C,;  nrrr .st  nntulal ly go to

Antenna coi l

N\

Oscí l lator coi l

-*-----Gànged-- I

Fig. 7.7 Sclf-excitcd bipol lr  trarrsistor rniser.
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ground, an(l yet tlrere rnust be a continr.rous path for direct crrrrent from
I'IT to collector. One of the solutions to this problem rvould be tlre use
of nn RI.- choke instend of L,, and the connection of a coupling capacitor
florn the bottonr of /.,, to the top of L., but the arrangenrent as shown is
erltrally eÍIcctir.c antl lrappens to bc sirnpler and clreaper. It is merely
inductive corrpling instead of a cotrpling capacitor, and an extra trans-
fomrer rvinding instead of an RF choke.

Norv, at the signal frequency, t lre collector and emitter tuned circuits
mny be considered as being effectively short-circuited so that (at the RF)
rve lrave an arnplif ier rvith an input tuned círcuit and an output that is
irrcletemrinate. At the IF, on the otlrer hand, the base and emitter circuits
are tl're ones rvhich may be cor-rsidered slrort-circuited. Thus, at the IF, rve
have au amplif ier rvhose input coures fronr an indeterminate source, and
rvhose outptrt is ttured to tlre IF. Both these "amplif iers" ale cornnlor)-
elni t ter  rurrpl í f iers.

At the local oscil latol frerluency, the l lF and Itr ttrned circuits may
both be cortsidercd as tlrorrgh the1, 11,e1* short-circuited, so that t lre equiva-
lent  c i rcr-r i t  of  Fig.7-8 resul ts (at  l ,  only) .  This is seen to be a tuned-
collector Arnrstrong oscil lator of the comnron-base variety.

\\/e havc considered each Íunction of the frequency changer incli-
vidually, l lut the circrrit pcr'Íorrns them all sirnuttaneously, of course.
Thtrs, the circuit oscil l i 'rtes, thc tri insconductance oI the trnnsistor is
variecl in a nortl irtear nrAlurer at t lrc locirl oscil lator rate, nnd this variable
(,,, is ttsed l ly the transistor to anrplify thc inóornirrg Il l? signal. I{ence
Iteterodvníng occrrrs, rvith tlre resultirrg production of t l ic reqtrired inter-
nrecliate frequencv.

Superheterodvne tracking Tlte superheterodyne receivel. (or an1, 1s-
ceiver'for that rnirtter) lras n nunrlrer oí trrnatrle circuits rvhich mrrst all be
tttncd corrcrctlv if ^nv given station is to be receivecl. For ollr. ious reasons,
the vnriotrs tunecl circrrits are couplcd nrechirnicallv so that only one
tuning corrtrol nnd dinl are rerlrrirecl. Irr trrrn, t l i ls rleans that no matter
rt 'hat the rcceir.ecl fr-eqrrency, t lre RF ard rnixet' input tunecl circuits nrust
be tuned to it. The local oscil lator must .simrrltaneor.rsl) ' be tunecl to a
frcrluencl, pleciscly lr iglrer t lrnrr t lr is, by the internrecliate freqtrerrcl '. Any
errors tlrat cxist in this flerltrcrrcl, r l i íTelence wil l result in an incorrect

Fig.7-B lv l i rer  cquivalent at  fo.
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Fig. 7-S Tracking curves.

frequency being fed to the IF anrpl i l ier,  and rnust unturl l lv be ar.oided.
Such errors as exist are cal led trucking errors, ancl t l rey result in stnt iorrs
appearing arvay from their correct position on tlre clial.

Keeping a consti tnt f leqtrencl,  dif ference betrveen the local osci l lator '
and the front-end circuits is 1>ossible neither in t lreolt ,  nor iu plact ice;
thus some trachng errors nrust alrvavs occur'. Tlre be.st thrtt cirr be
ncconrpl ishecl is a cl i f fercnce frcr l treuct ' t l rrrt  js cr lurr l  [o t lre I Ir  r t  tu,t l
preselected points on t lre dial,  alorrg u, i th.sonle el ' rols ir t  rr l l  ol lrer p<l ints.
However, i f  a coi l  is placed in series rvith the locl l  osci l l rr tol glrrgecl
capacitor, or, more commonly, a caplcitor in series rvit l r  t l rc local osci l l t tor '
coi l ,  t l ren t lvee-poínt trncking le)-ults altd has thc alt l teirrnnct: of t l re.sol icl
cune of Fig. 7-9, The capncitol in cl lrest iou is cal lccl a puiding copacitor
or apadder and is shorvn ( labeled Cr) i r r  Figs.7-6 t r rc l  7-7.  Thc u, tntecl
rcstr l t  Irns been obtainecl l leclusc t lre vnri ir t iorr oI thc locir l  osci l l i r tor coi l
reactnnce rví th f requencv l ras l lccn nl terer l .  Tlre t l t ree I r t : r l r rer :c ies of
correct tracking rna1, be choscn in t lre clesign ol ' t l re lcceivcr irrrd nre ofterr
a.s shown in Fig. 7-9, t l rrrt  is, j rrst Lrlrove the bottorn errd o[ thc l l l rrr l  (600
kl lz) ,  somervhat belorv the top err<l  (1500 kl lz) ,  arrd at  t l rc seornetr ic
nrean of the hvo (950 kl{z).

I t  is entirely possible to keel> rnaxinrunr t l lckirrg el lor bclorr '3 kIIz,
ns shorvn; a vnlrrc as low as t l tat  is  gcnelnl lv crrnsic lc lecl  negl ig i l r le.
l lou'ever, sirtc:e t l ie paclder lr i rs n f ixccl valrre, i t  pnx' iclc 's correct thlce-
point  t racking onh' i f  t l re:rdjrrstalr le local  os<: i l lntor coi l  l ras been
preadjtrsted, i .e.,  al igtted., to t lre colrect vnlur- l .  I f  this ha.s rrot bccri  t lorre,
then incorrect three-point tracking t 'esults, or the cerrter poirrt  mav dis-
&pperlr completelv, as shos'n in Ir ig. 7-9.

Locnl osci l lator In receivers oPeratirre ul) to thc l i rnit  of slrort-rvave
bronclcasting, thlt  is, 36 lr í I Iz, t l re urost conull()r) t1'pcs of local osci l lntors
are the Annstrong and the I-Iart ler ' .  The Colpit ts, Clapp, or '  [ , l l tm Autl iort
osci l l i r tors nre used at  VI IF and rrbove, ry i t l r  the I ln l t lc-r ' r r lso l iavirrq
son' le use i f  f reotrencies do not exceecl  a l rout 120 \ Í l lz .  Note t l rat  n l l
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these oscil lators i lre LC ancl that cach euiploys only one tuned circuit to
detcmrine its^ frequerrcl,. Whele, fol sornc rerson, the frerluerrcy stabil ity
of  the krcal  osci l lator nrust  be l l r r t icrr lar l l ,h igh,  AFC (see Secs. 5-3.3 and
7-3.2) or a f rcqrrencl 'svr thesizer (see Secs.3-5 ant l  7-5.2) may be usecl .
Ordirrrrry local oscil lntol circr,its i lr '(: shown in Figs. 7-6 tntlT-7.

TIie freqtrcrrcy range of a bloirclcast lcceiver locnl oscil lr 'rtor is calcu-
latecl on the birsis of a signal frcqrrency range from 540 to 1650 klIz, uncl
rrn intennediirte freqrrencl, s,lr ich is (,,,ery often) 455 kIIz. I?or the usunl
cnse oÍ local oscil l irtor frequency above .signal f lequency, t lr is rnnge is 995 to
2105 kHz, giving t ratícl of nri lximlull to minimtrnr frerpencies of 2.2:I.
If the local oscil lator l iad l leen dc:signecl to bc belorv signnl f lequencv,
the range rvoulcl hnve been 85 to l l95 kFIz, arrcl the ntio rvoulcl have
lleen l4:1. Tlte nomral trrrrirble cirplrcitor hirs a caplrcitrrr-rce rirt io of
approrírnately l0:1,  g iv ing rr  f lcc lur : r rcy rat io of  3.2:1.  Hence the 2.2: l
ratio rerluirccl o[ the loctl oscil lrrtor operlt ing altove sigrrtl frerlrency is
s'ell rvithin lange, u4rerets tltc other s)/stenr has a freriueucy range that
cÍl ltrtot lte covered in oue s1vce1l. Tlris is s'hy tlre locrl oscil lrrtor freqtrency
i^s alrvays nrade lriglrer than tl ie signal f i 'equencv in receivers r,r ' i t lr
vnririble-frequency oscil lator'.s.

It may be slrorvn thrrt t lncking diÍf iculties lvould clisrrppear if thc
frec[rency ratio (in.steircl of the flerlrrenc:y difference) u'ele rutrde corr,stant.
Norv, in tlte tr.sual s1,steut, the latio o[ Iocrrl osci]lator frcclncncy to signrtl
frer|tertc1, is 995/540 = 1.84 at t lrr: bottonr of the blo[dcast lrrnd, and
2105/L650 = 1.28 lt the top of t lre biind. hr t Iocll-oscil lator-lre,lorv-sígnrl-
frcrluenc,v svstenr, t lrese rutios s,otrkl lrc 6.35 ancl 1.38, respcctir.crly. This
is a nrr-rch greater' varitt ion irr fr-cqrrcncv rlrfío, arrd rwlrrlcl result in far'
more troublesolne tlncking prolrlerns.

\
11 7-2.3 Lrtcrrnedirrte Freclucncics lncl IF Amplif ier,,^"1

' Choice of frequency ï 're intennt'cl intc freqrrency of í i 1'1's1:i1,ing sysrenl
is trstrallv a contprourise, .since tlrele alc leàlsons u'hy it .slrorr' ld be neither
Iorv tror lr igh, rror betu'een tlre trvo. Tlre follorving tle tlre n.rir jol fnctols
iníltrerrcing thc choice of the internredinte freqrrencv irr iruy piu-ticrrl lu'
s)'stem:

l. If the iutennecliate freqrrerrcy is tocl higlr, poor selectivity irncl
poor adjlcent-chnnuel reiectiorl result.

2. A high virltre of intermecli irtc f leqtrencf incleuscs tnrcking difÊ-
cul f ies.

3. As the irrternteclirte flequencv is los'eled, inragc-flerlucncy. rejec-
tion becomes poorer. Equirtions (7-l), (7-2) lncl (7-3) shorved
that rejecfion is' inrproved irs the ratio of inrage frerltrency to
signal freqrrencv is incrcased, and tlr is, nrrtrrlall) ' , requires a l i igh
interrrrediate frequencl'. I ixtrairohting, it is seen that inrage-
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frequency rejection becomes \.vorse as signal freqr.rency is rai.sed.
as rvas shorvn by Exarnple 7-la .rnd b.

4. A very lor.v intermediate frequerlc)/ rn'rkcq the sclcctivity too
sharp, ctrtt ing ofi the sidebancls. This prol>lenr ariscs bccrruse tlre
Q must be lorv rvhen thc JIt is lo.rv, nncl lrerrce tlrc glin per strrge
is lorv. Thus a clesigner is more l ikely to raise the Q tlrnn to irr-
crease tlre nunrber of IIr amplifiers.

5. If the IF is verl lorv, the frcquency stabi)ity' of the Iocal oscil lntor
r)lust be made correspondingly higher because nny frccluerrcl '
drift is norv a larger proportion of the lovv IF tlurn of a high IF.

6. The intemrediate frequencl, must not fall u' it l i in t lrc trrrrirrc rnrrge
of the receiver, or else instabil it l , rvil l  occrrr arrcl lrctelotl l,ns
whistles wil l be heard, nraking it inlpossil l le to tunc to the
freqrrency band irnnreclirrtely adjlccnt to tlrrr irrtcrnrrcclittc frtr-
quency,

Frequencies userl As a result of mnny years' experiencc, t l le foregoing
requirenrents ltave lteen translatecl into sltecif ic freqtrerrcies. s'ho.se use is
fairly r.vell standlrdized tlrrouglrout the u'or'kl (but b1, no nrenu.s conl-
pulsory), These are as follorvs:

1. Stanclard bloadcast A\,Í r 'eceivers [tuning to 5-10 to 1650 kllz,
perhaps 6 to 18 Ïr,ÍI:Iz, and possilt lv even the Eulopean lor.rg-rvave
band (150 to 350 kI Iz) ]  r rse an IF rv i th in thc 438- to 465-kHz
range, with 455 kFIz the most popular frequencv arrcl beconring
even more so.

2. Alvl, SSB nnd otlrer receivels eurplol,ecl for short-rvave or VIIF
reception lrave a ffrst IF often in the range florn nbout 1.6 to 2.3
À,IHz. (Such receivers have trvo or nrore clifferent irrtenreclinte
frequericies. See Sec. 7-3.1. )

3. FN.{ receiveLs usinq the stnnclarcl 88- to 108-1r{FIz bnnd have an
IF rvhich is alnrost alrvays 10.7 lr{Hz.

.1. Television receivers in tlre \/I.IF band (54 to 223 \ ' l IIz) antl in t lte
UIfF band (470 to 940 Ir,Í l lz) use rn IF betrveen 26 rrnd 46 ]t ' ÍIIz,
rvith about 36 ancl 46 lt ' ÍI lz the trvo rnost poy>ular values.

5. N'Íicrorvave rncl r[t]ar receiver.s, operating on frerlrre,ncie.s in tlre
l- to 1O-GHZ rnnge, nse iutermeclirte fleqrrcncie.s clcpending otr
the application, u'ith 30,60 and 70 Ir 'Í l lz among tlre nrost poprrlar.

By and ll lge, service.s coverinÍl a rvicle frequencl, rnnge have II?s
sonrervhat belos, the lorvest receiving freqnenc\,, u' ltet'et.s otlter sen'ices,
especially f ixecl-frequency nricro\\ 'ave olres, n.ta)/ use itrterrnecliate fre-
quencies as nruch as 40 times ]ower than tlre receiving frequency'.

IF nmplífiers TIre IF anrplif ief is a fixerl-frequencv anrplif icr. rvith tlre
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Fig. 7-I0 Trvo-stage IF anrpl i f ier.

very ímport l ' t  f . .ct io'  of rejectí 'e adjacent unrvantecl freq'errcies. I t
sl iould thus have a frecltrcucy rcsponse with steeP skirts. \ \ /hen the clesire
for a-í lat-topped response is ndcled. the resulr ing recipe is for a r louble-
t. 'ed or stagger-trrned anrpl i f ier. \ \ 'hereas FET and ir i tegrttecl circuit  IF
ar'pl i f iers genernl ly nre (rurd vacur*r-trrbe ones ahvays were) double
trrrterl  at the irput arrd at the otrtptrt ,  bip. l .r  trr .sistor anrPli f fers often
lrc sirrgle tuned. A typicrl  bipolar IF anrpl i f ier for a clonre.st ic r-eceiver
is shorvn in F-is. 7-10. I t  is .scc. to be a trvo-stagc ampli f ier, rvi th al l  IF
tr irrrsfonners .sirrgle t .necl.  This depar.t trre frorn a singlc-stage, doul>]c-
tu'ed anrpl i Í icr i .s for the sake of cxtr ir  gain, a.cl hence receiver:se'sibivi ty.

Althotrgh a cklul>le-trr 'ed circrr i t  rejects adjacent fr .eclue'cies far
bettcr than a single-ttrrred circrrí t ,  bipolrrr transistor- anrpl i f iers, on the
rvhole, rrse sirrgle-turred circr.r i t .s [ ' r  interstage coupling. The reason is
sirnpl l '  that grelter gain rnav l le uchicved in t lr is rvay lrecrrr.rse of the
need fol tnppirg coi ls in trrrrcd cir '<:rr i ts. Tl i is trrpPing rnay be r.eqrr irecl to
obtai '  mrxirnum Powcr transfer lrrd a r:<luct ion of t l re clanrpirrg of the
circtr i t  involvct l .  I t  rvi l l  l le recal lecl that t l re bandrvir l t l r  of a trrnecl circtr i t
depends o' i ts lorrdetl  Q, rvhich del lerrcls o'  the rrrroadecl e ancl the
externaI cl lrnping resistauce. Sincc tran.sistor irnperIrn""r nray ire lorv,
tapping is enrploycd, togetl ier rvi t l r  some*'hat lo* 'er irrcluctarces than
rvotr l<l hnve been rr.sed u' i th tube circrr i ts. I f  a <lorrblc-turred trans-
fonner is usecl,  both sicles of i t  might lrave to be tapPccl, rather tha, just
one -sir le a.s s' i th a single-tuned trnnsfonner. Thus a reduction in volt irge
rvould be applied to eaclt  tr i rnsistr lr  electrode, and lrcncc a generrl  recluc-
t iorr  in gain.  Note also that nerr t r l l izat ion rnay have to bc used in t ) re
transi.stor IF anrPli l ier, clePencl irrg rr '  t l re freq.e.rc1, ancl the type of
trnnsistor employed.

\\4ren do.l l le tuni 'g is rrsed, t l rr :  coeff iciert of coupling var- ies from
0.8 t inres cri t ical to cri t ical;  overco.Pl i 'g is not norrnal ly used rvith-

NADIO RIiCE]VI'NS

(r ') CiÍcuit diaSíam

Fig. 7.1I Simple diode detector.

l Í )  Inpul  and outpul  vol tages

taa

out a special reason. Fi'aily, the IF transfornrers are ofte' ail nradeidentical so that they are interchangeable.

7-2,4Detection and Automatic Gain Control (AGC )
operation of diode detector The criocre is l ly far trrc rno.st conrmorldevice used for dernoduration (or detection), nr,.r it, operatio' r,, i i l  ,,o.,n,be considered i, detail. o.' the circuit of Fig. 7-Ia, crs a snr.i l  capaci-
f1ncl 

anll r i is a l*rge resistance; trre pa'ailer cor'bi 'ntiorr .f f i  a'd c isrne roa(r resistance acros's rvhicrr thc rectif i.<l orrtp.t vortagc .8, isdevelopld.- At each positive peak of the RF cy"l", à 
"lr..g"r'r,p 

t,, 
"potential a-lmost equal to the peak signal voltrrge'n". Tlrc cliíIcïcnce is clrreto the cliocle droP, since the fànvardresista'ce of the rriocle is smail (rrrrt

i]1,_r^:l:) ' ' l"trveenpeaks 
a l itt le of rhe charge i 'C <lecays throtrgh It, roDe replenrslred at  the next_posi t ive peak. The resul t  is  the voláge.E,,

which reproduces the mocrulating voriag" acc.ratery, except for the small
amou']t of-RF ripple' Note that the rime constant of the RC combinatiorr
nrust.be_slow enough to keep the RF ripple as small as po.ssible, but.suÍËciently fast for the detector circuit to iollorv the fastcst mocl.rntion
variations.

- 
This simple diode detecto'lras the clisarJ'antage.s that -8", in aclcrit io'

to_being proportional to the nrodurati 'g vortage, ario rra.s a clc'compo'er.rt,
rv' ich represents t 'e average 

"nu"Jo1:e 
ar,.,plittrrle (i.e., car.rier strengtri),

and a sma]l RF ripple. I{orvever, the unrva'te.l con-,po,r",.,t, 
^." 

.eu_,o,r",]
i. a prnctical detector, leaving onrv trre i.teil igc.' ie a'rr sonre r^ccond
lrarnrorric of t lre mocltrlatiug signal.

Practical cliode detector A ntrnrber of aclclit ion.s rrave bce'macle to tl ics imPle detector,  nnd i ts prachicar vcr.s iorr  is .srrorv,  in Fig.  i - rz.  i r r l  c i rct , i t
operates in the follorviug nrn.ner. The cliocle l ias l l""n re'e..recl, so tl,at
norv tlre negative e'r'elope is denrodulated. Tlris hrs 

'o 
cíIect o,r cletec_t io ' ,  b. t  i t  does ersrrre that  a negat ive AGC vol tage rv i l l  be.vaí labre.  a.s

\
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Fig. 7-15 Diagonal clipping.

to follow the change. As a resrrlt, thc currrent will decay exponentially,
as shown in Fig. 7-I5, instead of follorving the waveform; this is called
diagonal cliplt iug. It does not normally occur when percentage modula-
tion (at the highest modulation frcquency) is below about 60 percent,
so that it is possible to design a diode detector that is free from this type
of clÍstortion. Nevertheless, one shotrld still be aware of its existcnce as
a lÍmiting factor on the size of the RF fi l ter capacitors.

.1.AoS. 7-3 COMN{UNICATIONS nECEIVERS

A communjcations receiver is olte rvlrose main function is tl:e recep-
tion of signals used for communications rather than for entertainment.
It is a radio receiver desigued to perform the tasks of low- ancl
high-frequency reception better than the type of set found in the average
housclrold. In turn, this rnakes thc conrmuuications receiver useful in
other aPplicatio.s, such as tl:e detection of signals from high-frequency
impedance bridges (rvhere it is r.rscd virtually as a high-sensitivity tuned
volfmeter), signrrl-strength measrrrement, fairly accurate frequency mea-
surement, and even detection and clisplay of individual cornponents of a
higlr-frequency wave (such as nn FM wave with i ls many sidellands).
It is often opcrated by elcctronically qualiÊed people, so that any added
complications in its tuning and operation fire not necessarily detrimental,
as tlte1, rvotrld have been in a receiver to be used by the general public.

The cornrnrrnications receiver is sirnilar in many respects to the
ordinary horne receivcr, as thc blocl< diagram of Fig. 7-16 and thc photo-
graph of Fíg.7-17 denronstrate. Both are, for exanrple, superheterodl'ne
r:ceivcrs, btrt in order to pcrforrn its tasks the conrmrrnicatious rcceivcr
Itas a number of modifications and added features. These are the subject
of t lr is scctiorl, in rvhich the strange ncw blocks of Fig. 7-16 wil l also be
treated.

7-3.1 Extensions of the Superheterodyne Principle

whercas sonrc of tlrc circuits fouud in communications receivcrs, sr.lch
as tuning incl icators and l teat-fre(luency osci l lators, nray be said to l le
mere aclcl i t ions, other circrr i ts Írppear to extencl t l re superheterodl,ns

RÀDIO RECEIVENS

l lr i 'ciple further. Delayed AGC and dourrre co'versio' ar.e br-rt trvo ofthe.se circuits. It hns tlru.s been fo.,n.r convenient to .subcrivirle the topicirrto extcr.sio's of the suPe'heterocry'e pr-i 'cipre on trre one lrand, arrdadditions to it on tlre other.

Input stages It i.s commo' to hirve one, or sonretirnes cver) two, stagesof RF a'rpliffcation, Trvo stages are 
'referable 

if extrernaf irigt, ,",.,ri_ti'ity and lo'r'v 
'oise 

are required, altriough some co'rpricatíons ïr track-ing are botrnd to occur. Regrrcllcss of thË numb", of ïnp.ri , i"g"r, 'ronr"
'system of band changing wil l have to be used if the receivu, ir"to'"ou",

-lJ

RF
ampl, l i . í

2 lo 16 MHt

Fig. 7.16 Basic block diagram of conrmunicatinns reeciver.

Fí9,.7-17 Communications receiver. (Courtesg of Racol Electronícs ptu. Ltd,)
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a \vidc Ír 'cqtrcncy rangc, as nearl l '  1l l  col l l l l lunications receivcrs do' This

is courpounded l ty the f lct t lut the rronnir l  variable capacitor carl l lot l )e

rcl icd upon to covcr l  f l l rqucncy mtio much i tr  exccss of 2:I  at high fre-

r l trepcies. l l rrncl charrging is i lc iorupl ished irr either of trvo wa)'s '  I)y

srvitcI ing in t lrc rccluired I lF, rnixcr, i rud Iocal osci l lntor coi ls, or l)y

frcquency syntlresis.
Irr ordcr to obtain nraxirnum cÍllciency fronr clifferent ittrtt:trna sys-

tcr '1s, or at c] i í Ierelt  frequencics, provision is rnirde in tnany goocl-qual i ty

contnrul icat iops receivers for matclt ing various antelt l)a input irnped-

ances. For this purpose, dif ferent sockets and tr irnnrers, tapped trans-

formcrs or cvcn whole nrntching nctu'ot'ks nray be provitltrd (sec rrlso

Sec. l0-5). Thc coupling network, i f  adjustable, is not trortnal ly nreant

to l tc continrrously tunabie, but i t  is sirnply tuned for optinrum restr l ts

in the niddle of etch band.

Bandsprcad A brndsplcacl control is an cssctrt ial  ncl junct of cotntnttrt i '

cat ions receivers. As the nlnre ir lpl ies, l :rndspreading pcrnri ts stat ions

transrpit t ing on frcrqrrcncics very closc to each other to bc rcsoh'ed l ly t l rc

receiver. This is achieved by increitsirrg t lre pl iysical dist lnce betlveen

t|r:rn on thc cl ial ,  or by providing a subsidiary cl ial  on whiclt  thcl '  can be

scparated. Eithcr mechanical or elect l ical means nrÍIy be used to pro-

vide l landsprcncl.
Iu t lre nreclranical system, the bnndspread control is gearcd to the

nrain trrning control.  Thc gcal ing is rnade such t lrat the Êne control is

very sinri l i r i  to a velnier, and one ttrrn of the main cotrtrol corresponds

to scvcral trrnrs of t l ic f fne tuning. hr orte such commercial receiver, thc

f ine-ttrning meclranism is gear-driven, attd the bandspreird reduction is

140:1. The recciver of Fig.7-17 produces the same results with syrl t l lesis

ancl a cl igi tal frcrqrrenct, display as shown. Some plovision nlr lst be made

for t l rc disconncction of thc mcchtnical type of bandsprc'ad to pcrrnri t

r irpid access fronr one errd of the dial to the other.

f t t  t l rc clcctr icir l  bandspt 'ead syst( 'm, the gangcd capacitor is slrunted

!y a gangecl tr irnmer, rvhich may give a vnriat iott  of 30 pF for a ful l

revoluf ion rvht:rc t lrc main tuning control gives 300 pF. ' l 'he close sta-

t ions are separated once again, but t l i is t i rne on a separate dial.  N' lechan-

ical barrr lsprerrd is quite comrnon in curreut reccivers, electr ical hand-

spreacl is ip decline, and frequency slnthesis is very nruch on the

upswing.

Doublc convcrsion Comrrnications receivers, and sotne high-quali ty

r lomcstic AN,[ receÍvcrs, have more than one intermediate frcquency-

gelteral ly trvo, lxrt  sonretirnes ever) r lrore. Wlten a receiver has trvo dif-

.  f"r"r1t IFs. 1s cloes the one slrowl in block form in Fig. 7-16, i t  is thert .snid

2lF nLrg,tt t  to lrc a t lor i l r le-conoer,sior) receivcr. Tlre f ir 'st I Ir  is higlr,  ger)ernl lv sev-
í  

. r . l  nregrr l ler tz,  nnd t l re seconr l  onc qrr i te lou, ,  of  ihe ordcl  of  200 kl lz
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or e\ /e l l  less.  Af ter leaving the RIr  anrpl i f ier .  the s ignir l  i r r  srrc l r  r r  rccciver '
is st i l l  nt ixcd with the otrtprrt  of a local osci l l i r tor ' .  ' I ' l r i .s is sirrr i l rr l  in nl l
re.spects to the local osci l lator of a don'rest ic receiver, exccl: t  that norv
thc rcsrr l t iug f1'crqucncy dií Icrcncc i .s rr good dcrr l  l r iglrc,r t l ran t lrc trstrtr l
455 kHz. The high irrtelrnedinte f lcquency is then anrpl iÊccl b1, the high-
frcquency IF anrpl i f ier, and t lre output is fccl to a seconcl nrixcr. and
rl ixed rvith that of a second Ioct l  osci l lator ' .  Since t l tc second local osci l-
lntor frequency is nonral ly f ixed, this could bc a cry.stal or-ci l lator.,  ancl
in fact very often is, in nonsynthesizecl receivels, Tlre lorv second inter-
mediate frequency is ampli f iecl b1, 

^tr 
tO IF antpl i f ier, nnd t lrerr cletected

in the usual ntanner.
Doublc conversion is essenti ir l  in conrnrurr icat ions rcccivcrs. r\s s' i l l

be recal led fronr Sec. 7-2.3, t l re internrediate frequerrcv selectecl for- rrrv
rccci\ /er is bound to l tc a contprornisc sincc thclc lrrc rrr lunl lv corrrpcl l ing
reÍIsons u,hy i t  shorrld be both Ir igher irnd lorver. I)orr lr le conver..siorr
nvoíds this conrpronrise. Tlre higlr f frst interrncdiatc frcqrrcncy prrsltcs
the inrage frequency frr l ther arvay frorn the signnl frequencr,,  arrd thcre-
fore permits nrr.ch bctter attenuation of i t .  Thc lorv sccorrcl l l i ,  on thc
other hand, has all tlre virtues of r lou, ffxecl_9lgta,Ulgjf"qf.'lf5*,_-Urff_.
,i"ul"iyt!gp'gLg," .

Please note Íii.t tii" htgl, íi',tàÁii'ertiníó-friq,t.nc.r1 
",rffi;e fir.st.

If t lr is does not happen, the inrage flequerrcy lvi l l  bc insrríf icicrrtl1, rcjc'cted
at the input and rvil l  becorne inextricably nrixed rvith the prolter signnl,
so that no anrount of high IF strrgcs rvil l  makt: any diffelcncc aftcnvlrd.

The result of having trvo such internredinte fre<lrrcncics is thnt
doull le-conversion receivers Provide a conrbination of higlrcr inragr. ancl
adjacent-frcquency rejection than can be aclrievecl rvith tlre sinrplc
supcrhctcrodyne s),stent. It should be noted, on thc othel hancl, thnt
double conversion offers no great aclvitntages for l l 'oirclcast or otlrer
ntedirrnr-frcqrrcncv rcccivers. Horvcvcr, it is c.sscntial for rcccivcrs oprrrat-
ing in the crowded short-s,a,r,e l larrcls. See also Sec.7-5.I rrnd Rcf. 2 for
a Íurther discussion of doultlc cou,r,ersion and its nchicvcnrr.nt s' ith novcl
techniques.

Dclayetl AGC Sinrple AGC, as trcnted in Sec. 7-2.4, ís clcnll l , nrr inr-
provement on no AGC at all, in that t lre gain of the receiver is lecluced
for strong signals. Unfortunatelv, as trigs. 7-13 and 7-18 l loth slrorv, cvcrr
rveak signals do not escape this redrrction. Figrrre 7-lB tlso slrorvs trvo
othc'r AGC clramctcrristics. Thc fir..st is thc "ideal" clrnrirctcr-istic. In this
no AGC is applied unti l signal strength is considercd itcleqrrate, and
rfter this point a constant averilge output is ol;tairrcd no nrattcr lrorv
ntttclt ntore the signal stlengtlr rises. TIre second is t lrc dclatlcrl ACC
ctrrvc. Tlris.shorvs that AGC ltias is rrot applícd trnti l t lre signal strcngtlr
hns lear:hecl a predeternrinccl level, aftel s4rich lrins is l l tpliecl rrs u'it lr
norntr l  ACC, l r r r t  ntore strorrglr ' .  As thr ,  s ignnl  strcnuth t l rcrr  r isr .s,  rc- \
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Fig. 7-f B Various ÁGC character-
istics.

ceiver output also rises, but relatively slightly. The problenr of reducing
the gain of the reccivcr for rvcnk signals hns thi.rs becn avoídcd, as with
"ideal" AGC.

A ver1, comnron ntethocl of obtri ining clelayed ÀGC is shorvu in Fig.
7-19. It uses ts'o separate diodes: the detector and the AGC detcctor.
These can be connccted eithcr to separrrtc tt'tnsfornrer rvindings as
shorvn, or both to tl ie secondary without too much interfereuce. As
indicated, a positivc bias is appliccl to tlre cathodc of the AGC diodc, to
prevent conduction unti l a predeternrirred signai level has been reaclred.
A control is often provided, as shorvn, to nllorv manual adjustmer.rt of
the bias on the AGC diode, irnd hence of the signrl level at rvhich AGC
is applied, If mostly rveak statious are likely ao 6" lsccrived, the dclay
control setting may be quite high (i.e., no AGC until sigrral level is fairly
high). Ncvcrthelcss, it should bc nrade as low as possible, to prcvent
overloading of t lre last IF arnpliffer by unexpected stronger signals.

The method just described rvorks well rvith FETs, ancl also rvith
llipolar tronsistors if the nurnber o[ stages controlled is large enough.
If Ín the l irtter cuse fewer than three stages are being controllcd, it nrny
not be possillle to reduce the gnin of tlte receivel suíficiently for very
strong signals, because of col]ector Ieakage cul'rer1t. If t l tnt ís so, a scc-
ondary method of AGC is sometimcs used together rvith .simple AGC, the
overall result being not unlike clelayed AGC. A diode is here employed
for variable damping, in r mrnrrer akin to thnt usecl ir the ratio de-
tector, as described in Sec. 7-4.4.

Variable sensítivity ancl selectivity The ratio of the highest to the Iowest
signal strengtlrs whiclt a comnrunicatious receiver nray have to cope rvith
could be as high as I0":1. This rneans that the receiver must have suffi-
cient sensitivíty to amplify fully very rveak signals, and it must also bc
capable of having its gain reduced by ACC action by a ratio of l0':1, or
100 dB, so as not to overload on tlte strougest sigrial. Ever.r the l;est

Detayed AGC : /'- :t-dl! -\c:-

/\-"' ..'

lncoming signal s lrength

RADIO RECEIVERS L77

Ad.iust delay

Fig. 7-I9 Delayed AGC circuit.

ÀGC system is not capable of this performance. Apart frorn tlre'alarnr-
ing vnrintions in ou\rut tlrat nray occur, there i.s tlso thc risk of ovcr-
loacling several of the IF an'rplif iers, especially the last orre, nrrd al.so tlre
demodulator diode. To prevent the distortion rvlrich.u'ould follorv, and
also possibly the permanent damage, the most sensitive cornmrrnications
receivers incorporate a sensitivity control.' Thi.s generally consists of a
potentiometer vvhich varies the bias on the RF antplif ier, and is, in fact,
an RF gain control, The AGC is sti l l  Present, b.t it .orv acts to keel> the
se'sitivity of the receiver to the level cleternrined by the setting of the
potentiomcter. The receiver is now considcrably nrore versati le in han-
tlling varying input signal levels.

The selectivity, or, to be rnore precise, the bandrvidth, of the low-
frequency IF ampliffer may be made varíable over a range that i.s com-
monly I io 12 kHz. The largest bandrvidth pernrits rcception of high-
quality broadcasts, lvhereas the smallest (although it greatly irlpairs
this quality) reduces'oise and therefore i.creases intcll igibly, and rvil l
also reduce adjacent-channel iuterference. variable selectivity is achieved
in practice by switching in (noninductive) resistors across tlre primary
and secondary of the last LF IF transformer, For instance, if this IF is
l l0 kI Iz,  Q,:  ( { i  x  IL}) / I :  155 for n bandrvic l rh of  1kI{2.  This
vnlue is quite feasible, of course. Á set of resistors is provided, any of
which may be srvitched across the tank to give l;arrdvvidths of (say)
2, 4, 6,8, 10, and 12 kHz. Altemltively, a crystal f i l ter may be used in
a similar manner to provide the narrower bandwidths. Rcceiver.s designed
for rndiotelegraphy reception nrl1, have ntinimunr l lanclrvidths as lorv as
300 Hz.

A notch flter is sometime.s found in a conrrnunicirtions receiver. J'his

I Unfortrrnately, tlris stntement cloes not u'ork in revêÍse. Àlerc possession of a sensi-
tivity control lly a receiver does not guarantee that it is, irr fact, a scl.ríÍiuc rcceivcr. \\.è
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i.s a rvavetrap, or a stop íilter, designcd to reducc receiver gírin at some
speciíic frerluency nnd therefore help to reject it. It often con.sists sinrply
of a series-resorrant circrrit across one of the LF IF trattsfonners. The
frequency at which this trap is resonant will naturally be rcjected since
the load irnpedarrce of that amplificr rvill then be almost slrort-circuited.
If the capacitor in the series-resonant circuit is made vuriable, the posi-
tion of thc notclr can be adjusted so that any one adiaccnt spr.rrious
signal niay be rejectecl on either side of the lF passband, A crystal gate
(cf. Sec.3-1,2) may be usecl sirnilarly. The versati l i ty of the receiver
hts naturally been enhanced, sirtce it now has the notch fi l ter, variable
.sclcctivity and double conversion for strppressing unwanted nt:arby
signals.

Blocking If n radio receiver is ttrned to a rveak signal, nnturally the
developed ACC rvil l  be low and the front-end gain high. If a strong
signal not too distant in frequency is now receivcd, t lterr unless it is
properly rejected, it could develop srrbstantial AGC voltage. Such a high
AGC, caused by a spurious signal, corrld recluce the gain of t lre receiver,
perlraps to the point of rnaking the rvanted sigrurl inatrdilt le. This sittra-
tion is unrvelcome and, if the interferir.rg signal is intemrittent, it is
intolerable. A receiver whose AGC system has very little reaction to the
ncarby sprrrious signals is said to have good blockitlg. A good rvay of
showing lrorv blocking is defined itnd measured is to strrtc how it is
quoted iu receiver specificatior.rs. f 'he Rcdifon R 551 is a lcceiver rvit l i
very good blocking perfornrance, quoted by the nrauttfacturers as fol-
lows: "lVith a l rnV EN4F A0 (SS1], 1000 IIz tonc) rvantcd signal, a
sirnr"rltaneotrs 6 V EMF A0 unu'rttrted signal (at least 20 kHz from
wanted signal) rvil l  not reduce the rvanted AF output by more than
J Olt.

Needless to sry, very high IF rejectiou of adjacent signals is needcd
to prodrrce srrch excellcnt blocking performirnce. Yct this performnnce
is rerpíred in SSII receivers, and all other instances of working in
crorvded frequcncy bands.

7-3.2 Additional Circuits

Whereas the foregoing circuits and characteristics were most easily
classified as extcrlsions of thc superhetcrodyne systcnt, the following irre
best thought of as additions. It nrttst however be adrnitted that tlre
subdivisiou, although convenient, is at t imes a l itt le artif icial.

Tuning cnlibration This consists of having a built- in crystal oscil lator,
tusually, opcrating at 500 to 1000 kl{2, rvlrost: output ntty bc fcd to thc
input of the receiver by throrving the nppropriate srvitcit. \\r ith the beof-

fre rluency osc.íl lntor in operation (to follorv), uiristles wil l rtou' lte l ienrd
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at 500- or 1000-kFIz i irtervals, especially since the crystirl oscil lator rvorks
into a resistive load, so írs r-tot to irttenttatc hitrr:ronic.s of t lrt: Írrndrrrlr, ltal
frequency. The calibration of the receiver rnay r)o\,v be corrected by
adjustment of the pointcr or cursor, which nrust, of cotrr.sc, bc rtrovnblc
ildcpendently of the grrng. An elaborate receiver, rvlrich is also tunrrble
to freqencies above 30 \4IIz, miry hlve :t built-in cryst:rl arlplificr, tvlrose
Íunction is to anrplify the lriglrer harnronics of the crystal oscillator to
make frequency calibration e:rsiel art t lro.sc frerluencít..s. Synthesizcd
receivers do not reqrrire this facil i ty.

Beat-frerluency oscil lator (BFO) A comururrications lcceivcr shorrlcï l le
capable of receiving transrnissions of lr{orse Code, i.e., prrlse-nrocltrlntcd
RF carrier. In the diode detector of a normrl rccciver, sincc tlrt:re is
no provision for registering the difierence lretrveen tlre presence and the
absence of a carricr,r suclr pul.sc-moclulated dots, dirslrcs and sp:rccs
would prodrrce no ontput whatever florn the detector.

hr order to nrakc Morse Coclcr aucliblc. thc r-ccc'ivcr lr l.s a lruilt- in
beat-frequency oscil lator, nornrallv at the detector, ts slrorvn on the
block diagram of Fig. 7-16. l ' lre l lFO is not reall l '  r lrcnt-frcqucncy
oscilhtor at all; i t is nrelely i 'r.sinrl l le LC o.scil lator'. The llrrrt ler, IIFO is
one of the favorites, opcrrating at a frcclency of I ktlz or .100 IIz above
or belolv the last intennedinte fre<1uencv. Wherr the latter is presetrt, a
rvhistle is heard in thc loudspeirkt.r, so tlrat it is t lre conrlrination of thc
rcceiver, cletector, inlrut s^ígrrl l arrd tlr is rrxtnr oscíl l:rtor u'lr ich lras ntlw
beconre a beat-freqrrcncy oscil lntor'. Since sigrrnl is 1'l lcst.nt <:rrlv drrriug
a dot or a dasl.r in \,Íorse Cocle, onlv tlrese are healcl; thrrs the cocle can
lle rr:ceived satisfactori ly, as cirr) radiotclcgraplu'. ' I 'o prcr.errt intcrfcr-
ence, the BFO is switched off u,hen nonnnl receptior is resrrnrecl. 

.

Noise limiter A fair ltroportion of cornrnuuicirtions t't.ccivt rs ill'cr pro-
vided rvith noise l inriters. The nrnte is a l itt lc rnislt:arl irrg since it is ,
patcntly not possible to do anvthing altout rnndour noisc iu arr r\NI i
recciving systenr (it is possible to reduce randonr rroir-e i lr Ir i\í, as rvil l  lre I
scen). Such a noise l imitcl is really nn intpri.se-noi,ee l i i l t i ter, a circuit
fore] inr inat i r1g,ol .at leastredtrc i r tg, t l ie i r r ter . fer i t rgtroisr lptr lsescl .e i t tccl
by ignition systenrs, electrical stornrs or clectrical nraclrircrl, of vrrl ions
types. This is often done by autorr.ratic silencirrg of the receiver for t lre
duration of a noiscr pulse, rvhich is prcferable to a loud, shlrp noise in tlre ;
loudspeaker or I 'readphor.res. In l cornnlon t1'pc of noise l inriter, n cliode
istrsedirrcorr j t r r . rct ionrvi t I radi f fcr t :nt iat i r tgcirctr i t .Tl rc| i r r r i terc i rct l i t
provides rr neqative r<llttgc as I result of the noise iurpulsc, or on),\/cly

lThis is not str ict ly t ruc s i lce thcrc l re t \ \ 'o wa),s of  doing t lL is,  lut  nei t l rer  is  sat is-
fnctory for  lv Íorse Code and dial  cal i l r r r t ion,  Fi |st ,  there ís the fact  thír t  nois-c conres
up.strongh'rvhen t l re carr icr  r l isrrppclrs,  aur l  secont l ,  t  s ign:r l -st lcngth nrcter or t r rn ing
int l icat , r r  rvorr ld s l row t l re prcstncc of  l  curr ier ,  l l r t  r r r r rch t , r , r  .s l r r . r . ly .  t r
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sharp voltagc rise, and thi.s negative voltlge is npplied to thc d_ertector,

whicli is thus ctrt oÍI. The cleterctot' tltcn rcrnlius cut off for thc dtrration

of the noisc prrlse, n peliod that gelclally does rlot exceed a fcrv hr-rndred

mill iseconcls. lt is essential to provide t facil i ty for sq'itching off the

noise limiter, or else it rvill interfere rvith lr''lorse Code or radiotelegrrrplry

reception.
hh.r" are ma'y different types of noise limiters, all used to suppress

impulse noise; cf. Ref. 3.

squelch (muting) when no carricr is present at the input of a sensi-

tive receiver, i.e., in the absence of transmissious on a given channel

or betrveen stations, a sensitive rccciver will produce a disngrceable

amount of noise. This is because AGC disnpl>ears i l l  the abseDce of any

carrier, thc recciver acquires its maximnrn seDsitivity, arrd anrplifies the

noise present at its inpit. In many circuutstiuces this is not particulnrly

imporiant, llut in rnany others it can bc annoying and tiring. S)'stems

,,r"h 
"r 

those used by tf ie police, anrbttlatrces, and coast raclio stations, in

rvhich a receiver nrust be tuned iurd nrirnucd at lll. tinrcs bttt tran.stnis-

sion is sporndic, Írre the principal beneficiaries of sqtrelch. This eDables

the receiver's otttptrt to retnailt ctlt Off ttnlcss the carricr is prcstrnt. Apat't

from eliminnting inconvenietrce, strch a systel-n must natttrally irlclease

tl-re cÍffcicncy of thc opcrator. Squdch is llso callccl rntrÍíng ot quietirrg.

Quiescent (or quiet) ÀGC and coclan (carriers operated devicc, anti-

noisc) are similar systcns.
The sqrrelch circuit, as shorvu iD Fig. 7-20, consists of a dc arnplif ier

to whicli ACC is appliecl ancl rvlriclt opelates upon the ffr'st luclio _ampli-
fier of the receiver. \\4reD the AGC voltage is lou' or ze[o, the dc am-

plifier, Tr, drarvs crtrrelt so t|at the voltage drop across its load resistor

R, 
".rt 

áS tlt" arrclio arnpliffer, T,; tlrus no signal o' noise is passed'

When the AGC voltage becorne.s sufficiently negativc to cut off T', this

dc artrpliffer no lolger drau,s collectot' cttrlent, so that t[e ouly bias lorv

on T, i, i t.s sclf-biai, frrrnishcd by the blpasscd emittc'r lcsistor R, and

also lty the ltase Potentiometer resistors. The audio anlpli l ïcl trorv func-

tions as though the squelch circuit \\r('re llot there,

R. is a 
*dropping 

resistor, r,r,hose ftrnction it is to ellsure tl.rat tlre

higl.r tcnsion r"ppti"á to the collc<:tor and base potcntiornetcrr of_ T' is

hi[lre, than theirigh te'sion supplied (i'directly) to it.s ernitter' ]r4anutl

nd'y:urtn.lent of R. ;ill allow the ctrt-in bias of Tr to bc variecl so that

quieting Inay l)e applied for a range of selected valtres of ACC' This

facility musi be próviclecl, othenl,ise weak stations, not getreratiDg suffi-

cíent AGC, nriglit be crrt off. The squelch circuit is rior,rt l ly inserted

immediately afier the dctcctor, as shorvu i '  Figs' 7-16 arrd 7-20'

Automatic frcquerrcy control As rvil l  l te lecnllecl {ronr sec. 5-3.3, the

heart of an Atrc circtrit i-s a freqrrcDcy-scnsitive clevice, strclt ns tbc phasc
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Fig.7-20 Typical squelch circuit.

discrirninator, which produces a dc voltage whose arnplitrrcle ancl lrolarity
arc proportional to the anrount and dírection of thc loci.rl oscillator fic-
quency error. This dc control voltage is then used to var\,, autorlatically,
the bias on a virriable-rcactance device, whose output capacitance is thus
changed. This varinble capacita'ce appeal's ac'o.ss the (fir.st) Iocnl oscil-
lntol  coi l ,  and ( in the rnanncr desc' ibed in scc.5-3.3) thc Í roclucncy of
this vFo" is autonratically kept from drift ing with tenrl:ertrlure, l ine
voltage changes or componeDt agiug. A block diagranr of a r.cceíver AIrc
system is shorvn in Fig. 7-21.

- 
It is *'orth notíng that the 

'*mber 
of extra stages rcqrrircd to pro-

vide AFC is mrrch sn,aller in a doul>le-conver.sion receiver tlran in the
stabil ized r-cactance modr-rlator, since urost of the functions rcouired are
already present. On the other ha'd, 

'ot 
all recei'ers require AFC, 

"rp"-cially not synthesized ones. Those that benefit nrost fronr its jnclusion
are undoubtedly ssB receivers, r.r4iose local oscil lator stabil ity nrust be
exceptionally good to prevelrt drastic flr:quency variations in the de-
nrodrrlated signal.

lrÍetering A built-in meter rvith a function srvitch is verr), often provicled.
It is very helpful i '  diagnosing any faults that may occur, sirce it mea-
sures voltages at key points in the receiver. one of the functions (some-
times the sole function) of this meter is to measrlre the incoming sigrial

t \tarirble-frequency oscillator, a commonll. used term irr such n sítrration.

rBl

@
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Fig.7-21 Block diagrani  of  recciver wi th ÁFC.

strerrgth. It is thcn called an S meter, and very often rertds thc collcctor
current oí an IF amplif ier to rvlrich AGC is applied, ns shown in Fig.
7-22. Siucc tlrís collector currcut dccreascs as thc AGC gocs up, thc
meter hÍrs its zero on the right-hand side. The S rneter nray sonretimes
lle in an unbalaucecl bridge and hencc fonvald-reading. In cither cirse,
tlre calibration of the meter is l ikely to be quite albitrary l lecause of the
great variation of the scnsitivity of thc receiver through thc bands, cspe-
cially if there is a sensitivity control or adjustaltle delayed AGC.

A rccciver rvith an S meter is nrorc versati le than oncr s,ithorrt, not
only because tuning to a rvanted signal can now be nrol'e accurate, but
also beciruse thc rccciver can now l;c used as a relative signal-strength
mcter and also as the detector for au RF inrpcdance bridgc. It can also
lle uscd for applications such as truring iuclividuall l, to the vitrious side-
lland frequerrcies of an F\{ signal. This can detelmine the presence of
thosc conrponents and dernonstratc thc disappe:rrance of thcr carricr for
certain values of rnodulation index, from rvhich readings deviirt iorr nnd
l inear i ty of  the Flr{  source may bc dctermincd (see Sec.5-1.3).

FIrÍ and SSB reception Some receivels have provision for t lre rcceptiou
of F\'Í, cithcr t lrc narrorvband FM rrscd l ly rnolti lc nctworks or the high-
clrality lrroadcast transmissions in thc 88- to IOS-MHz band. To allorv
Flr,Í reproduction, a receiver requires l lroadband IIr strrges, an FM
demodulator nnd an amplítude lim.iter'; these are describecl later in this
chapter.

lr{ore ancl nrore present-day conrmtrnications receivers have facil i t ies
for single-siclcllrnd reccption. I lnsic:ally t lr is nrelrls that a prodllct cle-
tcctor (scc Scc.7-5) nrrrst lte providecl. ltrrt i t i .s al.so ver1. lrclpfrrl i I t]rc:re

NAI)IO IIECIiIVUNS IB3

i.s nn AIrC systenl prcscnt, as well  as varial l lc sclcct ivi t i '  (plcfcrrbl l ,
* ' i t l r  a clystal f i l ter),  since the l landrvicl th tr.sed for SSll  is nitn'os,cl t l r i rrr
for ordinlry Alr4.

f) ivcrsity reccption This is not so nr. lcl l  an addit ional circrr i t  i l r  ír  corrr-
tnurt icat ir lns receiver a.s a special izcd nretlror ' l  oI trsirrg 

"-rrch 
lcccivt 'rs.

There nre trvo forms: space cl ioersiÍy aucl frcquency dit te rsi t tJ.
Wlrclerrs ACC help.s greatly to mininrizc sonrc of t l rc <'f fccts of

facl irrg, i t  canrrot help rvhen the signal f i rcles irrto t lre noisc lcvc, l .  l ) ivcr '-
si ty-r 'cccption systerns nrRke rrse of thr: f lct that alt l rouglr facl ing nrn1, ly6'
sct,ere at sorle irrstunt of t inre, sonre freclrrerrcy, nnd sonrc poirrt  on ct l t l r ,
i t  is extrenrel),  trrr l ikely that sígrrals at cl i f ferent points or t l i l Ic l ' t ,nt frc-
qrrerrcies rvi l l  fade siurrr l taneously. (See also Scc. 9-2.2 for l  clct ir i lc:d
dcscript ion of fadirrg, i ts virr ious cruscs rrnd i t .s eÍIects rrpon rccr.ptíorr.  )

Both systerns are in constarr t  use, l ly  corrrrrrunicat iorrs nrr t l ror i t ics,
conrmelcial poirt-to-point l inks arrd t lre rni l i tnrt, .  Irr  spircc divct ' .sít1,,
trvo or t :rore receiving antennas are enrplot,ecl,  sepnrntecl lrv rr ine ol lnore
rvnvtr lengtlr.s. Tlrere are as nrnny receivcrs as ant(,nnrrs, and irtrnrrt l<.nrcrrts
are nrnde to en.strre t lrat the AGC from the receiver rvi t l r  t l re .stt 'orrgcst
signnl at t l rc nromcnt cuts off thc othcr rcceí\ 'cls. Thrrs onl; ,  t l rc signal
íronr the strongest receiver is pas.sed to the cornnrorr orrtprrt  stngcs.

Frequcncy diversity rvorks in rtruch the stn)c \ \ / t \ , ,  l l rr t  r torv t lre
.sanre antetttra is rr.sed for the receivers. u4riclr rvork rvit l r  sirnrr l tnneous
trtrrsnrission.s at t \ \ 'o or urorc frr.r |rencics. Sincc f lcryrrerrcl,  6l i1,r, ; 's i t f  iq
ttrot 'c rvastef ir l  of t l re freqrrency sl lect lrrrn, i t  i .s rr.secl onl1, u, lrere sPrrc'e
divelsit l ,  cannot l lc enrploycd, strch ns irr restr ic:tecl spÍlccs u' lrert '  r 'ecciv-
ing nntcnna.s could not lravc lrr,cn separntccl srrf f icicrrt l l , .  Slr iP-to-shore
:rncl slr ip-to-ship conrnrrrrr icnt iorrs ar-e t lre greateÍ i t  rrscrs of frcr lrrerrcy
( l rversrtv at  l l l . .

A.s clescribccl,  both systems {u'c knorvn ls dorl t le-dit :ersít t1 s1'.sterls,
ir t  that t l tcre arc trvo reccivcrrs r-nrplol 'cd in a divcrsity patt( ' r ' rr .  \ \ t l r<.rc
corrdit iorrs are knorvn to be cri t icr l ,  as irr troy't t tsphcric.tcatlnr cornrnuni-
cntíons, qttodntple cl ioersíty r ' .s rrsed. This i .s u .sptcr.cl iver.si t l ,  51,51,.r ' , t
rr ' l r ich lras rcceiver arrangements a.s just cle.scri l rccl,  rvi t l -r  trvo tr irrrsrnit tcrs
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Fig.7-23 FÀí receiver block diagram.

at each encl of t lrc l ink arrangcd just l ike the rcceivers. Thi.s crpsures that
sig'als of adeq..te rluality rvil l  be received u'cler ever the rvorst pos-
sible conditions. (See Sec. g-2.4, u,hele troposyrheric scntter is descr.i|ecl
ftrl l l , np4 the rrse o[ diversit l, rvith it is c]iscussecl, ancl also Ref. 7. )

Thcrc is o'c snirg, . ' fo.t*'atcly, that apPlicr.s to divcrsity systenrs
arrd l inrits their use iu .r,oice cour.rrurricatior-,r. siu"., i,, gená.ai each
.sigrral travcls ovcr Ír sl iglrt l l , dif icrent path, trre audio outjut wjl l have
i i  p l rase di f fere.ce u, l rer  corrr l larcd rv i t r r  t l iat  of  t l re ot l re i  r .eceiver(s) ,
As a res'lt, ci iversity .eceptio' i.s .sed very often'for telegrrrpli or
cli i ta transnrission ( i.e., puls^es ), but pr.eseut clir.er.sity svstenrs ïo.' uoi"e
cornmunications lcave nuch to be clcsir-cd, unless sonre for.nr of pulse
moclulirt ion is crrrplol,sd for the voice tr-ansnrission (the rriost popular
forrrr is Ttul.se-cocle nrorlulatiou, as dcscr.ibetl in Sec. IS_2.4\.

^ ' tLuJuo-.^+e^.\+* 4^sÀe\ Ff"t .
7.4 F]\Í ITECEÏ\'ERS

Tlre F\I rcceiver is a s.perhetelociy'e receiver, and the block cliagr.nr
of Fig. 7-23 sho*,s j 'st horv sinri lar it is to an Alr{ r.ccei'er. The basic
difference are as follorvs:

I. \Íuch higlrer operating frc,clucncies in Flr,Í,
2. Need for l irnit ing and de-ernphasis in FI{.
3. Totally cliíIcrent nrethocl.s of dcnrodulation.
4. Different rnethods of obtaining ACC.

7-4.I Courmon Circuits-Cornparison with AM Receivers

A nurnber of sections of t lre F\{ recciver cor.responcl exactly to those of
other recei'ers already treatcd; fo. exaurple, the same critária airply in
the selection of t lrc internreclirte fr.- 'q,,ency, ancl IIr anrplií ier.s ni. uari-

Oe-emphari i

ampl I  ieís

RADIO RECIiIVERS

cally similar. Again, a number of concepts have very sirni lar tneatr i t tgs

that only the dif ferences and special appl icabiorrs need be pointed orrt.

RF amplif iers An RF amplif ier is always used in nn FNÍ receiver. The

nriri,r r. iasor, is to rc4r.rcc lhc 
'oisc 

figure, wlric6 could .t6er-wisc 5c a

problem because of the large bartclrvidths needed for trlr ' Í. It is also

required to nratch the iDpuf in.rpetlance of the recciver to thrrt of thc

nut.ntrn, To meet the secorrd requiremeut, grour-rded gate (or base) or

cascocle amplif iers are enrployed. I loth types have the property of low

input impeáance, rnirtching the antennft, and neither rerlrires neutraliza-

tion. This is because the input electrode is grounclcd iIr crithcr typc of

rnrpliÊer, efiectively isolatinf ínput fronr output. A typical FET grounded-

g,rtc nn arnplif ier is shown in Fig.7-24. It has all the good points Inen-

iiollc,l, aucl ih" irclcled features of low di.stortion and sirnple operiit ion.

Frcqucncy changers The oscil lator circuit takes any of the ustral fonns,

rvit l i  t5e Colpitts and Clapp predo'riuarrt, bei.g strited to \/gF opera-

tion. Trackin-q is not tro**lly ntuch of a proll lenr in Fi\ ' Í broudcnst re-

ceivers. This is because the t.nirg freq.e'cy 
'a'ge 

is o'l '  1.25'1, 
'ruch

lcss tlran in AN{ broadcasting.
A very satisfactory arrangement for the frolrt eDd of an FN{ receit 'er

consists oÊ FIITs for the RF arnplif icr and mi.xer, artd a bipolar trausistor

o.scil l l tor.. As impliecl by t[ is statement, separatell '  excited oscil lators nre

nornrirl ly r-rsed, with all arrarlgenlent as shown in Fig' 7-6'

Intcrnrediate frcqrrency and IF amplif iers Again, the types and opera-

tion clo not dif ier rnuch frorn their ÀM counterparts, It is worth notirig,

however', that the interrnediate frequency and the bandwidth reqtrirecl

arc far f i ig|er tha'r i '  AM l;roadcast receivers. Typical f igtrres for rc-

ceivers op"erating in the 88- to 108-MHz band are lrn IIr of 10.7 lr4llz

and a band.^,icltÈ of 200 kHz. As n conseqrence of the large banchvidth,

glin per .stage nlay be lorv. IIence two IF amplif ier stages are oftr:n

provii le4, in wlich case the shrinkage of bandwidth as stages Írre cxs-

crded nrr-rst be taken into accorttrt.
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l-ig, 7-25 Amplítude linriter.

7 -4.2 Amplitude Lirniting
In order to nrirkc full rrsc of the advantagcs offered by IINI, a dcmodu-
latorr nrrrst be prcceded by an anrplitucle l imíter, as discrrs"-ecl in Chap.
5. Tlris is on the grounds thirt any irnrplitude changes in the signnl fed
to the FM dernodrrlator are spurious. They must tlrerefore be renroved
if distortion is to be avoided. Thc point is signiffcant, since most FM
denrodr-rlrrtors re;rct to anrplitrrde clrurrges as ',vell as frequency cltanges.
As can be gathcred, the l inriter is a forrn of clipping device, a circuit
u,hosc outprrt teuds to renririn constrnt despite changes in the input
signal. \,Íost l inriters behave in this f:rshion, provided that the input
voltage renrains rvithin a certrin rrnge. TIre cornrnon type of l imiter trses
trvo scparatc clectrical cffccts to provide a relntivcly con)^tartt outpttt.
These itre leak-type bias and early (collector) saturation.

Operation of thc arnplittrrle l inriter Figure 7-25 slrorvs a typical FtrT
aniplitude l inriter. Lixamination oI the dc conditions sho\vs that the
draín .supply volti ige has been droppt'd throrrgh resistor R2. Also, the
bias on the gate is leak-type bias supplíed b1' 11t" palallel Rr-C, com-
bination. Finally, the FET is shown ncrttralized by rreaus of capacitor
Cy, in consideration of the high frequency of opelation.

Ltrak-t1,pc birrs provides liniiting, as sltovt,rt in Fig. 7-26. \\/hen inptrt
signal voltage rises, current í lor+,s i l t l ie R,,-Co bias circuit, aud a rlega-
tive voltagc is dcvcloped across thc capncitor. It is sccrt that the bias
on the FET is increased in proportion to the sizc of the inpui voltage.
As a result, thcr gain of the amplif ir 'r is lorvered, and tlrc output voltage
tends to remnin constanr.

Although sonrc l imiting is achitrved by this process, it is insuÍËcient
by itself-the action just descril lecl x,ould occtrr only 

"vith 
rather lrrrge

input voltages. To overcome this, early saturation of t l ie or.rtput current
is used, i ichie', 'ed by rnerrns of a lorv drain .supply voltage. This is the

I  This r locs not include the rat io detector r l l r ich (as is shown in Sec. 7-4.4) provir ' les
n fai r  arnotrnl  oí  l i rn i t ing.

b Out
r-_

MDIO RECEIVERS

Fig, 7.26 Anlplitude limiter transfer clrnracteristic.

reason for the drain dropping resistol of Fig. 7-25. Tlrc strpply volt irge
for a l imiter is typical ly one-half of the nonnnl dc drnin voltage. The
re.sult  of early sattrrat ion is to el l .sure I inr i t ing for conr.crr icrrt ly low irrprrt
voltages. Flotvever, i t  is possible for the gate-drain sectiorr to becorne
fonvard-biased under saturation crlucl i t ions, cnusing a short circuit  be-
trveen inpr-rt  and output. To avcrt this, n resistaltce of a ferv lr trndred
olrrrrs is placed bettveen the dlain and i ts tank. This is 1l of Fig. 7-25.

Figure 7-27 shorvs the lesponsc clraractel i .st ic of t l ic nnrpl i trrcle
l imiter. I t  indicates clearly that l i rnit i lg takcs pl lcc only fe1 a ctrtaín
rnnge of input voltages, outsidc 'rr4rich output varies rvit l t  inptrt .  Re-
ferr irrg sirnultaneously to Fig, 7-26, we see. t l t , .r t  as input iuclci tscs fronr
value l  to value 2, outprrt crrrrent also r ises, Thus no l i rrr i t ing lras 1'et
taken place. Horvever, comparison of 2 and 3 shorv.s t lrat the1, l loth 1, ield
the sante output current and volt irge. Thtrs l inr i t ing hns uorv l tegrrrr.
Value 2 is the point at rvhich l inr i t ing starts, and is cal lcd t l te threslrcIt l

Fig, .  7-27 Typical  l i r r r i ter  resporrse
cl  r i r ractcr ist ic.
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I88 ELECTNONIC COMMUNICATION SYSTEMS

ol lintiting. As input increase.s fronr 3 to 4, there is no rise in output; all
that happens is that thc output current flows for a sornewhat shorter
portion of the input cycle. This, of course, suggests operation like that
of a class C arnplifier, Thus the flyaheel effect of the otrtput tank circuit
is used here also, to ensure that tlre output voltage is sinusoidal, even
though the output current flows in pulses, When the input voltage in-
creases sufficiently, as in vah,re 5, the angle of output current flow is
reduced so much that less po\r'er is fed to the output tank. Therefore
the output voltage is reduced. This happens here for all input voltages
greater than 4, and this value marks the upper end of tbe limiting range,
as shorvn in Fig.7-27.

Performance of t lre amplitude limiter It lras bcen shorvn that the range
of input voltxges, over which the rrlplitude limiter rvill opelate sntis-
factori ly, is itself l inrited. The Iimits arc the thrcshold poiut at one cnd
tnd tlre redrrced angle of outprrt crrrrerrt Í low at the otlter end. In a typi-
cal lrractical limiter, the input voltlge 2 nttty correspond to 0.4 V, and
4 urny correspond to 4 V. The output rvil l  be about 5 V for both values
an<l all 'r,oltagcs in bctu'een (notc that all these voltagcs arc peak-to-
penk values). The practical l imiter rvil l  thelefore be fed a voltrrge rvhich
is rrornrirlly' in the micldle of this riurge, tlrrt is, 2.2 Y yreak-to-peak or
approximately 0.8 V rnrs. It rvill thus have a possible r'Ítnge of variation
of 1.8 V (peak-to-pcak) rvithin u,lrich l imiting rvil l  take placc. In tttrn,
this means thrt any spurious amplitucle variations must be quite large
compared to the signal to escape beirrg l imited.

Further Iimitíng It is quite possible for the amplitude Iimiter described
to be inadequatc to its task, because signal-strength varintions may easily
take the average signal amp)itude otrtside the l imiting range. As a result,
further l imiting is rcc1.ríred in a practical Flr{ receiver.

Dortlt le l initer
'fhis consists of hvo arnplitude limiters in cascade, an arlangemcnt that
increases the l irrritíng range very satisfactori ly. Nunrerictl vah.res given
to i]lustratc limiter performance slrorved an output voltagc ( all values
peak-to-peak, as before) of 5 V for any ínput u'ithiu the 0.4- to 4-V
range, abovc s,hich output graduall l '  decreases. It is quitc possiblc thlt
an orrtput of 0.6 V is not reaclred unti l the inprrt to the ffrst l inriter is
about 20 V. If the langc of thc secoud limiter i.s 0.6 to 6 \/, i t follorvs
that all voltnges betrveen 0.4 urd 20 \/ fed to the double linriter vvill be
limitcd. This rvil l  be clorrt: by eit l.rer onc or botl of t ltc stirgcs, and rvil l

feld constant outprrt of 6 \/. TIte use of tlre cloul;le linriter is tlru.s seen
to l iave íncrcnsccl thc Iinrit ing rirnge qtritc cou.sidertrlr l l ' .

RADIO NECEIVERS

ACC
À suitable altentative to tlre doublc l inritel i.s autourlrt ic gain contr.ol.
This i.s to ensure that the signal fcd to the l inriter i.s witl l in its l irrrit ing
ralrgc, rcgnrdlcss of t lrc inprrt sigrrrrl strcrrgth, itrrd nlso to pnl,rrnt ovr.r-
lortding of the last IF amplif ier. If the l imiter used hrrs ltnk-typc bits,
then this bias voltage rvil l  vary in proportion to tlrc iuprrt vo)tngc (ts
shor.vn irr Fig.7-26) and rnay therefore be usecl for AGC. If (as rvit lr n
nutnber of transistol l imitcrs) Icak-typc l>ia.s is rrot rrs<'d [.Í], l .sc1'laratc:
AGC detector is rerpired. This stage tirke.s part of t lre orrtprrt of thc last
IF arnpliffer and rectiffes and lilters iu thc usual manner.

7-4,3 Basic FM Dcmodulators
Tlre function of a frequency-to-anrplitude changer, or trNI denroclrrlntor,
is to change the frequcncy dcviation of the inconring clrricr ilto ln .r\Ir
anrl: l i tude varirt ion (identical to the one that origirrallv carrscd tlre
frcquency variation). This convcrsion should ltc donc cÍÊcicntl l '  arrd
lineally. In addition, t l ie detection cilcuit should (if at all po.s.sible) lre
iusensitive to arnplitrrde changcs and should not bc too crit ical irr its
adjrrstnrent and operirt ion. Genertl ly sperking, this t1,pe of circrrit con-
vcrls the frequency-rnodulated IF voltrrge of constant arnplituclc into
a voltage that is both frequeucy- and anrplitude-nodrrlated. This l irttcr
voltage is thcn applied to a detector arrangement, rvlrich detccts the
anrplitude change but ignores the frequency variations. It is norv lteces-
sflry to devíse a circuit rvhich has an output rvhose anrplitrrdc dc1:r'ncls
on the frequency deviation of the input voltirge.

Slope detection Consider a írequeucy-modr-rlated signal fecl to a tuned
cilcuit rvhose resonant frequency is to one side of tlre cerrter frequency
of thc lrlr{ signal. The output of t l i is tuned circrrit rvil l  have an nn'rpli-
tude that depends on tlre Íreqrrency deviirtion of the inprrt .signal; tlris is
i l lustrated in Fig. 7-28. As shorvu, the cilcuit is detuned by rrn amorrnt
6f to bring the carrier center frequetrcy to point Á on the selectivity
curve (note that Á'rvoulcl have doue just trs rvell). Freqrrcncy variation
produces nn otrtput voltage proportional to the frequency deviation of
the carrier, as shorvn.

This output voltage is npplied to a diode detector rvith nn RC load
of suitable time constant. The. circnit is. in fact. identical to that of an
Alt'Llelggtor, excer t that the secondary rvinding of the IF tt'ansfornrer is
oÍI-tuned. (In a desperate emergency, it is possible, after a fashion. to l l
reccive FIr,Í with an AIr,Í receiver, rvith the sinrple expcclicnt of giving thc I
slug of the coil to which the detector is connected tlo turns clockrvise. I
Rcrncnrber to reversc the proccdurc after tlrc ernelgency is over! ) 

I

The slope detector does not really satisfy anv of t lre conclit ions
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