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ABSTRACT 

The TV (FM) receiver was designed to receive a desired sigllal amollg many presences in 

space. The receiver sclects alld recovers the wanted signal from the various radio 

Jiequellcy signals arriving at the receiving antellna. l3asieally, the receiver extracts and 

process by amplifying weak but desired signal from the various signals available from 

where the signals will be converted to the form more suitable for the output transducer. 

These processes include demodulation and ampli fieation (of voltage and or power). The 

receiver circuitry is made up of diflerent types of filters and amplifiers as well as detector 

circuit that does the conversion fwm RF to AI" signal. 
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1.1 

('IL\I'n:l{ Oi~E 

INTRODlICTH)N 

This ill\(llli(1I1 ,(htes tUll TV (\''f'd) soulld rCI'Ci\l?r c()lltaining a rmlil) licqllcnC\' tlillill!; 

circuit l~lI' sekctill11- a siglllli lilllll an nntenlw :Ind a local oscillator tuning cirClilt (tillable 

to all oscillating signal \1.11' cUllverting the li'cqLlency of a rereiving signal tu ,Ill 

intermediate I'requellcv 

In slich a kind of super-heterodyne F1\l recei\ cr. a desired broadcast sigllill received at all 

antenna is cllllverted to n th~qUCllCy called an intermediate fh::quency (IF). \vhich is then 

detected and demodulated. For Frvl reception, 10,7 MHz is normally used as this 

intermediate licqllency. A local oscillator cilcuit is oscillated at a ti'equcnc\ a!\\;lYs apart 

from the tiequency ura desired Sigllld (that is, receiving t/'equency) by, IO.71\11Iz. A IU 7 

MHz IF signal is generated as a beat COl11lWlwnt as a result ormi~ing the oscilhlting 

signal of this lucal oscillalol circuit alld the received signal so as to CLll1\ert tll\: received 

signal to the intermediate frequency At this conversion, if the local oscillator circuit is 

uscillated at a !iequcncy higher by 10.7 1\IH7 than the receiving tlequency, it is called the 

upper heterodyne method. On the other hand, if the local oscillator circuit is oscill:lted at 

a frequency lower by 10,7 MHz th~lIl the receiving t,'equency, it is c<1l1ed the kmcr 

heterodyne method. [I] 

Whether an r;M soulld receiver is designed in the upper heterodyne method or lower 

heteroclYlle method is determined depending t)n the frequency allocatioll fi..1r 1"1\ I radio 

broadcasting ill each cOllntry alld the presence of illterference signals at image 

tiequcncics. In a super-heterodyne FM radio receiver, if an interference signal is located 

at the image li'l:qucncy which is \0,7 MHz ajlart hom n local oscillating li'qUClh':V ill the 

opposite direction to a receiving jj'equenc:-,', (ie" 21.4 fvll-\z apart rrom the recel\lllg 



Ilequency,) ill1ag,e signals arc Illixed II1to the inlerlllcdiate f1equellcy sig,nal resulting, in 

illtel terellce. 

;\n object \lrthe presenl invention is to provide all 1"1\1 radio receiver wherein both a 

circuit Ill'CeSS\\ry It)\" receiving 1;1\11~ldio broadcasting signals can he inuHpor;lled b\ 

means of a common ti'ont-end circuit without increasing the number or compunents, 

thereby prevcntiilg an increase of design work and a decline of productivity 

To achieve the above ubjecl. the present il1\'clltion provides an H.I radio recel\ cr 

compriSing a radio t1'equcncy tuning circuit for selecting a tl"equcncy nlOdulated sigllal 

iI'om an antenna alld a local oscillator tuning circuit for tuning to all nscillatillg sig,na! so 

,lS to convcrt the t,"cquency of a receiving signal tn an intermediate frequency The radio 

lI'cqucncy tUlling circuit and the local oscillat(lr luning circuit each ha\t~ variahle 

capacitance diode dClllellts The variable capacitance diode eleillcilts or the radio 

li'equency tuning circuit alld variable capacitance diode element or thl' local \lscillatllr 

tuning circuit are connected to a tuning control voltage sOUice. The radio Ih~l;uel1cy 
I 

tUlling circuit has a capacitance variable ratio set so as to be capable of receiving 

continuously a rirst receiving band and a second recelvlIlg banc\. The local oscillator 

tllning circuit is so constructed that its inductance value and capacitance \Hriab\e ratio can 

be switched according to the reeei\'ing band. so that the local oscillatlJI circuit is set to 

lower heterodyne when the iirst recei\ illg band is selected and to upper heterudyne when 

tlte sccond receiving band is selected. r I] 

1.2 All\lS AND OBJECTIVES 

This research project is aimcd at design alld construction of TV (FM) sOllnd 

receiver with high sensitivity. selectivity and provision for stable oscill~ll iOIl 

1.3 TIlESIS OUTLINE 

This thesis set out an orderly accollnt of work done. II consists of live chapters 



ella pte! olle gi \t.~s all i nsi de to the pI ujcct t lOIn I he i ntroductorv pui lit 0 r \'iew and 

presellt the ailll lind ubjectives, 

II Chapter t\VO gives historical levie\\' of the project and also c\patiates 011 S()Il1\:' \11' 

the tlllldal11cnlals which arc applied ill carryillg out the task. 

III Chapter three explains the theory or the elements that comprises tlte project lind 

show ho\V they function 

IV Chapter four shows all the steps clrried out in setting up the circuit eiel1lclll:-. ami 

rcpntts Oil the constructioll and testing of the circuit. 

V Chapter live reveals the level of accomplishmellt of task and seeking to Sll~:::CSt 

further wllrk that could improve on the system characteristics and ClIltpUt. 

... . ) 



ell \I'TEH TWO 

L1TERAIUIRL ItEVIEWiTllEORETICAL IL\( 't-:(iRONI> 

2,1 L1ITIZ;-\T\)RE REVIFW, 

III e1ectr(lllic.;, the super heterodyne receiver (also kllown by its full name, the supersonic 

hetCt'odyne receIver, or by the ahbreviated form super het) is a technique fur selecti\'ely 

recovcrillg the illlcH'lnation nom r<!dios waves of a particular frequency It is used ill radio 

and television receivers and transmitters in (weier to tUlle them to a paliicular fl'cliuency, 

The super heterodyne principle was originally conceived ill 1918 by Edwin Arl1lstrong 

during W(Jrld War I as a means of overcollling the deficiencies of early V,l(UUIII triodes 

used as high-licqut'ncy amplifiers in radio directioll lillelin~ (RDF) equipillellt. III a triocie 

RF alllpliller, ifL,()th the pl<lte and grid are cOllnected to resonant cilcuits tuned to the 

same i1'equency, stray capacitive coupling bel\veen the grid and the plate \, ill C<1use the 

anlpl i fier to go into osci Ilat ion if t he stage gai n is mllch more than ullity, In carl:-i de:;iglls 

dozens or low-,~ain triode stages sOllletillles had to be cOllnected in cascade to make 

vvork,lhle desigll:-', which drew ellorlllOUS alllounts of pO\ver ill operation, Howc\ er the 

strategic value was so high that British Adilliraity felt it was muney \Veil spent. 

Arillstrong had realized that higher tl'equency equiPlllent would allow them to detect 

enemy shipping Illuch l1Iore effectively, but at the time 110 practical "shOll wave" (defilled 

thell as (III,,' frequency abovc 5()O kllz) alllplifier existed, [I] 

It had been 11Pticed sOllie time betl.))'e that it'a regenerative receiH'r was allowed to go into 

oscillation, otlter receivers nearby \\'ould sllddenly start picking lip stations on frequencies 

dilTcrenl 11'0111 those they v"ere actually transmitted Oil, Armstrong (and others) so~)n 

realized that this was caused by a "supers('11ic" hetcrudYllC (N beat) between tile station's 

carrier frequency alld the oscillator frcciucncy, For c:-;<llllple, if a st<lti~lIl were transmitting 



Ull 30() k117, alld tile l1scill~,t()r \\ell' sci to 4UI) k11;" as well <IS till' ori~in<ll ,()O kill" Ihl' 

S,III1C statiun \\tluld bl' ,lls() heard un lUll kll,7, ami "lOU kHz, 

III <I IhlSl, \lriilSi~ht, Armstrong suddl'llly re:i1ized that this \\as II potential solutiol' tIl till' 

"short wave" amplirication problem. Ttl IllOllitor a II-equency or I :iOO U Iz, ilL' cUllld :-;et lip 

an oscillator to, say, 1560 kHz, \vhich would dc)\vn-convert the sign:.d tll a hO kHz (,llricL 

which wns far lIIore amcnable to high gain <ll11pliricationusing triodes. 

The first super heterodyne circuits used the self-resonance of iron-cored interstagc 

couplillg transformers to filter the intenneliillte heCjuency, and this is \\hy the 

Intermediate Frequency tUlled circllits were still referred to as IF "transformers", IOl\~ 

alter they Iwd been replaced by plOper tunaldt' coils. Early superhets Llsed IFs as 1(1\\ as 

20 kI-Iz. which made them extremely susceptible to image tt-equency interference but at 

the time the lll"in interest was sensitivity rather than selecti\ity. [11 

Armstrong \vas ahle to put his Ideas into pliKtice quite quickly, and the technique \\as 

rapidly adopted by the military; however, it was less popular when radio broadcasting 

began in the 1920s, due both to the need for :111 extra tube for the oscillator, and the 

amollnt of technical kllowledge required to upernte it. For domestic radios, all altcrnati\e 

approach to Sholt Wave "Tl!ned RF" ("TRF") (lmplification called the Ne\ltroclyne 

became more popul(lr fur reasons (Jf simplicity and cconomy. 

However, by Ihe 1930s, illlprO\elllenls in vaCUUlll tube technology mpidly ernded these 

advantages. Fil sl, the de\c10plllent uf practical indirectly-heated cathodes allll\\cd the 

mixer ami oscillator fUllctions to be combincd ill a single Penlode tube, in the so~called 

;\utoLiync mixer. This was rapidly followed by the introduction of low-cost multi-element 

tubes specifically designed rur super heterodvne operation and by the Illid-.\Os tlte Tin 

techllique was rendered obsolete . .Illst about ;dlladio leceivers, includill)2: the lecei\CI 

sections oftclevisioll sets, now usc !Ite super heteL)(lyne principle. [11 



, ') O\,FRVII·:W 

The Stlpcr hdcrodvnc receiver principle overcomes certaill limitat ions or \lr,.'\i()llS 

rcceivCl dcsit:ns TUlled radio lIequcllc:-, (lR!') receivels suffered li'om poor sclcl"li\ it\, 

sillce even lilters with a high () lilctor have a wide balldwidth at radio tieqllcilcies. 

RcgelleratiH' alld super-regenerative receivers offer better sensitivity thall a Tin receiH'\". 

but suffer (iOill stability and selectivity problems. 

In receivers usillg the super heterodyne principle. a signal at variable ti'equellc\!ls 

converted to a fhed lower jj·equency,.!i" bd()(c detection. FrequencY.!1I is called the 

imermedi(lte ti-equency. or "IF". III typical amplitude modulation (AI'vI, ego as llsed 011 

mediulll wave) home receivers. that tj'equcllcy is usually 455 kHz~ for FI\\ VHF receiwrs. 

it is usually 10.7 MII.l; liJr television. 45 1\.1Hz. ll] 

Heterodyne receivers "Illi'\" all ofthl incoming signals with an internally generated 

waveform called the local oSlil!ator w,ing ,I I'requency mixer. The user tllne~; the r:ldiu by 

adjustin~~ the set's o~cillator 1j·equencv . ./i.o. In the mixer stage ofa receiver. the local 

oscillator signal Illultiplies with tlte illcoming ~;ignals, which shift them all down in 

fiT'qUCI1CY. The ulle that shills to./i, is passed on by tuned circuits, amplitied. illle! thell 

demodulated to recover the original audio signal. The oscillator also shins a "cop;" of 

each illcoming "ignall.JQ ill frequency by amollnt./i(). Those very high ti'equency "ima::.!cs" 

are all rejected by the tllned circuits in the IF stage. [IJ 

2.1 IIIGH - SIDE AND LOW - SIDE INJECTION. 

The amount that a signal is down-shilled by the local oscillator depend.:> 011 whether its 

licqucllcyfis highcr or lower thanfi U. That is because its new f"i'equency is Il--ji ~ ,I ill 

either case. Therefore. there are potemi(lily t\VO signals that could both shit! t\) the sallIe 

.iii .. one atf=./iu +fil· and another atf=jio -.Iii·. Olle 01 the other oftlwse sigllais has tu 

be lilteled out pnor to the mixer to ;l\'uid aliasing. 'vVhen the upper one is liltered out it is 



called hi~ll-sidt' illjl'ctiol1, hCC:11ISl'./I() is ahmc the Ileqllency of the rccei\cd si~l1;d rill' 

lltitcr casc is called kl\\-side injecliun Iligh-sidc injection also IT\CrSl'S till' order (li'd 

signal's I, equency compollcnts Whethcr or not that actually changes the signed dCjll·nd:-. 

on whether it has spectral symmetry or not. The reversal can be undone latcr in the 

receiver, if necessary. 

24 DESIGN AND ITS EVOLUTION. 

The dillgralll helow shows the basic elelllents t)f a single conversion supcrhet r(Tci\C1. In 

practice not every design will have all these clements, nor does this convey the 

COlllpk,\ity urotller designs, but the essential e1emcnts ofa local oscillator ,mel a mi\cl 

folloVved by a tiller and IF amplifier are COlll!110n to all superhet cirCUits. Cost-()11tlllli7:l'd 

dcsigns may use one active device t(Jr both local oscillator alllllllixer, this is :.;umetill1cs 

called a '\:onvcrlcr" stage. (Inc such example is the pentagrid converter 

\1/ , . 
,,' 

" 

Local O::J:::illator 

Fig 2. 1 Block diagram of FJ'vl receiver 

The advantage to this mcthod is that 1110St of the radio's signal path has to hc SC11Slti\c to 

only a narrow range oftl.'cqul'ncies. Only the ti'ont end (the part bet{)re the frequency 

7 



CUll\Crll'r sta!.!.e) needs to be scnsiti\e to a \vide llequency rallge. Fur e~"';lInpk. the t"rullt 
~ " 

end Illight Ilccd to be scnsitivc to l-J() Mill., while the rest of the radio Illight Ilct'd to be 

sCllsitiH' (lilly to ,l.').') kHz. a typical II'". Olllv olle or two tuned stages Ileed tn be adiusted 

to track ovcr the tUlli IIg rallge of the recei \cr: a II the i ntermed iate- tlequellcy stages 

opcrate at a lixed frequency which need nui be adjusted. [2] 

Sometimes, to overcome obstacles such as Illlage response. lllorC than OIlC IF is used. III 

such ~I case, the n"Ont elld might be sensitivc to 1-30 MHz. the first hait"ofthc radio to 

5 MHz. alld the last half to 50 kHz. Two frequency cOllverters wOl1ld be used. and the 

radio would l'e a "Double Conversion Supcr Heterodyne"-a COIllIIWIl example is a 

television receiver where the audio inforlmtion is obtained from a second stage oj' 

intermcdiate tl"cquency cO\lversion. Occasiu\lally special-purpose receivers will usc all 

intcllliediate ti"CtjuellCy nllJ('h higher thall tlte signaL in order to obtall1 vcry high illwge 

reject iUII. 

Super heterodync receivers havc sllperi(lr clwractf~ristics tn silllpler I ecei\ er t\pes ill 

ll-c'<]ucllry Sl:lbility allli seleclivitv. It is lllll',h easIer to stabilize a tunable ()scillator than a 

tunable tilter, Cspt'cially with modern ti"equcllcy synthesizer technology. IF filters can 

give much nal rower pass bands at the same Q L1ctor than an equivalent RF lilter. A lixecl 

IF also allO\\fs the use ora crystal filter ill very critical designs such as radiotelephonc 

receivers which ha\"\.~ e'(ceptiollally high selecti\·lty. [IJ 

In the case of modern television receivers, 110 other technique was able to produce the 

precise band pass chal<lcterislic needed f(x vestigial sideband recepliun. iirst llsed with 

the original NTSC system introduced in I q"~ 1. This originally invohed a complC': 

wllcctioll oftllnahlc inductors which needed careful adjustment, hut since the earlv Iq~()s 

thesc have beell replaced wit h precision electromechanical surface acolls11C \\',I\e (SA W) 

filters Fabricated by precision laser milling techlliques, SAW lilters are Illuch cheaper to 

8 



architecturc, \vilerc the IF processillg after tile initial IF filter is implemcnted ill scdt\\;\lC 

This tcclllliquc is ;lIready in use in th~ latest design analog television receivcrs and digital 

set top boxes, where there are no coils or other resonant circuits used at all. The antellna 

simply COllnects via a small capacitor to a pin on all integrated circuit and all the signal 

processing is carried out digitally. Similar techniques are used in the tinv Fl\1 radios 

incorporated into l\lobile phones ancll'vlP3 players. 

Radio transmitters may also use a mi:-;er stage to produce all output t,-equency, workillg. 

ll10re or less as the reverse of a stipeI' heterodyne receiver 

lha\vbacks tuthe super heterodyne receiver include the cost ufthc Illi:\cr and locli 

oscillator stagcs. Recei\ ers becomc vulnerable to interference from signals (lthcr thall tilc 

desired signal. 1\ strong sigllal at the intermediate frequency Illay overcome the dcsircd 

signal; regulatory authorities \vill prevent licensed transmitters ti'om (1perating on these 

tl-t'qucllcics. In urban cll\ironlllents with many strong signals, the signals hom lllultlPIe. 

lranslllilters Illay combine in the mixer stage to interfere \vith the desired signal. .'\ super 

heteru<.iyne receiver lIlay pick up a so-(:alled "image frequency" "ignal tliat also produces 

a mixer oulpul at the desired intermediate fiequency; this phenomenon is sumetilllcs used 

for scanner lcccption oftransmissiollS outside of the receiver's official capabilities. [2] 

l\1ulti -- \"ile Aerial Cage;- Early antellna history ufthe station reveals ;111 c:\perii1ieI11:11 

Illulti . wire aerial cage was srullg approximately l)O feel ill air above the campus I'll'twcell 

chi lllneys of Havemeyer and Schermerhorn Halls, the cage beillg self - reSUIl<1l1t het \\ een 

200 and 3UO meters and fed with sill~lc'wire feeder at the Havemcryer end The CUIUlllbi;1 - , 

University Experimelltal Wireless station (as inquiries reveals, the tirst \..)1' its kind at an 

l) 



/\lllCli(alll Jlli\l'r~;itv) \\"as trallsillittillg with this antenna ill Il)U() [31 

_~) IntclIlll:dinte Frcqucilcy (IF) 

,\11 illtclillcdiall' li·ClIuC11n' (II') is:1 freqllcllcy tu \\!lich a carricr II'equCIl(\ IS shincd dS all 

illtertllediatc stcp ill translllission or rcccptiull It is the beat Ilcqucncy betwecl1 the sign;iI 

and the local oscillator ill a radio detection system. IF is alsl) the IWllle llfa stage 111 a 

super heterodyne receiver. It is \vhere an incoming signal is amplified before final 

detection is done. There Illay he sevcral such stages in a super heterodYlle radio receiver. 

lb] 

2.() Radio i'lcLJuellcy (RF) 

A radio receiver clll11prised l)fseveral tUlled radio-frequency amplifiers foliowed by 

circuits to detect and amplify the audio signal. Used in the early 20-tl1 century, it is 

diftlcult til operate because fach stage must be indi\idually tuned to the statioll's 

fl'cqucncy. it was replaced by thc super heterllc!yne receiver imented by Edwin 

The TRF receiver was patented in I () I () by EI ilst Alexanderson. His concept \\as that 

each stage \vould amplify the desired signal \\hile reducing the interfering unes. The 111lal 

stage \Vas oHm simply a grid-leak detector. [I] 

A problem with the TRF receiver is that interclectrode capacitance causes oscill,ltiuns and 

other modes in the tuned circuits. III 1922, Louis Alan Hazeltine invented the Ilcutrodyne 

circuit, \\ltich - as its nallle implies - neutralizl's these capacitances 

Antique TRF rcc..:iwrs can otten be idelltitted by their cabinets. They typil',lll~ h;I\(' a 

long, low appearallce, v"ith a flip-up lid fi)1 access to the vacuulll tubes and tuned circuits. 

011 their Ilont panels there are typically two or three large dials, each controllillg lite 

tUlling for one stage. Inside, (llong \vith sc\cr,ll vaCUUlll tubes, there \vill he a series or 

large coils. These will sometimes be tilted sli~hlly to reduce interactilll\ between their 

III 



lll;l!,!,llct ic lields III 

L.()ctl Oscillator 

:\ locd uscill:ltur is a dC\'ice lIscd tu gcneratc a signal which is heat against the Sigll;t1 or 

interest tl) IHi" it to a differellt i1'equcllcy The oscillator procluces a sigllal \vhich is 

iniected illtn the Illi.':er illong \vith thc signa! from the antellnil ill order tn t'lrccti\l~h 

ch,1I1gl' the antcilll:l signa I by ltetelOdyni ng wit h it to produce the SUIll a I Id d i ITerellce 

(with the utilization of trigonometric angle slim and ditTerence identitics) ortllat signal 

one of which will be at the ilJtermediatc tI-equency which can be handled by the IF 

amplifier. These are the beat tlequencies. Normally the beat tl-eqllellcy is associarcd \vith 

the lower sideband, the dij'frrencc between the two. [13] 

Several local oscillators can be strung in series to form a local oscillator chai!l (10 elwin) 

Tllr 1110st of principles listed below, \vere \videly used in radio pllysics_ for tll~qlll'ncics 

1i'1lI1l kill. to rvlllz, Aftcr spl"C1din,!.! uf nonlinear optics, the same terms alld prillciples 

apply also to tlte optical !i'cqucncies of order of 10 15Hz, [13] 

2,8 THEORETICAl. BACKGROUND 

The application (lfgelleral communication theory to acoustics leaels III the sepilralioll of 

th~ soullCl carrier and its modulations. The way in which our sense of hearing performs 

this separation is illustrated, and its ilnportance tiJr the understanding or some acoustic 

phcnOillena is poi nt ed out. The condit ions for sat isfactory sound reproduct ion are 

analyzed. l.f] 

A radio receiver must perform a number fUlictions. First, the receive I illust separ<tte a 

wanted signal fi'olll all othcr radio signals that may be picked up by the antenlla allli reject 

the ull\vanted ones, Ne'\t, the receiver mllst amplify the desired signal to a llsabie Ie\ l'1. 

Finally, the receiver Illllst recmer the illrormatioll signal 11'0111 the carrier and pass it llil to 

the user. 

II 



2.() 'lulling l~ange:-l\.l(\IlY TV suund (radio) recei\crs arc flwd~· tUlled tt! a specific 

signal tlequencv, \'v hi Ie uthers are designed tu be cont inullusly adjustable mer ;1 r(l11gl' (or 

hand) 01' licquel1cies Tuning ('I' RF all1pliflel s and the oscillatur is arcl)lllplisiled h\ 

varying the capacitallce (or SOlllctilllCS the illductallce) in resull<lnl cill'llil tilllt :Il'j ;1\ h;llld 

- pass tilters. The tuning range is usually lilliited by the range 0\ cr \\hicll the capacitallcc 

call vary. Typically, a llla.\illlulll of 10: I. The resonant tj'equellcy of a high Q tuned circuit 

is given by t;, ..... 1/:211:( ~LC). I'~l 

The circuit JI'equency tuning range ratio Rr i" Jcfined as the ratio of its 1n;)\inllll11 

t1'equellC\, to its nlinilllullI frcquencv, and corresponJing capacitance ttlilill~ 1,11lge r,ltil) R, 

is the ratio ofl!Ja.\il11um capacity tn minimui11 cap;lcity. Applying these r,1tiu to the 

resonant equat illn. lSI 

R" = Cll",/C,JlilJ ---------------.. -------- (i) 

Rr "'" Cll,,)Clllll ~. vRC ------.. ------------ (ii) 

If tile oscillator lI'cqucncy i:-; chm:cn to be above th'~ rcceived signal f',cquency. then the 

tuning range or the oscillator tuned circlIlt \\ ill be smaller than that or the RF amplifier 

tUlled circuits. lrthe oscillator n'equellcy is below the signal. then its tuning range will.be 

larger tlwn that ol'lZF circuits, and also its harmonics may hili within the signa! range to 

cause interfercllce. This is particularly true i r the intell1lediate frequency I F is made l11l1ch 

Sill a II than the signalll'equency "here the oscillator is located very Ileal' tilt' signal 

frequency. 15J 

2.10 Sensitivity and Ci<1in 

The sensitivity or a receiver is its ability to receive weak signals. This sensitivilV may be 

detlned in several ways, First, it may be stated in terms of the signal tleid strcn!.!,th oi'a . ~ ~ 

signal that will produce a desired demodulated llutput level under a certain modulated 

level. The sel1siti\ ity is usually stated ill terms of the voltage developed by the antt'1l1W 
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~,cr()Ss the recei\cr antenna terminals in micro volts. This le\el ranges 110111 a lew 1111Cl~) 

volts tu a few hUlldred lllino volts for typical receiwrs. I)J 

Frcqucllr) l1Iudulated recei\ers arc designed with a limiting amplifier stage just bell)re 

the detector, \\hich senes to keep any amplitude variations 011 the signal II"lHl1 reaching 

the detector. In this case, the sensitivity is stilled [IS the input voltage Ie\ el I equireci to just 

bring the limiting amplifier to saturation level. 

The ;;ain required in the RF and IF amplifier chain ofa receiver depends Oil the rt'quired 

input and output. The input is the minimum usable signal level at the antenna terminals 

The output is the lllinilllUll) siglialle\ cI at the input ufthe detector requl1ed to llJake till' 

detector perfurm satisfactori I y. 14J 
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('IL\I'TI-:H TIlRElf 

DESI(iN ,\ND 1i\IPI.Ei\IENTATION 

The lksl.~~1l \\a~; carried out using the 1(')llowillg I1lUllules; 

3.1 Module one 

Receiving Antenna or aerial. 

All aerial is (\ structure that couples the input ora receiver to space. It converts 

electrolllagnetic waves into high 1'rcqucllcy current. [10, 11] 

rVlodule t\VO 

TUllcd Circuit. 

The til st stage in reception is tn pick out the desired signal from ont' transmitter tiUI11 

v"hich we wish to receive. This is done hy passing the Illixed signal I') ;\ rCS()Il,1I1t circuit 

kllOWIl as tUlled circuit. This circuit is uSlI,llly a capacit!.)r -- inductor cirClllt. r I \ 1 

__ ( fYY1 __ 

"'-----HJ.1W_-rll-l 
'11 

Vc 

Fig 3.) A Tuncd circuit 



, , 
.1 .. ' f\lodllk tillce 

This is;1 1 () pill Ie with the RF si~llal receiwcl !'rolll the transmissiull ~;tati\l11 passill,~ 

through pin I, ;\IId pillS 3. (), X and I () connected to IF 10. 71\.1I1z cryslal \vith pill (J ;t\:-;() 

acting as +Vcc input. Pill II is all audio output pill alld 14 is AfYlIF1\1 switch pin [7] 

1 \,j 16 --- • 2 15 ---
3 fu'\ 2297 14 

4 13 

5 12 -
6 11 

.., 10 ,. 

8 '} 

Fig 3.2 kA22(>7 AM/FM Ie 

The LM3Xh IS a pO\ver amplifier designed fi)r use in low yoltage consumer applications. 

The gain is internally set to 20 to keep external part COUllt Imy, but the additilln (ll'illl 

e.\lelllal resisttlr (llId cap,1Citor between pins I and X will increase the ,u.ain to <111\ \alue 

{('Olll 20 to 20() The inputs an: gl(lulld rc1erenced \vhile the output alltnlll,ltil':lll, hi;lSl'S 

to one-hair the supply voltage. The quiescent power drain is only 24 l11illi\\,:ltt~ \\hl.'l1 
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opelating IIOIlI ;\ q volt supply, 111akll1S the LI\US() ideal for battery opel;III('11 171 

It i:.; all g pill (flldio tllllplilleL Pins I:; and 13 are connected through pill 1101' "'-,\22<)7 to 

pill (J [Ill' (llIdi,) :lI11pliller ;,,~() pill II orFI\IIC is connected throuSh a SUk potclltiollll'ler 

to pin 3 which is the positive input orLl\n~(). this acts as the volullle while pin 2 is till' 

negative input aild pin 5 as the output. [81 

.1 8 

• 
" 7 .. 

LlVl.'86 

3 6 . 

4 5 

Fig 3.3 Audio amplif~er ~LM386) 

3.5 l\lodule Five 

Speaker 

A. loudspeaker (Ollverts low alternating current energy into sound \va\e energy (acoustic 

wave). A good I()udspeal~er IIlliSt not be able to deliver high power audio output hut IllUst 

also I~lit h I'll i I y reproduce sOllnds of d ifferellt frequencies. J\, lost modem k)ll(J.~peakers 

elllpkw 1110\ illS coil or electromagnetic units. However, other t~/pes like ionic and 

piezoelectric lIllits alsu exist. [III 

The audio sigllal is gi\'cn via 220uf capacitor to the loudspeaker which COllVClt~ it into 

sound similar to the OIIC at the transmission station IC)]. 
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Sigllal 
/ 

i 
,/ 

Voice coil 

l\'rmanent ... -
magnet 

Fig 3.4 f\loving- coil loud speaker. III J 

3.6 SllM~IAR'{ OF OPERATION OF Ff\,1 RECEIVER. 

The principle of operation of Ff\1 rcceivfr is based on the conversion of all inco'ning 

radio frequency signal to an intl'rtllediate Ih'qucncy. Tllis is kept tl'\ed ,:\s sLich the 

amplifier circuits operate vvith maximulll stability. selectivity and sensitivity. 

The RF [Implific-r selects and amplifies the required frequency band signals frol11 the 

various signals in1ercepted by the antenl1a. The amplified RF is coupled to the input of a 

mixer stage which beats together t\VO ti·equency signals. A mixer circuit is so designed 

that it call cOllveniently combine two r~ldio ii·equencies One fed into it by the RF 

aillplilier and the (lther by the local oscillator. The first input to the miwr is the amplified 

IZF signal of t1·equel1cy FRI'. which the input is frolll a lucal oscilla1or si,Snal of frequency 

1"1.0. [I I] 

The local oscillator is an RF oscillator whose frequency of oscillation can be controlled 

by the tuning capacitor of the oscillator is ganged with capacitor of the inplit circliit so 

lilat the din~rencc in the n·cquency i~: always constant 1101 
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Tile (llltp"t oftllc ';[1111 and difference sign;lI of the lI'equencies F, (I et: 1\:lf he Ii.II1l'tioll ()t' 

the IF (\\llplilier is, thus to select the different flTqllency signal [II] 

IF 

Fl!' is knuwlI as tht; intermediate frequency IF. It is also the function ol'the IF 1I111pliflcr to 

;llllpJify the IF signal further The IF is kept cunstant by gang - tuning the LO ,1Ild the RF 

lllllplilier. The LO fl't:'t]uency is prcl'erahly chosenll) be higher than the RF I~)r n,HIll\\l'I 

relative tUlling [II]. The function orthe limiter is to remove all amplitude vlIriations 

(caused by noise) 11'0111 IF signal which might have crept into the Fl\t signal. ThiS removal 

llfamplitulie \'ariation is necessary II)! distortion less demodulation. The delectorc;lIIie:.; 

out the conversioll oCthe IF signal to AF signa!. This audio frequency alllf1lilll'l output is 

red to a loudspeaker to produce the uriginal sOllnd. II 0] 

. 

, . . 
" Gall!!'" l\lIIillt; "--• ."......-~ 

Dftrctnl' 

Fig 35 13lnck diagram ofFM receiver 

:'.7 SUIl1111ary of the rVlodules 

--t> AF 
,ullplint!' 

It is illlpurtallt and necessary to put the l1Jodules into block format for edsier troul)le 

shO(ltillg. Irtlle S~llIlptOIllS indicate the f~lilure of one. oft he blncl..:s, thell the techniciall 

will devute special attention to that part urtbe circuit llO]. 
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l !\1I1PlIll;1 

AC Soul'ce 240V 
HI cUlTent 

I 
RFSignai IF Signal 

Audio 
Ai Signal 

KA2297IC Tuned circuit amplifier Speaker 

Module 2 Module 3 Module 4 Module 5 

Fig 36 Slll11lll~lry modules. 



3.7 Maill C'ircliit Diagram 

8 
- -H f----- - ---f----

In.7l\'lIlz -;: 
n' Crystal 

L_ ._ 

9 /I.C 
113:115 

Transformer 

KA 
2297 

14 

~L5 

r!1 11 2.2k 
"j"l)"c:::=r--

'-
9 

221l 
~ 
~ 

3 
-' 

30p 

v 

.---.... ------, 

I I t IIllli' I 

4rL:' 386 6_ 

5 k " ~5 .OU~fn 
_ 1001l • -.J J""J 

100ul~--

220Q 

_._-,------
-4 

51Q 
! 

-------------[- _.J-"---: 

Fig 3.7 l\'lain circuit diagram 
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('II;\I'TFR FOUR 

TESTS, RE";ULTS AND DISCUSSION 

·11 TESTIN(, 

For cvcry design work, be it electronics, l'IectricaL nlcchanical etc, to l)c satisl;ll,torily 

commissioned into service, proper testing Illost be carried out, which is why thIS project 

\York was til st or all constructed or assembled on a bread board for pn Iper testing 

Although this is all RF circuit which is dimwit or practically ilnpossible to bread h(1ard 

duc to it nature of connection. This made it practically impossible Ii.)r lilt: to obtain 

satisl~lct ory results. 

The power unit was tested and 240V (Ie source \\'[IS stepped dmvn t< I U\' and recti lied to 

dc, 

The IZF tuned oscillator circlllt \\as tested and found to be recei\ing transmitted radio 

li'cquelll:Y sigllal. 

The Illi,er (KA :2(7) 1(' was tested and proper reception and amplification of signals was 

accorded. 

tv'latching the output signal rcceived hom the KA 7.297 Ie to the audiO amplifier, an 

(lutput ~igl1a I recrived an er a Illpl i fication shows that the aucl io ampl i tier Ie (Uvl 3 8h) was 

working the way it ought to. 

4.2 RESllL.TS 

Atter the construction and testing of the project work the t()lkming results where 

obtaincd;-

1. Iligh selectivity. 

11. L()w noise. 
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III. Lllw level ofdistorlioll 

IV. Output pmver matching the input of loudspeaker. 

v. \I igll ~)ellsit i vit y. 

Usillg the IITlluency of NTA IVlillna statiun (that is 209.85 I\H Iz) as a cast studv lind the 

capacitor across pill I a III I 8 (i.e IOuF), the vallie of our inductor can he obtained using 

this !llII1lUI,l: f:::. 1/21I'I'LC. 

L = 0.49011111. 

DISCUSSION. 

For the siglwl rec,,-ived tu be highly sensitive and with good selecti\'it\" all :lppropnatc 

aerial \Vas used :l1ld the inductors lIsed were coated to prevent allY alteratil)1l \)1' the preset 

frequency alld to avoid or reduced distortiun 

4.4 TROUULE SI-IOOTINC;. 

From the block diagram in 1i)2, 3(), it will be easier to troubleshoot ill case any fault. 

If there is no sign of power in the system, the tlrst place to check is 11l0dlllL' I (i e. the 

pO\\cr supply IIllit). Irtlle system is working but only noisy sound is being heard. !nodules 

:\ and or 4 slwuid be check. ReaSl)nS beillg that when 1\13 is bad, the system \Viii not be 

able to pick signal and when 1\14 is bad, the signal picked \vmild not be able to be 

c()ll\erted back tl) its original forl11 as transmitted from the station. 

In case of ally problem, when these processes are followed properly, the fault would be 

detccted and rcctified. 
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S. I 

CI1\PTII:H. FIYE 

CONLUTION 

This pruject is on the design alld c()nstructioll of TV (F1\1) sound I ('ceiver \\ ith the 

(icqucncy range between 300 khz to 3Mllz. 

The fUllction of this project work is to select the required TV station (carrier) out of the 

numerous Illodulated carriers reaching the receiving antenna and Cllll\ert the selected 

Jl10dulateJ radio frequellcy RF signal into audio frequency AF signal. 

The receiving circuitry is made up ofdifferellt type oftilters and aillplilicrs performing 

specific function ,1.') well as detectillg circuit that does the conversion from RF to AF 

signal. 

Preliminary process in the receiver also inv(dves or illcludes raising the \'oltage level of 

the weak sigllal. The recovcrillg or the original message involves Jelllodulatioll which is 

all oppo~;itc opcratioll te) that at the transmitting end. 

When dealing with RF circuitry, yuu have to \vork with inductors which arc pretty 

difficult under experimental lill1it(ltions 10 gel them to resonant with the same ti'cqllellcy. 

Although KA2297 is a very good Ie 1(,11' AM/FM rcceiver, but sometimes it have 

problems of picking FM signals, JIIC to this, it is advisable for any future work to go for 

BA4402 which is cheap but dirticult to get \\ithin Ivlil1lla, 

5.2 RE( 'Of\HvIENDATJON 

It is recommcnded that KA2297 be replaced with UA4402 and also that DC source be 

incorporated into the design (that is batteries) clue to incessant power nlilure in the 

country of continuous lise, 
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