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ABSTRACT 

Due to mM' R curiosil y lhl' (jIst i nlbf"lllation d iSRCIl1 i nation, science and 

t~chnology hns made it so Insl that inlhrmat ion cnn he tranflmiUed and 

recdvl~d wilhin seconds hy clt.~dronil: IlWllns. Inlllllnatioll Cltll be transmitted 

nOIll one point to nl\othcr through Iic.~qllctlcy modulntion technique. 

Trflll!unissioJl oi"inl(\llilati()1l tht'Ough this nWlllIS is so common, that it is I(lund 

ill ~dlll"sl \~V'~I y ,:IlIIlCI or "I" pia lid 

Frequency modulation, is a modulation technique generated by varying the 

trequency of a carrier which is between a frequency range of 88MHz -

108MHI. , with and audio frequency which is then transmitted in 

clectromagnct ic waves t()r reception and processing into its original audio 

form at different lucatiuns. 
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1.0 UI~NlmAL INTROI )l1(,TION. 

l,'Ollllllllllii.'uliOIl holh ill Ih\.' ;1~·qll.'l·1 ot' illkn:olllllllllliclllillil illld Ide(';Ol1llllllllicalioll. It j,-; 

~l)(\Il1ll1llicalillll SYSIl'IlIS slIrll as Ir:lllslllilll'rs and r~~l.:ivers, 1\ will he l~sscntial al lilis 

Pllilll III lll-lim' wl1:11 III11dlllntioll is alld Ihl' vnrioll." Iypl's ()r IIIUdlllllliull. 

1.1.1 UI':I,'INITION 

~1 I \. . I I" I I" ~ \ I \" I' . I IV Oll! alliIn IS l C IIWI lis II proccss () SIIIK'I'III1POSIII/-! II .. )[lSC- HIll( rcqllelH':Y slglla 

!)nlo 1\ high Ih'qll~'II\.·Y cl\I'l'ivl' waVe ~HI 111111 Ihi.~ illlilllllatioll 11111)' Ill' tl'llll~i1l1illl:d IlVl.'I n 

l,'Ollsidl'l'lIhk distlllll'l' l:ilhl'l' ill il rahk or ill ekclrllllHlglIl~lic W:IWS. 'Illerl' IIrl.: basically 

Iwo IlIl'lhud III' (\11:tlug IIHHllllnlillll. (\llIplillllk IJllItllllatiul1 (AM) alld ,,"gil-

ill sympalhy wilh Ihe illslillllalll'()lIS vallll.: ot' Ille modulalillg sig,,,:II. The atl!:,k 

l1Iudltlnlillll "lllhl:H'I'~' ph:I~,t' 11\(\(htlillioll :1I1t! Ih.'qIH'III·Y l1Iodltlnliol\ wilh 1\ slipltt 

difll.'I\.'IlCl' 1h.'lwCCII thcll!. III plwst..' IIIOdululillll. 1111.: phase angie or the carrier sigllal is 

VlIl'kd lilll.'lIr1y wilh Illodlliillilll' ~;if'lIal whik ill f'tl'qllt'IIl'Y l1Iodulnlioll; till' phH'-;l' :1111::" 

or tlw carl'il:r'iigllal is v:lrkd lillcarly \\ilh 11K' inlegral or the IllmJulalillg sigllal. '1 II\,' 

11ll' Illnjor CUlIl'l'm ill litis prnjt:rl is 11ll' frl'qllt'llcy IlIodlilatiol1 IlIclhod. 



1.1.2 FRE()\ IFNCY M()DIII ,i\TION 

I,'rcqucncy modulation involves varying, thc rrcqucncy or thl: modulating signal. One 01 

the ndvantul.l.cs is thnt JIM is less suscl'ptihlc to inkricrcllcc. It (;0111<.1 be IIl~hicVt~d lIsing 

two mcthods: dircct amI indirect methods of modulation. 

Direct Illethod is hy vlIJ'yillg the l~lIl ... k'J' frcqucllcy dil'cl~tly with the Illodululillg sigllul. 

The result is "The widl~ Band Frl'qucncy Modulation" (WBFM), On the other hand 

the illdin:ct IlIcthml, "NUI'I'lIW hUlld frcquency lI\odulatioll" (NBI,'M) is obtained ulld 

thell Illultiplkd hy SOIlll' lildors using Ih:qul'ncy lIlultipliers to achieve II wide hand 

frcquellcy modlliation. I,'n:quew.:y llIulliplkr is a nOIl-lincar dcvke desiglled to 

Illultiply the frequellcy or illPlIt signal hy a nldor. 

The FM transmitter l1H1y IK~ said to he II single voice-hulld system. It is not u multi· 

channel cOl1lJllunicatioll system, because only one voice hand is allowed or 

transmitted pCI' time. The Ilow or information or messllge exists in only one direction; 

hence it is uni-dircclionlli. in terms 0(' its inli.)rllJation or signal /low. 

i\ Tl'Ul1smitter is 1II1 c1cctronk devke. which processes II signal electronically and 

tl"llllsmits it into the IItlllosphel'c ill 1'01'111 or c\eetl'olllugll\.!tic wuvcs ()t' through wires 

depcnding on the type or trUllsnlilter. Modulating signal such us speech consists of 

two componcnts: - Inli.>rInatioll conveyed hy virtue of the frequency of the signal amI 

informntion Ct)llVl'Yl'd hy virllll' or the (IInplitutk' or thl' signnl. In FM trnnsmiltcr. till.' 

frcquency or the carrier cOllwys the amplitude illllll'lllatioll while the ratc of chang\.! 01' 

thl' ennkr Ih'q\lt~1l9 conVl'y~; till' frequency illforlllation, TIll' I,'M is considered ill this 

projcct 0pcl'llics with the ('requcllcy or 1 05MII:I, with a li'equency oeviatioll 01'..1.. 5()()J 1:1 .. 

This giVl's till' hlllldwidih or I ()i\,;"MII'I. 10 I O;",;"MI 1:1., 



Thl: lI'tIllSlllith.'d sigllul is ntdiukd ill to the atlllosphere through the untcnna in form of' 

,c\cl.:lI'olllllgnclk WUVCH, Thesc dcctl'OllIUgllctic Wuves uhuumJ everywhere ill lIulure 

nnd tr(lve! with thc speed or light. Thc collllllerciul tnmsmitter has some important 

cllllsidcJ'IItiolls ill till' desigll plIlel'dun:, sllch !IS thc I'rcqllcllcy oj" opcrulioll, which falls 

hcl\w\.'n XXMllz to IOXMII/ .. Wlll'!'l' XHMII/, is the lowl'r limit lind I()XMII/, is the 

UppCI' limit. Another thillg limier cOllsitleratioll is the area under covcragc i.e. thc 

radius tllllt virtllally dl'PClllls 011 thl.' radill1L'd power. It shollid hl' horne in mind nlso 

thut it hus to hc sellsitive CliO ugh to Ill' ahle to respond to the voice signal. From the 

title of' thl' IIhoVl~ n:1Il1l'd pro.icl'l. till' lililowing collid he dc::dllccd; the type of the 

signal modulation i.c. li'cqtH:ncy modulation. The FM transmitter is made up or the 

'. following eic::l'Ironk drcllit stagl's/modlllcs: 

I) Input stage 

2) Radio frequency oscillator stage 

3) Frequency modulation stage 

4) Output stage. 

It is the comhinution or these modules thut guve hirth to what is culled FM irtlnsmitler. 

1.1.3 PRINCIPLE OF OPlmATION 

The design and operation or tile FM transmitter an.~ bused upon the application or 

SOIll!.! engineerillg prilll.:ipks. Thesc principles arc: 

I) Signal trnnslill'lnation 

2) Signul (H.J!) generatioll 

J) Si~l1lll modulation 



\ 

(1) SiV,1I111 Ih:q\lt'lIl~Y sdcdioll 

"I These principles huve their appliclItiolls at spl:cilic stagcs ill the circuit of the 

equipment. The signal transformation principle is applied at the input stage. The 

l' sil101\ul ~Wl\~rnti()n principle is applied at th\.~ rllllio-fh.:qllcncy (RF) oscillator stnge; the 

sill-Ilul Kmodulnlion prim:iple finds its IIsdidlless at tlK~ frequency modulation stage 

Llm.1 thc sigllnl I'rcqllcllI':y sl:il-ctioll prillcipk lit til\.: output stage. 'lhe input soulld 

transducer (microphone) receives the voice frequency signal from the mouth of the 

spellker lIml converts it illto uudio-I'requellcy signals of' low amplitude. The lIudio 

j t'n:llucncy signal is applied to Ihe RF oscillator stage via a coupling capacitor where 
I , 

thl' I{J: oscillator gl'IH:rntes thc currkr WlIve siglllli. Thc audio-frequency signal and 

rudin fj'cllllcncy signal arc lIpplied to the fi-cqllCIlCY modulator where the proper 

blellding Ill' mixing ot' hoth sil;!.lials is cl'lcded. 
"I 

The IIHKlulatcd sigllal pmdUl':I.'d at the modulator circliit is f(.)lInd to possess three 

n·Ct.lucllcies It), fe Ifill lind 1C-l'Ill. The 1l; Ilill lh:qul:ncy hand ulIlllhe I'c-lin f're4ucllcy 

hUl\d Wl'\'C disl'ovel'l'd to CUlT)' the salll\.' level of' perfection concerning the modulating 

signal, hence, olle or the two will have to he transmitted thus, the need to select the 

desired frelillelll:Y hand whidl is to IK' transmitted via the antenna. 

, 
~ 1.1.4 AIH':A OF APPLI(,ATION 

The \:M lmnsllIillel' hus IlImlY arclls of" application. Its limit is ollly H fum:lion ot' the 

user's imaginative power. Some or the common areas or application nrc indicated 

below. 

1) Securityapplicntion 



?) Inh.'I'l'om uppl il'l\l illn 

J) Tulking-piece ol'u walkie-tulkie 

4) Puhlic nddrcss system (~illglc yoice-bullll PA system) 

5) Mimicking 1\ Yoice-tmnsmitling radio station. 

I.1.S AIMS AN\) ()n.lI~(,TIVFS 

The Ullllcl'stutcd (lilllS ami ()h.il.~l·tivl:s arc pivoted to tile design alld cOllstruction or the 

I ()5MII:!, tnlllsmiltn. 

I) Developmcl\t 01' imligcllolls engincering techno\<,gy 

2) Ensuring the devc\opmcnt orhllsic project construction skills 

3) Ennbling us young engincers to put to practice what we ICllrnt in the classroom 

4) Iklp us npprccinte the realities of whnt wc studied during the course of ollr 

pmgl'lllll 

5) I kip us student el1ginl'~r·s. l)l~rt(;ct basic trouble-shooting tcdll1iqucs. 

1.1.6 SCOPF (W '1'111,: PRO.! ITT 

The scope of the Pl'llj..:ct inc1uoes the design UIIO physical construction or a 105Mllz 

FM tmnslllith.'J', 

The project is thel'erOl'e lililitl:d to the design alld construction or u I05Mliz 

transmittcr whose technology has application in television and radio stations. 
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2.1 FRE(,)UENl'Y MODULATION 

Frequency modulntiollutilil'.l.!s the audio modulation signal to vary the !i'cljucncy or 

the It\, clIl'l'k'\'. ThL~ gn:nkl' lilt: amplilude or IIIL~ IIlo(\ululion 1'n.:qlJcncy, the greatcr thl.l 

th~l\lIcm'Y dcvilllillll 1'1'0111 I hI,.' cl'ntl'lll I,.·nrricr Ij·Cl\IICIH':Y. The mte or thc I'rcqlll'llcy 

devilllioll is tllL~ llired IlIIH.:tillll 01' Ihe I'reqlll.!lIcy 01' Ihe audio modulatillg signal. In the 

I'M modulntilln, Illllltipk pllir~.; or sidebunds arc produced, The actual numhcr or side 

hUllds that Il\lIkl~ lip 1\ nHlduialcd wave is dL'lennincd by Ihe modulating, illdex (MI) or 

the system. The modulation imh:x is a t'lindion or t'n.:qllency or the system alld the 

IIpplil:d Illmlllllliing systt'lll. 

MI" ,In:qucllt..:y t\cviutioll/ Modulnting I'rcljuency. 

As Ihc MI illl.!rClISes Ihesl' arc more sidebands produced. As the Illodulating I'rcqucncy 

increases It)\' n givcll maximum deviation, there will he a smaller nllmher of'sidehands 

spliced lit wider intervals. llnlike amplitude modulation, which hus u pereentagc or 

Illlldulation directly proportional to the carrier pmNL'r; tht.: pCl'eentuge of mouulation in 

FM is 1-t1.'IK"mlly rell'l'cIWl'd III thc maximulll allowahll~ m:cupil'd handwidth set hy 

regulution. Fol' example, FM hroadL:ust statiolls arc rCljuil'cd to restrict I'rl:ljucncy 

devinlillll or 1/- 7)K' 1:1, frOIH ,Ill' main l'arril'l'. This is 1'l:1i.'lwd til as IOO'Yc. modulntion 

To determine the frequcncy sp~ctrum or thc transmitted !:M wavcform, it is necessary 

to compute n Fourier series or Fourier expansion to show the aetunl signnl L:omponcnt 

involved. This work is dil'licliit fiJI' a wavel<.mn or this type, as the integrals that must 

he performed in the \o'ollrier expansion or Fourkr sel'ies are di I'Iicult to solve. The 

(, 



uclllul r~su1t is thllt the inlcgrul pwdllecs 1\ pllf'licullll' e1l1ss of solution thut is identified 

liS lile Bcssd hlllcliull. 

Supporlinl:/. Illllthl'llllllies will show Ihllt IIIl FM signal \Ising the nlOdulalioll indices 

thm bWlIdclIsl systems will hllve :I Illllllitllde or sidebands. To m:hievc no distortion. 

1\\1 "iJl:hl\llds wllllid IIl1v\.' tu bc 1l'IlIlslIlilled. rl'l'ciVl'd. IIl1d delllOllllllltcd. Ilowcvl.~r. ill 

I'clllity. the 1/- 75 Kill', Illuximuill dcviutions. which is used ill FM hroadcasting. 

IIlIlIWS the tl'llllSllIissionllllu n:ccplioll or lIudio with negligible dislortion. 

TIll.' powcr tmnsmitkd by nn FM tnlllsmiUer is virtunlly constnnt. rcgnrdlcss or the 

mmlulutillg signal. Additional noise 01' distortion or the amplitude of the WtlVl!rorm 

has virtually no cl'IL~ct on the quantity-received auuio. Thus, FM transmitters may 

utilize class l' type umplilkl's. which CUlISl! distortion and allow greater power to be 

gcncl'Iltcd. bllt arl' itlllL'relltly lllllrc efliciL'nl tlmll the kss amplitude distorting class A 

or dllss 1\ typcs ul' IItllpliliers. III IIdditiull, atmosphcric and man-Illade noise has very 

liuk' elTcel, since Ihe recciVl'1' clips all the amplitude variation ofT the signal prior 10 

dl..'l1HKlulation. This is why I:M allows high lidelity with very low noise. 

2.2 FRF<)lIFN(,Y MOIH II.ATION (FM) BROA\)CASTIN(i. 

Thl: monophonic syslem or I:M hroadcastillg was developed to allow sound 

lrunsmission of voice and music I()r reception by thc generul public for audio 

lI'cqllcncies from SO to 15.DOO III'., all to be containcd within a 1/- 75-KIII'. RI-' 

handwidth. This ll'l'illlie providl..'d hill.her lidelity reception than was nvnilahlc wilh 

stullllal'd broadcast AM alollg with 1l:ss reccivcd noise und interlerence. I:M 

hroadcnstinp. in the ll.S is allocated the XR-I OX Mill', frequency hand. 

Prc-cmphnsis is cmploycd in 1\11 FM broadcast transmitter to improvc the received 

sil!.ilnl-tn-lIois<.' rntio. TIll' pn'--l'lllphIlSis IIPIK'I'-lh.~q\ll'l\cy limit is hnsl.~d on n tillH' 

7 



~unst\'lli\lt of 7) ps liS n.'quirl·d hy till' H j(' lill' FM hromkasl Il'llllsllIillcrs, Audio 

tj'cl\ucncics from 50 to 2 I 201 Iz lire Iranslllitled with normal I:M; whereas audio 

frequcncies Ih)1l\ 2120\ II, to I SKI II. arc transmitted me emphasized with a larger 

moduilltioll index. Therc is a signilicant signal-to-I\oisl~ improvcmcnt at the receiver. 

whidl is equipped wilh a llIatdling lh.·-ClIlllhIlSis circlli!. 

2.3 liM BROADCAST MOIHJI.ATION TI':CIINI()lJl':S 

FM stereos WliS developcd ill IW) I 10 provide trallsmission capahility for n len- Ilnu 

l'ighl- stereo uudio signul. Stcn:ophonic transmission is accomplished by adding lelt-

lind right- chnnncl sterco inf{lI'Illutioll togethcr in the baseband signll\. In addition. n 

len-minus right is mkkd and frequency Illultiplexed on u sub carrier of :H~-Kllz using 

double sidcbllild suppresscd currier Illmlllintioll. All lIllIllOdulatcd I 9-KII/. subcul'I'ier 

is dcriwd Ihllll the .1!{-KIII. slIbcarricl' to provide a synchronous detector at 3H-KI II. 

n:eovcrs the lell-millus right challllcl inforlllatioll, which is then comhined with lelt-

plus right chanllel illltll'lllatioll ill slim alld dil'tcrclH.:c combiners, produce the original 

Icll-dlllllllcl and righl-challnd sigllah-!. Thc sy slt: II I works allo, hC(;LllISC the basdmllo 

mono signlll is 11 comhinatioll or both leli and right audio, provides full compatibility 

with monophonic FM recciwl's. 

2.4 I'REQUENCY ALLOCATIONS 

The 100 currier rl'cqlK'ncil~s for FM hrondcnst rnnv,c frolll RR.l tn 107.<) M liz Illld arc 

equally spaced every 20() KIll .. The channels 1'1'011188.1 to 91.9 Mllz arc reserved for 

cd\l~atioll lind IHHI-COIllIl\Crl~ial hrondcnstillll., nnd thOSl' Ii>rlll 92.1 to 107.9 Mllz for 

commercial broadcasting. I:ach channel has a 200-KIII. bandwidth. The maximum 

rrc~IIIClll'Y swin!,. \llldl'r nOl'llInl t'<lIlditiollS is 1/- 7.') Kill' .. Stations opl'l'IItillv. with S(,/\ 



swit,g oj' ,/- tQ .. S Kill .. The l:(\rrlcr l'cntn.: frequcncy is maintaincd with' /- 20()O liz. 

The Ih.!l\uCl\cy lIsed rill' \;M hl'om\l;lIsling limil Ihc coveragc 10 esscnlially Iinc o or·sighl 

distances. As II rcsult, cOllsisll.mt I;M l:()vcra~c is limiled for a maximum receivable 

1'[\1'1:1.': or n It'W hundn.'d kiloml'ln . .'s dcpcndillg Oil Ihe 111l1ellllll height IIhove uvcrugc 

Icrn!\n (11AAT) nnd ent'divc rmliulcd power (I-:lUI). The netllal coverage urea ror n 

givcn slnlioll ellll \)l.' I'dillhly pl'cdkk'd 1I1kl' Ihc powcr lIlId lilt.' IIl1lcllltu hdght ure 

kluwvn, Either incrcnsilllJ. 11ll.' pm·wl' or l'IIisillg IIll' Hllklll'" will i\lcrclIs('~ the covcl'Ilgc 

IIn~lI. 

FM stution elussilicutions, powers and Antennn IIdghts 

----------------, 
Stal ion clnss Mnximum ERP 1IAAT. m (fl) Distnncc. Km 

6 K W (7.H Jok) I0002K) 2H 

--"-~-.. ----.-,-.-.---- . . ---- - --~-----.- .. -.------------.- -----_ .. _".- .. _--_._._--------- "--------
HI 25 KW (14.0 dbk) I0002H) 

B 50KW(17.0dhk) I SO(492) 52 

t'J 25 K W (14.0 dbk) IOO(:12H) :19 

t'1 SO K W (17.0 dbk) I SO( 4(2) 52 --I 
<.'1 100 K W (20.0 Jbk) 299(9H I, 72 

--- . ~ - .. -- .- --._-_ ... -~--' - _._.-------_._- -.----------.~-------

(' 100 K W (20.0 dhk) ()OO( 196H) 92 

\ ... "~~ 

Tuhl\.! 2.1 FM slnlioll c\lIssiliciltioIIS. 

2.5 TRANSMITTERS, 

FM bl'Oudcnsl Il'lInsl1Iittcrs typicully rangc in powcr oulput Ihlll) lOW tu SOW und 

hnvc performance slHndards similar to spcci tied above for AM broadcast transmitters 

\)igitul tecllllOlogy is beillg lIsed eXlellsively ill the pl'OCCHsillg mId exciter singes. 
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nl\owilllJ, lill' pn:cisioll IlImlulutioll cOlltrol. whcrCIIH solid-slllie devkcs lire 

pn.'duminlltc.'ly IISl'" 1'01' RF dl'iwrs lind IIll1plilil'rs lip 10 scwrnl kilowlIlIs. I iigh-powcr 

tl'llllsmitlcrs still I'dy on luhcs in tlw lilllli slages ror lhe gellcralion or RF power, hul 

manufacturers arc dcvclopin)1. new devices and technology that will make high-power 

solid-stute tnlllsmillcrs cosll.'nicicllt alld lI\ore reliable. 

2.6 ANTENNA SYSTEM 

FM bwt\l\cust antellna syslems un: relluired to have a horizontally polarized 

component. Mmll IInlcnllli sYSlCIIIS, howcver, lin: dl'culllrly polarized. huving both 

horizontnl and vertical componcnts. The antenna systcm, which usually consist of 

scvl~\'U1 individlllli I'lIllilltillg bIlYS, is l'cd liS a phase IIl'my 1lI0ullt··CU on II lOWl'I', hus 1\ 

radiation chnrnch.'rislic that cOlll.:enlrates Ihe transmitll'd encrgy in the hori:l.ontnl plane 

towlll'lis the poplIllIlioll to hc M:rwd, JIIillillli:l.ing the radialion out inlo space alld down 

towards the ground. Thlls, the I':RP towards thc horizon is increased with the power 

guills lip to I O-UI'. That II\CUlIS thai II 5-K W Inlllslllillcr couplcd to an lIntl:llnll system 

with II 10-01' gnin wOl\ld IInv!..' an HRp or 50 K W. The RF power is trnnsferrcd to the 

IIntenna viII thl' tnlllsmissillll Ii I II:. ;\t I:M hroadcllsting frequcncies and powcrs, 

cOllxinltransmission linl' is lIsed, ranging in Ihe sizc li'olll 7/Xin outside dinmeters 10 1 

in. thc dielectric (the material betwccn thc inner and outer conductors in coaxial 

transmission lin<.~s) is foam 01' 1'01' air Iypes, either dry air or nitrogen. These coax 

eublcs arc not 100% emdent, and somc arc lost as heat in the line. The larger 

diumeter nil' lype cables havc the least loss. The combination if transmitter power 

output (TPO), Icedline loss. and antenna gain determine the actual FRP of the station. 

For a given ERP. a station mllst install a large, multi bay antenna with high gain and 

relatively low TP() 01' lISl' a low-gain antenna and a high 'I'PO. The choice is 

10 
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,k't"I'lllilll.'d hy 1\ 1l\1I111ll'I' or lill'lonl, illl'illdil1g, ~l'rvkc l\n~lI. Il'rI'llill ill the Il!'CIt IIlId 

economics, 

Tht.: ruuiutillll pllltCI'l\ of U 1l00Hlirediol\ul I:M hl'ouocust untenna system is designed to 

ml\intc cqually well in all din:clions. Iloweycr. when mounted on a tower as a support 

st\'\lctlll'C. the str\ld\lre distorls the 1I1lifo\'lllily of the pullel'n, especially 011 towers with 

lurge cros~HIl'minal dillll'\l~.ion OWl' 16 III, It is possihk to optimise the 

omnidirectional pattern, '111\: lISC 0(' SUL:h dements allows an international 

dil'cctionnli:l,ntioll or the pattern lIsing additional pnrasitk e1cments to offset thc 

dlccts or thc towel' ami achieve a \IIore circular pattern, The lise of such clements also 

allows the inh:ntionlll dirl~ctiolll\tiolll\lzatioll or the pnttcrn to Hvoid intcrferencc with 

other station 01' to meet spacing requin:lllcllts, In othcr to meet with Hie 

n:quirclllellts. II directiollul FM an!t:nllu 1II1Ist \IIcet strict sltllll..lurds. Figure J 03.X is H 

plot of' hmi/,olltlll alld vertiCIl! compollents or a typical lIoll-directional circular 

polnrizcd \:M hl'Oudcnst 111111.'111111 showillg thc cni:<.:t UpOIl the pattern caused hy the 

slippurtinf..( hlWl'1', 

II 



Fiv.,IlI'l' 2.1 

!'ihowln~ the clIed n" the tower !'ih'udure un ihe hOI'b.llntullllld vertlcul rudiuti.,n 

, .,"-----.....- ~..---~. . ... 
riq ,}.1 Typiral non-lirN1ional Q2.5 MI-17 FM antenna 

I.cgcnd: 

Ilmi/.ontlll '-

V crt ical .'" ----------------------___ _ 

17. 



3.0 I~EVIEW OF FM TRANSMI'I'TER 

FM TRANSMITTI':R DI':SI(lN, 

Thl! d~sign of till: FM ll'UlISlllilll!1' will he lIsing till! block diagram. Thc voice or u human 

hcinjot pmdlll"l'N 1\ siv,1l1l1 v()I'n~~(' Ill' IIw onkr of II flOw millivolt~ f mV l lind SOIlH.'thillll. 

needs to it to cllahk eflcctivl: (';Ollllllullicatioll ill thl! UlI<.Jil!ncl! of' a larger number of 

people. 

The block diagram consists or three basic stages namciy: the pre-arnpli fier, the oscillator 

IIlld the olltput pO\wr :llllplilivl' stll~~l: as illdiclIkd ill lilA CUI) 

MIC - .. OSCILATOR---

, 
\', --.- .....• 

OUTPUT 
POWER 

fiy 3.0BA~IC~IALl:~()~ 1M IRAN~MIII[R 

.'\, 1,2 INPI IT STA( ilo:fS()\ IN!> TRANS!)I I( '1m 

ANTFNNA 

A transducer may be said to be any engineering device that converts energy existing in 

one ptll'tkllim 1'01'111 to 1IlHlthl'\' Ih.-Ill. A 'rnllsdlll~l'r CIIIl also he rcl~rred to liS 1111 cnergy 

converter, Table 3.1 below shows some transducers. 
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· ... 

I':NII:IH~V TltANSITION 
"._-' ' ..... . 

I':NI':IH;V COVII:I{'I'f!:I{ SIN 

SOUND VOLTA( jI.: MI( 'R( >PI IONI': 

2 VOLTAUE (c1cl:trkal) to LOlJDSPI':AKER 

SOUND 

LIUIIT to V()LTA<lI~ 

- .- ... -- . '-~---"'-------.---. ---. '.-'---'-+ - _ .. -

4 L1UIIT 10 RFSIS'I'AN(,I~ 

5 CIIEMI('AI. 

1,:1 ,1-:( 'TRll'AI, 

PIIO'I()( '1·;1.1. 

UUIIT DI';PI\NDI';NT RI';SISTOR & 

PI 10'1'0 RESISTOR 

--
10 BATT! ';R Y 

.--~--~-'".- _____ · ____ .•. _.H •.• __ .. _____ ._~._ .• 
- ._- . - - . -..... -- .. -- .. --~.-- ._- "--'--' .. _-'--'---'._' -------- ----- .. ----

10 (lENERATOR (, MEeIIANK'AL 

HI ,\o:( 'TR 1< 'A I, 

.-.---...... -.--~--- ..... " -_. 

TABLE 3.1 TYPI·;S ()Jo' TRANSDlll'lmS 

3.1.3 TVI)I~S OF MICI~O"IIONli: 

I. Dynamic microphone 

2. II igh impl'dllllt'l' M icl'ophlllw 

3. Carbon Microphone 

4. ('UpUciIUl' Micl'OphollC 

6. Condenser microphone 

The Microphone is the pil~k\lp or (he system. As the nllme implies. it pkks lip the audio 

siglllli lind cOllvcrts it to electricul Sigilli!. I! l:()uld he dcscrihed as utI clectl'icul device 

whose electrical resistance varies in m:cordnnce wilh Ihe waverorm or the sOllnd incident 

upon it. '1'111.' illpul slllge is essentially 1111 1I11dio/voILlige trallsducer otherwise categorized 
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ns n Rm\lld.v(\ltn~~~ en~~rjJ.Y ('~OIlVl'rtl'r liS ilhlstl'lltl'd ill th~ lirst row of th(.~ tllhlc 0, I), il 

convt!rts the input lludio Ih~qU~IH':y signal into electrical impulses, which subsequently is 

npplicd tn the trnnsllliltcl' l'kl~tril'nl honn\. For this particular pro.icd, the micropholle 

shall hc uscd as our input sound transducer. This dl:vicl: rccdves voice signal input and 

converts it to nltcrnnlinlJ. voltllg(.~ siv.,nnl Ihul is Sl.'nt :11 its own frcqllcn(.:y of wll:illulion 10 

the RI' oscillation. The electrical sig,nal in the microphone is then coupled to Ihc prc­

IImplilied stuge with II wuplill)!, capacilor. 

The Pl'c-t\l\lplil"tcl' I'cl.!dvcs the sigllal ill the order or Ii I'ew millivolts and ulJ1plilies it. The 

output or IIK~ ampliliers is nt a higher lewl of the audio frequency signal level to the 

Inodullllioll. A copulating cnpat:ilor is also used ill the couplillg or the output or the pn:­

IIlllplilicr stnge to tllc stage or llIodulating input. 

The modulator receives the signal from the pre-amplifier stage amI modulatcs by super 

imposing the audio fi'equency signal on a high frequency called the carrier frequcncy. For 

l\ signal to be frequently tnlllsiuted to another part of' the l'requcm;y spectrum, it is 

Ilcccssl\ry I'm the siglllli til vlII'Y one or Ihl~ characleristies oj' a sinusoidnl wave, llsually 

known us currier WlIVC whosc l'rcqucllcy occupics thc rcquired purl of the spcctrulIl. The 

process hy which one or Ihe rhlll'llclcristies or 1\ carrier wave is Illodilicd in accordancc 

with the characteristics or a IllOdllllltillg siglllli is KIIOWII Wi Illodululioll. All osdllatol' 

Ill'nerak's till' modulatiol\ li"l'qlll'nl·Y. It will thl'n hc of importnllcl' to know whnt nn 

oscillator is, lind it is delincd as 1()lIows: all osdllator is till ci<:ctronic circuit that has becl1 

designcd 10 produce an altcrnalin~ c.m.1' of kllown wHvciimll. It could nlso he descriht.xl 
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nN nn nmplilkr that provhks ils illp"t silJ.nnl. the' inpllt Higllnl IwilllJ. dcriwd from till: 

output signulus seen below. 

INPUT 
SIGNAL 

, .. _-... ... _"._ ...... ~ _ _ , ... 'W',_~ 

A",'PLIF:I Ef\ 

,.--

L--i" 
I 

fig (3.1) THE PRINCIPLE or AN OSCILATOR 

Where c is II capacitor L I & 1,2 are inductors 

:U.4 R.I.'.OSCILI.A'I'OR 

SIGNAL 

The input signal generated by lhe input sound transducer is very small. II' it is applied to 

the tl'l\llsmittin~ antenna thut way. hc!(m: the signal gets to the receiver. it must have 

l'aded-out totally, hence no work done. In trying to avoid this kind of problem, the radio 

th.'qll~·Il\'·y lIscilllltioll stnv-\,' is illl.'\lIdl'd in the ,ksigll lIlid cOllstrllction or I'M tl'llnslllitll~r. 

Thl' IW oscillation gcm:rutcs a signal at a particular strcllgth and frequency that has the 

Cllpllhility or ~'IIITyiniJ, or 1,'llwlllpilllJ, till' 11I0llllilltilllJ, siV.llal 01' tlw desigll sigllill to its 

destination without tildillg-ollt or losing details. 

The signal generated by the RF oscillator stage is called carner signal operating or 

uscillnlin~ nt n th'qlll'IlI,'Y call1'l! \'~I\lTkr t're'qlll'llcy. 



f , 

:\.I.~ ()SCII.\.I\TION 

Oscii\ulinn is II very Importlllll prm:css 10 Ihe COllllllunicatioll cngint!ering industry. The 

Il\~)!"t CUll\lllUn Il\(.~thmlor gCllcmlillJ:!, Higlllli is viu wa:illutioll circuit. 

The need I'm oscilllltion is Oil II very wide spt!ctrlll11 and many electronic 

cl\\1ipmcllts/glld~ds mllke lise or oscillatio\l ill one form or the other. 

:\.1.6 CIIOIl'E 01' OSCILLATORS. 

Then: nrc \\lUIlY types or oscillators ill liSt!. The I:.hoicc of II pllrticlilul' onc is hIlHC~1 lIp4111 

the lIndcl' listed litclors. 

I) Pmily of outpllt 

2) Frcl\uc..~llcy stllbility 

:\) Frequency opcl'lIl iOIl 

4) ()lItput A\llplit\ldc..~. 

3.1.7 CONDITIONS FOR OSCILLATION 

Fur muny osdllutOl's. the lllldel' listed conditions must bc sutislied other wisc the circuit 

nrl'lln~cd cannot hI.' cnlled osdllator. 

I. There III list be II kedhuck path. This path lIsually cxists betwecn the oUlput alld 

inpUI \c..'rlllinnis. 

The leedbaek puth takes a portion or the input signal alld returns it to the input terminal. 

It therefore acts as nn add 011 signal to the input sij.!.nal. 

2. The signal thut is led back into the oscillator must hc in phase with thc original input 

si~ullll. 
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:\.l.K TYPES OF OS('\LLATO\{S 

1. Mulli-Vibrutor 

2. Phusc-Shi 1\ ()sci IlutOl' 

3. Hartley's Oscillator 

4. Crystlll ()sci I IntOI' 

5. TrunsistOl' Oscillntor: ()ll~ StllJ.!,C R-C I:ollpkd Amplilil'r oSl:illator. 

Cnllpits OseilhllOl'. 

6. Collpils Oscillator 

3.1.9 W A VE/SI(iNAI. PARAMETER TIIAT CAN BE MODlJl.J\TED. 

1) Amplitude: This may be said to he the maximum displacement of' a signal from its 

zero position on the Curlcsian graph. 

2) Frcqucncy: This is detinet! as the Ilumber of' cycles lhat the wave/signal CUll 

successfully compkte in a sl'colld. J\ frequcncy mdre measures it and its standard 

unit is Ill-I'll. (III,), Kilo Ilcrl/, (Kill) Mega lieI'll, (Mill,) and (Jiga lIert/, (UII/) 

respedivdy. 

The Ih:l\I\~lll'Y modulation stagl' is a very important modllk hccallsc it docs the 

mixing or the RIo' oscillatillg sigllul and illl:omillg osdllatillg sigllal. It is at this 

stnlJ,c that the lIl:tunl ellvc\oping or the modulating signal hy the carrier signal is 

elfected. Depending Oil the typcs or modulation illvolved, a particular pummel!.:r 

of the cnrrier wnw is varied in accordancc with the frcqllcncy or the modulntinJ.!, 

signal, then the frequency modulating ll:clmique an: ut work. 
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~.1.1 () Anv ANTA( iFS or Hv1 oVlm AM. 

1. FM is lIsed for soullJ ;.rlludcustlllg ill lhe VIII" bUild 

2. FM is lIsed ill sound si)!,lllll (,25-lillC television brolldcasting. 

3. It is useful in Illulti-channel telephony system opcrating in UllF band. 

4. 1l is tllso lIseful ill mohile COJ\\l1ll1llicatioll sysh:lI1s. 

5. Suppression of ground noise 

(I. it hus very good lIIodu!:iling index. 

Modulating indcx -= Ratio or lrcquency deviation to Modulation frequency. 

FI'cqucncy deviution ~E.llj) 
')n 

Where F(t) -= high frequency :;ignal 

1t -::: 2217. 

III sUllll1lnry. l1lodulntioll muy be defined liS the process whereby signals which nllturally 

occlIr in u given Ii'cqucncy lllltlli (known as the hasc hand) are translated into another 

rrequclll~y whkh is chnrackrislk 0(' thl' Irnnslllissioll 1lln<.;hiIlC Ihllt is the chtlllllcl 

1ll0dlliulion tnlllslalcs sigllal i'rolll thcrc basc band inlo I'requclH':y spectrum associated 

with II l'IIITil'l' li'l'qlll'l\l'Y, 

II' the givcn currkr WIIVe is a sinllsoidal waveforlll or frcquency (Fc) and urbitrul'Y phasc 

und amplitude. 

The curricr is delincd us: 

C (I) = I\. cos [21t I'(c) j <1>1. 
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Whl.'fC 1\ ,..-. siv,lllll/cnrric..'1' I\lI1pJiItHil'. 

Fc '-'C. clIITicr frequency. 

dl ." clink'" phase IIllgle. 

The oscillntol' is then l'oupkd 10 t/w output (lowcr amplificr. The rudio frequel1cy (In) 

power umplilier processes till.' SiWllll vin II coupling capacitor and umplifies it. Al1othl'l' 

l'UlIpllllg l!UpucitOl' c()upk~ till: rut/io Ih:lJlIl'llCY ~jgl\ul 10 the uillellila where rudialioil 

tllkl's plal·c.'. The signal is rudiatcd into tlK~ atmosrlwl'c ill 1'01'111 or elcctromagnetic wnw 

The qllulity Lllld si/.I: o/'Ihl' UJlli:11I1U illl1l1l'lICeS the raliiatioll pCI' a/ltclllIU. 

:l.I.11 I\NTHNNI\ 

All IIntcllIlII \lilly hl..~ dcfined liS 1\ strllctlll'c.~ IIslIlIlIy Illllde from II good conducting 1l1llteriHl 

thut hUH been tlc.'signed to hllv\.: a shupe Hild size thaI will radiate electromagnetic POWCI 

in lin cflkic.'nl m:lI1lll'r. 

It is it wcll-cslahlisll\..'d fact thlit time-varying currcnts will 

radinle l'Iectl'OnHignelic wnvcs. ThllS, lin anlcnna is (I strut on which time-varying currcn!.·; 

CUll be. excited with II rcllltiVl'!y lmge IlIllplitudc whcn the untellllU is cOJlnected to ;; 

suitable source lIsually hy means oftrnnsllIission line or wave guide. 

Thcrc nrc almost endless varil'lics of structural shapes thnt can he lIsed for an antellllH. 

I lowe vcr, from 1\ practical poillt of view, those strudlll'cs that arc simple und ecollomicu! 

10 lilhl'icnte arc the one l110st colllmonly used. In other to radiate effectively, the mininlllnl 
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si ... ,\.' or ItIIlCIlIHI IIlIlst h~ ~Olllpul'llhle to tile wavelel\gth. It is apparellt from thcKe 

cOllsidcrutiolls thnt the size of rndiatiolls required is inversely proportiol1ul to til<' 

fj'C:4l1tmcy. Every rudiutor hus directional dWJ'Ucteristic, us a result of which it scnd out 

stl'Ong<.:1' wnves ill ~ertllin direction thall ill the other. 

:1.1 .12 SOMF BASJ(' ANTI·:NNA PAI~AMFTFRS 

I. nAI>IA'I'ION PATII':I{N: 'I he 0111 WlII'd 11I0VClllcnl or the wlIve /'WlIl the soun.:e I>. 

l~allcd Rndilltioll, There arc two main types or fkld. 

I. The inductioll licld: The lilajority or this field existl1lainly ncar the source. 

II. The rmliatioll fkld: This exists sOllie distllllce away Ii'om the source i.e. it means 

thnt nlthollgh it slIlIlds as minority. its sprellds illllCh fur uwny from the source where H 

is very IlIl1ch II majority. 

2. (Juin: Antellna gain (U) is ddined as the ratio or lIlaXilllllll1 radiation intensity to max. 

Radiation illtensity from rcferellce antcnna with sOllie power inputs. 

(J .~. KI> 

WhC'rl' J)- directivity. is dL'lillcd liS the rutio of IIWX. I{udiutioll intensity to the lIWl'ag,' 

radiation intensity, 

n..., lllll)\. Rndilltioll illtl'llsily . i\ Vl'l'lIgl' nulint iOIl intensity. 

:U. D TYPJ':S OF ANTFNNA 

], Low Frequcncy Antcnna: This applies to aerial antenna that operates with systems 

opcl'lltil1lJ, lit less thllllWO Kllz fh'qllcncy or operatioll. The Ilcrinl I Alltcnm. 
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sysh:1Il I\I'~ normllily r~stril:tt:d to verticlll radilltors of' relativciy silllpk: ronl. 

HlIpp\)I't~d hy two 01' 1I1(IIC win.:s (II' IIlllst lhlll III'C c!cclmlllcllily short. 

2. Medium Frcql\clIl~Y ;\Iltellllll: These IIntclIlHI cllIhrllces those thul ure lIsed 

hetween ]OOKll:!. and uhout I Mil:!.. Most mcdium f'rc<'jllCncy aerial had been 

constructed in f'orm or II "'I''' IIl'rtlngl,.'lllclll of' conductors suspended hctween. hut 

insulated i'rom the lowers. 

3. llllru-J ligh J,'l'equcllcy Aerial: Radio transmitters opc.!l'Uling at UIII: cun cmplcy 

rciative slllall si:t,c (hnt produces 11 small narrow beam oCradiation. 

RF 
Oscilator 

stage 

~ _. '" .~-"'~ 
fM • 

MOOOLATOI\ 

Frequency 
selector 

Fig (3.2) Simplified Block diagram of FM Transmitter 

1\1'.11 lONNA .... _--, 
'. I 

/ .. . , 
\; 

OUTPUI' 



(,lIAPTER FOUR 

4.0 ANALYSIS 

FOI' the purpose of our desig,1l lind construction or 10::iMllz. 1 WATT, 30() METRES 

!'lIngc FM tl'llnsll1illel', Ihe hIm:\.;. diagralll ill Ill\.: lig hdow is 10 he used. 

4.1.0 BLOCK DIAURAM (W I,'M TltANSMITTER 

(------l -----.., vollll<l" ..... 'u ... lII.y 
--_.. ('()nlrnllf'rt ' .IRlllhl"I'.'I 

nl\nllator 
___ ~W_. __ • __ .•. ~.. _,,_ .~". 

Iill('(1 
oscilalO1 

, 11IOU[NO' 
lI\AN~IA10I\ 

rig 1\.0 ULOU\, DIA('HAM 01 I M 'I RANSMlrJ Eit 

Frequency modulator for comlllunication and tdemetry purpm;c generally fall into the 

eutcgmy ur what may he IcrtlH:d "hurd" oscillntor having relulivcly high-Q frcqucm:y 

determining nelworks. or Ihey lilll inlo category of "Sort" oscillator having supply and 

hius SOt\l'CCS liS thc rn.:qllclll'y-tkll'nllining m:lworks, i ,: X 11 III p\cs or each un: shown bdow: 
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VI -Z~J 
FlO 4.141\011 01.( IlIlItorl 

Fig 4.1 b [Hard oscillator) 

Cuntrol or hnrd osd II n to!" is executed hy sYllllm:1 rklll i Ilcrcmcnlul vmilll ion of rCllcti w 

components. For the case of' a Ilardtley Oscillator, ZI and Z2 arc inductors and Z3 is H 

ellplleitUl'. u\lowillg Ihe lise or vllriellps plII'lIl1c1illg 1'.1 as the voltage contl'olluhk 

reactance. In sudl 11 case, 

1"0 ' 
---~ 

2nIC,(LIIL2)1 12 

WllI..'rc C1 is the total ~.'apacitance of the variable and lixcd capacitor or 7,1. 

Note that the I'requcilcy-dcpcmling impedances or the network determine the bandwidth 

of the IlIlHlullltOl'. i.c. the owrall <) lind Cl'ntrc fl'etJllcney. In view of the need or certain 

minimum bandwidth requirements, and the need for oscillator stability, the total 

frequency deviation required is somdimcs obtained by I()l\owing the oscillator with ;\ 

series of frequcncy multipliers and I'rcqueney translator as shown in the block diagram. 

This conliguratilln pcrmits the attainJllent of good oscillator stability. constallt 

proportionality between output frequency change alld input voltage. and the necessary 

Illodlilution bundwidth 10 achieve II wide hUII!.1 I,'M. 
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Cuntrol for the soli osdllutm is introduced liS U l:lJange ill the switching level or uctivl.: 

device switches. The I'n.:qllell\.'y of transistor version of the osdllator is, rollghly, 

2RI(,lnll l VIIV21 

Sinl~c this type or oscillutors is t\ relaxation oscillator, the rute ut which thc frequcncy oj' 

the l)scillutinn CUll he c1ulIlged is Iill\itl~d only hy lit..: rute at which the switching points 

cun be uhcrcd hy voltugc ":Olltrol. Modulators 01" this kind cun hc designed wilh 

hnndwidth greater than the frequency or osdllation. The disadvantage of such network is 

the n:lutivcly poor I'n.:qlll'IH':y stahility wmpan.:d wilh thl: high-<) hard oscillators. 

For Ihe purpose 01" this pro.kd, we shall he using "liard Osdllators". 

4.1.1 F\IN(TH)N (WTIII': RI'}lPUTIVI': BI.()('KS 

In pt'tlctice, Vi is the input signul (i.e. voke) Ulld might neeJ to be umplified depending 

on the requirements of the design. For simplicity, olle might work on the Vi without 

umplilicntioll lirst, hut lite signal h.:vd whcll viewed through un oscilloscope will 

dCll.'rminc whether slll'h amplificntioll is llel'l~SSlll)' or nol. Bused on the requirements or 

this projcct, in the terms or pliwcr output (i.e. I Watt). The amplitude of the signal frulll 

till' mkrophont' is "hollt I O-."i 0 III V. 

I, '1'111'; VOLTAUI': CONTROLI.I·:n OSCII.LATOR (Veo) 

This is Ull oscilllltor whos\.: olltp\lt fi'cqllCl1l~y is n fUllction or til\.: input vol\ng,c. It could h\.: 

lineal' or non-linear as the case Illay he. 
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2. FRI':<)lIHI':N( 'Y MIII.TIPI ,11m 

This is II cin:uit having n nOIl-lincar tkvicc desigllt!d to multiply lhe rrequencies or t;)l~ 

input siglllli by 11 givclI lilctm. 1,'01' tlte purposl' or this projcd, wc shull clllploy a silllpk 

om.'-stugc trunsistor circuit. biased ill dass (' to function hoth voltage controlled oscillatui' 

tlml r.·CllUCIICY llIultiplier liS wdl. 

3. Till,: F1XHI> OS(,II ,L;\'\'OR. 

This is l\ circuit Lhut chullgcs its state at regular intervals or a circuit thut oscillates at a 

lixcd ll\' cUllslunt frcqllcm:y 

4. TilE MIXI':\{ 

This is 1I circuit or devicc that combillcs two 01' Illorc rungc or frequcncics to give:i 

COllllllon I'lIllgc ot' fh:qllCIICY. III this particular casco it comhines the output frcquencies til' 

the fixed oscillntor with (h::f of the frl'qllcllCY multiplier to produce lowcr and higher 

l'rc:q uenc ies. 

5. B;\NIW;\SS 1"11 :IVR 

This is II devicc or circuit tilnt allows or passcs 11 particlilur rnnge of' frequencies Hilt! 

blocks or alternates the rest frequencies. 



(H(w)) 

------------- J __________________________ ~ _____ ~; W 

o WI 

fig 4.2 BAND PASS rlLTER (IDEAL CASE) 

The combination or mix!.! .. , lix!.!d fj·!.!qucilcy oscillator and the band pass tiltcr as arrungcd 

in tht: hlock diugn\lll fundion as u t'l'ci.lucney lnlllsialor. \ 

"'or ilw plll'pOSC or this project, portuhility, silliplicity IIml clarity or the rl'ccivcd 

t\'l\l\smiltcd siglllli is ot' primary concern. So, 1I singh: stag!.! transistor circuit will he lIsed 

to execute the t'ullI.:tion or voltagc-colltrolh:d oscilil,tor alld the lin;! fn.:quellcy multiplier. 

"\loth!.!r singiL- tralisistlll' cirellit will he lIsed to do th!.! work or the second frequclll:Y 

Illultiplier while II pussiv!.! bUild pass tilter will be lIsed tit the olitpUt. 
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5. (Jf'1jioffsJJitdt 

~ 
/ , ~ . I 

I ' i! 
I I • 1 I ANTHtNA 
I i \ I --:-C15 

~ IJJr~ ~!Rl : C2-C3 02 _i h~L ~,l J. 
- -- --C9,; "LJ! 

i =cn3 ~ 
i : I -=- -=- --=- ~ -===- .. i ~ 

... - - - ---+ ,12 L'. L4 LS L6 
T .J . ---.r~~"'----.r IlIDl ; l' ; 
, I'DiCATOR . -'::'7 _ It I Cl4 

~ C5 i ~<:1<5 I =- _1- I; 
'! .1 ' ~ ~ J. i el2 t" Q2 C16 

I 
I allL 

l' NCRC-
I'HUN~ 

,-' .r--,,' 

l 

R2 r--: I i Sf; ..' '1 r-r---1, C3018 I 
r~l I J. I' . I _ "ltJ t· I' 'r~l' d> I I', ~ 

Coli 

I 1':3 I I '._ 
'-V~y\--~ I I 

l ~ r~ i I 
r'~~ -y'> ! ~ 
_I '_ I r .. ~ .. 

Fi9 4.3 COI:tPLET£ a.~LIT DiAGRAM Of :.N FM TRANSMrTTER.. 
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, • '(' 1111''',''''1', (-IX'~(I o:-;l~iIIIlIOI' IIlld lir:-;I halld P"SS IiIkr) The frequency IrnnslnllOll clrl'llll I.C, .... , .. 

muy not he cmploycd ill this cil'l:uit (ill' simplicity and cconomical pllrpos<.:s hut rath(;~ 

good stllhility will hl' IIchicwd hy ClIl'l'I'tll sdectioll 0(' COlllpollcnls unu its IlI'rtlllgCIIICI).'; 

llil the cirl~lIit hoard liS well lIS :,lllble lIlld regulated powcr supply, 

4,1.2 POWI,:R SIIPPI.Y ANALYSIS 

\wlld, .-------.,-\4-.----
Ie:! 

U2 

.~. 

Figure 4 Jl P()wer supply ullit 

The tmllsmiltcr pow<.:r output is I Wntt. The pOWl~r supply provides n ·1 ::;Vol\s at 400mA. 

which gives n powcr output or 2-Watts su<.:h that thcn~ is ulways ex<.:css (I Wall) pOWl,;r 

for transmitter cir<.:uil. ICI -:::: 7RM05. C2 cancels the ciTed 0(' indlldan<.:e in the lead,; 

sillhilily, ('2 ~(),()I"F (cl'ralllil~ type), (',\ n.'IllOVl'S ripples ('rolll the D(' output l:urrcnt (i.e, 

liltcl's tht: output) IIlld stores tht: current in the ('01'111 or charge such lhat the circuit will not 

\)1,,' stnt'vl~d 0(' IldCqllllll~ CUITl.'llt whcll it nl'l'ds it most lind cOIlSl'QUClllly reduces varilltio:1 

or thl.'lllllplItcurrCIlI. 

('~ is dlllSl'll to Ill' lOp 1''/ 1 Ov, 

C 1 is Lllken 10 he I (J0fl 1"/1 ()V. which ~CI'Vt:~1 tnl II I'CSl:lvuir ("ur the rcguiLlloJ' (i.e, J C 1 ). 
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n I lind ))1 Sl~1H1 \)(' tnl1lsi(.'111 Ill' IIsl'illlltiollS whosl' IIlllplillllk 1\11' tJ,l'l'all'r 1111111 the inpll: 

vollnge huck to the illput ll:I'\Il illa 1 t herehy protecting It'l from beillg dUllluged und biased 

the uppnsilc pllillrily. The plIwn diHSiplltiol\ (I' "h~dl"'II"II) uCtllc 1(' i~1 givclI by 

(P <iissipatilln) = (Yin-Yo)+lt 

.- 1.6W 

Therefore 1 ('I will need a heat sink (i.)r cooling. LEDI is lIsed as the ON/Ol,'i,' 

INDICATOR". 

R I limits the current l10wing inlo LHI> I. 

From the specification of 1,\0:1)1, maximum «H'ward current II,' of LED! = ]5m;\. 

Then:ll)re let nOl'mal l<lI'Ward cmrent of \'\':1)1 -- IOM;\.For the worst case, the internal 

rcsislanc(.' of I ,1':1) I IIU. Thl'lciilrl' wdlllJ, ohm's 111\.."., 

RI . Y~- YI 
Normal forward curn:lIl or I.FI) I 

I\ul Ys I)V (hullery poWefl'd). for silllplicity IIlId pOllllhility Vi'is IIPPl'Oximutc:ly Clitia\:; 

2.0v-2.5v. Normal forward current of I.ED! c-= ! 0111;\ 

RI ____ 2~___1!l ) 

IO*10-~ 

Rl ,::, 700n. Thcrel(lI'e R! -- 6XOn (prcicrrcd value) 

Power' dissipatioll Oil R I will he PIU "7._LYB:"yl)~ (Wlllt) 

RI 

J() 



(1) .. 2) 1 0.07 Willi 
70() 

,\,hcrcfOl'~, R \ -. 6Ron, 0.25 Walt Carhon resistor. SI is lIsed us ONIOFF switch lha! 

switches the circuit ON and OFF lind saves the CUlTCllt form the butlery from running 

uown when the transmitter is lIot in lise. 

B 1 is 11 9v hllllery (IY\1I.' ()F22) 

.1.1.:1 OSCII.1.ATION r;lu,:<)\ IFNCY C()MPUTATION 

Q2 hus a I'esollanttunk cin.:uit whose ('requency is given by 

F - ____ ~ ______ _ 
4n2 (' \3P 

l.et C 13 " 10P\:, (' I05Mllz, 

1,.1 -c.: O,229~111 

L.l = O.22l)~t11 is an adjustab!c air core inductur. C 15 remov~s the inductance 1<.mn th-.: 

lends (cuhlc) by halnncing it's ciTed. ('15 is chosell 10 hl: n.o 1 M«,cl'Umic capacitor). Fill 

good output th~quency stability, the oscillator frequcncy of' the voltagc-controlled 

oscillntur (VI-'o) built with <)1 shollid he (1/.1), olle third ortlw output ti·cqucl1cy . 
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()\llp"1 Ih'q\l('IH.:y -- I()~MII/, 

TIH:rcllm.\ Vco I'rcquclll:Y .. 10513 ·35 Mllz. 

LeI Ll I 1.2 (Series cOlllleelioll) .~ L 

II Y(l) I 
21t-~i:<:"'() 

Bul Fvco .~ 35Mllz. let ('9"'" 1 Rpl 

I, I lind 1,2 limn hasically t\(' yolIlIJ.!,c dividcl'. Pl'l'vl'lllillJ.!, CXCl'SS t\(' !oIij.Lnlll from ).!,cttinj..{ 

into Q2 there l.~allsillg hUllls whell there is 110 siglllli coming I'rolll the IIlicropholle. 

Let L I & 1.2 divide lhe At' vl.lllage inlo the ratio 1 :J. '\ he excess 01' it, if' any could b~ 

compensated hy proper sekctioll or ( '12. 

LI 1, 
I.t 11.2 J 

1.1 I 1.2 L 

Therefore, 

I.'. _. __ Ll~t~1 ___ ll 11 
J 

1.14H711"'L 

1.1 - (UR2')22 pll 
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I.), ,. I.-\. I 

- I. I ·Uf!(J- O.O,\X()I)L!. II 

-O.7651{lRpl I. 

CIO forms a feedback thnt ft.!clis some or the energy in the output back to the input to 

compcnsat~ for the energy lost as heut, by so doing, the osdllution is sustained. 

Muking the <. '10 tuo smllil docs liot slistuin the oscillatioll while makillg it too big sustaills 

the oscillation hut reduces the signal level of the Yeo olltput since most of the energy is 

fed buck to the circuit tlll'l'chy cllusillg ulHH.:ccptuhle distortioll ill the outpul. C lOis 

ch()s(~n to he 1 RpF. C! 0-". I RPI' 

4.104 MIt '!{(WI\< )NI': tNI'll'!' STi\( II': 

fTI=--I-~~-

1.~_1<4 __ 
D1G 4.5 M.icrophone lnput stage Note~ coil microphone impendence is 6000 

:n 



11 is d~sin:~\ thnt the microph()\\l' inpllt slIh-cirl'lIil nllows rrcqllcll\.~y ill the rtlllgc 1.2KII:t, 

to 6.2KIII. to puss through thc reHch 01' the Yco. This range of frequencies has heen 

proved to give guod speech quulity. 

The purullcl eombinatiun or IU and C5 Il>rlllS a low puss liltcr (LI'I',) whose cut-orr 

Ih:'IUl:ncy is scI 10 1.2Kllz. This III1Clllllltl'S thl' inpllt sigllill hy ~()I>h. 

t!"28.218KU. 

R:\ ,., 27 KU. (Prcterred valuc). 

Silllilurly. It:! the series combination or R), I~ \ ANI> it, be R. The parallel combination or 

C.1 unu It tltlCI1Uutcs the siglllll al 6.2Kllz Ih:<'llICIll:Y by 20uB, thereby making it dillieull 

!'(H' signals nhovc ().2 KIll', (0 r~al:h (he Yeo. 

211R( ',1 

("I'" .. L 
2nFld{ 

0= 3.29"'10-10 

( '4 IIppl'OX jlllutcd O.OOO.1Jp r. 
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Also C4 increases the input impeJuncc as st:cn by tht: Yeo. Taking a typical speech signal 

to be in the ncil/.hbourhood or 1.2K lIz. the parallcl combination or R~ nnd ('5 hus 1111 

impedance or 

10 II xC's --, __ J{3.X~~~ 
IU+X(,S 

xC's -= 1 
2n\o(' 

R2. ZRJ II ('5 Illld R4 l(lrIll a voltage divider. 'J'hi:.; shows that basically, R2 and R4 is 

what dctcl'Illinc the voltllge applied to the Yeo. 

Let/.leIUII XCS 2.X+IO"U. 

J5 



x 
• • 

Vx - L __ IL __ 1 
Vy IR2-1ZHR4\ 

I,d 1)5cY., or the vo\tag(.) Vy lit poillt y rcach X. 

yx-·~ 0.05 C~ L._"_ R .. J 
Vy I R2 I /, I I R41 

R4- O.05R21 O.05Z I I O.05R4 

H4 11-0.051"-- ().()()5R~ I O.05//L 

R4 c O.023R2 I 1473.7. 

Let R2 C~ J . .1kU. (Not too hig to nllclluatc 11ll: spcech signal). 

R4 --- (0.023 '" :noo) I 147J.7 



4.1.5 \)C ANALYSIS OF Vt.:o 

Fig 4.6 Analysis of Vco 

Let VIW (ON) orC)1 (silicoll transistor) -- O.O(,V 

Bccnusl.! rcsistance (lfLl, 1.2 UPPI'OXilllHtcs on at tit:, Vt: . Vt:t:"" SV 

Vcr. :~ 4.67V 

Vel,,' .- ~.()OV 

, .. 5.00- 4.67 

Therefore V"" = O.llV 

VII ~ VIII': (ON) I VI· 

37 



"" O.93V. 

But VE :::: II·:R7 = O.3JV 

Let R7 :-lIe 120U. 

This llllpli~s, II:' O .. U/120 2.7SIIlA 

Ie + In = I,,: find 1(' = 111"1'; III 

This implies hrio: III 'HII ~..., I,,: 'c-. Iii (IIJI': f I) 

In = 1J.j (111-'/·:1 I) 

In "'" 2.75+ I O·ln IC;WO I J). lJwJ'c/<m.' In = (),()J ~('RI1lI\ 

Also, VII =, lRil 

Lel R647Kll 

This implies I ." 0.93147000 

I "" 0.019791111\. 

Vee -Vn = R5 (In + J) 

.IX 



4.07 .,."O.O:-n47'" 10-' R~ 

R5 "'" 4.07/0.03347 ... IO-J 

<"" 121.6KU,npproximnlc1y 12012 (prcl~rrcd value) 

Let FI. sct by 1t7 and ('\\ be half the Vco output. 

This in1p\ics FI. = 35 Mllz/2 C:-' 17.5MI II'.. 

Fl.. = I / 211C lilt 7 

R7 ""' 120n. FI.;oO 17.5Mlll'. 

1 
2][1-'1 ,It? 

'" 7S.7KPF.C II .. K2pF (pl'd~'rJ'cd vallie). 

C, cancels the effect of inductance in the power supply leads. C7 is chosen to be 0.0 It 

(cCl'ullIk type). ('(I tOfJ,dhcr with the plll'llllcl comhinutiol1 of' R~ lIml R(, nll'ln~ n high pus~; 

filter whose cut-olT 1"cqucllcy (1.'(') is set by the vnlllc of C(,. R~ nnd R(, respectively 

(ip,norinj.!. thl: high-illput impclldcllcc of' transistor). 

R611 itS .nKoI147K.U. 

( 4]QJ)())(47QOOL _, ., 
(47000) I (47000) 

, 23.5KU 
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I,ct Fe ..". I 0111'. so thnt cvery I"rcqucncy thnt comes out or the microphone input circllil 

will r~L\ch the Vell. 

This implies thlll. Fe ,~ .... __ L ... .. 
21tI:c\ Rsil R61 

('6 = 

= 
27["'\0"'2.:-15 '" I () 

== O.6772()pF 

='" tl.6H~lF 

Thcrcli.m:. <..'6 c:- I ~lF 

4.1.6 DC ANALYSIS OF FRnQlIENCY MULTIPLIER 

--_ .. _---_. __ ._----_ .. _---------------_._------, 

• 

Fie -1 7 DC \In\lly~ilJ offrec-\uency multiplier 
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t)? iN himll,d hy Vn' lit l,,'t olT, 

VB::;' VUE + VE 

- III IRw- H,I) (II hrdJ 

YJltL "~I RK ·, R'I (\1 hk) 

III 

Let Vhe = O.6V, andlh"" 13.0mAIBig enough to send adelluate collector current 

to v,ivc nn output pOWl'r or 1 Watt minimum\, 

RH-- Rl) (I I hrc) , 4615.l.N5 

02:::: C9018 

This implies, hi,,' 200 typicul 

R8 -- R9 (I 'I 2(0) 46153.R5 

, __ (J,(tV 
n,o'" Io-();\ 
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• 

Let 1\.8 = 470001l,(i.c. 47KU) 

470()O -- 201 R 9 " 4615:U~) 

201 R<) ..,. 470()()·- 4615:1.R5 

R9 846.454 
201 

.- 4.209720()47 

c= 4.20 

Since 

\0'1 __ -L_ 
21t('121~H 

Let F 1 he 1/500 part or the output frequency I ratio of the output frequency to F I 

should be in this mug!:\. 

IO~ -- ·17KU(uln·lIdy \.~lIl1'111llcd) 

This implies that elF: ___ 1 __ . 
21l','I.RK 

... 2n "'210 10 1 "'47000 

= 16.125 "'IO-'ll,' 

Therefore C 12 "" 20pF( Large enough to hase Q2 to operate as class C ampli fiers 
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4.1.7 ANTENNA MATl'l1lNU CIRCUIT/ OUTl'llT FILTERINO CIRCUIT 

CtAl 1..4 

C16 -_.r--

I 
Fig 4.8 Anlenna Matching circuit 

Let L5 and L6 :: L 

L llUglllCIII!{ Ihe illlpl:ounee 01' thc UIIlcIIllU lIscd as seen hy the frequency 

I1lllltipli~r drl~lIil. I.et the illlpeduncl' presl'lIted to the circllit multiplier circliit he :HlOO. 

The i\l\tCIIIIH 10 he lIscd is a straighl poll: of' ahoul :LOClll ill h:nglh whose impedance is 

211. I':n'n irthe illllll'd:lncc ol'tlie :lnll'nn:l Ilsed nllls to JI',em ()iJms (worst case).I.cll. has 

1111 illlpcdancl~ or .'wou. 

XI. . 27tFL 

c:: 300/21t lit 105 lit 10 
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c=::> "" 0.455 - O.196(~1I1) 

L6 .. 0.259 ~lll. 

The number or turns or wire used, diameter and length of the turns; C14, L4 anJ 

CI6 combination forms a tilter thnt alternates the output signal. therehy restricting the 

output sigllal frolll excecding the spccilicJ range given (i.e. 300m in this case). The 

valllcs ot' the (' ',I. 1,,\ alld (' j(, nre dl'lennillcd experimentally \Ising all FM n.'ccivcr 

positiolH:J lit 300m distallce \\hile llIollitorillg the darily of'the rcceived signal as well as 

1111.' IOlldlll'ss. 

(' 14 ~- 5pF 

C16 .... 30pF 

1.4 ''''' O. I J lid \, 
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\. 'IIAPTER FIVE 

S.O RESULTS PRom.EMS AND ('ONCI.{JSION 

5.1.1 RESULTS 

The testing circuit was built on a breadboard. The power supply unit with a power 

suurce ur t)V butlery {type (,1;221 WIlS huilt. 1('1 PXM05 J WitS to regulate u voltage or 

5V. The voltage controlled oscillator was then added and the Vhe {ON} O.6V and 

·1.h7V I'cspedivdy. 

Frequency lIlultiplkr sta!-"c was hllilt lind the voltagl: lIeross the terminal or the 

trnnsistor ()2 wns IIlso tnken as VIII' {ON} O.6V. The antenna stage was added nnd 

placing un I'M receiver at a 100m position monitored the clarity and loudness of the 

received signal. Signal strength was not measured due to non-availability of Field 

strength mder which mcasurl.'s the signal strength in millivolts Per meter. To achieve 

the spccilied area or coverage. all FM receiver was positioned at 300m distance while 

thl' vahll's of' tlw capacitors 1 ( '1 /1\.1 (' I () I and inductor II A I were varied by r('moving 

lind replucing with new vuluc~. whik mOllitorillg tile clurily Hlltl loudness of received 

signal. These components as shown in fig.4,8 attenuate the olltput signal hy restricting 

it from exceeding the specified runge {300m}. The result obtained is shown in table 

5.1. 

- ------_ .. _---- --.-. ------.-.------ ------

II III IV 

S:~!i.,(pEl _____ _ 

_C16 {pf} 20 
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Fig 5.1 Test liw clarity alld loudness 

Loudness nnd clarity was obtained hetwecn stagc n. III and IV wilh the hest at stnge 

III. The distance was measurcd with measuring tape in meters. The final construction 

was dOlle by trunsti:rring the components li'om the breadboard Ullto a Vern hoard and 

soldered neutly unu eurcl'ully it wus hOllsed ill a woouell casing with the tbllowillg 

dimension: length ~., 12.5cl11, height'A.5cl11, and widlh=9clll.The completed FM radio 

trnnsmiUcl' wns IIhlc III (1rodlll:c Ilw dl'sircd ~liglllll. The muge or rreljuency or 

trnllsmission WIIS aisil m:hiewd al \(H.H~MII/. to IOS.25MII/. withill Ihe specitied urea 

or COVl'l'II/l.e. 

5.1.2 PH( )BI.I':MS ANI) S()(.I JTI( )NS. 

Al the initial slll/.,tc Ill' buildillg Ihe circllil, there WIIS 110 result due 10 contnc! IIml when 

reconstructed by cleaning the tips or all wires used, there was continuity. 

During the cOllrse or carrying out this projed sOllle other problems cncountered 

include: -

I. SlIitnhility or tlH' vOllipnllellt~j: • This wno.; dll~' to the' nld Ihllt solllC COlllp0l1l.mtH 

hud to be changed several times Ihr the signal to be well received. 

2. Cost: - The cost or rcali/.ing the design of' this radio lransllliller can he analysed 

not only in terms ortil(~ tillld" Spl'lIt. hilt nlso ol11he time nnd laoollr involved in 

the pnll.:c.'dun.'. 
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S,I..1 (,ON('U JSION ANI> SlJ( i( iJo:STION FOR IMPR()VI~MI':NT . 

III 1111:1. Ihe "illl or Ihis pro.jl-d hils 10 IksilJ,ll II II)')MII/. FM TI'IIII'>llIittcr cllpllhle Ill' 

converting 300 meters with power 01' I Watt. 

From the designed spedlkntion, the hand at which Ihe FM transmitter is between 

104.7- IO~,2 Mill'. rIlllIJ.C with thl' hl'sillt IOIl,M Mill' .. 

Ilnwcvcl'. there is lIeed It)/' illlprovelllellt ill the IIrell or the siglllli ciurity ut the receiver-

end; find the distance covered i.e. the diameter or radius of coverage, lor anyone 

inlending to work 011 Ihis 01' ~;ill1ilnr projl.'ct. 

The Il'llllsllIitkr CIlIl hc opcrnled IIsing dry IccllllH:hc cells (Direct cllrrcnt). whkh 

enables the radio to be lIsed ill local areas, where an A.C. mains is not available. 

LIST OF ('OMPONI':NTS 

1 ( 'I -- 7XI1l0.'l 

(':tpul.'ltors 

c.~~ l03pl' 

('.1- 1()~tli'IOv 

C:;- O,()OI7,,1' 

C,-IOJ pI' 

0;-102 pI' 

Clo-39 pI" 
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CII-8.2pl" 

( 'IJ-?O "I' 

Clj-IOpf 

C I~~spr 

C15-I03pf 

CI6-30pt' 

IU~SIST()I~S 

RI ()ROll 

Ib J.3KU 

R327Kn 

R., I.SKU 

R~ 120KU 

R647KU 

Ib 120KU 

RII47KU 

R94.7Kn 

INl>(JCTORS 

II ().38~LII 

12 O.7Mpll 

b ().229~111 

14 O.134~LII 

1:\ O.I96~d I 

Ie. 0.289,111 
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