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Abstract 

enable case of communication h.':t',veen a poiiC{~ Gpemtirm;=d comnwnder and his men in the 

operationally efficknt, 
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1.5 Involvement Of Others 

My cOH:,;ultation to realize this project \Vas ,;vide, Soldering \1,',1:'> not learnt at 

school so I engaged \vith Mr Adcbrj\,vu!e ALghado, ~l rO:ld side electronics arti.san whu 

taught me soldering, I abo consulted \-lr Sado of Ff.,/ Crysta!}~.;rir1na who g;we n1e a 

lecture on the project. A h:o fully involved \vas Dr, EJ'(Onwuka, I'ny project supervisor 

'""hose guidance ",va:,; parmnoum in the succes:,; of the project, 

1,6 Constraints To Achievable Performance 

The main challenge of any radio deVIce project IS ftequency~tuning. Due to 

limited experience in radio projects coupled with unavailability of high frequency rncu;:r 

tLH:Tt: was considerable tuning difflculxy coupled '""ith diff1culty in a1igning the 

irnpo~;sibk" 

avaiLbility of vital components in the market as iLj rightly pointed out that di;;tributors 

are extremel:.,rhesitam to scll in SHull qur.mtitits and the consumeHJriented electronics 

st0res (Radio t:;hacks ¢tc (leal in q-n;,!l! qU(lntltit~; and tend to stock an extrem,ely limitr.::d 

rang¢ of parts, restricting the design to n;<'ldily available compoflems, 

1, Lnv po\ver of th;;; transmission, which limited the mnge of operation 

! Opcration of the deyj,;e in analogue syswrn rather than digJla! vhich would hav;;; 

'Yl' "Cl'j t)C"j'·- "'i''', >"1"\1 te, "'I' (Yl"al 'll'" c. .. ,.. .. . t.~;. (>,.~ 0-'. -:.... ,d.!;).~ );. 0. .. : 

}, IvIinianm: Ie \vhich would have furthn miniaturized the device a,,; was aimed could 

not be sought 
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Cl-fAPTEH ONl~ 

INTl{OnUCTION 

1.1 Objectiy{' 

common in r<figer1<l today. For effccuv(' crime cOtDbating, there should be effecti ve 

conulwnicntloH !ink bet \veen operatio!'al cOl1';mander and his team in the fidd. For 

instance, assuming a bank,"X" is being robbed <:JJKl the police arrivEd to combat the 

robt)crs, the first thing the poLice \>,;m do is to conJon off the pn~mb?s of the hank. PoHce 

',' l' "! I' ! . 'I 1 . . . ! lie G opermlOna,( commam er is ({flOWn as i:1 urn t commaw:,er am 115 tc<lrn is /{HO\Vn as toe 

unIt As a roEce control tool, no lnember of the police operational un.it should open firc 

view of the \d:ole sii.k vic>,\' of the h:wl's prcrnises 50 cordoned. Police upcmtion t'hould 
.... :: 

disarm the enemy and siicnce as a tOGi t.bat wiH bdp police presence conceded to the 

esci:lping through <'1 side vicv'! of the bank premi:''ies not visible to the:)ohce unit 

comm,ander but vhibk to one of his men in fhe unit that cordoned oil thi: hal'lL there is a 

need Ell- :} COfllmW)lc;.ti<:)H link to the unit co!nmi'tnder for an order for action. Sw.::h 

deH1tZnf of ~;urprise, nor sili.?l1ce in the opcnltlon. The communication is better via 

electronics comrnunication mums, 



In today policing, the communi.cation Enk b~t'N~;;tn a unit cormYI~wder and his unit 

etc fJowever, \valkieAaJkie in itself cnn hamper pollet) operation as [1,1 operational police 

could gCf stuck in the shrub hampering the crav"ling of ;:l police oi11ccL :tvf.orrover wa.!kie-

close (0 the "valkie<alkie, thus defeating the aim of sliu.1ce and surprise in polict~ 

" 

f 
the 

advantage of ernt-;!ovirw . .,/ ~.; 
profe:.:;siomll rnicrophonc for 

1.2 1VIcthudoiogy 

, , ,,, ,., r "'I 7'1'1>1'l'I''''! I that when one dCVIO;' transfmi.s at n gl'vcn frequency (in tnc rangG th (iV' < Cjy ,'Lt,) hie ot 1t~r 

The transrnittcr module involves 

micr(iphon~~ (transducer) con',/z';rb ;::udw\v~\w into ekctrical energy or signaL An 

sigrwi 

," 
L 



carrier "' 
t 
1 

untenn;:L The rec~iver on the other hand is turwd through anRF LC circuit to align \vith 

the fkquency of the transn'tittl';;r. /\ current signal is induGxl into the antcrma of the 

The signal is amplified u;~ing LVU86 OF·AMP nnd rkmodulatcd. with t!w aid of 

audio signal to be realized at the t:arpiece of (he head"phon,:; of the wceiver- Frequency 

modulation (Ff'v1) is attributed to both good reception and minimum IntcrL~rence, 

1.3 Scope Of The Project 

The project is l)onnded under frequency modd:Ttl<)!l belov,/ the nornwl trcquency 

modulation (F~1) range (88 .. 168!\fHZ\The effective range of the tkvic(~ is airned at i:lboUl 

15 rncters. Thcn:;f-mo;, radio communl(ation could only l)e achil.:;ved ',vi thin this range The 

in cornmonk:atiofL 

1A Source or 1Vlatcrials Used 

Tckcornnmnication prindplcs by Engr. (Dr) Y,/L Adediran and n:;!atcd >,vorks horn the 

.3 



1.5 luvoivcuH.'nt ()f OHH'fS 

taught me soldering.. I also consulted \1[ Stldo of FJvl Cry:;!.aC hlirma v.:110 gaY(: me a 

lectufe on the project Also hd!y involved was Dr, E.N.Onvv'uka, rny project supervisor 

" 

1 
1.6 Constraints To Achkvable Perfonnaut'C 

The nmin dwl knge of (iny radio device project IS f[eqw:I1Cy-tunlng ,Due to 

and oscWoscope capabk of nH:asHring the high 1i\~(p.Kn$:y 17\1 involved in this project> 

there >,vas wnsideNl.bIc tuning difficulty (~oupkd \vith difIiculty 1n aligning the 

tnmsmitting <Ind receiving frequency without \·."hich cstai:;!ishlr.lcl1t of comrlunkmion is 

(lvailabHitv of vital conmonents in the market ,lS distributors arc extremelv h;;:;sifam to sell .... " ... 

These constraints n.'stlltcd in: 

, ,. tov.,: povv'cr of the transmission, which limited the range of operation 

3. Ivfinia'.ure Ie \vhich .would 11<1'·/e further n1!ni;.Hurized {he dC"/lce as '>Nas ,lilned could 

not Ix; sought 



CHAd'TER l'\VO 

LITERA'IlJRE RE,\;'IE\V/THEORETICAL HACKGROLND 

2, t 

Spark gap radio "vas invcnk:d by !"likc>!a T(~sL, who hnkh C:S paknt fnrrnvcntion 

can i'lvoid "::;LHic" th;;u is, 
-"::: 

and j 865 [9], !n 1 S75, Thu{n~;;; Fdi::,on fird ob5<:.rvct! ,<-vhat became known iOn 111(; "'Edison 

',,1'.:.', .. '.:.;,1: '.j' 1 ~;,O,,>,', l::';'j·'·'''p ""l'P!"" ',1,,; .. "'['1';'-".1 1'1' ':< ,j"v:c'c< 11':> "~llj,· ."\,, ''If''-'i1':c('-jl j'l",-ll'(",l,:"I' !>," ~ ~ c ~ (~,("(-.( •. _·c.~ ,.":\.i): j_'<.< ... : ... ) ~.;!~<. ... ' #~ ............ ' ( : (~ ... ~\. , ....... '.-., ... .... 'V> ...... } <;..l ....... ..., ................ ~ .'.<;' ... v.,. ... ' ... , l i 

t 
t 
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01 a raalO 

,md (b)<;(: in hi:~ immediate surrounding r j Uj. Om:;: of ihe lnost su(;(:es~;ruj carly rad~(; 



23 'J'heon:tkai Background 

7 



by the am:plituJe of modulating signa!, "Nhcrea~, rate of chunge is determined by the 

frequency of the modulating. signal. Fig 2-1 illustrates thL fact 

" I' j 
; 
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J II I I I I 
FM Carrier 

t i 1 1 t 1 Centru ' Cemn.· t Centre 
[,-!)W High Low 

"" , 
/ ' ~".t ahem;, in an F\-l carrier, inf(mnatkm (or in(i:11igl..~ncZ>.) is 

carried as variations .in its frequency, As $e<;,~n, fn?qw~ncy of the modulated carrier 



The filet that ammmt of change in frequeuey depends on signai arnplitude Is 

H H R L R H R L, R 

I I ! ! 

I I I II j 
1 l 

I " I J 

, , I II q. 
k 

r.;- ~1 Cmrk':f 

t t i. cc:",e 1 t f , 
I Cemre Centre I ! 

High Lu\.v lligh L,DV./ 

the SUi11f. Thb, louder signal (:nu~;cs greater frequency cha.ngc in IHodula,.f'd carrier as 

weab:r ;~ign<11 ofHg 2.1. 

shown in fig 23 

9 



LO\V HfquenCy 
-+ Audio Stgmll' 
! (~........ ~~'" 
i!·, ;' \ 
i / \, ,I \ :j , ! >., 

{!i •. 
:}; .. :. \. ;' ~~ 

IV 

(b) 

For examrlc,if t11<;; rnoduli'lJing signal is 1 Ki-Iz. Then {he rnoduhkd carrier \",ill 

< .... Kl f' f f . I . . . '! I . / moo' :.:- ..... -J2, the raw (> n::qw:.u;;:y ~;,v':lng \VOU n t1(~ {>,viCe as last !fl. ;:; lorL, 1'8U nnportant 

frequency Jeviatl(lTI (or shift or variation) depend on the mnpliwde (1oudrwss) of the 

n18.xi!11m11 loudness. S(n.mJ::; (if ks:~er loudness are perrnitted prnportin-wldy I.e:::;s 

th:quency deviation. (H) The w)C of fl'equency ckviatinn depends on the signal fh:qucncy. 

A l1HtXlnwn1 freGuency deviation of 75 kl-L:: i.:, allowed br commercial FM broadcast 
'. -



25 IHaihcmatkal Expression .Fot' Fm \Vave 

the rcsting frequency thus ./ "~fo .~. ;\/ sin 2f1fhu ,Hence, equation for {he h"equel1cy 

2.6 Demodulation Or Detection 

Whcn theR.F nmduhlkd waves, radiated. out fmm Uw tnmsmittcr ~111h:.n.na, after 

to (kmodulate tlwrn 11rst in order thm tb:. sound-producing devices rnay be ;;:ctuatcd by 
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by the. 
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\Vhcn the t\NG vo i t.agc.:·; \,/ L (:~nd. "\/ x, ::~re ar>pIi.cd ~:~;.:1 '; np-;_d.~:; to .:"t lnu i tipIict ~ the DlJ."q>L;.t \/(::} f~";,~;::.::. 



It is vcry diilkult to design amplifiers \vhicb. gIve unibrmly high gain over a 

\\'ide range of radio frcqlH.'1K'ies used in co mmcn:;ial broadcast :5tationsJ--II)wc\'cr~ it is 

passed on to the Ftvi dekeloL Tb;; fl'cqucncy cGnverslon can be achieved by titi lizing the 

(~()nverter 

(" .......... ,. .,.,. ..................... , .................... ---:: 

Modulated RF Signd : _"',' i f"jodulmed IF Signal 

{,]~. ~; ... '.' ! i .~ytix cr i i in ..... ".., /,(1) ...... 
Frm,n~'--: I.' . .-::n~· .... -J .. !)·····i:,~1 r~! ,.(ff[t...~ijT;!f:;-~ 'Tn IF 

...- 1 \.Ji./ -.....iL.-~/ ~ .. " .-
'---____ I /~' .. f" I' ,. 

Aenal l~; I,Jo - ~.) ,Amp 111(f 

i 
I 

I."oc('d 
Oscillator '---________ . .J 

The oscillator and the mixer may be either 1.\\'0 seoarah~ devices or may be cmnbined jrHo . , , 

,.. ":j b' , ! f" "! ,. ,. i' IfequcnciCs in Or(iCr to \) -t:un a slgnil 0 ne\'.: trequency 15 cai!ed tlcterunynmg <iCdOn, 



carrier signal of frequency 1500KHz is fnix<;;d \vith an unrnodubted c(l.rri<~r (produced by 

(i1)-455KJ12 

16 



(:IIAI)TER TIIREE 

DESIGN AND I VH'LEiVI ENTATH]N 

3.1 Circuit Design Amdysis 

Tho project invo!v~;;t'i two comn:unication devices, each c{mtaining FM 

transmitter ~1nd a 1"CCo1V<::.L Th~.:; i\vu deviC~;;t'i afe lneant to est.ablish co!mnunication link 

",vtth each other, The frequency of opcnHion {(iO ... 70 t'-Al'h:), 'vvbkhit'i below the 

the ;jt':viccs op<::.ratc "vitl-! minimum or no lnkrf';;wnce from. comm.t:rcial broadcasting 

sf.atwns, 

• 
__J i 

l .................. . • n 
! T" i ~ j-} 1 

t_~~~~j 

------·--l 
I 

GJ
j 

! 
RB i 

-.--.- I 

I 

T;\ s tnmsmittt~r.A 
RA .::: Rf;(:clvcr ,,\ 

TB::z tramrnitwt B 
RB :::: rc:cc!v!.:;r H 

the . . . ""j . I . 'J' I' 1 !' '1'1 l' <1w.:ho sl;2,(wL 1 lC moou ntwn ::'./I·W Cml)loycu !S . ,'eque]1cy m.OW.l atmr:.. .le ra( 10 
..... - .. • V' ~ ~ 

17 



t 

3,1,2 The 1\,lkr()p!wm~ And Lmv A.udio AmpW1t::r 

signaL The resulting "vcak sig!n! can not be w,.;;d directly md is thus, amplified hy tbe 

Imv D.udio amplifIer modular circuit of fig, 3.3 Transistor Q, is coupled directly to the 

mod~;;, The transistor employed is 2SC<J45 used for 10','·/ frequency <llnpEti!.'.ation and 

speed s'N!tching. It has a nwxirmn;,'1 <:)perming current and voltage of HlOmA and 500V 

ftspedivdy !Bl Its typical hfe or cum.'nt gain is 80 L8]. 



I:,put 
~ni(;~:')f~bcn(; 

Le, 

'1'1 

VCE:;; vce··· kRI 

25 "" 5··· kR! 

kRI ::: 2 .. 5V· 

kRe "" 1.5, 

................... L_,,~ Ql 

, 
....... 1. .. 

Ie = (-;·/cc~\lce)./I{ z; (5 ... 2,5)/1000 

:::2,5mi'>. 

. : , .. ,,: t; c: x 1 i)"!" / or' ::::.., !" \jn ,,< ~; .. ; \. .. .= ... ,.) ..... ),0~j .. ) .. ~ .. :- ...... ~.~.;-:!.. 

1 (l 
i ,'-
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al.nplif1cntion). The mnpUfied 01..rtput is f.:d info a pre-crnpll(!.:~i.s circuit to accentuate the 
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3.1.3 FM MODULA'TOH 
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The 2SC945 NPN high th:queHcy tr<l.n;~istor is \vired as (} common .... base 

oscillator. Capacitor Ct provide::; an <K ;:;hort circuit f::orn tbe basI;; to earth at s1gnaI 
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) 

c··························,·························, , 
) 

. ..::" 
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Fig 3.7 Equivalent Circuit Of High Frequency Pm !vbduIJkH-

the tuned circuit is str.ongly depcn_dcn;- on Vin. The tuned circuit generates an 

to Ul~;; bd\v~;;cn 60 and 70 \lHz . Suhstituting the valucs of F and C i 1 the r.tbove 

cxpn.::.ssion yidds th,;: valuc of Las; OAuH this '.l[1iuc \V<'LS <lppmxhnatdy obii'lincd by 



3.2 Heceptlon 

cbip, tb~ KA2297 RF Ie 

n 
/ 

2) 

3) 

.-., , ",., ., ~ . ., 1 1 . P (}cncraUon Of beat trcqucncy wltn tnc ~l(:ip 01 a OC?: OSC1.u.ator 

Generation Of a ditkTcnce sign<1LF<)~(' --- Fn: hy heterodyning UK local (:sciHator 
\:;0 

, '! 'j' . 1'" tW(lUCnC"l Wlf(l Ll.C mcommQ nh{1O tl,(:GUCncv, 
;0' lo.,.' "" '"' 

(IF), tOr fin n O .. n.,.n-l7 ) The IC aho sdectivc1Y amplif1cs the difkremx frequency bcf()fC 
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Sirict: a {6n to 70) f,..nL~ transmission on ifeGucnev ,<vas eho:_K?H and n standard Ft."lIF of 
". ~. ,; . 

1O.7mort:_ used, the !o<.~al oscillator. freqtH.:ncy must be (6G x 10 ,7MBz to 70 x 10,7 

\,.H'I'"';-' 'r-he ! i) ;'" "11:"'."""'-' I': pl-'''I' -t!-<"j': t- !,,, ()t"'T': ""r{ j-''")'- :e'::.<.;"'" i l ) vH'<><ie:1t ; 'D;l<H' i-~"'/lU'M1C-;;'<'; r. :'.~ L... ;.. ~.~ , .• )v l<:., '~., .......... { ~"'C' :..... ;..s-;')" J {...... ..... ... f (ts~ ......... P., t .. ~~ ... ...." ........... s: ~.. 1-/) \,., ~ .... '... AS A'-"- .t~"'"" .(J ........ v~. .. ..... ,. 

limn being recei_ved Hnd denlOdu!mcd alongsi/je the dc;:>ircd RF channeL '{'he receiver 

system i~~ \vircd as shov,n on page 25, 
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R,xlio frequency reCCrYlOn and (kmodulati<>n is effected H~;;ing the KA 2297 RF fC The 

(SA \V) flhcr to aHow only the true differencc frequencies as beating the LO (local 

osci1!ator} against the incoming RF \vhIch genemt% not only the IF hm awhok lot (>f 

Thus the 1 CL 7!vlHz Si\\V .Elk!' sera.mtes the desired IF from Interh"rcncc IFs. The 

h<18 Sl)i;Cllkatrm; as represented bt'lov,. t . 

2 

.A ?·.j/F r'v'! 
CONTROL 

:? 

rX::T our 

'1 
Ql:AD 

FNtlr n·,,; 

Fig:'..10 Th: Pin }\%~gmlH:nt or KA2297 



" I' . I' ' ',' "(' U l ' l' '" I' {;()nsumer or ;3,pp-;catH)n. ,t Has a I;t;JLH O{ L- J,nO\vevel", tit: (l.{1( ItlOn or ~m ~xferna _ resistor 

inm.IN are fflolmd referenced \Nhil~;; tIle outnut is H!Jtomatirallv bi3sed in one half the .'. ..... ~ >' 

volt supply, making the Liv1 336 iz'kal fi.3r battery operation. 

GA.IN 

, INPUT .,.) .~ 

-f!NFUT f5 ",' 

4 5 
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Operating supply voltage: B -1 KV 

()utput pO'Ncr: 

'Voltage gain: 26dB typicaHy 

Band vddth: 

Total harnK>nic: 0.2<;/0. at O.llSW 

Distortion: 

h:nver Mlpp1y; 50dB (typica!!y 

50Kl CEI'vI) 

4} ~:F 

J.f~V' 

If)i.i).lr 

16V 
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j .;, kG.·' 

~6 V 

The Uvl 386 is a versatile povy'er ampEfkf conHgutabk tor di.Ucrent voltage. 

pins ,_ and B open c, 1.35KO iniKrnal resistance .':\ds the gam at 20. if a csparitof lS 

from 20 t<J 200, G:l.1n control can also he. ef.Trcted by C(lnac1tivelv c.ounLinu. a re:.,l$tor (or ~ v ) ~...... . 

FET) trmn pin 1 to ground. The LM386 \v<,!-,:\ configured >kith Gxed gain of 50, providing 

about 0.-4 v',' driv\.' into an sn head phone 

3.3 Choke Of .Antenna 

A::: »" .: 
;/ / 
/p 

/ 5' 

GHz 
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F:o: frequency at whkh signal is to be mdbted and received. 

3:r{ {) 

7GxlO 
:;;: 4.29111 

To obtain better cilkk;ncy, dE~ antenna lrlw4 be able to radiate large fraction of the 

Length of antenna, L ::: ;.../4 ::: 4.29 ::: I.lm :;~ 107cm. 

3.4 hnpJementation 

soldered, A Vero board is a special kind of printed circuit board specially designed for 

pra!.)dcai operations. It has tiny hoks \vhkh me evenly spaced, and through '.vhich 

The legs of each component are pushed throu;?h the holes il'om the top of the board and 

neatnl?$S and unii"(.lrmity, using a long nosepiiers or cutter, 
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35 List Of Component -Used 

LM386 

.3 R{.~sistnrs of various values 
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CHAPTER FOUR 

'j'" '. ' , " '!" • 
. ae reSIstors capacitors ano tranSistor vycre JI! tested usm!! rnulurneter and 'Nere in 

good condition, Aner mounting components on the bread board In accordance vv'ith the 

circuit diagram. it W<V3 discovered fbat When audio sign<1l is transmitted. nx::,~pfion \.V&S not 

staH;;. thweveL conlpukr ;~imuli:1tion using n1U!tisim package con finned, the 'v./orkability 

Trouble shooting \vas don<.;~ and it v,:as found that any variation in inducfor in the 

I.e tank drcuit varies the tmnSlnitting trequency, Hnd thus, affi'cting the alignment of 

h:equency behwen the receiver and transmitter. 

When COlHfK1uents '.vere s()H~red inVf~ro-hrJ<jrd, inifbBy, the problem persisi'e(L 

to hvo individuals \""flO stood iiw~ meters apart and continuany communicated with ('D.ch 

meters apart beyond which the >:ommunkatinn 'Nas not dear, \,Lximum. reception Vh1S 

made at about 15 H).eWrs apart. 

4.1 Results 

When thi~ microphone of the transmitter of one device was spoken to, 
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Si,':':)";:':' l 

burn;;,; in rnir:zL 
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